TEMIC

Semiconductors

M44C510

MARC4 — 4-bit Universal Microcontroller

The M44C510 is a member of the TEMIC family of 4-bit single-chip microcontrollers. It contains ROM, RAM, up
to 32 digital I/0 pins, up to 10 maskable external interrupt sources, 6 maskable internal interrupts, a watchdog timer,
32-kHz oscillator with programmable watch timer, 2 x 8-bit multifunction timer/counter module and a versatile
on-chip system clock generation module.

Features

4 K x 8-bit application ROM
256 x 4-bit RAM

[ J
8 hardware and software interrupt priority levels o
Bitwise maskable prioritized interrupts °
Up to 10 external and 4 internal interrupts .
Up to 32 I/O lines .

High drive ports (20 mA, ¥p =5 V)

[ ]
I/0O ports — bitwise configurable with combined inter-

rupt handling (for serial I/0 applications) L]
2 x 8-bit multifunction timer/counters °

32-kHz on chip oscillator with programmablee
prescaler/interval timer

Benefits

Extremely low-power consumption

Minimal external components

Coded reset and watchdog timer **

Power-on reset, “brown out” function
Power-down mode

2.4V 10 6.2 V supply voltage

Data retention down to 2 V in SLEEP mode
Efficient, hardware-controlled interrupt handling
High-level programming language in gFORTH

Comprehensive library of useful routines

. ) ) ® PC based development tools
User definable on-chip system clock generation
4-MHz crystal, 4-MHz ceramic resonator or fully
integrated RC oscillator ** (** mask option)
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Figure 1. Block diagram
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Figure 2. Pin connections SSO44-package

Table 1. Pin description

Name Function
Vpp Power supply voltage +2.4 V to +6.2 V
AVpp Analog power supply voltage +2.4 V to +6.2V
Vss Circuit ground
BPOO — BP03 | 4 bidirectional 1/0 lines of Port 0 — automatic nibblewise configurable 1/0
BP10 — BP13 |4 bidirectional 1/0O lines of Port 1(*) — automatic nibblewise configurable I/O
BP50 — BP53 | 4 hidirectional 1/0 lines of high current Port 5(*) — bitwise configurable I/O
BP70 — BP73 |4 bidirectional 1/0 lines of high current Port 7(*) — bitwise configurable I/O
BPAO — BPA3 | 4 bidirectional I/O lines of Port A(*) — bitwise configurable 1/0O and as inputs to a port monitor
module. Optional coded reset inp(its
BPBO — BPB3 | 4 bidirectional 1/O lines of Port B(*) — bitwise configurable I/O and as inputs to a port monitor
module
BPCO — BPC1| 2 bidirectional 1/O lines of Port C (*) — bitwise configurable 1/0
BP60 — BP61 | 2 bidirectional 1/0O lines of Port @) — bitwise configurable 1/0 or as 2 external programmable

interrupts

BP40-TOOUTO

I/0 line BP40 of Port 4(*) — configurable I/O or timer/counter 0 I/O TOOUTO

BP41-TOOUT1

I/0 line BP41 of Port 4(*) — configurable I/O or timer/counter 0 I/O TOOUT1

BP42-BUZ |High current I/O line BP42 of Port 4(*) — configurable 1/O or buzzer output BUZ
BP43-NBUZ |High current I/O line BP43 of Port 4(*) — configurable 1/0 or buzzer output NBUZ
TIM1 Dedicated bidirectional 1/0 for Timer 1
SCLIN 4-MHz quartz crystal/ceramic resonator or trimming resistor pin (mask-option dependent)
SCLOUT | 4-MHz quartz crystal/ceramic resonator pin (mask-option dependent)
OSCIN 32-kHz quartz crystal pin (mask-option dependent)
OSCOUT | 32-kHz quartz crystal pin (mask-option dependent)
TE Testmode input. This input is used to control the test modes (internal pull-down)
NRST Reset input (/output), a logic low on this pin resets the device. An internal watchdog or cog

reset is indicated by a low pulse on this pin.

(*) For mask options, please see the order information.
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1 MARC4 Architecture

MARC4 CORE

Reset| I | Program i(( RAM
memory SP 256 x 4-bit
RP
Instruction, )
bus )
Memory bus

Instructio TOS

Syste i
clock Interru Iot
controller

I/0 bus

On—chip peripheral modules

94 8973

Figure 3. MARC4 core

1.1 General Description 1.2 Components of MARC4 Core

The MARC4 microcontroller consists of an advancege core contains ROM, RAM, ALU, a program counter,
stack based 4-bit CPU core and on-chip peripherals. TRAM address registers, an instruction decoder and an

CPU is based on the HARVARD architecture with physimterrupt controller. The following sections describe each
cally separate program memory (ROM) and data memofynctional block in more detail:

(RAM). Three independent buses, the instruction bus, the

memory bus and the I/O bus are used for parallel commu-2 1 ROM

nication between ROM, RAM and peripherals. This

enhances program execution speed by allowing bolthe program memory (ROM) is mask programmed with

instruction prefetching, and a simultaneous communic#he customer application program during the fabrication
tion to the on-chip peripheral circuitry. The extremelyf the microcontroller. The ROM is addressed by a 12-bit
powerful integrated interrupt controller with associatesvide program counter, thus predefining a maximum pro-
eight prioritized interrupt levels supports fast and effigram bank size of 4 Kbytes. An additional 1 Kbyte of

cient processing of hardware events. The MARC4 ROM exists which is used partly for a quality control self-

designed for the high-level programming languagtest program. The remaining space is available for the
gFORTH. The core includes an expression and a retuspplication program. The access to this additional ROM
stack. This architecture allows high-level language preection is done by using a ROM-bank switch.

gramming without any loss in efficiency or code density.

4 (57) TELEFUNKEN Semiconductors
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Figure 4. ROM map of M44C510

The lowest user ROM address segment is taken up byidRC4 performs the operations with the top of stack

512-byte zero page which contains predefined stdtems (TOS and TOS-1). The TOS register contains the

addresses for interrupt service routines and special subp element of the expression stack and works in the same

routines accessible with single-byte instructionsvay as an accumulator. This stack is also used for passing

(SCALL). The corresponding memory map is shown iparameters between subroutines and as a scratch pad area

figure 4. Look-up tables of constants can also be held for temporary storage of data.

ROM and are accessed via the MARC4’s built-in TABLEReturn Stack

instruction.

ROM Banking The 12-t_)it wide retur_n stack is add(essed by the return
stack pointer (RP). It is used for storing return addresses

Bank switching is fully supported by the compiler forof subroutines, interrupt routines and for keeping loop

customers programming with gqFORTH. The MARC4ndex counts. The return stack can also be used as a

switches from one ROM bank to another by writing thﬁemporary storage area.

new bank number to the ROM Bank Register (RBR)T i )

Conventional program space (power-up bank) resides e MARC4 instruction set supports the e_xchange of data

ROM bank 0. Each ROM bank consists of a 4-KByte adetween the top elements of the.expressmn stack and the

dress space whereby the lowest 2 KByte is common to Eifurn stack. The two stacks within the RAM have a user-

banks, so that addresses between 000h and 7FFh alw@§inable location and maximum depth.

accesses the same ROM Qata (se_e figure 4). When Rq_l\_/2'3 Registers

banking is used, the compiler will, if necessary, insert the

program code to save and restore the condition of tfilhe MARC4 controller has seven programmable regis-

RBR on bank switching. ters and one condition code register. They are shown in

122 RAM figure 6.
The MARC4 contains 256 x 4-bit wide static randomProgram Counter (PC)

access memory (RAM). It is used for the expression stackhe program counter (PC) is a 12-bit register that contains
the return stack and data memory for variables and arrajfse address of the next instruction to be fetched from the
The RAM is addressed by any of the four 8-bit wide RAMROM. Instructions currently being executed are decoded
address registers SP, RP, X and Y. in the instruction decoder to determine the internal micro
operations. For linear code (no calls or branches) the pro-
gram counter is incremented with every instruction cycle.
The 4-bit wide expression stack is addressed with thiea branch, call, return instruction or an interrupt is
expression stack pointer (SP). All arithmetic, /0 anéxecuted, the program counter is loaded with a new
memory reference operations take their operands froaddress. The program counter is also used with the
and return their result to the expression stack. THEABLE instruction to fetch 8-bit wide ROM constants.

Expression Stack

TELEFUNKEN Semiconductors 5 (57)
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Figure 5. RAM map

ROM Banking Register (RBR) 4-bit variables. After a reset, the return stack pointer has

. . . . . to be initialized with “>RP FCh .
The ROM banking register is a 4-bit register whereby in

the M44C510, only bit 2 is used. This indicates whic/*AM Address Register (X and Y')

ROM bank is presently being addressed. The RBR The X and Y registers are used to address any 4-bit item
accessed with a standard qFORTH peripheral read iar the RAM. A fetch operation moves the addressed
write instruction (IN or OUT, port address ‘D’ hex). nibble onto the TOS. A store operation moves the TOS to
the addressed RAM location. By using either the
preincrement or postdecrement, addressing mode arrays

The RAM is addressed with the four 8-bit wide RAM™ the RAM can be compared, filled or moved.
address registers: SP, RP, X and Y. These registers all®gp Of Stack ( TOS)
access to any of the 256 RAM nibbles.

RAM Address Registers

The top of stack register is the accumulator of the

Expression Stack Pointer (SP) MARCA4. All arithmetic/logic, memory reference and 1/O
operations use this register. The TOS register receives

The stack pointer (SP) contains the address of the next-tlata from the ALU, ROM, RAM or 1/O bus.

top 4—bi.t item (TO_S—l) of t.he expressio.n stac_:k. Th%ondition Code Register (CCR)

pointer is automatically preincremented if a nibble is

moved onto the stack, or postdecremented if a nibble i§e 4-bit wide condition code register contains the

removed from the stack. Every postdecrement operati§fanch, the carry and the interrupt-enable flag. These bits

moves the item (TOS-1) to the TOS register before the $plicate the current state of the CPU. The CCR flags are

is decremented. After a reset the stack pointer has to$ or reset by ALU operations. The instructions

initialized with “ >SP S0 ” to allocate the start address 0$ET_BCF, TOG_BF, CCR! and DI allow direct
the expression stack area. manipulation of the condition code register.

Return Stack Pointer (RP) Carry/Borrow (C)

The carry/borrow flag indicates that borrow or carry out
The return stack pointer points to the top element of thg arithmetic logic unit ( ALU ) occurred during the last
12-bit wide return stack. The pointer automatically prearithmetic operation. During shift and rotate operations,
increments if an element is moved onto the stack or s bit is used as a fifth bit. Boolean operations have no
postdecrements if an element is removed from the stagiffect on the C flag.
The return stack pointer increments and decrements jn
steps of 4. This means that every time a 12-bit elementéféamh (B)
stacked, a 4-bit RAM location is left unwritten. Thesé he branch flag controls the conditional program branch-
locations are used by the gFORTH compiler to allocaiag. Should the branch flag have been set by a previous

6 (57) TELEFUNKEN Semiconductors
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instruction, a conditional branch will cause a jump. Thithe non-maskable reset. After a reset, or on executing the
flag is affected by arithmetical, logical, shift, and rotat®I instruction, the interrupt-enable flag is reset, thus dis-
operations. abling all interrupts. The core will not accept any further
Interrupt Enable (1) interrupt requests until the interrupt-enable flag has been

The interrupt-enable flag globally enables or disables tr?gt again either by executing an El, RTI or SLEEP instruc-

triggering of all interrupt routines with the exception o 1on.
11 ‘ . ‘ 0
PC . I ‘ ‘ Program counter
0
RBR ROM bank register
7 ‘ ‘ ‘ 0
RP ‘ ‘ I L, 0o Return stack pointer
7 0
SP ‘ | : | ‘ Expression stack pointer
7 0
X ‘ ‘ : ‘ ‘ RAM address register (X)
7 0
Y ‘ | : ‘ ‘ ‘ RAM address register (Y)
3 0
TOS [:j Top of stack register
3 0
CCR |C — B 1 Condition code register
= Interrupt enable
Branch
—___ Reserved
Carry / borrow 96 11518
Figure 6. Programming model
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["’ ALU
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Figure 7. ALU zero-address operations

The 4-bit ALU performs all the arithmetical, logical, shiftmapped. All communication between the core and the on-
and rotate operations with the top two elements of the eship peripherals takes place via the I/O bus and the
pression stack (TOS and TOS-1) and returns the resultassociated 1/0 control. With the MARC4 IN and OUT
the TOS. The ALU operations affect the carry/borrow anishstructions, the 1/0O bus enables a direct read or write
branch flag in the condition code register (CCR). access to one of the 16 primary I/O addresses. More about
. the 1/0 access to the on-chip peripherals is described in
1.2.5 Instruction Set the “Peripheral Modules”. The I/O bus is internal and is
The MARC4 instruction set is optimized for the highnot accessible by the customer on the final micro-
level programming language qFORTH. Many MARC#ontroller device, but is used as the interface for the
instructions are qFORTH words. This enables the cof?ARC4 emulation (see also the section “Emulation”).
piler to generate a fast and compact program code. The
CPU has an instruction pipeline which allows the control-
ler to prefetch an instruction from ROM at the same tim
as the present instruction is being executed. The MARC%I3 InterrUpt Structure

is a zero-address machine. The instructions contain onfie MARC4 can handle interrupts with eight different
the operation to be performed and no source or destinatigiiority levels. They can be generated from the internal
address fields. The operations are implicitly performegnd external interrupt sources or by a software interrupt
on the data placed on the stack. There are one and #j$m the CPU itself. Each interrupt level has a hard-wired
byte instructions which are executed within 1 to 4riority and an associated vector for the service routine in
machine cycles. A MARC4 machine cycle is made up Qﬁe ROM (See table 2, page ]_0)_ The programmer can
two system clock (SYSCL) cycles. Most of the instrucpostpone the processing of interrupts by resetting the in-
tions are only one byte long and are executed in a sin@rupt enable flag (1) in the CCR. An interrupt occurrence
machine cycle. will still be registered but the interrupt routine is only
1.2.6 I/O Bus started aft(_ar t_hell ﬂgg is set. All interrupts can be masked,
and the priority individually software configured by pro-
The 1/0 ports and the registers of the peripheral modulgeamming the appropriate control register of the
(Timer O, Timer 1, Interval timer, Watchdog etc.) are I/Onterrupting module (see section “Peripheral Modules”).

8 (57) TELEFUNKEN Semiconductors
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Figure 8. Interrupt handling

Interrupt Processing execution of new interrupt service routines is inhibited,

but not the logging of the interrupt requests in the inter-

For processing the eight interrupt levels, the MARC4 inr-lth pendmg register. The execution of_the Interrupt is be

: : .. _delayed until the interrupt-enable flag is set again. Note

cludes an interrupt controller with two 8-bit Wldethat interrupts are only lost if an interrupt request occurs
‘interrupt pending” and "interrupt active” registers. The hile the cgrres ondiz bit in the endig req ister is still
interrupt controller samples all interrupt requests dum:?et (ie.. the inte?ru tsgrvice routirF:e is nc?t egtfinished)
every non-l/O instruction cycle and latches these in the™ " P y '

interrupt pending register. Whenever an interrupt requédstshould also be realized that automatic stacking of the
is detected, the CPU interrupts the program current®BR is not carried out by the hardware and so if ROM
being execution, on condition that no higher prioritppanking is used, the RBR must be stacked on the expres-
interrupt is present in the interrupt active register. If thgion stack by the application program and restored before
interrupt-enable bit is set, the processor enters an intéie RTI. After a master reset (power-on, external or
rupt acknowledge cycle. During this cycle a short calwatchdog reset), the interrupt-enable flag and the inter-
(SCALL) instruction is executed to the service routineupt pending and interrupt active registers are all reset.
and the current PC is saved on the return stack. An int?rrﬂerrupt Latency

rupt service routine is finished with the RTI instruction.

This instruction sets the interrupt-enable flag, resets tfide interrupt latency is the time from the occurrence of
corresponding bits in the interrupt pending/active registéne interrupt to the interrupt service routine being acti-
and fetches the return address from the return stack to tleged. In the MARCA4, this is extremely short and takes
program counter. When the interrupt-enable flag is reseétween 3 to 5 machine cycles depending on the state of
(triggering of interrupt routines is disabled), thethe core.

TELEFUNKEN Semiconductors 9 (57)
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Table 2. Interrupt priority table

Interrupt | Priority | ROM Address | Maskable Interrupt Opcode
INTO lowest 040h Yes C8h (SCALL 040h)
INT1 | 080h Yes DOh (SCALL 080h)
INT2 | 0COh Yes D8h (SCALL 0COh)
INT3 | 100h Yes E8h (SCALL 100h)
INT4 | 140h Yes E8h (SCALL 140h)
INT5 | 180h Yes FOh (SCALL 180h)
INT6 ! 1COh Yes F8h (SCALL 1COh)
INT7 highest 1EOh Yes FCh (SCALL 1EOQh)

1.3.1 Hardware Interrupts

Table 3. Hardware interrupts

Interrupt Possible Interrupt Priorities | RST Interrupt Mask Function
Source 0O(1/2|3|4|5|6 |7 Register Bit
NRST external X — — |low level active
Watchdog # — — |1/2 -2 sec. time out
Port A coded reset # - — |level any inputs
Port A monitor * * * * PAIPR 3 |any edge, any input
Port B monitor * * * * PBIPR 3 |any edge, any input
Port 60 external * * * * P6CR 1,0 |any edge
Port 61 external * * * * P6CR 3,2 |any edge
Interval timer INTA * * ITIPR 0 |1 of 8 frequencies
(1—-128 Hz)
Interval timer INTB * * ITIPR 1 |1 of 8 frequencies
(8 — 8192 Hz)
Timer O * * * * TOCR 0 |overflow/compare/
end measurement
Timer 1 * * * * TI1CR 0 |compare

X = hardwired (neither optional or software configurable)
# = customer mask option (see “Ordering Information”)

* = software configurable (see “Peripheral Modules” section for further details)

In the M44C510, there are eleven hardware interrufhe software triggered interrupt operates in exactly the
sources which can be programmed to occupy a varietysdme way as any hardware triggered interrupt.

priority levels. Each source can be individually maSke‘iihe SWI instruction takes the top two elements from the
by mask bits in the corresponding control registers. An

overview of the possible hardware confiqurations iexpression stack and writes the corresponding bits via the
. P 9 T/O bus to the interrupt pending register. Thus, by using
shown in table 3. . . . s
the SWI instruction, interrupts can be re-prioritized or
lower priority processes scheduled for later execution.
1.3.2 Software Interrupts

The programmer can generate interrupts using the soft-
ware interrupt instruction (SWI) which is supported in
gqFORTH by predefined macros named SWIO...SWI7.

10 (57) TELEFUNKEN Semiconductors
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1.4 Hardware Reset Coded Reset (Port A)

The master reset forces the CPU into a well-definet€ coded reset circuit is connected directly to the Port A
condition, is unmaskable and is activated independent {§fminals. By using a mask option, the user can define a
the current program state. It can be triggered by eithBgrdwired code combination (e.g., all pins low) which, if
initial supply power-up, a short collapse of the power sufccurring on the Po_rt A, will generate a reset in the same
ply, a watchdog time out, activation of the NRST input of/@Y as the NRST pin.

the occurrence of a coded reset on Port A (see figure 9).

A master reset activation will reset the interrupt enabiEable 4. Multiple key reset options

flag, the inter'rupt pending register and the interrupt acti F\IO_RST Not used (default)

register. During the reset phase, the I/O bus control sig= 5

nals are set to 'reset mode’ thereby initializing all on-chi ST BPAO & BPA1

peripherals. RST3 BPAO & BPAL & BPA2
Releasing the reset results in a short call instruction ( ,IBSTA' BPAO & BPA1 & BPAZ & BPA3

code C1h) to the ROM address 008h. This activates tRte, that if this option is used, the reset is not maskable
initialization routine SRESET which in turn initializes all gng will also trigger if the predefined code is written on
necessary RAM variables, stack pointers and periphegglthe Port A by the CPU itself. Care should also be taken
configuration registers. not to generate an unwanted reset by inadvertently pass-
Power-on Reset ing through the reset code on input transitions. This

) o applies especially if the pins have a high capacitive load.
The fully integrated power-on reset circuit ensures that

the core is held in a reset state until the minimum operai/atchdog Reset

ing supply voltage has been reached. A reset condition-liﬁe watchdog’s function can be enabled via a mask op-
also geni:ra;e:j SEOUIq _the supply voltagle drot’?on and triggers a reset with every watchdog counter
momentarily below the minimum operating supply.  oerflow. To suppress the watchdog reset, the counter
External Reset (NRST) must be regularly reset by reading the watchdog register

WDRES).
An external reset can be triggered with the NRST pin. %ddress ( S)

activate an external reset, the pin should be low forhe CPU reacts in exactly the same manner as a reset
minimum of two machine cycles. stimulus from any of the above sources.

* = Mask option

CPU reset

Power-of®~ Vgg
reset <« VDD
reset code
W,
— 1D ool
— time out rsttg— WD reset
PortA< | PortA e
I/O ) CPU
96 11556
Figure 9. Reset configuration
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1.5 Clock Generation

The M44C510 has a dual clock system, a 2-MHz systetlnMHz, for example, can be obtained by connecting a
clock (SYSCL) for the core and a 32-kHz subclocR20 K resistor (see figures 44, 48 and 49).
(SUBCL) for the time-keeping peripheral modules (se

figure 10). Each clock can be generated from independ

same high frequency SYSCL oscillator. This is mas
selectable - allowing a choice of either an 4-MHz cryst
4-MHz ceramic resonator or a RC oscillator. All th
necessary oscillator circuitry, with the exception of th

me applications require only long-term time keeping

on-chip oscillators or they can both be derived from th&' low resolution timing. In this case, an on-chip, low-
ower 32-kHz crystal oscillator can be used to generate

éumption.

aine SUBCL. This allows the core to go into SLEEP mode
ey\’/hen not used, and therefore greatly reduces power con-

actual crystal or resonator, are integrated on chip. Thefigine full 2-MHz timing resolution is required, then either

fore, if no exact timing is required, for example, it ishe crystal or resonator oscillator should be used for
possible to use the fully integrated RC oscillator, thus ogyySCL generation.

erating without any external components.

An additional mask option enables a high resolution trim,
mable RC oscillator whereby the SYSCL can be trimm

with an external resistor between SCLIN anshVIn this

configuration, the SYSCL frequency can be maintaine
stable to within a tolerance af10% over the full
operating temperature range. A SYSCL frequency of

L

Should a suitable external 1...4-MHz or 32-kHz clock

urce be available, then SCLIN (Crystal oscillator con-

uration) or OSCIN respectively can be used as the

|(rj|put.
Note:

A SYSCL frequency of 2 MHz leads an instruc-
tion cycle time of lus.

-
SCLIN ‘ |
% | P :
| = ]| crystal Ceramic RC-
| — 3
T 7 } oscillator oscillator oscillator
|
| | —0Oscin Oscin R Trim
| | Outf— Out Out
\ | — Oscout Oscout Toggle
scLouTt | \
e syscL
| \ X
F:T-*T L7 to CPU
L |— A
Osc. select Osc. select >
OSCIN to timer/counter
32kHz
crystal Divide by 64 e *| SUBCL
T %! H
| | oscillator } \} -
L . .
T - Oscin L% o to watchdog
Out
to prescaler

0ScouT Oscout
FI*T
L

el

F***"\ )
| = mask option
L

Figure 10. Clock module

to buzzer

to timer/counter
96 11520
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TEMIC M44C510

15.1 Clock Monitor Mode

NRST

TE

8P10 111] [ A1

SUBCL clocks

BP11

96 11521

Oscillator test mode Normal operation

Figure 11. Clock monitoring

For trimming purposes, the M44C510 can be put into lpp depends on Mp and £yscy Using a 32-kHz crystal,
clock monitor mode. The test input (TE) must thereforthe SLEEP currentgleep is typically less than iA. The

be pulsed high once, whereupon the SYSCL clock witlctive time of the core and the total emulation time are
appear on BP10 (Port 1, bit 0) and SUBCL clock on Podisplayed in a separate window of the MARC4 emulator
BP11 (Port 1, bit 1). To put BP10 and BP11 back inteoftware.

normal operation, the reset must be reapplied (see fig-

ure 11).

1.6 Sleep Mode 2 Peripheral Modules

The sleep mode is a shutdown condition which is used 21 AddreSSIng Perlpherals
reduce the average system power consumption in appli
tions where th@iC is not fully utilized. In this mode, the
system clock is stopped. The sleep mode is entered W&
the SLEEP instruction. This instruction sets the conditio

(Aac_cessing the peripheral modules takes place via the 1/10
Ws (see figure 12). The IN or OUT instructions allow
Irect addressing of up to 16 I/O modules. A dual register
code register interrupt enable bit () to enable all ime@ddressmg scheme has been adopted which addresses the

rupts and stops the core. During the sleep mode, yRrimary register” directly. To address the “auxiliary reg-

peripheral modules remain active and are able to g;;ener'a?téa I, the access must be switched with an “aniliary

; ; . : witching module”. Thus, a single IN (or OUT) to the
interrupts. TheC exits the sleep mode with any mterrupm dule address will read (or write) into the module pri-
or a reset. The sleep mode can only be maintained Whr%ﬁr reqgister. Accessing the auxiliary re isterp is
no interrupt pending or active register bits are set, Th%rfﬁrmeg witH the same i?]struction recgdedg writin
application of the $AUTOSLEEP routine ensures th X 1on preceaed by 9

e module address into the auxiliary switching module.

correct function of the sleep mode. The total power co : : '
sumption is directly proportional to the active time of the yte-wide registers are accessed by multiple IN (or OUT)

LC. For a rough estimation of the expected average s instructions. Extended addressing is used for more com-

tem current consumption, the following formula shouléﬁe).( Pe”phef?' modules, with a larger number_ of
registers. In this case, a bank of up to 16 subport registers

be used: are indirectly addressed with the subport address being
ltotal (VDD fsysc) = Isieept (IDD * Tactive/ Ttotal initially written into the auxiliary register.
TELEFUNKEN Semiconductors 13 (57)
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M44C510 TEMIC

[ Module ASW | Moduie ML B Modue M2 I Modue M3 |
(Address Pointer)
| Aux. Reg. | Bank of | Aux. Reg. |
! | Primary Regs. T !
Subport Fh
@ ubpor @
= . Subport Eh
Auxiliary Switch - r
Module Y s
Subport 1
Primar Regl Subport 0 |Primary Regl Primary Reg|
< <
> (4)
(1) G) ' ©
‘ ‘ ' 1/O bus ‘
A S 2 ‘ | <
i T S— | %
‘ | |
‘ ‘ ‘ . to other modulei
Indirect Subport. F Dual Register AJ '; Single Register
Access ‘ Access Co Access
(Subport Register Write) (Primary Register Write) ‘ (Primary Register Write)
Addr.(M1)  Addr.(ASW) OUT | Prim._Data Address(M2) OUT ‘@ Prim._Data Address(M3) OUT
Addr.(SPort) Addr.(M1) OUT ‘
SPort_Data Addr.(M1) OUT ( Auxiliary Register Write )
(Subport Register Read) % Address(M2) Address(ASW) OU'}_I’r (Primary Register Read)
Aux._Data  Address(M2) OU 7
(1) Addr.(M1)  Addr.(ASW) OUT ‘ @ Address(M3) IN
% Addr.(SPort) - Addr.(M1)  OUT, @ (Primary Register Read)
Addr.(M1) IN
Address(M2 IN
Example of ‘ (M2)
qFORTH (Subport Register Write Byte) |
(Auxiliary Register Read)
EL%geram (1) Addr.(M1)  Addr.(ASW) OUT ®
o Addr.(SPort) Addr.(M1) OUT @ Address(M2) Address(ASW) OUT |
 (3) sPort_Data(lo) Addr.(M1) OUT Address(M2) IN
e SPort_Data(hi) Addr.(M1) OUT (Auxiliary Register Write Byte) '
(Subport Register Read Byte) @ Address(M2) Address(ASW) OU . i i J
@ ‘ Aux._Data(lo) Address(M2) OU
Addr.(M1) Addr.(ASW) OUT‘ Aux. Data(hl) Address(MZ) U
Addr.(SPort) Addr.(M1) OUT
Addr.(M1) IN Addr.(ASW) =Auxiliary Switch Module Address
Addr.(M1) IN Addr.(Mx) = Module Mx Address
y ) Addr.(SPort) = Subport Address
(Auxiliary Register Read) Prim._Data =data to be written into Primary Register.
@ Address(M1) Address(ASW) OUT Aux._Data = data to be written into Auxiliary Register
@ Address(M1) IN Aux._Data (lo)= data to be written into Auxiliary Register (low nibble)
- - - Aux._Data (hi) =data to be written into Auxiliary Register(high nibble)
SPort_Data(lo) <lata to be written into SubP ort (low nibble)
SPort_Data(hi) = data to be written into Subport (high nibble) 96 11522
Figure 12. Example of I/O addressing
14 (57) TELEFUNKEN Semiconductors
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Table 5. M44C510 Peripheral addresses

Port Address Name Write Register Function Module See
/Read Type Page
0 PODAT WIR Port 0 — data register/input data M3 17
1 P1DAT W/R Port 1 — data register/input data M3 17
2 PAIPR W Port A — interrupt priority register M2 19
\ Aux. PAICR W Port A — interrupt control register 19
3 WDRES R Watchdog reset M3 25
PBIPR W Port B — interrupt priority register M2 19
\ Aux. PBICR W Port B — interrupt control register 19
4 PADAT WIR Port 4 — data register/pin data M2 22
\ Aux. |P4DDR W Port 4 — data direction register 18
5 P5DAT W/R Port 5 — data register/pin data M2 18
\ Aux. |P5DDR w Port 5 — data direction register 16
6 P6DAT WIR Port 6 — data register/pin data M2 20
\ Aux P6CR W Port 6 — control register (byte) 21
7 P7DAT WIR Port 7 — data register/pin data M2 18
\ Aux. |P7DDR W Port 7 — data direction register 16
8 ASW W Auxiliary switch register ASW 13
9 TCM W/R Data to/from subport addressed by Tq M1 25
Aux. |TOSR R Timer O interrupt status register M1 31
TCX W Timer/counter subport address pointe] M1 27
Subport address
0 |TOMO W Timer 0 mode register M1 31
1 |TOCR W Timer O control register M1 32
2 |TIMO W Timer 1 mode register M1 40
3 |TICR w Timer 1 control register M1 41
4 |TCMO W Timer/counter mode register M1 29
5 |TCIOR W Timer/counter I/O control register M1 28
6 |TCCR W Timer/counter control register M1 27
7 |TCIP W Timer/counter interrupt priority M1 28
8 |T1CP W Timer 1 compare register (byte) M1 41
T1CA R Timer 1 capture register (byte) M1 41
9 |TOCP w Timer 0 compare register (byte) M1 33
TOCA R Timer O capture register (byte) M1 33
A |BZCR W Buzzer control register M1 44
B-F Reserved

A PADAT W/R Port A — data register/pin data M2 18
| Aux. |PADDR W |Port A —data direction register 16
B PBDAT WIR Port B — data register/pin data M2 18
\ Aux. |PBDDR w Port B — data direction register 16
C PCDAT WIR Port C — data register/pin data M2 18
\ Aux. |PCDDR W Port C — data direction register 16

D RBR W Rom bank switch register M3 57

E - - Reserved
F ITFSR W Interval timer frequency select registe|] M2 23
Aux. ITIPR W Interval timer interrupt priority register 24
TELEFUNKEN Semiconductors 15 (57)
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M44C510 TEMIC

2.2 Bidirectional Ports for open drain, open source and full complementary out-
uts and pull-up and pull-down transistors. All Port Data

1,4,5,7, Aand B) are 4 bits wide. Port 6 and Port C haygyister of the respective port address, and the Port Data

a data width of 2 bits (bit 0 and bit 1). All these ports may; -« ~tion Register (PxDDR) to the corresponding
be used for data input or output. All ports are equipp%xi"ary register.

with Schmitt-trigger inputs and a variety of mask options

Port Data Register (PxDAT)
Primary register address: 'Port address’hex

Bit 3¢ Bit 2 Bit 1 Bit 0
PXDAT | PxDAT3 | PxDAT2 | PxDAT1 | PxDATO Reset value: 1111b

*Bit3 -~ MSB, bit0- LSB

Port Data Direction Register (PXxDDR)
Auxiliary register address: 'Port address’hex

Bit 3 Bit 2 Bit 1 Bit 0
PXDDR PxDDR3 | PxDDR2 | PxDDR1 | PxDDRO Reset value: 1111b

Value: 1111b means all pins in input mode

Table 6. Port Data Direction Register (PxDDR)

Code Function
3210

XxXx1 |BPxO0 ininput mode
XX X0 |BPx0 in output mode
xXx1x |BPx1in input mode
XX 0x |BPx1 in output mode
Xx1xx |BPx2ininput mode
x 0xx |BPx2 in output mode
1xxx |BPx3ininput mode
0xxx |BPx3in output mode

There are five different types of bidirectional ports:

e Type 1 (Ports 0 and 1) — 4-bit wide, bidirectional port® Type 4 (Port 6) — 2-bit wide, bitwise programmable
with automatic full bus width direction switching. bidirectional ports with optional bus pullups and pro-

e Type 2 (Ports 5 and 7) — 4-bit wide, Port C is a 2-bit 9"@mmaple interrupt ogic.
wide, bitwise programmable high drive 1/O port. ® Type 5 (Port 4) — 4-bit wide, bitwise programmable
bidirectional port also provides the I/O interface to

e Type 3 (Ports A and B) — 4-bit wide, bitwise Timer 0 and the Buzzer

programmable bidirectional ports with optional key-
board pull-ups.

16 (57) TELEFUNKEN Semiconductors
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2.2.1 Port 0, Port 1 — Bidirectional Ports Type 1

In this port type, the data direction register is not indepemay cause the CPU to read the contents of the output data

dently software programmable because the direction wdgister rather than the external input state. This can be

the complete port is switched automatically when an |/@voided by using either of the following programming

instruction occurs (see figure 13). The port can bchniques:

switched to output mode with an OUT instruction and to

input with an IN instruction. The data written to a port wil® Use two IN instructions and DROP the first data

be stored into the output data latches and appears immediibble. The first IN switches the port from output to

ately at the port pin following the OUT instruction. After input and the DROP removes the first invalid nibble.

RESET, all output latches are set to "1’ and the ports are The second IN reads the valid pin state.

switched to input mode. An IN instruction reads the

condition of the associated pins. ® Use an OUT instruction followed by an IN instruction.

Note With the OUT instruction, the capacitive load is
charged or discharged depending on the optional

Care must be taken when switching these bidirectionapull-up /pull-down configuration. Write a “1” for pins

ports from output to input. The capacitive pin loading at with pull-up resistors, and a “0” for pins with pull-

this port, in conjunction with the high resistance pull-ups, down resistors.

Vbp
1/0 Bus Q
4—»4»—(_[]—\]‘ -1
NN
Vbp l \
-— 1 L1 4
(Data out) ‘ * | Pull-up
> Q ) el
{BPxy)
PXDATYy| 1
R \ ‘ * ‘
Reset 7 " J N
(Direction) ‘h .
ouT ‘ I |
> s L J
IN *) Mask options Pull-down
> R NQ Port 1 only
Master reset - 96 11523

Figure 13. Bidirectional Ports 0 and 1
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M44C510 TEMIC

2.2.2 Port 5, Port 7, Port C — Bidirectional Ports Type 2

These, and all other bidirectional ports include a bitwiséoth type 2 and type 3 bidirectional ports have the same
programmable Data Direction Register (PxDDR) whiclVO logic. Type 2, however, has an increased drive capa-
allows the individual programming of each port bit asility and type 3, an additional low resistance pull-up as
input or output. It also enables the reading of the picustomer mask option.

condition in output mode. This is a useful feature for self

testing and for serial bus applications.

\Y
/0 Bus | bD
< ﬂ_ Static
| 1 Pull-up

*| (Ports A, B)

(Data out)
1/0 Bus
»——D Q
b;
[/

PxDATyY
S
Master reset
9o
1
KOBL DS Q | * * Mask options
| \
PxDDRY el
Pull-down
(Direction) - 96 11524

Figure 14. Bidirectional Ports 5, 7, A, Band C

2.2.3 Port A, Port B — Bidirectional Ports Type 3 — and Port Monitor Function
Connected to Ports Aand B (x = A or B)

PRx1 PRx2

PxXICR | ENx3 | ENx2 | ENx1 | ENxO | PxIPR IMAX| ITRx | PRx1| PRx2

I
- . \L Decodefr
BPx2 »‘z—.\ o> INT7

BPx1 »@ a\\o &> INT3

i
| I—
| —
> INTL
BPx0 F'z o\\J 96 11529

Figure 15. Port monitor module

ol o|INT?
0| 1 |INTS
1| 0| INT3
11 1 | INT1

&P INTS

In addition to the standard 1/O functions described in se@PxIPR) allows masking of each interrupt, definition of
tion 2.2.2, both Port A (BPA3 — BPAO) and Port B (BPB3he interrupt edge and programming of the interrupt
— BPBO) are equipped with port monitor modules. Thipriority levels. Port A can also be used for a mask pro-
module is connected across all four port pins (see figtammable coded reset. For more information see section
ure19) and generates an interrupt should &4 Hardware Reset.

preprogrammed transition occur on any of the selected

pins. This allows in.terrupt driven pqrt scanning \.Nithoml'he Port Interrupt Priority Registers PAIPR and PBIPR
thoert ?r?vllﬁg consuming task of continuously polling th%re I/0 mapped to the the primary address registers of the
P puts. Port Monitor Module addresses '2’h and '3'h respec-
Using the Port Interrupt Control Register (PXICR), pinsively. The Port Interrupt Control Registers PAICR and
can be individually selected. A non-selected pin cann®BICR are mapped to the corresponding auxiliary
generate an interrupt. The Port Interrupt Priority Registeegisters.

18 (57) TELEFUNKEN Semiconductors
.. . Rev. A2, 06-Feb-97
Preliminary Information



TEMIC

Semiconductors

M44C510

Port Monitor Interrupt Priority Register (PxIPR)
x ='A (Port A) or 'B’ (Port B)

(Port A) Primary register address: '2’hex

(Port B) Primary register address: '3’hex

| Reset value: 1111b

Bit 3 Bit 2 Bit 1 Bit 0
PXIPR | imx | ITRx PRx2 PRx1
IMx  — Interrupt Mask
ITRX — Interrupt Transition

PRx2..1 — Interrupt Priority code

Table 7. Port Monitor Interrupt Priority Register (PxIPR)

Code Function
3210

xx 00 |Port monitor interrupt priority 7

xXx 01 |Port monitor interrupt priority 5

xx 10 |Port monitor interrupt priority 3

xx 11 |Port monitor interrupt priority 1

x 0 x x | Port monitor interrupt on falling edge

x 1 xx | Port monitor interrupt on rising edge

0 xxx |Port monitor interrupt enabled

1 xxx | Port monitor interrupt disabled

Port Monitor Interrupt Control Register (PxICR)
x ='A (Port A) or 'B’ (Port B)

Bit 3 Bit 2 Bit 1 Bit 0

(Port A) Auxiliary register address: '2’hex

(Port B) Auxiliary register address: '3’hex

PXICR | ENx3 | ENx2 ENx1 ENXO

| Reset value: 1111b

ENx3 ... 0 port monitor input ENable code

Table 8. Port Monitor Interrupt Control Register (PXICR)

Code Function
3210

xxx 0 |Bit 0 can generate an interrupt

x X x 1 |Bit 0 cannot generate an interrupt

x X 0x |Bit1lcan generate an interrupt

xx1x |Bit1lcannot generate an interrupt

x 0xx |Bit 2 can generate an interrupt

x 1 xx |Bit 2 cannot generate an interrupt

0 xxx |Bit 3 can generate an interrupt

1 xxx |Bit 3 cannot generate an interrupt

TELEFUNKEN Semiconductors
Rev. A2, 06-Feb-97
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2.2.4 Port 6 — Bidirectional Port Type 4

v v
/0 Bus _ﬂ_l c')DD DD
.
- | Pull-up Static
‘f* **7‘ ‘f* *7 Pull-up
|
Y, I ||l \
DE L1 4 L 1
(Data out) ‘h .
/0 Bus [N
o =
PBDATY - o< BP6y>
\p -
7

q

* | y=0or1l
|

-

S
Master reset
-
IN enable | E * * Mask options
> ‘ ‘

L1
Pull-down

— 96 11525

Figure 16. Bidirectional Port 6

This 2-bit bidirectional port can be used as bitwise-praeceive the external data on this pin without switching
grammable I/O. The data is LSB aligned so that the twinto input mode as long as the output transistor is switched
MSB’s will not appear on the port pins when written. Theff.

port pins can also be used as external interrupt inputs (see ] ] ]
figures 15 and 16). Both interrupts can be masked or ind8-input mode (PxDDR bit = 1), the output driver stage is
pendently configured to trigger on either edge. Thggactwated,_so that an IN.|nstruct|on will directly read the
interrupt  priority levels are also configurable. ThePin state which can be driven from an exte_rnal source. In
interrupt configuration and port direction is controlled byhis case, the state of the Port Data Register (PxDAT),
the Port 6 Control Register (P6CR). An additional lovlthough not appearing at the pin itself, remains
resistance pull-up transistor (mask option) provides d#changed. High resistance mask selectable pull-up or
internal bus pull-up for serial bus applications. pull-down transistors are automatically switched onto the

port pin in input mode. The Port Data Register is written

In output mode (PxDDR bit = 0), the respective Port Daig the respective port address with an OUT instruction.
Register (PxDAT) bit appears on the port pin, driven by

an output port driver stage which can be mask prdhe Port 6 Data Register (P6DAT) is I/O mapped to the
grammed as open drain, or full complementary CMOSxrimary address register of address '6’hex and the Port 6
With an IN instruction the actual pin state can be readontrol Register (P6CR) to the corresponding auxiliary
back into the controller at any time without changing theegister. The P6CR is a byte wide register and is written
port directional mode. If the output port is mask configby writing the low nibble first and then the high nibble
ured as an open drain driver, the controller is able {gee section 2.1 “Addressing peripherals”).

20 (57) TELEFUNKEN Semiconductors
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Port 6 Data Register (P6DAT)

Primary register address: '6’hex

Bit 3 Bit 2 Bit 1 Bit 0
P6DAT ‘ not used ‘ not used P6DAT1 P6DATO Reset value: xx11b

The unused bits 2 and 3 are '0’, if read.

Port 6 Control Register (P6CR)
Auxiliary register address: '6’hex

Bit3  Bit2  Bitl  Bit0

P6CR Firstwrite cycle | P61IM2 | P61IM1 | P60IM2 | P60IM1 | Reset value: 1111b
Bit7  Bit6  Bit5  Bit4

Second write cycle | P61PR2 | P61PR1 | P60PR2 | P60PR1 | Reset value: 1111b

P6xIM2, P6xIM1 — Port 6x Interrupt mode/direction code
P6xPR2, P6xPR1 — BP6x Interrupt priority code

Table 9. Port 6 control register (P6CR)

Auxiliary Address: '6’hex  First Write Cycle Second Write Cycle
Code |Function Code |Function
3210 3210
xx 11 [BP60 in input mode — interrupt disabled xx 11 BP60 set to priority 1
xx 01 [BP60 in input mode — rising edge interrupt xx 10 |BP60 set to priority 3
x x 10 |BP60 in input mode — falling edge interrupt xx 01 |BP60 set to priority 5
x x 00 |BP60 in output mode — interrupt disabled x x 00 |BP60 set to priority 7
11 xx |BP61 in input mode — interrupt disabled 11 xx |BP61 set to priority O
01 xx |BP61 in input mode — rising edge interrupt 10xx |BP61 set to priority 2
10 x x |BP61 in input mode — falling edge interrupt 01 xx |BP61 set to priority 4
0 0 xx |BP61 in output mode — interrupt disabled 0 0 x x |BP61 set to priority 6

TELEFUNKEN Semiconductors 21 (57)
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INT6
Mask Edge
T a t Data in BP61
INT2 €—@ T
o 4 Dir. Bidir. Port_D

P IN_Enable

INT7 €— Mask Edge
<+ J/
INTS . /F : Data in BP60
INT3 ] o—.J'\_ -
. @= Bidir. Port—D
N, o Dir.
- 1

] | ——4IN_Enable
decod¢ | decod¢ |decodg¢ |decods

[ [ | 1/0 bus
PECR: |CR7 |CR6|CR5|CR4|CR3| CRZI CR:{CRO'
CR1| CRO| Dir. | INT INT
CR7| CR6 CR5| CR4 CR3| CR2 edge| disabled

0 0 | INT6 0 0 | INT? 0 0 out — yes
0| 1 |INT4 0| 1 |INTS 0 1 in | no
1 0 | INT2 1 0 | INT3 1 0 in | T no
1 1 | INTO 1 1 | INT1 1 1 in - yes 96 11526

Figure 17. Port 6 external interrupts

225 Port 4 — Bidirectional Port Type 5 port type 2 (see figure 14). Two additional multiplexers

allow data and port direction control to be passed over to
The type 5 bidirectional port is both a bitwise configurether internal modules (Timer 0 or Buzzer). Each of the
able 1/0 port and provides the external pins for both tHeur Port 4 pins can be individually switched by the
Timer 0 and the internal buzzer generator. As a norm@imer/Counter I/O Register (TCIO). Figure 17 shows the
port, it performs in exactly the same way as bidirectionatternal interfaces to Port 4.

| &
1/0 Bus
< Pull-u
< T | __[pullup
TOIn \ lE *|
«—
TCI v l \
ToOut hDE B [N
/O Bus - |1 \
b——D Q |7 L .
P4DATY, . {BP4y)
)
4

S (Data out)
Master reset
| o ]
(Direction)

1/0 Bus *
S
p————D Q \_'l }
PADDRY { L1
Pull-down

;Dir * Mask options

—— 96 11527

Figure 18. Bidirectional Port 4
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2.2.6 TIM1 — Bidirectional Pin Timer 1

| %
T1IN (Timer 1 input)
< Pull-up
q e
LR
VoD - |
— 4
| — N 7
\ \
\ \
L _
) < TIM1 )
T1OUT (Timer 1 output ~ 17
> . : | * |
[ Lo J I
T1Dir (direction control) N *T‘
[
|1 \
L _
* Mask options Pull-down

96 11528
Figure 19. Bidirectional pin TIM1

TIM1 is a dedicated bidirectional I/O stage for signalire 10) and consists of a 15-stage binary divider and two
communication to and from the Timer 1 in the timerprogrammable multiplexers for selecting the appropriate
counter module (see figure 18). It has no I/O bus interfaggerrupt frequencies for each interrupt source (see fig-
and is not directly accessible from the CPU. The directiaure 20). Each multiplexer is completely independent and
control is performed from the timer/counter configurais controlled by the common Interval Timer Frequency

tion registers. Select Register (ITFSR). Buffer registers store the respec-
. tive frequency select codes and ensure complete
2.3 Interval Timers / Prescaler programming independence of each interrupt channel.

The interval timers are based on a frequency divider femterrupt masking and programming of the interrupt
generating two independent time base interrupts. It giority levels is performed with the aid of the Interval
driven by SUBCL generated by the clock module (see figdimer Interrupt Priority Register (ITIPR).

ITIPR | PRB| PRA| MIB | MIA ITFSR | Fs3| Fs2| Fs1| Fso

2 2 2
INTS Q_AL \t
INTL, «——e | Bufferl | Buffef|

[Fh}— 8192z | 7hi— 128Hz
Eh}—« 4096Hz g_n —< 64§2zH
[Dh|— 2048H | Shi— 32Hz
INTE +—a&J N INTB[Ch}— 1024Hz 1 INTA | Ah|— 16Hz
Y v 8:1 [BRl— 256z | 81 [3h|—8Hz
INT2 «—e Mux [Ahl— 64Hz Mux [2hl— 4Hz
[Oh}—— 16H | Lhi— 2H;
[8h|—« 8Hz Ohj—< 1Hz
8092Hz 2048Hz 128Hz 32Hz 8Hz 2Hz

T 4096HZT 1024Hz 256Hz T 64Hz T 16Hz T 4Hz T 1HTZ
R 521531 54} 55i ~6i 57 58i 19 i,10i511i,14 513, 1415
SUBCL m—l ok 122127124 2°1 2% 27125127 1219122 192 42 12t

(e.g. SUBCL = 32 kHz) 15-stage binary counter 96 11530

Figure 20. Interval timers / prescaler
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2.3.1 Interval Timer Registers sponding auxiliary register. The interrupt masks MIA and
The Interval Timer Frequency Select Register (ITFSR)EIB enable interrupt masking of INTA and INTB respec-
r
|

. : vely. Each interrupt source can be programmed with
V'O mapped to the primary address register of the p RA and PRB to one of two interrupt priority levels. Dis-

scaler/ interval timer address ('F'’hex) and the Interval, ) .
( ) abling both interrupts resets the watch timer.

Timer Interrupt Priority Register (ITIPR) to the corre-
Interval Timer Interrupt Priority Register (ITIPR)
Aucxiliary register address (write only): 'F’hex
Bit 3 Bit 2 Bit 1 Bit 0
ITIPR PRB. | PRA | MB | MA Reset value: 1111b

PRB — Priority select Interval Timer Interrupt INTB
PRA — Priority select Interval Timer Interrupt INTA
MIB — Mask Interval Timer Interrupt INTB
MIA — Mask Interval Timer Interrupt INTA

Table 10.Interval Timer Interrupt Priority Register (ITIPR)

Code Function
3210
xXx11 |Resetprescaler and halt
XX X1 |Interrupt A disabled
XxXXx0 |Interrupt A enabled
xx1x |Interrupt B disabled
x X 0x |Interrupt B enabled
x1xx |Interrupt A => priority 1
X0 xx |Interrupt A => priority 5
1xxx |Interrupt B => priority 2
0xxXx |Interrupt B => priority 6

Interval Timer Frequency Select Register (ITFSR)

Primary register address (write only): 'F’hex
Bit 3 Bit 2 Bit 1 Bit 0
ITFSR FS3 Fs2 | Fs1t | Fso Reset value: 1111b

FS3 ... 0 — Frequency select code

Table 11. Interval Timer Frequency Select Register (ITFSR)

Code | Function| SUBCL SUBCL Code Function| SUBCL SUBCL
3210 divide by =32 kHz 3210 divide by =32 kHz
0000 | INTA 215 |Select1 Hz 1000 | INTB 212 Select 8 Hz
0001 214 |Select 2 Hz 1001 211 Select 16 Hz
0010 213 Select 4 Hz 1010 29 Select 64 Hz
0011 212 Select 8 Hz 1011 27 Select 256 Hz
0100 211 Select 16 Hz 1100 25 Select 1024 Hz
0101 210 Select 32 Hz 1101 24 Select 2048 Hz
0110 29 Select 64 Hz 1110 23 Select 4096 Hz
0111 28 Select 128 Hz 1111 22 Select 8192 Hz

The control bit FS3 determines whether the INTA or the INTB buffer register is loaded with the select code (FS2—-FS0).
This allows independent programming of interval times for INTA and INTB.
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2.4 Watchdog Timer
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Read
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Reset Ll*ﬁ Watchdog enable | | )
L ﬁMask option
VDD 96 11531

Figure 21. Watchdog timer

The Watchdog timer is a 17-stage binary divider clocketimer 1 Control Register (T1CR). Capture and compare
by SUBCL generated within the clock module (see figregisters (TOCA,T1CA, TOCP and T1CP) not only allow
ures 10 and 21). It can only be enabled as a mask optrent counting, but also the generation of various timed
whereby it must be periodically reset from the applicatioautput waveforms including programmable frequencies,
program. The program cannot disable the watchdog. rffiodulated melody tones, Pulse Width Modulated (PWM)
the CPU find itself for an extended length of time irand Pulse Density Modulated (PDM) output signals.
SLEEP mode or in a section of program that includes nvhen in one of these signal generation modes, the capture
watchdog reset, then the watchdog will overflow, thueegister acts as timer shadow register, the current timer
forcing the NRST pin low. This initiates a master resestate is freezed whenever read by the CPU. The Timer 0
The timeout period can be set to 0.5, 1 or 2 seconds i6ffurther equipped for performing a variety of time mea-
SUBCL = 32 kHz) by using a mask option. surement operations. In this mode the capture register is
N-Sed together with the gating logic for performing

To reset the watchdog, the program must perform an | synchronous, externally triggered snapshot measure-
instruction on the address WDRES ('3’hex). No relevargt ' y a9 tpSnot
ments. These measurements include single input pulse

data is received. The operation is therefore normally fol-. ; .
lowed by a DROP to flush the data from the stack. width and period measurements and also dual input phase

and positional measurement. The mode configuration is
set in the Timer 0 and Timer 1 Mode Registers (TOMO

. and T1MO).
2.5 Timer/Counter Module (TCM) _ _ _
Each timer represents a single maskable interrupt source

The TCM consists of two timer/counter blocks (Timer TOINT and T1INT), the priority of which can be config-
and Timer 1) which can be used separately, or togethertasd under program control. A Timer 0O interrupt can be
a single 16-bit counter/timer (see figure 22). Each timeaused by any of three conditions (overflow, compare or
can be supplied by various internal or external clocknd-of-measurement). The associated status register
sources. These can be selected and divided under prog(@®SR) differentiates between these. A status register is
control using the Timer/Counter Control Registenot necessary inthe Timer 1 as an interrupt is caused only
(TCCR), the Timer 0 Control Register (TOCR) and then a compare condition.
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Figure 22. Timer/counter module
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2.5.1  General Timer/Counter Control Registers

With the exception of the Timer O Interrupt Status RegisFimer/Counter auxiliary register (TCX) holds the subport
ter (TOSR), all the timer/counter registers are indirectlgddress of the particular register about to be accessed.
addressed using extended addressing as described in the

section “Addressing peripherals”. An overview of all regCare has to be taken to ensure that this subport access se-
ister and subport addresses is shown in table 4. Theence is not interrupted.

Timer/Counter Clock Control Register (TCCR)

Subport address (indirect write access): '6’hex

Bit 3 Bit 2 Bit 1 Bit 0
TCCR TiCL2 | TiCcLl | TocL2 | ToCL1 Reset value: 1111b
TOCL2, TOCL1 - Timer O Clock source select T1CL2, TICL1 - Timer 1 Clock source select

Table 12. Timer/Counter Clock Control Register (TCCR)

Code Function Direction (TDir)
3210 BP40* TIM1
xXx00 |Timer O clock = SUBCL out X
xx01 |Timer O clock = SYSCL out X
xx10 |Timer O clock = Timerl output (TLOUT connected internally) out X
xx11 |Timer O clock = TOINO ( BP40%*) in X
00xx |Timer 1 clock = SUBCL X out
01xx |Timer1clock=SYSCL X out
10xx |Timer 1 clock = Timer 0 output (TOOUTO connected internally) X out
11xx |Timer1clock=TIM1 X in

* if TCIOO = low (connects Timer 0 to Port 4)

The Timer/Counter Clock Control Register (TCCR) controls the clock source to both Timer 0 and Timer 1 prescalers.
If an external clock source (on BP40 or TIM1) is selected, then the corresponding port direction is automatically
switched to input mode (see figure 23).

Note: The TCIOO bit must be set low for the BP40 external timer/counter access.
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Timer/Counter Interrupt Priority Register (TCIP)

The Timer/Counter Interrupt Priority register (TCIP) is used to configure the Timer 0 and Timer 1 interrupt priority

levels.
Subport address (indirect write access): '7’hex
Bit 3 Bit 2 Bit 1 Bit 0
TCIP TUP2 | TuP11 | TOIP2 TOIP1 | Reset value: 1111b
TOIP2, TOIP1 — Timer O Interrupt Priority code T1IP2, T1IP1 — Timer 1 Interrupt Priority code

Table 13. Timer/Counter Interrupt Priority Register (TCIP)

Code Function
3210

xx 11 |Timer O interrupt priority 1
xx 10 |Timer O interrupt priority 3
xx 01 |Timer O interrupt priority 5
Xxx 00 |Timer O interrupt priority 7
11xx |Timer 1 interrupt priority O
10xx |Timer 1 interrupt priority 2
01xx |Timer 1 interrupt priority 4
00 xx |Timer 1 interrupt priority 6

Timer/Counter 1/0O Control Register (TCIOR)
Subport address (indirect write access): '5’hex

Bit 3 Bit 2 Bit 1 Bit 0
TCIOR | Tcio3 | TCci02 | Tcio1 | TCIo0 | Reset value: 1111b

TCIO3...0 — Timer / Counter I/0 mode select
Table 14. Timer/Counter I/O Control Register (TCIOR)

Code Function
3210
xxx1 |BP40 - standard port mode
XX X0 |BP40 — Timer 0 clock input (TOINO) or Timer 0 output (TOOUTO)
xx1x |BP41 - standard port mode
XxX0x |BP41 - Timer 0 gate input (TOIN1) or Timer 0 output (TOOUT1)
x1xx |BP42 - standard port mode
x0xx |BP42 — Buzzer output (BUZ)
1xxx |BP43 - standard port mode
0xxx |BP43 — Buzzer output (NBUZ)

By using the Timer/Counter 1/O Control RegistelTCIOR bit is set low, then the corresponding port data
(TCIOR) the program can configure the respective Portdirection register (P4DDR) bit no longer influences the
pins as either standard data I/O ports or as external sigpalt direction. In the case of BP40 and BP41, the port
ports for the Timer 0 and Buzzer. The Timer 1 uses a dedirection is then controlled entirely by the timer/counter
cated I/O pin TIM1, whose direction is controlled solelyconfiguration registers (TCCR,TOMO), while pins BP42

by the TCCR (see figure 23). It should be noted that if@and BP43 become unidirectional buzzer outputs.
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Figure 23. Timer/counter and buzzer external interface

Timer/Counter Mode Register (TCMO)

96 11533

Subport address (indirect write access): '4’hex

Bit 3 Bit 2 Bit 1 Bit 0
TCMO | TONINV | TC8 | TIRST | TORST | Reset value: 1111b
TONINV — Timer 0 output (BP41) appears non-inverted at BP40
TC8 — Timer/Counter in 8-/16-bit mode
T1RST — Timer 1 Reset/Run
TORST — Timer 0 Reset/Run
Table 15. Timer/Counter Mode Register (TCMO)
Code Function
3210
XX X0 |Timer O running
xxx 1 |Timer O reset and halted
xx 0x |Timer 1 running
xx1x |Timer 1 reset and halted
x 0 xx | Timer/counter in 16-bit mode
x 1 xx | Timer/counter in 8-bit mode
0 xxx |Inverted output BP41 appears on BP40 (BP40 = NOT BP41)
1xxx |Non-inverted output BP41 appears on BP40 (BP40 = BP41)
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252 Timer/Counter in 16-bit Mode
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Figure 24. 16-bit mode

In 16-bit mode, Timer 0 and Timer 1 are cascaded th@s5.3 Timer O Modes

forming a 16-bit counter (see figure 24) whereby, irre- i , L i i ,
spective of the state of Timer 0 interrupt mask bit (TOIM)! "€ Timer 0 mode configuration is defined in the Timer O
the Timer 1 counts both Timer 0 overflow and compard40de Register (TOMO). The available modes and the
interrupt events. These are generated according to {ffeect on the Timer O interrupt and interrupt flags is shown
state of the Timer 0 Mode Register as described in thglow. In all modes except the position measurement
TOMO table. The comparators are also cascaded so tA¥de, Timer 0 acts as an up-counter, the related clock fre-
when both Timer 0 and Timer 1 match their respectiva/e€ncy being defined by the selected clock source and the

compare registers, the Timer 1 generates both an outﬁﬂ?scaIer division factor. The counter can be reset and
signal and a compare interrupt (if unmasked). alted at any time by the TORST bit of the TCMO register

which also resets all the interrupt status flags and capture
) .. registers. Whenever Port 4 BP40 and BP41 pins are re-

In measu_reme_nt modes, only Timer O capture reg'Sterdﬁired for Timer O 1/O, then the appropriate TCIOR
loaded with Timer 0's contents on an end-of-measurgnapie bit must be set low. In this case, the port direction
ment event. Timer 1 capture register operates solely a§giching is handled automatically by the hardware. In
shadow register. There is no 16-bit capture operation, §0,qes where the BP40 is not used as a timer clock input
the user program must check if Timer 1 has incremented 55 3 melody envelope output, the BP40 outputs the
between reading the lower and higher byte. Likewisggme signal as that appearing on BP41. With the help of
there is no automatic suppression of spurious interrug$s ToNINV bit of the Timer/Counter Mode Register
which could conceivably be generated between Writi”@l’CMO) the BP41 output can be inverted so that BP40
Timer 0 and Timer 1 compare registers. and BP41 form a differential output stage which can be

used for directly driving piezo buzzers or small stepper

motors.
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Timer 0 Mode Register (TOMO)

TOMO

TOMO3 ..

Bit 3 Bit 2

Bit 1

Subport address (indirect write access): '0’hex

Bit 0

TOMO3 TOMO?2

TOMO1

TOMOO |

. 0 — Timer 0 Mode Code

Table 16. Timer 0 Mode Register (TOMO)

Reset value: 1111b

Code Function Assuming TCIOR1=TCIORO=low Interrupt set /
3210 TOSR affected
BP40 (*3) BP41 cmp | ofl | eom

0000 |reserved — — —
0001 |reserved — — —
00 1 0 |Modulated melody mode Envelope (out) Tone (out) yly | yly n/n
0011 |Melody mode Tone (out) Tone (out) yly | yly n/n
0100 |Counter-auto reload (50% duty cycle) | Toggle (out) /Clock (in) | Toggle (out) | yly yly n/n
0101 |Counter-free running (50% duty cycle) Toggle (out) /Clock (in) | Toggle (out) | nly | yly n/n
0110 |Pulse density modulation PDM (out) /Clock (in) | PDM (out) nly | vyly n/n
0111 |Pulse width modulation PWM (out) /Clock (in) | PWM (out) nly | yly | nin
1000 |Phase measurement Signal 1 (in) Signal 2 (in) | n/n | yly yly
1001 |Position measurement Signal 1 (in) Signal 2 (in) | (*1) | (*2) | n/n
1010 |Low pulse width measurement Clock (in) Signal (in) nty | yly | yly
1011 [High pulse width measurement Clock (in) Signal (in) nty | yly | yly
11 00 |Counter- auto reload (strobe) Strobe (out) /Clock (in) | Strobe (out) | yly | yly | nly
1101 |Counter-free running (strobe) Strobe (out) /Clock (in) | Strobe (out) | nly | yly | nly
1110 |Period measurement (rising edge) Clock (in) Signal (in) nty | yly | yly
1111 |Period measurement (falling edge) | Clock (in) Signal (in) nty | yly | yly

*1 Note: The compare interrupt/status flag can only be set when counting up.

*2 Note: The overflow interrupt/status flag is set on both an overflow or an underflow.

*3 Note: The BP40 signals can be inverted if TONINV=0 (TCMO register)

Timer O Interrupt Status Register (TOSR)

TOSR

Note:

Bit 3 Bit 2

Bit 1

Auxiliary register address (read access): '9’hex

Bit 0

notused | TOEOM | TOOFL

TOCMP

TOEOM- Timer 0 End Of Measurement status flag

TOOFL — Timer 0 OverFLow status flag

TOCMP — Timer 0 CoMPare status flag

Reset value: x000b

The status register is reset automatically when read and also when Timer O is reset.
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Table 17. Timer O Interrupt Status Register (TOSR)

Code Function
3210

XXX1 Timer 0 compare has occurred (Timer 0 = TOCP)
XX 1Xx Timer 0 overflow or underflow has occurred

X1 XX Timer 0 measurement completed

The interrupt flags will be set whenever the associated condition occurs irrespective of whether the corresponding inter-
rupt is triggered. Therefore, the status flags are still set if the interrupt condition occurs when the interrupt is masked.
To see exactly when the flags are set, see TOMO control code table 16, page 31.

Reading from the timer/counter auxiliary register will access the Timer O Interrupt Status Register (TOSR).

Timer 0 Control Register (TOCR)

The TOCR is responsible for the predivision of the selected Timer O input clock (see TCCR). It can be divided or used
directly as clock for the up/down counter. Bit 0 is the mask bit for the Timer 0 interrupt.

Subport address (indirect write access): '1’'hex

Bit 3 Bit 2 Bit 1 Bit 0
TOCR | TOoFs3 | ToFs2 | TOoFs1 | TOM | Reset value: 1111b

TOFS3 ... 1 — Timer 0 prescaler division factor code

TOIM — Timer O Interrupt Mask

Table 18. Timer 0 Control Register (TOCR)

Code Function
3210

xXxx1 |Timer O interrupt disabled

XX X0 | Timer O interrupt enabled
000x |Timer O prescaler divide by 256
001x |Timer O prescaler divide by 128
010x |Timer O prescaler divide by 64
011x |Timer O prescaler divide by 32
100x |Timer O prescaler divide by 16
101x |Timer O prescaler divide by 8
110x |Timer O prescaler divide by 4 *
111x |Timer O prescaler bypassed

*) Note: Emulation devices marked with C510 — 00x, with x =4 ... 9, use a prescaler divide by 2.
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Timer 0 Compare Register (TOCP) — Byte Write

Subport address (indirect write access): '9’hex

Bit 3 Bit 2 Bit 1 Bit 0

TOCP First write cycle | TOCP3 | TocP2 | TocPi | TOCPO | Reset value: xxxxb
Bit 7 Bit 6 Bit 5 Bit 4

Second write cycle‘ TOCP7 ‘ TOCP6 ‘ TOCP5 ‘ TOCP4 ‘ Reset value: xxxxb

TOCP3 ... TOCPO — Timer 0 Compare Register Data (low nibble) — first write cycle
TOCP7 ... TOCP4 — Timer 0 Compare Register Data (high nibble) — second write cycle

The compare register TOCP is 8-bit wide and must be accessed as byte wide subport (see section "Addressing Peripher-
als). First of all, the data is written low nibble and is then followed by the high nibble. Any timer interrupts are
automatically suppressed until the complete compare value has been transferred.

Timer 0 Capture Register (TOCA) — Byte Read

Subport address (indirect read access): '9’hex

Bit7 _ Bit6  Bit5  Bit4
TOCA Firstread cycle | TOCA7 | TOCA6 | TOCAS | TOCA4 |  Reset value: 0000b
Bit3  Bit2 _ Bitl _ Bit0
Second read cycle| TOCA3 | ToCA2 | TOCAL | TocA0 |  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

Note: If the timer is read (in PDM mode only) the bit order will appear reversed, so that TOCAO =MSB,
TOCA1=MSB-1 .... TOCA6=LSB+1, TOCA7 = LSB.

The 8-bit capture register TOCA is read as byte wide subport. Note, however, unlike the writing to the compare register,
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.

TELEFUNKEN Semiconductors 33 (57)

Rev. A2, 06-Feb-97 . .
Preliminary Information



M44C510 TEMIC

Timer 0 Free Running Counter Modes (Strobe and 50% Duty Cycle)

In the free running counter mode, Timer O can be used as an event counter for summing external event pulses on BP40,
or as a timer with an internal time-based clock. When enabled, the counter will count up generating an output signal
on BP41 whenever the counter contents match the compare register (see figure 25). This signal can appear either as
a strobe pulse or as a simple toggling of the output state (50% duty cycle) depending on the timer mode. Interrupts (if
not masked) are generated every 256 clocks on the overflow condition. The current counter state can be read at any
time by reading the capture register,. The compare register has no effect on the counter cycle time and will not influence
interrupts.

Timer 0,.2,4_¢6 0.,2,4.6 0,2,4.6
State peas I of B RS s M I e P B I W e
Pl Py p))
Overflow i ‘ f ‘ i ‘
Interrupt (C i (C P (C i
2 v ) v p)) v
strobe (C |—| (c I_l (C I_I
TOOUT1 ~ ~ ~
(BP41) (C c
) p) |
50% duty | c |
cycle D

P
Timer
Clock

Timer resets J L

on overflow Timer = compare register (= 4)

Figure 25. Timer 0O free running counter mode

96 11534

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 26). The counter counts up with the selected clock frequency. When it reaches the value held in
the compare register, the counter then returns 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 O interrupt is unmasked, a compare interrupt is also
generated.

The resultant output frequengyt = fin/2*(n+1) where
n = compare value (n = 1 — 255).

Timer 0,2,4.,6-0.2,4,.6-0.2,4_6-0

State chr e e e e B S

Compare i i HEH HaH H
Interrupt i Hl i HE HE

v
strobe |_| |—| |_| I_I I_I

TOOUT1

(BP41)

50% duty | | | | |
cycle
Timer
Clock
L Timer = compare register (= 7)
Resets timer 06 11535

Figure 26. 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 duty cycles of 1/2, 3/8, 5/8 and 3/4. The resultant waveform is used as the chopping frequency for so called “motor
chopping”. This technique allows the use of low cost, low voltage clock motors in applications where only higher sup-
ply voltages are available. The resultant voltage waveforms are shown in figure 27. To obtain the required motor driver
waveforms on BP40 and BP41 as shown in figure 28, the user program must modulate the Timer 0 chopping frequency.
This is performed by preloading Port 4 data latches (P4DATO and P4DAT1) with 0’ which sets the normal Port 4 direc-
tion register bits to output mode (P4DDRO = P4DDR1 = '0") and switches the TCIOO and TCIO1 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 TCIO0 and TCIO1 are set to "1’ and the preloaded Port 4 data latch outputs
appear on the port 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 = '3’hex (1 kHz) or '7’hex (2 kHz)
Timer clock = 32 kHz (prescaler bypassed) 96 11536
Figure 27. Motor chopping waveforms
Chopping
burst
(111 I

\
.
e I LA

Figure 28. Motor driver output waveforms

96 11537

Melody Mode (with/without Modulation)

The non-modulated melody mode is identical to the auto- reload counter (50% duty cycle) mode. The melody tone
frequency appearing on BP41 and/or BP40 is determined in exactly the same way as the value written into the
comparator register. In the modulated melody mode, the M44C510 generates two output signals, a melody tone and
an envelope pulse (see figure 29). 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 analog switch is activated between
the BP40 and BP41 outputs (see figure 30). With the external capacitor connected, the resultant signal on BP41 exhibits
a melody chime effect with an exponential decay.
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Figure 29. Modulated melody mode
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Figure 30. Modulated melody output circuit
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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, where the high period is proportional to the digital value to be converted.
Therefore by connecting a simple low-pass RC network to the PWM signal, the DC analog value can be gained.

Timer O generates the PWM signal by comparing the state of the free running up counter with the contents of the
compare register (see figure 31). If the result is less than the compare register value, then the BP41 output is high. If
the result is greater or equal to the compare register value, then the BP41 output 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 SYSCL clock is used as the PWM clock source because it may stop
if the CPU goes into SLEEP mode (see mask options).

Timer 0,2,4 0 4 0 4
State r(25§ 1 |1| |3|—| r/25§ | |1| |3|—| rr25§ 1 |1| |3|—|
Py P P
Overflow H o
2 Pl 2

—»ithi @&—tlow —

Boyr T ] ]
e MMAMWMMMMLHMAHMM

Tlmer = compare register (= 4)

t_hi = (comparator value)*clock period
t_low = (255—-comparator value)*clock period 96 11540

Figure 31. Timer 0 pulse width modulation

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 32). 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 |

eovcors DI IE I w g

96 11541

Figure 32. An example 4-bit PWM/PDM comparison
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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 33). 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 is loaded into the
capture register and subsequently reset. The measured value remains in the capture register until overwritten by the
following measured value. 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 measured value is present in the capture register and can be
read, if required.

Captures and resets timer

AA

"eom”
Interrupt -| -| -| -|
< t_period > < t_period >
TOIN1 N —
(BP41) [ 7
Falling edge triggered Rising edge triggered 96 11542

Figure 33. Period measurement

Pulse Width Measurement Modes (High and Low)

In this mode, the selected clock source is gated to the counter for the duration of each input pulse received on BP41
(see figure 34). Whether the measurement takes place during the high or low phase depends on the selected mode. At
the end of each pulse, the counter state is loaded into the capture register and subsequently reset. Interrupts can be gen-
erated by either an overflow condition or an end-of-measurement (eom) event. An 'eom’ event signals the CPU that

a new measured value is present in the capture register can be read, if required.

Captures and resets timer

A/\A

"eom”
Interrupt n ”

¢t low . ¢+ _t high '
TOINL — ' | 1
(BP41) N

96 11543
Figure 34. Pulse width measurement
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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 35). 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 measured value is present in the capture register and can be read, if required.

Captures & resets timer

"eom”

Interrupt n n -l
<« p; —tp -— —> tp -

(8Pa0) ] _| I

Bril) L _

96 11544

Figure 35. Phase measurement

Position Measurement Mode

This mode is intended for the evaluation of positional sensors with biphase output signals. Figure 36 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. Therefore if BP40 is high on the rising edge
of BP41, the moving mask travels to the left and if it is low then it travels to the right. The direction (left/right) informa-
tion is used to set the direction of the up/down counter which enables the BP40 pulses to be counted. Assuming that
the system has been reset on a reference position, the counter will always hold the absolute current position of the mov-
ing mask. This can be read by the CPU if necessary. This mode is the only one in which the counter is allowed to
decrement. Therefore, 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. An overflow would then set both the overflow and compare status flags while an underflow
sets the overflow status flag only.

TOINO TOIN1
1 1
i "

—_—

Typical sensor Moving mask

,I\ ,I\ ,I\,I\ ,]\ ,[\ Static mask
light light
left movement right movement
Timer N X N+ XIN+2 X N+3 N X N1 X N2 X N3
(BP0 L LT 1 I I O
TOIN1
@epany LI LI 1T 1. B I D e
96 11545
Figure 36. Position measurement mode
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254 Timer 1 Modes ter. This is the only Timer 1 interrupt source. Masking can

be performed using the mask bit in the Timer 1 Control
The Timer 1 is aimed at performing event counting andegister (TLCR) and priority can be defined in the Timer/
timing functions (see figure 22). It has, unlike theCounter Interrupt Priority Register (TCIP). The TIM1 pin
Timer 0, no gated clock or externally triggered capturis used by the Timer 1 either as clock/event input or timer
modes. The counter counts up with an internal or exterraltput. I/O control of the Timer 1 pin TIM1 is controlled
clock, depending on the state of the Timer 1 Control Regntirely by the hardware, therefore if the TIM1 is selected
ister (TLICR) and the Timer/Counter Clock Controhs an external clock or event source (in the TCCR), there
Register (TCCR) and generates a compare interrugan be no Timer 1 signal output. In this case, the timer
whenever the counter matches the Timer 1 compare regisuld be used solely to generate interrupts.

Timer 1 Mode Register (TIMO)

Subport address (indirect write address): '2’hex

Bit 3 Bit 2 Bit 1 Bit 0
T1IMO | TaMo3 | TiMO2 | TiMO1 | TiMOO | Reset value: 1111b

T1MO3 ... 0 — Timer 1 Mode Control

Table 19. Timer 1 Mode Register (TIMO)

Code Function Compare
3210 Interrupt
1x00 |Counter free running (50% duty cycle) yes
1x01 |Counter auto reload (50% duty cycle) yes
1x10 |Pulse width modulation yes
1x11 |Counter auto-reload (strobe output) yes
x 0 X X Increment on falling edge of clock -

X 1xX Increment on rising edge of clock -

0 xxX reserved -

Timer 1 Control Register (TLCR)

The T1CR is responsible for the predivision of the selected Timer 1 input clock (see TCCR). It can be divided or used
directly as clock for the up counter. Bit O is the mask bit for the Timer 1 interrupt.

Subport address (indirect write access): '3’hex

Bit 3 Bit 2 Bit 1 Bit 0
T1CR TIFS3 | TIFS2 T1FS1 TiM | Reset value: 1111b
T1FS3..1 —Timer 1 Prescaler Division Factor Code
T1IM — Timer 1 Interrupt Mask
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Table 20. Timer 1 Control Register (T1CR)

Code Function
3210

XxXxx1 |Timer 1 interrupt disabled

XX X0 |Timer 1 interrupt enabled
000x |Timer 1 prescaler divide by 256
001x |Timer 1 prescaler divide by 128
010x |Timer 1 prescaler divide by 64
011x |Timer 1 prescaler divide by 32
100x |Timer 1 prescaler divide by 16
101x |Timer 1 prescaler divide by 8
110x |Timer 1 prescaler divide by 4
111x |Timer 1 prescaler bypassed

Timer 1 Compare Register (T1CP) — Byte Write
Subport address (indirect write access): '8’hex

Bit 3 Bit 2 Bitl BitO

T1CP Firstwrite cycle | TICP3 | TICP2 | TICPL | T1CPO | Reset value: xxxxb
Bit 7 Bit 6 Bit5 Bit4
Second write cycle‘ T1CP7 ‘ T1CP6 ‘ T1CP5 ‘ 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

The compare register TLCP is 8 bits wide and must be accessed as byte wide subport (see section “Addressing Peripher
als”). The data is written low nibble first, followed by high nibble. Any timer interrupts are automatically suppressed
until the complete compare value has been transferred.

Timer 1 Capture Register (T1CA) — Byte Read
Subport address (indirect read access): '8’hex

Bit7  Bité  Bit5  Bit4

T1CA First read cycle | TLCA7 | T1CA6 | T1CA5 | TiCA4 | Reset value: 0000b
Bit3  Bit2  Bitl  Bit0

Second read cycle| TICA3 | T1CA2 | TICAL | TiCAO | Reset value: 0000b

T1CA7 ... TICA4 — Timer 1 Capture Register Data (high nibble) — first read cycle
T1CAS3 ... TICAO — Timer 1 Capture Register Data (low nibble) — second read cycle

The 8-bit capture register TLCA is read as byte-wide subport. Note, however, unlike the writing to the compare register,
the high nibble is read first followed by 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.
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Timer 1 Counter Free Running (50% Duty Cycle)

In the free running counter mode, the counter counts up with either an internal or external clock and cycles through
all 256 timer states. On the clock following a match between the compare register (TLCR) and the counter, a compare
interrupt (if unmasked) is generated and the TIM1 pin is toggled (see figure 37).

Ti 0,2,4 0,2,4:56 0.,2,4:6
Sltrgt%r 231 1t |3|—|5|6| e I o |3 ﬁ5| 1 s M o I3!—I5I 1
2 2 2
Compare
Interrupt (C |_| (1 |_| g I_l
2 2 h
Iqa

T10UT 50% dut -~ |
(TIM1) cy%le Y =S | | o

i TGN ANAARARLARL

(clock set to rising edge)

Timer = compare register (= 4) 96 11546

Figure 37. Timer 1 counter free running (50% duty cycle)

Timer 1 Counter Auto Reload (Strobe and 50% Duty Cycle)

In the auto-reload mode, the counter counts up with either an internal or external clock. On the clock cycle following

a match between the compare register (TLCR) and the counter, a compare interrupt (if unmasked) is generated. The
TIM1 output is either strobed or toggled and the counter reset (see figure 38). Therefore, the counter cycle period is
defined by the contents of the compare register. In 50% duty cycle mode the frequency of TIM1 is:

frim1 = fin/2(n+1)  where the compare value (n) =1 ... 255.

Timer 0,2,4.56 4.670,2,4.670
State ||1||3||5||7—||||3||5||7—||1||?’||5 |7—m|

- - -
e [ [ [ [ [
strobe |_| |_| |_I I_l I_l

o
=
N

T10UT

(TIM1)
50% duty | | | I |
cycle

Timer

Clock ”””””””””””””””””|||||||||||”|”||””””””””””””””””

(clock set to neg. edge)

L Timer = compare register (= 7)
Resets timer 96 11547

Figure 38. Timer 1 counter auto reload
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Timer 1 Pulse Width Modulation

The Timer 1 generates the PWM signal by comparing the state of the free running up counter with the contents of the
compare register (see figure 39). If the result is less or equal to the compare register value, then the TIM1 output is
high. If the result is greater than the compare register value, then the TIM1 output 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 compare event. Care should be taken if the SYSCL clock is used as the PWM clock source because it will stop
if the CPU goes into SLEEP.

Timer 0,2,4 0,2,4 0.2,4
State )5(25§ 1 lll |3|—| ((25? 1 lll I3I_I g 5? 1 Ill |3|—|
Compare _I_l | |
Interrupt (1 |_| (C |—| (C

P 2 P

—>ithi e—tlow —

A I T il
i mmmwygumnnnmumnmuwmmmmmmnﬂumuuwmm

t_hi = (comparator value)*clock period Timer = compare register (=4)
t_low = (255—comparator value)*clock period 96 11548

Figure 39. Timer 1 pulse width modulation
2.6 Buzzer Module

The buzzer is a 4 stage frequency divider which divides the SUBCL and depending on the state of the Buzzer Control
Register (BZCR) can output one of four frequencies. An external piezo or buzzer can be driven by the complementary
buzzer outputs (BUZ and NBUZ) which are directed to Port 4 (BP42 and BP43) under control of the Timer/Counter
I/O Register (TCIOR) as shown in figure 23. When the buzzer is switched off, both of the buzzer outputs take up the
same logical state. This is controlled by the BZOP bit of the BZCR.

BZCR |BZFsqBzFs1 BzOH BzoF

*Q NBUZ
'@ 4
—®
SUBCL (32 kHz)
. BUZ
SUBCL/4 (8 kH
Gt . >
SUBCL/8 (4 kHz) [ Mux
SUBCL / 16 (2kHz2)
SUBCL >—e] ck |4 stage divider
R R R R
96 11550
Figure 40. Buzzer module
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BUZ
_— BZOP=1
NBUZ
BUZZER Off ‘
BUZ

BZOP=0
I T

96 11551

Figure 41. Buzzer waveform

Buzzer Control Register (BZCR)

Subport address (indirect write access): 'Ahex

Bit 3 Bit 2 Bit 1 Bit 0
BZCR \ BZFS2 ‘ BZFS1 BZOP BZOF Reset value: 1111b
BZFS2, BZFS2 — Buzzer Frequency Select code
BZOP — Buzzer Output Stop State
BZOF — Buzzer off/on

Table 21. Buzzer Control Register (BZCR)

Code Function
3210

XXX0 |Buzzeron

xxx1 |Buzzer off

XX 0x |Buzzer output stop state: BP42 = BP43 = low
x x 1x |Buzzer output stop state: BP42 = BP43 = high
00 xx |Buzzer frequency: 32 kHz (= SUBCL)

01xx |Buzzerfrequency: 8 kHz (= SUBCL / 4)
10xx |Buzzer frequency: 4 kHz (= SUBCL / 8)
11xx |Buzzer frequency: 2 kHz (= SUBCL / 16)
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2.7 Emulation

All MARCA4 controllers have a special emulation modeemulator contains a special emulation CPU with a
It is activated by setting the TE pin to logic HIGH levelMARCA4 core and additional breakpoint logic and takes
after reset. In this mode, the internal CPU core is inactiwer the core function. The basic function of the emulator
and the I/O bus is available via port 0 and port 1 to alloig to evaluate the customer’s program and hardware in
the emulator the access to the on-chip peripherals. Tireal time.

Target Chip

Application

96 11552

Figure 42. Emulation
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3 Electrical Characteristics
3.1 Absolute Maximum Ratings

\oltages are given relative tos¥.

Parameters Symbol Value Unit
Supply voltage Vpp -0.3t0 +6.5 \%
Input voltage (on any pin) VN Vss-0.3<V iy <Vpp +0.3 \Y;
Output short circuit duration tshort indefinite s
Operating temperature range Tamb —40 to +85 °C
Storage temperature range Tstg —40 to +130 °C
Thermal resistance (DIP40) Rinhia 110 K/W
Soldering temperature £t10 s) Tsid 260 °C

Stresses greater than those listed under absolute matid outputs are protected against high electrostatic volt-
mum ratings may cause permanent damage to the deviages or electric fields. However, precautions to minimize
This is a stress rating only and functional operation of thke build-up of electrostatic charges during handling are
device at any condition above those indicated in the oppcommended. Reliability of operation is enhanced if un-
erational section of these specification is not impliedused inputs are connected to an appropriate logic voltage
Exposure to absolute maximum rating condition for alevel (e.g. \bp).
extended period may affect device reliability. All inputs

3.2 DC Operating Characteristics

Supply voltage ¥p =5V, Vss= 0V, Tamp= 25°C unless otherwise specified.

Parameters | Test Conditions / Pins | Symbol \ Min. \ Typ. \ Max. Unit
Power supply
Active current fsyscL=2 MHz
(CPU active, RC osc. with |Vpp = 2.4V, Note 1 IpD 0.35 mA
ext. R 200 K2) Vpp=5.0V 1.0 mA

Vpp =6.2V, Note 1 1.25 mA

Power down current fsyscL=2 MHz
(CPU sleep, RC oscillator |Vpp =2.4V, Note 1 IpD 10 A
active, Vpp=5.0V 20 HA
SUBCL = SYSCL/64) Vpp=6.2V, Note 1 25 HA
Sleep current Vpp=2.4V, Note 1 Isleep 0.4 0.7 HA
(CPU sleep, SYSCL Vpp=5.0V 1.0 15 A
stopped, 32 kHz osc. activ¢ Vpp = 6.2 V, Note 1 1.2 1.8 A
/ inactive)

Parameters | Test Conditions / Pins | Symbol \ Min. \ Typ. \ Max. \ Unit
Power-on reset threshold voltage
POR threshold voltage VPOR 1.8 2.0 Vv
POR hysteresis Note 1 VpoR 0.25 0.3 \%
Schmitt-trigger input voltage:
Negative-going threshold |Vpp=2.4t06.2V V1_ Vss 0.3*Vpp \Y
voltage
Positive-going threshold |Vpp =2.4t06.2V Vs 0.7*Vpp Vpb \
voltage
Hysteresis (VT+ - VT-) Vpp=2.4t06.2V VH 0.1*Vpp
Note 1: Parameter not subject to production test
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Input Pins: NRST and TE

Parameters Test Conditions / Pins | Symbol Min. Typ. Max. Unit
Input voltage LOW Vpp=241t06.2V ViL Vss 0.2*Vpp \%
Input voltage HIGH Vpp=24t06.2V ViH 0.8* Vpp Vbb V
Input NRST with pull-up resistor
Input LOW current Vpp=2.4V, L =Vss e -100 -125 -150 HA
Vpp=5.0V —-250 -320 -400 A
Input TE with pull-down resistor
Input HIGH current Vpp=2.4V, iy = VpDp IH 15 30 50 HA
Vpp=5.0V 200 260 300 HA
All Bidirectional Ports and TIM1
Parameters Test Conditions / Pins | Symbol Min. Typ. Max. Unit
Input voltage LOW Vpp=24t06.2V VL Vss 0.2*Vpp V
Input voltage HIGH Vpp=241t06.2V VIH 0.8* Vpp VpD \%
Input LOW current Vpp=2.4V, VL =Vss m -1.0 -15 -2.5 HA
(pull-up) Vpp=5.0V -6.0 -8.5 -12.0 A
Input HIGH current Vpp=2.4V, My =VDD liH 1.0 1.3 3.0 HA
(pull-down) Vpp=5.0V 4.0 10.0 pA
Output LOW current Vpp=2.4V loL 0.7 0.9 1.1 mA
DR=1 Vo|_ = O-Z*VDD
Vpp=5.0V 2.8 3.5 4.2 mA
Output LOW current Vpp=2.4V loL 2.8 35 4.2 mA
DR=4 Vo|_ = 0-2*VDD
Vpp=5.0V 10.5 13.1 15.7 mA
Output LOW current Vpp=2.4V loL 6.8 8.5 10.2 mA
DR=12 Vo|_ = 0-2*VDD
Vpp=5.0V 28 34.4 40.8 mA
Output HIGH current Vpp=2.4V lon -0.5 -0.6 -0.7 mA
DR=1 VOH = O.S*VDD
Vpp=5.0V -1.8 2.2 -2.6 mA
Output HIGH current Vpp=2.4V lon -1.7 -2.1 -25 mA
DR =4 VOH = O-S*VDD
Vpp=5.0V -6.1 —7.6 -9.1 mA
Output HIGH current Vpp=2.4V lon -4.4 5.5 —6.6 mA
DR =12 VonH = 0.8*Vpp
Vpp=5.0V -16.5 -20.5 -24.7 mA
Bidirectional Port BPAO...BPA3, BPBO...BPB3
Parameters Test Conditions / Pins | Symbol Min. Typ. Max. Unit
Input LOW current Vpp=2.4V,VL=Vss e =20 =27 -40 HA
(30 k pull-up) Vpp=5.0V -120 -160 -200 A
Bidirectional Port BP60 and BP61(INTX, INTy)
Parameters Test Conditions / Pins | Symbol Min. Typ. Max. Unit
Input LOW current Vpp=2.4V, L= Vss e -0.2 -0.35 —0.65 mA
(2 k pull-up) Vpp=5.0V -1.4 -1.7 -2.5 mA
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3.3 AC Characteristics
Supply voltage ¥Yp = 2.4 t0 6.2 V, ¥s= 0V, Tymp= 25C unless otherwise specified.

Parameters | Test Conditions / Pins | Symbol \ Min. | Typ. \ Max. Unit
Timer input timing TIM1, BP40 and BP41
Timer input clock friMx 4 10 MHz
Timer input LOW time Rise / fall time < 10 ns tTIL 50 ns
Timer input HIGH time Rise / fall time < 10 ns tTIH 50 ns
Interrupt request input timing
Int. request LOW time Rise / fall time < 10 ns tirL 50 ns
Int. request HIGH time Rise / fall time <10 ns tIRH 50 ns
System clock
SCLIN input clock Rise / fall time < 10 ns f 4 10 MHz
Start-up time fxy=4 MHz, \pp =3.0V tsx 10 20 ms
Reset timing
Power-on reset time Vob > VPOR Tpor 200 500 us
NRST input LOW time TNrRsT |4*SYSCL Us
RC oscillator — external resistor
Frequency Note 1; Ryt = 200 K2 frce 1.8 2.0 2.2 MHz
Stability Note 1; \bp=3t0 5.5V Af/f +5 %
32-kHz oscillator
Start-up time AVpp =3.0V tso 0.5 1 S
Stability Note 2;AAVpp = 100 mV Af/f 0.1 ppm
Integrated input / output CiN 20 pF
capacitances CouT 20 pF

Crystal Characteristics
C1

RS
Equivalent
In circuit
= ll o
OSCIN OSCOUT
SCLIN SCLOUT co
96 11553
Figure 43. Crystal equivalent circuit

Parameters Test Conditions / Pins | Symbol \ Min. | Typ. \ Max. \ Unit
32-kHz crystal
Crystal frequency fx 32.768 kHz
Series resistance RS 30 50 kQ
Static capacitance Co 15 pF
Dynamic capacitance C1 3 fF
Load capacitance CL 10 12.5 pF
4 MHz crystal
Crystal frequency fx 4 4.192 MHz
Series resistance RS 30 50 Q
Static capacitance Co 2 4.5 pF
Dynamic capacitance Cl 3 15 fF
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Figure 44. Clock generation with external resistor
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Figure 46. Internal RC—oscillator frequency = §4B
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Figure 49. SYSCL = f (@mp); Rext= 220k
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Figure 50. Typical low output driver
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Figure 51. Typical low output driver
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Figure 53. Typical high output driver
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Figure 54. Typical high output driver
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4 Pad Layout
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Die size: 2.44 x 2.32 mm
Pad size: 100 x 10@m

Thickness: 4804 25um

SCLIN (19 £ 1 mil)
[41
vss  BPT3 gprp BPTlgpgg  VSS Bps3 B o2 gpsg BP0 ypp 96 11554
Figure 55. Pad assignments
Table 22. Pad coordinates
Pad No. Name X-Coord Y-Coord Pad No. Name X-Coord Y-Coord

1 VSS 0.0 0.0 22 BPCO 1863.1 1931.6

2 SCLIN 0.0 202.6 23 TE 2093.0 1931.6

3 SCLOUT 0.0 352.6 24 BPC1 2103.2 1675.8

4 BP61 0.0 502.6 25 TIM1 2103.2 1525.8

5 BP60 0.0 652.6 26 BPOO 2103.2 1375.8

6 BPB3 0.0 802.6 27 BPO1 2103.2 1225.8

7 BPB2 0.0 952.6 28 BPO02 2103.2 1075.8

8 BPB1 0.0 1102.6 29 BPO3 2103.2 925.8

9 BPBO 0.0 1252.6 30 BP40 2103.2 757.5
10 AVDD 0.0 1402.6 31 BP41 2103.2 607.5
11 OSCIN 9.8 1931.6 32 BP42 2103.2 457.5
12 OSCouT 263.0 1931.6 33 BP43 2103.2 307.0
13 NRST 513.1 1931.6 34 VDD 2103.2 0.0
14 BPAO 663.1 1931.6 35 BP50 1705.2 0.0
15 BPA1l 813.1 1931.6 36 BP51 1555.2 0.0
16 BPA2 963.1 1931.6 37 BP52 1405.2 0.0
17 BPA3 1113.1 1931.6 38 BP53 1255.2 0.0
18 BP10 1263.1 1931.6 39 VSS 923.5 0.0
19 BP11 1413.1 1931.6 40 BP70 755.5 0.0
20 BP12 1563.1 1931.6 41 BP71 605.5 0.0
21 BP13 1713.1 1931.6 42 BP72 455.5 0.0
43 BP73 305.5 0.0
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Figure 56. Pin connections for DIP 40
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Package SS0O44 9.25

Dimensions in mm 15.5 8.75
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} -
EWMWW!H\iM{HH—m j
\
0.25]] 0.25 \

™1 0.635 0.10 10.50 0.25
13.335 -

L/

\LLREEELRLLREEEERELELY

Package DIP40 (CEI)
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5 Application Examples

PC keyboard matrix

8
16
PC connector
+5V
o PortA PortB Port 1 Port4 Port5 Port 7
220 k v M ¥
— SCLIN DD bD
Data
Lock & BP60
"—|>|7 BP02
shitt BP61
1P BPO1
% GND
Num \%
> BPOO Ss
3*LED
Shield
96 11555
Figure 57. M44C510 as keyboard controller
\%
DD
? 470 k
SCLIN
BP73 (Power save)
3x Vbp 0o 22V..36V
470 == 100 nF
M44C510 = n
BP72
\% O GND
BP71 SS
BP70
Port A Port B Port 5
»COMO
o (| D) D] D) e
T Q== T
3x o ¢) o) o
470
—_ 96 12382
Figure 58. Driving a LCD panel with 1/3 duty
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6 Ordering Information

Please select the option setting from the list below and insert ROM CRC. DR means driver ratio (= mA @ 3 V) and
can be choosen from 1 to 12, however, the hole port must have the same value.

Port 0 DR = B CMOS Port 5 DR =
BPOO ] Pull-up BP50 ] CMOS [ Pull-up
(] Pull-down [ Opendrain[N] [J Pull-down
[ Opendrain [P]
BPO1 8 g‘d”_ggwn BP51 ] CMOS O Pull-up
[ Opendrain[N] [J Pull-down
BP02 O Pull-up 1 Open drain [P]
(1 Pull-down BP52 [J CMOS ] Pull-up
[ Opendrain[N] [J Pull-down
BPO3 (1 Pull-up ] Open drain [P]
(] Pull-down
BP53 ] CMOS (1 Pull-up
[ Opendrain[N] [J Pull-down
Port 1 DR = (1 Opendrain [P]
BP10 ] CMOS ] Pull-up
[ Opendrain [N] ] Pull-down Port 6 DR =
(1 Open drain [P] BP60 ] CMOS 1 Pull-up
[ Opendrain[N] ] Pull-down
BP11 ] CMOS 1 Pull-up [ Opendrain[P] ] Pull-up (2 k)
[ Opendrain[N] [ Pull-down
] Open drain [P] BP61 ] CMOS . (1 Pull-up
[ Opendrain[N] [J Pull-down
BP12 [ CMOS ] Pull-up (1 Opendrain[P] ] Pull-up (2Kk)
[ Opendrain[N] [[] Pull-down
(] Open drain [P] Port 7 DR =
BP70 ] CMOS (] Pull-up
BP13 1 CMOS 1 Pull-up ] Opendrain[N] [J Pull-down
[ Opendrain[N] [J Pull-down ] Open drain [P]
[ Opendrain [P]
BP71 ] CMOS ] Pull-up
[ Opendrain[N] [J Pull-down
Port 4 DR = (1 Open drain [P]
BP40 ] CMOS [ Pull-up )
[ Opendrain[N] [J Pull-down BP?ZE (C)L\)A;Sdrain IN] E EE::ggwn
(1 Open drain [P] ] Open drain [P]
BP41 ] CMOS 1 Pull-up BP73 ] CMOS 1 Pull-up
[ Opendrain [N] [J Pull-down [ Opendrain[N] [J Pull-down
[ Opendrain [P] (1 Opendrain [P]
BP42 ] CMOS ] Pull-up Port C DR =
J 8pe” gra!” [E] 1 Pull-down BPCO[] CMOS O Pull-up
1 Open drain [P] [ Opendrain[N] [J Pull-down
BP43 ] CMOS O Pull-up 1 Open drain [P]
(] Opendrain[N] [J Pull-down BPC1[] CMOS (1 Pull-up
[ Open drain [P] [ Opendrain[N] [J Pull-down
(1 Open drain [P]
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Port A DR = BPA-Reset [ No
BPAO ] CMOS [ Pull-up (1 BPAO & BPAl
[ Opendrain[N] ] Pull-down (1 BPAO & BPA1l & BPA2
[1 Opendrain[P] [J Pull-up (30 k) (] BPAO & BPAl & BPA2 & BPA3
BPA1 ] CMOS (1 Pull-up
(1 Opendrain [N] [ Pull-down Watchdog [ s [] Disabled
(1 Opendrain[P] [J Pull-up (30k)  1s
1 2s
BPA2 ] CMOS [ Pull-up
(1 Open dra!n [N] O Pull-down SYSCL Type [J R extern
[ Opendrain[P] [J Pull-up (30k) J RCintern
[0 4 MHz crystal oscillator
BPA3 ] CMOS ] Pull-up [ 4 MHz ceramic resonator
[ Opendrain[N] [J Pull-down
1 Opendrain[P] [1 Pull-up (30K) g epp ik 3 SYSCL running
[ SYSCL stopped
Port B DR =
BPBO ] CMOS ] Pull-up
] Opendrain[N] [J Pull-down SUBCLK [0 SYSCL/64
[ Opendrain[P] ] Pull-up (30Kk) 1 32kHzcrystal
BPB1[] CMOS  Pull-up
[] Opendrain[N] ] Pull-down OSCIN (] No integrated capacitance
] Opendrain[P] [J Pull-up (30k) (1 Internal CAP ( _ pF)
OSCOouUT [ No intergrated capacitance
BPB2 ] CMOS ] Pull-up (1 Internal CAP (_ pF)
[ Opendrain[N] [J Pull-down
Open drain [P Pull-up (30 k
- P P P( ) SCLIN (] No integrated capacitance
(] Internal CAP (_ pF)
BPB3[] CMOS [ Pull-up
] Opendrain[N] ] Pull-down SCLOUT (] No integrated capacitance
] Opendrain[P] [J Pull-up (30 k) (1 Internal CAP ( _ pF)
TIM1 DR = Package (] DIT
(1 CMOS (1 PDIL40
[0 Open drain [N] [JPull-up ] SS044
[ Open drain [P] [JPull-down ] S028
(1 SO020
File: . HEX CRC: HEX
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
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