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MARC4 – 4-bit Microcontroller for LCD Applications

The M43C505 (old nomenclature e3505) is a member of the MARC4 family of low cost, single chip CMOS microcon-
trollers. This 4 bit µC contains an on-chip RC oscillator, CPU core, RAM, ROM, I/O, 32 kHz crystal oscillator, 15 stage
prescaler and liquid crystal display driver circuitry.

Features

Hardware and Software Features

� 4 bit stack oriented Harvard architecture

� Independent power supplies (µC-crystal oscillator)

� 4 k x 8 bit of on-chip ROM

� 256 x 4 bit of on-chip RAM

� 12 bidirectional I/O lines

� 4 input lines with interrupt facility

� Fast on-chip RC oscillator
3.5 MHz internal operating frequency at 5 Volts.
Min. 1 MHz at 3 Volts

� Separate watch crystal oscillator for time keeping

� 2 external and 2 prescaler (watch timer) interrupts

� Master reset and power-on reset

� Built-in LCD voltage generation with temperature
compensation

� ROM look-up table instructions

� Versatile interrupt handling with the unique AUTO-
SLEEP feature

� Self-check routines

� Programmable LCD driver circuitry with 20 segment
drivers
80 pixels in 4:1 multiplex drive mode
60 pixels in 3:1 multiplex drive mode

� Piggyback version for program evaluation

Benefits

� Power saving and SLEEP mode for battery-operated
applications

� RAM and core register contents valid at VDD =
2.4 Volts (µC in SLEEP mode)

� High level language qFORTH with a highly optimiz-
ing compiler

� Efficient use of program space with compact, RISC-
like instruction set

� PC based development system
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Figure 1.  Block diagram of M43C505
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1 Signal Description, I/O Programming, Memory, Core Registers,
and Self-Check

This section provides a description of the I/O signals, the
input/output programming, memory, core registers, and
a description of the self-check.

1.1 Signal Description

1.1.1 VDD, VSS, AVDD and AVSS

Power is supplied to the microcontroller using these pins.
VDD is power for the µC core, RAM, ROM and the
peripherals, VSS is ground. AVDD is power for the crystal
oscillator and AVSS is ground.

1.1.2 VREG, VEE1, VEE2, C1 and C2

VREG is the temperature compensated reference for the
LCD voltage booster circuitry. It is used for building up
the doubled (VEE1) and tripled (VEE2) voltage levels
required by multiplexed LCDs. The pump capacitor for
the voltage generator is connected between C1 and C2.
Storage capacitors must be attached at VEE1 and VEE2
towards VSS (see figure 15). As mask programmable
option VREG can be either supplied from an external
source or generated internally.

1.1.3 RST

The RST input is not required for startup but can be used
to reset the internal state of the microcontroller and pro-
vide an orderly software startup procedure. Refer to Reset
modes in section 2 for a detailed description.

1.1.4 TCL (RC Oscillator)

The system clock for the µC is derived from a fully inte-
grated on-chip RC oscillator circuit. This oscillator tracks
the supply and temperature to ensure optimum operation
of the microcontroller under all conditions.

The TCL  pin can be used as clock input for an external
CMOS oscillator. In this configuration the low power
SLEEP mode cannot be used and care must be taken with
the reset conditions. The TCL  pin must be held low for
at least 1ms after the release of power-on or an external
reset to allow the external clocking mode.

1.1.5 TST1, TST2

These two lines contain integrated pull-up transistors and
define different production and emulation test modes.
When both are high, the µC is in the normal operation
mode.

1.1.6 OSCIN, OSCOUT (Crystal 
Oscillator)

Normally a 32 kHz standard watch crystal is connected to
these pins. As mask programmable option a built-in
capacitor of 20 pF can be connected to each pin.

To ensure proper operation of the crystal oscillator a cho-
sen crystal should follow the specification given in the
table below.

A B

L
C R

B

C

A

1

0

S
(b)(a)

OSCIN OSCOUT

* *
Rp

32.768  kHz *)  Customer Option

20 pF 20 pF
R

Figure 2.  (a) Crystal oscillator – (b) equivalent circuit

Table 1.  Standard crystal specification

Parameter Symbol Typ. Max. Unit
Frequency f 32.768 100 kHz
Series resistance RS 30 50 kΩ
Static/Shunt capacitance C0 1.5 pF
Dynamic capacitance C1 3 fF
Load capacitance CL 10 12.5 pF
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The crystal and components should be mounted as close
as possible to the input pins to minimize output distortion
and startup stabilization time.

Use of an external CMOS oscillator is recommended
when crystals outside of the above specified range are to
be used.

e3505

OSCIN OSCOUT

N.C.

External clock

Figure 3.  External clocking

1.1.7 I/O Address Map

Table 2.  Port address map

Port Direction Function

0 I/O Bidirectional port with two strobe lines (NST, OD)

1 I/O Bidirectional port

2 Output LCD control port (see table 6)

3 Output LCD data port

4 I/O Bidirectional port (with open drain output as mask option)

5 Input Input port with interrupt facility

6 Output Interrupt mask/buzzer output control port (see table 4)

15 Output Prescaler control port (see table 5)

Table 2 contains the port address and a short functional
description of the on-chip modules.

1.1.8 BP00-BP03, NST and OD

These four I/O lines and two strobe output lines (NST,
OD) comprise port 0. The port consists of CMOS output
drivers with an integrated pull-up resistor in the input
mode. The direction of the port is software programmable
and all port 0 lines are configured as input during pow-
er-on or external reset. Refer to the Input/Output
programming paragraph for a more detailed description.

1.1.9 BP10-BP13

These four I/O lines comprise port 1. The port contains
CMOS output drivers with an integrated pull-up resistor
in the input mode. The direction of the port is software
programmable and all port 1 lines are configured as input
during power-on or external reset. Refer to the Input/
Output programming  paragraph for a detailed
description.

1.1.10 BP40-BP43

These four I/O lines comprise port 4. As mask program-
mable option each I/O line can be used as CMOS or open
drain output and with or without an integrated pull-up
resistor in the input mode. See figure 4 in the following
paragraph for a port schematic diagram.

The direction of the complete port is software program-
mable and all port 4 lines are configured as input during
power-on or external reset. Refer to the Input/Output

programming paragraph for more details concerning the
programming.

1.1.11 IP50-IP53

These four input lines comprise port 5. As a mask pro-
grammable option each input line can be used with or
without an integrated pull-up resistor. The port 5 logic is
capable of generating an additional interrupt (priority
level 4), when any of the four input lines is driven low.
This function is disabled after power-on or external reset.
Refer to the Input/Output programming  paragraph for
more details concerning the programming.

1.1.12 COM0-COM3

These four output lines provide the backplane drive sig-
nals which should be connected directly to the liquid
crystal display unit. The backplane output signals are
generated in accordance with the selected LCD drive
mode. If less than four backplane outputs are required the
unused outputs should not be connected.

1.1.13 S01-S20

These 20 segment output lines provide the segment drive
signals which should be connected directly to the liquid
crystal display unit. The segment output signals are gen-
erated in accordance with the multiplexed backplane
signals and with the data resident in the display latch.
When less than 20 segment outputs are required the
unused segment outputs should not be connected.
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1.1.14 INT2, INT7 (External Interrupts)

The external interrupt inputs are negative edge triggered
and have Schmitt-trigger characteristics to improve the
noise immunity.

The microcontroller completes the current instruction
before it responds to the interrupt request. When the inter-
rupt input pin is driven low a logic one is latched
internally to signify the interrupt request, if the corre-
sponding enable bit in the mask register is set. When the
microcontroller completes its current instruction, the
interrupt pending register is tested. If an interrupt is pend-
ing and the interrupt enable bit in the condition code
register is set, the interrupt sequence begins. See Inter-
rupts in section 2 for more details.

1.1.15 Buzzer (INT2)

The INT2  pin is bidirectional. When set to input, this pad
functions as an external, maskable interrupt. When set to
output the programmer can choose between a static out-
put value or an audio frequency square wave. The buzzer
frequency of 2.048 or 4.096 kHz is selectable as a mask
programmable option. See Interrupts  in section 2 for
more details on programming.

1.2 Input/Output Programming

1.2.1 Bidirectional Ports

Port 0, 1, and 4 may be programmed as an input or an out-
put under software control. The direction of a port is
determined by an IN or OUT instruction and is held until
another IN or OUT instruction for this port is executed.

The direction of these bidirectional ports is not switchable
on a bit-wise basis. The output latches hold the state of the
last data value written to the port. At power-on or external
reset all pins of Port 0, 1, and 4 are set to input mode and
all output latches are set to a logic 1. Whenever the port
is switched from input to output the last value stored in the
latches will appear on the outputs for one clock cycle 
(see figure 5).

When switching bidirectional ports from output to input
the stray capacitance of the connection wires may cause
the data read to be the same as the last data written to this
port. This behaviour can be used by connecting large
enough capacitors to the pins of the bidirectional port to
read back the previous data written to this port.

On the other hand, to avoid the negative effects of stray
capacitances one of the following approaches should be
used:

� Use two IN instructions, and DROP the first data
nibble read.

� Write Fh to the port to be read before executing the IN
instruction.

D

D Q

Q
Data Out

Data In

I/O Bus

NQ

��������I/O Ctrl

* ** Customer Options

DD

ESD
Protection

BPxy

POR

S

R

V

Figure 4.  Bidirectional port schematics
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Bidirectional port 0

The bidirectional Port 0 supports a hardware interface for
external devices which require a data write strobe and a
data read strobe pin.

The NST pin is an active low strobe issued when data
written to port 0 is valid. The OD signal is a strobe indicat-
ing that data is being read from port 0 by the µC. Data
must be valid at the latest 100 ns after the falling edge of
OD (figure 5).

Port0 IN OR Port0 OUT LIT_2

Fh Data Hi–Z (internal pull–up) Data valid***

Output mode Input mode Output mode

TCL

Instr.

Port0

Port_Dir0

NST

OD

*** Last written data contained in output latches, Fh after power–on–reset

Figure 5.  Read and write cycle timing at Port 0 (OD, NST)

1.2.2 Input Port 5

The data on Port 5 is sent to the top of the expression stack
whenever an IN instruction (addressing Port 5) is
executed. The Port 5 logic may generate an additional
interrupt (priority level 4), when any of the four input
lines is driven low. This function is useful for implement-
ing an interrupt driven keyboard. It is disabled after
power-on or external reset. The corresponding interrupt
level 4 is enabled by writing any value to Port 5 and auto-
matically disabled after a read operation from Port 5. The
interrupt service routine may use the prescaler to perform
a software based keypad debouncing.

VDD
*

* Customer Option

I/O bus 0

INT4

Enable

IP51
IP52
IP53

ESD

Protection

IP50

Figure 6.  Port 5 with pull-up option
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1.3 Memory
The MARC4 family of microcontrollers is based on the
Harvard architecture with physically separate program
memory (ROM) and data memory (RAM).

The program memory (ROM) is mask programmed with
the customer application program during the fabrication
of the microcontroller. The ROM is addressed by a 12 bit
wide program counter, thus limiting the program size to
a maximum of 4096 bytes which cannot be extended by
using external memory. The user ROM starts with a
512 byte segment (“Zero Page”) which contains prede-
fined start addresses for interrupt service routines and

special subroutines accessible with single byte (SCALL)
instructions. The corresponding memory map is shown in
figure 7.

The self test routines should be included as part of the free
program space. The 16 bit check sum (CRC) is located by
the compiler in the last two bytes of ROM.

The on-chip 256 × 4 bit RAM is divided in the 12 bit wide
return stack, the 4 bit wide expression stack (both with a
user definable depth) and the data memory. The fixed
return address (000h) which points to the $AUTOSLEEP
routine is located at RAM address FCh.

RAM

Auto–Sleep

FCh

X

SP

(TOS–1)

RP

00h

Return

Expression

GlobalY

INT7

INT6

INT5

INT4

INT3

INT2

INT1

INT0

$RESET

$AUTOSLEEP 000h

008h

040h

080h

0C0h

100h

140h

180h

1C0h

1E0h

Self tests
(200 bytes)

free
program
space

16 bit  ROM

check sum

FFEh

FFFh

1FFh

000h

ROM

Zero Page

(4k x 8 bit) (256 x 4 bit)

Variables

Stack

Stack

4 x 4 bit

unused
ÇÇ
ÇÇ
ÇÇ
ÇÇ
ÇÇ
ÇÇ

ÇÇ
ÇÇÇÇÇ

ÇÇÇ

ÇÇÇ
ÇÇÇ

0 0 0

Zero Page

ÇÇÇ
ÇÇÇ
ÇÇÇ

ÇÇ
ÇÇ
ÇÇ

ÇÇ
ÇÇ
ÇÇ

ÇÇ
ÇÇ
ÇÇS0 ÇÇ
ÇÇ

Figure 7.  Memory map
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1.4 Core Registers

07

11 0

Carry / Borrow

Branch

Interrupt enable

C Z B I

TOS

3 0

P C

Accumulator (Top of stack)

Expression stack pointer

RAM address register

Return stack pointer

Program counter

Condition code register

Zero

S P

X

Y

R P

Figure 8.  Programming model

As shown in the programming model below, the MARC4
core has seven registers.

1.4.1 Accumulator (TOS)

Because this microcontroller is a stack based machine
with two on-chip stacks located in the internal RAM, all
arithmetic, I/O and memory reference operations take
their operands from, and return their result to the 4 bit
wide expression stack. This stack is also used for passing
parameters between subroutines, and as a scratchpad area
for temporary storage of data. The top element of the
expression stack is immediately accessible through the
TOS register. The MARC4 can perform most of the
operations dealing with the top of stack items (TOS and
TOS-1) in a single byte, single cycle instruction.

1.4.2 Expression Stack Pointer (SP)

The 8 bit wide stack pointer SP contains the address of the
next-to-top 4 bit item (TOS-1) on the expression stack,
located in the internal RAM. After power-on reset the
stack pointer has to be initialized to the start address of the
allocated expression stack area (S0).

1.4.3 RAM Address Register (X and Y)

The 8 bit wide registers X and Y are used to address any
4 bit item in the RAM.

Using either the pre-increment or post-decrement addres-
sing mode it is comfortable to compare, fill or move
arrays in the RAM area.

1.4.4 Return Stack Pointer (RP)

The return stack pointer RP points to the top element of
the return stack.

The 12 bit wide return stack is used for storing subroutine
return addresses and keeping loop index counts. The
return stack can also be used as a temporary storage area.
The MARC4 instruction set supports the exchange of data
between the top elements of the expression and return
stack. The return stack automatically pre-increments and
post-decrements in steps of 4. This means that every time
a subroutine return address is stacked, 4 bit RAM loca-
tions are left unwritten. These locations are used by the
qFORTH compiler to allocate 4 bit variables.

After power-on reset the return stack pointer has to be ini-
tialized to FCh.

1.4.5 Program Counter (PC)

The program counter (PC) is a 12 bit register that contains
the address of the next instruction to be executed by the
microcontroller.
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1.4.6 Condition Code Register (CCR)

The 4 bit wide condition code register (CCR) indicates
the results of the instruction just executed as well as the
state of the microcontroller. These bits can be individu-
ally tested by a program and specified action will take
place as a result of their state. Each bit is explained in the
following paragraphs.

Carry/Borrow (C)

This flag indicates that a borrow or carry out of the arith-
metic logic unit (ALU) occurred during the last
arithmetic operation. This bit is also affected during shift
and rotate operations and the execution of SET_BCF,
CLR_BCF and CCR! instructions.

Zero (Z)

When this bit is set, it indicates that the result of the last
arithmetic or logical manipulation was zero.

Branch (B)

A conditional branch takes place when the branch flag
was set by one of the previous instructions (e.g. a compar-
ison operation).

Instructions such as SET_BCF, TOG_BF, and CLR_BCF
allow the direct manipulation of the branch flag under
program control. The flag is affected by all ALU opera-
tions except CCR@, DI, SWI, RTI, and OUT.

Interrupt enable (I)

This flag is used to control the interrupt processing on a
global basis. Resetting the interrupt enable flag (using the
DI instruction) disables all interrupts. The µC does not
process further interrupt requests until the interrupt
enable flag is set again by either executing an EI, RTI
(Return-from-interrupt) instruction or entering the
SLEEP mode. After power-on or an external reset the
interrupt enable flag is automatically reset. The RTI
instruction at the end of the $RESET routine will set the
interrupt enable flag and thereby enable all interrupts.

1.4.7 Self-Check

The self test capability of the MARC4 provides the possi-
bility of easily checking the core by executing the RAM
and ROM tests after power-on reset. The RAM_TEST
and ROM_TEST routines should be included either
conditionally or unconditionally in the $RESET routine.

Example: Different methods to implement the self test routines

: $RESET >SP  S0 : $RESET DI

>RP FCh   >>SP S0

Port0 IN  0= >>RP FCh

IF RAM_Test

 RAM_Test ROM_Test

 ROM_Test ErrorFlag @0 =

THEN IF

Reset_LCD Init_Vars

Init_Vars THEN

; ;

Note: If the self test routines are included unconditionally care should be taken that the pattern written to Port 1 does
not interfere with the application hardware. If the stimulus read from Port 0 is different from zero, TEMIC
has to be informed.
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2 Reset Modes, Interrupts, and Low Power Modes
This chapter describes the reset modes and the different
interrupt capabilities of this microcontroller. The low
power consumption modes are also discussed.

2.1 Reset Modes
The M43C505 has two reset modes: an active low exter-
nal reset pin (RST) and a power-on reset function.

2.1.1 External Reset (RST)

The RST input pin is used to reset the µC to provide an
orderly software startup procedure. When using the exter-
nal reset mode, the RST pin should be low for a minimum
of two instruction cycle times.

2.1.2 Power-on Reset

The power-on reset occurs when a positive transition is
detected on the power supply input pin. The power-on
reset is used strictly for power turn-on conditions and
should not be used to detect any drops in the power supply
voltage. A power-down reset occurs when a negative tran-
sition is detected on the power supply input pin. To
improve noise immunity the power-on reset has Schmitt-
trigger characteristics as shown in figure 32.

2.1.3 Effects on Internal Circuitry

Both reset modes guarantee a well-defined start condition
of the complete microcontroller. During reset all inter-
rupts are disabled, all pending and active interrupts are
cleared, all on-chip peripherals are reset and a non-mask-
able interrupt request is generated. This interrupt has the
absolute highest priority, having access to the microcon-
troller at all times.

The main tasks of the reset service routine ($RESET) are:

� Stack pointer initialization,

� Self test program execution,

� Variable and array initialization, and

� Initialization and setup of the peripherals.

After execution of the reset service routine the interrupts
are enabled automatically by the RTI or a previously
executed EI instruction.

2.2 Interrupts
The M43C505 can handle interrupts of 8 priority levels
(table 3). They are generated from on-chip modules
(prescaler), external sources (Port 5 and interrupt pads) or
synchronously from the core itself (software interrupts).
Each interrupt source has a hard-wired interrupt priority
and an associated interrupt service routine in the program
ROM. The programmer can enable or disable all inter-
rupts by setting or resetting the interrupt enable flag in the
CCR using the EI or DI instruction.

When the interrupt enable flag is reset (interrupts dis-
abled), the execution of interrupts is inhibited but not the
logging of the interrupt requests in the interrupt pending
register. While interrupts are disabled (e.g. for a time crit-
ical section of code) and an interrupt is generated the
interrupt will not be lost. Its execution will only be
delayed until interrupts are enabled again. Interrupts are
only lost when the pending register for a particular inter-
rupt priority is still set at the time of a further interrupt
transmission of the same level. The pending register is
reset either on power-on reset or on completion of the cor-
responding interrupt service routine by executing the RTI
instruction (see figures 9 and 10).

The µC automatically enters the SLEEP mode when the
lowest priority interrupt service routine has been com-
pleted. This guarantees a maximum use of the power
saving capabilities of the µC. Refer to Low power modes
for more information.
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Table 3.  Interrupt priority ad address allocation map

Priority Function
Located

in ROM at
Max. length
[ROM bytes]

Interrupt
opcode

$RESET Software & hardware initialization 008h 56 C1h

INT7 External hardware interrupt, negative edge
triggered

1E0h ≥ 24 FCh

INT6 Prescaler interrupt #2 1C0h 32 F8h

INT5 Prescaler interrupt #1 180h 64 F0h

INT4 Port 5, keyboard interrupt 140h 64 E8h

INT3 Software interrupts (SWI3) 100h 64 E0h

INT2 External hardware interrupt, negative edge
triggered

0C0h 64 D8h

INT1 Software interrupt (SWI1) 080h 64 D0h

INT0 Software interrupt (SWI0) 040h 64 C8h

Pending
register empty

?

Y

N

ÏÏÏÏÏ
ÏÏÏÏÏ

Software interrupt

ÏÏÏÏ
ÏÏÏÏ

SLEEP mode

Reset corresponding active & pending bit

INT routine finished (RTI)

Execute INTx opcodes

Decode interrupt &
set INTx pending bit

Continue the
active INT routine

Priority decode:
pending INT > active INT ?

Set INTx active bit

SLEEP mode ?
N

Y

Wake up RC oscillator

Y

N

ÏÏÏÏÏ
ÏÏÏÏÏ

Hardware  interrupt

Figure 9.  Interrupt flowchart
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2.2.1 Interrupt Handling

The integrated interrupt controller samples all interrupt
requests and latches these in the interrupt pending regis-
ter. It also decodes the priority of the interrupt requests,
and signals the µC when a higher priority interrupt request
is present. If the µC (with interrupts enabled) receives the
interrupt controller’s signal an interrupt acknowledge
cycle will be entered. During this cycle, the µC saves the
current PC on the return stack and loads the PC with the

start address of the corresponding interrupt service rou-
tine. When the µC is in the SLEEP mode it will be
activated by any hardware interrupt, by the means of start-
ing the RC oscillator and decoding the interrupt. Using
the MARC4 way of interrupt transmission it is possible to
transmit more than one interrupt at the same time. The
transmitted interrupts are loaded into the interrupt pend-
ing register asynchronously. The priority decoder
determines the interrupt with the highest priority and acti-
vates it as shown in figure 9.
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Figure 10.  Interrupt processing

The interrupt priority level handling versus time is shown
in figure 10.

2.2.2 Interrupt Latency

The interrupt latency is the time from the falling edge of
the interrupt to the interrupt service routine being acti-
vated. This time is at minimum three and at maximum
five instruction cycles depending on the state of the core.
The highest interrupt frequency which can be reasonably
handled is between 1 and 4 kHz depending on the supply
voltage range (i.e. the RC oscillator frequency) and the
duty cycle of the application.

2.2.3 Software Interrupts

Software interrupts are executable instructions which are
supported by predefined macros named SWI0 through
SWI7. The software triggered interrupt operates exactly
like any hardware triggered interrupt.

2.2.4 Hardware interrupts

Port 5 Interrupts

The input Port 5 may generate an interrupt of priority
level 4 if any of the four input lines of Port 5 is driven low.
This function is disabled after power-on reset.

The interrupt is enabled by writing any value to Port 5 and
is automatically disabled after a read from Port 5.

External interrupts

The external interrupts INT2  and INT7  are negative edge
triggered and have Schmitt-trigger characteristics to
improve the noise immunity. As shown in figure 11, the
following mask programmable options are available on
the two external interrupt input pads:

� Integrated pull-up

� Integrated pull-down
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� Active pull-up/pull-down

� No pull-up or pull-down

INT2

INT7

Interrupt
logic

INT2

INT7

*

*

V
DD

V DD

Interrupt

logic

  Customer options

*

( a)

( b )
*

Figure 11.  Interrupt option diagram

Active pull-up/pull-down option

When using the active pull-up/pull-down option (fig-
ure 11), a low input resistance is ensured without the DC
current flow associated with a pull-up or pull-down resis-
tor. The pull-up or pull-down function is selected
depending on the current state of the Schmitt-trigger out-

put. When this option is used the input impedance may
vary as the internal pull-up or pull-down is switched in.

This option is useful in applications when the external sig-
nal is forced to logic 1 or 0 for a longer period of time.

2.2.5 Interrupt Mask Register

The external interrupts INT2  and INT7  are maskable.
This means INT2  or INT7  may be disabled individually
while still receiving all other interrupts.

Additionally, if not used as an interrupt input, INT2  can
be utilized as an output. A static output level or an audio
frequency square wave is selectable in output mode.

The tone frequency is derived from the crystal oscillator
frequency f C and can be easily calculated by the follow-
ing formula:

fBUZ�
fC

23 or
fC

24

The frequency is either 4.096 kHz or 2.048 kHz if a stan-
dard watch crystal is used. A customer option is available
to select one of the two buzzer frequencies. This output
mode may also be useful for trimming the crystal oscilla-
tor frequency.

All of these actions are selected by writing a control code
to port 6 (table 4).

Table 4.  Port 6 control register functions

Control code INT7 INT2  I/O INT2 I/O function

1111 enabled enabled Input Negative edge triggered interrupt

1011 enabled masked Input Negative edge triggered interrupt

0111 masked enabled Input Negative edge triggered interrupt

0011 masked masked Input Negative edge triggered interrupt

1010 enabled masked Output Output high

1001 enabled masked Output Output low

1000 enabled masked Output Buzzer frequency

0010 masked masked Output Output high

0001 masked masked Output Output low

0000 masked masked Output Buzzer frequency
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2.3 Prescaler Interrupts
The programmable prescaler is usually driven by an
external 32.768 kHz watch crystal. Using for example a
38.4 kHz crystal, it is possible to emulate an asynchro-
nous serial interface protocol easily by software.

The prescaler consists of a 15 stage divider chain with two
multiplexers. They offer two interrupt sources with prior-
ity level 5 and 6. The prescaler module powers up in the
reset condition which corresponds to control code Fh. The
prescaler interrupt (INT5 ) has 8 programmable taps from

128 Hz down to 1 Hz. They are selectable by writing a
value of 7 to 0 into the control register at port address 15.
The corresponding interrupt (INT5 ) can only be masked
by resetting the complete prescaler.

The second interrupt source (INT6 ) allows the selection
of 5 different taps from the divider chain ranging from
about 4 kHz down to 16 Hz by writing the corresponding
code (Dh to 9) into the control register at port address 15.

Table 5.  Selectable interval times for the prescaler (control port 15)

Control Interrupt Interrupt f C = 32.768 kHzCo t o
Code

te upt
source

te upt
frequency Time interval Interrupt frequency

F none Reset & hold complete prescaler

E (INT5 only) INT6  disabled, INT5  still active

D INT6 f c / 2 3 244.14 µs 4096 Hz

C INT6 f c / 2 5 976.56 µs 1024 Hz

B INT6 f c / 2 7 3.906 ms 256 Hz

A INT6 f c / 2 9 15.625 ms 64 Hz

9 INT6 f c / 2 11 62.5 ms 16 Hz

8 INT5 reserved

7 INT5 f c / 2 8 7.81 ms 128 Hz

6 INT5 f c / 2 9 15.625 ms 64 Hz

5 INT5 f c / 2 10 31.25 ms 32 Hz

4 INT5 f c / 2 11 62.5 ms 16 Hz

3 INT5 f c / 2 12 125 ms 8 Hz

2 INT5 f c / 2 13 250 ms 4 Hz

1 INT5 f c / 2 14 500 ms 2 Hz

0 INT5 f c / 2 15 1 s 1 Hz

The interrupt INT6  may be disabled selectively using
control code Eh without affecting the interval time of the
INT5  tap. The INT6  multiplexer powers up in the dis-
abled position. The programming of the INT6  interrupt
taps should be done synchronously, if different time base
intervals are used temporarily (stop watch application,
keyboard debouncing) or an accurate number of inter-
rupts is required. To avoid the transmission of additional
unwanted interrupts, the change of the INT6  tap should
be done in a time frame of 200 µs after the reception of
a prescaler interrupt.

As illustrated in table 5 only the INT6  tap can be disabled
individually. Therefore special care has to be taken for
INT5 . In the case of programming the INT6  tap without
previously selecting an INT5  tap (i.e. after power-on
reset), a INT5  frequency of 128 Hz is set by default. Con-

cerning the program development using INT6 , the
following rules should be considered:

� Always program both prescaler interrupt taps,

� If only INT6  is required, select the 1 Hz tap and define
an empty INT5  routine,

� Otherwise implement a “disable” flag in the INT5  ser-
vice routine.

2.3.1 Prescaler during SLEEP Mode

When the microcontroller enters the SLEEP mode, the
µC’s internal clocks are halted. While the 32 kHz oscilla-
tor, LCD driver, and prescaler remain active, all µC
actions are suspended. The microcontroller exits the
SLEEP mode when an interrupt is generated by the pres-
caler (in addition to a logic low on an external interrupt,
port 5 input pin, or an external reset).
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2.4 Low Power Modes
Three low power consumption modes of operation are
available: SLEEP, power saving and STOP mode. These
operating modes are initiated by executing the SLEEP
instruction.

Note: The SLEEP instruction is not a normal instruction
as its function is dependent on the state of the
interrupt pending register. SLEEP is therefore
available for use within the $AUTOSLEEP rou-
tine only.

2.4.1 SLEEP Mode

By executing the SLEEP instruction (in the $AUTO-
SLEEP routine) the microcontroller enters a low power
consumption mode. In this SLEEP mode, the program-
mable prescaler and the LCD driver remain active, while
the internal RC oscillator (µC clock) is turned off causing

all core processing to be stopped. It can only be kept when
none of the interrupt pending or active register bits are set.

During the SLEEP mode, the I bit in the condition code
register is set to enable all interrupts. All other registers,
memory, and parallel input/output lines remain the same.
The 32 kHz crystal oscillator is not switched off, but the
prescaler or the LCD driver may be disabled by the
application program. This mode will continue until any
interrupt or reset is sensed. At this time the event is
decoded and the program counter is loaded with the corre-
sponding starting address of the interrupt or reset service
routine.

The MARC4’s unique Auto-Sleep feature allows the µC
to enter the SLEEP mode automatically when the lowest
priority interrupt service routine has been completed.

ÏÏ
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ÏÏ
ÏÏ

Interrupt Interrupt

Average power

ÏÏ
ÏÏ

Interrupt

Power

Sleep Sleep
Active Active

Low activity example:

High activity example:

Average power

Activity

Power

ÏÏÏÏÏÏ
ÏÏÏÏÏÏ

Interrupt

ÏÏÏÏÏÏÏ
ÏÏÏÏÏÏÏ

Interrupt

Active

Sleep

Active
Activity

Figure 12.  Average system power consumption and duty cycle

The SLEEP mode is a shutdown condition which is used
to reduce the average system power consumption in
applications where the µC is not fully utilised (figure 12).
Using SLEEP and interrupts, the full computational
speed of the core is always available. In this way, power
is only consumed when needed, allowing the µC to run in
high speed bursts from a weak supply (battery, capacitor,
or even a solar cell).

Note: When TST1 is tied to VSS during power-on reset,
the µC activity is observable at the TCL  pin
(using a low capacitance probe).

Calculating the average power consumption

The total power consumption is directly proportional to
the active time of the µC. For a rough estimation of the
expected average system current consumption, the fol-
lowing formula should be used:

ISYS � ISLE��IDD �
Tactive

Ttotal

�
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2.4.2 Power Saving Mode

The power saving feature of the LCD driver in conjunc-
tion with the SLEEP mode of the core will further reduce
the system power consumption by additionally blanking
the LCD. This is done by disabling the LCD voltage gen-
erator and switching all LCD voltage levels to VSS, thus
causing a reduction in display power consumption. This
mode is only effective if the display is generally to be
blanked for periods longer than 5 seconds. Refer to sec-
tion 3 for more information on LCD driver programming.

2.4.3 STOP Mode

The lowest power consumption mode of the microcon-
troller is entered with the STOP operation. The current
consumption of the µC (without external loads) will be
reduced to 1 µA at 3 Volts.

The STOP mode can be implemented by switching off the
power supply of the crystal oscillator (AVDD) with one of
the port output lines (refer to figure 13). Before executing

the STOP routine, the prescaler should be reset and the
LCD driver should be put into the power saving mode,
because both are turned off when the 32-kHz oscillator is
switched off. The internal RC oscillator is stopped by the
SLEEP instruction, suspending all further internal pro-
cessing.

During the STOP mode, the I bit in the CCR is set to
enable external interrupts. All other registers, memory,
and all I/O lines remain unchanged. This continues until
an external interrupt or reset is decoded. The program
counter is loaded with the corresponding starting address
of the interrupt or reset service routine respectively.

By writing a logic 1 to the corresponding port, the inter-
rupt or reset service routine may turn on the crystal
oscillator. The oscillator’s start-up time in the range of
several seconds (which depends on the operating temper-
ature and supply voltage) must be kept in mind. Therefore
the occurrence of the first prescaler interrupts might not
be as accurate as usual.

AVDD

OSCIN

OSCOUT

AVSS

VSS

BPxy

100 nF

32 kHz

M
43

C
50

5

VDD

Figure 13.  STOP mode application
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3 Liquid Crystal Display Driver

This chapter describes the programming of the LCD
driver. It also includes

� A discussion of a simple method of setting the LCD
power supply voltages

� Information about the relationship between a typical
7 segment numeric display, the segment and back-
plane outputs (for 2:1, 3:1, and 4:1 multiplex)

� Waveform examples for the different drive modes.

Figure 14 is a functional block diagram of the LCD driver
circuitry. The internal I/O bus is connected to the LCD
control register (port 2) and the LCD data register
(port 3). The LCD driver interface to the programmer
comprises these two output ports.

The LCD driver circuitry offers the following features:

� Drives up to 80 display segments

� Supports 5 Volt LCD panels over the full supply volt-
age range

� Built-in LCD voltage generation with temperature
compensation (–8 mV/ oC)

� Display continues when µC in SLEEP mode

� Programmable multiplex rate: Direct drive, 2:1, 3:1,
or 4:1 multiplex mode

3.1 Display Data Register
The LCD data register receives the data from the µC and
processes it in a 4 bit wide circular 20 stage shift register.
The functional block diagram (figure 14) shows the order
of the segment information and the way it has to be writ-
ten into the shift register (starting with the 20-th segment).

A logic 1 in the shift register’s bit-map indicates the ON
state of the corresponding LCD segment. Similarly a
logic 0 indicates the OFF state. There is a one to one corre-
spondence between each stage of the shift register and the
segment outputs, and between the individual bits of a reg-
ister nibble and the backplane outputs. The LSB of each
nibble correspond to the 20 segments operated with
respect to backplane COM0. In multiplexed LCD
applications the segment data of the second, third and
fourth column of the shift register are time multiplexed
with COM1, COM2 and COM3 respectively. The LCD
specific segment decoding is done via qFORTH software
routines, thus omitting the need for separate decoding cir-
cuitry.
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Figure 14.  LCD driver –functional block diagram
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3.2 LCD Control Register
The LCD control register receives the operation mode
data at Port 2 to configure the LCD driver circuitry (refer
to table 6).

Table 6.  LCD driver – operation modes

Control code Operation mode

0 DIRECT DRIVE

1 2:1 MULTIPLEX

2 3:1 MULTIPLEX

3 DISPLAY

4 CLEAR/INIT (4:1 MULTIPLEX)

5 MASK/SHIFT

6 BLANKING

7 POWERSAVE

3.2.1 Initializing the LCD Driver

At power-on reset the LCD driver circuitry is set automat-
ically into BLANKING and 4:1 MULTIPLEX drive
mode. After any reset condition, a proper operation of the
LCD driver is ensured by writing the following control
codes into the LCD control register:

� CLEAR/INIT

� Multiplex drive mode (if not 4:1 MULTIPLEX)

Four terms can be used to set the multiplex rate (refer to
table 6). The CLEAR/INIT term initializes the LCD
driver, setting it into the 4:1 multiplex drive mode. There-
fore no extra control code is needed for 4:1 MULTIPLEX.

After any hardware reset the contents of the LCD display
registers are undefined and should be initialized with the
following instruction sequence:

� Write BLANKING to the LCD control register

� Write zero 20 times to the LCD data register

� Write DISPLAY to the LCD control register

3.2.2 LCD Driver - Modes of Operation

In normal time keeping applications the DISPLAY com-
mand might be given only once at the end of the first
complete LCD display update (e.g. “Mo 12:00”). After-
wards a total display change consists only of
20 consecutive nibbles written to the LCD data register.

The BLANKING term causes a blank display and might
be necessary before each new data transfer to the display
registers. This is especially true when the µC is heavily
loaded by a number of interrupt sources and the LCD

update is handled as a base task. The BLANKING will be
removed at the end of the data transfer by writing DIS-
PLAY. If the DISPLAY command is not given, the
BLANKING remains which allows the easy implementa-
tion of a blinking display.

When using the MASK/SHIFT term, only nibbles requir-
ing an update need to be software decoded and written to
the LCD data register. The data to be retained is simply
shifted back to its original position, whilst new data
nibbles are inserted in the appropriate position (refer to
figure 14).

As an example for the effective use of the MASK/SHIFT
term, the implementation of a 6 digit (3:1 multiplex) LCD
panel test is described.

� Setup the LCD driver for 3:1 MULTIPLEX.

� Switch on all segments of the leading 7 segment digit
(including the attenuator, see figure 21) with a com-
plete LCD display update.

� After (half of) a second, write MASK/SHIFT to the
LCD control register.
Write three dummy values to the LCD data register to
support the shift clock pulses. This operation will
scroll the digit one position to the right.

� After a total of five operations, the digit appears in the
right-most position and the (BLANKING or) DIS-
PLAY term should be given to the control register to
overwrite the MASK/SHIFT multiplexer configura-
tion.

The POWERSAVE term blanks the LCD by switching all
the LCD voltage levels to VSS, thus causing a reduction
in display power consumption. This mode is only effec-
tive if the display is generally to be blanked for periods
of more than 5 seconds. The display information is still
kept in the LCD data shift register. After writing DIS-
PLAY to the LCD control register, the old contents will
be visible again.

3.3 LCD Voltage and Timing 
Generator

The LCD voltage generator circuitry boosts the regulated
liquid crystal display voltage (VREG) to the doubled and
tripled voltage components (VEE1, VEE2) required by
multiplexed liquid crystal displays. These voltage levels
are applied to the driver circuitry (see figure 15).

Most 5 Volt LCD panels have a temperature coefficient
of –8 mV/oC. The temperature compensated reference for
the LCD voltage booster circuitry (VREG), has the task of
meeting this requirement directly, so the user gets the best
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LCD contrast over the full operating temperature and sup-
ply voltage range.

The external components for the LCD voltage generation
(one pump and two storage capacitors) should be con-
nected to the µC as shown in figure 15.

100 nF

100 nF

100 nF

VSS

VREG

VEE1

C2

C1

VEE2

94 9021

Figure 15.  External components

For very small LCD panels the capacitor values may be
reduced from 100 nF to 47 nF. The user has to connect the
µC and the LCD as it will be in the final product in order
to select the capacitor value. To examine the LCD driver
waveforms an oscilloscope with a low capacitance probe
should be used.

A simple method for setting a different LCD drive level
is shown in figure 16. It explains the way of getting the
optimum drive level experimentally. VREG can be
adjusted for the best contrast. The final design could sim-
ply replace the potentiometer with two fixed resistors if
desired.

V DD

100 nF

10k

10 Turns

VSS

VREG

Bypass

94 9022

Figure 16.  Drive level adjustment

3.4 Direct Drive Mode
The static LCD drive mode is used when a single back-
plane is provided at the LCD.

The LSB of each stage of the display shift register directly
maps to the corresponding segment driver.

Sample backplane and segment drive waveforms for this
mode are shown in figure 17.

The following formulas are valid in the DIRECT DRIVE
mode at any instant (t):

Vstate1 (t) = VS01(t) - VCOM0 (t)

Vstate2 (t) = VS02 (t) - VCOM0 (t)

Von(rms) = VEE2

Voff(rms)�
VEE2

3
� VREG

==> Contrast ratio = 3.0

LCD segments

state1 state2
(ON) (OFF)

S01

S02

(a)  Waveform at driver

COM0

128 Hz
Time frame

V EE2

V SS

0state1

(b)  Resultant waveforms at LCD segment

V EE2

state2 0
 

V  REG

–VREG

–V EE2

94 9023

Figure 17.  Direct drive mode waveforms
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3.5 2:1 Multiplex Drive Mode

Figure 18 shows the connection of a 2:1 multiplex 5 digit
LCD panel having the numeric display pattern shown in
figure KEIN MERKER, the segment outputs (S01-S20),
and the backplane outputs (COM0, COM1).

In the example “456.78” is displayed on the LCD panel
and the corresponding contents of the display data regis-
ter is shown.

94 9024

Figure 18.  2:1 Multiplex 7 segment digit
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Figure 19.  2:1 Multiplexer LCD panel connection
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Figure 20.  Waveforms for 2:1 multiplex drive mode

The following formulas are valid in the 2:1 multiplex drive mode at any instant (t):

Vstate1 (t) = VS01(t) – VCOM0 (t) and 
Vstate2 (t) = VS01 (t) – VCOM1 (t)

Von(rms)�
VEE2

3
5� � 0.745 VEE2 and Voff(rms)�

VEE2

3

Contrast ratio = Von(rms) / Voff(rms) = 2.23



TELEFUNKEN Semiconductors(e3505) M43C505

Rev. A1: 21.08.199524 (41)

3.6 3:1 Multiplex Drive mode

Figure 21 shows the connection of a 3:1 multiplex 6 3/4
digit LCD panel having the numeric display pattern
shown in figure 21, the segment outputs (S01-S20), and
the backplane outputs (COM0-COM2).

In the example, “123456.7” is displayed (with a max. dis-
playable value of “3999999”) and the corresponding
contents of the LCD display data register is shown.

Backplane and segment drive waveforms for this mode
are shown in figure 23.
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Figure 21.  3:1 multiplex 7 segment digit

x x

1

0

x x xxx x x xx x x x xx

x 1 100 0 x x 0 0 x

0 1 100 1 0 0 1 1 1 1 1 10

0 1 110 1 0 1 0 1 1 0 1 11

LCD data shift register

I/O bus
S

01
S

02
S

03
S

04
S

05
S

06
S

07
S

08
S

09
S

10
S

11
S

12
S

13
S

14
S

15
S

16
S

17
S

18
S

19
S

20

C
O

M
0

C
O

M
1

C
O

M
3

C
O

M
2

N
.C

.

Data register

x

011 0 x 1

LCD  panel

Bit0
Bit1
Bit2

DP
0

1

1

xx x

f
1

x

a
1

b
1

e0 g
0

c
1

d
0

94 9028

Figure 22.  2:1 Multiplexer LCD panel connection
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Figure 23.  Waveforms for 3:1 multiplex drive mode

The following formulas are valid in the 3:1 multiplex drive mode at any instant (t):

Vstate1 (t) = VS01(t) – VCOM0 (t) and 
Vstate2 (t) = VS01 (t) – VCOM1 (t)

Von(rms)�
VEE2

9
33�

� 0.638 VEE2 and Voff(rms)�
VEE2

3

Contrast ratio = Von(rms) / Voff(rms) = 1.915
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3.7 4:1 Multiplex Drive Mode

Figure 24 shows the connection of a 4:1 multiplex 10
digit LCD panel having the numeric display pattern
shown in figure 25, the segment outputs (S01-S20), and
the backplane outputs (COM0-COM3).

In the example, “123456.7890” is displayed and the cor-
responding contents of the LCD display data register is
shown.

Backplane and segment drive waveforms for this mode
are shown in figure 26.
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Figure 24.  2:1 Multiplex 7 segment digit
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Figure 25.  2:1 Multiplexer LCD panel connection
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(a) Waveforms at driver

(b) Resultant waveforms at LCD segment
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Figure 26.  Waveforms for 4:1 multiplex drive mode

The following formulas are valid in the 4:1 multiplex drive mode at any instant (t):

Vstate1 (t) = VS01(t) – VCOM0 (t) and 
Vstate2 (t) = VS01 (t) – VCOM1 (t)

Von(rms)�
VEE2

3
3� � 0.577 VEE2 and Voff(rms)�

VEE2

3

Contrast ratio = Von(rms) / Voff(rms) = 1.732
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4 Electrical Specification
4.1 Absolute Maximum Ratings
All voltages are given relative to VSS. The circuit is protected against supply voltage reversal for typically 5 minutes.

Parameters Symbol Value Unit
Supply voltage VDD  –0.3  to +7.0 V
Input voltage (on any pin) VIN VSS–0.3 ≤ VIN ≤

VDD+0.3
V

Output short circuit duration tshort indefinite sec
Operating temperature range TA –20 to +80 °C
Storage temperature range Tstg –40 to +125 °C
Thermal resistance (PLCC) θJA 70 °C/W
Maximum solder temperature Tsolder 260 (t ≤ 10 sec) °C

Stresses greater than those listed under absolute maxi-
mum ratings may cause permanent damage to the device.
This is a stress rating only and functional operational the
device at any condition above those indicated in the op-
erational section of these specification is not implied.
Exposure to absolute maximum rating condition for an
extended period may affect device reliability. All inputs

and outputs are protected against high electrostatic volt-
ages or electric fields. However, precautions to minimize
built-up of electrostatic charges during handling are rec-
ommended. Reliability of operation is enhanced if unused
inputs are connected to an appropriate logic voltage level
(e.g., VDD).

4.2 DC Operating Characteristics, VDD = 3 V

Supply voltage VDD = 3.0 V, VSS = 0 V, TA = +25°C unless otherwise specified. All voltage levels are measured with
reference to VSS and current flowing into the device is positive. Typical parameters represent the statistical mean val-
ues.

Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit
Supply voltage VDD 2.4 3.0 3.6 V
Active current Note 1 IDD 1.4 2.5 mA
Sleep current Note 2 ISLE 2 4.0 5.0 A
Power save current Note 3, 8 IPS 2.5 4.0 A
Supply current quotient  Note 7

�IDD
�

fRC
0.7 0.8 0.9 mA

MHz

RC oscillator frequency Note 5, 8
f RC

0.9 1.75 2.8 MHzq y
VDD = 2.4 V

f RC 0.5    0.75 MHz
Internal power-on reset
POR voltage Note 4, 8 VPOR 1.8 2.2 V
POR voltage hysteresis Note 8 ∆VPOR –100 mV
Output pads
Hi–Z leakage current Open drain IOZ ±20 ±300 nA
Output capacitance Note 8 COUT 5 10 pF
Input pads (except RST and OSCIN under test conditions)
Input voltage high VIH 0.8*VDD VDD V
Input voltage low VIL VSS 0.2*VDD V
Input current low VIN = VSS; no pull up IILO –20 –300 nA
Input current high VIN = VDD IIH 20 300 nA
Input capacitance Note 8 CIN 5 10 pF
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UnitMax.Typ.Min.SymbolTest Conditions / PinsParameters
RST and OSCIN input pads under test conditions
Input voltage high VIH VDD VDD V
Input voltage low VIL VSS VSS V
Bidirectional Ports 0, 1, 4, Outputs NST, OD and buzzer
Input current low **) VIN = VSS IIL –0.8 –1.6 –3 µA
Output current high VOH = 2.4 V IOH  0.8 –1.3 mA
Output current low VOL = 0.6 V IOL 1.5 2.4 mA
Input Port 5
Input current low **) VIN = VSS IIL –6 –13 –20 µA
���� �	

�� 
��

Input current low **) VIN = VSS IIL –8 –16 µA
Interrupt Schmitt-trigger Input Pads INT2, INT7
Input current low **) VIN = VSS IIL –6 – 11 –20 µA
Negative going threshold
voltage

Note 8 VT– 1.1 V

**) I IL  values are only valid if the pull up resistor is optioned in.

4.3 DC Operating Characteristics, VDD = 5 V

Supply voltage VDD = 5.0 V, VSS = 0 V, TA= +25°C unless otherwise specified. All voltage levels are measured with
reference to VSS and current flowing into the device is positive. Typical parameters represent the statistical mean val-
ues.

Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit
Supply voltage VDD 2.4 5 5.5 V
Active current Note 1 IDD 7 15 mA
Sleep current Note 2 ISLE 3 7 10 µA
Power save current Note 3, 8 IPS 5 8 µA
Supply current quotient Note 7, 8

�IDD
�

fRC
2 2.1 mA

MHz

RC oscillator frequency Note 5, 8 fRC 2 3.5 MHz
Internal power-on reset
Power–on reset voltage Note 4, 8 VPOR 1.8 2.2 V
POR voltage hysteresis Note 8 ∆VPOR –100 mV
�
�

�� 
���

Hi–Z leakage current Open drain IOZ ±20 ±300 nA
Output capacitance Note 8 COUT 5 10 pF
Input pads (except OSCIN and RST under test conditions)
Input voltage high VIH 0.8*VDD VDD V
Input voltage low VIL VSS 0.2*VDD V
Input current low VIN = VSS; no pull up IILO –20 –300 nA
Input current high VIN = VDD IIH 20 300 nA
Input capacitance Note 8 CIN 5 10 pF

RST and OSCIN input pads under test conditions
Input voltage high VIH VDD VDD V
Input voltage low VIL VSS VSS V
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UnitMax.Typ.Min.SymbolTest Conditions / PinsParameters
Bidirectional Ports 0, 1, 4, Outputs NST, OD and buzzer
Input current low **) VIN = VSS IIL –3 –5.5 –8 µA
Output current high VOH = 4 V IOH –1.2 –2 mA
Output current low VOL = 1 V IOL 2.5 3.5 mA
Input port 5
Input current low **) VIN = VSS IIL –25 –45 –60 µA
���� ��	�
� 	��

Input current low **) VIN = VSS IIL –25 –50 µA
Interrupt Schmitt-trigger input pads INT2, INT7
Input current low **) VIN = VSS IIL –20 –37.5 –60 µA
Negative going threshold
voltage

Note 8 VT– 1.6 V

**) I IL  values are only valid if the pull up resistor is optioned in.

4.4 DC operating Characteristics, VDD = 2.4 to 5.5 V, TA = +25°C
Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit

LCD driver Segment outputs: SEG1 ... SEG20
[5VLCD panel] Backplane outputs: COM0 ... COM3
Regulated voltage Note 6 VREG 1500 1650 1800 mV
Doubler voltage VREG = 1650 mV VEE1 3000 3300 3600 mV
Tripler voltage VREG = 1650 mV VEE2 4500 4850 5400 mV
Temperature compensa-
tion

relative to VREG; Note 8 TREG –7 –8 –9 mV/°C

Backplane frequency 4:1 multiplex fBP 64 Hzp q y
3:1 multiplex

BP

43 Hz
2:1 multiplex 64 Hz
Direct drive 128 Hz

Segment output resistance ∆VSEG= 100 mV; Note 8 R SO 3 5 4 5 6 kΩSegment output resistance ∆VSEG = 100 mV; Note 8 R SO 3.5 4.5 6 kΩ
Backplane output resis-
tance

∆VBP = 100 mV; Note 8 R BO 1.7 2.25 3 kΩ

Average DC offset volt-
age

Note 8 VDC 50 100 mV

Quartz oscillator
Frequency CL = 10 pF fC 32,768 Hz
Integrated input capaci-
tance

Note 8 CIN 20 pF

Integrated output capaci-
tance

Note 8 COUT 23.5 pF

Stability  AVDD = 100 mV; Note 8 ∆f/f 0.1 1 ppm
Start up time AVDD  = 3.0 V tSQ 2 4 sec
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4.5 DC Electrical Characteristics, VDD = 3 V

VDD = 3 V±10%, VSS = 0 V, TA = –10°C to +75°C, unless otherwise specified.

Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit

Active current Note 1 IDD 1.5 3 mA

Sleep current Note 2 ISLE 4 7 µA

Power save current Note 3 IPS 2.5 6 µA

Supply current quotient Note 7
�IDD

�

fRC
0.8 0.9 mA

MHz

RC oscillator frequency Note 5
fRC

0.8 1.6 MHzq y

VDD = 2.4 V
fRC

0.4    0.75 MHz

Internal power-on reset
POR voltage Note 4 VPOR 1.2 1.8 2.4 V

Bidirectional Ports 0, 1, 4 outputs NST, OD and buzzer
Input current low **) VIN = VSS IIL –0.6 –1.6 – 3.2 µA

Output current high VOH = 2.4 V IOH –0.7 –1.4 – 2.1 mA

Output current low VOL = 0.6 V IOL 1.5 2.5 3.5 mA

Input Port 5
Input current low **) VIN = VSS IIL –5 –15 – 25 µA

RST input pad
Input current low **) VIN = VSS IIL –3 –8 – 15 µA

Interrupt Schmitt-trigger input pads INT2, INT7
Input current low **) VIN = VSS IIL –5 –12 – 20 µA

**) IIL values are only valid if the pull up resistor is
optioned in.

Notes:

� All values shown reflect average measurements.

� Typical values at midpoint of voltage range, +25°C
only.

� Data is for design guidance only and is not tested for,
or guaranteed by TEMIC.

4.6 DC Electrical Characteristics, VDD = 5 V

VDD = 5 V±0%, VSS = 0 V, TA = –10°C to +75°C, unless otherwise specified.

Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit

Active current Note 1 IDD 8 15 mA

Sleep current Note 2 ISLE 7 11 µA

Power save current Note 3 IPS 6 10 µA

Supply current quotient Note 7 �IDD
�

fRC

2 2.5 mA
MHz

RC osc. frequency Note 5 fRC 1.5 3.5 8 MHz

Internal power-on reset
POR voltage Note 4 VPOR 1.2 1.8 2.4 V

Bidirectional Ports 0, 1, 4, Outputs NST, OD and buzzer
Input current low **) VIN = VSS IIL –2.5 – 5.5 –9.0 µA

Output current high VOH = 4 V IOH –1.0 –2.2 –4.0 mA

Output current low VOL = 1 V IOL 2.0 3.7 6.0 mA
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UnitMax.Typ.Min.SymbolTest Conditions / PinsParameters

Input Port 5
Input current  low **) VIN = VSS IIL –15 –45 –70 µA

RST input pad
Input current low **) VIN = VSS IIL –10 –25 –70 µA

Interrupt Schmitt-trigger input pads INT2, INT7
Input current low **) VIN = VSS IIL –15 –40 –70 µA

**) IIL values are only valid if the pull up resistor is
optioned in.

Notes:

� All values shown reflect average measurements.

� Typical values at midpoint of voltage range, +25°C
only.

� Data is for design guidance only and is not tested for,
or guaranteed by TEMIC.
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Figure 27.  Typical IOH vs. VDD–VOH
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Figure 28.  Typical IOL vs. VOL for all ports
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Figure 29.  RC oscillator frequency vs. supply voltage
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Figure 30.  RC oscillator frequency vs. supply voltage
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Figure 31.  Typical RC oscillator frequency vs. temperature



TELEFUNKEN Semiconductors (e3505) M43C505

Rev. A1: 21.08.1995 35 (41)

1.2

1.4

1.6

1.8

2.0

2.2

2.4

–20 –10 0 10 20 30 40 50 60 70 80

[V]

Hysteresis

MIN.

TYP.

MAX.
PORV

PORV

��� ����

Figure 32.  Power-on reset voltage vs. temperature

Note 1: Maximum active current (IDD)

This is the current observed at the VSS pin with the crystal
oscillator, the LCD driver and µC core permanently
active. No output loads, all input ports and interrupt
inputs connected to VDD and the prescaler is reset. This
mode can be achieved by connecting the RST pin to VSS.

The average system current of an application can be esti-
mated with the formula:

ISYS : = ISLE + (Duty cycle/100% x IDD ), whereby
Duty cycle:= Active time x 100% /
(Sleep time + Active time)
IDD:= 1.4 mA ; ISLE:= 4 �A at 3 Volts.

In time keeping mode the duty cycle is typically less than
1%, which gives a current consumption of about 18 µA
at 3 Volts.

Note 2: Sleep current (ISLE)

This is the current taken with the crystal oscillator and the
LCD driver active, the prescaler reset, the �C core in
SLEEP mode and all input ports, bidirectional ports (if in
input mode) and interrupts connected to VDD. This state
can, unless catered for in the application program, only be
permanently achieved under production test conditions.

Note 3: Power save current (IPS)

This is the current taken with the crystal oscillator active,
the prescaler reset, the µC core in SLEEP mode, the LCD
driver in the power saving mode and all input ports,

bidirectional ports (if in input mode) and interrupts con-
nected to VDD. This state can, unless used in the
application program, only be permanently achieved
under production test conditions.

Note 4: Power-on reset voltage (VPOR)

This is the supply voltage, which must be exceeded for the
internal power on reset circuit to be released. The switch-
ing function can be observed on the RST pin.

Note 5: RC oscillator frequency (FRC)

The RC oscillator provides the central clocking of the
core and the frequency varies with supply voltage and
temperature to track the optimum performance of the µC.
This frequency can be measured on the TCL  pin by con-
necting the RST and TST1 pins to VSS.

Note 6: LCD voltages are measured with

– 100 nF capacitor between C1 and C2

– 100 nF capacitor between VEE1 and VSS

– 100 nF capacitor between VEE2 and VSS.

A load capacitance of 200 pF is connected between each
backplane and VSS.

The regulated and temperature compensated LCD volt-
age VREG can also be supplied from an external voltage
source through the VREG pin, as long as the externally
supplied voltage is larger than the internally generated
voltage. It is also possible to supply all three LCD voltage
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levels through the pads VREG, VEE1 and VEE2 as it is
done under production test conditions.

Note 7: Supply current quotient

Normalized active current relative to the core’s operation
frequency.

The frequency of the integrated RC oscillator depends on
the supply voltage as well as on the process parameters
(i.e. sum of threshold voltages).

Note 8: Measurement not subject to production test

5 Mechanical Data
This chapter contains the pad layout, pad coordinates, and
pin assignments for the 64 pin plastic QFP. The 64 pin

ceramic DIL package for emulation purposes is also
included.

5.1 Pin Assignment – QFP64

COM3

S02

S03

S04

S05

S06

S07

S08

S09

S10

S01

S12

S11

S13

S14

COM0

COM2

COM1

V

S
15

S
16

B
P

42

T
S

T
1

B
P

43

B
P

41

B
P

40

T
C

L

S
19

S
20

S
18

S
17

1 51

3319

OSCIN

OSCOUT

BP00

BP01

OD

NST

BP10

BP11

BP12

BP13

TST2

N.C.

N.C.

N.C.

N.C.

AV

AV

RST

B
P

03

B
P

02

IP
50

IP
51

IP
52

IN
T

2

IN
T

7

IP
53

C
1

C
2

M43C505

EE1

DD

SS

V
E

E
2

V
R

E
G

V
D

D

V
S

S

64

52
3220

Figure 33.  M43C505 in 64 pin plastic QFP (top view)
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5.2 Emulation Package
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5.3 Pad Layout
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Figure 35.  M43C505 in 64 pin ceramic DIL

5.4 Pad Coordinates
The M43C505 is also available in die form for COB mounting. Therefore the substrate, i.e. the backside of the die,
should be connected to VSS.

Die size: 3.742 × 3.439 mm = 148 × 135 mils = 12.87 mm2

Pad size: 100 × 100 µm

Thickness: 480 ± 25 µm (= 19 ± 1 mil)
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Table 7.  Pad coordinates

No. Name X point Y point No. Name X point Y point

1 BP02 0 0 31 S12 2728.0 3036.8
2 NST 202.0 0 32 S11 2562.0 3036.8
3 OD 380.8 0 33 S10 2386.0 3036.8
4 BP01 556.8 0 34 S09 2220.0 3036.8
5 BP00 889.6 0 35 S08 2044.0 3036.8
6 BP13 1065.6 0 36 S07 1878.0 3036.8
7 BP12 1364.4 0 37 S06 1702.0 3036.8
8 BP11 1540.4 0 38 S05 1536.0 3036.8
9 BP10 1847.2 0 39 S04 1360.0 3036.8
10 RST 2023.2 0 40 S03 1194.0 3036.8
11 OSCOUT 2189.2 0 41 S02 1018.0 3036.8
12 AVSS 2467.2 0 42 S01 852.0 3036.8
13 AVDD 3333.6 0 43 COM3 676.0 3036.8
14 OSCIN 3340.0 184.4 44 COM2 342.0 3036.8
15 TST2 3340.0 360.4 45 COM1 166.0 3036.8
16 TST1 3340.0 526.4 46 COM0 0 3036.8
17 TCL 3340.0 702.4 47 VEE1 0 2829.0
18 VSS 3340.0 868.4 48 C1 0 2653.0
19 BP43 3340.0 1189.2 49 C2 0 2274.2
20 BP42 3340.0 1488.0 50 VEE2 0 2098.2
21 BP41 3340.0 1664.0 51 VREG 0 1932.2
22 BP40 3340.0 1962.8 52 INT7 0 1756.2
23 S20 3340.0 2188.0 53 VDD 0 1590.2
24 S19 3340.0 2354.0 54 INT2 0 1424.2
25 S18 3340.0 2530.0 55 IP53 0 1248.2
26 S17 3340.0 2696.0 56 IP52 0 1034.2
27 S16 3340.0 2872.0 57 IP51 0 738.8
28 S15 3340.0 3038.0 58 IP50 0 524.8
29 S14 3070.0 3036.8 59 BP03 0 332.8
30 S13 2904.0 3036.8 60
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6 Ordering Information
Please insert ROM CRC and select the option setting from the list below.

BP40 �� CMOS
�� Open drain
�� Pull-up
�� No pull-up

BP40 �� CMOS
�� Open drain
�� Pull-up
�� No pull-up

BP4 �� CMOS
�� Open drain
�� Pull-up
�� No pull-up

BP42 �� CMOS
�� Open drain
�� Pull-up
�� No pull-up

BP43 �� CMOS
�� Open drain
�� Pull-up
�� No pull-up

IP50 �� Pull-up
�� No pull-up

IP51 �� Pull-up
�� No pull-up

IP52 �� Pull-up
�� No pull-up

IP53 �� Pull-up
�� No pull-up

INT2 �� Pull-up
�� No pull-up
�� Pull-down
�� Active pull-up/pull-down

INT7 �� Pull-up
�� No pull-up
�� Pull-down
�� Active pull-up/pull-down

OSCIN �� Internal CAP
�� No CAP

OSCOUT �� Internal CAP
�� No CAP

Buzzer �� 2.048 kHz
�� 4.096 kHz

LCD VReg �� External
� 5VLCD

Package �� DIT
�� 64 pin QFP
��

�� 44 pin PLCC

ROM code �� Size: _._  kByte
�� CRC: ______ hex

�� _________.HEX
�� Stimulus at Port 0: ______

Approval �� Date:  __.__.9_
�� Signature: _______________
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Ozone Depleting Substances Policy Statement

It is the policy of TEMIC TELEFUNKEN microelectronic GmbH  to

1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating systems
with respect to their impact on the health and safety of our employees and the public, as well as their impact on
the environment.

It is particular concern to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987) and its London Amendments (1990) intend to severely restrict the use of ODSs and
forbid their use within the next ten years. Various national and international initiatives are pressing for an earlier ban
on these substances.

TEMIC TELEFUNKEN microelectronic GmbH  semiconductor division has been able to use its policy of
continuous improvements to eliminate the use of ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class I and II ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C ( transitional substances) respectively.

TEMIC  can certify that our semiconductors are not manufactured with ozone depleting substances and do not contain
such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in different applications. All operating parameters must be validated for each customer

application by the customer. Should the buyer use TEMIC products for any unintended or unauthorized
application, the buyer shall indemnify TEMIC against all claims, costs, damages, and expenses, arising out of,

directly or indirectly, any claim of personal damage, injury or death associated with such unintended or
unauthorized use.

TEMIC TELEFUNKEN microelectronic GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2831, Fax number: 49 (0)7131 67 2423
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