TEMIC

Semiconductors

M44C260/M48C260

MARC4 — 4-bhit Microcontroller

The M44C260 and M48C260 are members of the TEMIC family of 4-bit single chip microcontrollers. The M48C260
is the user programmable version of the M44C260. It contains an EEPROM program memory instead of a ROM. Both
microcontroller types contain RAM, EEPROM data memory, parallel I/O ports, one timer with watchdog function, two
8/16-bit multifunction timer/counter and the on-chip clock generation.

Features Benefits
® 4-bit HARVARD architecture e Low power consumption
® 1 s instruction cycle e Power down mode <[1A

e 4K x 8-bit application program memory
® 256 X 4-bit RAM

® 16 X 8-bit EEPROM

16 bidirectional 1/0’s

8 hard and software interrupt levels

® 2.41t06.2V supply voltage
e Self test functions

e High level programming language in gFORTH

® User programmable with the application program

2 X 8-bit multifunction timer/counter

Interval timer with watchdog

® 32 kHz on-chip oscillator
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Figure 1. Block diagram
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Figure 2. Pin connections for SSO28-FN Figure 3. Pin connections for SSO20
Table 1. Pin description
Name Function
VpD Power supply voltage +2.4 to +6.2 V
Vss Circuit ground

BP0OO — BPO03 |4 bidirectional 1/O lines of Port 0 *

BP10 — BP13 |4 bidirectional 1/O lines of Port 1 *

BP20 — BP23 |4 bidirectional 1/O lines of Port 2

BP30 — BP33 |4 bidirectional 1/O lines of Port 3 with alternate interrupt function.

A negative transition on BP30/BP31 requests an INT2-, and on BP32/BP33 an INT3-interrupt if
the corresponding interrupt-mask is set.

IP40-INT6 Input port 40 line/interrupt 6 input *
A negative transition on this input requests an INT6 interrupt if the IM6 mask bit is set.

IP41-TA Timer/counter I/O/Input Port 41 line *
This line can be used as programmable I/O of counter A or as Port 41 input.
IP42-TB Timer/counter I/O/input Port 42 line *

This line can be used as programmable I/O of counter B or as Port 42 input.
IP43 Input Port 43 liné)

NWP EEPROM write protect input, a logic low on this input protects EEPROM rows 12 to 15.

OSCIN Oscillator input (32-kHz crystal).

OSCouUT Oscillator output (32-kHz crystal).

NRST Reset input/output, a logic low on this pin resets the device. An internal watchdog reset is
indicated by a low level on this pin.

TCL External system clock 1/0. This pin can be used as input to provig€tidth an external
clock or as output of the internal system clock.

TE Testmode input. This input is used to control the test modes and the function of the TCL pin.

") The 1/0 ports have CMOS output buffers. As input they are available with pull-up or pull-down resistors.

Please see the ordering information.
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1 MARCA4 Architecture
1.1 General Description

MARC4 CORE
X

Reset

Program
Y RAM
memory SP 256 x 4-bit
RP
Instruction, \
bus )
Memory bus

Instructio

decoder TOS

Syste

clock Interrupt

controller

I/O bus
=% >

I-

On—chip peripheral modules

94 8973

Figure 4. MARC4 core

The MARC4 microcontroller consists of an advancednd interrupt controller. The following sections describe
stack based 4-bit CPU core and on-chip peripherals. Taach of these parts.

CPU is based on the HARVARD architecture with a

physically separate program memory (ROM o1.2.1 Program Memory (ROM or

EEPROM) and data memory (RAM). Three independent EEPROM)

buses the instruction bus, the memory bus and the 1/O bus

are used for paraliel cpmmunicatign between prograhe RoMm is mask programmed with the application pro-
memory, RAM and perlp_herals. T.h's enhances Prografilam during the fabrication of the microcontroller. The
execution speed by aIIowmg bo_th instruction prgfetchl_n EPROM is programmed by the customer using a special
and smultgneous communlcatlon to the on-chlp pe”pr&'rogramming device (see chapter "Progamming the
eral C|rCU|t_ry. .The _mltggrat.ed powerful interrupteEproOM Program Memory”). The program memory is
controller WIFh eight prioritized interrupt levels, supports, yjressed by a 12-bit wide program counter, thus limiting
fast processing of h_ardware event_s. . the program size to a maximum of 4 Kbytes. The
The MARCA is designed for the high level programming, 44260 contains an additional 1 Kbyte ROM for test
language qFORTH. The core contains bOth I:ORT'é'oftware. The program memory starts with a 512 byte seg-
stacks, expression stack and return stack. This aI’ChIt(?.ﬁém (zero page) which contains predefined start
ture allows high level language programming without anyqresses for interrupt service routines and special sub-

loss in efficiency or code density. routines accessible with single byte instructions
1.2 Components of MARC4 Core (SCALL). The corresponding memory map is shown in

the figure 4.Look-up tables of constants can also be held
The core contains a program memory, RAM, ALU, proin the program memory and are accessed via the
gram counter, RAM address register, instruction decod®BtARC4’s built-in TABLE instruction.

TELEFUNKEN Semiconductors 5 (51)
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FFFh
1Fgh
1E8h
Program 1EOh 1EOh — INT7
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Figure 5. Program memory map
1.2.2 Data Memory (RAM) top element of the expression stack and works like an

accumulator. This stack is also used for passing parame-
The MARC4 contains a 256 x 4-bit wide static random agers between subroutines, and as a scratchpad area for
cess memory (RAM). It is used for the expression stactemporary storage of data.
the return stack and data memory for variables and arrays. Return Stack
The RAM is addressed by any of the four 8-bit wide RA

address registers SP, RP, X and Y. The 12-bit wide return stack is addressed by the return
) stack pointer (RP). It is used for storing return addresses
® Expression Stack of subroutines, interrupt routines and for keeping loop in-

The 4-bit wide expression stack is addressed with the f? gx counts. The rewrm stack can also be used as a
emporary storage area.

pression stack pointer (SP). All arithmetic, 1/0O an
memory reference operations take their operands froifhe MARCA4 instruction set supports the exchange of data

and return their result to the expression stack. Thmetween the top elements of the expression stack and the
MARC4 performs the operations with the top of stacketurn stack. The two stacks within the RAM have a user

items (TOS and TOS-1). The TOS register contains tlefinable location and maximum depth.

(256 x 4-bit) Expression stack
Autosleep
_ Autosleep 3 0
FCI FFh S| Tos [
—= “=  Global 182_2% >
LX ol | | 17— variables 1
[ A =_
® —_~ i k—4-bit—
gY ——
m -
2 i sEtépérkessmn Return stack
5 SP. 11 0
E et B =
eturn
<§( - — stack
D: —
—— _ Global
07h variables
03h o 12-bit — 94 8975

Figure 6. RAM map
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1.2.3 Registers

1 0
PC ' \ Program counter
7 0
RP| ' 0 0] Return stack pointer
7 0
sp| " " " " " | Expression stack pointer
7 0
X ’ ' 1 \ RAM address register (X)
7 0
Yy | " " | RAMaddress register (Y)

1 1 1 1 1 1 1

3 0
TOS E::‘ Top of stack register

3 0
CCR|C - B | Condition code register
L— Interrupt enable
Branch
Unused
Carry / borrow

94 8976

Figure 7. Programming model

The MARC4 controller has six programmable registenemoved from the stack. Every post-decrement operation
and one condition code register. They are shown moves the item (TOS-1) to the TOS register before the SP
figure 7. is decremented. After a reset, the stack pointer has to be
initialized with ” >SP $xx " to allocate the start address
of the expression stack area.

The program counter (PC) is a 12-bit register that contains .

the address of the next instruction to be fetched from tife REtUrM Stack Pointer (RP)

program memory. Instructions currently being executefhe return stack pointer points to the top element of the
are decoded in the instruction decoder to determine the_pit wide return stack. The pointer automatically pre-
internal micro operations. For linear code (no calls Qhcrements if an element is moved onto the stack or it
branches) the program counter is incremented with evesyst-decrements if an element is removed from the stack.
instruction cycle. If a branch-, call-, return-instruction ofrhe return stack pointer increments and decrements in
an interrupt is executed the program counter is loadegeps of 4. This means that every time a 12-bit element is
with a new address. The program counter is also used Wiifacked, a 4-bit RAM location is left unwritten. This loca-
the TABLE instruction to fetch 8-bit wide ROM tjon is used by the qFORTH compiler to allocate 4-bit
constants. variables. After a reset the return stack pointer has to be

RAM Address Register initialized with " >RP FCh ".
The RAM is addressed with the four 8-bit wide RAM® RAM Address Register (X and Y)

address registers: SP, RP, X and Y. These registers all
access to any of the 256 RAM nibbles.

® Program Counter (PC)

PHe X and Y registers are used to address any 4-bit item
in the RAM. A fetch operation moves the addressed
e Expression Stack Pointer (SP) nibble onto the TOS. A store operation moves the TOS to
. . the addressed RAM location. By using either the pre-in-
The stack pointer (SP) contains the address of the next- (o t t- t ; in th
top 4-bit item (TOS-1) of the expression stack. Thé ement or post-decrement addressing mode arrays in the

RAM can be compared, filled or moved.
pointer is automatically pre-incremented if a nibble is P '

moved onto the stack, or post-decremented if a nibble is

TELEFUNKEN Semiconductors 7 (51)
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® Top Of Stack (TOS) Branch (B)

The top of stack register is the accumulator of thghe branCh ﬂag COI’]tI’O|S the Conditional program bl’anCh-
MARCA4. All arithmetic/logic, memory reference and 1/0iNg. When the branch flag has been set by one of the

from the ALU, the program memory, the RAM or via thelag is affected by arithmetic, logic, shift, and rotate op-
I/0 bus. erations.

e Condition Code Register (CCR) Interrupt Enable (1)

o » . ] The interrupt enable flag enables or disables the interrupt
The 4-bit wide condition code register contains thgyocessing on a global basis. After reset or by executing
branch, the carry and the interrupt enable flag. These bifg pj instruction, the interrupt enable flag is reset and all
indicate the current state of the CPU. The CCR flags af&errupts are disabled. TheC does not process further
set or reset by ALU operations. The instructiongyerrupt requests until the interrupt enable flag is set

SET_BCF, TOG_BF, CCR! and DI allow a directagain by either executing an El, RTI or SLEEP instruc-
manipulation of the condition code register. tion.

Carry/Borrow (C) 1.2.4 ALU

The carry/borrow flag indicates that borrow or carry outhe 4-bit ALU performs all the arithmetic, logical, shift
of arithmetic logic unit (ALU) occurred during the lastand rotate operations with the top two elements of the ex-
arithmetic operation. During shift and rotate operationgression stack (TOS and TOS-1) and returns its result to
this bit is used as a fifth bit. Boolean operations have ribe TOS. The ALU operations affect the carry/borrow and
affect on the C flag. branch flag in the condition code register (CCR).

RAM ’7
TOS

SP TOS-1

TOS-2
TOS-3

ﬁQ/

TOS-4

l_’ ALU

04 8977

Figure 8. ALU zero address operations

1.25 Instruction Cycles 1.2.6 I/O Bus

A MARCA4 instruction word is one or two bytes long andThe I/O ports and the registers of the peripheral modules
is executed within one or four machine-cycles. A maTimer 1, Timer 2, EEPROM) are I/O mapped. The com-
chine-cycle consists of two system clocks (SYSCL). Th@&unication between the core and the on-chip peripherals
MARCA4 is a zero address machine. Most of the instrut@kes place via the 1/0 bus and the associated 1/O control
tions are one byte long and are executed only in ofR&S- These buses are used fqr different functiqns: for read
machine-cycle. The CPU has an instruction pipeliné‘,”q write accesses, for the interrupt generation, to reset
which allows the controller to fetch the next instructiofPeripherals and for the SLEEP mode. With the MARC4
from program memory at the same time as the preséh_ll—mstructmn an_d OUT-instruction the I/O bus allows a
instruction is being executed. For more information sddirect read or write access to one of the 16 1/0 addresses.
the section "MARC4 Instruction Set Overview”. More about the 1/0O access to the on-chip peripherals is
described in the section "Peripheral modules”.
The I/0O buses are internal buses and are not accessible by
the customer on the final microcontroller device, but they
are used as the interface for the MARC4 emulation (see
also the section “Emulation”).

8 (51) TELEFUNKEN Semiconductors
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1.2.7 Interrupt Structure the service routine is executed and the current PC is saved
on the return stack. An interrupt service routine is finished
The MARC4 can handle interrupts with eight differentyith the RTI instruction. This instruction sets the interrupt
priority levels. They can be generated from the intern@haple flag, resets the corresponding bits in the interrupt
and external interrupt sources or by a software interrugending/active register and fetches the return address
from the CPU itself. Each interrupt level has a hard'Wiremom the return stack to the program counter. When the
priority and an associated vector for the service routine jaterrupt enable flag is reset (interrupts are disabled), the
the ROM (see table 2). The programmer can enable or discecution of interrupts is inhibited but not the logging of
able interrupts all together by setting or resetting th@e interrupt requests in the interrupt pending register.
interrupt enable flag (I) in the CCR. The execution of the interrupt will be delayed until the
interrupt enable flag is set again. But note that interrupts
are lost if an interrupt request occurs during the corre-
For processing the eight interrupt levels, the MARC4ponding bit in the pending register is still set. After the
contains an interrupt controller with the 8-bit wide interreset (power-on, external or watchdog reset), the interrupt
rupt pending and interrupt active register. The interruginable flag and the interrupt pending and interrupt active
controller samples all interrupt requests during evemegister are reset.
non-1/O instruction cycle and latches them in the interru;?tterr t Lat
pending register. If no higher priority interrupt is presen{I uptL-atency
in the interrupt active register it signals the CPU to intefFhe interrupt latency is the time from the falling edge of
rupt the current program execution. If the interrupt enabtee interrupt to the interrupt service routine being
bit is set the processor enters an interrupt acknowledgetivated. In the MARC4 this takes between 3 to 5
cycle. During this cycle a SHORT CALL instruction tomachine cycles depending on the state of the core.

Interrupt Processing

INT7

7T INT7 active

RTI
INTS

5+ INT5 active

RTI
INT3

Priority level
v

INT2

31 INT3 active
RTI

2+ INT2 pending INT2 active

RTI
1+ SWIO

O+ INTO pending INTO active

RTI
Main / Main/  (
Autosleep Autosleep )

Time

94 8978

Figure 9. Interrupt handling
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Table 2. Interrupt priority table

Interrupt Priority Vector Interrupt Opcode Function
Address (Acknowledge)

INTO lowest 040h C8h (SCALL 040h) | Software interrupt (SWI0)

INT1 080h DOh (SCALL 080h) |EEPROM write ready

INT2 0COh D8h (SCALL 0COh) |External hardware interrupt,
neg. edge at BP30 or BP31

INT3 100h EOh (SCALL 100h) |External hardware interrupt,
neg. edge at BP32 or BP33

INT4 140h E8h (SCALL 140h) |Timer 1 interrupt

INT5 180h FOh (SCALL 180h) |Timer 2 interrupt

INT6 1COh F8h (SCALL 1CO0Oh) |External hardware interrupt, neg. edge at
IP40 pin

INT7 highest 1EOh FCh (SCALL 1EOh) |Software interrupt (SWI7)

Software Interrupts pending register. By using the SWI instruction in thius

way, interrupts can be re-prioritized or lower priority pro-
The programmer can generate interrupts by using t&&sses scheduled for later execution.
software interrupt instruction (SWI) which is supportec7i_|
in gFORTH by predefined macros named SWIO to SWI7. ardware Interrupts
The software triggered interrupt operates exactly as aijhe M44C260/M48C260 incorporates eleven hardware
hardware triggered interrupt. The SWI instruction takeimterrupt sources with six different levels. Each of these
the top two elements from the expression stack and writesurces can be enabled or disabled separately with an in-
the corresponding bits via the 1/O bus to the interrupérrupt mask bit in the IMR1 or IMR2 register.

Table 3. Hardware interrupts

Interrupt Priority Mask Interrupt Source
Register Bit

EEPROM write ready INT1 EMS IMEP EEPROM end of write cycle

External interrupt INT2 IMR1 IM30 Negative edge at BP30

Port 3 (BP30 OR BP31) IM31 Negative edge at BP31

External interrupt INT3 IMR1 IM32 Negative edge at BP32

Port 3 (BP32 OR BP33) IM33 Negative edge at BP33

Timer 1 interrupt INT4 IMR2 IMT1 Timer 1

Timer 2 interrupt INT5 T2IC IMAS Timer A end of space/underflow
IMAP Timer A end of pulse/capture
IMBS Timer B end of space/underflow
IMBP Timer B end of pulse/capture

Ext. interrupt IP40 input INT6 IMR2 IM6 Negative edge at IP40 input

1.3 Reset During the reset-cycle the I/O bus control signals are set

to ‘'reset mode’ thereby initializing all on-chip
The reset puts the CPU into a well-defined condition. Thseripherals.
reset can be triggered by switching on the supply voltage,
by a break-down of the supply voltage, by the watchdo& reset is finished with a short call

timer or by pulling the NRST pad to low. Instruction

(opcode C1h) to the program memory address 008h. This
After any reset the branch-, carry- and interrupt enabéetivates the initialization routine $RESET. With that
flag in the Condition Code Register (CCR) , the interrupbutine the stack pointers, variables in the RAM and the
pending register and the interrupt active register are reggeripheral must be initialized.

10 (51) TELEFUNKEN Semiconductors
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Power-on Reset The power-on reset and the watchdog reset are indicated

The M44C260/M48C260 incorporates an on-chipl)n the same way as an external reset on the NRST pad.

power-on reset (POR) circuitry which provides internal 4 Clock Generation
chip reset for most power-up situations. The power-on

reset ensures that the core is not activated before the opdte M44C260/M48C260 has two oscillators, one RC os-
ating supply voltage has been reached. cillator for the system clock generation and an additional
) . ~ 32-kHz crystal oscillator. The system clock generator
TheuC will function normally at > 2.4 V under all condi- provides the core and Timer 2 with the clock. The system
tions. For \bp below 2.4 V, the device will either cock frequency is programmable for 1 or 2 MHz. The
function normally or the device reset will be globally actizyystal oscillator is used as an exact time base for Timer
vated by the brown-out circuit. The actual brown-out tri “f no exact timing is required, the controller does not

pointis a function of temperature and process parametéfged an external crystal. In this case Timer 1 is provided
External Reset (NRST) with the system clock.

An external reset can be triggered with the NRST pin. F&he configuration for both oscillators is programmable

the external reset the pin should be low for a minimum §fith the clock status control register (CSC), which is a
two machine-cycles. subport register located in port CSUB. The required con-

figuration has to be initialized after reset in the SRESET
Watchdog Timer Reset routine. The default setting after a reset is 1 MHz system
£Llock and an active 32-kHz crystal oscillator.

If the watchdog timer function of Timer 1 is enabled, ar
set is triggered with every watchdog counter overflow. TAfter power-on or a SLEEP instruction the clock genera-
suppress that, the watchdog counter must be reset bytanneeds a start-up time until it runs with an exact timing.
access to the CWD-register (see also Timer 1/watchdd@pge CRDY bit in the CSC register indicates the start-up
counter). phase.

OSCIN f
0SCS=0
QL 0SC32 fosc= 32 kHz K\c cLs2 @

oscoutt—| [0sCs=1]
Stop
CSC | csc3oscs| croy ccs EEFROL,
fg<=32 kHz
oscs :D—L ! Systemclock —
TIR 0SC 1122 ! Generator
TAR —— !
TBR Stop '
EERDY j /2 0. [ccs=
SLEEP —————| - ’Q'\O SYSCUTIMER 2
14 . Q : CORE
TCL Ok - | I
TCL — Controllogic
TE O
94 8979
Figure 10. Clock module
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1.4.1  Clock Status/Control Register (CSC)

Address: Ch Subaddress: 2h

Bit 3 Bit 2 Bit 1 Bt 0
csC csc3 oscs | croy | ccs | Reset value: 0000h

CSC3 This bitmust always be zero

0OsCs Oscillator Stop OSCS = 0 th@C runs with the 32-kHz crystal oscillator for Timer 1
OSCS =1 the 32-kHz oscillator stops. R@roperation without crystal,
this bit must be set after reset. In that case Timer 1 is provided from the
internal RC oscillator.

CRDY Clock Ready (status bit) CRDY = 0 indicates the start-up time of the oscillators.
CRDY =1 indicates that the clock is ready and has the exact timing.

CCs Core Clock Select CCS =0 selects 1 MHz system clock (SYSCL/TCL)
CCS =1 selects 2 MHz system clock (SYSCL/TCL)

1.4.2 TCL Signal The sleep mode can only be kept when none of the inter-
rupt pending or active register bits are set. The application

TheTCL pin can be used as input to supply the controllgjf the SAUTOSLEEP routine ensures the correct function
with an external clock. For this configuration, the TClof the sleep mode.

pin must be held low for at least 0.5 ms during the reset . )
cycle. The controller is working with clock frequencies! "€ total power consumption is directly proportional to

up to 2.5 MHz. It is also possible to use the TCL pin d§€ active time of theC. For a rough estimation of the
output to supply peripherals with the system clock. In thgXPected average system cur.rent consumption, the fol-
case the TE pin must be connected gpVevel and the 10Wing formula should be used:

TCL pin must have a high impedance load. ltotal (VDD, fosd = |Sleep+ (Iop * Tactive/ Ttotal)

1.5 Power Down Modes Ipp depends on ¥p and bse

The sleep mode is a shutdown condition which is used %/stemclock Generator Stop

reduce the average system power consumption in appliddre M44C260/M48C260 has different power down
tions where th@C is not fully utilized. In this mode the modes. When the MARC4 core enters the sleep mode and
system clock is stopped. The sleep mode is entered with on-chip peripheral needs a clock signal (SYSCL), the
the SLEEP instruction. This instruction sets the interrugtystem clock oscillator is stopped. Therefore the pro-
enable bit (I) in the condition code register to enable ajrammer should stop Timer 1 and Timer 2 during the
interrupts and stops the core. During the sleep mode tsleep mode if they are not required. If the 32-kHz oscilla-
peripheral modules remain active and are able to genertieis not used, it should be stopped. Under this condition,
interrupts. TheuC exits the sleep mode with any interrupthe power consumption is extremely low (see following

or a reset. table).
Table 4. Power consumption at different power down modes
Mode | CPU- TIMER 1 [T1R] RC Osc.| 32-kHz- Power-
Core TIMER 2 [TAR, TBR] Osc. Consumption
EEPROM [EERDY] [OSCS]
1 SLEEP | T1R=0 AND TAR=0 AND TBR=0 AND EERDY=1| STOP STOP <1.0pA
2 SLEEP | T1R=X, TAR=0 AND TBR=0 AND EERDY=1 STOP RUN <1.0pA
3 SLEEP |T1R=1 OR TAR=1 OR TBR=1 OR EERDY=0 RUN STOP <1mA
4 SLEEP |T1R=X, TAR=1 OR TBR=1 OR EERDY=0 RUN RUN <1mA
5 RUN |T1R=X, TAR=X, TBR=X, EERDY=X RUN STOP <3mA
6 RUN | T1R=X, TAR=X, TBR=X, EERDY=X RUN RUN <3mA
12 (51) TELEFUNKEN Semiconductors

.. . Rev. Al, 17-Jun-96
Preliminary Information



TEMIC

Semiconductors

M44C260/M48C260

2

Peripheral Modules

2.1 Addressing Peripherals

The access to the peripheral modules (ports, registers)awss the access to 16 subports. The first OUT-instruction
executed via the I/O bus. The IN- or OUT-instruction alwrites the subport address to the subaddress register, the
lows the direct addressing of 16 1/O ports. For peripheradecond IN- or OUT-instruction reads data from or writes

with a large number of registers, extended addressingdata to the addressed subport.
used. With two 1/O operations, an extended I/O port al-

Table 5. 1/0-addressing

I/O Operation

| gFORTH Instructions

Description

Port0, 1, 2, 3, 4, T2SC, EMS

1/0O read port IN Read data from port
1/0 write data port OUT Write data to port
T2SUB, CSUB

Extended 1/O read

subaddress port OUT

Write subaddress to port

port IN Read data from subaddress
Extended I/O write subaddress port OUT Write subaddress to port

data port OUT Write data to subaddress
Extended I/O short read port IN Read data from current subaddress

ESUB

Extended I/O read (byte)

subaddress port OUT

Write subaddress to port

port IN Read data high nibble from subaddress

port IN Read data low nibble from subaddress
Extended I/O write (byte) subaddress port OUT Write subaddress to port

data port OUT Write data low nibble to subaddress

data port OUT Write data high nibble to subaddress

{

94 8980

Subport Fh
Subport Eh
Subport Dh
Subaddress | |
Register \ !
Subport 3
Subport 2
subaddress port OUT Subport 1
Subport 0
data port OUT
port IN
I/O port L__| Subport 1/O port
I/0 bus
Figure 11. Extended I/O addressing
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Table 6. Peripheral addresses

Addr. | Name Function
0 Port 0 |Bidirectional port
1 Port 1 |Bidirectional port
2 Port 2 |Bidirectional port
3 Port 3 |Bidirectional port
4 Port 4 |Input port
5 -
6 -
7 -
8 T2SC Timer 2 status and control register
9 T2SUB | Subport for Timer 2 Sub- Name |Register
address
0 TARCH |Timer 2A space reload/capture register, high
nibble
1 TARCL |Timer 2A space reload/capture register, low
nibble
2 TARH | Timer 2A pulse reload register
3 TARL |Timer 2A pulse reload register
4 TBRCH |Timer 2B space reload/capture register, high
nibble
5 TBRCL |Timer 2B space reload/capture register, low
nibble
6 TBRH | Timer 2B pulse reload register
7 TBRL |Timer 2B pulse reload register
8 TAM1 | Timer 2A mode register 1
9 TAM2 | Timer 2A mode register 2
A TBM1 |Timer 2B mode register 1
B TBM2 | Timer 2B mode register 2
C T2IC | Timer 2 interrupt control
D T2PC |Timer 2 prescaler control
E -
F R
A EMS EEPROM status register
B ESUB | Subport for EEPROM Row 0 — Row F
Cc CSUB |Subport for watchdog| Sub- Name |Register
Timer 1, interrupt address
masks, and clock 0 WDC |Watchdog control register
generator 1 CWD | Clear watchdog counter
2 CSC |Clock status/control register
3 R
4 T1C Timer 1 control register
5 IMR1 |Interrupt mask register 1
6 IMR2 | Interrupt mask register 2
7-F —
D R
E [
F R
14 (51) TELEFUNKEN Semiconductors
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2.1.1 Input Port 4

Port 4 is the input port for the pins IP40, IP43, TA and TB. IP40 is also the interrupt input for INT6, and TA and TB
are normally used for timer I/O functions.

Bit 3 Bit 2 Bit 1 Bit 0
Input Port 4 1P43 TB/IP42 TA/IP41 IP40/INT6
VDD VDD

I/O bus

IP40/INT6

/0 bus
INT6

* optional

94 8981

Figure 12. Input port IP40, IP43

2.1.2 Bidirectional Ports

Ports 0, 1, 2 and 3 are bidirectional 4-bit wide ports arel Use two IN-instructions and DROP the first data
may be used for data input or output. The data direction nibble read. The first IN switches the port from output
is programmable for a complete port only. The port is to input, DROP removes the first invalid nibble and
switched to output with an OUT-instruction and to input the second IN reads the valid nibble.
\;\igrr]ezlnimlc;lrtﬁterugltjltott-525: r(]jeastaavr:gtt;n fa?spicr)rqtmvggigfeﬁ Use an OUT-instruction followed by an IN-instruc-

; pu P Y tion. With the OUT-instruction, the capacitive load is
after the OUT-instruction at the port pin. After RESET all ) ; ;

. charged or discharged depending on the optional
output latches are set to Fh and the ports are switched to . X : e :
pull-up /pull-down configuration. Write a “1” for pins

input mode. : . A , .
o o with pull-up resistors and a “0” for pins with pull-

Note: Care must be taken when switching bidirectional  gown resistors.

ports from output to input. The capacitive load at

this port may cause the data read to be the same

as the last data written to this port. To avoid this

when switching the direction, one of the follow-

ing approaches should be used.

TELEFUNKEN Semiconductors 15 (51)
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V
I/O bus DD o
<+ \I [ :k

Reset -
| *
ouT ; |E |
> S Q I
N *) optional I
. R NOQ pull-up / pull-down
o resistor
/ Reset — 94 8982

Figure 13. Bidirectional port

Interrupt logic (INT2 /INT3)

I/O bus
‘ *
D Q ) g
—p <{BP3y)
R ™
| )
Reset L/ -
| *
PortX_OUT 3 |E 3
> Q ‘ J
*) optional 7
POJtX_IN R NO pull~up / pull-down
| Reset resistor - 94 8983

Figure 14. Bidirectional Port 3 with interrupt input

a bidirectional port (see figure 14). Each of these external
interrupt sources can be enabled or disabled with individ-
The pins IP40 and BP30 — BP33 can be used as external interrupt mask bits. A negative transition at one of
interrupt inputs. IP40 is used for INT6, BP32 and BP3these inputs requests an interrupt, when the correspond-
are used for INT3, and BP30 and BP31 are used for INTiag mask bit is set. The interrupt masks are placed in the
Pin IP40 is also used as an input port and BP30 — BP33sabport registers IMR1 and IMR2 of port CSUB.

2.1.3 External Interrupt Inputs

TELEFUNKEN Semiconductors
.. . Rev. Al, 17-Jun-96
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IMR1: [1M33]1M32IM31|1M30

BP33 - 00 ' ' Interrupt
BP32 :KL N ) interface [ INT3
BP31—E o ' Interrupt |, |NT2

BP30 | Y I -6 interface
Interrupt INT6

IP40 B| e I @\,"Q interface [

IMR2: [— | — ’ IM6 | IMT1 94 8984

Figure 15. External interrupt inputs

2.2 Timer1l interrupt is maskable with the IMT1 bit.

Timer 1 is an interval timer for generating interrupts. AdThe time interval for a watchdog reset can be pro-
ditionally, the Timer 1 can be used as watchdog timer. Tiggammed with the watchdog control register for 0.5, 2.0,
timer consists of a programmable 18 stage divider whiéhO or 16.0 s. When the watchdog is active (WDR = 1) the
is supplied with a 32-kHz clock and a 3-bit counter for theontroller is reset with the overflow of the 3-bit watchdog
watchdog function (see figure 16). The time interval focounter. The application software has to ensure that the
a Timer 1 interrupt (INT4) can be programmed with thevatchdog counter is reset by a write access to the CWD
timer control register from 1 ms up to 8.0 s. The Timer fiort before it overflows.

TIC2| 0 0 0 0 1 1 1 1
TiC1 0o 0 1 1 0 0 1 1
TiC | T1R ‘ TlCZ‘ TlCl‘ TlC(1 TICO | 0 1 0 1 0 1 0 1 IMT1=0

NOT—> INT4

e LYY |
l

1
o
1
oo
i
_'
i
o

Decoder 3: 8

mu||||@@|@|®f¢@wﬂ¢|¢

RESET
WRITE (T1C) : *************
[T Watchdog counter
L [ [
Divider al ... S T Divider /8
] RESET
‘ ‘ O\“OﬁI:I: (NRST)
WDC1 0 0 1 ¥ Divider
WDC |WDR‘ — ‘WDCl‘WDCO| } WDCO 0 1 0 } ToRel RESET
WRITE CWD 94 8985
Figure 16. Timer 1
TELEFUNKEN Semiconductors 17 (51)
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Timer 1 register prescaler control register T1C. The interrupt mask IMT1

is placed in the interrupt mask register IMR2. The watch-

The registers of Timer 1 are I/O-mapped. They are sutleg timer is controlled by the watchdog control register
port register of port CSUB the access is made by extend&DC and port CWD. A write access to CWD resets the
I/O operations. The interval timer is controlled by thevatchdog counter.

2.2.1 T1C - Timer 1 Control Register
Address: ‘C’h Subaddress 4
Bit 3 2 1 0
TIC | TIR | Tic2 | Tict | Tico Reset value: 0000b
TR Timer 1 reset
Write (T1R = 1) resets the interval timer
T1C2 Timer 1 control bit 2
T1C1 Timer 1 control bit 1
T1CO Timer 1 control bit 0
This three bits select the time interval for a Timer 1 interrupt.
T1C2 T1C1 T1CO Divider Time Interval
0 0 0 32 0.9765625 ms
0 0 1 64 1.953125 ms
0 1 0 256 7.8125 ms
0 1 1 1024 31.25ms
1 0 0 4096 125 ms
1 0 1 16384 500 ms
1 1 0 65536 2s
1 1 1 262144 8s
2.2.2  WDC - Watchdog Control Register
Address: ‘C’h Subaddress 0
Bit 3 2 1 0
wDC | worR | — [ wbm1 | wbMo Reset value: 0x00b
WDR Watchdog run
WDR = 0 the watchdog counter is inactive and reset
WDR = 1 the watchdog counter is active and able to generate a reset when Timer 1 is running
WDM1  Watchdog mode 1
WDMO  Watchdog mode 0
Both these bits control the time interval for the watchdog reset.
18 (51) TELEFUNKEN Semiconductors
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WDM 1 WDM 0 Divider Delay Time to Reset (s)
0 0 2048 0.5
0 1 8192 2
1 0 32768 8
1 1 524288 16
2.3 Timer 2

Timer 2 consists of the two timer/counter blocks Timer A TA/TB pin is used as counter output. The duty cycle
and Timer B. Each block has one 8-bit downcounter and can be programmed with the pulse and space reload
a programmable prescaler. The clock inputs can be pro- register.
grammed to count the system clocks, Timer A clocks ar
external clocks. The maximum clock rate for external . .
) Counter A/B is supplied by the system clock. The
clocks is the half system clock frequency (SYSCL/2). N . .
. . TA/TB pin is used as input. An external signal at the
Each counter has a reload register for the pulse time and.
: ; input causes the current counter value to be captured
a reload register for the space time. Every counter under- . .
into the capture register.
flow toggles the output and reloads the downcounter
alternately from the pulse reload register or from the Event counter
space reload register. This allows the generation of any Counter A/B counts external clocks at the TA/TB pin.
duty cycles. The capture register contains the current counter

In addition, both counters have a capture mode. In this value and can be read.

mode an external signal or the Counter B output causes
the cu.rrent counter v_alue to be captured into the COIMBY mbined Timer Modes
sponding capture register.

The timer has two 1/O pins, TA for Timer A and TB for
Timer B. Used as output, the pins have a high level during
the pulse time and a low level during the space time of the
timer. As input, the pins are used for the external counter
clock or the capture signal. The inputs have a program- 16 bit capture mode

mable edge detection to select the active edge of an Counter A is supplied with the system clock and
external clock or capture signal. Counter B with the output of Counter A. An external
signal at the TA pin causes the current counter value
will be captured into the capture registers.

Capture mode

® 16-bit timer

Counter A is supplied with the system clock and its
output is coupled with the input of Counter B. In this

mode the counter is used to generate timer interrupts.

Interrupts can be generated when a counter underflow or

a capture event occurs. The interrupt function for Timer

2 can be programmed with the interrupt control registe®. 16-bit event counter

Both counter blocks share one interrupt vector (INT5). The output of Counter A is coupled with the input of
Counter B to count external clocks at TA. The capture
register of both counters contain the current counter

Timer 2 Modes values.

There are various timer/counter modes for both blocks ef Burst generator
Timer 2. They can be used separately or combined. The Counter A is supplied with the system clock and its
timer modes can be programmed with the timer control output is coupled with the input of Counter B. The out-
and mode registers. put of Counter B controls the output signal of Counter
Single Timer Modes A at the TA pin. The TA output is enabled during the
pulse and disabled during the space of Counter B.
e 8-bit timer .
Counter A/B is supplied by the system clock and is
used to generate timer interrupts.

Event counter with time gate

Counter A counts the clocks at the TA pin and Counter

B is supplied with the system clock. Each underflow

® Pulse width modulation of Counter B causes the counter value of Counter A to
Counter A/B is supplied by the system clock. The be captured into its capture register.

TELEFUNKEN Semiconductors 19 (51)
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Timer 2 Register Timer 2 are subport registers of port T2SUB. The access
to those registers needs an extended 1/O operation. The

All timer register are I/O mapped. The access to th@mer function can be configured with the mode registers

Timer 2 status control register (T2SC) can be done wifAM1, TAM2, TBM1, TBM2 and the interrupt control

a direct I/0 operation to T2SC. The status is read with aegister T2IC. The timing depends on the contents of the

IN operation and a command to control the timer is writprescaler control register T2PC and the reload registers.

ten with an OUT operation. The remaining registers dfhe capture registers are used to read the counter value.

syscL
‘jw Counter [
+ |
A‘CS TARj[r] ﬂ_oj\
[ : | -
o AGB *jﬁ A
‘ % I TAM2 I —
ACE  ACB AELAEO
[fam2]
o N
INTERRUPT] INT5
Bﬂ:Sl BFSO
e T sim
— +» Counter [READ]
B‘CE B‘CA
Lo
[BmM2] Az
BEL BEO BOE
TBRCHI[r] tl_\
Note: all control bit switches are shown at value “0” 94 8087

Figure 17. Timer 2

Reload register

PULSE SPACE
TxRH[W] | TXRL[w] | [TXRCH[W|TXRCL[W]

|
Input {; Output
Counter A/B Counter A/B
Prescal®’ | DOWN COUNTER A/B e >
Toggle
L
x =Afor Counter A,
T2SC[w -
. Capture registe ] :igso“mer B
TxRCH][r]| TXRCL]1] W = WRITE
Capture o4 8986
Input A/B *

Figure 18. Counter A/B
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2.3.1  Timer 2 Status/Control Register (T2SC)

Address: 8
Control register Bit 3 2 1 0
Write (T2SC) . BM | TAM | TBR | TAR | Reset value: 0000b
Status register
Read (T2SC) | TBSU | TBPC | TASU | TAPC | Reset value: 0000b
TAM, TAR: Timer A control bits to start or stop Timer A.
TBM, TBR: Timer B control bits to start or stop Timer B.
TBM | TAM | TBR | TAR |Timer 2 Commands
1 0 X 0 STOP_A A STOP command resets
1 0 X 1 RUN_A the prescaler and counter.
0 1 0 X STOP_B
0 1 1 X RUN_B A RUN command starts the
0 0 0 0 STOP_AB counter with the next clock
0 0 1 1 RUN_AB taking the value from the
0 0 0 1 RUN_A-STOP_B pulse reload register.
0 0 1 0 STOP_A-RUN_B
1 1 X X NOP
TBSU:  Timer B end of space/underflow status bit.
When BCE* = 0 this bit will be set at the end of space time of Counter B.
When BCE = 1 this bit will be set with every Counter B underflow.
TBPC:  Timer B end of pulse/capture status bit.
When BCE = 0 this bit will be set at the end of pulse time of Counter B.
When BCE = 1 this bit will be set when a capture event for Counter B occurs.
TASU: Timer A end of space/underflow status bit.
When ACE* = 0 this bit will be set at the end of space time of Counter A.
When ACE = 1 this bit will be set with each Counter A underflow.
TAPC: Timer A end of pulse/capture status bit.
When ACE = 0 this bit will be set at the end of pulse time of Counter A.
When ACE = 1 this bit will be set when a capture event for Counter A occurs.
*) ACE and BCE are the capture enable control bits in the timer mode registers TAM2 and TBM2.
The status bits TASU, TAPC, TBSU, TBPC will be reset after a READ access to T2SC!
TELEFUNKEN Semiconductors 21 (51)
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2.3.2  Timer 2 Subport (T2SUB)
Address: 9
Table 7. Timer 2 subports
Subaddr. Name Meaning Bit 3 | Bit 2 | Bit 1 \ Bit 0

0 TARCH [w]* Timer A reload high High-nibble

TARCH [r]* Timer A capture high
1 TARCL [w]* Timer A reload low Low-nibble

TARCL [r]* Timer A capture low
2 TARH Timer A reload high High-nibble
3 TARL Timer A reload low Low-nibble
4 TBRCH [w]* | Timer B reload high High-nibble

TBRCH [r]* Timer B capture high
5 TBRCL [w]* Timer B reload low Low-nibble

TBRCL [r]* Timer B capture low
6 TBRH Timer B reload high High-nibble
7 TBRL Timer B reload low Low-nibble
8 TAM1 Timer A mode register 1 — AGB ACS AOE
9 TAM2 Timer A mode register 2 ACB ACE AE1l AEO
A TBM1 Timer B mode register 1 — BCS1 BCSO BOE
B TBM2 Timer B mode register 2 BCA BCE BE1 BEO
C T2IC Timer 2 interrupt control IMBS IMBP IMAS IMAP
D T2PC Timer 2 prescaler control BPC1 BPCO APC1 APCO
E - - - - -
= - - - - -

* [w] write only, [r] read only

2.3.3  Timer 2 Reload Register

The 8-bit wide reload registers of Timer A and B are usedgister or the value (n) from the pulse reload register and
to program the pulse and space width of the counter otibggles the counter output.

put signal. The pulse and space width can be calculated as following:
The first clock after a start command loads the dowr?—mse time: Pulse = (n+1) x prescaler clocks
counter with the value (n) from the pulse reload register

and sets the counter output to 1. The downcounter decB&pacetime: Space = (m+1) x prescaler clocks
ments with each following clock and each underflow

reloads alternately the value (m) from the space reload 0=m,n< 255

Counter out
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Timer 2 Space Reload Register 2.3.4  Timer 2 Capture Register
;I\—/\r/]c? ;ﬁ?:igceézzgsr?g'fgzrsifb;g?te; d2 dlrsespsrgsg?;an(]:el—? B capture register is used to capture the current down-
TARCL or TBRGH and TBRCL of the Timer 2 subportegbdinter value when a capture event occurs. The value is

. : kept in the capture register until the next capture event
T25UB. The value (m) in the space reload register det%{ﬁz can be reF;d inde%endent of the state oFf) the down-

mines the space width. At t.he end of the pulse, t'1:%unter. The capture events are programmable with the
downcounter reloads the 8—bit value from the space er mode registers TAM2 and TBM2

load register with the next clock of the prescaler output.
The capture registers are also used to read the counter
Space width: Space = (m+1) prescaler clocks value when the external capture mode is disabled. In this
0<m< 255 case the 8-bit counter value is transferred into the capture
register by reading the high nibble TARCH or TBRCH.
If the 16-bit event counter mode is enabled the complete
Timer 2 Pulse Reload Register 16-bit value is captured by reading first the high nibble
The pulse reload register of Timer 2 is programmed BBARCH of Timer A. This mechanism ensures the coher-
two write accesses to the subport addresses TERH amte of the counter high and low nibble during the read
TARL or TBRH and TBRL of the Timer 2 subportaccess.
T2SUB. The value (n) in the pulse reload register deter-
mines the space width. At the end of space the
downcounter reloads the 8-bit value from the pulse reload
register with the next clock of the prescaler output.

Pulse width: Pulse = (n+1) prescaler clocks
0<n< 255

2.3.5 Timer A Mode Register 1 (TAM1)

Address: 9 — Subaddress: 8

Bit 3 2 1 0
TAM1 — | AaeB | Acs | AoE Reset value: 0000b

AGB CounterA output gated by Count& output
AGB = 1 enables the burst generation mode. The output of Timer A is enabled during the pulse time
of the Counter B and disabled (TA= 0) during the space time of the Counter B.

ACS CounterA clock select
This bit selects the source of the Counter A clock. When ACS = 0 the timer is supplied with internal
SYSCL. When ACS = 1 the timer is supplied with an external clock on TA pin.

AOE Timer A output enable
AOE = 0 disables the counter output TA.
AOE = 1 enables the counter output TA.
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2.3.6  Timer A Mode Register 2 (TAM2)
Address: 9 — Subaddress: 9
Bit 3 2 1 0
TAM2 ACB \ ACE ‘ AE1 AEQ Reset Value: 0000b
ACB Timer A captured by TimeB
Selects the capture source for Timer A. When ACB = 0 the signal at the TA pin is used to generate a
capture event. When ACB = 1 each transition at the Counter B output is used to generate a capture
event for Timer A.
ACE Timer A capture enable
ACE = 1 enables the capture mode for Counter A. The occurrence of a capture event causes that the
current downcounter value is loaded into the capture register.
AE1 Timer A edge select bit
AEO Timer A edge select bl
With these bits the active edge for the counter clocks and capture signal is selected.
AE1l | AEO |Active Edge for Counter Clock/Capture Events
0 0 positive edge at TA pin
0 1 negative edge at TA pin
1 0 first positive edge after timer start and then each transition at TA pin
1 1 first negative edge after timer start and then each transition at TA pin
2.3.7 Timer B Mode Register 1 (TBM1)
Address: 9 — Subaddress: Ah
Bit 3 2 1 0
TBM1 — | Bcs1 | Bcso | BOE Reset value: 0000b
BCS1 Timer B clock select bil
BCSO Timer B clock select bi
These bits select the source of Counter B clock.
BCS1 | BCSO | Counter B Input Signal
0 0 System clock (SYSCL)
1 0 Output signal of Counter A
X 1 External input signal at TB
BOE Timer B output enable
BOE = 0 disables the counter output TB.
BOE = 1 enables the counter output TB.
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2.3.8  Timer B Mode Register 2 (TBM2)

Address: 9 — Subaddress: Bh

Bit 3 2 1 0
TBM2 BCA | BCE | BE1 | BEO Reset value: 0000b
BCA Timer B is captured with Timer A capture signal. With BCA = 1 the external capture signal for
Timer A is used to capture Timer B simultaneously with Timer A.
BCE Timer B capture enable

BCE = 1 enables the capture mode for Counter B. A capture event loads the current downcounter
value into the capture register.

BE1 Timer B edge select bit

BEO Timer B edge select bid
With these bits the active edge for the counter clocks and capture signal is selected.

BE1 BEO |Active Edge for Clock/Capture Events

positive edge on TB pin

negative edge on TB pin

first positive edge after start timer and then each transition on TB pin
first negative edge after start timer and then each transition on TB pin

|k O|0
| O |O

2.3.9  Timer 2 Prescaler Control Register (T2PC)

Address: 9 — Subaddress: Dh

Bit 3 2 1 0
T2PC BPC1 BPCO APC1 APCO Reset Value: 0000b
BPC1 Timer B prescaler control bit

BPCO Timer B prescaler control b@
These bits determine the divider for the prescaler of Timer B.

APC1 Timer A prescaler control bit

APCO Timer A prescaler control b
These bits determine the divider for the prescaler of Timer A.

BPC1/APC1 BPCO/APCO Divider
0 0 1
0 1 4
1 0 16
1 1 64
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2.3.10 Timer 2 Interrupt Control Register (T2IC)

Address: 9 — Subaddress: Ch

Bit 3 2 1 0
T2IC | MBS | IMBP | IMAS | IMAP | Reset value: 0000b
IMBS Interrupt mask Timer B end of space/underflow

IMBS = 1 enables an INT5 interrupt, if BCE* = 0 at the end of space of Counter B,
or if BCE = 1 at each Counter B underflow.

IMBP Interrupt mask Timer B end of pulse/capture
IMBP = 1 enables an INT5 interrupt, if BCE = 0 at the end of pulse of Counter B,
or if BCE = 1 with a capture event for Counter B.

IMAS Interrupt mask Timer A end of space/underflow
IMAS = 1 enables an INT5 interrupt, if ACE* = 0 at the end of space of Counter A,
or if ACE =1 at each Counter A underflow.

IMAP Interrupt mask Timer A end of pulse/capture
IMAP = 1 enables an INT5 interrupt, if ACE = 0 at the end of pulse of Counter A,
or if ACE = 1 with a capture event for Counter A.

Each interrupt source can be enabled or disabled individually by setting the corresponding maskbit.

*) ACE and BCE are the capture enable control bits in the timer mode registers TAM2 and TBM2.

T2SC[r] :| TBSU| TBPC, TASU TAPC

Timer A end of
pulse / capture OO+
A
Timer A end of
space / underflow O\‘\O
_ ) — INT5
Timer B end of
pulse / capture
Timer B end of
space / underflow O\j\O
T
T2IC: | IMBS | IMBP | IMAS | IMAP [ = READ
94 8988
Figure 19. Timer 2 interrupt mask register
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2.3.11 Timer I/O (TA/TB)

The timer 1/O pins TA and TB are used as input for theput mode, when AOE/BOE = 1 the pin is switched to
external clock or capture signal and as output for thmutput mode. The pins also can be read with an IN-
counter. The mode is controlled with AOE and BOEnstruction via Port 4 (TA with IP41 and TB with IP42).
control bit. When AOE/BOE = 0 the pin is switched to

V
I/O bus DD o
(IP41/1P42) el
Port4_IN ! | ;
Vbp Ball
Counter input
(eage sense)
Counter output ~ JATB
; ]
|/ R A
AOE/AOB—controlbi | *
g iy
*) optional MR
pull-up / pull-down
resistor 4

94 8989

Figure 20. Timer I/O (TA/TB)
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2.4 EEPROM access to any 8-bit row of the EEPROM is done by an

_ .. extended 8-bit I/O operation or by special postincrement
The EEPROM of the M44C260/M48C260 is 128 bit Wide,.cass The EEPROM rows 12 to 15 can be write pro-

and organized as an array of 16*8-bit. The EEPROM royg e by hardware and software.
are 1/0 mapped and are subports of port ESUB. The

High nibble Low nibble

Row 15 AN
Write protectable
12 S
Memory
0

NwWP[ 1 Controllogic | —> INT 1

L

EMS ESUB 94 8990

Figure 21. EEPROM

24.1 EEPROM SubPort (ESUB)
Address: Bh — Subaddress: 0-Fh

Read operation

A read operation needs an OUT- and two IN-instructiordress. The following two IN-instructions read the high
to port ESUB. First the OUT operation writes the row adiibble and then the low nibble of the addressed row.

gFORTH example:

Row address ESUB OUT ( —)
ESUB IN ( —Data_High)
ESUB IN (Data_High — Data_High Data_Low)
Write operation then the high nibble to the addressed row. After reset,

rows 12 to 15 are write protected. To enable write opera-
A write operation needs three OUT-instructions to pottons to these rows the write enable bit (EWE) must be set.
ESUB. The first operation writes the row address. Thi@ all cases write accesses to these rows are disabled when
following two OUT-instructions write the low nibble and pin NWP is low.
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gFORTH example:

Row address ESUB OUT (Data_High Data_Low  — Data_High Data_Low)
ESUB OUT (Data_High Data Low —Data_High)
ESUB OUT (Data_High —)

The internal EEPROM write cycle needs about 16 ndress, need only two IN- or OUT-instructions to read or

(with connected quartz crystal and running crystal oscilrite the data. The row address is incremented automati-
lator). During this cycle the EEPROM ready bit is resatally after each complete row access (2 nibbles). A write
(EPR = 0). After the data high nibble is written to the pordccess to the EEPROM mode register (EMS) terminates
ESUB, the internal write cycle is started. During théhe postincrement mode.

internal write cycle (while EPR = 0), only read and Writef\lote'
accesses to the EMS register are possible. All other ™
EEPROM accesses have no effect.

In the postincrement mode, it is not possible to
change from read to write operations or vice
versa before the current postincrement operation

Postincrement operations is finished.

The postincrement mode supports a fast access Vtvome ready interrupt (INT1)

consecutive EEPROM rows. A postincrement access Ad the end of the internal write cycle an interrupt is gener-
started by setting the EPI bit in the EEPROM mode regiated when the interrupt mask bit IMEP in the EEPROM
ter (EMS) followed by writing the row start address tanode register EMS is set. With this interrupt, successive
port ESUB. After that, the read or write operations to therite operations can be executed interrupt controlled
consecutive EEPROM area, beginning at the start adgithin the INT1 interrupt service routine.

2.4.2 EEPROM Mode/Status Register (EMS)

Address: Ah
Mode register Bit 3 2 1 0
Write (EMS) . — | Ewe | EP | IMEP | Reset value: 0000b
Status register
Read (EMS) - — | — | — | Epr | Reset value: xxx1b

EWE EEPROM write enable bit
EWE = 0 disables write accesses to rows 12-15
EWE = 1 enables write accesses to rows 12-15 when the NWP pin is high

EPI EEPROM postincrement mode enable
EPI = 1 activates a postincrement access after the next row address is written to port ESUB

IMEP Interrupt mask for EEPROM write ready interrupt
When IMEP is set an INT1 is generated with the end of the internal EEPROM write cycle

EPR EEPROM ready status flag
EPR = 0 indicates that the EEPROM is not ready for read or write operations
(an internal write cycle is executed)
EPR = 1 indicates that the EEPROM is ready for read and write operations

After a write access to the EMS-Register, postincrement operations are terminated and any incomplete EEPROM read
and write sequence must be started again!
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3 Appendix

3.1 Emulation single byte instructions. These operations are performed
and no source or destination address information . Only

For emulation all MARC4 controllers have a speciaBRANCH, CALL and RAM access instructions need ad-

emulation mode. It is activated by setting the TE pin tdress information and a length of two bytes for long

logic HIGH level during reset. In this mode the internahddress operations. In total, there are five types of instruc-

CPU core is inactive and the I/O buses are available wian formats with a length of one and two bytes.

Port 0 and Port 1 to allow the emulator the access to the

on-chip peripherals. The emulator contains a speci%fro address operations such as arithmetical, logical,

emulation CPU with a MARC4 core and additional breaiS"ift and rotate operations are performed with data placed
point logic and takes over the core function. The bas the top of the expression stack (TOS and TOS-1). Also

function of the emulator is to evaluate the customer's prd O @nd stack operations are single byte zero address op-

gram and hardware in real time. Thus, the analysation §f2tions and are performed with the top expression stack
any timing, hardware or software problems the simulégcat'on-

tion of the application is possible. For more informatiom literal is a 4-bit constant value which is placed on the

about emulation see “Emulator Manual”. data stack. In the MARC4 native code they are repre-
: sented as LIT <value>, where <value> is the

3.2 Programmlng the EEPROM hexadecimal representation from 0 to 15 (0...F). This
Program Memory range is a result of the MARC4'’s 4-bit data width. The

6-bit short address and the 12-bit long address formats are

Programming the 4K 8-bit EEPROM program memory o, sed to address the byte-wide ROM via CALL and
is done using a special PC-controlled programming dgaitional branch instructions. This results in a ROM
vice. Details on how to use this device and t Eddress space of up to &8-bit words.

corresponding software are given in the Programming

Device User Manual. The MARCA4 instruction includes both short and long call
instructions as well as conditional branch instructions. On
Osxecution the address part of the instruction’s word is di-
) . . ctly loaded into the program counter. Long call and
core and all peripherals are set inactive and the two | anch instructions can jump anywhere within the pro-
buses are available via Port 0 (data) and Port 1 (contr am memory area. The lower six bits from the short call
Then the c_ustomer_application datq is tra'nsfered tot CALL) and short branch (SBRA) instruction are han-
cqntro!lerwa Port0in bloc_ks of 64 nibble size. Progranfjieq in a different way. The six bit SCALL address is
ming 1S s_tarteq automatlc_:ally after each t.)IOCk' Thﬁwltiplied by three and then loaded into the PC. This
programming high voltage is generated on chip. allows calls within the zero page (000 to 1FFh). The six
After programming the memory, a verify run is starte®it SBRA address is loaded immediately into the lower
where the just written data is read out and compared Bix bits of the PC. This allows jumps within the 64 byte
by bit to the original source file. This ensures that the cogegment addressed by the upper six bits of the PC.

tent of the ROM is error free. The CALL and SCALL instructions write the increm-
3.3 MARCA4 Instruction Set ented program counter contents to the return stack. This

address is loaded back to the PC when the associated
The MARC4 instruction set is optimized for the high leveEXIT or RTI instruction is encountered. The long RAM
programming language gFORTH. A lot of MARC4address format is used by the four 8-bit RAM address
instructions are qFORTH words. This enables the comegisters which can be pre-increment, post-decrement or
piler to generate a fast and compact program code. Tloaded directly from the MARCA4’s internal bus. This
MARC4 is a zero address machine with a compact and esults in a direct accessible RAM address space of up to
ficient instruction code. Most of the instructions ar€56 x 4-bit.

To start programming the data memory, the micr
controller is switched to a special /0 mode, where t
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EEEELEEE
EREEIEERE
EEIEREERT

1) Zero address operation

(ADD,SUB, INC, OR,...) 948708

2) Immediate data operation
Literal (LIT_O, LIT_1, ...)

3) Short ROM address operation
(SCALL, SBRA)

4) Long ROM address operation Opcode 11— » 12 bit address&— 0
(CALL, BRA) ’ 7\ 6\ 5\ AH 3\ 2\ 1\ q ] 7\ 6‘ 5‘ 4 3‘ 2‘ 1‘ d

EERFEEFTECLELLET

Figure 22. MARC4 opcode formats

5) RAM address operation
(>SP, >X,...)

3.3.1 MARCA4 Instruction Set Overview Mnemonic Description Cycles/
Mnemonic Description CByctIgSs/ Flag operations: Bytes
Arithmetic operations: y TOG_BF Toggle branch flag 1/1
ADD Add 11 SET_BFC | Set branch flag 1/1
ADDC Add with carry 11 DI Disable all interrupts 1/1
SUB Subtract 11 CCR! Store TOS into CCR 1/1
SUBB Subtract with borrow 1/1 CCR@ Fetch CCR onto .TO_S 1
DAA Decimal adjust 1/1 Progr.a.tm branching:
INC Increment TOS 1 BRA $xxx |Conditional long branch 2/2
DEC Decrement TOS 11 CALL $xxx |Long call (current page) 3/2
DECR Decrement. 4-bit index ol 2/1 SBRA $xxx | Conditional short branch 2/1
return stack SCALLS$xxx |Short call (zero page) 2/1
Compare operations: EXIT Return from subroutine 2/1
CMP_EQ Compare equal 11 RTI Return from interrupt 2/1
CMP_NE |Compare not equal 1/1 SWi Software interrupt 11
CMP_LT Compare less than 11 SLEEP Activate sleep mode 1/1
CMP_LE  |Compare less equal 1/1 NOP No operation 11
CMP_GT |Compare greater than 1/1 Register operations:
CMP_GE Compare greater equal 1/1 SP@ Fetch the current SP 2/1
Logical operations: RP@ Fetch the current RP 2/1
XOR Exclusive OR 11 X@ Fetch the contents of X 2/1
AND AND 11 Y@ Fetch the contents of Y 2/1
OR OR 11 SP! Move the top 2 into SP 2/1
NOT 1's complement 11 RP! Move the top 2 into RP 2/1
SHL Shift left into carry 1/1 X! Move the top 2 into X 21
SHR Shift right into carry 1/1 Y! Move the top 2 into ¥ 211
ROL Rotate left through carry 11 >SP $xx Store direct address to S 2/2
ROR Rotate right through carry]  1/1 >RP $xx Store direct address to Rf  2/2
>X $xx Store direct address into 2/2
>Y $xx Store direct address into 2/2
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Mnemonic Description Cycles/ Mnemonic Description Cycles/
Bytes Bytes
Stack operations: Memory operations:
SWAP Exchange the top 2 nibble  1/1 X@ Fetch 1 nibble from RAM| 1/1
OVER Copy TOS-1 to the top 1 Y]@ indirect addressed by X-
DUP Duplicate the top nibble 11 or Y-register
ROT Move TOS-2tothetop | 3/1 [+X@ Fetch 1 nibble from RAM| -~ 1/
DROP Remove the top nibble 11 [+Y]@ indirect addr. by pre-in-
>R M the t oDl : 11 crem. X- or Y-register
ove the fop nibble onto [X-]@ Fetch 1 nibble from RAM |  1/1
the return stack indirect addr. by post-dej-
2>R Move the top 2 nibble 31 Y@ crem. X- or \.(-register
onto the return stack [>X]@ $xx | Fetch 1 nibble from RAM| 2/2
3>R Move the top 3 nibble 4/1 direct addressed by X- or
onto the return stack [>Y]@ $xx Y-register
R@ Copy 1 nibble from the rey  1/1 X! Store 1 nibble into RAM | 1/1
turn stack VI indirect addressed by [X]
2R@ Copy 2 nibbles from the 2/1 [Y]!
return stack [+X]! _Stqre 1 nibble into RAM 1/1
3R@ Copy 3 nibbles fromthe | 4/1 [+Y]! indirect addressed by pre
return stack incremented [X]
DROPR Remove the top of return| 1/1 [X-]! Store 1 nibble into RAM 171
stack (12-Bit) [ indirect addr. by post-de-
LIT n Push immediate value 1/1 grem. X- or Y—r§g|ster
_ [>X]! $xx Store 1 nibble into RAM 2/2
(1 nibble) onto TOS (>Y]! $xx direct addressed by X- or
ROM data operations: ' Y-register
TABLE Fetch 8-bit constant from 3 I/O operations:
ROM IN Read I/O-Port onto TOS | 1/1
ouT Write TOS to I/O port 1/1
3.3.2 gFORTH Language Overview Language features:

MARC4 controllers are programmed in the high leveExpandability

language qFORTH which is based on the FORTH-83 lan- Many of the fundamental qFORTH operations
guage standard. ThgFORTH compiler generates a are directly implemented in the MARC4 instruc-
native code for a 4-bit FORTH-architecture single chip tion set.

microcomputer, the TEMIGMARC4.MARC4 applica- i

tions are all programmed gFORTH which is designed Stack oriented . . !

specifically for efficient real time control. Since the All operations communicate with one another
gFORTH compiler generates highly optimized codes, via the c_iata stack and use the reverse polish form
there is no advantage or point in programming the of notation (RPN)

MARC4 in assembly code. The high level of COd%tructured programming

efficiency generated by the gFORTH compiler is qFORTH supports structured programming
achieved by the use of modern optimization techniques

such as branch-instruction size minimization, fadreentrant

procedure calls, pointer tracking and many peephole opti- Different tasks can share the same code.

mizations. Recursive

gFORTH routines can call themselves.

Native code inclusion
In gFORTH there is no separation of high level
constructs from the native code mnemonics.
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3.4 The gFORTH Language - Quick Reference Guide

3.4.1

+
-C
+C
1+
1-
2*
2/
D+
D-
D2/
D2*
M+
M-
AND
OR
ROL
ROR
SHL
SHR
NEGATE
DNEGATE
NOT
XOR

3.4.2

D<>
DO<>

DMAX
DMIN
MAX
MIN

Arithmetic/Logical

EXP (nl1n2 —nl-n2)
EXP (nl1 n2 —nl+n2)

EXP (nl n2 — nl+/n+/C)
EXP (nl1 n2 —nl+n2+C)

EXP (n—n+l)
EXP(n—n-1)

EXP (n—n*2)
EXP(n—nDIV2)
EXP (d1 d2 —di1+d2)
EXP (d1d2 —d1-d2)
EXP (d—d/2)

EXP (d—d*2)

EXP (dln—d2)
EXP (dln—d2)
EXP (nl1n2 —nl"n2)
EXP (nln2—nlvn2)

EXP (—)
EXP(—)
EXP (n—n*2)
EXP(n—n/2)
EXP(n—-n)
EXP(d—-d)
EXP (n—/n)

EXP (n1n2—n3)

Comparisons

EXP (n1n2—)
EXP (nln2—)
EXP (n1n2—)
EXP (n1n2—)
EXP (n1n2—)
EXP (n1n2—)
EXP (n—)

EXP (n—)

EXP (dl1d2—)
EXP (dl1d2—)
EXP (d1d2 —)
EXP (d1d2—)
EXP (dl1d2—)
EXP (d1d2—)
EXP (d—)

EXP (d—)

EXP (dl1 d2 — dMax)
EXP (d1 d2 — dMin)
EXP (n1 n2 — nMax)
EXP (n1 n2 — nMin)

Subtract the top two nibbles
Add up the two top 4-bit values
1's compl. subtract with borrow
Add with carry top two values
Increment the top value by 1
Decrement the top value by 1
Multiply the top value by 2
Divide the 4-bit top value by 2
Add the top two 8-bit values
Subtract the top two 8-bit values
Divide the top 8-bit value by 2
Multiply the top 8-bit value by 2
Add a 4-bit to an 8-bit value
Subtract 4-bit from an 8-bit value
Bitwise AND of top two values
Bitwise OR the top two values
Rotate TOS left through carry
Rotate TOS right through carry
Shift TOS value left into carry
Shift TOS value right into carry
2's complement the TOS value
2's complement top 8-bit value
1's complement of the top value
Bitwise Ex-OR the top 2 values

If n1>n2, then branch flag set
If n1<n2, then branch flag set
If n1>=n2, then branch flag set
If n1<=n2, then branch flag set
If n1<>n2, then branch flag set
If n1=n2, then branch flag set
If n <>0, then branch flag set
If n =0, then branch flag set

If d1>d2, then branch flag set
If d1<d2, then branch flag set
If d1>=d2, then branch flag set
If d1<=d2, then branch flag set
If d1=d2, then branch flag set
If d1<>d2, then branch flag set
If d <>0, then branch flag set
If d =0, then branch flag set
8-bit maximum value of d1, d2
8-bit minimum value of d1, d2
4-bit maximum value of n1, n2
4-bit minimum value of n1, n2
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343 Control Structures

AGAIN EXP (—)
BEGIN EXP (—)
CASE EXP(n—n)
DO EXP (limit start — )
RET (— ullimit|start )
ELSE EXP (—)
ENDCASE EXP (n—)
ENDOF EXP(n—n)
EXECUTE EXP ( ROMAddr —)
EXIT RET ( ROMAddr —)
IF EXP (—)
LOOP EXP (—)
<n> OF EXP (cn—)
REPEAT EXP (—)
THEN EXP (—)
UNTIL EXP (—)
WHILE EXP (—)
+LOOP EXP (n—)
RET ( ullimit|l — ullimit|l+n )
#DO EXP (n—) RET (— ujuln)
#LOOP EXP (—)
RET (uju|l—u]u|l-1)
?2DO EXP ( Limit Start —)
?LEAVE EXP (—)
—?LEAVE EXP (—)

3.4.4  Stack Operations

0 .. Fh, EXP (—n)

0..15 EXP (—n)

' <name> EXP (— ROMAddr)

<ROT EXP (n1n2n—nnln2)
>R EXP (n—)RET (—ujuln)
?DUP EXP(n—nn)

DEPTH EXP (—n)

DROP EXP (n—)

DUP EXP(n—nn)

I EXP (— 1) RET (uju|l — u|u]l)
J EXP(—1J)

RET (uu]Jd ujull — u]u|J u]u]l)

Ends an infinite loop BEGIN .. AGAIN
BEGIN of most control structures
Begin of CASE .. ENDCASE block
Initializes an iterative DO..LOOP

Executed when IF condition is false
End of CASE..ENDCASE block

End of <n> OF .. ENDOF block
Execute word located at ROMAddr
Unstructured EXIT from ‘:’-definition
Conditional IF .. ELSE .. THEN block
Repeat LOOP, if index+1<limit
Execute CASE block, if n =c
Unconditional branch to BEGIN of BEGIN .. WHILE
REPEAT

Closes an IF statement

Branch to BEGIN, if condition is false
Execute WHILE .. REPEAT block,

if condition is true

Repeat LOOP, if [+n < limit

Execute the #DO .. #LOOP block n-times
Decrement loop index by 1 downto zero

if start=limit, skip LOOP block
Exit any loop, if condition is true
Exit any loop, if condition is false

Push 4-bit literal on EXP stack

Places ROM address

of colon-definition <name> on EXP stack
Move top value to 3rd stack pos.

Move top value onto the return stack
Duplicate top value, if n <>0

Get current expression stack depth
Remove the top 4-bit value

Duplicate the top 4-bit value

Copy loop index | from return to expression stack
Fetch index value of outer loop

[2nd return stack level

entry]

NIP EXP (n1ln2—n2) Drop second to top 4-bit value

OVER EXP (n1ln2—nln2nl) Copy 2nd over top 4-bit value

PICK EXP ( x—n[x]) Copy the x-th value from the expression stack

onto TOS

RFREE EXP(—n) Get # of unused RET stack entries

R> EXP (—n) RET (ujuljn—) Move top 4-bits from return to expression stack

R@ EXP (—n) Copy top 4-bits from return to expression stack
RET (ujujn — uju|n)

ROLL EXP (n—) Move n-th value within stack to top
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ROT
SWAP
TUCK
2>R

2DROP
2DUP
2NIP
20VER
2<ROT
2R>

2R@

2ROT
2SWAP
2TUCK
3>R

3DROP

3DUP
3R>

3R@

EXP (n1n2n—n2nnl)
EXP (n1ln2—n2nl)
EXP (n1n2—n2nln2)
EXP (nln2—)

RET (— u|n2|nl)

EXP (n1n2—)
EXP(d—dd)

EXP (d1d2—d2)

EXP (d1d2 —dl1d2dl)
EXP (dl1d2d—ddld2)
EXP (—nl1n2)

RET (u[n2|n1 —)

EXP (—nl1n2)

RET (u|n2|n1 — u|n2|nl)
EXP (dld2d—d2ddl)
EXP (dl1d2—d2dl)
EXP (d1d2—d2d1d2)
EXP (n1ln2n3—)

RET (— n3|n2|n1)

EXP (n1n2n3—)

EXP (t—tt)

EXP (—nl1n2n3)

RET (n3|n2|n1 —)
EXP (—n1n2n3)
RET (n3|n2|n1 — n3|n2|nl)

3.45 Memory Operations

I
@

+1

1+!

1-!

2!

2@

D+!

D-!

DTABLE@

DTOGGLE

ERASE

FILL

MOVE

ROMByte@

TOGGLE

3!

3@

T+!

T-!

TD+!

TD-!

EXP (naddr—)

EXP (addr—n)

EXP (naddr—)

EXP (addr—)

EXP (addr—)

EXP (daddr—)

EXP (addr—d)

EXP (daddr—)

EXP (daddr—)

EXP (ROMAddrn —d)
EXP (daddr—)

EXP (addrn—)

EXP (addrnnl —)
EXP (nfromto—)
EXP (ROMAddr —d)
EXP (naddr—)

EXP (nh nm nl addr —)
EXP (addr — nh nmnl)
EXP (nh nm nl addr —)
EXP (nh nm nl addr —)
EXP (daddr—)

EXP (daddr—)

Move 3rd stack value to top pos.

Exchange top two values on stack

Duplicate top value, move under second item
Move top two values from expression

to return stack

Drop top 2 values from the stack

Duplicate top 8-bit value

Drop 2nd 8-bit value from stack

Copy 2nd 8-bit value over top value

Move top 8-bit value to 3rd pos’n

Move top 8-bits from return to expression stack

Copy top 8-bits from return to expression stack

Move 3rd 8-bit value to top value

Exchange top two 8-bit values

Tuck top 8-bits under 2nd byte

Move top 3 nibbles from the expression onto
the return stack

Remove top 3 nibbles from stack

Duplicate top 12-bit value

Move top 3 nibbles from return

to the expression stack

Copy 3 nibbles (1 entry) from the return
to the expression stack

Store a 4-bit value in RAM

Fetch a 4-bit value from RAM

Add 4-bit value to RAM contents
Increment a 4-bit value in RAM
Decrement a 4-bit value in RAM

Store an 8-bit value in RAM

Fetch an 8-bit value from RAM

Add 8-bit value to byte in RAM
Subtract 8-bit value from a byte in RAM
Indexed fetch of a ROM constant
Exclusive-OR 8-bit value with byte in RAM
Sets n memory cells to 0

Fill n memory cells with n1

Move a n-digit array in memory

Fetch an 8-bit ROM constant

Ex-OR value at address with n

Store 12-bit value into a RAM array
Fetch 12-bit value from RAM

Add 12-bits to 3 RAM cells

Subtract 12-bits from 3 nibble RAM array
Add byte to a 3 nibble RAM array
Subtract byte from 3 nibble array
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3.4.6 Predefined Structures

( ccecccc)

\ cceceecece

: <name> RET (—)

; RET ( ROMAddr —)
[FIRST] EXP(—0)

[LAST] EXP (—n|d)

CODE EXP(—)
END-CODE  EXP(—)

ARRAY EXP (n—)
2ARRAY EXP(n—)

CONSTANT EXP (n—)
2CONSTANT EXP (d —)

LARRAY EXP (d—)
2LARRAY EXP (d—)

Index EXP (n|d addr—addr’)
ROMCONST EXP(—)
VARIABLE EXP(—)
2VARIABLE EXP (—)

<n> ALLOT

AT <address>

S INTX RET (— ROMAddr)
: $AutoSleep

: SRESET EXP (—)

3.4.7 Assembler Mnemonics

In-line comment definition

Comment until end of the line

Begin of a colon definition

Exit; ends any colon definition

Index (=0) for first array element

Index for last array element

Begins an in-line macro definition

Ends an In-line macro definition

Allocates space for a 4-bit array

Allocates space for an 8-bit array

Defines a 4-bit constant

Defines an 8-bit constant

Allocates space for a long 4-bit array

with up to 255 elements

Allocates space for a long byte array
Run-time array access using a variable array index
Define ROM look-up table with 8-bit values
Allocates memory for 4-bit value

Creates an 8-bit variable

Allocate space for <n+1> nibbles

of un-initialized RAM

Fixed <address> placement

Interrupt service routine entry

Entry point address on return stack underflow
Entry point on power-on reset

ADD EXP (nln2 —nl+n2) Add the top two 4-bit values
ADDC EXP (nl1 n2 —nl1+n2+C) Add with carry top two values
CCR! EXP (n—) Write top value into the CCR
CCR@ EXP (—n) Fetch the CCR onto top of stack
CMP_EQ EXP (n1ln2—nl) If n1=n2, then branch flag set
CMP_GE EXP (n1ln2—nl) If n1>=n2, then branch flag set
CMP_GT EXP (n1n2—nl) If n1>n2, then branch flag set
CMP_LE EXP (n1n2—nl) If n1<=n2, then branch flag set
CMP_LT EXP(n1n2—nl) If n1<n2, then branch flag set
CMP_NE EXP (n1ln2—nl) If n1<>n2, then branch flag set
CLR_BCF EXP (—) Clear branch and carry flag
SET_BCF EXP (—) Set branch and carry flag
TOG_BF EXP(—) Toggle the branch flag

DAA EXP (n>9 or C set — n+6) BCD arithmetic adjust [addition]
DAS EXP (n— 10+/n+C) 9's complement for BCD subtract
DEC EXP(n—n-1) Decrement top value by 1

DECR RET (uju]l — ufu]l-1) Decrement value on the return stack
DI EXP (—) Disable interrupts

DROPR RET (ujulu—) Drop element from return stack
EXIT RET ( ROMAddr —) Exit from current !’-definition

El EXP(—) Enable interrupts

IN EXP ( port — data) Read data from an 1/O port

INC EXP (n—n+1) Increment the top value by 1
NOP EXP (—) No operation

NOT EXP (n—/n) 1's complement of the top value
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RP! EXP (d—) Store as return stack pointer
RP@ EXP (—d) Fetch current RET stack pointer
RTI RET ( RETAddr —) Return from interrupt routine
SLEEP EXP (—) Enter 'sleep-mode’, enable all interrupts
SWI0 SWI7 EXP (—) Software triggered interrupt
SP! EXP (d—) Store as stack pointer
SP@ EXP (—d) Fetch current stack pointer
SuUB EXP (n1n2—nl-n2) 2's complement subtraction
SUBB EXP (nl1 n2 — nl+/n2+C) 1's compl. subtract with borrow
TABLE EXP(—d)

RET ( RetAddr RomAddr —) Fetches an 8-bit constant from an address in ROM
ouT EXP ( data port —) Write data to 1/0O port
X@ EXP(—d) Fetch currenk register contents
Xl@ EXP(—n) Indirectx fetch of RAM contents
[+X]@ EXP(—n) Pre-incr.x indirect RAM fetch
[X-]@ EXP (—n) Postdecrx indirect RAM fetch
[>X]@ $xx EXP(—n) Direct RAM fetch,x addressed
X! EXP (d—) Move 8-bit address t® register
[X]! EXP(n—) Indirectx store of RAM contents
[+X]! EXP (n—) Pre-incr.x indirect RAM store
[X-]! EXP(n—) Postdecrx indirect RAM store
[>X]! $xx EXP (n—) Direct RAM storex addressed
Y@ EXP (—d) Fetch current Y register contents
Y@ EXP (—n) Indirect Y fetch of RAM contents
[+Y]@ EXP(—n) Pre-incr. Y indirect RAM fetch
[Y-l@ EXP(—n) Postdecr. Y indirect RAM fetch
>Y]@ $xx EXP (—n) Direct RAM fetch, Y addressed
Y! EXP (d—) Move address to Y register
[Yq! EXP(n—) Indirect Y store of RAM contents
[+Y]! EXP (n—) Pre-incr. Y indirect RAM store
[Y-]! EXP(n—) Postdecr. Y indirect RAM store
[>Y]! $xx EXP(n—) Direct RAM store, Y addressed
>RP $xx EXP (—) Set return stack pointer
>SP $xx EXP(—) Set expression stack pointer
>X $xx EXP(—) Setx register immediate
>Y $xx EXP(—) Set Y register immediate
Notes:
RET (-) Return address stack effects
EXP (-) Expression (or data) stack effects

True condition Means branch flag set in CCR

False condition Means branch flag reset in CCR

n 4-bit data value

d 8-bit data value

addr 8-bit RAM address
ROMaddr 12-bit ROM address
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4  Electrical Characteristics
4.1 Absolute Maximum Ratings

\oltages are given relative tos¥

Parameters Symbol Value Unit
Supply voltage Vpp -03t0+7.0 V
Input voltage (on any pin) VN Vss-0.3< VN < Vpp +0.3 V
Output short circuit duration tshort indefinite sec
Operating temperature range Tamb —40 to +85 °C
Storage temperature range Tstg —40 to +130 °C
Thermal resistance (PLCC) Rihia 110 K/W
Soldering temperature £t10 s) Tsid 260 °C

Stresses greater than those listed under absolute mad 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 tHauild-up of electrostatic charges during handling are rec-
device at any condition above those indicated in the opmmended. Reliability of operation is enhanced if unused
erational section of this specification is not impliedinputs are connected to an appropriate logic voltage level
Exposure to absolute maximum rating condition for ate.g., \bp).

extended period may affect device reliability. All inputs

4.2 DC Operating Characteristics
Supply voltage ¥p = 2.4 t0 6.2 V, ¥s= 0V, Tymp=—40 to +85C, unless otherwise specified.

Parameters | Test Conditions / Pins | Symbol | Min. | Typ. | Max. \ Unit
Power supply ( ) values for M48C260
Active current Vpp = 2.4V fgysci=1MHz oD 09(1.3)|16(2.1) mA
(CPU active) fsysci=2MHz 1.3(1.8)| 2.1(2.9) mA
Vpp=6.2V fsysci=1MHz 21(2.7)| 3.1 (4.0 mA
fsysci=2MHz 3.6 (44) 5.2 (64) mA
Power down current Vpp = 2.4V fgysci=1MHz IpD 0.3(0.9) | 0.5(1.6) mA
(CPU sleep, RC fsysci=2MHz 0.4(1.0)| 0.8(1.7) mA
oscillator active) Vpp=6.2V fgysci=1MHz 0.6 (1.3) | 1.0(2.0) mA
fsysci=2MHz 0.8 (19) 1.3 (23) mA
Sleep current Vpp=24V Isleep 0.4(0.4)| 1.0(1.0) HA
(CPU sleep, RC Vpp=6.2V 0.5(0.5) | 1.0(1.0) A
oscillator inactive)
Sleep current Vpp =24V ISleep 0.8 (0.8) HA
(CPU sleep, RC Vpp=6.2V 0.8 (0.8) A
oscillator inactive) Tamb= 25C
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Supply voltage ¥p = 2.4t0 6.2 V, ¥s =0V, Tamp= 25°C, unless otherwise specified

Parameters | Test Conditions / Pins | Symbol | Min. | Typ. | Max. \ Unit
Brown-out voltage:
Voo | | Veo | 175 | | 225 | v
Schmitt-trigger input voltage: Pin INT6, TA, TB, Port 40 and Port 3
Negative-going threshol(Vpp =2.4t0 6.2 V V1o Vss 0.3*Vpp \
voltage
Positive-going threshold|Vpp =2.4t0 6.2 V Vs 0.7*Vpp Vbb \
voltage
Hysteresis (VEE VT-) |Vpp=2.4t06.2V Vy 0.1*Vpp
Input voltage: Pin NRST, TE, NWP, TCL, and Port 0, 1, 2, Port 43:
Input voltage LOW Vpp=24t06.2V VL Vss 0.2*Vpp \%
Input voltage HIGH Vpp=2.41t06.2V VIH 0.8*Vpp Vbp \
Input current: Bidirectional Ports 0, 1, 2, 3, input Port 4 with pull-up resistor
Pin NRST, TCL, INT6
Input LOW current Vpp=2.4V M =Vss e 2.7 —6.7 -13 HA
Vpp=6.2 V -28 —60 -103 HA
Input current: Bidirectional Ports 0, 1, 2, 3, input Port 4 with pull-down resistor
Pin TE, NWP, TA, TB
Input HIGH current Vpp=2.4V,ViH=Vpp A 2.7 6.3 12 HA
Vpp=6.2V 30 60 100 A
Output current: Bidirectional Ports 0, 1, 2, 3and TA, TB
Output LOW current Vpp=2.4V loL 0.8 1.6 2.8 mA
oL = 0.2*Vpp
Vpp=6.2V 6 11 17 mA
Output HIGH current Vpp=24V lon -0.6 -1.3 2.2 mA
\bH = 0.8*Vpp
Vpp=6.2V —4 -75 -12 mA
Output current: Pin TCL
Output LOW current Vpp=2.4V loL 1.6 3.2 5.6 mA
oL = 0.2*Vpp
Vpp=6.2V 12 22 34 mA
Output HIGH current Vpp=2.4V loH -1.2 -2.6 —-4.4 mA
\bH = 0.8*Vpp
Vpp=6.2V -8 -15 =24 mA
4.3 AC Characteristics
Supply voltage ¥p = 2.4t0 6.2 V, ¥s =0V, Tymp= 25°C, unless otherwise specified
Parameters | Test Conditions / Pins | Symbol | Min. | Typ. | Max. Unit
Timer 2A and 2B input timing
Timer input clock 11 SYSCL -
Timer input LOW time | Rise/fall time < 10 ns i 50 ns
Timer input HIFG 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 tiIRH 50 ns
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Parameters | Test Conditions / Pins | Symbol | Min. | Typ. | Max. \ Unit
TCL clock
TCL input clock freL 2 MHz
TCL input LOW time tteLL 0.250 us
TCL input HIGH time tTCcLH 0.250 10 us
TCL rise time treLr
TCL fall time treLr 10 ns
Reset timing
Power-on reset time TrPoR 100 500 us
NRES input LOW time Tpor |4*SYSCL Hs
Data EEPROM
EEPROM write time Note 1 teEEw 16 ms
EEPROM write cycles |Note 1, 3 nw 5*105 108 -
EEPROM data retention|Note 1, 3 Tor 10 years
Program EEPROM (M48C260 only)
EEPROM write cycles | Note 3 nw 100 | 1000 | -
Operation cycle time
System clock cycle CCS =1 Notel tsyscL 500 ns

CCsS=0 1000 ns

RC oscillator
Frequency Note 1 frc1 1000 kHz
Stability Note 1 Af/f 2000 ppm
Stabilization time Note 1 ts 1000 us
32 kHz oscillator
Frequency fx 32.768 kHz
Start up time tso 1 S
Stability Note 2 Af/f -10 10 ppm
Integrated input/output CiN
capacitances Cout 10 pF
External 32 kHz crystal parameters
Crystal frequency fx 32.768 kHz
Series resistance RS 30 50 kQ
Static capacitance Co 15 pF
Dynamic capacitance C1 3 fF

Note 1: With connected crystal (pin 5, 6) and after start up time of crystal oscillator.
Note 2: Dependent on the connected quartz crystal.

Note 3: This parameter is tested initially and after a design or process change that effects the parameter.
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Crystal
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Figure 23. Equivalent crystal circuit
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Figure 25. Output LOW current vs. supply voltage
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Figure 26. Output LOW current standardized t&%s. temp.
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Figure 24. Brown-out voltage vs. ambient temperature
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Figure 27. Output HIGH current vs. supply voltage

140

130 \

120

110

100
90 N\

80 \

70

lon/lomzs (%)

N

60
-40 -20 0 20 40 60 80 100 120
94 9001 Tamb(°C)

Figure 28. Output HIGH current standardized t&%s temp.
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Figure 29. Output HIGH current vs. output HIGH voltage
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Figure 30. Output HIGH current vs. output HIGH voltage
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Figure 31. Output HIGH current vs. output HIGH voltage
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Figure 32. Output LOW current vs. output LOW voltage
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Figure 33. Output LOW current vs. output LOW voltage
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Figure 34. Output LOW current vs. output LOW voltage
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Figure 35. Input LOW current vs. input LOW voltage
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Figure 36. Input LOW current vs. input LOW voltage
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Figure 37. Input LOW current vs. input LOW voltage
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Figure 38. Input HIGH current vs. input HIGH voltage
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Figure 39. Input HIGH current vs. input HIGH voltage
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Figure 40. Input HIGH current vs. input HIGH voltage
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Figure 41. Input LOW current vs. supply voltage Figure 43. Input HIGH current vs. supply voltage
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Figure 42. Input LOW current standardized t6@%s. Figure 44. Input HIGH current standardized t6Q@%s.
temperature temperature
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4.4 Schmitt-Trigger Inputs

The following figures show the Schmitt-trigger input specs used at timer inputs TA, TB and interrupt inputs.

Note: The values for switch levels are standardized to supply voltage.

80 ~ 30
max| o
o 70 . —
> o 25
= 60 S
S typ. X
X 50 a
2 min §
ZD 40 | 15
_ >
S 30 | [
N Tamb= 25°C Y 10
+ 20 Z Tamb= 25°C
> .5
10 >
0 0
2 25 30 35 40 45 50 55 6.0 65 2 25 30 35 40 45 50 55 6.0 65
949013 Vpp (V) 94 9014 Tamb(°C)

Figure 45. Schmitt-trigger positive going threshold voltage  Figure 47. Schmitt-trigger hysteresis vs. supply voltage
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20 £ 80
> >'_
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Figure 46. Schmitt-trigger negative going threshold voltage Figure 48. Threshold temperature drift

Note: For a pulse to be recognizable, it must be a minimum of 50 ns long with a riss fithas.
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5 Pad Layout

nwp BPO3gpo2  BPo1BPOO gPa3
TE | O O O O O O O 0 |BP32
O |BP31
XTALO | O
O |BP30
XTALI | O 0 |VSS ana.
VDD di 0 | vsS dig.
i9.| O
VDD ana [J M44C260 o |TcL
NRST| O O |1P40
BP20 | O O |1P41
BP21| O 0| 1P42
IO’0 O O O O O O
BP22 50, BP10 oy BP12 5pq4 IP43 95 10245
Figure 49. Pad layout
Table 8. Pad coordinates
Number Name X Point Y Point Number Name X Point Y Point
1 BP22 0.0 0.0 16 BP32 3056.0 3741.5
2 BP23 404.5 0.0 17 BP33 2651.5 3741.5
3 BP10 809.0 0.0 18 BPOO 2247.0 3741.5
4 BP11 1398.5 0.0 19 BPO1 1830.5 37415
5 BP12 1811.0 0.0 20 BPO02 1136.5 37415
6 BP13 2223.5 0.0 21 BPO03 720.0 3741.5
7 IP43 2686.5 0.0 22 NWP 303.5 3741.5
8 P42 3056.0 509.0 23 TE 0.0 3660.0
9 IP41 3056.0 965.0 24 XTALI 0.0 3103.0
10 IP40 3056.0 1363.0 25 XTALO 0.0 2625.0
11 TCL 3056.0 1792.0 26 VDD dig. 0.0 2315.0
12 VSS dig. 3056.0 2247.5 27 VDD ana. 24.0 2044.0
13 VSS ana. 3056.0 2457.5 28 NRST 0.0 1707.0
14 BP30 3056.0 2720.5 29 BP20 0.0 1164.5
15 BP31 3056.0 3301.0 30 BP21 0.0 424.5

The M44C260 is also available in the form for COB mounting. Therefore the substrate, i.e., the backside of the die,

sould be connected tog¥

Die size: 3.46 mm x 4.19 mm

Pad size: 9@m * 90 um

Thickness: 380 25um
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BPO1

BP02

BPO3| [ O O O | BPOO
NWP | O O | BP33
TE | O BP32
XTALO | O U] BP31
XTALI | O 0| BP30
VDD dig. | O 0| VSS ana.
VDD ana.| 0O M48C260 0| vss dig.
NRST| O 0| TeL
BP20| [ J1 P40
BP21| O O P41
BP22| OJ O] 1p42
BP23| O O 1P43
BP10| O U |BP13
BP11| ® 0,0 U | BP12 95 1xXXX
Figure 50. Pad layout
Table 9. Pad coordinates
Number Name X Point Y Point Number Name X Point Y Point
1 BP22 0.0 1668.0 16 BP32 3577.5 7265.0
2 BP23 0.0 1060.0 17 BP33 3577.5 7768.0
3 BP10 0.0 456.0 18 BPOO 3577.5 8080.0
4 BP11 0.0 0.0 19 BPO1 3109.0 8080.0
5 BP12 3577.5 -3.5 20 BPO02 476.0 8080.0
6 BP13 3577.5 452.5 21 BPO03 -4.0 8080.0
7 IP43 3577.5 978.5 22 NWP -4.0 7770.0
8 IP42 3577.5 1667.5 23 TE -4.0 7264.5
9 IP41 3577.5 2463.5 24 XTALI -4.0 6465.5
10 IP40 3577.5 3261.5 25 XTALO -4.0 5662.5
11 TCL 3577.5 4063.5 26 VDD dig. -4.0 4990.0
12 VSS dig. 3577.5 4757.0 27 VDD ana. 34.0 4725.0
13 VSS ana. 3577.5 4990.0 28 NRST 0.0 4063.0
14 BP30 3577.5 5667.0 29 BP20 0.0 3263.0
15 BP31 3577.5 6462.5 30 BP21 0.0 2462.0

The M48C260 is also available in the form for COB mounting. Therefore the substrate, i.e., the backside of the die,

sould be connected tog¥

Die size:
Pad size:

Thickness:

4.00 mm x 8.55 mm

9@m * 90 um
380 25um
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6 Package Information
Package SS0O28

9.25
Dimensions in mm 12.9 ‘ 8.75 -
12.7 75
7.3
|
Il Il Il Il Il Il Il Il Il \_ 35
i 0.25
) 10.50
- ‘ ‘ 10.20 ‘
EEEEELEEEEELL ==
1 T T T ospedficaions e
Package SSO20 6.3
Dimensions in mm ‘ 6.00 ‘
7.33 5.38
7.07 5.20
| L
=
| 1 J % 0.20
\ 0.09
7.90
7.65 ‘
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7 Standard Design of M48C260

TheuC above is a standard design, as given belllvis(realised). In case the customer wants another configuration,
please consult TEMIC.

BP0OO B CMOS BP23 B CMOS
(1 Pull-up [ Opendrain [N]
B Pull-down [ Open drain [P]
W Pull-up
P01 M cMos 0 Pulldown
B Pull-down BP30 B CMOS
BP02 B CMOS (1 Open drain [N]
0 Pull-up 1 Open drain [P]
Bl Pull-down W Pull-up
] Pull-down
BP03 B CMOS
(1 Pull-up BP31 B CMOS
B Pull-down [ Opendrain [N]
BP10 B CMOS [ Opendrain [P]
O Pull-up W Pull-up
H Pull-down O Pull-down
BP11 B CMOS BP32 B CMOS
QO Pull-up 1 Open drain [N]
W Pull-down [ Opendrain [P]
BP12 M CMOS Bl down
(] Pull-up
Bl Pull-down BP33 B CMOS
BP13 B CMOS 1 Open drain [N]
] Pull-up (] Open drain [P]
H Pull-down B Pull-up
(1 Pull-down
BP20 B CMOS
[ Opendrain[N] IP40-INT6 H Pull-up
[ Open drain [P] (1 Pull-down
W Pull-up
] Pull-down IP41-TA° H CMOS
1 Pull-up
[ Open drain [N]
[1d Open drain [P] IP42-TB H CMOS
W Pull-up ] Pull-up
(] Pull-down B Pull-down
BP22 B CMOS P43 B Pull-up
[ Open drain [N] ] Pull-down
[ Opendrain [P]
W Pull-up TE (1 Pull-up
(] Pull-down H Pull-down
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M44C260/M48C260 TEMIC

8 Ordering Information for M44C260

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

BPOO B CMOS BP23 (1 CMOoSs
[ Pull-up (1 Opendrain [N]
(1 Pull-down 4 Opltlan drain [P]
] Pull-up
sPoL M clos 2 Pulldown
(] Pull-down BP30 1 CMOS
[ Opendrain [N]
BP02 B CMOS .
O Pull-up [ Open drain [P]
] Pull-down 1 Pull-up
] Pull-down
BPO3 EI gt’:f_)fp BP31 O CMOS
[ Open drain [N]
(1 Pull-down
[ Opendrain [P]
BP10 B CMOS (1 Pull-up
[ Pull-up (1 Pull-down
3 Pull-down BP32 ] CMOS
BP11 B CMOS (1 Opendrain [N]
[ Pull-up [ Open drain [P]
(] Pull-down ] Pull-up
BP12 m CMOS 1 Pull-down
(1 Pull-up BP33 (1 CMOos
(1 Pull-down (1 Opendrain [N]
BP13 B CMOS 1 Open drain [P]
1 Pull-up 1 Pull-up
O Pull-down O Pull-down
IP40-INT6 [] Pull-up
BP20 a CMmOos 01 Pull-down
[ Open drain [N]
[ Opendrain [P] IP41-TA B CMOS
(1 Pull-up 1 Pull-up
(1 Pull-down (1 Pull-down
BP21 1 CMOos IP42-TB. H CMOS
[ Opendrain [N] 1 Pull-up
(] Open drain [P] (1 Pull-down
(1 Pull-up
P43 ] Pull-up
(1 Pull-down 0 Pull-down
BP22 . CMOS NWP (1 Pull-up
[ Opendrain [N] 0 Pull-down
[ Open drain [P]
(d Pull-up TE 1 Pull-up
(] Pull-down (1 Pull-down
File [l .HEX [ CRC:___ h Type: Normal / Short
[ Size:_ KByte
Approval Date: . . Signature:
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TEMIC M44C260/M48C260

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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