TEMIC

Semiconductors

M44C636

MARC4 — Low Voltage, Low Power 4-bit Microcontroller

TheM44C636is a member of th®IARC4 family of low cost, single chip CMOS microcontrollers. This 4uigitcon-
tains an on-chip RC oscillator, CPU core, 4 Kbyte ROM, 253 x 4-bit RAM, 16 1/O lines, 32-kHz crystal oscillator,
15-stage prescaler with two interval timer interrupts, two independent 8-bit multifunction timer/counters, hardware

watchdog timer and liquid crystal display driver circuitry.
Features

® 4 bit stack oriented Harvard architecture ¢

® 4 K x 8-bit application ROM PY
® 253 x 4-bit of on-chip RAM o
® 13 bidirectional I/O lines ¢
® 4 input lines with interrupt and coded reset facility *
® 2 x 8-bit multifunction timer/counter o
e 3 external, 2 timer/counter and 2 interval timer pre-

scaler interrupts °

® Programmable LCD driver for up to 80 segments @

- . . °
® Built-in LCD voltage generation with temperature
compensation °

TST1TST2 TCL

Benefits

Dual supply voltage range (1.2 to 2.4V or1.8t0 3.6 V
with integrated regulator)

Separate watch crystal oscillator for time keeping
Power saving and SLEEP mode (gA)
Data retention down to 0.9 V in SLEEP mode

Fully integrated, fast on-chip RC oscillator
— 2/ 4 ps instruction cycle time at 1.5/1.2V
—4us from 1.8 to 3.6 V with internal voltage regulator

Watchdog, master reset input and static power-on
reset circuit with "brown—out” function

High level programming language qFORTH
PC based development tools
Comprehensive library of software routines

Piggyback version for program evaluation
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Figure 1. M44C636 — functional block diagram
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Figure 2. Pin connection — 64 pin ceramic DIL
Table 1. Pin description

Name Function

Vpp Power supply voltage +1.2 Vto +2.4V or2.4Vto 3.6 V (*)
AVpp Analog power supply voltage +1.2 V to +3.6 V

Vss Circuit ground

AVss Analog circuit ground

VINT Internal generated voltage for core supply ( 3V version only)

BP0OO — BP0O3 |4 bidirectional 1/0O lines of Port 0 — automatic nibblewise configurable I/O
BP10 — BP13 |4 bidirectional 1/O lines of Port 1(*) — automatic nibblewise configurable I/O
BP40-TOOUTO |High current I/O line BP40 of Port 4(*) — configurable 1/0 or timer/counter 0 I/O TOOUT(
BP41-TOOUT1 |High current I/O line BP41 of Port 4(*) — configurable 1/0O or timer/counter 0 I/O TOOUT1
BP42 — FOUT [I/O line BP42 of Port 4(*) — configurable I/O or frequency output

BP43 1/0 line BP43 of Port 4(*) — configurable I/O
TIM1 Dedicated bidirectional 1/O for Timer 1
oD Port O read strobe
WD_OUT Watchdog time out in emulation mode
WD_EN Watchdog enable input (mask option dependent)

IP50 — IP53 |4 input lines of Port 5 with port monitor and coded reset function (*)
OSCIN/OSCOUT| 32-kHz quartz crystal connection pins

VREG Regulated temperature compensated supply voltage for 3 V LCD panels
VEEL Storage capacitor pin for doubled LCD voltage

VEeE2 Storage capacitor pin for tripled LCD voltage

Cl,C2 Pump capacitor connection pins

COMO — COM3 |LCD backplane driver outputs
S01 -S20 LCD segment driver outputs
INT2/BUZ External interrupt input or buzzer output pin

INT7 External interrupt input pin
TRM External speed-up of internal system clock usingtaiesistor towards yp
TCL External system clock input during emulation and test modes
TST1, TST2 |Test mode inputs. These inputs are used to control the test modes (internal pull-up)
NRST Reset input, a logic low on this pin resets the device.

(*) For mask options, please see the ordering information.
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M44C636 TEMIC

1 Signal Description, I/0O Programming, Memory, Core Registers,
and Self-Check

1.1 Signa| Description TRM andV/NT. To measure the resulting system clock
frequency §yscy at theTCL pin, TST1 andNRST has
1.1.1 \bp, Vss AVpp and AVgs to be tied to ¥s

Power is supplied to the microcontroller using these pin§he TCL pin can also be used as clock input for an exter-
Vpp is power for theuC core, RAM, ROM and the nal CMOS oscillator. In this configuration the low power
peripherals, ¥sis ground. A\bp is power for the crystal SLEEP mode cannot be used and care must be taken with

oscillator and Aésis ground. the reset conditions. THECL pin must be held low for
at least 1 ms after the release of power-on or an external
1.1.2  ‘ReG, Vee1w Vee2 Cland C2 reset to allow the external clocking mode.

VReG is the temperature compensated reference for the1 g OSCIN, OSCOUT
LCD voltage booster circuitry. It is used for building up :

the doubled Ygg1) and tripled Ygg2) voltage levels (Crystal Oscillator)
required by multiplexed low voltage LCDs. The pumNormally a 32-kHz standard watch crystal is connected
capacitor for the voltage generator is connected betwegnthese pins. A built-in capacitor of 16 to 20 pF can be
C1 andC2. Storage capacitors must be attachedegt;  connected to each of the pads through a program mask
andVgg, towards \ss (see figures 33 and 34)geg is  option.

generated internally for 3V LCD panels. Crystal and components should be mounted as close as

1.1.3 NRST possible to the input pins to minimize output distortion
. . : and start-up stabilization time. To ensure proper opera-
The NRST input is required for a proper power-oninn of the crystal oscillator a chosen crystal should follow

start-up but can be used to reset the internal state of {38 iandard crystal specification given in table 17.
microcontroller and provide an orderly software start-up

procedure. The integrated power-on circuitry provides a \H\

time delay from the time that the RC oscillator becomes I:j | Ij 0SCOUT
active. If theNRST pin is low at the end of this time out, OSCIN 32,768 Hz

the processor remains in the reset condition until the

NRST input pin goes high. The user must ensure that in- Rs

put power has risen to a point where the MARC4 can 16 pF Ry 16 pF
operate properly prior to the time the time delay has .—|:|—q
elapsed. If there is any doubt, tRRST pin should re-

main low until such time that input power has risen to the > %

minimum operating voltage required. Refer Reset
modesin section 2.1 for a detailed description.

1.1.4  TCL, TRM (RC Oscillator) Figure 3. Crystal oscillator

The system clock for theC is derived from a fully inte- 1.1.6 TSTL, TST2

grated on-chip RC oscillator circuit. This oscillator track_srhese two lines contain integrated pull-up transistors and

the supply and temperature to ensure optimum operatlggﬁne different production and emulation test modes as
of the microcontroller under all conditions. Normally, the hown in table 1. During normal operation, connect them

RC oscillator requires no external elements. If it is nece SV,
sary to trim the frequency up, this may be done by ' PP

connecting an external resistor in th&NMange between
Table 1. MARC4 test mode control

* Customer option 96 12320

TST1 | TST2 |TCL Operation Mode
1 1 |NC.or'l’ Normal mode with internal RC oscillator
1 1 |’0’ (during POR) clock input Normal mode with external clock
1 0 |'0’ (during POR) clock input Emulation mode with external clock
0 1 |System clock output, wharC is active Oscillator frequency measurement
0 0 |Scan clock input Core scan test mode
6 (60) TELEFUNKEN Semiconductors
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1.1.7 I/O Address Map
Table 2 contains the port addresses and a short functional description of the different on-chip peripheral modules.

Table 2. Port address map

Port |Direction Functional Description
0 |I/O Bidirectional port with pull-up resistors on input and read strobe line OD
1 1/O Bidirectional port with optional pull-up resistors on input
2 Input LCD charge pump frequency select (see table 16)
2 | Output LCD control port (see table 15)
3 |Input Watchdog reset
3 | Output LCD data port
4 |10 Bidirectional port with open drain output as mask option
5 |Input Input port with interrupt facility
5 | Output Key input interruptl enable
6 |Output Interrupt and buzzer control port (see table 5)
8 | Output Timer/counter subaddress port (see table 7)
9 Input Timer/counter capture registers
9 | Output Timer/counter compare registers
15 |Output Interval timer / prescaler control port (see table 6)
1.1.8 BPOO — BP03 and OD selected as buffered frequency output. Refer tingnat/

. . Output Programming and Timer/Counter paragraphs
These four I/O lines and the read strobe Gizcomprise  ¢or more details concerning the programming of Port 4.
Port 0. The port consists of CMOS output drivers with in-
tegrated pull-up resistors in the input mode. The directich1.11  IP50 — IP53

of the port is software programmable and all Port O linefese four input lines comprise Port 5. As a mask pro-

are configured as input during power-on or external res‘a"rammable option each input line can be used with or

Refer to thenput/Output Programming paragraph for yithout an integrated pull-up or pull-down resistor. The

amore detailed description. Port 5 logic is capable of generating an additional inter-

1.1.9 BP10 — BP13 rupt,_when any of the four input Iines_is activated. The

priority level (1 or 4) as well as the active edge are mask

These four I/O lines comprise Port 1. The port contairrogrammable options. This function is disabled after

CMOS output drivers with integrated pull-up resistors ipower-on or external reset. Refer to theut/Output

the input mode which may be omitted as mask option. Tlpl?ogramming paragraph for more details.

direction of the port is software programmable and a

Port 1 lines are configured as input during power-on or e .1.12 COMO - COM3

ternal reset. Refer to tHeput/Output Programming  These four output lines provide the backplane driver sig-

paragraph for a detailed description. nals which should be connected directly to the liquid
_ crystal display unit. The backplane output signals are

1.1.10 BP40-BP43 generated in accordance with the selected LCD drive

These four 1/O lines comprise Port 4. As mask progranmode. If less than four backplane outputs are required the

mable option each I/O line can be used as CMOS or openused outputs should not be connected.

drain output and with or without an integrated pull-up r

sistor in the input mode. See figure 7 for a port schema |Cl'13 S01 -3S20

diagram. The direction of each Port 4 line is bitwise proFhese 20 segment output lines provide the segment driver

grammable through a data direction control register arsignals which should be connected directly to the liquid

all lines are configured as input during power-on or extecrystal display unit. The segment output signals are gen-

nal reset. Additionallyy, BP40 and BP41 haveerated in accordance with the multiplexed backplane

Schmitt-trigger inputs and can be configured as I/O pirggnals and with the data resident in the display latch.

for Timer 0. Those two pins feature high current outputvhen less than 20 segment outputs are required the un-

drivers to support watch motor applications. BP42 can hsed segment outputs should not be connected.

TELEFUNKEN Semiconductors 7 (60)
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1.1.14 INT2, INT7 (External Interrupts) e Watchdog is mask disabled: The watchdog function is
not available in this configuration.

The external interrupt inputs are edge triggered and have

Schmitt-trigger characteristics to improve the noise ime Watchdog may be ef‘ab'ed by softV\{are: In this case the
99 D WD_EN pad is configured with an integrated pull-up

munity. The active edge is by default the negative edge _ ; . .
and both interrupts are enabled after power-on or an exter- resistor. The first watchdog read instruction, executed

nal reset, but it may be changed using the interrupt control &ftér Power-on reset, will start the watchdog timer.

register accessed through Port 6 (see table 5)nBz¥e e Watchdog is enabled by hardware: In this mode the
rupts in section 2.2 for more details. WD_EN pad is configured with an integrated pull-

down resistor. After power-on reset, the first
1.1.15 Buzzer (INT2) P

watchdog time out happen after the mask selected
ThelINT2 pin is bidirectional. When set to input, this pad time, if not reset by a watchdog read access.
functions as an external, maskable interrupt. When set101.17 TIM1 (Timer 1)

output the programmer can choose between a static out-

put value or an audio frequency (2 or 4 kHz) square wavE!M1 is a dedicated bidirectional 1/O stage for signal
Seelnterrupts in section 2.2 for more details on pro-cOmmunication to and from the Timer 1 in the timer/

gramming the interrupt control register. counter module (see figures 4 and 31). It has no I/O bus
interface and is not directly accessible from the CPU. The
1.1.16 WD_EN, WD_OUT (Watchdog) direction control is performed from the timer/counter

_ _ configuration registers.
In the emulation or I/O test mode, the function of the .
watchdog timer can be observed at\#i®_OUT pin. After power-on or external reset, thié&M1 pin is set to
- input mode, configured for external clock input and inter-

The functionality of the watchdog is mask programmableupt disable. Se&imer/Counter in section 4 for more

in three different ways at th&D_EN pad: details on programming.
| Vob
T1IN (Timer 1 input)
< Pull-u
< g | __[pull-up
N
V, I
oo | e
L]
\ \
\ \
L _
) < TIM1 >
T1OUT (Timer 1 output ~ 1
> ° } ™ |
[/ L 41 .
T1Dir (direction control) N *T‘
[
| \
L _
* Mask options Pull-down

96 11528

Figure 4. Bidirectional pin TIM1
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1.2 Input/Output Programming 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
121 Bidirectional Port 0 and Port 1 port. This behaviour can be used by connecting large
_ enough capacitors to the pins of the bidirectional port to
Port 0 and 1 may be programmed as an input or an outped back the previous data written to this port.

under software control. The direction of a port is deter- , )
mined by an IN or OUT instruction and is held unti©n the other hand, to avoid the negative effects of stray

another IN or OUT instruction for this port is executed. capgcitances one of the following approaches should be
used:

The direction of bidirectional Port 0 and Port 1 is switche Use two IN instructions, and DROP the first data
able on a nibble-wise basis only. The output latches hold nibble read.

the state of the last data valu'e written to the port. A.t Write a logic "1’ to the port bits to be read before
power-on or external reset all pins of Port 0 and 1 are set . . !

to input mode and all output latches are set to a logic 1. executing the IN instruction.
Whenever a bidirectional port is switched from input tdheOD signal is a strobe output indicating that data is be-
output the last value stored in the latches will appear amg read from Port O by theC. Data must be valid at the

the outputs for one clock cycle (see figure 6). latest 100 ns after the falling edgeCiD.

|- . Port 1 mask option

1/0 Citrl Port_Dir
EE o o fotin | @D
Q Protection m
NQ
POR R
1/0 bus S Data Out
< D Q

Data In /]
. i I 96 12322

Figure 5. Bidirectional Port 0 and 1 schematics

TCL

Instruction:>< Poto ) IN OR X' Poto X our Yut2| X
[ [
|

A
Port 0 Fh ‘D<Datai Hi—Z (internal pull-up) X : X! Data valid
- |
|
\

Port—Dir Output mode ‘ Input mode /  Output mode
S it | -
***) | ast written data contained in output latches, Fh after power—on reset 96 12323
Figure 6. Port read and write cycle timing
TELEFUNKEN Semiconductors 9 (60)
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1.2.2 Bidirectional Port 4 1.2.3 Input Port 5

Port 4 may be programmed as an input or an output under

software control. The direction of the port (in nibble-wis& he data on Port 5 is sent to the top of the expression stack
I/0 mode) is determined by an IN or OUT instruction anhenever an IN instruction (addressing Port 5) is
is held until another IN or OUT instruction for Port 4 isexecuted. The Port 5 logic may generate an additional in-
executed. As mask programmable option each 1/O lirterrupt with mask selectable priority level 1 or 4, when
can be used as CMOS or open drain output and with any of the four input lines is driven low. This function is
without an integrated pull-up resistor in the input modaiseful for implementing an interrupt driven keyboard. It
See figure 7 for a port schematic diagram. The directioa disabled after power-on or external reset. The corre-
of each Port 4 line is bitwise programmable through a dagponding interrupt is enabled by writing any value to
direction control register (P4ADDR) and all lines are corPort 5 and automatically disabled after a read operation
figured as input during power-on or external resefrom Port5. The interrupt service routine may use the 2nd
Additionally BP40 and BP41 have Schmitt-trigger inputinterval timer to perform a software based key debounc-
and can be configured as I/O pins for Timer 0. BP42 cang. Note: The data read from input pins with an
be selected as buffered frequency output. See tablesidtgégrated pull-down resistor are inverted (e.g. if 1011b
and 14 in th&imer/Counter section for more details on is read, data at IP5 is 0100Db).

Port 4 special function register control.

Port 4

direction register '\£|

»
1/0 Cirl
native modg R
— »D

Q Port_Dir £50
R Protection
POR
S | Data Out %" Pull-down

. (BP43 only)

1/0 bus
< D Q e
Timer 0
output
4(/
Data In e Ii * Mask options
N 96 12324

Figure 7. Bidirectional Port 4 schematics

Vob
O x
F{ . Pull-up
1/0 bus 0 R
< ESD
- V; 1 protection -
« . DD?
/O bus 1 Pull-down - - :
—e ‘
NRST ?
S Enable
*
AN
RST2 mask option * Customer option 96 12325
Figure 8. Port 5 with pull-up and RST2 mask option
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1.3 Memory

The MARC4 family of microcontrollers is based on thenstructions. The corresponding memory map is shown in
Harvard architecture with physically separate prografigure 9.
memory (ROM) and data memory (RAM).

_ _ The self test routines have to be included as part of the free
The program memory (ROM) is mask programmed withrogram space. The 16-bit check sum (CRC) is located by

the customer application program during the fabricatiofpe compiler in the last two bytes of ROM.
of the microcontroller. The ROM is addressed by a 12-bit

wide program counter, thus limiting the program size tdhe on-chip 256 x 4-bit RAM is divided in the 12-bit wide
a maximum of 4,096 bytes. The user ROM starts with r@turn stack, the 4-bit wide expression stack (both with a
512 byte segment ('Zero Page’) which contains predeser definable depth) and the data memory. The fixed re-
fined start addresses for interrupt service routines atarn address (000h) which points to the $SAUTOSLEEP
special subroutines accessible with single byte (SCALLputine is located at RAM address FCh.

ROM RAM
(4k x 8 bit) (256 x 4 bit)
Auto-sleep
Zero page
000h FCh |0 ‘ 0 ‘ 0
Zero page $AUTOSLEEP | 000h
FFh [ L
JEE N N
Self tests N— —
(200 bytes) . 008h Y Global
— RESET I ‘ ‘ ‘ variables
T m—
— — N ——
N — =
Free INTO 040h X
program >
space INT1 080h unused
INT2 0Coh
Expression
INT3 100h SP 77 stack
INT4 140h (TOS-1) K
| used
INT5 180h
INT6 1Coh RP
— Return
FFEh | 16 hit ROM INT7 1EOh stack
FFFh Check sum
00h
— 4 x 4 bit ‘- 96 12326
Figure 9. Memory map
TELEFUNKEN Semiconductors 11 (60)
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1.4 Core Reqisters

As shown in the register set below, the MARC4 core has 4.3 RAM Address Register (X and Y)

seven registers.

1.4.1 Accumulator (TOS) The_ S-bit \{vide registerx a}ndY.are used to z_alddress any
4-bit item in the RAM. Using either the pre-increment or

Because this microcontroller is a stack based machipest-decrement addressing mode it is comfortable to

with two on-chip stacks located in the internal RAM, altompare, fill or move arrays in the RAM area.

arithmetic, I/0O and memory reference operations take

their operands from, and return their result to the 4-bit.4.4 Return Stack Pointer (RP)

wide expression stack. This stack is also used for passing

parameters between subroutines, and as a scratchpad @ffreturn stack pointdP points to the top element of

for temporary storage of data. The top element of thfie return stack. The 12-bit wide return stack is used for

expression stack is immediately accessible through tBgyring subroutine return addresses and keeping loop in-

TOS register. The MARC4 can perform most of thglex counts. The return stack can also be used as a

operations dealing with the top of stack items (TOS angmporary storage area. The MARC4 instruction set sup-

TOS-1) in a single byte, single cycle instruction. ports the exchange of data between the top elements of the

1.4.2 Expression Stack Pointer (SP) expressio.n and return stack. The return stgck automati-
cally pre-increments and post-decrements in steps of 4.

The 8-bit wide stack pointe8P contains the address of This means that every time a subroutine return address is

the next-to-top 4-bit item (TOS-1) on the expressiostacked, 4-bit RAM locations are left unwritten. These

stack, located in the internal RAM. After power-on resdbcations are used by the gFORTH compiler to allocate

the stack pointer has to be initialized to the start addregit variables. After power-on reset the return stack

of the allocated expression stack argd.( pointer has to be initialized to FCh.
11 0
pcc =~~~ " " | Program counter
7 0
RP[ " " 7 "0 0] Returnstack pointer
7 0
spl " | Expression stack pointer
7 0
X [ 77 7 7 7 7 "] RAM address register (X)
7 0
T T T T T T T -
y | " " | RAMaddress register (Y)
3 0
TOS| = | Top of stack register
3 0
CCR|C - B, I Condition code register
Interrupt enable
Branch
- Unused
Carry / borrow 04 8976
Figure 10. Programming model
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TEMIC M44C636

1.4.5  Program Counter (PC) Interrupt Enable (1)

The program counter (PC) is a 12-bit register that contai§e interrupt-enable flag globally enables or disables the
the address of the next instruction to be executed by tiiggering of all interrupt routines with the exception of
microcontroller. After power-on or external reset the prdhe non-maskable reset. After a reset, or on executing the

gram counter is set to address 008 by the reset vector. DI instruction, the interrupt-enable flag is reset, thus dis-
abling all interrupts. The core will not accept any further

1.4.6  Condition Code Register (CCR) interrupt requests until the interrupt-enable flag has been
The 4-bit wide condition code register contains thEEt again either by executing an El, RTl or SLEEP instruc-

branch, the carry and the interrupt-enable flag. These pHen-

indicate the current state of the CPU. The CCR flags aeg 7 Self-Check

set or reset by ALU operations. The instructions

SET _BCF, TOG_BF, CCR! and DI allow directThe self test capability of the MARC4 provides the possi-
manipulation of the condition code register. bility of easily checking the core by executing the RAM
and ROM tests after power-on reset. These selftest
routines must be included either conditionally or un-
The carry/borrow flag indicates that borrow or carry outonditionally in the $RESET routine after the
of arithmetic logic unit ( ALU ) occurred during the lastinitialization of the stack pointers.

arithmetic operation. During shift and rotate operation
this bit is used as a fifth bit. Boolean operations have
affect on the C flag.

Carry/Borrow (C)

T the self test routines are included unconditionally care
"Would be taken that the pattern written to Port 1 does not
interfere with the application hardware. If the stimulus
Branch (B) read from Port O is different from zero, TEMIC Semicon-
ductors has to be informed. Please use the ordering

The branch flag controls the conditional program branc i&'gormation on the last page of this data sheet,

ing. Should the branch flag have been set by a previo
instruction, a conditional branch will cause a jump. ThiPlease contact your local TEMIC Application Engineer
flag is affected by arithmetical, logical, shift, and rotatéor the correct installation and optimization of the self test
operations. routines.

TELEFUNKEN Semiconductors 13 (60)
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2 Reset Modes, Interrupts, and Low Power Modes

This chapter descripes the reset modes and the differ@i uF is recommended on tINRST pin, if the circuit is
interrupt capabilities of this microcontroller. The lowoperated at voltages below 1.5 V.

ower consumption modes are also discussed.
pow Hmpt ISeu 2.1.3 Coded Reset at Port 5

Another way of invoking an external reset mode is to
2.1 Reset Modes force an active low (high) signal simultaneously to some
The M44C636 has four reset modes: an active low extd¥t the Port 5 input lines (IP50 to IP53) selected by mask
nal reset pinNRST), a power-on reset function, a codedption. Table 3 shows the combination of input lines that
reset at Port 5 and a watchdog time-out. These res@n be selected by mask option.
modes guarantee a well-defined start-up condition of the
complete microcontroller. During any hardware reset allable 3. Multiple key reset options
ar6 clearod, all on-chip pefipherale are reset and a NERC=—2ST Not used (defaul
) - PDHZ
maskable interrupt request is generated. After execulti %STZ IPS0 & 1PS1

of the reset service routine the interrupts are enabled a B3ST3 IPS0 & IPS1 & 1P52

matically by the RTI or a previously executed E|RST4 IP50 & IP51 & IP52 & IP53
instruction.

21.1 External Reset (NRST) When, for instance, mask option RST2 (IP50 & IP51) is

selected, an external reset is executed when the signal
TheNRST input pin is used to reset th€ to provide an jnputs to these two lines are both activated at the same
orderly software start-up procedure. When using thne.
external reset, the piNRST should be held low for a

minimum of 10us. If this function is used, it is essential that the specified

input lines are not activated at the same time during nor-
2.1.2 Power-on Reset mal operation in the application. The activation voltage
level (Vssor Vpp) depends on the selected Port 5 pull-up/

A power-on reset occurs when a positive transition l§rull-down option setting.

detected on the power supply input pin. For a prop
operation of this circuitry an external capacitor of 0.47 to

* = Mask option

NRST CPU reset

Power-of€— VSS
reset <« VDD
reset code
Wi
| D

time out rsttq— WD reset

Port 5
input

Port5 ( ) CPU

96 12327

Figure 11. Reset configuration

2.1.4 Watchdog Timer The watchdog timer is a 17-stage divider clocked from

. . the 32-kHz SUBCL clock (see figure 12). It can be en-
The purpose of the watchdog timer is to detect the m bled as a mask optiog eith%r auto)matically after

function (runaway) of the program due to external no'lif%wer-on reset (WD_EN with internal pull-down) or by

&rmodtif:ieorncauses and return the operation to the nor are after the first watchdog read access (WD_EN

14 (60) TELEFUNKEN Semiconductors
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with internal pull-down resistor). By default, the watch+tiates a master reset. The time-out period can be set to 0.5,
dog timer will be disabled through a pull-up resistor at or 2 seconds as a mask option.

WD_EN. If enabled it must be periodically reset from thero reset the watchdog the program must perform an IN
application program. The program cannot disable th

watchdog. Should for any reason, the CPU find itself f Ifstruction on the address WDRES ('3’ hex). No relevant

A ! . Hata will be received, so this operation will normally fol-
an extended period in SLEEP or in a section of progr

that includes no watchdog reset, then the watchdog meed by @ DROP to flush the data from the stack.

overflow, thus forcing the NRST pin low. This in turn ini-

NRST ¢ 0.5s 1s 2s
{4

17— Stage binary counter
SUBCL >ﬂ|

-
lelelrlrlrlrlcl rl el ol & &l d A
111 I

-

.g. 32 kH RIR IR
oz T 1111
5VeI§IgES>—|_ \‘
Master ’,_l_b_lil* Watchdog Enable
Reset *iMask option
VDD 96 12328

Figure 12. Watchdog timer

2.2 Interrupts

The MARC4 can handle interrupts of up to 8 prioritydelayed until interrupts are enabled again. Interrupts are
levels (Table 4). They are generated from on-chip moanly lost when the pending register for a particular inter-
ules (timer/counters, watch timer), external sourcesipt priority is still set at the time of a further interrupt
(Port 5 inputs, interrupt pads) or synchronously from thgansmission of the same level. The pending register is
core itself (software interrupts). Each interrupt source hateared on any hardware reset. On completion of an inter-
a hard-wired interrupt priority and an associated interruptipt service routine the corresponding pending and active
service routine in the program ROM. The programmehits are cleared by executing the RTI instruction (see
can enable or disable all interrupts by setting or resettifigures 13 and 14).

the interrupt enable flag in the CCR using the El or D.|.
instruction.When the interrupt enable flag is reset (inter-

rupts disabled), the execution of interrupts is inhibited bu west priority interrupt service routine has been com-

not the logging of the interrupt requests in the interru;ﬂeted' This guarantees a maximum use of the power

pending register. While interrupts are disabled (e.g. for3" N9 capabilities of theC. Refer td.ow Power Modes

time critical section of code) and an interrupt is generaté%r more information.
the interrupt will not be lost. Its execution will only be

he uC automatically enters the SLEEP mode when the

Table 4. Interrupt priority and address allocation map

Priority Function Located in | Max. Length | Interrupt Opcode
ROM at [ROM bytes]

INT7 External hardware interrupt INT7, 1EOh >24 FCh
negative/positive edge triggered

INT6 Interval timer interrupt, high frequency 1C0Oh 32 F8h

INT5 Interval timer interrupt, low frequency 180h 64 FOh

INT4 Timer/Counter O (or Port 5 interrupt) 140h 64 E8h

INT3 Timer/Counter 1 100h 64 EOh

INT2 External hardware interrupt INT2, 0COh 64 D8h
negative/positive edge triggered

TELEFUNKEN Semiconductors 15 (60)
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INT1 Port 5, key input interrupt 080h 64 DOh
INTO Software interrupt (SWI0) 040h 64 C8h
[ Hardware interrupt} Software interrupt
N
’SLEEP mode 7 >
Y

Wake up RC oscillator

Decode interrupt & set INTx pending bit

Priority decode:
pending INT > active INT?2

‘ Set INTX active bit ‘

Continue the
active INT routine

‘ Execute INTx opcodes ‘

—~

‘ INT routine finished (RTI) ‘

I

‘ Reset corresponding active & pending bi’t

Pending
register empty
?

[ SLEEP mode ] 96 12320

Figure 13. Interrupt flowchart
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2.2.1 Interrupt Handling
INT7

7+ INT7 active

RTI
INTS

5+ INT5 active

RTI
INT3

INT2

Priority level
v

31 INT3 active
RTI

2+ INT2 pending INT2 active

RTI
1+ SWIO

0+ INTO pending INTO active

RTI
Main / Main/
Autosleep Autosleep )

Time

94 8978

Figure 14. Interrupt processing

The integrated interrupt controller samples all interrugi.e. the RC oscillator frequency) and the duty cycle of the
requests and latches these in the interrupt pending regigplication.
ter. It also decodes the priority of the interrupt request

and signals theC when a higher priority interrupt requesti,'z'3 Software Interrupts

is present. If th@C (with interrupts enabled) receives thesoftware interrupts are executable instructions which are
interrupt controller’s S|gnal an interrupt aCknOW'edg%upported by predeﬁned macros named SWI0 through

cycle will be entered. During this cycle, th€ saves the SwI|7. The software triggered interrupt operates exactly
current PC on the return stack and loads the PC with tfige any hardware triggered interrupt.

start address of the corresponding interrupt service rou-

tine. When theuC is in the SLEEP mode it will be 2.3 ~ Hardware Interrupt Sources
activated by any hardware interrupt, by the means of stag-

ing the RC oscillator and decoding the interrupt. By usiﬁg'?"l Port 5 Interrupt

the MARC4 way of interrupt transmission it is possible tqhe input Port 5 may generate an interrupt (of masked
transmit more than one interrupt at the same time. Thgiority level 1 or 4) if any of the four input lines of Port 5
transmitted interrupts are loaded into the interrupt pengs sctivated. The active interrupt edge depends on the
ing register asynchronously. The priority decodefask option for the intergrated Port 5 pull-up (negative
determines the interrupt with the highest priority and actegde) or pull-down resistor (positive edge). This function
vates it as shown in figure 13. The interrupt priority levek disabled after power-on reset or external reset. The
handling versus time is shown in figure 14. interrupt is enabled by writing any value to Port 5 and is
2929 Interrupt Latency automatically disabled after a read from Port 5.

. . _ 232 External interrupt inputs INT2
The interrupt latency is the time from the transmission of and INT7

the interrupt to the interrupt service routine being acti-

vated. This time is at minimum three and at maximurfhe external interrupt inputs are edge triggered and have
five instruction cycles depending on the state of the corBchmitt-trigger characteristics to improve the noise im-
The highest interrupt frequency which can be reasonabityunity. The active edge is by default the negative edge,
handled is 1 kHz depending on the supply voltage ranget it may be changed using the interrupt control register

TELEFUNKEN Semiconductors 17 (60)
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accessed through Port 6 (see table 5). The microcontroller

completes the current instruction before it responds to the

interrupt request. When the interrupt input pin recognizes

an active edge, a logic one is latched internally to signify

the interrupt request, if the corresponding enable bit in the

mask register is set. Then the microcontroller completes

its current instruction and the interrupt pending register

is tested. If an interrupt is pending and the interrupt enable

bit in the condition code register is set, the interrupt s@%+m0<l
quence begins. As shown in figures 15 and 16, the

following mask programmable options are available on

the two external interrupt input pads: * Mask options

e |Integrated pull-up
96 12330

® |Integrated pull-down

e No pull-up or pull-down Figure 15. External interrupt INT7

® Buzzer as CMOS or open drain output (INT2 only)

Vbp

CMOS
Q INT2_Dir ‘ - ’*1‘ 4‘{ ’*1‘ PuII—up
D I I I I
™ NQ C . , INT2
R /———>
POR 4} _
. BUZZER
* pull-down

Port 6 S s L‘
Contro : ‘ :
) b 0 Data Out b—{‘ %- ‘ ‘L

4 AR J
H(Im(
Interrupt logic N o@ * Mask options
96 12331
Figure 16. External interrupt INT2 and BUZZER output
2.3.3 Buzzer and Interrupt Control crystal oscillator frequencycfand can be easily calcu-
Register lated by the following formula:

The two external interrupt inputdNT2 and INT7 are fauzzer = fé% or %%

maskable. This mearslT2 or INT7 may be disabled

individually while still receiving all other interrupts. The frequency is software programmable to either
After any hardware reset both interrupt inputs are enabldd)96 kHz or 2,048 kHz (if a standard watch crystal is
and are negative edge triggered, which corresponds used). See section 4.2.3 for more details on the buzzer fre-
control code Fh. Additionally, if not used as an interrupguency toggle function. This output mode may also be
input, INT2 can be utilized as an output. A static outputiseful for trimming the crystal oscillator frequency. All
level or an audio frequency square wave is selectabledhthese interrupt control functions are selected by writing
output mode. The tone frequency is derived from the control nibble to Port 6 (see table 5).

18 (60) TELEFUNKEN Semiconductors
.. . Rev. A2, 21-Jun-96
Preliminary Information



TEMIC

Semiconductors

M44C636

Table 5. Interrupt control register (Port 6)

Control Code INT7, Active Edge INT2, Active Edge INT2 1/O Function

1111 enabled, negative edge| enabled, negative edge Interrupt input

1110 enabled, negative edge| enabled, positive edge Interrupt input

1101 enabled, positive edge | enabled, negative edge Interrupt input

1100 enabled, positive edge | enabled, positive edge Interrupt input

1011 enabled, negative edge| masked, negative edge Interrupt input

0111 masked, negative edge| enabled, negative edge Interrupt input

0011 masked, negative edge| masked, negative edge Interrupt input

1010 enabled, previous progr., masked, previous progr. Output high

1001 enabled, previous progr.| masked, previous progr. Output low

1000 enabled, previous progr.] masked, previous progr.| Buzzer frequency output
0010 masked, previous progr.| masked, previous progr. Output high

0001 masked, previous progr.| masked, previous progr. Output low

0000 masked, previous progr.| masked, previous progr.| Buzzer frequency output

234

software.

Interval Timer / Prescaler
Interrupts

vider chain with two multiplexers. They offer two
interrupt sources with priority level 5 and 6. The interval

] ] ] ] timer powers up in the reset condition which corresponds
The programmable interval timer is usually driven by ag, control code Fh. The basic interval timer interrupt
external 32.768 kHz watch crystal. Using for example @NT5) has 8 programmable frequencies from 128 Hz
38.4 kHz crystal, it is possible to emulate an asynchrggwn to 1 Hz. They can be selected by writing the value
nous serial interface protocol using standard baud ratespy, g into the control register at port address 15. The cor-
responding interruptINT5) can only be masked by

The interval timer / prescaler consists of a 15-stage desetting the complete interval timer module.

Table 6. Interrupt interval time programming

- | fc = 32.768 kHz
Contror Coue InterrupSource” | Interruprreguency Time Interval | Interrupt Frequency
F none Reset & hold complete prescaler
E (INT5 only) INT6 disabled, INT5 still active
D INT6 fo/23 244.14us 4,096 Hz
C INT6 fo/25 976.56 us 1,024 Hz
B INT6 fo/2? 3.906 ms 256 Hz
A INT6 fo/29 15.625 ms 64 Hz
9 INT6 fo/211 62.5ms 16 Hz
8 INT5 reserved
7 INT5S fo/28 7.81 ms 128 Hz
6 INT5 fc/29 15.625 ms 64 Hz
5 INT5S fc/210 31.25 ms 32 Hz
4 INTS fo/211 62.5 ms 16 Hz
3 INT5 fo/212 125 ms 8 Hz
2 INT5 fo/213 250 ms 4 Hz
1 INT5S fo/214 500 ms 2 Hz
0 INT5S fo/215 1ls 1Hz
TELEFUNKEN Semiconductors 19 (60)
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The second interrupt source (INT6) allows the selectiamodes are all initiated by executing the SLEEP instruc-
of 5 different frequencies from the divider chain rangingjon.
gogggouéoig?éhd?gvg)t%t(lfthizcz{“‘pg;“rgg ig':eer (;?[rr%lr\{ote 1: The SLEEP instruction is not a normal instruc-
alcajdressgls The interrufiT6 may be disat?led seleg- tion as its function is dependent on the state of the
. T _may ; ; interrupt pending register. SLEEP is therefore
tively using control code Eh without affecting the interval . oS
. . . available for use within the SAUTOSLEEP rou-
time programming oMNT5. TheINT6 multiplexer pow- : .

; . . . tine or $RESET routine only.
ers up in the disabled position. The programming of the
INT6 interrupt tabs should be done synchronously, if difNote 2: If a timer/counter is operating with the system

ferent time base intervals are used temporarily (stop clock (SYSCL) as input source, the SLEEP mode
watch application, keyboard debouncing) or an accurate will stop the input clock. Therefore keep thé
number of interrupts is required. To avoid the transmis- conditionally busy as long as the PWM mode is
sion of additional unwanted interrupts, the change of the needed.

INT6 interval times should be done in a time frame o

200us after the reception of a timer interrupt. As iIIus—£'4'l SLEEP Mode

trated in table 6 only théNT6 timer can be disabled By executing the SLEEP instruction either in the
individually. Therefore special care has to be taken fAUTOSLEEP function or during power-on reset in the
INTS. In the case of programming theéT6 timer with- injtialisation routine, the microcontroller enters a low
out previously selecting ailNTS frequency (i.e. after power consumption mode. In this SLEEP mode, the pro-
power-on reset), NTS frequency of 128 Hz is set by de-grammable timers and the LCD driver remain active,
fault. Concerning the program development usMi6, while the internal RC oscillatonC clock) is turned off

the following rules should be considered: causing all core processing to be stopped. It can only be
kept when none of the interrupt pending or active register

° i i .
Always program both interrupt multiplexers of thebItS are set.

watch timer module,

If onlv INT6 i ired. sel he 1 Hz tab fi cJé)uring the SLEEP mode, the interrupt enable flag in the
¢ Mronly Is required, select the Z tab first ang, g gition code register is set to enable all interrupts. All

define an emptyNTS routine, other registers, memory, and parallel input/output lines
e Otherwise implement a 'disable’ flag in thNT5 remain the same. The 32-kHz crystal oscillator is not

service routine. switched off, but the timers or the LCD driver may be dis-
_ abled by the application program. This mode will
2.3.5 Timer/Counter Interrupts continue until any interrupt or reset is sensed. At this time

the event is decoded and the program counter is loaded

The Timer 1 generates (if enabled) an interrupt of priorityi the corresponding starting address of the interrupt or
level 3 (INT3) on every match with the data byte whicheget service routine.

was written into the Timer 1 compare register (TLCA). On

the other hand the interrupt generation (INT4) of Timer §he MARCA4's uniqueAuto-Sleepfeature allows thaC

is controlled by the selected mode of operation. Thi§ enter the SLEEP mode automatically when the lowest
means, Timer 0 modes based on a free running couniiority interrupt service routine has been completed.

will generate an INT4 (if enabled) on every overflowrne S| EEP mode is a shutdown condition which is used
(f|N/_256), Whereas modes with a reload functio_n generaig reduce the average system power consumption in
the interrupt with the compare match. See sedtiorer/  4ppjications where theC is not fully utilised (figure 17).
Counter Module for further details. Using SLEEP and interrupts, the full computational

speed of the core is always available. In this way, power

is only consumed when needed, allowinguteto run in
2.4 Low Power Modes high speed bursts from a weak supply (battery, capacitor,

or even a solar cell). WheRST1 is tied toVgg after
Three low power consumption modes are availabl@ower-on reset, theC activity is observable at theCL
SLEEP, power saving and STOP mode. These operatipig.

20 (60) TELEFUNKEN Semiconductors
.. . Rev. A2, 21-Jun-96
Preliminary Information



TEMIC M44C636

Calculating the average power consumption consumption of theC (without external loads) will be re-

The total power consumption is directly proportional téjuced tolessthan 100 nAat 1.5 V.

the active time of th@C. For a rough estimation of the
expected average system current consumption, the fdlhe STOP mode can be implemented by switching off the

lowing formula should be used: power supply of the crystal oscillata®(pp) with one of
the port output lines. Before executing the STOP routine,
leys = loe + <|DD . Mﬁ) the prescaler should be reset and the LCD driver should
Toota be put into the power saving mode, because both are

The d le of thaiC Iso be ob di turned off when the 32-kHz oscillator is switched off. The
e duty cycle of thauC can also be observed In &ema| RC oscillator is stopped by the SLEEP instruc-
MARC4 emulator window and with the target appllcanorﬁor], suspending all further internal processing.

board in stand alone operation.

2.4.2 Power Saving Mode During the STOP mode, the interrupt enable flag in the
The power saving feature of the LCD driver in conjuncCCR is set to enable exter_nal interru_pts. All other regis_,—
tion with the SLEEP mode of the core will further reduc&®rs: memory, and all 1/O lines remain unchanged. This
the system power consumption by additionally blankin ontinues until an exte.rnal mterrupt or reset is decod.ed.
the LCD. This is done by disabling the LCD voltage genLn€ program counter is loaded with the corresponding
erator and switching all LCD voltage levels tgd/thus starting address of the interrupt or reset service routine re-
causing a reduction in display power consumption. ThiPectively.
mode is only effective if the display is generally to be
blanked for periods longer than 5 seconds. Refer @y writing a logic 1 to the corresponding port, the inter-
section 4 for more information on LCD driver programrupt or reset service routine may turn on the crystal
ming. oscillator. The oscillator’s start up time in the range of 1
24.3 STOP Mode to 2 seconds (which depends on thg opgrating temperature
and supply voltage) must be kept in mind. Therefore the
The lowest power consumption mode of the microcoreccurrence of the first timer interrupts might not be as
troller is entered with the STOP operation. The curremiccurate as usual.

Low activity example: Interrupt Interrupt Interrupt

L Active L Active L
¥ Sl ¥ Sl
M~ e " s ]

Average power
Power — — _— — — - — — i

. . . Interrupt Interrupt
High activity example: L P Active L P Active

¥ ¥

o Sleep
Activity
Power Average power

94 9050

Figure 17. Average system power consumption and duty cycle

TELEFUNKEN Semiconductors 21 (60)
Rev. A2, 21-Jun-96 . .
Preliminary Information



M44C636 TEMIC

3 Timer/Counter Module

The M44C636 has two programmable 8-bit timerAll timer/counter registers are accessible by writing the
counter, which can be configured as one 16-b#tpecific register address to the timer subaddress register
timer/counter. Each timer is preceded by an addition&liSUB (Port 8) and the data to the timer data port (Port 9).
8-bit partly programmable input clock prescaler. Th8ecause of the 8-bit architecture of the timer/counter
clock source is individually user selectable for Timer @nodule, each capture and compare register is represented
and Timer 1 out of eight different input signals. This i®y two nibbles (higher and lower). Generally, for a write
controlled by the Timer 0 and Timer 1 control registereperation first the lower and then the higher nibble is writ-
TOCR and T1CR. The implemented features allow varien, whereas the higher nibble is accessed first for a read
ous operating modes such as period measurement, puperation. The timer interrupt generation is inhibited un-
width modulation (PWM), pulse density modulationtil both nibbles are written into the compare register.
(PDM), phase shift measurement, position measuremenitner data can be read at any time and timer/counter op-
and also usual timer modes like event counting and awtaation is not disturbed whilst reading.

reload function. Interrupts are generated, if enabled in the

TOCR and T1CR register at various timer events. Block

diagrams of the timers are shown in figures 19 and 31.

The timer capabilities are provided by using the following control registers.

Table 7. Timer/counter subaddress register TSUB (Port 8)

Timer/Counter Register Name 1/O Function Register

0 0000 TOMO Out Timer 0 mode register
1 0001 TOCR Out Timer 0 control register
2 0010 T1IMO Out Timer 1 mode register
3 0011 T1CR Out Timer 1 control register
4 0100 TCMO Out Timer/counter mode register
5 0101 P4IOR Out Timer 0 and Port 4 1/0 control register
6 0110 P4ADDR Out Port 4 data direction control register
7 0111 - reserved
8 1000 T1CP Out Timer 1 — 8-bit compare register
8 1000 T1CA In Timer 1 — 8-bit capture register
9 1001 TOCP Out Timer 0 — 8-bit compare register
9 1001 TOCA In Timer 0 — 8-bit capture register
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3.1 Timer/Counter I/O Addressing

TCSUB T 9/C renictarc

ointer | "TIC reglsters
o | A
SUbf’é’é}S"’t‘gFre POl o TocPToCA

|8| TICP/T1CA
e
‘6 P4DDR
subport_addr port8 OUT }5 P4I0OR
|4| TCMO
3] T1MO
2| TIiCR
1] TomMO
‘o TOCR

L

i

o Fer Subport data| 92t portd OUT
access register port9 IN

L = )

I/0 bus

\
\
\
\
\
\
\
\
\
\
\
\
\
—

96 12332

Figure 18. Timer/Counter extended I/O addressing

To address a timer/counter register, first of all, the subpdkfterwards the appropriate data can be written (or read)
address register TCSUB (Port 8) has to be initialiseslia the subport data access register (Port 9).

Example:
Setup Timer O for frequency measurement mode with a 32 kHz sampling frequency

0 CONSTANT TOMO
1111b CONSTANT TO_Freq_measure
1 CONSTANT TOCR
0000b CONSTANT Fin_32kHZ_EI
4 CONSTANT TCMO \ Timer/counter mode
0110b CONSTANT TO_Start
0111b CONSTANT TC_Start
5 CONSTANT P4IOR \ Port 4 1/O control
0101b CONSTANT P41=TOIN1
9 CONSTANT TOCA \ TO capture register
\ TC_Ctrl writes one control nibble to a T/C register
: TC_Ctrl ( TC_data TC_subport — )
Port9 SWAP

Port8 OUT OUT
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M44C636 TEMIC

\ Initialising Timer O
TO_Freq_Measure TOMO TC_Citrl
Fin_32kHz_EI TOCR TC_Ctrl
P41=TOIN1 P4I0OR TC_Citrl
TO_Start TCMO TC_Ctrl

\ Read—out of TO capture register

: TO_CA Read
DI
TOCA Port8 OUT
Port9 IN \ Read higher nibble

Port9 IN \ Read lower nibble
El

\ Timer O interrupt service routine

D INT4 TO_CA_Read
New_Freq 2! \ Save TO result

3.2 Timer/Counter O

BP40 BP41

Port 4 mode register 4 (P 9

m Port 4 interface

Y
2 2
¢ 1/0 bus (0)
Input Timer O overflow Ztgptét Interrupt
circuit g priority 4
(f 32 kHz ) flnterrupt
S z Direction
0sC Resul Timer bus (7:0) "0
SUBCL 8 J 8 8
= ) Timer O Timer 0
2 Timer O compare capture
5 8-bit register register
= 8-bit 8-bit
© + T Y
Timer 0 WRITE READ TO latch
control 4 4
TO reset circuit
Interrupt 4
T enable < I/O bus (3:0) >
T T
TO control TO mode 96 12333
Figure 19. Timer 0 block diagram
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TEMIC M44C636

Timer 0 is a synchronous up/down counter. The dowfimer O shares its two I/O pins with Port 4 (BP40, BP41).
counting mode is not user programmable but in the podihe Port 4 interface circuit can be configured by the
tion measurement mode the Timer 0 input circuiPort 4 I/O control register P4IOR. This register must be
generates a direction signal for up/down countingorogrammed when the timer/counter is driven by external
Depending on the programmed timer/counter mode aignals or external hardware by timer/counter signals.
interrupt in the TOMO register, of priority level 4 is generThe timer I/O pin direction is automatically controlled by

ated either at a timer/counter overflow or a successftile hardware.

compare result of the timer count value and the Timer O

compare register TOCP.

3.3 Timer 0 Modes

The various operating modes of Timer O (see table 8) aaddress 0. For a more detailed description of these modes
selected through the Timer 0 mode register TOMO at sukee the following paragraphs.

Timer 0 Mode Register ( TOMO )
Subport address: '0’hex

Bit 3 Bit 2 Bit 1 Bit O
TOMO TOMO3 TOMO2 TOMO1 TOMOO Reset value: 1111b

Table 8. Timer 0 mode register TOMO

3210 Functional Description

0000 Schmitt-trigger test mode 2 (BP40 BP41)

0001 Schmitt-trigger test mode 1 (BP41 or TIM1 BP40)

0010 Melody generation with envelope

0011 Melody generator

0100 Timer/counter, reload, toggle on, 50% duty cycle

0101 Timer/counter, free running, toggle on, 50% duty cycle

0110 Pulse density modulation (PDM)

0111 Pulse width modulation (PWM)

1000 Phase shift measurement

1001 Position measurement

1010 Low pulse width measurement of BP41

1011 High pulse width measurement of BP41

1100 Timer/counter, reload, toggle off

1101 Timer/counter, free running, toggle off

1110 Period measurement, rising edge of BP41

1111 Period measurement, falling edge of BP41
TELEFUNKEN Semiconductors 25 (60)
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3.3.1  Timer 0 Free Running Counter Modes (Strobe and 50% Duty Cycle)

In the free running counter mode, the Timer 0 can be used as an event counter for summing external event pulses on
BP40 or as a timer with an internal time base clock. When enabled, the counter will count up, generating an output
signal on BP41 whenever the counter contents match the compare register (see figure 20). This signal can, depending
on the timer mode, appear either as a strobe pulse or as a simple toggling of the output state (50% duty cycle). Interrupts
(if not masked) are generated every 256 clocks on the overflow condition. By reading the capture register, the current
counter state can be read at any time. The compare register has no effect on the counter cycle time and will not influence
interrupts.

Timer V) Z 4 6 V] V4 4 6 V) Z 4 6
State ((255 1 I:L 1 I3 !_\5 11 ((255I 1 Il 1 I3 !—I5I | ((25? 1 Il 1 I3 !—IS 11
) A
Overflow .r_' ‘ :r_f ‘ i ‘
Interrupt (C i (C ; (C
2 v 2 v Py v
strobe C |—| (C I_l (C I—I
TOOUT1 ~ *~ -~
(BP41) c (C
A 2
50% duty
cycle

s mmmwmmwwmmwm

Timer resets

on overflow Tlmer = Compare Register (=4) 96 12334

Figure 20. Timer 0O free running counter mode

3.3.2 Timer 0 Counter Reload Modes (Strobe and 50% Duty Cycle)

As in the free running mode, the counter can also be clocked from either an external signal on BP40 or from an internal
clock source. In this mode, the counter repetition period is completely defined by the contents of the compare register
(TOCP) (see figure 21). The counter counts up with the selected clock frequency. When it reaches the value held in
the compare register, it causes the counter to return to the zero state. At the same time, depending on the selected timer
mode, the BP41 either toggles or generates a strobe pulse. If the Timer 0 interrupt is unmasked, a compare interrupt
is also generated.

Timer 0,2,4.670 2 ,4_.6 70,2,4.670
State e er G S S ee M e e
Compare H H HEH HH HH
Interrupt I HE ] HE

V: H

strobe I_l |_| |—| |_| I_I

cycle

Timer ””””l”””””l”””””””””l””l”””””””””“””””””””””
Clock

L Timer = Compare Register (=7)

Resets timer 96 12335

TOOUT1
(BP41)

Figure 21. Timer O counter reload mode
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Motor Chopping and Mask Options

In the counter auto reload mode (50% duty cycle), mask options are available for generating a 1 kHz or 2 kHz frequency
with a duty cycles of 1/2, 3/8, 5/8 and 3/4. The resultant waveform is used as the chopping frequency for so called “mo-
tor chopping”. This technique allows the use of low cost, low voltage clock motors in applications where only higher
supply voltages are available. The resultant voltage waveforms are shown in figure 22. To obtain the required motor
driver waveforms on BP40 and BP41 as shown in figure 23, the user program must modulate the Timer O chopping
frequency. This is performed by preloading Port 4 data latches (P4DATO and P4DAT1) with '0’, setting the normal
Port 4 direction register bits to output mode (P4DDRO = PADDR1 = '0") and switching the P4l00 and P4I01 register
bits alternately to '0’, on every chopping burst. The timer chopping signals are thus transferred to the port outputs. In
the intermediate periods, between bursts, both P4100 and P4101 are setto '1’ and the preloaded Port 4 data latch outputs
appear on the BP40 and BP41 outputs.

Timer
Clock |||||||||||||||||||||||||||||||||||||||||
—
3/8*—|
1/2 | | | | |
TOOUT1
(BP41)
5/5*_|
4*
\3/
* = Mask option
Timer O configuration: Reload mode, 50% duty cycle
Comparator value = 'F hex (1 kHz) or '7" hex (2 kHz)
Timer clock = 32 kHz (prescaler bypassed) 96 12336
Figure 22. Motor chopping waveforms
Chopping
R 1111 - I
o I 1
96 12337
Figure 23. Motor driver output waveforms
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3.3.3 Melody Mode (with/without Modulation)

The non-modulated melody mode is identical to the auto-reload counter (50% duty cycle) mode. The melody tone fre-
quency appearing on BP41 and/or BP40 is determined in exactly the same way by the value written into the TO compare
register (TOCP).

In the modulated melody mode, the M44C636 generates two output signals, a melody tone and an envelope pulse (see
figure 25). The tone frequency output on BP41 is generated in exactly the same way as in the simple melody mode.
While the envelope pulse on BP40 is a single pulse, of a clock period in duration which appears shortly after loading
the compare value into the compare register. In this mode, an analogue switch is activated between the BP40 and BP41
outputs (see figure 25). With the external capacitor connected, the resultant signal on BP41 exhibits a melody chime
effect with an exponential decay.

Timer 0 2 4 6 0 2 4 6 0 2 4 6 0 2 4 6 0 2 4 6
State Lo it s e e A S et 2 e

Compare
Interrupt

]
bacenq
Leanany

TOOUTO
(BP40)

TOOUT1
(BP41)

% mqmmmmmnnnﬂm JHIJHIHJl‘IrH (ST

New Value (=7) loaded Timer = Compare Register
into compare register resets timer 96 12338

Figure 24. Modulated melody mode

VD Voo
oy outp >_l>°—|q BP40 R
(melody output) .
Modulated % Analog switch (optional) ,
melody mode N 10...47UE — &%gr

+
By D> s | R A

Vss
TOOUT1 |_|
TOOUTO
BP41 _l_,-//'
BP40

|-| 96 12339

Figure 25. Modulated melody output circuit
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3.34 Timer 0 Pulse Width Modulation Mode

A pulse width modulated (PWM) signal exhibits a fixed repetition frequency and a variable mark space ratio. It is often
used as a simple method for D/A conversion, the high period is proportional to the digital value to be converted. Thus
by connecting a simple low pass RC network on the PWM signal, the DC analogue value can be extracted.

The Timer 0 generates the PWM signal by comparing the state of the free running up counter with the contents of the
compare register (see figure 26). If it is less, then the BP41 output is high and if it is greater or equal, then it is set low.
Thus, the high phase of the PWM signal is directly proportional to the compare register contents. A total of 256 possible
discrete mark space ratios can be generated ranging from a continuous low signal over a variable pulse width signal
to a continuous high signal. The PWM signal has a repetition period of 256 clock periods, an interrupt (if unmasked)
being generated on every overflow event. Care should be taken if the system clock frequency is used as the PWM clock
source because it will stop if the CPU goes into SLEEP.

State (( 1L 11011 (1 L 1111 (1 1 1111
(25? 1°3 25? 1 3 25? 1 3
A 2 P
Overflow H i
Interrupt C H C HEH C
2 2 2

—»ithi e——1tlow —i

i 1 1
e wmmmmmmmwmmwmwm

Tlmer = Compare Register (=4)

t_hi = (comparator value)*clock period
t_low = (255—comparator value)*clock period 96 12340

Figure 26. Timer O pulse width modulation
3.35 Pulse Density Modulation Mode

Pulse density modulation (PDM) is also used for simple D/A conversion. Unlike the PWM signal,where the high and
low signal phases are always continuous during a single repetition cycle, the PDM distributes these evenly as a series
of pulses (see figure 27). This has the advantage that, if used together with an RC smoothing filter for D/A conversion,
either the ripple is less than the PWM, or, for a corresponding ripple error, the filter components can be smaller or the
clock frequency lower. To generate the PDM output on BP41, the pulse density is controlled by the contents of the
compare register in the same way as the PWM generation. Each of the pulses has a width equal to the counter clock
period.

<«— Repetition period >

PWM=0.25 | |
PWM=0.75 |

PDM=0.25 ” | ” ” || ” ” ” ” ” ” ” ” ” ” ” ] ” ” ”
96 12341
Figure 27. An example 4-bit PWM/PDM comparison
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3.3.6 Phase Measurement Mode

This mode allows the Timer 0 to measure the phase misalignment between two 1:1 mark space ratio input signals con-
nected to the BP40 and BP41 pins (see figure 28). The counter clock is gated with the phase misalignment period (tp),
during which time the counter increments with the selected clock frequency. This misalignment period is defined as
the period during which BP40 is high and BP41 is low. Capturing and resetting of the counter always takes place on
the rising edge of BP41. The measured value remains in the capture register until overwritten by the next measurement.
Interrupts can be generated by either an overflow condition or an end-of-measurement ('eom’) event. An 'eom’ event
signals the CPU that a new measurement value is present in the capture register to be read, if required.

Captures & resets timer

"eom”
Interrupt n n -|
| -2 i -— —> tp -—
e ] _| I [
o L |

96 12342

Figure 28. Phase measurement

3.3.7 Position Measurement Mode

This mode is intended for the evaluation of positional sensors with biphase output signals. Figure 29 illustrates a typical
positional sensor system which delivers both incremental positional stepping signals and also directional information.
The direction can be deduced from the relative phase of the two signals, so that if BP40 is high on the rising edge BP41,
then the moving mask is travelling to the left and if it is low then it is travelling right. The direction (left/right) informa-
tion is used to set the direction of the up/down counter with which the BP40 pulses are counted. So assuming that the
system has been reset on a reference position, the counter will always hold the absolute current position of the moving
mask. This can be read by the CPU when required. This mode is the only one in which the counter is allowed to decre-
ment. So, in this case it is possible for both an underflow or an overflow to occur. The overflow interrupt (if unmasked)
will trigger on either of these conditions while the compare interrupt on the other hand will only trigger if the counter

is counting upwards. To differentiate between an overflow or underflow, the compare value can be set to '0’hex for
example.

TOINO | TOINL
. i i
Typical sensor >t >t
_ —_— =
I I Moving mask

/[\ /[\ /[\_""' '/[\ /[\ /[\ Static mask
light light
left movement right movement
Timer N X N+1 X N#2 X N+3 N X N1 X N2 X N3
(8P10) [ L1 LI 1 [ L LI 1

iy LI LI LI 1L B I S I S B

96 12343

Figure 29. Position measurement mode
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3.3.8 Period Measurement Modes (Rising and Falling Edge)

During the period measurement mode, the counter counts the number of either internal or external clocks in one period
of the BP41 input signal (see figure 30). Dependent on the mode chosen, this will be from rising edge to the next rising
edge or conversely, falling edge to the following falling edge. On the trigger edge, the counter state will be loaded into
the capture register and subsequently reset. The measurement value remains in the capture register until overwritten
by the following measurement value. Interrupts can be generated by either an overflow condition or an end-of-measure-

ment (eom) event. An eom event signals the CPU that a new measurement value is present in the capture register to
be read if required.

Captures aaresetsimer

AA

"eom”
Interrupt -| -| -| |
< t_period > < t_period >
TOIN1 —
(BP41) ]
Falling edge triggered Rising edge triggered

96 12344

Figure 30. Period measurement

Timer 0 Control Register ( TOCR )

Subport address '1’hex

Bit 3 Bit 2 Bit 1 Bit O
TOCR | TOFS3 | TOFS2 TOFS1 TOIM Reset value: 1111b

TOFS3 ... 1 — Timer 0 input frequency select
TOIM — Timer O Interrupt Mask

The timer/counter is running with an input frequency selected by the Timer 0 control register TOCR (see table 9), or
is clocked by an external pulse train available at BP41.

Table 9. Timer O control register TOCR

3210 Functional Description
XXXO0 Timer O interrupt enable (priority level 4)
XXX1 Timer 0 interrupt disable (priority level 4)
Input frequency select
000X fc=32,768 Hz
001X 2,048 Hz
010X 1,024 Hz
011X 512 Hz
100X 256 Hz
101X 128 Hz
110X SYSCL (system clock frequency)
111X External source at BP40
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Timer 0 Compare Register (TOCP) — Byte Write

The compare registeOCP is 8-bit wide and must be accessed as byte wide subports (see section “Timer/Counter
I/O Addressing”). They are written low nibble first followed by the high nibble. Any timer interrupt is automatically
suppressed until the complete compare value has been transferred.

Subport address (write access): '9’hex

Bit 3 Bit 2 Bit 1 Bit 0

TOCP First write cycle | TOCP3 | TOCP2 | TOCP1 | TOCPO | Reset value: xxxxb
Bit7  Bit6  Bit5  Bit4
Second write cycle‘ TOCP7 ‘ TOCP6 ‘ TOCP5 ‘ TOCP4 ‘ Reset value: xxxxb

TOCPS3 ... TOCPO — Timer 0 Compare Register Data (low nibble) — first write cycle

TOCP7 ... TOCP4 — Timer 0 Compare Register Data (high nibble) — second write cycle

Timer 0 Capture Register (TOCA) — Byte Read

The 8-bit capture regist@iOCA is read as a byte wide subport. Note however, unlike the writing to the compare regis-
ter, the high nibble is read first followed by the low nibble. The 8-bit timer state is captured on reading the first nibble
and held until the complete byte has been read. During this transfer the timer is free to continue counting.

Subport address (read access): '9’hex

Bit 7 Bit 6 Bit 5 Bit 4

TOCA First read cycle | TOCA7 | TOCA6 | TOCAS | TOCA4 | Reset value: 0000b
Bit3  Bit2  Bitl  Bit0
Second read cycle‘ TOCA3 ‘ TOCA2 ‘ TOCAlL ‘ TOCAO ‘ Reset value: 0000b

TOCAY. .. TOCA4 — Timer 0 Capture Register Data (high nibble) — first read cycle
TOCAS ... TOCAO — Timer 0 Capture Register Data (low nibble) — second read cycle
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3.4 Timer 1 Modes

O TIM1

1/0 bus (3)
Output——» Interrupt—
Input > stage |_ priority 3
circuit L
~ Resul Interrupt
(fosc 32kH2) Timer bus (7:0) enable
SUBCL 8 8 8
v
] Timerl Timerl
Timerl compare capture
8-bit register register
8-hit 8-hit
T1 latch T1lreset WRITE READ T1 latch
2 4 4
Interrupt enable
< I/0 bus (3:0) >
T 1
T1 control T1 mode

Figure 31. Block diagram of Timer 1

96 12345

Timer 1 is an asynchronous up-counter. Depending on the programmed timer/counter mode an interrupt of priority
level 3 is generated on a successful compare of the Timer 1 count value and the Timer 1 compare register. The Timer
1 1/0 pin is namedIM1 and its direction is automatically controlled by the hardware.

The four different operating modes of Timer 1 are programmed with the Timer 1 mode register TLIMO. The active edge
is programmable by bit 2 of the mode register. Refer to the following paragraphs for more detailed information about

the modes shown in table 10.

Timer 1 Mode Register ( TIMO )

Bit 1
TiMO1

Bit O
T1IMOO

Bit 3 Bit 2
| TiIMO3 | TimMO2

TiMO

T1MOS3 ... 0 Timer 1 Mode Code

Table 10. Timer 1 mode register TIMO

Subport address: '2’hex

Reset value: 1111b

3210 Functional Description
1X00 Timer/counter, free running, toggle off

1X01 Timer/counter, reload, toggle on

1X10 Pulse width modulation (PWM)

1X11 Timer/counter, reload, toggle off

XOXX Count on falling edge

XIXX Count on rising edge

OXXX Timer 1 Schmitt-trigger test mode (TIM1 BP40)

TELEFUNKEN Semiconductors
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Timer 1 Control Register (T1CR)

Subport address '3’hex

Bit 3 Bit 2 Bit 1 Bit 0
T1CR T1FS3 | T1FS2 ‘ T1FS1 T1IM Reset value: 1110b

T1FS3..1 —Timer 1 input frequency select
T1IM — Timer 1 Interrupt Mask

The timer/counter is running with an input frequency selected by the Timer 1 control register TICR (see table 11) or
is clocked by an external pulse train available at the TIM1 pin. If enabled, an interrupt is generated at any timer/counter
compare value match.

Table 11. Timer 1 control register TICR

3210 Functional Description
XXX0 Timer 1 interrupt enable (priority level 3)
XXX1 Timer 1 interrupt disable (priority level 3)

Input frequency select

000X fc=32,768 Hz
001X 8,192 Hz
010X 1,024 Hz
011X 512 Hz
100X 256 Hz
101X 128 Hz
110X SYSCL (system clock frequency)
111X External source at TIM1

34.1 Timer 1 Free Running Counter Mode

In the free running counter mode, the Timer 1 can be used as an event counter for summing external event pulses on
TIM1 or as a timer with an internal time base clock. When enabled, the counter will count up, generating an interrupt
(if not masked) every 256 clocks whenever the counter contents match the progfet@Rexmpare register value.

By reading the capture regisiEtCA, the current counter state can be read at any time.

3.4.2 Timer 1 Counter Reload Mode (Toggle On/Off)

This operating mode is similar to the free running mode except that the timer/counter restarts automatically from zero
on each successful match with IfECP compare register value. If 'toggle on’ is selected a resulting output frequency
of (50% duty cycle) of f _ fin

TIML — m

with n = 1 to 255 can be observedréil .

343 Timer 1 Width Modulation Mode

The Timer 1 generates the PWM signal by comparing the state of the free running up-counter with the contents of the
Timer 1 compare regist@lCP. Provided that the contents of this register is greater than the counter valu&]the

output is set LOW, if the contents of this register is less or equal to the counter value, the output will be HIGH. The
pulse width ratio is therefore, defined by the contents of the compare register, in the range of 0 to 1 and may be pro-
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grammed in increments of 1/255 (see figure 25). If enabled, an interrupt is generated on each match with the compare
value. This interrupt should be used to write a new value into the compare register. During this mode of operation,
where the processor’s system clock (SYSCL) is used as input frequency to the counter, care must be taken that the pro-
cessor is kept in active mode.

Timer 1 Compare Register (TLCP) — Byte Write

The compare registefLCP is 8-bit wide and must be accessed as byte wide subports (see section “Timer/Counter
I/0 Addressing”). They are written low nibble first followed by the high nibble. Any timer interrupt is automatically
suppressed until the complete compare value has been transferred.

Subport address (write access): '8’hex

Bit 3 Bit 2 Bit 1 Bit 0

T1CP Firstwrite cycle | TICP3 | TLCP2 | TICPL | T1CPO | Reset value: xxxxb
Bit7  Bit6  Bit5  Bit4
Second write cycle | TLCP7 | TICP6 | TLCP5 | T1CP4 | Reset value: xxxxb

T1CP3 ... TICPO — Timer 1 Compare Register Data (low nibble) — first write cycle
T1CP7 ... TICP4 — Timer 1 Compare Register Data (high nibble) — second write cycle

Timer 1 Capture Register (T1CA) — Byte Read

The 8-hit capture regist@rlCA is read as a byte wide subport. Note however, unlike the writing to the compare regis-
ter, the high nibble is read first followed by the low nibble. The 8-bit timer state is captured on reading the first nibble
and held until the complete byte has been read. During this transfer the timer is free to continue counting.

Subport address (read access): '8’hex

Bit 7 Bit 6 Bit 5 Bit 4

T1CA Firstread cycle | TLCA7 | TICA6 | TICA5 | T1CA4 | Reset value: 0000b
Bit3  Bit2  Bitl  BitO
Second read cycle | TICA3 | TICA2 | TICAL | TICAO | Reset value: 0000b

T1CA7. .. TICA4 — Timer 1 Capture Register Data (high nibble) — first read cycle
T1CA3 ... TLICAO — Timer 1 Capture Register Data (low nibble) — second read cycle
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Timer/Counter Mode Register ( TCMO )

Subport address: '4’hex

Bit 3 Bit 2 Bit 1 Bit 0
TCMO | notused | TC8 | TIRST | TORST Reset value: x111b
TC8 — Timer/Counter 8-/16-bit mode
T1RST — Timer 1 Reset/Run
TORST — Timer 0 Reset/Run
Table 12. Timer/counter mode register TCMO
3210 Functional Description
XXX0 Timer O running
XXX1 Timer O reset
XXO0X Timer 1 running
XX1X Timer 1 reset
XOXX 16-bit mode
XIXX 8-bit mode

3.5 16-bit Timer/Counter Mode

In this mode Timer 1 is clocked by the interrupt signal of Timer O even if the Timer O interrupt is disabled. Timer O
and Timer 1 can be programmed individually, so care must be taken to ensure that the 16-bit mode is set correctly. BP40,
BP41 andlr M1 work as in the 8-bit timer modes. The Timer 1 control regist€&iR has no function in this mode.

INT4 INT3
+
BP40 Timer/Counter 1
Timer/Counter 0
TO event
<{BP41 > ® » > T1 clock
TcMO (X1 01010 96 12346

Figure 32. Timer/counter 16-bit mode (running condition)
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3.6 Port41/0O Control

3.6.1 Port 4 1/0 Control Register ( P4IOR )

Bit 3 Bit 2 Bit 1 Bit 0
P4IOR P4IOR3 P4IOR2 P4IOR1 P4I0OR0

Table 13. Timer 0 and Port 4 1/O control register P4IOR

Subport address: '5’hex

Reset value: 1111b

3210 Functional Description
XXX0 BP40 is Timer 0 1/O pad

XXX1 BP40 is Port 4 pad

XXO0X BP41 is Timer 0 I/O pad (set to input, when Timer 0 reset)
XX1X BP41 is Port 4 pad

XOXX BP42 frequency output (8 kHz or 32 kHz mask option)
X1XX BP42 is Port 4 pad

OXXX Port 4 data direction register is enabled (bitwise 1/O)
IXXX Port 4 works in nibble-wise 1/0 mode (as Port 0/1)

3.6.2 Port 4 Data Direction Register (P4DDR)

Bit 3 Bit 2 Bit 1 Bit 0
PXDDR P4DDR3 | P4DDR2 | P4DDR1 | P4DDRO |

Value: 1111b means all pins in input mode

Table 14. Port 4 data direction control register PADDR

Subport address: '6’hex

Reset value: 1111b

3210 Functional Description
XXXO0 BP40 is input

XXX1 BP40 is output

XXO0X BP41 is input

XX1X BP41 is output

XOXX BP42 is input

XIXX BP42 is output

OXXX BP43 is input

IXXX BP43 is output
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4  Liquid Crystal Display Driver

This chapter describes the programming of the LC® Display continues whemC in SLEEP mode

driver. It also includes .
® Programmable multiplex rate:

e Information about the relationship between a typical direct drive, 2:1, 3:1 or 4:1 multiplex mode.

7 segment numeric display, the segment and back- : ;

plang outputs (for 2:1, 3?1,);1nd 4:1 rr?ultiplex) h'l Dlsplay Data RegISter
The LCD data register receives the data fromutbeind
processes it in a 4-bit wide circular 20 stage shift register.
The functional block diagram (figure 33) shows the order
Figure 33 is a functional block diagram of the LCD drivepf the segment information and the way it has to be writ-
circuitry. The internal I/O bus is connected to the LCD¥eN into the shift register (starting with the 20th segment).

control register (Port 2) and the LCD data registex |qgic 1 in the shift register’s bit-map indicates the ON
(Port 3). The LCD driver interface to the programmegiase of the corresponding LCD segment. Similarly a
comprises these two output ports. logic 0 indicates the OFF state. There is a 1:1 correspon-
dence between each stage of the shift register and the
segment outputs, and between the individual bits of a reg-
e Drives up to 80 display segments ister nibble and the backplane outputs. The LSB of each
nibble corresponds to the 20 segments operated with
® Supports 3V LCD panels over the full supply voltaggespect to backplanEOMO. In multiplexed LCD ap-
range plications the segment data of the second, third and fourth
e Built-in LCD voltage generation with temperaturewlumn of the shift register are t'ime multiplexed with
compensation CQMl, COM2 andCQM$ respectl\_/ely. The LCD spe-
cific segment decoding is done via gFORTH software
e Current consumption of LCD voltage generatiomoutines, thus omitting the need for separate decoding

e \Waveform examples for the different LCD drive
modes

The LCD driver circuitry offers the following features:

adaptable to display size circuitry.
O = N ™M
MUXRATE, o o @ 3 g e~r298 3333
BLANKING nw un un n un (/)U)U)U)% O O O O
DISPLAY 4 44414 o L e e N SN S S, .
s PAIAIAIAI o TAAAIA LA
5 N O I B et
AN -
- MSB

20 stage shift register

MUX_RATE, POWERSAVE Y R —

. \oltage VEE2
i’ — ¢!
; and
. CHARGE timing c2
z
Prescaler generator VEE1

L

2 or 4 kHz BUZZER

<(L
Py
m

G 96 12347

Figure 33. LCD driver — functional block diagram
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4.2 LCD Control Register

Table 15. LCD driver — operation mode programming

Control Mode Operation Mode

0 DRIVE DIRECT
2:1 MULTIPLEX
3:1 MULTIPLEX
DISPLAY the current LCD data register contents
CLEAR/INITIALIZE and set up of 4:1 MULTIPLEX mode
Circular SHIFT current LCD data register contents by 1 segment
BLANKING of all segments
POWERSAVE will switch off all LCD voltages
15 TOGGLE BUZZER output frequency (2 kHZ 4 kHz)

N0 A WIN|F

The LCD control register receives the operation modehe BLANKING term causes a blank display and might
data at Port 2 to configure the LCD driver circuitry (refebe necessary before each new data transfer to the display

to table 15). registers. This is especially true when i@ is heavily
N . loaded by a number of interrupt sources and the LCD up-
421 Initializing the LCD Driver date is handled as a base task. Whilst the processor is

writing to the LCD data register, the data in the addressed
‘latch is also being read by the scan logic circuitry. The
LANKING will be removed at the end of the data trans-
er by writing DISPLAY. If the DISPLAY command is not
Sgiven, the BLANKING remains which allows the easy
implementation of a blinking display.

e CLEAR/INITIALIZE When using the SHIFT term, only nibbles requiring an
update need to be software decoded and written to the
LCD data register. The data to be retained is simply

Four terms can be used to set the multiplex rate (refer3gifted back to its original position, whilst new data
table 15). The CLEAR/INIT term initializes the LCD hibbles are inserted in the appropriate position (refer to
driver, setting it into the 4:1 multiplex drive mode. Therefigure 33).

fore no extra control code is needed for 4:1 multipleas an example for the effective use of the SHIFT term, the

After any hardware reset, the contents of the LCD diSp'%ﬁplementation of a 6 digit (3:1 multiplex) LCD panel
data registers are undefined and should be initialized wiiist is described:

the following instruction sequence:

After power-on the LCD driver circuitry is set automati
cally into BLANKING and 4:1 multiplex drive mode.
After any reset condition, a proper operation of the LC

into the LCD control register:

® Multiplex drive mode, if not 4:1 multiplex.

® Set up the LCD driver for 3:1 multiplex

° Write BLANKING to the LCD control register (op- o Switch on all segments of the leading 7 segment digit
tionally) (including the attenuator, see figure 37) with a com-

e \Write 20 times 'Fh’ to the LCD data register. This is Péte LCD display update
an useful prod_uction test to check that all LCD sege After (half of) a second, write SHIFT to the LCD con-
ments are available and connected trol register. Write three dummy values to the LCD

: . data register to support the shift clock pulses. This op-
® Write DISPLAY to the LCD control register eration will scroll the digit one position to the right

® Setup charge pumping frequency for the LCD voltage After a total of five operations, the digit appears in the
generator, if display is small. right-most position and the (BLANKING or)

. . DISPLAY term should be given to the control register
4.2.2 LCD Driver Modes of Operation to overwrite the SHIFT multiplexer configuration.

In normal timekeeping applications the DISPLAY com-The POWERSAVE term blanks the LCD by switching all
mand might be given only once at the end of the firshe LCD voltage levels to §& thus causing a reduction

complete LCD display update (e.g. "Mo 12:00"). After-in display power consumption. This mode is only effec-
wards a total display change consists of up tbve if the display is generally to be blanked for periods
20 consecutive nibbles written to the LCD data registerof more than 5 seconds. The display information is still
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kept in the LCD data shift register. By writing DISPLAY4 3 |CD Voltage and Timing
into the LCD control register, the old contents will be

visible again. Generator
. The LCD voltage generator circuitry boosts the regulated
4.2.3 Programming of the Buzzer liquid crystal display voltageMreg) to the doubled and
Frequency tripled voltage components/gg1, VEg2) required by

multiplexed liquid crystal displays. These voltage levels
After any hardware reset, power on reset or CLEAR/INlare applied to the driver circuitry (see figure 33).
TIALIZE command to the LCD controller, the buzzer,

output frequency is reset to 2 kHz. Most low voltage (3 V) LCD panels have a temperature

coefficient of -6 m\/C. The temperature compensated
reference for the LCD voltage booster circuithreg),
tI]Oet% gIJlglviir:hecgr%tr%:nges%uir(]e%yc;Egirtscl))féwv?rrﬁtecr??c:rﬁlfas the task of meeting this requirement directly, so that
LCD controlgre ister (Port g)_ the user gets the best LCD contrast over the full operating
9 ' temperature and supply voltage range. The external com-
e Wiite the TOGGLE_BUZZER (Fh) command to theponents for the LQD voltage generation (one pump and
LCD control port two sto.rage capacitors) should be connected taGhas '
shown in figure 34. For very small LCD panels the capaci-
e Write the DISPLAY (3h) command to the LCD Ccm_tor values and charge pumping frequency may pe reduced
trol port. to save costs and system current. The capacitor values
may be reduced from 100 nF to 47 nF. The user has to con-
Jget theuC and the LCD as it will be in the final product
frequency to 4 kHz. Each "Clear/Init" or each secon order to select the capacitor value. To examine the LCD

write of the frequency toggle command will reset th river waveforms, an oscilloscope with a low capacitance

buzzer frequency back to 2 kHz. This feature allows tH[érObe should be used.
usage of use different frequencies for separate signal
functions.

100 nFH| 2k v
4.2.4  Reduction of LCD Charge % I—E EE2

Pumping Frequency c1

100 nE

The first time this sequence is executed will set the buz

After any power-on or hardware reset, the LCD voltage

generator is in the fast charge mode. This mode is used to c2
quickly charge the capacitance of large displays by using 100 nF 2k
a high charge pumping frequency for the LCD voltage < v
. ’—| EE1
generator. For smaller displays and to reduce the overall
system current the M44C636 allows the modification of TP Vees
the charge frequency under software control.
\%
With each read from the LCD control register (Port 2), the SS
charge frequency is divided by 2. After four consecutive =
read operations, the LCD controller then is in the fast 96 12348
charge mode again. The charge frequency currently pro-
grammed can be observed at the C1 or C2 terminals. Figure 34. External components
Table 16. LCD charge frequency programming
LCD Multiplex Drive Mode DC Offset
Comro' Sequence . - -
4:1 Multiplex 3:1, 2:1 or Direct Drive [mV]
Default set up after POR aiNRST 2,048 Hz 1,024 Hz <10 mV
1 x LCD control register read 512 Hz 512 Hz <10 mV
2 x LCD control register read 256 Hz 256 Hz 10 mV
3 x LCD control register read 128 Hz 128 Hz <50 mV
4 x LCD control register read 2,048 Hz 1,024 Hz <10 mV
40 (60) TELEFUNKEN Semiconductors
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4.4 Direct Drive Mode Vsuaedt) = Vsodt) = Veomolt)

. . . . Vsiaedl) = Vsodt) = Veowmolt)
The static LCD drive mode is used when a single back-

plane is provided at the LCD. The LSB of each stage &onims) = Vee2
the display shift register directly maps to the correspond-

ing segment driver. Sample backplane and segment dri\y%FF(rmS) _ Vee _ V.

waveforms for this mode are shown in figure 35. The fol- 3

lowing formulas are valid in the DIRECT DRIVE mode Vo

at any instant (t): Contrast ratio= V—(rms) =3
OFF(rms)

(a) Waveform at driver
Time frame

> 128 Hz=- LCD segments

VEE2- —T 11
COMO
Veg . L1 L 7
SS state state2
- = -+ (ON) (OFF)
So1
S02

(b) Resultant waveforms at LCD segment

VEE2 - - - -

statel 0

~VEE2- - -

VREG -~ - T
state2 o— - -

_VREG, - - 94 9023

Figure 35. Direct drive mode waveforms
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4.5 2:1 Multiplex Drive Mode

Figure 36 shows the connection of a 2:1 multiplex 5 digit
LCD panel having the numeric display pattern shown in
figure 37, the segment outpuS80(L-S20, and the back-
plane outputsGOMO, COM1).

In the example "456.78" is displayed on the LCD panel

and the corresponding contents of the display data regis-
ter is shown. Backplane and segment drive waveforms for

this mode are shown in figure 38.

COMO COM1

S Sn+1 ﬁ
f b
Sn+3 Sn
e ¢
L‘ DP %Dp
94 9024

Figure 36. 2:1 multiplex 7 segment digit

1/0 bus

d

| Data register|

LCD data shift register
O] 1 1( 14 0f 1] 0 1] 1 1y O 1f 4 W1 1] 1 Bl'top
ofof1jo0g12] 2] 2|02 2f 2{24 Of 2f 9 41 1({ 0 o Bltl‘
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} X| X| X| X X X X
— ([N
SBEEEREREEREBIBEEIBEIBISIS gISISIS
0000000 |n (0o nV|¢a|0D 0O |D DD |7|D DO olole|o
00]|0]|0
OO
Zz 2
Lo o T
(S, (L
o AER\ VAER o AR
LCD panel 949025

Figure 37. 2:1 multiplex LCD panel connection
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(&) Waveforms at driver

COMO

COoM1

S01

S02

statel

state2

EE2
EE1l
REG
SS

<<< <

Time frame
L_ 64 Hz >

LCD segments

o Segment ON
O Segment OFF

94 9026

Figure 38. Waveforms for 2:1 multiplex drive mode

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

Vsatedt) = Vsolt) = Veomo(t) and  Vggedt) = Vsodt) — Veom(t)

\ EE2

\Y
Vongms) = %\/E = 0.745 Vie, and Vorrgms) = -3

Contrast ratio= Vonems) / Vorrms) = 2.23
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COMO

S 9 o

E q COM1

In the example, "123456.7” is displayed (with a max. dis-

playable value of "3999999") and the corresponding ! bP | i | 9 bP
contents of the LCD display data register is shown. Back- ‘Attenuator (n.c.) COM2 0 0027

plane and segment drive waveforms for this mode are
shown in figure 41. Figure 39. 3:1 multiplex 7 segment digit

4.6 3:1 Multiplex Drive Mode
S

Mt

Figure 39 shows the connection of a 3:1 multiplé 6 Sh+2
digit LCD panel having the numeric display pattern ‘
shown in figure 40, the segment outpuB91-S20, and
the backplane output€OM0-COM2).

I/0 bus

J

| Data register|

LCD data shift register
ol 1ol al2fofa{af1]o]2 1| o) 1| 1| o} %X Bi_tO’
o afof 2|0 of 1| 2] of 2| 2fof 2| of 4 4 1]94|%]|« Py B!tl.
oloflx|x{olx|a|of x| ofof x[ 2] of x| 2| 1]x][%]|9 ® Bit2 ®
™ DP
X| XEX| X XEX]| X| XEX]| X]| X X| X|] XPX]| X| XEX| X]X
ololo~|low|t|m|n|dlo|o |0~ o |w (s |0 || o |d [ [
dldH-HlbadHdaldHH|ldl= o0 olo|o|olo|o|o == |1=|=
Nnwmnnnnn|nv|n|[®d|d0n|D|0|D|5 |5 S61618
O |0 |0 O
O
pd
(_( (b
o MER. AR o"o"o 'O
LCD panel 04 9028
Figure 40. 3:1 multiplex LCD panel connection
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(&) Waveforms at driver

43 H
1‘7 Time frazme 4’1

LCD segments

COMO

COoM1

COM2

S01

S02

S03

‘ i i i ‘ o ® segment ON
O Segment OFF

statel 0

state2 O N I D I R 94 9029

Figure 41. Waveforms for 3:1 multiplex drive mode

The following formulas are valid in the 3:1 multiplex drive mode at any instant (t):
Vstaedl) = Vsolt) = Veomo) and  Vsuedt) = Vsodt) — Veoml(t)

v Vv
Vonems = 52133 = 0.638 Vee, and Vorrgmy =~

Contrast ratio= Vonems) / Vorrmms) = 1.915
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4.7 4:1 Multiplex Drive Mode Sn

Y

Figure 42 shows the connection of a 4:1 multiplex 10 digit f b b@Ml
LCD panel having the numeric display pattern shown in
figure 43, the segment outpuS0L-S20, and the back-

> 9
plane outputsGOMO-COM3). COM
e c %]_c
lDP ﬂ' o

In the example, "123456.7890" is displayed and the cor- DP

responding contents of the LCD display data register is Sn+1 COM3
shown. Backplane and segment drive waveforms for this 949030
mode are shown in figure 44. Figure 42. 4:1 multiplex 7 segment digit
I/0O bus
LCD data shift register | Data register]|
ol ofofaflof e o afafaf of o] 2| 2]za] 2lo]| t)4|% B?tO'
011111111010011111%% L 2 Bltl‘
ol21lxlolo|l s)o|zfol|alaf ool 2]z 2fo] t4¥ ® B!t2 ®
001010001011001000%%~ - Bit3 ®
DP
olo|o|~|o|v|t|m|a]d|lo|o]|o|~|o|w < [m|o |
Qldlalalaldlalaldlaalo|olalolgse|o|o
ninnninjnnnininininin|ln |niun|n|n|n|(n Q|d|N|™
=2 |=|=
O|0|0|0
00|00
- -y - e ey e W
U 0 COLE (L ()
LCD panel 949031
Figure 43. 4:1 multiplex LCD panel connection
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(a) Waveforms at driver

VEE2 -
como Y EE1

VREG - -

Vss ::l**
coMm1

COM2

COM3

S01

S02

S03

S04

64 Hz
Time frame

LCD segments

O Segment ON
L Segment OFF

VEE2 /1
statel
0 ) B} _
_VEE2 - - - - -~ - """~~~ =>=~> -~~~ =~ °
state2 ¥ REG . , i
VREG 949032
Figure 44. Waveforms for 4:1 multiplex drive mode
The following formulas are valid in the 4:1 multiplex drive mode at any instant (t):
Vstaedl) = Vsolt) = Veomo) and  Vsuedt) = Vsodt) — Veom(t)
\% Vv
V ongms) = %\E’ = 0.577 Ve, and Voerms) = %
Contrast ratio= Voyems) / Vorrems) = 1.732
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5 Electrical Specification

5.1 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 —-0.3t0 +4.0 \%
Input voltage (on any pin) VN Vss-0.3<V Ny £Vpp+0.3 \%
Output short circuit duration tshort indefinite S
Operating temperature range Tamb —20to +70 °C
Storage temperature range Tstg —-40to +125 °C
Thermal resistance (PLCC) RihJa 70 °C/IW
Solder temperature (t<10 s) Tsid 260 °C

Absolute maximum ratings define parameter limit§or proper operation it is recommended thay nd
which, if exceeded, may permanently change or damaygeyyt be constrained to the rangedk (V |y or Vour) £

the device. All inputs and outputs on TEMIC SemiconVpp. Reliability of operation is enhanced if unused inputs
ductors circuits are highly protected against electrostatte connected to an appropriate logic voltage level (e.g.
discharges. However, precautions to minimize build—ugpp).

of electrostatic charges during handling are recom-

mended.

5.2 DC Operating Characteristics, \bp = 1.5V, Tymp = +25C

Supply voltage ¥p = 1.5V, Vss= 0V, Tamp= +25°C unless otherwise specified.

All voltage levels are measured with referenc¥ ¢gand current flowing into the device is positive.

Parameters Test Conditions / Pins | Symbol Min Typ Max Unit
Supply voltage Vpp 1.2 15 2.4 \%
Active current Vpp=1.2V, Note 1 IpD 370 500 uA
Sleep current Vpp =1.2V, Note 2 IsLe 0.9 15 uA
Power save current Note 3, 8 Ips 0.4 0.7 uA
Stop current Note 8 IsTop 0.1 uA
Supply current quotient Note 7 [ oo 0.3 0.4 uA
RC oscillator frequency Vpp=1.5V, Note 5, 8 ¢ 800 1060 kHz
(system clock) Vpp =1.2V SYSCL 480 580 kHz
Output pads
Hi-Z leakage current open drain loz +20 nA
Output capacitance Note 8 Cout 5 10 pF
Input pads (except NRST and OSCIN under test conditions)
Input voltage high V4 0.8*Vpp VbD \Y
Input voltage low VIL Vss 0.2Vpp \Y;
Input leakage current
(without pull-up or VN = Vss N +20 nA
pull-down resistor) orViNn = Vbb
Input capacitance Note 8 Cin 5 10 pF
NRST and OSCIN input pads under test conditions
Input voltage high ViH Vpb Vpb \%
Input voltage low Vi Vss Vss \%
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Parameters | Test Conditions / Pins | Symbol | Min | Typ | Max | Unit
Bidirectional ports BP0OO ... BPO3, BP10 ... BP13 and OD
Input current low VN =Vss e -0.15 -0.23 -0.45 uA
Output current high Vou=12V loH -0.5 -0.6 -0.8 mA
Output current low VoL=0.3V loL 0.5 0.7 0.9 mA
Bidirectional port, high current outputs BP40 ... BP41
Input current low VN = Vss I -0.15 -0.23 -0.45 uA
Output current high Vou=1.2V loH -1.0 -1.4 mA
Output current low VoL=0.3V loL 1.0 1.8 mA
Bidirectional ports BP42 and BP43
Input current low VN = Vss I -0.15 -0.23 -0.45 uA
Input current high VN = Vpp: BP43 only liH 5 8 uA
Output current high Vou=1.2V loH -0.5 -0.6 -0.8 mA
Output current low VoL=0.3V loL 0.5 0.7 0.9 mA
Bidirectional timer 1/O TIM1
Input current low VN = Vss I -2 -3.5 -5 uA
Input current high VIN = VDD Iy 5 8 uA
Output current high Vou=12V loH -0.5 —0.6 -0.8 mA
Output current low VoL=0.3V loL 0.5 0.7 0.9 mA
Buzzer output INT2
Output current high Vou=12V loH -0.5 -0.6 -0.8 mA
Output current low VoL=0.3V loL 0.5 0.7 0.9 mA
Input port IP50 ... IP53
Input current low VIN = Vss e -2 -3.5 -5 uA
Input current high VN = VDD liH 5 8 uA
Interrupt inputs INT2 and INT7
Input current low VIN = Vss I -2 -3.5 -6 uA
Input current high VN = VbDp N 5 8 uA
Watchdog WD_EN input
Input current low VIN = Vss e -3 —-4.5 -8 uA
Input current high VN = VDD liH 5 10 uA
NRST input
Input current low |V|N =Vsg | I -1 -2 -5 uA

Schmitt-trigger input pads INT2, INT7, T1, BP40 and BP41

Negative going threshold
voltage Note 8 VT- 0.7 \%

I)L values are only valid if the pull-up resistor is optioned in

Iy values are only valid if the pull-down resistor is optioned in
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5.3 DC Operating Characteristics, \bp =3V, Tamp = +25C

Supply voltage ¥p = 3V, Vss= 0V, Tamp= +25C, unless otherwise specified.
Valid for M44C636 with internal voltage regulator option only.

All voltage levels are measured with reference gg&hd current flowing into the device is positive. Typical parame-
ters represent the statistical mean values.

Parameters Test Conditions / Pins | Symbol Min Typ Max Unit
Supply voltage Vpp 1.8 3.0 3.6 V
Core supply Vpp=2.2V, Note 8 VINT 0.9 1.2 V
Active current Note 1 Ipb 100 200 uA
Sleep current Note 2 IsLe 0.9 1.5 uA
Power save current Note 3,8 Ips 0.4 0.7 uA
Supply current quotient Note 7 [l oo 0.3 0.4 MA
[ kHz
System clock frequency |ViNT=1.2V fsyscL 400 560 kHz
Output pads
Hi-Z leakage current Open drain loz +20 nA
Output capacitance Note 8 Cout 5 10 pF
Input pads (except NRST and OSCIN under test conditions)
Input voltage high ViH 0.8 Vpp Vpp \Y
Input voltage low Vi Vss 0.2*Vpp V
Input leakage current
(without pull-up or VN = Vss N +20 nA
pull-down resistor) or Vin=VpD
Input capacitance Note 8 CiN 5 10 pF
NRST and OSCIN input pads under test conditions
Input voltage high VIH VbD VbD \
Input voltage low ViL Vss Vss \%
Bidirectional ports BP0OO ... BP03, BP10 ... BP13 and OD
Input current low VN =Vss he -1.0 -1.3 -2.0 uA
Output current high Vou=24V loH -1.7 2.2 2.7 mA
Output current low VoL=0.6V loL 2.0 2.5 3.0 mA
Bidirectional ports high BP40 ... BP41 (watch motor drive capability)
Input current low VIN = Vss I -1.0 -1.3 -2 uA
Output voltage high lon=-1mA Vpp—VoH 100 160 200 mV
Output voltage low loL=1mA VoL 50 130 150 mV
Output voltage high loH=-1mA Vpb—VoH 100 180 225 mV
Vpp=22V
Output voltage low loL=1mA VoL 50 150 175 mV
Vpp=2.2V
Output current high VoH = 2.7 V, Note 8 loH -1.4 -1.9 -2.5 mA
Output current low VoL =0.3V, Note 8 loL 1.7 2.3 2.8 mA
Bidirectional ports BP42 and BP43
Input current low VN = Vss e -1.0 -1.3 -2.0 uA
Input current high VN = Vpp; BP43 only I 25 35 45 uA
Output current high Vou=24V loH -1.7 2.2 2.7 mA
Output current low VoL=0.6V loL 2.0 2.5 3.0 mA
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Parameters | Test Conditions / Pins | Symbol | Min | Typ | Max | Unit
Bidirectional timer 1/0 TIM1
Input current low VN =Vss I -15 21 =30 uA
Input current high VN = VDD liH 25 34 45 uA
Output current high Vou=24V loH -1.7 2.2 2.7 mA
Output current low VoL=0.6V loL 2.0 25 3.0 mA
Buzzer output INT2
Output current high Von=24V loH -1.7 2.2 2.7 mA
Output current low VoL=0.6V loL 2.0 2.5 3.0 mA
Input ports IP50 ... IP53 and WD_EN
Input current low VN = Vss e -20 -28 -40 uA
Input current high VN = VDD liH 25 35 45 uA
Interrupt inputs INT2 and INT7
Input current low VN = Vss T -30 -40 -50 uA
Input current high VN = VDD N 40 49 60 uA
NRST input
Input current low |V|N =Vss e -7 =12 -20 uA
Schmitt-trigger input INT2, INT7, TIM1, BP40 and BP41
Negative going threshold
voltage Note 8 VT- 1.6 \%

I)L values are only valid if the pull-up resistor is optioned in

Iy values are only valid if the pull-down resistor is optioned in

5.4 DC Operating Characteristics, \bp =1.21t0 3.6 V, Fnp = +25C

Parameters | Test Conditions / Pins | Symbol | Min | Typ | Max | Unit
LCD driver Segment outputs: S01 ... S20
(3V LCD panel) Backplane outputs: COMO ... COM3
Regulated voltage Note 6 VREG 0.9 1.0 1.1 Vv
Doubler voltage VReg=1.0V VEE1 1.75 2.0 2.1 \Y
Triple voltage VReg=1.0V VEE2 2.7 3.0 \Y
Temperature relative to \keg:Note 8 TREG -5 -5.5 -6 mV
compensation °C
Backplane frequency 4:1 multiplex 64 Hz
3:1 multiplex fap 43 Hz
2:1 multiplex 64 Hz
Direct drive 128 Hz
Segment output resistance| AVsgg= 100mV; Note 8 Rso 4.5 6 k<2
Backplane output resistangdVgp = 100 mV, Note 8 Reo 2.2 3 kQ
Average DC offset voltage | Note 8 Vpc 10 50 mV
Quarz oscillator
Frequency C_=10pF fc 32,768 Hz
Integrated input Note 8 CoscIN 15 20 pF
capacitance
Integrated output Note 8 CoscouTt 15 20 pF
capacitance
Stability AAV pp = 100mV; Note 8 Af/f 0.1 1.0 ppm
Start up time AVpp = 1.4V tso 1 2 S
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Note 1: Maximum active current (Ipp)

operation of the CPU during power-up and at supply volt-

. L ages below 1.8 V an external capacitor of 470 nF to 2.2
Th|§ is the current observed at Wespin with the crystal uF has to be connected betwddRST andVss This ca-
oscillator, the LCD driver andiC core permanently

active. No output loads, all input ports and interrupt i pacitor may be omitted only when a linear power supply

! Woltage ri
puts connected t¥pp and the prescaler is reset. This oltage rise

mode can be achieved by connecting ItlIES_T pin to Bfﬂ =50 mV can be guaranteed in the application.
Vsg The average system current of an application can eyt msec
estimated with the formula:

Note 5: System clock frequenc
lsys= IsLe + (duty cycle / 100% xgdp), whereby y quency grscu)

Duty cycle = active time x 100%/(sleep time + active )ime
Ipp:= 200pA; Iste=1uA at1.5V

The internal RC oscillator provides the central clocking
of the CPU. The frequency varies with supply voltage and
_ ) ) . temperature to track the optimum performance ofite

In timekeeping mode the duty cycle is typically less thaipg frequency can be measured onT& pin by con-
1%, which gives a current consumption of less thaA 3 necting theNRST and TST1 pins toVss before power
atl.sV. on reset.

Note 2: Sleep current (bLg) Note 6: LCD voltages are measured with

This is the current taken with the crystal oscillator and the 100 nF capacitor betwe@1 andC2
LCD driver active, the prescaler reset, ard core in  _ 100 nF capacitor betwedfgg; andVss
SLEEP mode and all input ports, bidirectional ports (if in. 100 nF capacitor betwesfgg, andVss
input mode) and interrupts connected/gp. This state

can only be permanently achieved at the end of the stinfiy/oad capacitance of 200 pF is connected between each
lated selftest program. backplane an®¥ ss The regulated and temperature com-

pensated LCD voltagéreg can also be supplied from an
external voltage source through tMggg pin, as long as

This is the current taken with the crystal oscillator activd€ externally supplied voltage is larger than the inter-

the prescaler reset, th€ core in SLEEP mode, the LCD nally generated voltage. It is also possible to supply all
driver in the power saving mode and all input ports, pfhree LCD voltage levels through the palsec, Veel

directional ports (if in input mode) and interruptsandVEEZ as it is done under production test conditions.

connected t&/pp. This state can, unless used in the apNote 7: Supply current quotient
plication program, only be permanently achieved und
production test conditions.

Note 3: Power save current (pg)

?\Eormalized active current relative to the core’s system
clock frequency. The frequency of the integrated RC os-
cillator depends on the supply voltage as well as on the
Locess parameters (i.e. sum of threshold voltages).

Note 4: Power-on reset voltage (Mor)

This is the supply voltage, which must be exceeded for R
internal power-on reset circuit to be released. For a propéote 8: Measurement not subject to production test

Table 17. Standard crystal specification

Parameter Symbol Typ. Max. Unit
Frequency f 32,768 40,000 Hz
Series resistance Rs 30 50 kQ
Static/shunt capacitance Co 15 pF
Dynamic capacitance C1 3 fF
Load capacitance CL 10 125 pF
Cl oqg
Equivalent
circuit
o=
OSCIN oscouTt
Cco 96 11553

Figure 45. Crystal equivalent circuit
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800 — 1200
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300
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Figure 46. SYSCL =f (gnp — 3V option Figure 49. SYSCL =f (dnp — 1.5V option
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Figure 47. SYSCL =f (¥p, Tamp — 3V option Figure 50. pp = f (Tamp — 1.5V option
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Figure 48. pp =f (Vpp, Tamp — 1.5V option Figure 51. LCD voltages vs. temperature
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This chapter contains the pad layout and pad coordinates. The pin-out for packaged parts in QFP64 and PLCC44 is
shown too. The 64 pin ceramic DIL package which is used for emulation and prototype evaluation purposes is included.

M44C636
6 Mechanical Data
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Figure 53. Pin-out of M44C636 piggyback and target board adapter
The M44C636 target board adapter converts the pin-out of the emulation package (see figure 2) into the pin-out

of the M44C636 piggyback.

Note:
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OSCIN

TST2

TST1

TCL

VSS

BP40

S20

S19

S18

S16

S15

| 64 s15
| 63 s16
| 62 s17
| 61 s18
| 60/ S19

| 59 s20

| 58 BP40
| 57| BP41
| 56/ BP42
| 55 BP43
| 54] Vss
| 53 TCL

| 52 TsT1

S14 | 1 51] TST2
S13[ 2 50| OSCIN
s12| 3 49| N.C.
S11| 4 48] N.C.
S10| 5 47| AV DD
S09 |6 46 AV gg
S08 | 7 45] OSCOUT
So07 | 8 44| NRST
S06 [ 9 43| WD_EN
S05 | 10 M44C636 42| BP10
S04 [ 11 41| BP11
S03 [ 12 40| BP12
S02 [ 13 39| BP13
S01 [ 14 38/ BPOO
COM3 [ 15 37| BPO1
COM2 | 16 36] OD
com1 [ 17 35] V |NT
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Figure 54. M44C636 in 64 pin plastic QFP (top view)
osc-
AVDD AVSS ()T NRSTBP10 BP11 BP12 BP13P00 BPOl BP02
24 18
29 | spos
[ | 1pso
j IP51
j IP52
j INT2
3 M44C636 12| | vop
j VREG
j VEE2
7 e
[ | o
VEE1
40 4 @ 5 /j
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Figure 55. M44C636 in 44 pin PLCC (top view)
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6.2 Pad Layout
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Figure 56. M44C636 pad configuration
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6.3 Pad Coordinates

The M44C636 is also available in die form for COB mounting. Therefore the substrate, i.e. the backside of the die,
should be connected tss

Die size:
Pad size:
Thickness:

4.11 x 3.75 mm = 15.4 mhgincl. scribe)

100 x 100um
400+ 25um

Table 18. Pad coordinates of M44C636

No. Name X Point Y Point No. Name X Point Y Point
1 WD_OuUT 0 0 33 S12 2,8954 3,182.1
2 VINT 249.3 -17.3 34 Si11 2,724.4 3,182.1
3 oD 498.7 -17.3 35 S10 2,553.4 3,182.1
4 BPO1 669.7 -17.3 36 S09 2,382.4 3,182.1
5 BPOO 978.7 -17.3 37 S08 2,211.4 3,182.1
6 BP13 1,149.7 -17.3 38 So7 2,040.4 3,182.1
7 BP12 1,458.7 -17.3 39 S06 1,869.4 3,182.1
8 BP11 1,629.7 -17.3 40 S05 1,698.4 3,182.1
9 BP10 1,938.7 -17.3 41 S04 1,527.4 3,182.1
10 WD_EN 2,109.7 -17.3 42 S03 1,356.4 3,182.1
11 NRST 2,280.7 -17.3 43 S02 1,185.4 3,182.1
12 OSsCcouT 2,451.7 -17.3 44 S01 1,014.4 3,182.1
13 AVsg 2,712.7 -17.3 45 CcoM3 843.4 3,182.1
14 AV pp 3,563.4 -37.1 46 COM2 451.2 3,182.1
15 OSCIN 3,563.4 131.0 47 CoM1 280.2 3,182.1
16 TST2 3,563.4 302.0 48 COMO 0 3,228.0
17 TST1 3,563.4 473.0 49 VEE1L 0 3,057.0
18 TCL 3,563.4 644.0 50 C1 0 2,886.0
19 Vss 3,563.4 884.0 51 Cc2 0 2,499.0
20 TRM 3,563.4 1,055.0 52 VEE2 0 2,328.0
21 BP43 3,563.4 1,226.0 53 VREG 0 2,157.0
22 BP42 3,563.4 1,535.0 54 INT7 0 1,986.0
23 BP41 3,563.4 1,706.0 55 VbD 0 1,815.0
24 BP40 3,563.4 2,199.4 56 TIM1 0 1,644.0
25 S20 3,563.4 2,428.6 57 INT2 0 1,335.0
26 S19 3,563.4 2,599.6 58 IP53 0 1,164.0
27 S18 3,563.4 2,770.6 59 IP52 0 993.0
28 S17 3,563.4 2,941.6 60 IP51 0 822.0
29 S16 3,563.4 3,112.6 61 IP50 0 651.0
30 S15 3,563.4 3,283.6 62 BP0O3 0 480.0
31 S14 3,237.4 3,182.1 63 BP02 0 171.0
32 S13 3,066.4 3,182.1
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7 M44C636 — Timer Application

TIME SET MO TU WE TH FR SA SU
COMO on. W [ O OO OO OO [
COM1 N\ _/ \__/ \__/4 \_/
comz m [ { (.0 b
ofF @ @ @O
RPN LN N
RANDOM
L] /N N\ N\ N\
C1l
\oltage L
booster QI Ner;
capacitors 3 x 100 nF \V; ]

EE1 BP40
[ VEEZ

[ I NRST BP42

BP43
Port5 Vgg Vbp

I
l ﬁ TS ZEL Ny T2 A

—— Sensor input
H —

100nF 3Vorl5V 96 12360

Figure 57. Application example
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8 Ordering Information

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

BP40 [ CMOS BP10 [ Pull-up
[ Open drain [N] BP11 [ Pull-up
[ Open drain [P] BP12  Pull-up
(1 Pull-up BP13 ( Pull-up
BP41 d CMOs Watchdog [ Hardware disabled
[ Open drain [N] [ Software enabled (WD_EN: pull-up)
[ Open drain [P] (1 HW enabled (WD_EN: pull-down)
(1 Pull-up
(| 1/2 Hz
MOT driver [] 1 kHz chopping frequency 1 1Hz
[ 2 kHz chopping frequency [ 2Hz
Duty: [1%s (%> (%8 (1%
y: e L2 L3 L TIM1 O CMOS
BP42 ] CMOS _ [ Opendrain [N]
1 Opendrain [N] [d Open drain [P]
(1 Open drain [P] ] Pull-up
4 Pull-up [ Pull-down
Fout (1 32 kHz output with 50% duty
] 8 kHz output with 50% duty Buzzer d CMOs
[ 8 kHz output with 75% duty 1 Open dra!n [N]
BP43 0 CMOS (] Open drain [P]
[ Open drain [N] INT2 ] Pull-up
[ Opendrain [P] (1 Pull-down
(1 Pull-up
(1 Pull-down INT7 E EE::ggwn
IP50 Pull-
B Pﬂll-ggwn OSCIN (] No integrated capacitance
P51 g Pul (] Internal CAP ( _ pF)
ull-u
0 Pu"_dgwn OSCOUT [] Nointegrated capacitance
P52 O Pull-up (1 Internal CAP (_ pF)
] Pull-down Core supply [J Internal regulator (¥p > 1.8 V)
Vpp <2.4V
IP53 ] Pull-up Voo
(] Pull-down Package ] DIT
P5 monitor [] Negative edge triggered g gll':%gid'
[] Positive edge triggered 0 SS044
(] Interrupt priority 1 (default)
(] Interrupt priority 4
Coded reset[[] Not used
[ RST2 (IP50 & IP51)
[ RST3(IP50 & IP51 & IP52)
[ RST4 (IP50 & IP51 & IP52 & IP53)
Test Stimulus at Port O: File nanig] .HEX
(1 CRC:

TYPE: Normal/Short

Approval Date: _ . . Signature:
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We reserve the right to make changes to improve technical design 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

60 (60) TELEFUNKEN Semiconductors
.. . Rev. A2, 21-Jun-96
Preliminary Information



	Features
	Benefits
	Contents
	Signal Description, I/O Programming, Memory, Core Registers, and Self-Check
	Reset Modes, Interrupts, and Low Power Modes
	Timer/Counter Module
	Liquid Crystal Display Driver
	Electrical Specification
	Mechanical Data
	M44C636 – Timer Application
	Ordering Information

