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Extended 8—bit Microcontroller with Serial Communication
Interfaces

The TSC80251G1D products are derivatives of the TEMIC Application Specific Microcontroller family based on the
extended 8-bit C251 architecture described below.

This family of products are tailored to microcontroller applications requiring highly increased instruction throughput
and addressable memory space combined with an optimized internal power management.

Three major features have been implemented to provide optimized performance to the designer:
e Serial Communication InterfacedQ/uWire/SPI and RS232 protocols
® Power Monitoring and Management Unit:

= Power—Fail reset

= Internal clock prescaler

=  Power—-Down mode (current <|28)

® 256 Kbytes of external addressable memory for code and data

1.1. Application Focus

Typical applications for these products are Networking applications, plotters, scanners, computer pebguiidrgs,
machines or similar systems in other segments. With the high instruction throughput, the TSC80251G1D products are
focusing on all high—end 8-bit to 16-bit applications. They are also well suited to systems where a lower operating
frequency is needed to reduce power consumption or Radio Frequency Interference (RFI), while maintaining a high
level of CPU power.

1.2. C251 Architecture

The C251 architecture at its lowest performance level, is binary code compatible with the 80C51 architecture. Due to
a 3—stage instruction pipeline, the average CPU performance is increased by 5 times, using existing 80C51 code with-
out any modification.

Usingthe new C251 instruction set, the performandadseased by up to 15 times, at the same clock rate. This{perfor
mance enhancement is based on a new 16-bit and even partly 32-bit oriented powerful instruction set, and additional
internal 8 and 16—bit data busses. A 24—bit address bus will allow an extension of the address space up to 16 Mbytes
for future derivatives.

Programming flexibility and C—code efficiency are both increased by the register—based architecture, the 64—Kbyte
extendedstack space and the new instruction set.

Combining the above features of the C251 core, the final code size could be reduced by a factor of 3, compared to an
80C51 implementation.

The TSC80251G1D derivatives implement Intel’s core revision A and all technical information in this document re-
lates to this revision. The latest Intel’s core revision is presently being integrated by TEMIC.

Bothrevisions are upward compatible, so that no problem will appear if a revigioodAct is replaced by a new one.
Themajor diferences are some additiofi@atures in the configuration bytes and a modified emulator interface which
is not impacting your application.

This document will be released as soon as the first TSC80251G1D product will be available in the new revision.

1.3. TSC80251G1D Products

The TSC80251G1D is available as a ROMless version (TSC80251G1D) or with on—chip Mask Programmable ROM
(TSCB83251G1D)The TSC87251G1D is an EPROM version compatible to the Mask ROM version.

MATRA MHS
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The standard production packages are 44 pins PLCC or QFP, 40 pins PDIL.
All products can be delivered as 12, 16 or 24 MHz versions at 5 Volts and in all major temperature ranges. ROMless
andMask ROM versions are also available in@t¥.

1.4. TSC80251G1D Documentation and Tools

The following documentation and Starter tools are available to use of the TEMIC derivatives:

e TSC80251G1D Extended 8-bit Microcontroller with Serial Communication Interfaces Design Guide”
Contains all information about the G1 derivatives (block diagram, memory mapping, peripheral description,
electrical mechanical and ordering information) and application notes.

® “TSCB80251 Extended 8-bit Microcontrollers Programmer‘s Guide”
Contains all information for the programmer (architecture, instruction set, programming, software tools).

® “TSC80251G1 Starter Kits”

These kits enable the TSC80251G1D to be evaluated by the designer
Their contents is:

C—Compiler (limited to 2 Kbytes of code)

Assembler

Linker

TSC 80251G1 Simulator

TSC 80C251G1 Evaluation Board with ROM—Monitor (Evaluation Kit only)

Please visit our WWW for updated versions in ZIP format.
® “TSCB80251 Development Tools”

e \World Wide Web
Please contact our WWW for possible updated information at http://www.temic.de

® TSCB80251 e—mail hotline: C251@temic.fr

MATRA MHS
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Product Features

C251 core based (MC251 INTEL compliance)
Pin—Out compatibility with 80C51 standard products
1 Kbyte of internal RAM

TSC83251G1D: 16 Kbytes of on—chip masked ROM

TSC87251G1D: 16 Kbytes of internal programmable ROM (OTP or UV erasable in window package)

TSC80251G1D: ROMless version

External memory space (Code/Data) programmable from 64 Kbytes to 256 Kbytes

Four 8-bit parallel /0 Ports (Ports 0, 1, 2 and 3 of the standard 80C51)

Three 16-bit Timers/Counters (Timers 0, 1 and 2 of the standard 80C51)

Serial 1/0 Port: full duplex UART (80C51 compatible) with independent Baud Rate Generator

EWC: Event and Waveform Controller

= Compatible with PCA: Programmable Counter Array &—bit modules)

= High-speed output

=  Compare/Capture I/O

= 8-hit Pulse With Modulator (PWM)

= Watchdog Timer capabilities

SSLC: Synchronous Serial Link Controller

= |2C protocol

= pWire and SPI protocols

Hardware Watchdog Timer

Power Monitoring and Management

= Power—Fail reset

= Power—On reset (integrated on the chip)

=  Power—Off flag (cold and warm resets)

= Software programmable system clock

= |dle and Power—-Down modes

Keyboard interrupt on Port 1

Non Maskable Interrupt input (NMI)

Real-time Vit states input (WIT#)

Power Supply: 5V +/—10% and 3 V +/— 10% (*)
Up to 16 MHz operation and three temperature ranges:
= Commercial (0 to +7)

= Industrial (-40 to +8%C)

= Automotive (—40 to +12%)

Packages : PLCC44, CQPJ44 (window), QFP44 and PDIL40 (**)

* Please contact your sales office for availability of 3 V option
** Please contact your sales office for QFP and PDIL availability

MATRA MHS
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Core Features

Based on the extended 8-bit C251 architecture, the TSC80251G1D includes a complete set of new or improuas
compatible peripherals as well as multiple protocol serial interfaces.
The key features of the new C251 architecture are:
e Intel's MCS 251 compliance
® Register—based architecture:
= 40-byte register file
= Registers accessible as bytes, words, and double word
e 3-stage instruction pipeline
® Enriched instruction set
= 16-bit and 32-bit arithmetic and logic instructions
= Compare and conditional jump instructions
= Expanded set of move instructions
® Reduced instruction set
= 189 generic instructions
= Free space for additional instructions in the future
= Additionally all 80C51 instructions are usable in binary mode
® 16-hit internal code fetch
® 64 Kbytes extended stack space
e Maximum addressable memory of 16 Mbytes
The benefits of this new architecture are:
® 5 times 80C51 performances in binary mode (80C51 binary code compatibility)
e 15 times 80C51 performances in source mode (full architecture performance)

e Efficient C language support: up a factor 3 of code size reduction (when a C program for 80C51 is recompiled in
C251 language)

e Complete system development support
= Compatible with existing tools
= New tools available: C—CompilehssemblerDebugger, ICE
e Reduction of RFI and power consumption (reduced operating frequency)

MATRA MHS 1.3
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Block Diagram
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O 0O o 0O
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Figure 3.1 TSC80251G1D Block Diagram
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Pin Description

P1.5/CEX2/MISO
P1.6/CEX3/SCL/SCK

P1.7/A17/CEX4/SDA/MOSI
RST

P3.0/RXD
WAIT#

P3.1/TXD

P3.2/INTO#

P3.3/INT1#

P3.4/TO

P3.5/T1

Caution:

P1.4/CEX1

I

]

 _ X o o o ®
uw O o« o Qa o o Ao
O W E £ 4 < < < <
®m & 9 3 p o & 4 d &
a4 4 «4 <4 0 0O o o o o
o o [a o > > o o o o
P0.4/AD4
] Pos5/AD5
1 Pro.6/AD6
| PO0.7/AD7
] Ea#ivpPP
TSC80251G1D m— U
] ALE/PROGH#
[ | PSEN#
| P27/A15
| P26/A14
1 pP2s5/Aa13

P3.6/WR#| ]

P3.7/A16/RD#

XTAL2 [
XTALL [
vss|[ ]
VSS2 [ ]
p2.0/A8 | ]
P2.1/A9 ]
P2.2/A10[ ]
P2.3/A11[ ]
P2.4/IA12[ ]

Figure 4.1 TSC80251G1D Pin Description

See “Packages” chapter in section Il for position of pin #1.
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Table 4.1 TSC80251G1D Pin Description

nd can

yte

Pin Type Description
P0.0:7 110 Port 0
This is an 8—bit open—drain bidirectional I/O port. Port O pins that have 1s written to them float g
be used as high—impedance inputs.
It is also Address/Data lines ADO:7, which are multiplexed lower address lines and data lines for
external memory.
External pull-ups are required during program verification.
P1.0:7 110 Port 1
This is an 8—bit bidirectional 1/0O port.
It receives the low—order address byte during EPROM programming and verification.
It serves also the functions of various special features:
P1.0 T2 : Timer 2 external clock input/output
P1.1 T2EX : Timer 2 external input
P1.2 ECI : EWC external clock input
P1.3 CEXO0 : EWC module 0 Capture input/PWM output
P1.4 CEX1 : EWC module 1 Capture input/PWM output
P1.5 CEX2 : EWC module 2 Capture input/PWM output
MISO . UWWire/SPI master input slave output
P1.6 CEX3 : EWC module 3 Capture input/PWM output
SCL . 12C clock
SCK . UWire/SPI serial clock
P1.7 Al7 : Address line for the 256—Kbyte memory space depending on the b
UCONFIGO
CEX4 : EWC module 4 Capture input/PWM output
SDA : 12C synchronous serial link data
MOSI . UWire/SPI master output slave input
Port 1 is also used as a keyboard interface.
P2.0:7 110 Port 2
This is an 8—bit bidirectional 1/0 port with internal pull-ups.
It receives data during EPROM programming and verification.
It is also Address lines A8:15, which are upper address lines for external memory.
P3.0:7 110 Port 3
This is an 8—bit bidirectional 1/0 port with internal pull-ups.
It receives the high—order address bits during EPROM programming and verification.
It serves also the functions of various special features:
P3.0 RXD : Serial Port Receive Data input
P3.1 TXD : Serial Port Transmit Data output
P3.2 INTO# : External Interrupt O
P3.3 INT1# : External Interrupt 1
P3.4 TO : Timer 0 external clock input
P3.5 T1 : Timer 1 external clock input
P3.6 WR# : Write signal for external access
P3.7 Al6 : Address line for 128—Kbyte and 256—Kbyte memory space
depending on the byte UCONFIGO,
RD# : Read signal for external access, depending UCONFIGO byte.
ALE/PROG# /10 Address Latch Enable/Program Pulse
It signals the start of an external bus cycle and indicates that valid address information are available on
Ilirlﬁs A16/A17 and A7:0. An external latch can use ALE to demultiplex the address from address/data
It is also used as the Program Pulse input PROG#, during EPROM programming.
PSEN# O Program Store Enable/Read signal output
'tI)'his output is asserted for a memory address range that depends on bits RDO and RD1 in UCONFIGO
yte.
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thg 1
at

e Port

cillator

cillator

Pin Type Description
EA#/VPP | External Access Enable/Programming Supply Voltage
This input directs program memory accesses to on—chip or off-chip code memory.
For EA# = 0, all program memory accesses are off-chip.
For EA# = 1, an access is on-chip OTPROM/EPROM/ROM if the address is within the range of
on—chip OTPROM/EPROM/ROM; otherwise the access is off-chip. The value of EA# is latched
reset. For devices without ROM on-chip, EA# must be strapped to ground.
It receives also the Programming Supply Voltage VPP during EPROM programming operation.
WAIT# | Real-time Wait States Input
When this pin is active (low level), the memory cycle is stretched until it becomes high.
NMI | Non Maskable Interrupt
Holding this pin high for 24 oscillator periods triggers an interrupt.
VDD PWR Digital Supply Voltage
VSS GND Digital Ground
VSS1 GND Digital Ground
VSS2 GND Digital Ground
RST | Reset input to the chip
Holding this pin high for 64 oscillator periods while the oscillator is running resets the device. Th
pins are driven to their reset conditions when a voltage greater thais\applied, whether or not the
oscillator is running.
This pin has an internal pull-down resistor which allows the device to be reset by connecting a
capacitor between this pin and VDD.
Asserting RST when the chip is in Idle mode or Power—-Down mode returns the chip to normal
operation.
XTALL | Input to the on—chip inverting oscillator amplifier
To use the internal oscillator, a crystal/resonator circuit is connected to this pin. If an external os
is used, its output is connected to this pin. XTAL1 is the clock source for internal timing.
XTAL2 (@) Output of the on—chip inverting oscillator amplifier
To use the internal oscillator, a crystal/resonator circuit is connected to this pin. If an external os
is used, leave XTAL2 unconnected.
MATRA MHS 1.9
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Configuration and Memory Mapping

1.1. Introduction

based on this architecture may provide various derivative features. The configuration and memory mapping Z

The C251 architecture provides generic configuration and memory addressing capabilities. However, the piasias
~
of the TSC80251G1D derivatives are detailed in this chapter.

1.1.1. 80C51 and 80C251 Memory Model Comparison

SFR:FF
FFFFh
F8h
T ! . \
CODE SFR 98h
SPACE SPACE —_— gciicm
64KB 128 Bytes 90h 7 addressable
88h
l 0000h SFR: /
Yy 80 80h
00:007Fh
A
00:0100h
FFFFh
Direct
Indirect addressable
Evternal addressable g,]AI\C/IhIp
xterna :
on chi .
DATA e 00:0080n SPACE
64KB 256 Bytes 2Fh
¢ 0000h 80C51 Bitspace
20h
4 Register 1Fh
Banks
Figure 1.180C51 Memory Model
MATRA MHS 1.1
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FF:FFFFh 00:FFFFh SFR:FF
‘ F8h A
CODE
SPACE :
64KB SFR 98h
+ FF:0000h SPACE
DATA 90h
[} [}
! ' 88h
SFR:
y 80
Extended 00:007Fh 80h
Direct ‘
Full Addressaljle EBIT
16MB Memory 251
addre oare bitaddr.
00:0100h
Space
02:0000h
Indirect Direct
External addressable addregsable
DATA on chip on Chip
SPACE RAM , RAM
64KB | space | 00:0080h SPACE
128 B
01:0000h yte
2Fh
Extended 80C51 Bitspacé
Direct 20h '
fni:;:jable 4 Register 1Fh
Y e 00:0000h § 00:0000h Banks

Figure 1.280C251 Memory Model

1.2. Configuration

The TSC80251G1D derivatives provide design flexibility by configuring some operating features during the device
reset. These features fall into the following categories:

® mapping of the upper portion of on—chip code memory to region 00:,

e external memory interface,

source/binary mode opcodes,
e selection of the bytes pushed on the stack by an interrupt.

The choice of internal ROM or external memory access is made through the External Access pin (EA#, see paragraph
1.3.2.). The internal memories of the TSC80251G1D derivatives are detailed in “Memory Mapping” paragraph.

The choice of external memory interface is detailed in this chapter.

The choice of source or binary mode and the interrupt processing are discussed in the TSC80251 Programmers’ Guide.

MATRA MHS
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These settings are made based on two configuration bytes (UCONFIGO and UCONFIG1, see Figure 1.13 and
Figure 1.14 at the end of this chapter).

1.2.1. Page Mode and Wait States

This part deals with the choice of external bus cycle speed configuration. All the externgtlegsare based on states

which are made of two cycles of the internal oscillator. The external XTAL1 frequency can be internally divided by
the prescaler to reduce the power consumption (See “Power Monitoring and Management” chapter) and the speed of
theexternal cycles is then reduced accordingly

TSC80251G1D derivatives use two 8—bit Ports (PO, P2) to multiplex a 16—bit address bus and an 8-bit data-

first configuration is multiplexing the lower 8—bit address bus and the 8—hit data bus on Port 0; this is the nd ¢
mode which is compatible with the 80C51 derivatives. The second configuration is multiplexing the upper 8
dress bus and the 8-bit data bus on Port 2; this is the page mode which improves performance. This bus structure is
shown on Figure 1.3 and is configured by the PAGE bit of UCONFIGO byte (See Figure 1.13).

TSC80251G10 A15:8 TSC80251G10)
PO AT:0 P2 A15:8
A15:8/D7:0 A15:8
A7:0
D7:0_ RAM PO A7:0 RAM
EPROM EPROM
Flash Flash
Non-page Page Mode

Mode

Figure 1.3 Bus Structure in Non—Page Mode and Page Mode

Figure 1.4highlights the non—page mode configuration with a code fetch cole state is used to latch A7:0 on Port
0, then the data are transferred during the second state.

State 1 State 2

S W W W W U
ALE —4/5—\

RD#/PSEN# : \ —/—
PO —— A7:0 < D7:0 >—
a17/a16P2 <K ' AL7/ALG/ALS S

* The OSC signal is the internal clock signal. It has no link with XTALIXKZT signals.

Figure 1.4 External Bus Cycle: Code Fetch, Non—Page Mode

MATRA MHS 1.3
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State 1 State 2 State 3
ose: AW WA WA
ALE —Jj_\

RD#/PSEN# ; \ _/—\__/—
a17/a16/P0 < A17/A16/A7:0 >~ A17/A16/A7:0
P2 - < Al15:8

Z | Z
* The OSC signal is the internal clock signal. It has no link with XTALIKT signals.

Figure 1.5 External Bus Cycle: Code Fetch, Page Mode

Three configuration bits are provided to introduce wait states and modulate the access time depending on the external
devices. One wait state can be added to extend the address latch time using the XALE bit in UCONFIGO byte. Three
otherwait states can also be added to extend the data access time once the multiplexed addresses have been latched.
Figure 1.6shows a code fetch in non—page mode with one wait state. dih&iate A bits (WSAZL:0 bits in UCONFIGO

byte)adds one to three wait states for external program/code and data accesses (See segments FF:, FE:, 00: in paragraph
1.2.3.).The Wait State B bits (WSB1:0 bit in UCONFIGL1 byte) adds one to three wait states for external data accesses
only (See segment 01: in paragraph 1.2.3.).

osc: VARV WA WV WV WA W
ALE ——/—\

RD#/PSEN# , , \ /—
PO — A0 >— D7:0 >
A7iateP2 < | ALTIAL6/AI5S | >—

* The OSC signal is the internal clock signal. It has no link with XTALIKT signals.

Figure 1.6 External Bus Cycle: Code Fetch with One RD#/PSEN# Wait State in Non—Page Mode

1.2.2. Real-time Wait States Input

A WAIT# pin is available oiTSC80251G1D to extend the width of the RD#,WR# and PSEN# pulses in order to allow
access of slow memories/peripherals. If the WAIT# input is low by the specified time after falls, the TSC80251G1D
will hold the bus lines to their values. When the WAIT# input rises the bus cycle continues (See Gt@#acteris

tics” chapter in section Ill, for timings).

1.4 MATRA MHS
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1.2.3. External Memory Signals

For easy reference to the C51 architecture, it is convenient to consider the 24—bit linear address space 6f the C251
architecture as 256 segments of 64 Kbytes (from segment 00: to segment FF:). Some of these segments are reserved
to map the internal registers and, in this section, we only consider the segments which allows to access to the external
memory.In the TSC80251G1D derivatives only four segments of the 24—bit internal address space (00:, 01:, FE:, FF:)
are implemented to address the external memory. This allows a maximum program or data memory space of 256
Kbytes.Various configurations are possible, depending on the Read configuration bits (RD1:0) which are setin UCON
FIGO byte (See Figure 1.13).

1.2.3.1. How to Addess 256 Kbytes 2
The maximum external memory is provided when RD1:0 = 00, as shown on Figure 1.7PSEN# is used as a rd

and WR# is used as a write signal. Eighteen address bits are provided externally (A17, A16, P2, P0) to control 256
Kbytesin four segments. In this configuration, the program/attedata spaces share the same external memery seg
ments.

Internal Spaces Read/Write Signals Segments Addresses External Memory

Al7:Al16 Al7, Al6, P2, PO

FF: 11
FE: 10
256 Kbytes
Program/Code PSEN# oL o1
00: |00 FF:
FE:
FE: .
Data PSEN#/WR# 10 00:
01: 01
00: 00

Figure 1.7 Internal/External Memory Segments (RD1:0 = 00)

1.2.3.2. How to Addess 128 Kbytes

One /O pin (P1.7/A17) is saved if 128 Kbytes of external memory are enough, as shown on Figure 1.8(RD1:0 = 01).
PSEN# is used as a read signal and WR# is used as a write signal. Seventeen address bits are provided externally (PO,
P2,A16) to control 128 Kbytes itwo segments. In this configuration, the program/code and data spaces share the same
externalmemory segments which are replicated twice in each internal space.

MATRA MHS 1.5
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Internal Spaces Read/Write Signals Segments Addresses External Memory
A16 A16, P2, PO
FF: |1
FE: |0
Program/Code PSEN#
01: |1 128 Kbytes
00: (O 01:, FF:
EE: 1 00:, FE:
FE: |O
Data PSEN#/WR#
01: |1
00: |0

Figure 1.8 Internal/External Memory Segments (RD1:0 = 01)

1.2.3.3. How to Addess 64 Kbytes

Two I/O pins (P1.7/A17 and P3.7/A16/RD#) are saved if 64 Kbytes of external memory are enough, as shown on
Figure 1.9 (RD1:0 = 10). PSEN# is used as a read signal and WR# is used as a write signal. Sixteen address bits are
provided externally (PO, P2) to control 64 Kbytes in one segment. In this configuration, the program/code and data
share the same external memory segment which is replicated four times in each internal space.

Internal Spaces Read/Write Signals ~ Segments Addresses External Memory

P2, PO

FF:
FE:
01:
00:

Program/Code PSEN#
64 Kbytes

00, 01:, FE:, FF:

FF:
FE:
01:
00:

Data PSEN#/WR#

Figure 1.9 Internal/External Memory Segments (RD1:0 = 10)

1.2.3.4. How to Keep C51 Memory Compatibility

The last configuration provides a full compatibility with the C51 architecture, as shown on Figure 1.10 (RD1:0 = 11).
PSENH#is used as a read signal for program/code memory while RD# is used as a read signal and WR# is used as a write
signal for data memory accesses. 16 address bits are provided externally (PO, P2). In this configuration, the program/
codefits in one read—onlgxternal memory segment and the data fits in another read—write external memory segment.
Eachsegment is replicated four times in each internal space.
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Internal Spaces Read/Write Signals Segments Addresses External Memory
P2, PO

FF:
FE:

Program/Code PSEN#

g 01: 264 Kbytes

00: 00:, 01;, FE;, FF:
FE: 00:, 01:, FE:, FF:
FE:

Data RD#/WR#
01:
00:

Figure 1.10 Internal/External Memory Segments (RD1:0 = 11)

1.3. Memory Mapping

The specific internal memories of the TSC80251G1D derivatives fall into the following categories:
e 2 Configuration bytes

® 16 Kbytes on—chip ROM or EPROM/OTP program/code memory

e 1 Kbyte on—chip RAM data memory

e Special Function Registers (SFRs)

1.3.1. Configuration Bytes

The configuration bytes, UCONFIGO and UCONFIG1, are detailed in Figure 1.13 and Figure 1.14. During reset they
areread from a specific ROM arefaor the TSC80251G1D EPROM and OTPROM versions, these bytes are program
mablein an EPROM area (See “EPROM Programming” chapter). For the TSC80251G1D masked ROM versions, these
bytes are additional information provided in a masked ROM area. For the TSC80251G1D ROMIess versions, these
bytesare configured in factory according to the part number {Qegering Information”). These bytes are not accessi

ble by the user during operation and they do not appear in the Memory Mapping of the TSC80251G1D derivatives.

1.3.2. Program/Code Memory

The split of the internal and external program/code memory space is shown on Figure 1.11. If EA# is tied to a high
level, the 16—Kbyte internal programemory are mapped in the lower part of segment FF: where the C251 core jumps
after reset. The rest of the program/code memory space is mapped to the external memory (See paragraph 1.2.3. to
determine to which external memory location each segment actually maps). If EA# is tied to a low level, the internal
program/codenemory is not used and all the accesses are directed to the external. memory

Forthe TSC80251G1D EPROM and OTPROM versions, the internal program/code is programra@ie©M (See
“EPROM programming” chapter). For the TSC80251G1D masked ROM versions, the internal program/code is pro-
vided in a masked ROM. For the TSC80251G1D ROMless versions, there is no possible internal program/code and
EA# must be tied to a low level.
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Program/code Program/code Internal Memory
External Memory Space Segments ROM Program

FF:FFFFh

48 Kbytes

FF:4000h

FF:3FFFh
16 Kbytes EA#=0 FE:0000h 8 Kbytes

FE:FFFFh

64 Kbytes

FE:0000h EA#=1

FD:FFFFh
Reserved
02:0000hn
A 0L:FFFFh 8 Kbytes

128 Kbytes

01:0000h
00:FFFFh

00:0000h
\J

Figure 1.11 Programmable Memory Mapping

Note:
Special care should be taken when the Program Counter (PC) increments:
e |f your program executes exclusively from on—chip ROM/OTPROM/EPROM (not from external memory),
beware of executing code from the upper eight bytes of the on-chip ROM/OTPROM/EPROM

(FF:3FF8h—FF:3FFFF). Because of its pipeline capability, the TSC8025I@dypattempt to prefetch code
from external memory (at an address above FF:3FF8h/FF:3FFFF) and thereby disrupt 1/0O Ports 0 and 2.
Fetchingcode constants from these 8 bytes does fattaPorts 0 and 2.

e \WhenPC reaches the emd segment FF:, it loops to the reset address FF:0000h (for compatibility with the C51
Architecture). When PC increments beyond the end of segment FE:, it continues at the reset address FF:0000h
(linearity). When PC increments beyond the end of segment 01:, it loops to the beginning of segment 00: (this
prevents from it going into the reserved area).
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1.3.3. Data Memory

Data External Internal Memory
Memory Space Data Segments ROM Code

FF:FFFFh
48 Khytes

FF:4000h
FF.3FFFh
FF:0000h

FE:FFFFh

8 Kbytes

16 Kbytes EA#=0 EA#=1

64 Kbytes
FE:0000h

FD:FFFFh

Reserved
02:0000h 8 Kbytes

01:FFFFh

64 Kbytes
01:0000h

8 Kbytes EMAP=1 00:FFFFh RAM Data
00:E000h
EMAP=0

00:DFFFh 1 Kbyte

55 Kbytes

00:0420h 32 bytes reqg.

Figure 1.12 Data Memory Mapping

The split of the internal and external data memory space is shown on Figure 1.12. All the TSC80251G1D derivatives
featureaninternal 1 Kbyte RAM. This memorig mapped in the data space just over the 32 bytes of registers area (See
TSC80251 Programmers’ Guide). Hence, a part of the internal RAM located from 20H teiFatidressable. This
internalRAM is not accessible through the program/code memory space.

For computation with the internal ROM code of the TSC83251G1D and TSC87251G1D versions, its upper 8 Kbytes
are also mapped in the segment 00: if the EPROM Map configuration bit is cleared (EMAP bit in UCONFIGL1 byte,
see Table 1.1). However, if EA# is tied to a low level, the TSC80251G1D derivative is raar@iRgOMIless and the

code is actually fetched in the corresponding external memory (i.e. the upper 8 Kbytes of the lower 16 Kbytes of seg-
ment FF:). If EMAP bit is set, the internal ROM is not accessible through the segment 00:.

All the accesses to the portion of the data space with no internal memory mapped onto are redirected to the external
memory, see paragraph 1.2.3. to determine to which external memory location each segment actually maps.

1.3.4. Special Function Registers

The Special Function Registers (SFRs) of the TSC80251G1D derivatives fall into the following categories:
® (251 core registers (SP, SPH, DPL, DPH, DPXL, PB®XV1, ACC, B)

e Port registers (PO, P1, P2, P3)

® Timer registers (TCON, TMOD, TLO, TL1, THO, THT2CON, T2MOD, RCAP2L, RCAP2H, TL2, TH2)

e Serial Port and Baud Rate Generator registers (SCON, SBAIDDR, SADEN, BDRCON, BRL)

e Event and Waveform Controller registers:
= Counters (CCON, CMOD)
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=  Compare/Capture (CCAPMO, CCAPM1, CCAPM2, CCAPM3, CCAPM4, CCAPOL, CCAP1L, CCAP2L,
CCAP3L,CCAPA4L, CCAPOH, CCAP1H, CCAP2H, CCAP3H, CCAP4H)

e Synchronous Serial Link Controller registers (SSBR, SSCON, SSCS, SSS¥%DR

® Power monitoring/management and clock control registers (PCON, FFOIWM, CKRL)
e Hardware Watchdog Timer register (WDTRST)

e Keyboard interrupt registers (P1F, P1E, P1LS)

® Interrupt system registers (IEO, IE1, IPLO, IPL1, IPHO, IPH1)

SFRs are placed in a reserved internal memory segment S: which is not represented in the internal memory mapping.
The relative addresses within S of these SFRs: are provided together with their reset values in Table 1SERdI the

are bit—addressable using the C251 instruction set. The C251 core registers are in italics in this table and they are de-
scribed in the TSC80251 Programmers’ Guide. The other registers are detailed in the following sections which fully
describe each peripheral unit.
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Table 1.1 SFR Addresses and Reset Values

0/8 1/9 2/IA 3/B 4/C 5/D 6/E 7/F
F8h CH CCAPOH CCAP1H CCAP2H CCAP3H CCAP4H F8h
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
FOh B** FOh
0000 0000
E8h CL CCAPOL CCAP1L CCAP2L CCAP3L CCAP4L E8h

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

EOh ACC EOh
0000 0000

D8h CCON CMOD CCAPMO CCAPM1 CCAPM2 CCAPMS3 CCAPM4 D8h
0010 0000 0011 1000 1000 0000 1000 0000 1000 0000 1000 0000 1000 0000

DOh PSW PSW1 DOh
0000 0000 0000 0000

C8h T2CON T2MOD RCAP2L RCAP2H TL2 TH2 C8h
0000 0000 | XXXX XX00 0000 0000 0000 0000 0000 0000 0000 0000

COh COh

B8h IPLO SADEN SPH B8h
0000 0000 0000 0000 0000 0000

BOh P3 IE1 IPL1 IPH1 IPHO BOh
1111 1111 | XXOX XXX0 | XXOX XXX0 | XX0X XXX0 X000 0000

A8h IEO SADDR A8h
0000 0000 0000 0000

AOh P2 WDTRST AOh
1111 1111 1111 1111

98h SCON SBUF BRL BDRCON P1LS P1E P1F 98h
0000 0000 | XXXX XXXX 0000 0000 XXX0 0000 0000 0000 0000 0000 0000 0000

90h P1 SSBR SSCON SSCS SSDAT S SADR 90h
1111 1111 0000 0000 0000 0000 | OXXX XXXO 0000 0000 0000 0000

88h TCON TMOD TLO TL1 THO TH1 CKRL POWM 88h
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 | OXXX OXXX

80h PO SP DPL DPH DPXL PFILT PCON 80h
1111 1111 0000 0111 0000 0000 0000 0000 0000 0001 XXXX XXXX 0000 0000

0/8 1/9 2/A 3/B 4/C 5/D 6/E 7IF

Italicized registers are described in the TSC80251 Programmer’s Guide (C251 core registers).
[] reserved

S:00h — S:7Fh unimplemented
S:100h — S:1FFh unimplemented
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UCONFIGO
Configuration Byte 0
7 6 5 4 3 2 1 0
UCON /- WSAL1# WSAO# XALE# RD1 RDO PAGE# SRC
Bit Bit

Number | Mnemonic DEEE e

Configuration Byte Location select bit (Only for OTPROM/EPROM products)
UCON Clear to fetch configuration bytes from on—chip memory.
Set to fetch configuration bytes from on—chip memory if EA#=1 or from external memory if EA#=0.

7
Reserved (Only for MaskROM/ROMless products)
B Set this bit when writing to UCONFIGO.
Wait State A bits
6 WSA1# Select the number of wait states for RD#, WR# and PSEN# signals for external memory accesses (all
regions except 01:).
WSA1# WSAO# Number of wait states
0 0 3
0 1 2
5 WSAO# 1 0 1
1 1 0

Extend ALE bit
4 XALE# Clear to extend the time of the ALE pulse frogisEto 3xTosc.
Set to keep the time of the ALE pulse st

3 RD1 Memory Signal Select bits
Codes specify a718-hit,"17=bit 6r 16=bit'external'addtess bus arid address fanges'fot'RD#, WR# and
2 RDO PSEN# signals (See Table 1.2).

Page Mode Select bit
1 PAGE# Clear for page mode with A15:8/D7:0 on Port 2 and A7:0 on Port 0.
Set for non—page mode with A15:8 on Port 2 and A7:0/D7:0 on Port 0.

Source Mode/Binary Mode Select bit
0 SRC Clear for binary mode.
Set for source mode.

Figure 1.13 Configuration Byte 0

Notes:
® To configure the TSC80251G1D in C51 binary mode, use the following bit values in UCONFIGOLMte: 1
1110b.This configuration is already programmed in —B option microcontroller (See “Ordering Information”).
® To configure theTSC80251G1D in C251 default mode, use the following bit values in UCONFIGO hyte: 1
1111b.This configuration is already programmed in —A option microcontroller (See “Ordering Information”).
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The following Table describes in detail the address range selected with RDx bits.
Table 1.2 Address Range for RD#, WR# and PSEN#

RD1 RDO P1.7 P3.7/RD# PSEN# WR# External Memory

0 0 Al17 Al6 Read signal for all external Write signal for all externa 256 Kbytes
memory locations memory locations

0 1 1/O pin Al6 Read signal for all external Write signal for all externa 128 Kbytes
memory locations memory locations

1 0 1/O pin 1/0 pin Read signal for all external Write signal for all external 64 Kbytes
memory locations memory locations

1 1 I/0 pin | Read signal for regions 00: Read signal for regions FE:Write signal for regions 00 64 Kbytes (*)

and 01: (data memory) and FF: (code memory) | and 01: (data memory)

(*) This selection provides compatibility with C51 microcontrollers which have separate external memory space for data and code

MATRA MHS
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FFFFh.

UCONFIG1
Configuration Byte 1
7 6 5 4 3 2 1 0
- - - INTR WSB WSB#1 WSBO# EMAP#
Bit Bit .
Number | Mnemonic Description
. Reserved
Set this bit when writing to UCONFIG1.
6 Reserved
Set this bit when writing to UCONFIG1.
5 Reserved
Set this bit when writing to UCONFIG1.
Interrupt Mode bit
4 INTR Clear so that the interrupts push two bytes onto the stack (the two lower bytes of the PC register).
Set so that the interrupts push four bytes onto the stack (the three bytes of the PC register and the
PSW1 register).
Wait State B bit (Use only for Step A compatibility)
3 WSB Clear to generate one wait state for memory region 01:.
Set for no wait states for memory region 01:.
Wait State B bits
2 WSB1# Select the number of wait states for RD#, WR# and PSEN# signals for external memory accesses
(only region 01:).
WSB1# WSBO# Number of wait states
0 0 3
0 1 2
1 WSBO# 1 0 1
1 1 0
EPROM Map bit
0 EMAP# Clear to map the upper 8 Kbytes of on—chip code memory (FF:2000h—FF:3FFFh) to 00:E000h—00:}
Set to not map the upper 8 Kbytes of on—chip code memory (FF:2000h—FF:3FFFh).
Figure 1.14 Configuration Byte 1
Notes:

® To configure the TSC80251G1ih C51 binary mode, use the following bit values in UCONFIG1 byit#0 1
0111b.This configuration is already programmed in —B option microcontroller (See “Ordering Information”).

® To configure theTSC80251G1D in C251 default mode, use the following bit values in UCONFIG1 byie: 1
1111b.This configuration is already programmed in —A option microcontroller (See “Ordering Information”).
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Parallel 1/0 Ports

2.1. Introduction

The TSC80251G1D uses input/output (I/O) Ports to exchange data with external devices. In addition to performing
general-purpose 1/0, some Ports are capable of external memory operations; others allow for alternate functions. All
four TSC80251G1D 1I/O Ports are bidirectional. Each Port contains a latch, an output driver and an input buffer. Port
0 and Port 2 output drivers and inputfleu$ facilitate external memory operations. Port O drives the lower addrese
onto the parallel address bus and Paiti2es the upper address byte onto the bus. In non—page mode, the data ig 2
plexedwith the lower address byte on Port 0. In page mode, the data is multiplexed with the upper address byt@8
2. All Port 1 and Port 3 pins serve for both general—-purpose I/O and alternate functions (See Tadide212, T
Table 2.3and Table 2.4).

Table 2.1 Port 0 Pin Descriptions

Pin Name | Type Alternate Pin Name Alternate Description Alternate Type
P0.0 110 ADO Address/Data line 0 (Non—page mode) 1/0
A0 Address line 0 (Page mode)
P0.1 110 AD1 Address/Data line 1 (Non—page mode) 1/0
Al Address line 1 (Page mode)
P0.2 110 AD2 Address/Data line 2 (Non—page mode) 110
A2 Address line 2 (Page mode)
P0.3 110 AD3 Address/Data line 3 (Non—page mode) 1/0
A3 Address line 3 (Page mode)
P0.4 110 AD4 Address/Data line 4 (Non—page mode) 1/0
A4 Address line 4 (Page mode)
P0.5 110 AD5 Address/Data line 5 (Non—page mode) 110
A5 Address line 5 (Page mode)
P0.6 110 AD6 Address/Data line 6 (Non—page mode) 1/0
A6 Address line 6 (Page mode)
P0.7 110 AD7 Address/Data line 7 (Non—page mode) 110
A7 Address line 7 (Page mode)
MATRA MHS 11.15
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Table 2.2 Port 1 Pin Descriptions

Pin Name | Type Alternate Pin Name Alternate Description Alternate Type
P1.0 I/0 T2 Timer 2 external clock input/output 110
P1.0 Keyboard input O |
P1.1 I/0 T2EX Timer 2 external input |
P1.1 Keyboard input 1 |
P1.2 110 ECI EWC external clock input I
P1.2 Keyboard input 2 |
P1.3 I/0 CEXO0 EWC module 0 Capture input/PWM output 110
P1.3 Keyboard input 3 |
P14 I/0 CEX1 EWC module 1 Capture input/PWM output 110
P1.4 Keyboard input 4 |
P15 I/0 CEX2 EWC module 2 Capture input/PWM output 110
MISO UWire/SPI master input slave output 110
P1.5 Keyboard input 5 |
P1.6 110 CEX3 EWC module 3 Capture input/PWM output 1/10
SCL 12C serial clock o]
SCK HWire/SPI serial clock (@)
P1.6 Keyboard input 6 |
P1.7 110 Al7 Address line 17 1/10
CEX4 EWC module 4 Capture input/PWM output 110
SDA 12C serial data 110
MOSI UWire/SPI master output slave input 110
P1.7 Keyboard input 7 |
Table 2.3 Port 2 Pin Descriptions
Pin Name | Type Alternate Pin Name Alternate Description Alternate Type
P2.0 I/0 A8 Address line 8 (Non—page mode) (@)
A8/DO Address line 8/Data line 0 (Page mode) o
P2.1 110 A9 Address line 9 (Non—page mode) (0]
A9/D1 Address line 9/Data line 1 (Page mode) 1o
pP2.2 110 A10 Address line 10 (Non—page mode) (0]
A10/D2 Address line 10/Data line 2 (Page mode) 1o
pP2.3 I/0 All Address line 11 (Non—page mode) O
A11/D3 Address line 11/Data line 3 (Page mode) 1o
pP2.4 I/0 Al12 Address line 12 (Non—page mode) (@)
A12/D4 Address line 12/Data line 4 (Page mode) o
P25 I/0 Al13 Address line 13 (Non—page mode) (@)
A13/D5 Address line 13/Data line 5 (Page mode) o
P2.6 110 Al4 Address line 14 (Non—page mode) (0]
Al4/D6 Address line 14/Data line 6 (Page mode) 1o
pP2.7 I/0 A15 Address line 15 (Non—page mode) (@)
A15/D7 Address line 15/Data line 7 (Page mode) I'o
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Table 2.4 Port 3 Pin Descriptions

Pin Name | Type Alternate Pin Name Alternate Description Alternate Type
P3.0 110 RXD Serial Port Receive Data input |
P3.1 110 TXD Serial Port Transmit Data output (0]
P3.2 110 INTO# External Interrupt O |
P3.3 110 INT1# External Interrupt 1 |
P3.4 110 TO Timer 0 input |
P3.5 110 T1 Timer 1 input |
P3.6 110 WR# Write signal to external memory (@)
P3.7 110 RD# Read signal to external memory (@)

Al6 Address line 16 (6]
Notes:

e EWC = Event Waveform Controller
® |2C = Inter-Integrated Circuit

e PWM = Pulse Wdth Modulation

® SPI| = Serial Peripheral Interface

® Refer to Table 9.1. for Pin conditions in Special Operating Modes.

2.2. 1/0 Configurations

EachPort SFR operates via type—D latches, as illustrated in Figure 2.1for Port8 1Aa@¢U “write to latch” signal

initiates transfer of internal bus data into the type—D latch. A CPU “read latch” signal transfers the latched Q output
ontothe internal bus. Similarlya “read pin” signal transfers the logical level of the Port pin. Some Port data instructions
activate the “read latch” signal while others activate the “read pin” signal. Latch instructions are referred to as Read—
Modify—Write instructions (See “Read—Modify—Write Instructions” paragraph). Each 1/O line may be independently
programmed as input or output.

2.3. Port1 and Port 3

Figure 2.1showshe structure of Ports 1 and 3, which have internal pull-ups. An external source can pull the pin low.
Each Port pin can be configured either for general-purpose 1/O or for its alternate input or output function (See
Table 2.2and Table 2.4).

To use a pin for general-purpose output, set or clear the corresponding bit in the Px register (x = 1 or 3). To use a pin
for general—purpose input, set the bit in the Px register. This turns off the output FET drive.

To configure a pin for its alternate function, set the bit in the Px register. When the latch is set, the “alternate output
function” signal controls the output level (See Figure 2.1). The operation of Ports 1 and 3 is discussed fQtizesi-in
Bidirectional Port Operation” paragraph.

Note:
To allow proper operation of alternate functions on one pin, the corresponding latch must be set to logical one. Othejiw@éeertis forced
on the pin.
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VDD

Alternate
Internal
Read Output pull—up
Latch J’I Function
' L
| | P3.x
e ¢ 1D Plx Q I P1.x
P3.x
Write to Latch —
Latch CL Q# =
|

Read \IJ T I

Pin Alternate
Input
Function

Figure 2.1 Port 1 and Port 3 Structure

2.4. Port 0 and Port 2

Ports 0 and 2 are used for general—purpose I/O or as the external address/data bus. Port 0, shown in Figure 2.2, differs
from the other Ports in not having internal pull-ups. Figure 2.3shows the structure of Port 2. An external source can
pull a Port 2 pin low.

To use a pin for general—purpose output, set or clear the corresponding bit in the Px register (x = 0 or 2). To use a pin
for general-purpose input set the bit in the Px register to turn off the output driver FET.

Address/ Control VDD
Data
Read
Latch )’I

| 1

Internal —¢— 1 p Q

Bus PO.x N PO.X
. Latch

Write to I\ |

CL #
Latch Q y [

I
Read \IJ

Pin

Figure 2.2 Port O Structure
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Address Control VDD

I |

Read

Latch )’I

|
Internal l 1 {>c |
—e¢— D Q y |

Bus P2.x

Write to Latch
Latch CL Q#

P2.x

|
Read \IJ

Pin

Figure 2.3 Port 2 Structure

When Port 0 and Port 2 are used for an external memory cycle, an internal control signal switches the output—driver
input from the latch output to the internal address/data line. “External Memory Access” paragraph discusses the opera
tion of Port 0 and Port 2 as the external address/data bus.

Notes:
e Port 0 and Port 2 are precluded from use as general purpose 1/0 Ports when used as address/data bus drivers.

e Port 0 internal pull-ups assist the logic—one output for memory bus cycles only. Except for these bus cycles, the
pull-up FET is off. All other Port O outputs are open—drain.

2.5. Read—Modify—Write Instructions

Some instructions read the latch data rather than the pin data. The latch based instructions read the data, modify the
data and then rewrite the latch. These are called “Read—Modify—Write” instructions. Below is a complete list of these
special instructions (See Table 2.5). When the destination operand is a Port or a Port bit, these instructions read the
latch rather than the pin:

Table 2.5 Read—Modify—Write Instructions

Instruction Description Example
ANL logical AND ANL P1,A
ORL logical OR ORL P2,A
XRL logical EX-OR XRL P3,A
JBC jump if bit = 1 and clear bit JBC P1.1, LABEL
CPL complement bit CPL P3.0
INC increment INC P2
DEC decrement DEC P2
DJINZ decrement and jump if not zero DJINZ P3, LABEL
MOV Px.y, C move carry bit to bit y of Port x MOV P15, C
MATRA MHS 1.19
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Instruction Description Example
CLR Px.y clear bit y of Port x CLR P2.4
SET Px.y set bit y of Port x SET P3.3

It is not obvious the last three instructions in this list are Read—Modify—Write instructions. These instructions read the
Port(all 8 bits), modify the specifical addressedasitl write the new byte back to the latch. These Read—Modifte-W
instructionsare directed to the latch rather than the pin in order to avoid possible misinterpretation of voltage (@and there
fore, logic) levels at the pin. For example, a Port bit used to drive the base of an external bipolar transistor can not rise
above the transistor’'s base—emitter junction voltage (a value lower tharWith a logic one written to the bit, at-

tempts by the CPU to read the Port at the pin are misinterpreted as logic zero. A read of the latch rather than the pin
returns the correct logic—one value.

2.6. Quasi—Bidirectional Port Operation

Port 1, Port 2 and Port 3 have fixed internal pull-ups and are referred to as “quasi-bidirectional” Ports. When config-
uredas an input, the pin impedance appears as logic one and sources current in response to an externaldodic zero
tion. Port O is a “true bidirectional” pin. The pin floats when configured as input. Resets write logical one to all Port
latches. If logical zero is subsequently written to a Port latch, it can be returned to input conditions by a logical one
written to the latch.

VDD VDD VDD

2 Osc. Periods

pl —| p2—| p3

Q# from Port Latch n

Input data < dﬁ} ® 0<}

Read Port Pinpe

Figure 2.4 Internal Pull-Up Configurations

Note:

Port latch values change near the end of Read—Modify—Write instruction cycles. Output buffers (and therefore the pirestataylypd the

instruction after the Read—Modify—Write instruction cycle.

Logical zero—to—one transitions in Port 1, Port 2 and Port 3 use an additional pull-up to aid this logic transition (See
Figure 2.4). This increases switch speed. The extra pull-up briefly sources 100 times normal internal circuit current.
The internal pull-ups are field—effect transistors rather than linear resistors. Pull-ups consist of three p—channel FET
(PFET) devices. A pFET is on when the gate senses logical zero and off when the gate senses logical one. pFET #1
is turned on for two oscillator periods immediately after a zero—to—one transition in the Port latch. A logical one at the
Port pin turns on pFET #3 (a weak pull-up) through the inverter. This inverter and pFET pair form a latch to drive
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logical one. pFET #2 is a very weak pull-up switched on whenever the associated nFET is switched off. This is tradi-
tional CMOS switch convention. Current strengths are 1/10 that of pFET #3.

2.7. Port Loading

Outputbuffers of Port 1, Port 2 and Port 3 can each sink 1.6 mA at logic zero (pepécificationin “Electricaland
Mechanical Information” section). These Port pins can be driven by open—collector and open—drain devices. Logic
zero—to—onéransitions occuslowly as limited current pulls the pin to a logic—one condition (See Figure 2.4). A |
zero input turns ¢fpFET #3. This leaves only pFET #2 weakly in support of the transition. In external bus mod
0 output buffers each sink 3.2 mA at logic zero (Seg1\specification in “Electrical and Mechanical Informatio
section). However, the Port 0 pins require external pull-ups to drive external gate inputs. External circuits mus
designed to limit current requirements to these conditions.

e

2.8. External Memory Access

Theexternal bus structure is flifent for page mode and non—page mode. In non-fpade (used by 80C51 microcon

trollers), Port 2 outputs the upper address byte; the lower address byte and the data are multiplexed on Port 0. In page
mode, the upper address byte and the data are multiplexed on Port 2, while Port 0 outputs the lower address byte.
The TSC80251G1D CPU writes FFh to the PO register for all external memory bus cycles. This overwrites previous
information in Port 0. In contrast, the P2 register is unmodified for external bus cycles. When address bits or data bits
are not on the P2 pins, the bit values in Port 2 appear on the Port 2 pins.

In non—page mode, Port 0 uses a strong internal pull-up FET to output ones or a strong internal pull-down FET to output
zeros for the lower address byte and the data. Port 0 is in a high-impedance state for data input. In page mode, Port
0 uses a strong internal pull-up FET to output ones or a strong internal pull-down FET to output zeros for the lower
address byte or a strong internal pull-down FET to output zeros for the upper address byte.

In non—page mode, Port 2 uses a strong internal pull-up FET to output ones or a strong internal pull-down FET to output
zeros for the upper address byte. In page mode, Port 2 uses a strong internal pull-up FET to output ones or a strong
internal pull-down FET to output zeros for the upper address byte and data. Port 2 is in a high-impedance state for
data input.

Note:
In external bus mode, Port 0 outputs do not require external pull-ups.

There are two types of external memory accesses: external program memory and external data memory. External pro-
gram memories use signhal PSEN# as a read strobe. 80C51 microcontrollers use RD# (read) or WR# (write) to strobe
memoryfor data accesses. Depending on its RDO and RD1 configuration bits, the TSC80251G1D uses PSEN# or RD#
for data reads (See “Configuration and Memory Mapping” chapter).

During instruction fetches, external program memory can transfer instructions with 16—bit addresses for binary com-
patible code or with the external bus configured for extended memory addressing (17-bit or 18—hit).

External data memory transfers use an 8-bit, 16—bit, 17—bit or 18—bit address bus, depending on the instruction and
the configuration of the external bugble 2.6 lists the instructions that can be used for these bus widths.
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Table 2.6 Instructions for External Data Moves

Bus Width Instructions

8 MOVX @Ri
MOV @Rm
MOV dir8

16 MOVX @DPTR
MOV @WRj
MOV @WRj+dis
MOV dirl6

17 MOV @DRk
MOV @DRk-+dis

18 MOV @DRk
MOV @DRk+dis

Note:
Avoid MOV PO instructions for external memory accesses. These instructions can corrupt input code bytes at Port 0.

External signal ALE (address latch enable) facilitates external address latch capture. The address byte is valid after
the ALE pin drives b . For write cycles, valid data is written to Port O just prior to the write pin (WR#) asserting
VoL . Data remains valid until WR# is undriven. For read cycles, data returned from external memory must appear
at Port 0 before the read pin (RD#) is undrivenitt\states, by definition, fatt bus—timing.
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Timers/Counters

3.1. Introduction

The TSC80251G1D contains three general—purpose, 16—bit Timers/Counters. Although they are identified as Timer
0, Timer 1, and Timer 2, you can independently configure each to operate in a variety of modes as a Timer or as an
eventCounter Whenoperating as aimer, a Timer/Counter runs for a programmed length of time, then issues an inter
rupt request. When operating as a Counter, a Timer/Counter counts negative transitions on an external pi ”~
preset number of counts, the Counter issues an interrupt request.
EachTimer/Counter employs two 8-bitrfier registers, used separately or in cascade, to maintain the counimEne
registers and associated control and capture registers are implemented as addressable Special Function Registers
(SFRs).Table 3.1 briefly describes the SFRs referred to in this chajaer of the SFRs provide programmable control

of the Timers as follows:

e Timer/Counter mode control register (TMOD) and Timer/Counter control register (TCON) control Timer 0 and
Timer 1.

® Timer/Counter 2 mode control register (T2MOD) and Timer/Counter 2 control register (T2CON) control Timer 2.

These registers are described in Table 3.1 and at the end of this chapter.

Table 3.1 Timer/Counter SFRs

Mnemonic Description Address
TLO Timer O registers S:8Ah
THO Used separately as two 8-bit Counters or in cascade as one 16-bit Counter S:8Ch

Counts an internal clock signal with frequeneysg/12 (Timer operation) or an external input
(event Counter operation).

TL1 Timer 1 registers S:8Bh
TH1 Used separately as two 8-bit Counters or in cascade as one 16-bit Counter S:8Dh
Counts an internal clock signal with frequengysi/12 (Timer operation) or an external input
(event Counter operation).

TL2 Timer 2 registers S:CCh
TH2 Used in cascade as one 16-bit Counter. S:CDh
Counts an internal clock signal with frequenegysE/12 (Timer operation) or an external input
(event Counter operation)

TCON Timer 0/1 Control register S:88h
Contains the run control bits, overflow flags, interrupt flags and interrupt type control bits f¢
Timer O and Timer 1.

=

T2CON Timer 2 Control register S:C8h
Contains the receive clock, transmit clock and capture/reload bits used to configure Timer|2.

Also contains the run control bit, Counter/Timer select bit, overflow flag, external flag and
external enable for Timer 2.

TMOD Timer 0/1 Mode Control register S:89h
Contains the mode select bits, Counter/Timer select bits and external control gate bits for Timer 0
and Timer 1.

T2MOD Timer 2 Mode Control Register. S:C%h
Contains the Timer 2 output enable and down count enable bits.

RCAP2L Timer 2 Reload/Capture registers S:CAh

RCAP2H Provide values to and receive values from the Timer registers (TL2,TH2). S:CBh
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Table 3.2 describes the external signals referred to in this chapter.

Table 3.2 External Signals

. . Multiplexed
Mnemonic | Type Description With
INTO# | External Interrupt O P3.2

This input sets the IEO interrupt flag in TCON register

ITO selects the triggering method: ITO = 1 selects edge-triggered (high—to—low);
ITO = 0 selects level-triggered (active low). INTO# also serves as external run control for
Timer 0, when selected by GATEO bit in TCON register.

INT1# | External Interrupt 1 P3.3
This input sets the IE1 interrupt flag in TCON register.

IT1 selects the triggering method: IT1 = 1 selects edge—triggered (high—to—low);
IT1 = O selects level-triggered (active low). INT1# also serves as external run contrgl for
Timer 1, when selected by GATEL bit in TCON register.

TO | Timer 0 External Clock Input P3.4
When Timer 0 operates as a Counter, a falling edge on the TO pin increments the cqunt.

T1 Timer 1 External Clock Input P3.5
When Timer 1 operates as a Counter, a falling edge on the T1 pin increments the cqunt.

T2 1/0 Timer 2 Clock Input/Output P1.0
This signal is the external clock input for the Timer 2 capture mode and it is the Timer 2
clock output for the clock—out mode.

T2EX | Timer 2 External Input P1.1
In Timer 2 capture mode, a falling edge initiates a capture of the Timer 2 registers.

In Auto-reload mode, a falling edge causes the Timer 2 to be reloaded.

In the up—down Counter mode, this signal determines the count direction: high=up,
low=down.

The various operating modes of each Timer/Counter are described below

3.2. Timer/Counter Operations

For instance, a basic operation is Timer registers THx and TLx (x = 0, 1 or 2) connected in cascade to form a 16—bit
Timer. Setting the run control bit (TRx) in TCON or T2CON register (See Figure 3.9 or Figure 3.11) turns the Timer

on by allowing the selected input to increment TLx. When TLx overflows it increments THx; when THx overflows

it sets the Timer overflow flag (TFx) in TCON or T2CON register. Setting the TRx does not clear the THx and TLx
Timer registers. Timer registers can be accessed to obtain the current count or to enter preset values. They can be read
atany time but TRx bit must be cleared to preset their values, otherwise the behavioriwieti€dunter isinpredict

able.

The C/Tx# control bit selects Timer operation or Counter operation by selecting the divided—down system clock or
external pin Tx as the source for the counted signal. TRx bit must be cleared when changing the mode of operation,
otherwise the behavior of the Timer/Counter is unpredictable.

For Timer operation (C/Tx# = 0), the Timer register counts the divided—down system clock. The Timer register is in-
cremented once every peripheral cycle, i.e. once every six states. Since six states equals 12 oscillator periods (clock
cycles), the Timer clock rate i9Ec/12.

Exceptions are the Timer 2 Baud Rate and Clouk+modes, where the Timer register is incremented by the system
clock divided by two.

For Counter operation (C/Tx# = 1), th@rier register counts the negative transitions on the Tx external input pin. The
externalinput is sampled during every S5P2 state. Progransn@ride describes the notation for the states in a periph

eral cycle. When the sample is high in one cycle and low in the next one, the Counter is incremented. The new count
value appears in the register during the next S3P1 state after the transition was detected. Since it takes 12 states (24
oscillatorperiods) to recognizersegative transition, the maximum count rate is 1/24 of the oscillator freqUdreng

are no restrictions on the duty cycle of the external input signal, but to ensure that a given level is sampled at least once
before it changes, it should be held for at least one full peripheral cycle.
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3.3. Timer O

Timer O functions as either d@rier orevent Counter in four modes of operation. Figure 3.1, Figure 3.2, Figure 3.3 and
Figure 3.4 show the logical configuration of each mode.

Timer 0 is controlled by the fouower bits of TMOD register (See Figure 3.10) and bits 0, 1, 4 and 5 of TCON register
(See Figure 3.9). TMOD register selects the method of Timer gating (GATEO), Timer or Counter operation (T/CO#)
and mode of operation (M10 and M0O0). TCON register provides Timer 0 control functions: overflow flag (TFO0), run
control bit (TRO), interrupt flag (IEO) and interrupt type control bit (ITO).

For normal Timer operation (GATEO = 0), setting TRO allows TLO to be incremented by the selected input. ke
GATEO and TRO allows external pin INTO# to control Timer operation. 2
Timer 0 overflow (count rolls over from all 1s to all 0s) sets TFO flag generating an interrupt request.

It is important to stop Timer/Counter before changing mode.

3.3.1. Mode 0 (13-bit Timer)

Mode 0 configures imer 0 as an 13-bitifer which is set up as an 8-bitrier (THO register) with a modulo 32 pres
caler implemented with the lower five bits of TLO register (See Figure 3.1). The upper three bits of TLO register are
indeterminate and should be ignored. Prescaler overflow increments THO register.

OSC— =12
5 Timer x
THX | TLx TEx ——*Interrupt
™ O WV (8 bits)(5 bits) Request
C/Tx OVERFLOW
TRx

GATEx ADO

INTxt OF—

Figure 3.1 Timer/Counter x (x = 0 or 1) in Mode 0

3.3.2. Mode 1 (16—bit Timer)

Mode 1 configures Timer 0 as a 16-bit Timer with THO and TLO registers connected in cascade (See Figure 3.2). The
selected input increments TLO register.

OSC—+12
0 Timer x
THx | TLX TEx ——>Interrupt
™ . (8 bits) (8 bits Request
C/Tx OVERFLOW
TRx
GATEX —| o
INTx¢ O3
Figure 3.2 Timer/Counter x (x = 0 or 1) in Mode 1
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3.3.3. Mode 2 (8-bit Timer with Auto—Reload)

Mode 2 configures Timer 0 as an 8-bit Timer (TLO register) that automatically reloads from THO register (See
Figure 3.3). TLO overflow sets TFO flag in TCON register and reloads TLO with the contents of THO, which is preset
by software. When the interrupt request is serviced, hardware clears TFO. The reload leaves THO unchanged. The next
reload value may be changed at any time by writing it to THO register.

OSCr— =12
= Timer x
X ——Interrupt
) TFx p
™ 0 1 (8 bits Request
C/Tx
TRx RELOAD
GATEx 4!>o -
INTx¢ 3 (8 bits

Figure 3.3 Timer/Counter x (x = 0 or 1) in Mode 2

3.3.4. Mode 3 (Two 8-hit Timers)

Mode 3 configures Timer O such that registers TLO and THO operate as separate 8-bit Timers (See Figure 3.4). This
mode is provided for applications requiring an additional 8—bit Timer or Counter. TLO uses the Timer O control bits
C/TO# and GATEO in TMOD register, and TRO and TFO in TCON register in the normal manner. THO is locked into
aTimer function (counting §sc/12) and takes over use of thien€r 1 interrupt (TF1) and run control (TR1) bits. Thus,
operation of Timer 1 is restricted when Timer 0O is in mode 3.

OSC—+12
0 Timer O
TLO e
TFO
o O WV (8 bits Requont
C/TO
TRO
GATEO 4!>o
INTO# 3
| Timer 1
OSC | =12 THO TF1 —*Interrupt
(8 bits Request
TR1
Figure 3.4 Timer/Counter 0 in Mode 3 : Two 8-bit Counters
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3.4. Timer 1

Timer 1 functions as either a Timer or event Counter in three modes of operation. Figure 3.1 to Figure 3.3 show the
logical configuration for modes 0, 1, and 2. Timex iiiode 3 is a hold—count mode.

Timer 1 is controlled by the four high—order bits of TMOD register (See Figure 3.10) and bits 2, 3, 6 and 7 of TCON
register (See Figure 3.9). TMOD register selects the method of Timer gating (GATE1), Timer or Counter operation
(C/T1#) and mode of operation (M11 and M01). TCON register provides Timer 1 control functions: overflow flag
(TF1), run control bit (TR1), interrupt flag (IE1) and interrupt type control bit (IT1).

Timer 1 operation in modes 0, 1 and 2 is identical to Timer 0. Timer 1 can serve as the Baud Rate Generator for the
SerialPort. Mode 2 is best suited for this purpose. "
For normal Timer operation (GATE1 = 0), setting TR1 allows TL1 to be incremented by the selected input. i
GATE1 and TR1 allows external pin INT1# to control Timer operation.

Timer 1 overflow (count rolls over from all 1s to all 0s) sets the TF1 flag generating an interrupt request.
WhenTimer 0 is in mode 3, it usesriier 1's overflow flag (TF1) and run control bit (TR1). For this situation, usesT
1 only for applications that do not require an interrupt (such as a Baud Rate Generator for the Serial Port) and switch
Timer 1 in and out of mode 3 to turn it off and on.

It is important to stop Timer/Counter before changing mode.

3.4.1. Mode 0 (13-bit Timer)

ModeO configures Tmer 1 as a 13-bitifner, which is set up as an 8-biirier (TH1 register) with a modulo—32 pres
caler implemented with the lower 5 bits of the TL1 register (See Figure 3.1). The upper 3 bits of TL1 register are ig-
nored. Prescaler overflow increments TH1 register.

3.4.2. Mode 1 (16-bit Timer)

Mode 1 configures Timer 1 as a 16-bit Timer with TH1 and TL1 registers connected in cascade (See Figure 3.2). The
selected input increments TL1 register.

3.4.3. Mode 2 (8-hit Timer with Auto—Reload)

Mode 2 configures imer 1 as an 8-bitifiner (TL1 registerwith automatic reload from TH1 register on overflow (See
Figure 3.2). TL1 overflow sets TF1 flag in TCON register and reloads TL1 with the contents of TH1, which is preset
by software. The reload leaves TH1 unchanged.

3.4.4. Mode 3 (Halt)

Placing Timer 1 in mode 3 causes it to halt and hsldount. This can be used to halh&r 1 when TR1 run control
bit is not available i.e. when Timer 0 is in mode 3.

3.5. Timer 2

Timer 2 is a 16-bit ier/CounterThe count is maintained by two eight—bitnér registers, TH2 and TL2, connected

in cascade. iimer 2 is controlled by T2MOD register (See Figure 3.12) and T2CON register (See Figure 3.11).

Timer 2 provides the following operating modes: capture mode, auto—reload mode, Baud Rate Generator mode, and
programmable clock—out mode. Select the operating mode with T2MOD and T2CON register bits as shown in
Table 3.3Auto-reload is the default mode. Setting RCLK and/or TCLK selects the Baud Rate Generator mode.

Timer 2 operation is similar to Timer O and Timer 1. C/T2# selegtgdE2 (Timer operation) or external pin T2
(Counter operation) as the Timer register input. Setting TR2 allows TL2 to be incremented by the selected input.

Theoperating modes are described in the following paragraphs. Block diagrams in Figure 3.7 and Figure 3.8 show the
Timer 2 configuration for each mode.
It is important to stop Timer/Counter before changing mode.

MATRA MHS .27
Rev. A—25 Sept 1997

Preliminary



TSC80251G1D TEMIC

Table 3.3 Timer 2 Modes of Operation

Mode . RCLK . TCLK . T20E .CP/RLZ#
(in T2CON) (in T2CON) (in T2MOD) (in T2CON)
Auto-reload 0 0 0 0
Capture 0 0 0 1
Programmable Clock—Out 0 0 1 0
Reserved 0 0 1 1
Baud Rate Generator 0 1 0 X
BRG and Clock—Out 0 1 1 X
Baud Rate Generator 1 X 0 X
BRG and Clock—Out 1 1 X

3.5.1. Auto—Reload Mode

The auto—reload mode configures Timer 2 as a 16-bit Timer or event Counter with automatic reload. The Timer oper-
ates an as an up Counter or as an up/down Counter, as determined by the down Counter enable bit DCEN in T2MOD
register(See Figure 3.12). At device reset, DCEN is cleared, so in the auto—-reload mwate} fiefaults to operation

as an up Counter.

3.5.1.1. Up Counter Operation

WhenDCEN = 0, Tmer 2operates as an up Counter (See Figure 3.5). The external enable bit EXEN2 in T2CON regis
ter provides two options. If EXEN2 = Ojrfier 2 counts up to FFFFh and sets TF2 overflow flag. The overflow condition
loads the 16-bit value of the reload/capture registers (RCAP2H, RCAP2L) into the Timer registers (TH2, TL2). The
valuesin RCAP2H and RCAP2L are preset by software. In this case, T2EX is not used.

If EXEN2 = 1, the imer registers are reloaded by eitheliradr overflow or a high—to—low transition at external input
T2EX. This transitionalso sets EXF2 bit in T2CON regist&ither TF2 or EXF2 bit can generate an interrupt request.

0sd +12 0 N TH2 | TL2 | Overflow
1 j (8 Bits)|(8 Bits)
2 0
CIT2#
TR2 RCAP2HRCAP2L
T—» TF2
-‘_D> Timer 2
Interrupt
T2EXx O—> \ EXF2‘| Request
EXEN2
Figure 3.5 Timer 2: Auto Reload Mode Up Counter (DCEN = 0)
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3.5.1.2. Up/Down Counter Operation

WhenDCEN = 1, Tmer 2 operates as an up/down Counter (See Figure 3.6). External pin T2EX controls the direction
of the count. When T2EX is high, Timer 2 counts up. TineeT overflow occurst FFFFh which sets the TF2 overflow

flag and generates an interrupt request. The overflow also causes the 16-bit value in RCAP2H and RCAP2L to be
loaded into the Timer registers (TH2, TL2).

When T2EX is low, Timer 2 counts down. Timer underflow occurs when the count in the Timer registers (TH2, TL2)
equalsthe value stored in RCAP2H and RCAP2L. The underflow sets TF2 bit and reloads FFFFh imeethedis
ters.

The EXF2 bit toggles when Timer 2 overflows or underflows according to the the direction of the count. Whergh

2 operates as an up/down CounEeXF2 doesiot generate an interrupt. This bit can be used to provide 17—bit—reh

tion.

(Down Counting Reloadalue)

Toggle
FFh FFh
- EXF2
oS +12
0 Timer 2
1 [ TH2 | TL2 ow TF2 | —s Interrupt
(8 Bits)| (8 Bits) Request

203

CIT2# Count Direction
1=Up
TR2 D 0 = Down
RCAP2HRCAP2L
T2EX

Figure 3.6 Timer 2: Auto Reload Mode Up/Down Counter (DCEN = 1)

3.5.2. Capture Mode

In the capture mode,mer 2 functions as a 16-bitriler or Counter (See Figure 3.7). An overfloandition sets TF2

bit, which you can use to request an interrupt. Setting the external enable bit EXEN2 allows RCAP2H and RCAP2L
registerdo capture the current value imier registers TH2 and TL2 in response to a 1-to—0 transition at external input
T2EX. The transition at T2EX also sets bit EXF2 in T2CON register. EXF2 bit, like TF2, can generate an interrupt.
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(O8] +12 Overflow

TH2 | TL2
(8 bits)(8 bits)[ ™ 172

— O

T2

CIT2#

Timer 2
e RCAP2H| RCAP2L ) e ntemp

Reques
T2EXD > \ ‘ »| EXF2

EXEN2

Figure 3.7 Timer 2: Capture Mode

3.5.3. Baud Rate Generator Mode

This mode configures Timer 2 as a Baud Rate Generator for use with the Serial Port. Select this mode by setting the
RCLK and/or TCLK bits in T2CON register. See paragraph 4.7.3.3. for more information on this mode.

3.5.4. Clock—Out Mode

In the clock—out mode, Timer 2 operates as a 50%—duty—cycle, programmable clock generator (See Figure 3.8). The
input clock increments TL2 at frequencypdd2. The Timer repeatedly counts to overflow from a preloaded value.

At overflow, the contents of RCAP2H and RCAP2L registers are loaded into TH2 and TL2. In this moefe? dver

flows do not generate interrupts. The formula gives the clock—out frequency as a function of the system oscillator fre-
quencyand the value in the RCAP2H and RCAR2pisters :

I:OSC

4 x (65536 — RCAP2H/RCAP2L)

Clock — Out Frequency=

For a 16 MHz system clock, Timer 2 has a programmable frequency range of 61 Hz to 4 MHz. The generated clock
signal is brought out to T2 pin.

Timer 2 is programmed for the clock—out mode as follows:

® Set T20E bit in T2MOD. This gates the Timer register overflow te:tBeCounter.

® ClearC/T2# bit in T2CON register to selegy§d2 as the imer input signal. This also enables the clock output (T2
pin).

® Determine the 16-bit reload value from the formula and enter it in the RCAP2H/RCAP2L registers.

® Enter a 16-bit initial value in Timer register TH2/TL2. It can be the same as the reload value or a different one
depending on the application.

e To start the Timer, set TR2 run control bit in T2CON register.
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Operationis similar to Tmer 2 operation as a Baud Rate Generdttts possible to useifier 2 as a Baud Rate Genera

tor and a clock generator simultaneously. For this configuration, the baud rates and clock frequencies are not indepen-
dent since both functions use the values in the RCAP2H and RCAP2L registers.

0S +2 0 | TH2 | TL2
1 (8 Bits)|(8 Bits)
Y/
)
TR2
C/T2# RCAP2H|RCAP2L
. |
| =2 \[\I
T20E
Timer 2
ToEx(— EXF2 —— Interrupt
Request
EXEN2

Figure 3.8 Timer 2: Clock Out Mode
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3.6. Registers

TCON (S:88h)
Timer/Counter Control Register

7 6 5 4 3 2 1 0
\ TF1 ‘ TR1 TFO TRO IE1 IT1 IEO ITO
2l =l Description

Number Mnemonic

Timer 1 Overflow flag
7 TF1 Cleared by hardware when processor vectors to interrupt routine.
Set by hardware on Timer/Counter overflow, when Timer 1 register overflows.

Timer 1 Run Control bit
6 TR1 Clear to turn dfTimer/Counter 1.
Set to turn on Timer/Counter 1.

Timer 0 Overflow flag
5 TFO Cleared by hardware when processor vectors to interrupt routine.
Set by hardware on Timer/Counter overflow, when Timer 0O register overflows.

Timer 0 Run Control bit
4 TRO Clear to turn dfTimer/Counter 0.
Set to turn on Timer/Counter 0.

Interrupt 1 Edge flag
3 IE1 Cleared by hardware when interrupt is processed if edge-triggered (See IT1).
Set by hardware when external interrupt is detected on INT1# pin.

Interrupt 1 Type Control bit
2 IT1 Clear to select low level active (level triggered) for external interrupt 1 (INT1#).
Set to select falling edge active (edge triggered) for external interrupt 1.

Interrupt O Edge flag
1 IEO Cleared by hardware when interrupt is processed if edge-triggered (See ITO0).
Set by hardware when external interrupt is detected on INTO# pin.

Interrupt O Type Control bit
0 ITO Clear to select low level active (level triggered) for external interrupt O (INTO#).
Set to select falling edge active (edge triggered) for external interrupt O.

Reset Value = 0000 0000b
Figure 3.9TCON Register

11.32 MATRA MHS

. . Rev. A—25 Sept 1997
Preliminary . P



TEMIC TSC80251G1D

TMOD (S:89h)
Timer/Counter Mode Control Register

7 6 5 4 3 ) L o
| cATEL [ cmw M1 Mo1 GATEO crTo# M10 MO0
Bit Bit -
Number | Mnemonic Description

Timer 1 Gating Control bit
7 GATE1 Clear to enable Timer 1 whenever TR1 bit is set.
Set to enable Timer 1 only while INT1# pin is high and TR1 bit is set.

Timer 1 Counter/Timer Select bit
6 CIT1# Clear for Timer operation: Timer 1 counts the divided—down system clock.
Set for Counter operation: Timer 1 counts negative transitions on external pin T1.

Timer 1 Mode Select bits

5 M11 M11 MO1 Operating mode

0 0 Mode 0: 8-bit Timer/Counter (TH1) with 5-bit prescalar (TL1)

0 1 Mode "1: 18-bit TimefTCounter

1 0 Mode 2: 8-bit auto—reload Timer/Counter (TL1). Reloaded from 2
4 MO1 TH1 at overflow

1 1 Mode 3: Timer 1 halted. Retains count.

Timer 0 Gating Control bit
3 GATEO Clear to enable Timer 0 whenever TRO bit is set.
Set to enable Timer/Counter 0 only while INTO# pin is high and TRO bit is set.

Timer 0 Counter/Timer Select bit
2 CITOo# Clear for Timer operation: Timer O counts the divided—down system clock.
Set for Counter operation: Timer O counts negative transitions on external pin TO.

Timer 0 Mode Select bit

1 M10 M10 MO0 Operating mode
0 0 Mode 0: 8-bit Timer/Counter (THO) with 5-bit prescalar (TLO).
0 1 Mode1: 16-bit Timen/Counieg
1 0 Mode 2: 8-bit auto—reload Timer/Counter (TLO). Reloaded from

THO at overflow.
Mode 3: TLO is an 8-bit Timer/Counter. THO is an 8-bit Timer
using Timer 1's TRO and TFO bits.

0 M0O 11

Reset Value = 0000 0000b
Figure 3.10TMOD Register
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T2CON (S:C8h)
Timer/Counter 2 Control Register

nd 3.

nd 3.
1 3.

is being

7 6 5 4 3 2 1 0
’ TF2 ‘ EXF2 RCLK TCLK EXEN2 TR2 CIT2# CP/RL2#
Bit Bit ..
Number | Mnemonic DIy
Timer 2 Overflow flag
. TE2 TF2 is not set if RCLK=1 or TCLK=1.
Set by hardware when Timer 2 overflows.
Must be cleared by software
Timer 2 External flag
6 EXF2 EXF2 does not cause an interrupt in up/down counter mode (DCEN=1).
Set by hardware if EXEN2=1 when a negative transition on T2EX pin is detected.
Receive Clock bit
5 RCLK Clear to select Timer 1 as the Timer Receive Baud Rate Generator for the Serial Port in modes 1 al
Set to select Timer 2 as the Timer Receive Baud Rate Generator for the Serial Port in modes 1 and
Transmit Clock bit
4 TCLK Clear to select Timer 1 as the Timer Transmit Baud Rate Generator for the Serial Port in modes 1 g
Set to select Timer 2 as the Timer Transmit Baud Rate Generator for the Serial Port in modes 1 an
Timer 2 External Enable bit
3 EXEN2 Clear to ignore events on T2EX pin for Timer 2.
Set to cause a capture or reload when a negative transition on T2EX pin is detected unless Timer 2
used as the Baud Rate Generator for the Serial Port.
Timer 2 Run Control bit
2 TR2 Clear to turn dfTimer 2.
Set to to turn on Timer 2.
Timer 2 Counter/Timer Select bit
1 CIT2# Clear for Timer operation: Timer 2 counts the divided—down system clock.
Set for Counter operation: Timer 2 counts negative transitions on external pin T2.
Capture/Reload bit
5 CRIRIZ# CP/RL2#is ignored and Timer 2 is forced to auto—reload on Timer 2 overflow if RCLK=1 or TCLK=1.
Clear to auto—reload on Timer 2 overflows or negative transitions on T2EX pin if EXEN2=1.
Set to capture on negative transitions on T2EX pin if EXEN2=1

Reset Value = 0000 0000b

Figure 3.1L T2CON Register
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T2MOD (S:C9h)
Timer/Counter 2 Mode Control Register

7

6

5 4 3

’ —

T20E DCEN

Bit
Number

Bit
Mnemonic

Description

Reserved

Must be set by software. Do not clear this bit.

The value read from this bit is indeterminate.

Reserved

Must be set by software. Do not clear this bit.

The value read from this bit is indeterminate.

Reserved

Must be set by software. Do not clear this bit.

The value read from this bit is indeterminate.

Reserved

Must be set by software. Do not clear this bit.

The value read from this bit is indeterminate.

Reserved

Must be set by software. Do not clear this bit.

The value read from this bit is indeterminate.

Reserved

Must be set by software. Do not clear this bit.

The value read from this bit is indeterminate.

T20E

Timer 2 Output Enable bit

Clear to disable the programmable clock output to external pin T2 in the Timer 2 clock—out mode .
Set to enable the programmable clock output to external pin T2 in the Timer 2 clock—out mode.

DCEN

Down Count Enable bit
Clear to configure Timer 2 as an up Counter.

Set to configure Timer 2 as an up/down Counter.

Reset Value = XXXX XX00b

Figure 3.12T2MOD Register
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Serial 1/0 Port

4.1. Introduction

This chapter provides instructions on programming the Serial Port and generating the Serial I/0 Baud Rates with Tim-
er 1, Timer 2 and the internal Baud Rate Generator. The Serial Input/Output Port supports communication with mo-
dems and other external peripheral devices.

The Serial Port provides both synchronous and asynchronous communication modes. It operates as a Unive
chronous Receiver and Transmitter (UART) in three full-duplex modes (Modes 1, 2 and 3). Asynchronous tr 2
sionand reception can occur simultaneously and &reifit Baud Rates. The UARsupportdraming—bit error detec

tion, overrun error detection, multiprocessor communication, and automatic address recognition. The Serial Port also
operatesn a single synchronous mode (Mode 0).

The synchronous mode (Mode 0) operates either at a single Baud Rate (80C51 compatibility) or at a variable Baud
Rate with an independent and internal Baud Rate Generator. Mode 2 can operate at two Baud Rates. Modes 1 and 3
operate over a wide range of Baud Rates, which are generated by Timer 1, Timer 2 and internal Baud Rate Generator.

The Serial Port signals are defined in Table 4.1and the Serial Port special function registers are desablgedl.ih T
and detailed at the end of this chapter. Figure 4.1 is the Serial Port block diagram.

IB Bus
\/; Write SBUF j I Read SBUF
NS
D__ SBUF
TXD SBUF Receive
Transmitte
Mode 0 Transmit ]/L Load SBUF
Receive
RXD G L~ Shift registe
Serial Port
i ) ™ Interrupt Request
RI | TI
SCON reg

Figure 4.1 Serial Port Block Diagram

Table 4.1 Serial Port Signals

Name Type Description Multiplexed with

TXD (0] Transmit Data P3.1
In mode 0, TXD transmits the clock signal.
In modes 1, 2 and 3, TXD transmits serial data.

RXD 1/0 Receive Data P3.0
In mode 0, RXD transmits and receives serial data.
In mode 1,2 and 3, RXD receives serial data.

Forthe three asynchronous modes, the WARNsmits on the TXD pin and receives on the RXD pin. For the synchro
nous mode (Mode 0), the UART outputs a clock signal enabled by BRR bit into BDRCON (see Figure 4.11) on the
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TXD pin and sends and receives messages on the RXD pin (See Figure 4.1). The Baud rate is selected using SRC, SPD
bits value into BDRCON registeEBUF registerwhich holds received bytes and bytes to be transmitted, actually con

sists of two physically different registers. To send, software writes a byte to SBUF; to receive, software reads SBUF.
The receive shift register allows reception of a second byte before the fireabylieen read from SBUF. The URR
setsinterrupt bits Tl and Rl on transmission and reception, respectiVélgse two bits share a single interrupt request

and interrupt vector. When Rl is set, new received byte cannot overwrite the byte already stored into SBUF

It is important to stop exchange or wait until exchange completion before changing baud rate whatever the modes used.

Table 4.2 Serial Port SFRs

Mnemonic Description Address

BDRCON Baud Rate Control register S:9Bh
Enables and configures the internal Baud Rate register.

BRL Baud Rate Reload register S:9Ah
Contains the auto-reload value of the Baud Rate Generator.

SADDR Serial Address register S:A%h
Defines the individual address for a slave device connected on the serial lines.

SADEN Serial Address Enable register S:B9h
Specifies the mask byte that is used to define the given address for a slave device.
SBUF Serial Buffer S:99h

Two separate registers comprise the SBUF regMfeting to SBUF loads the transmit buffer and
reading SBUF accesses the receive buffer.

SCON Serial Port Control register S:98h

Selects the Serial Port operating mode. SCON enables and disables the receiver, framing bit grror
detection, overrun error detection, multiprocessor communication, automatic address recognition and
the Serial Port interrupt bits.

4.2. Modes of Operation

The Serial Port can operate in one synchronous and three asynchronous modes.

4.2.1. Synchronous Mode (Mode 0)

Mode 0 is a half-duplex, synchronous mode, which is commonly used to expand the I/0 capabilities of a device with
shift registers. The transnmdata (TXD) pin outputs a set of eight clock pulses while the receive data (RXD) pin trans
mits or receives a byte of data. The 8—bit data are transmittecteeided least—significant bit (LSB) first. Shifts occur

in the last phase (S6P2) of every peripheral cycle, which corresponds to a Baud Raig1d. FFigure 4.2 shows the

timing for transmission and reception in Mode O.
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Bo [ S N ) IO

Write to S3P1 S6P1
SBUF vy
/
S6P2
Shift H H //J_‘ H
S6P2 S6P2  S6P2 S6P2
!
RXD l\DOX D1XD2/@ o7 |
S6P2
TI Il
1)
S1P1
Receive oo
TXD L4FJ ___J
S3P1 S6P1
Write to
SCON Set REN, Clear RI //
0]
S6P2 seP2 " seP2 S6P2
1 Do 1 b1 D6 M o7
|
RXD w I ,f” I
—| S5P2
RI ;
1"
S1P1

Figure 4.2 Mode 0 Tmings

4.2.1.1. Tansmission (Mode 0)

Follow these steps to begin a transmission:

® \Write to SCON register clearing bits SM0, SM1.

e \Write the byte to be transmitted to the SBUF registdris write starts the transmission.

Hardware executes the write to SBUF in the last phase (S6P2) of a peripheral cycle. At S6P2 of the following cycle,
hardwareshifts the LSB (D0) onto the RXD pin. At S3P1 of the next cycle, the TXD pin goes low for the first cleck—sig
nal pulse. Shifts continue every peripheral cycle. In the ninth cycle after the write to SBUF, the MSB (D7) is on the
RXD pin. At the beginning of the 10th cycle, hardware drives the RXD pin high and asserts Tl to indicate the end of
thetransmission.

4.2.1.2. Reception (Mode 0)

To start a reception in mode 0, write to the SCON regi§€trar SM0, SM1 and RI bits and set the REN bit.

Hardware executes the write to SCON in the last phase (S6P2) of a peripheral cycle (See Figure 4.2). In the second
peripherakycle clock—signal pulse, and the LSB (D0) is sampled on the RXD pin at S5P2. The DO bit is then shifted
into the shift register After eight shifts at S6P2 of every peripheral cycle, the LSB (D7) is shifted into the shift register

and hardware asserts RI bit to indicate acompleted reception. Software can then read the received byte from SBUF
register.
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4.2.2. Asynchronous Modes (Modes 1, 2 and 3)

The Serial Port has three asynchronous modes of operation:

® Mode 1
Mode 1 is a full-duplex, asynchronous mode with independaaisihit and Receive Baud Rate selection. The data
frame(See Figure 4.3) consists 1) bits: one start, eight data bits and one stop bit. Serial data is transmitted on the
TXD pin and received on the RXD pin. When a message is received, the stop bit is read in the RB8 bit in SCON
register.The Baud Rate is generated either by overflowiwfef 1 or by overflow of imer 2, or by overflow of the
internal Baud Rate Generator (see “Baud Rate Generator” paragraph).

® Modes 2 and 3
Modes2 and 3 are full-duplex, asynchronous modes. Only Mode 3 allows indepengiasiinit and Receive Baud
Rateselection.The data frame (See Figure 4.3) consists-diitl onestart bit, 8—bit data (transmitted and received
LSB first), one programmableinth data bit and one stop bit. Serial data is transmitted on the TXD pin and received
on the RXD pin. On receive, the ninth bit is read from RB8 bhit in SCON register. On transmit, the ninth data bit is
written to TB8 hit in SCON register. (Alternatively, you can use the ninth bit as a command/data flag.)
= In mode 2, the Baud Rate is programmable to 1/32 or 1/64 of the oscillator frequency following SMODZ1 bit
value located into PCON register.
= |n mode 3, the Baud Rate is generated either by overflownadrTL or by overflow of imer 2, or by overflow
of internal Baud Rate Generator.

Mode 1

DO( D1| D2| D3| D4 DY D4 D7

<—>ie- 8—bit data
Start Stop

Modes 2 and 3

DO| D1| D2| D3| D4 D3 D4 D{D8

A

- 9-bit data -
Start Stop

Figure 4.3 Data Frames (Modes 1, 2 and 3)

4.2.2.1. Tansmission (Modes 1, 2 and 3)

Follow these steps to initiate a transmission:

® \Write to SCON registeiSelect the mode with SMO and SM1 bits. For modes 2 and 3, also write thbiniatfiB8
bit.

e \Vrite the byte to be transmitted to SBUF registéis write starts the transmission.

4.2.2.2. Reception (Modes 1, 2 and 3)

To prepare for a reception, set REN bit in SCON register. The actual reception is then initiated by a detected high—to—
low transition on the RXD pin.

4.3. Framing Bit Error Detection (Modes 1, 2 and 3)

Framing bit error detection is provided for the three asynchronous modes. To enable the framing bit error detection
feature,set SMODO bit in PCON registai’hen this feature is enabled, the receiver checks each incoming data frame
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for a valid stop bit. An invalid stop bit may result from noise on the serial lines or from simultaneous transmission by
two CPUs. If a valid stop bit is not found, the software sets FE bit in SCON register.

Software may examine FE bit after each reception to check for data errors. Once set, only software or a reset clear FE
bit. Subsequently received frames with valid stop bits cannot clear FE bit. When FE feature is enabled, RI rises on stop
bit instead of the last data bit.

4.4. Overrun Error Detection (Modes 1, 2 and 3)
Overrun error detection is provided for the three asynchronous modes. To enable the overrun error detectio

set SMODO bit in PCON register.

This error occurs when a data received and not read by the CPU is overwritten by a new one. Figure 4.4shows an exam
ple of Overrun Error.

RXD Data 1 " Data 2
_//
RI
OVR /L
1/
Data 1 is overwritten 4
by Data 2

Figure 4.4 Overrun Error (Modes 1, 2 and 3)

In this example Data 1 is received and Rl is set. Then a Data 2 is sent before the CPU has read the first one.

4.5. Multiprocessor Communication (Modes 2 and 3)

Modes 2 and 3 provide a ninth—bit mode to facilitate multiprocessor communication. To enable this feature, set SM2
bit in SCON register. When the multiprocessor communication feature is enabled, the Serial Port can differentiate be-
tween data frames (ninth bit clear) and address frames (ninth bit set). This allows the TSC80251G1D to function as
aslave processor in an environment where multiple slave processors share a single serial line.

When the multiprocessor communication feature is enabled, the receiver ignores frames with the ninth bit clear. The
receiverexamines frames with the ninth bit set for an address match. If the received address matches the slaves address,
thereceiver hardware sets RB8 and RI bits in SCON regig@erating an interrupt.

Theaddressed slawesoftware then clears SM2 bit in SCON register and prepares to receive the data bytes. The other
slaves are untdcted by these data bytes because they are waiting to respond to their own addresses.

Note:
ES bit must be set in IE register to allow RI bit to generate an interrupt.

4.6. Automatic Address Recognition

The automatic address recognition feature is enabled when the multiprocessor communication feature is enabled (SM2
bit in SCON register is set).

Implemented in hardware, automatic address recognition enhances the multiprocessor communication feature by al-
lowing the Serial Port to examine the address of @aming command frame. Only when the Serial Port recognizes
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its own address, the receiver sets RI bit in SCON register to generate an interrupt. This ensures that the CPU is not
interruptedby command frames addressed to other devices.

If desired, you may enable the automatic address recogfsititure in mode 1. In this configuration, the stop bit takes
theplace of the ninth data bit. Bit Rl is set only when the received command frame address matches thadigngss’

and is terminated by a valid stop bit.

To support automatic address recognition, a device is identified by a given address and a broadcast address.

Note:

The multiprocessor communication and automatic address recognition features cannot be enabled in mode 0  (i.e, $®tiinSSN
register in mode 0 has no effect).

4.6.1. Given Address

Each device has an individual address that is specified in SADDR register; the SADEN register is a mask byte that
containsdont—care bits (defined byeros) to form the devicegiven address. The dorcare bits provide the flexibil

ity to address one or more slaves at a time. The following example illustrates how a given address is formed.

To address a device by its individual address, the SADEN mask byte niiistb&111B .

For example:
SADDR = 0101 0110B
SADEN = 1111 1100B
Given = 0101 01XXB
Thefollowing is an example of how to use given addresses to address different slaves:
Slave A: SADDR = 1111 0001B
SADEN = 1111 1010B
Given = 1111 0XOXB
SlaveB: SADDR = 1111 0011B
SADEN = 1111 1001B
Given = 1111 OXX1B
SlaveC: SADDR = 1111 0010B
SADEN = 1111 1101B
Given = 1111 00X1B

The SADEN byte is selected so that each slave may be addressed separately

For slave A, bit O (the LSB) is a don’t—care bit; for slaves B and C, bit 0 is a 1. To communicate with slave A only,
the master must send an address where bit O is clead (£.4.0000B ).

Forslave A, bit 1 is a 0; for slaves B and C, bit 1 is atdcar'e bit. ® communicate with slaves A and B, but not slave

C, the master must send an address with bits 0 and 1 both sé&fl(eld)011B ).

To communicate with slaves A, B and C, the master must send an address with bit O set, bit 1 clear, and bit 2 clear
(e.9.1111 0001B ).

4.6.2. Broadcast Address

A broadcast address is formed from the logical OR of the SADDR and SADEN registers with zeros defined as don't—
carebits, e.g.:

SADDR = 0101 0110B
SADEN = 1111 1100B
(SADDR) or (SADEN) = 1111 111XB

Theuse of dort—care bits provides flexibility in defining the broadcast address, however irappitations, a broad
castaddress is FFh.

The following is an example of using broadcast addresses:
Slave A: SADDR = 1111 0001B
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SADEN = 11111010B
Given = 1111 1X11B,
SlaveB: SADDR = 11110011B
SADEN = 1111 1001B
Given = 1111 1X11B,
SlaveC: SADDR = 1111 0010B
SADEN = 11111101B

Given

1111 1111B,
For slaves A and B, bit 2 is a don't care bit; for slave C, bit 2 is set. To communicate with all of the slaves, th
mustsend an address FFh.

To communicate with slaves A and B, but not slave C, the master can send and address FBh.

4.6.3. Reset Addresses

On reset, the SADDR and SADEN registers are initialized to 00h, i.e. the given and broadcast addrgXs€s are
XXXXB(all dont—care hits). This ensures that the Serial Port is backwards compatible with the 80C51 microcontrollers
that do not support automatic address recognition.

4.7. Baud Rates

The Baud Rate Control register (BDRCON, see Figuré)}isladded to the TSC80251GHerivatives in order to man
age the new functionality of the UART. Three Baud Rate Generators can supply the transmission clock to the UART:
Timer 1, Timer 2 and the internal Baud Rate Generator as detailed below.

4.7.1. Baud Rate for Mode 0

Thetransmission clock is provided by either the internal Baud Rate Generator or the internal fixed piéssaielec

tion is done by setting SRC bit in BDRCON regisfine transmission clock selection is shown in Figure 4.5

e When SRC = 0, the Baud Rate is fully compatible with 80C51 microcontrollers: Baud_Rate/

e \When SRC =1, the Internal Baud Rate Generator (BRG) is selected and the Baud Rate is variable in two ranges:

= When SPD = 1, the Fast mode is selected: Baud_Rate = Fa$2§8—BRL)]
= When SPD = 0, the Slow mode is selected: Baud_Rate = Fogd}86—BRL)].

=6

OSC|wt +2

-
|t

SRC=0).._,

0 UART

SRC=19.. _ .
— BRG —T
1 T

BRL

SPD
BRR

SRC

Figure 4.5 Clock Tansmission Souces in Mode 0

By default, after a reset, the bit SRC is cleared and the transmission clock is compatible with 80C51 microcontrollers.
Setting this bit to one, selects the internal Baud Rate Generator. The 8-bit register BRL is the reload register of the
Baud Rate Generator.
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4.7.2. Baud Rate for Mode 2

TheBaud Rate in mode 2 deperasthe value of SMOD1 bit in PCON registétSMOD1 = 0 (default value on reset),
theBaud Rate is 1/64 the oscillator frequenfysMOD1 = 1, the Baud Rate is 1/32 the oscillator frequency:

2SMODL ¢ F .
64

Baud_Rate=
The configuration is shown in Figure 4.6.

OSC#| 2 SMOD1 =0

,,,,,,

A =16 UART

______

SMOD1 =1

SMOD1

Figure 4.6 UART in Mode 2

4.7.3. Baud Rate for Modes 1 and 3

ThreeBaud Rate Generators can supply the Baud Rate to th@:UARer 1, Timer 2 and the internal Baud Rate Gen
erator. It is possible to have different clocks for the transmission and reception.
4.7.3.1. Baud Rate Selection

The Baud Rate Generator for transmit and receive clocks can be selected separately via the BDRCON register (See
Figure 4.11).

INT_BRG ] RECK=1 . ...

TIMERL_BRG — g : g/,o__ +16—— » RXClock
TIMER2_BRG —|1 TIMER BRG  ppoiio A7

RCLK

RBCK

INT_BRG

TIMER1_BRG —|g

@J <

TIMER2_BRG —]|1 D G
_ TIMER_BRG TBCK = 0
TCLK J
TBCK
Figure 4.7 Baud Rate Generator Selection
4.7.3.2. Tmer 1

WhenTimer 1 is used as Baud Rate Generdlm Baud Rates in Modes 1 and 3 are determined byirtrex T overflow
and the value of SMODL1 bit in PCON register:
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ZSMOD]_ X FOSC
12 x 32 x [256 — (TH1)]

Baud_Rate=

SMOD1

TH1 = 256

The configuration is shown in Figure 4.8.

384 x Baud_Rate

OSCr»— =12 1c/T1#=0 SMOD1=1 -
FO_ 1 oo ee- X S
OO O L ' e TIMER1_BRG
T A SN R S
C/T1#=1 SMOD1=0
CIT1#
INT1# &—————> TH1
GATElL 3——{Control SMOD1
TR1 —
Figure 4.8 Timer 1 as Baud Rate Generator in Modes 1 and 3
Table 4.3 Timer 1 Generated Baud Rates at 12 MHz
Fosc = 11.0592 MHz Fosc=12 MHz
Baud Rates
SMOD1 TH1 Error (%) SMOD1 TH1 Error (%)
57600 1 255 0 - - -
38400 - - - - - -
28800 0 255 0 - - -
19200 1 253 0 - - -
9600 0 253 0 - - -
4800 0 250 0 1 243 0.16
2400 0 244 0 0 243 0.16
1200 0 232 0 0 230 0.16
600 0 208 0 0 204 0.16
300 0 160 0 0 152 0.16
150 0 64 0 0 48 0.16
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Table 4.4 Timer 1 Generated Baud Rates at 16 MHz

Fosc = 14.7456 MHz Fosc = 16 MHz
Baud Rates
SMOD1 TH1 Error (%) SMOD1 TH1 Error (%)
57600 - - - - - -
38400 0 255 0 - - -
28800 - - 0 - - -
19200 0 254 0 - - -
9600 0 252 0 1 247 3.55
4800 0 248 0 1 239 2.12
2400 0 240 0 1 221 0.79
1200 0 224 0 1 187 0.64
600 0 192 0 1 117 0.08
300 0 128 0 0 117 0.08
150 0 0 0 - - -
4.7.3.3.Timer 2

In this mode, a rollover in TH2 register does not set the TF2 bit in T2CON register. Also, a high—to—low transition at
T2EX pin sets the EXF2 bit in T2CON register but does not cause a reload from (RCAP2H, RCAP2L) to (TH2, TL2).
You can use the T2EX pin as an additional external interrupt by setting the EXENZ2 bit in T2CON.

Note:
Turn the timer off (clear the TR2 bit in T2CON register) before accessing registers. TH2, TL2 RCAP2H and RCAP2L.

You may configure imer 2 as a timer or a countém most applications, it is configured for timer operation @HE2#
bit is clear in T2CON register).

OSC
 TH2 | TL2 = T|MER2_BRG
T (8 bits) (8 hits),
CIT2#
TR2 RCAP2H RCAP2L
T2 D—> \ I | EXF2[—* Interrupt Request

EXEN2

Note availability of additional external interrupt.

Figure 4.9 Timer 2 in Baud Rate Generator Mode
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Note that Timer 2 increments every state timeg@3 when it is in the Baud Rate Generator mode. In the Baud Rate

formulathat follows, “RCAP2H, RCAP2L" denotes the contents of RCAP2H and RCAP2L taken as a 16-bit unsigned
integer:

Fosc
Baud_Rate= 35 165536~ (RCAP2H, RCAP2I]

B Fosc
(RCAP2H, RCAP2I) = 65536 — 75— Baud_Rate

WhenTimer 2 is configured as a timer and is in Baud Rate Generator mode, do not read or write the TH2 or TL2 registers. Theetirger is
incremented every state time, and the results of a read or write may not be accurate. In addition, you may read, bubrROAR2 registers;
a write may overlap a reload and cause write and/or reload errors.
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Table 4.5 Timer 2 Generated Baud Rates at 12 MHz

Fosc = 11.0592 MHz Fosc =12 MHz
Baud Rates RCAP2H, RCAP2L Error (%) RCAP2H, RCAP2L Error (%)
115200 65533 0 - -
57600 65530 0 - -
38400 65527 0 65526 2.34
28800 65524 0 6552 0.16
19200 65518 0 65516 2.34
9600 65500 0 65467 0.16
4800 65464 0 65458 0.16
2400 65392 0 65380 0.16
1200 65248 0 65224 0.16
600 64960 0 64911 0
300 64384 0 64286 0
150 63232 0 63036 0
Table 4.6 Timer 2 Generated Baud Rates at 16 MHz
FOSC = 14.7456 MHz FOSC =16 MHz
Baud Rate
RCAP2H, RCAP2L Error (%) RCAP2H, RCAP2L Error (%)
115200 65532 0 - -
57600 65528 0 65527 3.55
38400 65524 0 65523 0.16
28800 65520 0 65519 2.12
19200 65512 0 65510 0.16
9600 65488 0 65484 0.16
4800 65440 0 65432 0.16
2400 65344 0 65428 0.16
1200 65152 0 65119 0.08
600 64768 0 64703 0.04
300 64000 0 63869 0.02
150 62464 0 62203 0.01

4.7.3.4. Internal Baud Rate Generator (BRG)

Whenthe internal Baud Rate Generator is used, the Baud Rates are determined by the BRG thexfidue of SPD
bit (Speed Mode) in BRCON register and the value of the SMOD1 bit in PCON register:

e SPD=1

Baud_Rate=

BRL = 256 —

e SPD = 0 (Default Mode)

SMOD1

2 X 32 X [256 — (BRL)]

SMOD1

64 X Baud_Rate
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ZSMOD]_ X FOSC
12 X 32 x [256 — (BRL)]

2SMOD1L x F o
384 x Baud_Rate

Baud_Rate=

BRL = 256

The configuration is shown in the Figure 4.10

osC
BRG
SPD iRT
BRR
SMOD1
Figure 4.10 Internal Baud Rate Generator in Modes 1 and 3
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Table 4.7 Internal Baud Rate Generator at 12 MHz

Fosc = 11.0592 MHz Fosc =12 MHz
Baud Rate
SPD SMOD1 BRL Error (%) SPD SMOD1 BRL Error (%)
115200 1 0 253 0 - - - -
57600 0 1 255 0 - - - -
38400 1 0 247 0 1 0 246 2.34
28800 0 0 255 0 1 0 243 0.16
19200 0 1 253 0 1 0 236 2.34
9600 0 0 253 0 1 0 217 0.16
4800 0 0 250 0 0 1 243 0.16
2400 0 0 244 0 0 0 243 0.16
1200 0 0 232 0 0 0 230 0.16
600 0 0 208 0 0 0 204 0.16
300 0 0 160 0 0 0 152 0.16
150 0 0 64 0 0 0 48 0.16
Table 4.8 Internal Baud Rate Generator at 16 MHz
Fosc = 14.7456 MHz Fosc = 16 MHz
Baud Rates SPD SMOD1 BRL Error (%) SPD SMOD1 BRL Error (%)
115200 1 0 254 0 — - - -
57600 1 0 252 0 1 1 247 3.55
38400 0 0 255 0 1 1 243 0.16
28800 1 0 248 0 1 1 239 2.12
19200 0 0 254 0 1 0 243 0.16
9600 0 0 252 0 1 0 230 0.16
4800 0 0 248 0 1 0 204 0.16
2400 0 0 240 0 1 0 152 0.16
1200 0 0 224 0 1 0 48 0.16
600 0 0 192 0 0 1 117 0.08
300 0 0 128 0 0 0 117 0.08
150 = = = = = = = =
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4.8. Registers

BDRCON (S:9Bh)
Baud Rate Control register

7

6 5 4 3 2 1 0
- ‘ - ‘ — BRR TBCK RBCK SPD SRC ‘
Bit Bit ..
Number | Mnemonic DESE el
; Reserved
The Value read from this bit is indeterminate. Do not set this bit.
5 Reserved
The Value read from this bit is indeterminate. Do not set this bit.
5 Reserved
The Value read from this bit is indeterminate. Do not set this bit.
Baud Rate Run control bit
4 BRR Clear to stop the Baud Rate
Set to start the Baud Rate
Transmission Baud Rate Generator Selection bit
3 TBCK Clear to select Timer 1 or Timer 2 for the Baud Rate Generator
Set to select Internal Baud Rate Generator
Reception Baud Rate Generator Selection bit
2 RBCK Clear to select Timer 1 or Timer 2 for the Baud Rate Generator
Set to select Internal Baud Rate Generator
Baud Rate Speed control bit
1 SPD Clear to select the SLOW Baud Rate Generator when SRC = 1
Set to select the FAST Baud Rate Generator When SRC =1
Baud Rate Source select bit in Mode 0
0 SRC Clear to select fsd12 as the Baud Rate Generator (fixed transmission clock).
Set to select the internal Baud Rate Generator.
Reset Value = XXX0 0000b
Figure 4.1 BDRCON Register
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BRL (S:9Ah)
Baud Rate Reload Register
7 6 5 4 3 2 1 0

\ BRL Values

Reset Value = 0000 0000b
Figure 4.12BRL Register

SADDR (S:A9h)
Slave Individual Address Register

7 6 5 4 3 2 1 0

’ Slave Individual Address

Reset Value = 0000 0000b
Figure 4.13SADDR Register

SADEN (S:A9h)
Mask Byte Register

7 6 5 4 3 2 1 0
] Mask for SADDR

Reset Value = 0000 0000b
Figure 4.14SADEN Register

SBUF (S:99h)
Serial Buffer Register

7 6 5 4 3 2 1 0
’ Data sent/received by Serial /0 Port

Reset value = XXXX XXXXb
Figure 4.15 SBUF Register
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SCON (S:98h)
Serial Control Register

TSC80251G1D

set

address

ve and

7 6 5 4 3 2 1 0
‘ FE/SMO ‘ OVR/SM1 SM2 REN TB8 RB8 TI RI
Bit Bit L
Number | Mnemonic DRl
Framing Error bit .
To select this function, set SMODO bit in PCON register.
FE Set by hardware to indicate an invalid stop bit.
Must be cleared by software.
7
Serial Port Mode bit 0.
To select this function, clear SMODO bit in PCON register.
SMo Software writes to bits SMO and SML1 to select the Serial Port operating mode.
Refer to SM1 bit for the mode selections.
Overrun error bit .
To select this function, set SMODO bit in PCON register.
OVR Set by hardware to indicate an overwrite of the receive buffer.
Must be cleared by software
6 Serial Port Mode bit 1.
To select this function, set SMODO bit in PCON register
Software writes to bits SM1 and SMO to select the Serial Port operating mode.
SM1 SM0 SM1 Mode Description Baud Rate
0 0 0 Shift Register Fosc/12 or variable if SRC bit in BDRCON is
0 1 1 8-bit UART Variable
1 0 2 9-bit UART BscB2 or Ryschd
1 1 3 9-bit UART Variable
Serial Port Mode bit 2
Software writes to bit SM2 to enable and disable the multiprocessor communication and automatic
5 SM2 recognition features.
This allows the Serial Port to differentiate between data and command frames and to recognize sla|
broadcast addresses.
Receiver Enable bit
4 REN Clear to disable reception.
Set to enable reception.
Transmit bit 8
3 TB8 Modes 0 and 1: Not used.
Modes 2 and 3: Software writes the ninth data bit to be transmitted to TB8.
Receiver bit 8
5 _— Mode 0: Not used.
Mode 1 (SM2 cleared): Set or cleared by hardware to reflect the stop bit received.
Modes 2 and 3 (SM2 set): Set or cleared by hardware to reflect the ninth bit received.
Transmit Interrupt flag
1 TI Set by the transmitter after the last data bit is transmitted.
Must be cleared by software.
Receive Interrupt flag
0 RI Set by the receiver after the stop bit of a frame has been received.
Must be cleared by software.

Reset Value = 0000 0000b
Figure 4.16 SCON Register
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Event and Waveform Controller

5.1. Introduction

The Event and Waveform Controller (EWC) is an on—chip peripheral that performs a variety of timing and counting
operationsincluding Pulse WWth Modulation (PWM). The EWC provides also the capability for a softWatehdog
Timer.

On TSC80251G1D derivatives the EWC is configured in Programmable Counter Array (PCA) mode. This m
up to five Compare/Capture modules using the same Counter as time base.

® Each module may use four clock sources:
» Fpsdl12
* Fosd4
= Timer O overflow (Modes 1, 2 and 3)
= External input on P1.2 (ECI pin)
® Each module may be programmed in any of the following modes:
= Rising and/or falling edge Capture
= Software Timer
= High-speed output
=  Pulse WWdth Modulation (PWM)

5.2. PCA Mode

5.2.1. Timers/Counters

Figure 5.1depicts the basic logic of the Counpartion of the PCA. The CH/CL special function register pair operates
asa 16-hit CounteiThe selected input increments CL (low byte) register. When CL overflows, CH (high byte) register
incrementsafter two oscillator periods; when CH overflows, it sets the PCA overflow flag (CF in CCON register) gen
erating a PCA interrupt request if ECF bit in CMOD register is set.

Module 0
Module 1
CMOD reg Module 2
CPSlE CPS Module 3
Fosd12 00 Module 4
Fosd4 - ™ oo CH | cL EWC
Timer 0 —10 ' (8 bits) | (8 bits) CF o™ o> Interrupt
PL2ECl [O—11 o oo | CCON reg Request
CMOD reg CCON reg
CIDL CR or
in e Mode CMOD reg
Figure 5.1 EWC Counter in PCA Mode
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CPS1 and CPSO bits in CMOD register select one of four signals as the input to the Counter (See Figure 5.1):

® Fosdl2
Provides a clock pulse at S5P2 of every peripheral cycle. Wita+ 16 MHz, the Counter increments every 750
ns.

® Fosd4
Provides clock pulses at S1P2, S3P2, and S5P2 of every peripheral cycle gWdth E6 MHz, the Counter
incrementsevery 250 ns.

e Timer O overflow
The CL register igncremented at S5P2 of the peripheral cycle whereT0 overflows. This selection provides the
PCA with a programmable frequency input.

e External signal on Port 1.2/ECI
The CPU samples the ECI pin at S1P2, S3P2 and S5P2 of every peripheral cycle. The first clock pulse (S1P2, S3P2
or S5P2) that occurs following a high—to—low transition at the ECI pin increments the CL register. The maximum
input frequency for this input selection igdd8.

Setting the run control bit (CR in CCON register) turns the PCA Counter on, if the output of the NAND gate (See
Figure 5.1)equals logic one. The PCA Counter continues to operate during idle mode unless CIDL bit of CMOD regis
ter is set. CPU can read the contents of CH and CL registers at any time. However, writing to them is inhibited while
theyare counting i.e., when CR bit is set.

5.2.2. Compare/Capture Modules

Each Compare/Capture module is made up of a Compare/Capture register pair (CCAPxH/CCAPXxL), a 16-bit
comparator and various logic gates and signal transition selectors. The registers store the time or count at which an
external event occurred (capture) or at which an action should occur (comparison). For example, in the PWM mode,
the low—byte register controls the duty cycle of the output waveform.

The logical configuration of a Compare/Capture module depends on its mode of operation.

Each module can be independently programmed for operation in any of the following modes:
e 16-hit Capture mode with triggering on the positive edge, negative edge or either edge

e Compare modes:
= 16-hit software Timer
= 16-bit high—speed output
= 16-bit Watchdog Timer (module 4 only)
= 8-hit Pulse With Modulation

The Compare function provides the capability for operating the five modulesnassT event Counters or Pulseditt
Modulators. Four modes employ the Compare function: 16-bit software Timer mode, high—speed output mode, WDT
modeand PWM mode. In the first three of these, the Compare/Capture module continuously compares the 16-bit PCA
Countervalue with the 16—bit value pre—loaded ittte modules CCAPxH/CCAPXL register pain the PWM mode,

the module continuously compares the value in the low—byte PCA Counter register (CL) with an 8—bit value in the
CCAPxL module register. Comparisons are made three times per peripheral cycle to match the fastest PCA Counter
clocking rate (bsd4).

Setting ECOMx bit in a module’s mode register (CCAPMXx) selects the Compare function for that module. To use the
modules in the Compare modes, observe the following general procedure:

= Select the module’s mode of operation.

= Select the input signal for the PCA Counter.

= Load the comparison value into the module’s Compare/Capture register pair.
= Set the PCA Counter run Counter bit.

= After a match causes an interrupt, clear the module’s Compare/Capture flag.

® No operation
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Bit combinations programmed into a Compare/Capture module’s mode register (CCAPMXx) determine the operation
mode.Figure 5.9 provides bit definition an@@le 5.1 lists the bit combinations of the available modes. Other bit com
binations are invalid and produce undefined results.

The Compare/Capture modules perform their programmed functions when their common time base, the PCA Counter
runs. The Counter is turned on and off with CR bit in CCON register. To disable any given module, program it for the
“no operation” mode. The occurrence of a Capture, softwianerTor high—speed output event in a Compare/Capture
module sets the module’s Compare/Capture flag (CCFx) in CCON register and generates a PCA interrupt request if
the corresponding enable bit in CCAPMx register is set.

The CPU can read or write CCAPxH and CCAPXL registers at any time.

Table 5.1 PCA Module Modes (x =0, 1, 2, 3, 4)

ECOMx | CAPPx | CAPNx | MATx | TOGx | PWMx | ECCFx Module Mode
0 0 0 0 0 0 0 No operation
X @ 1 0 0 0 0 X @ 16-bit Capture
on positive—edge trigger at CEXx
X @ 0 1 0 0 0 X @ 16-bit Capture
on negative—edge trigger at CEXx
X @ 1 1 0 0 0 X @ | 16-bit Capture
on positive/negative-edge trigger at CEXx
1 0 0 1 0 0 X @ | Compare
software Timer
1 0 0 1 1 0 X @ | Compare
high—speed output
1 0 0 0 0 1 0 Compare
8—bit PWM
1 0 0 1 X @) 0 X @ | Compare
PCAWDT®)
Notes:

1. This table shows the CCAPMXx register bit combinations for selecting the operating modes of the PCA Compare/Captu@timerdhites.
combinations are invalid.

2. X = indetermined.
3. For the PCA WDT mode, set also WDTE bit in CMOD register to enable the reset output signal (Module 4 only).

5.2.2.1. 16-bit Captue Mode

The Capture mode (See Figure 5.2) provides the PCA with the ability to measure periods, pulse widths, duty cycles
andphase dierences at up to five separate inputs. Externgdii® CEX0 through CEX4 are sampled for signal transi

tions (positive and/or negative as specified). When a Compare/Capture module programmed for the Capture mode de
tects the specified transition, it captures the PCA Counter value. This records the time at which an external event is
detected, with a resolution equal to the Counter clock period.

To programa Compare/Capture module for the 16—bit Capture mode, program the CAPPx and CAPNX bits in the mod
ule’s CCAPMx register as follows:

® To trigger the Capture on a positive transition, set CAPPx and clear CAPNXx
e To trigger the Capture on a negative transition, set CAPNx and clear CAPPx
® To trigger the Capture on a positive or negative transition, set both CAPPx and CAPNXx

Table 5.1lists the bit combinations for selecting module modesnfadules in the Capture mode, detection of a valid
signaltransition at the 1/O pin (CEXX) causes hardware to load the current PCA Counter value into the Compare/Cap
ture registers (CCAPxH/CCAPXL) and to set the modu@mpare/Capture flag (CCFx) in the CCON registehe
corresponding interrupt enable bit (ECCFx) in the CCAPMXx register is set, the PCA sends an interrupt request to the
EWC interrupt handler.
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Since hardware does not clear the event flag when the interrupt is processed, the user must clear the flag by software.
A subsequent Capture by the same module overwrites the existing captured value. To preserve a captured value, save
it in RAM with the interrupt service routine before the next Capture event occurs.

PCA Counter
cH [ oL
count | (sbits) | (8bits)

 }
cex O—> L
x=0,1,2, 3,4 ~_

) O CCAPxH | CCAPxL
EWC
CCFx -0/:/0- Interrupt
Request
CCON Reg T
- 0 |CAPPx CAPN 0 0 0 | ECCHx
7 0

CCAPMXx Register (x=0, 1, 2, 3, 4)

Figure 5.2 PCA 16-bit Captue Mode

5.2.2.2. 16-bit Softwae Timer Mode

To program a Compare/Capture module for the 16—bit software Timer mode (See Figure 5.3), set the ECOMx and
MATX bits in the modules CCAPMx registerTable 5.1 lists the bit combinations for selecting module modes.

A match between the PCA Counter and the Compare/Capture registers (CCAPxH/CCAPxL) sets the module’s
Compare/Capturiag (CCFx in CCON register). Thgenerates an interrupt request if the corresponding interrupt en

able bit (ECCFx in CCAPMX register) is set. Since hardware does not clear the Compare/Capture flag when the inter-
rupt is processed, the user must clear the flag in software. During the interrupt routine, a new 16—bit Compare value
can be written to the Compare/Capture registers (CCAPxH/CCAPXL).
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PCA Counter Compare/Capture Module

|CH CL CCAPXHCCAPXL
Counld——1 5 1i15)| 8 bis) (8 bits) | (8 bits)
L N 1eBu Matcl*_o/‘/ ;;gg<le
b —J CEXx
v/|__Comparator]
\ EWC
Enable Lo o CCFx H-o——o+s Interrupt
Request
\ CCONreg d 2
ECOM 0 0 MATXY TOGH O ECCH
7 A 0
CCAPMXx Register
- (x=0,1,2,3,4)
0 O
Reset d For software imer mode, set ECOMx and MA.
Write to For high speed output mode, set ECOMx, MATx
CCAPxL 1" and TOGx.
d
Write to CCAPxH

Figure 5.3 PCA Softwae Timer and High—Speed Output Modes

Note:

To prevent an invalid match while updating these registers, user software should write to CCAPXL first, then CCAPxH. BQARltoclears
the ECOMX bit disabling the Compare—function, while a write to CCAPxH sets the ECOMXx bit enabling the Compare function again.

5.2.2.3. High-Speed Output Mode

The high—speed output mode (See Figure 5.3) generates an output signal by toggling the m@dingCEXx) when
a match occurs. This provides greater accuracy than toggling pins in software because the toggle occurs before the
interrupt request is serviced. Thus, interrupt response time does not affect the accuracy of the output.

To program a Compare/Capture module for the high—speed output mode, set the ECOMx, MATx, TOGXx bits in the
module’s CCAPMx register. Table 5.1 lists the bit combinations for selecting module modes. A match between the
PCA Counter and the Compare/Capture registers (CCAPXH/CCAPXL) toggles the CEXx pin and sets the module’s
Compare/Capture flag (ECCFx in CCAPMx register). This generates an interrupt if the corresponding enable bit
(CCFx in CCON register) is set. By setting or clearing the CEXx pin in software, the user selects whether the match
toggles the pin from low to high or vice versa.

5.2.2.4. Watchdog Timer Mode

A Watchdog Timer (WDT) provides the means to recover from routines that do not complete successfully. A WDT
automatically invokes a device reset if it does not regularly receive hold—off signals. Watchdog Timers are used in ap-
plications that are subject to electrical noise, power glitches, electrostatic discharges, etc., or where high reliability is
required.

The PCA provides a 16-bit programmable frequency WDT as a mode option on Compare/Capture module 4. This
modegenerates a device reset when the count in the PCA Counter matches the value stored in the module 4 Compare/
Capture registers. A PCA WDT reset has the same effect as an external reset.

Module 4 is the only PCA module that has the WDT mode (See Figure 5.4). When not programmed as a WDT, it can
beused in the other modes.

To program module 4 for the PCA WDT mode:
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® Set ECOM4 and MAT4 bits in CCAPM4 register and WDTE bit in CMOD register. Table 5.1 lists the bit
combinations for selecting module modes.

® Select the desired input for the PCA Counter by programming CPS0 and CPS1 bits in CMOD register (See
Figure 5.13).

® Enter a 16—hit comparison value in the Compare/Capture registers (CCAP4H/CCAPA4L).
® Enter a 16-bit initial value in the PCA Counter (CH/CL) or use the reset value (0000h).

e The difference between these values multiplied by the PCA input pulse rate determines the running time to
"expiration.”

® Set the Counter run Counter bit (CR in CCON register) to start the PCA WDT.
® The PCA WDT generates a reset signal each time a match occurs.
® To hold off a PCA WDT reset, the user has three options:
= Periodically change the comparison value in CCAP4H/CCAPA4L so a match never occurs.
= Periodically change the PCA Counter value so a match never occurs.
= Disablethe module 4 reset output signal by clearing WDTE bit before a match abairgater enable it again.

The first two options are more reliable because the Watchdog Timer is not disabled as in the third option. The second
option is not recommended if other PCA modules are in use, since the five modules share a common time base. Thus,
in most applications the first option is the best one.

PCA Counter Compare/Capture Module
counf CH CL CCAP4HCCAPA4L
(8 bits) | (8 bits) (8 bits) | (8 bits)
lL Match
N 16-Bit » o1 PCAWDT
/|__Comparator i Reset
Enable WDTE
CMOD.6
| - lecomg o [ o [ 1] - | o] - |
7 0
CCAPM4 Register
“0”
Reset
Write to
CCAP4L

Write to : I

CCAP4H
Figure 5.4 PCA Watchdog Timer Mode

5.2.2.5. Pulse Width Modulation Mode

The five PCA Compare/Capture modules can be independently programmed to function as Pulse Width Modulators
(PWM). The modulated output, which has an 8-bit pulse width resolution is available on CEXx pin. The PWM output
can be used to convert digital data to an analog signal with simple external circuitry.

11.60 MATRA MHS

. . Rev. A—25 Sept 1997
Preliminary . P



TEMIC TSC80251G1D

In this mode, the value in the low byte of the PCA Timer/Counter (CL) is continuously compared with the value in
thelow byte of the Compare/Capture register (CCAPxL;X %, 2, 3, 4). When Ck CCAPXL, the output waveform

is low (See Figure 5.6). When a match occurs (CL = CCAPxL), the output waveformigleesd remains high until

CL register rolls over from FFh to 00h, ending the period. At roll-over the output returns tbdovalue in CCAPxH
register is loaded into CCAPXL registand a new period begins.

The value in CCAPXL register determines the duty cycle of the current period.
The value in CCAPxH register determines the duty cycle of the following period.

Changing the value in CCAPXL over time modulates the pulse width. As depicted in Figure 5.6, the 8—hit ;
CCAPXL can vary from 0 (100% duty cycle) to 255 (0.4% duty cycle).

To program a Compare/Capture module for the PWM mode:

® Set ECOMx and PWMx bits in the module’s CCAPMXx register. Table 5.1 lists the bit combinations for selecting
modulemodes.

e Select the desired input for the PCA Counter by programming CPS0 and CPS1 bits in CMOD register.

® Enter an 8-hit value in CCAPXL to specify the duty cycle of the first period of the PWM output waveform.
® Enter an 8-bit value in CCAPxH to specify the duty cycle of the second period.
e Set the Counter run bit (CR in CCON register) to start the PCA Counter.

Note:
To change the value in CCAPxL without glitches, write the new value to the high byte register (CCAPxH). This value istshifiedre into
CCAPxL when CL rolls over from FFh to 00h.

The frequency of the PWM output equals the frequency of the PCA Counter input signal divided by 256. The highest
frequencyoccurs when thedsd4 input is selected for the PCA Counter. FggE= 16 MHz, this is 15.6 KHz.

CCAPxH
CL rolls over from FFh TO 00h
loads CCAPxH contents into
CCAPXL

CCAPXL

I b=

CL < CCAPxL
. —I\ 8-Bit
EX
CL (8 bits) —‘/ Comparator .—[ ]C

x=0,1,20r4 CL >= CCAPxL

o _I>_

— |ECOMx O 0 0 0 | PWM 0

CCAPMx Register

Figure 5.5 PWM Mode
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CCAPXxL Duty Cycle 1 OutputWaveform

255 0.4% |
0
1

230 10% ‘ |_| |(
0
1 —

128 50%
0 I
1

25 9% O J J J
1

0 100% 0

Figure 5.6 PWM Variable Duty Cycle
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5.3. Registers

CCAPOH (S:FAh)

CCAP1H (S:FBh)
CCAP2H (S:FCh)
CCAP3H (S:FDh)
CCAP4H (S:FEh)
High Byte Compare/Capture Module x Registers (x =0, 1, 2, 3, 4)

High Byte Compare/Capture Module x
7 6 5 4 3 2 1 0

High Byte of Compare/Capture Values ‘

Bit Bit -
Number | Mnemonic Description
7:0 CCAPxH 7:0| High byte of EWC-PCA comparison or capture values

Reset Value = 0000 0000b
Figure 5.7EWC CCAPxH Registers (x =0, 1, 2, 3, 4)

CCAPOL (S:EAN)
CCAP1L (S:EBh)
CCAP2L (S:ECh)
CCAP3L (S:EDh)
CCAP4L (S:EEh)
Low Byte Compare/Capture Module x Registers (x =0, 1, 2, 3, 4)

Low Byte Compare/Capture Module x
7 6 5 4 3 2 1 0

Low Byte of Compare/Capture Values

Bit Bit -
Number | Mnemonic Description
7:0 CCAPxL 7:0 | Low byte of EWC—PCA comparison or capture values

Reset Value = 0000 0000b

Figure 5.8EWC CCAPXxL Registers (x =0, 1, 2, 3, 4)
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CCAPMO (S:DAh)
CCAPML1 (S:DBh)
CCAPM2 (S:DCh)
CCAPMS (S:DDh)
CCAPM4 (S:DEh)
EWC-PCA Compare/Capture Module x Mode registers (x =0, 1, 2, 3, 4)

7 6 5 4 3 2 1 0
- | ECOMx | CAPPx CAPNx | MATx | TOGx [ PwWMmx ECCFx
Bit Bit L
Number | Mnemonic Description
. Reserved
The Value read from this bit is indeterminate. Do not set this bit.
Enable Compare Mode Module x bit
Clear to disable the Compare function.
6 ECOMXx Set to enable the Compare function.
The Compare function is used to implement the software Timer, the high-speed output, the Pulse Width
Modulator (PWM) and Watchdog Timer (WDT)
Capture Mode (Positive) Module x bit
5 CAPPx Clear to disable the Capture function triggered by a positive edge on CEXx pin
Set to enable the Capture function triggered by a positive edge on CEXx pin
Capture Mode (Negative) Module x bit
4 CAPNx Clear to disable the Capture function triggered by a negative edge on CEXx pin
Set to enable the Capture function triggered by a negative edge on CEXx pin
Match Module x bit
3 MATX Set when a match of the PCA Counter with the Compare/Capture register sets CCFx bit in CCON register
flagging an interrupt
Must be cleared by software
Toggle Module x bit
5 1OG The toggle mode is configured by setting ECOMx, MATx and TOGX bits.
X
Set when a match of the PCA Counter with the Compare/Capture register toggles the CEXx pin
Must be cleared by software
Pulse Width Modulation Module x Mode bit
1 PWMx Set to configure the module x as an 8-bit Pulse Width Modulator with output waveform on CEXx pin
Must be cleared by software
Enable CCFx Interrupt bit
0 ECCFx Clear to disable CCFx bit in CCON register to generate an interrupt request.
Set to enable CCFx bit in CCON register to generate an interrupt request

Reset Value = 1000 0000b

Figure 5.9EWC CCAPMx Registers (x =0, 1, 2, 3, 4)
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CCON (S:D8h)
Timer/Counter Control Register

7 6 5 4 3 2 1 0
| CF | CR - CCF4 CCF3 CCF2 CCF1 CCFO
Bit Bit s
Number | Mnemonic Description
PCA Timer/Counter Overflow flag
7 CF Set by hardware when the PCA Timer/Counter rolls over. This generates a PCA interrupt request if

bit in CMOD register is set.
Must be cleared by software.

PCA Timer/Counter Run Control bit
6 CR Clear to turn the PCA Timer/Counter off.
Set to turn the PCA Timer/Counter on.

Reserved
The value read from this bit is indeterminate. Do not set this bit.

PCA Module 4 Compare/Capture flag

4 CCE4 Set by hardware when a match or capture occurs. This generates a PCA interrupt request if the EGCF 4 bit
in CCAPM 4 register is set.

Must be cleared by software.

PCA Module 3 Compare/Capture flag

3 CCE3 Set by hardware when a match or capture occurs. This generates a PCA interrupt request if the EGCF 3 bit
in CCAPM 3 register is set.

Must be cleared by software.

PCA Module 2 Compare/Capture flag

5 CCE2 Set by hardware when a match or capture occurs. This generates a PCA interrupt request if the EGCF 2 bit
in CCAPM 2 register is set.

Must be cleared by software.

PCA Module 1 Compare/Capture flag

1 CCF1 Set by hardware when a match or capture occurs. This generates a PCA interrupt request if the EGCF 1 bit
in CCAPM 1 register is set.

Must be cleared by software.

PCA Module 0 Compare/Capture flag

0 CCEO Set by hardware when a match or capture occurs. This generates a PCA interrupt request if the EGCF 0 bit
in CCAPM O register is set.

Must be cleared by software.

Reset Value = 0010 0000b
Figure 5.10EWC CCON Register
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CH (S:F9h)
Timer/Counter Registers
7 6 5 4 3 1 0

‘ High Byte of Compare/Capture Values

Bit Bit -

Number | Mnemonic Rzl auly

7:0 CH7:0 High byte of Timer/Counter

Reset Value = 0000 00000b
Figure 5.1 EWC CH Register
CL (S:E9h)
Timer/Counter Registers
Low Byte of Timer/Counter Register
7 6 5 4 3 1 0
Low Byte of Compare/Capture Values
Bit Bit -
Number | Mnemonic Description

7:0 CL7:0 Low byte of Timer/Counter

Reset Value = 0000 00000b
Figure 5.12EWC CL Register
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CMOD (S:D9h)

Timer/Counter Mode Register

7 6 5 4 3 2 1 0
| cpbL | WwDTE - - - CPs1 CPSO ECF
Bit Bit .
Number | Mnemonic Rzl il
PCA Counter Idle Control bit
7 CIDL Clear to let the PCA running during Idle mode.
Set to stop the PCA when Idle mode is invoked.
Watchdog Timer Enable bit
6 WDTE Clear to disable the Watchdog Timer function on EWC module 4.
Set to enable the Watchdog Timer function on EWC module 4.
5 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
4 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
EWC Count Pulse Select bits
2 cPst CPS1 CPSO Clock source
0 0 Intern&'Créekl Fosef1R2?
0 1 Internal Clock, Fosc/4
1 CPSO 1 0 Timer O overflow
1 1 External clock at ECI/P1.2 pin (Max. Rate = Fosc/8)
Enable PCA Counter Overflow Interrupt bit
0 ECF Clear to disable CF bit in CCON register to generate an interrupt.
Set to enable CF bit in CCON register to generate an interrupt.
Reset Value = 0011 1000b
Figure 5.13EWC CMOD Register
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SSLC / Inter—Integrated Circuit (I 2C) Interface

6.1.Introduction

The Synchronous Serial Link Controller (SSLC) provides the selection of one synchronous serial interface among the
threemost popular ones:

e Inter—Integrated Circuit {C) interface. 2
® pWire and Serial Peripheral Interface (SPI).

When an interface is selected, the others are no longer available, their usage is exclusive.

This section describes théQ interface. In the rest of the section SSLC me#@sriterface. The4C bus is a bi-directional

two—wire serial communication standard. It is designed primarily for simple ficieet integrated circuit &C) control.

The system is comprised of two lines, SCL (Serial Clock) and SDA (Serial Data) that carry information betW€en the
connectedo them. The serial data transfer is limited to 100Kbit/s in standard madeu¥ communication configura

tion can be designed using this bus. The TSC80251G1D implements the four standard master and slave transfer modes
with multimaster capabilityFigure 6.1 shows a typic#@ bus configuration. All thelevicesconnected to the bus can
bemaster and slave.

TSC80251G1D Device 1 Device 2 |---- | Device n
scupLe|_RPIRP l l l
SDA/P1.7 | . ! J

Figure 6.1 Typical I2C Bus Configuration using the TSC80251G1D

The CPU interfaces to théC logic viathe following four 8—bit special function registers: the Synchronous Serial Control
register(SSCON SFR, see Figure 6.7), the Synchronous Serial Data register{SEBAsee Figure 6.8), the Synchro
nousSerial Control anétatus register (SSCS SFR, see Figure 6.9 and Figure 6.10) and the Synchronous Serial Address
register (SSADR SFR, see Figure 6.11).

SSCON is used to enable SSLC, to program the bit rate (see Table 6.1), to enable slave modes, to acknowledge or not
areceived data, to send aART or a STOP condition on the?C bus, and to acknowledge a serial interrupthardware
resetdisables SSLC.

In write mode, SSCS is used to select #@ihterface and to select the bit rate source. In read mode, SSCS contains a
statuscode which reflects the status of tR€ logic and theaC bus. The three least significant bits are always zero. The

five most significant bits contains the status code. There€6 possible status codes. When SSCS contains F8h,-no rele
vantstate information is available and no serial interrupt is requested. A valid status code is available in SSES one ma
chinecycle after Sl is set by hardware and is still present one machine cycle after SI has been reset by sbisvéare. T

to Table 6.5 give the status for the master modes and miscellaneous states.

SSDAT contains a byte of serial data to be transmitted or a byte which has just been received. It is addressable while it
is not in process of shifting a byte. This occurs wH&hlbgic is in a defined state and the serial interrupt flag is set. Data

in SSDAT remains stable as long as Sl is set. While data is being shifted out, data on the bus is simultaneously shifted
in; SSDAT always contains the last byte present on the bus.

SSADR may be loaded with the 7—bit slave address (7 most significant bits) to which SSLC will respond when pro-
grammed as a slave transmitter or receiver. The LSB is used to enable general call address (00h) recognition.
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Figure 6.2 shows how a data transfer is accomplished ofQtmis.

o R/W  Acknowledgment g .
- direction signal from receiver S|gnal from receiver :
bit

MM _/—\_/—\__/—\_/—\_/_

Clock line held low while serial interrupts are serviced L o

Figure 6.2 Complete data transfer on4C bus
The four operating modes are:
® Master Tansmitter
® Master Receiver
® Slave transmitter

® Slave receiver

Datatransfer in each mode of operation are shown in Figure 6.3 to Figure 6.6. These figurestomfddowing abbre
viations:

A Acknowledge bit (low level at SDA)
A Not acknowledge bit (high level on SDA)
Data 8-bit data byte

S START condition

P STOP condition

MR Master Receive

MT Master Tansmit

SLA Slave Address

GCA General Call Address (00h)

R Read bit (high level at SDA)

W Write bit (low level at SDA)

In Figure 6.3 to Figure 6.6, circles are used to indicate when the serial interrupsiagrlise numbers in the circles show

the status code held in SSCS. At these points, a service routinbereigtcuted to continue or complete the serial transfer
Theseservice routines are not critical since the serial transfer is suspended until the serial interrupt flag is cleared by soft
ware.

Whenthe serial interrupt routine is entered, the status code in SSCS is used to branch to the appropriateieevice
For each status code, the required software action and details of the following serial transfer are given in Table 6.2 to
Table 6.5.

6.1.1.Interface and Bit rate source selection

Thebit rate can be derived from an external bit rate genesafoom the internalC bit rate controllerThe Clock Source
Selectionbit (CSS) selects the external or internal bit rate (see Figure 6.9). Befof€ inéerface can be enable®iSCS
mustbe initialized as follows:

CSS - - - - - 1S1 1SO
Bit Rate — - - - - 0 0
Source
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ISOand IS1 selects théQ interface among the three available. When in the external bit rate generator configuration, the
bit rate generated depends on the content of the Synchronous Serial Bit Rate register (SSBR, see Figure 6.12). The bit
rate generated is given by the following formula:

F

osc

Br=
4x(SSBR value+3)

6.1.2. Master transmitter mode

In the master transmitter mode, a number of data bytes are transmitted to a slave receiver (see Figure 6.3).
master transmitter mode can be entered, SSCON must be initialized as follows:

CR2 SPE STA STO Sl AA CR1 CRO |

X 1 0 0 0 X X X

CRO0,CR1 and CR2 define the internal serial bit rate if external bit rate generatousedotSPE must be set to enable
I2C interface. STA, STO and S| must be cleared.

The master transmitter mode may now be entered by setting the STA bi#CTlogit will now test the2C bus and
generat@ START condition as soon as the bus becomes Yéen a SART condition is transmitted, the serial interrupt

flag (Sl bit in SSCON) is set, and the status code in SSCS will be 08h. This status must be used to vector to an interrupt
routine that loads SSOAwith the slave address and the data direction bit (SLA+W). The must then bieefesethe

serial transfer can continue.

When the slave address and the direction bit have been transmitted and an acknowledgement bit has been received, Sl
is set again and a number of status code in SSCS are possible. There are 18h, 20h thre38ladter mode and also

68h,78h or BOh if the slave mode was enabled (AA=logic 1). The appropriate action to be taken for each of these status
code is detailed in Table 2. This scheme is repeated until a STOP condition is transmitted.

SPE,CR2, CR1 and CRO are nofexdted by the serial transfer and are not referred talieT6.3. After a repeated SRT
condition (state 10h) SSL@ay switch to the master receiver mode by loading SSDAT with SLA+R.

6.1.3. Master receiver mode

In the master receiver mode, a number of data bytes are received from a slave transmitter (see Figure 6.4). The transfer
is initialised as in the master transmitter mode. When the START condition has been transmitted, the interrupt routine
mustload SSDA with the 7-bit slave address and the data direction bit (SLARR) serial interrupt flag must then

be cleared before the serial transfer can continue

Whenthe slave address and the direction bit have been transmitted and an acknowledgement bit has been received, the
serialinterrupt flag is set again and a number of status code in SSCS are possible. There are 40h, 48h or Btisfer the
modeand also 68h, 78h or BOh if the slave mode was enabled (AA=logic 1). The appropriate action to be taken for each
of these status code is detailed able 6.3This scheme is repeated until a STOP condition is transmitted.

SPE,CR2, CR1 and CRO are nofexted by the serial transfer and are not referred taleT6.3. After a repeated SRT
condition (state 10h) SSLC may switch to the master transmitter mode by loading SSDAT with SLA+W.

6.1.4. Slave receiver mode

In the slave receivenode, a number of data bytes are received from a master transmitter (see Figuceii@it&teTthe
slavereceiver mode, SSADR and SSCON must be loaded as follows:

A6 A5 A4 A3 A2 Al AO GC

own slave address
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Theupper 7 bits are the address to which SSLC will respond when addressed by dfttasteB (GC) is set SSLC
will respond to the general call address (00h); otherwise it ignores the general call address.

CR2 SPE STA STO Sl AA CR1 CRO

bit rate 1 0 0 0 1 bit rate bit rate

CRO0,CR1 and CR2 have nofett in the slave mode. SPE must be set to enable SSLC. The AA bit must be set to enable
theown slave address or the general call address acknowledgem®n&TET and S| must be cleared.

WhenSSADR and SSCON have been initialised, SSLC waits until it is addregsesdown slave address followed by

thedata direction bit which must be logic 0 (W) for SSLC to operate in the slave receiver mode. After its owddiess

andthe W bit have been received, the serial interrupt flag is set and a valid status code can be read from SSCS. This status
codeis used to vector to an interrupt service routine, and the appropriatetadbi®taken for each of these status code

is detailed in Table 6.4. The slave receiver mode may also be entered if arbitration is lost while SSLC is in the master
mode(see states 68h and 78h).

If the AA bit is reset during a transf&SLC will return a not acknowledgegic 1) to SDA after the next received data

byte. While AA is reset, SSLC does not respond to its own slave address. HoweV&, libis is still monitored and
address recognition may be resume at any time by setting AA. This means that the AA bit may be used to temporarily
isolate SSLC from theé’C bus.

6.1.5. Slave transmitter mode

In the slave transmitter mode, a number of data bytes are transmitted to arecaster (see Figure 6.6). Data transfer

is initialised as in the slave receiver mode. When SSADR and SSCON have been initialised, SSLC waits until it is ad
dressedy its own slave address followed by the data direction bit which must be logic 1 (R) for SSLC to operate in the
slavetransmitter mode. After its own slave address and the R bitdesrereceived, the serial interrupt flag is set and

avalid status code can be read from SSCS. This status code is used to vector to an interrupt service routine, and the ap
propriate action to be taken for each of these status code is detailed in Table 6.5. The slave transmitter mode may also
be entered if arbitration is lost while SSLC is in the master mode (see state BOh).

If the AA bit is reset during a transf&SLC will transmit the last byte of the transfer and enter stat@O08h. SSLC

is switched to the not addressed slave mode and will ignore the master receiver if it continues theltnaadfes master
receiverreceives all ¥ as serial data. While AA is reset, SSLC does not respond to its own slave address.,Huwavever

I2C bus is still monitored and address recognition may be resume at any time by setting AA. This means that the AA bit
may be used to temporarily isolate SSLC from #@&Hus.

6.1.6. Miscellaneous States

Thereare two SSCS codes that do not correspond to a define SSLC hardware statblés@s). These are discuss here
after.

StatusF8h indicates that no relevant information is available because the serial interrupt flag is not yet set. This occurs
between other states and when SSLC is not involved in a serial transfer.

StatusOOhindicates that a bus error has occurred during a SSLC serial tranbfes error is caused when aART or

a STOP condition occurs at an illegal position in the format frame. Examples of such illegal positions are during the serial
transferof an address byte, a data byte, or an acknowledge bit. When a bus error occurs, QI iss@tel from a bus

error,the SO flag must be set and S| must be cleared. This causes SSLC to enter the not addressed slave mode and to
clearthe S flag (no other bits in SICON ardezited). The SDA and SCL lines are released and @PSondition

is transmitted.

Notes

SSLCinterfacedo the externalC bus via two port 1 pins: P1.6/SCL (serial clock line) and P1.7/SDA (serial data line).
To avoid low level asserting on these lines when SSLC is enabled, the output latches of P1.6 and P1.7 must be set to logic
1.
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Table 6.1 Serial Clock Rates

Bit frequency (kHz)
CSS | CR2 CR1 CRO Fosc divided by
Fosc= 12MHz Fosc= 16MHz
0 0 0 0 47 62.5 256
0 0 0 1 53.5 715 224
0 0 1 0 62.5 83 192
0 0 1 1 75 100 160
0 1 0 0 125 16.5 960
0 1 0 1 100 - 120
0 1 1 0 - - 60
0 1 1 1 0.5<0<625 0.67 <[k 83 96 x (256 — reload value Timer 1)
(reload value range: 0-254 in mode 2)
1 0 X X 11.6<[k100 15.5<[k100 4 x (SSBR value + 3)
min SSBR value: 27 | min SSBR value: 37
1 1 X X - - Reserved
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MT

Successfull transmis
sion to a slave

SLA

receiver

Next transfer started with
a repeated start condition

Not acknowledge received
after the slave address

Not acknowledge received
after a data byte

Arbitration lost in slave
address or data byte

Arbitration lost and
addressed as slave

From master to slave

From slave to master

S SLA W

®-~
.|

|
-

: 2] Other master : 2| Other master
.A or A continues A orA continues

A |Other master
continues

@@@ To corresponding
states in slave mode

Data ' A Any number of data bytes and their
: associated acknowledge bits

This number (contained in SSCS) corresponds
to a defined state of thé C bus

Figure 6.3 Format and states in the master transmitter mode
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MR

successfull transmis | g | g ' R A | Data ! A | Daa! A | P
sion to a slave . : I ]

receiver

Next transfer started with
a repeated start condition S SLA

CA T: :
Mt
Arbitration lost in slave address _

: A or Al Other master : aA |Other master
or acknowledge bit X continues ] continues

&

Not acknowledge received
after the slave address

Arbitration lost and
addressed as slave

Other master
continues

@@@ To corresponding
states in slave mode

From master to slave

From slave to master

Data . A Any number of data bytes and their
: associated acknowledge bits

&) This number (contained in SSCS) corresponds

to a defined state of thé C bus

Figure 6.4 Format and states in the master receiver mode
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Reception of the own slave . | N .
address and one or more S SLA : W A Data . A Data P or §

A
data bytes. All are ackno
ledged.

Last data byte received is —
not acknowledge . A |PorS

Arbitration lost as master
and addressed as slave

>

Reception of the general [ T i
call address and one or General Call; A Data : A Data ; A |Por{

Last data byte received is
not acknowledge

Arbitration lost as master and
addressed as slave by general call

@

From master to slave

From slave to master

LA Any number of data bytes and their
] associated acknowledge bits

This number (contained in SSCS) corresponds
to a defined state of thé C bus

Figure 6.5 Format and states in the slave receiver mode
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Reception of the own
slave address and one of

more data bytes. All are o
aknowledged. @ ‘
® ® (@

Arbitration lost as master
and addressed as slave

S| SLA : R : A Data : A Data © A |PorS

Last data byte transmitted. e
Switched to not addressed : A Alll's |Por§
slave (AA=O)

From master to slave

From slave to master

Any number of data bytes and their
associated acknowledge bits

Data ' A

This number (contained in SSCS) corresponds
to a defined state of thé€ bus

Figure 6.6 Format and states in the slave transmitter mode
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Table 6.2 Status for master transmitter mode

=]

>

=]

=]

ave

Status Status of the Application software response
Code 12C bus and To/from To SSCON Next action taken by PC hardware
SSCS| 12C hardware SSDAT STA |STO | SI
08h | A START condition Write SLA+W X 0 0 SLA+W will be transmitted;
has been transmitted
10h [ Arepeated START Write SLA+W or X 0 0 SLA+W will be transmitted;
condition has been
transmitted Write SLA+R X 0 0 SLA+R will be transmitted
Logic will switched to master receiver mode
18h | SLA+W has been Write data byte or 0 0 0 Data byte will be transmitted and ACK will be
transmitteq; ACK has received
been received No SSDAT action or 1 0 Repeated START will be transmitted
No SSDAT action or 0 1 0 STOP condition will be transmitted and STO
flag will be reset
No SSDAT action 1 1 0 STOP condition followed by a START conditid
will be transmitted and STO flag will be reset.
20h [ SLA+W has been Write data byte or 0 0 0 Data byte will be transmitted and ACK will be
transmitted; NOT received
’g‘g\t(ezas been re- No SSDAT action or 1 0 Repeated START will be transmitted
No SSDAT action or 0 1 0 STOP condition will be transmitted and STO
flag will be reset
No SSDAT action 1 1 0 STOP condition followed by a START conditid
will be transmitted and STO flag will be reset
28h | Data byte has been | Write data byte or 0 0 0 Data byte will be transmitted
g:gﬁTétéZ?\}e%CK has _ Repeated START will be transmitted
No SSDAT action or 1 0 0 STOP condition will be transmitted and STO
No SSDAT action or 0 1 0 flag will be reset
STOP condition followed by a START conditid
No SSDAT action 1 1 0 will be transmitted and STO flag will be reset
30h | Data byte has been | Write data byte or 0 0 Data byte will be transmitted
transmitted; NOT Repeated START will be transmitted
ACK has beenre- | \o sspaT actionor | 1 0 L :
ceived STOP condition will be transmitted and STO
No SSDAT action or 0 1 0 flag will be reset
STOP condition followed by a START conditid
No SSDAT action 1 1 0 will be transmitted and STO flag will be reset
38h [ Arbitration lost in No SSDAT action or 0 0 0 12C bus will be released and not addressed sl
SLA+W or data bytes mode will be entered
No SSDAT action 1 0 0 A START condition will be transmitted when
the bus becomes free
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Table 6.3 Status for master receiver mode

Status Status of the Application software response
Code 12C bus and To/from To SSCON Next action taken by PC hardware
SSCS| 12C hardware SSDAT STA |STO | SI
08h | A START condition Write SLA+R X 0 0 SLA+R will be transmitted,;
has been transmitted
10h [ Arepeated START Write SLA+R or X 0 0 SLA+R will be transmitted,;
condition has been
transmitted Write SLA+W x | o | o SLA+W will be transmitted
Logic will switched to master transmitter modé
38h | Arbitration lost in No SSDAT action or 0 0 0 12C bus will be released and not addressed sl
SLA+R or NOT ACK mode will be entered
bit No SSDAT action 1 0 0 A START condition will be transmitted when
the bus becomes free
40h | SLA+R has been No SSDAT action or 0 0 0 Data byte will be received and NOT ACK will
transmitted; ACK has be returned
been received No SSDAT action 0 0 0 Data byte will be received and ACK will be re-
turned
48h | SLA+R has been No SSDAT action or 1 0 Repeated START will be transmitted
Xacn}f'r?:;egée'\'nor-g_ No SSDAT action or 0 0 STOP condition will be transmitted and STO
ceved flag will be reset
No SSDAT action 1 1 0 STOP condition followed by a START conditio
will be transmitted and STO flag will be reset
50h | Data byte has been ref Read data byte or 0 0 0 Data byte will be received and NOT ACK will
ceived; ACK has been be returned
returned read data byte 0 0 0 Data byte will be received and ACK will be re-
turned
58h Data byte has been re} Read data byte or 1 0 Repeated START will be transmitted
gelved; {\IOT (’?CK has Read data byte or 0 1 0 STOP condition will be transmitted and STO
een returne flag will be reset
Read data byte 1 1 0 STOP condition followed by a START conditio
will be transmitted and STO flag will be reset
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Table 6.4 Status for slave receiver mode

Status Status of the Application software response
Code 12C bus and To/from To SSCON Next action taken by PC hardware
SSCS 12C hardware SSDAT STA |STO | SI | AA
60h [ Own SLA+W has beenp No SSDAT action or X 0 0 0 Data byte will be received and NOT ACK wiill
received; ACK has be returned
been returned No SSDAT action X 0 0 1 Data byte will be received and ACK will be re-
turned
68h [ Arbitration lost in No SSDAT action or X 0 0 0 Data byte will be received and NOT ACK wiill
SLA+R/W as master; be returned
own SLA+W has been \, sSpAT action X 0 0 1 | Data byte will be received and ACK will be re-
received; ACK has
turned
been returned
70h | General call address | No SSDAT action or X 0 0 0 Data byte will be received and NOT ACK will
has been received, be returned
ACK has been re- No SSDAT action X 0 0 1 Data byte will be received and ACK will be re-
turned
turned
78h [ Arbitration lost in No SSDAT action or X 0 0 0 Data byte will be received and NOT ACK will
SLA+R/W as master; be returned
general call ad_dres:s No SSDAT action X 0 0 1 | Data byte will be received and ACK will be re-
has been received,
turned
ACK has been re-
turned
80h [ Previously addressed | No SSDAT action or X 0 0 0 Data byte will be received and NOT ACK wiill
with own SLA+W; be returned
data has been receivefly, SSPAT action X 0 0 1 | Data byte will be received and ACK will be re-
ACK has been re-
turned
turned
88h Previously addressed | Read data byte or 0 0 0 0 Switched to the not addressed slave mode; n
with own SLA+W; recognition of own SLA or GCA
ﬂlact)?l' rfcsé’ﬁgg {)ee(;erllvedhead data byte or 0 0 0 1 Switched to the not addressed slave mode; oyvn
t d SLA will be recognised; GCA will be recog-
returne nised if GC=logic 1
Read data byte or 1 0 0 0 Switched to the not addressed slave mode; n
recognition of own SLA or GCA. A START
condition will be transmitted when the bus be-
comes free
Read data byte 1 0 0 1 Switched to the not addressed slave mode; ofvn
SLA will be recognised; GCA will be recog-
nised if GC=logic 1. A START condition will bd
transmitted when the bus becomes free
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90h

Previously addressed
with general call; data
has been received;
ACK has been re-
turned

Read data byte or

Read data byte

Data byte will be received and NOT ACK will
be returned

Data byte will be received and ACK will be re-
turned

98h

Previously addressed
with general call; data
has been received;
NOT ACK has been
returned

Read data byte or

Read data byte or

Read data byte or

Read data byte

Switched to the not addressed slave mode; n
recognition of own SLA or GCA

Switched to the not addressed slave mode; o
SLA will be recognised; GCA will be recog-
nised if GC=logic 1

Switched to the not addressed slave mode; n
recognition of own SLA or GCA. A START

condition will be transmitted when the bus be
comes free

Switched to the not addressed slave mode; o
SLA will be recognised; GCA will be recog-

nised if GC=logic 1. A START condition will be
transmitted when the bus becomes free

AOh

A STOP condition or
repeated START con-
dition has been re-
ceived while still ad-
dressed as slave

No SSDAT action or

No SSDAT action or

No SSDAT action or

No SSDAT action

Switched to the not addressed slave mode; n
recognition of own SLA or GCA

Switched to the not addressed slave mode; o
SLA will be recognised; GCA will be recog-
nised if GC=logic 1

Switched to the not addressed slave mode; n
recognition of own SLA or GCA. A START

condition will be transmitted when the bus be
comes free

Switched to the not addressed slave mode; o
SLA will be recognised; GCA will be recog-

nised if GC=logic 1. A START condition will bd
transmitted when the bus becomes free
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Table 6.5 Status for slave transmitter mode

Status Status of the Application software response

Code 12C bus and To/from To SSCON Next action taken by PC hardware
SSCS | 12C hardware SSDAT STA |STO| SI | AA

A8h | Own SLA+R has been Write data byte or X 0 0 0 Data byte will be transmitted

received; ACK has
been returned

Write data byte X 0 0 1 Data byte will be transmitted

BOh | Arbitration lost in Write data byte or X 0 0 0 Data byte will be transmitted
SLA+R/W as master;

own SLA+R has been Write data byte X 0 0 1 Data byte will be transmitted

received; ACK has
been returned

B8h | Data byte in SSDAT | Write data byte or X 0 0 0 Data byte will be transmitted
has been transmitted;
NOT ACK has been

. Write data byte X 0 0 1 Data byte will be transmitted
received
COh | Data byte in SSDAT | No SSDAT action or 0 0 0 0 Switched to the not addressed slave mode; n
has been transmitted; recognition of own SLA or GCA
:\é(g;\gch has been |\, SSDAT action or o 0 0 1 | Switched to the not addressed slave mode; ofvn
SLA will be recognised; GCA will be recog-
nised if GC=logic 1
No SSDAT action or 1 0 0 0 Switched to the not addressed slave mode; n
recognition of own SLA or GCA. A START
condition will be transmitted when the bus be-
comes free
No SSDAT action 1 0 0 1 Switched to the not addressed slave mode; oyvn
SLA will be recognised; GCA will be recog-
nised if GC=logic 1. A START condition will bd
transmitted when the bus becomes free
C8h | Last data byte in No SSDAT action or 0 0 0 0 Switched to the not addressed slave mode; n
SSDAT has been trang- recognition of own SLA or GCA
mitted (AA=0); ACK No SSDAT action or 0 0 0 1 Switched to the not addressed slave mode; oyvn

has been received SLA will be recognised; GCA will be recog-

nised if GC=logic 1

No SSDAT action or 1 0 0 0 Switched to the not addressed slave mode; n
recognition of own SLA or GCA. A START
condition will be transmitted when the bus be-
comes free

No SSDAT action 1 0 0 1 Switched to the not addressed slave mode; oyvn
SLA will be recognised; GCA will be recog-
nised if GC=logic 1. A START condition will bd
transmitted when the bus becomes free
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Table 6.6 Status for miscellaneous states

Status| Status of the Application software response
code 12C bus and To/from To SSCON Next action taken by PC hardware
SSCS| 12C hardware SSDAT sTA [sTo| sI | AA
F8h | No relevant state infor} No SSDAT action No SSCON action Wait or proceed current transfer
mation available; SI=
0
00h | Bus error due to an il-| No SSDAT action 0 1 0 X Only the internal hardware is affected, no STQ
legal START or STOP condition is sent on the bus. In all cases, the i
condition is released and STO is reset

6.2. Registers

SSCON (S:93h)
Synchronous Serial Control Register

7 6 5 4 3 2 1 0
‘ CR2 \ SIE STA STO S| AA CR1 CRO
Bit Bit ..
Number | Mnemonic DESE el
7 CR2 Synchronous Serial Control Rate bit 2
Synchronous Serial Peripheral Enable bit
6 SIE Clear to disable SSLC
Set to enable SSLC
Start flag
5 STA Clear not to send a START condition on the bus.

Set to send a START condition on the bus.

Stop flag
Set to send a STOP condition on the bus.

4 STO

Synchronous Serial Interrupt flag
3 Sl Set by hardware when a serial interrupt is requested.
Must be cleared by software to acknowledge interrupt.

Synchronous Serial Assert Acknowledge flag
Clear in master and slave receiver mode, to force a not acknowledge (high level on SDA).

2 AA Set to recognise SLA or GCA (if GC set) for entering slave receiver or transmitter modes.Set in master and
slave receiver modes to force an acknowledge (low level on SDA).

This bit has no effect when in master transmitter mode.

1 CR1 Synchronous Serial Control Rate bit 1

0 CRO Synchronous Serial Control Rate bit O

Reset Value = 0000 0000b

Figure 6.7SSCON register
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SSDAT (S:95h)
Synchronous Serial Data Register

7 6 5 4 3 2 1 0
| sb7 | sDe SD5 SD4 sD3 SD2 SD1 SDO
Nu?I:Ler MneBrrI1tonic DS e
7 SD7 Address bit 7 or Data bit 7
7 SD6 Address bit 6 or Data bit 6
7 SD5 Address bit 5 or Data bit 5
7 SD4 Address bit 4 or Data bit 4
7 SD3 Address bit 3 or Data bit 3
7 SD2 Address bit 2 or Data bit 2
7 SD1 Address bit 1 or Data bit 1
7 SDO Address bit 0 or Data bit 0

Reset Value = 0000 0000b

Figure 6.8SSDAT register
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SSCS (S:94h) write (SSLCAC)
Synchronous Serial Control and StatusRegister

7 6 5 4 3 1 0
| css | - | - | - - IS1 S
Nu?l;tber MneBrr|1tonic L
Clock Source Selection bit
7 CSS Clear to select internal bit rate controlled by CRO to CR2.
Set to select external bit rate generator.
6 - Reserved
5 - Reserved
4 - Reserved
3 - Reserved
2 - Reserved
) IS1 Interface Selection bit. 1
Clear to select?C interface.
0 IS0 Interface Selection bit. 0
Clear to select?C interface.
Reset Value = 0XXX XX00b
Figure 6.9SSCS register: write mode
SSCS (S:94h) read (SSLCZC)
Synchronous Serial Control and StatusRegister
7 6 5 4 3 1 0
| sc4 | sc3 | sc2 scC1 SCo 0 0
Nu?rlltber MneBnI1tonic DEsSiphel
7 SC4 Synchronous Serial Status Code bit 4
6 SC3 Synchronous Serial Status Code bit 3
5 SC2 Synchronous Serial Status Code bit 2
4 SC1 Synchronous Serial Status Code bit 1
3 SCO Synchronous Serial Status Code bit 0
2 0 Always 0
1 0 Always 0
0 0 Always 0
Reset Value = F8h
Figure 6.10 SSCS register: read mode
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SSADR (S:96h)
Synchronous Serial Address Register

7 6 5 4 3 2 1 0
| A7 | A6 A5 A4 A3 A2 Al GC
Nu?I:Ler MneBrrI1tonic DS e
7 A7 Slave Address bit 7
6 A6 Slave Address bit 6
5 A5 Slave Address bit 5
4 A4 Slave Address bit 4
3 A3 Slave Address bit 3
2 A2 Slave Address bhit 2
1 Al Slave Address bit 1

General call bit
0 GC Clear to disable the general call address recognition.
Set to enable the general call address recognition.

Reset Value = 0000 0000b

Figure 6.11 SSADR register
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SSBR (S:92h)
Synchronous Serial Bit Rate Register

7 6 5 4 3 2 1

0

‘ BRD7 \ BRD6 BRD5 BRD4 BRD3 BRD2 BRD1 BRDO ‘

Bit Bit .

Number | Mnemonic DESE g e
Synchronous Serial Bit Rate Data
7:0 BRD7:0 . L . .
Bit rate is given by the formuld®r = Fosd(4x(SSBR value+3)), Br in KHz (Fosc in MHz)
Reset Value = 0000 0000b
Figure 6.12SSBR register
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SSLC / Synchronous Peripheral Interface {wire/SPI)

7.1. Introduction

The Synchronous Serial Link Controller (SSLC) provides the selection of one synchronous serial interface among the
threemost popular ones:

e Inter—Integrated Circuit {C) interface.

e uWire and Serial Peripheral Interface (SPI).

When BC is selected, SPI Interface is no longer available. Conver3€lys Ino longer avalaible wheiwire/SPI is

selected. Thisection describes the SPI. This synchronous interface allows several SPI microcontrpliéire and

SPI-type peripherals to be interconnected.

Figure 7.1 shows a typical SPI bus configuration using one TSC80251G1D master and many slaves. The bus is made
of three wires connecting all the devices together:

e Master Output Slave Input (MOSI): it is used to transfer data in series from the master to a slave.
It is driven by the master.

® Master Input Slave Output (MISO): it is used to transfer data in series from a slave to the master.
It is driven by the selected slave.

e SerialClock (SCK): it is used to synchronize the data movement both in and out the devices through their MOSI and
MISO lines. It is driven by the master for eight clock cycles which allows to exchange one byte on the serial lines.
Each slave is selected by one Slave Select pin (SS#). If there is only one slave, it may be continuously selected with

SS# tied to a low level. Otherwise, the TSC80251G1D may select each device by software through port pins (Pn.x).
Specialcare should be taken not to select two slaves at the same time to avoid bus conflicts.

Pn.z SS#HN

PNy SS#2

Pnx | SS#1 ]SS Slavel Ls_s Slave2 SS SlaveN
TSC80251G1D MISO SCKMOS MISOSCKMOSf ---=---"""1 MISO SCKMOSl
(Master)

P1.5 ‘MISO

p17 [ SCK -

P16 |-MOSI e

Figure 7.1 Typical SPI Bus Configuration using TSC80251G1D

To allow easy communication of many TSC80251G1D together or with other SPI masters, a slave SPI mode is also
provided.When SPI is configureed as a slave, P1.4 may be used as SS#.

7.2. Description

Figure 7.2 highlights thgWire and Serial Peripheral Interface dedicated harware. An 8—bit shift register (Serial Syn-
chronous Data, SSDAT) is connected to the MISO and MOSI pins through a multiplexer. When SPI is configured as
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amaster MISO is the input and MOSI is the output. When SPI is configured as a slave, MISO is the output and MOSI
is the input. MISO is connected to the input of an 8—bit shift register (Serial Synchronous Data, SSDAT) the output
of which is connected to MOSI output.

In master mode, a bit rate generator provides the clock of the shift register and SCK accordingly, depending on the

chosen transmission clock policy (See Interface Configuration below). In slave mode, the clock of the shift register
is provided by SCK depending of the transmission clock pofidglitional logic is alsoincluded to provide control and

status information.

The SPI configuration is made through three registers:

® The Synchronous Serial Control register (SSCON)

® The Synchronous Serial Control and Status register (SSCS)
® The Synchronous Serial Bit Rate register (SSBR)

Once the SPI is configured, the data exchange is made using:
® SSDAT

® SSCS
e SSCON

— ¢ °

MISO/P1.50—|§! i
SSDAT
8—bit shift
MOSI/Pl.D—'& » Register
SS#/Pl.AGi - A Clt_%ntiré)l — Serial Synchronous
9 Interrupt request
1 [ —

SSBSY SSPH SSI |SSMST
SSCS.4 SSCON.6SSCON.3 SSCON.2

Fosc/(24x(256 — TH1)

— L’ :

N .

4 - (SSBR+1) Fosc !

sckiPL.dF— '
C:LOCK :

mux '

Fosd?2 :

Fosd3 :

)

bit rate generator

SSCPOL SSCPHA SSBRS| SSCR1 SSCRO

SSCON.5 SSCON.4 SSCS.7 SCS.1 SSCS.0

Figure 7.2 Wire and Serial Peripheral Interface
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7.2.1. Interface Configuration

To avoid unexpected behavjdine Synchronous Serial Peripheral Enable bit (SSPE in SSCON register) must not been

set when configuring the SPI. This bit may be cleared at any time and disable the SSLC whatever its configuration,
then all the SPI outputs are disabled. Once the SPI has been configured (See below), SSPE may be set to enable the
SPI operation, then its outputs are enabled and set according to the configuration.

The Synchronous Serial Mode bit (SMOD in SSCS) must be set first to selagtitB&SPI mode. Then the rest of
the configuration may be done.

The Synchronous Serial Master bit (SSMSIFRSSCS) allows to choose between the master and the slave mode.
reset,SSMSTRIs set and the SPI is in master mode. A preceding revision of this peripheral interface was not suy 2

theslave mode. When the slave mode is not supported, SSMSTR is reserved @& ARED after reset.

Master Configuration

The Synchronous Serial Bit Rate Select bit (SSBRS in SSCS) allows to choose between two bit rate generation modes,
see Table 7.1. When SSBRS is set, the bit rate is programmed according to the Synchronous Serial Bit Rate register
8-bitvalue (SSBR). When SSBRS is cleared, the bitisaselected according to the Synchronous Serial Control Rate

bits (SSCR1 and SSCRO0 in SSCON).

Table 7.1 Serial Clock Rates

Bit frequency (kHz)
SSBRS | SSCR1 | SSCRO Fosc divided by
Fosc =12 MHz Fosc =16 MHz

0 0 0 3000 4000 4

0 0 1 1500 2000 8

0 1 0 1000 1333.33 12

0 1 1 0.49<.<125 0.65<.<167 96x(256 — reload value Timer 1)

(reload value range: 0—255 in mode 2)

1 X X 11.7 <. <3000 15.6 <. <4000 4X(SSBR value + 1)

The Synchronous Serial Polarity bit (SSPOL in SSCON) defines the default SCK line level in idle state (Note: when
theperipheral is disabledhe default state is one). Then the Synchronous Serial Phase bit (SSPHA in SSCON) defines
the edges on which the MISO input and the MOSI respectively output are sampled and shifted out respectively (See
Figure 7.3). Figure 7.3 may be interpreted as a master or a slave timing diagram since the serial clock (SCK), master
in/slaveout (MISO), and master out/slave in (MOSI) pins are directly connected between the master and fhigeslave.
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MISO signal is output from the slave, and the MOSI signal is the output from the master. Tihe &Sthe slave select
inputto slave.

SCK cycle number
(For reference)

SSPE (Internal /

by soft)

SCK (SSCPOL =0) '\

—_—

SCK (SSCPOL =1

oo

-

N
(63}

50
50
c
c

S
o0
:
>
T

MOSI (From Master) \( MSBEX Bit6 X Bit5 X Bit4 X git3 | X Bit2 'X Bitl EXLSB }/
MISO (From Sla\L{ vk X B X B X B X 8i X B N Bitt X 5B XNNN—
SS# (To Slave by soft) \ /
Capture

a/ SSCPHA =0
SCK cycle number 2 | 3 4 I 5 ] 6 [ 7 | 8

(For reference) ,

SSPE (Internal by sgﬁ-s

SCK (SSCPOL =0)

SCK (SSCPOL =1) \ /_'\_

=

=

L

T

- -

MOSI (From Master) . X MisBIX Bit6 (X Hits X Bit4 X Bit3 |X Bit2 X Bit1 X LSB
MISO (From Slave) . (QY"ss)X ite X its"X_pita"X_bit3'X_bit2"X_BitL' LSB_ ' )—
SS# (To Slave by soft) \ /
Capture

P b/ SSCPHA = 1

Figure 7.3 Data Transmission (a/ SSCPHA =0, b/ SSCPHA = 1)

When the peripheral is in SPI mode, SSBR, SSCON, SSCS and SSDAT registers may be read and written at any time
while there is no on—-going exchange. Howegeecial care should be taken not to change the SSPHA and SSPOL bits
once the SSPE bit has been set.

Note: the Synchronous Serial Busy bit (SSBSY in SSCS) may be cleared to prevent any spurious data transmission
when SSPE is set.
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Slave Configuration

The Synchronous Serial Output Enable (SSOE in SSCS) allows to use P1.4 as SS#. In this case, P1.4 cannot be used
for another purpose when the peripheral is enabled. Otherwise MISO is enabled as soon as SSPE is set and P1.4 may

be used without restriction.

The Synchronous Serial Polarity bit (SSPOL in SSCON) defines the default SCK line level in idle state. Then the Syn
chronous Serial Phase bit (SSPHA in SSCON) defines the edge on which the MOSI input and respectively t
output are simultaneously sampled and respectively shifted out (see NO TAG). When SSPHA=0, SS# indi
beginning and the end of each byte tansfer (it toggles between the transmission of two successive bytes). H
usage is mandatory in this mode. When SSPHA=1, the beginning of a byte transferis indicated by the first t
of SCK to its active state and its end is indicated by the eighth transition of SCK to its idle state. Hence SS# may remain
activeand P1.4 usage is optional if the TSC80251G1D is the only slave.

7.2.2. Data Exchangdn Master Mode

Thereare two possible policies to exchange diatamaster mode:

e polling

® interrupts

To exchange data in polling mode:

1. Ensure the SSLC interrupts are disabled (See IS section)

2. Check SSBSY is not set in SSCS

3. Clear SS# (as required)

4. Write the transmit data to SSDAT (or jump to mext step if there is no data to transmit)
5 Set SSBSY in SSCS to start exchange

6 Read SSBSY in SSCS until it has been cleared by hardware

7 Read the received data in SSD@or jump to mext step if there is no data to receive)

8 Set SS# (as required)

9 Clear SS# (as required) and jump to step 4 if there are more data to transmit or receive, otherwise exit

This policy provides the fastest effective transmission and is well adapted when communicating at high speed with
other Microcontrollers. However, the procedure may then be interrupted at any time by higher priority tasks.

To exchange data in master and interrupt mode:

interrupt routine

1. Check SSBSY is not setin SSCS
2. Clear SSlin SSCON

3. Ensure the SSLC interrupt service routine is well initialized (Step 7 to 13) and enable the SSLC interrupts (See IS
section)

Clear SS# (as required)

Write the transmit data in SSDAT (or jump to next step if there is no data to transmit)
Set SSBSY to start exchange

Set SS# (as required)

Read the received data in SSDfor jump to next step if there is no data to receive)

© ©o N o g &

Write the transmit data to SSDAT (or jump to next step if there is no data to transmit)
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10. Clear SS#

11. Clear SSl in SCON

12. Set SSBSY to continue (or jump to next step if exchange is completed)
13.Return from interrupt service routine

This policy may be effective when communicating with slow devices. Then it may be executed at high priority level
preventing burst activity on the SPI bus.

Whenthe SPI is configured, SSBR, SSCON, SSCS and 33bsy be read at any time while a transmission is on—go
ing (i.e. SSBSY is set). ConverseSBR, SSCON and SSCS may be written at anywihike a transmission is on—go
ing. However, special care should be taken when writing to them:

® Do not change SSBR if SSBRS is set

® Do not change SSCRO or SSCRL1 if SSBRS is cleared

® Do not change SSPHA or SSPOL

® Clearing SSPE would immediately disable the peripheral

® Do not change SSMOD or SSBRS

® Clearing SSBSY would immediately complete the data shifting

Furthermore, as there is no write protection of the shift register, SSDAT should not be written while a transmission is
on—going.

7.2.3. Data Exchange in Slave Mode

Thereare two possible policies to exchange data in slave mode:

e polling

® interrupts

To exchange data in polling mode:

Ensure the SSLC interrupts are disabled (See IS section).

Check SSBSY is not set in SSCS

Clear SSI and SSOVR in SSCON

Write the transmit data to SSDAT (or jump to next step if there is no data to transmit)
Exit if there are no more data to exchange or SSOVR is set, otherwise jump to step 6
Read SSI in SSCON until it has been set by hardware

Read the received data in SSDr jump to next step if there is no data to receive)
Clear SSI and jump to step 4

This policy provides the fastest effective transmission and is well adapted when communicating at high speed with
other Microcontrollers. However, some data may be lost if the procedure is interrupted by higher priority tasks.

© No s ODNE

To exchange data in slave and interrupt mode:
interrupt routine
1. Check SSI, SSOVR and SSPE in SSCON

2. Ensure the SSLC interrupt service routine is well initialized (Step 4 to 8) and enable the SSLC interrupts (See IS
section)

Set SSPE in SSCON

Read the received data in SSDfor jump to step 5 if there is no data to receive)
Write the transmit data to SSDAT (or jump to step 6 if there is no data to transmit)
Clear SSPE if SSOVR is set in SSCON

o0 pw
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7. Clear SSIin SCON
8. Return from interrupt service routine

This policy may be effective when communicating with slow devices. Then it may be executed at high priority level
preventing burst activity on the SPI bus.

Whenthe SPI is configured in slave mode, SSBR, SSCON, SSCS andlS8&Abe read at any time while a transmis
sion is on—going (i.e. SSBSY is set). Convers8fBR, SSCON and SSCS may be writteangttime while a transmis
sion is on—going. However, special care should be taken when writing to them:

® Do not change SSMSTR, SSPHA or SSPOL

® (Clearing SSPE would immediately disable the peripheral

® Do not change SSOE

e \Writting SSDAT will cause an overrun error

7.3. Registers

SSBR (S:92h)
Synchronous Serial Bit Rate Register

7 6 5 4 3 2 1 0
‘ BRD7 ‘ BRD6 BRD5 BRD4 BRD3 BRD2 BRD1 BRDO
Bit Bit

Number | Mnemonic LEsapler

Synchronous Serial Bit Rate Data
Bit rate is given by the formula: BrEgsd(4x(SSBR value+3)), Br in KHz hscin MHz)

7:0 BRD7:0

Reset Value = 0000 0000b
Figure 7.4SSBR Register
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SSCON (S:93h)
Synchronous Serial Control Register

7 6 5 4 3 2 1 0
\ SSOVR \ SSPE SSCPOL SSCPHA ssl SSMSTR SSCR1 SSCRO
Bit Bit

Number | Mnemonic Description

Synchronous Serial Overrun flag

Set by hardware in slave mode when a shift occurs while SSl is set or when SSDAT is written while|
SSBSY is set.

Must be cleared and cannot be set by software.

7 SSOVR

Synchronous Serial Peripheral Enable bit
6 SSPE Clear to disable SSLC.
Set to enable SSLC.

Synchronous Serial clock Polarity bit
Clear to have the clock output set to O in idle state.

Set to have the clock output set to 1 in idle state.
Note : When the peripheral is disabled, the clock output is 1.

5 SSCPOL

Synchronous Serial Clock Phase bit
4 SSCPHA Clear to have the data sampled when the clock leave the idle state (see SSCPOL).
Set to have the data sampled when the clock return to idle state (see SCCPOL).

Synchronous Serial Interrupt flag
3 SSi Set by hardware when an 8-bit shift is completed.
Must be cleared by software to acknowledge interrupt.

Synchronous Serial Master bit
2 SSMSTR Clear to configure the peripheral in slave mode.
Set to configure the peripheral in master mode

1 SSCR1 Synchronous Serial Control Rate bit 1

0 SSCRO Synchronous Serial Control Rate bit O

Reset Value = 0000 0100b
Figure 7.5SSCON Register
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SSCS (S:94h) read/write (SSLQIwWire/SPI)
Synchronous Serial Control and StatusRegister

7 6 5 4 3 2 1 0
| SSBRs | - | - | ssBsy - - SSOE SSMOD
Bit Bit L
Number | Mnemonic Ly
Synchronous Serial Bit Rate Selection bit
7 SSBRS Clear to select the bit rate controlled by SSCR1 and SSCRO.
Set to select the programmable bit rate generator
6 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
Synchronous Serial Busy bit
Salve Mode
Cleared by hardware when one byte shift is completed (then SSl is set).
Set by hardware when one byte exchange begins.
4 SSBSY
Master Mode
Cleared by hardware when one byte shift is completed (then SSl is set).
Clear to abort the transmission before it is completed (then SSl is not set).
Set to start the transmission.
3 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
> _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
Synchronous Serial Output Enable bit
1 SSOE Clear in slave mode to have the MISO output enabled by SS# pin (P1.4)
Set in slave mode to have the MISO output enabled regardless of P1.4
Note: this bit is discarded in master mode
Synchronous Serial Mode selection bit
0 SSMOD )
Set to select thewire/SPI mode.
Reset Value = 0XX0 XX00b
Figure 7.6SSCS Register: write mode
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SSDAT (S:95h)
Synchronous Serial Data Register

7 6 5 4 3 2 1 0
| sb7 | sDe SD5 SD4 SD3 SD2 Sb1 SDO
Nu?r;tber MneBnI1tonic DESETEE
7 SD7 Data bit 7
7 SD6 Data bit 6
7 SD5 Data bit 5
7 SD4 Data bit 4
7 SD3 Data bit 3
7 SD2 Data bit 2
7 SD1 Data bit 1
7 SDO Data bit 0

Reset Value = 0000 0000b

Figure 7.7SSDAT Register
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Hardware Watchdog Timer

8.1. Introduction\

The TSC80251G1D derivatives contain a dedicated hardware Watchdog Timer (WDT) that automatically resets the
chipif it is allowed to time out. The WDT provides a means of recovering from routines that do not complete sticcessful
ly due to software malfunctions. The WDT described in this chapter is not associated with the PCA Watchdo gas

(See “Event and Waveform Controller” chapter), which may be disabled in software and is less reliable. Z

8.2. Description

The WDT is a 14-bit counter that counts peripheral cycles, i.e. the system clock divided by twehd2jF

The Hardware Watchdog Timer register (WDTRST, see Figure 8.1) provides control access to the WDT. Two opera-
tions control the WDT:

® Chip reset clears and disables the WDT

® \Writing a specific two—byte sequence to WDTRST register clears and enables the WDT.

If it is not cleared, the WDT overflows on count 3FFFh +1 and forces a chip reset.)itl- B6 Mhz, a peripheral
cycle is 750 ns and the WDT overflows in 2606384 = 12.288 ms.

The WDTRST is a write—only register. Attempts to read it return FFh. The WDT itself is not read or write accessible.
The WDT does not drive the external RST pin.

8.3. Using the Hardware WDT

To recover from software malfunctions, the user should control the WDT as follows:

e [ollowing chip reset, write the two—byte sequence 1Eh—-E1h to WDTRST register to enable the WDT. Then the
WDT begins counting from O.

® Repeatedly for the duration of program execution, write the two—byte sequence 1Eh—-E1h to WDTRST register to
clear and enable the WDT before it overflows. The WDT starts over at 0.
If the WDT overflows, it initiates a chip reset. Chip reset clears the WDT and disables it.

8.4. Hardware WDT during Idle and Power—Down Modes

Operation of the WDT during power reduction modes deserves special attention.

The WDT continues to count while the TSC80251G1D is in Idle mode. This means that the user must dedicate some
internalor external hardware to service the WDT during Idle mode. One approach is to use a peiipketal gener

ate an interrupt request when the Timer overflows. The interrupt service routine then clears the WDT, reloads the pe-
ripheral Timer for the next service period and puts the TSC80251G1D back into Idle mode.

The Power—-Down mode stops all phase clocks. This causes the WDT to stop counting and to hold its count. The WDT
resumes counting from where it left off if the Power—Down mode is terminated by INTO# or INT1#. To ensure that
the WDT does not overflow shortly after exiting the Power—Down mode, clear the WDT just before entering Power—
down mode. The WDT is cleared and disabled if the Power—-Down mode is terminated by a reset.
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8.5. Register
WDTRST (S:A6h) write
Hardware Watchdogifher Reset Register
7 6 4 3 1 0
WDTRST Values
Bit Bit s
Number | Mnemonic DESH A

7:0 WDT 7:0 | Watchdog

Reset Value = 1111 1111b
Figure 8.1 WDTRST Register
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Power Monitoring and Management

9.1. Introduction

The power monitoring and management can be used to supervise the Power Supply (VDD) and to start up properly
when the TSC80251G1D is powered up.
It consists of the features listed below and explained hereafter:

® Power—On reset

® Power—Fail reset
® Power—Off flag

® Clock prescaler

e |dle mode

® Power—Down mode

All these features are controlled by four 8—bit registers, the Power Management register (POWM), the Power Filter
register (PFILT), the Power Control register (PCON) #nedClock Reload register (CKRL) detailed at the end of this
chapter.

9.2. Power—On Reset

When the power supply is undegd;, the digital parts of the circuit are not working properly. Then the 1/O ports are
controlled by the external Reset pin (RST). In order to keep them in a predictable state (See Table 9.1), RST pin must
either be driven to a high level for the power rise duration or tied to VDD through an external capacitor. However, the
internal oscillator starts when VDD reachgzsy-

Whenthe power supply rises abovgds and as long as it stays belowfs, the Power—On Fla@POF see paragraph
9.4.) and the Reset Detection control bit (RSTD, see Figure 9.6) are set and the internal reset begins.

When the power supply rises abovgdyf4, the internal reset completes after both RST pirgbas low and 64 clock

periods on XTAL1 have occured. This ensures the external oscillator has stabilized. If an external capacitor is con-
nected to RST, it is charged through an internal pull-down resigf \Bhich determines the minimal reset period
accordingto the capacitor value. Reducing VDD quickly t¥ @auses the RST pin voltagertmmentarily fall below

0 V. This voltage is internally limited and does not harm the device.

Table 9.1 Pin Conditions in Special Operating Modes

Mode Eﬂrg%rg:; ALE pin PSEN# pin Port 0 pin Port 1 pins | Port 2 pins | Port 3 pins
Reset Don't care Weak High Weak High Floating Weak High Weak High Weak High
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Floating Data Data Data
Power—-Down Internal 0 0 Data Data Data Data
Power—-Down External 0 0 Floating Data Data Data

9.3. Power—Fail Detector

The Power—Fail detector is enabled by RSTD bit in POWM registegn thepower supply is continuously monitored

andan internal reset is generated if VDD goes belgw\ for at least 2xPFILxTosc (Note: this internal reset is not
propagated outside). The Power Filter register (PFILT, see Figure 9.5) must be programmed by the user with an 8—bit
valuedepending of the time constant he wants.
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If the power supply rises again ovegdf+, the Power—On Flag (POF, see paragraph 9.4.) is set and the internal reset
completes after 64 oscillator clock periods. POF has to be cleared by Software.

If RSTD is cleared, the power supply monitoring is disabled. This is particularly usefalte power in Power—-Down
mode. Then VDD may be reduced tppf without generating a reset or losing data. In this case, the circuit behavior
is unpredictable unless an external reset is applied when VDD goes bgiaw V

9.4. Power-Off Flag

When the power is turned off or fails, the data retention is not guaranteed. A Power—Off Flag (POF, see Figure 9.4)
allows to detect this condition. POF is set by hardware during a reset which follows a power—up or a power—fail. This
is a cold reset. A warm reset is an external or a watchdog reset without power failure, hence which preserves the internal
memory content and POFo Tise PORest and clear this bit just after reset. Then it will be set only after a cold reset.

9.5. Clock Prescaler

In order to optimize the power consumption and the execution time needed for a specific task, an internal cleck prescal
erfeature has been implemented to program the system clock fregliénppssible to work at full speed for all tasks
requiring quick response time at low frequency for background tasks which do not need CPU power but power con-
sumptionoptimizing. Figure 9.1shows the diagrantloé on—chip oscillator where the clock programming block clear

ly appears. The CPU clock can be programmed via 8-bit CKRL register and by setting CKSRC bit in POWM register
When CKSRC bit in POWM register is cleared the oscillator frequeggy: £ FxtaL . When CKSRC bit in POWM

register is set, the oscillator frequency is given by the following formula :

o = FxtaL
OSC ~ 2(CKRL + 1)

XTAL2

X 0 !
: o< \O ' > 0SC
' T 8 bt Divide 0 : output
A ' [ - (Fosd
FxtaL = I ' TT : ) oo
CKSRC CKSRC C

Clock Prescaler

IDL

PD

PCON reg PCON reg

Figure 9.1 Block Diagram of the On—Chip Oscillator

In all this document, the on—chip oscillator is used to be symbolized by Figure 9.2. Please notice tharashibels
share the same clock. Special care should be taken when changing it to prevent any peripheral operating failure.

OSg—— OSC output

Figure 9.2 Symbolic of the On—Chip Oscillator
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9.6. Ildle Mode

Idle mode is a power reduction mode that reduces the power consumption to about 40% of the typical running power
consumption. In this mode, program execution halts. Idle mode freezes the clock to the CPU at known states while
the peripherals continue to be clocked (See Figure 9.1). The CPU status before entering Idle mode is preserved, i.e.,
the program counter, program status word register, and register file retain thér tlaeaduration of Idle mode. The
contentof the SFRs and RAM are also retained. It also pulls ALE and PSEN# high.The status of the Port pins depends
upon the location of the program memory:

® |Internal program memory:
The ALE and PSEN# pins are pulled high the Ports 0, 1, 2 and 3 pins are reading data (See Table 9.1).

e External program memory:
The ALE and PSEN# pins are pulled high; the Port 0 pins are floating and the Pberd.3 pins are reading data
(See Table 9.1).

9.6.1. Entering Idle Mode

To enter Idle mode, set IDL bit in PCON registEne TSC80251G1D enters Idle mode upon execution of the instruc
tion that sets IDL bit. The instruction that sets IDL bit is the last instruction executed.

Caution:
If IDL bit and PD bit are set simultaneously, the TSC80251G1D enters Power—-Down mode. Then it does not go in Idle motiagvhen exi
Power—Down mode.

9.6.2. Exiting Idle Mode

There are two ways to exit Idle mode:

® Generate an enabled interrupt
Hardwareclears IDL bit in PCON register which restores the clock to the CPU. Execution resumes with the interrupt
service routine. Upon completion of the interrupt service routine, program execution resumes with the instruction
immediatelyfollowing the instruction that activated Idle mode. The general purpose flags (GF1 and GFO in PCON
register)may be used to indicate whether an interrupt occurred during normal operation or during Idle mode. When
Idle mode is exited by an interrupt, the interrupt service routine may examine GF1 and GFO.

® Reset the chip
A logic high on the RST pin clears IDL bit in PCON register directly and asynchron®h&yrestoreshe clock to
the CPU. Program execution momentarily resumes with the instruction immediately following the instruction that
activated the Idle mode and may continue for a number of clock cycles before the internal reset algorithm takes
control.Reset initializes the TSC80251G1D and vectors the CPU to address FF:0000h.

Note:

During the time that execution resumes, the internal RAM cannot be accessed; however, it is possible for the Port poesseteTacavoid
unexpected outputs at the Port pins, the instruction immediately following the instruction that activated Idle mode shatédmatPort pin
or to the external RAM.

9.6.3. Recovering from Idle Mode

To enable the recovering from Idle mode, set RPD bit in PCON register (beware that this bit sets also the recovering
from Power—-Down mode, see paragraph 9.7.3.). Then a disabled external interrupt clears IDL bit in PCON register
which restores the clock to CPU. Execution continues with the instruction immediately following the instruction that
activated Idle mode.

Notes:

® The external interrupt used to recover from Idle mode must be configured as level sensitive and must be
assigned the highest priority. In addition, the duration of the interrupt must be long enough to allow the
oscillator to stabilize. The execution will only resume when the interrupt is deasserted.
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e \When RPD bit in PCON register is set, it is still possible to exit Idle mode using an enabled interrupt (See
paragraph 9.6.2.).

9.7. Power—Down Mode

The Power—-Down mode places the TSC80251G1D in a very low power state. Power—Down mode stops the oscillator
and freezes all clock at known states (See Figure 9.1). The CPU status prior to entering Power—-Down mode is pre-
served, i.e., the program counter, program status word register, and register file retain their data for the duration of
Power—-Down mode. In addition, the SFRs and RAM contents are preserved. The status of the Port pins depends on
the location of the program memory:

® [nternal program memory:
The ALE and PSEN# pins are pulled low, the Ports 0, 1, 2 and 3 pins are reading data (See Table 9.1).

e External program memory:
The ALE and PSEN# pins are pulled low; the Port 0 pins are floating and the Ports 13 piandare reading data
(See Table 9.1).

Note:
VDD may be reduced to as low as 2 V during Power—-Down mode to further reduce power dissipation. Take care, however, that VDD is
reduced until Power—-Down mode is invoked.

9.7.1. Entering Power—Down Mode

To enter Power—-Down mode, set PD bit in PCON register. The TSC80251G1D enters the Power—Down mode upon
execution of the instruction that sets PD bit. The instruction that sets PD bit is the last instruction executed.

9.7.2. Exiting Power—Down Mode

Caution:
If VDD was reduced during the Power—Down mode, do not exit Power—Down mode until VDD is restored to the normal operating level.

There are two ways to exit the Power—-Down mode:

® Generate an enabled external interrupt.
Hardware clears PD bit in PCON register which starts the oscillator and restores the clocks to the CPU and
peripheralsExecution resumes with the interrupt service routifigon completion of the interrupt service routine,
programexecution resumes with the instruction immediately following the instruction that activated Power—Down
mode.

Note:

To enable an external interrupt, set EX0 and/or EX1 bit(s) in IE register. The external interrupt used to exit Power—-Dawastogle

configured as level sensitive and must be assigned the highest priority. In addition, the duration of the interrupt rmufftdienofength to

allow the oscillator to stabilize. The execution will only resume when the interrupt is deasserted.

® Generatea reset.
A logic high on the RST pin clears PD bit in PCON register directly and asynchronously. This starts the oscillator
and restores the clock to the CPU and peripherals. Program execution momentarily resumes with the instruction
immediately following the instruction that activated Power—-Down mode and may continue for a number of clock
cyclesbefore the internal reset algorithm takes control. Reset initializes the TSC80251G1D and vectors the CPU to
address FF:0000h.

Note:

During the time that execution resumes, the internal RAM cannot be accessed; however, it is possible for the Port poesseteTacavoid
unexpected outputs at the Port pins, the instruction immediately following the instruction that activated the Power—Dotvouhdaulet svrite
to a Port pin or to the external RAM.

11.104 MATRA MHS

. . Rev. A—25 Sept 1997
Preliminary . P



TEMIC TSC80251G1D

9.7.3. Recovering from Power-Down Mode

To enable the recovering from Power—Down mode, set RPD bit in PCON register (beware that this bit sets also the
recovering from Idle mode, see paragraph 9.6.3.). Then a disabled external interrupt clears PD bit in PCON register
which starts the oscillator and restores the clock to CPU and peripherals. Execution continues with the instruction im-
mediately following the instruction that activated Power—Down mode.

Notes:

® The external interrupt used to recover from Power—Down mode must be configured as level sensitive and
be assigned the highest priority addition, the duration of the interrupt must be long enough to allow the
oscillator to stabilize. The execution will only resume when the interrupt is deasserted.

e \When RPD bit in PCON register is set, it is still possible to exit Power—-Down mode using an enabled externa
interrupt (See paragraph 9.7.2.).

9.8. Registers

CKRL (S:8Eh)
Clock Reload Register

7 6 5 4 3 2 1 0
| CKRL Value

Bit Bit

Number | Mnemonic L

7:0 CCAPxH 7:0| CKRL Register

Reset Value = 0000 0000b
Figure 9.3CKRL Register
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PCON (S:87h)
Power configuration Register

7 6 5 4 3 2 1 0
\ SMOD1 \ SMODO RPD POF GF1 GFO PD IDL
Bit Bit

Number | Mnemonic Description

Double Baud Rate bit
Set to double the Baud Rate when Timer 1 is used and mode 1, 2 or 3 is selected in SCON register.

7 SMOD1

SCON Select bit

When cleared, read/write accesses to SCON.7 are to SMO bit and read/write accesses to SCON.6 are to
6 SMODO SM1 bit.
When set, read/write accesses to SCON.7 are to FE bit and read/write accesses to SCON.6 are to [OVR bit.

SCON is Serial Port Control register.

Recover from ldle/Power—Down bit
5 RPD Clear to disable the Recover from Idle and Power—Down modes feature.
Set to enable the Recover from Idle and Power—Down modes feature.

Power-Off flag

Set by hardware when VDD rises above 3 V to indicate that the Power Supply has been off or VDD had
fallen below 3 V and that on—chip volatile memory is indeterminated.

Must be cleared by software.

4 POF

General Purpose flag 1
One use is to indicate wether an interrupt occured during normal operation or during Idle mode.

3 GF1

General Purpose flag 0
One use is to indicate wether an interrupt occured during normal operation or during ldle mode.

2 GFO

Power—Down Mode bit
Cleared by hardware when an interrupt or reset occurs.
Set to activate the Power—-Down mode.
If IDL and PD are both set, PD takes precedence.

Idle Mode bit
Cleared by hardware when an interrupt or reset occurs.
Set to activate the Idle mode.
If IDL and PD are both set, PD takes precedence.

0 IDL

Reset Value = 0000 0000b
Figure 9.4PCON Register
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PFILT (S:86h)
Power Filter Register

7 6 5 4 3 2 1 0
‘ PFILT Values

Bit Bit

Number | Mnemonic Description

7:0 PFILT 7:0 | PFILT Register

Reset Value = XXXX XXXXb
Figure 9.5PFILT Register

POWM (S:8Fh)
Power Management Register 1

7 6 5 4 3 2 ! 0
‘ CKSRC ] - - - RSTD - - -
Bit Bit Description

Number Mnemonic

Clock Source bit
Cleared by hardware after a Power-Up. In that casecE FxTaL -

7 CKSRC
Set to enable the clock. In that caseysE= FxtaL / 2Xx(CKRL +1)
the CPU frequency isdsd?2.
6 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
4 _ Reserved

The value read from this bit is indeterminate. Do not set this bit.

Reset Detector Disable bit
3 RSTD Clear to enable the Reset detector.
Set to disable the Reset detector.

5 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
1 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
0 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
Figure 9.6POWM Register
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Interrupt System

10.1. Introduction

The TSC80251G1D, like other control-oriented computer architectures, employs a program interrupt method. This
operation branches to a subroutine and performs some service in response to the interrupt. When the subroutine com-
pletes, execution resumes at the point where the interrupt occurred. Interrupts may occur as a result of internal
TSC80251G1D activity (e.g., Timer overflow) or at the initiation of electrical signals external to the microcon ™
(e.g., Serial Port communication). In all cases, interrupt operatfmogrammed by the system designer, who de Z
mines priority of interrupt service relative to normal code execution and other interrupt service routines. Nind=8
eleven interrupts are enabled or disabled by the system designer and may be manipulated dynamically.

A typical interrupt event chain occurs as follows:
® An internal or external device initiates an interrupt—-request signal.

e Thissignal, connected to an input pin and periodically sampled by the TSC80251G1D, latches the event into a flag
buffer.

® Thepriority of the flag is compared to the priority of other interrupts by the interrupt hadkégh priority causes
the handler to set an interrupt flag.

® This signals the instruction execution unit to execute a context switch. This context switch breaks the current flow
of instruction sequences. The execution unit completes the current instruction prior to a save of the program counter
(PC) and reloads the PC with the start address of a software service routine.

® Thesoftware service routine executes assigned tasks and asacfindy performs a RETI (return from interrupt)
instruction. This instruction signals completion of the interrupt, resets the interrupt—in—progress priority and
reloads the program counter. Program operation then continues from the original point of interruption.

Table 10.1 Interrupt System Signals

Mnemonic Type Description Multlplexed
with
INTO# | External Interrupt O P3.2
This input sets IEO bit in TCON register.
If ITO bitin TCON register is set, IEO bit is controlled by a negative edge
trigger on INTO#.
If ITO bit in TCON register is cleared, IEO bit is controlled by a low level
trigger on INTO#.
INT1# | External Interrupt 1 P3.3
This input sets IE1 bit in TCON register.
If IT1 bit in TCON register is set, IE1 bit is controlled by a negative edge
trigger on INT1#.
If IT1 bit in TCON register is cleared, IE1 bit is controlled by a low level
trigger on INT1#.
NMI | Non Maskable Input -
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Table 10.2 Interrupt System SFRs

Mnemonic Description Address

IEO Interrupt Enable register S:A8h
Used to enable and disable the nine lowest programmable interrupts.
The reset value of this register is zero (interrupts disabled).

IE1 Interrupt Enable register S:B1lh
Used to enable and disable the nine highest programmable interrupts.
The reset value of this register is zero (interrupts disabled).

IPHO Interrupt Priority High register O S:B7h
Establishes relative four—level priority for the nine lowest programmable interrupts.
Used in conjunction with IPLO.

IPH1 Interrupt Priority High register 1 S:B3h
Establishes relative four—level priority for the nine highest programmable interrupts.
Used in conjunction with IPL1.

IPLO Interrupt Priority Low register O S:B8h
Establishes relative four—level priority for the nine lowest programmable interrupts.
Used in conjunction with IPHO.

IPL1 Interrupt Priority Low register 1 S:B2h
Establishes relative four—level priority for the nine lowest programmable interrupts.
Used in conjunction with IPH1.

The TSC80251G1D has one software interrupt —TRAP instruction (always enabled)— and ten hardware interrupt
sources constituted by one non maskable source NMI and nine peripheral maskable interrupt sources: two external
(INTO# and INT1#), one forifmer 0, one for Timer 1, one foiffier 2, one for Serial Pordne for Event and @reform
Controller, one for Synchronous Serial Link Controller, one for Keyboard.

Note:
The Non Maskable Interrupt input is the second highest priority interrupt after the TRAP. It is always enabled and casateddy software
like others interrupts. NMI is active when a high level is applied on its input during a minimum of 24 oscillators closk period

Six interrupt registers are used to control the interrupt system. Two 8-bit registers are used to enable separately the
interrupt sources: IEO and IE1 (See Figure 10.4 and Figure 10.5).

Four 8-bit registers are used to establish the priority level of the nine sources: IPLO, IPHO, IPL1 and IPH1 (See
Figure 10.6 to Figure 10.9).

10.2. Interrupt System Priorities

Eachof the nine interrupt sources the TSC80251G1D may be individually programmed to one of four priority levels.
Thisis accomplished by one bit in the Interrupt Priority High registers (IPHBH, see Figure 10.7 and Figure 10.9)
andone in the Interrupt Priority Low registers (IPLO or IPL1, see Figure 10.6 and Figure 10.8) This provides each inter
rupt source four possible priority levels select bits (See Table 10.3).

Table 10.3 Level of Priority

IPHxx IPLxx Priority Level
0 0 0 Lowest
0 1 1
1 0 2
1 1 3 Highest

A low—priority interrupt is always interrupted by a higher priority interrupt but not by another interrupt of lower or equal
priority. Higher priority interrupts are serviced before lower priority interrupts. The response to simultaneous occur-
rence of equal priority interrupts (i.e. sampled within the same four state interrupt cycle) is determined by a hardware
priority—within—level resolver (See Table 1.#Fhe interrupt control system is shown Figure 10.1.
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Priority Enable

Highest Prior-
0 ity Interrupts
| —— 1
INTO# ITO IEO 2 :
i
Timer O TEO
0
INT1# IT1 IE1
1
Timer 1 TF1 8
0 c
[}
PCA-EWC 2
Counter | CF ECF 3
Overflow 2
! s
y =
Compare _‘/L ,%
Capture |[CCFX ECCFx 3
[
Receive RI 1
E—
]
Transmit D_.
ansmil ||
Timer 2
—» TF2 ﬁ>_'
T2EX [F—|EXF2
SSLC SSI 4 v
PIx OO P1IE> % /////
7 7////4
2wy —H
Interrupt Enable Lowest Priority
Interrupts
Figure 10.1 Interrupt Control system.
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Table 10.4 Interrupt Priority within Level

Interrupt request flag
Interrupt Name Priority Number Interrupt Address Vectors | cleared by hardware (H) or
by software (S)
TRAP 1 FF:007Bh -
Highest Priority
Not interruptible
NMI 2 FF:003Bh -
INTO# 3 FF:0003h H if edge, S if level
Timer 0 4 FF:000Bh H
INT1# 5 FF:0013h H if edge, S if level
Timer 1 6 FF:001Bh H
Serial Port 7 FF:0023h S
Timer 2 8 FF:002Bh S
EWC 9 FF:0033h S
Keyboard 10 FF:0043h S
Reserved - FF:004Bh -
Reserved - FF:0053h -
Reserved - FF:005Bh -
Reserved - FF:0063h S
SSLC 15 FF:006Bh
Reserved 16 FF:0073h -
Lowest Priority

10.3. External Interrupts

Externalinterrupts INTO# and INT1# (INTn#, n = 0 or 1) pins may each be programmed to be level-triggered or edge—
triggered,dependent upon bits ITO and IT1 (ITm= 0 or 1) in TCON registedf ITn = 0, INTn# is triggered by a low

level at the pin. If ITn =1, INTn# is negative—edge triggered. External inteemgoenabled with bits EXO0 and EX1
(EXn,n=0or 1) in IEO register. Events on INTn# set the interrupt request flag IEn in TCON register. A request bit

is cleared by hardware vectors to service routines only if the interrupt is edge triggeretf the interrupt is level—

triggered, the interrupt service routine must clear the request bit and the interrupt must be deasserted before the end
of the interrupt service routine (> 5 state times). External interrupt pins must be deasserted for at least four state times
prior to a request.

Externalinterrupt pins are sampled oneeery four state times (a frame length of 500 ns at 16 MHz). A level-triggered
interrupt pin held low or high for five—state time period guarantees detection. Edge—triggered external interrupts must
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hold the request pin low for at least five state times. This ensures edge recognition and sets interrupt request bit EXn.
The CPU clears EXn automatically during service routine fetch cycles for edge—triggered interrupts.

Edge-Triggered interrupt

< o 5 states remeeees
R 5 states L g
T‘ 4 states i 4 states _T
[l e .
Level-Triggered Interrupt
. 5 states roetoee-
L ~
TA 4 states j
a !

Figure 10.2 Minimum Pulse Timings.

10.4. Keyboard Interface

Port 1 has some on—chip provisions to interface more easily a keyboard matrix.

EachPort line may be connected to a Keyboard output and has the possibility to detect a programmable level. Port lines
are sampled once every state, then a level must maintained during two states to be recognized (a frame length of 250
nsat 16 MHz).

® The level to detect (high or low) on a Port line is selected by the corresponding Port 1 Level Selection bit in P1LS
register (See Figure 10.12).

® The detection of the programmed level sets the corresponding flag in P1F register (See Figure 10.10).
If the corresponding Port 1 Interrupt Enable bit in P1IE register (See Figut¢ i$Gsét, the flag setting generates
the Keyboard interrupt request.
But it must be enabled by the KBIE bit in IE1 register (See Figure 10.5).

® The way to exit interrupt service routine is to wait for a level change on the corresponding Port line or to program
an interrupt request on the complemented level. Then, the corresponding flag must be cleared by software.
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Semiconductors

Note:
The keyboard interface is normally used for level detection, but it may be used in other ways since any pulse is stored in P1F.
0 detecteg
P10 O—t T [ P1F.(
1 detectef
P1LS.0 | P1F.
P1IE.O
' P1F.2
' Keyboard
' Interrupt
' P1F.3 Request
. + .
.
P1F.£—|
(]
[}
' P1F.3—
P1F.G
0 detecteft
P17 O—s L [ P1F.1
1 detectef :
P1LS.7
P1IE.7
Figure 10.3 Keyboard Interface Interrupt Structure
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10.5. Registers

IEO (S:A8h)
Interrupt Enable Register 0
7 6 5 4 3 2 1 0
| EA | EC ET2 ES ET1 EX1 ETO EX0 |
Bit Bit .
Number | Mnemonic Description
Global Interrupt Enable
7 EA Clear to disable all interrupts, except the TRAP interrupt which is always enabled.
Set to enable all interrupts that are individually enabled by bits 0-6.
5 EC PCA Interrupt Enable
Set to enable the the PCA interrupt.
5 ET2 Timer 2 Overflow Interrupt Enable
Set this bit to enable the timer 2 overflow interrupt.
" s Serial I/O Port Interrupt Enable
Set this bit to enable the serial /O port interrupt.
3 ET1 Timer 1 Overflow Interrupt Enable
Set this bit to enable Timer 1 overflow interrupt.
External Interrupt 1 Enable
2 EX1 o .
Set this bit to enable external interrupt 1.
1 ET0 Timer 0 Overflow Interrupt Enable
Set this bit to enable the Timer 0 overflow interrupt.
External Interrupt O Enable
0 EXO - )
Set this bit to enable external interrupt 0.
Reset Value = 0011 1000b
Figure 10.4IE0 Register
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IE1 (S:B1h)
Interrupt Enable Register
7 6 5 4 3 2 1 0
\ - ‘ - SSIE - - - - KBIE
Bit Bit .
Number | Mnemonic DESETpIER
7 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
SSLC Interrupt Enable bit
5 SSIE Clear to disable the SSLC interrupt.
Set to enable the SSLC interrupt.
4 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
2 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
1 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
Keyboard Interrupt Enable bit
0 KBIE Clear to disable the Keyboard interrupt.
Set to enable the Keyboard interrupt.
Reset Value = X000 0000b
Figure 10.5IE1 Register
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IPHO (S:B8h)
Interrupt Priority High Register 0
7 6 5 4 3 2 1 0
‘ - ‘ IPHC IPHT2 IPHS IPHT1 IPHX1 IPHTO IPHXO
Bit Bit .
Number | Mnemonic Eseler
7 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
EWC-PCA Counter Interrupt Priority level most significant bit
IPHC IPLC Priority level
6 IPHC 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
Timer Interrupt Priority level most significant bit
IPHT2 IPLT2  Priority level
5 IPHT2 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
Serial Port Interrupt Priority level most significant bit
IPHS IPLS Priority level
4 IPHS 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
Timer 1 Interrupt Priority level most significant bit
IPHT1 IPLT1  Priority level
3 IPHT1 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
External Interrupt 1 Priority level most significant bit
IPHX1 IPLX1 Priority level
2 IPHX1 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
Timer 0 Interrupt Priority level most significant bit
IPHTO IPLTO Priority level
1 IPHTO 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
External Interrupt O Priority level most significant bit
IPHX0 IPLHO Priority level
0 IPHXO 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
Reset Value = X000 000b
Figure 10.61PHO Register
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IPH1 (S:B1h)
Interrupt Priority High Register 1

7 6 5 4 3 2 1 0
\ - ‘ - IPHSS - - - - IPHKB
Bit Bit L
Number | Mnemonic DESETpIER
7 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
SSLC Interrupt Priority level most significant bit
IPHSSLC IPLSSLC _ Priority level
5 IPHSS 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
4 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
1 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
Keyboard Interrupt Priority level most significant bit
IPHPKB IPLKB Priority level
0 IPHKB 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
Reset Value = XX0X XXX0b
Figure 10.7IPH1 Register
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TSC80251G1D

IPLO (S:B8h)
Interrupt Priority Low Register 0
7 6 5 4 3 2 1 0
‘ - ‘ IPLC IPLT2 IPLS IPLT1 IPLX1 IPLTO IPLXO0
Bit Bit L
Number | Mnemonic Description
7 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 IPLC EWC Counter Interrupt Priority level less significant bit
Refer to IPHC for priority level.
Timer 2 Interrupt Priority level less significant bit
5 IPLT2 .
Refer to IPHADC for priority level.
4 IPLS Serial Port Interrupt Priority level less significant bit
Refer to IPHS for priority level.
Timer 1 Interrupt Priority level less significant bit
3 IPLT1 .
Refer to IPHT1 for priority level.
2 IPLX1 External Interrupt 1 Priority level less significant bit
Refer to IPHX1 for priority level.
Timer 0O Interrupt Priority level less significant bit
1 IPLTO .
Refer to IPHTO for priority level.
External Interrupt O Priority level less significant bit
0 IPLXO0 o
Refer to IPHXO for priority level.

Reset Value = X000 0000b

Figure 10.81PLO Register
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IPL1 (S:B2h)
Interrupt Priority Low Register 1

7 6 5 4 3 2 1 0
\ - ‘ - IPLSS - - - - IPLKB
Bit Bit L
Number | Mnemonic DESETpIER
7 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
SSLC Interrupt Priority level less significant bit
5 IPLSS L
Refer to IPHSSLC for priority level.
4 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
2 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
1 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
0 IPLKB Keyboard Interrupt Priority level less significant bit.
Refer to IPHPMU for priority level.
Reset Value = XX0X XXX0b
Figure 10.91PL1 Register
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P1F (S:9Eh)
Port 1 Flag Register

7 6 5 4 3 2 1 0
‘ P1F.7 ‘ P1F.6 P1F.5 P1F.4 P1F.3 P1F.2 P1F.1 P1F.0
Bit Bit s
Number | Mnemonic Description
Port 1 line 7 flag
7 P1E7 Set by hardware when the Port line 7 detects a programmed level. It generates a Keyboard interruf

if the P1IE.7 bit in P1IE register is set.
Must be cleared by software.

Port 1 line 6 flag

6 P1E6 Set by hardware when the Port line 6 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.6 bit in P1IE register is set.

Must be cleared by software.

Port 1 line 5 flag

5 P1ES Set by hardware when the Port line 5 detects a programmed level. It generates a Keyboard interrupt request
) if the P1IE.5 bit in P1IE register is set.

Must be cleared by software.

Port 1 line 4 flag

4 P1E4 Set by hardware when the Port line 4 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.4 bit in P1IE register is set.

Must be cleared by software.

Port 1 line 3 flag

3 P1E3 Set by hardware when the Port line 3 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.3 bit in P1IE register is set.

Must be cleared by software.

Port 1 line 2 flag

5 P1E 2 Set by hardware when the Port line 2 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.2 bit in P1IE register is set.

Must be cleared by software.

Port 1 line 1 flag

1 P1E1 Set by hardware when the Port line 1 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.1 bit in P1IE register is set.

Must be cleared by software.

Port 1 line O flag

0 P1E.0 Set by hardware when the Port line 0 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.O bit in P1IE register is set.

Must be cleared by software.

Reset Value = 0000 0000b
Figure 10.10 P1F Register
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P1IE (S:9Dh)
Port 1 Interrupt Enable Register
7 6 5 4 3 2 1 0
‘ P1IE.7 ‘ P1IE.6 P1IE.5 P1IE.4 P1IE.3 P1lIE.2 P1lIE.1 P1IE.O
Bit Bit L
Number | Mnemonic Rzl auly
Port 1 line 7 Interrupt Enable bit
7 P1IE.7 Clear to disable P1F.7 bit in P1F register to generate an interrupt request.
Set to enable P1F.7 bit in P1F register to generate an interrupt request.
Port 1 line 6 Interrupt Enable bit
6 P1IE.6 Clear to disable P1F.6 bit in P1F register to generate an interrupt request.
Set to enable P1F.6 bit in P1F register to generate an interrupt request.
Port 1 line 5 Interrupt Enable bit
5 P1IE.5 Clear to disable P1F.5 bit in P1F register to generate an interrupt request.
Set to enable P1F.5 bit in P1F register to generate an interrupt request.
Port 1 line 4 Interrupt Enable bit
4 PlIE.4 Clear to disable P1F.4 bit in P1F register to generate an interrupt request.
Set to enable P1F.4 bit in P1F register to generate an interrupt request.
Port 1 line 3 Interrupt Enable bit
3 P1IE.3 Clear to disable P1F.3 bit in P1F register to generate an interrupt request.
Set to enable P1F.3 bit in P1F register to generate an interrupt request.
Port 1 line 2 Interrupt Enable bit
2 P1lIE.2 Clear to disable P1F.2 bit in P1F register to generate an interrupt request.
Set to enable P1F.2 bit in P1F register to generate an interrupt request.
Port 1 line 1 Interrupt Enable bit
1 P1IE.1 Clear to disable P1F.1 bit in P1F register to generate an interrupt request.
Set to enable P1F.1 bit in P1F register to generate an interrupt request.
Port 1 line O Interrupt Enable bit
0 P1IE.O Clear to disable P1F.0 bit in P1F register to generate an interrupt request.
Set to enable P1F.0 bit in P1F register to generate an interrupt request.

Reset Value = 0000 0000b

Figure 10.11P1IE Register
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TSC80251G1D

P1LS (S:C9h)
Port 1 Level Selector Register

7 6 5 4 3 2 1 0
‘ P1LS.7 ‘ P1LS.6 P1LS.5 P1LS.4 P1LS.3 P1LS.2 P1LS.1 P1LS.0
Bit Bit L
Number | Mnemonic Eseler
Port 1 line 7 Level Selection bit
7 P1LS.7 Clear to enable a low level detection on Port line 7.
Set to enable a high level detection on Port line 7.
Port 1 line 6 Level Selection bit
6 P1LS.6 Clear to enable a low level detection on Port line 6.
Set to enable a high level detection on Port line 6.
Port 1 line 5 Level Selection bit
5 P1LS.5 Clear to enable a low level detection on Port line 5.
Set to enable a high level detection on Port line 5.
Port 1 line 4 Level Selection bit
4 P1LS.4 Clear to enable a low level detection on Port line 4.
Set to enable a high level detection on Port line 4.
Port 1 line 3 Level Selection bit
3 P1LS.3 Clear to enable a low level detection on Port line 3.
Set to enable a high level detection on Port line 3.
Port 1 line 2 Level Selection bit
2 P1LS.2 Clear to enable a low level detection on Port line 2.
Set to enable a high level detection on Port line 2.
Port 1 line 1 Level Selection bit
1 P1LS.1 Clear to enable a low level detection on Port line 1.
Set to enable a high level detection on Port line 1.
Port 1 line 0 Level Selection bit
0 P1LS.0 Clear to enable a low level detection on Port line 0.
Set to enable a high level detection on Port line 0.

Reset Value = 0000 0000b

Figure 10.12PILS Register
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TEMIC TSC80251G1D

DC Characteristics

Table 1.1 Absolute Maximum Ratings

® Ambient Temperature Under Bias
Commercial .......................... Qto +70C
Industrial . ........ . ... ... . .. L =40 to +88C
Automotive . . ... ... 0to +125C

® Storage Temperature . . .. ... =65 to +150C

e \/oltage on EA#/VPRPINtoVSS .. .......... 0to+13.0V

® \/oltage on any other PintoVSS ..........: ~0.5t0 +6.5V

oo perl/OPIN ... ... ... 15 mA

® Power Dissipation. . . ......... ... ... .. (see Table 1.2)

Note:

Stresses at or above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. Thigimeg etriysand
functional operation of the device at these or any other conditions above those indicated in the operational sectiopsadifi¢attos is not
implied. Exposure to absolute maximum rating conditions may affect device reliability.

Table 1.2DC Characteristics

Parametevalues applied to all devices unless otherwise indicated.

Commercial Industrial Automotive
TA=0to 70C TA = —40 to +88C TA = -40 to +128C
VSS=0V VSS=0V VSS=0V
VDD =5V+10 % VDD =5V +10 % VDD =5V+10 %
Symbol Parameter Min Ty%:al Max Units Test Conditions
VL Input Low Voltage -0.5 0.2vDD - 0.1 \%
(except EA#)
Vi1 Input Low Voltage 0 0.2vDD - 0.3 \%
(EA#)
ViH Input high Voltage 0.2vDD + 0.9 VDD + 0.5 \%
(except XTALL, RST)
ViH1 Input high Voltage 0.7 VDD VDD + 0.5 \%
(XTALL)
VoL Output Low Voltage 0.3 \% loL = 100pA
(Ports 1, 2, 3) 0.45 loL =1.6 mA
1.0 loL =3.5mA
1, 2)
Vrstt | Reset threshold on 3.7 \%
VrsT | Reset threshold off 3.3 \%
VRET VDD data retention limit 2 \
VoL1 Output Low Voltage 0.3 \% loL = 200pA
(Ports 0, ALE, PSEN#) 0.45 loL=3.2mA
1.0 loL=7.0mA
1.2
VoH Output high Voltage VDD -0.3 \% lon = —10pA
(Ports 1, 2, 3, ALE, PSEN#) VDD -0.7 lon = —30pA
VDD -1.5 lon = —60pA
(©)]
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TSC80251G1D TEMIC

. Typical . .
Symbol Parameter Min y&) Max Units Test Conditions
VoH1 Output high Voltage VDD -0.3 \% lon = —200pA
(Port 0 in External Address) VDD -0.7 loy=-3.2mA
VDD -1.5 lon=-7.0mMA
VoH2 Output high Voltage VDD -0.3 \% lon=—200pA
(Port 2 in External Address during VDD -0.7 loH=-3.2mA
Page Mode) VDD -1.5 lon=-7.0mA
L Logical O Input Current -50 pA VN =045V
(Ports 1, 2, 3) -75 Automotive range
I Input Leakage Current +10 HA 0.45<VjN<VDD
(Port 0)
ITL Logical 1-to-0 Transition Current - 650 pA VIN=2.0V
(Ports 1, 2, 3)
RRrsT RST Pull-Down Resistor 40 225 kQ
Cio Pin Capacitance 10 pF Fosc= 16 MHz
Ta =25C
Symbol Parameter Min Tyz)ic):al Max Units Test Conditions
IpD Powerdown Current HA
mA Fosc= 16 MHz
IpL Idle Mode Current
mA Fosc= 24 MHz
mA Fosc= 16 MHz
Ipp Operating Current
mA Fosc= 24 MHz
Notes:
1. Under steady-state (non—transient) conditiopsnust be externally limited as follows:
Maximum g per port pin: 10 mA
Maximum §_ per 8-bit port: Port 0 26 mA
Ports 1-3 . . . .. 15 mA
Maximum Totald,_for all: Output Pins ... 71 mA

If oL exceeds the test conditiong \\/ay exceed the related specification. Pins are not guaranteed to sink current greater than the listed test
conditions.

2. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses above 0.4 V on the low—level outputs of ALE éhaRd3s The

noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins change from higlapplioatidns

where capacitive loading exceeds 100 pF, the noise pulses on these signals may exceed 0.8 V. It may be desirable tooquéligr ALE

signals with a Schmitt Trigger or CMOS-level input logic.

3. Capacitive loading on Ports 0 and 2 causes thg ¥n ALE and PSEN# to drop below the specification when the address lines are
stabilizing.

4. Typical values are obtained using VDD = 5 V and=T25°C with no guarantee.

They are not tested and there is not guarantee on these values.

1.2 MATRA MHS
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Semiconductors

+5V
+ IpD
VDD VDD
PO <
-r RST EA#
TSC80251G1D
_ (NC) — xTAL2
Clock Signal ———— xT1AL1
: VSS

All other pins are unconnected

Figure 1.1lpp Test Condition, Power—Down Mode

+5V

IpL

VDD —-n
VDD

po =T

N RST EA# — 1L

TSC80251G1D
(NC) — xT1AL2
Clock Signal XTAL1
r VSS

Al

Il other pins are unconnected

Figure 1.2Ip, Test Condition, Idle Mode

+5V

VDD j o

VDD

VDD PO /‘\l:
| RsT EA#

TSC80251G1D
(NC) — xT1AL2
Clock Signal XTAL1
r VSS

Al

Il other pins are unconnected

Figure 1.3Ipp Test Condition, Active Mode
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PSEN#,RD# WR#

/I/l
RDY#
/
71
I
tset
t |
hold
Figure 1.4Wait Timings
Table 1.3Electrical Parameters
Parameter Definition Min Max Units
telel Clock period 62,50 ns
tset Ready valid after strobe (RD#, WR# or PSEN#) low (2N+1)xte — 15 ns
thold Ready hold after strobe low (2N+1)Xtg) + 2 ns

.4
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TEMIC TSC80251G1D

AC Characteristics

Table 2.1AC Characteristics (Capacitive Loading =50 pF)

16 MHz 24 MHz 16MHz 24 MHz

Non Page Mode| Non Page Mode| Page Mode Page Mode
Syrmbol Parameter Unit
Min Max Min Max Min Max Min Max

Tosc | 1/Fosc ns
TLHLL ALE Pulse Width ns (2)
TavLL Address Valid to ALE Low ns (2)
TLLAX Address hold after ALE Low ns
TRLRH RD# or PSEN# Pulse Width ns (3)
(1)
TwLWH WR# Pulse Width ns (3)
TLLRL ALE Low to RD# or PSEN# Low ns
(1)
TRHRL ALE High to RD# or PSEN# Low ns
TLHAX ALE high to Address hold ns (2)
Tripv (1) | RD# or PSEN# Low to Valid ns (3)
Data/Instruction.
TruDx (1) | Data/Instruct. hold After RD# or ns
PSEN# high
TrLaz (1) | RD#PSEN# Low to Address Float ns
Trupz (1) | Data/Instruct. Float After RD# or ns
PSEN# high
TRHLH1 (1) | RD#/PSEN# high to ALE high ns (1)
(Instruction)

TRrHLH2(1) | RD#/PSEN# highto ALE high (Datd) ns (1)
TWHLH WR# high to ALE high ns
Tavpvi | Address (P0O) Valid to Valid ns

Data/Instruction In (2,3,4)
TavDV2 Address (P2) Valid to Valid ns

Data/Instruction In (2,3,4)
TavDv3 Address (PO0) Valid to Valid ns

Instruction In
TavRL Address Valid to RD#/PSEN# Low ns (2)
TavwiL1 Address (PO0) Valid to WR# Low ns (2)
Tavwr2 | Address (P2) Valid to WR# Low ns (2)
TwHQX Data hold after WR# high ns
TovwH Data Valid to WR# high ns (3)
TWHAX WR# high to Address hold ns

MATRA MHS 1.5
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Semiconductors

16 MHz 24 MHz 16MHz 24 MHz
Non Page Mode| Non Page Mode| Page Mode Page Mode
Syrmbol Parameter Unit
Min Max | Min Max | Min Max | Min Max
TxLxL Serial Port Clock Cycle Time ns
TovxH Output Data Setup to Clock Rising ns
Edge
TxHOX Output Data hold after-Clock Rising ns
Edge
TXHDX Input Data Hold after Clock Rising ns
Edge
TxHDV Clock Rising Edge to Input Data ns
Valid
Notes :

1. Specifications for PSEN# are identical to those for RD#.

2. If a wait state is added by extending ALE, adgsgT

3. If a wait state is added by extending RD#/PSEN#/WR#, asb2T

4. If wait states are added as described in both Note 2 and Note 3, add a totgsef 4T

ALE — /] Tth /
B Tl Tuee  TpieH_ TpHLHL.
PSEN# I S| i _
TPLIV
TpLaz—3>
T TpHIZ
le——TLHAX

TavLL T | T
< :}: LLAX | TPHix
PO ——< AT7:0 D7:0 >

Instruction In

-
-« AP

—Tay vy —»

- Taviv2 D —

P2 AL5:8 >_<

The value of this parameter depends on wait states. See the table of AC characteristics.

Figure 2.1External Instruction Bus Cycle in Non—Page Mode
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ALE e A
B "TLLRL _ _TRLRH__TRHLH2 |
RD# _ 1 T _
TRrLDV
TRLAZ—>
T TRHDZ
fe——TLHAX ‘
TavLL ‘ TLLAX TRHD
T Tog!
PO _— AT7:0 D7:0 >
T Data In
< ARL___g)
«—Ta/pyL —>
«—— Tapv2 D —

P2 A15:8 >_<

The value of this parameter depends on wait states. See the table of AC characteristics.

Figure 2.2External Data Read Cycle in Non—-Page Mode

ALE —— /| TiHL
TwiwH
WRE = £ TWHLH —————
l«e—TiHAX
€« QVWH
(TavLL TLLAX T
-~ —— TWHOX———»

o ——— e D oo
TavwL1 Data Out

— Tavwz —» &— TwHAX

P2 A15:8 >—<

The value of this parameter depends on wait states. See the table of AC characteristics.

Figure 2.3External Write Data Bus Cycle in Non—Page Mode
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ALE

PSEN#

P2

PO

TLHLL
‘ T Tk TpPLPH TPHPL TPHLHL
TpLiv
TpLAZ—>
T TpHIZ
l«—TilHax - >
IAVLIL‘ TLLAX |_TPHIx
A15:8 D7:0 >>_< D7:0 > >_
Instruction In Instruction In
-« AR5
e———— Tavivi ——>
F Tavivz —> L‘—TAVM—"
—< A7:0 >—< A7:0 S
F Page Miss —><— Page hit »

The value of this parameter depends on wait states. See the table of AC characteristics.

A page hit (i.e., a code fetch to the same 256-byte “

(2TosQ); a page miss requires two statesd4d.

ALE

RD#PSEN#

P2

PO

page” as the previous codestpiThy one state

Figure 2.4External Instruction Bus Cycle in Page Mode

TLHLL
- T Ture TRLRH
<z Tt > TRHLH2 ——————>
TrLDV
TRLAZ—>
«—TiHAX l@«——— TRrHD
TV o TLAX | TRHDX
| |
A15:8 D7:0 > —
T Data In
. AVRL___,
«— Tapvi —»
«—— Tapwv2 —_—
AT:0

>~

The value of this parameter depends on wait states. See the table of AC characteristics.
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Figure 2.5 External Read Data Bus Cycle in Page Mode

ALE — /| TiH
B o TwiwH
< s TWHLH ————
WR#
«—TiHAX
— | QVWH
TavLL TrLiax T
<> je——— TWHOQX———3
P2 Al15:8 >>‘< D7:0
TAVWL] Data Out
<« Tavwe —>» e—— TwHAX —
PO A7:0

The value of this parameter depends on wait states. See the table of AC characteristics.

Figure 2.6External Write Data Bus Cycle in Page Mode

TXD..‘<%.4 - - - - - - - - PR - -
W W W i Wi N N

TxHox

C

—> « TouxH Set‘TI
RXD
O XL X2z X3 X7 X5 X5 X7
T > TxHDX Tav Set RI
XHDY
(In) alid IX NVaI|d|X XVaIld X XVaIld X XVaIld X X VaIldX XVaIld X XVaI|dX:
Tl and RI are set during S1P1 of the peripheral cycle following the shift of the eight bit.
Figure 2.7Serial Port Waveform — Shift Register Mode
Notation for timing parameters name
A = Address D = Data E = Enable G = PROG# H = high L = Low
Q = Data out S = Supply (VPP) V = Valid X = No Longer Valid Z = Floating
MATRA MHS 1.9
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|2C Interface AC/DC Characteristics

TSC80251G1D

3.1. AC Characteristics

3.1.1. SSLC (fC) Interface Timing

Symbol Parameter INPUT OUTPUT
Min Max | Min Max
THD; STA Start condition hold time 14 Terel >4.Qus (1)
TLow SCL low time 16 TcLeL >4.7us (1)
THIGH SCL high time 14 Tcre >4.Qus (1)
TrRC SCL rise time 1us -(2)
TFC SCL fall time 0.3us <0.3us (3)
Tsu; DAT1 Data set—up time 250ns > 20 TereL - TRD
Tsu; DAT2 SDA set-up time (before repeated START condition) 250ns > 1us (1)
Tsu; DAT3 SDA set-up time (before STOP condition) 250ns > 8 TceLeL
THD; DAT Data hold time Ons > 8 TcLeL - Tre
Tsu; STA Repeated START set—up time 14 TeLeL >4.7us (1)
Tsu; STO STOP condition set-up time 14 Terel >4.Qus (1)
TBUF Bus free time 14 TcLeL >4.7us (1)
TRD SDA rise time 1us -(2)
TFD SDA fall time 0.3us <0.3us (3)

1. At 100 kbit/s. At other bit—rates this value is inversely proportional to the bit-rate of 100 kbit/s.
2. Determined by the external bus—line capacitance and the external bus—line pull-up resistor, this myus.be < 1
3. Spikes on the SDA and SCL lines with a duration of less tharcB8 Will be filtered out. Maximum
capacitance on bus-lines SDA and SCL = 400pF.
4. TcLeL = 1/fosc = one oscillator clock period at pin XTAL1. For 83nsctdL < 285ns (12MHz > fosc >
3.5MHz) the SSLC interface meets the IC bus specification for bit-rate up to 100 kbit/s

3.2. DC Characteristics

Symbol Parameter Min Max Unit | Test Conditions
Inputs
VIL1 Input Low Voltage, SCL, SDA(5) -0.5 0.3 Vce \%
VIH2 Input High Voltage, SCL, SDA(5) 0.7 Vcc Vcec + 0.5 \%
Outputs
VOL Output Low Voltage, ports 1, 2, 3, SCL, SDA, 0.3 Vv IOL = 10QuA
PWMO0-7 0.45 \Y IOL = 1.6mA(4)
1.0 \% IOL = 3.5mA
Note:
5. The input threshold voltage of SCL and SDA (SIO1) meets the IC specification, so an input voltage below D BefEcwgnised
as a logic 0 while an input voltage above 0.7.VCC will be recognised as a logic 1.
MATRA MHS .11
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TSC80251G1D TEMIC

3.2.1. SSLC (fC) Timing Waveforms

| START or repeated START condition | | Repeated START condition |

START condition

SDA N 0.7 veC
(INPUT/OUTPUT) 0.3vce
<_TFD TRC TFC k
SCL
(INPUT/OUTPUT)
< > b
THD;STA  TLow THIGH Tsu;DAT1  THD;DAT Tsu;DAT2
Figure 3.1
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EPROM Programming

4.1. Internal ROM Features

The internal ROM of the TSC80251G1D derivatives contains five different areas:
e Code Memory

e Configuration Bytes
® |ock Bits
® Encryption Array

® Signature Bytes

4.1.1. EPROM/OTP Devices -

All the Internal ROM but the Signature Bytes of the TSC80251G1D products is made of EPROM cells. The Signature
Bytesof the TSC87251G1D products are made of Mask ROM.

The TSC87251G1D products are programmed and verified in the same manner as Intel's 87C251Sx, using the same
algorithm,which programs at VPP=12.75V using a series of fivegpulses per bytes. This results in a programming
time of approximately 16 seconds for the 16 Kbyte on—chip code memory.

The EPROM of TSC87251G1D products in Window CQPJ is erasable by Ultra—Violet radiation (UV). UV erasure
set all the EPROM memory cells to one and allows a reprogramming. The quartz window must be covered with an
opaguédabel when the device is in operation. This is not so much to protect the EPROM array from inaekasteat

as to protect the RAM and other on—chip logic. Allowing light to impinge on the silicon die during device operation
may cause a logical malfunction.

Note:

Erasure of the EPROM begins to occur when the chip is exposed to light wavelength shorter than 4000A. Since sunlighgcamd figloiréave
wavelength in this range, exposure to these light sources over an extended time (1 week in sunlight or 3 years in remmedesst fighting)
could cause inadvertent erasure.

The TSC87251G1D products in plastic packages are One Time Programmable (OTP). Then an EPROM cell cannot
be reset by UV once programmed to zero.

4.1.2. Mask ROM Devices

All the Internal ROM of TSC83251G1D products is made of Mask ROM cells. They can be verified using the same
algorithmas the EPROM/OTP devices.

4.1.3. ROMless Devices

The TSC80251G1D products include only Configuration Bytes and Signature Bytes made of Mask ROM cells. They
can be verified using the same algorithm as the EPROM/OTP devices.

These products do not include on—chip Code Memory, Lock Bits or Encryption Array.

4.1.4. Security Features

In some microcontrollers applications, it is desirable that the user program code be secured from unauthorized access.

TheTSC87251G1D and TSC83251G1D producterafvo kinds of protection for program code stored in the on—chip

array:

® Program code in the on—chip Code Memory is encrypted when read out for verification if the Encryption Array is
Programmed.

MATRA MHS .13
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e A three—level lock bit system restricts external access to the on—chip code memory

4.1.5. Lock Bit System

The TSC87251G1D derivatives implement 3 levels of security for User’s program as descridad i T.

The first level locks the programming of the User’s internal Code Memory and the Encryption Array. The Configura-
tion Bytes and the Lock Bits are always programmable.

Thesecond level locks the verifying of the Useinternal Code Memort is always possible to verify the Configura
tion Bytes and the Lock Bits. It is never possible to verify the Encryption Array.

The third level locks the external execution.
Table 4.1 Lock bits Programming

Lock bits Internal External . e
Level LB[2:0] Execution Execution Verify Programmable PROM read
(MOVC)
0 000 Yes Yes Yes* Yes Yes**
1 001 Yes Yes Yes* No No
2 011 Yes Yes No No No
3 111 Yes No No No No
Reserved Other X X X X X
Notes:

* returns encrypted data if Encryption Array is programmed.
** returns non encrypted data.

Level 1 should be set before programming Level 2; Level 2 should be set before programming Level 3.

The security level may be verified according &blE 4.2.
Table 4.2 Lock bits Verification

Level Lock bits Data
0 XXXxx000
1 XXXxx001
2 XXXXX01X
3 XXXXXIXX

4.1.6. Encryption Array

The TSC87251G1D and TSC83251G1D controllers include a 128-byte Encryption Array located in nonvolatile
memoryoutside the memory address space. During verification of the on—chip code mthmsgven low—order ad
dresshits also address the Encryption ArrAg the byte of the code memory is read, it is exclusive-NOR’ed (XNOR)
with the key byte from the Encryption Arrd§the Encryption Array is not programmed (still all 1s), the user program
code is placed othe data bus in its original, unencrypted form. If the Encryption Array is programmed with key bytes,
the user program code is encrypted and cannot be used without knowledge of the key byte sequence.

To preserve the secrecy of the encryption key byte sequence, the Encryption Array can not be verified.
Caution:

When a MOVC instruction is executed the content of the ROM is not encrypted. In order to fully protect the user progteeriaddbkitievel 1
(see Table 1) must always be set when encryption is used.
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Note:
The TSC83251G1D derivatives do not provide lock bit choice. However they always provide the protection of the lock(bgdeN€ TAG)
when the encryption is used.

Caution:
If the encryption feateris implemented, the portion of the on—chip code memory that does not congaanpcode should be filled with “random”
byte values other than FFh to prevent the encryption key sequence from being revealed.

4.2. Signature Bytes

The TSC87251G1D, TSC83251G1D and TSC80251G1D contain factory—programmed Signature Bytes. These bytes
arelocated in non—volatile memory outside the memory address space at 30h, 31h, 60h amde@thtiE Signature
Bytes, perform the procedure described in section 4.4., “Verify Algorithm”, using the verify signature mode (see

Table 4.5). Signature byte values are listedabld 4.3.
Table 4.3 Signature Bytes (Electronic ID)

Signature Address Signature Data
Vendor TEMIC 30h 58h
Architecture C251 31h 40h
Memory 16K ROM 60h FBh
Revision ane\(TSCSxZSlG,l) 61h FFh
First (TSC8x251G1D) FEh

4.3. Programming Algorithm

Figure 4.1 shows the hardware setup needed to program the TSC87251G1D EPROM areas:
® The chip has to be put under reset and maintained in this state until the completion of the programming sequence.

e Then PSEN# has to be to forced to a low level for 14 clock cycles before any other operation and it has to be
maintained in this state until the completion of the programming sequence.

® The voltage on the EA# pin must be set to VCC.

e Theprogramming mode is selected according to the code applied on Port 0. Ibbaspigied until the completion
of this programming operation.

e Theprogramming address is applied on Ports 1 and 3 which are respectively the Most Significant Byten®1SB)
the Least Significant Byte (LSB) of the address.

® The programming data are applied on Port 2.

e The EPROM Programming is done by raising the voltage on the EA# pin totN&Pby generating low level pulses
on ALE/PROG# pin (See Table 4.5)

® The voltage on the EA# pin must be lowered to VCC before completing the programming operation.

® |t is possible to alternate programming and verification operation (See section 4.4.). Please make sure the voltage
the EA# pin has actually been lowered to VCC before performing the verification operation.

MATRA MHS .15
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VCC VCC
>5x100us —» ALE/PROG#
RST
J_ PSEN#
Mode |:> PO[7:0]
TSC87251G1D
aro) [ e
XTAL1 [—— 4to6 MHz
L] —
VSS
paia [N parro) ml
Figure 4.1Setup for EPROM Programming
Table 4.4 EPROM Programming Modes
EPROM Mode RST | EA# PSEN# | ALE/PROG# | PO P2 P1(MSB) P3(LSB) Notes
On—chip Code Memory 1 VPP 0 > 5 Pulses 68h Data Address (16K) 1

0000h-3FFFh

Configuration Bytes

[y
<
Y
o
o

> 5 Pulses 69h | Data CONFIGO0: 0080h 1
CONFIG1: 0081h

Lock Bits 1 VPP 0 >5Pulses | 6Bh X LBO: 0001h 1
LB1: 0002h
LB2: 0003h

Encryption Array 1 VPP 0 > 5 Pulses 6Ch | Data 0000h-007Fh 1

Notes:
1. The ALE/PROG# pulse waveform is shown in Figure 3.

4.4. Verify Algorithm

Figure 4.2 shows the hardware setup needed to verify the internal ROM areas of the TSC80251G1D derivatives:
® The chip has to be put under reset and maintained in this state until the completion of the verify sequence.

Then PSEN# has to be to forced to a low level for 14 clock cycles before any other operation and it has to be
maintained in this state until the completion of the programming sequence.

The voltage on the EA# pin must be set to VCC and ALE must be set to an high level.

The Verify Mode is selected according to the code applied on Port 0. It has to be applied until the completion of this
verification.

The verification address is applied on Ports 1 and 3 which are respectively the MSB and the LSB of the address.
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® Then device is driving the data on Port 2. It is valid 48 clock periods after the address is stable.

® |t is possible to alternate programming and verification operation (See section 4.3.). Please make sure the voltage

the EA# pin has actually been lowered to VCC before performing the verification operation.
Table 4.5 Verifying Modes

Verify EPROM RST EA# PSEN# ALE PO P2 P1(MSB) P3(LSB)
On—chip code memory 1 1 0 1 28h Data Address (16K)
0000h-3FFFh
Configuration Bytes 1 1 0 1 29h Data 0080h-0083h
Lock Bits 1 1 0 1 2Bh Data 0000h
Signature Bytes 1 1 0 1 29h Data 30h, 31h, 60h, 61h
VCC VCC
» EA#/VPP VDD
ALE/PROG#
; RST P2[7:0] > Data
J__ PSEN#
Mode |:> PO[7:0]
TSC8x251G1D
A[7:0] |:> P3[7:0]
. XTAL1 4 to 6 MHz
Sl —
VSS 1

Figure 4.2Setup for EPROM Verifying
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4.5. AC Characteristics

Table 4.6 EPROM Programming & Verification Characteristics
(TA=01t040C ; VCC =5V + 10%)

Symbol Parameter Min Max Unit
VPP Programming Supply Voltage 12,5 13 \Y
IPP Programming Supply Current 75 mA
Tosc Oscillator Frequency 167 250 ns
TaveL Address Setup to PROG# low 48Tosc
TGHAX Address Hold after PROG# low 48Tosc
ToveL Data Setup to PROG# low 48Tosc
TGHDX Data Hold after PROG# 48Tosc
TEHSH ENABLE High to VPP 48Tosc
TsHGL VPP Setup to PROG# low 10 us
TGHSL VPP Hold after PROG# 10 us
TGLGH PROG# Width 90 110 us
Tavov Address to Data Valid 48Tosc
TeLQv ENABLE low to Data Valid 48Tosc
TeHOZ Data Float after ENABLE 0 48Tosc
TGHGL PROG high to PROG# low 10 us
P1=A14:8
P3=AT7:0 >< Address
TavGL 4&»
P2 =D7:0 Data
ToveL TeHDX
VPP _ - - - - - -4 - - 4
EA#/VPP VDD
VSS - - - - - - - - - - -
TshHal] TeHsL
ALE/PROG#
TEHSH
PO Mode = 68h, 69h, 6Bh or 6Ch ><
Figure 4.3Timings for EPROM Programming
.18 MATRA MHS
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PO Mode = 28h, 29h or 2Bh
TeLQv
| | TEHQZ

P1=A14:8
P3 = A7:0 >< Addres ><

P2=D7:0 > Data <

) -
- o

Tavov

Figure 4.4Timings for EPROM Verification
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Packages

5.1. List of Packages

All available packages are described in this chapter
e PDIL 40

e PLCC44

e CQPJ 44 with Whdow

e PQFP 44

e VQFP 44 (16<10)

® VQFP 44 (14c14)

5.2. PDIL 40

5.2.1. Mechanical Outline

40 PINS PLASIIC .600

BMIN.
2

HHHH H H
INDEX

AREA ! ] FIGURE 2
A — :
PLANE L | 4‘
A2 A |
SEATING B B ﬁ_ /ﬁ I H\
PLANE L AN ol €
D1 —={[e]l=—
B1

L
B D1 C
eB

Figure 5.1Plastic Dual In Line

Table 5.1 PDIL Package Size

MM INCH

Min Max Min Max
A - 5.08 — .200
Al 0.38 - .015 -
A2 3.18 4.95 125 .195
B 0.36 0.56 .014 .022
B1 0.76 1.78 .030 .070
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MM INCH
Min Max Min Max
C 0.20 0.38 .008 .015
50.29 53.21 1.980 2.095

E 15.24 15.87 .600 .625
El 12.32 14.73 485 .580
e 2.54B.S.C. .100 B.S.C.
eA 15.24 B.S.C. .600 B.S.C.
eB - 17.78 - .700
L 2.93 3.81 115 .150
D1 0.13 — .005 -

5.2.2. Pin Assignment

Table 5.2 PDIL Pin Assignment
Pin Number Pin Name Pin Name

1 P1.0/T2 21 P2.0/A8

2 P1.1/T2EX 22 P2.1/A9

3 P1.2/ECI 23 P2.2/A10

4 P1.3/CEXO0 24 P2.3/A11

5 P1.4/CEX1 25 P2.4/A12

6 P1.5/CEX2/MISO 26 P2.5/A13

7 P1.6/CEX3/SCL/SCK 27 P2.6/A14

8 P1.7/A17/CEX4/SDA/MOSI 28 P2.7/A15

9 RST 29 PSEN#

10 P3.0/RXD 30 ALE/PROG#

11 P3.1/TXD 31 EA#VPP

12 P3.2/INTO# 32 P0.7/AD7

13 P3.3/INT13 33 P0.6/AD6

14 P3.4/TO 34 P0.5/AD5

15 P3.5/T1 35 P0.4/AD4

16 P3.6/WR# 36 P0.3/AD3

17 P3.7/A16/RD# 37 P0.2/AD2

18 XTAT2 38 P0.1/AD1

19 XTAL1 39 P0.0/ADO

20 VSS 40 VDD

.22 MATRA MHS
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5.3. PLCC 44

5.3.1. Mechanical Outline

G
45°
Figure 5.2Plastic Lead Chip Carrier
Table 5.3 PLCC Package Size
MM INCH

Min Max Min Max
A 4.20 457 .165 .180
Al 2.29 3.04 .090 120
D 17.40 17.65 .685 .695
D1 16.44 16.66 647 .656
D2 14.99 16.00 .590 .630
E 17.40 17.65 .685 .695
El 16.44 16.66 647 .656
E2 14.99 16.00 590 .630
e 1.27BSC .050 BSC
G 1.07 1.22 .042 .048
H 1.07 1.42 .042 .056
J 0.51 - .020 -
K 0.33 0.53 .013 021
Nd 11 11
Ne 1 11
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5.3.2. Pin Assignment

Table 5.4 PLCC Pin Assighment

Pin Number Pin Name Pin Number Pin Name
1 VSS1 23 VSS2
2 P1.0/T2 24 P2.0/A8
3 P1.1/T3EX 25 P2.1/A9
4 P1.2/ECI 26 P2.2/A10
5 P1.3/CEXO 27 P2.3/A11
6 P1.4/CEX1 28 P2.4/A12
7 P1.5/CEX2/MISO 29 P2.5/A13
8 P1.6/CEX3/SCL/SCK 30 P2.6/A14
9 P1.7/A17/CEX4/SDA/MOSI 31 P2.7/A15
10 RST 32 PSEN#
11 P3.0/RXD 33 ALE/PROG#
12 WAIT# 34 NMI
13 P3.1/TXD 35 EA#IVPP
14 P3.2/INTO# 36 P0.7/AD7
15 P3.3/INT1# 37 P0.6/AD6
16 P3.4/TO 38 P0.5/AD5
17 P3.5/T1 39 P0.4/AD4
18 P3.6/WR# 40 P0.3/AD3
19 P3.7/A16/RD# 41 P0.2/AD2
20 XTAL2 42 P0.1/AD1
21 XTAL1 43 P0.0/ADO
22 VSS 44 VDD
.24 MATRA MHS
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5.4. CQPJ 44 with Window

5.4.1. Mechanical Outline

~ Dl¢lo. 108[c[A®[DE] —™ [&]o. 10

[L]0. 05[A]
= Dif¢lo. 10®[c[A®[DE)] ™ A
N1 =
P = T
E El
‘ y
g e Q
@ @ N2
=4 4 R
S f
o (o]
| i i BJZ’ HiA
1 E R
¢l 0. 108]c[ AS[DE)
Figure 5.3Ceramic Quad Pack J
Table 5.5 CQPJ Package Size
MM INCH
Min Max Min Max
- 4.90 - 193
0.15 0.25 .006 .010
D-E 17.40 17.55 .685 691
D1-E1 16.36 16.66 .644 .656
e 1.27 TYP .050 TYP
f 0.43 0.53 .017 .021
0.86 1.12 .034 .044
15.49 16.00 .610 .630
R 0.86 TYP .034 TYP
N1 11 11
N2 11 11
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5.4.2. Pin Assignment

Table 5.6 CQPJ Pin Assignment

Pin Number Pin Name Pin Number Pin Name
1 P1.5/CEX2/MISO 23 P2.5/A13
2 P1.6/CEX3/SCL/SCK 24 P2.6/A14
3 P1.7/A17/CEX4/SDA/MOSI 25 P2.7/A15
4 RST 26 PSEN#
5 P3.0/RXD 27 ALE/PROG#
6 WAIT# 28 NMI
7 P3.1/TXD 29 EA#/VPP
8 P3.2/INTO# 30 P0.7/AD7
9 P3.3/INT1# 31 P0.6/AD6
10 P3.4/TO 32 P0.5/AD5
11 P3.5/T1 33 P0.4/AD4
12 P3.6/WR# 34 P0.3/AD3
13 P3.7/A16/RD# 35 P0.2/AD2
14 XTAL2 36 P0.1/AD1
15 XTAL1 37 P0.0/ADO
16 VSS 38 VDD
17 VSS2 39 VSS1
18 P2.0/A8 40 P1.0/T2
19 P2.1/A9 41 P1.1/T3EX
20 P2.2/A10 42 P1.2/ECI
21 P2.3/A11 43 P1.3/CEXO
22 P2.4/A12 44 P1.4/CEX1
111.26 MATRA MHS
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5.5. PQFP 44
D [$]0.108 A
DI W = <0 to 4°
[L[0.051A] Ml L
|
r Wil le
@ | %:{ il
[
' - f,' N2
p | ,z%f L
o [#]0.108[c[A§ 08 |
Figure 5.4Plastic Quad Flat Pack
Table 5.7 PQFP Package Size
MM INCH
Min Max Min Max
2.00 2.40 .079 .094
0.10 0.20 .004 .008
13.65 14.15 537 557
D1 9.90 10.10 .390 .398
E 13.65 14.15 537 557
E1l 9.90 10.10 .390 .398
e 0.80B.S.C. .0315 B.S.C.
f 0.20 0.40 .008 .016
J 0.00 0.30 .000 012
L 0.65 0.95 .025 .037
N1 11 11
N2 11 11
MATRA MHS .27
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5.5.1. Pin Assignment

Table 5.8 PQFP Pin Assignment

Pin Number Pin Name Pin Number Pin Name
1 P1.5/CEX2/MISO 23 P2.5/A13
2 P1.6/CEX3/SCL/SCK 24 P2.6/A14
3 P1.7/A17/CEX4/SDA/MOSI 25 P2.7/A15
4 RST 26 PSEN#
5 P3.0/RXD 27 ALE/PROG#
6 WAIT# 28 NMI
7 P3.1/TXD 29 EA#/VPP
8 P3.2/INTO# 30 P0.7/AD7
9 P3.3/INT1# 31 P0.6/AD6
10 P3.4/TO 32 P0.5/AD5
11 P3.5/T1 33 P0.4/AD4
12 P3.6/WR# 34 P0.3/AD3
13 P3.7/A16/RD# 35 P0.2/AD2
14 XTAL2 36 P0.1/AD1
15 XTAL1 37 P0.0/ADO
16 VSS 38 VDD
17 VSS2 39 VSS1
18 P2.0/A8 40 P1.0/T2
19 P2.1/A9 41 P1.1/T3EX
20 P2.2/A10 42 P1.2/ECI
21 P2.3/A11 43 P1.3/CEXO
22 P2.4/A12 44 P1.4/CEX1
11.28 MATRA MHS
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5.6. VQFP 44 (10< 10)

5.6.1. Mechanical Outline

NN\
~
o~

|
|
D

EE1 T —" + R T ’
‘ . ,,
| 7
777773 7zA
/ / <oy
6°+4°
[ ——
A3
A2 [} 1
I 0.102 MAX.
LEAD COPLANARITY
Figure 5.5Shrink Quad Flat Pack (Plastic)
Table 5.9 VQFP Package Size
MM INCH

Min Max Min Max
A - 1.60 — .063
Al 0.64REF .025 REF
A2 0.64 REF .025REF
A3 1.35 1.45 .053 .057
D 11.90 12.10 468 476
D1 9.90 10.10 .390 .398
E 11.90 12.10 468 476
E1l 9.90 10.10 .390 .398
J 0.05 - .002 6
L 0.45 0.75 .018 .030
e 0.80 BSC .0315 BSC
f 0.35 BSC .014 BSC
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5.6.2. Pin Assignment

Table 5.10 VQFP Pin Assignment

Pin Number Pin Name Pin Number Pin Name
1 P1.5/CEX2/MISO 23 P2.5/A13
2 P1.6/CEX3/SCL/SCK 24 P2.6/A14
3 P1.7/A17/CEX4/SDA/MOSI 25 P2.7/A15
4 RST 26 PSEN#
5 P3.0/RXD 27 ALE/PROG#
6 WAIT# 28 NMI
7 P3.1/TXD 29 EA#/VPP
8 P3.2/INTO# 30 P0.7/AD7
9 P3.3/INT1# 31 P0.6/AD6
10 P3.4/TO 32 P0.5/AD5
11 P3.5/T1 33 P0.4/AD4
12 P3.6/WR# 34 P0.3/AD3
13 P3.7/A16/RD# 35 P0.2/AD2
14 XTAL2 36 P0.1/AD1
15 XTAL1 37 P0.0/ADO
16 VSS 38 VDD
17 VSS2 39 VSS1
18 P2.0/A8 40 P1.0/T2
19 P2.1/A9 41 P1.1/T3EX
20 P2.2/A10 42 P1.2/ECI
21 P2.3/A11 43 P1.3/CEXO
22 P2.4/A12 44 P1.4/CEX1
111.30 MATRA MHS

Preliminary

Rev. A—25 Sept 1997



TEMIC TSC80251G1D

5.7. VQFP 44 (14 14)

5.7.1. Mechanical Outline

NN\
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| 7
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6°%4°
[ ——
A3
A2 i
I 0.102 MAX.
LEAD COPLANARITY
Figure 5.6Shrink Quad Flat Pack
Table 5.11 VQFP Package Size
MM INCH
Min Max Min Max
A - 1.60 - .063
Al 0.64REF .025 REF
A2 0.64 REF .025REF
A3 1.35 1.45 .053 BSC
D 16.00 BSC .63 BSC
D1 14.00 BSC .55 BSC
E 16.00 BSC .63 BSC
E1l 14.00 BSC .55 BSC
J 0.05 0.15 .002 6
L 0.45 0.75 .018 .030
e 1.00 BSC .0394 BSC
f 0.35 ‘ 0.5 .0014 .0197
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5.7.2. Pin Assignment

Table 5.12 VQFP Pin Assignment

Pin Number Pin Name Pin Number Pin Name
1 P1.5/CEX2/MISO 23 P2.5/A13
2 P1.6/CEX3/SCL/SCK 24 P2.6/A14
3 P1.7/A17/CEX4/SDA/MOSI 25 P2.7/A15
4 RST 26 PSEN#
5 P3.0/RXD 27 ALE/PROG#
6 WAIT# 28 NMI
7 P3.1/TXD 29 EA#/VPP
8 P3.2/INTO# 30 P0.7/AD7
9 P3.3/INT1# 31 P0.6/AD6
10 P3.4/TO 32 P0.5/AD5
11 P3.5/T1 33 P0.4/AD4
12 P3.6/WR# 34 P0.3/AD3
13 P3.7/A16/RD# 35 P0.2/AD2
14 XTAL2 36 P0.1/AD1
15 XTAL1 37 P0.0/ADO
16 VSS 38 VDD
17 VSS2 39 VSS1
18 P2.0/A8 40 P1.0/T2
19 P2.1/A9 41 P1.1/T3EX
20 P2.2/A10 42 P1.2/ECI
21 P2.3/A11 43 P1.3/CEXO
22 P2.4/A12 44 P1.4/CEX1
1.32 MATRA MHS
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Ordering Information
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Ordering Information

TSC 80251G1D XXX —

Part Number

Customer ROM Code

80251G1D: External ROM
87251G1D: 16 Kbytes OTP/EPROM
251G1D: 16 Kbytes MaskROM

A 12

s+

12: 12 MHz version
16: 16 MHz version
24: 24 MHz version

A: C251 Default Mode

B: C51 Binary Mode

For other configurations,
please contact your sales office

C B R

Packaging

A: PDIL 40

B: PLCC 44

C: Window CQPJ 44
(EPROM version)

D: PQFP 44

E: VQFP 44 (1&10)

F: TQFP 44

L: VQFP 44 (14<14)

Temperature Range
C : Commercial 0 to 7C

| : Industrial —40 to 88C

A: Automotive —40 to 12%C

TEMIC Semiconductor andmonmg |
Microcontroller Product Division R : Tape & Ree
D : Dry Pack
B : Tape & Reel
Dry Pack
Part Number Description
TSC80251G1D-A16CBR ROMless, C251 Default Mode, 16 MHz, PLCC 44, 0 t&6COlape and Reel
TSC80251G1D-B16CBR ROMless, C51 Binary Mode, 16 MHz, PLCC 44, 0 t6@0Tape and Reel
TSC87251G1D-12CB OTP, 12 MHz, PLCC 44, 0 to 70
TSC87251G1D-12CC EPROM, 12 MHz, CQPJ 44, 0 to T
V.1
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Development Tools

Part Number

Description

TSC80251G1D-SKA

Software Starter Kit Keil

TSC80251G1D-SKB

Software Starter Kit Tasking

TSC80251G1D-EKA

Evaluation Kit Keil

TSC80251G1D-EKB

Evaluation Kit Tasking

Product Marking :

TEMIC

Customer P/N
Temic P/N

@0 Intel'95

YYWW Lot Number

V.2

Preliminary
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TEMIC TSC80251G1D

Registers

Table 1.1 PSW, Data Pointers and Interrupt Control SFRs

Mnemonic Name Address
ACC (1) Accumulator S:EOH
B @) B Register S:FOH
PSW Program Status Word S:DOH
PSW1 Program Status Word 1 S:D1H
SP(1) Stack Pointer — LSB of SPX S:81H
SPH Stack Pointer High — MSB of SPX S:BEH
DPTR() Data Pointer (2 bytes) -
DPL (1) Low byte of DPTR S:82H
DPH 1) High byte of DPTR S:83H
DPXL Data Pointer, Extended Low S:84H
PCON Power Control S:87H
IEO Interrupt Enable Control O S:A8H
IE1 Interrupt Priority Control 1 S:B1H
IPHO Interrupt Priority Control High 0 S:B7H
IPLO Interrupt Priority Control Low 0 S:B8H
IPH1 Interrupt Priority Control High 1 S:B2H
IPL1 Interrupt Priority Control Low 1 S:B3H

(1) These SFRs can also be aceesed by their corresponding registers in the register file
Table 1.2 1/0 Port SFRs

Mnemonic Name Address
PO Port 0 S:80H
P1 Port 1 Flag S:90H
P 1lIE Port 1 Interrupt Enable S:9DH
P 1IF Port 1 Level Selection S:9EH
P 1LS Port 1 S:9CH
P2 Port 2 S:AOH
P3 Port 3 S:BOH
MATRA MHS V.1

Rev. A—25 Sept 1997 L
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Table 1.3 Serial I/0O Port SFRs

Mnemonic Name Address
SCON Serial Control S:98H
SBUF Serial Data Buffer S:99H
SADEN Slave Address Mask S:B9H
SADDR Slave Address S:A9H
BRL Baud Rate Reload S:9AH
BDRCON Baud Rate Control S:9BH
Table 1.4 SSLC SFRs
Mnemonic Name Address
SSCON Synchronous Serial control S:93H
SSDAT Synchronous Serial Data S:95H
SSCS Synchronous Serial Control and Status S:94H
SSADDR Synchronous Serial Address S:96H
SSBR Synchronous Serial Bit Rate S:92H
Table 1.5 Timer/Counter and WatchDog Timer SFRs

Mnemonic Name Address
TLO Timer/Counter O Low Byte S:8AH
THO Timer/Counter 0 High Byte S:8CH
TL1 Timer/Counter 1 Low Byte S:8BH
TH1 Timer/Counter 1 High Byte S:8DH
TL2 Timer/Counter 2 Low Byte S:CCH
TH2 Timer/Counter 2 High Byte S:CDH
TCON Timer/Counter 0 and 1 Control S:88H
TMOD Timer/Counter 0 and 1 Mode Control S:89H
T2CON Timer/Counter 2 Control S:C8H
T2MOD Timer/Counter 2 Mode Control S:C9H
RCAP2L Timer 2 Reload/Capture Low Byte S:CAH
RCAP2H Timer 2 Reload/Capture High Byte S:CBH
WDTRST WatchDog Timer Reset S:A6H
V.2 MATRA MHS
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Table 1.6 Event Waveform Control/Programmable Counter Array SFRs

Mnemonic Name Address
CCON EWC-PCATIimer/Counter Control S:D8H
CMOD EWC-PCA Timer/Counter Mode S:D9H
CCAPMO EWC-PCA Timer/Counter Mode 0 S:DAH
CCAPM1 EWC-PCA Timer/Counter Mode 1 S:DBH
CCAPM2 EWC-PCA Timer/Counter Mode 2 S:DCH
CCAPM3 EWC-PCA Timer/Counter Mode 3 S:DDH
CCAPM4 EWC-PCA Timer/Counter Mode 4 S:DEH
CL EWC-PCA Timer/Counter Low register S:E9H
CH EWC-PCA Timer/Counter High register S:FOH
CCAPOL EWC-PCA Compare Capture Module O Low Register S:EAH
CCAP1L EWC-PCA Compare Capture Module 1 Low Register S:EBH
CCAP2L EWC-PCA Compare Capture Module 2 Low Register S:ECH
CCPA3L EWC-PCA Compare Capture Module 3 Low Register S:EDH
CCPA4L EWC-PCA Compare Capture Module 4 Low Register S:EEH
CCPAOH EWC-PCA Compare Capture Module 0 High Register S:FAH
CCPA1H EWC-PCA Compare Capture Module 1 High Register S:FBH
CCPA2H EWC-PCA Compare Capture Module 2 High Register S:FCH
CCPA3H EWC-PCA Compare Capture Module 3 High Register S:FDH
CCPA4H EWC-PCA Compare Capture Module 4 High Register S:FEH
Table 1.7 Power Management SFRs
Mnemonic Name Address
POWM Power Management S:8FH
PFILT Power Filter S:86H
CKRL Clock Reload S:8EH
Table 1.8 Register File
Mnemonic Name Address
RO - R7 Four banks of 8 registers. Selects bank 0-3 with bits (RS0, RS1) of PSW 1,2
R8 — R31 R11 = Accumulator (ACC) 1,3
R10 = B Register
R32 — R55 Reserved 3
R56 — R63 DR56 = the extendd data pointer (DPXL, DPH, DPL) 1,3
DR60 = the extended stack pointer (SPH, SPL)

1. The registers in the register file are normally accessed by mnemonic. Dependin on its location, a register can beadregtedvord,
and/or dword.

2. The four banks of registers are implemented as the lowest bytes of on—chip RAM and are always accessible via addresses
00:0000H-00:001FH.

3. Special function registers ACC, B, DPXL, DPH, DPL, SPH and SPL are located in the register file and can be accessRiGLRBE and

DR60.

MATRA MHS
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ACC (EOh)
Accumulator

Accumulator ACC provides SFR accesses to the accumulator which resides in the register file as byte register R11.
Instructionin the MCS®51 architecture use the accumulator as both source and destination for calculatioosesd
Instructionin the MCS®251 architecture assigro special significance to R11. Thes instructions can use byte registers
Rm (m=0-15) interchangeably.

7 6 5 4 3 2 1 0

‘ Accumulator Contents

Bit Bit .
Number | Mnemonic DESETpIE
7:0 ACC 7:0 | Accumulator.
Reset Value = 0000 0000b
V.4 MATRA MHS
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B (FOh)
B Register

The B register provides SFR access to byte register R10 (also named B) in the register file. The B register is used as

both a source or destination in multiply and divide operations. For all other operations, the B register is avalaible for
use as one of the byte register Rm (m=0-15).

7 6 5 4 3 2 1 0

B Register Contents

Bit Bit -
Number | Mnemonic Description
7:0 B 7:0 B Register.

Reset Value = 0000 0000b

MATRA MHS V.5
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BDRCON (S:9Bh)
Baud Rate Control register

BDRCON is the SFR that enables and configures the internal Baud Rate register

7 6 5 4 3 2 1 0
- - - BRR TBCK RBCK SPD SRC
Bit Bit L.
Number | Mnemonic DI
. Reserved
The Value read from this bit is indeterminate. Do not set this bit.
& Reserved
The Value read from this bit is indeterminate. Do not set this bit.
Reserved
5 —

The Value read from this bit is indeterminate. Do not set this bit.

Baud Rate Run control bit
4 BRR Clear to stop the Baud Rate
Set to start the Baud Rate

Transmission Baud Rate Generator Selection bit
3 TBCK Clear to select Timer 1 or Timer 2 for the Baud Rate Generator
Set to select Internal Baud Rate Generator

Reception Baud Rate Generator Selection bit
2 RBCK Clear to select Timer 1 or Timer 2 for the Baud Rate Generator
Set to select Internal Baud Rate Generator

Baud Rate Speed control bit
1 SPD Clear to select the SLOW Baud Rate Generator when SRC =1
Set to select the FAST Baud Rate Generator When SRC =1

Baud Rate Source select bit in Mode 0
0 SRC Clear to select Gsd12 as the Baud Rate Generator (fixed transmission clock).
Set to select the internal Baud Rate Generator.

Reset Value = XXX0 0000b

V.6 MATRA MHS

. . Rev. A—25 Sept 1997
Preliminary . P



TEMIC TSC80251G1D

BRL (S:9Ah)
Baud Rate Reload Register

BRL is the SFR that contains the auto—reload value of the Baud Rate Generator

7 6 5 4 3 2 1 0
BRL Value
Bit Bit .
Number | Mnemonic LEsEmgler
7:0 BRL 7:0 BRL Register
Reset Value = 0000 0000b
MATRA MHS V.7
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CCAPOH (S:FAh)
CCAP1H (S:FBh)
CCAP2H (S:FCh)
CCAP3H (S:FDh)
CCAP4H (S:FEh)
High Byte Compare/Capture Module x Registers (x =0, 1, 2, 3, 4)

CCAPOL (S:EAh)

CCAP1L (S:EBh)
CCAP2L (S:ECh)
CCAP3L (S:EDh)
CCAP4L (S:EEh)
Low Byte Compare/Capture Module x Registers (x =0, 1, 2, 3, 4)

These five registers pairs store the 16—bit comparison value or captured value for the corresponding compare/capture
modules. In the PWM mode, the low-byte register controls the duty cycle of the ouput waveform.

High Byte Compare/Capture Module x
7 6 5 4 3 2 1 0

’ High Byte of Compare/Capture Values ‘

Low Byte Compare/Capture Module x
7 6 5 4 3 2 1 0

’ Low Byte of Compare/Capture Values ‘

Bit Bit

Number | Mnemonic Description

CCAPxH 7:0 | High byte of EWC—PCA comparison or capture values
CCAPXxL 7:0 | Low byte of EWC—PCA comparison or capture values

7:0

Reset Value = 0000 0000b

V.8 MATRA MHS
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CCAPMO (S:DAh)

CCAPML1 (S:DBh)
CCAPM2 (S:DCh)
CCAPM3 (S:DDh)
CCAPM4 (S:DEh)
EWC-PCA Compare/Capture Module x Mode registers (x =0, 1, 2, 3, 4)

These five registers select the operating mode of the corresponding compare/capture module. Each register contains

an enable interrupt bit for generating an interupt request when the compare/capture flag is set.

7 6 5 4 3 2 1 0
- ECOMXx CAPPx CAPNXx MATX TOGx PWMx ECCFx
Bit Bit .
Number | Mnemonic DS el
; Reserved
The Value read from this bit is indeterminate. Do not set this bit.
Enable Compare Mode Module x bit
Clear to disable the Compare function.
6 ECOMx Set to enable the Compare function.
The Compare function is used to implement the software Timer, the high-speed output, the Pulse Width
Modulator (PWM) and Watchdog Timer (WDT)
Capture Mode (Positive) Module x bit
5 CAPPXx Clear to disable the Capture function triggered by a positive edge on CEXx pin
Set to enable the Capture function triggered by a positive edge on CEXx pin
Capture Mode (Negative) Module x bit
4 CAPNXx Clear to disable the Capture function triggered by a negative edge on CEXx pin
Set to enable the Capture function triggered by a negative edge on CEXx pin
Match Module x bit
3 MATx Set when a match of the PCA Counter with the Compare/Capture register sets CCFx bit in CCON register
flagging an interrupt
Must be cleared by software
Toggle Module x bit
) T0G The toggle mode is configured by setting ECOMx, MATx and TOGx bits.
X
Set when a match of the PCA Counter with the Compare/Capture register toggles the CEXx pin
Must be cleared by software
Pulse Width Modulation Module x Mode bit
1 PWMx Set to configure the module x as an 8-bit Pulse Width Modulator with output waveform on CEXx pin
Must be cleared by software
Enable CCFx Interrupt bit
0 ECCFx Clear to disable CCFx bit in CCON register to generate an interrupt request.
Set to enable CCFx bit in CCON register to generate an interrupt request

Reset Value = 1000 0000b

MATRA MHS
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CCON (S:D8h)
Timer/Counter Control Register

EWC-PCA Timer/Counter Register. Contains the run control bit and overvlow flag for the PCA Timer/Counter and
the compare/capture flags for the five EWC—PCA compare/capture modules

7

6

5 4 3

2 1 0

CF

CR

- CCF4 CCF3

CCF2 CCF1 CCFO

Bit
Number

Bit
Mnemonic

Description

CF

PCA Timer/Counter Overflow flag

Set by hardware when the PCA Timer/Counter rolls over. This generates a PCA interrupt request if

bit in CMOD register is set.
Must be cleared by software.

CR

PCA Timer/Counter Run Control bit
Clear to turn the PCA Timer/Counter off.
Set to turn the PCA Timer/Counter on.

Reserved

The value read from this bit is indeterminate. Do not set this bit.

CCF4

PCA Module 4 Compare/Capture flag

Set by hardware when a match or capture occurs
in CCAPM 4 register is set.

Must be cleared by software.

. This generates a PCA interrupt request if the EC

CCF3

PCA Module 3 Compare/Capture flag

Set by hardware when a match or capture occurs
in CCAPM 3 register is set.

Must be cleared by software.

. This generates a PCA interrupt request if the EC

CCF2

PCA Module 2 Compare/Capture flag

Set by hardware when a match or capture occurs
in CCAPM 2 register is set.

Must be cleared by software.

. This generates a PCA interrupt request if the EC

CCF1

PCA Module 1 Compare/Capture flag

Set by hardware when a match or capture occurs
in CCAPM 1 register is set.

Must be cleared by software.

. This generates a PCA interrupt request if the EC

CCFO

PCA Module 0 Compare/Capture flag

Set by hardware when a match or capture occurs
in CCAPM O register is set.

Must be cleared by software.

. This generates a PCA interrupt request if the EC

the ECF

CF 4 bit

CF 3 bit

CF 2 bit

CF 1 bit

CF 0 bit

Reset Value = 0010 0000b

V.10
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CKRL (S:8Eh)
Clock Reload Register

This register permits a dynamic reload of a 8-bit value used as presecakler dreguency to providedsc.

7 6 5 4 3 2 1 0
CKRL Value
Bit Bit .
Number | Mnemonic LEsEmgler
7:0 CCAPxH 7:0 | CKRL Register
Reset Value = 0000 0000b
MATRA MHS Vi1
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CH (S:F9h)
CL (S:E9h)
Timer/Counter Registers

CH, CL registers. These registers operate in cascade to form the 16—bit PCA Timer/Counter.

High Byte of Timer/Counter Register

7 6 5 4 3 1 0
’ High Byte of Compare/Capture Values ‘
Low Byte of Timer/Counter Register
7 6 5 4 3 1 0
‘ Low Byte of Compare/Capture Values ‘
Bit Bit o
Number | Mnemonic DEEHT |2l
70 CH7:0 High byte of Timer/Counter
' CL7:0 Low byte of Timer/Counter
Reset Value = 0000 00000b
V.12 MATRA MHS
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CMOD (S:D9h)
Timer/Counter Mode Register

EWC-PCA Timer/Counter Mode Register. Contains bits for selecting the PCA Timer/Counter. Disabling the PCA
Timer/Counterduring idle mode. Enabling the PCA WDT reset output and enabling the P@&%CTounter overflow

interrupt.
7 6 5 4 3 2
CIDL WDTE - - - CPS1 ECF
Bit Bit L
Number | Mnemonic DESE AT
PCA Counter Idle Control bit
7 CIDL Clear to let the PCA running during Idle mode.
Set to stop the PCA when Idle mode is invoked.
Watchdog Timer Enable bit
6 WDTE Clear to disable the Watchdog Timer function on EWC module 4.
Set to enable the Watchdog Timer function on EWC module 4.
5 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
4 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
EWC Count Pulse Select bits
2 cPst CPS1 CPSO Clock source
0 0 Intern&'Créeky Fogc 2
0 1 Internal Clock, BscA
1 CPS0 1 0 Timer 0 overflow
1 1 External clock at ECI/P1.2 pin (Max. Rate g54¢c8)
Enable PCA Counter Overflow Interrupt bit
0 ECF Clear to disable CF bit in CCON register to generate an interrupt.
Set to enable CF bit in CCON register to generate an interrupt.
Reset Value = 0011 1000b
MATRA MHS V.13
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DPH (S:83h)
Data Pointer High

DPH provides SFR acccess to register file location 58 (also named DPH). DPH is the upper byte of the 16—bit data
pointer DPTR. Instructions in the ME@%1 architecture use DPTR for data moves, code moves and for jump
instructions.

7 6 5 4 3 2 1 0
DPH Contents

Bit Bit

Number | Mnemonic Description

Data Pointer High
Bits 8-15 of the extended data pointer DPX (DR56)

7:0 DPH 7:0

Reset Value = 0000 0000b

V.14 MATRA MHS
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DPL (S:82h)
Data Pointer Low

DPL provides SFR acccess to register file location 59 (also named DPL). DPL is the lower byte of the 16-bit data point
er DPTR. Instructions in the M@%1 architecture use DPTR for data moves, code moves and for jump instructions.

7 6 5 4 3 2 1 0
DPL Contents

Bit Bit .
Number | Mnemonic DESSle
Data Pointer Low
7:0 DPL 7:0 ) )
Bits 0-7 of the extended data pointer DPX (DR56)

Reset Value = 0000 0000b

MATRA MHS V.15
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DPXL (S:84h)
Data Pointer Extended Low

DPXL provides SFR acccess to register file location 57 (also named DPXL). DPXL is the lower byte of the upper word
of the extended data pointer DPX whose lower word is the 16—bit data—pointer DPTR.

7 6 5 4 3 2 1 0
DPXL Contents

Bit Bit

Number | Mnemonic s e

Data Pointer Extended Low
Bits 16—23 of the extended data pointer DPX (DR56)

7.0 DPXL 7:0

Reset Value = 0000 0001b

V.16 MATRA MHS
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IEO (S:A8h)

Interrupt Enable Register 0

IEO contains two types of interrupt enable bits. The global enable bit (EA) enables/disables all the interrupt which is
always enabled. The remaining bits enable/disable the other individual interrupts.

7 6 5 4 3 2 1 0
EA EC ET2 ES ET1 [ Exx | ETO EXO0
Bit Bit .
Number | Mnemonic Description
Global Interrupt Enable
7 EA Clear to disable all interrupts, except the TRAP interrupt which is always enabled.
Set to enable all interrupts that are individually enabled by bits 0-6.
5 EC PCA Interrupt Enable
Set to enable the the PCA interrupt.
5 ETo Timer 2 Overflow Interrupt Enable
Set this bit to enable the Timer 2 overflow interrupt.
4 Es Serial I/O Port Interrupt Enable
Set this bit to enable the serial /O port interrupt.
3 ET1 Timer 1 Overflow Interrupt Enable
Set this bit to enable Timer 1 overflow interrupt.
External Interrupt 1 Enable
2 EX1 L .
Set this bit to enable external interrupt 1.
1 ET0 Timer 0 Overflow Interrupt Enable
Set this bit to enable the Timer 0 overflow interrupt.
External Interrupt O Enable
0 EXO0 L )
Set this bit to enable external interrupt 0.
Reset Value = 0011 1000b
MATRA MHS V.17
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IE1 (S:B1h)

Interrupt Enable Register

IE1 contains two types of interrupt enable bits. The global keyboard interrupt bit and the SSLC interrupt bit.

7 6 5 4 3 2 1 0
- - SSIE - - - - KBIE
Bit Bit L.
Number | Mnemonic DI
7 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
SSLC Interrupt Enable bit
5 SSIE Clear to disable the SSLC interrupt.
Set to enable the SSLC interrupt.
4 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
1 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
Keyboard Interrupt Enable bit
0 KBIE Clear to disable the Keyboard interrupt.
Set to enable the Keyboard interrupt.
Reset Value = X000 0000b
V.18 MATRA MHS
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IPLO (S:B8h)
Interrupt Priority Low Register 0

IPLO together with IPHO assigns each interrupt a priority level from 0 to 3.

IPHxx IPLxx Priority Level
0 0 0 Lowest
0 1 1
1 0 2
1 1 3 Highest
7 6 5 4 3 2 1 0
- IPLC IPLT2 IPLS IPLT1 IPLX1 IPLTO IPLXO0
Bit Bit .
Number | Mnemonic Description
7 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 IPLC EWC Counter Interrupt Priority level less significant bit
Refer to IPHC for priority level.
Timer 2 Interrupt Priority level less significant bit
5 IPLT2 .
Refer to IPHADC for priority level.
4 IPLS Serial Port Interrupt Priority level less significant bit
Refer to IPHS for priority level.
Timer 1 Interrupt Priority level less significant bit
3 IPLT1 .
Refer to IPHT1 for priority level.
2 IPLX1 External Interrupt 1 Priority level less significant bit
Refer to IPHX1 for priority level.
Timer O Interrupt Priority level less significant bit
1 IPLTO .
Refer to IPHTO for priority level.
External Interrupt O Priority level less significant bit
0 IPLXO o
Refer to IPHXO for priority level.

Reset Value = X000 0000b

MATRA MHS
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IPL1 (S:B2h)
Interrupt Priority Low Register 1

IPL1 together with IPH1 assigns each interrupt a priority level from 0 to 3.

7 6 5 4 3 2 1 0
- - IPLSS - - - - IPLKB
Bit Bit .
Number | Mnemonic DI

7 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

6 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

SSLC Interrupt Priority level less significant bit

5 IPLSS L
Refer to IPHSSLC for priority level.

4 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

3 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

5 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

1 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

0 IPLKB Keyboard Interrupt Priority level less significant bit.
Refer to IPHPMU for priority level.

Reset Value = XX0X XXX0b
V.20 MATRA MHS
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IPHO (S:B8h)
Interrupt Priority High Register 0

IPHO worrking together with IPLO assigns each interrupt a priority level from 0 to 3

7 6 5 4 3 2 1 0
- IPHC IPHT2 IPHS IPHT1 IPHX1 IPHTO IPHXO
Bit Bit L
Number | Mnemonic Description
7 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
EWC—-PCA Counter Interrupt Priority level most significant bit
IPHC IPLC _ Priority level
6 IPHC 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
Timer Interrupt Priority level most significant bit
IPHT2 IPLT2  Priority level
5 IPHT2 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
Serial Port Interrupt Priority level most significant bit
IPHS IPLS Priority level
4 IPHS 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
Timer 1 Interrupt Priority level most significant bit
IPHT1 IPLT1 Priority level
3 IPHT1 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
External Interrupt 1 Priority level most significant bit
IPHX1 IPLX1 Priority level
2 IPHX1 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
Timer 0 Interrupt Priority level most significant bit
IPHTO IPLTO  Priority level
1 IPHTO 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
External Interrupt O Priority level most significant bit
IPHX0 IPLHO Priority level
0 IPHXO 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority
Reset Value = X000 000b
MATRA MHS V.2l
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IPH1 (S:B1h)
Interrupt Priority High Register 1

IPH1 worrking together with IPL1 assigns each interrupt a priority level from 0 to 3

7 6 5 4 3 2 1 0
- - IPHSS - - - - IPHKB
Bit Bit .
Number | Mnemonic DI

7 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

6 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

SSLC Interrupt Priority level most significant bit

IPHSSLC IPLSSLC _ Priority level

5 IPHSS 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority

4 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

3 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

5 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

1 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

Keyboard Interrupt Priority level most significant bit

IPHPKB IPLKB Priority level

0 IPHKB 0 0 0 Lowest priority
0 1 1
1 0 2
1 1 3 Highest priority

Reset Value = XX0X XXX0b
V.22 MATRA MHS
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PO (S:80h)
Port O

PO is the SFR that contains data to be driven out from from the port 0 pins. Read—modify—write instructions that read
port O read this register.The other instructions that read port O read the port 0 pins. When port O is used for an external
bus cycle, the CPU always write FFh to PO and the former contents of PO are lost.

7 6 5 4 3 2 1 0
PO Contents

Bit Bit .
Number | Mnemonic Description
Port O Register
7:0 PO 7:0 . ) _ .
Write data to be driven onto the port O pins to these bit

Reset Value = 1111 1111b

MATRA MHS V.23
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P1 (S:90h)
Port 1

P1 is the SFR that contains data to be driven out from from the port 1 pins. Read—modify—write instructions that read
port O read this register.The other instructions that read port 1 read the port 1 pins.

7 6 5 4 3 2 1 0
P1 Contents

Bit Bit

Number | Mnemonic s e

Port 1 Register
Write data to be driven onto the port O pins to these bit

7.0 P17:0

Reset Value = 1111 1111b

V.24 MATRA MHS
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P1F (S:9Eh)
Port 1 Flag Register

P1F is the SFR that permits to detect a programmed level on port 1 pins generating a Keyboard interrupt. It works in
conjunction with P1IE and P1LS Registers.

7 6 5 4 3 2 1 0
P1F.7 P1F.6 P1F.5 P1F.4 P1F.3 P1F.2 P1F.1 P1F.0
2 B Description

Number | Mnemonic

Port 1 line 7 flag

7 P1E7 Set by hardware when the Port line 7 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.7 bit in P1IE register is set.

Must be cleared by software.

Port 1 line 6 flag

6 P1E6 Set by hardware when the Port line 6 detects a programmed level. It generates a Keyboard interrupt request
) if the P1IE.6 bit in P1IE register is set.

Must be cleared by software.

Port 1 line 5 flag

5 P1ES Set by hardware when the Port line 5 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.5 bit in P1IE register is set.

Must be cleared by software.

Port 1 line 4 flag

4 P1EA Set by hardware when the Port line 4 detects a programmed level. It generates a Keyboard interruf
) if the P1IE.4 bit in P1IE register is set.

Must be cleared by software.

Port 1 line 3 flag

3 P1E3 Set by hardware when the Port line 3 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.3 bit in P1IE register is set.

Must be cleared by software.

Port 1 line 2 flag

2 P1E2 Set by hardware when the Port line 2 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.2 bit in P1IE register is set.

Must be cleared by software.

Port 1 line 1 flag

1 P1E1 Set by hardware when the Port line 1 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.1 bit in P1IE register is set.

Must be cleared by software.

Port 1 line O flag

0 P1EO Set by hardware when the Port line 0 detects a programmed level. It generates a Keyboard interrupt request
: if the P1IE.O bit in P1IE register is set.

Must be cleared by software.

Reset Value = 0000 0000b
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P1IE (S:9Dh)
Port 1 Interrupt Enable Register

P1IE is the SFR that permits to enable an interrrupt generation when a programmed level is detected on port 1 pins.

It works in conjunction with P1F and P1LS Registers.

7

6

5 4 3 2

1 0

PlIE.7

P1IE.6

P1IE.5 P1IE.4 P1IE.3 P1lIE.2 PlIE.1 P1IE.O

Bit
Number

Bit
Mnemonic

Description

P1IE.7

Port 1 line 7 Interrupt Enable bit

Clear to disable P1F.7 bit in P1F register to generate an interrupt request.

Set to enable P1F.7 bit in P1F register to generate an interrupt request.

P1IE.6

Port 1 line 6 Interrupt Enable bit

Clear to disable P1F.6 bit in P1F register to generate an interrupt request.

Set to enable P1F.6 bit in P1F register to generate an interrupt request.

P1IE.5

Port 1 line 5 Interrupt Enable bit

Clear to disable P1F.5 bit in P1F register to generate an interrupt request.

Set to enable P1F.5 bit in P1F register to generate an interrupt request.

P1lIE.4

Port 1 line 4 Interrupt Enable bit

Clear to disable P1F.4 bit in P1F register to generate an interrupt request.

Set to enable P1F.4 bit in P1F register to generate an interrupt request.

P1IE.3

Port 1 line 3 Interrupt Enable bit

Clear to disable P1F.3 bit in P1F register to generate an interrupt request.

Set to enable P1F.3 bit in P1F register to generate an interrupt request.

P1IE.2

Port 1 line 2 Interrupt Enable bit

Clear to disable P1F.2 bit in P1F register to generate an interrupt request.

Set to enable P1F.2 bit in P1F register to generate an interrupt request.

P1lIE.1

Port 1 line 1 Interrupt Enable bit

Clear to disable P1F.1 bit in P1F register to generate an interrupt request.

Set to enable P1F.1 bit in P1F register to generate an interrupt request.

P1IE.O

Port 1 line O Interrupt Enable bit

Clear to disable P1F.0 bit in P1F register to generate an interrupt request.

Set to enable P1F.0 bit in P1F register to generate an interrupt request.

Reset Value = 0000 0000b
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P1LS (S:C9h)
Port 1 Level Selector Register

P1LSis the SFR that permits to select what programmable level has to be detected on port 1 pins. It works in conjunction
with P1F and P1IE Registers.

7

6

5 4 3 2 1 0

P1LS.7

P1LS.6

P1LS.5 P1LS.4 P1LS.3 P1LS.2 P1LS.1 P1LS.0

Bit
Number

Bit
Mnemonic

Description

P1LS.7

Port 1 line 7 Level Selection bit
Clear to enable a low level detection on Port line 7.
Set to enable a high level detection on Port line 7.

P1LS.6

Port 1 line 6 Level Selection bit
Clear to enable a low level detection on Port line 6.
Set to enable a high level detection on Port line 6.

P1LS.5

Port 1 line 5 Level Selection bit
Clear to enable a low level detection on Port line 5.
Set to enable a high level detection on Port line 5.

P1LS.4

Port 1 line 4 Level Selection bit
Clear to enable a low level detection on Port line 4.
Set to enable a high level detection on Port line 4.

P1LS.3

Port 1 line 3 Level Selection bit
Clear to enable a low level detection on Port line 3.
Set to enable a high level detection on Port line 3.

P1LS.2

Port 1 line 2 Level Selection bit
Clear to enable a low level detection on Port line 2.
Set to enable a high level detection on Port line 2.

P1LS.1

Port 1 line 1 Level Selection bit
Clear to enable a low level detection on Port line 1.
Set to enable a high level detection on Port line 1.

P1LS.0

Port 1 line 0 Level Selection bit
Clear to enable a low level detection on Port line 0.
Set to enable a high level detection on Port line 0.

Reset Value = 0000 0000b

MATRA MHS
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P2 (S:A0h)
Port 2

P2 is the SFR that contains data to be driven out from from the port 2 pins. Read—modify—write instructions that read
port 2 read this register.The other instructions that read port 2 read the port 2 pins.

7 6 5 4 3 2 1 0
P2 Contents

Bit Bit

Number | Mnemonic s e

Port 2 Register
Write data to be driven onto the port 2 pins to these bit

7.0 P27:0

Reset Value = 1111 1111b
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P3 (S:BOh)
Port 3

P3 is the SFR that contains data to be driven out from from the port 3 pins. Read—modify—write instructions that read
port 3 read this register.The other instructions that read port 3 read the port 3 pins.

7 6 5 4 3 2 1 0
P3 Contents

Bit Bit .
Number | Mnemonic DESSle
Port 3 Register
7:0 P37:0 ) . . .
Write data to be driven onto the port 3 pins to these bit

Reset Value = 1111 1111b
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PCON (S:87h)
Power configuration Register

Contains the power off flag and bits for enabling the idle and power down modes and feature from power down/idle
recovering. Also contains two general purpose flas and two bits that control serial I/O functions.

7

6

5 4 3 2 1 0

SMOD1

SMODO

RPD POF GF1 GFO PD IDL

Bit
Number

Bit
Mnemonic

Description

SMOD1

Double Baud Rate bit

Set to double the Baud Rate when Timer 1 is used and mode 1, 2 or 3 is selected in SCON register.

SMODO

SCON Select bit

When cleared, read/write accesses to SCON.7 are to SMO bit and read/write accesses to SCON.6
SM1 bit.

When set, read/write accesses to SCON.7 are to FE bit and read/write accesses to SCON.6 are to
SCON is Serial Port Control register.

are to

OVR bit.

RPD

Recover from ldle/Power—Down bit
Clear to disable the Recover from Idle and Power—Down modes feature.
Set to enable the Recover from Idle and Power—Down modes feature.

POF

Power—Off flag

Set by hardware when VDD rises above 3 V to indicate that the Power Supply has been off or VDD
fallen below 3 V and that on—chip volatile memory is indeterminated.

Must be cleared by software.

had

GF1

General Purpose flag 1
One use is to indicate wether an interrupt occured during normal operation or during Idle mode.

GFO

General Purpose flag 0
One use is to indicate wether an interrupt occured during normal operation or during Idle mode.

PD

Power—Down Mode bit
Cleared by hardware when an interrupt or reset occurs.
Set to activate the Power—Down mode.
If IDL and PD are both set, PD takes precedence.

IDL

Idle Mode bit
Cleared by hardware when an interrupt or reset occurs.
Set to activate the Idle mode.
If IDL and PD are both set, PD takes precedence.

Reset Value = 0000 0000b
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PFILT (S:86h)
Power Filter Register

PFILT is the SFR that permits power supply monitoring.

7 6 5 4 3 ) L o
PFILT Values
Bit Bit -
Number | Mnemonic Description

7:0 PFILT 7:0 | PFILT Register

Reset Value = XXXX XXXXb
POWM (S:8Fh)
Power Management Register 1

POWM s the SFR that enables power consumption optimization and faWwaetection. For Consumption optimiza
tion it works together with CKRL register.

CKSRC - - - RSTD ‘ — ‘ — - ‘
Bit Bit -
Number | Mnemonic Description

Clock Source bit
Cleared by hardware after a Power-Up. In that casecE FxTaL -

7 CKSRC
Set to enable the clock. In that cas@)sE= FxtaL / (2x(CKRL +1))
the CPU frequency isdsd?2.
6 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
4 _ Reserved

The value read from this bit is indeterminate. Do not set this bit.

Reset Detector Disable bit
3 RSTD Clear to enable the Reset detector.
Set to disable the Reset detector.

5 Reserved
The value read from this bit is indeterminate. Do not set this bit.

1 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.

0 Reserved
The value read from this bit is indeterminate. Do not set this bit.

Reset Value = OXXX 0XXXb
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PSW (S:DO0Oh)
Program status Word

PSW contains bits that reflect the results of operations, bits that select the register bank for registers RO—R7 and two
general purpose flags that are avalaible to the user. Please refer to Programmer’s guide for bit signification.

7 6 5 4 3 2 1 0
CY AC FO RS1 RSO ov ub P

Reset Value = 0000 0000b
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PSW1 (S:D1h)
Program status Word 1

PSW contains bits that reflect the results of operations, bits that select the register bank for registers RO—R7 and two
general purpose flags that are avalaible to the user. Please refer to Programmer’s guide for bit signification.

7 6 5 4 3 2 1 0
CY AC N RS1 RSO ov Z -
Reset Value = 0000 0000b
MATRA MHS V.33
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RCAP2H (S:CBh)

RCAP2L (S:CAh)
Timer 2 Reload/Capture Registers

High Byte of Tmer 2 Reload/Capture Register

7 6 5 4 3 2 1 0
’ High Byte of Timer 2 Reload/Capture Register ‘
Low Byte of Timer 2 Reload/Capture Register
7 6 5 4 3 2 1 0
‘ Low Byte of Timer 2 Reload/Capture Register ‘
Bit Bit .
Number | Mnemonic DESHleIn
70 RCAP2H 7:0| High Byte of Timer2 Reload/Capture
' RCAP2L 7:0 | Low Byte of Timer 2 Reload/Capture
Reset Value = 0000 00000b
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SADDR (S:A9h)
Slave Individual Address Register

SADDR contains the deviceindividual address for multiprocessors communication.
7 6 5 4 3 2 1

0
Slave Individual Address
Bit Bit .
Number | Mnemonic LEsEmgler
7:0 SADDR 7:0 | SADDR Register
Reset Value = 0000 0000b
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SADEN (S:A9h)
Mask Byte Register

This register masks bits in the SADDR register to form the devgigen address for multiprocessors communication.
7 6 5 4 3 2 1 0

Mask for SADDR

Bit Bit

Number | Mnemonic DESETp e

7:0 SADEN 7:0 | SADEN Register

Reset Value = 0000 0000b

SBUF (S:99h)
Serial Buffer Register
Writting to SBUF loads the transmit buffer of the serial 1/0 port. Reading SBUF reads the receive buffer of the serial

1/0O port.
7 6 5 4 3 2 1 0

Data sent/received by Serial 1/0 Port

Bit Bit L
Number Mnemonic DESETpIER
7:0 SABUF 7:0 | SABUF Register
Reset Value = XXXX XXXXb
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SCON (S:98h)
Serial Control Register

SCON contains serial I/O control and status bits including the mode select bits and the interrupt flag bits.

TSC80251G1D

laddress

ve and

7 6 5 4 3 2 1 0
FE/SMO OVR/SM1 SM2 REN TB8 RB8 TI RI
Bit Bit L
Number | Mnemonic Description
Framing Error bit .
To select this function, set SMODO bit in PCON register.
FE Set by hardware to indicate an invalid stop bit.
Must be cleared by software.
7
Serial Port Mode bit 0.
To select this function, clear SMODO bit in PCON register.
SMo Software writes to bits SM0 and SML1 to select the Serial Port operating mode.
Refer to SM1 bit for the mode selections.
Overrun error bit .
To select this function, set SMODO bit in PCON register.
OVR Set by hardware to indicate an overwrite of the receive buffer.
Must be cleared by software
6 Serial Port Mode bit 1.
To select this function, set SMODO bit in PCON register
Software writes to bits SM1 and SMO to select the Serial Port operating mode.
sm1 SM0 SM1 Mode Description Baud Rate
0 0 0 Shift Register Escil2 or variable if SRC bit in BDRCON is sé
0 1 1 8—bit UART Variable
1 0 2 9-bit UART foscB2 or Fosch4
1 1 3 9-bit UART Variable
Serial Port Mode bit 2
Software writes to bit SM2 to enable and disable the multiprocessor communication and automatic
5 SM2 recognition features.
This allows the Serial Port to differentiate between data and command frames and to recognize sla|
broadcast addresses.
Receiver Enable bit
4 REN Clear to disable reception.
Set to enable reception.
Transmit bit 8
3 TB8 Modes 0 and 1: Not used.
Modes 2 and 3: Software writes the ninth data bit to be transmitted to TB8.
Receiver bit 8
2 RBS Mode 0: Not used.
Mode 1 (SM2 cleared): Set or cleared by hardware to reflect the stop bit received.
Modes 2 and 3 (SM2 set): Set or cleared by hardware to reflect the ninth bit received.
Transmit Interrupt flag
1 TI Set by the transmitter after the last data bit is transmitted.
Must be cleared by software.
Receive Interrupt flag
0 RI Set by the receiver after the stop bit of a frame has been received.
Must be cleared by software.

Reset Value = 0000 0000b
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SP (S:81h)

Stack Pointer Register

SP provides SFR accesses to location 63 in the register file (also named SP). Please refer to pogrademer’

7 6 5 3 1 0
SP Contents
Bit Bit .
Number | Mnemonic Dizserotielr
7:0 SP 7:0 Stack Pointer Register
Reset Value = 0000 0111b
V.38 MATRA MHS
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SPH (S:81h)
Stack Pointer Register High

SPH provides SFR accesses to location 62 in the register file (also named SPH). Please refer to pogradener
7 6 5 4 3 2 1

0
SPH Contents
Bit Bit s
Number | Mnemonic LEsEmgler
Stack Pointer Register High
7:0 SPH 7:0 ) .
Bits 8—15 of the extended stack pointer, SPX (DR60)
Reset Value = 0000 0000b
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SSADR (S:96h)
Synchronous Serial Address Register

SSBR provides SFR accesses that contains a call address recognition.

7 6 5 4 3 2 1 0
A7 A6 A5 A4 A3 A2 Al GC
Nu?r:tl:)er Mne|?;rl1tonic BESET
7 A7 Slave Address bit 7
6 A6 Slave Address bit 6
5 A5 Slave Address bit 5
4 Ad Slave Address bit 4
3 A3 Slave Address bit 3
2 A2 Slave Address bit 2
1 Al Slave Address bit 1

General call bit
0 GC Clear to disable the general call address recognition.
Set to enable the general call address recognition.

Reset Value = 0000 0000b
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SSBR (S:92h)
Synchronous Serial Bit Rate Register

SSBR provides SFR accesses that determines the Bit Rate for SSLC

7 6 5 4 3 2 1 0
BRD7 BRD6 BRD5 BRD4 BRD3 BRD2 BRD1 BRDO
Bit Bit _

Number | Mnemonic il il
Synchronous Serial Bit Rate Data
7:0 BRD7:0 . L
Bit rate is given by the formula: Br=kd/(4x(SSBR value+3)), Br in KHz @scin MHz)

Reset Value = 0000 0000b
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SSCON (PC Selected)(S:93h)
Synchronous Serial Control Register

SSCON provides SFR accesses that controls SSLC protocol

7 6 5 4 3 2 1 0
CR2 SIE STA STO Sl AA CR1 CRO
Bit Bit L

Number | Mnemonic Description
7 CR2 Synchronous Serial Control Rate bit 2
Synchronous Serial Peripheral Enable bit
6 SIE Clear to disable SSLC
Set to enable SSLC
Start flag
5 STA Clear not to send a START condition on the bus.
Set to send a START condition on the bus.
Stop fla
4 STO piag .
Set to send a STOP condition on the bus.
Synchronous Serial Interrupt flag
3 Sl Set by hardware when a serial interrupt is requested.
Must be cleared by software to acknowledge interrupt.
Synchronous Serial Assert Acknowledge flag
Clear in master and slave receiver mode, to force a not acknowledge (high level on SDA).
2 AA Set to recognise SLA or GCA (if GC set) for entering slave receiver or transmitter modes.Set in master and
slave receiver modes to force an acknowledge (low level on SDA).
This bit has no effect when in master transmitter mode.
1 CR1 Synchronous Serial Control Rate bit 1
0 CRO Synchronous Serial Control Rate bit O

Reset Value = 0000 0000b
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SSCON (wire/SPI Selected) (S:93h)
Synchronous Serial Control Register

\ SSOVR \ SSPE \ SSCPOL \ SSCPHA ssl SSMSTR SSCR1 SSCRO
Bit Bit -
Number | Mnemonic Description

Synchronous Serial Overrun flag

7 SSOVR Set by hardware in slave mode when a shift occurs while SSl is set or when SSDAT is written while|
SSBSY is set.

Must be cleared and cannot be set by software.

Synchronous Serial Peripheral Enable bit
6 SSPE Clear to disable SSLC.
Set to enable SSLC.

Synchronous Serial clock Polarity bit
Clear to have the clock output set to 0 in idle state.

Set to have the clock output set to 1 in idle state.
Note : When the peripheral is disabled, the clock output is 1.

5 SSCPOL

Synchronous Serial Clock Phase bit
4 SSCPHA Clear to have the data sampled when the clock leave the idle state (see SSCPOL).
Set to have the data sampled when the clock return to idle state (see SCCPOL).

Synchronous Serial Interrupt flag
3 SSi Set by hardware when an 8-bit shift is completed.
Must be cleared by software to acknowledge interrupt.

Synchronous Serial Master bit
2 SSMSTR Clear to configure the peripheral in slave mode.
Set to configure the peripheral in master mode

1 SSCR1 Synchronous Serial Control Rate bit 1

0 SSCRO Synchronous Serial Control Rate bit O

Reset Value = 0000 0100b
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SSCS (S:94h) write (SSLCAC)
Synchronous Serial Control and StatusRegister

SSCS provides SFR write accesses that controls protocol on SSLC or read accesses that reports status of the protocol.

7 6 5 4 3 2 L 0
CSS - - - - - 1IS1 ISO
Bit Bit Description

Number Mnemonic

Clock Source Selection bit
7 CSs Clear to select internal bit rate controlled by CRO to CR2.
Set to select external bit rate generator.

6 - Reserved
5 - Reserved
4 - Reserved
3 - Reserved
2 - Reserved
Interface Selection bit 1
1 1S1 .
Clear to select?C interface.
Interface Selection bit 0
0 1SO

Clear to select?C interface.

Reset Value = 0XXX XX00b

SSCS (S:94h) read (SSLCZC)
Synchronous Serial Control and StatusRegister

SSCS provides SFR write accesses that controls protocol on SSLC or read accesses that reports status of the protocol.

7 6 5 4 3 2 1 0
SC4 SC3 SC2 SC1 SCO 0 0 0
Nuﬁ’lntber MneBn|1tonic BESEz

7 SC4 Synchronous Serial Status Code bit 4

6 SC3 Synchronous Serial Status Code bit 3

5 SC2 Synchronous Serial Status Code bit 2

4 SC1 Synchronous Serial Status Code bit 1

3 SCO Synchronous Serial Status Code bit 0

2 0 Always 0

1 0 Always 0

0 0 Always 0

Reset Value = F8h
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TSC80251G1D

SSCS (S:94h) read/write (SSLQIwWire/SPI)
Synchronous Serial Control and StatusRegister

7 6 5 4 3 2 1 0
| SSBRs | - | - | ssBsy - - SSOE SSMOD
Bit Bit L
Number | Mnemonic Ly
Synchronous Serial Bit Rate Selection bit
7 SSBRS Clear to select the bit rate controlled by SSCR1 and SSCRO.
Set to select the programmable bit rate generator
6 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
Synchronous Serial Busy bit
Salve Mode
Cleared by hardware when one byte shift is completed (then SSl is set).
Set by hardware when one byte exchange begins.
4 SSBSY
Master Mode
Cleared by hardware when one byte shift is completed (then SSl is set).
Clear to abort the transmission before it is completed (then SSl is not set).
Set to start the transmission.
3 _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
> _ Reserved
The value read from this bit is indeterminate. Do not set this bit.
Synchronous Serial Output Enable bit
1 SSOE Clear in slave mode to have the MISO output enabled by SS# pin (P1.4)
Set in slave mode to have the MISO output enabled regardless of P1.4
Note: this bit is discarded in master mode
Synchronous Serial Mode selection bit
0 SSMOD )
Set to select thewire/SPI mode.
Reset Value = 0XX0 XX00b
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SSDAT (S:95h)
Synchronous Serial Data Register

SSCS provides SFR accesses that represents the data or address bits shifted out on the line.

7 6 5 3 2 1 0
SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
Bit Bit L.
Number | Mnemonic DI
7 SD7 Address bit 7 or Data bit 7
7 SD6 Address bit 6 or Data bit 6
7 SD5 Address bit 5 or Data bit 5
7 SD4 Address bit 4 or Data bit 4
7 SD3 Address bit 3 or Data bit 3
7 SD2 Address bit 2 or Data bit 2
7 SD1 Address bit 1 or Data bit 1
7 SDO Address bit 0 or Data bit 0
Reset Value = 0000 0000b
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TCON (S:88h)
Timer/Counter Control Register

Contains the overflow and external interrupt flags and the run control and interrupt transition select bits for Timer O
and Timer 1.

7 6 5 4 3 2 1 0
TF1 TR1 TFO TRO IE1 IT1 IEO ITO
Bit Bit L

Number | Mnemonic L sd)y
Timer 1 Overflow flag
7 TF1 Cleared by hardware when processor vectors to interrupt routine.

Set by hardware on Timer/Counter overflow, when Timer 1 register overflows.

Timer 1 Run Control bit
6 TR1 Clear to turn dfTimer/Counter 1.
Set to turn on Timer/Counter 1.

Timer 0 Overflow flag
5 TFO Cleared by hardware when processor vectors to interrupt routine.
Set by hardware on Timer/Counter overflow, when Timer O register overflows.

Timer 0 Run Control bit
4 TRO Clear to turn dfTimer/Counter 0.
Set to turn on Timer/Counter 0.

Interrupt 1 Edge flag
3 IE1 Cleared by hardware when interrupt is processed if edge-triggered (See IT1).
Set by hardware when external interrupt is detected on INT1# pin.

Interrupt 1 Type Control bit
2 IT1 Clear to select low level active (level triggered) for external interrupt 1 (INT1#).
Set to select falling edge active (edge triggered) for external interrupt 1.

Interrupt O Edge flag
1 IEO Cleared by hardware when interrupt is processed if edge-triggered (See IT0).
Set by hardware when external interrupt is detected on INTO# pin.

Interrupt O Type Control bit
0 ITO Clear to select low level active (level triggered) for external interrupt O (INTO#).
Set to select falling edge active (edge triggered) for external interrupt O.

Reset Value = 0000 0000b
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T2CON (S:C8h)
Timer/Counter 2 Control Register

Contains the receive clock, the transmit clock and capture bits used to configure Timer 2. Also contains run control
bit, Counter/Timer select bit, overflow flag, external flag.

7 6 5 4 3 2 1 0
TF2 EXF2 RCLK TCLK EXEN2 TR2 CiT2# CP/RL2#
2 =l Description

Number Mnemonic

Timer 2 Overflow flag
TF2 is not set if RCLK=1 or TCLK=1.
Set by hardware when Timer 2 overflows.
Must be cleared by software

7 TF2

Timer 2 External flag
6 EXF2 EXF2 does not cause an interrupt in up/down Counter mode (DCEN=1).
Set by hardware if EXEN2=1 when a negative transition on T2EX pin is detected.

Receive Clock bit
5 RCLK Clear to select Timer 1 as the Timer Receive Baud Rate Generator for the Serial Port in modes 1 and 3.
Set to select Timer 2 as the Timer Receive Baud Rate Generator for the Serial Port in modes 1 and 3.

Transmit Clock bit
4 TCLK Clear to select Timer 1 as the Timer Transmit Baud Rate Generator for the Serial Port in modes 1 dnd 3.
Set to select Timer 2 as the Timer Transmit Baud Rate Generator for the Serial Port in modes 1 and 3.

Timer 2 External Enable bit
Clear to ignore events on T2EX pin for Timer 2.

Set to cause a capture or reload when a negative transition on T2EX pin is detected unless Timer Z is being
used as the Baud Rate Generator for the Serial Port.

3 EXEN2

Timer 2 Run Control bit
2 TR2 Clear to turn dfTimer 2.
Set to to turn on Timer 2.

Timer 2 Counter/Timer Select bit
1 CIT2# Clear for Timer operation: Timer 2 counts the divided—down system clock.
Set for Counter operation: Timer 2 counts negative transitions on external pin T2.

Capture/Reload bit
CP/RL2#is ignored and Timer 2 is forced to auto-reload on Timer 2 overflow if RCLK=1 or TCLK=1.
Clear to auto—reload on Timer 2 overflows or negative transitions on T2EX pin if EXEN2=1.
Set to capture on negative transitions on T2EX pin if EXEN2=1

0 CP/RI2#

Reset Value = 0000 0000b
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TEMIC TSC80251G1D

TMOD (S:89h)
Timer/Counter Mode Control Register

Contains mode select and the run control select and Counter/timer select bits for controlling Timer 0 and Timer 1.

7 6 5 4 3 5 1 .
GATE1 CIT1# M11 MO1 GATEO C/TO# M10 MOO
Bit Bit —
Number | Mnemonic Description

Timer 1 Gating Control bit
7 GATE1 Clear to enable Timer 1 whenever TR1 bit is set.
Set to enable Timer 1 only while INT1# pin is high and TR1 bit is set.

Timer 1 Counter/Timer Select bit
6 CIT1# Clear for Timer operation: Timer 1 counts the divided—down system clock.
Set for Counter operation: Timer 1 counts negative transitions on external pin T1.

Timer 1 Mode Select bits

5 M11 M11 MO1 Operating mode

0 0 Mode 0: 8-bit Timer/Counter (TH1) with 5-bit prescalar (TL1)

0 1 Mode 1: 16-bit TimetTCounter

1 0 Mode 2: 8-bit auto—reload Timer/Counter (TL1). Reloaded from
4 MO1 TH1 at overflow

1 1 Mode 3: Timer 1 halted. Retains count.

Timer 0 Gating Control bit
3 GATEO Clear to enable Timer 0 whenever TRO bit is set.
Set to enable Timer/Counter 0 only while INTO# pin is high and TRO bit is set.

Timer O Counter/Timer Select bit
2 C/TO# Clear for Timer operation: Timer O counts the divided—down system clock.
Set for Counter operation: Timer 0 counts negative transitions on external pin TO.

Timer 0 Mode Select bit

1 M10 M10 MO0 Operating mode
0 0 Mode 0: 8-bit Timer/Counter (THO) with 5—bit prescalar (TLO).
0 1 Mode1l: 16-bit Timei/Couieg:
1 0 Mode 2: 8-bit auto—reload Timer/Counter (TLO). Reloaded from

THO at overflow.
Mode 3: TLO is an 8-bit Timer/Counter. THO is an 8-bit Timer
using Timer 1's TRO and TFO bits.

0 MO0 11

Reset Value = 0000 0000b
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T2MOD (S:C9h)
Timer/Counter 2 Mode Control Register

Contains the timer 2 down count enable and clock—out enable bits.

7

6

5 4 3

T20E DCEN

Bit
Number

Bit
Mnemonic

Description

Reserved
Must be set by software. Do not clear this bit.
The value read from this bit is indeterminate.

Reserved
Must be set by software. Do not clear this bit.
The value read from this bit is indeterminate.

Reserved
Must be set by software. Do not clear this bit.
The value read from this bit is indeterminate.

Reserved
Must be set by software. Do not clear this bit.
The value read from this bit is indeterminate.

Reserved
Must be set by software. Do not clear this bit.
The value read from this bit is indeterminate.

Reserved
Must be set by software. Do not clear this bit.
The value read from this bit is indeterminate.

T20E

Timer 2 Output Enable bit

Clear to disable the programmable clock output to external pin T2 in the Timer 2 clock—out mode .
Set to enable the programmable clock output to external pin T2 in the Timer 2 clock—out mode.

DCEN

Down Count Enable bit
Clear to configure Timer 2 as an up Counter.

Set to configure Timer 2 as an up/down Counter.

Reset Value = XXXX XX00b
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TEMIC TSC80251G1D

THO (S:8Ch)
TLO (S:8Ah)
THO, TLO Registers.

These registers operate in cascade to form the 16—bit timer register in Timer O or separately as 8—bit Timer/Counters.
High Byte of Timer O Register

7 6 5 4 3 2 1 0
’ High Byte of Timer O ‘

Low Byte of Timer O Register
7 6 5 4 3 2 1 0
‘ High Byte of Timer 0 ‘

Bit Bit .
Number | Mnemonic Description

THO 7:0 High byte of Timer0
TLO 7:0 Low byte of Timer 0

7:0

Reset Value = 0000 00000b
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TSC80251G1D TEMIC

TH1 (S:8Dh)
TL1 (S:8Bh)
TH1, TL1 Registers.

These registers operate in cascade to form the 16—bit Timer register in Timer 1 or separately as 8—bit Timer/Counters.

High Byte of Timer 1 Register
7 6 5 4 3 2 1 0

’ High Byte of Timer 1 ‘

Low Byte of Timer 1 Register
7 6 5 4 3 2 1 0

‘ High Byte of Timer 1 ‘

Bit Bit .
Number Mnemonic Lisstr e
70 TH1 7:0 High byte of Timerl
' TL17:0 | Low byte of Timer 1
Reset Value = 0000 00000b
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TEMIC TSC80251G1D

TH2 (S:CDh)
TL2 (S:CCh)
TH2, TL2 Registers.

These registers operate in cascade to form the 16—bit Timer register in Timer 2.
High Byte of Timer 2 Register
7 6 5 4 3 2 1 0
’ High Byte of Timer 2 ‘

Low Byte of Timer 2 Register
7 6 5 4 3 2 1 0
‘ High Byte of Timer 2 ‘

Bit Bit .
Number | Mnemonic Description

TH2 7:0 High byte of Timer2
TL27:0 Low byte of Timer 2

7:0

Reset Value = 0000 00000b
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WDTRST (S:A6h) write
Hardware Watchdogifer Reset Register

Writting the two—byte sequence 1EH-E1H to the WDTRST register clears and enables the hardwaree/ VDT
is a write—only register. The WDT is cleared and disabled if the Power—Down is terminated by a reset.

7 6 4 3 1 0
WDTRST Values
Bit Bit .
Number | Mnemonic s e
7:0 WDT 7:0 | Watchdog
Reset Value = 1111 1111b
V.54 MATRA MHS
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TEMIC TSC80251G1D

Ordering Information

Consult your TEMIC sales office.

The information contained herein is subject to change without notice. No responsibility is assumed by MATRA MHS

SA for using this publication and/or circuits described herein : nor for any possible infringements of patents or other
rights of third parties which mayasult fom its use.
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