TEMIC

TELEFUNKEN Semiconductors

(e3505)M43C505

MARCA4 — 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 bifuC contains an on-chip RC oscillator, CPU core, RAM, ROM, 1/O, 32 kHz crystal oscillator, 15 stage

prescaler and liquid crystal display driver circuitry.

Features e \ersatile interrupt handling with the unique AUTO-
SLEEP feature
Hardware and Software Features
) ) ) ® Self-check routines
® 4 bit stack oriented Harvard architecture ) o )
, . Programmable LCD driver circuitry with 20 segment
e Independent power suppligsd-crystal oscillator) drivers
® 4k x 8 bit of on-chip ROM 80 pixels in 4:1 multiplex drive mode
) ) 60 pixels in 3:1 multiplex drive mode
® 256 x 4 bit of on-chip RAM
L . ® Piggyback version for program evaluation
® 12 bidirectional I/O lines i
® 4 input lines with interrupt facility Benefits
e Fast on-chip RC oscillator ] Zomlliec;tsig\é?g and SLEEP mode for battery-operated
3.5 MHz internal operating frequency at 5 \Volts. pp
Min. 1 MHz at 3 \Volts ® RAM and core register contents valid app/ =

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

2.4 \olts (uC in SLEEP mode)

High level language gFORTH with a highly optimiz-
ing compiler

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

® PC based development system
® ROM look-up table instructions
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Figure 1. Block diagram of M43C505
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1 Signal Description, I/0O Programming, Memory, Core Registers,
and Self-Check

This section provides a description of the 1/O signals, thk, 1.4 TCL (RC Oscillator)
input/output programming, memory, core registers, and

a description of the self-check. The system clock for theC is derived from a fully inte-
] o grated on-chip RC oscillator circuit. This oscillator tracks
1.1 Signal Description the supply and temperature to ensure optimum operation

of the microcontroller under all conditions.

111 Vbo. Vss AVpp and AVss The TCL pin can be used as clock input for an external
Power is supplied to the microcontroller using these pineMOS oscillator. In this configuration the low power
Vpp is power for theuC core, RAM, ROM and the SLEEP mode cannot be used and care must be taken with
peripheralsVssis ground AV pp is power for the crystal the reset conditions. TRECL pin must be held low for
oscillator andAV ssis ground. at least 1ms after the release of power-on or an external

1.1.2 Veee, Vees, VEED, C1 and C2 reset to allow the external clocking mode.

VREegG is the temperature compensated reference for t&el'5 TST1, TST2

LCD voltage booster circuitry. It is used for building upThese two lines contain integrated pull-up transistors and
the doubled (eg1) and tripled Veg2) voltage levels define different production and emulation test modes.
required by multiplexed LCDs. The pump capacitor fowhen both are high, theC is in the normal operation
the voltage generator is connected betw&érandC2. mode.

Storage capacitors must be attacheW¥@gt; andVeggs

towards \&s (see figure 15). As mask programmablel-1.6  OSCIN, OSCOUT (Crystal

option VReg can be either supplied from an external Oscillator)

source or generated internally. Normally a 32 kHz standard watch crystal is connected to

1.1.3 RST these pins. As mask programmable option a built-in

- ) i capacitor of 20 pF can be connected to each pin.
TheRST input is not required for startup but can be used

to reset the internal state of the microcontroller and prd® ensure proper operation of the crystal oscillator a cho-
vide an orderly software startup procedure. RefReset Sen crystal should follow the specification given in the

modesin section 2 for a detailed description. table below.
(&) 32.768 kHz ‘H‘ *) Customer Option (b)L Cq RS
‘ A B
OSCIN OSCouT
20 pF 20 pF I
Rp R I
[ p»] o [ ]
! — (et Co

L 4‘>O_<, L OA n OB

o i

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 kQ
Static/Shunt capacitance Co 15 pF
Dynamic capacitance C1 3 fF
Load capacitance CL 10 12.5 pF

Rev. Al: 21.08.1995 5 (41)
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The crystal and components should be mounted as close

as possible to the input pins to minimize output distortion 3505

and startup stabilization time. OSCIN  OSCOUT

Use of an external CMOS oscillator is recommended I_ N.C

when crystals outside of the above specified range are to T
—— < External clock

be used.
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/0 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 functioqmbgramming paragraph for more details concerning the
description of the on-chip modules. programming.

1.1.8 BP00-BP03, NST and OD 1.1.11 IP50-1P53

These four I/O lines and two strobe output linMST, These four input lines comprise port 5. As a mask pro-
OD) comprise port 0. The port consists of CMOS outpugrammable option each input line can be used with or
drivers with an integrated pull-up resistor in the inpuivithout an integrated pull-up resistor. The port 5 logic is
mode. The direction of the port is software programmabt@pable of generating an additional interrupt (priority
and all port 0 lines are configured as input during powevel 4), when any of the four input lines is driven low.

er-on or external reset. Refer to theput/Output  This function is disabled after power-on or external reset.
programming paragraph for a more detailed descriptionRefer to thdnput/Output programming paragraph for

11.9 BP10-BP13 more details concerning the programming.

These four I/O lines comprise port 1. The port contain]é']":l'2 COMO-COM3

CMOS output drivers with an integrated pull-up resistorhese four output lines provide the backplane drive sig-
in the input mode. The direction of the port is softwaraals which should be connected directly to the liquid

programmable and all port 1 lines are configured as inpettystal display unit. The backplane output signals are
during power-on or external reset. Refer to theut/  generated in accordance with the selected LCD drive
Output programming paragraph for a detailed mode. If less than four backplane outputs are required the
description. unused outputs should not be connected.

1.1.10 BP40-BP43 1.1.13 SO01-S20

These four 1/0O lines comprise port 4. As mask prograni-hese 20 segment output lines provide the segment drive
mable option each I/O line can be used as CMOS or opgignals which should be connected directly to the liquid
drain output and with or without an integrated pull-ugrystal display unit. The segment output signals are gen-
resistor in the input mode. See figure 4 in the followingrated in accordance with the multiplexed backplane
paragraph for a port schematic diagram. signals and with the data resident in the display latch.
L . When less than 20 segment outputs are required the
The direction of the complete port is software program-
: ' , . unused segment outputs should not be connected.
mable and all port 4 lines are configured as input during

power-on or external reset. Refer to fheut/Output
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1.1.14 INTZ2, INT7 (External Interrupts) 1.2 Input/Output Programming

The external interrupt inputs are negative edge triggergqdo 1 Bidirectional Ports
and have Schmitt-trigger characteristics to improve the
noise immunity. Port 0, 1, and 4 may be programmed as an input or an out-

. . ._put under software control. The direction of a port is
The m!crocontroller completes the current lnstruc'tlo etermined by an IN or OUT instruction and is held until
beforg It resppnqls to Fhe Interrupt request. When the 'n?ﬁother IN or OUT instruction for this port is executed.
rupt input pin is driven low a logic one is latche
internally to signify the interrupt request, if the correThe direction of these bidirectional ports is not switchable
sponding enable bit in the mask register is set. When thg a bit-wise basis. The output latches hold the state of the
microcontroller completes its current instruction, théast data value written to the port. At power-on or external
interrupt pending register is tested. If an interrupt is penggset all pins of Port 0, 1, and 4 are set to input mode and
ing and the interrupt enable bit in thendition code all output latches are set to a logic 1. Whenever the port
register is set, the interrupt sequebegyins. Sednter-  is switched from input to output the last value stored in the
rupts in section 2 for more details. latches will appear on the outputs for one clock cycle

(see figure 5).

When switching bidirectional ports from output to input
1.1.15 Buzzer (INT2) the stray capacitance of the connection wires may cause
ThelINT2 pin is bidirectional. When set to input, this pa&he data read to be the same as the last data written to this
functions as an external, maskable interrupt. When setR@'t: This behaviour can be used by connecting large
output the programmer can choose between a static ofiRough capacnors_to the pins Qf the bld!rectlonal port to
put value or an audio frequency square wave. The buzz8d back the previous data written to this port.

frequency of 2.048 or 4.096 kHz is selectable as a magh the other hand, to avoid the negative effects of stray
programmable option. Seterrupts in section 2 for capacitances one of the following approaches should be

more details on programming. used:

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

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

\1DD
* Customer Options — * —
B L L

1/0O Cirl Port Dir
—>
D Q Protection @

g
1

POR
—_——
Y
1/0 Bus S Data Out

< »D Q

Data In z O<}

Figure 4. Bidirectional port schematics
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Bidirectional port O The NST pin is an active low strobe issued when data

The bidirectional Port O supports a hardware interface f&vrrltten toport Ois valid. TheD signal is a strobe indicat-

. . : ; ng that data is being read from port 0 by @& Data
external devices which require a data write strobe an must be valid at the latest 100 ns after the falling edge of

data read strobe pin. 0D (figure 5).
Instr. Port0 IN >Q | OR Port0 ouT >Q LIT_?_
\
Port0 Fh D< Data‘ Hi—Z (internal pull-up) w Data valid
| |
Port_Dir0 7O@t @ei - N ‘ Input mode ‘ | Oui)utmde
NST
- —
o© N A
*** |_ast 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 * Customer Option
. : ® Vpp
The data on Port 5 is sent to the top of the expression stack N
: X . ) —
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 L
. ) ) . . . I/0 bus 0 IP50
lines is driven low. This function is useful for implement- : . ESD_ e
ing an interrupt driven keyboard. It is disabled after Protection
power-on or external reset. The corresponding interrupt
level 4 is enabled by writing any value to Port 5 and auto- P51
matically disabled after a read operation from Port 5. The @M IP52
interrupt service routine may use the prescaler to perform IP53
a software based keypad debouncing. Enable _|

Figure 6. Port 5 with pull-up option
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1.3 Memory

The MARC4 family of microcontrollers is based on thespecial subroutines accessible with single byte (SCALL)
Harvard architecture with physically separate prograimstructions. The corresponding memory map is shown in
memory (ROM) and data memory (RAM). figure 7.

The program memory (ROM) is mask programmed witithe self test routines should be included as part of the free
the customer application program during the fabricatioprogram space. The 16 bit check sum (CRC) is located by
of the microcontroller. The ROM is addressed by a 12 kite compiler in the last two bytes of ROM.

wide program counter, thus limiting the program size to, .\ 1o 256 4 bit RAM is divided in the 12 bit wide

33?:12)('2::2:;; 4r22?n2¥;es'r\rl1vg |<;hsec? rlg]gt\ﬂbi;ﬁ: n\,?,ﬁﬁ kf)égtum stack, the 4 bit wide expression stack (both with a
512 byte segment (“Zero Page”) which contains predg-ser definable depth) and the data memory. The fixed

fined start addresses for interrupt service routines arr]%turn address (000h) which points to the SAUTOSLEEP
P routine is located at RAM address FCh.

ROM RAM

(4k x 8 bit) (256 x 4 bit)
Auto-Sleep
I

P zeropage | "
$AUTOSLEEP | 000
IFFh T N— — =
Self tests Y
(200 bytes) oosh _" Global
— $RESET o ———Variables
X »
free INTO 040h >
rogram N
pspice INTL 080h && unused
NN N
INT2 0COh sp §\§\§§§§ Expression
N O Stack

INT3 100h TOS_ION \
INT4 140h
INT5 180h
INT6 1con RP Return

FFEh| 16 bit ROM | INT? 1EOh Stack

FFFh| check sum 0oh

> 4x4bit €

Figure 7. Memory map
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1.4 Core Registers

3 0
| TOS Accumulator (Top of stack)
7 T T T T 0
‘ SP ‘ Expression stack pointer
T T
X
1 1
RAM address register
T
| v |
[l T
‘ RP ‘ Return stack pointer
| | |
11 0
T T T T
‘ PC ‘ Program counter
c, z B, I Condition code register

Interrupt enable
Branch
Zero

Carry / Borrow

Figure 8. Programming model

As shown in the programming model below, the MARC&sing either the pre-increment or post-decrement addres-
core has seven registers. sing mode it is comfortable to compare, fill or move

14.1 Accumulator (TOS) arrays in the RAM area.

Because this microcontroller is a stack based machir:!'éﬂr'4 Return Stack Pointer (RP)

with two on-chip stacks located in the internal RAM, allThe return stack pointdP points to the top element of
arithmetic, I/0O and memory reference operations takbe return stack.

their operands from, and return their resuit to the 4 t.the 12 bit wide return stack is used for storing subroutine

wide expression stack. This stack is also used for passing - addresses and keeping loop index counts. The

parameters between subroutines, and as a scratchpad algd
return stack can also be used as a temporary storage area.

for temporary stor_age of d.ata' The top.element of thFhe MARC4 instruction set supports the exchange of data
expression stack is immediately accessible through ttae

TOS register. The MARC4 can perform most of the étween the top elements of the expression and return
operations déaling with the top of stack items (TOS anséaCk' The return .stack automaUc_aIIy pre-increments a}nd
TOS-1) in a single byte, single cycle instruction post-decrements in steps of 4. This means that every time

' ' a subroutine return address is stacked, 4 bit RAM loca-
142 Expression Stack Pointer (SP) tions are left unwritten. These locations are used by the

o . . gFORTH compiler to allocate 4 bit variables.
The 8 bit wide stack point&Pcontains the address of the

next-to-top 4 bit item (TOS-1) on the expression stack\fter power-on reset the return stack pointer has to be ini-
located in the internal RAM. After power-on reset thédialized to FCh.
stack pointer has to be initialized to the start address of tl_|1__e4_5 Program Counter (PC)

allocated expression stack ar&8)(
. The program counteP(C) is a 12 bit register that contains
1.4.3 RAM Address Register (X and Y) the address of the next instruction to be executed by the

The 8 bit wide registers andY are used to address anymicrocontroller.
4 bit item in the RAM.

10 (41) Rev. Al: 21.08.1995
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1.4.6 Condition Code Register (CCR) Instructions such as SET_BCF, TOG_BF, and CLR_BCF
allow the direct manipulation of the branch flag under

The 4 bit wide condition code regist€¢R) indicates rogram control. The flag is affected by all ALU opera-
the results of the instruction just executed as well as tﬁ@ns except CCR@, DI, SWI, RTI, and OUT.

state of the microcontroller. These bits can be individu-
ally tested by a program and specified action will takbterrupt enable (1)

place asa result of their state. Each bit is explained in thgjg flag is used to control the interrupt processing on a
following paragraphs. global basis. Resetting the interrupt enable flag (using the
Carry/Borrow (C) DI instruction) disfables all interrupts. Tlp_é: doe_s not

) o . process further interrupt requests until the interrupt
Thls flag |r}d|catgs that a borrow or carry _out of the arithsyaple flag is set again by either executing an EI, RTI
metic logic unit (ALU) occurred during the last(getyrn-from-interrupt) instruction or entering the
arithmetic operation. This bit is also affected during shi| eep mode. After power-on or an external reset the
and rotate operatlor|1§ and the execution of SET_BGHterrupt enable flag is automatically reset. The RTI
CLR_BCF and CCR! instructions. instruction at the end of the $RESET routine will set the
Zero (2) interrupt enable flag and thereby enable all interrupts.

When this bit is set, it indicates that the result of the ladt4.7 Self-Check

arithmetic or logical manipulation was zero. The self test capability of the MARC4 provides the possi-

Branch (B) bility of easily checking the core by executing the RAM
A conditional branch takes place when the branch fla 'd ROM tests after power-on reset. The RAM_TEST

was set by one of the previous instructions (e.g. a comp r-d .R.OM—TEST routl_n_es shquld be_included glther
ison operation). conditionally or unconditionally in the SRESET routine.

Example: Different methods to implement the self test routines

:$RESET >SP SO : $RESET DI
>RP FCh >>SP SO
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 differentVariable and array initialization, and
interrupt capabilities of this microcontroller. The low e .
X ) e |nitialization and setup of the peripherals.

power consumption modes are also discussed.
After execution of the reset service routine the interrupts
2.1 Reset Modes are enabled automatically by the RTI or a previously

The M43C505 has two reset modes: an active low ext&)gecuted El instruction.

nal reset pinRST) and a power-on reset function. 22 Interrupts

2.1.1 External Reset (RST The M43C505 can handle interrupts of 8 priority levels
The RST input pin is used to reset the to provide an (table 3). They are generated from on-chip modules
orderly software startup procedure. When using the extéRrescaler), external sources (Port 5 and interrupt pads) or
nal reset mode, tHeST p|n should be low for a minimum SynChrOﬂOUSly from the core itself (SOftware interruptS).

of two instruction cycle times. Each interrupt source has a hard-wired interrupt priority
and an associated interrupt service routine in the program
2.1.2 Power-on Reset ROM. The programmer can enable or disable all inter-

The power-on reset occurs when a positive transition j4PtS by setting or resetting the interrupt enable flag in the
detected on the power supply input pin. The power-gnCR using the El or Dl instruction.
reset is used strictly for power turn-on conditions andvhen the interrupt enable flag is reset (interrupts dis-
should not be used to detect any drops in the power supghjed), the execution of interrupts is inhibited but not the
voltage. A power-down reset occurs when a negative traagging of the interrupt requests in the interrupt pending
sition is detected on the power supply input pin. Teegister. While interrupts are disabled (e.g. for a time crit-
improve noise immunity the power-on reset has Schmifical section of code) and an interrupt is generated the
trigger characteristics as shown in figure 32. interrupt will not be lost. Its execution will only be
213 Effects on Internal Circuitry delayed until interrupts are engbled again. Iqterrupts are
only lost when the pending register for a particular inter-
Both reset modes guarantee a well-defined start conditicupt priority is still set at the time of a further interrupt
of the complete microcontroller. During reset all intertransmission of the same level. The pending register is
rupts are disabled, all pending and active interrupts af@set either on power-on reset or on completion of the cor-
cleared, all on-chip peripherals are reset and a non-masggsponding interrupt service routine by executing the RTI
able interrupt request is generated. This interrupt has timstruction (see figures 9 and 10).

absolute highest priority, having access to the microcor}he pC automatically enters the SLEEP mode when the
troller at all times. lowest priority interrupt service routine has been com-
The main tasks of the reset service routine (SRESET) apeted. This guarantees a maximum use of the power
. L vin iliti f theC. Refer td_ow power m

® Stack pointer initialization, ?; mgrzaiﬁ?c?rmaetisoﬂ heC. Refer td.ow power modes

e Self test program execution,

12 (41) Rev. Al: 21.08.1995
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Table 3. Interrupt priority ad address allocation map

Priority Function _ Located Max. length Interrupt
in ROM at [ROM bytes] opcode
$RESET | Software & hardware initialization 008h 56 Cilh
INT7 External hardware interrupt, negative edge 1EOh =224 FCh
triggered
INT6 Prescaler interrupt #2 1COh 32 F8h
INT5 Prescaler interrupt #1 180h 64 FOh
INT4 Port 5, keyboard interrupt 140h 64 E8h
INT3 Software interrupts (SWI3) 100h 64 EOh
INT2 External hardware interrupt, negative edge 0COh 64 D8h
triggered
INT1 Software interrupt (SWI1) 080h 64 DOh
INTO Software interrupt (SWI0) 040h 64 C8h

s

SLEEP mode*

lv

Wake up RC oscillator

G

Decode interrupt &
set INTx pending bit

Priority decode:
ending INT > active INT

‘ Set INTx active bit ‘ v
i Continue the
active INT routine

‘ Execute INTx opcodes ‘

&

‘ INT routine finished (RTI) ‘

i

‘ Reset corresponding active & pending 4it

SLEEP mode

Figure 9. Interrupt flowchart
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2.2.1 Interrupt Handling start address of the corresponding interrupt service rou-
) ) ] tine. When theuC is in the SLEEP mode it will be
The integrated interrupt controller samples all interrupiciivated by any hardware interrupt, by the means of start-
requests and latches these in the interrupt pending regﬁg- the RC oscillator and decoding the interrupt. Using
ter. It also decodes the priority of the interrupt requestg,e MaARC4 way of interrupt transmission it is possible to
and signals theC when a higher priority interrupt requestyansmit more than one interrupt at the same time. The
is present. If theC (with interrupts enabled) receives thg ansmitted interrupts are loaded into the interrupt pend-
interrupt controller’s signal an interrupt acknowledge,?ng register asynchronously. The priority decoder

cycle will be entered. During this cycle, th€ saves the  getermines the interrupt with the highest priority and acti-
current PC on the return stack and loads the PC with t)§e5 it as shown in figure 9.

INT7J

7+ INT7 activd
RTI
INTS

|
©
@ ot INT5 acti

RTI
> INT3
241 J
o
= 3 INT2
o o1 |INT3 activ
RTI
2+ INT2 pending INT2 activd
RTI
14 swig
0+ INTO pending INTO activp
RTI
Main 7 (™Man7 lp
——

Time
94 8978

Figure 10. Interrupt processing

The interrupt priority level handling versus time is show?.2 .4 Hardware interrupts
in figure 10.
Port 5 Interrupts

2.2.2 Interrupt Latency The input Port 5 may generate an interrupt of priority

The interrupt latency is the time from the falling edge devel 4 if any of the four input lines of Port 5 is driven low.
the interrupt to the interrupt service routine being actiFhis function is disabled after power-on reset.

\{ateq. Th|s_t|me Is at minimum three and at maximung, interrupt is enabled by writing any value to Port 5 and
five instruction cycles depending on the state of the core. ; .
automatically disabled after a read from Port 5.

The highest interrupt frequency which can be reasonab'?y
handled is between 1 and 4 kHz depending on the supfyternal interrupts
voltage range (i.e. the RC oscillator frequency) and t

duty cycle of the application. hI";}ne external interrupiNT2 andINT7 are negative edge

triggered and have Schmitt-trigger characteristics to
223 Software Interrupts improve the noise immunity. As shown in figure 11, the

) ) _ ) following mask programmable options are available on
Software interrupts are executable instructions which ajge two external interrupt input pads:

supported by predefined macros named SWIO through
SWI7. The software triggered interrupt operates exact®y ntegrated pull-up

like any hardware triggered interrupt. e Integrated pull-down

14 (41) Rev. Al: 21.08.1995
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e Active pull-up/pull-down

e No pull-up or pull-down

Interrupt
logic

*
Customer options

INT2 )

>y ey
=R
Bl

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
current flow associated with a pull-up or pull-down resi

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 O for a longer period of time.

2.2.5 Interrupt Mask Register

The external interrupttNT2 and INT7 are maskable.
This meandNT2 or INT7 may be disabled individually
while still receiving all other interrupts.

Additionally, if not used as an interrupt inpUYiT2 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
frequencyf ¢ and can be easily calculated by the follow-
ing formula:

f f
fBUZ = 2_(; or 2_3
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

dBOde may also be useful for trimming the crystal oscilla-
St_or frequency.

tor. The pull-up or pull-down function is selectedAll of these actions are selected by writing a control code
depending on the current state of the Schmitt-trigger out 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

Rev. Al: 21.08.1995
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2.3 Prescaler Interrupts

The programmable prescaler is usually driven by at28 Hz down to 1 Hz. They are selectable by writing a
external 32.768 kHz watch crystal. Using for example @alue of 7 to 0 into the control register at port address 15.
38.4 kHz crystal, it is possible to emulate an asynchrdhe corresponding interrupftNT5) can only be masked
nous serial interface protocol easily by software. by resetting the complete prescaler.

The prescaler consists of a 15 stage divider chain with tWide second interrupt sourc®N{6) allows the selection
multiplexers. They offer two interrupt sources with priorof 5 different taps from the divider chain ranging from
ity level 5 and 6. The prescaler module powers up in ttebout 4 kHz down to 16 Hz by writing the corresponding
reset condition which corresponds to control code Fh. Tlsede (Dh to 9) into the control register at port address 15.
prescaler interrupiIT5) has 8 programmable taps from

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

Control Interrupt Interrupt fc=32.768 kHz
Code source frequency Time interval Interrupt frequency

F none Reset & hold complete prescaler
E (INT5 only) INT6 disabled,INT5 still active
D INT6 fel23 244.14us 4096 Hz
C INT6 fel2° 976.56us 1024 Hz
B INT6 fel27 3.906 ms 256 Hz
A INT6 fel2° 15.625 ms 64 Hz
9 INT6 fol21 62.5 ms 16 Hz
8 INT5 reserved
7 INT5 fol28 7.81 ms 128 Hz
6 INT5 fel2° 15.625 ms 64 Hz
5 INT5 fo/210 31.25ms 32 Hz
4 INT5 fo/211 62.5ms 16 Hz
3 INT5 fol212 125 ms 8 Hz
2 INT5 fol213 250 ms 4 Hz
1 INT5 fol214 500 ms 2 Hz
0 INT5 fol215 1s 1 Hz

The interruptINT6 may be disabled selectively usingcerning the program development usifi§T6, the
control code Eh without affecting the interval time of théollowing rules should be considered:

INT5 tap. ThelINT6 multiplexer powers up in the dis-
abled position. The programming of théT6 interrupt
taps should be done synchronously, if different time ba®e If only INT6 is required, select the 1 Hz tap and define
intervals are used temporarily (stop watch application, an emptyNT5 routine,

keyboard debouncing) or an accurate number of intef-
rupts is required. To avoid the transmission of additional
unwanted interrupts, the change of thg6 tap should

be done in a time frame of 2Q@ after the reception of 2.3.1 Prescaler during SLEEP Mode
a prescaler interrupt.

® Always program both prescaler interrupt taps,

Otherwise implement a “disable” flag in tiéT5 ser-
vice routine.

When the microcontroller enters the SLEEP mode, the
As illustrated in table 5 only tHBIT6 tap can be disabled ;;C’s internal clocks are halted. While the 32 kHz oscilla-
individually. Therefore special care has to be taken fegr, LCD driver, and prescaler remain active, jal
INTS. In the case of programming tH¢T6 tap without actions are suspended. The microcontroller exits the
previously selecting atNT5 tap (i.e. after power-on S|EEP mode when an interrupt is generated by the pres-
reset), dNT5 frequency of 128 Hz is set by default. Concaler (in addition to a logic low on an external interrupt,
port 5 input pin, or an external reset).

16 (41) Rev. Al: 21.08.1995
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2.4 Low Power Modes

Three low power consumption modes of operation awl core processing to be stopped. It can only be kept when
available: SLEEP, power saving and STOP mode. Thesene of the interrupt pending or active register bits are set.

operating modes are initiated by executing the SI‘EEIS’uring the SLEEP mode, the | bit in the condition code

Instruction. register is set to enable all interrupts. All other registers,
Note: The SLEEP instruction is not a normal instructiormemory, and parallel input/output lines remain the same.
as its function is dependent on the state of thEhe 32 kHz crystal oscillator is not switched off, but the
interrupt pending register. SLEEP is thereforgrescaler or the LCD driver may be disabled by the
available for use within the $AUTOSLEEP rou-application program. This mode will continue until any

tine only. interrupt or reset is sensed. At this time the event is

decoded and the program counter is loaded with the corre-

2.4.1 SLEEP Mode sponding starting address of the interrupt or reset service

By executing the SLEEP instruction (in the $AUTOJOUtINe.

SLEEP routine) the microcontroller enters a low powefne MARCA4’s uniqueduto-Sleepfeature allows theC
consumption mode. In this SLEEP mode, the prograng enter the SLEEP mode automatically when the lowest

mable prescaler and the LCD driver remain active, whilgiority interrupt service routine has been completed.
the internal RC oscillatopC clock) is turned off causing

Low activity example:

Interrupt Interrupt Interrupt

Activity

[,
I

Power 7ﬂ o 7ﬂ _Average power ﬂi -

_Active

High activity example:

Interrupt Interrupt
Active ' _Active

.. A e
Activity %Wﬁ%ﬁ%ﬁ% L O O O]
AT aararan Y PSR AT ATAVAVAIATAVATAVAILVVATAVAIATAVATAY)

Power ——mrimipmarjt—j»————%——

Figure 12. Average system power consumption and duty cycle

The SLEEP mode is a shutdown condition which is use@alculating the average power consumption

g)p;:ﬁg;[ic(fn;rxh:r\éetrﬁgg issﬁziefmlypt?t\;vlizg dcz)f?gsuurg“igc)m The total power consumption is directly proportional to
Using SLEEP and interrupts, the ful computationalihe active time of th@C. For a rough estimation of the

. . . expected average system current consumption, the fol-
speed of the core is always available. In this way, oWt - .

; : ; owing formula should be used:

is only consumed when needed, allowingjtfeto run in

high speed bursts from a weak supply (battery, capacitor, T active

or even a solar cell). sys = lsie oo X = —

total
Note: WhenTSTL1is tied toVssduring power-on reset,

the uC activity is observable at theCL pin

(using a low capacitance probe).
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2.4.2 Power Saving Mode the STOP routine, the prescaler should be reset and the
) ) ) . LCD driver should be put into the power saving mode,

The power saving feature of the LCD driver in conjunCpecayse both are turned off when the 32-kHz oscillator is

tion with the SLEEP mode of the core will further reducgyyitched off. The internal RC oscillator is stopped by the

the system power consumption by additionally blanking| ggp instruction, suspending all further internal pro-
the LCD. This is done by disabling the LCD voltage gensegsing.

erator and switching all LCD voltage levels tgd/thus

causing a reduction in display power consumption. Thiduring the STOP mode, the | bit in the CCR is set to
mode is only effective if the display is generally to b&nable external interrupts. All other registers, memory,
blanked for periods |Onger than 5 seconds. Refer to S@]d all I/0 lines remain UnChaﬂged. This continues until

tion 3 for more information on LCD driver programming.@n external interrupt or reset is decoded. The program
counter is loaded with the corresponding starting address

24.3 STOP Mode of the interrupt or reset service routine respectively.

The lowest power consumption mode of the microcorBy writing a logic 1 to the corresponding port, the inter-
troller is entered with the STOP operation. The curremtipt or reset service routine may turn on the crystal
consumption of theuC (without external loads) will be oscillator. The oscillator’s start-up time in the range of
reduced to JA at 3 Volts. several seconds (which depends on the operating temper-
fature and supply voltage) must be kept in mind. Therefore
the occurrence of the first prescaler interrupts might not
Be as accurate as usual.

The STOP mode can be implemented by switching off t
power supply of the crystal oscillaté®\pp) with one of
the port output lines (refer to figure 13). Before executin

BPxy VDD

AVDD

32 kHZT OSCIN

100 nFL—|

OoSscouT

M43C505

AV sS

Vss

Figure 13. STOP mode application
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3 Liquid Crystal Display Driver

This chapter describes the programming of the LC® Programmable multiplex rate: Direct drive, 2:1, 3:1,
driver. It also includes or 4:1 multiplex mode

® A discussion of a simple method of setting the LCE8 1 Display Data Register
power supply voltages

o Inf . b h lationshio b . The LCD data register receives the data fromuBieand
nformation a OUt.t ere ationship between a typical,,osses it in a 4 bit wide circular 20 stage shift register.
7 segment numeric display, the segment and ba

oo ] ; he functional block diagram (figure 14) shows the order
plane outputs (for 2:1, 3:1, and 4:1 multiplex) of the segment information and the way it has to be writ-
e \Waveform examples for the different drive modes. teninto the shift register (starting with the 20-th segment).

Figure 14 is a functional block diagram of the LCD driveA logic 1 in the shift register’s bit-map indicates the ON
circuitry. The internal 1/O bus is connected to the LCtate of the corresponding LCD segment. Similarly a
control register (port 2) and the LCD data registdogic O indicates the OFF state. There is a one to one corre-
(port 3). The LCD driver interface to the programmespondence between each stage of the shift register and the
comprises these two output ports. 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
e Drives up to 80 display segments respect to backplane€OMO. In multiplexed LCD
applications the segment data of the second, third and
® Supports 5 Volt LCD panels over the full supply VOIt'fopuprth column of thg| shift register are time multiplexed
age range with COM1, COM2 andCOM3 respectively. The LCD
e Built-in LCD voltage generation with temperaturespecific segment decoding is done via qFORTH software

The LCD driver circuitry offers the following features:

SHIFT

compensation (-8 m\AC) rogtines, thus omitting the need for separate decoding cir-
® Display continues whepC in SLEEP mode cuitry.

O «d€ N ™M
38238 en2oo 3333
Port2 § MUX_RATE, ?) ?) ?) ({ 0 n n n non O O O 0O
g BLANKING,DISPLAY‘ T I T T ? T T T T r r

8 AIA[AIAIA] Lep drivers [A]AJA]A]AFRHAIATA]AF—

[ [ 1] [ [ 1]

I/O bus

20 stage shift register

ol VEE2
MUX_RATE, POWERSAVE oltage c1
— [ 1=
and I

timin Vep L
32kHz —— Prescaler 9 EEL

generator [©

REG, 94 9020

Figure 14. LCD driver —functional block diagram

Rev. Al: 21.08.1995 19 (41)



TEMIC

TELEFUNKEN Semiconductors

(e3505)M43C505
update is handled as a base task. The BLANKING will be

3.2 LCD Control Register ¢

removed at the end of the data transfer by writing DIS-
The LCD control register receives the operation modeAY. If the DISPLAY command is not given, the
data at Port 2 to configure the LCD driver circuitry (refeBLANKING remains which allows the easy implementa-
to table 6). 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

Table 6. LCD driver — operation modes

Control code Operation mode
0 DIRECT DRIVE

1 2:1 MULTIPLEX i 14

2 3:1 MULTIPLEX 'gure 14).

3 DISPLAY As an ﬁxamplle for the effe<f:tive C;lse (()f the MIAS|K/)SHIFT
) term, the implementation of a 6 digit (3:1 multiplex) LCD

4 CLEAR/INIT (4:1 MULTIPLEX) panel test is described.

> MASK/SHIFT e S he LCD driver for 3:1 MULTIPLEX

6 BLANKING etup the river for 3: .

7 POWERSAVE e Switch on all segments of the leading 7 segment digit

(including the attenuator, see figure 21) with a com-
plete LCD display update.

3.21
e After (half of) a second, write MASK/SHIFT to the
At power-on reset the LCD driver circuitry is set automat- LCD control register.

Initializing the LCD Driver

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: o

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

e CLEAR/INIT right-most position and the (BLANKING or) DIS-

: . - . PLAY term should be given to the control register to
e Multiplex drive mode (if not 4:1 MULTIPLEX ) ; 4

P ( ) overwrite the MASK/SHIFT multiplexer configura-
Four terms can be used to set the multiplex rate (refer to tion.

table 6). The CLEAR/INIT term initializes the LCD L
driver, setting it into the 4:1 multiplex drive mode. There:rhe POWERSAVE term blanks the LCD by switching all

fore no extra control code is needed for 4:1 MULTIPLEXEhe _LCD voltage levels WS_S thus _causing a reduction
~In display power consumption. This mode is only effec-
After any hardware reset the contents of the LCD displaive if the display is generally to be blanked for periods
registers are undefined and should be initialized with th& more than 5 seconds. The display information is still
following instruction sequence: kept in the LCD data shift register. After writing DIS-

e Write BLANKING to the LCD control register PLAY to the LCD control register, the old contents will

be visible again.
e \Write zero 20 times to the LCD data register 3.3 LCD Volt d Timi
e Write DISPLAY to the LCD control register ' o e S
- Generator

) ) o The LCD voltage generator circuitry boosts the regulated
In normql time ket_—zpmg applications the DISPLAY CoMiiquid crystal display voltageVizeg) to the doubled and
mand might be given only once at the end of the flrsgﬁp|ed voltage components/gg1, Vee2) required by
complete LCD display update (e.g. “Mo 12:00"). After-mytiplexed liquid crystal displays. These voltage levels

wards a total display change consists only Ofre applied to the driver circuitry (see figure 15).
20 consecutive nibbles written to the LCD data register. o
Most 5 Wolt LCD panels have a temperature coefficient

The BLANKING term causes a blank display and mighgf _g mveC. The temperature compensated reference for
be necessary before each new data transfer to the displgy |cD voltage booster circuitry gec), has the task of

registers. This is especially true when ft@ is heavily meeting this requirement directly, so the user gets the best
loaded by a number of interrupt sources and the LCD

LCD Driver - Modes of Operation
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LCD contrast over the full operating temperature and sup-
ply voltage range.

The external components for the LCD voltage generation

3.4 Direct Drive Mode

(one pump and two storage capacitors) should be cofPe static LCD drive mode is used when a single back-

nected to th@.C as shown in figure 15.

plane is provided at the LCD.

Il
100 nF ||

100 nF

100 nF

1

VEE2

C1

Cc2

VEE1

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) = Vsox(t) - Vcomo (1)
Vstate2(t) = Vso2(t) - Vcomo (1)

VREG Von(rms): VEE2
I:““““* Vss Vv
94 9021 Voﬁ(rms) = %EZ = VREG

Figure 15. External components

==> Contrast ratio = 3.0

(a) Waveform at driver

For very small LCD panels the capacitor values may be
reduced from 100 nF to 47 nF. The user has to connect the
MC 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.

Time frame
—» 128 Hz=—

VEE2 - —T
COMO

LCD segments

v

state
(ON)

state2
(OFF)

A simple method for setting a different LCD drive level

is shown in figure 16. It explains the way of getting the  SO01
optimum drive level experimentallyVgeg can be S R N
adjusted for the best contrast. The final design could sim-

ply replace the potentiometer with two fixed resistors if
desired. 502

(b) Resultant waveforms at LCD segment

VEE2 - - - -

10k VREG
10 Turn

Bypass$100 nF statel 00—

“VEE2- - -

VREG - -7 - - -
sae2 0 | | |-

-VREG

Vss

94 9022
94 9023

Figure 16. Drive level adjustment
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 outputSQ(-S20),

and the backplane outputS@®MO0, COM1).

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

COM0O COMI1

-

f b

Snt+3
e c
DP DP
94 9024

Figure 18. 2:1 Multiplex 7 segment digit

Sn+2 nt+1

|

1/0 bus

{

LCD data shift register | Data register|
Ol 11113 0] 110 11 1 1 of 2f 1y 1 1) 1] 1|1 Blto'
ojof1fo0f2f2] 10 1| 1] 1112 of 1] 9 q 1| 1| 1|0 @ Bitl o
X X X| X X X X| X X]| X| X X X| X[ X X X X X | X
X X| X X X| X X X X X| X Xy X X X| X X| X X| X
— |N[M
QRIS CREGNEREBIBEEBISBEe SS|S|S
00|00
OO
zZz Z
L T
U (LY
o 4B VAR o MEERN
LCD panel 94 9025

Figure 19. 2:1 Multiplexer LCD panel connection
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(&) Waveforms at driver

COMO

COoM1

S01

S02

statel

state2

le

Time frame
64 Hz >

LCD segments

statel
state2 ¥

o Segment ON

O Segment OFF

94 9026

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) = Vsoi(t) — Vcowmo (t) and Vee, Vee
V = = 0.745 V, = —=
Vstate2(t) = Vso1 (t) — Vecom (V) on(ms) 3 /5= 0.745 Vees and Voggme 3
Contrast ratio = ¥n(ms)/ Voff(rms) = 2.23
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3.6 3:1 Multiplex Drive mode

Figure 21 shows the connection of a 3:1 multiplex 6 3/4 Sh+1 COMO
digit LCD panel having the numeric display pattern
shown in figure 21, the segment outpuB9%S20, and
the backplane output€ OM0-COM2).

In the example, “123456.7” is displayed (with a max. dis- < g >
playable value of “3999999") and the corresponding

contents of the LCD display data register is shown. l E H COM1
DP

Backplane and segment drive waveforms for this mode ! ﬁ% DP
Attenuator (n.c.) COM2 o4 0027

Sn+2

are shown in figure 23.

Figure 21. 3:1 multiplex 7 segment digit

I/0 bus

J

| Data register|

LCD data shift register
ol 1ol al2fofa{af1]o]2 1| o) 1| 1| o || %X Bi_tO’
ol 1ol zfofoflz|s)o| 1| o] 1| of 4 4 1]¥%|%|% Py B!tl‘
oloflx|x{olx|a|of x| of of x| 2] of x| 2| 1] x[%]|9 ® Bit2 ®
™~ DP
X XEX| X XEX]| X| XEX]| X]| X X| X|] XfX]| X| XEX| X]X
O O[O~ [OIW [T|M |N |- |O |0 |00 | |0 WD |t |M [N [ O |+ |N [
NdadHdlH|ld|d|a|d|d|ld |90 0old 0| |o|o|o == (==
Nnvvnmnlnn|nv|n|[®d|d5n|5|0|B|5 |5 S61618
O |0 |0 O
O
z
(4 _0L() (
o  ammN o"o"'. 'o
LCD panel 94 9028

Figure 22. 2:1 Multiplexer LCD panel connection
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(a) Waveforms at driver

F Time frame 4’1

COMO

CoM1

COM2

S01

S02

43 Hz

LCD segments

o0 0

A 3 2

S03

statel 0

state2

[ Segment ON
O Segment OFF

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) = Vsoit) — Vcowmo (t) and
Vstate2(t) = Vso1 (t) = Vecoma (1)

- 94 9029
v v
Vonms) = ~g V33 = 0.638 Vee, and Voims) = ~5-

Contrast ratio = ¥h(rms)/ Voff(rms) = 1.915

Rev. Al: 21.08.1995
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3.7 4:1 Multiplex Drive Mode

Sh
Figure 24 shows the connection of a 4:1 multiplex 10 @
digit LCD panel having the numeric display pattern ; COMO . com1
shown in figure 25, the segment outpuB9%S20, and b
the backplane output€OM0-COM3). > < g >
In the example, “123456.7890” is displayed and the cor- e c COM c
responding contents of the LCD display data register is '
shown. DP %Dp
Backplane and segment drive waveforms for this mode Sn+l COM3  o10030

are shown in figure 26.
Figure 24. 2:1 Multiplex 7 segment digit

I/O bus
LCD data shift register | Data register]|
ofofof oo afafalafafofa] o] a]s] ]| P4 BitO‘
ol afa| o) o] o] a| 2] 2fo] 2| ol of 2 2f of 2| ]¥% Py B!tl‘
ol1fz|olo| afoflafofafa|afo] a)a]|a]o]| 1)t4¥K Py B_It2 ®
001010001011001000%%& *- Bit3 ®
DP
olo|o|~|ov|t|m|N|d|o|o|o|~]|o |w | |m (o |
Sldlalalald|slalalaao o clolols|ole|o
O|0|0|0
O0[0]|0
-— -y - W Wy W, (W
(L0 (L ()L ()
'O"O"O 'O "O"'. 'O"'O "O"'O
LCD panel 949031

Figure 25. 2:1 Multiplexer LCD panel connection
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(a) Waveforms at driver

64 Hz ‘
Time frame

LCD segments

VEE2 -

como Y EE1—- -
VREG = ]

R
com1 /1

COM2

COM3

S01

S02 I I I [

S03 |_L|

S04

| L1 O segmentON
L Segment OFF

VEE2 - 17 —

statel

0 , : . -

_VEEZ” - - - - - - - - - -

state2 Y REG
0

_VREG 94 9032

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):

\Y t) = Vso1(t) — V t) and
state1(t) = Vsoi(t) — Vcomo (1) Vo) = V§E2 /3 = 0.577 Vs and Viggemey = Vee

Vstate2(t) = Vso1(t) = Vecoma (1) 3

COﬂtI’aSt ratIO = yn(rms)/ Voff(rms) = 1732
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4  Electrical Specification
4.1 Absolute Maximum Ratings

All voltages are given relative ¥ss The circuit is protected against supply voltage reversal for typically 5 minutes.

Parameters Symbol Value Unit
Supply voltage Vpp -0.3 to +7.0 \%
Input voltage (on any pin) VN Vsg-0.3s VN < \%

Vpp+0.3

Output short circuit duration tshort indefinite sec
Operating temperature range Ta —20to +80 °C
Storage temperature range Tstg -40 to +125 °C
Thermal resistance (PLCC) 03a 70 °C/W
Maximum solder temperature Tsolder 260 (t< 10 sec) °C

Stresses greater than those listed under absolute masfid outputs are protected against high electrostatic volt-
mum ratings may cause permanent damage to the deviages or electric fields. However, precautions to minimize
This is a stress rating only and functional operational thmiilt-up of electrostatic charges during handling are rec-
device at any condition above those indicated in the opmmended. Reliability of operation is enhanced if unused
erational section of these specification is not impliednputs are connected to an appropriate logic voltage level
Exposure to absolute maximum rating condition for ate.g., \bp).

extended period may affect device reliability. All inputs

4.2 DC Operating Characteristics, \bp =3V

Supply voltage/pp = 3.0V, Vss= 0V, Tp = +25°C unless otherwise specified. All voltage levels are measured with
reference td/sgand 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 Vpp 2.4 3.0 3.6 \
Active current Note 1 oD 1.4 25 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 ool 0.7 0.8 0.9 mA

fac MHz

RC oscillator frequency Note 5, 8 ¢ 0.9 1.75 2.8 MHz

Vpp=2.4V RC 0.5 0.75 MHz
Internal power-on reset
POR voltage Note 4, 8 VpPoOR 1.8 2.2 \Y
POR voltage hysteresis Note 8 AVpoRr -100 mV
Output pads
Hi—Z leakage current Open drain loz +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*Vpp VbD \%
Input voltage low ViL Vss 0.2*Vpp Vv
Input current low Vin = Vsg no pull up Lo -20 -300 nA
Input current high VIN= VDD IH 20 300 nA
Input capacitance Note 8 CiN 5 10 pF

28 (41)
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Parameters | Test Conditions / Pins | Symbol | Min. | Typ. \ Max. \ Unit
RST and OSCIN input pads under test conditions
Input voltage high V4 VbD VpD \%
Input voltage low ViL Vsg Vss \Y
Bidirectional Ports 0, 1, 4, Outputs NST, OD and buzzer
Input current low **) VIN = Vss I -0.8 -1.6 -3 MA
Output current high Vou=24V loH 0.8 -1.3 mA
Output current low VoL=0.6V loL 15 2.4 mA
Input Port 5
Input current low **) | VIN = Vss | I | —6 | -13 \ —20 \ HA
RST input pad
Input current low **) | VN = Vss | I | | -8 \ -16 \ HA
Interrupt Schmitt-trigger Input Pads INT2, INT7
Input current low **) VN = Vss I -6 -1 =20 HA
Negative going threshold | Note 8 VT- 1.1 Vv
voltage

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

4.3 DC Operating Characteristics, \bp =5V

Supply voltage/pp = 5.0 V, Vsg= 0V, Ta= +25°C unless otherwise specified. All voltage levels are measured with
reference td/ggand 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 VbD 2.4 5 5.5 V
Active current Note 1 IpD 7 15 mA
Sleep current Note 2 IsLe 3 7 10 HA
Power save current Note 3, 8 Ips 5 8 HA
Supply current quotient Note 7. 8 ool 2 21 mA

! frc MHz
RC oscillator frequency Note 5, 8 frc 2 3.5 MHz
Internal power-on reset
Power—on reset voltage | Note 4, 8 VpPoOR 1.8 2.2 \%
POR voltage hysteresis Note 8 AVpoR —100 mV
Output pads
Hi—Z leakage current Open drain loz +20 +300 nA
Output capacitance Note 8 Cout 5 10 pF
Input pads (except OSCIN and RST under test conditions)
Input voltage high Vi 0.8*Vpp VbD V
Input voltage low VL Vss 0.2*Vpp V
Input current low VN = Vsg no pull up Lo -20 -300 nA
Input current high VN = VDD lH 20 300 nA
Input capacitance Note 8 CiN 5 10 pF
RST and OSCIN input pads under test conditions
Input voltage high ViH Vpb Vpb \%
Input voltage low VL Vss Vss V
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Parameters | Test Conditions / Pins | Symbol \ Min. \ Typ. Max. Unit

Bidirectional Ports 0, 1, 4, Outputs NST, OD and buzzer

Input current low **) VN = Vss e -3 5.5 -8 HA

Output current high Vou=4V loH -1.2 -2 mA

Output current low VoL=1V loL 2.5 35 mA

Input port 5

Input current low **) | VIN = Vss | I -25 -45 -60 MA

RST input pad

Input current low **) | VIN = Vss | I \ \ -25 \ =50 \ HA

Interrupt Schmitt-trigger input pads INT2, INT7

Input current low **) VIN = Vss I -20 -37.5 -60 HA

Negative going threshold | Note 8 VT- 1.6 \%

voltage

**) I )L values are only valid if the pull up resistor is optioned in.
4.4 DC operating Characteristics, \bp =2.4t0 5.5V, i = +25C
Parameters | Test Conditions / Pins | Symbol \ Min. \ Typ. \ Max. \ Unit

LCD driver Segment outputs: SEG1 ... SEG20

[SVLCD panel] Backplane outputs: COMO ... COM3

Regulated voltage Note 6 VREG 1500 1650 1800 mV

Doubler voltage VReG = 1650 mV VEEL 3000 3300 3600 mV

Tripler voltage VReg = 1650 mV VEE2 4500 4850 5400 mV

Temperature compensa- | relative toVrgg: Note 8 TREG —7 -8 -9 mV/°C

tion

Backplane frequency 4:1 multiplex fgp 64 Hz
3:1 multiplex 43 Hz
2:1 multiplex 64 Hz
Direct drive 128 Hz

Segment output restatce™| AVseg= 100mv! Noted R so 35 4.5 6 kQ

Backplane output resis- | AVgp = 100 mV, Note 8 Rgo 1.7 2.25 3 kQ

tance

Average DC offset volt- Note 8 Vpe 50 100 mV

age

Quartz oscillator

Frequency CL=10pF fc 32,768 Hz

Integrated input capaci- Note 8 CiN 20 pF

tance

Integrated output capaci- | Note 8 Cout 23.5 pF

tance

Stability AVpp = 100 mV; Note 8 Af/f 0.1 1 ppm

Start up time AVpp =3.0V tso 2 4 sec
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4.5 DC Electrical Characteristics, \bp = 3V

Vpp = 3 V+10%, Vss=0V, Ta = —1CC to +75C, unless otherwise specified.

Parameters Test Conditions / Pins | Symbol Min. Typ. Max. Unit
Active current Note 1 IpD 1.5 3 mA
Sleep current Note 2 IsLe 4 7 PA
Power save current Note 3 Ips 2.5 6 HA
Supply current quotient Note 7 ool 0.8 0.9 mA
[ MHz
RC oscillator frequency Note 5 fre 0.8 1.6 MHz
Vpp =2.4V 0.4 0.75 MHz
Internal power-on reset
POR voltage Note 4 VpoR 1.2 1.8 24 Vv
Bidirectional Ports 0, 1, 4 outputs NST, OD and buzzer
Input current low™ VN = Vss I -0.6 -1.6 -3.2 HA
Output current high Vou=24V loH -0.7 -1.4 -2.1 mA
Output current low VoL=0.6V loL 1.5 25 3.5 mA
Input Port 5
Input current low™ | Vin = Vss | w | 5 | -15 | —25 | A
RST input pad
Input current low”) | Vin = Vss | w | 3 | 8 | -15 | pa
Interrupt Schmitt-trigger input pads INT2, INT7
Input current low™ Vin = Vss | w | 5 | 12 | —20 | pa

**)
optioned in.

Notes:

I)L values are only valid if the pull up resistor ise

e All values shown reflect average measurements.

Typical values at midpoint of voltage range, %25
only.

e Data is for design guidance only and is not tested for,

or guaranteed by TEMIC.

4.6 DC Electrical Characteristics, \bp =5V

Vpp =5 V+0%, Vss= 0V, Toa = —1CC to +75C, unless otherwise specified.

Parameters Test Conditions / Pins | Symbol Min. Typ. Max. Unit
Active current Note 1 Ipb 8 15 mA
Sleep current Note 2 IsLe 7 11 MA
Power save current Note 3 Ips 6 10 HA
Supply current quotient Note 7 lopl 2 2.5 mA

Tre MHz

RC osc. frequency Note 5 frc 15 3.5 8 MHz
Internal power-on reset
POR voltage | Note 4 | Veor | 12 1.8 2.4 v
Bidirectional Ports 0, 1, 4, Outputs NST, OD and buzzer
Input current low **) VN = Vss I -2.5 -55 -9.0 HA
Output current high Vou=4V loH -1.0 -2.2 -4.0 mA
Output current low VoL=1V loL 2.0 3.7 6.0 mA

Rev. Al: 21.08.1995
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Parameters | Test Conditions / Pins | Symbol \ Min. \ Typ. \ Max. \ Unit
Input Port 5
Input current low™ | Vin = Vss | w | -15 | -45 | —70 | A
RST input pad
Input current low”) | Vin = Vss | w | 10 | 25 | -70 | pA
Interrupt Schmitt-trigger input pads INT2, INT7
Input current low™ VN = Vss | I ‘ -15 ‘ —40 ‘ -70 ‘ LA
) I)L values are only valid if the pull up resistor is® Typical values at midpoint of voltage range, #25
optioned in. only.
Notes: e Data is for design guidance only and is not tested for,

e All values shown reflect average measurements. or guaranteed by TEMIC.

[mA]

Vpp — Vonu [V] Ta =25°C

Figure 27. Typical IOH vs. VDD-VOH
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Figure 28. Typical IOL vs. VOL for all ports

[MHZz]

Tp =25°C

Vop [V]

Figure 29. RC oscillator frequency vs. supply voltage
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Ta = 25°C

Vpp [V]
Figure 30. RC oscillator frequency vs. supply voltage

80

70
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Ta[*C]

Figure 31. Typical RC oscillator frequency vs. temperature
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VPOR
V]
80
Figure 32. Power-on reset voltage vs. temperature
Note 1: Maximum active current (Ipp) bidirectional ports (if in input mode) and interrupts con-

nected toVpp. This state can, unless used in the
application program, only be permanently achieved
nder production test conditions.

This is the current observed at ¥hespin with the crystal
oscillator, the LCD driver anquC core permanently
active. No output loads, all input ports and interruplt|
inputs connected t¥pp and the prescaler is reset. ThisNote 4: Power-on reset voltage (WoRr)

mode can be achieved by connectingRBd pintoVss i is the supply voltage, which must be exceeded for the

The average system current of an application can be estiternal power on reset circuit to be released. The switch-
mated with the formula: ing function can be observed on RET pin.

Isys: = Is g + (Duty cycle/100% xdp ), whereby Note 5: RC oscillator frequency (lrc)

= H H 0,
Duty cycle:= Active time x 100% / The RC oscillator provides the central clocking of the

I(Slgipltznri ; -Alsctlv.i tzllmz)at 3 Volts core and the frequency varies with supply voltage and
po-= = » SLE= 21 : temperature to track the optimum performance ofitbe

In time keeping mode the duty cycle is typically less thahhis frequency can be measured onTtl# pin by con-
1%, which gives a current consumption of aboupuA8 necting theRST andTST1 pins toVss

at 3 \Volts.

Note 2: Sleep current (kLg)

Note 6: LCD voltagesare measured with

— 100 nF capacitor betwe€l andC2
This is the current taken with the crystal oscillator and the .
LCD driver active, the prescaler reset, {i@ core in 100 nF capacitor betwedfge; andV'ss
SLEEP mode and all input ports, bidirectional ports (if ir- 100 nF capacitor betwedfgg, andVsg
input mode) and Interrupts conne_cte(_j/t@D. This state load capacitance of 200 pF is connected between each
can, unless catered for in the application program, only &

. . i ckplane ani sg
permanently achieved under production test conditions.
The regulated and temperature compensated LCD volt-
ageVReg can also be supplied from an external voltage
This is the current taken with the crystal oscillator activesource through th¥rgg pin, as long as the externally
the prescaler reset, th€ core in SLEEP mode, the LCD supplied voltage is larger than the internally generated
driver in the power saving mode and all input portsoltage. Itis also possible to supply all three LCD voltage

Note 3: Power save current (bg)
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levels through the padéreg, VEp:r andVego as it is  The frequency of the integrated RC oscillator depends on
done under production test conditions. the supply voltage as well as on the process parameters

Note 7: Supply current quotient (i.e. sum of threshold voltages).

. . . , . Note 8: Measurement not subject to production test
Normalized active current relative to the core’s operation

frequency.

5 Mechanical Data

This chapter contains the pad layout, pad coordinates, azetamic DIL package for emulation purposes is also
pin assignments for the 64 pin plastic QFP. The 64 pincluded.

5.1 Pin Assignment — QFP64

[ v9 | q1S
] 9TS
] LTS
[ ] 8IS
[ ] 6Is
] 0ZS
[ ] ovdg
[ ] Tvdd
[ ] Zvdd
[ ] svdg
[ ] SSp
1101
[ 25 ] TiSL

S14 TST2
s3] [ ] OSCIN
si2 [ ] [ 1NC
st [ ] [ 1NC
sio0l ] [T NC
soo [ | [T NC
sos [ ] [ 1 App
so7 [ | L T Ass
sog [ ] [ ] oscout
oo M43C505 L IFS
so4 [ ] | BPIO
so3 [ ] | BPLl
so2 [ ] ] BPI12
sor [ | .| BP13
coms [ ] 1 BPOO
com2 [ ] ] BPO1
comir [ . ]ob
como [ ] [ ] NST
VEEL

10 0
¢O[ ]
SN
O3d ]
LINI[ ]
ZINI[ ]
eadil_ ]
Zsdil__ ]
k=< |
oGdi_ ]
eodal |
zodgal _zg |

<
)
W)

Figure 33. M43C505 in 64 pin plastic QFP (top view)
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5.2 Emulation Package

gra2 [ 1| @ 64 BP43
Brpa1 [ 2| ' 63 Vgs
BP40 [ 3| 62 TCL
s20 [ 4| | 61] TST1
s19 [ 5] | 60 TST2
s18 [ 6| | 591 OSCIN
s17 [ 7] | 581 N.C.
s16 [ 8] 571 NnC.
s15 [ 9| | 561 N.C.
STAETE 55 AV pp
s13 [11 | N.C.
s12 [12] Lo 53] AVgq
s11 [13 o | 52] oscout
s10 [14 Lo | 51] RST
s09 [15 ] @) | 501 BP10
sos8 [16 | o™ | 49 BP11
so7 17| < 48] BP12
so6 [18 | = | 47] BP13
s05 [19 | | 46] BPOO
so4 [20 ] | 451 BPO1
s03 [21 | | 441 oD
s02 [22 ] | 43] NST
so1 (23] | 42| BPO2
com3 [24 | a1l NC.
com2 [25 | | 40| BPO3
com1 [26 | | 301 1 P50
coMo [27 | | 381 1p51
VEg1 [28 | 371 1 P52
c1 [29 | | 36 1P53
c2 [30] | 351 INT2
Vegz 131 341 Vpp
VReG [32 ] INT7

Figure 34. M43C505 in 64 pin ceramic DIL
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5.3 Pad Layout

com1 S01  S03 S05 SO07 S09 Sl11 S13
COMO COM2 COM3 S02 S04 S06 S08 s10 S12 Si4
L) OO e e e A e O A O A O (1 ] si15

Vegl | U ) | s16

c1 ] O | s17
] | s18

c2 m ] | s19

Vee2 | [ ] |s20

VReG| U 1 | BP40

INT7 | U]

Yoo M43C505 - [era

INT2 J L] BP42

P53 | O

ps2 | ] | BP43
(] Vss

ips1 | L] R

P50 | [ 1 | TsT1

BPO3 | [ ] | TsT2
] | OSCIN
O |AYDD

sro2 | Do OO OO O0d O

NST  BPO1 BP0OO BP12 BP10 OSCOUT
oD BP13 BP11 RST AV 55

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 Y65

Die size: 3.74% 3.439 mm = 14& 135 mils = 12.87 mén
Pad size: 106 100um

Thickness: 48@ 25um (= 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 Si1 2562.0 3036.8
3 oD 380.8 0 33 S10 2386.0 3036.8
4 BPO1 556.8 0 34 S09 2220.0 3036.8
5 BP0OO 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 AVpp 3333.6 0 43 COM3 676.0 3036.8
14 OSCIN 3340.0 184.4 44 COoM2 342.0 3036.8
15 TST2 3340.0 360.4 45 CcoM1 166.0 3036.8
16 TST1 3340.0 526.4 46 COMO 0 3036.8
17 TCL 3340.0 702.4 47 VEEL 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 Vb 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 BPO3 0 332.8
30 S13 2904.0 3036.8 60

Rev. Al: 21.08.1995
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6 Ordering Information

Please insert ROM CRC and select the option setting from the list below.

BP40 [ CMOS IP52 (1 Pull-up
l:l Opltlen drain (1 No pull-up
] Pull-up
i IP53 ] Pull-up
(] No pull-up 01 No pull-up
BP40 1 CMOS . INT2 ] Pull-up
(] Open drain
[ No pull-up
] Pull-up
0 No pull-u ] Pull-down
P P [ Active pull-up/pull-down
BP4 ] CMOS INT7 O Pull-up
[ Open drain
(1 No pull-up
] Pull-up
No pull-u ] Pull-down
- P P ] Active pull-up/pull-down
BP42 J CMOS . OSCIN ] Internal CAP
[ Open drain C] No CAP
] Pull-up
(] No pull-up OSCOUT [ Internal CAP
BP43 ] CMOS 1 NoCAP
[ Open drain Buzzer ] 2.048 kHz
] Pull-up ] 4.096 kHz
IP50 g Sonpu“_uP HEP Ve % 5\I/E|i<ée[r)nal
ull-up
(] No pull-up
IP51 ] Pull-up
[ No pull-up
Package [] DIT d .HEX
(] 64 pin QFP (] Stimulus at Port O:
a :
0] 44 pin PLCC Approval % ggﬁétu_ré:_-g_
ROM code [J Size: . kByte
[ CRC: hex
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Ozone Depleting Substances Policy Statement

It is the policy ofTEMIC 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 | and Il 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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