













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EF6805R3

TCRS3 - Timer prescaler reset bit : A read of TCR3

Figure 9 : Timer Control Register (TCR).

always indicates a zero. TcRzITCR1ITCRO Result
1 - Set on external Reset, Power-On-Reset o 0 0 ]
or under Program Control. o 0 ] I »
0 - Cleared under Program Control. 0 1 0 +4
TCR2, TCR1, and TCRO - Prescaler address bits : ? 8 (1) +186
1-All set on external Reset, Power-On- 9 0 1 : 32
Reset or under Program Control. 1 9 0 +64
0 - Cleared under Program Control. 1 1 1 +128
Figure 10 : Timer Block Diagram.
Selected by Selected by TCRO
External TCR4, TCR5 TCR1, TCR2 Counter
Input 8 Bits L_T

[

111 o

ﬁtemal
Clock

Prescaler Control
7 Bits
Y
Cleared by Write Read Interrupt
TCR3

IS v

Software Functions

Notes : 1. Prescaler and 8-bit counter are clocked on the failing edge of the internal clock (AS) or external input
2. Counter is written to during data strobe (DS) and counts down continuously.

SELF-CHECK

The self-check capability of the EF6805R3 MCU
provides an internal check to determine if the part is
functional. Connect the MCU as shown in figure 11
and monitor the output of Port C bit 3 for an oscilla-
tion of approximately 7Hz. A 10-volt level (through
a 10k resistor) on the timer input, pin 8 and press-
ing then releasing the RESET button, energizes the
ROM-based self-check feature. The self-check pro-
gram exercises the RAM, ROM, TIMER, A/D, inter-
rupts, and 1/0 ports.

Several of the self-check subroutines can be called
by a user program with a JSR or BSR instruction.
They are the RAM, ROM, and 4-channel A/D tests.
The timer routine may also be called if the timerinput
is the internal @2 clock.

To call those subroutines in customer applications,
please contact your local SGS THOMSON sales of-
fice in order to obtain the complete description of the
self-check program and the entrance/exit condi-
tions.

RAM SELF-CHECK SUBROUTINE. The RAM self-
check is called at location $F84 and returns with the
Z bit clear if any error is detected ; otherwise the Z
bit is set. The RAM test causes each byte-to count
from 0 up to 0 again with a check after each count.

The RAM test must be called with the stack pointer
at $07F and A = 0. When run, the test checks every
RAM cell except for $07F and $07E which are as-
sumed to contain the return address.

The A and X registers and all RAM locations except
$07F and $07E are modified.

L7 S5s-THOMSON 11/36

MICROELECTRONICS

347



EF6805R3

ROM CHECKSUM SUBROUTINE - The ROM self- otherwise Z=1, X =0 onreturn, and A is zero if the
check is called at location $F95. The A register test passes. RAM location $40 to $043 is overwrit-
should be cleared before calling the routine. If any ten. The checksum is the complement of the execu-
error is detected, it returns with the Z bit cleared ; tion OR of the contents of the user ROM.

Figure 11 : Self-check Connections.

e

m
|
Q -

1 0
Vs PA7
10—+~ 39
uF 2 PA6
RESET 38
Y PAS
INT 37
q [V EI
- X0 o <€ pa3 (%
I ¢ na EXTAL PA2 |35
= Ix a4 8] x7aL PA1 g;
- MHz 7
ok ! Ne PAO
-’-——%m————!l TIMER
LED
+10V zd pco pa7 |22
LEDSLZ” A e pes 2
470 EF6805R3
LED, :};0 4pco pas |22
LEDQ ¥ 12pc3 PB4 &‘
113y pB3 [28
¥ pcs P2 |27
15) b e PB1 |26
16 PC7 P8O [£2
7 pp7
8lpp6/(NT2 pDO/ANO
<+ 198 pDS/VRY po1/ANT 12
. 014F T PD2/ AN2 |22
t D ppasvg pD3/AN3 |21

* This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected

LED Meanings

Remarks
PCOIPC1IPC2IPC3| 1.\ e ON ;0 : LED OFF]

1 0 1 0 |Bad /O

0 0 1 0 | Bad Timer

1 1 0 0 |Bad RAM

0 1 0 0 |Bad ROM

1 0 0 0 |Bad AD

0 0 0 0 | Bad Interrupts or Request Flag|

All Flashing Good Device

Anything else bad Device, Bad Port C, etc.

12/36 LSy SGS-THOMSON
Y/ ricRoElECTRONICS
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EF6805R3

ANALOG-TO-DIGITAL CONVERTER  SELF-
CHECK. The A/D self-check is called at location
$FAE. It returns with the Z bit cleared if any error
was found ; otherwise the Z bit is set. The A and X
register contents are lost. The X register must be set
to four before the call. Onreturn, X =8 and A/D chan-
nel 7 is selected. The A/D test uses the internal volt-
age references and confirms port connections.

TIMER SELF-CHECK SUBROUTINE. The timer
self-check s called at location $F6D and returns with
the Z bit cleared if any error was found ; otherwise
Z=1.

In order to work correctly as a user subroutine, the
internal @2 clock must be the clocking source and
interrupts must be disabled. Also, on exit, the clock
is running and the interrupt mask is not set so the
caller must protect from interrupts if necessary.

The A and X register contents are lost. This routine
sets the prescaler for divide-by-128 and the timer
data register is cleared. The X register is configured
to count down the same as the timer data register.
The two registers are then compared every 128
cycles until they both count down to zero. Any mis-

Figure 12 : Typical Reset Schmitt Trigger Hysteresis.

match during the count down is considered as an
error. The A and X registers are cleared on exit from
the routine.

RESET

The MCU can be reset three ways : by initial power-
up, by the external reset input (RESET) and by an
optional internal low-voltage detect circuit. The
RESET input consists mainly of a Schmitt trigger
which senses the RESET line logic level. A typical
reset Schmitt trigger hysteresis curve is shown in
figure 12. The Schmitt trigger provides an internal
reset voltage if it senses alogical zero on the RESET
pin.

Power-On Reset (POR).An internal reset is gener-
ated upon powerup that allows the internal clock
generator to stabilize. A delay of tryL milliseconds
is required before allowing the RESET input to go
high. Refer to the power and reset timing diagram
of figure 13. Connecting a capacitor to the RESET
input (as illustrated in figure 14) typically provides
sufficient delay. During powerup, the Schmitt trigger
switches on (removes reset) when RESET rises to
VIRES+.

Out
of
Reset
In 1 1 1
Reset T T T
o8V 2v 4V
VIRES — VIRES +
L7 SGS-THOMSON 13/36
’ MICROELECTRONICS
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Figure 13 : Power and Reset Timing.

5V " VLVR N—\ o N —
Vcc / vLvi \ in Power / LVR
ov
RESET N
Pin ViRes+ l VIRES — V
—{tRHL|a— 'RHL - N
Internal
Reset
Figure 14 : RESET Configuration.
Pin 2
Strong v
T’~°f’F| T T Discharge T cc
ypica Devi
P E:‘"r;:::g Ame Low Voltage| {Optional)
P / -_-_‘_: b Detector ptiona
OR =
Delay = 0—>1->LVI
Capacitor 1->0—>LVR
oV,
cc Internal
Reset
* Disable LVI ’
_ Schmitt
Trigger

External Reset Input. The_ MCU will be reset if a
logical zero is applied to the RESET input for a peri-
od longer than one machine cycle (teyc). Under this
type of reset, the Schmitt trigger switches off at
Vires- to provide an internal reset voltage.

Low-Voltage Inhibit (LVI). The optional low-volt-
age detection circuit causes a reset of the MCU if
the power supply voltage falls below a certain level
(VLvi). The only requirement is that Vcc remains at
or below the Vvi threshold for one teyc minimum. In

e L7 S5S:THOMSON

typical applications, the Vcc bus filter capacitor will
eliminate negative-going voltage glitches of less
than one teye. The output from the low-voltage de-
tector is connected directly to the internal reset cir-
cuitry. It also forces the RESET pin low via a strong
discharge device through a resistor. The internal
reset will be removed once the power supply volt-
age rises above a recovery level (VLvR), at which
time a normal power-on-reset occurs.

MICROELECTRONICS
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INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit is designed to
require a minimum of external components. A crys-
tal, a resistor, a jumper wire, or an external signal
may be used to generate a system clock with vari-
ous stability/cost tradeoffs. The oscillator frequency
is internally divided by four to produce the internal
system clocks. A manufacturing mask optionis used
to select crystal or resistor operation.

The different connection methods are shown in
figure 15. Crystal specifications and suggested PC
board layouts are given in figure 16. A resistor se-
lection graph is given in figure 17.

The crystal oscillator start-up time is a function of
many variables : crystal parameters (especially Rs),
oscillator load capacitances, IC parameters, am-
bient temperature, and supply voltage. To ensure
rapid oscillator start up, neither the crystal charac-
teristics nor the load capacitances should exceed
recommendations.

Figure 15 : Clock Generator Options.

When utilizing the on-board oscillator, the MCU
should remain in a reset condition (reset pin voltage
below Vires:) until the oscillator has stabilized at its
operating frequency. Several factors are involved in
calculating the external reset capacitor required to
satisfy this condition : the oscillator start-up voltage,
the oscillator stabilization time, the minimum Vires.,
and the reset charging current specification.

Once Vce minimumiis reached, the external RESET
capacitor will begin to charge at a rate dependent
on the capacitor value. The charging current is sup-
plied from Vcc through a large resistor, so it appears
almost like a constant current source until the reset
voltage rises above Vires.. Therefore, the RESET
pin will charge at approximately :

(Vires+) * Cext = IRES “tRHL

Assuming the external capacitor is initially dis-
charged.

6 | XTAL
I
(SeeNote) EF6805R3
P EXTAL  MCU
C {Crysta Mask
L I Option)
Crystal
6 [ XTAL
External — EF6805R3
Clock — 9 |EXTAL  mcu
Input {Crystal Mask
Option)

External Clock

(Sea Figure 17) 5 |exTAL MCU

6 | XTAL
EF6805R3
5 JEXTAL MCU
(Resistor Mask
Option)

Approximately 8% to 50% Accuracy
Typacal =125ps
Externat Jumper

6_| XxTAL
EF680SR3

No

Cunrecuon

{Resistor Mask
Option)

~—

Approximately 10% to 25% Accuracy
Extermal Resistor
{Excludes Ressstor Tolerancel

Note : The recommended Cy value with a 4.0MHz crystal is 27pF, maximum, including system distributed capacitance. There is an internal ca-
pacitance of approximately 25pF on the XTAL pin. For crystal frequencies other than 4MHz, the total capacitance on each pin should be
scaled as the inverse of the frequency ratio. For example, with a 2MHz crystal, use approximately 50pF on EXTAL and approximately
25pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used.

K’l guc@%ém@mn@s

OMSON 15/36
351




EF6805R3

Figure 16 : Crystal Monotional Arm Parameters and Suggested PC Board Layout.

EXTAL

XTAL

AT — Cut Parallel Resonance Crystal
Co=17 pF Max

Freq =4 0 MHz @ C| =24 pF

Rg =50 ohms Max

(b)
GND Piezoelectric ceramic resonators
| which have the equivalent speci-
L D Crystal fications may be used instead of

3 crystal oscillators. Follow cera-
mic resonator manufacturer's
suggestions for Cg. Cq, and Rg
values

EXTAL (5)
XTAL (6)
MCU

EXTAL (5)
XTAL (6)

|EjEEERERERE RN

MCU

Note : Keep crystal leads and circuit connections as short as possible.

Figure 17 : Typical Frequency Selection for Resistor (oscillator option).

8.0
70
6.0 |-
50 -
40 -
3.0 |-

20 -

Oscillator Frequency (MHz)

80

Resistance (kS2)

16/36
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INTERRUPTS

The microcomputers can be interrupted four differ-
ent ways : through the external interrupt (INT) input
pin, the internal timer interrupt request, the external
port D bit 6 (INT2) input pin, or the software inter-
rupt instruction (SWI). When any interrupt occurs :
the current instruction (including SWI) is completed,
processing is suspended, the present CPU state is
pushed onto the stack, the interrupt bit (1) in the con-
dition code register is set, the address of the inter-
rupt routine is obtained from the appropriate
interrupt vector address, and the interrupt routine is
executed. Stacking the CPU register, setting the |
bit, and vector fetching require a total of 11 tcyc peri-
ods for completion. A flowchart of the interrupt se-
quence is ghown in figure 18. The interrupt service
routine must end with a return from interrupt (RTI)
instruction’ which allows the MCU to resume pro-

cessing of the program prior to the interrupt (by un-
stacking the previous CPU state). Unlike RESET,
hardware interrupts do not cause the current in-
struction execution to be halted, but are considered
pending until the current instruction execution is
complete.

When the current instruction is complete, the pro-
cessor checks all pending hardware interrupts and
if unmasked, proceeds with interrupt processing ;
otherwise the next instruction is fetched and ex-
ecuted. Note that masked interrupts are latched for
later interrupt service.

If both an external interrupt and a timer interrupt are
pending at the end of an instruction execution, the
external interrupt is serviced first. The SWIi is ex-
ecuted as any other instruction.

Figure 18 : RESET and Interrupt Processing Flochward.

1->1(inCC)
O7F »>SP
0->DDRs
CLR INT Logic
FF = Timer
7F = Prescaler
7F—=>TCR
7F >MR

TCRU-TCR6

Put FFE on
Address Bus

(;La;,- Stack
INT INT

Request
Latch

1>

Timer ;

RESET
Pin =Low

RESET Is Fetched

Instruction

Pin =High on SWI ?
Load PC
From
FFEIFFF Execute All
I Instruction

Cycles

Load PC From.

SWI: FFC/FFD'

INT: FFA/FFB
Timer or

INT2: FF8/FF9

L7 SGS:THOMSON 17/36
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NOTE

The timer and INT2 interrupts share the same vec-
tor address. The interrupt routine must determine
the source by examining the interrupt request bits
(TCR b7 and MR b7). Both TCR b7 and MR b7 can
only be written to zero by software.

The external interrupt, INT and INT2, are syn-
chronized and then latched on the falling edge of the
input signal. The INT2 interrupt has an interrupt re-
quest bit (bit 7) and a mask bit (bit 6) located in the
miscellaneous register (MR). The INT2 interrupt is
inhibited when the mask bit is set. The INT2 is al-
ways read as a digital input on port D. The INT2 and
timer interrupt request bits, if set, cause the MCU to
process an interrupt when the condition code | bit is
clear.

Figure 19 : Typical Interrupt Circuits.

A sinusoidal input signal (fint maximum) can be
used to generate an external interrupt for use as a
zero-crossing detector. This allows applications
such as servicing time-of-day routines and engag-
ing/disengaging ac power control devices. Off-chip
full wave rectification provides an interrupt at every
zero crossing of the ac signal and thereby provides
a 2f clock. See figure 19.

NOTE

The INT (pin 3) is internally biased at approximate-
ly 2.2V due to the internal zero-crossing detection.

A software interrupt (SWI) is an executable instruc-
tion which is executed regardless of the state of the
| bit in the condition code register. SWis are usually
used as break-points for debugging or as system
calls.

A/D CONTROL REGISTER (ACR}

[ LD L T e

to ACR
Readable, not writable

(a) Zero-Crossing Interrupt

AC
Input
“INT #lax )
R<1MQ
AC Input
20V

Y

{Current
Limiting)

Bit 7—Conversion Complete Status Flag Set when
conversion is complete, cleared only on a wrnite

Bits 2, 1, 0 — A/D input Mux Selection {See Table 2}
Bits 6, 5, 4, 3 read as “1s" —unused bits

EF6805R3

(b) Digital-Signal Interrupt

Vee

TTIL 47K
Level 3 |
Digitat INT

Input

EF6805R3
mcu

INPUT/OUTPUT CIRCUITRY

There are 32 input/output pins. The INT pin may be
polled with branch instructions to provide an addi-
tional input pin. All pins on ports A, B, and C are pro-
grammable as either inputs or outputs under
software control of the corresponding data direction
register (DDR). See below I/0 port control registers
configuration. The port I/O programming is accom-
plished by writing the corresponding bit in the port
DDRto a logic one for output or a logic zero for input.

the output pin, due to output loading. Refer to
figure 20.

PORT DATA REGISTER
7 0

l ]

Port A Addr = $000
Port B Addr = $001
Port C Addr = $002
Port D Addr = $003

PORT DATA DIRECTION REGISTER (DDR)

On reset all the DDRs are initialized to a logic zero 7 0
state, placing the ports in the input mode. The port l j
output registers are not initialized on reset and
should be initialized by software before changing the (1) Write Only, reads as all "1s"
DDRs from input to output. A read operation on a ) B p R Oy Cleared to 0by Reset
port programmed as an output will read the contents Port B Addr = $005
of the output latch regardless of the logic levels at Port C Addr = $006
18/36 L5z SGS-THOMSON
Y/ WicROELECTRONIGS
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Figure 20 : Typical Port I/O Circuitry.

Data
¢ »— Direction Register
Bu*
o
© .2 Latched
€9 Output 10
g ‘:C:’< Laamn Data Output P
- 0o Bit
)
S
Reg
w
N Q—{
/ Input
10
Pin
b Data Latched
irection Output Input
Register Data Osu‘tapt:t To *DDR 1s a wnite-only reqister and reads as all “1s”
Bit Bit MCU ** ports B, and C are three-state ports.
1 0 0 ) Port A has optional internal pullup devices to provide CMOS data
1 1 1 1 dnve capability See Electnical Charactenstcs tables for complete
0 X High-Z ** Pin information

Allinput/output lines are TTL compatible as both in-
puts and outputs. Port Alines are CMOS compatible
as outputs (mask option) while port B, C, and D lines
are CMOS compatible as inputs. Port D lines are
input only ; thus, there is no corresponding DDR.
When programmed as outputs, port B is capable of
sinking 10 milliamperes and sourcing 1 milliampere
on each pin.

Port D provides the reference voltage, INT2, and
multiplexed analog inputs. All of these lines are
shared with the port D digital inputs. Port D may al-

CAUTION

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).
A read operation on these registers is undefined.
Since BSET and BCLR are read-modify-write in
function, they cannot be used to set or clear a single
DDR bit (all "unaffected" bits would be set). Itis rec-
ommended that all DDR bits in a port be written
using a single-store instruction.

The latched output data bit (see figure 20) must al-
ways be written. Therefore, any write to a port writes

5; SGS-THOMSON

ways be used as digital inputs and may also be used
as analog inputs providing Vrr and VgL are con-
nected to the appropriate reference voltages. The
VrLand Vg lines (PD4 and PD5) are internally con-
nected to the A/D resistor. Analog inputs may be
prescaled to attain the VaL and Va1 recommended
input voltage range.

The address map (figure 6) gives the addresses of
data registers and data direction registers. Figure
21 provides some examples of port connections. _

all of its data bits even though the port DDR is set
to input. This may be used to initialize the data reg-
ister and avoid undefined outputs ; however, care
must be exercised when using read-modify-write in-
structions, since the data read corresponds to the
pin level if the DDR is an input (zero) and corre-
sponds to the latched output data when the DDR is
an output (one).

19/36
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Figure 21 : Typical Port Connections.

PA7
PAB
PAS
PA4
PA3
PA2
PAY
PAO

PB7
PB6
PBS
PB4
PB3
PB2
PB1

PBO

SN74LS04 (Typical)

llo= Hrgslp

2N6386 (Typicall

Port B, tit 5 programmed as output, driving Darling-

ton-base directly

-V

CMOS Inverter

(a) Output Modes
r\f\f\
40 (CMOS Loads) PB7 32
39 PB6 31
B Pe5| %
37 (1 TTL Load) pBa| 20
3 _JremA PB3| 28
35 PB2} 27
34
Port A, bit 7 and bit 4 programmed as output. PB1 2%
3 Bit 7 driving CMOS loads and bit 4 driving PBO 25
one TTL lead directly using CMOS output op-
L~ tion. N
2 y PC7 16
+
) PC6 15
20 PC5 \E}
2 PC4 13
PC3 12
28
27 |10mA pc2| m
- = Y Y pc1| 10
2% pPCo 9
<10 mA

Port B, bit 0 and bit 1 programmed as output, dnving

LEDs directly

»—l>o— 0
A
. 39
. 38
. 37
. 3%
. 35
.
. 34
4>-—Do— 3
TTL driving Port A directly
e N
16
#C14069 .
(Typical! . 15
. 14
. 13
.
. 12
.
1
SM74LSc4 10
{Typical)

PA7
PA6
PAS
PAd
PA3
PA2
PA1
PAO

PC7
PC6
PCS
PC4
PC3
PC2
pPCl

CMOS and TTL driving Port C directly

(b) Input Mades

SN74LS04 or MC14069

(Typical)

Tygical)

N1C14049/ 14069

Port C, bits 0-3 programmed as output, dnving CMOS
tcads, using external pullup resistors (required if Port

C 1s open-drain)

seossnsecee

i

pB7
PB6
PB5
PB4
PB4
pPB2
PB1
PBO

CMOS or TTL driving Port B directly

PN

ANO—® 21

AN 23

AN 22

AN3-S 21

ov— 2

+5v— 19

18

“—Do— 17
Mc1a069

PDO/ANO
PD1/AN1
PD2/AN2
PD3/AN3
VRL
VRH

PD6/INT2

PD7

Port D used as 4-channel A/D input with bit 7 used as
CMOS digital input

20/36
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ANALOG-TO-DIGITAL CONVERTER

The EF6805R2 has an 8-bit analog-to-digital (A/D)
converter implemented on the chip using a suc-
cessive approximation technique, as shown in
figure 22. Up to four external analog inputs, via port
D, are connected to the A/D through a multiplexer.
Four internal analog channels may be selected for
calibration purposes (VRH-VRL, VRH-VRL2, VRH-

Figure 22 : A/D Block Diagram.

VRrU/4, and VRL). The accuracy of these internal
channels will not necessarily meet the accuracy
specifications of the external channels.

The multiplexer selection is controlled by the A/D
control register (ACR) bits 0, 1, and 2 ; see table 1.
This register is cleared during any reset condition.

8 »
! 7
D/A L c .
ontrol
15k (Typ.) comp Logic Count
+
PD5/VRH ——4 VRH/2
PD4/VRL J VRH/4
PDO/ANO 1-08
PDI/ANT — Select
PD2/AN2—  Mulupl
PD3/AN3 —] /2
7 0 7
A/D ! NMEE AID
Contral | & 1 k1 K Result
Register L=< <)« Register
Table 1 : A/D Input Mux Selection.
A/D Control Register Input Selected A/D Output (hex)
ACR2 ACR1 ACRO Min. Typ. Max.
0 0 0 ANO
0 0 1 AN1
0 1 0 AN2
0 1 1 AN3
1 0 0 VRue FE FF FF
1 -0 1 Vac- 00 00 01
1 1 0 VRh/a® 3F 40 41
1 1 1 Van2: 7F 80 81
* Internal (calibration) levels.
MISCELLANEOUS REGISTER (MR) MR?7 Bit 7 -INT2 interrupt request bit : setwhen fall-
7 6 0 ing edge detected on INT2 pin, must be
I’ | | 1 1 1 1 1 1 |$00A cleared by software. Cleared to 0 by
reset.
A/D RESULT REGISTER (ARR) MR6 Bit 6 -INT2 interrupt mask bit : 1 = INT2 inter-
7 0 rupt masked (disabled). Set to 1 by
[ msB LSB | $00F reset. .
MRBits 5,4, 3,2, 1,0 - Read as "1s" - unused bits.
L5y SGS-THOMSON 21136
Y/ ICROELECTRONICS
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Whenever the ACR is written, the conversion in pro-
gressis aborted, the conversion complete flag (ACR
bit 7) is cleared, and the selected input is sampled
for five machine cycles and held internally. During
these five cycles, the analog input will appear ap-

proximately like a 25 picofarad (maximum) capaci-
tor (plus approximately 10pF for packaging) charg-
ing through a 2.6 kiloohm resistor (typical). Refer to
figure 23.

Figure 23 : Effective Analog Input Impedance (during sampling only).

Device
Analog
Input
Channel
Select

2.6 kS2 (Typical)

25 pF (Maximum)

I

— Virtual
Ground

The converter operates continuously using 30 ma-
chine cycles to complete a conversion of the sam-
pled analog input. When the conversion is complete,
the digitized sample of digital value is placed in the
AJ/D result register (ARR), the conversion complete
flag is set, the selected input is sampled again, and
a new conversion is started.

The A/D is ratiometric. Two reference voltages (VRH
and VRL) are supplied to the converter via port D
pins. An input voltage equal to VrH converts to $FF
(full scale) and an input voltage equal to VAL con-
verts to $00. An input voltage greater than VrH con-
verts to SFF and no overflow indication is provided.
Similarly, an input voltage less than Vg, but greater
than Vss converts to $00. Maximum and minimum
ratings must not be exceeded. For ratiometric con-
version, the source of each analog input should use

Figure 24 : Ideal Converter Transfer Characteristic.

VRH as the supply voltage and be referencedto VRL.
To maintain the full accuracy on the A/D, Vrr should
be equal to or less than Vpp, VAL should be equal
to or greater than Vss but less than the maximum
specification and (Var-VRL) should be equal to or
greater than 4 volts.

The A/D has a built-in 1/2 LSB offset intended to re-
duce the magnitude of the quantizing error to 1/2
LSB, rather than + 0, - 1 LSB with no offset. This im-
plies that, ignoring errors, the transition point from
$00 to $01 occurs at 1/2 LSB above VRL. Similarly,
the transition from $FE to $FF occurs 1 1/2 LSB
below VRH, ideally. Refer to figure 24 and 25.

On release of reset, the A/D control register (ACR)
is cleared therefore after reset, channel zero will be
selected and the conversion complete flag will be
clear.

Error Convention
Converter | +218Bs
Output
{Hex) titss
FF +1/5LSB
FE —
FD y
FC
FB -
FA
F9
F8
08
07 +
06 A
05
04 -
03
02
01
0o LANEN S B B ma e o s p e m s E R
Ve 1x 2x 3x 4x 5x 6x 250x 251x 252x 253x 254x 255x Vau
=1 =
x=3256 '(VRH _VRL )=1LS8B

22/36
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Figure 25 : Types of Conversion Errors.

(a) Offset Error -
Digital
Output

Analog
—11sg) 'mPut

(Vpy

Otfset
(Positive)

(b) Full Scale Error

(c) Non-Linearity

Digital
Output
[
Analog 00 Input
Input VRL Non- (VHH —1LsSB)
Linearity

Error

BIT MANIPULATION

The EF6805R3 has the ability to set or clear any
single RAM or I/O bit (except the data direction reg-
isters) with a single instruction (BSET, BCLR) (see
Caution below). Any bit in page zero can be tested
using the BRSET and BRCLR instructions and the
program branches as a result of its state. The carry
bit equals the value of the bit references by BRSET
or BRCLR. The capability to working with any bit in
RAM, ROM, or I/O allows the user to have individ-
ual flags in RAM or to handle single I/0 bits as con-
trol lines.

CAUTION

The corresponding data direction registers for ports
A, B, and C are write-only registers (locations $004,

$005, and $006). A read operation on these regis-

Figure 26 : Bit Manipulation Example.

ters is undefined. Since BSET and BCLR are read-
modify-write functions, they cannot be used to set a
data direction register bit (all "unaffected" bits would
be set). Itis recommended that all data direction reg-
ister bits in a port be written using a single-store in-
struction.

The coding examples shown in figure 26 illustrate
the usefulness of the bit manipulation and test in-
struction. Assume that the microcomputer is to com-
municate with an external serial device. The
external device has a data ready signal, a data out-
put line, and a clock line to clock data one bit at a
time, least significant bit first, out of the device. The
microcomputer waits until the data is ready, clocks
the external device, picks up the data in the carry
flag, clears the clock line, and finally accumulates
the data bit in a random-access memory location.

MCU
Ready ol2p
Senal 0
Device Clock 1R
T
Data 0 A
* BRSET 2, PORTA, * WAIT FOR READY
BSET 1, PORTA CLOCK NEXTBITIN
BRCLR 0, PORTA,NEXT  PICKUP BIT IN C-BIT
NEXT  BCLR 1, PORTA RETURN CLOCK LINE HIGH
ASR RAMLOC MOVE C-BIT INTO RAM
L37 SGS-THOMSON 236
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ADDRESSING MODES

The EF6805R3 MCU has ten addressing modes
available for use by the programmer. They are ex-
plained briefly in the following paragraphs. For ad-
ditional details and graphical illustrations, refer to the
EF6805 Family Users Manual.

The term "effective address" (EA) is used in describ-
ing the addressing modes. EA is defined as the ad-
dress from which the argument for an instruction is
fetched or stored.

IMMEDIATE. In the immediate addressing mode,
the operand is contained in the byte immediately fol-
lowing the opcode. The immediate addressing
mode is used to access constants which do not
change during program execution (e.g., a constant
used to initialize a loop counter).

DIRECT. In the direct addressing mode, the effec-
tive address of the argument is contained in a single
byte following the opcode byte. Direct addressing
allows the user to directly address the lowest 256
bytes in memory with a single 2-byte instruction.
This address area includes all on-chip RAM and 1/O
registers and 128 bytes of ROM. Direct addressing
is an effective use of both memory and time.

EXTENDED. In the extended addressing mode, the
effective address of the argument is contained in the
two bytes following the opcode. Instructions with ex-
tended addressing mode are capable of referencing
arguments anywhere in memory with a single 3-byte
instruction. When using the assembler, the user
need not specify whether an instruction uses direct
or extended addressing. The assembler automati-
cally selects the shortest form of the instruction.

RELATIVE. The relative addressing mode is only
used in branch instructions. In relative addressing,
the contents of the 8-bit signed byte following the
opcode (the offset) is added to the PC if, and only
if, the branch condition is true. Otherwise, control
proceeds to the nextinstruction. The span of relative
addressing is from — 126 to + 129 from the opcode
address. The programmer need not worry about cal-
culating the correct offset if he uses the assembler,
since it calculates the proper offset and checks to
see if it is within the span of the branch.

INDEXED, NO OFFSET. In the indexed, no offset
addressing mode, the effective address of the argu-
ment is contained in the 8-bit index register. Thus,
this addressing mode can access the first 256 mem-
ory locations. These instructions are one byte long.
This mode is often used to move a pointer through
a table or to hold the address of a frequently ref-
erenced RAM or I/O location.

24736 L7 SES-THOMSON

INDEXED, 8-BIT OFFSET. In the indexed, 8-bit off-
set addressing mode, the effective address is the
sum of the contents of the unsigned 8-bit index reg-
ister and the unsigned byte following the opcode.
This addressing mode is useful in selecting the kth
element in an n element table. With this 2-byte in-
struction, k would typically be in X with the address
of the beginning of the table in the instruction. As
such, tables may begin anywhere within the first 256
addressable locations and could extend as far as lo-
cation 510 ($1FE is the last location at which the in-
struction may begin).

INDEXED, 16-BIT OFFSET. In the indexed, 16-bit
offset addressing mode, the effective address is the
sum of the contents of the unsigned 8-bit index reg-
ister and the two unsigned bytes following the op-
code. This addressing mode can be used in a
manner similar to indexed, 8-bit offset except that this
3-byte instruction allows tables to be anywhere in
memory. As with direct and extended, the assembler
determines the shortest form of indexed addressing.

BIT SET/CLEAR. In the bit set/clear addressing
mode, the bit to be set or cleared is part of the op-
code, and the byte following the opcode specifies
the direct address of the byte in which the specified
bit is to be set or cleared. Thus, any read/write bit in
the first 256 locations of memory, including /0, can
be selectively set or cleared with a single 2-byte in-
struction.

CAUTION

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).
A read operation on these registers is undefined.
Since BSET and BCLR are read-modify-write in
function, they cannot be used to set or clear a single
DDR bit (all "unaffected" bits would be set). It is rec-
ommended that all DDR bits in a port must be writ-
ten using a single-store instruction.

BIT TEST AND BRANCH. The bit test and branch
addressing mode is a combination of direct address-
ing and relative addressing. The bit which is to be
tested and condition (set or clear) is included in the
opcode, and the address of the byte to be tested is
in the single byte immediately following the opcode
byte. The signed relative 8-bit offset in the third byte
is added to the PC if the specified bit is set or cleared
in the specified memory location. This single 3-byte
instruction allows the program to branch based on
the condition of any readable bit in the first 256 loca-
tions of memory. The span of branching is from — 125
to + 130 from the opcode address. The state of the
tested bit is also transferred to the carry bit of the con-
dition code registers.

MICROELECTRONICS
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CAUTION

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).
A read operation on these registers is undefined.
Since BSET and BCLR are read-modify-write in
function, they cannot be used to set or clear a single
DDR bit (all "unaffected” bits would be set). It is rec-
ommended that all DDR bits in a port must be writ-
ten using a single-store instruction.

INHERENT. In the inherent addressing mode, all
the information necessary to execute the instruction
is contained in the opcode. Operations specifying
only the index register or accumulator, as well as
control instructions with no other arguments, are in-
cluded in this mode. These instructions are one byte
long.

INSTRUCTION SET

The EF6805R3 MCU has a set of 59 basic instruc-
tions, which when combined with the 10 addressing
modes produce 207 usable opcodes. They can be
divided into five different types : register/memory,
read-modify-write, branch, bit manipulation, and
control. The following paragraphs briefly explain
each type. All the instructions within a given type are
presented in individual tables.

REGISTER/MEMORY INSTRUCTIONS. Most of
these instructions use two operands. One operand
is either the accumulator or the index register. The
other operand is obtained from memory using one
of the addressing modes. The jump unconditional
(JMP) and jump to subroutine (JSR) instructions
have no register operand. Refer to table 1.

KYI %&ZPILIIIEGW@H@S

READ-MODIFY-WRITE INSTRUCTIONS. These
instructions read a memory location or a register,
modify or test its contents, and write the modified
value back to memory or to the register ; see Cau-
tion under Input/Output section. The test for nega-
tive or zero (TST) instruction is included in the
read-modify-write instruction though it does not per-
form the write. Refer to table 2.

BRANCH INSTRUCTIONS. The branch instruc-
tions cause a branch from the program when a cer-
tain condition is met. Refer to table 3.

BIT MANIPULATION INSTRUCTIONS. The in-
structions are used on any bit in the first 256 bytes
of the memory ; One group either sets or clears. The
other group performs the bit test and branch oper-
ations. Refer to table 4.

CAUTION

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).
A read operation on these registers is undefined.
Since BSET and BCLR are read-modify-write in
function, they cannot be used to set or clear a single
DDR bit (all "unaffected" bits would be set). Itis rec-
ommended that all DDR bits in a port must be writ-
ten using a single-store instruction.

CONTROL INSTRUCTION. The control instruc-
tions control the MCU operations during program
execution. Refer to table 5.

ALPHABETICAL LISTING. The complete instruc-
tion set is given in alphabetical order in table 6.
OPCODE MAP. Table 8 is an opcode map for the
instruction used on the MCU.

OMSON 25/36
361




c9¢e
9€/92

Addressing Modes
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. Indexed Indexed Indexed
Immediate Direct Extanded (no offset) (8 bit offset) (16 bit offset)
Op | # # |op| # 4 |Oop| # # |op| # # # 4 |op| # #
Function Mnemonic Code[Bytes|Cycles |Code[Bytes|Cycles[Code{Bytes|Cycles [Coda|Bytes|Cycles Bytes|Cycles|Code|Bytes|Cycles

Load A from Memory LDA A6 | 2 2 B6 | 2 4 Cé | 3 5 F6 1 4 2 5 D6 | 3 6
Load X from Memory LDX AE | 2 2 BE | 2 4 CE | 3 5 FE | 1 4 2 5 DE | 3 6
Store A in Memory STA B7 | 2 5 c7 | 3 6 F7 | 1 5 2 6 D7 | 3 7
Store X in Memory STX BF | 2 5 CF | 3 6 FF | 1 5 2 6 DF | 3 7
Add Memory to A ADD AB | 2 BB | 2 4 cCB| 3 5 FB | 1 4 2 5 DB | 3 6
Add Memory and ADC 2 B9 | 2 4 co | 3 5 F9 1 4 2 5 D9 | 3 6
Carry to A
Subtract Memory SUB A0 | 2 2 BO| 2 4 Cco| 3 5 FO | 1 4 2 5 Do | 3 6
Subtract Memory from| SBC A2 | 2 2 B2 | 2 4 c2| 3 5 F2 1 4 2 5 D2 | 3 6
A with Borrow
AND Memory to A AND A4 | 2 2 B4 | 2 4 C4| 3 5 Fa | 1 4 2 5 D4 | 3 6
OR Memory with A ORA A | 2 2 BA| 2 CA | 3 5 FA | 1 4 2 5 DA | 3
Exclusive OR Memory EOR 2 2 B8 | 2 cs | 3 5 F8 | 1 4 2 5 D8 | 3
with A
Arithmetic Compare A CMP 2 2 B1 2 4 Ci| 3 5 Fi 1 4 2 5 D1 | 3 6
with Memory
Arithmetic Compare X CPX 2 2 B3 | 2 4 C3| 3 5 F3 1 4 2 5 D3| 3 6
with Memory
Bit Test Memory with A|  BIT 2 2 B5 | 2 4 c5| 3 5 F5 | 1 4 2 5 Ds | 3 6
(logical compare)
Jump Unconditional JMP BC 2 3 CC| 3 4 FC 1 3 2 4 DC 3 5
Jump to Subroutine JSR BD | 2 7 CcD 8 FD 1 7 2 8 DD | 3 9

£€4508943
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Addressing Modes

Inherent (A) Inherent (X) Direct (wod:l)f(s:?) (;'L';?;f::t)
Function Mnem cc:ze By,:os cy:les cgze Byf ] Cyzles 0259 Byfss Cy:m c(:se By,:os Cyﬁles c?’:. By‘:es Cyzlos

Increment INC 4C 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 6 7A 1 6 6A 2 7
Clear CLR 4F 1 4 5F 1 4 3F 2 6 7F 1 6 6F 2 7
Complement COM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
Negate NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7
(2's complement)
Rotate Left Thru Carry | ROL 49 1 4 59 1 4 39 2 79 1 6 69 2 7
Rotate Right Thru ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Carry
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7
Arithmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
;est for Negative or TST 4D 1 4 sD 1 4 3D 2 6| 7D 1 6 6D 2 7

ero

"alum-Apow-pesy : g ajqeL

£€4608943



EF6805R3

Table 3 : Branch Instructions.

Relative Addressing Mode
. . (o} # #
Function Mnemonic Coze Bytes Cycles

Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch IFF Higher BHI 22 2 4
Branch IFF Lower or Same BLS 23 2 4
Branch IFF Carry Clear BCC 24 2 4
Branch IFF Higher or Same BHS 24 2 4
Branch IFF Carry Set BCS 25 2 4
Branch IFF Lower BLO 25 2 4
Branch IFF Not Equal BNE 26 2 4
Branch |IFF Equal BEQ 27 2 4
Branch IFF Half Carry Clear BHCC 28 2 4
Branch IFF Half Carry Set BHCS 29 2 4
Branch IFF Plus BPL 2A 2 4
Branch IFF Minus BMI 2B 2 4
Branch IFF interrupt mask bit is clear. BMC 2C 2 4
Branch IFF interrupt mask bit is set. BMS 2D 2 4
Branch IFF interrupt line is low. BIL 2E 2 4
Branch IFF interrupt line is high. BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

Table 4 : Bit Manipulation Instructions.

Addressing Modes
. A Bit Set/clear Bit Test and Branch
Function Mnemonic op # # op # #
Code | Bytes [Cycles| Code | Bytes | Cycles
Branch IFF Bit n is set BRSET n (n=0...7) 2+n 3 10
Branch IFF Bit n is clear BRCLR n (n =0...7) 01+2+n 3 10
Set Bit n BSETn(n=0...7) 10+2+n 2 7
Clear Bit n BCLRn (n=0...7) 11+2+n 2 7
Table 5 : Control Instructions.
Inherent

. Op # #

Function Mnemonic Code Bytes Cycles
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 9B 1 2
Clear Interrupt Mask Bit CLI 9A 1 2
Software Interrupt SWI 83 1 11
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 L9
Reset Stack Pointer RSP 9C 1 2
No-operation NOP 9D 1 2

28736 Ly S5S-THOMSON
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Table 6 : Instruction Set.

Addressing Modes

Condition Code

Mnem

Inherent

Immediate [ Direct [Extended

Relative

Indexed
(no offset)

Indexed
(8 Bits)

Indexed
(16 Bits)

Bit
Set/clear

Bit
Test &
Branch

ADC

X

>

ADD

>
>
>

AND

>
>
[ ]

ASL

>
>
>

ASR

x
XX [X[X]|X
x

XX |[X|[X]|X

XX [Xx<|x|Xx

BCC

BCLR

BCS

BEQ

BHCC

BHCS

BHI

BHS

BIH

BIL

XX [X|[X[X]|X|X]|X

o|0/0|0 0|0 O 06 0 0 >
o000 0 0|00 0 0 >

BIT

BLO

BLS

BMC

BMI

BMS

BNE

BPL

BRA

BRN

XX |X|X[X|X|[X|X]|X

(X BE A BN BRE BEK BN B BN BN AR BE BN BN BN BE BN BE BE Jbs

BRCLR

>

BRSET

BSET

BSR

CLL

X

[ A R BE A BE AE B BE BN BN BN BN BE BE BE R BE AR BE BN BE BN BE BE BE NE NN NP
[ AE K BE AR RE AR BE B BN BN BE BN BE BE BN AR BN B BN BN BE BN BE BE BN BE BN BE BN J

[ A A BE A BE AE BE BEK BE BN BN BN BE NP

[ A K BE AE BE BE BE BN BE BN BN BN BE NP

cl|le|e|>

Condition Code Symbols :

H Half Carry (From Bit 3)
I Interrupt Mask

N Negative (Sign Bit)

Z Zero

<7}

SGS-THOMSON
MICROELECTRONICS

C Carry/Borrow
/\ Test and Set if True, Cleared Otherwise
Not Affected

29/36
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Table 6 : Instruction Set (continued).

Addressing Modes Condition Code
Mnem |Inherent [Immediate | Direct |[Extended| Relative (:;d:;:;) 'Fad;ﬁ:;’ :?g:;‘; Set/Bcl:ear Teiltt& H{I|[N|Z|C
Branch
CLI X (0| (@ |O@
CLR X X X X (@01 ]|@®
CMP X X X X X X ® |0 | A|lA|A
COM X X X X ® (0| A1
CPX X X X X X X ®|® | A|A]|A
DEC X X X X (@ |A[r]|O@®
EOR X X X X X X [ B RV I ]
INC X X X X @ (@ |Aln]|O@®
JMP X X X X X [ B BK BN BN J
JSR X X X X X (B BE BE BN
LDA X X X X X X (@ |A|(r]O®
LDX X X X X X X |0 |A|r|@®
LSL X X X X ®|®|A|A]|A
LSR X X X X ®(®|0(A|nA
NEQ X X X X @ (@ |A|A]|A
NOP X o0 [ ]
ORA X X X X X (@ |A[n]|O@®
ROL X X X X ®(®|AlA]|A
RSP X L ALALAL
RTI X 21?2212 ]°
RTS X [ B BE BE BN ]
SBC X X X X X X ®(®|A|A]|A
SEC o000 |1
SEI X o(1|@e(@|@®
STA X X X X |0 |A|r|O®
STX X X X X ®(O®iAA|O®
suB X X X X X ®(® | A|A]|A
S X o|1|eo|o|®
TAX X o0 0|0 0
TST X X X X o|®|A|r]|@®
TXA X o|0|0(0 |0
Condition Code Symbols :
H Half Carry (From Bit 3) C Carry/Borrow
I Interrupt Mask A Test and Set if True, Cleared Otherwise
N Negative (Sign Bit) * Not Affected
Z Zero ? Load CC Register From Stack
L57 SesTHOMSON
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EF6805 HMOS FAMILY

Features EF6805P2 | EF6805P6 | EF6805R2 | EF6805R3 | EF6805U2 | EF6805U3
Technology HMOS HMOS HMOS HMOS HMOS HMOS
Number of Pins 28 28 40 40 40 40
On-chip RAM (bytes) 64 64 64 112 64 112
On-chip User ROM (bytes) 1100 1796 2048 3776 2048 3776
External Bus None None None None None None
Bidirectional I/O Lines 20 20 24 24 24 24
Unidirectional I/0O Lines None None 6 Inputs 6 Inputs 8 Inputs 8 Inputs
Other 1/O Features Timer Timer Timer, A/D | Timer, AD Timer Timer
External Interrupt Inputs 1 1 2 2 2 2
STOP and WAIT No No No No No No

L7 RE oMo m
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Bit Manipulation Branch Read-Modify-Write Control = Register/ Memory
(qﬂ 1 ; INH M ) EXT ) 1X1 X
i 1] %‘L__';D? T J%B I!é ] '%H lhg. aﬂ C )] £ F Hi
Low 2001 Q10 QU 2101 2110 ol 1001 1011 1 1301 110 11 Low
) a 6 3 B 7 6 9 2 4 [ 5 4
0 BRSETO | BSETQ BRA NEG NEG NEG NEG NEG RTI sus sus sus sus sus sus 0
| 0000 :||5 818 ; BSC | ‘z REL 12 DR |1 INH 1 INH | 2 x1 (1 X ; INH g IMM 3 R |3 EXT g 1X2 5L 1X1 1 X oo |
1 BRCLRO BCLRO BRAN RTS CMP CMP CMP c™mP CMP CwmP 1
0001 :‘10 8T8 ; ES.C_.‘z REL ' INK 2 IMM 3 oIR |3 EXT g 12 } 1X1 L 1X 0001
2 BRSETYI BSET1 BHIR ; SBCMM , sec . SBC 1, SBC”lz 5 SBCm . SBC x 'z‘
__QLH__§_ “T4 - € a 0 7 6 m 2 : ) it g £ 5 5 7 S
3 BRCLR! BCLAY BLS coM COMA COMX COM com swi CPX CcPX CPX CPX cPX CPX 3
o 3 BB {2 Bsc | R 2 DR L1 INW LY INH L2 1 ) x ] INH 2 IMM | 2 DIR |3 EXT |3 X212 X141 X 1Al
10 7 4 6 0 7 6 H 4 5 [] H 4
4 BRSET2 | BSET2 8cc LSR LSRA LSRX LSR LSR AND ANR AND AND AND AND 4
0100 :'10 8T8 2 8sC 12 2 OTR [ 1 K| Y W2 ax 1 ; MM L ik g EXT | g 1x2 } L3RR 1X 1
5 BRCLAR2 | BCLR2 BCS BIT BIT BIT BIT BIT BIT 5
|__0101 k) BTB {2 BSC | A| 2 mm | 2 DR [3 EXT |3 X202 xyl 1X o101 |
10 7 ] (] T 7 7 T 2 q 5y ] ] 0
8 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
ong. :‘lo 818 ; BSC | ‘z REL g QR I INH 1 INM } X1 é 1X - 2 IMM g QIR|3 EXT ; 1X2 g X1 ; 1X 0110
'7‘ BRCLR3 BCLR3 BEQ ] ASRDR ‘ASRI:‘ ‘ASR)f‘ , ASR Ay ASR . TA)(N , STAnu 5 STAE 1l STA xal 2 STA Ao STA . ‘7”
1 INH N ix % INH 1 x ! [
'_L"_'?B_.]'L';_n& [} 3 O 7 [] 2 2 a 5 (] 5 = 4 E—
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSt cLe EOR EOR EOR EOR EOR EOR 8
1000 30 878 ; _BSC_ z R Z DIR : INH : INH 3 X1 é X zL INH ; IMM 3 DR g EXT g 1X2 g X1 : 3 1000
|9! BRCLRY‘ BoLtt zchgﬂ. 2 Ro"um ) ROU&“ |R°L)|(»4n 2 Ro"m 1 Ro x 1 SECINN 2 ADICMM ADCM Anc T ADCXZ 2 ADCm 1 Aoc 1x 19
1
‘—Q—'?U—LL‘;'—B‘C O 6 0 0 7 6 7 3 % £ g : 5 ) o
A BRSETS BSETS BPL DEC DECA DECX DEC DEC cul ORA ORA ORA ORA ORA ORA A
1010 :1'0 B78 ; BSC | ‘2 REL 12 DR |1 INK | Y INH | 2 X1l X ; INH % IMM J"’ DIR g EXT g 142 g X1 : X 1010
B BRCLRS | BCLRS BMI - SEl ADD ADD ADD ADD ADD |. ADD B
1011 ::0 [:14) 3 8sc 12 REL - . . . . ! N ) MM § LLEE] EXT g P 1) 1x) ; 1x 101
C BRSET'G BSET6 , BMCR 5 INCD'l \ INCAl W INC)(N 5 INC s INC RSP JMP JMP JMP JMP JMP C
INW
._Lm__.eb__LL%_ﬂiS 2 1 AL e 3 SRS 1x 1 INH - 3 1L g EXT g 1X2 g L X 1100
) BRCLRS BCLRE BMS TST TSTA TSTX ST TST NOP BSR JSR JSR JSR JSR JSR 0
101 :llo ara 12 85C 12 REL | 1 INW ] 1 N |2 x|y % 1 iNH |2 REL| 2 DR |3 exTl3 x2) 2 il Ix 1101
£ 5 ] S 3
E BRSET? BSET? BIL X X X X X X
mo ?CL 81812 8S¢C Z REL T n 5 5 - 2 LDlMM g LD DIR g Lo EXT :74 Lo %2 % Lo x1) Lo X nE‘o
T
F BRCLR? BCLR? BIH CLR CLRA CLRX CLR CLR TXA
11 3 8T8 | 2 8SC | 2 REL | 2 DR | 1 INKH |1 INH | 2 xt | L3 1 INH 2 STxDm 3 STXE” 3 STX‘xz 2 STXI” 1 ST X !an
Abbreviations for Address Modes LEGEND
INH Inherent
IMM Immediate F =« Opcode in Hexadecimal
DIR Direct £ of Cvel 111
EXT  Extended of Cycles ———r 4 N> o
code in Binal
REL  Relatve Mnemonic > SUB 0 P v
BSC  Bit Set/Clear Bytes ————»¢ 1 1X 0000 <]
BTB Bit Test and Branch
IX Indexed (No Offset) Address Mode
X1 Indexed, 1 Byte (8-Bit) Offset

1X2 Indexed, 2 Byte (16-Bit) Offset

Lajqel
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PACKAGE MECHANICAL DATA
P SUFFIX - PLASTIC PACKAGE

mm
e max e x 254(2) e mox M
l lelue$e] clejeele e | 16 1max.
PooA b 051 mi
Y LA biiti] | 251 min
p . R R T :
5.08mox T GHOHHIHHIHG R '{ LT] qﬂ
| !
AVAV PR [ N W— | | B R . _x_
Iy I i ; I ”\
| i ' : '\
31 0.38 1.77 mox : 0.2 0°
39 0.508 ~03 ’!’ﬁ“
| 1524 :
(2) '
) / 2
nﬂmm.?yﬂnhnhnm
Datum 7
// (1) Nominal dimension
o u // ° : ° {2) True geometsical position
I/
a, /LJ_UUUU UUDUID
53 max. 14

“‘ a0 o

FN SUFFIX - PLCC44

Pin 1 identification
Identification connexion |

14,99
16,00

16510
16,662
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ORDERING INFORMATION

The information required when ordering a custom
MCU is listed below. The ROM program may be
transmitted to SGS-THOMSON on EPROM(s) oran
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 2716 or one 2732 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

080 800

XXX = Customer ID

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 (EPROMSs 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 6805 cross assembler, must be on the
disk. An object file 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 Sys-
tem available on development systems such as DE-
VICE,...

MDOS* is MOTOROLA'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.

34136 L7 S5s-THOMSON
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ORDER CODES

EF6805R3 | P | Vv | |
I
Device |_ Screening level
Package ——oaAa-o— —  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
(o] J P E | FN| L* v T Std D G/B | B/B
[ ] [ J (J [ ] (] (J [ ]
EF6805R3
Examples : EF6805R3P, EF6805R3FN, EF6805R3PV, EF6805R3FNV.

Package : C : Ceramic DIL, J : Cerdip DIL, P : Plastic DIL, E : LCCC, FN : PLCC.
Oper.temp.:*:0°C to +70°C, V : —40°C to +85°C, T : -40°C to +105°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 trademark of MOTOROLA Inc.

35/36
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Commercial reference | | | | | | | | | | | Customer name

Customer’s marking

AN

Application

ROM capacity required : bytes
Temperature range :

d 0C/+70C

d -40C/+85C

O -40°Cc/+105C

EF6805 FAMILY - MCU CUSTOMER ORDERING SHEET

Company
Address

Phone

Specification reference ;
[ SGS-THOMSON Microelectronics reference

[ Special customer data reference*

Number of interrupt vector :

Quality level :
d sTD
d b

[d  Other* (customer's quality specification ref.) :

Software developped by :

* Requires prior factory approval

Efc'(a?e : (d  SGS-THOMSON Microelectronics application lab.
o Plastic (J  External lab.
PLCC O  Customer
PATTERN MEDIA (a listing may be supplied in addition OPTION LIST
e e -Oscillator input - Low voltage inhibit
EPROM Reference : QO xal O e
(1 EFDOS/MDOS" disk file O ro a Dpa bf g
8" floppy isable
< ooy - Port A output drive : - Port C output drive :
O Other* (O CMOSand TTL o T
[ TTLonly d  Opendrain

Yearly quantity forecast :

start of production date :
. for a shipment period of :

CUSTOMER CONTACT NAME : DATE :

SIGNATURE :

36/36 L3 SGS-THOMSON
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8-BIT MICROCOMPUTER

ADVANCE DATA

HARDWARE FEATURES

= 32 TTLUCMOS COMPATIBLEI/O LINES

= 24 BIDIRECTIONAL (8 lines are LED com-
patible)

» 8 INPUT-ONLY

= 2048 BYTES OF USER ROM

= 64 BYTES OF RAM

» SELF-CHECK MODE

» ZERO-CROSSING DETECT/INTERRUPT

= INTERNAL 8-BIT TIMER WITH 7-BIT MASK

CB-182
P SUFFIX
(Plastic Package)

CB-521
PROGRAMMABLE PRESCALER AND CLOCK L SUFFIX
SOURCE PLCC44

= 5V SINGLE SUPPLY

SOFTWARE FEATURES

» 10 POWERFUL ADDRESSING MODES

» BYTE EFFICIENT INSTRUCTION SET WITH PIN CONNECTION
TRUE BIT MANIPULATION, BIT TEST, AND
BRANCH INSTRUCTIONS

= SINGLE INSTRUCTION MEMORY ResEIge
EXAMINE/CHANGE

» POWERFUL INDEXED ADDRESSING FOR exTALL
TABLES

= FULL SET OF CONDITIONAL BRANCHES e

= MEMORY USABLE AS REGISTER/FLAGS '

» COMPLETE DEVELOPMENT SYSTEM SUP-
PORT ON INICE®

USER SELECTABLE OPTIONS

» INTERNAL 8-BIT TIMER WITH SELECTABLE
CLOCK SOURCE (External Timer Input or Inter- :
nal Machine Clock) Po6/iNT2 18

» TIMER PRESCALER OPTION (7 Bits, 2"

= 8 BIDIRECTIONAL I/O LINES WITH TTL OR
TTL/CMOS INTERFACE OPTION

= 8 BIDIRECTIONAL /O LINES WITH TTL OR
OPEN-DRAIN INTERFACES OPTION

= CRYSTAL OR LOW-COST RESISTOR OSCIL- ng =
LATOR OPTION Wesiug =
= LOW VOLTAGE INHIBIT OPTION reafi »
» VECTORED INTERRUPTS TIMER, SOFT- rag eresosuz -
WARE, AND EXTERNAL ot >
» USER CALLABLE SELF-CHECK SUBROU- ey @
TINES rea( -

INICE® 1s SGS-THOMSON's development/emulation tool.

May 1989 1/33
This is advance information on a new product now In development or undergoing evaluation Details are subject to change without notice
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EF6805U2

DESCRIPTION TIMER. It is designed for the user who needs an

The EF6805U2 Microcomputer Unit (MCU) is a  €conomical microcomputer with the proven capa-
member of the 6805 Family of low-cost single-chip bilities of several members of the 6805 Family of

Microcomputers. The 8-bit microcomputer contains g:ggcg'ag?éﬁgsw :ﬁgszrc;wsr; ;‘etgf’tﬁ:g;&xﬁedﬁg
-chi K, , RAM, 1/0, i
a CPU, on-chip CLOCK, ROM, R and software highlights of the EF6805U2 MCU.

Figure 1 : EF6805U2 HMOS Microcomputer Block Diagram.

— XTAL  EXTAL RESET NUM INT
mer,
'lnmcr—-‘ ; Prescaler ]9 Counter
Timer Control Oscillator -
PAQ «8-a
PAl e Accumulator
Port  pa2es# port | Data 8 A cPU INT2
A pa3 A Dir
110 PA4 Reg Reg 9 Index Control
Lines  pAGeg-ond 8 Register X PDO
PAG--o=1 T PD1
PATE-B ondition PD2
Regre PortD [@——FD3  TOD
[t T
5 cc CPU Input PD4 Lines
Stack -- PDS __
::(:___ s Ponter o) '__;g(’;“NTZ
Port py2@m por | Data ?ogmm
B PB3 8 D ounter
110 ppsea—al q R" ¢ |4 Hgh PCH ALU
Lines  ppR5 g 9 €9 Program
PB6 e Counter
[TV 8 Low  PCL fe—» PCO
1 ja— PC1 b
j@—o=pc2  Port
T T Dc;"a Pgu & (3 c
2048 x 8 64x8 Reg Reg j@— pc4  1/10
User ROM | RAM I j@-—& PC5 Lines
192 x 8 <~ PC6
Self-Check ROM pe—pC7
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage —0.3to+7.0 \
Vin Input Voltage (except TIMER in self-check mode and -03to+70 "
open-drain inputs)
Vin Input Voltage (open-drain pins, TIMER pin in self-check mode) - 0.3to + 15.0 Vv
Ta Operating Temperature Range 0to+ 70 °C
V Suffix —40to + 85
(TLtoTw) - T Suffix - 40to + 105
Tstg Storage Temperature Range —55to + 150 °C
T; Junction Temperature  Plastic Package 150 °C
PLCC 150

This device contains circuitry to protect the inputs against damage due to high static voltages or electrical fields, however, 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 1s recommended that Vin and Vout be constrained to the range Vss < (Vin 0r Vour) < Vee. Reliability of operation is
enhanced If unused inputs except EXTAL are tied to an appropriate logic voltage level (e g. either Vss or Vcc).

THERMAL DATA

6JA Thermal Resistance  Plastic 50 °C/W
PLCC 80

2/33
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POWER CONSIDERATIONS

The average chip-junction temperature, Ty, in °C
can be obtained from :
Ty=Ta+ (Pp - 6ya) (1)
Where :

Ta = Ambient Temperature, °C
6ya = Package Thermal Resistance, Juntion-
to-Ambient, °C/W
Pp = PINT + PPORT
PinT = lec x Vee, Watts - Chip Internal Power
PporT = Port Power Dissipation, Watts - User
Determined

For most applications PporT < PinT @nd can be ne-
glected. ProrT may become significant if the device

is configured to drive Darlington bases or sink LED
loads.

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

Pp =K+ (Ty+273°C) @)
Solving equations 1 and 2 for K gives :
K=Pp. (Ta+273°C) +6ya* Pp? ®)

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

ELECTRICAL CHARACTERISTICS (V¢c = + 5.25Vdc + 0.5Vdc, Vgs = 0Vdc, Ta = T to Ty unless

otherwise noted)

Symbol Parameter Min. Typ. Max. Unit
Vi Input High Voltage \
RESET (4.75 < Ve < 5.75) 4.0 Vce
_ (Vcc < 4.75) Vce — 0.5 Vce
INT (4.75 < Vgc < 5.75) 4.0 . Vce
(Vce < 4.75) Vec - 05 . Vee
All Other (except timer) 2.0 Vece
Viy Input High Voltage Timer Vv
Timer Mode 2.0 Vee + 1.0
Self-check Mode 9.0 10.0 15.0
ViL Input Low Voltage \'
RESET Vss 0.8
INT Vss . 15
All Other Vss 0.8
VIRES + RESET Hystereris Voltages (see figures 10, 11 and 12) \Y
VIRES - "Out of Reset" 2.1 4.0
"Into Reset" 0.8 2.0
VinT INT Zero Crossing Input Voltage, Through a 2 4 Vacp-p
Capacitor
Po Power Dissipation - (no port loading, Vcc = 5.75V) mw
Ta =0°C 520 740
Ta =—40°C 580 800
Cin Input Capacitance pF
EXTAL 25
All Other 10
Vivr Low Voltage Recover 4.75 Vv
VLy, Low Voltage Inhibit 2.75 3.75 4.70 \%
Iin Input Current pA
TIMER (V,, =0.4V) 20
INT (Vin = 2.4V to V¢e) 20 50
EXTAL (Vin = 2.4V to V¢ - crystal option) 10
(Vin = 0.4V - crystal option) - 1600
RESET (Vi = 0.8V) - External Capacitor Charging - 40.0 - 40
Current
* Due to internal biasing this input (when unused) floats to approximately 2.2V.
(37 SGS-THOMSON 33
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SWITCHING CHARACTERISTICS

(Ve = + 5.25Vdc + 0.5Vdc, Vss = 0Vdc, T4 = T, to Ty unless otherwise noted)

Symbol Parameter Min. Typ. Max. Unit
fosc Oscillator Frequency 0.4 4.2 MHz
teye Cycle Time (4/fosc) 0.95 10 us

tw, tws | INT, INT2, and TIMER Pulse Width (see interrupt teye + 250 ns

section)
tRwL RESET Pulse Width teye + 250 ns
fint INT Zero-crossing Detection Input Frequency 0.03 1 kHz
External Clock Input Duty Cycle (EXTAL) 40 50 60 %
Crystal Oscillator Start-up Time* 100 ms
* See figure 16 for typical crystal parameters
PORT ELECTRICAL CHARACTERISTICS
(Voo = + 5.25Vdc + 0.5Vdc, Vss = 0Vdc, T4 = T, to Ty unless otherwise noted)
PORT A WITH CMOS DRIVE ENABLED

Symbol Parameter Min. Typ. Max. Unit
VoL Output Low Voltage (I oad = 1.6mA) 0.4 \
VoH Output High Voltage \"

lLoad =— 100pA 2.4
ILoad == 10HA Vee - 1.0
\m Input High Voltage (I oad = — 300pA max.) 2.0 Vee \%
ViL Input Low Voltage (I oag =— 500ns max.) Vss 0.8 \Y
Iy High Z State Input Current (V5 = 2.0V to Vcc) - 300 pA
I High Z State Input Current (V,, = 0.4V) - 500 pA
PORT B
Symbol Parameter Min. Typ. Max. Unit
Vou Output Low Voltage Vv
ILoad =3.2mA 0.4
ILoag = 10mA (sink) 1.0
VoH Output High Voltage I gaq =— 200pA 2.4 \'
loH Darlington Current Drive (source) Vo = 1.5V -1.0 -10 mA
Vin Input High Voltage 20 Vee Vv
Vi Input Low Voltage Vss 0.8 Vv
ltsi High Z State Input Current <2 10 pA
PORT C AND PORT A WITH CMOS DRIVE DISABLED

Symbol . Parameter Min. Typ. Max. Unit
VoL Output Low Voltage | oag = 1.6mA 0.4 Vv
Vou Output High Voltage I oad =— 100pA 24 Vv

ViH Input High Voltage 2.0 Vee \
Vi Input Low Voltage Vss 0.8 \
I7si High Z State Input Current <2 10 us
4/33
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PORT ELECTRICAL CHARACTERISTICS (continued)

PORT C (open-drain option)

Symbol Parameter Min. Typ. Max. Unit
Vin Input High Voltage 20 13.0 \
Vi Input Low Voltage Vss 0.8 Vv
lLop Input Leakage Current <3 15 MA
VoL Output Low Voltage I oad = 1.6mA 0.4 \%

PORT D

Symbol Parameter Min. Typ. Max. Unit
ViH Input High Voltage 2.0 Vee Vv
ViL Input Low Voltage Vss 0.8 \'
hin Input Current <1 5 A

Figure 2 : TTL Equivalent Test Load (port B).

Figure 3 : CMOS Equivalent Test Load (port A).

Vee=57V

Test 1N916
Pomnt or Equiv. %945k
——
40 pF 3 1N4148
(Toal) ) or Equiv.

Test Point o__L
:[ 30 pF (Total

Figure 4 : TTL Equivalent Test Load

Figure 5 : Open-drain Equivalent Test Load

(ports A and C). (port C).
Vce=5.75V Vce=5.75V
FI(:?\'! lr‘glgiv 3.34 k2
. 291 k2
Test
30 pF 1N4148 Point
(Total) or Equiv.

‘f 30 pF (Toal)

SIGNAL DESCRIPTION

The input and output signals for the MCU, shown in
figure 1, are described in the following paragraphs.

Vce AND Vss - Power is supplied to the MCU using
these two pins. Vcc is power and Vss is the ground
connection.

INT - This pin provides the capability for asynchron-
ously applying an external interrupt to the MCU.

Refer to Interrupts Section for additional informa-
tion.

XTAL AND EXTAL - These pins provide control
input for the on-chip clock oscillator circuit. A crys-
tal, a resistor, or an external signal, depending on
user selectable manufacturing mask option, can be
connected to these pins to provide a system clock
with various degrees of stability/cost tradeoffs. Lead
length and stray capacitance on these two pins

L7 SGS-THOMSON 533
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should be minimized. Refer to Internal Clock Gener-
ator Options Section for recommendations about
these inputs.

NUM (NON USER MODE) - This pin is not for user
application and must be connected to Vss.

TIMER - The pin allows an external input to be used
to control the internal timer circuitry and also to in-
itiate the self test program. Refer to Timer Selection
for additional information about the timer circuitry.

RESET - This pin allows resetting of the MCU at
times other than the automatic resetting capability
already in the MCU. The MCU can be reset by pull-
ing RESET low. Refer to Resets Section for addi-
tional information.

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-
PC7, PD0-PD7) - These 32 lines are arranged into
four 8-bit ports (A, B, C, and D). Ports A, B, and C
are programmable as either inputs or outputs under
software control of the data direction registers
(DDRs). Port D is for digital input only and bit 6 may
be used for a second interrupt INT2. Refer to
Input/Output Section and Interrupts Section for ad-
ditional information.

Figure 6 : EF6805U2 MCU Address Map.

MEMORY - The MCU is capable of addressing 4096
bytes of memory and I/O registers with its program
counter. The EF6805U2 MCU has implemented
2314 of these bytes. This consists of 2048 user
ROM bytes, 192 self-check ROM bytes, 64 user
RAM bytes, 7 port I/O bytes, 2 timer registers, and
a miscellaneous register ; see figure 6 for the Ad-
dress map. The user ROM has been split into three
areas. The main user ROM area is from $080 to
$OFF and from $7CO to $F37. The last 8 user ROM
locations at the bottom of memory are for the inter-
rupt vectors.

The MCU reserves the first 16 memory locations for
I/O features, of which 10 have been implemented.
These locations are used for the ports, the port
DDRs, the timer and the INT2 miscellaneous regis-
ter, and the 64 RAM bytes, 31 bytes are shared with
the stack area. The stack must be used with care
when data shares the stack area.

The shared stack area is used during the process-
ing of an interrupt or subroutine calls to save the
contents of the CPU state. The register contents are
pushed onto the stack in the order shown in
figure 7. Since the stack pointer decrements during
pushes, the low order byte (PCL) of the program.

76 54 3210

7 0
0o | O Ports $000
Timer
Page Zero RAM
Access with 1128 Bytes)
Short 127 vies $07F
Instructions 128 Page-Zero {080
User ROM
(128 Bytes)
255 SOFF
256 $100
Not Used
(1728 Bytes)
1983 $7BF
1984 $7C0
Main User
ROM
(1912 Bytes!
3895 N SF37
3896 $F38
Self-Check
ROM
(192 Bytes)
4087 SFF7
4088 $FF8
] s £
4090 SFFA
Int t
Vootobt J aggr| Bxtornalinterrupt (g
4092 swi SFFC
4093 ___ 7 $FFD
4094 SFFE
4095 RESET SFFF
*Caution Data Direction Registers (DDRs) are write-only, they read as $FF

0 Port A Data $000
1 Port B Data $001
2 Port C Data $002
3 Port D Data $003
4 Port A DDR¥* $004%
5 Port B DDR* $005%
6 Port C DDR* [ s006%
7 Not Used $007
"8 Timer Data Reg $008
9| Timer Control Reg | $009
10 Misc Reg S00A
" $008
Reserved
(53 Bytes)
63 $O3F
64 $040
RAM
(64 Bytes)
Stack
(31 Bytes
Maximum)
127 t $07F
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Figure 7 : Interrupt Stacking Order.

7. 6.5 4 3 2 1.0 Pull
[} Condiion
n-4l 111 Code Register [N+
n-3 Accumulator n+2
n-2 Index Regrster n+3
n=-1l 1119 PCH* n+4
n PCL* n+5 g
Push
* For subroutine calls, only PCH and PCL are stacked

CENTRAL PROCESSING UNIT

The CPU of the EF6805 Family is implemented in-
dependently from the I/O or memory configuration.
Consequently, it can be treated as an independent
central processor communicating with /O and
memory via internal address, data, and control
buses.

REGISTERS

The 6805 Family CPU has five registers available
to the programmer. They are shown in figure 8 and
are explained in the following paragraphs.

ACCUMULATOR (A) - The accumulator is ageneral
purpose 8-bit register used to hold operands and re-

Figure 8 : Programming Model.

sults of arithmetic calculations or data manipula-
tions.

INDES REGISTER (X) - The index register is an 8-
bit register used for the indexed addressing mode.
It contains an 8-bit value that may be added to an
instruction value to create an effective address. The
index register can also be used for data manipula-
tions using the read-modify-write instructions. The
Index Register may also be used as a temporary
storage area.

PROGRAM COUNTER (PC) - The Program
Counteris a 12 bit register that contains the address
of the next instruction to be executed.

0

J Accumulator

0

J Index Register

(
C

1

0

T
PCH

PCL

—J Program Counter

n

0

Boopoon

SP ] Stack Pointer

| H l | l N | Z ICI Condiion Code Register

arry/ Borrow

i

——Negatuve

Interrupt Mask
Half Carry

SG

o7
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STACK POINTER (SP) - The stack pointer is a 12-
bit register that contains the address of the next free
location on the stack. During an MCU reset or the
reset stack pointer (RSP) instruction, the stack
pointer is set to location $07F. The stack pointer is
then decremented as data is pushed onto the stack
and incremented as data is then pulled from the
stack. The seven most significant bits of the stack
pointer are permanently set to 0000011. Subrou-
tines and interrupts may be nested down to location
$061 (31 bytes maximum) which allows the pro-
grammer to use up to 15 levels of subroutine calls
(less if interrupts are allowed).

CONDITION CODE REGISTER (CC) - The condi-
tion code register is a 5-bit register in which four bits
are used to indicate the results of the instruction just
executed. These bits can be individually tested by a
program and specific action taken as a result of their
state. Each bit is explained in the following para-
graphs.

Half Carry (H) - Set during ADD and ADC oper-
ations to indicate that a carry occurred between bits
3and 4.

Interrupt (1) - When this bit is set, the timer and ex-
ternal interrupts (INT and INT2) are masked (dis-
abled). If an interrupt occurs while this bit is set, the
interrupt is latched and is processed as soon as the
interrupt bit is cleared.

Negative (N) - When set, this bit indicates that the
result of the last arithmetic, logical, or data manipu-
lation was negative (bit 7 in the resultis a logical "1").
Zero (Z) - When set, this bit indicates that the result
of the last arithmetic, or data manipulation was zero.
Carry/Borrow (C) - When set, this bit indicates that
a carry or borrow out of the Arithmetic Logic Unit
(ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch
instructions plus shifts and rotates.

TIMER

The timer circuitry for the MC6805U2 is shown in
figure 10. The 8-bit counter may be loaded under
program control and is decremented toward zero by
the clock input (or prescaler output). When the timer
reaches zero, the timer interrupt request bit (bit 7)
in the timer control register (TCR) is set. The timer
interrupt can be masked (disabled) by setting the
timer interrupt mask bit (bit 6) in the TCR. The inter-
rupt bit (I bit) in the condition code register also pre-
vents a timer interrupt from being processed. The

833 L7 SGS-THOMSON

MCU responds to this interrupt by saving the pres-
ent CPU state on the stack, fetching the timer inter-
rupt vector from locations $FF8 and $FF9 and
executing the interrupt routine (see RESET,
CLOCK, AND INTERRUPT STRUCTURE SEC-
TIONS). The timer interrupt request bit must be
cleared by software. The interrupt request bit must
be cleared by software. The TIMER and INT2 share
the same interrupt vector. The interrupt routine must
check the request bits to determine the source of
the interrupt.

The clock input to the timer can be from an external
source (decrementing of timer counter occurs on a
positive transition of the external source) applied to
the TIMER input pin, or it can be the internal phase
two signal. Three machine cycles are required for a
change in state of the TIMER pin to decrement the
timer prescaler. The maximum frequency of a sig-
nal that can be recognized by the TIMER pin logic
is dependent on the parameter labeled twH. The pin
logic that recognizes the high state on the pin must
also recognize the low state on the pin in order to
"re-arm" the internal logic. Therefore, the period can
be calculated as follows (assumes 50/50 duty cycle
for a given period) :

. 1
teye X 2 + 250ns = period = ———
oye X e pert freq

The periods is not simply twH + twL. This computa-
tion is allowable, but it does reduce the maximum
allowable frequency by defining an unnecessarily
longer period (250 nanoseconds times two).

When the phase two signal is used as the source, it
can be gated by an input applied to the TIMER input
pin allowing the user to easily perform pulse-width
measurements. The source of the clock input is one
of the mask options that is specified before manu-
facture of the MCU.

NOTE
For ungated phase two clock input to the timer pres-
caler, the TIMER pin should be tied to Vcc.

A prescaler option, divide by 2", can be applied to
the clock input that extends the timing interval up to
a maximum of 128 counts before decrementing the
counter. This prescaling mask option is also speci-
fied before manufacture. To avoid truncation errors,
the prescaler is cleared when bit 3 of the timer con-
trol register is written to a logic one (this bit always
reads a logic zero). See figure 9.
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Figure 9 : Timer Control Register (TCR).

TCR6 -
Setto 1 by Reset
TCRS3 -
to a logic "1"

7 6 5 4 3 2 1 0
1 1 1 1 1 $009
TCR7 - Timer Interrupt Request Status Bit Set when TDR goes to zero, must

be cleared by software Cleared to 0 by Reset
Timer Interrupt Mask Bit : 1 = timer interrupt masked (disabled)

Clear prescaler always reads as a 0, clears prescaler when written

TCRBits 5, 4, 2, 1, 0 reads "1s" - unused bits

The timer continues to count past zero, falling
through to $FF from $00 and then continuing the
count down. Thus the counter can be read at any
time by reading the timer data register (TDR). This
allows a program to determine the length of time
since a timer interrupt has occured, and not disturb
the counting process.

Figure 10 : Timer Block Diagram.

At power up or reset, the prescaler and counter are
initialized with all logic ones ; the timer interrupt re-
quest bit (bit 7) is cleared and the timer interrupt
mask bit (bit 6) is set.

=
(Internal) M

. Write

Clear
| — Prescaler - =
3 20 2" 22 22 v s 28 7 imer imer
(> .- o | I 1113 — Interrupt Interrupt
it =t T3
T 1 Request  Mask
IIMER i A Not Not
t
o N RS T RO TS T WO T Used Used
T — 1 Clock Time ++— }l —+—+
1 Input 7 0 Out 76 3 0
| - 8 Bit Counter >
! Timer Data Register (TDR) Timer Control Register (TCR!?
Manufacturing *
Mask Options |

Read Wnite Read

Internal Data Bus

SELF-CHECK

The self-check capability of the EF6805U2MCU
provides an internal check to determine if the part is
functional. Connect the MCU as shown in Figure 11
and monitor the output of Port C bit 3 for an oscilla-
tion of approximately 7Hz. A 10-volt level (through
a 10k resistor) on the timer input, pin 8 and press-
ing then releasing the RESET button, energizes the
ROM-based self-check feature. The self-check pro-

gram exercises the RAM, ROM, TIMER, interrupts,
and I/O ports.

Several of the self-check subroutines can be called
by a user program with a JSR or BSR instruction.
They are the RAM, ROM, tests. The timer routine
may also be called if the timer input is the internal &
2 clock.

To call those subroutines in customer applications,
please contact your SGS-THOMSON Microelectro-

L3 SGS:THOMSON 9/38
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nics sales office in order to obtain the complete dis-
cription of the self-check program and the en-
trance/exit conditions.

RAM SELF-CHECK SUBROUTINE - The RAM self-
check is called at location $F6F and returns with the
Z bit clear if any error is detected ; otherwise the Z
bit is set. The walking diagnostic pattern method is
used on the EF6805U2.

The RAM test must be called with the stack pointer

The A and X registers and all RAM locations except
$07F and $07E are modified.

ROM CHECKSUM SUBROUTINE - The ROM self-
check is called at location $F8A. If any error is de-
tected, it returns with the Z bit cleared ; otherwise Z
=1, X=0onreturn, and Ais zero if the test passes.
RAM location $040 to $043 is overwritten. The
checksum is the complement of the execution OR
of the contents of the user ROM.

at $07F. When run, the test checks every RAM cell
except for $07F and $07E which are assumed to
contain the return address.

Figure 11 : Self-check connections.

RESET l:
1 N
o— ! Vss PA7
10— 39
F PA6
Clilly w172 8
a| PAS5
INT 37
al, PA4
1525 X o, 5 cc pa3 |8
I % o e Ll pa2 |35
- Ik 4 00— xTAL a1 |3
- MHz 7 PAO B
10k o NC
- PAFT TIMER
LED
+ 10V } ;o pco pB7 |2
Vo’ 1
LED 2~ 10 PC1 _ PB6 3
LED 427, 470 V|pcy EF6805U2 pgg |30
470
LED gy 12pc3 pBa |22
U3 pca PB3 |28
14 PCS pB2 |27
5l pcs pB1 |26
18lpcy pgo |25
7lpp7
18 b6/ (INT2) DO |24
- L] FIY pD1 |2
1 2
0.1 uF PD2
T 20l ppy PD3 |2!
* This connection depends on clock oscillator user selectable mask option Use jumper if the RC mask option is selected
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LED MEANINGS

Remarks

PCOPC1IPC2IPC3 (1 :LED ON ;0 :LED OFF)

1 0 1 0 |Bad /O

0 0 1 0 | Bad Timer

1 1 0 | 0 [Bad RAM

0|1 0 | 0 |Bad ROM

0 0 0 0 | Bad Interrupts or Request Flag

All Flashing Good Device

Note : Anything else bord Device, bad Port C, etc.

TIMER SELF-CHECK SUBROUTINE - The timer
self-check is called at location $FCF and returns
with the Z bit cleared if any error was found ; other-
wise Z = 1.

In order to work correctly as a user subroutine, the
internal @ 2 clock must be the clocking source and
interrupts must be disabled. Also, on exit, the clock
is running and the interrupt mask is not set so the
caller must protect from interrupts if necessary.

The A and X register contents are lost. The timer
self-check routine counts how many times the clock
counts in 128 cycles. The number of counts should
be a power of 2 since the prescaler is a power of 2.
If not, the timer is probably not counting correctly.
The routine also detects a timer which is not run-
ning.

RESET

The MCU can be reset three ways : by initial power-
up, by the external reset input (RESET) and by an

Figure 13 : Power and Reset Timing.

optional internal low-voltage detect circuit. The
RESET input consists mainly of a Schmitt trigger
which senses the RESET line logic level. A typical
reset Schmitt trigger hysteresis curve is shown in
figure 12. The Schmitt trigger provides an internal
resetvoltage if it senses a logical zero onthe RESET
pin.

Power-On Reset (POR) - Aninternal reset is gener-
ated upon powerup that allows the internal clock
generator to stabilize. A delay of trui milliseconds
is required before allowing the RESET input to go
high. Refer to the power and reset timing diagram
of figure 13. Connecting a capacitor to the RESET
input (as illustrated in figure 14) typically provides
sufficient delay. During poerup, the Schmitt trigger
switches on (remove reset) when RESET rises to
VIRES+

Figure 12 : Typical Reset Schmitt Trigger
Hysteresis

Out

Reset

tn Y,

Reset

T T Ll
08V 2V 4V
Vires— Vipes +

5V VLVR —\\r J “Dip” — Ny
Vee vivi \ In Power /

ov
RESET L—IN\— ol N
Pin Vires+ L ViRres - /

—{'RHL |*— —={ gL -
Internal N
Reset
LSy SGS-THOMSON 11538
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Figure 14 : RESET Configuration.

Pin 2
Strong v
10pF AsT Discharge T cc
Typical Current Dovice Low Voitagd
/ T Limiting 3. Detector | (OPtional)
= '
;3; - = =+ 0->1->LVI
Capacitor 120->LVR
. \"
Charging cc Internal
Current (]), Reset
* Disable LVI Source
/s
Schmitt
Trigger

External Reset Input - The MCU will be reset if a
logical zero is applied to the RESET input for a peri-
od longer than one machine cycle (teyc). Under this
type of reset, the Schmitt trigger switches off at Vires
to provide an internal voltage.

Low-voltage Inhibit (LVI) - The optional low-volta-
ge detection circuit causes a reset of the MCU if the
power supply voltage falls below a certain level
(VLvi). The only requirement is that Vcc remains at
or below the Vvi threshold for one tcyc minimum. In
typical applications, the Vcc bus filter capacitor will
eliminate negative-going voltage glitches of less
than one teye. The output from the low voltage de-
tector is connected directly to the internal reset cir-
cuitry. It also forces the RESET pin low via a strong
discharge device through a resistor. The internal
reset will be removed once the power supply volt-
age rises above a recovery level (VLvr), at which
time a normal power-on-reset occurs.

INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit is designed to
require a minimum of external components. A crys-
tal, a resistor, a jumper wire, or an external signal
may be used to generate a system clock with vari-
ous stability/cost trade-offs. The oscillator frequency
is internally divided by four to produce the internal
system clocks. A manufacturing mask optionis used
to select crystal or resistor operation.

The different connection methods are shown in

figure 15. Crystal specifications and suggested PC
board layouts are given in figure 16. A resistor se-
lection graph is given in figure 17.

The crystal oscillator start-up time is a functions of
many variables : crystal parameters (especially Rs),
oscillator load cpacitances, IC parameters, ambient
temperature, and supply voltage. To ensure rapid
oscillator start up, neither the crystal characteristics
nor the load capacitances should exceed recom-
mendations.

When utilizing the on-board oscillator, the MCU
should remain in a reset condition (reset pin voltage
below Vires:) until the oscillator has stabilized at its
operating frequency. Several factors are involved in
calculating the external reset capacitor required to
satisfy this condition : the oscillator start-up voltage,
the oscillator stabilization time, the minimum V|res.,
and the reset charging current specification.

Once Vce minimumiis reached, the external RESET
capacitor will begin to charge at a rate dependent
on the capacitor value. The charging current is sup-
plied from Vcc through a large resistor, so it appears
almost like a constant current source until the reset
voltage rises above Vires,. Therefore, the RESET
pin will charge at approximately :

(Vires+) * Cext = IRES * tRHL

Assuming the external capacitor is initially dis-
charged.

12/33
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Figure 15 : Clock Generator Options.

6 | XTAL
O e
(See Notel ™ EF6805U2 EF6805U2
}5 EXTAL  MCU EXTAL MCU
c {Crystal Mask (Resistor Mask
L _IT Option) Option)

Crystal Approximately 25% 1o 50% Accuracy
Typical tcyc=1.25 ps
External Jumper

vce
_l__ﬁ_j XTAL 6 [xTAL

— R
External — EF6805U2 . EF6805U2
Clock ___ 5 | EXTAL MCU (See Figure 17)__5_1 EXTAL MU
Input {Crystal Mask No {Resistor Mask
Option) Connection Option)

External Clock

Approximately 10% 1o 25% Accuracy
External Resistor
(Excludes Resistor Tolerance)

Note : The recommended Cy value with a 4.0MHz crystal is 27pF maximum, including system distributed capacitance There is an In-
ternal capacitance of approximately 25pF on the XTAL pin For crystal frequencies other than 4MHz, the total capacitance on
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2MHz crystal, use approximately 50pF on
EXTAL and approximately 25pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used.

Figure 16 : Crystal Motional ARM Parameters and Suggested PC Board Layout.

(a)
Cy
. Ly | : R
Ex;l;AL ! S 4 XTAL
Co 6
(b)
¢ ©
I\
GND AT - Cut Parallel Resonance Crystal
C. [®) Crystal  Co = 7pF Max. GND
|24 Freq. = 4.0MHz @ C. = 24pF
3- Rs S 50 ohms MS(. ' ) “//
4 A 14 a
cL
O :l Piezoelectric ceramic resonators which have the O ]
O equivalent specifications may be used instead of O :
crystaloscillators.Followceramicresonatormanu-
O facturer's suggestions for Co, C1, and Rs values. EXTAL(5) (1
EXTAL (5) [}~ | Crystal xTAL6) [
XTAL (6) [}——/ ] g mcu t]
Mcu b
L~

Note : Keep crystal leads and circuit connections as short as possible
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Figure 17 : Typical Frequency Selection for Resistor (oscillator option).

8.0

Oscillator Frequency (MHz)
N W a2 N
© © ©o o © ©o
T T T 1 T T
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(=}
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-
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1
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INTERRUPTS

The microcomputers can be interrupted four differ-
ent ways : through the external interrupt (INT) input
pin, the internal timer interrupt request, the external
port D bit 6 (INT2) input pin, or the software inter-
rupt instruction (SWI). When any interrupt occurs :
the current instruction (including SWI) is completed,
processing is suspended, the present CPU state is
pushed onto the stack, the interruptbit (1) inthe con-
dition code register is set, the address of the inter-
rupt rouiine is obtained from the appropriate
interrupt vector address, and the interrupt routine is
executed. Stacking the CPU register, setting the |
bit, and vector fetching require a total of 11 teyc peri-
ods for completion. A flowchart of the interrupt se-
quence is shown in figure 18. The interrupt service
routine must end with a return from interrupt (RTI)
instruction which allows the MCU to resume pro-
cessing of the program prior to the interrupt (by un-
stacking the previous CPU state). Unlike RESET,
hardware interrupts do not cause the current ins-
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truction execution to be halted, but are considered
pending until the current instruction execution is
complete.

When the current instruction is complete, the pro-
cessor checks all pending hardware interrupts and
if unmasked, proceeds with interrupt processing ;
otherwise the next instruction is fetched and ex-
ecuted. Note that masked interrupts are latched for
later interrupt service.

If both an external interrupt and a timer interrupt are
pending at the end of an instruction execution, the
external interrupt is serviced first. The SWI is ex-
ecuted as any other instruction.

NOTE

The timer and INT2 interrupts share the same vec-
tor address. The interrupt routine must determine
the source by examining the interrupt request bits
(TCR b7 and MR b7). Both b7 and MR b7 can only
be written to zero by software.
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Figure 18 : Reset and Interrupt Processing Flowchard.

11 (inCC)
07F +SpP
0->DDRs

CLR INT Logic
FF = Timer
7F - Prescaler
7F=TCR
7F MR

|

Put FFE on
Address Bus

(TIMER INT)
TCRU-TCR6

Clear Stack
INT INT PC, X. A, CC
Request
Latch ‘
11
Timer }

Fetch
Instruction

Is Fetched
Instruction

Load PC From:
SWI: FFC/FFD'
INT: FFA/FFB
Timer or
INT2: FF8/FF9

on SWI ?

' Load PC
From

FFE/FFF

Execute

I___ Instruction
L
I |

The external interrupt, INT and INT2, are syn-
chronized and then latched on the falling edge of the
input signal. The INT2 interrupt has an interrupt re-
quest bit (bit 7) and a mask bit (bit 6) located in the
miscellaneous register (MR). The INT2 interrupt is
inhibited when the mask bit is set. The INT2 is al-
ways read as a digital input on port D. The INT2 and
timer interrupt request bits, if set, cause the MCU to
process an interrupt when the condition code | bit is
clear.

A sinusoidal input signal (fint maximum) can be
used to generate an external interrupt for use as a
zero-crossing detector. This allows applications
such as servicing time-of-day routines and engag-

ing/disengaging ac power control devices. Off-chip
full wave rectification provides an interrupt at every
zero crossing of the ac signal and thereby provides
a 2f clock. See figure 19.

NOTE

The INT (pin 3) is internally biased at approximate-
ly 2.2V due to the internal zero-crossing detection.

A software interrupt (SWI) is an executable instruc-
tion which is executed regardless of the state of the
| bit in the condition code register. SWis are usually
used as break-points for debugging or as systems
calls.

L7 SGS-THOMSON 15/33
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Figure 19 : Typical Interrupt Circuits.

A/D CONTROL REGISTER (ACR)

$00E

cleared only on a write to ACR.
Readable, not writable.
Bits 2,1,0 -
Bits 6, 5,4, 3 read as "1s" - unused bits.

(a) Zero-Crossing Interrupt

7 6 5 4 3 2 1 0
1 1 1 1
Bit7- Conversion Complete Status Flag . Set when conversion 1s complete,

A/D input Mux Selection (see table 2).

(b) Digitat-Signal Interrupt

Vee
l::n (Current TTL 47K
U Max) Limiting) EF6805U2 "J':"’:‘_"l 3| eres0sU2
R<1 M R Mcu Input Mcu
AC Input 0.1-10
=10V uF
gl
INPUT/OUTPUT CIRCUITRY PORT DATA REGISTER
There are 32 input/output pins. The INT pin may be 7 0
polled with branch instructions to provide an addi-
tional input pin. All pins on ports A, B, and C are pro-
grammable as either inputs or outputs under —
software control of the corresponding data direction AN o
register (DDR). See below I/O port control registers Port C Addr = $002
configuration. The port I/O programming is accom- Port D Addr = $003
plished by writing the corresponding bit in the port
DDRto a logic one for output or a logic zero for input. .
On reset all the DDRs are initialized to a logic zero PORT DATA DIRECTION REGISTER (DDR)
state, placing the ports in the input mode. 7 0
The port output registers are not initialized on reset
and should be initialized by software before chang-
ing the DDRs from input to output. A read operation —
on a port programmed as an output will read the g; V‘ﬁ“fg&‘zu'l"f)afslna:uf'(':lgsre 410 0 by Reset
contents of the output latch regardless of the logic (3) Port A Addr = $004
levels at the output pin, due to output loading. Refer Port B Addr = $005
to figure 20. Port C Addr = $006
1653 LSy SGS-THOMSON
Y/ saichomzeTRONICS
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Figure 20 : Typical Port I/O Circuitry.

Data
< Direcuon Regrster
Bu*
2
® .0 Latched .
) Output b (o]
g8 ‘om Outpu b
-1 Bit
(¥]
Input
Reg
Bit
\ _ ¢
Input
170
Pin
‘Dal? Latched Input
Direction Output Output t
Register Data State o * DDR is a write-only register and reads as all "1s"
Bit Bit MCU ** Ports B, and C are three-state ports
Port A has optional internal pullup devices to provide CMOS data
1 0 0 0 drive capability. See Electrical Characteristics tables for complete
1 1 1 1 information
0o - X High-zZ** Pin

Allinput/output lines are TTL compatible as both in-
puts and outputs. Port Alines are CMOS compatible
as outputs (mask option) while port B, C, and D lines
are CMOS compatible as inputs. Port D lines are
input only ; thus, there is no corresponding DDR.
When programmed as outputs, port B is capable of
sinking 10 milliamperes and sourcing 1 milliampere
on each pin.

The address map (figure 6) gives the addresses of
data registers and data direction registers. Figure
21 provides some examples of port connections.

CAUTION

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).
A read operation on these registers is undefined

[’7 SGS-THOMSON

Since BSET and BCLR are read-modify write in
function, they cannot be used or clear a single DDR
bit (all "unaffected" bits would be set). It is recom-
mended that all DDR bits in a port be written using
a single-store instruction.

The latched output data bit (see figure 20) must al-
ways be written. Therefore, any write to a port writes
all of its data bits even though the port DDR is set
to input. This may be used to initialize the data reg-
ister and avoid undefined outputs ; however, care
must be exercised when using read-modify-write
instructions, since the data read corresponds to the
pin level if the DDR is an input (zero) and corres-
ponds to the latched output data when the DDR is
an output (one).

17/33
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Figure 21 : Typical Port Connections.

PA7 40 ({CMOS Loads)
PAG|
PAS| 38
pae| 37— 01 TTLLoad
-—
PA3 36 16 mA
PA2 B
PAY ]
Port A_bit 7 and bit 4 programmed as output.
PAD k<] Bit 7 driving CMOS loads and bit 4 driving
one TTL load directly using CMOS output op-
tion,
PB7 32
+ Vv
PB6| 31
PBS| 30
[4:1) 23
PB3 28
10 mA
PB2 27
- |\ \Y
PB1 26 \ N
PBO 25
-—10mA

(a) Output Modes

PB7 32
0= MFESID
PB6 3 1
P 0
BS 'b
PB4 29 10mA
PB3 2 INGIE T
N 1Tyoicar
re2| 27 yoica
PB1 26
PBO 25 —
\-‘\/“ Port B. bit 5 programmed as output drving Darling
ton base directly

PC7 16

PC6| 15 -V

PC5 14

PCa 13 <

PC3 12 St

ZMQS inverter

PC2 n = MC120497 14062

pci| 10 - T

rPCO 9

Port B, bit 0 and bit 1 programmed as output, driving

LEDs dwectly

(b) Input Modes

Port C, bits 0-3 programmed as outpul, drving CMOS
loads, using external pullup tesistors (requured it Port
C » open drain}

B S
32 PB7
A.-Do—‘ 40 |pa7 D: T |ees
: 33 |PA6 : 30 |pP8s
.
. B _|Pas SN74LS04 or MC14069 + 29 |eea
SN74LS04 (Typical) . 37 |Pas (Typical) : 8 |roa
. -
. % |PA3 . 27 |eB2
.
: » |pA2 . 2 les
: Eal et 25 |pBoO
*-Do-‘ 1 |pAo
r—s CMOS or TTL driving Port B directly
TTL driving Port A directly
24 |PDo
16 PC7 .
mcioes 7 . 23 |PD1
(Typacal) . 15 PC6 . 2 PD2
M 14 .
: Pes SN 74LS04 or MC14069 « 21 |po3
: 13 |pea (typical) : 20 |eos
. 12 |pc3 . 19 |eos
n_jrc2 . 18 |PD6/INT2
SN74LS04 10 |eci "“‘D"“ 77 |eo7
(Typical) ""\fﬂ
M ——

CMOS and TTL driving Port C directly

CMOS or TTL dniving Port D directly
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BIT MANIPULATION

The EF6805U2 as the ability to set or clear any
single RAM or I/O bit (except the data direction reg-
isters) with a single instruction (BSET, BCLR) (see
Caution below). Any bit in page zero can be tested
using the BRSET and BRCLR instructions and the
program branches as a result of its state. The carry
bit equals the value of the bit references by BRSET
or BRCLR. The capability to working with any bit in
RAM, ROM, or /O allows the user to have individ-
ual flags in RAM or to handle single /O bits as con-
trol lines.

CAUTION

The corresponding data direction registers for ports
A, B, and C are write-only registers (locations $004,
$005, and $006). A read operation on these regis-

Figure 22 : Bit Manipulation Example.

ters is undefined. Since BSET and BCLR are read-
modify-write functions, they cannot be used to set a
data direction register bit (all "unaffected" bits would
be set). Itis recommended that all data direction reg-
ister bits in a port be written using a single-store in-
struction.

The coding examples shown in figure 22 illustrates
the usefulness of the bit manipulation and test ins-
truction. Assume that the microcomputer is to com-
municate with an external serial device. The
external device has a data ready signal, a data out-
put line, and a clock line to clock data one bit at a
time, least significant bit first out of the device. The
microcomputer waits until the data is ready, clocks
the external device, picks up the data in the carry
flag, clears the clock line, and finally accumulates
the data bit in a random-access memory location.

BRSET 2, PORTA,* WAIT FOR READY
BSET 1, PORTA CLOCK NEXT BIT IN
BRCLR 0, PORTA, NEXT PICKUP BIT IN C-BIT

NEXT BCLR 1, PORTA

ASR RAMLOC MOVE C-BIT INTO RAM

RETURN CLOCK LINE HIGH

MCU
Fieady> 2P
Senal 0
Device Clock 1R
T
Data 0,

ADDRESSING MODES

The EF6805U2 MCU has ten addressing modes
available for use by the programmer. They are ex-
plained briefly in the following paragraphs. For ad-
ditional details and graphicalillustrations, refer to the
EF6805 Family Users Manual.

The term "effective address" (EA) is used in describ-
ing the addressing modes. EA is defined as the ad-
dress from which the argument for an instruction is
fetched or stored.

Immediate - In the immediate addressing mode, the
operand is contained in the byte immediately follow-
ing the opcode. The immediate addressing mode is
used to access constants which do not change dur-
ing program execution (e.g., a constant used to in-
itialize a loop counter). )

Direct - In the direct addressing mode, the effective
address of the argument is contained in a single byte
following the opcode byte. Direct addressing allows
the user to directly address the lowest 256 bytes in

[’7 SGS-THOMSON

memory with a single 2-byte instruction. This ad-
dress area includes all on-chip RAM and /O regis-
ters and 128 bytes of ROM. Direct addressing is an
effective use of both memory and time.

Extended - In the extended addressing mode, the
effective address of the argument is contained in the
two bytes following the opcode. Instructions with ex-
tended addressing mode are capable of referencing
arguments anywhere in memory with a single 3-byte
instruction. When using the assembler, the user
need not specify whether an instruction uses direct
or extended addressing. The assembler automati-
cally selects ths hortest form of the instruction.

Relative - The relative addressing mode is only
used in branch instructions. In relative addressing,
the contents of the 8-bit signed byte following the
opcode (the offset) is added to the PC if, and only
if, the branch condition is true. Otherwise, control
proceeds to the next instruction. The span of relative
addressing is from - 126 to + 129 from the opcode
address. The programmer need not worry about cal-
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culating the correct offset if he uses the assembler,
since it calculates the proper offset and checks to
see if it is within the span of the branch.

Indexed, no Offset - In the indexed, no offset ad-
dressing mode, the effective address of the argu-
ment is contained in the 8-bit index register. Thus,
this addressing mode can access the first 256 mem-
ory locations. These instructions are only one byte
long. This mode is often used to move a pointer
through a table or to hold the address of a frequen-
tly referenced RAM or I/O location.

Indexed, 8-bit Offset - In the indexed, 8-bit offset
addressing mode, the effective address is the sum
of the contents of the unsigned 8-bit index register
and the unsigned byte following the opcode. This
addressing mode is useful in selecting the kth ele-
ment in an n element table. With this 2-byte instruc-
tion, k would typically be in X with the address of the
beginning of the table in the instruction. As such, ta-
bles may begin anywhere within the first 256 ad-
dressable locations and could extend as far as
location 510 ($1FE is the last location at which the
instruction may begin).

Indexed, 16-bit Offset - In the indexed, 16-bit off-
set addressing mode, the effective address is the
sum of the contents of the unsigned 8-bit index reg-
ister and the two unsigned bytes following the op-
code. This addressing mode can be used in a
manner similar to indexed, 8-bit offset except that
this 3-byte instruction allows tables to be anywhere
in memory. As with direct and extended, the assem-
bler determines the shortest form of indexed ad-
dressing.

Bit Set/clear - In the bit set/clear addressing mode,
the bit to be set or cleared is part of the opcode, and
the byte following the opcode specifies the direct ad-
dress of the byte in which the specified bit is to be
set or cleared. Thus, any read/write bit in the first
256 locations of memory, including I/O, can be se-
lectively set or cleared with a single 2-byte instruc-
tion.

CAUTION

The corresponding DDRSs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).
A read operation on these registers is undefined.
Since BSET and BCLR are read-modify-write in
function, they cannot be used to set or clear a single
DDR bit (all "unaffected” bits would be set). Itis rec-
ommended that all DDR bits in a port must be writ-
ten using a single-store instruction.

Bit Test and Branch - The bit test and branch ad-
dressing mode is a combination of direct address-
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ing and relative addressing. The bit which is to be
tested and condition (set or clear) is included in the
opcode, and the address of the byte to be tested is
in the single byte immediately following the opcode
byte. The signed relative 8-bit offset in the third byte
is added to the PC if the specified bitis set or cleared
in the specified memory location. This single 3-byte
instruction allows the program to branch based on
the condition of any readable bit in the first 256 lo-
cations of memory. The span of branching is from -
125 to + 130 from the opcode address. The state of
the tested bit is also transferred to the carry bit of
the condition code registers.

CAUTION

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).
A read operation on these registers is undefined.
Since BSET and BCLR are read-modify-write in
function, they cannot be used to set or clear a single
DDR bit (all "unaffected” bits would be set). Itis rec-
ommended that all DDR bits in a port must be writ-
ten using a single-store instruction.

Inherent - In the inherent addressing mode, all the
information necessary to execute the instruction is
contained in the opcode. Operations specifying only
the index register or accumulator, as well as control
instructions with no other arguments, are included
in this mode. These instructions are one byte long.

INSTRUCTION SET

The EF6805U2 MCU has a set of 59 basic instruc-
tions, which when combined with the 10 addressing
modes produce 207 usable opcodes. They can be
divided into five different types : register/memory,
read-modify-write, branch, bit manipulation, and
control. The following paragraphs briefly explain
eachtype. Allthe instructions within a given type are
presented in individual tables.

Register/memory Instructions - Most of these in-
structions use two operands. One operand is either
the accumulator or the index register. The other
operand is obtained from memory using one of the
addressing modes. The jump unconditional (JMP)
and jump to subroutine (JSR) instructions have no
register operand. Refer to table 1.

Read-modify-write Instructions - These instruc-
tions read a memory location or a register, modify
or test its contents, and write the modified value
back to memory or to the register ; see Caution
under Input/Output section. The test for negative or
zero (TST) instruction is included in the read-mod-
ify-write instruction though it does not perform the
write. Refer to table 2.

MICROELECTRONICS
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Branch Instructions - The Branch Instructions
cause a branch from the program when a certain
condition is met. Refer to table 3.

Bit Manipulation Instructions - The instructions
are used on any bit in the first 256 bytes of the mem-
ory. One group either sets or clears. The other group
performs the bit test and branch operations. Refer
to Table 4.

CAUTION

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).
A read operation on these registers is undefined.

Since BSET and BCLR are read-modify-write in
function, they cannot be used to set or clear a single
DDR bit (all "unaffected" bits would be set). It is rec-
ommended that all DDR bits in a port must be writ-
ten using a single-store instruction.

Control Instruction - The control instructions con-
trol the MCU operations during program execution.
Refer to table 5.

Alphabetical Listing - The complete instruction set
is given in alphabetical order in table 6.

Opcode Map - Table 7 is an opcode map for the in-
struction used on the MCU.

L7 SGS-THOMSON 21133
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Addressing Modes
Indexed Indexed Indexed
Immedlate Direct Extended (no offset) (8 bltoffest) | (16 bltoffset)

op|a | # lop| & # [op|] e ] & J|op|# ]| # [op| 2| # |op| & | #

Function Mnemonic Code|Bytes|Cycles [Code|Bytes|Cyclas |Code|Bytes|Cycles [Code|Bytes|Cycles|Code|Bytes|Cycles |Code[Bytes|Cycles

Load A from Memory LDA AG | 2 2 Ré | 2 4 c6 3 5 F6 1 4 E6 2 5 D | 8 6
Load X from Memory LDX AE | 2 2 BE | 2 4 CE| 8 5 FE | 1 4 EE | 2 5 DE| 3 6
Store A in Memory STA B7 2 5 C7 3 6 F7 1 5 E7 2 6 D7 3 7
Store X in Memory STX BF | 2 5 CF | 8 6 FF | 1 5 EF | 2 6 DF | 38 7
Add Memory to A ADD AB | 2 2 BB | 2 4 CB| 3 5 FB| 1 4 EB| 2 5 DB | 38 6
Add Memory and ADC AS | 2 2 B3 | 2 4 co| 3 5 Fo | 1 4 ES | 2 5 D3| 8 6
Cany to A

Subtract Memory SuUB A0 2 2 Bo 2 4 co 3 5 Fo 1 4 EO 2 5 Do | 3 6
Subtract Memory from| SBC A2 2 2 B2 2 4 c21] 8 5 F2 1 4 E2 2 5 D2 | 3 6
A with Borrow

AND Memory to A AND Ad | 2 2 B4 | 2 4 c4 | 3 5 F4 | 1 4 E4 | 2 5 D4 | 8 6
0OS Memory with A ORA |AA | 2 2 BA| 2 4 CA| 8 5 FA | 1 4 EA | 2 5 DA | 8 6
\I‘E,xm:hfhle ORMerory | EOR | A8 | 2 2 B8 | 2 4 ces | 3 5 F8 | 1 4 E8 | 2 5 D8 | 3 6

Arithmetic Compare A CMP A1 2 2 B1 2 4 C1 3 5 F1 1 4 E1 2 5 D1 3 6
with Memory

NOSWOHL-SIS !éy

SIINOYLIZTIOYINN

Arithmetic Compare X CPX A3 | 2 2 B3 | 2 4 c3 | 3 5 F3 | 1 4 E3 | 2 5 D3| 8 6
with Memory

Bit Test Memory with A| BIT A5 2 2 BS 2 4 cs5 | 8 5 F5 1 4 ES 2 5 D5 | 3 6
(logical compare)

Jump Unconditional JMP BC | 2 3 CC| 8 4 FC | 1 3 EC | 2 4 DC| 8 5

Jump to Subroutine JSR BD | 2 7 Ch| 8 8 FD | 1 7 ED | 2 8 DD | 3 9

¢Nnso08943
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Addressing Modes

Inherent (A) Inherent (X) Diract (;:d:f):::t) ( slglc:e;(;:at)
Function Mnem coos [} B;:es cyfles c?:: [} By#ies Cytles cg: [} Byit‘es cygles cgs [} By,:es Cyflas c?:g [} By#:es cVﬁles

Increment INC 4C 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 6 7A 1 6 6A 2 7
Clear CLR 4aF 1 4 5F 1 4 3F 2 6 7F 1 6 6F 2 7
Complement COM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
Negate NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7
(2'S complement)
Rotate Left Thru Carry | ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Carry
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7
Arithmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
;est for Negative or TST 4D 1 4 5D 1 4 3D 2 6 7D 1 6 6D 2 7

ero
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Table 3 : Branch Instructions.

Relative Addressing Mode
Function Mnemonic C?)ze Byﬁes Cy:les
Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch IFF Higher BHI 22 2 4
Branch IFF Lower or Same BLS 23 2 4
Branch IFF Carry Clear BCC 24 2 4
(Branch IFF Higher or Same) (BHS) 24 2 4
Branch IFF Carry Set BCS 25 2 4
(Branch IFF Lower) (BLO) 25 2 4
Branch IFF Not Equal BNE 26 2 4
Branch IFF Equal BEQ 27 2 4
Branch IFF Half Carry Clear BHCC 28 2 4
Branch IFF Half Carry Set BHCS 29 2 4
Branch IFF Plus ~ BPL 2A 2 4
Branch IFF Minus BMI 2B 2 4
Branch IFF interrupt mask bit is clear. BMC 2C 2 4
Branch IFF interrupt mask bit is set. BMS 2D 2 4
Branch IFF interrupt line is low. BIL 2E 2 4
Branch IFF interrupt line is high. BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

Table 4 : Bit Manipulation Instructions.

Addressing Modes
Bit Set/clear Bit Test and Branch
Function Mnemonic op # # op # #
Code | Bytes [Cycles| Code | Bytes |Cycles
Branch IFF bit n is set. BRSET n (n =0....7) 2en 3 10
Branch IFF bit n is clear. BRCLR n (n =0.....7) 01+2+n 3. 10
Set Bit n BSET n (n =0....7) 10+2¢+n 2 7
Clear Bit n BCLR n (n =0....7) 11+2+n 2 7
= Ly SESTHANSRN
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Table 5 : Control Instructions.

Inherent
Function Mnemonic C?rze Byﬁes Cyﬁl;as
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 9B 1 2
Clear Interrupt Mask Bit CLl 9A 1 2
Software Interrupt SWi 83 1 11
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI! 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-operation NOP oD 1 2
Lyr SSTHIMSON ==
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Table 6 : Instruction Set.

Addressi

ng Modes

Condition Code

Mnem

Inherent | Immediate

Direct

Extended

Relative

Indexed
(no offset)

Indexed
(8 Bits)

Indexed
(16 Bits)

Bit
Set/clear

Bit
Test &
Branch

x
=
N
(2]

ADC

X

>

ADD

X

>
>
>

AND

X

>
>
[ ]

ASL

>
>
>

ASR

XXX |X]|X

XXX [X|X

XX [X[X|X

BCC

BCLR

BCS

BEQ

BHCC

BHCS

BHI

BHS

BIH

BIL

X XX [XIX[X[X][X

ojojolo{ofe[o(ofe]e]|>
o|o|o[o|o[o|e(0|e]e]>

BIT

>

BLO

BLS

BMC

BMI

BMS

BNE

BPL

BRA

BRN

XIX[XIX|X|X|[X|Xx]|[Xx

[ AR AL BN B BN BE BE BN BN BN BE BE BN BE BN BE BE BE NE NP

BRCLR

>

BRSET

BSET

BSR

CLL

X

[ B A B AR B AE BN BE BE BN BE BN BE BE BN BE BN RE B BN BN BN BE NE BN BE BE NP
(A AR BE R RE R BE AR BN BN A BN BN BE BN BE BK BE K BN BN BN MK BN BE BN BN BN BN

o 0000|0000 00 0 0 0 >

ol®|®|>

Condition Code Symbols :

H
|
N

26/33

Half Carry (from bit 3)
Interrupt Mask
Negative (sign bit)
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Zero

Carry/borrow
Test and Set if True, Cleared Otherwise
Not Affected
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Table 6 : Instruction Set (continued).

Addressing Modes Condition Code
" Bit
Mnem |Inherent |[Immediate | Direct [Extended| Relative (Lnod:f);::t) I(nsd;)i(;? (I:\Sesx:; SE”B;:ear Test& |H|{ I [N|[Z]|C
Branch

CLI X ej|j0|®|® |0
CLR X X X X e ®@|0(1]@
CMP X X X X X X ®|® | A|A|A
COM X X X X ®(®|AfA]|l
CPX X X X X X X ® (@ |A|lA]|A
DEC X X X X |0 |~ |O®
EOR X X X X X X [ N VNS NN ]
INC X X X X eloe|r|n]|e
JMP X X X X X [ B BE BE BN ]
JSR X X X X X [ B BK BE BN J
LDA X X X X X X (0| A|r|@®
LDX X X X X X X (@ |A(r]|@®
LSL X X X X ®|® | A|A]|A
LSR X X X X ®(®|0|A]|A
NEQ X X X X [ IR N I8 VNN RVNR IUN
NOP X oo |00 |0
ORA X X X X X X |0 |A|r]|O®
ROL X X X X ®|®|A|A|A
RSP X [ B BK BE K]
RTI X 2121222
RTS X (K B BE BN ]
SBC X X X X X X ®|®|A|A]|A
SEC oo 00 |1
SEI X o 1|le|®|@®
STA X X X X (@ |A(r]O®
STX X X X X X [ BN RIS NN )
SuB X X X X X X |0 | A|A]|A
SWiI X o |1|®@|®|0®
TAX X | |0 |0 |0
TST X X X X o(®@|~A|[n]|@®
TXA X o(o|0 0|0

Condition Code Symbols : z Zero

H Half Carry (from bit 3) Cc Carry/borrow

| Interrupt Mask A Test and Set if True Cleared Otherwise

N Negative (sign bit) . Not Affected

7 3TN s
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EF6805 HMOS FAMILY

Features EF6805P2 | EF6805P6 | EF6805R2 | EF6805R3 | EF6805U2 | EF6805U3
Technology HMOS HMOS HMOS HMOS HMOS HMOS
Number of Pins 28 28 40 40 40 40
On-chip RAM (bytes) 64 64 64 112 64 112
On-chip User ROM (bytes) 1100 1796 2048 3776 2048 3776
External Bus None None " None None None None
Bidirectional 1/0 Lines 20 20 24 24 24 24
Unidirectional I/0 Lines None None 6 Inputs 6 Inputs 8 Inputs 8 Inputs
Other 1/0 Features Timer Timer Timer, AD | Timer, AID Timer Timer
External Interrupt Inputs 1 1 2 2 2 2
STOP and WAIT No No No No No No
28/33 L7 SGS-THOMSON

MICROELECTRONICS

400




Iy

SOINOYLIZTTIOYSIN
NOSWOHL-SIS
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Bt Man: ion Branch Read-Modify-Write Control Register/ Memory
INH T DR, EXT [} 1
e SO TR 1 W WL [ [ W | W e [ Of [ K R s
Low il 010 o L0 7 2110 = Q1)) 5 1001 - 1010 - lou! 7 1 = il r ALE - e Low
T 0 O 0
0 ‘gRSETO BSETQ * BRA NEG NEG NEG NEG NEG RT1 sus sus suB sus sus sus 0
000 2 RELI2 o/ W INWL Y iNee | 2 xyv iy LAl NS ; IMM | 2 [»]L] g XY g X2 % 1X1 : .4 {1.0:01]
4 o
1 'SRCLRO BCLRO BRN RTS CMP CMP. CMP CMP CMmP cmP 1
o001 812 B 12 REL [} ) 2 iy {2 1) g [134 g x2 ; i X o001
2 BRSETI BSET1 BHI " sBc SB8C SBC sBC H:[o s8scC 2
10 3 are {2 RSC 2he . - - 5 . - ; ihass L2 o) g EXT g 1x2 g LAl | o0 |
3 BRCLR! BCLA1 BLS“ coM n lCOM% 'COMi , chux . com <1, SWIN 5 CPXMM 2 CPXD!R 5 CPx" 5 CPX| 5 Cme ' CPX . 3"
M N s " f
_E'J_.gr_ﬂ_ﬂ..g__ﬂiﬁ_.;_ﬁ._z_.ﬁ_e + e d L Z X} + U 3 2 + 2 + —ou__|
4 BRSET2 BSET2 BccC LSR LSRA LSRX LSR LSR AND ANG AND AND AND 4
0100 ; arg ; BsC ]2 RELI2 pIR}Y INH INK xi ]y I3 MM | WL ] EXT | 3 >al2 X P L1 0100
4 H 4 5 [} 5 .
5 BHCLRZ BCLR2 BCSu , BI'I"MM , -1} " BIT ol BIT wal2 BIT vl BIT x 5
.Jm'_-.:ﬁ__u._;__m_.g__n 5 3 7 5 Z 2 L.g_:z 2 2 1
S BRSETJ 8SET3 2 BNqu, 2 RORD'“ vRORcAwn aonﬁm 2 "mm ] ROR I 2 "Dfmu LDA LR K] LDAgxr 3 LDAuz 2 LDAm 1 L0A " msm
210 ; A3 0 0 0 1 7 3 7 '§_L' 7 [ 5
7 BRC'-“ BCLA3 BEO,, ASR " .ASR& |ASR¥H 2 ASRm y ASR % ] TAXN 2 STA LR ) STA“ 3 STAlxz 2 STA'X' 1 STA 1 ou’n
INH
._QL'J._JT_LL_;_ESL%_EL_GZ_L 1 LR e 1 3 7 2 DIR 3 3 H— :
8 BRASET4 BSET4 BHCE LSt al LSL?N" \ LSL)I(N~ N LSI.m ' LsL . . CLCIN , EOI?MM , EORDI“ EOR wrla EOR'” 5 EOFi”u R EOR x 'B
2 EL2 D M
JD__JG_EIL.Z__BEL 2 Z : 1 2 + 1 Z 2 _g_i_ 3 3 1 000 |
‘9' ERCLFM BCLM BHCg ROL als ROL&" , ROLE(N“ N ROL“(| . ROL N \ SECN 5 ADCMM s ADCDR R ADC"r 5 ADC al2 ADC“" ADC x '9
2 EL z — Q'- INH AL A 1]
0 |<r — 0 6 0 7 7 [ ] T 7 '54* 5 5 T o1
A BRSETS BSETS 8PL DEC DECA DECX DEC DEC cu ORA ORA ORA ORA ORA ORA A
1010 7| l N 3 REL | 2 m 1 INm T iNm ]2 X111 X } INM |2 MM 3 g EXT g 1X2. ; 1 : X 1010
-] BRCLHS BCLRS BmI SEl ADD ADD ADD ADD 0D . ADD 8
1011 BSC 12 AE ' w2 " g oR |3 ExT |3 x2] 2 iy 1% 1011
7 0 [} ) 3 7 6 7 ) 5 0 3 —
C BRSETS BSETG 8MmC INC INCA INCX INC INC RSP JMP JMP JMP JMP JMP [
1100 JO 818 ; BSC Z REL ) IR .; INH : INH ; x1 g L3 1 INH T ; DR |3 xT g 1X2 gf xy ; x 100
1 v
2] BRCLRG BCLR6 BMS TST TSTA TSTX ST TST NOP BSR JSR JSR JSR JSR JSR D
"o 30 ae iy Escl2 REL {2 LA ] m ) W | 2 I R) x ] K ; Agul? e 2 exrly CA ) LikE} I 101
i
E BRSET7 BSET? BiL LD Lox LDX LDx LDX LDX
110 2 2 AE . . - - . 2 tum ;; OR g Ext3 ix2 g LIRE] 1x nio
F BRCLR7 BCLA? BiH CLR CLRA CLRX CLR CLR TXA STX STX STX STX STX F
m B1B |2 BsC |2 REL | 2 [ILER) INH INH | 2 )i X ' INH 2 R |3 ExT| 3 x2] 2 x1{1 © "
Abbreviations for Address Modes LEGEND
INH Inherent
IMM Immediate F < Opcode 1n Hexadecimal
DR Direct s of Cve - ni —
EXT Extended of Lycles > Opcode in Bina
REL  Relatve Mnemonic > SUB 0 o v
BSC Bit Set/Clear Bytes ————>» 1 1X 0000
8TB Bit Test and Branch
1X Indexed (No Offset) Address Mode
X1 Indexed, 1 Byte (B-Bit) Offset
1X2 Indexed, 2 Byte (16-Bit} Offset

Z9qel
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PACKAGE MECHANICAL DATA

CB-182 PLASTIC

mm
e max e x 2.54(2) e mox 4.57 max
e .“u?/men%uue#ura Iélmox
7T
v ll/, RN Qolmn,
U TN e N i )
5.08max | o T d
| Nl IR / '
|//{? i ! // i
31 0.38 1.77 max : 0.2
39 0.508 103 n—"‘
1524
(2)
) // 2
:D.D_Dm.?/‘lnmnhnn
Datum 72
(1) Nominal dimension
N/
o 2) True tnical v
or j // rue geometrical position
o 7
YD'CV g g
1 20
53 mox 14
()
4(] pins
CB-521
Pin | idenlification
4,20 1499
16510 ] 457 l 16,00
1,662 |
UL \§—' 4
CRARAASARASTY IV
=127 IeLe[ele elelefefe]e mox. 17,40
Typ. UL 17,65
0,661
ost2 44 pins
0,64 1
min. 533
30733 (37 SGS-THOMSON
’I MICROELECTRONICS
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ORDERING INFORMATION

The information required when ordering a custom
MCU is listed below. The ROM program 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 2716 or one 2732 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 :

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 filled 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 6805 cross assembler, must be on the
disk. An object file 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 (ASCIl 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 Sys-
tem available on development systems such as DE-
VICE...

MDOS* is MOTOROLA'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.

‘7_1' SGS-THOMSON

31/33
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ORDER CODES

EF6805U2 | P | % | |
I l——— Screen level
Device
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
Cc J P E FN L* \' T Std D G/B B/B
[ ] [ ] [ ) [ ] [ [ ] [ ]
EF6805U2
Examples : EF6805U2P, EF6805U2FN, EF6805U2PV, EF6805U2FNV

Package : C : Ceramic DIL, J : Cerdip DIL, P : Plastic DIL, E : LCCC, FN : PLCC.
Oper.temp.:L*:0°'Cto+70°C,V:-40°'Cto + 85°C, T:-40'Cto+ 105°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 trademark of MOTOROLA Inc.

32133
‘ SGS-THOMSON
Y/ ricRoELECTRONICS
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EF6805 FAMILY - MCU CUSTOMER ORDERING SHEET

Commercial reference | | | | | | | | | | | Customer name

Customer’s marking

NN

Application

ROM capacity required : bytes
Temperature range :

d oc/+70C

d  -40°C/+85C

d -40Cc/+105C

Company
Address

Phone

Specification reference ;
SGS-THOMSON Microelectronics reference

| Special customer data reference*

Number of interrupt vector :

Quality level :
STD
d o

[ other* (customer's quality specification ref.) :

Software developped by :

Ela“kf,?:sﬁc O SGS-THOMSON Microelectronics application lab.
O ploc O  External lab.
O customer
PATTERN MEDIA (a listing may be supplied in addition OPTION LIST
for checking purpose) : . .
[d EPROM Reference : -Oscillator input - Low voltage inhibit
O  EFDOS/MDOS" disk file o O Enabled
3 8" floppy RC (d  Disabled
Q s5"1/4fo L )
PPy - Port A output drive : - Port C output drive :
1 Other* CMOS and TTL O m
- Timer clock source
O Internal 02 clock
O Timer input pin
- Timer prescaler
a a4 T O 64
Q2 [ O 32 O 128
* Requires prior factory approval
Yearly quantity forecast : start of production date :
. for a shipment period of :
CUSTOMER CONTACT NAME DATE : SIGNATURE :
33/33
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8-BIT MICROCOMPUTER UNIT

ADVANCE DATA

HARDWARE FEATURES

= 32 TTL/CMOS COMPATIBLE I/0 LINES
- 24 BIDIRECTIONAL (8 lines are LED com-
patible)
- 8 INPUT-ONLY
» 3776 BYTES OF USER ROM
= 112 BYTES OF RAM
» SELF-CHECK MODE (Plastic Package)
» ZERO-CROSSING DETECT/INTERRUPT
= INTERNAL 8-BIT TIMER WITH 7-BIT SOFT-
WARE PROGRAMMABLE PRESCALER AND
CLOCK SOURCE

= 5V SINGLE SUPPLY FN
(PLCC 44)

SOFTWARE FEATURES

= 10 POWERFUL ADDRESSING MODES

= BYTE EFFICIENT INSTRUCTION SET WITH PIN CONNECTIONS
TRUE BIT MANIPULATION, BIT TEST, AND
BRANCH INSTRUCTIONS

= SINGLE INSTRUCTION MEMORY
EXAMINE/CHANGE

» POWERFUL INDEXED ADDRESSING FOR
TABLES

» FULL SET OF CONDITIONAL BRANCHES

= MEMORY USABLE AS REGISTER/FLAGS

= COMPLETE DEVELOPMENT SYSTEM SUP-
PORT ON INICE®

® o< O O a0~ -

USER SELECTABLE OPTIONS

= 8 BIDIRECTIONAL I/O LINES WITH TTL OR
TTL/CMOS INTERFACE OPTION

= 8 BIDIRECTIONAL I/O LINES WITH TTL OR
OPEN-DRAIN INTERFACE OPTION

= CRYSTAL OR LOW-COST RESISTOR OSCIL-
LATOR OPTION

s LOW VOLTAGE INHIBIT OPTION

s VECTORED INTERRUPTS : TIMER, SOFT-
WARE, AND EXTERNAL

=« USER CALLABLE SELF-CHECK SUBROU-
TINES

EF6805U3

DESCRIPTION

The EF6805U3 Microcomputer Unit (MCU) is a
member of the 6805 Family of low-cost single-chip
Microcomputers. The 8-bit microcomputer contains

INICE® 1s SGS-THOMSON development/emulation tool
May 1989 1/34
This 1s advance information on a new product now in development or undergoing evaluation Detalls are subject to change without notice
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a CPU, on-chip CLOCK, ROM, RAM, I/O, and
TIMER. It is designed for the user who needs an
economical microcomputer with the proven capa-
bilities of the 6800-based instruction set. A compari-
son of the key features of several members of the

6805 Family of Microcomputers is shown at the end
of this data sheet. The following are some of the
hardware and software highlights of the EF6805U3
MCU.

Figure 1 : EF6805U3 HMOS Microcomputer Block Diagram.

T XTAL  EXTAL RESET iNT
TIMER —&m  Prescalar c'"‘e"
7 8 ounter
Timer Control Oscillator
PAO
PAl<@-0 Accumulator NT2
Port pa2ead Pon | Dota 8 A cpu -
“AO :ﬁi“ A Dr |} 4 Index Control
Lnes  pa -5 Reg Reg s Register N :g?
PA Port
PA7<0- C°C":g;°" Port :gg D
5 Regster ¢ ]nU < PD4 Input
CPU pul PD5 Lines
Stack PD6/INTZ
PBO 5 Pointer sp j@————— PD7
PB1. Program
Pg" :gg“ Port | Data B Counter
110 ppaeetm Rzg r?;; 4 High PCH| ALU
Lines  pR5 <g—o Program
PB6 w8 Counter
PB7-—ny B8 Low PCL po—a PLO
jo—PC1
- jo—aopC2  Port
1 ) D[;'I‘,a Pg" je o rC3  C
3776 x 8 112x8 o= pC4  1/0
User RXOM RA:/I J Reg Reg p@— PC5 Lines
}a—PC6
192x8
Self-Check ROM jo—a pC7
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage -03to+70 Vv
Vin Input Voltage (except TIMER in self-check mode and -03to+70 \
open-drain inputs)
Vin Input Voltage (open-drain pins, TIMER pin in self-check mode) - 0.3to + 15.0 Vv
Ta Operating Temperature Range 0to+70 °C
(TLto Tw) Vv Suff!x —-40to + 85
T Suffix — 40 to + 105
Tstg Storage Temperature Range - 5510 + 150 °C
T, Junction Temperature °C
Plastic Package 150
PLCC 150

This device contains circuitry to protect the inputs against damage due to high static voltages or electrical fields, however, 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 Vi, and Vout be constrained to the range Vss < (Via or Vou) < Vee. Reliability of operation is enhanced if unused inputs except

EXTAL are tied to an appropriate logic voltage level (e g, either Vss or Vce).

THERMAL DATA

0JA Thermal Resistance  Plastic

PLCC

50 °C/W

2/34
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POWER CONSIDERATIONS

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

Ty=Ta+ (D" 6ua) (1)
Where :

Ta= Ambient Temperature, °C

6 Ja = Package Thermal Resistance, Junction-to-
Ambient, "C/W

Pp = PINT + PpoRT

PiINT = lcc x Ve, Watts - Chip Internal Power
PporT = Port Power Dissipation, Watts - User Deter-
mined

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

ELECTRICAL CHARACTERISTICS

is configured to drive Darlington bases or sink LED
loads.

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

Ppo =K+ (Ty +273°C) ()
Solving equations 1 and 2 for K gives :

K=Pp - (Ta+273°C) + 6ua- Pp 3)

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

(Vgoe =+ 5.25Vdc + 0.5Vdc, Vgg = 0Vdc, Tx = T, to Ty unless otherwise noted)

Symbol Parameter Min. Typ. Max. Unit
Vin Input High Voltage \
RESET (4.75 < V¢ < 5.75) 4.0 Vee
_ (Vce < 4.75) Vee — 0.5 Vee
INT (4.75 < Ve £ 5.75) 4.0 * Vee
(Vec < 4.75) Ve — 05 * Vee
All Other (except timer) 2.0 Vce
Viy Input High Voltage Timer \
Timer Mode 2.0 Vee + 1.0
Self-check Mode 9.0 10.0 15.0
Vi Input Low Voltage \
RESET Vss 0.8
INT Vss . 1.5
All Other Vss 0.8
VIREs + RESET Hystereris Voltages (see figures 10, 11 and 12), \Y
Viges - "Out of Reset" 2.1 4.0
"Into Reset" 0.8 2.0
VinT INT Zero Crossing Input Voltage, Through a 2 4 Vac pop
Capacitor
Pp Power Dissipation - (no port loading, V¢c = 5.75V) mwW
Ta =0°C 520 740
Ta =-40°C 580 800
Cin Input Capacitance pF
EXTAL - 25
All Other 10
VLvR Low Voltage Recover 4.75 \
Vivi Low Voltage Inhibit 2.75 3.75 4.70 Vv
lin Input Current HA
TIMER (V,, = 0.4V) 20
INT (Vin = 2.4V to Vcc) 20 50
EXTAL (Vin =24V to V¢c - crystal option) 10
(Vin = 0.4V - crystal option) - 1600
RESET (V,, = 0.8V) - External Capacitor Charging -4.0 —40
Current
* Due to internal biasing this input (when unused) floats to approximately 2.2V.
LS SGS-THOMSON v
Y/ ricROELEGTRONICS
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SWITCHING CHARACTERISTICS
(Vge = + 5.25Vdce +£0.5Vdc, Vgs = 0Vdc, Ta = T, to Ty unless otherwise noted)

Symbol Parameter Min. Typ. Max. Unit
fosc Oscillator Frequency 0.4 4.2 MHz
teye Cycle Time (4/fosc) 0.95 10 us

twL, tws | INT, INT2, and TIMER Pulse Width (see interrupt teye + 250 ns

section)
tRwL RESET Pulse Width teye + 250 ns
fint INT Zero-crossing Detection Input Frequency 0.03 1 kHz
External Clock Input Duty Cycle (EXTAL) 40 50 60 %
Crystal Oscillator Start-up Time* 100 ms
" See figure 16 for typical crystal parameters
PORT ELECTRICAL CHARACTERISTICS
(Vee =+ 5.25Vde + 0.5Vdc, Vs = 0Vdc, Ta = T, to Ty unless otherwise noted)
PORT A WITH CMOS DRIVE ENABLED

Symbol Parameter Min. Typ. Max. Unit
VoL Output Low Voltage (I oag = 1.6MA) 0.4 \%
VoH Output High Voltage Vv

ILoag =— 100pA 24
lLoad == 10pA Vee - 1.0
Vin Input High Voltage (I oag =— 300pnA max.) 20 Vee \
Vi Input Low Voltage (I oag =— 500us max.) Vss 0.8 - \
m High Z State Input Current (V,, = 2.0V to V¢c) - 300 A
e High Z State Input Current (V,n = 0.4V) - 500 HA
PORT B
Symbol Parameter Min. Typ. Max. Unit
VoL Output Low Voltage \
lLoad =3.2MmA 0.4
ILoad = 10MA (sink) 1.0
VoH Output High Voltage I gag = — 200pA 2.4 \
lon Darlington Current Drive (source) Vo = 1.5V - 1.0 -10 mA
Vin Input High Voltage 20 Vce \
Vi Input Low Voltage Vss 0.8 \
I7s1 High Z State Input Current <2 10 pA—
PORT C AND PORT A WITH CMOS DRIVE DISABLED

Symbol Parameter Min. Typ. Max. Unit
Vor Output Low Voltage I oad = 1.6mA 0.4 \
Vou Output High Voltage | oad = — 100pA 24 Vv
Vin Input High Voltage 20 Vee \'
ViL Input Low Voltage Vss 0.8 \)
Itsi High Z State Input Current <2 10 us

4/34
Oy RSN
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PORT C (open-drain option)

Symbol Parameter Min. Typ. Max. Unit
\ Input High Voltage 2.0 13.0 \
ViL Input Low Voltage Vss 0.8 \Y
lLop Input Leakage Current <3 15 pA
VoL Output Low Voltage I oag = 1.6mA 0.4 \"
PORT D
Symbol Parameter Min. Typ. Max. Unit
Vi Input High Voltage 2.0 Vee \Y
Vi Input Low Voltage Vss 0.8 Y
lin Input Current <1 5 HA
Figure 2 : TTL Equivalent Test Load (port B). Figure 3 : CMOS Equivalent Test Load (port A).

Vee=57YV

Test 1N916- Test Point
Point or Equiv. 145 kQ l
30 pF (Total)
40 pF A 1N4148 I
(Total) or Equiv.

=

Figure 4 : TTL Equivalent Test Load Figure 5 : Open-drain Equivalent Test Load
(port A and C). (port C).
Vee=5.75V ) Vee=5.75V
Test 1N916
N 3.34 kQ
Point or Equiv. 201 k2 .
est |
30 pF 1N4148 Point 1
(Totall or Equiv, 30 pF (Total)
5/34
Lyr SIS
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SIGNAL DESCRIPTION

The input and output signals for the MCU, shown in
figure 1, are described in the following paragraphs.

Vee AND Vss - Power is supplied to the MCU using
these two pins. Vcc is power and Vss is the ground
connection.

INT - This pin provides the capability for asynchron-
ously applying an external interrupt to the MCU.
Refer to Interrupts Section for additional informa-
tion.

XTAL AND EXTAL - These pins provide control
input for the on-chip clock oscillator circuit. A crys-
tal, a resistor, or an external signal, depending on
user selectable manufacturing mask option, can be
connected to these pins to provide a system clock
with various degrees of stability/cost tradeoffs. Lead
length and stray capacitance on these two pins
should be minimized. Refer to Internal Clock Gener-
ator Options Section for recommendations about
these inputs.

NOTE : Pin 7 in DIL package/pin 8 in PLCC pack-
age is connected to internal protection.

TIMER - The pin allows an external input to be used
to control the internal timer circuitry and also to in-
itiate the self test program. Refer to Timer Section
for additional information about the timer circuitry.

RESET - This pin allows resetting of the MCU at
times other than the automatic resetting capability
already in the MCU. The MCU can be reset by pull-
ing RESET low. Refer to Resets Section for addi-
tional information.

INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-
PC7, PD0-PD7) - These 32 lines are arranged into
four 8-bit ports (A, B, C, and D). Ports A, B, and C
are programmable as either inputs or outputs under

6/34 Ly SGS-THOMSON

software control of the data direction registers
(DDREs). Port D is for digital input only and bit 6 may
be used for a second interrupt INT2. Refer to
Input/Output Section and Interrupts Section for ad-
ditional information.

MEMORY - The MCU is capable of addressing 4096
bytes of memory and I/O registers with its program
counter. The EF6805U3 MCU has implemented
4090 of these bytes. This consists of : 3776 user
ROM bytes, 192 self-check ROM bytes, 112 user
RAM bytes, 7 port I/O bytes, 2 timer registers, and
a miscellaneous register ; see figure 6 for the Ad-
dress map. The user ROM has been split into two
areas. The main user ROM area is from $080 to
$F37. The last 8 user ROM locations at the bottom
of memory are for the interrupt vectors.

The MCU reserves the first-16 memory locations for
1/0 features, of which 10 have been implemented.
These locations are used for the ports, the port
DDRs, the timer and the INT2 miscellaneous regis-
ter, and the 112 RAM bytes, 31 bytes are shared
with the stack area. The stack must be used with
care when data shares the stack area.

The shared stack area is used during the process-
ing of an interrupt or subroutine calls to save the
contents of the CPU state. The register contents are
pushed onto the stack in the order shown in
figure 7. Since the stack pointer decrements during
pushes, the low order byte (PCL) of the program
counter is stacked first, then the high order four bits
(PCH) are stacked. This ensures that the program
counter is loaded correctly during pulls from the
stack since the stack pointer increments when it
pulls data from the stack. A subroutine call results
in only the program counter (PCL, PCH) contents
being pushed onto the stack ; the remaining CPU
registers are not pushed.

MICROELECTRONICS
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Figure 6 : EF6805U3 MCU Address Map.

7 0 76 54 3210
000
170 Ports $000 0 Port A Data
Timer
RAM 1 Port B Data
127 (128 Bytes) :g;g 2 Port L Data
128 3 Port D Data
4 Port ADDR*
5 Poit B DDR*
6 *
Main User Port C DDR
ROM 7 Not Used
(3768 Bytes) 8 Timer Data Reg
9| Timer Control Reg
10 Misc Reg
8% $F37 n
389%6 $F38
Self Check Not used
ROM (5 bytes)
(192 )
087 92 Bytes SFE7 "
4088 SFF8 16
4089 B Timer Interrupt $FF9
_____ TJSFFA
Interrupt _J 4091 External Interrupt SFFB RAM
Veutos Gaosz|~ — — s e (112 Bytes)
4093l _JSFFD Stack
4094 RESET SFFE (31 Bytes Maximum)
3095 SFFF
127 ‘

*Caution Data direction registers (DDRs) are
write-only, they read as $FF

$000
$001
$002
$003
$004%
S005%
$006*
$007
$008
$003
$SO00A
$008

SO00F
$010

S0/

Figure 7 : Interrupt Stacking Order.

7. 6 5 4 3 2 1 0 Pull
) Condion
n-4p 11 Code Register |n+1
n-3 Accumulator n+2
n-2 Index Register n+3
n=1 1111 PCH¥*  In+4
n PCL* n+5 ‘}

Push

*For subroutine calls, unly PCH and PCL are stacked

SGS-THOMSON
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<7}
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CENTRAL PROCESSING UNIT

The CPU of the EF6805 Family is implemented in-
dependently from the 1/0O or memory configuration.
Consequently, it can be treated as an independent
central processor communicating with 1/0 and
memory via internal address, data, and control
buses.

REGISTERS

The 6805 Family CPU has five registers available
to the programmer. They are shown in figure 8 and
are explained in the following paragraphs.

Figure 8 : Programming Model.

ACCUMULATOR (A) - The accumulatoris a general
purpose 8-bit register used to hold operands and re-
sults of arithmetic calculations or data manipula-
tions.

INDEX REGISTER (X) - The index register is an
8-bit register used for the indexed addressing mode.
It contains an 8-bit value that may be added to an
instruction value to create an effective address. The
index register can also be used for data manipula-
tions using the read-modify-write instructions. The
Index Register may also be used as a temporary
storage area.

0

] Accumulator

0

J Index Register

7
[
7
[ X
n 7

0

8
T PCL

Program Counter

&Lo]oj oJoDTf]i sp

J Stack Pointer

H|I Nl Z [ C| Condiion Code Register

[—-4 arry/Borrow
Zero

Negatve
Interrupt Mask
Halt Carry

PROGRAM COUNTER (PC) - The Program
Counteris a 12 bit register that contains the address
of the next instruction to be executed.

STACK POINTER (SP) - The stack pointer is a
12-bit register that contains the address of the next
free location on the stack. During an MCU reset or
the reset stack pointer (RSP) instruction, the stack
pointer is set to location $07F. The stack pointer is
then decremented as data is pushed onto the stack
and incremented as data is then pulled from the
stack. The seven most significant bits of the stack
pointer are permanently set to 0000011. Subrou-
tines and interrupts may be nested down to location
$061 (31 bytes maximum) which allows the pro-
grammer to use up to 15 levels of subroutine calls
(less if interrupts are allowed).

CONDITION CODE REGISTER (CC) - The condi-
tion code register is a 5-bit register in which four bits
are used to indicate the results of the instruction just
executed. These bits can be individually tested by a
program and specific action taken as a result of their

8/34 L3y SGs-THOMSON

state. Each bit is explained in the following para-
graphs.

Half Carry (H) - Setduring ADD and ADC operations
to indicate that a carry occurred between bits 3 and

Interrupt (1) - When this bit is set, the timer and ex-
ternal interrupts (INT and INT2) are masked (dis-
abled). If an interrupt occurs while this bit is set, the
interrupt is latched and is processed as soon as the
interrupt bit is cleared.

Negative (N) - When set, this bit indicates that the
result of the last arithmetic, logical, or data manipu-
lation was negative (bit 7 in the resultis a logical "1").

Zero (Z) - When set, this bit indicates that the result
of the last arithmetic, logical, or data manipulation
was zero.

Carry/Borrow (C) - When set, this bit indicates that
a carry or borrow out of the Arithmetic Logic Unit
(ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch
instructions plus shifts and rotates.

MICROELECTRONICS

414



EF6805U3

TIMER

The timer circuitry for the EF6805U3 is shown in
figure 10. The timer contains a single 8-bit software
programmable counter with a 7-bit software select-
able prescaler. The counter may be preset under
program control and decrements toward zero.
When the counter decrements to zero, the timer in-
terrupt request bit, i.e., bit 7 of the timer control reg-
ister (TCR), is set. Then if the timer interrupt is not
masked, i.e., bit 6 of the TCR and the | bit in the con-
dition code register are both cleared, the processor
receives an interrupt. After completion of the current
instruction, the processor proceeds to store the ap-
propriate registers on the stack, and then fetches
the timer interrupt vector from locations $FF8 and
$FF9 in order to begin servicing the interrupt.

The counter continues to count after it reaches zero,
allowing the software to determine the number of in-
ternal or external input clocks since the timer inter-
rupt request bit was set. The counter may be read
at any time by the processor without disturbing the
count. The contents of the counter become stable
prior to the read portion of a cycle and do not change
during the read. The timer interrupt request bit re-
mains set until cleared by the software. If a write oc-
curs before the timer interrupt is serviced, the
interrupt is lost. TCR7 may also be used as a
scanned status bit in a non- 1nterrupt mode of oper-
ation (TCR6 = 1).

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

The timer input can be configured for three different
operating modes, plus a disable mode, depending
on the value written to the TCR4 and TCRS5 control
bits. For further information see figure 9.

Timer Input Mode 1 - If TCR5 and TCR4 are both
programmed to a zero, the input to the timer is from
an internal clock and the external TIMER input is
disabled. The internal clock mode can be used for
periodic interrupt generation, as well as a reference
in frequency and event measurement. The internal
clock is the instruction cycle clock.

Timer Input Mode 2 - With TCR5 = 0 and TCR4
= 1, the internal clock and the TIMER input pin are
ANDed to form the timer input signal. This mode can
be used to measure external pulse widths. The ex-

ternal timer input pulse simply turns on the internal
clock for the duration of the pulse widths.

Timer Input Mode 3 - If TCR5 = 1 and TCR4 =0,
then all inputs to the timer are disabled.

Timer Input Mode 4 - If TCR5=1and TCR4 =1, the
internal clock input to the timer is disabled and the
TIMER input pin becomes the input to the timer. The
external TIMER pin can, in this mode, be used to
count external events as well as external frequen-
cies for generating periodic interrupts.

7 6 5 4 3 2 10

|TCR7\ TCR6 | TCR5 | TCR4—|TCR3* TCF{2| TCR1 ]TCRo] $009

* Wnte only (read as zero).

TCRY - Timer Interrupt Request Bit :
1 - Set when TDR goes to zero, or under pro-
gram control
0 - Cleared on external Reset, Power-On-
Reset, or under Program Control.

TCR6 - Timer Interrupt Mask Bit :
1 - Timer Interrupt masked (disabled) Set on
external Reset, Power-On-Reset, or under
Program Control
0 - Cleared under Program Control.

TCRS5 - External or Internal Clock Source Bit :
1 - External Clock Source. Set on external
Reset, Power-On-Reset, or under Program
Control
0 - Cleared under Program Control.

TCR4 - External Enable Bit :
1 - Enable external TIMER pin. Set on external
Reset, Power-On-Reset, or under Program
Control.
0 - Cleared under Program Control.

TCR5 | TCR4 Result
0 0 Internal Clock to Timer
0 1 AND of Internal Clock and TIMER
Pin to Timer
1 0 Input to timer disabled.
1 1 TIMER Pin to Timer

TCR3 - Timer prescaler reset bit : A read of TCR3
always indicates a zero.
1 - Set on external Reset, Power-On-Reset or
under Program Control.
0 - Cleared under Program Control.
TCR2, TCR1, and TCRO - Prescaler address
bits :
1 - All set on external Reset, Power-On-Reset
or under Program Control.
0 - Cleared under Program Control.

L37 SGS-THOMSON 934
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Figure 9 : Timer Control Register (TCR).

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

Figure 10 : Timer Block Diagram.

Selected by

d by TCRO

External TCR4, TCRS

Input

TCR1, TCR2

Counter
8 Bits

Interrupt
Control

Tlntemal
Clock

mp{j UM

White Read Interrupt

TCR3

~ ,

Software Functions

Notes :

1. Prescaler and 8-bit counter are clocked on the failing edge of the internal clock (AS) or external input.

2 Counter Is written to during data strobe (DS) and counts down continuously.

SELF-CHECK - The self-check capability of the
EF6805U3 MCU provides an internal check to
determine if the part is functional. Connect the MCU
as shown in figure 11 and monitor the output of Port
C bit 3 for an oscillation of approximately 7Hz. A 10-
volt level (through a 10k resistor) on the timer input,
pin 8 and pressing then releasing the RESET but-
ton, energizes the ROM-based self-check feature.
The self-check program exercices the RAM, ROM,
TIMER, interrupts, and 1/O ports.

Several of the self-check subroutines can be called
by a user program with a JSR or BSR instruction.
They are the RAM, ROM. The timer routine may also
be called if the timer input is the internal ¢2 clock.

To call those subroutines in customer application,
please contact your local SGS-THOMSON sales of-
fice in order to obtain the complete description of the
self-check program and the entrance/exit condi-
tions.

10/34
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RAM SELF-CHECK SUBROUTINE - The RAM self-
check is called at location $F84 and returns with the
Z bit clear if any error is detected ; otherwise the Z
bit is set. The RAM test causes each byte to count
from O up to 0 again with a check after each count.

The RAM test must be called with the stack pointer
at $07F and A = 0. When run, the test checks every
RAM cell except for $07F and $07E which are as-
sumed to contain the return address.

The A and X registers and all RAM locations except
$07F and $07E are modified.

ROM CHECKSUM SUBROUTINE - The ROM self-
check is called at location $F95. The A register
should be cleared before calling the routine. If any
error is detected, it returns with the Z bit cleared ;
otherwise Z =1, X =0 onreturn, and A is zero if the
test passes. RAM location $040 to $043 is overwrit-
ten. The checksum is the complement of the execu-
tion OR of the contents of the user ROM.

MICROELECTRONICS
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Figure 11 : Self-check Connections.

RESET :L:

1 w

o Nveo PA7
10~ 39

uF 2 PAG
RESET 8

3l — PAS
INT 37

aly PA4
- ¢ cc 36

5% L 104F i PA3
I P : pa2 35
- Is 4 S x1AL PA1 z

- MHz 7 PAO

10k o NC
- AT TIMER
+I0V LT :;0 Hoco pB7 |32
1
LED gy pcy PB6 |
470
) LED, ;,';O lpe, EF6805U3  pgg |30
b LEDg™ AAA— Ypc3 PB4 |22
E) o pa3 |28
1) ocs pe2 |27
15 pce pB1 |26
16} oy PBO |25
ey

18} pp6/ (INT2) pPDO |22
. 9 pps po1 {2
1 2

0.1 uF PD2

* This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected

LED MEANINGS
Remarks

PC0|PC1|PC2)\PC3 (1 :LED ON ;0 :LED OFF)

1 0|1 0 |Bad /O

oo 1 0 |Bad Timer

1 1 0 | 0 [Bad RAM

0| 1 0 | 0 [Bad ROM

0 0 0 0 | Bad Interrupts or Request Flag

All Flashing Good Device

Anything else bad device. Bad Port C, etc

R MSO 11/34
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TIMER SELF-CHECK SUBROUTINE - The timer
self-check is called atlocation $F6D and returns with
the Z bit cleared if any error was found ; otherwise
Z=1.

In order to work correctly as a user subroutine, the
internal ¢2 clock must be the clocking source and
interrupts must be disabled. Also, on exit, the clock
is running and the interrupt mask is not set so the
caller must protect from interrupts if necessary.

The A and X register contents are lost. This routine
sets the prescaler for divide-by-128 and the timer
data register is cleared. The X register is configured
to count down the same as the timer data register.
The two registers are then compared every 128
cycles until they both count down to zero. Any mis-
match during the count down is considered as an
error. The A and X registers are cleared on exit from
the routine.

Figure 12 : Typical Reset Schmitt Trigger Hysteresis.

RESET

The MCU can be reset three ways : by initial power-
up, by the external reset input (RESET) and by an
optional internal low-voltage detect circuit. The
RESET input consists mainly of a Schmitt trigger
which senses the RESET line logic level. A typical
reset Schmitt trigger hysteresis curve is shown in
figure 12. The Schmitt trigger provides an internal
reset voltage if it senses alogical zeroonthe RESET
pin.

POWER-ON RESET (POR) - An internal reset is
generated upon powerup that allows the internal
clock generator to stabilize. A delay of truL millisec-
onds is required before allowing the RESET input to
go high. Refer to the power and reset timing diag-
ram of figure 13. Connecting a capacitor to the
RESET input (as illustrated in figure 14) typically
provides sufficient delay. During powerup, the
Schmitt trigger switches on (removes reset) when
RESET rises to ViRess+.

Out
of
Reset
In
1 i
Reset L 1
os8v 2v
ViRes —

av

VIRES +

Figure 13 : Power and Reset Timing.

5V VLVA ;——1\,-—\ “Dig” N
vcc / vLvi In P:::ver LVR
ov = O/
RESET L — N\ — N
Pin Vires+ Vires —
> 'RHL [ tRHL[*+—
Internal N N
Reset
12/34
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Figure 14 : RESET Configuration.

Pin 2

10uF
Typical -

RST

POR —
Delay
Capacitor

* Disable LVI

Current
Limitmg

‘f Vee

Device Low Voltage
T’ Detector (Optional)
= 0—>1->LVI
1->0—>LVR
v .
cc Internal
~

Schmitt
Trigger

EXTERNAL RESET INPUT - The MCU will be reset
if a logical zero is applied to the RESET input for a
period longer than one machine cycle (teyc). Under
this type of reset, the Schmitt trigger switches off at
Vires- to provide an internal reset voltage.

LOW-VOLTAGE INHIBIT (LVI) - The optional low-
voltage detection circuit causes a reset of the MCU
if the power supply voltage falls below a certain level
(VLvi). The only requirement is that Vce remains at
or below the Vvi threshold for one teyc minimum. In
typical applications, the Vcc bus filter capacitor will
eliminate negative-going voltage glitches of less
than one feye. The output from the low-voltage de-
tector is connected directly to the internal reset cir-
cuitry. It also forces the RESET pin low via a strong
discharge device through a resistor. The internal
reset will be removed once the power supply volt-
age rises above a recovery level (VLyR), at which
time a normal power-on-reset occurs.

INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit is designed to
require a minimum of external components. A crys-
tal, a resistor, a jumper wire, or an external signal
may be used to generate a system clock with vari-
ous stability/cost tradeoffs. The oscillator frequency
is internally divided by four to produce the internal
system clocks. A manufacturing mask optionis used
to select crystal or resistor operation.

"_l SGS-THOMSON

The different connection methods are shown in
figure 15. Crystal specifications and suggested PC
board layouts are given in figure 16. A resistor se-
lection graph is given in figure 17.

The crystal oscillator start-up time is a function of
many variables : crystal parameters (especially Rs),
oscillator load capacitances, IC parameters, am-
bient temperature, and supply voltage. To ensure
rapid oscillator start up, neither the crystal charac-
teristics nor the load capacitances should exceed
recommendations.

When utilizing the on-board oscillator, the MCU
should remain in a reset condition (reset pin voltage
below Vires.) until the oscillator has stabilized at its
operating frequency. Several factors are involved in
calculating the external reset capacitor required to
satisfy this condition : the oscillator start-up voltage,
the oscillator stabilization time, the minimum Vires.,
and the reset charging current specification.

Once Vce minimum is reached, the external RESET
capacitor will begin to charge at a rate dependent
on the capacitor value. The charging current is sup-
plied from Vcc through a large resistor, so it appears
almost like a constant current source until the reset
voltage rises above Vires:. Therefore, the RESET
pin will charge at approximately :

(Viress) * Cext = IRES * tRHL

Assuming the external capacitor is initially dis-
charged.

13/34

MICROELECTRONICS

419



EF6805U3

Figure 15 : Clock Generator Options.

6 | XTAL 6 | XTAL
(SeeNote) EF6805U3 EF6805U3
} 5 |exTAL MCU 5 | EXTAL MCU
cL (Crystal Mask (Resistor Mask
T Option) Option)
Crystal Approximately 256% to 50% Accuracy

Typical teyc=125 ps
External Jumper

vce
6 | XTAL 6 | XTAL
] R
External — EF6805U3 . EF6805U3
Clock — S |EXTAL  mcu (See Figure 17)_5 fexTAL  mcy
Input (Crystal Mask No (Resistor Mask
Option) Connection Option)
External Clock Approximately 10% to 25% Accuracy

External Resistor
(Excludes Resistor Tolerance)

Note : The recommended Cv value with a 4.0MHz crystal 1s 27pF, maximum, including system distributed capacitance. There Is an internal ca-
pacitance of approximately 25pF on the XTAL pin For crystal frequencies other than 4MHz, the total capacitance on each pin should be
scaled as the inverse of the frquency ratio. For example, with a 2MHz crystal, use approximately 50pF on EXTAL and approximately
25pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used.

Figure 16 : Crystal Motional Arm Parameters and Suggested PC Board Layout.

Cq
L
EXTAL Rs XTAL
° Co 6

114
LAY

AT — Cut Parallel Resonance Crystal

Co=7 pF Max

Freq =4 0 MHz @ C_=24 pF
Rg =50 ohms Max

Piezoelectric ceramic resonators
which have the equivalent speci-
ficaons may be used instead of
crystal oscillators Follow cera-
mic  resonator manufacturer's C
suggestions for Cy, Cq. and Ry,
values.

EXTAL (5)
Crystal XTAL (6)

q MCuU

NOTE Keep crystal leads and circurt connections as short as possible

EXTAL (5) (]
XTAL (6) []
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Figure 17 : Typical Frequency Selection for Resistor (oscillator option).

-
o

o

Resistance (k§2)

INTERRUPTS

The microcomputers can be interrupted four differ-
ent ways : through the external interrupt (INT) input
pin, the internal timer interrupt request, the external
port D bit 6 (INT2) input pin, or the software inter-
rupt instruction (SWI). When any interrupt occurs :
the current instruction (including SWI) is completed,
processing is suspended, the present CPU state is
pushed onto the stack, the interrupt bit (I) in the con-
dition code register is set, the address of the inter-
rupt routine is obtained from the appropriate
interrupt vector address, and the interrupt routine is
executed. Stacking the CPU register, setting the |
bit, and vector fetching require a total of 11 tcyc peri-
ods for completion. A flowchart of the interrupt se-
quence is shown in figure 18. The interrupt service
routine must end with a return from interrupt (RTI)

instruction which allows the MCU to resume pro-
cessing of the program prior to the interrupt (by un-
stacking the previous CPU state). Unlike RESET,
hardware interrupts do not cause the current ins-
truction execution to be halted, but are considered
pending until the current instruction execution is
complete.

When the current instruction is complete, the pro-
cessor checks all pending hardware interrupts and
if unmasked, proceeds with interrupt processing ;
otherwise the next instruction is fetched and ex-
ecuted. Note that masked interrupts are latched for
later interrupt service.

If both an external interrupt and a timer interrupt are
pending at the end of an instruction execution, the
external interrupt is serviced first. The SWI is ex-
ecuted as any other instruction.

L7 SGS:THOMSON 1584
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Figure 18 : RESET and Interrupt Processing Flowchard.

1->1(inCC)
07F —»SP
0->DDRs

CLR INT Logic
FF —>Timer

7F - Prescaler
7F>TCR
7F MR

I

Stack
PC, X, A, CC

Ciear
iNT INT
Request
Latch }

11

Timer ;

Luad PC From:

SWI- FFC/FFD'

INT: FFA/FFB
Timer or

Fetch
Instruction

INT2: FF8/FF9

RESET
Pin=Low

RESET Is Fetched
s Instruction

Pin =High on SWI ?

Laad PC
From
FFE/FFF Execute All
| Instruction
Cycles
I M
NOTE process an interrupt when the condition code | bit is

The timer and INT2 interrupts share the same vec-
tor address. The interrupt routine must determine
the source by examining the interrupt request bits
(TCR b7 and MR b7). Both TCR b7 and MR b7 can
only be written to zero by software.

The external interrupt, INT and INT2, are syn-
chronized and then latched on the falling edge of the
input signal. The INT2 interrupt has an interrupt re-
quest bit (bit 7) and a mask bit (bit 6) located in the
miscellaneous register (MR). The INT2 interrupt is
inhibited when the mask bit is set. The INT2 is al-
ways read as a digital input on port D. The INT2 and
timer interrupt request bits, if set, cause the MCU to

16/34
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clear.

A sinusoidal input signal (fint maximum) can be
used to generate an external interrupt for use as a
zero-crossing detector. This allows applications
such as servicing time-of-day routines and engag-
ing/disengaging ac power control devices. Off-chip
full wave rectification provides an interrupt at every
zero crossing of the ac signal and thereby provides
a 2f clock. See figure 19.

NOTE

The INT (pin 3) is internally biased at approximate-
ly 2.2V due to the internal zero-crossing detection.

MICROELECTRONICS
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A software interrupt (SWI) is an executable instruc-
tion which is executed regardless of the state of the
I bit in the condition code register. SWis are usually

Figure 19 : Typical Interrupt Circuits.

used as break-points for debugging or as system
calls.

A/D CONTRQL REGISTER (ACR)
7 6 5 4 3 2 1 0
L Ll [ fe] [T Jwe
Bit 7—Convursion Complete Status Flag® Set when
conversion is complete; cleared only on a write

to ACR.
Readable, not wnitable

(a) Zero-Crossing Interrupt

Bits 2, 1,0 — A/D input Mux Selecuon (See Table 2
Bits 6, 5, 4, 3 read as “1s” — unused bits.

(b) Digital-Signal interrupt

AC
input
(f,0 Max.)
<1 MO
AC Input
210V acpp uF

N~

{Current
Limiting)

C
R MCu

EF6805U3

TTL 47K
Level 3le=
Digital INT

EF6805U3
MCu

INPUT/OUTPUT CIRCUITRY

There are 32 input/output pins. The INT pin may be
polled with branch instructions to provide an addi-
tional input pin. All pins on ports A, B, and C are pro-
grammable as either inputs or outputs under
software control of the corresponding data direction
register (DDR). See below 1/O port control registers
configuration. The port I/O programming is accom-
plished by writing the corresponding bit in the port
DDRto alogic one for output or a logic zero for input.
On reset all the DDRs are initialized to a logic zero
state, placing the ports in the input mode. The port
output registers are not initialized on reset and
should be initialized by software before changing the
DDRs from input to output. A read operation on a
port programmed as an output will read the contents
of the output latch regardless of the logic levels at
the output pin, due to output loading. Refer to figure
20.

PORT DATA REGISTER

Port A Addr = $000
Port B Addr = $001
Port C Addr = $002
Port D Addr = $003

PORT DATA DIRECTION REGISTER (DDR)
7 0

I |

(1) Write only , reads as all "1s"
(2) 1 = Output. 0 = Input Cleared to 0 by Reset
(3) Port A Addr = $004

Port B Addr = $005

Port C Addr = $006

17/34
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Figure 20 : Typical Port I/O Circuitry.

10

‘omy Pin

Daia
Drrection Register
( Bn¥*
= 5 Latched
[ 4 Output
—g & Data
=5 Bit
(@]
Input
/ Reg
Bit
~e—0
Input
1o
Data Latched
h N Input
Direction Output Output tlt)) * DDR 1s a write-only register and reads as all "1s"
. 1s a write-only register and r 8
RegBlii ter DBaitta State MCU ** Ports B, and C are three-state ports
1 0 0 0 M
1 1 1 1 on
0 X High-Z** Pin

Port A has optional internal pullup devices to provide CMOS data dnve
capability. See Elecirical Charactenstics tables for complete informa-

All input/output lines are TTL compatible as both in-
puts and outputs. Port Alines are CMOS compatible
as outputs (mask option) while port B, C, and D lines
are CMOS compatible as inputs. Port D lines are
input only ; thus, there is no corresponding DDR.
When programmed as outputs, port B is capable of
sinking 10 milliamperes and sourcing 1 milliampere
on each pin.

The address map (figure 6) gives the addresses
of data registers and data direction registers.
Figure 21 provides some examples of port con-
nections.

CAUTION

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).

18/34
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A read operation on these registers is undefined.
Since BSET and BCLR are read-modify-write in
function, they cannot be used to set or clear a single
DDR bit (all "unaffected” bits would be set). It is rec-
ommended that all DDR bits in a port be written
using a single-store instruction.

The latched output data bit (see figure 20) must al-
ways be written. Therefore, any write to a port writes
all of its data bits even though the port DDR is set
to input. This may be used to initialize the data reg-
ister and avoid undefined outputs ; however, care
must be exercised when using read-modify-write
instructions, since the data read corresponds to the
pin level if the DDR is an input (zero) and corres-
ponds to the latched output data when the DDR is
an output (one).
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Figure 21 : Typical Port Connections.

PA7
PAB
PAS
PA4
PA3
PA2
PAL
PAO

P87
PBE
()
PB4
PB3

PBI1
PBO

CMOS and TTL driving Port C directly

(a) Output Modes
~
&0 (CMOS Loads) PB7 32
10=HFgp
39 PB6 31
33
PB5| 30
(1 TTL Load) —1
LU p— PB4l 2 | ioma
36 16 mA
PB3 28
2N6386 (Typicar
35 PB2 27
34
Port A, bit 7 and bit 4 programmed es output. PB1 %
k<] Bit 7 driving CMOS loads and bit 4 driving PBO 25 -
one TTL load directly using CMOS output op- -
I~ o S~/ Port B, tit5 programmed as output, dnving Darling
ton base directly
n v pPC? 16
+
AN pPCé 15 -V
0 PC5 14
2 PC4 13 <
PC3 12 >
2 CMOS Inverter
27 |10mA pcz| m MC 14049/ 14069
2% \\ \\ PC1 10 ‘Typicat
2% pco 9
*—10mA
Port B, bit 0 and bit 1 programmed as output, drving Port C, bits 0-3 programimed as output, driving CMOS
LEDs dwectly loads, using external pullup resistors (required 1f Port
C s open-drain)
(b) Input Modes
*—Do—‘ 2 |re7
40 PA7 d
. - 31 PHb
: S L : 0 |ess
. B feas SN74LS04 or MC14069 & 2 |ema
SN74LS04 (Typical) . 37 |Pas (Typical) : % |paa
: ¥ |PA3 . 27 |pB2
: B |Pa2 . 2% |pPB1
: 34 |PAl *—Do. % |PBO
—--Doa 3 |PAo
I~ CMOS or TTL dnving Port B directly
TTL driving Port A directly
e N~
24 PDO
16 PC7 .
MC14068 : 5 1ecs . 23 _|PO1
icall -
fTyeieall _ : 2 |PD2
14 .
: Fes SN 741504 or MC14069 « 21 |pp3
. 13 _|peca {typical) . 20 PO4
- 12 PC3 : 19 POS
. .
——-Do_ n_|ec2 N 18 |ppesinTz
SN74LS04 0 et ~'-DO—1 7 |eo7
Typical
{Typical) -

CMOS or TTL driving Port D directly
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BIT MANIPULATION

The EF6805U3 has the ability to set or clear any
single RAM or 1/O bit (except the data direction reg-
isters) with a single instruction (BSET, BCLR) (see
Caution below). Any bit in page zero can be tested
using the BRSET and BRCLR instructions and the
program branches as a result of its state. The carry
bit equals the value of the bit references by BRSET
or BRCLR. The capability to working with any bit in
RAM, ROM, or I/O allows the user to have individ-
ual flags in RAM or to handle single I/O bits as con-
trol lines.

CAUTION

The corresponding data direction registers for ports
A, B, and C are write-only registers (locations $004,
$005, and $006). A read operation on these regis-

Figure 22 : Bit Manipulation Example.

ters is undefined. Since BSET and BCLR are read-
modify-write functions, they cannot be used to set a
data direction register bit (all "unaffected™ bits would
be set). Itis recommended that all data direction reg-
ister bits in a port be written using a single-store ins-
truction.

The coding examples shown in figure 22 illustrate
the usefulness of the bit manipulation and test ins-
truction. Assume that the microcomputer is to com-
municate with an external serial device. The
external device has a data ready signal, a data out-
put line, and a clock line to clock data one bit at a
time, least significant bit first out of the device. The
microcomputer waits until the data is ready, clocks
the external device, picks up the data in the carry
flag, clears the clock line, and finally accumulates
the data bit in a random-access memory location.

MCU
Ready 05 * BRSET, 2, PORTA,* WAIT FOR READY
Seral ) BSET 1, PORTA CLOCK NEXT BIT IN
Device |gClock | g BRCLR 0, PORTA, NEXT PICKUP BIT IN C-BIT
T NEXT BCLR 1, PORTA RETURN CLOCK LINE HIGH
Data_gfy ASR RAMLOC MOVE C-BIT INTO RAM

ADDRESSING MODES

The EF6805U3 MCU has ten addressing modes
available for use by the programmer. They are ex-
plained briefly in the following paragraphs. For ad-
ditional details and graphicalillustrations, refer to the
EF6805 Family Users Manual.

The term "effective address" (EA) is used in describ-
ing the addressing modes. EA is defined as the ad-
dress from which the argument for an instruction is
fetched or stored.

IMMEDIATE - In the immediate addressing mode,
the operand is contained in the byte immediately fol-
lowing the opcode. The immediate addressing
mode is used to access constants which do not
change during program execution (e.g., a constant
used to initialize a loop counter).

DIRECT - In the direct addressing mode, the effec-
tive address of the argument is contained in a single
byte following the opcode byte. Direct addressing
allows the user to directly address the lowest 256

20/34
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bytes in memory with a single 2-byte instruction.
This address area includes all on-chip RAM and I/O
registers and 128 bytes of ROM. Direct addressing
is an effective use of both memory and time.

EXTENDED - In the extended addressing mode, the
effective address of the argument is contained in the
two bytes following the opcode. Instructions with ex-
tended addressing mode are capable of referencing
arguments anywhere in memory with a single 3-byte
instruction. When using the assembler, the user
need not specify whether an instruction uses direct
or extended addressing. The assembler automati-
cally selects the shortest form of the instruction.

RELATIVE - The relative addressing mode is only
used in branch instructions. In relative addressing,
the contents of the 8-bit signed byte following the
opcode (the offset) is added to the PC if, and only
if, the branch condition is true. Otherwise, control
proceeds to the next instruction. The span of relative
addressing is from — 126 to + 129 from the opcode
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address. The programmer need not worry about cal-
culating the correct offset if he uses the assembler,
since it calculates the proper offset and checks to
see if it is within the span of the branch.

INDEXED, NO OFFSET - In the indexed, no offset
addressing mode, the effective address of the argu-
ment is contained in the 8-bit index register. Thus,
this addressing mode can access the first 256 mem-
ory locations. These instructions are only one byte
long. This mode is often used to move a pointer
through a table or to hold the address of a frequent-
ly referenced RAM or I/O location.

INDEXED, 8-BIT OFFSET - In the indexed, 8-bit off-
set addressing mode, the effective address is the
sum of the contents of the unsigned 8-bit index reg-
ister and the unsigned byte following the opcode.
This addressing mode is useful in selecting the kth
element in an n element table. With this 2-byte ins-
truction, k would typically be in X with the address
of the beginning of the table in the instruction. As
such, tables may begin anywhere within the first
256 addressable locations and could extend as far
as location 510 ($1FE is the last location at which
the instruction may begin).

INDEXED, 16-BIT OFFSET - In the indexed, 16-bit
offset addressing mode, the effective address is the
sum of the contents of the unsigned 8-bit index reg-
ister and the two unsigned bytes following the op-
code. This addressing mode can be used in a
manner similar to indexed, 8-bit offset except that
this 3-byte instruction allows tables to be anywhere
in memory. As with direct and extended, the assem-
bler determines the shortest form of indexed ad-
dressing.

BIT SET/CLEAR - In the bit set/clear addressing
mode, the bit to be set or cleared is part of the op-
code, and the byte following the opcode specifies
the direct address of the byte in which the specified
bit is to be set or cleared. Thus, any read/write bit in
the first 256 locations of memory, including 1/O, can
be selectively set or cleared with a single 2-byte in-
struction.

CAUTION

The corresponding DDRSs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).
A read operation on these registers is undefined.
Since BSET and BCLR are read-modify-write in
function, they cannot be used to set or clear a single
DDR bit (all "unaffected" bits would be set). It is rec-
ommended that all DDR bits in a port must be writ-
ten using a single-store instruction.

"_l SGS-THOMSON

BIT TEST AND BRANCH - The bit test and branch
addressing mode is a combination of direct address-
ing and relative addressing. The bit which is to be
tested and condition (set or clear) is included in the
opcode, and the address of the byte to be tested is
in the single byte immediately following the opcode
byte. The signed relative 8-bit offset in the third byte
is added to the PC if the specified bit is set or cleared
in the specified memory location. This single 3-—
byte instruction allows the program to branch based
on the condition of any readable bit in the first 256
locations of memory. The span of branching is from
— 125 to + 130 from the opcode address. The state
of the tested bit is also transferred to the carry bit of
the condition code registers.

CAUTION

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).
A read operation on these registers is undefined.
Since BSET and BCLR are read-modify-write in
function, they cannot be used to set or clear a single
DDR bit (all "unaffected"” bits would be set). Itis rec-
ommended that all DDR bits in a port must be writ-
ten using a single-store instruction.

INHERENT - In the inherent addressing mode, all
the information necessary to execute the instruction
is contained in the opcode. Operations specifying
only the index register or accumulator, as well as
control instructions with no other arguments, are in-
cluded in this mode. These instructions are one byte
long.

INSTRUCTION SET

The EF6805U3 MCU has a set of 59 basic instruc-
tions, which when combined with the 10 addressing
modes produce 207 usable opcodes. They can be
divided into five different types : register/memory,
read-modify-write, branch, bit manipulation, and
control. The following paragraphs briefly explain
each type. All the instructions within a given type are
presented in individual tables.

REGISTER/MEMORY INSTRUCTIONS - Most of
these instructions use two operands. One operand
is either the accumulator or the index register. The
other operand is obtained from memory using one
of the addressing modes. The jump unconditional
(JMP) and jump to subroutine (JSR) instructions
have no register operand. Refer to table 1.

READ-MODIFY-WRITE INSTRUCTIONS - These
instructions read a memory location or a register,
modify or test its contents, and write the modified
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value back to memory or to the register ; see Cau-
tion under Input/Output section. The test for nega-
tive or zero (TST) instruction is included in the
read-modify-write instruction though it does not per-
form the write. Refer to table 2.

BRANCH INSTRUCTIONS - The branch instruc-
tions cause a branch from the program when a cer-
tain condition is met. Refer to table 3.

BIT MANIPULATION INSTRUCTIONS - The ins-
tructions are used on any bit in the first 256 bytes of
the memory. One group either sets or clears. The
other group performs the bit test and branch oper-
ations. Refer to table 4.

22134 L7 SGS-THOMSON

CAUTION

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, $006).
A read operation on these registers is undefined.
Since BSET and BCLR are read-modify-write in
function, they cannot be used to set or clear a single
DDR bit (all "unaffected" bits would be set). Itis rec-
ommended that all DDR bits in a port must be writ-
ten using a single-store instruction.

CONTROL INSTRUCTION - The control instruc-
tions control the MCU operations during program
execution. Refer to table 5.

ALPHABETICAL LISTING - The complete instruc-
tion set is given in alphabetical order in table 6.
OPCODE MAP - Table 7 is an opcode map for the
instruction used on the MCU.
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Addressing Modes

Indexed Indexed Indexed
immadiaie Direct Sxienesd (no offset) (8 bit offset) | (16 bit offset)
Op | # # Op | # # Op | # # Op | # # Op | # # Op | # #
Function Mnemonle Code|Bytes|Cycles[Code[Bytes|Cycles [Code|Bytes|Cycles|Code|Bytes|Cycles |Code|Bytes|Cycles |[Code[Bytes|Cycles

Load A from Memory LDA A6 | 2 2 B | 2 4 c6 | 3 5 Fé 1 4 E6 | 2 5 D6 | 3 6
Load X from Memory LDX AE | 2 2 BE | 2 4 CE | 3 5 FE | 1 4 EE | 2 5 DE | 3 6
Store A in Memory STA B7 | 2 5 C7 | 3 6 F7 | 1 5 E7 | 2 6 D7 | 3 7
Store X in Memory STX BF | 2 5 CF | 3 6 FF | 1 5 EF | 2 6 DF | 3 7
Add Memory to A ADD AB | 2 2 BB | 2 4 CB | 3 5 FB | 1 4 EB | 2 5 DB | 3 6
Add Memory and ADC A9 | 2 2 B9 | 2 4 co | 8 5 F9 1 4 E9 | 2 5 D9 | 3 6
Carry to A
Subtract Memory suB A0 | 2 2 BO | 2 4 co | 3 5 Fo 1 4 EO [ 2 5 Do | 3 6
Subtract Memory from| SBC A2 2 2 B2 2 4 c2 | 3 5 F2 1 4 E2 2 5 D2 | 3 6
A with Borrow
AND Memory to A AND Ad | 2 B4 | 2 4 C4 | 3 5 Fa | 1 4 E4 | 2 5 D4 | 3 6
OR Memory with A ORA AA | 2 BA | 2 4 CA | 3 5 FA | 1 4 EA | 2 5 DA | 3 6
Exclusive OR Memory EOR A8 2 B8 2 4 cs F8 1 4 E8 2 5 D8 | 3 6
with A
Arithmetic Compare A CMP A1 2 2 B1 2 4 C1 3 5 F1 1 4 E1 2 5 D1 | 3 6
with Memory
Arithmetic Compare X CPX A3 | 2 2 B3 | 2 4 C3 | 3 5 F3 1 4 E3 | 2 5 D3 | 3 6
with Memory
Bit Test Memory with A|  BIT A5 | 2 2 B5 | 2 4 C5 | 83 5 F5 | 1 4 ES | 2 5 D5 | 3 6
(logical compare)
Jump Unconditional JMP BC | 2 CC | 3 4 FC 1 EC | 2 4 DC 5
Jump to Subroutine JSR BD | 2 CD | 3 8 FD 1 ED | 2 8 DD 9
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Addressing Modes
Inherent (A) Inherent (X) Direct (r:’;d:f’;::t) ( B'L‘;e:f‘::et)
Function Mnam Cgse By’:es Cygles Cc;se By,:es Cygles c(zge By‘:es CVgles c?:ge By’:es Cygles c?zze By#:es Cy::‘Ies

Increment INC 4C 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 6 7A 1 6 6A 2 7
Clear CLR 4AF 1 4 5F 1 4 3F 2 6 7F 1 6 6F 2 7
Complement COM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
Negate NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7
(2'S complement)

Rotate Left Thru Carry | ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Carry

Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7
Arithmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
;est for Negative or TST 4D 1 4 5D 1 4 3D 2 6 7D 1 6 6D 2 7
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EF6805U3 |

Table 3 : Branch Instructions.

Relative Addressing Mode
Function Mnemonic C?)ge Byﬁes Cygles
Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch IFF Higher BHI 22 2 4
Branch IFF Lower or Same BLS 23 2 4
Branch IFF Carry Clear BCC 24 2 4
(Branch IFF Higher or Same) (BHS) 24 2 4
Branch IFF Carry Set BCS 25 2 4
(Branch IFF Lower) (BLO) 25 2 4
Branch IFF Not Equal BNE 26 2 4
Branch IFF Equal BEQ 27 2 4
Branch IFF Half Carry Clear BHCC 28 2 4
Branch IFF Half Carry Set BHCS 29 2 4
Branch IFF Plus BPL 2A 2 4
Branch IFF Minus BMI 2B 2 4
Branch IFF interrupt mask bit is clear. BMC 2C 2 4
Branch IFF interrupt mask bit is set. BMS 2D 2 4
Branch IFF interrupt line is low. BIL 2E 2 4
Branch IFF interrupt line is high. BIH 2F 2 4
Branch to Subroutine BSR AD 2 8
Table 4 : Bit Manipulation Instructions.
Addressing Modes
Bit Set/Clear Bit Test and Branch
Function Mnemonic op # # op # #
Code | Bytes |Cycles | Code | Bytes | Cycles
Branch IFF bit n is set. BRSET n (n=07) 2+n 3 10
Branch IFF bit n is clear. BRCLRn (n=07) 01+2+n 3 10
Set Bit n BSETn(n=07) 10+2+n
Clear Bit n BCLRn (n=07) 11+2en 2 7
o7 Rl s =2
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Table 5 : Control Instructions.

Inherent
Function Mnemonic C?),:Ie B;:es Cyf;les
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 9B 1 2
Clear Interrupt Mask Bit CLI 9A 1 2
Software Interrupt SWI 83 1 11
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No Operation NOP 9D 1 2
2634 L7 S6S-THOMSON
MICROELECTRONMICS
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EF6805U3

Table 6 : Instruction Set.

Addressing Modes

Condition Code

Mnem

Inherent | Immediate

Direct

Extended

Indeyed Ind.

Indeved Bit Bit

Relative

(no offset)| (8 Bits)

Test & |[H|{1 |N[Z]|C

(16 Bits) | Set/clear Branch

ADC

X

X

>

ADD

X

AND

X

>
>
[ ]

ASL

>
>
>

ASR

XX [X[x[>x

XXX |[X

X [>[>x([x

BCC

BCLR

BCS

BEQ

BHCC

BHCS

BHI

BHS

BIH

BIL

XXX [XIX|[X]|X|X

[ AE AK A BN K BN BE NE BN NP
o000 0O (OO0 0 O >

BIT

BLO

BLS

BMC

BMI

BMS

BNE

BPL

BRA

BRN

XXX [X[X|X]|X|[X]|[Xx

o(o(0o(f0of0o/ 0000 (0 0 0600 06 0|0 0 (0 o >

BRCLR

>

BRSET

BSET

BSR

CLL

X

x
o|jo|oj0o|j0oj0o|j0oj0o(0o|j0o|j0/0oj0j0oj0|j0|j0|j0|j0 /0000 /0| 0|0 0 0 >
(AERERERERERERERE AR AR A AR AR RE B RE RE BE BN BE BN BE BN B NN NE NE K NN J

oj/loj0oj0oj0j0j0f0 /000 0 0|0 >

o(eo|loj0o 0000000 (0 0|0 >

c|®|0|>

Condition Code Symbols :

H
|
N

Half Carry (from bit 3).
Interrupt Mask.
Negative (sign bit).

¢ >ON

Zero.

Carry/Borrow.

Test and Setiif True. Cleared Otherwise.
Not Affected.

27/34
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EF6805U3

Table 6 : Instruction Set (continued).

Addressing Modes Condition Code
rdavad | tndavad | Indavad Bit Bit

Mnem | Inherent | Immediate | Direct ded | REBINE l(no offse) | (8 Bits) | (16 Bits) |setictear | 2ot & M| 1IN ]2 1€
CLI X [ BEVURNE BN BN J
CLR X X X X e|®|01|®
CMP X X X X X X O (® | A|A|A
COM X X X X ®|®|A|A]|l
CPX X X X X X X @ (® | A|A|A
DEC X X X X o|®|A|n|@®
EOR X X X X X X (0| A (A |O®
INC X X X X (@ |A|r|O®
JMP X X X X X [ B BE BE BK
JSR X X X X X [ AK BK BE K J
LDA X X X X X X |0 |A|n|O®
LDX X X X X X X (@ |A|[r|@®
LSL X X X X ®|® | A|A|A
LSR X X X X ®|®|0|A|A
NEQ X X X X ®(®|A|A|A
NOP X [ AL BK BE BK J
ORA X X X (@ |A|A|O®
ROL X X X X (@ |A|A|A
RSP X [ B BE BK ]
RTI X 21?21?77
RTS X o|o|0 0 O
SBC X X X X X X @ |® | A|A]|A
SEC o000 |1
SEI X o(1|0o|@|@®
STA X X X X X ® (0| A|r|@®
STX X X X X X |0 | A |(r|O®
SuB X X X X X X ®(®|A|A|A
SWI X o(1|®o|® @
TAX X [ BE BE BE BN J
TST X X X X 0|0 |A|r|@®
TXA X [ B RE NE BN ]

Condition Code Symbols : C Carry/Borrow.

H Half Carry (from bit 3) A Test and Set if True. Cleared Otherwise

| Interrupt Mask. . Not Affected.

N Negative (sign bit). ? Load CC Regster from Stack.

Z Zero

= L7 3E3THOMSON
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EF6805U3

EF6805 HMOS FAMILY

Features EF6805P2 | EF6805P6 | EF6805R2 | EF6805R3 | EF6805U2 | EF6805U3
Technology HMOS HMOS HMOS HMOS HMOS HMOS
Number of Pins 28 28 40 40 40 40
On-chip RAM (bytes) 64 64 64 112 64 112
On-chip User ROM (bytes) 1100 1796 2048 3776 2048 3776
External Bus None None None None None None
Bidirectional 1/O Lines 20 20 24 24 24 24
Unidirectional I/0 Lines None None 6 Inputs 6 Inputs 8 Inputs 8 Inputs
Other I/O Features Timer Timer Timer, A/D | Timer, A/D Timer Timer
External Interrupt Inputs 1 1 2 2 2 2
STOP and WAIT No No No No No No

57 S THOMSON
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Bt Manipulation Branch | Read-Modify-Write Control Register/ Memory
8T8 E§_E R 1R INH X1 1X INH i MM csm XT usz 1)2\ 1X
3 A H
Low o 9 o001 010 1A} 0101 Q110 LA vB 1001 1010 Jon 11 1101 110 ARAR] y Low
i H 4 [) E) E) J . 4 2 a4
0 8RSETO | BSETO BRA NEG NEG NEG NEG NEG RTI suB sus sus sus sus sus 0
0000 1 arg {2 8SC {2 REL 12 28 [ INK Y AN 2 3] INS MVl 2 28 13 ExT 1x2 é 1xt : X Q00
5] 7 ) B B
1 BRCLRO | BCLRO 8AN ° ATs R , CMP , cw; s M, LCMP“ , P e
T R ~ (LX) ol X i} ! [}
oot 3818 85¢ 12 €L N, 3 H 2 2 4
2 BASETY | BSETY BHI s8C S8C $8C ssc SBC K14 2
0010 3 9Te {2 __ BSC 12 REL pe LYV omr xT |3 X212 @il X 10
'] 7 E) 6 El 4 ) n 2 E) [] 5 E)
3 BRCLR! | BCLR1 BLS com comMa | comx COM com swWI cPx cPX CPX cPx cPX cPX 3
o ‘_|'° 878 5 asc % REL é I} '|' INH ; INK 3 xt 1 1 INK 2 MM Z DIR 234 g 1X2 ; 1x1 : 1X o 18]
]
4 BRSET2 | BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 ?0 :14:) Z 8SC 3 ARELL 2 QTR AN INH X1 + A : ML 3 EXT g X2 é X1 : 1X 2100
5 BRCLR2 | BCLR2 8CS BIT 8IT BT 8IT BIT BIT 5
Q101 k] 87812 8SC 12 REL MM | 2 QR {3 ExT [ 3 x2 {2 )ARSI 1X 101
10 7 ) 6 4 4 ) 4 5 6 E) 4
6 BRSET3 | BSETI BNE ROR RORA RORX ROR ROK LDA LDA LDA LDA LDA LDA 6
()AL} k] 8T8 ; BSC 3 REL g CIR ; INM : AN ; Xy ; - IMM % pIL g EXT ; X2 51 X1 ; 1X 0110
10
7 BRCLR3 | BCLA3 8EQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
oy 3 8T8 12 89sC 12 REL 12 pR I INKL Y INH xr Ly 1 INH 2 DR 13 ExT| 3 x21 2 X110 1% Qi
7 T 3 6 g T 3 7 T 3 5 5 5 T
8 BRSET4 | BSET4 BHCC LSt LSLA LSLx LSL LSL cLe EOR EOR EOR EOR EOR EOR
|SZD ?0 8T8 ; ASC 3 H_EL é ol ; ANM .: INH 5 18 é ; INY g IMM 3 QIR g EXT g 2 g x1 ; X 1000
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC C ADC ADC ADC ADC ADC 9
1001 3 818 12 3sc 2 REL 12 DR Y INW ] NWL 2 xt iy 1 INS 2 MV | 2 CRi3 ExT) 3 X212 X1l X 1001
10 7 4 6 4 E) 7 6 2 7 £ 5 (] 5 T
A BRSETS | BSETS 8PL DEC DECA DECX DEC DEC cu A RA ORA ORA ORA ORA A
1910 3 8T8 | 2 BSC |2 agL 12 IR [N N x1 ' INH MM 2 R {3 ExT | 3 122 1 2 x4 1X 1010
5 7 a4 7 4 5 E)
8 BRCLAS | BCLRS | 3mi sei 0 aoo |~ aoo |° aoo a00 |. apO 3
1011 3 "8Tel2 " BScla  ae . ) oam | g 0 3 ext ) x2] 2 x| 1 011
i T E) € T E) 7 3 B K] B )
c BRSETS | BSETE 3MC INC INCA INCX INC INC RSP JMP iMmP IMP JMP JMP [
uo 1o~ srely escly  Rely o1 oy il 2 ) ) N ? on |3 sl g el wly ,, %o
g z
o} BRCLRS | BCLRG aMs ST TSTA TSTX ST TST NOP 8SR JSR JSR JSR JSR JSR [°]
1o 30 a8 3 asc } REL 1 2 DR M NHL Y INM (L33 1 INM 5_§L 2 op ;) ExT k) X2 g 1x1 1 X 101
kl 4
3 BRSET7 | BSET7 | 8L Lox wx_ |2 wx |7 wox LOX Lox 3
1nI1g. ?‘1 ara 12 8sC (2 LN < 5 iMav| 2 OIR Ex1l 3 x2 % 1x1 ; ix 1Mo
g T
F BRCLA? |  BCLA7 BIM LR CLRA J CLAX cLA CR l‘ XA 7 sTx STX STX STX STX F
mn 3 38| 2 BSC | 2 REL 2 DR 1 N INM x 1 INMH 2 DiR ExT 1x2 2 1% 1 3 ALAA
Abbreviations for Address Modes LEGEND
INH Inherent
IMM Immediate F < Opcode in Hexadecimal
DIR Direct e 1111
EXT Extended 4 of Cycles [ 4 v Opcod
. e in Binary
REL Relative Mnemonic —> SUB 0 P
8SC Bit Set/ Clear Bytes ——>¢ | X 0000 <]
BT8 Bit Test and Branch
1X Indexed (No Offset) - Address Mode
X1 Indexed. 1 Byte (8-B1) Otfset
1X2 indexed 2 Byte (16-Bin) Offset

L3o|qel
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EF6805U3

PACKAGE MECHANICAL DATA
40 PINS — PLASTIC PACKAGE

mm
e max e x 254(2) e mox rﬂn&
relejleleybrele e ele e 16 1max.
L /20 SIS G SR S e
Y l I ‘.’l/ l [ [ : i | 051 min
1 o : //I LI "l 1 " !
5.08max I ' E i l I I | ! ‘.—‘
: . i UAVAY — | _t
| /4 I i i I | \
| i : / i .\
3 0.38 177mox 'l 02 0
39 0.508 03 e
le 1524 ¢
(2) '
40 // 21
.‘D.D.D.D.?/ﬂn OOMMrT
Datum 72
™ // (1) Nominal dimension
_j o : . (2) True geometsical position
Or //
o 74
‘Cﬂ:l7//u oo O OO
1 0
53 mox. 14
(1)
4[] pins

44 PINS - PLASTIC PACKAGE

16510
16,662

= 11 PTvTell o
e=127 |lelelele ele elelele mox. 17,40
rYP' 1 i i 1 L1 L] -—‘_‘7‘65
44 pins
(§y SGS-THOMSON 31/34
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EF6805U3

ORDERING INFORMATION

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

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

EPROMs

Two 2716 or one 2732 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
080 800

XXX = Customer ID

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
fofm 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 6805 cross assembler, must be on the
disk. An object file 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 Sys-
tem available on development systems such as DE-
VICE...
MDOS* is MOTOROLA'’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.

32/34
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EF6805U3

ORDER CODES

EF6805U3 | P| v|
[

Device

Package

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

Screen level

Oper

temp

screening level. Other possibilities on request.
. Package Oper. Temp Screening Level
Device
C J P E | FN L* \' T Std D G/B | B/B
[ ] [ [ J [ J [ ] [ ] [ ]
EF6805U3
Examples : EF6805U3P, EF6805U3FN, EF6805U3PV, EF6805U3FNV

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 trademark of MOTOROLA Inc

Package : C : Ceramic DIL, J : Cerdip DIL, P : Plastic DIL, E : LCCC, FN : PLCC
Oper.temp.:L*:0'Cto+70°C,V:-40°Cto +85°C, T:—40°Cto+ 105°C, * : may be omitted.

‘ SGS-THOMSON
Y/ icRoELECTRONICS
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EF6805U3

Commercial reference | | | | | | | | | | | customername
Company
Address

Customersmarking : | | | | | | | | | | Phone

Application

ROM capacity required : bytes
Temperature range :

d oc/+70C

d -40C/+85C

[ -40°C/+105C*

EF6805 FAMILY - MCU CUSTOMER ORDERING SHEET

Specification reference ;
] SGS-THOMSON Microelectronics reference

[ Special customer data reference*

Number of interrupt vector :

Quality level :
STD
g b

d  other (customer’s quality specification ref.) :.

Software developed by :

3 5" 1/4floppy

O  other*

* Requires prior factory approval

E? ckglger (J SGS-THOMSON Microelectronics application lab.
Q Pfééc J  External lab.
(d  Customer

PATTERN MEDIA (a listing may be supplied in addition OPTION LIST
for checki : . )
3° 'E%Qgﬁ”&’ﬁiflme : -Oscillator input - Low voltage inhibit
O EFDOS/MDOS* disk file 8 Xial O Enabled

8" floppy RC [  Disabled

- Port A output drive :
(J CMOSandTTL
O TTLonly

- Port C output drive :
QO T
[ Opendrain

Yearly quantity forecast :

start of production date :
. for a shipment period of :

CUSTOMER CONTACT NAME DATE :

SIGNATURE :

34134 L3 SGS:THOMSON

MICROELECTRONICS

440



DEVELOPMENT TOOLS

441






[~ SGS-THOMSON
I aicRoELECTRONICS

TSTIN4S8

DEVELOPMENT AND EMULATION TOOL

TSTIN48 is a support for :
= EF6805, EF6804 and TS68HC04 MCU Families

SOFTWARE DEVELOPMENT ON IBM-PC

DEVELOPMENT WITH TSTIN48

TSTIN48is apowerful, lowcostand user friendly stand
alone development tool, fully dedicated to support the
complete range of 4 and 8 bit MCU’s manufactured
by SGS-THOMSON Microelectronics.

TSTIN48 offers 2 RS 232 C Serial communication
lines :

— one to interface to a host computer IBM-PC which
provides functions of human interface and soft-
ware development.

— the other is used for auxiliary systems such as a
line printer. Eprom programmer or centralized
mainframe.

The whole development station comprises the host
computer IBM-PC, TSTIN48 and a probe dedicated
for MCU family.

SOFTWARE DEVELOPMENT ON IBM-PC

The choice of a standard personnal computer for
Software purposes (MS DOS operating system) and
for hardware (IBM-PC bus) is an important key to
obtaining a full evolutive and open system.

It offers access to a very large Software library.
Full screen editor : word, wordstar... (2)

Full range of development software

— MPU and MCU cross assembler

— linking editor.

(2) Software available in library for IBM-PC.

TSTIN48 INTERACTIVE SOFTWARE

Software supplied to control TSTIN48 offers the
ability to use the advantages of the powerful archi-
tecture hardware.

= Meaningful mnemonics

» Wide choice for characterising values
(Decimal, Hexa, ASCII)

» Aids to the operator when in difficulty

s Full range of debugging aides

— On line assembler/disassembler

— 8 hardware breakpoints

— 8 software breakpoints

— Logic analyser triggered breakpoints

— Execution program step by step in RAM and
ROM area

— Echo on line printer

— Load and save program through RS 232 C
connection

— Memory check

— Operator keyboard entry request can be
chained in a command file

— Self test of the entire system TSTIN48 + emu-
lator probe at power up

— Possibility to temporarily leave control of emu-
lation session to access DOS routines,
through the emulation session keeps acting.

IBM-PC : is a registered trade mark of International Business Machine Corp.

April 1989

12
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TSTIN48

TSTMU 94

EMULATION WITH TSTIN48 (*)

An advanced architecture for total transparency and
dynamic emulation.

Thanks to the dual processor architecture (System
bus and emulation bus), the emulated MPU or MCU
operates independently of the other system proces-
sors.

Therefore, it is possible during execution, to list or
modify emulator probe control parameters.

REALTIME EMULATION

With the transparency feature, the emulated proces-
sor operates at 100% of the maximum speed spe-
cified by the manufacturer.

(*) Each emulator probe is delivered with an interac-
tive software specific to each MPU or MCU family.

USER'S SELECTION GUIDE

OPEN ENDED

— Switching from one MPU or MCU to another
by changing only the emulator probe

— Program execution without existing final ap-
plication

— Shared overlay memory (16 Kbytes) in blocks
of 256 bytes

— Write protect facility for individual blocks

— 8 hardware and 8 software breakpoints over
entire emulation space.

LOGIC ANALYSER

The logic analyser operates with 1024 words of 32
bits (16 address, 8 data bits, 8 available to user).
With sampling and trigger or recognition of mask-
able words. Five operating modes are available.

. Development| Emulator Emulator . «| Emulator
Family MCU System Chip Board Interactive Software Probe
EF6805 | EF6805P2 TSTIN48 MC68705P3 TSR6805 TSTMUPS

MC68705P3
EF6805U2 MC68705U3
EF6805R2 MC6805R2
EF6805U3 MC68705U3
EF6805R3 MC68705R3
EF6804 | EF6804P2 MC68704P3 TSR6804 EFTMUP4
EF68HC04P3 TSTEV04
" Cross assembler included.
22 (§7 SGS-THOMSON
Y/ NicrorzcTRONICS

444




(v, SGS-THOMSON
Y icroELECTROMGS

TSTEV04

PIGGY-BACK EMULATION TOOL

The EMU-04 is a printed board module, built around

EF68HCO04P3, and a standard EPROM.

It fully emulates de EF68HC04P3 in the final appli-
cations, with the customer program stored in the

board EPROM.

The EMU-04 includes MICRO, RAM, STACK, I/0

parts EPROM Data and Program Space.
The following block diagram describes it.

m
SERIAL —
—1 YAHALLEL ]
DATA
REGISTERS }—]
d -
1 EPROM
68HCO4r3 I
— t 170
m
/ }—
i b ADDRESS
SERIAL | DECODING
L_{ pARALLEL [ |
(&2
4 ||
Z Q
o REGISTERS }—
-
* |
CONTROL t
LOGIC
May 1989 1/6
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TSTEVO04

BLOCK DIAGRAM

wo I AL
DATA DATA
i 1 t
DE €] LD oe an(7]
q . 3
: - anls YBUS A
[ B h2) e )
165
(1 10 Ls 3
1 cufz vee 595 z}.—-r
1 11—
n 1
o7(1% 1 cL2(r TIME [ 1€ cL (1514
M 10)
-
9 L5126
LS 595 i
21m2 TgcL °
L] 10
L o4
ao(s ao
l 7 2 SC|
L x i 8N4
A3 15 QA LC[:
14
oS
G
-
s
L2
4
3
2
|’——
'S
CK29
XTAL
T29
cN
SYNC
INT
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TSTEVO04

RST

VAPC

VZR

RW

24iR0 PAO[4
Pca
R7jees 0
Pcs 2]
35{PC7 []
9
1
2] CE (2T
T0IR
18]g DIRA [2
17] 3
18]
15} 5
4 s [©
B 7
i 8
11 DE
u 43
sja0 Q11
L3
© 0
L
7
=
4 (0
E)
2 761
1
15 A7
1341
DE1 DE2
@

1x02

21
22
23
24
25
26
27

PAO

PBO

P87

g8

.
@
4

EXTAL

XTAL

TIMER

r SGS-THOMSON
Y/ MICROELECTRONICS
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TSTEV04

SOFTWARE

Instructions STOP & WAIT correctly work on piggy-
back. Due to PAL & LS components of P.C. board,
supply current does not meet Micro’s spec. It stands
around 800mA as it does in RUN mode. X
2732 EPROM have been chosen (access time
<X300nS) but 2764 or 27128 ones may be used,

DESCRIPTION

All EF68HC04P3 fonctions are restored. Thus ap-
plication is emulated in real time and user program
may be modified.

taking into account that :

- upper address bit must be correctly setted

- program codes must stand in the lower 4Kbytes
space

_ one have to wire a socket adaptor between
EPROM & piggy-back EPROM socket.

The DATA space and PROGRAM space are in
EPROM space. ADDRESS $00 to $17 and $60 to
$95F are unknown.

EPROM MAPPING

N\

Q
A

$00

ROM DATA SPACE

$18

NOT

7

N\

DN

%

$5F

$ 960

ROM

PROGRAM SPACE

$FF?

VECTORS

$ FFF

CLOCK

Instead of using EF68HC04P3 one can plug the
piggy-back and use application clock, either quartz

4/6

‘7_1 SGS-THOMSON

(pin EXTAL-XTAL) or CMOS levels (pin XTAL).
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TSTEV04

SELECTABLE OPTIONS

As EF68HC04P3 device you can choose maskable
option on piggy-back board :

- CLOCK :divisionby 1, 2, 4

- IRQ: level or negative going edge.

Two ways are available to supply the piggy-back :

- Application supply (pin 3 of EF68CH02P3
socket)

- External power supply through DC supply plugs
on piggy-back board.

Due to bipolar components V supply must be 5 volts.
(0,8A).

The following diagram shows where jumpers are lo-
cated.
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SELF-CHECK
A self-check program is available in EPROM to ver- cording to the following diagram. (Piggy-back self-
ify piggy-back. To use it you must connect pins ac- check program is different than monochip one).

3300

TIM [CO c1
(a) Frequency = ho/1q

10 LS04
9
A
A
5
bh 10k

PIN ASSIGNMENT

Dl e

3

T

11

A u
13 | 28emns [
L | sockeT ||
LS126
TIM C1 | C8
0 0 0 | Bad I/O
0 0 1 Bad Rom Data Space
0 1 0 Bad Timer/in
X 1 0 | OK Timer/out
Push on IRQ
X X X | All Flashing OK
X = Flashing (1S)
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SALES OFFICES

AUSTRALIA

NSW 2027 EDGECLIFF

Suite 211, Edgecliff centre
203-233, New South Head Road
Tel (61-2) 327 39 22

Telex 071 126911 TCAUS
Telefax (61-2) 327 61 76

BRAZIL

05413 SAO PAULO
R Henngque Schaumann 286-CJ33
Tel (55-11) 883-5455
Telex (39-11) 37988 “UMBR BR"

CANADA

BRAMPTON, ONTARIO
341 Main St North

Tel (416) 455-0505
Telefax 416-455-2606

CHINA

BEWING

Beying No 5 Semiconductor
Device Factory

14 Wu Lu Tong Road

Da Shang Mau Wai

Tel (861) 2024378

Telex 222722 STM CH

DENMARK

2730 HERLEV
Herlev Torv, 4

Tel (45-2) 948533
Telex 35411

Telefax (45-2) 948694

FRANCE

94253 GENTILLY Cedex
7 - avenue Gallieni - BP 93
Tel (33-1)47407575
Telex 632570 STMHQ
Telefax (33-1) 47 40 79 10

67000 STRASBOURG
20, Place des Halles

Tel (33) 88 2549 90
Telex 870001F

Telefax (33) 88 22 29 32

HONG KONG

WANCHAI

22nd Floor - Hopewell centre
183 Queen’s Road East

Tel (852-5) 8615788

Telex 60955 ESGIES HX
Telefax (852-5) 8656589

INDIA

NEW DELHI 110048
Liason Office

S114, Greater Kallash Part 2
Tel (91) 6414537

Telex 31-62000 SGSS IN

ITALY

20090 ASSAGO (MI)

V le Milanofion - Strada 4 - Palazzo A/4/A
Tel. (39-2) 89213 1 (10 linee)

Telex 330131 - 330141 SGSAGR
Telefax (39-2) 8250449

40033 CASALECCHIO DI RENO (BO)
Via R Fucini, 12

Tel (39-51) 591914

Telex 512442

Telefax (39-51) 591305

00161 ROMA

Via A Torlonia, 15

Tel (39-6) 8443341/2/3/4/5
Telex 620653 SGSATE |
Telefax (39-6) 8444474

JAPAN

TOKYO 108

Nisseki - Takanawa Bld 4F
2-18-10 Takanawa
Minato-Ku

Tel (81-3) 280-4121
Telefax (81-3) 280-4130

KOREA

SEOUL 121

8th floor Shinwon Building
823-14, Yuksam-Dong
Kang-Nam-Gu

Tel (82-2) 552-0399
Telex SGSKOR K29998
Telefax (82-2) 552-1051

NETHERLANDS

5612 AM EINDHOVEN
Dillenburgstraat 25

Tel (31-40) 550015
Telex 51186

Telefax (31-40) 528835

SINGAPORE

SINGAPORE 2056

28 Ang Mo Kio - Industrial Park 2
Tel (65) 4821411

Telex RS 55201 ESGIES

Telefax (65) 4820240

SPAIN

08021 BARCELONA

Calle Platon, 6 4™ Floor, 5" Door
Tel (34-3) 2022017-2020316
Telefax (34-3) 2021461

28027 MADRID

Calle Albacete, 5

Tel (34-1) 4051615
Telex 27060 TCCEE
Telefax (34-1) 4031134

SWEDEN

S-16421 KISTA
Borgarfjordsgatan, 13 - Box 1094
Tel (46-8) 7939220

Telex 12078 THSWS

Telefax (46-8) 7504950

SWITZERLAND

1218 GRAND-SACONNEX (GENEVE)
Chemin Frangois-Lehmann, 18/A

Tel (41-22) 7986462

Telex 415493 STM CH

Telefax (41-22) 7984869

TAIWAN

TAIPEI

12th Floor

571, Tun Hua South Road
Tel (886-2) 755-4111
Telex 10310 ESGIE TW
Telefax (886-2) 755-4008

UNITED KINGDOM

MARLOW, BUCKS
Planar House, Parkway
Globe Park

Tel (44-628) 890800
Telex 847458

Telefax (44-628) 890391



SALES OFFICES

U.S.A.

NORTH & SOUTH AMERICAN
MARKETING HEADQUARTERS
1000 East Bell Road

Phoenix, AZ 85022-2699
(1)-(602) 867-6340

SALES COVERAGE BY STATE

ALABAMA
Huntsville - (205) 533-5995

ARIZONA
Phoenix - (602) 867-6340

CALIFORNIA
Irvine - (714) 250-0455
San José - (408) 452-8585

COLORADO
Boulder (303) 449-9000

GEORGIA
Norcross - (404) 242-7444

ILLINOIS
Schaumburg - (312) 517-1890

MARYLAND
Columbia - (301) 995-6952

MASSACHUSSETTS
Waltham - (617) 890-6688

NEW JERSEY
Voorhees - (609) 772-6222

OREGON
Tigard - (503) 620-5517

TEXAS
Austin - (512) 339-4191
Carrollton - (214) 466-8844

WASHINGTON
Seattle - (206) 524-6421

FOR RF AND MICROWAVE
POWER TRANSISTORS CONTACT
THE FOLLOWING REGIONAL
OFFICES INTHE US A

CALIFORNIA
Hawthorne - (213) 675-0742

NEW JERSEY
Totowa - (201) 890-0884

PENNSYLVANIA
Montgomeryville - (215) 362-8500

TEXAS
Carrollton - (214) 466-8844

WEST GERMANY

6000 FRANKFURT M1
Gutleutstrabe 322

Tel (49-69) 237492

Telex 176997 689
Telefax (49-69) 231957
Teletex 6997689 =STVBP

8011 GRASBRUNN
Bretonischer Ring 4
Neukeferloh Technopark
Tel . (49-89) 460060

Telex 528211

Telefax (49-89) 4605454
Teletex 897107 =STDISTR

3000 HANNOVER 1
Eckenerstrasse 5

Tel (49-511) 634191
Telex 175118418
Teletex 5118418 csfbeh
Telefax (49-511) 633552

8500 NURNBERG 20
Erlenstegenstrasse, 72
Tel (49-911) 597032
Telex 626243

Telefax (49-911) 5980701

5200 SIEGBURG
Frankfurter Str 22a

Tel (49-2241) 660 84-86
Telex 889510

Telefax (49-2241) 67584

7000 STUTTGART 1
Oberer Kirchhaldenweg 135
Tel (49-711) 692041

Telex 721718

Telefax (49-711) 691408
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