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ST92163R4

8/16-BIT FULL SPEED USB MCU FOR COMPOSITE DEVICES
WITH 16 ENDPOINTS, 20K ROM, 2K RAM, I°C, SCI, & MFT

m Internal Memories: 20 Kbytes ROM/EPROM/

OTP, 2 Kbytes RAM
Register oriented 8/16 bit core

m 224 general purpose registers available as

RAM, accumulators or index pointers

m Minimum instruction cycle time: 167 ns (@24

MHz CPU frequency)

m Low power modes: WFI, SLOW, HALT and

STOP

m DMA controller for reduced processor overhead

m Full speed USB interface with DMA, compliant
with USB specifications version 1.1 (in normal

voltage mode)

m USB Embedded Functions with 16 fully
configurable endpoints (buffer size
programmable), supporting all USB data

transfer types (Isochronous included)

m On-chip USB transceiver and 3.3 voltage

regulator

m Multimaster [2C-bus serial interface un to

400KHz. with DMA capability

m Serial Communications Interface (SCl) with

DMA capability:
— Asynchronous mode ur 11 315 Kb/s
— Synchronous mode up 1y 6 MHz

m External memory intzrface (8-oit daia/16-bit

address) with DMA ~apabil'y freni the USB
m 16-bit Multi-Funcidon Timer
modes) 'vith DMA capaaility

6 chunnel, 8-tic A/D Converter (ADC)
15 interr 1t pins on 8 interrupt channels

extermal interrupts

w 44 fully programmable 1/Os with 6 or 8 high sink

pads (10mA @ 1V)

m Programmable PLL clock generator (RCCU)

using a low frequency external quartz (8 MHz)
m On-chip RC oscillator for low power operation

Note 1: Refer to “Device Summary” on page 6

April 2008

(12 operating

1€ b Tiner with C-pit prescaler and Watchdog

14 pins programmable as wake-up or additional

NOT FOR NEW DESIGN

\
CLFP64

Rev. 3

Low Voltage Detector Reset on some devices
1ticn instruction set with 14 addressing modes
Several operating voltage modes available on
some devices':

— Normal Voltage Mode

— 8-MHz Low Voltage Mode

— 16-MHz Low Voltage Mode

0 - 24 MHz CPU clock operation @ 4.0-5.5V (all
devices)

0 - 8 MHz CPU clock operation @ 3.0-4.0 V (8-
MHz and 16-MHz Low Voltage devices)

0 - 16 MHz CPU clock operation @ 3.0-4.0 V
(16-MHz Low Voltage devices only)

1

Division-by-zero trap generation

0 °C to 70 °C temperature range

Low EMI design supporting single sided PCB
Complete  development tools, including

assembler, linker, C-compiler, archiver, source
level debugger and hardware emulators, and
Real Time Operating System

1/230
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ST92163R4 - GENERAL DESCRIPTION

1 GENERAL DESCRIPTION

1.1 INTRODUCTION

The ST9216x family brings the enhanced ST9 reg-
ister-based architecture to a new range of high-
performance microcontrollers specifically de-
signed for USB (Universal Serial Bus) applica-
tions. Their performance derives from the use of a
flexible 256-register programming model for ultra-
fast context switching and real-time event re-
sponse. The intelligent on-chip peripherals offload
the ST9 core from I/O and data management
processing tasks allowing critical application tasks
to get the maximum use of core resources. The
ST9 MCU devices support low power consumption
and low voltage operation for power-efficient and
low-cost embedded systems. In the ST92163 fam-
ily, four different types of device are available:

Normal Voltage Devices with LVD function
They operate in Normal Voltage Mode only (4.0-
5.5V @ 24MHz) and include the Low Voltage De-
tector (LVD) function.

Normal Voltage Devices without LVD function
They operate in Normal Voltage Mode only (4.0-
5.5V @ 24MHz) and do not include the Low Volt-
age Detector (LVD) function.

Device Summary

8-MHz Low Voltage Devices

They do not include the Low Voltage Detector
(LVD) function and they support two operating
voltage modes:

— Normal Voltage mode (4.0-5.5V @ 24MHz) with
full functionality including USB.

— 8-MHz Low Voltage mode (3.0-4.0V @ 8MHz)
without the USB interface.

16-MHz Low Voltage Devices

They do not include the Low Voltage Detoctoi

(LVD) function and they support three operaung

voltage modes:

— Normal Voltage mode (4.0-5.5V « 24MHz) with
full functionality including USE

— 8-MHz Low Voltage mnde ‘3.0-4.0V @ 8MHz)
without the USB int=riace.

—16-MHz Low Vuliigz mode (3.0-4.0V @ 16MHz)
without the LIS3 interface.

Figure ', ¢n rage 7 shows the operating range of
the sTL2143 devices.

16-MHz 8-MHz
Device Package Program \ien.ory RAM |Low Voltage |Low Voltage| LVD USB
Mode Mode
ST92163R4T _ 20{ROM
ST92T163R4T | | 104 | 20K OTP No No Yes Yes

' Contact sales office for evailability

6/230
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INTRODUCTION (Cont'd)

Figure 1. Maximum Operating Frequency (fyjax) versus Supply Voltage (Vpp)

MAX FREQUENCY (MHz)
24
9
20 2 .
(%)) <
6 S Wi
EE< !
12 220 16-MHz LOW VOLTAGE |
_ < b
ZIF MODE " I
EmZ
8 — % o=
5 8-MHz LOW VOLTAGE
44 & — = — —
MODE 2
0 . .
25 3.0 4 45 5 55
SUPPLY VOLTAGE (V)

Notes:

1) This mode is supported by 16-MHz Low Voltage devizes cnly

2) This mode is supported by 8-MHz Low Voltage ¢'2vices and 16-MHz Low Voltage devices
3) This mode is supported by all devices
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INTRODUCTION (Contd)

Figure 2. ST92163 Architectural Block Diagram
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USBDPO
USBOE
USBSOF
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NMI

OSCIN
O8COCT
QESET

INTCLK

USBVCC
uUsBDMO < )
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DMA
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L\ ]
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MEMORY BUS
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RCCU
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TIMER

>

External
Memory
Interface

MF TIMER
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All alternate functions (/falic characters) are mapped on Ports 0,1, 3, 4, 5 and 6

*64-pin devices only

**on some devices only (refer to “Device Summary” on page 6)
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INTRODUCTION (Cont'd)
1.1.1 Core Architecture

The nucleus of the ST92163 is the enhanced ST9
Core that includes the Central Processing Unit
(CPU), the register file, the interrupt and DMA con-
troller, and the Memory Management Unit (MMU).

Three independent buses are controlled by the
Core: a 22-bit memory bus, an 8-bit register ad-
dressing bus and a 6-bit interrupt/DMA bus which
connects the interrupt and DMA controllers in the
on-chip peripherals with the core.

This multiple bus architecture makes the ST9 fam-
ily devices highly efficient for accessing on and
off-chip memory and fast exchange of data with
the on-chip peripherals.

The general-purpose registers can be used as ac-
cumulators, index registers, or address pointers.
Adjacent register pairs make up 16-bit registers for
addressing or 16-bit processing. Although the ST9
has an 8-bit ALU, the chip handles 16-bit opera-
tions, including arithmetic, loads/stores, and mem-
ory/register and memory/memory exchanges.
Many opcodes specify byte or word operations,
the hardware automatically handles 16-bit opera-
tions and accesses.

For interrupts or subroutine calls, the CPU uses a
system stack in conjunction with the stack pointer
(SP). A separate user stack has its own SP. The
separate stacks, without size limitations, can He in
on-chip RAM (or in Register File) or off-chip mem-
ory.

1.1.2 Instruction Set

The ST9 instruction set consiste of 94 instruction
types, including instructions for bit handling, byte
(8-bit) and word (16-:it) data, as well as BCD and
Boolean formats [nsiructions have been added to
facilitate large p-oiam and data handling through
the MMU, 1= vecil as to improve the performance
and rnG 3 Censity of C Function calls. 14 address-
ing motles are available, including powerful indi-
rect «udressing capabilities.

The bit-manipulation instructions of the ST9 are
set, clear, complement, test and set, load, and var-
ious logic instructions (AND, OR, and XOR). Math

4

functions include add, subtract, increment, decre-
ment, decimal adjust, multiply and divide.

1.1.3 External Memory Interface

The ST92163 device has a 16-bit external address
bus allowing it to address up to 64K bytes of exter-
nal memory.

1.1.4 Operating Modes

To optimize performance versus the power con-
sumption of the device, ST9 devices now support
a range of operating modes that can be dynem:-
cally selected depending on the performance anc
functionality requirements of the application <t a
given moment.

Run Mode. This is the full speed e..«~ution mode
with CPU and peripherals rnwiing at the maximum
clock speed delivered by th~ Phase Locked Loop
(PLL) of the Clock Con*rc ! Uriit (CCU).

Slow Mode. Pcw=r ¢ nsumption can be signifi-
cantly reduced v rurining the CPU and the periph-
erals at reduced clock speed using the CPU Pres-
caler ar.q CCY Clock Divider.

Wa.t For Interrupt Mode. The Wait For Interrupt
(WFI) instruction suspends program execution un-
til an interrupt request is acknowledged. During
WFI, the CPU clock is halted while the peripheral
and interrupt controller keep running at a frequen-
cy programmable via the CCU. In this mode, the
power consumption of the device can be reduced
by more than 95% (LP WFI).

Halt Mode. When executing the HALT instruction,
and if the Watchdog is not enabled, the CPU and
its peripherals stop operating and the status of the
machine remains frozen (the clock is also
stopped). A reset is necessary to exit from Halt
mode.

Stop Mode. Under user program control, (see
Wake-up and Interrupt Management Unit), the
CPU and its peripherals stop operating and the
status of the machine remains frozen (the clock is
also stopped) until program execution is woken up
by an event on an external Wake-up pin.

9/230
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INTRODUCTION (Cont'd)
1.1.5 On-chip Peripherals
USB Interface

The USB interface provides a full speed USB 1.1
compliant port with embedded transceiver and
voltage regulator. Up to 16 endpoints are available
supporting up to 8 USB devices. Separate transmit
and receive DMA channels are available for each
device for fast data transfers with internal RAM.

Parallel I/0 Ports

The ST9 is provided with dedicated lines for input/
output. These lines, grouped into 8-bit ports, can
be independently programmed to provide parallel
input/output or to carry input/output signals to or
from the on-chip peripherals and core. All ports
have active pull-ups and pull-down resistors com-
patible with TTL loads. In addition pull-ups can be
turned off for open drain operation and weak pull-
ups can be turned on to save chip resistive pull-
ups. Input buffers can be either TTL or CMOS
compatible.

High Current (10 mA) outputs are available for
driving external devices such as LEDs.

Multifunction Timer

The Multifunction Timer has a 16-bit Up/Down
counter supported by two 16-bit compare regis-
ters, two 16-bit input capture registers and ‘wo
DMA channels. Timing resolution can be fpro-
grammed using an 8-bit prescaler. 12 operating
modes allow a range of different timng tvnictions
to be easily performed such as comtle;: waveform
generation, measurement or PV/i 1 c utput.

10/230

16-bit Timer/Watchdog

The Timer/Watchdog peripheral can be used as a
watchdog or for a wide range of other timing func-
tions such as generating periodic interrupts, meas-
uring input signal pulse widths, requesting an in-
terrupt after a set number of events. It can also
generate a square wave or PWM output signal.

Serial Communications Controller

The SCI provides a synchronous or asynchronous
serial 1/0 port using two DMA channels. Baud
rates and data formats are programmable. Con-
troller applications can further benefit from the se!
test and address wake-up facility offered hy 1he
character search mode.

I2C Bus Interface

The 12C bus is a synchronoiis serial bus for con-
necting multiple devices uciry <« data line and a
clock line. Multimaster 2nd s'ave modes are sup-
ported. Data transfer e iween the bus and memo-
ry is performed b/ DNA. The I°C interface sup-
ports 7 and 1C-u't audressing. It operates in multi-
master or <12:/¢ mode and supports speeds of up
to 402 KH. Bus events (Bus busy, slave address
recognized) and error conditions are automatically
flagged in peripheral registers and interrupts are
optionally generated.

Analog/Digital Converter

The ADC provides up to 6 analog inputs with on-
chip sample and hold, fast conversion time and 8-
bit resolution. Conversion can be triggered by a
signal from the Multifunction Timer (MFT).

4
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1.2 PIN DESCRIPTION
Figure 3. 64-Pin Package Pin-Out
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Figure 4. 56-Pin Package Pin-Out
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Note: ST92163 devices in DIP56 are availatie ‘oi development purposes.

Table 1. Power Supply Pins

Table 2. Primary Function pins

\/ o |3 o | I

. n | © . n | ©

Name Functiz o | a Name Function o | &

= (TH - [T

0o 0| o

v Main Power Suzply Voltage 14 | 21 DS Data Strobe 5 | 45
bb (2 pinc internaily connected) 39 | 56 OSCIN Oscillator Input 40 | 22
Vv Digtal Circuit Ground 15 | 23 OSCOUT |Oscillator Output 42 | 24
ss (2 pins internally conneoted) 41| 57 RESET  |Reset to initialize the ST9 51| 35
AVpn Analog Circuit Supply Voltage 35| 17 USBGND |USB bus ground level 6 | 46
EPROM Programming Voltage. USBVCC |USB voltage regulator output 7 | 47

Vep Must be connected to ground in | 52 | 36 USBDMO |USB Upstream port Data- line 9 | 51

normal operating mode.

USBDPO |USB Upstream port Data+ line 8 | 50
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1.3 I/0O PORT PINS

All the ports of the device can be programmed as
Input/Output or in Input mode, compatible with
TTL or CMOS levels (except where Schmitt Trig-
ger is present). Each bit can be programmed indi-
vidually (Refer to the 1/O ports chapter).

TTL/CMOS Input

For all those port bits where no input schmitt trig-
ger is implemented, it is always possible to pro-
gram the input level as TTL or CMOS compatible
by programming the relevant PxC2.n control bit.
Refer 1/0 Ports Chapter to the section titled “Input/
Output Bit Configuration”.

Table 3. I/0 Port Characteristics

Push-Pull/OD Output

The output buffer can be programmed as push-
pull or open-drain: attention must be paid to the
fact that the open-drain option corresponds only to
a disabling of P-channel MOS transistor of the
buffer itself: it is still present and physically con-
nected to the pin. Consequently it is not possible to
increase the output voltage on the pin over
Vpp+0.3 Volt, to avoid direct junction biasing.

Pure Open-drain Output

The user can increase the voltage on an I/O pir
over Vpp+0.3 Volt where the P-channel MOS tran-
sistor is physically absent: this is allowec on all
“Pure Open Drain” pins. Of course, in this ~cea the
push-pull option is not available a'iu cny weak
pull-up must implemented externailly.

Input Output Weak Full-Up [ Reset State
Port 0[7:0] | TTL/CMOS Push-Pull/OD ¥& ) Bidirectional WPU
Port 1[7:0] | TTL/CMOS Push-Pull/OD I'Yis Bidirectional WPU
Port 3[7:0] | Schmitt trigger | Push-Pull/OD ~|Yes Bidirectional WPU
Port 4[3:0] | Schmitt trigger | Push-Pull/OD — Yes Bidirectional WPU
Port 5[7:0] | Schmitt trigger | Push-Pull/OD N\ Yes Bidirectional WPU
Port 6[1:0] | Schmitt trigger | Pure Open Drain with high sink capability | No Bidirectional
Port 6[5:2] | TTL/CMOS Push-Pull/OD witi. t.iai: sink capability Yes Bidirectional WPU
Port 6.6 Schmitt trigger | Push-Pull’OD va.h high sink capability No Bidirectional
Port 6.7 TTL/CMOS Push-Pu'/CU vith high sink capability No Bidirectional
Legend: WPU = Weak Pul' G», OGC = Open Drain
172 13/230
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Table 4. ST92163 Alternate Functions

Pin
No
Port General Alternate Functions
Name Purposel/O |o© |&
0
L
[aliNe)
P0.0 31| 11| A0/DO I/0 | Ext. Mem. Address/Data bit 0
PO.1 30| 10| A1/D1 I/0 | Ext. Mem. Address/Data bit 1
P0.2 29| 9 | A2/D2 I/0 | Ext. Mem. Address/Data bit 2
P0.3 28| 8 | A3/D3 I/0 | Ext. Mem. Address/Data bit 3
P0.4 27|7 | A4/D4 I/0 | Ext. Mem. Address/Data bit 4
P0.5 26| 6 | A5/D5 | 1/O| Ext. Mem. Address/Data bit 5 \\\
P0.6 25| 5 | A6/D6 I/0 | Ext. Mem. Address/Data bit 6
P0.7 24| 4 | A7/D7 I/0 | Ext. Mem. Address/Data bit 7
A8 I/O | Ext. Mem. Address bit 8
P1.0 23| 3
WKUP14 | | | Wakeup Line 14 (***)
A9 /0 | Ext. Mem. Address bit 9 \
P1.1 22| 2 &
WKUP14 | | | Wakeup Line 14 (***)
A10 /O | Ext. Mem. Address 5t v
P1.2 211 _—
All ports useable WKUP14 | | | Wakeup Line 14 (-**,
for general pur- A11 /O | Ext. Mem. Address bit 11
P1.3 pose I/O (input, | 20| 64 -
output or bidirec- WKUP14 | | | Wekeug Line 14 (***)
tional) Al12 I/0 E.t. Mem. Address bit 12
P1.4 19 63 - ,
WKUP 14 L 1, Wakeup Line 14 (***)
A12  [1/O| Ext. Mem. Address bit 13
P1.5 18| 62} - —
‘WKUP14 | | | Wakeup Line 14 (***)
] TA14 /O | Ext. Mem. Address bit 14
P1.6 | 171 61
| WKUP14 | | | Wakeup Line 14 (***)
A15 I/0 | Ext. Mem. Address bit 15
P1.7 16| 60
WKUP14 | | | Wakeup Line 14 (***)
| WKUPO | | Wakeup Line 0
P3.0 4 | 44| INT7 | | External Interrupt 7 (*)
SOUT O | SCI Data Output
WKUP1 O | Wakeup Line 1
P3.1 3 | 43| INT7 | | External Interrupt 7 (*)
RTS O | SCI Request to Send
14/230 177
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Pin
No
Port General .
s Alternate Functions
Name| Purposel/O |o© |J
0 o
oo
[a e}
WKUP2 | | Wakeup Line 2
INT7 | | External Interrupt 7 (*)
P3.2 2 |42
TXCLK I | SCI Transmit CK Input
CLKOUT | O | SCI Clock Output
WKUPS3 | | Wakeup Line 3
INT7 | | External Interrupt 7 (*)
P3.3 1|41 -\ —
RXCLK I | SCI Receive CK Input
o
WKUP4 | | Wakeup Line 4
INT7 | | External Interrupt 7 (*) Y\
P3.4 56| 40
DCD | | SCI Data Carrier Detect
o
All ports useable WKUP5 | | Wakeup Line 5 ~ O
. INT7 | | External Interrupt 7 {*)
P3.5 for general pur 55/ 39 proct
pose /O (input, SIN | | SCI Data Inpt t
output or bidirec- o o
tional) WKUP6 | | | Wekeup Line 6
P3.6 54| 38| INT7 I“’E/ternal Interrupt 7 (*)
AS (**) L(; Ext. Mem. Address Strobe
WK'27 | | | Wakeup Line 7
P3.7 53 57 'NTT | | External Interrupt 7 (*)
r SDS O | SCI Synchronous Data Send
P4.0 | 13| 55| BREQ | | Ext. Mem. Bus Request
WAIT | | Ext. Mem. Wait Input
P4.1 12| 54—
RW O | Ext. Mem. Read/Write Mode Select
I
P4.2 11| 53—
AS (**) O | Ext. Mem. Address Strobe
I
P4.3 10| 52—
BACK O | Ext. Mem. bus acknow

4
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Pin
No
Port General .
s Alternate Functions
Name| Purposel/O Qe o
a &
[a e}
INT1 | | External Interrupt 1
P5.0 50| 34| TINA I | MF Timer Input A
0]
INT4 | | External Interrupt 4
P5.1 49| 31| TINB I | MF Timer Input B
o
P5.2 48| 30| INT3 | | External Interrupt 3
INT2 | | External Interrupt 2 1\
P5.3 47| 29 ——
TOUTA | O | MF Timer Output A
WKUP8 | | | Wakeup Line 8 \™
P5.4 46| 28
USBOE | O | USB Output enable
WDIN | | Watchdog Timer Input \’
P5.5 45| 27| INTO | | External Interrupt O \“’
RW O | Ext. Mem. Read/\V'/ria iviode Select
o5 6 14| 26 WKUP9_ | 1| Wakeup Line )y
. All ports useable - =
for general pur- TOUTB | O | MF Timer Cutput B
P5.7 pose I/O (input, 43| 25 NMI I | Nor Maskable Interrupt
' Eg;':;l')t or bidirec- WDOUT ('L"V\.”-ltcndiog Timer Output
WKUP11 L 1, Wakeup Line 10
INTS | | |External Interrupt 5
P6.0 38| 20+ -
SLAI | | I°C Bus Data In
i SDAO O | I°C Bus Data Out
| WKUP11 | | | Wakeup Line 11
INT6 | | External Interrupt 6
P6.1 37| 19| SCLI | | PC Bus Clock In
: EXTRG | | A/D External Trigger
SCLO O | 12C Bus Clock Out
AINO | | A/D Analog Input O
P6.2 36| 18| WKUP12 | | | Wakeup Line 12
INTCLK | O | Internal Clock
WKUP13 | | | Wakeup Line 13
P6.3 34| 16| AIN1 | | A/D Analog Input 1

XTOUT O | Clock Output (same frequency as the external crystal)

16/230
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Pin
No
Port General Al .
s ternate Functions
Name| Purposel/O |o© |J
0 o
oo
[a e}
AIN2 | | A/D Analog Input 2
P6.4 33|15
USBSOF | O | USB SOF Synchro
P6.5 | All ports useable | 32| 14| AIN3 | | A/D Analog Input 3
for general pur- USBSOF | O | USB SOF Synchro
pose I/O (input,
Pe.g | Outputor bidirec-| | 4 AIN4 I | A/D Analog Input 4
' tional) 0 ‘\
AIN5 | | A/D Analog Input 5 WY
P6.7 - |12 o S

*Eight interrupt lines internally connected to INT7
through a boolean AND function.

** AS cannot be disabled by software if the ASAF
bit is set (Page Register 245) once the corre-
sponding P3.6 bit is configured as an Alternate
Function output.

4

***Eight wakeup lines imcinally connected to
WKUP14 through a borni=an AND function.

Note: The reset star> of Port 0 and Port 1 is Input,
Weak Pull-Up Tc wrierface external memory, the
ports must e ceafigured by software as alternate
functior. output.
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How to configure the I/0 ports

To configure the 1/O ports, use the information in
Table 3 and Table 4 and the Port Bit Configuration
Table in the I/O Ports Chapter on page 101.

I/0 Note = the hardware characteristics fixed for
each port line.

Inputs:

— If I/0 note = TTL/CMOS, either TTL or CMOS in-
put level can be selected by software.

— If I/O note = Schmitt trigger, selecting CMOS or
TTL input by software has no effect, the input will
always be Schmitt Trigger.

Outputs:

— If I/O note = Push-Pull, either Push Pull or Open
Drain can be selected by software.

— If I/O note = Open Drain, selecting Push-Pull by
software has no effect, the input will always be
Open Drain.

Alternate Functions (AF) = More than one AF
cannot be assigned to an external pin at the same
time: it can be selected as follows, but simultane-
ous availability of several functions of one pin is
obviously impossible.

AF Inputs:

— AF is selected implicitly by enabing tne corre-
sponding peripheral. Excepuons o this are ADC

18/230

inputs which are selected explicitly as AF by soft-
ware.

AF Outputs or Bidirectional Lines:

— In the case of Outputs or I/Os, AF is selected ex-
plicitly by software.

Example 1: Timer/Watchdog input

AF: WDIN, Port: P5.5, 1/0O note: Input Schmitt Trig-
ger.

Write the port configuration bits:
P5C2.5=1
P5C1.5=0
P5C0.5=1

Enable the WDT peripheral by softwar? as Je-
scribed in the WDT chapter.

Example 2: Timer/Watchdog ou tpt
AF: WDOUT, Port: P5.7, /O note: None
Write the port configuretion bits:
P5C2.7=0

P5C1.7=1

P5C0.7=1

Exe mp'e 5: ADC input

AF: AINO, Port: P6.2, I/O note: Does not apply to
ADC

Write the port configuration bits:
P6C2.2=1
P6C1.2=1
P6CO0.2=1

4
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1.4 MEMORY MAP

Figure 5. ST92163 Memory Map

3FFFFFh
Upper Memory
~ I\EIXtemal ~ (usually external RAM mapped
emory in Segment 23h)
220000h
21FFFFh
SEG |
EGMENT 21h |
64 Kbytes Reserved |
210000h
-------- 20FFFFh
Internal 20FFFFh .7 PAGE 83 - 1€ KLyis
.- 20C000h
RAM P B 50BFFFh R
2 Kbytes o0 PAGE €2 - 16 Kbytes
20FB00N gEGMENT 20| _ . . . _ . _ . _ . 208000
64 Kbytes FAGF 81 - 16 Kbytes
Note: Internal RAM addresses are | - - - - - - - - - - - go4000n
repeated each 2 Kbytes inside segment 20h. PAGE 80 - 16 Kbytes
2110000
| ‘FTEFFh
~ E.tcma ~ Lower Memory
Memory (usually external ROM/EPROM
| mapped in Segment 1)
010000h
00FFFFh
PAGE 3 - 16 Kbytes
____________ 00C000h
Reserved 00BFFFD PAGE 2 - 16 Kbytes SEGMENT 0
___________ 008000h
007FFFh
(2, e PAGE 1 - 16 Kbytes 64 Kbytes
V004FFFh L .. 004000h
Internal 003FFFh
ROM/EPP )t Internal ROM/EPROM PAGE 0 - 16 Kbytes
N\ . - - 000000h
_L_) 5.\y.¢s 00000Qh- - - - = ~
wote: The total amount of external memory is 64 Kbytes.
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1.5 ST92163 REGISTER MAP
Table 6 contains the map of the group F peripheral
pages.

The common registers used by each peripheral
are listed in Table 5.

Be very careful to correctly program both:

— The set of registers dedicated to a particular
function or peripheral.

Table 5. Common Registers

— Registers common to other functions.

— In particular, double-check that any registers
with “undefined” reset values have been correct-
ly initialized.

Warning: Note that in the EIVR and each IVR reg-

ister, all bits are significant. Take care when defin-

ing base vector addresses that entries in the Inter-
rupt Vector table do not overlap.

Function or Peripheral Common Registers I
SCI, MFT CICR + NICR + DVMA REGISTERS + /O PORT REGISTERC |
ADC CICR + NICR + I/O PORT REGISTERS o
WDT CICR + NICR + EXTERNAL INTERRUPT REGISTERS +
/O PORT REGISTERS
/O PORTS /0 PORT REGISTERS + MODER J\
EXTERNAL INTERRUPT INTERRUPT REGISTERS + /O PCT REGISTERS
RCCU INTERRUPT REGISTERS + MCO=H

Figure 6. ST92163 Register Groups

REGISTER FILE
255

240
239
224 | - o LT TT
223| p

F PAGED REGISTERS

15

o

These register groups (16 registers per group)
are potentially reserved for USB DMA.

The amount of reserved registers depends on
the number of endpoints used in the program.
(8 registers are used per endpoint).

20/230
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Table 6. Group F Pages Register Map

Resources available on the ST92163 device:

Page
Register
0 2 3 4 5 9 10 15 20 21 24 43 55 57 62
R255 Res.
R254 Res.
Res. Pgrt
R253 Port
3
|
WuUI I
R252 | WCR MU |
R251 Res.
R250 Port oG
or ar
WDT 6 Res. 8
R249
R248
UsB USB
Endpoints MFT | Com- | 12C | Mi1U | SCI ADC
R247 Res. P mon
R246
Res.
R245 Port
EXT 5
INT
R244 Res.
N/ Res.
R243 Res. RCCU
R242
f MFT
art
R241 4
Res.
R240
Ay 21/230
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Table 7. Detailed Register Map

P;g.e Block F:\leg. Rﬁgl:]fr Description ?_:;Isue; E:;é
ex.
I/O R227 P3DR Port 3 Data Register FF
Port R228 P4DR Port 4 Data Register FF 99
35 R229 P5DR Port 5 Data Register FF
R230 CICR Central Interrupt Control Register 87 30
R231 FLAGR Flag Register 00 31
R232 RPO Pointer O Register 00 33
System R233 RP1 Pointer 1 Register 00 30 |
Core R234 PPR Page Pointer Register 54 _b_§ N
R235 MODER Mode Register L 35
R236 USPHR User Stack Pointer High Register Y 'l— S 37
R237 USPLR User Stack Pointer Low Register XX 37
R238 SSPHR System Stack Pointer High Reg XX 37
R239 SSPLR System Stack Pointer Low F1 ég,_ XX 37
R242 EITR External Interrupt Trigge._FZQTsier 00 59
R243 EIPR External Interrup* Pe'\_r‘.ﬁg Reg. 00 60
N P24 EIMR External Inti up’ iviask-bit Reg. 00 60
R245 EIPLR External In*ern pt Priority Level Reg. FF 60
R246 EIVR Sxterr.al Interrupt Vector Register X6 61
0 R247 NICR Nested Interrupt Control 00 61
R248 | WDTHR " Watchdog Timer High Register FF | 110
R249 WDTLR \J Watchdog Timer Low Register FF 110
WDT R250 WDTPR | Watchdog Timer Prescaler Reg. FF 110
R251 | WDCR Watchdog Timer Control Register 12 | 110
R252 |  WCR Wait Control Register 7F 111
I/0 n2z | P3co Port 3 Configuration Register 0 00
2 Port | P53 P3C1 Port 3 Configuration Register 1 00 99
< | R254 P3C2 Port 3 Configuration Register 2 00
[ -'.’5 R240 P4CoO Port 4 Configuration Register 0 00
Port R241 P4C1 Port 4 Configuration Register 1 00
4 R242 P4C2 Port 4 Configuration Register 2 00
I/0 R244 P5CO Port 5 Configuration Register 0 00
3 Port R245 P5C1 Port 5 Configuration Register 1 00 99
5 R246 P5C2 Port 5 Configuration Register 2 00
R248 P6CO Port 6 Configuration Register 0 00
F|>/oort R249 P6C1 Port 6 Configuration Register 1 00
6 R250 P6C2 Port 6 Configuration Register 2 00
R251 P6DR Port 6 Data Register FF
22/230 ﬁ
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P;g-e Block F:\leg. R;gl:lt:r Description \Fi:ailsueet g:;é
ex.
R240 EPORA Endpoint 0 Register A (Transmission) 00
R241 EPORB Endpoint 0 Register B (Reception) 00
R242 EP1RA Endpoint 1 Register A (Transmission) 00
R243 EP1RB Endpoint 1 Register B (Reception) 00
R244 EP2RA Endpoint 2 Register A (Transmission) 00
R245 EP2RB Endpoint 2 Register B (Reception) 00
R246 EP3RA Endpoint 3 Register A (Transmission) 00
4 R247 EP3RB Endpoint 3 Register B (Reception) 00 :
R248 EP4RA Endpoint 4 Register A (Transmission) 00 |
R249 EP4RB Endpoint 4 Register B (Reception) 00
R250 EP5RA Endpoint 5 Register A (Transmission) 0
R251 EPSRB Endpoint 5 Register B (Reception) T 00 |
R252 EP6RA Endpoint 6 Register A (Transmission) 00
R253 EP6RB Endpoint 6 Register B (Recepticn, 00
R254 EP7RA Endpoint 7 Register A (Tian smiscion) 00
lé‘:j’ R255 EP7RB Endpoint 7 Register F: (e zeption) 0o | .
Points R240 EP8RA Endpoint 8 Reg_‘isbl A Transmission) 00
R241 EP8RB Endpoint 3 Re gisier B (Reception) 00
R242 EP9RA Endpoint 9 l-:gister A (Transmission) 00
R243 EP9RB Endpoint 9 Register B (Reception) 00
R244 | EP10RA ~Encpcint 10 Register A (Transmission) 00
R245 EP10RB A Endpoint 10 Register B (Reception) 00
R246 | EP11RA | Endpoint 11 Register A (Transmission) 00
R247 | EP11RS Endpoint 11 Register B (Reception) 00
° R248 ZF12RA Endpoint 12 Register A (Transmission) 00
R243 EP12RB Endpoint 12 Register B (Reception) 00
l__':t_"‘w{;_ EP13RA Endpoint 13 Register A (Transmission) 00
1251 EP13RB Endpoint 13 Register B (Reception) 00
R252 EP14RA Endpoint 14 Register A (Transmission) 00
R253 EP14RB Endpoint 14 Register B (Reception) 00
R254 EP15RA Endpoint 15 Register A (Transmission) 00
R255 EP15RB Endpoint 15 Register B (Reception) 00
R240 DCPR DMA Counter Pointer Register XX 133
R241 DAPR DMA Address Pointer Register XX 134
9 MFT R242 T_IVR Interrupt Vector Register XX 134
R243 IDCR Interrupt/DMA Control Register c7 135
R248 IOCR 1/0 Connection Register FC 135
172 23/230




ST92163R4 - GENERAL DESCRIPTION

P;g-e Block F:\leg. R;gl:lt:r Description \Fi:ailsueet g:;é
ex.
R240 REGOHR Capture Load Register 0 High XX 126
R241 REGOLR Capture Load Register 0 Low XX 126
R242 REG1HR Capture Load Register 1 High XX 126
R243 REG1LR Capture Load Register 1 Low XX 126
R244 CMPOHR Compare 0 Register High 00 126
R245 CMPOLR Compare 0 Register Low 00 126
R246 CMP1HR Compare 1 Register High 00 126
10 MET R247 CMP1LR Compare 1 Register Low 00 126‘_ :
R248 TCR Timer Control Register 0x 20
R249 T™MR Timer Mode Register 00 | 128
R250 T_ICR External Input Control Register OT'_ 129
R251 PRSR Prescaler Register T " 00 129
R252 OACR Output A Control Register XX 130
R253 OBCR Output B Control Register XX 131
R254 | T_FLAGR Flags Registe: 00 31
R255 IDMR Interrupt/DMA Mas Fe Jister 00 | 133
R240 | DADDRO Device Acd:oss +egister 0 00
R241 | DADDRI1 Devic 2 Ac1i zss Register 1 00
R242 DADDR2 Device ~ddress Register 2 00
R243 DADDRS3 _Device Address Register 3 00 146
R244 DADDR4 Device Address Register 4 00
R245 DADDR5 Device Address Register 5 00
R246 | DADDRS | Device Address Register 6 00
15 uSB R247 D_AED_P/_ Device Address Register 7 00
Common | R248 JEBIVR USB Interrupt Vector Register XX 142
R24s USBISTR USB Interrupt Status Register 00 142
| 5255 | USBIMR USB Interrupt Mask Register 00 | 143
1251 USBIPR USB Interrupt Priority Register XX 143
R252 USBCTLR USB Control Register 17 144
R253 CTRINF CTR Interrrupt Flags XX 145
R254 FNRH Frame Number Register High 0x 145
R255 FNRL Frame Number Register Low XX 145
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P;g-e Block F:\leg. R;gl:lt:r Description \Fi:ailsueet g:;é
ex.
R240 I2CCR I°C Control Register 00 189
R241 I2CSR1 I°C Status Register 1 00 190
R242 I2CSR2 |2C Status Register 2 00 192
R243 [2CCCR [2C Clock Control Register 00 193
R244 I2COART1 [2C Own Address Register 1 00 193
R245 I2COAR2 I°C Own Address Register 2 00 194
R246 12CDR [°C Data Register 00 194
20 I2C R247 I2CADR [°C General Call Address AO 194_ |
R248 I2CISR I°C Interrupt Status Register XX 9y
R249 I12CIVR I°C Interrupt Vector Register xx | 196
R250 | I2CRDAP Receiver DMA Source Addr. Pointer x| 196
R251 | I12CRDC Receiver DMA Transaction Counter T % | 196
R252 I2CTDAP Transmitter DMA Source Addr. Pointer XX 197
R253 12CTDC Transmitter DMA Transaction Cotirter XX 197
R254 | I12CECCR 12C Extended Clock Cont-ol Register 00 | 197
R255 12CIMR 2C Interrupt Mast Rogister x0 | 198
R240 DPRO Data Page He_gis_ter 0 XX 42
R241 DPR1 Da a Pa_gtﬂegister 1 XX 42
R242 DPR2 Data rage Register 2 XX 42
MMU R243 DPR3 Data Page Register 3 XX 42
21 R244 CSR ~ Code Segment Register 00 43
R248 ISR S Interrupt Segment Register x0 43
R249 | DMASE | DMA Segment Register X0 43
o LR245 [ EAR. \ External Memory Register 1 80 96
R246 EMR2 External Memory Register 2 OF 97
R24C RDCPR Receiver DMA Transaction Counter Pointer XX 168
l__':t_"a._ RDAPR Receiver DMA Source Address Pointer XX 168
242 TDCPR Transmitter DMA Transaction Counter Pointer XX 168
R243 TDAPR Transmitter DMA Destination Address Pointer XX 168
R244 S_IVR Interrupt Vector Register XX 169
R245 ACR Address/Data Compare Register XX 169
R246 IMR Interrupt Mask Register x0 170
R247 S_ISR Interrupt Status Register XX 43
24 SCI R248 RXBR Receive Buffer Register XX 172
R248 TXBR Transmitter Buffer Register XX 172
R249 IDPR Interrupt/DMA Priority Register XX 173
R250 CHCR Character Configuration Register XX 174
R251 CCR Clock Configuration Register 00 175
R252 BRGHR Baud Rate Generator High Reg. XX 176
R253 BRGLR Baud Rate Generator Low Register XX 176
R254 SICR Synchronous Input Control 03 176
R255 SOCR Synchronous Output Control 01 177
172 25/230




ST92163R4 - GENERAL DESCRIPTION

P;g-e Block F:\leg. R;gl:lt:r Description \Fi:ailsueet g:;é
ex.
R248 P8CO Port 8 Configuration Register 0 00
Fl’/:)rt R249 P8C1 Port 8 Configuration Register 1 00
8 R250 P8C2 Port 8 Configuration Register 2 00
43 R251 P8DR Port 8 Data Register FF 99
R252 P9CO Port 9 Configuration Register 0 00
Vo R253 P9C1 Port 9 Configuration Register 1 00
P;rt R254 POC2 Port 9 Configuration Register 2 00
R255 PODR Port 9 Data Register FF |
R240 CLKCTL Clock Control Register 00 _«1: J'
55 RCCU R242 CLK_FLAG Clock Flag Register 4;;,536 82
R246 PLLCONF PLL Configuration Register L X 83
R249 WUCTRL Wake-Up Control Register 00 67
R250 WUMRH Wake-Up Mask Register High 00 68
R251 | WUMRL Wake-Up Mask Register iovr 00 68
59 | WUIMU | R252 | WUTRH Wake-Up Trigger Regist>1 iigh 00 69
R253 | WUTRL Wake-Up Trigne- Rayister Low 00 69
R254 | WUPRH Wake-Ur, Pending Register High 00 69
R255 WUPRL Wake-Up Pznding Register Low 00 69
R244 | DEVCONF1 USB device configuration 1 OF 149
o Usg |_245 | DEVCONF2 __ USB device configuration 2 00 | 149
R246 MIRRA Mirror Register A XX 150
R247 MIRRB Mirror Register B XX 150
R240 | ADT& | Channel i Data Register xx | 202
62 ADC | R241 ADCLR Control Logic Register 00 | 202
R242 | ADINT AD Interrupt Register 01 203

Note: xx denotes a hye with an undefined value, but some bits may have defined values. See register description for de-

tails.
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2 DEVICE ARCHITECTURE

2.1 CORE ARCHITECTURE

The ST9 Core or Central Processing Unit (CPU)
features a highly optimised instruction set, capable
of handling bit, byte (8-bit) and word (16-bit) data,
as well as BCD and Boolean formats; 14 address-
ing modes are available.

Four independent buses are controlled by the
Core: a 16-bit Memory bus, an 8-bit Register data
bus, an 8-bit Register address bus and a 6-bit In-
terrupt/DMA bus which connects the interrupt and
DMA controllers in the on-chip peripherals with the
Core.

This multiple bus architecture affords a high de-
gree of pipelining and parallel operation, thus mak-
ing the ST9 family devices highly efficient, both for
numerical calculation, data handling and with re-
gard to communication with on-chip peripheral re-
sources.

2.2 MEMORY SPACES

There are two separate memory spaces:

— The Register File, which comprises 240 8-bit
registers, arranged as 15 groups (Group 0 to E),
each containing sixteen 8-bit registers plus up to
64 pages of 16 registers mapped in Group F,

which hold data and control bits for the on-chip
peripherals and I/Os.

— A single linear memory space accommodating
both program and data. All of the physically sep-
arate memory areas, including the internal ROM,
internal RAM and external memory are mapped
in this common address space. The total ad-
dressable memory space of 4 Mbytes (limited by
the size of on-chip memory and the number of
external address pins) is arranged as 64 s=gy
ments of 64 Kbytes. Each segment is fuithar
subdivided into four pages of 16 Kbvtes, ¢'s ‘llus-
trated in Figure 7. A Memory Management Unit
uses a set of pointer registers to addrzss a 22-bit
memory field using 16-bit 2yl 2382 oased instruc-
tions.

2.2.1 Register File

The Register File ¢onsists of (see Figure 8):

— 224 genera' purpose registers (Group 0 to D,
registrs KU to R223)

— 6 sys e registers in the System Group (Group
E, rcyisters R224 to R239)

— Up to 64 pages, depending on device configura-
tion, each containing up to 16 registers, mapped
to Group F (R240 to R255), see Figure 9.

Figure 7. Single Program and Data Werv:y Address Space

Address

Data Code
16K Pages 64K Segments

‘ 3FFFFFh

| 3F0000h
3EFFFFh

__3EOQ000h |

up to 4 Mbytes

1

255

254 63

M

252
251
250 62
249
248
247

21FFFFh
210000h

Reserved |—134 33

135

132

20FFFFh

02FFFFh

020000h
01FFFFh

010000h
00FFFFh

000000h

11
10

i

oo [

N

o

(=]

4

27/230




ST92163R4 - DEVICE ARCHITECTURE

MEMORY SPACES (Cont'd)
Figure 8. Register Groups

Figure 9. Page Pointer for Group F mapping

‘ PAGE 63
- UP TO
240 |F PAGED REGISTERS 64 PAGES
239
504 |E SYSTEM REGISTERS PAGE 5
223 [ R255
"""""""""""""""""" PAGE 0
c
B
AL R240
9
'é """"""""""""" R234 PAGE POINTER
---------------------------- 224
7 GENERAL R224 =
e T PURPOSE
____________________________ REGISTERS
5
4
3
2
1
"""""""""""""" 115 |
0 |
0 0 VA004,2 | RO VA00433
Q2 ¥ |
Figure 10. Addressing the Register e
REGISTER FILE
%5 —
o40| F PAGED REGISTZRS
554 | E SYSTEM 3CQISTERS
223 | p
N\ GROUP D
- R195 R207
g T (ROC3h) 0
S HLL
s (1100) (0011)—
8
T GROUP C
R
5 R195
4
E R192
......................... GROUP B
2
1
o 15
0 0
VR000118
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MEMORY SPACES (Cont'd)
2.2.2 Register Addressing

Register File registers, including Group F paged
registers (but excluding Group D), may be ad-
dressed explicitly by means of a decimal, hexa-
decimal or binary address; thus R231, RE7h and
R11100111b represent the same register (see
Figure 10). Group D registers can only be ad-
dressed in Working Register mode.

Note that an upper case “R” is used to denote this
direct addressing mode.

Working Registers

Certain types of instruction require that registers
be specified in the form “rx”, where x is in the
range 0 to 15: these are known as Working Regis-
ters.

Note that a lower case “r” is used to denote this in-
direct addressing mode.

Two addressing schemes are available: a single
group of 16 working registers, or two separately
mapped groups, each consisting of 8 working reg-
isters. These groups may be mapped starting at
any 8 or 16 byte boundary in the register file by
means of dedicated pointer registers. This tech-
nique is described in more detail in Section 2.3.3,
and illustrated in Figure 11 and in Figure 12.

System Registers

The 16 registers in Group E (R224 to R2R39, wre
System registers and may be addressed vsing any
of the register addressing modes. Thse registers
are described in greater detail in Secticn 2.3.

Paged Registers

Up to 64 pages, each centair.ing 16 registers, may
be mapped to Grour F. These are addressed us-
ing any register aiaressing mode, in conjunction
with the Page ruinter register, R234, which is one
of the System rcgisters. This register selects the
page *o be inapped to Group F and, once set,
does nct need to be changed if two or more regis-
ters uin the same page are to be addressed in suc-
cession.

4

Therefore if the Page Pointer, R234, is set to 5, the
instructions:

spp #5
1d R242, r4

will load the contents of working register r4 into the
third register of page 5 (R242).

These paged registers hold data and control infor-
mation relating to the on-chip peripherals, each
peripheral always being associated with the same
pages and registers to ensure code compatibility
between ST9 devices. The number of these regis-
ters therefore depends on the peripherals wkhicn
are present in the specific ST9 family devic=. In
other words, pages only exist if the relevan* pe-
ripheral is present.

Table 8. Register File Orgarization

Hex. Decim~l | Function | _Register
Address Adcress File Group
FO-FF | 2:0-255 Rzagfgrs Group F

Ve N 9
Z0-LF 04239 | SYSM a0 E
Registers
DO-DF 208-223 Group D
CO-CF 192-207 Group C
BO-BF 176-191 Group B
AO-AF 160-175 Group A
90-9F 144-159 Group 9
80-8F 128-143 Group 8
70-7F 112-127 General Group 7
Purpose
60-6F 96-111 Registers Group 6
50-5F 80-95 Group 5
40-4F 64-79 Group 4
30-3F 48-63 Group 3
20-2F 32-47 Group 2
10-1F 16-31 Group 1
00-0F 00-15 Group 0
29/230
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2.3 SYSTEM REGISTERS

The System registers are listed in Table 9. They
are used to perform all the important system set-
tings. Their purpose is described in the following
pages. Refer to the chapter dealing with 1/O for a
description of the PORT[5:0] Data registers.

Table 9. System Registers (Group E)

R239 (EFh) SSPLR

R238 (EEh) SSPHR

R237 (EDh) USPLR

R236 (ECh) USPHR

R235 (EBh) MODE REGISTER
R234 (EAh) PAGE POINTER REGISTER
R233 (E9h) REGISTER POINTER 1
R232 (Esh) REGISTER POINTER 0
R231 (E7h) FLAG REGISTER
R230 (E6h) CENTRAL INT. CNTL REG
R229 (E5h) PORT5 DATA REG.
R228 (E4h) PORT4 DATA REG.
R227 (E3h) PORT3 DATA REG.
R226 (E2h) PORT2 DATA REG.
R225 (E1h) PORT1 DATA REG.
R224 (EOh) PORTO DATAREG. |

2.3.1 Central Interrupt Control Regis*e:

Please refer to the INTERRUPT” chapi =r for a de-
tailed description of the ST9 int<r ur t philosophy.

CENTRAL INTERRUPT CZNTROL REGISTER
(CICR)

R230 - Read/Write

Register Group: = 'System)

Reset Value: '00C 0111 (87h)

7
EEIEI—I'LIP TLI | IEN | IAM

Bit 7 = GCEN: Global Counter Enable.

This bit is the Global Counter Enable of the Multi-
function Timers. The GCEN bit is ANDed with the
CE bit in the TCR Register (only in devices featur-
ing the MFT Multifunction Timer) in order to enable
the Timers when both bits are set. This bit is set af-
ter the Reset cycle.

CPL2 |CPL1| CPLO
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Note: If an MFT is not included in the ST9 device,
then this bit has no effect.

Bit 6 = TLIP: Top Level Interrupt Pending.

This bit is set by hardware when a Top Level Inter-
rupt Request is recognized. This bit can also be
set by software to simulate a Top Level Interrupt
Request.

0: No Top Level Interrupt pending

1: Top Level Interrupt pending

Bit 5 = TLI: Top Level Interrupt bit.

0: Top Level Interrupt is acknowledged depznd'ing
on the TLNM bit in the NICR Register.

1: Top Level Interrupt is acknowledgr:a acpending
on the IEN and TLNM bits in th: 1N"CR Register
(described in the Interrupt cheoter).

Bit 4 = IEN: Interrurt =1.20le .

This bit is cleare "y interrupt acknowledgement,
and set by interrupt return (iret). IEN is modified
implicit'v by 1.,-et, ei and di instructions or by an
interiupt acknowledge cycle. It can also be explic-
itly writtan by the user, but only when no interrupt
is pending. Therefore, the user should execute a
di instruction (or guarantee by other means that
no interrupt request can arrive) before any write
operation to the CICR register.

0: Disable all interrupts except Top Level Interrupt.
1: Enable Interrupts

Bit 3 = IAM: Interrupt Arbitration Mode.

This bit is set and cleared by software to select the
arbitration mode.

0: Concurrent Mode

1: Nested Mode.

Bits 2:0 = CPL[2:0]: Current Priority Level.

These three bits record the priority level of the rou-
tine currently running (i.e. the Current Priority Lev-
el, CPL). The highest priority level is represented
by 000, and the lowest by 111. The CPL bits can
be set by hardware or software and provide the
reference according to which subsequent inter-
rupts are either left pending or are allowed to inter-
rupt the current interrupt service routine. When the
current interrupt is replaced by one of a higher pri-
ority, the current priority value is automatically
stored until required in the NICR register.

4
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SYSTEM REGISTERS (Cont'd)
2.3.2 Flag Register

The Flag Register contains 8 flags which indicate
the CPU status. During an interrupt, the flag regis-
ter is automatically stored in the system stack area
and recalled at the end of the interrupt service rou-
tine, thus returning the CPU to its original status.

This occurs for all interrupts and, when operating
in nested mode, up to seven versions of the flag
register may be stored.

FLAG REGISTER (FLAGR)
R231- Read/Write

Register Group: E (System)
Reset value: 0000 0000 (00h)

7 0

C z S \ DA H - DP

Bit 7 = C: Carry Flag.

The carry flag is affected by:
Addition (add, addw, adc, adcw),
Subtraction (sub, subw, sbc, sbcw),
Compare (cp, cpw),
Shift Right Arithmetic (sra, sraw),
Shift Left Arithmetic (s1a, slaw),
Swap Nibbles (swap),
Rotate (rrc, rrcw,
rol),
Decimal Adjust (da),
Multiply and Divide (mul, div, ai w.x).

When set, it generally indicates & carry out of the
most significant bit positior ¢f the register being

used as an accumulator (bi* 7 for byte operations
and bit 15 for word ooeiztions).

The carry flag car 12e set by the Set Carry Flag
(scf) instructicin, =icared by the Reset Carry Flag
(rcf) instruction, and complemented by the Com-
plemen: carr, Flag (ccf) instruction.

rlc, rlcw, ror.

Bit 6 = Z: Zero Flag. The Zero flag is affected by:
Addition (add, addw, adc, adcw),
Subtraction (sub, subw, sbc, sbcw),
Compare (cp, cpw),

Shift Right Arithmetic (sra, sraw),

Shift Left Arithmetic (s1la, slaw),

Swap Nibbles (swap),
Rotate (rrc, rrcw,
rol),

Decimal Adjust (da),
Multiply and Divide (mul, div, divws),
Logical (and, andw, or, orw,
xorw, cpl),

Increment and Decrement (inc, incw, dec,

rlc, rlcw, ror,

Xor,
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decw),
Test (tm, tmw, tcm, tcmw, btset).

Inmost cases, the Zeroflag is set when the contents
of the register being used as an accumulator be-
come zero, following one of the above operations.

Bit 5 = S: Sign Flag.
The Sign flag is affected by the same instructions
as the Zero flag.

The Sign flag is set when bit 7 (for a byte opera-
tion) or bit 15 (for a word operation) of the register
used as an accumulator is one.

Bit 4 = V: Overflow Flag.
The Overflow flag is affected by t"ie +2:ne instruc-
tions as the Zero and Sign flaps

When set, the Overflow flag .ndicates that a two's-
complement number_ i a result register, is in er-
ror, since it has exc2vded the largest (or is less
than the smallzzt, ~umber that can be represent-
ed in two’s-coinriement notation.

Bit & = DA: Decimal Adjust Flag.

The DA flag is used for BCD arithmetic. Since the
algorithm for correcting BCD operations is differ-
ent for addition and subtraction, this flag is used to
specify which type of instruction was executed
last, so that the subsequent Decimal Adjust (da)
operation can perform its function correctly. The
DA flag cannot normally be used as a test condi-
tion by the programmer.

Bit 2 = H: Half Carry Flag.

The H flag indicates a carry out of (or a borrow in-
to) bit 3, as the result of adding or subtracting two
8-bit bytes, each representing two BCD digits. The
H flag is used by the Decimal Adjust (da) instruc-
tion to convert the binary result of a previous addi-
tion or subtraction into the correct BCD result. Like
the DA flag, this flag is not normally accessed by
the user.

Bit 1 = Reserved bit (must be 0).

Bit 0 = DP: Data/Program Memory Flag.

This bit indicates the memory area addressed. Its
value is affected by the Set Data Memory (sdm)
and Set Program Memory (spm) instructions. Re-
fer to the Memory Management Unit for further de-
tails.
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If the bit is set, data is accessed using the Data
Pointers (DPRs registers), otherwise it is pointed
to by the Code Pointer (CSR register); therefore,
the user initialization routine must include a Sdm
instruction. Note that code is always pointed to by
the Code Pointer (CSR).

Note: In the current ST9 devices, the DP flag is
only for compatibility with software developed for
the first generation of ST9 devices. With the single
memory addressing space, its use is now redun-
dant. It must be kept to 1 with a sdm instruction at
the beginning of the program to ensure a normal
use of the different memory pointers.

2.3.3 Register Pointing Techniques

Two registers within the System register group,
are used as pointers to the working registers. Reg-
ister Pointer 0 (R232) may be used on its own as a
single pointer to a 16-register working space, or in
conjunction with Register Pointer 1 (R233), to
point to two separate 8-register spaces.

For the purpose of register pointing, the 16 register
groups of the register file are subdivided into 32 8-
register blocks. The values specified with the Set
Register Pointer instructions refer to the blocks to
be pointed to in twin 8-register mode, or to the low-
er 8-register block location in single 16-register
mode.

The Set Register Pointer instructions sr», srp0
and srpl automatically inform the T?U' whether
the Register File is to operate in cinguc 16-register
mode or in twin 8-register riode 1iie srp instruc-
tion selects the single 16-reyster group mode and
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specifies the location of the lower 8-register block,
while the srp0 and srp1l instructions automatical-
ly select the twin 8-register group mode and spec-
ify the locations of each 8-register block.

There is no limitation on the order or position of
these register groups, other than that they must
start on an 8-register boundary in twin 8-register
mode, or on a 16-register boundary in single 16-
register mode.

The block number should always be an even
number in single 16-register mode. The 16-regis-
ter group will always start at the block whnse
number is the nearest even number equal *o or
lower than the block number specified in the virp
instruction. Avoid using odd block numbeis, since
this can be confusing if twin mode is suhsequently
selected.

Thus:

srp #3 will be interpreied as srp #2 and will al-
low using R16 ..3271 as r0 .. r15.

In sing'e 1C-register mode, the working registers
are einved to as r0 to rl5. In twin 8-register
mod'e, registers r0 to r7 are in the block pointed
tc by RPO (by means of the srp0 instruction),
while registers r8 to r15 are in the block pointed
to by RP1 (by means of the srp1 instruction).

Caution: Group D registers can only be accessed
as working registers using the Register Pointers,
or by means of the Stack Pointers. They cannot be
addressed explicitly in the form “Rxxx".
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SYSTEM REGISTERS (Cont'd)

POINTER 0 REGISTER (RPO0)
R232 - Read/Write

Register Group: E (System)
Reset Value: xxxx xx00 (xxh)

7 0

POINTER 1 REGISTER (RP1)
R233 - Read/Write

Register Group: E (System)
Reset Value: xxxx xx00 (xxh)

7 0

RG4 | RG3 | RG2 | RG1 | RGO | RPS | 0 0

RG4 | RG3 | RG2 [ RG1 | RGO [RPS | 0 0

Bits 7:3 = RG[4:0]: Register Group number.
These bits contain the number (in the range 0 to
31) of the register block specified in the srp0 or
srp instructions. In single 16-register mode the
number indicates the lower of the two 8-register
blocks to which the 16 working registers are to be
mapped, while in twin 8-register mode it indicates
the 8-register block to which r0 to r7 are to be
mapped.

Bit 2 = RPS: Register Pointer Selector.

This bit is set by the instructions srp0 and srpl to
indicate that the twin register pointing mode is se-
lected. The bit is reset by the srp instruction to in-
dicate that the single register pointing mode is se-
lected.

0: Single register pointing mode

1: Twin register pointing mode

Bits 1:0: Reserved. Forced by hardware i1 zero.

4

This register is only used in the twin register point-
ing mode. When using the single register pointing
mode, or when using only one of the twin register
groups, the RP1 register must be considered as
RESERVED and may NOT be used as a yen=are!
purpose register.

Bits 7:3 = RG[4:0]: Register Crou> number.
These bits contain the numbar (i~ the range 0 to
31) of the 8-register block specified in the srpl in-
struction, to which r8 te 15 are to be mapped.

Bit 2 = RPS: Pcoisier Pointer Selector.

This bitis szt h*ne srp0 and srp1l instructions to
indicate (hot the twin register pointing mode is se-
lect2d. Tt.e bit is reset by the srp instruction to in-
dicaic inat the single register pointing mode is se-
lected.

0: Single register pointing mode

1: Twin register pointing mode

Bits 1:0: Reserved. Forced by hardware to zero.
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Figure 11. Pointing to a single group of 16

registers

Figure 12. Pointing to two groups of 8 registers
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2.3.4 Paged Registers

Up to 64 pages, each containing 16 registers, may
be mapped to Group F. These paged registers
hold data and control information relating to the
on-chip peripherals, each peripheral always being
associated with the same pages and registers to
ensure code compatibility between ST9 devices.
The number of these registers depends on the pe-
ripherals present in the specific ST9 device. In oth-
er words, pages only exist if the relevant peripher-
al is present.

The paged registers are addressed using the nor-
mal register addressing modes, in conjunction with
the Page Pointer register, R234, which is one of
the System registers. This register selects the
page to be mapped to Group F and, once set,
does not need to be changed if two or more regis-
ters on the same page are to be addressed in suc-
cession.

Thus the instructions:

spp #5

1d R242, r4

will load the contents of working register r4 into the
third register of page 5 (R242).

Warning: During an interrupt, the PPR register is
not saved automatically in the stack. If needed, it
should be saved/restored by the user within the ir-
terrupt routine.

PAGE POINTER REGISTER (PPR)
R234 - Read/Write

Register Group: E (System?

Reset value: xxxx xx00 (xxh’:

7 0

| vPJi PP2 | PP1 | PPO| O | O

Bite 7:2 = PP[5:0]: Page Pointer.

These bits contain the number (in the range 0 to
63) of the page specified in the spp instruction.
Once the page pointer has been set, there is no
need to refresh it unless a different page is re-
quired.

PP5 | PP4

Bits 1:0: Reserved. Forced by hardware to 0.

2.3.5 Mode Register

The Mode Register allows control of the following
operating parameters:

— Selection of internal or external System and User
Stack areas,
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— Management of the clock frequency,

— Enabling of Bus request and Wait signals when
interfacing to external memory.

MODE REGISTER (MODER)
R235 - Read/Write

Register Group: E (System)
Reset value: 1110 0000 (EOh)

7 0

SSP | USP | DIV2 | PRS2 | PRS1 | PRSO |BRQEN HIMP!

J—

Bit 7 = SSP: System Stack Pointer.

This bit selects an internal or exte.nal System

Stack area.

0: External system stack are2 i1 memory space.

1: Internal system stack are3, in the Register File
(reset state).

Bit 6 = USP: User Sieck Pointer.

This bit selects «r. internal or external User Stack

area.

0: Exicrial user stack area, in memory space.

1: lnterr.ai user stack area, in the Register File (re-
set state).

Bit 5 = DIV2: Crystal Oscillator Clock Divided by 2.
This bit controls the divide-by-2 circuit operating
on the crystal oscillator clock (CLOCK1).

0: Clock divided by 1

1: Clock divided by 2

Bits 4:2 = PRS[2:0]: CPUCLK Prescaler.

These bits load the prescaler division factor for the
internal clock (INTCLK). The prescaler factor se-
lects the internal clock frequency, which can be di-
vided by a factor from 1 to 8. Refer to the Reset
and Clock Control chapter for further information.

Bit 1 = BRQEN: Bus Request Enable.

0: External Memory Bus Request disabled

1: External Memory Bus Request enabled on
BREQ pin (where available).

Note: Disregard this bit if BREQ pin is not availa-
ble.

Bit 0 = HIMP: High Impedance Enable.

When a port is programmed as Address and Data
lines to interface external Memory, these lines and
the Memory interface control lines (AS, DS, R/W)
can be forced into the High Impedance state.

0: External memory interface lines in normal state
1: High Impedance state.
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Note: Setting the HIMP bit is recommended for
noise reduction when only internal Memory is
used.

If the memory access ports are declared as an ad-
dress AND as an I/O port (for example: P10... P14
= Address, and P15... P17 = I/O), the HIMP bit has
no effect on the 1/0 lines.

2.3.6 Stack Pointers

Two separate, double-register stack pointers are
available: the System Stack Pointer and the User
Stack Pointer, both of which can address registers
or memory.

The stack pointers point to the “bottom” of the
stacks which are filled using the push commands
and emptied using the pop commands. The stack
pointer is automatically pre-decremented when
data is “pushed” in and post-incremented when
data is “popped” out.

The push and pop commands used to manage the
System Stack may be addressed to the User
Stack by adding the suffix “u”. To use a stack in-
struction for a word, the suffix “w” is added. These
suffixes may be combined.

When bytes (or words) are “popped” out from a
stack, the contents of the stack locations are un-
changed until fresh data is loaded. Thus, whenr
data is “popped” from a stack area, the stack cori-
tents remain unchanged.

Note: Instructions such as: pushuw Ri'236 or
pushw RR238, as well as the coresponding
pop instructions (where R236 & Rz3/, and R238
& R239 are themselves the usar and system stack
pointers respectively), must 1ot be used, since the
pointer values are ‘auemselves automatically
changed by the pu =.) ¢ pop instruction, thus cor-
rupting their vaive

System Stacit

The Sysnain Stack is used for the temporary stor-

age ~f system and/or control data, such as the
Flag register and the Program counter.

The following automatically push data onto the
System Stack:

— Interrupts

When entering an interrupt, the PC and the Flag
Register are pushed onto the System Stack. If the
ENCSR bit in the EMR2 register is set, then the
Code Segment Register is also pushed onto the
System Stack.
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— Subroutine Calls

When a call instruction is executed, only the PC
is pushed onto stack, whereas when a calls in-
struction (call segment) is executed, both the PC
and the Code Segment Register are pushed onto
the System Stack.

— Link Instruction

The 1ink or linku instructions create a C lan-
guage stack frame of user-defined length in the
System or User Stack.

All of the above conditions are associated with
their counterparts, such as return instructions.
which pop the stored data items off the stack.

User Stack

The User Stack provides a totally usor ccnrolled
stacking area.

The User Stack Pointer corsisis cf two registers,
R236 and R237, which are vuth used for address-
ing a stack in memory. wwhen stacking in the Reg-
ister File, the User Stacl Pointer High Register,
R236, becomes rcdundant but must be consid-
ered as resen ea

Stack Fonnte:s

Bot1 Sysiem and User stacks are pointed to by
doubie-byte stack pointers. Stacks may be set up
in RAM or in the Register File. Only the lower byte
will be required if the stack is in the Register File.
The upper byte must then be considered as re-
served and must not be used as a general purpose
register.

The stack pointer registers are located in the Sys-
tem Group of the Register File, this is illustrated in
Table 9.

Stack Location

Care is necessary when managing stacks as there
is no limit to stack sizes apart from the bottom of
any address space in which the stack is placed.
Consequently programmers are advised to use a
stack pointer value as high as possible, particular-
ly when using the Register File as a stacking area.

Group D is a good location for a stack in the Reg-
ister File, since it is the highest available area. The
stacks may be located anywhere in the first 14
groups of the Register File (internal stacks) or in
RAM (external stacks).

Note. Stacks must not be located in the Paged
Register Group or in the System Register Group.
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USER STACK POINTER HIGH REGISTER
(USPHR)

R236 - Read/Write

Register Group: E (System)

Reset value: undefined

7 0

SYSTEM STACK POINTER HIGH REGISTER
(SSPHR)

R238 - Read/Write

Register Group: E (System)

Reset value: undefined

7 0

USP15|USP14(USP13|USP12|USP11|USP10| USP9 | USP8

SSP15(SSP14|SSP13|SSP12|SSP11|SSP10| SSP9 | SSP8

USER STACK POINTER LOW REGISTER
(USPLR)

R237 - Read/Write

Register Group: E (System)

Reset value: undefined

7 0

SYSTEM STACK POINTER LOW REGISTER
(SSPLR)

R239 - Read/Write

Register Group: E (System)

Reset value: undefined

7 0

USP7 | USP6 | USP5 | USP4 | USP3 | USP2 | USP1 | USPO

SSP7 | SSP6 | SSP5 | SSP4 | St¥s | SSP2 | SSP1 | SSPO

—_

Figure 13. Internal Stack Mode

Figure 14. Extein:i Stack Mode
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2.4 MEMORY ORGANIZATION

Code and data are accessed within the same line-
ar address space. All of the physically separate
memory areas, including the internal ROM, inter-
nal RAM and external memory are mapped in a
common address space.

The ST9 provides a total addressable memory
space of 4 Mbytes. This address space is ar-
ranged as 64 segments of 64 Kbytes; each seg-
ment is again subdivided into four 16 Kbyte pages.
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The mapping of the various memory areas (inter-
nal RAM or ROM, external memory) differs from
device to device. Each 64-Kbyte physical memory
segment is mapped either internally or externally;
if the memory is internal and smaller than 64
Kbytes, the remaining locations in the 64-Kbyte
segment are not used (reserved).

Refer to the Register and Memory Map Chapter
for more details on the memory map.
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2.5 MEMORY MANAGEMENT UNIT

The CPU Core includes a Memory Management
Unit (MMU) which must be programmed to per-
form memory accesses (even if external memory
is not used).

The MMU is controlled by 7 registers and 2 bits
(ENCSR and DPRREM) present in EMR2, which
may be written and read by the user program.
These registers are mapped within group F, Page
21 of the Register File. The 7 registers may be

Figure 15. Page 21 Registers

sub-divided into 2 main groups: a first group of four
8-bit registers (DPR[3:0]), and a second group of
three 6-bit registers (CSR, ISR, and DMASR). The
first group is used to extend the address during
Data Memory access (DPR[3:0]). The second is
used to manage Program and Data Memory ac-
cesses during Code execution (CSR), Interrupts
Service Routines (ISR or CSR), and DMA trans-
fers (DMASR or ISR).

Page 21
FFh R255
: . 01 De i
FEh R254 Relocation of P[3:0] and DPR[3:0? rR<Yisters
FDh R253
GROUP E PAGE 21 5POUP € PAGE 21
FCh R252 SSPLR | [ S3PLR
EBh Ro51 SSPHR n SSPHR
> USPLR ) USPLR
FAh R250 USPHR | 4 ™ USPHR
MODER \ 0 MODER
Foh DMASR R249 PPR L PPR
RP1 DMASR RP1 DMASR
F8h ISR Resg / MMV RPQ ISR RPO ISR
T TLAGR FLAGR
F7h R247 “CCa EMR2 CICR EMR2
Feh EMR2 R246 [ —P5DR EMR1 P5DR EMR1
EM P4DR CSR P4DR CSR
F5h EMR1 Ro45 [ = P3DR DPR3 DPR3 P3DR
< P2DR DPR2 DPR2 P2DR
Fah CSR R24«¢ = MMU P1DR 1 DPR1 P1DR
Fah OPR3 oA PODR DPRO DPRO PODR
1
F2h DPR2 | R242
™ MMU Bit DPRREM=0 Bit DPRREM=1
Fth | D8 R241 (default setting)
Foh | CFRO R240
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2.6 ADDRESS SPACE EXTENSION

To manage 4 Mbytes of addressing space, it is
necessary to have 22 address bits. The MMU
adds 6 bits to the usual 16-bit address, thus trans-
lating a 16-bit virtual address into a 22-bit physical
address. There are 2 different ways to do this de-
pending on the memory involved and on the oper-
ation being performed.

2.6.1 Addressing 16-Kbyte Pages

This extension mode is implicitly used to address
Data memory space if no DMA is being performed.

The Data memory space is divided into 4 pages of
16 Kbytes. Each one of the four 8-bit registers
(DPR[3:0], Data Page Registers) selects a differ-
ent 16-Kbyte page. The DPR registers allow ac-
cess to the entire memory space which contains
256 pages of 16 Kbytes.

Data paging is performed by extending the 14 LSB
of the 16-bit address with the contents of a DPR
register. The two MSBs of the 16-bit address are
interpreted as the identification number of the DPR
register to be used. Therefore, the DPR registers

Figure 16. Addressing via DPR[3:0]

are involved in the following virtual address rang-
es:

DPRO: from 0000h to 3FFFh;
DPR1: from 4000h to 7FFFh;
DPR2: from 8000h to BFFFh;
DPRS3: from C000h to FFFFh.

The contents of the selected DPR register specify
one of the 256 possible data memory pages. This
8-bit data page number, in addition to the remain-
ing 14-bit page offset address forms the physical
22-bit address (see Figure 16).

A DPR register cannot be modified via an azdrosc-
ing mode that uses the same DPR regicte:. Sor in-
stance, the instruction “POPW DPRC(” i3 izgal only
if the stack is kept either in the re givter file or in a
memory location above 8CJ0n, wnere DPR2 and
DPR3 are used. Otherwisz, since DPRO and
DPR1 are modified kv rhe instruction, unpredicta-
ble behaviour cculu reauit.

MMU registers

16-bit virtual address

——

DPRO DPR1 DI’ R2 | DPR3
Ko\ %
< LI Ed LI D
00 01 10 11
1
/’\/

22-bit physical address
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ADDRESS SPACE EXTENSION (Cont'd)
2.6.2 Addressing 64-Kbyte Segments

This extension mode is used to address Data
memory space during a DMA and Program mem-
ory space during any code execution (normal code
and interrupt routines).

Three registers are used: CSR, ISR, and DMASR.
The 6-bit contents of one of the registers CSR,
ISR, or DMASR define one out of 64 Memory seg-
ments of 64 Kbytes within the 4 Mbytes address
space. The register contents represent the 6
MSBs of the memory address, whereas the 16
LSBs of the address (intra-segment address) are
given by the virtual 16-bit address (see Figure 17).

2.7 MMU REGISTERS

The MMU uses 7 registers mapped into Group F,
Page 21 of the Register File and 2 bits of the
EMR2 register.

Figure 17. Addressing via CSR, ISR, and DMASR

Most of these registers do not have a default value
after reset.

2.7.1 DPR[3:0]: Data Page Registers

The DPR[3:0] registers allow access to the entire 4
Mbyte memory space composed of 256 pages of
16 Kbytes.

2.7.1.1 Data Page Register Relocation

If these registers are to be used frequently, they
may be relocated in register group E, by program-
ming bit 5 of the EMR2-R246 register in page 21. 1
this bit is set, the DPR[3:0] registers are loca: =< at
R224-227 in place of the Port 0-3 Data Reqisters,
which are re-mapped to the default DPF's loca-
tions: R240-243 page 21.

Data Page Register relocatio, 15 nlustrated in Fig-
ure 15.

MMU registers

16-bit virtual address

CSR

t LMASR
| i

I

-

L T T

o

)
- 1
v

Fetchirg nrogram

® ©

insuustion
L ata Memory

b}
accessed in DMA
@ Fetching interrupt
instruction or DMA
access to Program
Memory

/ A

e N

6 bits

22-bit physical address
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MMU REGISTERS (Cont'd)

DATA PAGE REGISTER 0 (DPRO0)
R240 - Read/Write

Register Page: 21

Reset value: undefined

This register is relocated to R224 if EMR2.5 is set.

7 0

DATA PAGE REGISTER 2 (DPR2)
R242 - Read/Write

Register Page: 21

Reset value: undefined

This register is relocated to R226 if EMR2.5 is set.

7 0

DPRO | DPRO | DPRO | DPRO | DPRO | DPRO | DPRO | DPRO

Bits 7:0 = DPRO_[7:0]: These bits define the 16-
Kbyte Data Memory page number. They are used
as the most significant address bits (A21-14) to ex-
tend the address during a Data Memory access.
The DPRO register is used when addressing the
virtual address range 0000h-3FFFh.

DATA PAGE REGISTER 1 (DPR1)
R241 - Read/Write

Register Page: 21

Reset value: undefined

This register is relocated to R225 if EMR2.5 is set.

7 0

DPR1 | DPR1 | DPR1 | DPR1 | DPR1 | DPR1 | DPR1 DFR.:
1 G
(SN

Bits 7:0 = DPR1_[7:0]: These bits (le1'ne the 16-
Kbyte Data Memory page numker. "hey are used
as the most significant addi2ss bits (A21-14) to ex-
tend the address durina a L‘ata Memory access.
The DPR1 register iz sed when addressing the
virtual address raros 4000h-7FFFh.
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DPR2 | DPR2 | DPR2 | DPR2 | DPR2 | DPR2 | DPR2 | DPR2

Bits 7:0 = DPR2_[7:0]: These bits define the 1¢-
Kbyte Data memory page. They are used a. \he
most significant address bits (A21-14) t7 extena
the address during a Data memory ~czess. The
DPR2 register is involved when th< virti.al address
is in the range 8000h-BFFFb.

DATA PAGE REGIS™L'x 3 (DPR3)
R243 - Read/Wiite

Register Page: 21

Reset valur:: nicefined

This ieqnste ris relocated to R227 if EMR2.5 is set.

7 0

DPR3 | DPR3 | DPR3 | DPR3 | DPR3 | DPR3 | DPR3 | DPR3

Bits 7:0 = DPR3_[7:0]: These bits define the 16-
Kbyte Data memory page. They are used as the
most significant address bits (A21-14) to extend
the address during a Data memory access. The
DPR3 register is involved when the virtual address
is in the range CO00h-FFFFh.
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MMU REGISTERS (Cont'd)
2.7.2 CSR: Code Segment Register

This register selects the 64-Kbyte code segment
being used at run-time to access instructions. It
can also be used to access data if the spm instruc-
tion has been executed (or 1dpp, 1dpd, 1ddp).
Only the 6 LSBs of the CSR register are imple-
mented, and bits 6 and 7 are reserved. The CSR
register allows access to the entire memory space,
divided into 64 segments of 64 Kbytes.

To generate the 22-bit Program memory address,
the contents of the CSR register is directly used as
the 6 MSBs, and the 16-bit virtual address as the
16 LSBs.

Note: The CSR register should only be read and
not written for data operations (there are some ex-
ceptions which are documented in the following
paragraph). It is, however, modified either directly
by means of the jps and calls instructions, or
indirectly via the stack, by means of the rets in-
struction.

CODE SEGMENT REGISTER (CSR)
R244 - Read/Write

Register Page: 21

Reset value: 0000 0000 (00h)

7 0

—
CSR_5|CSR_4|CSR_3[CSR_2|CSR_1|3h 0!

0 0
P N |

Bits 7:6 = Reserved, keep in reset sta.>.

Bits 5:0 = CSR_[5:0]: Thes< biis define the 64-
Kbyte memory segmerit (aniong 64) which con-
tains the code being avecuted. These bits are
used as the mos. s'yriticant address bits (A21-16).

2.7.3'S13: 'nterrupt Segment Register

INTSRK.UPT SEGMENT REGISTER (ISR)
R248 - Read/Write

Register Page: 21

Reset value: undefined

7 0

0 0

ISR_5 | ISR_4 | ISR_3|ISR_2 [ ISR_1 | ISR_0

4

ISR and ENCSR bit (EMR2 register) are also de-
scribed in the chapter relating to Interrupts, please
refer to this description for further details.

Bits 7:6 = Reserved, keep in reset state.

Bits 5:0 = ISR_[5:0]: These bits define the 64-
Kbyte memory segment (among 64) which con-
tains the interrupt vector table and the code for in-
terrupt service routines and DMA transfers (when
the PS bit of the DAPR register is reset). These
bits are used as the most significant address »its
(A21-16). The ISR is used to extend the cuaress
space in two cases:

— Whenever an interrupt occurs: IS5 ocints to the
64-Kbyte memory segment can.airing the inter-
rupt vector table and the iite.rupt service routine
code. See also the Interrup's chapter.

— During DMA trans2ctions between the peripheral
and memory wie 1 the PS bit of the DAPR regis-
teris reset - SH points to the 64 K-byte Memory
segm=rt gt will be involved in the DMA trans-
acuon.

2.7.4 DMASR: DMA Segment Register

DMA SEGMENT REGISTER (DMASR)
R249 - Read/Write

Register Page: 21

Reset value: undefined

7 0
0 0 DMA | DMA | DMA | DMA | DMA | DMA
SR_5 [ SR_4 | SR.3 | SR_2 | SR_1 | SR.0

Bits 7:6 = Reserved, keep in reset state.

Bits 5:0 = DMASR_[5:0]: These bits define the 64-
Kbyte Memory segment (among 64) used when a
DMA transaction is performed between the periph-
eral's data register and Memory, with the PS bit of
the DAPR register set. These bits are used as the
most significant address bits (A21-16). If the PS bit
is reset, the ISR register is used to extend the ad-
dress.
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MMU REGISTERS (Cont'd)
Figure 18. Memory Addressing Scheme (example)

4M bytes
3FFFFFh
16K 294000h
DPR3 | 1|o|1|o|o|1|o |1
DPR2 [o|ofoflofo|lof1]1 | #40L900h
23FFFFh
DPR1 1lo|lo|ofo|lo]|1]1 X7 |
DPRO | 1|o|o|o|o|Oo |0 |O W B
16K 20C000h
16K [ — 200000h
1FFFFFh
040000h
64K 03FFFFh
(b 030000h
DMASR | o| ol of o] 1|1
020000h
o|lo|oflo|o]1 > 64K
ISR 010000h
—> 16K 00C000h
CSR|o|o|o|0|0|0 ——Dgak
000000h
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2.8 MMU USAGE

2.8.1 Normal Program Execution

Program memory is organized as a set of 64-
Kbyte segments. The program can span as many
segments as needed, but a procedure cannot
stretch across segment boundaries. jps, calls
and rets instructions, which automatically modify
the CSR, must be used to jump across segment
boundaries. Writing to the CSR is forbidden during
normal program execution because it is not syn-
chronized with the opcode fetch. This could result
in fetching the first byte of an instruction from one
memory segment and the second byte from anoth-
er. Writing to the CSR is allowed when it is not be-
ing used, i.e during an interrupt service routine if
ENCSR is reset.

Note that a routine must always be called in the
same way, i.e. either always with call or always
with calls, depending on whether the routine
ends with ret or rets. This means that if the rou-
tine is written without prior knowledge of the loca-
tion of other routines which call it, and all the pro-
gram code does not fit into a single 64-Kbyte seg-
ment, then calls/rets should be used.

In typical microcontroller applications, less than 64
Kbytes of RAM are used, so the four Data space
pages are normally sufficient, and no change of
DPR[3:0] is needed during Program execution. 't
may be useful however to map part of the ROM
into the data space if it contains strings, tahies Lt
maps, etc.

If there is to be frequent use of raging, the user
can set bit 5 (DPRREM) in ragistar 3246 (EMR2)
of Page 21. This swaps tl.e (ocation of registers
DPR[3:0] with that of thz dat. registers of Ports 0-
3. In this way, DPF rcoisters can be accessed
without the need ‘o save/set/restore the Page
Pointer Reaqister. Port registers are therefore
moved to nag2 21. Applications that require a lot of
paging 1,/pizally use more than 64 Kbytes of exter-
nal merory, and as ports 0, 1 and 2 are required
to aauress it, their data registers are unused.

2.8.2 Interrupts

The ISR register has been created so that the in-
terrupt routines may be found by means of the
same vector table even after a segment jump/call.

When an interrupt occurs, the CPU behaves in
one of 2 ways, depending on the value of the ENC-
SR bit in the EMR2 register (R246 on Page 21).

If this bit is reset (default condition), the CPU
works in original ST9 compatibility mode. For the
duration of the interrupt service routine, the ISR is
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used instead of the CSR, and the interrupt stack
frame is kept exactly as in the original ST9 (only
the PC and flags are pushed). This avoids the
need to save the CSR on the stack in the case of
an interrupt, ensuring a fast interrupt response
time. The drawback is that it is not possible for an
interrupt service routine to perform segment
calls/jps: these instructions would update the
CSR, which, in this case, is not used (ISR is used
instead). The code size of all interrupt service rou-
tines is thus limited to 64 Kbytes.

If, instead, bit 6 of the EMR2 register is se¢, ihe
ISR is used only to point to the interrupt ve<tor ta-
ble and to initialize the CSR at the begnair.g of the
interrupt service routine: the old TR is pushed
onto the stack together with the F = and the flags,
and then the CSR is loaded with the ISR. In this
case, an iret will alse resture the CSR from the
stack. This approach .21z interrupt service routines
access the who'e +-Mbyte address space. The
drawback is 'na' the interrupt response time is
slightly inc.cased, because of the need to also
save we C3R on the stack. Compatibility with the
original ST9 is also lost in this case, because the
interrupt stack frame is different; this difference,
however, would not be noticeable for a vast major-
ity of programs.

Data memory mapping is independent of the value
of bit 6 of the EMR2 register, and remains the
same as for normal code execution: the stack is
the same as that used by the main program, as in
the ST9. If the interrupt service routine needs to
access additional Data memory, it must save one
(or more) of the DPRs, load it with the needed
memory page and restore it before completion.

2.8.3 DMA

Depending on the PS bit in the DAPR register (see
DMA chapter) DMA uses either the ISR or the
DMASR for memory accesses: this guarantees
that a DMA will always find its memory seg-
ment(s), no matter what segment changes the ap-
plication has performed. Unlike interrupts, DMA
transactions cannot save/restore paging registers,
so a dedicated segment register (DMASR) has
been created. Having only one register of this kind
means that all DMA accesses should be pro-
grammed in one of the two following segments:
the one pointed to by the ISR (when the PS bit of
the DAPR register is reset), and the one refer-
enced by the DMASR (when the PS bit is set).
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3 INTERRUPTS

3.1 INTRODUCTION

The ST9 responds to peripheral and external
events through its interrupt channels. Current pro-
gram execution can be suspended to allow the
ST9 to execute a specific response routine when
such an event occurs, providing that interrupts
have been enabled, and according to a priority
mechanism. If an event generates a valid interrupt
request, the current program status is saved and
control passes to the appropriate Interrupt Service
Routine.

The ST9 CPU can receive requests from the fol-
lowing sources:

— On-chip peripherals
— External pins
— Top-Level Pseudo-non-maskable interrupt

According to the on-chip peripheral features, an
event occurrence can generate an Interrupt re-
quest which depends on the selected mode.

Up to eight external interrupt channels, with pro-
grammable input trigger edge, are available. In ad-
dition, a dedicated interrupt channel, set to the
Top-level priority, can be devoted either to the ex-
ternal NMI pin (where available) to provide a Non-
Maskable Interrupt, or to the Timer/Watchdoa. Ir.
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terrupt service routines are addressed through a
vector table mapped in Memory.

Figure 19. Interrupt Response
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PROGRAM
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INTERRUPT
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INTERRUPTS (Contd)

3.2 INTERRUPT VECTORING

The ST9 implements an interrupt vectoring struc-
ture which allows the on-chip peripheral to identify
the location of the first instruction of the Interrupt
Service Routine automatically.

When an interrupt request is acknowledged, the
peripheral interrupt module provides, through its
Interrupt Vector Register (IVR), a vector to point
into the vector table of locations containing the
start addresses of the Interrupt Service Routines
(defined by the programmer).

Each peripheral has a specific IVR mapped within
its Register File pages.

The Interrupt Vector table, containing the address-
es of the Interrupt Service Routines, is located in
the first 256 locations of Memory pointed to by the
ISR register, thus allowing 8-bit vector addressing.
For a description of the ISR register refer to the
chapter describing the MMU.

The user Power on Reset vector is stored in the
first two physical bytes in memory, 000000h and
000001h.

Figure 20. Interrupt Vector Table

The Top Level Interrupt vector is located at ad-
dresses 0004h and 0005h in the segment pointed
to by the Interrupt Segment Register (ISR).

With one Interrupt Vector register, it is possible to
address several interrupt service routines; in fact,
peripherals can share the same interrupt vector
register among several interrupt channels. The
most significant bits of the vector are user pro-
grammable to define the base vector address with-
in the vector table, the least significant bits are
controlled by the interrupt module, in hardware, to
select the appropriate vector.

Note: The first 256 locations of the memcry scg-
ment pointed to by ISR can contain pregraim code.

3.2.1 Divide by Zero trap

The Divide by Zero trap v=zcidi is located at ad-
dresses 0002h and 0003h o each code segment;
it should be noted thal for each code segment a
Divide by Zero cervive routine is required.

Important. Al'ncugn the Divide by Zero Trap oper-
ates as ar' inicrrupt, the FLAG Register is not
pushzd onio the system Stack automatically. As a
res.ilt it must be regarded as a subroutine, and the
service routine must end with the RET instruction
(not IRET).

REGISTER FILE
| FPAGE REGISTERS |
1

INT. V=CTOR REGISTER

Ro40!
1123))

PROGRAM MEMORY

USER ISR

A

USER DIVIDE-BY-ZERO ISR

USER MAIN PROGRAM

USER TOP LEVEL ISR

A

0000FFh
oDD LO
‘——P— ISR ADDRESS }
EVEN HI
0 VECTOR
=, TOPLEVELINT. — }— TABLE
000004h |H!
O bVIDE-BY-ZERO  —| }
000002h |H!
LO |
— POWER-ON RESET —
000000h [HI
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INTERRUPTS (Contd)

3.22 Segment Paging During
Routines

The ENCSR bit in the EMR2 register can be used
to select between original ST9 backward compati-
bility mode and ST9+ interrupt management
mode.

Interrupt

ST9 backward compatibility mode (ENCSR = 0)

If ENCSR is reset, the CPU works in original ST9
compatibility mode. For the duration of the inter-
rupt service routine, ISR is used instead of CSR,
and the interrupt stack frame is identical to that of
the original ST9: only the PC and Flags are
pushed.

This avoids saving the CSR on the stack in the
event of an interrupt, thus ensuring a faster inter-
rupt response time.

It is not possible for an interrupt service routine to
perform inter-segment calls or jumps: these in-
structions would update the CSR, which, in this
case, is not used (ISR is used instead). The code
segment size for all interrupt service routines is
thus limited to 64K bytes.

ST9+ mode (ENCSR =1)

If ENCSR is set, ISR is only used to point to the in-
terrupt vector table and to initialize the CSF a. t.2
beginning of the interrupt service routine: e old
CSR is pushed onto the stack togeth 2r vt the PC
and flags, and CSR is then load=a with the con-
tents of ISR.

In this case, iret will 2!so vestore CSR from the
stack. This approact. a‘o'vs interrupt service rou-
tines to access the aitire 4 Mbytes of address
space. The drawhack is that the interrupt response
time is slight"y increased, because of the need to

N

also c2v 2 0GR on the stack.

Fuli corapatibility with the original ST9 is lost in this
case, because the interrupt stack frame is differ-
ent.

ENCSR Bit 0 1
Mode ST9 Compatible ST9+
Pushed/Popped PC, FLAGR,
Registers PC, FLAGR CSR

Max. Code Size
for interrupt

64KB <4 MB

service routine Within 1 segment | Across segments
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3.3 INTERRUPT PRIORITY LEVELS

The ST9 supports a fully programmable interrupt
priority structure. Nine priority levels are available
to define the channel priority relationships:

— The on-chip peripheral channels and the eight
external interrupt sources can be programmed
within eight priority levels. Each channel has a 3-
bit field, PRL (Priority Level), that defines its pri-
ority level in the range from 0 (highest priority) to
7 (lowest priority).

— The 9th level (Top Level Priority) is reserved for
the Timer/Watchdog or the External Pseudn
Non-Maskable Interrupt. An Interrupt senice
routine at this level cannot be interripted in any
arbitration mode. Its mask can be b inaskable
(TLI) or non-maskable (TLNM).

3.4 PRIORITY LEVEL ARBITRATION

The 3 bits of CPL (Zurient Priority Level) in the
Central Interrurt 7ontrol Register contain the pri-
ority of the zuirently running program (CPU priori-
ty). CPL is set to 7 (lowest priority) upon reset and
can be ncdified during program execution either
by saftware or automatically by hardware accord-

ing to the selected Arbitration Mode.

During every instruction, an arbitration phase
takes place, during which, for every channel capa-
ble of generating an Interrupt, each priority level is
compared to all the other requests (interrupts or
DMA).

If the highest priority request is an interrupt, its
PRL value must be strictly lower (that is, higher pri-
ority) than the CPL value stored in the CICR regis-
ter (R230) in order to be acknowledged. The Top
Level Interrupt overrides every other priority.

3.4.1 Priority Level 7 (Lowest)

Interrupt requests at PRL level 7 cannot be ac-
knowledged, as this PRL value (the lowest possi-
ble priority) cannot be strictly lower than the CPL
value. This can be of use in a fully polled interrupt
environment.

3.4.2 Maximum Depth of Nesting

No more than 8 routines can be nested. If an inter-
rupt routine at level N is being serviced, no other
Interrupts located at level N can interrupt it. This
guarantees a maximum number of 8 nested levels
including the Top Level Interrupt request.

3.4.3 Simultaneous Interrupts

If two or more requests occur at the same time and
at the same priority level, an on-chip daisy chain,
specific to every ST9 version, selects the channel
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with the highest position in the chain, as shown in
Table 10.

Table 10. Daisy Chain Priority

Highest Position INTAO INTO/WDT
INTA1 INT1/ADC
INTBO INT2
INTB1 INT3
INTCO INT4/
INTCAH INT5
INTDO INT6/RCCU
INTD1 INT7/WKUP
uUSB
MFT
SCI
Lowest Position 12C

3.4.4 Dynamic Priority Level Modification

The main program and routines can be specifically
prioritized. Since the CPL is represented by 3 bits
in a read/write register, it is possible to modify dy-
namically the current priority value during program
execution. This means that a critical section can
have a higher priority with respect to other inter-
rupt requests. Furthermore it is possible to priori-
tize even the Main Program execution by modify-
ing the CPL during its execution. See Figure 21

Figure 21. Example of Dynamic priority
level modification in Nested Mode

\ N

A INTERRUPT 6 HAS PRIORITY LI-VEL
Priority Level

CPLissetin7 |
by MAIM pi1ogram

CPLissetto5 _ _ o
'CoL6 > CPLS!
LINT6 pending

n_ MAIN)
CPL=7

3.5 ARBITRATION MODES

The ST9 provides two interrupt arbitration modes:
Concurrent mode and Nested mode. Concurrent
mode is the standard interrupt arbitration mode.
Nested mode improves the effective interrupt re-
sponse time when service routine nesting is re-
quired, depending on the request priority levels.

4

The 1AM control bit in the CICR Register selects
Concurrent Arbitration mode or Nested Arbitration
Mode.

3.5.1 Concurrent Mode

This mode is selected when the IAM bit is cleared
(reset condition). The arbitration phase, performed
during every instruction, selects the request with
the highest priority level. The CPL value is not
modified in this mode.

Start of Interrupt Routine

The interrupt cycle performs the following steps:

— All maskable interrupt requests are disabled by
clearing CICR.IEN.

— The PC low byte is pushed onto system stacic.
— The PC high byte is pushed onto sy ter stack.

— If ENCSR is set, CSR is pushzd 010 system
stack.

— The Flag register is prichec onto system stack.

— The PC is loaded vuh e 16-bit vector stored in
the Vector Tahir, nointed to by the IVR.

— If ENCSF 1= 22t, CSR is loaded with ISR con-
tents: othianvise ISR is used in place of CSR until
i-et ‘nstruction.

End of Interrupt Routine

The Interrupt Service Routine must be ended with
the iret instruction. The iret instruction exe-
cutes the following operations:

— The Flag register is popped from system stack.

— If ENCSR is set, CSR is popped from system
stack.

— The PC high byte is popped from system stack.
— The PC low byte is popped from system stack.

— All unmasked Interrupts are enabled by setting
the CICR.IEN bit.

— If ENCSR is reset, CSR is used instead of ISR.

Normal program execution thus resumes at the in-
terrupted instruction. All pending interrupts remain
pending until the next ei instruction (even if it is
executed during the interrupt service routine).

Note: In Concurrent mode, the source priority level
is only useful during the arbitration phase, where it
is compared with all other priority levels and with
the CPL. No trace is kept of its value during the
ISR. If other requests are issued during the inter-
rupt service routine, once the global CICR.IEN is
re-enabled, they will be acknowledged regardless
of the interrupt service routine’s priority. This may
cause undesirable interrupt response sequences.
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ARBITRATION MODES (Cont'd)
Examples

In the following two examples, three interrupt re-
quests with different priority levels (2, 3 & 4) occur
simultaneously during the interrupt 5 service rou-
tine.

Example 1

In the first example, (simplest case, Figure 22) the
ei instruction is not used within the interrupt serv-
ice routines. This means that no new interrupt can
be serviced in the middle of the current one. The
interrupt routines will thus be serviced one after
another, in the order of their priority, until the main
program eventually resumes.

Figure 22. Simple Example of a Sequence of Interrupt Requests with:

- Concurrent mode selected and
- IEN unchanged by the interrupt routines

0o 4 Priority Level of INTERRUPT 2 HAS PRIORITY LEVEL 2
Interrupt Request INTERRUPT 3 HAS PRIORITY LEVEL 3
INTERRUPT 4 HAS PRIORITY LF\/t'L 4
1 INTERRUPT 5 HAS PRIORIT L=VIL 5
ey G T 22X Y S
3 Lo ee oo INTB Jo oL Ll
4 o C|INT3 k- oo INTa ) - - - - e e e oo
5 d oL (INT5 J- - - - o o o e e e e e e el
6
7 MAIN
CPLissetin 7 CPL=7
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ARBITRATION MODES (Cont'd)
Example 2

In the second example, (more complex, Figure
23), each interrupt service routine sets Interrupt
Enable with the ei instruction at the beginning of
the routine. Placed here, it minimizes response
time for requests with a higher priority than the one
being serviced.

The level 2 interrupt routine (with the highest prior-
ity) will be acknowledged first, then, when the ei
instruction is executed, it will be interrupted by the
level 3 interrupt routine, which itself will be inter-
rupted by the level 4 interrupt routine. When the
level 4 interrupt routine is completed, the level 3 in-
terrupt routine resumes and finally the level 2 inter-
rupt routine. This results in the three interrupt serv-

ice routines being executed in the opposite order
of their priority.

It is therefore recommended to avoid inserting
the ei instruction in the interrupt service rou-
tine in Concurrent mode. Use the ei instruc-
tion only in nested mode.

IMPORTANT: If, in Concurrent Mode, interrupts
are nested (by executing ei in an interrupt service
routine), make sure that either ENCSR is set or
CSR=ISR, otherwise the iret of the innermestin-
terrupt will make the CPU use CSR insteac uf 'SR
before the outermost interrupt service routiie is
terminated, thus making the outermc st rcutine fail.

Figure 23. Complex Example of a Sequence of Interrupt Requests with:

- Concurrent mode selected

- IEN set to 1 during interrupt service routine execution

0 4 priority Level of INTERFU=T 2 HAS PRIORITY LEVEL 2

Interrupt Request INTERFUPT 3 HAS PRIORITY LEVEL 3
'NTERRUPT 4 HAS PRIORITY LEVEL 4
1 INTERRUPT 5 HAS PRIORITY LEVEL 5
I (CINT2 |- ----m e e oo - - INT2 )----------
CPL=7
3 INT3 Y -----d-mmmmmm oo
CPL=7
4 | _IINTR e e o8 N2 Y - - o oo
5 Ll NTE |- - e o e oo oo L Lo INT 5 - - -
CPL=7
6 |
7 MAIN MAIN )
CPLissetto 7 CPL=7
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ARBITRATION MODES (Cont'd)

3.5.2 Nested Mode —All m_askable interrupt requests are disabled by
The difference between Nested mode and Con- clearing CICR.IEN.

current mode, lies in the modification of the Cur- — CPL is saved in the special NICR stack to hold
rent Priority Level (CPL) during interrupt process- the priority level of the suspended routine.

Ing. — Priority level of the acknowledged routine is
The arbitration phase is basically identical to Con- stored in CPL, so that the next request priority
current mode, however, once the request is ac- will be compared with the one of the routine cur-
knowledged, the CPL is saved in the Nested Inter- rently being serviced.

rupt Control Register (NICR) by setting the NICR

bit corresponding to the CPL value (i.e. if the CPL 1" PC low byte is pushed onto system stack.

is 3, the bit 3 will be set). — The PC high byte is pushed onto system stack.
The CPL is then loaded with the priority of the re- ~ — If ENCSRis set, CSR is pushed onto systerr
quest just acknowledged; the next arbitration cycle stack.

is thus performed with reference to the priority of — The Flag register is pushed onto systera st:.ck.
Lﬁegte”“pt service routine currently being exe-  _ 1o pG js loaded with the 16-bit vester stored in

the Vector Table, pointed to by ‘he 1vR.

Start of Interrupt Routine _ — If ENCSR is set, CSR is 1o2ded with ISR con-
The interrupt cycle performs the following steps: tents; otherwise ISR is usec in place of CSR until
iret instruction.

Figure 24. Simple Example of a Sequence of Interrupt Requests w:tn:
- Nested mode
- IEN unchanged by the interrupt routines

Priority Level of INTERRUPT 0 HAS PRIORITY LEVEL 0
Interrupt Request INTERRUPT 2 HAS PRIORITY LEVEL 2
0 A ______ . W INTERRUPT 3 HAS PRIORITY LEVEL 3
CPL=0 INTERRUPT 4 HAS PRIORITY LEVEL 4

| T T 7 INTERRUPT 5 HAS PRIORITY LEVEL 5

1 CPL6 > CPL3: INTERRUPT 6 HAS PRIORITY LEVEL 6

INT6 pending
INVTO | L ]

INT4 - - CPL=4
" plo < CPL4:—:

Serviced next

————————————————————————————————— INT6 ) --------
CPL=6
MAIN —
CPLissetto7 CPL=7
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ARBITRATION MODES (Cont'd)
End of Interrupt Routine

The iret Interrupt Return instruction executes
the following steps:

— The Flag register is popped from system stack.

— If ENCSR is set, CSR is popped from system
stack.

— The PC high byte is popped from system stack.
— The PC low byte is popped from system stack.

— All unmasked Interrupts are enabled by setting
the CICR.IEN bit.

— The priority level of the interrupted routine is
popped from the special register (NICR) and
copied into CPL.

— If ENCSR is reset, CSR is used instead of ISR,
unless the program returns to another nested
routine.

The suspended routine thus resumes at the inter-
rupted instruction.

Figure 24 contains a simple example, showing that
if the ei instruction is not used in the interrupt
service routines, nested and concurrent modes
are equivalent.

Figure 25 contains a more complex example
showing how nested mode allows nested interrupt
processing (enabled inside the interrupt senic=
routines using the ei instruction) accordity to
their priority level.

Figure 25. Complex Example of a Sequence of Interrupt Requests with:

- Nested mode

- IEN set to 1 during the interrupt routine execution

Priority Level of
Interrupt Request

INTERF'JFT 0 HAS PRIORITY LEVEL 0
IMTERILAT 2 HAS PRIORITY LEVEL 2
'T-h®UPT 3 HAS PRIORITY LEVEL 3
‘NTERRUPT 4 HAS PRIORITY LEVEL 4
INTERRUPT 5 HAS PRIORITY LEVEL 5
INTERRUPT 6 HAS PRIORITY LEVEL 6

o4 (NTO) -----------
CPL=0
1 :_CPLG > CPL?:I
INTO IN_T6End|ng |
2. 1. INT2} - - - {INT2 f \
CPL=2 CPL=2 | |IN75
_V_
3 e R A DINT 3
/‘CPL—s
INT2 el
4.4 INT3[F - - - - - - - - - - ---
INT4 o T 1 CPL
; '>PL2 < CPL4:
5 | IN::} _I_Ser_wcedjust aﬁarell

CPLissetto7

4
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3.6 EXTERNAL INTERRUPTS
The standard ST9 core contains 8 external inter-
rupts sources grouped into four pairs.

INT7 is connected to 8 different I/O pins of Port 3.
Once these pins are programmed as alternate
function they are able to generate an interrupt.

Table 11. External Interrupt Channel Grouping

External Interrupt Channel
INT7 INTDA
INT6 INTDO
INT5 INTCA
INT4 INTCO
INT3 INTB1
INT2 INTBO
INTH INTA1
INTO INTAO

INTO .. 6 have a trigger control bit TEAO,..TED1
(R242,EITR.0,..,7 Page 0) to select triggering on
the rising or falling edge of the external pin. If the
Trigger control bit is set to “1”, the corresponding
pending bit IPAO,..,IPD1 (R243, EIPR.O0,..,6 Page
0) is set on the input pin rising edge, if it is cleared,
the pending bit is set on the falling edge of the in-
put pin. Each source can be individually masked
through  the  corresponding  control  bit
IMAQ,..,IMD1 (EIMR.6,..,0). See Figure 27.

INT7 is falling edge sensitive only, bit EIMR.7 must
always be cleared.

The priority level of the external inter Lt sources
can be programmed among the 2¢ht priority lev-
els with the control register Zii’LR (i3245). The pri-
ority level of each pair is s tware defined using
the bits PRL2, PRL1. For each pair, the even
channel (A0,B0,CC,D) ui the group has the even
priority level ara ti'e odd channel (A1,B1,C1,D1)
has the odd {low:r) priority level.
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Figure 26. Priority Level Examples

INT.DO: 100=4
INT.D1: 101=5

INT.CO: 000=0
INT.C1: 001=1

SOURCE PRIORITY

PL2D PL1DPL2C PL1C PL2B PL1B PL2A PL1A

|1‘O‘0‘0‘1|0‘0‘1‘EIPLR

SOURCE PRIORITY

INT.AQ: 010=2
INT.A1:011=3

INT.BO: 100=4
INT.B1: .1_91:5

VR000151

Figure 26 shows an example of priority levele
Figure 27 gives an overview of the Exteracl inter-

rupt control bits and vectors.

— The source of the interrupt chanrei A0 can be
selected between the exieria! pin INTO (when
IAOS = “1”, the reset value) or the On-chip Timer/
Watchdog peripher=l t.vhen IAOS = “0”).

— The source o thz inierrupt channel A1 can be
selected between the external pin INT1 (when
AD-INT="0") or the on-chip ADC peripheral
(when AL-iNT="1”, the reset value).

— Tie source of the interrupt channel DO can be
selected between the external pin INT6 (when
INT_SEL = “0”) or the on-chip RCCU.

Important: When using channels shared by both
external interrupts and peripherals, special care
must be taken to configure their control registers
for both peripherals and interrupts.

Table 12. Multiplexed Interrupt Sources

Channel Internal Interrupt External Interrupt
Source Source
INTAO Timer/Watchdog INTO
INTA1 ADC INTH
INTDO RCCU INT6
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EXTERNAL INTERRUPTS (Cont'd)

Figure 27. External Interrupts Control Bits and Vectors

Watchdog/Timer IA0S
TEAO End of count
¢ ;}‘ VECTOR  [v7IVelvslva 0ToToTX
Priority level  [PL2AIPL1A[ 0 INT AO
_+- . ' . > request
INT 0 pin [ “q” Mask bit [IMAO Pending bit | IPAO
*
AD-INT
TEA1  ADC v
‘ ;}‘ VECTOR  [V7ZIVeIVEIva[ 0] 01 1xX]
Priority level  [PL2A[PL1A[ 1] >|NT Al
L m . o request
INT 1 pin [1 IL| o* Te80 Mask bit |IMA1 Pending bit | IPA1 ‘
i VECTOR  Lvzlvelvslval o] 1[0l
INT 2 pin [ J Priority level [PL2B[PL1B[ 0] | INT Bot
) \ > reques
L Mask bit [IMBO Pending - | IPBO] ‘
TEB1
i VECTOR v.Wsvs[va[ 011X
INT 3 pin [ i Priority level ~ 1'L2B]PL1B[ 1 INTB1
> reques
L wiack bt [IMB1] Pending bit [ IPB1
TECO
1
v VECTOR  vAve[vs[val 1]ol0lX
; T Priority level ~ [PL2CIPLAC[ 0 ] INT CO
INT 4 pin 0 . J | y‘ _ . —>request
1 Mask bit [IMCO Pending bit | IPCO
TECT
¢ VECTOR V7IV6]V5IV4] 1] 0 X
INT 5 pin [ = m Priority level  [PL2CIPL1C| 1 >INT C1t
reques
|L| Mask bit |IMC1 Pending bit | IPC1
INT_SEL
TEVO RCCU $
| ¢ I—?‘ VECTOR  [VZIVeIVsIVa[1 1] 01X
Jﬂ m Priority level  [PL2D[PL1D[ 0 | INT Dot
) > reques
INT 6 pin [} 11] ﬂ Mask bit [IMDO Pending bit [IPDO
*
TED!  p1s
'F’,‘gT;_gi"S[ i “Q7 VECTOR  [VZIVe[V5[Va[ 1 [1 [ 1]X]
[7:0] 1 Priority level  [PL2DPLD[ 1] INT D1
> reques
WKUP r 1 Mask bit |IMD1 Pending bit | IPD1
[13:0] pins Wake-up *
Controller
WKUP14
pins
P1.[7:0]
*Shared channels, see warning
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3.7 MANAGEMENT OF WAKE-UP LINES AND EXTERNAL INTERRUPT LINES

In the ST92163, fifteen Wake-up lines
(WKUP[14:0]) are available on external pins. The
WKUP[15] line is internally connected to the USB
interface line.

Figure 28 shows the connections of the External
Interrupt Lines INT7[7:0] and the Wake-up/Inter-
rupt Lines managed through the WUIMU on the
INTD1 interrupt channel.

Figure 28. Wake-Up Lines and External Interrupt Lines Management

USBISTR WUIMU
Register WKUP[7:0]
WKUP[13:8]
IjESUSP WKUP15 |
ULCHL INT7[7:C] i
USB . :
INTERFACE Trigger Registers
Pending Registers
WKUP14[7:0] Mask Registers N
SW Setting NN —
— |
WUCTRL Register —.X\ i 0
+ M it +
STQOP External Interrupt
(.w RCCU) INTD1
(to CPU)
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3.8 TOP LEVEL INTERRUPT

The Top Level Interrupt channel can be assigned
either to the external pin NMI or to the Timer/
Watchdog according to the status of the control bit
EIVR.TLIS (R246.2, Page 0). If this bit is high (the
reset condition) the source is the external pin NMI.
If it is low, the source is the Timer/ Watchdog End
Of Count. When the source is the NMI external
pin, the control bit EIVR.TLTEV (R246.3; Page 0)
selects between the rising (if set) or falling (if reset)
edge generating the interrupt request. When the
selected event occurs, the CICR.TLIP bit (R230.6)
is set. Depending on the mask situation, a Top
Level Interrupt request may be generated. Two
kinds of masks are available, a Maskable mask
and a Non-Maskable mask. The first mask is the
CICR.TLI bit (R230.5): it can be set or cleared to
enable or disable respectively the Top Level Inter-
rupt request. If it is enabled, the global Enable In-
terrupt bit, CICR.IEN (R230.4; Page 0) must also
be enabled in order to allow a Top Level Request.

The second mask NICR.TLNM (R247.7; Page 0)
is a set-only mask. Once set, it enables the Top
Level Interrupt request independently of the value
of CICR.IEN and it cannot be cleared by the pro-
gram. Only the processor RESET cycle can clear
this bit. This does not prevent the user from ignor-
ing some sources due to a change in TLIS.

The Top Level Interrupt Service Routine canno bzc
interrupted by any other interrupt or DMA requedt,
in any arbitration mode, not even by a subsac,uent
Top Level Interrupt request.

Figure 29. Top Level Interr=n' Structure

Warning. The interrupt machine cycle of the Top
Level Interrupt does not clear the CICR.IEN bit,
and the corresponding iret does not set it.

3.9 ON-CHIP PERIPHERAL INTERRUPTS

The general structure of the peripheral interrupt
unit is described here, however each on-chip pe-
ripheral has its own specific interrupt unit contain-
ing one or more interrupt channels, or DMA chan-
nels. Please refer to the specific peripheral chap-
ter for the description of its interrupt features and
control registers.

The on-chip peripheral interrupt channels provide
the following control bits:

— Interrupt Pending bit (IP). Set by iarware
when the Trigger Event occurs. Lo be set/
cleared by software to ger.craescancel pending
interrupts and give the stai s for Interrupt polling.

— Interrupt Mask bii {I\/). If IM = “0”, no interrupt
request is genarzaea. it IM =17 an interrupt re-
quest is gencia2u whenever IP = “1” and
CICR.IEN = 1”7,

— Pricriwv ) .evel (PRL, 3 bits). These bits define
th= current priority level, PRL=0: the highest pri-
ority, PRL=7: the lowest priority (the interrupt
cannot be acknowledged)

— Interrupt Vector Register (IVR, up to 7 bits).
The IVR points to the vector table which itself
contains the interrupt routine start address.

[ WATCHDO: “NABLE
WLEN I CORE
RESET
| WATCHDOG TIMER TLIP
END OF COUNT MUX PENDING TOP LEVEL
:)—’ INTERRUPT
T VASK REQUEST
NMI [ f OR %
TLIS
TLTEV
TLNM T
TL ——
IEN ——
L VA00294

4
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3.10 INTERRUPT RESPONSE TIME

The interrupt arbitration protocol functions com-
pletely asynchronously from instruction flow, and
requires 6 CPUCLK cycles to resolve the request’s
priority.

Requests are sampled every 5 CPUCLK cycles.

If the interrupt request comes from an external pin,
the trigger event must occur a minimum of one
INTCLK cycle before the sampling time.

When an arbitration results in an interrupt request
being generated, the interrupt logic checks if the
current instruction (which could be at any stage of
execution) can be safely aborted; if this is the
case, instruction execution is terminated immedi-
ately and the interrupt request is serviced; if not,
the CPU waits until the current instruction is termi-
nated and then services the request. Instruction
execution can normally be aborted provided no
write operation has been performed.

For an interrupt deriving from an external interrupt
channel, the response time between a user event
and the start of the interrupt service routine can
range from a minimum of 26 clock cycles to a max-
imum of 48 clock cycles.
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For a non-maskable Top Level interrupt, the re-
sponse time between a user event and the start of
the interrupt service routine can range from a min-
imum of 22 clock cycles to a maximum of 48 clock
cycles.

In order to guarantee edge detection, input signals
must be kept low/high for a minimum of one
INTCLK cycle.

An interrupt machine cycle requires a basic 18 in-
ternal clock cycles (CPUCLK), to which must be
added a further 2 clock cycles if the stack is in the
Register File. 2 more clock cycles must further be
added if the CSR is pushed (ENCSR =1).

The interrupt machine cycle duration forms p-ur: of
the two examples of interrupt response tim 2 previ-
ously quoted; it includes the time requii2a tu push
values on the stack, as well as inerupt vector
handling.

In Wait for Interrupt mode, = further cycle is re-
quired as wake-up deley.

4




ST92163R4 - INTERRUPTS

3.11 INTERRUPT REGISTERS

CENTRAL INTERRUPT CONTROL REGISTER
(CICR)

R230 - Read/Write

Register Page: System

Reset value: 1000 0111 (87h)

7 0

GCEN| TLIP | TLI | IEN | IAM [CPL2|CPL1|CPLO

Bit 7 = GCEN: Global Counter Enable.

This bit enables the 16-bit Multifunction Timer pe-
ripheral.

0: MFT disabled

1: MFT enabled

Bit 6 = TLIP: Top Level Interrupt Pending.

This bit is set by hardware when Top Level Inter-
rupt (TLI) trigger event occurs. It is cleared by
hardware when a TLI is acknowledged. It can also
be set by software to implement a software TLI.

0: No TLI pending

1: TLI pending

Bit 5 = TLI: Top Level Interrupt.

This bit is set and cleared by software.

0: Generate a Top Level Interrupt only if TLNV ="

1: Generate a Top Level Interrupt request whar,
the IEN and TLIP bits=1.

Bit 4 = IEN: Interrupt Enable

This bit is cleared by the interupt machine cycle
(except for a TLI).

Itis set by the iret i.'si<uction (except for a return
from TLI).

Itis set by the = Instruction.

Itis clearec k' trie DI instruction.

0: M2ckabi 2 interrupts disabled

1: Maskavle Interrupts enabled

Note: The IEN bit can also be changed by soft-
ware using any instruction that operates on regis-
ter CICR, however in this case, take care to avoid
spurious interrupts, since IEN cannot be cleared in
the middle of an interrupt arbitration. Only modify
the IEN bit when interrupts are disabled or when
no peripheral can generate interrupts. For exam-

4

ple, if the state of IEN is not known in advance,
and its value must be restored from a previous
push of CICR on the stack, use the sequence DI ;
POP CICR to make sure that no interrupts are be-
ing arbitrated when CICR is modified.

Bit 3 = IAM: Interrupt Arbitration Mode.
This bit is set and cleared by software.
0: Concurrent Mode

1: Nested Mode

Bits 2:0 = CPL[2:0]: Current Priority Level.

These bits define the Current Priority Le e
CPL=0 is the highest priority. CPL=7 s thu iowest
priority. These bits may be modified direcuy by the
interrupt hardware when Neste inte rrupt Mode is
used.

EXTERNAL INTER:L?PT TRIGGER REGISTER
(EITR)

R242 - Reedrite

Regictar Page: 0

Res et value: 0000 0000 (00h)

7 0

TED1|TEDO|TEC1|TECO|TEB1|TEBO | TEA1|TEAO

Bit 7 = TED1: INTD1 Trigger Event
Must always stay cleared

Bit 6 = TEDO: INTDO Trigger Event
Bit 5 =TEC1: INTC1 Trigger Event
Bit 4 = TECO: INTCO Trigger Event
Bit 3 = TEB1: INTB1 Trigger Event
Bit 2 = TEBO: INTBO Trigger Event
Bit 1 = TEA1: INTAT1 Trigger Event
Bit 0 = TEAO: INTAO Trigger Event

These bits are set and cleared by software.
0: Select falling edge as interrupt trigger event
1: Select rising edge as interrupt trigger event
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INTERRUPT REGISTERS (Cont'd)

EXTERNAL INTERRUPT PENDING REGISTER
(EIPR)

R243 - Read/Write

Register Page: 0

Reset value: 0000 0000 (00h)

7 0

IPD1 | IPDO | IPC1 | IPCO | IPB1 | IPBO | IPA1 | IPAO

Bit 7 = IPD1: INTD1 Interrupt Pending bit
Bit 6 = IPDO: INTDO Interrupt Pending bit
Bit 5 = IPC1: INTC1 Interrupt Pending bit
Bit 4 = IPCO: INTCO Interrupt Pending bit
Bit 3 = IPB1: INTB1 Interrupt Pending bit
Bit 2 = IPBO: INTBO Interrupt Pending bit
Bit 1 = IPA1: INTAT1 Interrupt Pending bit
Bit 0 = IPAO: INTAO Interrupt Pending bit

These bits are set by hardware on occurrence of a
trigger event (as specified in the EITR register)
and are cleared by hardware on interrupt acknowl-
edge. They can also be set by software to imple-
ment a software interrupt.

0: No interrupt pending

1: Interrupt pending

EXTERNAL INTERRUPT MASK-BIT PEMISTER
(EIMR)

R244 - Read/Write

Register Page: 0

Reset value: 0000 0000 (001.)

7 Nod 0

|
IMDA IMDO!I.’ICIIIMCO IMB1 | IMBO | IMA1 | IMAO

v _ S D

Bit 7 ='MD1: INTD1 Interrupt Mask
Bit 6 = IMDO: INTDO Interrupt Mask
Bit 5 = IMC1: INTC1 Interrupt Mask
Bit 4 = IMCO: INTCO Interrupt Mask
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Bit 3 = IMB1: INTB1 Interrupt Mask
Bit 2 = IMBO: INTBO Interrupt Mask
Bit 1 = IMA1: INTAT1 Interrupt Mask
Bit 0 = IMAO: INTAO Interrupt Mask

These bits are set and cleared by software.

0: Interrupt masked

1: Interrupt not masked (an interrupt is generated if
the IPxx and IEN bits = 1)

EXTERNAL INTERRUPT PRIORITY LEVEL
REGISTER (EIPLR)

R245 - Read/Write

Register Page: 0

Reset value: 1111 1111 (FFh)

7 0

PL2D | PL1D |PL2C PL1C!PL23—F3L1B PL2A | PL1A

Bits 7:6 = PL20, FL1D: INTDO, D1 Priority Level.
Bits 5:4 = P1.2.C, PL1C: INTCO, C1 Priority Level.
Bite 3:2 = PL2B, PL1B: INTBO, B1 Priority Level.
Rits 1:0 = PL2A, PL1A: INTAO, A1 Priority Level.
These bits are set and cleared by software.

The priority is a three-bit value. The LSB is fixed by
hardware at 0 for Channels A0, BO, CO and DO and
at 1 for Channels A1, B1, C1 and D1.

PL2x | PL1x Harg:’:are Priority
0 0 0 0 (Highest)
1 1
0 2
0 1 1 3
0 4
1 0 1 5
1 1 0 6
1 7 (Lowest)
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INTERRUPT REGISTERS (Cont'd)

EXTERNAL INTERRUPT VECTOR REGISTER
(EIVR)

R246 - Read/Write
Register Page: 0
Reset value: xxxx 0110 (x6h)

7 0

V7 | V6 | V5 | V4 [TLTEV| TLIS |IAOS |[EWEN

Bits 7:4 = V[7:4]: Most significant nibble of Exter-
nal Interrupt Vector.

These bits are not initialized by reset. For a repre-
sentation of how the full vector is generated from
V[7:4] and the selected external interrupt channel,
refer to Figure 27.

Bit 3 = TLTEV: Top Level Trigger Event bit.
This bit is set and cleared by software.

0: Select falling edge as NMI trigger event
1: Select rising edge as NMI trigger event

Bit 2 = TLIS: Top Level Input Selection.

This bit is set and cleared by software.

0: Watchdog End of Count is TL interrupt source
1: NMl is TL interrupt source

Bit 1 = 1A0S: Interrupt Channel A0 Selecicn.
This bit is set and cleared by software

0: Watchdog End of Count is INTAQ source
1: External Interrupt pin is INT£Q rource

Bit 0 = EWEN: Externa’ »/ait Enable.
This bit is set and ciccred by software.
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0: WAITN pin disabled
1: WAITN pin enabled (to stretch the external
memory access cycle).

Note: For more details on Wait mode refer to the
section describing the WAITN pin in the External
Memory Chapter.

NESTED INTERRUPT CONTROL (NICR)
R247 - Read/Write

Register Page: 0

Reset value: 0000 0000 (00h)

7 o

TN
TLNM| HL6 | HL5 | HL4 | HL3

l
HL2 | il HLO
A

Bit 7 = TLNM: Top Level Nt ) Je.skable.

This bit is set by software and cleared only by a

hardware reset.

0: Top Level Interruri i askable. A top level re-
quest is gerciated if the IEN, TLI and TLIP bits
=1

1: Ton L av 3! interrupt Not Maskable. A top level
reque s. is generated if the TLIP bit =1

Bits 6:0 = HL[6:0]: Hold Level x

These bits are set by hardware when, in Nested
Mode, an interrupt service routine at level x is in-
terrupted from a request with higher priority (other
than the Top Level interrupt request). They are
cleared by hardware at the iret execution when
the routine at level x is recovered.

61/230




ST92163R4 - INTERRUPTS

INTERRUPT REGISTERS (Cont'd)
EXTERNAL MEMORY REGISTER 2 (EMR2)

R246 - Read/Write
Register Page: 21
Reset value: 0000 1111 (OFh)

7 0

0 ENCSR| O 0 1 1 1 1

Bits 7, 5:0 = Reserved, keep in reset state. Refer
to the external Memory Interface Chapter.

Bit 6 = ENCSR: Enable Code Segment Register.
This bit is set and cleared by software. It affects
the ST9 CPU behaviour whenever an interrupt re-
quest is issued.

0: The CPU works in original ST9 compatibility
mode. For the duration of the interrupt service
routine, ISR is used instead of CSR, and the in-
terrupt stack frame is identical to that of the orig-
inal ST9: only the PC and Flags are pushed.
This avoids saving the CSR on the stack in the
event of an interrupt, thus ensuring a faster in-
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terrupt response time. The drawback is that it is
not possible for an interrupt service routine to
perform inter-segment calls or jumps: these in-
structions would update the CSR, which, in this
case, is not used (ISR is used instead). The
code segment size for all interrupt service rou-
tines is thus limited to 64K bytes.

: ISR is only used to point to the interrupt vector

table and to initialize the CSR at the beginning
of the interrupt service routine: the old CSR is
pushed onto the stack together with the PC and
flags, and CSR is then loaded with the contete
of ISR. In this case, iret will also restore \1e
CSR from the stack. This approach allcws iner-
rupt service routines to access the «<n'ire. 4
Mbytes of address space; the drovebick is that
the interrupt response time is shiahiy increased,
because of the need to a:s% save the CSR on
the stack. Full compativility with the original ST9
is lost in this case. ne~zuse the interrupt stack
frame is differen'; this difference, however,
should not ¢ ffe ct the vast majority of programs.

4




ST92163R4 - INTERRUPTS

3.12 WAKE-UP / INTERRUPT LINES MANAGEMENT UNIT (WUIMU)

3.12.1 Introduction

The Wake-up/Interrupt Management Unit extends
the number of external interrupt lines from 8 to 23
(depending on the number of external interrupt
lines mapped on external pins of the device). It al-
lows the source of the INTD1 external interrupt
channel to be selected between the INT7 pin and
up to 16 additional external Wake-up/interrupt
pins.

These 16 WKUP pins can be programmed as ex-
ternal interrupt lines or as wake-up lines, able to
exit the microcontroller from low power mode
(STOP mode) (see Figure 30).

3.12.2 Main Features

m Supports up to 16 additional external wake-up
or interrupt lines

m Wake-Up lines can be used to wake-up the ST9
from STOP mode.

m Programmable selection of wake-up or interrupt
m Programmable wake-up trigger edge polarity
m All Wake-Up Lines maskable

Note: The number of available pins is device de-
pendent. Refer to the device pinout description.

Figure 30. Wake-Up Lines / Interrupt Management Unit Block Diagram
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WAKE-UP / INTERRUPT LINES MANAGEMENT UNIT (Cont'd)

3.12.3 Functional Description
3.12.3.1 Interrupt Mode

To configure the 16 wake-up lines as interrupt
sources, use the following procedure:

1. Configure the mask bits of the 16 wake-up lines
(WUMRL, WUMRH).

2. Configure the triggering edge registers of the
wake-up lines (WUTRL, WUTRH).

3. Set bit 7 of EIMR (R244 Page 0) and EITR
(R242 Page 0) registers of the CPU: so an
interrupt coming from one of the 16 lines can be
correctly acknowledged.

4. Reset the WKUP-INT bit in the WUCTRL regis-
ter to disable Wake-up Mode.

5. Set the ID1S bit in the WUCTRL register to dis-
able the INT7 external interrupt source and
enable the 16 wake-up lines as external inter-
rupt source lines.

To return to standard mode (INT7 external inter-
rupt source enabled and 16 wake-up lines disa-
bled) it is sufficient to reset the ID1S bit.

3.12.3.2 Wake-up Mode Selection

To configure the 16 lines as wake-up sources, use
the following procedure:

1. Configure the mask bits of the 16 wake-"p linec
(WUMRL, WUMRH).

2. Configure the triggering edge r=gis.ers of the
wake-up lines (WUTRL, W! JTRY).

3. Set, as for Interrupt Moce selection, bit 7 of
EIMR and EITR reqisiers only if an interrupt
routine is to be ex~cuied after a wake-up event.
Otherwise, if 1\ 'wake-up event only restarts
the exec:tion of the code from where it was
stopped tn2 INTD1 interrupt channel must be
masied or the external source must be
sclerted by resetting the ID1S bit.

4. Since the RCCU can generate an interrupt
request when exiting from STOP mode, take
care to mask it even if the wake-up event is
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only to restart code execution.

5. Set the WKUP-INT bit in the WUCTRL register
to select Wake-up Mode.

6. Set the ID1S bit in the WUCTRL register to dis-
able the INT7 external interrupt source and
enable the 16 wake-up lines as external inter-
rupt source lines. This is not mandatory if the
wake-up event does not require an interrupt
response.

7. Write the sequence 1,0,1 to the STOP bit of the
WUCTRL register with three consecutive write
operations. This is the STOP bit seting
sequence.

To detect if STOP Mode was entered or not, im-

mediately after the STOP bit setting scquence,

poll the RCCU EX_STP bit (R242 7, Fage 55) and
the STOP bit itself.

3.12.3.3 STOP Mo« E.:iry Conditions

Assuming the &87% is in Run mode: during the
STOP bit setiiny sequence the following cases
may occur.

Cate 1' Wrong STOP bit setting sequence

This can happen if an Interrupt/DMA request is ac-
knowledged during the STOP bit setting se-
quence. In this case polling the STOP and
EX_STP bits will give:

STOP=0,EX_STP =0

This means that the ST9 did not enter STOP mode
due to a bad STOP bit setting sequence: the user
must retry the sequence.

Case 2: Correct STOP bit setting sequence
In this case the ST9 enters STOP mode.

To exit STOP mode, a wake-up interrupt must be
acknowledged. That implies:

STOP =0, EX_STP =1

This means that the ST9 entered and exited STOP
mode due to an external wake-up line event.
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WAKE-UP / INTERRUPT LINES MANAGEMENT UNIT (Cont'd)

Case 3: A wake-up event on the external wake-
up lines occurs during the STOP bit setting se-
quence

There are two possible cases:

1. Interrupt requests to the CPU are disabled: in
this case the ST9 will not enter STOP mode, no
interrupt service routine will be executed and
the program execution continues from the
instruction following the STOP bit setting
sequence. The status of STOP and EX_STP
bits will be again:

STOP =0, EX_STP =0

The application can determine why the ST9 did
not enter STOP mode by polling the pending
bits of the external lines (at least one must be at
1).

2. Interrupt requests to CPU are enabled: in this
case the ST9 will not enter STOP mode and the
interrupt service routine will be executed. The
status of STOP and EX_STP bits will be again:

STOP =0,EX_STP=0
The interrupt service routine can determine why
the ST9 did not enter STOP mode by polling

the pending bits of the external lines (at least
one must be at 1).

4

If the MCU really exits from STOP Mode, the
RCCU EX_STP bit is still set and must be reset by
software. Otherwise, if an Interrupt/DMA request
was acknowledged during the STOP bit setting se-
quence, the RCCU EX_STP bit is reset. This
means that the MCU has filtered the STOP Mode
entry request.

The WKUP-INT bit can be used by an interrupt
routine to detect and to distinguish events coming
from Interrupt Mode or from Wake-up Mode, allow-
ing the code to execute different procedures.

To exit STOP mode, it is sufficient that one of the
16 wake-up lines (not masked) generates an
event: the clock restarts after the delay nee dec for
the oscillator to restart.

Note: After exiting from STOF Nodue, the software
can successfully reset the punding bits (edge sen-
sitive), even though tte corresponding wake-up
line is still activa (iign or low, depending on the
Trigger Event req.isier programming); the user
must poll ths extizrnal pin status to detect and dis-
tinguist. 4 oho.t event from a long one (for example
key’yoa a iinput with keystrokes of varying length).
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3.12.4 Programming Considerations

The following paragraphs give some guidelines for
designing an application program.

3.12.4.1 Procedure for Entering/Exiting STOP
mode

1. Program the polarity of the trigger event of
external wake-up lines by writing registers
WUTRH and WUTRL.

2.Check that at least one mask bit (registers
WUMRH, WUMRL) is equal to 1 (so at least
one external wake-up line is not masked).

3. Reset at least the unmasked pending bits: this
allows a rising edge to be generated on the
INTD1 channel when the trigger event occurs
(an interrupt on channel INTD1 is recognized
when a rising edge occurs).

4. Select the interrupt source of the INTD1 chan-
nel (see description of ID1S bit in the WUCTRL
register) and set the WKUP-INT bit.

5. To generate an interrupt on channel INTD1, bits
EITR.1 (R242.7, Page 0) and EIMR.1 (R244.7,
Page 0) must be set and bit EIPR.7 must be
reset. Bits 7 and 6 of register R245, Page 0
must be written with the desired priority level for
interrupt channel INTD1.

6. Reset the STOP bit in register WUCTRL an<
the EX_STP bit in the CLK_FLAG regisier
(R242.7, Page 55). Refer to the RCCU chaprer.

7. To enter STOP mode, write the s:qierice 1, 0,
1 to the STOP bit in the WUC™ R.. iegister with
three consecutive write cpe -a‘ions.

8. The code to be execrutea just after the STOP
sequence must chack the status of the STOP
and RCCU EX _=7 P bits to determine if the ST9
entered STuP® mode or not (See “Wake-up
Mode Selecion” on page 64. for details). If the
ST ¢id ot enter in STOP mode it is necessary
to relhop the procedure from the beginning, oth-
erwise the procedure continues from next point.
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9. Poll the wake-up pending bits to determine
which wake-up line caused the exit from STOP
mode.

10.Clear the wake-up pending bit that was set.
3.12.4.2 Simultaneous Setting of Pending Bits

It is possible that several simultaneous events set
different pending bits. In order to accept subse-
quent events on external wake-up/interrupt lines, it
is necessary to clear at least one pending bit: this
operation allows a rising edge to be generated on
the INTD1 line (if there is at least one more pend-
ing bit set and not masked) and so to set EIP3.7
bit again. A further interrupt on channel INTT ! vili
be serviced depending on the status of bit EINK.7.
Two possible situations may arise:

1. The user chooses to reset all bending bits: no
further interrupt request~ wili be generated on
channel INTD1. In this ca. e the user has to:

— Reset EIMR.7 bi. (\» #.void generating a spuri-
ous interrup® raguest during the next reset op-
eration or ue WUPRH register)

— Reset WUPRH register using a read-modify-
wite ir.struction (AND, BRES, BAND)

— Clzar the EIPR.7 bit

— Reset the WUPRL register using a read-mod-
ify-write instruction (AND, BRES, BAND)

2. The user chooses to keep at least one pending
bit active: at least one additional interrupt
request will be generated on the INTD1 chan-
nel. In this case the user has to reset the
desired pending bits with a read-modify-write
instruction (AND, BRES, BAND). This operation
will generate a rising edge on the INTD1 chan-
nel and the EIPR.7 bit will be set again. An
interrupt on the INTD1 channel will be serviced
depending on the status of EIMR.7 bit.
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3.12.5 Register Description

WAKE-UP CONTROL REGISTER (WUCTRL)
R249 - Read/Write

Register Page: 57

Reset Value: 0000 0000 (00h)

7 0

STOP | ID1S | WKUP-INT

Bit 2 = STOP: Stop bit.

To enter STOP Mode, write the sequence 1,0,1 to
this bit with three consecutive write operations.
When a correct sequence is recognized, the
STOP bit is set and the RCCU puts the MCU in
STOP Mode. The software sequence succeeds
only if the following conditions are true:

— The WKUP-INT bit is 1,
— All unmasked pending bits are reset,

— At least one mask bit is equal to 1 (at least one
external wake-up line is not masked).

Otherwise the MCU cannot enter STOP mode, the
program code continues executing and the STOP
bit remains cleared.

The bit is reset by hardware if, while the MCU is in
STOP mode, a wake-up interrupt comes from any
of the unmasked wake-up lines. The STOP bitis at
1 in the two following cases (See “Wake-uu Miou2
Selection” on page 64. for details):

— After the first write instruction of the sixquence (a
1 is written to the STOP bit)

— At the end of a successi’i sequence (i.e. after
the third write instrur,u>n of the sequence)

Note: The STOF roquest generated by the
WUIMU (that 2iinvrs tne ST9 to enter STOP mode)
is ORed witii \he external STOP pin (active low).
This me«ans that if the external STOP pin is forced

low the £79 will enter STOP mode independently
of tho status of the STOP bit.

WARNING: Writing the sequence 1,0,1 to the
STOP bit will enter STOP mode only if no other
register write instructions are executed during the
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sequence. If Interrupt or DMA requests (which al-
ways perform register write operations) are ac-
knowledged during the sequence, the ST9 will not
enter STOP mode: the user must re-enter the se-
quence to set the STOP bit.

WARNING: Whenever a STOP request is issued
to the MCU, a few clock cycles are needed to enter
STOP mode (see RCCU chapter for further de-
tails). Hence the execution of the instruction fol-
lowing the STOP bit setting sequence might start
before entering STOP mode: if such instruction
performs a register write operation, the ST9 wil!
not enter in STOP mode. In order to avoid tc exe-
cute register write instructions after a corect
STOP bit setting sequence and before entzring
the STOP mode, it is mandatory to er.e-utz 3 NOP
instructions after the STOP bit se'ti ¢ sequence.

Bit 1 = ID1S: Interrupt Ci>annel INTD1 Source.

This bit is set and clecred by software.

0: INT7 external \n:zrrupt source selected, exclud-
ing wake-tig lit € interrupt requests

1: The 16 &:icrnal wake-up lines enabled as inter-
ripu seurces, replacing the INT7 external pin
function

VYARNING: To avoid spurious interrupt requests
on the INTD1 channel due to changing the inter-
rupt source, do the following before modifying the
ID1S bit:

1. Mask the INTD1 interrupt channel (bit 7 of reg-
ister EIMR - R244, Page O - reset to 0).

2. Program the ID1S bit as needed.

3. Clear the IPD1 interrupt pending bit (bit 7 of
register EIPR - R243, Page 0).

4. Remove the mask on INTD1 (bit EIMR.7=1).

Bit 0 = WKUP-INT: Wakeup Interrupt.

This bit is set and cleared by software.

0: The 16 external wakeup lines can be used to
generate interrupt requests

1: The 16 external wake-up lines to work as wake-
up sources for exiting from STOP mode
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WAKE-UP MASK REGISTER HIGH (WUMRH)
R250 - Read/Write

Register Page: 57

Reset Value: 0000 0000 (00h)

7 0

WAKE-UP MASK REGISTER LOW (WUMRL)
R251 - Read/Write

Register Page: 57

Reset Value: 0000 0000 (00h)

7 0

WUM15|WUM14 (WUM13|WUM12|WUM11[WUM10| WUM9 | WUM8

WUM7 [ WUM6 | WUM5 | WUM4 [ WUM3 | WUM2 | WUM1 | WUMO

Bit 7:0 = WUM[15:8]: Wake-Up Mask bits.

If WUMXx is set, an interrupt on channel INTD1
and/or a wake-up event (depending on ID1S and
WKUP-INT bits) are generated if the correspond-
ing WUPx pending bit is set. More precisely, if
WUMx=1 and WUPx=1 then:

—IfID1S=1 and WKUP-INT=1 then an interrupt on

channel INTD1 and a wake-up event are gener-
ated.

— 1f ID1S=1 and WKUP-INT=0 only an interrupt on
channel INTD1 is generated.

— If ID1S=0 and WKUP-INT=1 only a wake-up
event is generated.

— If ID1S=0 and WKUP-INT=0 neither interrupts
on channel INTD1 nor wake-up events are gen-
erated. Interrupt requests on channel INTD1 may
be generated only from external interrupt source
INT7.

If WUMX is reset, no wake-up events can ba qen-
erated. Interrupt requests on channel INTD1 may
be generated only from external intc.ruo) source
INT7 (resetting ID1S bit to 0).
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Bit 7:0 = WUM([7:0]: Wake-Up Mask bits.

If WUMXx is set, an interrupt on channel INTD1
and/or a wake-up event (depending on ID1S and
WKUP-INT bits) are generated if the correspcnc-
ing WUPx pending bit is set. More precise'y, if
WUMx=1 and WUPx=1 then:

—IfID1S=1 and WKUP-INT=1 then an imcsrupt on
channel INTD1 and a wake-up ¢velit are gener-
ated.

—IfID1S=1 and WKUP-INT=0 only an interrupt on
channel INTD1 is guri=rated.

— 1f ID1S=0 and \V\U'P-INT=1 only a wake-up
event is gen arated.

— If ID153=0 27id WKUP-INT=0 neither interrupts
ori charriel INTD1 nor wake-up events are gen-
erated. Interrupt requests on channel INTD1 may
pe generated only from external interrupt source
INT7.

If WUMX is reset, no wake-up events can be gen-
erated. Interrupt requests on channel INTD1 may
be generated only from external interrupt source
INT7 (resetting ID1S bit to 0).
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WAKE-UP
(WUTRH)
R252 - Read/Write
Register Page: 57
Reset Value: 0000 0000 (00h)

7 0

TRIGGER REGISTER HIGH

WUT15 [WUT14 | WUT13 |WUT12 [ WUT11 [WUT10| WUT9 | WUT8

Bit 7:0 = WUT[15:8]: Wake-Up Trigger Polarity

Bits

These bits are set and cleared by software.

0: The corresponding WUPx pending bit will be set
on the falling edge of the input wake-up line.

1: The corresponding WUPXx pending bit will be set
on the rising edge of the input wake-up line.

WAKE-UP TRIGGER REGISTER LOW (WUTRL)
R253 - Read/Write

Register Page: 57

Reset Value: 0000 0000 (00h)

7 0

WUT7 | WUT6 | WUT5 | WUT4 | WUT3 | WUT2 | WUT1 | WUTO

Bit 7:0 = WUT[7:0]: Wake-Up Trigger Polarity 3Bi:c

These bits are set and cleared by software.

0: The corresponding WUPXx pending bit wil. be: set
on the falling edge of the input wakc-uo line.

1: The corresponding WUPx pendii.a hi. will be set
on the rising edge of the inpu” wake-up line.

WARNING

1. As the externra’ waie-up lines are edge trig-
gered, no g'itchas must be generated on these
lines.

2. If enher 2 rising or a falling edge on the external
wake-up lines occurs while writing the WUTRH
or WUTRL registers, the pending bit will not be
set.
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WAKE-UP PENDING REGISTER HIGH
(WUPRH)

R254 - Read/Write

Register Page: 57

Reset Value: 0000 0000 (00h)

7 0

WUP15 |WUP14 | WUP13 | WUP12 [WUP11 | WUP10| WUP9 | WUP8

Bit 7:0 = WUP[15:8]: Wake-Up Pending Bits
These bits are set by hardware on occurrerce o1
the trigger event on the corresponding wake-up
line. They must be cleared by software Thoy can
be set by software to implement a sorwzare inter-
rupt.

0: No Wake-up Trigger eve:it nctuired

1: Wake-up Trigger event oc<ured

WAKE-UP PENDING REGISTER LOW (WUPRL)
R255 - Reco/\'rice
Regictar Page: 57
Res et Viawue: 0000 0000 (00h)
7 0

WUP7 | WUP6 | WUP5 | WUP4 | WUP3 | WUP2 | WUP1 | WUPO

Bit 7:0 = WUP[7:0]: Wake-Up Pending Bits
These bits are set by hardware on occurrence of
the trigger event on the corresponding wake-up
line. They must be cleared by software. They can
be set by software to implement a software inter-
rupt.

0: No Wake-up Trigger event occurred

1: Wake-up Trigger event occured

Note: To avoid losing a trigger event while clear-
ing the pending bits, it is recommended to use
read-modify-write instructions (AND, BRES,
BAND) to clear them.

69/230




ST92163R4 - ON-CHIP DIRECT MEMORY ACCESS (DMA)

4 ON-CHIP DIRECT MEMORY ACCESS (DMA)

4.1 INTRODUCTION

The ST9 includes on-chip Direct Memory Access
(DMA) in order to provide high-speed data transfer
between peripherals and memory or Register File.
Multi-channel DMA is fully supported by peripher-
als having their own controller and DMA chan-
nel(s). Each DMA channel transfers data to or
from contiguous locations in the Register File, orin
Memory. The maximum number of bytes that can
be transferred per transaction by each DMA chan-
nel is 222 with the Register File, or 65536 with
Memory.

The DMA controller in the Peripheral uses an indi-
rect addressing mechanism to DMA Pointers and
Counter Registers stored in the Register File. This
is the reason why the maximum number of trans-
actions for the Register File is 222, since two Reg-
isters are allocated for the Pointer and Counter.
Register pairs are used for memory pointers and
counters in order to offer the full 65536 byte and
count capability.

Figure 31. DMA Data Transfer

4.2 DMA PRIORITY LEVELS

The 8 priority levels used for interrupts are also
used to prioritize the DMA requests, which are ar-
bitrated in the same arbitration phase as interrupt
requests. If the event occurrence requires a DMA
transaction, this will take place at the end of the
current instruction execution. When an interrupt
and a DMA request occur simultaneously, on the
same priority level, the DMA request is serviced
before the interrupt.

An interrupt priority request must be strictly higher
than the CPL value in order to be acknow!caieA.,
whereas, for a DMA transaction request, ii raust be
equal to or higher than the CPL valic 1 order to
be executed. Thus only DMA trarsa<.tion requests
can be acknowledged wher ire CRPL=0.

DMA requests do not madify the CPL value, since
the DMA transaction is .ot interruptable.
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4.3 DMA TRANSACTIONS

The purpose of an on-chip DMA channel is to
transfer a block of data between a peripheral and
the Register File, or Memory. Each DMA transfer
consists of three operations:

— A load from/to the peripheral data register to/
from a location of Register File (or Memory) ad-
dressed through the DMA Address Register (or
Register pair)

— A post-increment of the DMA Address Register
(or Register pair)

— A post-decrement of the DMA transaction coun-
ter, which contains the number of transactions
that have still to be performed.

If the DMA transaction is carried out between the
peripheral and the Register File (Figure 32), one
register is required to hold the DMA Address, and
one to hold the DMA transaction counter. These
two registers must be located in the Register File:
the DMA Address Register in the even address

register, and the DMA Transaction Counter in the
next register (odd address). They are pointed to by
the DMA Transaction Counter Pointer Register
(DCPR), located in the peripheral’s paged regis-
ters. In order to select a DMA transaction with the
Register File, the control bit DCPR.RM (bit 0 of
DCPR) must be set.

If the transaction is made between the peripheral
and Memory, a register pair (16 bits) is required
for the DMA Address and the DMA Transaction
Counter (Figure 33). Thus, two register pairs must
be located in the Register File.

The DMA Transaction Counter is pointed to kv *he
DMA Transaction Counter Pointer Fegicter
(DCPR), the DMA Address is pointoc tc vy the
DMA Address Pointer Register (L'APR),both
DCPR and DAPR are located iri the paged regis-
ters of the peripheral.

Figure 32. DMA Between Register File and Peripheral
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DMA TRANSACTIONS (Cont'd)

When selecting the DMA transaction with memory,
bit DCPR.RM (bit 0 of DCPR) must be cleared.

To selectbetween using the ISR orthe DMASR reg-
ister to extend the address, (see Memory Manage-
ment Unit chapter), the control bit DAPR.PS (bit 0
of DAPR) must be cleared or set respectively.

The DMA transaction Counter must be initialized
with the number of transactions to perform and will
be decremented after each transaction. The DMA
Address must be initialized with the starting ad-
dress of the DMA table and is increased after each
transaction. These two registers must be located
between addresses 00h and DFh of the Register
File.

Once a DMA channel is initialized, a transfer can
start. The direction of the transfer is automatically
defined by the type of peripheral and programming
mode.

Once the DMA table is completed (the transaction
counter reaches 0 value), an Interrupt request to
the CPU is generated.

Figure 33. DMA Between Memory and Peripheral

When the Interrupt Pending (IDCR.IP) bit is set by
a hardware event (or by software), and the DMA
Mask bit (IDCR.DM) is set, a DMA request is gen-
erated. If the Priority Level of the DMA source is
higher than, or equal to, the Current Priority Level
(CPL), the DMA transfer is executed at the end of
the current instruction. DMA transfers read/write
data from/to the location pointed to by the DMA
Address Register, the DMA Address register is in-
cremented and the Transaction Counter Register
is decremented. When the contents of the Trans-
action Counter are decremented to zero, the DMA
Mask bit (DM) is cleared and an interrupt requ et
is generated, according to the Interrupt Mazk hit
(End of Block interrupt). This End-of-Bleck iner-
rupt request is taken into account, dvuv=nding on
the PRL value.

WARNING. DMA requests dr» noi acknowledged
if the top level interrupt serv. ;e is in progress.

N\
IDCR DMA TRANSACTION
IVR
DAPR \
= DCPR FFh AW
AGED
DATA REGISTERS —
PERIPHERAL \;gr; \, DMA
PAGED REGISTFRS
SYSTEM > < TABLE
DATA
Eoh TRANSFERRED
| DFh
DVA END OF BLOCK
P TRANSACTION —— INTERRUPT
COUNTER SERVICE ROUTINE
000100h
L DMA
P> ADDRESS —  p| ISRADDRESS VECTOR
000000h
REGISTER FILE MEMORY
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DMA TRANSACTIONS (Cont'd)
4.4 DMA CYCLE TIME

The interrupt and DMA arbitration protocol func-
tions completely asynchronously from instruction
flow.

Requests are sampled every 5 CPUCLK cycles.

DMA transactions are executed if their priority al-
lows it.

A DMA transfer with the Register file requires 8
CPUCLK cycles.

A DMA transfer with memory requires 16 CPUCLK
cycles, plus any required wait states.

4.5 SWAP MODE

An extra feature which may be found on the DMA
channels of some peripherals (e.g. the MultiFunc-
tion Timer) is the Swap mode. This feature allows

4

transfer from two DMA tables alternatively. All the
DMA descriptors in the Register File are thus dou-
bled. Two DMA transaction counters and two DMA
address pointers allow the definition of two fully in-
dependent tables (they only have to belong to the
same space, Register File or Memory). The DMA
transaction is programmed to start on one of the
two tables (say table 0) and, at the end of the
block, the DMA controller automatically swaps to
the other table (table 1) by pointing to the other
DMA descriptors. In this case, the DMA mask (DM
bit) control bit is not cleared, but the End Of Block
interrupt request is generated to allow the op*icnal
updating of the first data table (table 0).

Until the swap mode is disabled, the I"N'A zontrol-
ler will continue to swap between LVA Table 0
and DMA Table 1.
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4.6 DMA REGISTERS

As each peripheral DMA channel has its own spe-
cific control registers, the following register list
should be considered as a general example. The
names and register bit allocations shown here
may be different from those found in the peripheral
chapters.

DMA COUNTER POINTER REGISTER (DCPR)
Read/Write

Address set by Peripheral

Reset value: undefined

7 0

C7 | Cé6 | C5 | C4 | C3 | C2 | Cl |RM

Bit 7:1 = C[7:1]: DMA Transaction Counter Point-
er.

Software should write the pointer to the DMA
Transaction Counter in these bits.

Bit 0 = RM: Register File/Memory Selector.

This bit is set and cleared by software.

0: DMA transactions are with memory (see also
DAPR.DP)

1: DMA transactions are with the Register File

GENERIC EXTERNAL PERIPHERAL IN ER-
RUPT AND DMA CONTROL (IDCR)

Read/Write

Address set by Peripheral

Reset value: undefined

7 0

IM | PRL2|PRL1|PRLO

Bit 5 = 'P: 1e rrupt Pending.
This; bit is set by hardware when the Trigger Event
occure. ltis cleared by hardware when the request
is acknowledged. It can be set/cleared by software
in order to generate/cancel a pending request.

0: No interrupt pending

1: Interrupt pending

Bit 4 = DM: DMA Request Mask.

This bit is set and cleared by software. It is also
cleared when the transaction counter reaches
zero (unless SWAP mode is active).

0: No DMA request is generated when IP is set.
1: DMA request is generated when IP is set
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Bit 3 = IM: End of block Interrupt Mask.

This bit is set and cleared by software.

0: No End of block interrupt request is generated
when IP is set

1: End of Block interrupt is generated when IP is
set. DMA requests depend on the DM bit value
as shown in the table below.

DM| IM| Meaning

A DMA request generated without End of Block

1 0 interrupt when IP=1

A DMA request generated with End of Block in-

1 1 terrupt when 1P=1

No End of block interrupt or DMA request iz |

010 generated when |P=1 '

o |4 |AnEndof block Interrupt is generated without |

associated DMA request (not us+a}

Bit 2:0 = PRL[2:0]: Source ~1./0:ity Level.
These bits are set and cleai =d by software. Refer
to Section 4.2 for a description of priority levels.

PRL2[ PRL1[ PR'.('! Source Priority Level
0 o D " "] 0 Highest
0 21 1
0 1 0 2
0 —L1 1 3
K 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7 Lowest

DMA ADDRESS POINTER REGISTER (DAPR)
Read/Write

Address set by Peripheral

Reset value: undefined

7 0

A7 A6 A5 A4 A3 A2 A1l PS

Bit 7:1 = A[7:1]: DMA Address Register(s) Pointer

Software should write the pointer to the DMA Ad-
dress Register(s) in these bits.

Bit 0 = PS: Memory Segment Pointer Selector.

This bit is set and cleared by software. It is only

meaningful if DCPR.RM=0.

0: The ISR register is used to extend the address
of data transferred by DMA (see MMU chapter).

1: The DMASR register is used to extend the ad-
dress of data transferred by DMA (see MMU
chapter).
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5 RESET AND CLOCK CONTROL UNIT (RCCU)

5.1 INTRODUCTION

The Reset and Clock Control Unit (RCCU) com-
prises two distinct sections:

— the Clock Control Unit, which generates and
manages the internal clock signals.

— the Reset/Stop Manager, which detects and
flags Hardware, Software and Watchdog gener-
ated resets.

Note: To use the ST92163 with USB interface, the
RCCU must be configured as shown in Figure 35.
The external oscillator frequency must be 8 MHz.
Other configurations must not be used.

On ST9 devices where the external Stop pin is
available, this circuit also detects and manages
the externally triggered Stop mode, during which
all oscillators are frozen in order to achieve the
lowest possible power consumption.

5.2 CLOCK CONTROL UNIT

The Clock Control Unit generates the internal
clocks for the CPU core (CPUCLK) and for the on-
chip peripherals (INTCLK). The Clock Control Unit
may be driven by an external crystal circuit, con-
nected to the OSCIN and OSCOUT pins, or by an
external pulse generator, connected to OSCIM
(see Figure 42 and Figure 44). Another clook
source named CK_AF can be provided fiom the
internal RC oscillator.

5.2.1 Clock Control Unit Overvisw

As shown in Figure 34, a orogrammable divider
can divide the CLOCK1 inpu* clock signal by two.
The resulting signal, CLOCK2, is the reference in-
put clock to th> rioyrammable Phase Locked
Loop frequency m.uuplier, which is capable of mul-

tiplying the clock frequency by a factor of 6, 8, 10
or 14; the multiplied clock is then divided by a pro-
grammable divider, by a factor of 1 to 7. By this
means, the ST9 can operate with cheaper, medi-
um frequency (3-5 MHz) crystals, while still provid-
ing a high frequency internal clock for maximum
system performance; the range of available multi-
plication and division factors allow a great number
of operating clock frequencies to be derived from a
single crystal frequency. The undivided PLL clock
is also available for special purposes (high-speed
peripheral).

For low power operation, especially in Wait o, 1.
terrupt mode, the Clock Multiplier urit may be
turned off, whereupon the output clo >k signal may
be programmed as CLOCK2 cividea by 16. For
further power reduction, ar« irtexnal RC oscillator
with a frequency of 856KHZ (1 /- 40%) is available to
provide the CK_AF c'o-x internally if the external
clock source is rot use. During the execution of a
WFI in Low Pcuwwer imode this clock is further divid-
ed by 16 to (ew'1ze power consumption (for the se-
lection -1 this signal refer to the description the
CK_ AF c.ock source in the following sections).

The internal system clock, INTCLK, is routed to all
on-chip peripherals, as well as to the programma-
ble Clock Prescaler Unit which generates the clock
for the CPU core (CPUCLK).

The Clock Prescaler is programmable and can
slow the CPU clock by a factor of up to 8, allowing
the programmer to reduce CPU processing speed,
and thus power consumption, while maintaining a
high speed clock to the peripherals. This is partic-
ularly useful when little actual processing is being
done by the CPU and the peripherals are doing
most of the work.

Figure 74. Clock Control Unit Simplified Block Diagram

1/16

CPUCLK
PLL CPUCIlock | o to
»| Clock Multiplier | | Prescaler CPU Core
Qu_ﬁrttz > 1/2 CLOCK2 /Divider Unit
oscillator] CLOCK1
1/16 CK AF INTCLK
Internal = > i v
RO Peripherals
oscillato
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Figure 35. ST92163 Clock Distribution Diagram
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5.3 CLOCK MANAGEMENT

The various programmable features and operating modes of the CCU are handled by four registers:

— MODER (Mode Register)
This is a System Register (R235, Group E).

The input clock divide-by-two and the CPU clock
prescaler factors are handled by this register.

— CLKCTL (Clock Control Register)
This is a Paged Register (R240, Page 55).

The low power modes and the interpretation of
the HALT instruction are handled by this register.

Figure 36. Clock Control Unit Programming

— CLK_FLAG (Clock Flag Register)
This is a Paged Register (R242, Page 55).

This register contains various status flags, as
well as control bits for clock selection.

— PLLCONF (PLL Configuration Register)
This is a Paged Register (R246, Page 55).

The PLL multiplication and division factors are
programmed in this register.

V/iFI >n' LPOWFI=1 and WFI_CKSEL =1

Wait for Interrupt and Low Power Modes:

XTSTOP DIv2 CSU_CKSEL CKAF SCL
(CLK_FLAG) (MODER) (CLK_FLAG) (CLKRZTL)
I | I I
l [ ' [
I I
! ! 1/16 : I
| | ' [
| | ' [
I | _)! !
|
| | *
I * o~ 0 INTCLK
* EEE— e [0) DL | | _
Quartz 1 CLOCK2= / | N g Peri tP?erals
oscillator > 1/2 Lt 8/1un4 A ' ! gnd
CLOCK1 | : : CPU Clock Prescaler
|
116€N '\0 | OSUTgLIC_)_CZ' [ |
USB CLOCHK
Internal R “ 1) CK AF I( I) : :
RC X \C —Ar | | |
oscillator T | I | |
I [ I
| 1 *

MX(1:0) DX(2:0)
(PLLCONF)

LPOWFI (CLKCTL) selects Low Power operation automatically on entering WFI mode.
WFI_CKSEL (CLKCTL) selects the CK_AF clock automatically, if present, on entering WFI mode.
XTSTOP (CLK_FLAG) automatically stops the Xtal oscillator when the CK_AF clock is present and selected.

XT_DIV16 CKAF_ST
(CLK_FLAG)

4
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CLOCK MANAGEMENT (Cont'd)
5.3.1 PLL Clock Multiplier Programming

The CLOCK1 signal generated by the oscillator
drives a programmable divide-by-two circuit. If the
DIV2 control bit in MODER is set (Reset Condi-
tion), CLOCK2, is equal to CLOCK1 divided by
two; if DIV2 is reset, CLOCK2 is identical to
CLOCK1. A CLOCK1 signal with a semiperiod
(high or low) shorter than 40ns is forbidden if the
divider by two is disabled.

When the PLL is active, it multiplies CLOCK2 by 6,
8, 10 or 14, depending on the status of the MXO0 -1
bits in PLLCONF. The multiplied clock is then di-
vided by a factor in the range 1 to 7, determined by
the status of the DX0-2 bits; when these bits are
programmed to 111, the PLL is switched off.

Following a RESET phase, programming bits
DX0-2 to a value different from 111 will turn the
PLL on. After allowing a stabilisation period for the
PLL, setting the CSU_CKSEL bit in the
CLK_FLAG Register selects the multiplier clock
This peripheral contains a lock-in logic that verifies
if the PLL is locked to the CLOCK?2 frequency. The
bit LOCK in CLK_FLAG register becomes 1 when
this event occurs.

The maximum frequency allowed for INTCLK is
25MHz for 5V operation, and 12MHz for 3V opera-
tion. Care is required, when programming the PLL_
multiplier and divider factors, not to excee” ‘he
maximum permissible operating frequericy for
INTCLK, according to supply voltage.

The ST9 being a static machine, *:2:e .15 no lower
limit for INTCLK. However, b2lcw 1MHz, A/D con-
verter precision (if present) Jzcreases.

5.3.2 CPU Clock Pres :ziing

The system clock, INTCLK, which may be the out-
put of the PLL ciock inultiplier, CLOCK2, CLOCK2/
16 or CK_AF. drives a programmable prescaler
whick ¢:3norates the basic time base, CPUCLK,
for ‘he nstruction executer of the ST9 CPU core.
This aiiows the user to slow down program execu-
tion during non processor intensive routines, thus
reducing power dissipation.

The internal peripherals are not affected by the
CPUCLK prescaler and continue to operate at the
full INTCLK frequency. This is particularly useful

78/230

when little processing is being done and the pe-
ripherals are doing most of the work.

The prescaler divides the input clock by the value
programmed in the control bits PRS2,1,0 in the
MODER register. If the prescaler value is zero, no
prescaling takes place, thus CPUCLK has the
same period and phase as INTCLK. If the value is
different from 0, the prescaling is equal to the val-
ue plus one, ranging thus from two (PRS2,1,0=1)
to eight (PRS2,1,0 = 7).

The clock generated is shown in Figure 37, and it
will be noted that the prescaling of the clock does
not preserve the 50% duty cycle, since the high
level is stretched to replace the missing cy :les.

This is analogous to the introduction <! va.: cycles
for access to external memory. VWhen External
Memory Wait or Bus Reques: e /ents occur, CPU-
CLK is stretched at the high !zvel for the whole pe-
riod required by the funci'on.

Figure 37. CPU C'uzy Frescaling

INTCLK .
apigigigigiginigin
PRS VALUE

e iniinipinginigiginip
St [ N e B e I e I
010 —|_| |_| |_|

CPUCLK/ o —|—| |—| U_
100 —|_| |_|
101 —|_| |_|
110 —|_| |_|
111 —|_| u—

VA00260

5.3.3 Peripheral Clock

The system clock, INTCLK, which may be the out-
put of the PLL clock multiplier, CLOCK2, CLOCK2/
16 or CK_AF, is also routed to all ST9 on-chip pe-
ripherals and acts as the central timebase for all
timing functions.
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CLOCK MANAGEMENT (Cont'd)
5.3.4 Low Power Modes

The user can select an automatic slowdown of
clock frequency during Wait for Interrupt opera-
tion, thus idling in low power mode while waiting
for an interrupt. In WFI operation the clock to the
CPU core (CPUCLK) is stopped, thus suspending
program execution, while the clock to the peripher-
als (INTCLK) may be programmed as described in
the following paragraphs. An example of Low
Power operation in WFl is illustrated in Figure 38.

If low power operation during WFI is disabled
(LPOWFI bit = 0 in the CLKCTL Register), the
CPU CLK is stopped but INTCLK is unchanged.

If low power operation during Wait for Interrupt is
enabled (LPOWFI bit = 1 in the CLKCTL Register),
as soon as the CPU executes the WFI instruction,
the PLL is turned off and the system clock will be
forced to CLOCK2 divided by 16, or to CK_AF, if
this has been selected by setting WFI_CKSEL,
and providing CKAF_ST is set, thus indicating that
the internal RC oscillator is selected.

If the external clock source is used, the crystal os-
cillator may be stopped by setting the XTSTOP bit,
providing that the CK_AK clock is present and se-
lected, indicated by CKAF_ST being set. The crys-
tal oscillator will be stopped automatically on en-
tering WFI if the WFI_CKSEL bit has been set. 'i

should be noted that selecting a non-existent
CK_AF clock source is impossible, since such a
selection requires that the auxiliary clock source
be actually present and selected. In no event can
a non-existent clock source be selected inadvert-
ently.

Itis up to the user program to switch back to a fast-
er clock on the occurrence of an interrupt, taking
care to respect the oscillator and PLL stabilisation
delays, as appropriate.It should be noted that any
of the low power modes may also be selected ex-
plicitly by the user program even when not in Wait
for Interrupt mode, by setting the appropriate b'ts.

5.3.5 Interrupt Generation

System clock selection modifies the CLKX(,TL and
CLK_FLAG registers.

The clock control unit geneiat < ai external inter-
rupt request when CK_AF and CLOCK2/16 are
selected or deselected a5 system clock source, as
well as when the syctem clock restarts after a
hardware stop {whorn the STOP MODE feature is
available or. th= specific device). This interrupt can
be mathed by resetting the INT_SEL bit in the
CLKCY'. register. In the RCCU the interrupt is
gencraied with a high to low transition (see inter-
rupt and DMA chapters for further information).

Table 13. Summary of Operating Modes usi.«g main Crystal Controlled Oscillator

MODE INTCLK CPUCI:K__ I_DN2 PRS0-2 | CSU_CKSEL | MX0-1 | DX2-0 | LPOWFI | XT_DIV16
XTAL/2
: K - :
PLL x BY 14 X (14/D) l_.’\: CLK/N 1 N-1 1 10 D-1 X 1
)
PLL x BY 10 ))((-(l—p(\)l',.)) INTCLK/N 1 N-1 1 00 D-1 X 1
V'_‘ \T,
PLLxBY8 | EA2 INTCLK/N 1 N-1 1 11 D-1 X 1
X (8/D)
PLL. B/~ XTAL/2 INTCLK/N 1 N-1 1 01 D-1 X 1
e\ X (6/D)
SLOW 1 XTAL/2 INTCLK/N 1 N-1 X X 111 X 1
SLOW 2 XTAL/32 | INTCLK/N 1 N-1 X X X X 0
WAIT FOR .
INTERRUPT If LPOWFI=0, no changes occur on INTCLK, but CPUCLK is stopped anyway.
LOW POWER
WAIT FOR XTAL/32 STOP 1 X X X X 1 1
INTERRUPT
RESET XTAL/2 INTCLK 1 0 0 00 111 0 1
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Figure 38. Example of Low Power Mode programming

PROGRAM FLOW

DIV2 =0
XTSTOP =0

CSU_CKSEL =0
MX(1:0) = 01

| px2-0 001 |

|CSU_CKSEL «— 1|
|

Wait for the
PLL locking | WFI_CKSEL « 1 |
(LOCK->1)
| xTsTOP <1 |
[
| Lrowri1 |

[
| User’s Program |

|
WFI I

o W)
Interrupt
Routinf /

Caar )|

Interrupt

XTSTOP <0 |

COMMENTS

-----
4 SET UP AFTER RESET PHASE:

CKAF_SEL <-0 |
Main code execution |

continued
| CSU_CKSEL<-1 |

User’s Program

SYSTEM CLOCK FREQUENCY
Fq=8 MHz, V=5 V and T=25°C

Quartz not divided by 2

Xtal is selected to
restart the PLL quickly

PLL multiply factor

fixed to 6. 8 MHz

Multiplier divider’s factor set
to 2, and PLL turned ON

PLL is
system clock source

2 N -
CK_AF clock selected whon WE! l

To stop PLL and X*zl wnz2n

a WFI occurs

24 MHz
Low Power Moae enabled

Wait For Interrupt

No code is executed until
an interrupt is requested

Interrupt served RC

while the CK_AF is
the system clock

To restart Xtal and PLL

The system CK
switches to Xtal

The PLL is locked
and becomes the I 8 MHz

I 24 MHz
* T4 = PLL lock-in time
** T, = Quartz oscillator start-up time
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5.4 CLOCK CONTROL REGISTERS

MODE REGISTER (MODER)
R235 - Read/Write

System Register

Reset Value: 1110 0000 (EOh)

7 0

DIV2 | PRS2 | PRS1 | PRSO

*Note: This register contains bits which relate to
other functions; these are described in the chapter
dealing with Device Architecture. Only those bits
relating to Clock functions are described here.

Bit 5 = DIV2: OSCIN Divided by 2.

This bit controls the divide by 2 circuit which oper-
ates on the OSCIN Clock.

0: No division of the OSCIN Clock

1: OSCIN clock is internally divided by 2

Bit 4:2 = PRS[2:0]: Clock Prescaling.

These bits define the prescaler value used to pres-
cale CPUCLK from INTCLK. When these three
bits are reset, the CPUCLK is not prescaled, and is
equal to INTCLK; in all other cases, the internal
clock is prescaled by the value of these three bits
plus one.

4

CLOCK CONTROL REGISTER (CLKCTL)
R240 - Read Write
Register Page: 55
Reset Value: 0000 0000 (00h)
7 0

INT.S| | | _ | SRE-|CKAF_S|WFI_CKS|LPOW
EL SEN | EL EL FI

Bit 7 = INT_SEL.: Interrupt Selection.

0: Select the external interrupt pin as interrupt
source (Reset state)

1: Select the internal RCCU interrupt (see Sectort
5.3.5)

Bit 6:4 = Reserved.
Must be kept reset for normal opera ion.

Bit 3 = SRESEN: Softva:e Reset Enable.

0: The HALT instrecticn wrns off the quartz, the
PLL and the C.CU

1: A Reset ic ¢er erated when HALT is executed

Bit > = CKAF_SEL.: Alternate Function Clock Se-
lect.

0: CK_AF clock not selected

1: Select CK_AF clock

Note: To check if the selection has actually oc-
curred, check that CKAF_ST is set. If no CK_AF
clock is present, the selection will not occur.

Bit 1 = WFI_CKSEL: WFI Clock Select.

This bit selects the clock used in Low power WFI

mode if LPOWFI = 1.

0: INTCLK during WFI is CLOCK2/16

1: INTCLK during WFI1 is CK_AF, providing it is
present. In effect this bit sets CKAF_SEL in WFI
mode

WARNING: When the CK_AF is selected as Low
Power WFI clock but the XTAL is not turned off
(R242.4 = 0), after exiting from the WFI, CK_AF
will be still selected as system clock. In this case,
reset the R240.2 bit to switch back to the XT.

Bit 0 = LPOWFI: Low Power mode during Wait For
Interrupt.

0: Low Power mode during WFI disabled. When
WFI is executed, the CPUCLK is stopped and
INTCLK is unchanged

1: The ST9 enters Low Power mode when the WFI
instruction is executed. The clock during this
state depends on WFI_CKSEL
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CLOCK CONTROL REGISTERS

CLOCK FLAG REGISTER (CLK_FLAG)

R242 -Read/Write

Register Page: 55

Reset Value: 0100 1000 after a Watchdog Reset
Reset Value: 0010 1000 after a Software Reset
Reset Value: 0000 1000 after a Power-On Reset

7 0
EX_| wpG | soFT | xT- | xT_ |ckaF_[Loc ng_—
STP| RES | REs [sTop |Dwvis| ST | K [ &

WARNING: If this register is accessed with a logi-
cal instruction, such as AND or OR, some bits may
not be set as expected.

WARNING: If you select the CK_AF as system
clock and turn off the oscillator (bits R240.2 and
R242.4 at 1), and then switch back to the XT clock
by resetting the R240.2 bit, you must wait for the
oscillator to restart correctly (12ms).

Bit 7 = EX_STP: External Stop flag

This bit is set by hardware and cleared by soft-
ware.

0: No External Stop condition occurred

1: External Stop condition occurred

Bit 6 = WDGRES: Watchdog reset flag.
This bit is read only.

0: No Watchdog reset occurred

1: Watchdog reset occurred

Bit 5 = SOFTRES: Software Resct tlag.

This bit is read only.

0: No software reset occurreq

1: Software reset occuired (HALT instruction)

Bit 4 = XTSTLP: External Stop Enable.

0: Extera!' step disabled

1: The X.2! oscillator will be stopped as soon as
th= CK_AF clock is present and selected,
whether this is done explicitly by the user pro-
gram, or as a result of WFI, if WFI_CKSEL has
previously been set to select the CK_AF clock
during WFI.

WARNING: When the program writes ‘1’ to the
XTSTOP bit, it will still be read as 0 and is only set
when the CK_AF clock is running (CKAF_ST=1).
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Take care, as any operation such as a subsequent
AND with "1' or an OR with "0' to the XTSTOP bit
will reset it and the oscillator will not be stopped
even if CKAF_ST is subsequently set.

Bit 3 = XT_DIV16: CLOCK/16 Selection

This bit is set and cleared by software. An interrupt

is generated when the bit is toggled.

0: CLOCK2/16 is selected and the PLL is off

1: The input is CLOCK2 (or the PLL output de-
pending on the value of CSU_CKSEL)

WARNING: After this bit is modified from 0 t¢ 1.

take care that the PLL lock-in time has elapsea be-
fore setting the CSU_CKSEL bit.

Bit 2 = CKAF_ST: (Read Oriiy)

If set, indicates that the al=rnate function clock
has been selected. ¥ no CK_AF clock signal is
present on the pir, :he selection will not occur. If
reset, the PLL clock, CLOCK2 or CLOCK2/16 is
selected (dzpencing on bit 0).

Bit .=1.OCK: PLL locked-in

This bit is read only.

0: The PLL is turned off or not locked and cannot
be selected as system clock source.

1: The PLL is locked

Bit 0 = CSU_CKSEL: CSU Clock Select
This bit is set and cleared by software. It also
cleared by hardware when:

— bits DX[2:0] (PLLCONF) are setto 111;

— the quartz is stopped (by hardware or software);
— WFl is executed while the LPOWFI bit is set;

— the XT_DIV16 bit (CLK_FLAG) is forced to ’'0’.

This prevents the PLL, when not yet locked, from
providing an irregular clock. Furthermore, a ‘0’
stored in this bit speeds up the PLL’s locking.

0: CLOCK?2 provides the system clock
1: The PLL Multiplier provides the system clock.

NOTE: Setting the CKAF_SEL bit overrides any
other clock selection. Resetting the XT_DIV16 bit
overrides the CSU_CKSEL selection
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PLL CONFIGURATION REGISTER (PLLCONF)
R246 - Read/Write

Register Page: 55

Reset Value: xx00 x111

7 0

Table 14. PLL Multiplication Factors

MX1| MXO0 - DX2 | DX1 | DXO0

MX1 MX0 CLOCK2 x
1 0 14
0 0 10
1 1 8
0 1 6

Bit 7:6 = Reserved.

Bit 5:4 = MX[1:0]: PLL Multiplication Factor.
Refer to Table 14 for multiplier settings.

Bit 3 = Reserved.

Bit 2:0 = DX[2:0]: PLL output clock divider factor.

Refer to Table 15 for divider settings.

Figure 39. RCCU General Timing

Table 15. Divider Configuration

DX2 | DX1 DX0 CK

0 0 0 PLL CLOCK/1

0 0 1 PLLCLOCK2 |
0 1 0 PLL CLOCK/? B
0 1 1 PLLCLOCK/ 4 |
1 0 0 PLL C. OK/5

1 0 1 fLL C_OCK/6

1 1 0 " PLL CLOCK/7

] 1 1% @ CLOCK2

We | (PLL OFF, Reset State)

STOP
pin

PLL turned on by user

f—— —h

P _L selected by user

.

External
RESET

o MR V\ANV\M/WWV\ANWWWWWVW\WV\NWMMW\WNW\AMANW\AMNWM

Multiplier :
Interr.l : ' oy L ' .
ntern . ' . X
resct : \I\ . : \ ] : :
1 ! 1 L : : 1 1
| Xtal/2 | PLL | | Xtal/2 | PLL
1 1 1 LI , ' I 1
| S et S L
> ﬂ—h F—a :<'—>.<—> ,
((N-1)512+510)XTyya(**) 'PLL' 4T 10X Txial() " py |
Lock-in N ! Lock-in
\\ time Quartz time
o i _ start-up
()i DIV2 =1 STOP Switch to
() +-1 Tyga Exitfrom RESET  Acknowledged PLL clock
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Figure 40. RCCU Timing during STOP (CK_AF System Clock)
CKAF_SEL<-1

1
1 ' ,
STOP f : : T\ L/ 777 |
n
P : | [ I I
Xtal ' | |
clock |
ook AVAVAVAVAVAVAR
|
INTCLK —W\/\/\/\/\/\/W

' [
—  » '
((N-1)*512+510) X Tya(**) ! '
* * | 510 x ertaI(*)
. 4 XTgyg I | |
Exit from  CK_AF ' I '
RESET selected / Quartz
(*) if DIV2 =1 STOP start-up
() 41 Ty Acknowledged

Figure 41. Low Power Mode with a Stopped Quartz Oscillator

WFI state o XTSTOP<-3/ CKAF_SEL<-0 CSU‘}CKSEL<-1
Xtal

1 I 1 : : I
clock ! T — LWMW/_\

Multiplier S

: I : : I
wcee [ L, L L]

PLL 1 (Tsys:= TC:K_AF) Tsys=2 XTXtaI F,LL|
—— = ) T > e
nveak il T L L AU
. ! 1 | |IIII f !
' I '<—>'< =I
§ Xtal restarttime  PLL Lock-in time
With: DIV2=1 Interrupt

84/230

4




ST92163R4 - RESET AND CLOCK CONTROL UNIT (RCCU)

5.5 OSCILLATOR CHARACTERISTICS

The oscillator circuit uses an inverting gate circuit
with tri-state output.

Notes: Owing to the Q factor required, Ceramic
Resonators may not provide a reliable oscillator
source.

OSCOUT must not be directly used to drive exter-
nal circuits.

When the oscillator is stopped, OSCOUT goes
high impedance.

In Halt mode, set by means of the HALT instruc-
tion, the parallel resistor, R, is disconnected and
the oscillator is disabled, forcing the internal clock,
CLOCK1, to a high level, and OSCOUT to a high
impedance state.

To exit the HALT condition and restart the oscilla-
tor, an external RESET pulse is required.

It should be noted that, if the Watchdog function is
enabled, a HALT instruction will not disable the os-
cillator. This to avoid stopping the Watchdog if a
HALT code is executed in error. When this occurs,
the CPU will be reset when the Watchdog times
out or when an external reset is applied.

Table 16. Oscillator Transconductance

symbol | VOM39€ | iy | Typ | Max | writ |
range A%

4.0-5.5V| 0.77 1.5 2.4
—— AN

I [3oaov] 05 | 073 | i7"
Figure 42. Crystal Oscillaor
CRYS™ AL CLOCK
1M

*Recommended for oscillator stability yRo2116A

4

Table 17. Crystal Internal Resistance

Symbol| Conditions| C4=C,| C1=C,| C4=C, | C4=C»

= 56pF| = 47pF| = 33pF| = 22pF
Rsmax Frilqo.-=58.i)/IVHz 50 Q 65Q 120Q2 | 180Q
(ohm) Frigjé:/lsz 30Q | 40Q | 70Q | 110Q
Legend:

C4, C,: Maximum Total Capacitances on pins OSCIN and
OSCOUT (the value includes the external capacitance
tied to the pin CL1 and CL2 plus the parasitic capacite ncz
of the board and of the device).

Rsmax: The equivalent serial resistor of the crysial.
Note 1: The tables are relative to the finc'an . ental quartz
crystal only (not ceramic resonator)

Note 2: To reduce the parasitic cz.pasitance, it is recom-
mended to place the crystal as c'ose to the ST9 MCU as
possible.

WARNING: At low te n.e.ature, frost and humidity might
prevent the correct ctart-up of the oscillator.

Fl_glg «3. liicernal Oscillator Schematic

HAT
CLOCK(1
>
I N
| S
R
Rin Rout
OSCIN oscouT
VRO02086A
Figure 44. External Clock
EXTERNAL CLOCK
ST9
OSCIN oscouT
1 1
T
T NC
CLOCK
INPUT VR02116B
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5.6 RESET/STOP MANAGER

The Reset/Stop Manager resets the MCU when TRES or the WDGRES bits respectively; a hard-

one of the three following events occurs: ware initiated reset will leave both these bits reset.
— A Hardware reset, initiated by a low level on the The hardware reset overrides all other conditions
Reset pin. and forces the ST9 to the reset state. During Re-
— A Software reset, initiated by a HALT instruction set, the internal registers are set to their reset val-
(when enabled). ’ ues, where these are defined, and the I/O pins are

. set to the Bidirectional Weak Pull-up mode.
— A Watchdog end of count condition.

The event which caused the last Reset is ﬂagged is driven IOW, a Reset Cyc'e is initiated.
in the CLK_FLAG register, by setting the SOF-

Figure 45. Oscillator Start-up Sequence and Reset Timing

|
| {
aNaNeH
| | pﬂul
OSCIN \]
0SCOoUT | |
|

| 10ms |

T

INTCLK céjJ}J LJLJ

VR02085A

|

|

i |

, | |
RESE | |
|

Fi |
|

Reset is asynchronous: as soon as the RESET pin

86/230
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RESET/STOP MANAGER (Cont'd)

The on-chip Timer/Watchdog generates a reset
condition if the Watchdog mode is enabled
(WCR.WDEN cleared, R252 page 0), and if the
programmed period elapses without the specific
code (AAh, 55h) written to the appropriate register.
The RESET input pin is not driven low by the on-
chip reset generated by the Timer/Watchdog.

When the RESET pin goes high again, adelay of 10
ms occurs before exiting the Reset state (+-1
CLOCK1 period, depending on the delay between
the rising edge of the RESET pin and the first rising
edge of CLOCK1). Subsequently a short Boot rou-
tine is executed from the device internal Boot ROM,
and control then passes to the user program.

The Boot routine sets the device characteristics
and loads the correct values in the Memory Man-
agement Unit’s pointer registers, so that these
point to the physical memory areas as mapped in
the specific device. The precise duration of this
short Boot routine varies from device to device,
depending on the Boot ROM contents.

At the end of the Boot routine the Program Coun-
ter will be set to the location specified in the Reset
Vector located in the lowest two bytes of memory.

5.6.1 RESET Pin Timing

To improve the noise immunity of the device, the
RESET pin has a Schmitt trigger input circuit witn
hysteresis. In addition, a filter will prevent a.« vn-
wanted reset in case of a single glitch of less tian
50 ns on the RESET pin. The device it corain to
reset if a negative pulse of more then 2upus is ap-
plied. When the reset pin goes kivh again, a delay
of up to 4ps (at 8 MHz.) wil. vlapse before the
RCCU detects this risina froi't. From this event on,
79870 (about 10 ms =t ® MHz.) oscillator clock cy-
cles (CLOCK?1) are couniied before exiting the Re-

4

set state (+-1 CLOCKT1 period depending on the
delay between the positive edge the RCCU de-
tects and the first rising edge of CLOCK1)

Figure 46. Recommended Signal to be Applied
on Reset Pin

VRESET
A ! !
I I
Vee | :
I |
0.7 Ve \ /
|
0.3 Ve :\ /: A€
N A |
o Do |
T —t——— —
I |
| | 20 IJS 1 1
Minimur,

5.7 STOP MODE

In Stop mode, tt e Reset/Stop Manager can also
stop all ccaiiiators without resetting the device.

For imyiation on entering and exiting Stop
Moac, refer to the Wake-Up/Interrupt lines man-
agement unit (WUIMU) chapter. In Stop Mode, all
context information is preserved and the internal
clock is frozen in the high state.

On exiting Stop mode, the MCU resumes execu-
tion of the user program after a delay of 255
CLOCK2 periods, an interrupt is generated and
the EX_STP bit in CLK_FLAG is set.
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5.8 LOW VOLTAGE DETECTOR (LVD) RESET

The on-chip Low Voltage Detector (LVD) gener-
ates LVDRESET when the supply voltage drops
below a reference value (brown-out protection).

The reference value for the voltage drop is lower
than the reference value for power-up in order to
avoid a parasitic reset when the MCU starts run-
ning and sinks current on the supply (hysteresis).

The LVD circuitry generates a reset when Vpp is:

— Above V| ypwuin @nd below V1, when Vpp is
rising

— Above V| ypmin @nd below V1. when Vpp is
falling

Note: At power on, application must ensure that
the external RESET pin is held low until the Vpp
power supply reaches V| ypmin-

Additionally, if Vpp drops below V| ypmin, @
RESET signal must be generated externally to re-
start the microcontroller.

The Low Voltage Detector circuitry resets only the
MCU and it does not change the external RESET
pin status: no reset signal for an external applica-
tion is generated.

Figure 47. Low Voltage Detector Reset Function

Vpp Low Voltage

Detector

LVDRESET }rnal Ri:sat
>

RESET
(External pin) |E

Figure 48. Low Voltage Detector Reset Signal

\Y

A

ViT+
Vit

Vivbmin
Vpp |

LVDRESET

RESET (Ext.)

p

Note: Refer to the Electrical Characteristics section for the values of Vpp, Vi ypmin ViT+, ViT-2and Viyys.
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LOW VOLTAGE DETECTOR (LVD) RESET (Cont'd)

Figure 49 gives an example of an external Power This circuitry is composed of 1 PNP transistor, 2
On Reset circuit for power supplies with very slow resistors and 1 capacitor. It is thus cheaper than

power on ramp. an integrated P.O.R.

For more details, refer to Application note AN1366

Figure 49. Suggested External POR Circuit for applications with very slow Vpp ramp up

ST92163

Yoo J RESET

T
T (]

['4

R1

R2

J_ - R1 =270 Kohms, +/- 2 %
:I; R1 =1 Mohms, +/- 2 %
— C1 =1 pF, accuracy not important
T1 = BC857, PNP transistor viiti:
hse gain about 100
Vep=0.55v, min.~0.5v,max=0.6v

Figure 50. External Connection for RESET pin for applications wi*. 125t Vpp ramp up

ST92167
Vv

DD
10kQ |
‘[;J’ESET
‘uF

1

-

4
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6 EXTERNAL MEMORY INTERFACE (EXTMI)

6.1 INTRODUCTION

The ST9 External Memory Interface uses two reg-
isters (EMR1 and EMR2) to configure external
memory accesses. Some interface signals are
also affected by WCR - R252 Page 0.

If the two registers EMR1 and EMR2 are set to the
proper values, the memory access cycle is similar
to that of the original ST9, with the only exception
that it is composed of just two system clock phas-
es, named T1 and T2.

During phase T1, the memory address is output on
the AS falling edge and is valid on the rising edge
of AS. Port0 and Port 1 maintain the address sta-

During phase T2, two forms of behavior are possi-
ble. If the memory access is a Read cycle, Port 0
pins are released in high-impedance until the next
T1 phase and the data signals are sampled by the
ST9 on the rising edge of DS. If the memory ac-
cess is a Write cycle, on the falling edge of DS,
Port 0 outputs data to be written in the external
memory. Those data signals are valid on the rising
edge of DS and are maintained stable until the
next address is output. Note that DS is pulled 'o'w
at the beginning of phase T2 only during an ¢ xi2r-
nal memory access.

ble until the following T1 phase.
Figure 51. Page 21 Registers

Page 21
FFh R255
Relocation of P{l:') and DPR[3:0] Registers
FEh R254
EDh R253 GROUP E PACE 21 GROUP E PAGE 21
SSPL - SSPL
FCh R252 SSPH_| SSPH
LIPL USPL
FBh R251 _
> I'SPH USPH
FAh R250 - MODER MODER
PPR PPR
Foh DMASR R249 } RP1 DMASR RP1 DMASR
Niw') RPO ISR RPO ISR
F8h ISR R248 FLAGR FLAGR
) CICR EMR2 CICR EMR2
F7h vl P5 EMR1 P5 EMR1
Féh EMR2 R246 P4 CSR P4 CSR
EXT.MEM P3 DPR3 DPR3 P3
Fsh EMF1 R245 P2 DPR2 DPR2 P2
— NN P1 DPR1 DPR1 P1
F4h | G2 R244 PO DPRO DPRO PO
Fon DPR3 R243
Fziu DPR2 R242 % MMU Bit DPRREM=0 Bit DPRREM=1
F1h DPR1 R241
Foh DPRO R240
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6.2 EXTERNAL MEMORY SIGNALS

The access to external memory is made using at
least AS, DS, Port 0 and Port 1. RW, DS2, BREQ,
BACK and WAIT signals improve functionality but
are not always present on ST9 devices.

Refer to Figure 52
6.2.1 AS: Address Strobe

AS (Output, Active low, Tristate) is active during
the System Clock high-level phase of each T1
memory cycle: an AS rising edge indicates that
Memory Address and Read/Write Memory control
signals are valid. AS is released in high-imped-
ance during the bus acknowledge cycle or under
the processor control by setting the HIMP_bit
(MODER.0, R235). Depending on the device AS is
available as Alternate Function or as a dedicated
pin.

Under Reset, AS is held high with an internal weak
pull-up.

The behavior of this signal is affected by the MC,
ASAF, ETO, BSZ, LAS[1:0] and UAS[1:0] bits in
the EMR1 or EMR2 registers. Refer to the Regis-
ter description.

6.2.2 DS: Data Strobe

DS (Output, Active low, Tristate) is active during the
internal clock high-level phase of each T2 memory
cycle. During an external memory read cycle, the
data on Port 0 must be valid before the DS i'sing
edge. During an external memory write cy-le, the
data on Port 0 are output on the falling, e4¢2 of DS
and they are valid on the rising ecdg= of DS. When
the internal memory is accecscd DS is kept high
during the whole memory ¢ zie. DS is released in
high-impedance during '1s ecknowledge cycle or

4

under processor control by setting the HIMP bit
(MODER.0, R235). Under Reset status, DS is held
high with an internal weak pull-up.

The behavior of this signal is affected by the MC,
DS2EN, and BSZ bits in the EMR1 register. Refer
to the Register description.

6.2.3 DS2: Data Strobe 2

This additional Data Strobe pin (Alternate Function
Output, Active low, Tristate) is available on some
ST9 devices only. It allows two external memories
to be connected to the ST9, the upper me-nory
block (A21=1 typically RAM) and the lower me.vio-
ry block (A21=0 typically ROM) witho.ii ar.v exter-
nal logic. The selection between tle pper and
lower memory blocks depends ~n the: A21 address
pin value.

The upper memory blcor is controlled by the DS
pin while the lower marrcry block is controlled by
the DS2 pin. Whea the internal memory is ad-
dressed, DS2 is ept high during the whole mem-
ory cyc'e. G2 s released in high-impedance dur-
ing bud acknowledge cycle or under processor
conrol Yy setting the HIMP bit (MODER.O0, R235).
DS2 is enabled via software as the Alternate Func-
tion output of the associated I/O port bit (refer to
specific ST9 version to identify the specific port
and pin).

The behavior of this signal is affected by the
DS2EN, and BSZ bits in the EMR1 register. Refer
to the Register description.
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1 DS WAIT CYCLE

1 AS WAIT CYCLE

NO WAIT CYCLE

Figure 52. External memory Read/Write with and without a programmable wait

ST92163R4 - EXTERNAL MEMORY INTERFACE (EXTMI)

EXTERNAL MEMORY SIGNALS (Cont'd)
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EXTERNAL MEMORY SIGNALS (Cont'd)

Figure 53. Effects of DS2EN on the behavior of DS and DS2

NO WAIT CYCLE

T1

T2

T1

1 DS WAIT CYCLE
T2

SYSTEM

SSTM N N

AS(MC=0) ' \_ '/

' ' !
1 1 !
1 1 1 1

DS2EN=0 OR (DS2EN=1 AND UPPER MEMORY ADDRESSED):

:/_

|

4
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EXTERNAL MEMORY SIGNALS (Cont'd)
6.2.4 RW: Read/Write

RW (Alternate Function Output, Active low,
Tristate) identifies the type of memory cycle:
RW="1" identifies a memory read cycle, RW="0"
identifies a memory write cycle. It is defined at the
beginning of each memory cycle and it remains
stable until the following memory cycle. RW is re-
leased in high-impedance during bus acknowl-
edge cycle or under processor control by setting
the HIMP bit (MODER). RW is enabled via soft-
ware as the Alternate Function output of the asso-
ciated I/O port bit (refer to specific ST9 device to
identify the port and pin). Under Reset status, the
associated bit of the port is set into bidirectional
weak pull-up mode.

Note: On some devices, the internal weak pull-up
is not present. In this case, an external one is
needed.

The behavior of this signal is affected by the MC,
ETO and BSZ bits in the EMR1 register. Refer to
the Register description.

6.2.5 BREQ, BACK: Bus Request,
Acknowledge

Note: These pins are available only on some ST9
devices (see Pin description).

BREQ (Alternate Function Input, Active low) indi-
cates to the ST9 that a bus request has tried cr 15
trying to gain control of the memory bus. Orce en-
abled by setting the BRQEN bit (MODERK.1,
R235), BREQ is sampled with the faiira edge of
the processor internal clock during piase T2.

Bus

Figure 54. External memory Read/Write sequence with external wait (WAIT Lin)

T T2 T1 T T2 .
T v R /AR \ G SR/ /A
W AN AN S
P1 IX ADDRESS | X | | | ‘aopREsS ' | | .X: . ADDRESS | || N
[ LI 1 I "] |_7_; 1 | T I ' ! ! I I 1 1 I ! <
. 1 1 1 "] [ ' T T L | D L T T L ;
A_S(MC=0) :\ YA 1 i\ ' o > ,/ 1 . :\_./ : : ! ' ' 1 ' | ! z:l
aEmesny /NG L /T TTTTTNL L N Lo,
e N N e IR I AR IR S /A
I T T < S = N Y00 o () SR R .,
RW(MC:O).}—::::::::::.:.5,5;:::::::?2
, LI LI 1 1 [ L. 1 ! LI 1 TR : :::: : ! L
e A e e e N A N R A
S e e e e
MULTIPLEXED EAI]I)D.: D:OUT.X: .| ADDRESS | | ,D.:OUTE APD.:><; : DATAGUT
R
BSwes) e (&
S N N N I A
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EXTERNAL MEMORY SIGNALS (Cont'd)

Whenever it is sampled low, the System Clock is
stretched and the external memory signals (AS,
DS, DS2, RW, PO and P1) are released in high-im-
pedance. The external memory interface pins are
driven again by the ST9 as soon as BREQ is sam-
pled high.

BACK (Alternate Function Output, Active low) indi-
cates that the ST9 has relinquished control_of the
memory bus in response to a bus request. BREQ
is driven low when the external memory interface
signals are released in high-impedance.

At MCU reset, the bus request function is disabled.
To_enable it, configure the 1/O port pins assigned
to BREQ and BACK as Alternate Function and set
the BRQEN bit in the MODER register.

6.2.6 PORT 0

If Port 0 (Input/Output, Push-Pull/Open-Drain/
Weak Pull-up) is used as a bit programmable par-
allel I/O port, it has the same features as a regular
port. When set as an Alternate Function, it is used
as the External Memory interface: it outputs the
multiplexed Address 8 LSB: A[7:0] /Data bus
D[7:0].

6.2.7 PORT 1

If Port 1 (Input/Output, Push-Pull/Open-Drain/
Weak Pull-up) is used as a bit programmable par-

allel I/O port, it has the same features as a reqiila:
port. When set as an Alternate Function, it ic vsed

Figure 55. Application Example

as the external memory interface to provide the 8
MSB of the address A[15:8].

The behavior of the Port 0 and 1 pins is affected by
the BSZ and ETO bits in the EMR1 register. Refer
to the Register description.

6.2.8 WAIT: External Memory Wait

Note: This pin is available only on some ST9 de-
vices (see Pin description).

WAIT (Alternate Function Input, Active low) indi-
cates to the ST9 that the external memory requires
more time to complete the memory access cy-le. If
bit EWEN (EIVR) is set, the WAIT signal ‘s sam-
pled with the rising edge of the procescor iniernal
clock during phase T1 or T2 of ever/ rremory cy-
cle. If the signal was sampled act.ve, one more in-
ternal clock cycle is addec tc tire memory cycle.
On the rising edge of the aaded internal clock cy-
cle, WAIT is sample:i ~gain to continue or finish
the memory cyc'e stieiching. Note that if WAIT is
sampled active Jduiing phase T1 then AS is
stretched, 'vriic f WAIT is sampled active during
phase 12 (hcn DS is stretched. WAIT is enabled
via soft\vare as the Alternate Function input of the
associdted 1/0 port bit (refer to specific ST9 ver-
sion to identify the specific port and pin). Under
Reset status, the associated bit of the port is set to
the bidirectional weak pull-up mode. Refer to Fig-
ure 54

]
RAM
32 Kbytes
AW > W
oS > G
PO A[7;0]/D[7:0] » Q0-Q7
ST9 L D[8:1]
o Q[8:1
- D o g Q& > |A0-A14
— 4 0OE °E
p— LATCH ROM
N ALB:15] D 32 Kbytes
L »{ DATA Q[7:0]
Ly A15T{>07 > A[14:0]
» E

4
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6.3 REGISTER DESCRIPTION

EXTERNAL MEMORY REGISTER 1 (EMR1)
R245 - Read/Write

Register Page: 21

Reset value: 1000 0000 (80h)

7 0

X MC

DS2EN | ASAF X ETO | BSzZ X

Bit 7 = Reserved.

Bit 6 = MC: Mode Control.

0: AS, DS and RW pins keep the ST9OLD mean-
ing.

1: AS pin becomes ALE, Address Load Enable
(AS inverted); Thus Memory Adress, Read/
Write signals are valid whenever a falling edge
of ALE occurs.

DS becomes OEN, Output ENable: it keeps the
ST90LD meaning during external read opera-
tions, but is forced to “1” during external write
operations.

RW pin becomes WEN, Write ENable: it follows
the STOOLD DS meaning during external write
operations, but is forced to “1” during external
read operations.

Bit 5 = DS2EN: Data Strobe 2 enable.

0: The DS2 pin is forced to “1” during the whcle
memory cycle.

1: If the lower memory block is acdaressed, the
DS2 pin follows the STOOLD OQ rneaning (if
MC=0) or it becomes OEN (if MC=1). The DS
pin is forced to 1 duri:iy the whole memory cy-
cle.

If the upper me.ory block is used, DS2 is forced
to “1” during¢ th.e whole memory cycle. The DS
pin behaio i 1s not modified.

Refei 0 Fiyure 53
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Bit 4 = ASAF: Address Strobe as Alternate Func-
tion.

Depending on the device, AS can be either a ded-
icated pin or a port Alternate Function. This bit is
used only in this last case.

0: AS Alternate function disabled.

1: AS Alternate Function enabled.

Bit 2 = ETO: External toggle. o

0: The external memory interface pins (AS, DS,
DS2, RW, Port0, Port1) toggle only if an access
to external memory is performed.

1: When the internal memory protection is dis-
abled (mask option available on some di:vices
only), the above pins (except DS and DS? which
never toggle during internal memcry accesses)
toggle during both internal anc ¢xtirnal memory
accesses.

Bit 1 = BSZ: Bus siz~.

0: All the I/O pert: including the external memory
interface zir.s 1ise smaller, less noisy output
buffers. 1nis may limit the operation frequency
o’ the ('evice, unless the clock is slow enough or
sufficient wait states are inserted.

. All the I/O ports including the external memory
interface pins (AS, DS, DS2, R/W, Port 0, 1) use
larger, more noisy output buffers .

—

Bit 0 = Reserved.

WARNING: External memory must be correctly
addressed before and after a write operation on
the EMR1 register. For example, if code is fefched
from external memory using the ST9OLD external
memory interface configuration (MC=0), setting
the MC bit will cause the device to behave unpre-
dictably.
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REGISTER DESCRIPTION (Cont’d)

EXTERNAL MEMORY REGISTER 2 (EMR2)
R246 - Read/Write

Register Page: 21

Reset value: 0001 1111 (1Fh)

7 0

ENCSR|DPRREM '\QE:\_A LAS1 | LASO | UAS1 | UASO

Bit 7 = Reserved.

Bit 6 = ENCSR: Enable Code Segment Register.

This bit affects the ST9 CPU behavior whenever

an interrupt request is issued.

0: For the duration of the interrupt service routine,
ISR is used instead of CSR, and only the PC
and Flags are pushed. This avoids saving the
CSR on the stack in the event of an interrupt,
thus ensuring a faster interrupt response time. It
is not possible for an interrupt service routine to
perform inter-segment calls or jumps: these in-
structions would update the CSR, which, in this
case, is not used (ISR is used instead). The
code segment size for all interrupt service rou-
tines is thus limited to 64K bytes. This mode en-
sures compatibiliy with the original ST9.

1:If ENCSR is set, ISR is only used to point tn ihe
interrupt vector table and to initialize the CSR ot
the beginning of the interrupt service rouhne: the
old CSR is pushed onto the stack ogethier with
the PC and flags, and CSR is t'1en 'saded with

4

the contents of ISR. In this case, iret will also
restore CSR from the stack. This approach al-
lows interrupt service routines to access the en-
tire 4 Mbytes of address space. The drawback is
that the interrupt response time is slightly in-
creased, because of the need to also save CSR
on the stack. Full compatibility with the original
ST9 is lost in this case, because the interrupt
stack frame is different.

Bit 5 = DPRREM: Data Page Registers remapping

0: The locations of the four MMU (Memory Man-
agement Unit) Data Page Registers (DPRO
DPR1, DPR2 and DPR3) are in page 21

1: The four MMU Data Page Registers aro
swapped with that of the Data Reg'siaic of ports

Refer.to Figure 51

Bit 4 = MEMSEL: Mem~iy Selection.
Warning: Must ve eprat 1.

Bit 3:2 = L\E[{1:0]: Lower memory address strobe
stre tch.

Thesc two bits contain the number of wait cycles
(rrom 0 to 3) to add to the System Clock to stretch
AS during external lower memory block accesses
(MSB of 22-bit internal address=0). The reset val-
ueis 3.
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REGISTER DESCRIPTION (Cont’d)

Bit 1:0 = UAS[1:0]: Upper memory address strobe
stretch.

These two bits contain the number of wait cycles
(from 0 to 3) to add to the System Clock to stretch
AS during external upper memory block accesses
(MSB of 22-bit internal address=1). The reset val-
ueis 3.

WARNING: The EMR2 register cannot be written
during an interrupt service routine.

WAIT CONTROL REGISTER (WCR)
R252 - Read/Write

Register Page: 0

Reset Value: 0111 1111 (7Fh)

7 0

0 |WDGEN|UDS2| UDS1 | UDSO | LDS2 |LDS1 | LDSO

Bit 7 = Reserved, forced by hardware to 0.

Bit 6 = WDGEN: Watchdog Enable.

For a description of this bit, refer to the Time~/
Watchdog chapter.

WARNING: Clearing this bit has the effe<t of set-
ting the Timer/Watchdog to Watchdey imc de. Un-
less this is desired, it must be set o “1”.

Bit 5:3 = UDS[2:0]: Urner memory data strobe
stretch.

These bits conteir tie number of INTCLK cycles
to be added anicriaiically to DS for external upper
memory blick 2ccesses. UDS = 0 adds no addi-
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tional wait cycles. UDS = 7 adds the maximum 7
INTCLK cycles (reset condition).

Bit 2:0 = LDS[2:0]: Lower memory data strobe
stretch.

These bits contain the number of INTCLK cycles
to be added automatically to DS or DS2 (depend-
ing on the DS2EN bit of the EMR1 register) for ex-
ternal lower memory block accesses. LDS = 0
adds no additional wait cycles, LDS = 7 adds the
maximum 7 INTCLK cycles (reset condition).

Note 1: The number of clock cycles addad reiars
to INTCLK and NOT to CPUCLK.

Note 2: The distinction between te U'rper memo-
ry block and the Lower mema,v 1lu<k allows differ-
ent wait cycles between the first 2 Mbytes and the
second 2 Mbytes, anu allows 2 different data
strobe signals to k= uccd to access 2 different
memories.

Typically, the RAM will be located above address
0x20000v  =2nd the ROM below address
0x1-FFFT, with different access times. No extra
haravzre is required as DS is used to access the
upper memory block and DS2 is used to access
the lower memory block.

WARNING: The reset value of the Wait Control
Register gives the maximum number of Wait cy-
cles for external memory. To get optimum perfor-
mance from the ST9, the user should write the
UDSJ[2:0] and LDS[2:0] bits to 0, if the external ad-
dressed memories are fast enough.
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7 1/0 PORTS

7.1 INTRODUCTION

ST9 devices feature flexible individually program-
mable multifunctional input/output lines. Refer to
the Pin Description Chapter for specific pin alloca-
tions. These lines, which are logically grouped as
8-bit ports, can be individually programmed to pro-
vide digital input/output and analog input, or to
connect input/output signals to the on-chip periph-
erals as alternate pin functions. All ports can be in-
dividually configured as an input, bi-directional,
output or alternate function. In addition, pull-ups
can be turned off for open-drain operation, and
weak pull-ups can be turned on in their place, to
avoid the need for off-chip resistive pull-ups. Ports
configured as open drain must never have voltage
on the port pin exceeding Vpp (refer to the Electri-
cal Characteristics section). Depending on the
specific port, input buffers are software selectable
to be TTL or CMOS compatible, however on Sch-
mitt trigger ports, no selection is possible.

Figure 56. I/0 Register Map

7.2 SPECIFIC PORT CONFIGURATIONS

Refer to the Pin Description chapter for a list of the
specific port styles and reset values.

7.3 PORT CONTROL REGISTERS

Each port is associated with a Data register
(PxDR) and three Control registers (PxCO0, PxC1,
PxC2). These define the port configuration and al-
low dynamic configuration changes during pro-
gram execution. Port Data and Control regisfers
are mapped into the Register File as shown it. Fig-
ure 56. Port Data and Control registers are trea.ea
just like any other general purpose revicte . I'here
are no special instructions for pert manipulation:
any instruction that can addresc a reyister, can ad-
dress the ports. Data can ve directly accessed in
the port register, withcut pessing through other
memory or “accumulctc <’ jocations.

GROUP E GROUP F [ "GROUP F GROUP F

PAGE 2 PAGE 3 PAGE 43
FFh Feserved | P7DR P9DR R255
FEh | P3C2 | pP7C2 P9C2 R254
FDh | P3Ci P7C1 P9C1 R253
Fon P3CO P7CO P9CO R252
System i B8h Reserved P6DR P8DR R251
Registers FAh P2C2 P6C2 P8C2 R250
Foh P2C1 P6C1 P8C1 R249
Fah P2C0 P6CO P8Co R248
F7h Reserved Reserved R247
Féh P1C2 P5C2 R246
£hh P5DR R229  F5h P1C1 P5C1 R245
t'4n P4DR R228 Fah P1CO P5CO Reserved R244
E3h P3DR R227 F3h Reserved Reserved R243
E2h P2DR R226  F2h POC2 P4C2 R242
Elh P1DR R225  Fih POC1 P4C1 R241
EOh PODR R224  FOh POCO P4CO R240
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PORT CONTROL REGISTERS (Cont'd)

During Reset, ports with weak pull-ups are set in
bidirectional/weak pull-up mode and the output
Data Register is set to FFh. This condition is also
held after Reset, except for Ports 0 and 1 in ROM-
less devices, and can be redefined under software
control.

Bidirectional ports without weak pull-ups are set in
high impedance during reset. To ensure proper
levels during reset, these ports must be externally
connected to either Vpp or Vgg through external
pull-up or pull-down resistors.

Other reset conditions may apply in specific ST9
devices.

7.4 INPUT/OUTPUT BIT CONFIGURATION

By programming the control bits PxCO0.n and
PxC1.n (see Figure 57) it is possible to configure
bit Px.n as Input, Output, Bidirectional or Alternate
Function Output, where X is the number of the 1/0
port, and n the bit within the port (n = 0 to 7).

When programmed as input, it is possible to select
the input level as TTL or CMOS compatible by pro-
gramming the relevant PxC2.n control bit.

This option is not available on Schmitt trigger ports.

The output buffer can be programmed as push-
pull or open-drain.

A weak pull-up configuration can be used to avo.?
external pull-ups when programmed as biuirec-
tional (except where the weak pull-up opt.or nas
been permanently disabled in the pin r.ardware as-
signment).
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Each pin of an I/O port may assume software pro-
grammable Alternate Functions (refer to the de-
vice Pin Description and to Section 7.5). To output
signals from the ST9 peripherals, the port must be
configured as AF OUT. On ST9 devices with A/D
Converter(s), configure the ports used for analog
inputs as AF IN.

The basic structure of the bit Px.n of a general pur-
pose port Px is shown in Figure 58.

Independently of the chosen configuration, when
the user addresses the port as the destination reg-
ister of an instruction, the port is written to and the
data is transferred from the internal Data B'is tc
the Output Master Latches. When the poit is za0-
dressed as the source register of ar ins'ruction,
the port is read and the data (store 12 ine Input
Latch) is transferred to the internel L'ata Bus.

When Px.n is programmeu as dn Input:
(See Figure 59).

— The Output Buffe: is forced tristate.

— The data przs2int on the 1/O pin is sampled into
the Input L~tch at the beginning of each instruc-
tion ax=c. nion.

— The rata stored in the Output Master Latch is
copied into the Output Slave Latch at the end of
the execution of each instruction. Thus, if bit Px.n
is reconfigured as an Output or Bidirectional, the
data stored in the Output Slave Latch will be re-
flected on the I/O pin.
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INPUT/OUTPUT BIT CONFIGURATION (Cont’d)

Figure 57. Control Bits

Bit 7 Bitn Bit 0
PxC2 \ PxC27 \ \ \ PxC2n \ \ \ \ PxC20 \
PxC1 \ PxC17 \ \ \ PxC1n \ \ \ \ PxC10 \
PxCO \ PxC07 \ \ \ PxCOn \ \ \ \ PxC00 \
Table 18. Port Bit Configuration Table (n = 0, 1... 7; X = port number)
General Purpose 1/O Pins I_.’\,'!W Pins
PXC2n 0 1 0 1 0 1 0 ‘ 1 1
PXC1n 0 0 1 1 0 0 1 1 1
PXCOn 0 0 0 0 1 1 1 1 1
PXn Configuration BID BID ouT ouT IN IN AF OUT | AFOUT | AFIN
— —
PXn Output Type WP OD oD PP oD HI-Z HI-7 PP oD HI-z(
TTL TTL TTL TIL | cmos | 1t | TTL TTL
. ‘ . . . . . | Analog
PXn Input Type (or Schmitt | (or Schmitt | (or Schmitt | (or Schmitt | (or Schmit. | or Schmitt | (or Schmitt | (or Schmitt Inout
Trigger) Trigger) Trigger) Trigger) 1°16r) | Trigger) Trigger) Trigger) P
() For A/D Converter inputs.
Legend:
X = Port
n = Bit
AF = Alternate Function
BID = Bidirectional
CMOS= CMOS Standard Input Lev~als
HI-Z = High Impedance
IN = Input
OD = Open Drain
OUT = Output
PP = Push-Pul!
TTL = TTL Stanad input Levels
WP = Werk Pul-up
IS7i 101/230
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INPUT/OUTPUT BIT CONFIGURATION (Cont'd)
Figure 58. Basic Structure of an I/O Port Pin

OUTPUT MASTER LATCH

!

/0 PIN
n
PUSH-PULL 1
TRISTATE
WEAK PULLAYP (or Sohmit Triggen
OUTPUT SLAVE LATCH +—» TO PERIPHERAL
INPUTS AND
FROM AF"JNES#\‘IAOLE INTERRUPTS
PERIPHERAL s
OUTPUT ‘\ INPUT
INPUT OUTPUT 9" BIDIRECTIONAL
ALTERMATE
OUTPUT e
BIDIRECTIONALT FIJNCTION

INPUT LUATCH —‘

_l

= INTERNAL DA"'A B JS =

Figure 59. Input Configuration

1/0 PIN
1 a

| T !

’

TRISTATE / % TL/CMOS
(or Schmitt Trigger)

OUTPUT SLAVE LA (C -I-| TO PERIPHERAL
A INPUTS AND
+ INTERRUPTS
I

|OUTPUT MASTER LATCH| I INPU'I; LATCH l

= INTERNAL DATA BUS <

Figure 60. Output Configuration

1/0 PIN
—

| b

OPEN DRAIN T
PUSH-PULL

(or Schmitt Trigger)

TO PERIPHERAL
INPUTS AND
INTERRUPTS

OUTPUT SLAVE LATCH |

|OUTPUT MASTER LATCH| I INPUT LATCH l

= INTERNAL DATA BUS <
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INPUT/OUTPUT BIT CONFIGURATION (Cont’d)

When Px.n is programmed as an Output:
(Figure 60)

— The Output Buffer is turned on in an Open-drain
or Push-pull configuration.

— The data stored in the Output Master Latch is
copied both into the Input Latch and into the Out-
put Slave Latch, driving the 1/O pin, at the end of
the execution of the instruction.

When Px.n is programmed as Bidirectional:
(Figure 61)

— The Output Buffer is turned on in an Open-Drain
or Weak Pull-up configuration (except when dis-
abled in hardware).

— The data present on the /O pin is sampled into
the Input Latch at the beginning of the execution
of the instruction.

— The data stored in the Output Master Latch is
copied into the Output Slave Latch, driving the I/
O pin, at the end of the execution of the instruc-
tion.

WARNING: Due to the fact that in bidirectional
mode the external pin is read instead of the output
latch, particular care must be taken with arithme-
tic/logic and Boolean instructions performed on a
bidirectional port pin.

These instructions use a read-modify-write se-
quence, and the result written in the port registar
depends on the logical level present on tho exier-
nal pin.

This may bring unwanted modific ations to the port
output register content.

For example:

Port register contert Ot
external port value, 03h
(Bits 3 and 2 ¢ re externally forced to 0)

A bset ‘nutruction on bit 7 will return:

Por® recister content, 83h
external port value, 83h
(Bits 3 and 2 have been cleared).

To avoid this situation, it is suggested that all oper-
ations on a port, using at least one bit in bidirec-
tional mode, are performed on a copy of the port
register, then transferring the result with a load in-
struction to the I/O port.

When Px.n is programmed as a digital Alter-
nate Function Output:
(Figure 62)

— The Output Buffer is turned on in an Open-Drain
or Push-Pull configuration.

(572

— The data present on the I/O pin is sampled into
the Input Latch at the beginning of the execution
of the instruction.

— The signal from an on-chip function is allowed to
load the Output Slave Latch driving the 1/O pin.
Signal timing is under control of the alternate
function. If no alternate function is connected to
Px.n, the I/O pin is driven to a high level when in
Push-Pull configuration, and to a high imped-
ance state when in open drain configuration.

Figure 61. Bidirectional Configuration

1/O PIN
1 9
| T i
WEAK PULL-UP, \ /7 7L
OPEN DRAIN (or Schmitt Trigger)
oUTPUT SLave L\ TO PERIPHERAL
I—) N Vi INPUTS AND
A INTERRUPTS
|
|OUTPUT MASTER LATCH| [ INPUTLATCH |
= INTERNAL DATA BUS <

Figure 62. Alternate Function Configuration

1/0 PIN
0
| |
OPEN DRAIN TTL
PUSH-PULL (or Schmitt Trigger)
* TO PERIPHERAL
INPUTS AND
I OUTPUT SLAVE LATCH | INTERRUPTS

]

FROM
PERIPHERAL
OUTPUT
INPUT LATCH
= INTERNAL DATA BUS <
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7.5 ALTERNATE FUNCTION ARCHITECTURE

Each I/0 pin may be connected to three different
types of internal signal:

— Data bus Input/Output

— Alternate Function Input
— Alternate Function Output
7.5.1 Pin Declared as I/0

A pin declared as I/O, is connected to the 1/0O buff-
er. This pin may be an Input, an Output, or a bidi-
rectional I/O, depending on the value stored in
(PxC2, PxC1 and PxCO0).

7.5.2 Pin Declared as an Alternate Function
Input

A single pin may be directly connected to several
Alternate Function inputs. In this case, the user
must select the required input mode (with the
PxC2, PxC1, PxCO0 bits) and enable the selected
Alternate Function in the Control Register of the
peripheral. No specific port configuration is re-
quired to enable an Alternate Function input, since
the input buffer is directly connected to each alter-
nate function module on the shared pin. As more
than one module can use the same input, itis up to
the user software to enable the required module
as necessary. Parallel I/Os remain operational
even when using an Alternate Function input. The
exception to this is when an I/O port bit is pering-
nently assigned by hardware as an A/D bit. Ii: this
case , after software programming of the bt ir AF-
OD-TTL, the Alternate function outpr:: ic fi.rced to
logic level 1. The analog voltage 'cv2l un the cor-
responding pin is directly inp.* i1 the A/D (See Fig-
ure 63).

Figure 63. A/D Inpu: Corfiguration
/€ PIN

»TOWARDS
A/D CONVERTER

GND

INPUT
BUFFER

OUTPUT SLAVE LATCH

|ouTPUT MASTER LATCH [ INPUT LATCH |

= INTERNAL DATA BUS <
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7.5.3 Pin Declared as an Alternate Function
Output

The user must select the AF OUT configuration
using the PxC2, PxC1, PxCO0 bits. Several Alter-
nate Function outputs may drive a common pin. In
such case, the Alternate Function output signals
are logically ANDed before driving the common
pin. The user must therefore enable the required
Alternate Function Output by software.

WARNING: When a pin is connected both to an al-
ternate function output and to an alternate func.ioii
input, it should be noted that the output siciia! will
always be present on the alternate functict: ir.put.

7.6 1/0 STATUS AFTER WFI. HA\.1 AND RESET

The status of the 1/O ports ¢ ring the Wait For In-
terrupt, Halt and Peqec operational modes is
shown in the followii.g tavle. The External Memory
Interface ports 2re chown separately. If only the in-
ternal memszyy is being used and the ports are act-
ing as i'G, tne status is the same as shown for the
othe:r 1)) =orts.

| Ext. Mem - I/O Ports
Mode PO P1, P2, P6, I/O Ports
P9[7:2] *
High Imped-
ance or next
address
(depending | ot | Not Affected (clock
WFI on the last :
Address | outputs running)
memory op-
eration per-
formed on
Port)
HALT High Imped- Next Not Affected (clock
ance Address outputs stopped)
Bidirectional Weak
. _ | Pull-up (High im-
RESET Alternate function push pedance when dis-
pull (ROMless device) .
abled in
hardware).

* Depending on device
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8 ON-CHIP PERIPHERALS

8.1 TIMER/WATCHDOG (WDT)

Important Note: This chapter is a generic descrip-
tion of the WDT peripheral. However depending
on the ST9 device, some or all of WDT interface
signals described may not be connected to exter-
nal pins. For the list of WDT pins present on the
ST9 device, refer to the device pinout description
in the first section of the data sheet.

8.1.1 Introduction

The Timer/Watchdog (WDT) peripheral consists of
a programmable 16-bit timer and an 8-bit prescal-
er. It can be used, for example, to:

— Generate periodic interrupts

— Measure input signal pulse widths

— Request an interrupt after a set number of events
— Generate an output signal waveform

— Act as a Watchdog timer to monitor system in-
tegrity

Figure 64. Timer/Watchdog Block Diagram

The main WDT registers are:

— Control register for the input, output and interrupt
logic blocks (WDTCR)

— 16-bit counter register pair (WDTHR, WDTLR)
— Prescaler register (WDTPR)

The hardware interface consists of up to five sig-
nals:

— WDIN External clock input

— WDOUT Square wave or PWM signal outnut
— INTO External interrupt input

— NMI Non-Maskable Interrupt inpv.t

— HWOSW1 Hardware/Softw.ce V\'zichdog ena-
ble.

INIlEN INI\I/|D1 INI?/IDQ

INPUT
WDIN'CHb & ' WDTPR WDTRH, WDTRL END OF
CLOCK CONTROL LOGIC| | w'IX . 16-BIT
wor 7| &BIT PRESCALER | o XS UNTER COUNT
CLOCK
INTCLY /4 —
OU'I|'MD WRC|)UT OUT|EN
OUTPUT CONTROL LOGIC |«
NMIT [-— -
170"
U vV i » [ WDOUT'

FWOS A

INTERRUPT
CONTROL LOGIC

"Pin not present on some ST9 devices.

————» TOP LEVEL INTERRUPT REQUEST

\—b RESET

p INTAO REQUEST

4
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TIMER/WATCHDOG (Cont'd)
8.1.2 Functional Description
8.1.2.1 External Signals

The HWOSW!1 pin can be used to permanently en-
able Watchdog mode. Refer to section 8.1.3.1 on
page 107.

The WDIN Input pin can be used in one of four
modes:

— Event Counter Mode

— Gated External Input Mode
— Triggerable Input Mode

— Retriggerable Input Mode

The WDOUT output pin can be used to generate a
square wave or a Pulse Width Modulated signal.

An interrupt, generated when the WDT is running
as the 16-bit Timer/Counter, can be used as a Top
Level Interrupt or as an interrupt source connected
to channel AO of the external interrupt structure
(replacing the INTO interrupt input).

The counter can be driven either by an external
clock, or internally by INTCLK divided by 4.

8.1.2.2 Initialisation

The prescaler (WDTPR) and counter (WDTRL,
WDTRH) registers must be loaded with initial val-
ues before starting the Timer/Counter. If this is nct
done, counting will start with reset values.

8.1.2.3 Start/Stop

The ST_SP bit enables downcountiriy Viien this
bit is set, the Timer will start at the boginning of the
following instruction. Resetur.g this bit stops the
counter.

If the counter is stojo~u and restarted, counting
will resume from: the lest value unless a new con-
stant has ber:. aniered in the Timer registers
(WDTRL, W) RA).

A nzZw cor stant can be written in the WDTRH,
WLTRI., WDTPR registers while the counter is
running. The new value of the WDTRH, WDTRL
registers will be loaded at the next End of Count
(EOC) condition while the new value of the
WDTPR register will be effective immediately.

End of Count is when the counter is 0.

When Watchdog mode is enabled the state of the
ST_SP bit is irrelevant.
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8.1.2.4 Single/Continuous Mode

The S_C bit allows selection of single or continu-
ous mode.This Mode bit can be written with the
Timer stopped or running. It is possible to toggle
the S_C bit and start the counter with the same in-
struction.

Single Mode

On reaching the End Of Count condition, the Timer
stops, reloads the constant, and resets the Start/
Stop bit. Software can check the current status by
reading this bit. To restart the Timer, set the Start/
Stop bit.

Note: If the Timer constant has been modificd -
ing the stop period, it is reloaded at s*artivn:z.
Continuous Mode

On reaching the End Of Cori ¢ ondidion, the coun-
ter automatically reloads the zonstant and restarts.
It is stopped only if the G:art/Stop bit is reset.

8.1.2.5 Input Section

If the Timer/Couawer input is enabled (INEN bit) it
can count pulses input on the WDIN pin. Other-
wise it counis the internal clock/4.

For instance, when INTCLK = 24MHz, the End Of
Count rate is:

2.79 seconds for Maximum Count
(Timer Const. = FFFFh, Prescaler Const. = FFh)

166 ns for Minimum Count
(Timer Const. = 0000h, Prescaler Const. = 00h)

The Input pin can be used in one of four modes:
— Event Counter Mode

— Gated External Input Mode

— Triggerable Input Mode

— Retriggerable Input Mode

The mode is configurable in the WDTCR.
8.1.2.6 Event Counter Mode

In this mode the Timer is driven by the external
clock applied to the input pin, thus operating as an
event counter. The event is defined as a high to
low transition of the input signal. Spacing between
trailing edges should be at least 8 INTCLK periods
(or 333ns with INTCLK = 24MHz).

Counting starts at the next input event after the
ST_SP bit is set and stops when the ST_SP bit is
reset.
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TIMER/WATCHDOG (Cont'd)
8.1.2.7 Gated Input Mode

This mode can be used for pulse width measure-
ment. The Timer is clocked by INTCLK/4, and is
started and stopped by means of the input pin and
the ST_SP bit. When the input pin is high, the Tim-
er counts. When it is low, counting stops. The
maximum input pin frequency is equivalent to
INTCLK/8.

8.1.2.8 Triggerable Input Mode

The Timer (clocked internally by INTCLK/4) is
started by the following sequence:

— setting the Start-Stop bit, followed by

— a High to Low transition on the input pin.
To stop the Timer, reset the ST_SP bit.
8.1.2.9 Retriggerable Input Mode

In this mode, the Timer (clocked internally by
INTCLK/4) is started by setting the ST_SP bit. A
High to Low transition on the input pin causes
counting to restart from the initial value. When the
Timer is stopped (ST_SP bit reset), a High to Low
transition of the input pin has no effect.

8.1.2.10 Timer/Counter Output Modes

Output modes are selected by means of the OUT-
EN (Output Enable) and OUTMD (Output Mode)
bits of the WDTCR register.

No Output Mode
(OUTEN = “0")

The output is disabled and the corrc¢sponding pin
is set high, in order to allow other < hernate func-
tions to use the 1/O pin.

Square Wave Output Minde
(OUTEN =“17, OUTN'L ="0")

The Timer outpns 2 signal with a frequency equal
to half the Enc 01 Count repetition rate on the WD-
OUT pir. Wit an INTCLK frequency of 20MHz,
this alivves a square wave signal to be generated
whcse period can range from 400ns to 6.7 sec-
onds.

Pulse Width Modulated Output Mode
(OUTEN =“17, OUTMD = “1")

The state of the WROUT bit is transferred to the
output pin (WDOUT) at the End of Count, and is
held until the next End of Count condition. The
user can thus generate PWM signals by modifying
the status of the WROUT pin between End of
Count events, based on software counters decre-
mented by the Timer Watchdog interrupt.
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8.1.3 Watchdog Timer Operation

This mode is used to detect the occurrence of a
software fault, usually generated by external inter-
ference or by unforeseen logical conditions, which
causes the application program to abandon its
normal sequence of operation. The Watchdog,
when enabled, resets the MCU, unless the pro-
gram executes the correct write sequence before
expiry of the programmed time period. The appli-
cation program must be designed so as to correct-
ly write to the WDTLR Watchdog register at regu-
lar intervals during all phases of normal operation.

8.1.3.1 Hardware Watchdog/Sofivore
Watchdog

The HWOSW!1 pin (when available) svlects Hard-
ware Watchdog or Software Watciidea

If HWOSW1 is held low:

— The Watchdog is enak'ed vy hardware immedi-
ately after an extert.a: reset. (Note: Software re-
set or Watchdc g rzeet have no effect on the
Watchdog eriah 2 status).

— The initiai counter value (FFFFh) cannot be mod-
ific.a, howaver software can change the prescaler
va'ue on the fly.

- The WDGEN bit has no effect. (Note: it is not
forced low).

If HWOSW1 is held high, or is not present:

— The Watchdog can be enabled by resetting the
WDGEN bit.

8.1.3.2 Starting the Watchdog

In Watchdog mode the Timer is clocked by
INTCLK/4.

If the Watchdog is software enabled, the time base
must be written in the timer registers before enter-
ing Watchdog mode by resetting the WDGEN bit.
Once reset, this bit cannot be changed by soft-
ware.

If the Watchdog is hardware enabled, the time
base is fixed by the reset value of the registers.

Resetting WDGEN causes the counter to start, re-
gardless of the value of the Start-Stop bit.

In Watchdog mode, only the Prescaler Constant
may be modified.

If the End of Count condition is reached a System
Reset is generated.
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8.1.3.3 Preventing Watchdog System Reset

In order to prevent a system reset, the sequence
AAh, 55h must be written to WDTLR (Watchdog
Timer Low Register). Once 55h has been written,
the Timer reloads the constant and counting re-
starts from the preset value.

To reload the counter, the two writing operations
must be performed sequentially without inserting
other instructions that modify the value of the
WDTLR register between the writing operations.
The maximum allowed time between two reloads
of the counter depends on the Watchdog timeout
period.

Figure 65. Watchdog Timer Mode

8.1.3.4 Non-Stop Operation

In Watchdog Mode, a Halt instruction is regarded
as illegal. Execution of the Halt instruction stops
further execution by the CPU and interrupt ac-
knowledgment, but does not stop INTCLK, CPU-
CLK or the Watchdog Timer, which will cause a
System Reset when the End of Count condition is
reached. Furthermore, ST_SP, S_C and the Input
Mode selection bits are ignored. Hence, regard-
less of their status, the counter always runs in
Continuous Mode, driven by the internal clock.

The Output mode should not be enabled, since i
this context it is meaningless.

COUNT
VALUE

TIMER START COUNTING

> RESET
WRITE WDTRHWDTRL J -
SOFTWARE FAIL
WDGEN=0 (EG. INFINITE LOOP)
WRITE AAh,55h A OR PERIPHERAL FAIL
INTOWDTRL
PRODUCE
COUNT REL/ D VAO0220
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8.1.4 WDT Interrupts

The Timer/Watchdog issues an interrupt request
at every End of Count, when this feature is ena-
bled.

A pair of control bits, IA0S (EIVR.1, Interrupt AO se-
lection bit) and TLIS (EIVR.2, Top Level Input Se-
lection bit) allow the selection of 2 interrupt sources
(Timer/Watchdog End of Count, or External Pin)
handled in two different ways, as a Top Level Non
Maskable Interrupt (Software Reset), or as a
source for channel AO of the external interrupt logic.

A block diagram of the interrupt logic is given in
Figure 66.

Note: Software traps can be generated by setting
the appropriate interrupt pending bit.

Table 19 below, shows all the possible configura-
tions of interrupt/reset sources which relate to the
Timer/Watchdog.

A reset caused by the watchdog will set bit 6,
WDGRES of R242 - Page 55 (Clock Flag Regis-
ter). See section CLOCK CONTROL REGIS-
TERS.

Table 19. Interrupt Configuration

Figure 66. Interrupt Sources

TIMER WATCHDOG

WDGEN (WCR.6)

MUX

> INTAY PECULZIST

INTO [} 1

L I+ 0S (EIVR.1)
N

MUX

> TOP LEVEL
INTERRUPT REQUEST

L TLIS (EIVR.2)

VA00293

NM I [I_—~—1
L

Control Bits N\ Enabled Sources .
v Operating Mode
WDGEN IA0S TLIS Reset INTAO Top Level
0 0 0 WDG/Ext Reset SW TRAP SW TRAP Watchdog
0 0 1 WDG/Ext Reset SW TRAP Ext Pin Watchdog
0 1 0 WDG/Ext Reset Ext Pin SW TRAP Watchdog
0 1 1 WDG/Ext Reset Ext Pin Ext Pin Watchdog
N\ 0 0 Ext Reset Timer Timer Timer
1 0 1 Ext Reset Timer Ext Pin Timer
1 1 0 Ext Reset Ext Pin Timer Timer
1 1 1 Ext Reset Ext Pin Ext Pin Timer
Legend:

WDG = Watchdog function
SW TRAP = Software Trap

Note: If IAOS and TLIS = 0 (enabling the Watchdog EOC as interrupt source for both Top Level and INTAO
interrupts), only the INTAO interrupt is taken into account.
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8.1.5 Register Description

The Timer/Watchdog is associated with 4 registers
mapped into Group F, Page 0 of the Register File.

WDTHR: Timer/Watchdog High Register
WDTLR: Timer/Watchdog Low Register
WDTPR: Timer/Watchdog Prescaler Register
WDTCR: Timer/Watchdog Control Register

Three additional control bits are mapped in the fol-
lowing registers on Page O:

Watchdog Mode Enable, (WCR.6)

Top Level Interrupt Selection, (EIVR.2)

Interrupt AO Channel Selection, (EIVR.1)

Note: The registers containing these bits also con-
tain other functions. Only the bits relevant to the
operation of the Timer/Watchdog are shown here.
Counter Register

This 16-bit register (WDTLR, WDTHR) is used to

load the 16-bit counter value. The registers can be
read or written “on the fly”.

TIMER/WATCHDOG HIGH REGISTER (WDTHR)
R248 - Read/Write

Register Page: 0

Reset value: 1111 1111 (FFh)

7 0

R15 | R14 | R13 | R12 | R11 | Fac

C 3\ N l

R9 | R8

Bits 7:0 = R[15:8] Cou n2r Most Significant Bits.

TIMER/WATCHDOG LOW REGISTER (WDTLR)
R249 - Head/Write

Regiister Fage: 0

Resct value: 1111 1111b (FFh)

7 0

R7 R6 R5 R4 R3 R2 R1 RO

Bits 7:0 = R[7:0] Counter Least Significant Bits.
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TIMER/WATCHDOG PRESCALER REGISTER
(WDTPR)

R250 - Read/Write

Register Page: 0

Reset value: 1111 1111 (FFh)

7 0

PR7 | PR6 | PR5 | PR4 | PR3 | PR2 | PR1 | PRO

Bits 7:0 = PR[7:0] Prescaler value.
A programmable value from 1 (00h) to 256 (FFh).

Warning: In order to prevent incorrect opetation of
the Timer/Watchdog, the prescaler (v T”R) and
counter (WDTRL, WDTRH) regisie.s must be ini-
tialised before starting the Tiirer/V'atchdog. If this
is not done, counting will sta= witn the reset (un-in-
itialised) values.

WATCHDOSZ 1IMER CONTROL REGISTER
(WDTC®,)

R2% 1- Read/Write

Register Page: 0

P.eset value: 0001 0010 (12h)

7 0

ST_SP | S_C | INMD1 | INMD2 | INEN | OUTMD | WROUT | OUTEN

Bit 7 = ST_SP: Start/Stop Bit.

This bit is set and cleared by software.
0: Stop counting

1: Start counting (see Warning above)

Bit 6 = S_C: Single/Continuous.

This bit is set and cleared by software.
0: Continuous Mode

1: Single Mode

Bits 5:4 = INMDI[1:2]: /nput mode selection bits.
These bits select the input mode:

INMD1 | INMD2 INPUT MODE
0 0 Event Counter
0 1 Gated Input (Reset value)
1 0 Triggerable Input
1 1 Retriggerable Input
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Bit 3 = INEN: /nput Enable.

This bit is set and cleared by software.
0: Disable input section

1: Enable input section

Bit 2 = OUTMD: Output Mode.

This bit is set and cleared by software.

0: The output is toggled at every End of Count

1: The value of the WROUT bit is transferred to the
output pin on every End Of Count if OUTEN=1.

Bit 1 = WROUT: Write Out.

The status of this bit is transferred to the Output
pin when OUTMD is set; it is user definable to al-
low PWM output (on Reset WROUT is set).

Bit 0 = OUTEN: Output Enable bit.
This bit is set and cleared by software.
0: Disable output

1: Enable output

WAIT CONTROL REGISTER (WCR)
R252 - Read/Write

Register Page: 0

Reset value: 0111 1111 (7Fh)

7 0

x | WDGEN X X X X

Bit 6 = WDGEN: Watchdog Znable (active low).
Resetting this bit via soi'waie enters the Watch-
dog mode. Once reset, it cannot be set anymore

4

by the user program. At System Reset, the Watch-
dog mode is disabled.

Note: This bit is ignored if the Hardware Watchdog
option is enabled by pin HWOSW/1 (if available).

EXTERNAL INTERRUPT VECTOR REGISTER
(EIVR)

R246 - Read/Write

Register Page: 0

Reset value: xxxx 0110 (x6h)

7 ¢

[ % ]
TLIS ' IAGS ! x
|

Bit 2 = TLIS: Top Level Inp::i Sclecion.

This bit is set and cleared b sofiware.

0: Watchdog End of Ccurnit is TL interrupt source
1: NMl is TL interrupt Jouice

X X X X X

Bit 1 = 1A0S. I~ terrupt Channel A0 Selection.
This bit is cet and cleared by software.

0: Watchdug End of Count is INTAO source
1: E.*2enal Interrupt pin is INTAO source

Warning. To avoid spurious interrupt requests,
the IAOS bit should be accessed only when the in-
terrupt logic is disabled (i.e. after the DI instruc-
tion). It is also necessary to clear any possible in-
terrupt pending requests on channel A0 before en-
abling this interrupt channel. A delay instruction
(e.g. a NOP instruction) must be inserted between
the reset of the interrupt pending bit and the IA0S
write instruction.

Other bits are described in the Interrupt section.
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8.2 MULTIFUNCTION TIMER (MFT)

8.2.1 Introduction

The Multifunction Timer (MFT) peripheral offers
powerful timing capabilities and features 12 oper-
ating modes, including automatic PWM generation
and frequency measurement.

The MFT comprises a 16-bit Up/Down counter
driven by an 8-bit programmable prescaler. The in-
put clock may be INTCLK/3 or an external source.
The timer features two 16-bit Comparison Regis-
ters, and two 16-bit Capture/Load/Reload Regis-
ters. Two input pins and two alternate function out-
put pins are available.

Several functional configurations are possible, for
instance:

— 2 input captures on separate external lines, and
2 independent output compare functions with the
counter in free-running mode, or 1 output com-
pare at a fixed repetition rate.

Figure 67. MFT Simplified Block Diagram

— 1 input capture, 1 counter reload and 2 inde-
pendent output compares.

— 2 alternate autoreloads and 2 independent out-
put compares.

— 2 alternate captures on the same external line
and 2 independent output compares at a fixed
repetition rate.

When two MFTs are present in an ST9 device, a
combined operating mode is available.

An internal On-Chip Event signal can be used on
some devices to control other on-chip peripherals.

The two external inputs may be individually 0/0-
grammed to detect any of the following:

— rising edges
— falling edges
— both rising and falling edg-s

CAPTURE,/".C 0L
1 OGIC

I— DMA CONTROLLER |
CAPTURE/LOAD REG 0

L.

-

L]

CAPTURE/LOAD REG 1

/

8 BT

CLOCK —
"RFSCALER

16 BIT U/D COUNTER

COMPARATOR

\

COMPARE REG 0
I_ DMA CONTROLLER |

COMPARE REG 1

VA00304
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The configuration of each input is programmed in
the Input Control Register.

Each of the two output pins can be driven from any
of three possible sources:

— Compare Register 0 logic
— Compare Register 1 logic
— Overflow/Underflow logic

Each of these three sources can cause one of the
following four actions, independently, on each of
the two outputs:

— Nop, Set, Reset, Toggle

In addition, an additional On-Chip Event signal can
be generated by two of the three sources men-
tioned above, i.e. Over/Underflow event and Com-
pare 0 event. This signal can be used internally to

Figure 68. Detailed Block Diagram

synchronise another on-chip peripheral. Five
maskable interrupt sources referring to an End Of
Count condition, 2 input captures and 2 output
compares, can generate 3 different interrupt re-
quests (with hardware fixed priority), pointing to 3
interrupt routine vectors.

Two independent DMA channels are available for
rapid data transfer operations. Each DMA request
(associated with a capture on the REGOR register,
or with a compare on the CMPOR register) has pri-
ority over an interrupt request generated by the
same source.

A SWAP mode is also available to allow high
speed continuous transfers (see Interrtot cnu
DMA chapter).

SOFTWARE SOFTWARE
EXT, EVENT O EXT. EVENT O
BIVALUE
CAPTURE / LOAD 0V, INF
ONE SHOT/CONT. —= LOGIC
—
DMA CONTROLLER
CAPTURE /LOAD REG, 0 CAPTURE/LOAD REG. 1
T CAPT 0 CAPT 1 T
L0AD 0 LOAD 1
PRS
INTCLK __[= 3
) U0 —]
PR SSELTLER 16 BIT COUNTER
OVF /UNF
EXT.CLOCK L 2 CLEAR— s
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COMP 0 I COMP 1
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COMP. 0 COMP 1 INTERRUPT LOGIC
: CAPT 1 ™ cpr
DMA CONTROLLER
° - CAPT 0
X = .+ | CPO
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5hoGsS3E s 338 83 L~ | oMo
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8.2.2 Functional Description

The MFT operating modes are selected by pro-
gramming the Timer Control Register (TCR) and
the Timer Mode Register (TMR).

8.2.2.1 Trigger Events

A trigger event may be generated by software (by
setting either the CP0O or the CP1 bits in the
T_FLAGR register) or by an external source which
may be programmed to respond to the rising edge,
the falling edge or both by programming bits AO-
A1 and B0-B1 in the T_ICR register. This trigger
event can be used to perform a capture or a load,
depending on the Timer mode (configured using
the bits in Table 23).

An event on the TxINA input or setting the CPO bit
triggers a capture to, or a load from the REGOR
register (except in Bicapture mode, see Section
8.2.2.11).

An event on the TxINB input or setting the CP1 bit
triggers a capture to, or a load from the REG1R
register.

In addition, in the special case of "Load from
REGOR and monitor on REG1R", it is possible to
use the TxINB input as a trigger for REGOR."

8.2.2.2 One Shot Mode

When the counter generates an overflow (in up-
count mode), or an underflow (in downr-count
mode), that is to say when an End Of Coun® condi-
tion is reached, the counter stops ari 1'0 counter
reload occurs. The counter may 1.'y be restarted
by an external trigger on T¥:*'f or 3 or a by soft-
ware trigger on CPO only. Ouie Shot Mode is en-
tered by setting the CO L't in TMR.

8.2.2.3 Continuovs \Micae

Whenever the counter reaches an End Of Count
condition. the counting sequence is automatically
resterta! ana the counter is reloaded from REGOR
(or from KEG1R, when selected in Biload Mode).
Conuniuous Mode is entered by resetting the CO bit
in TMR.

8.2.2.4 Triggered And Retriggered Modes

A triggered event may be generated by software
(by setting either the CPO or the CP1 bit in the
T_FLAGR register), or by an external source
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which may be programmed to respond to the rising
edge, the falling edge or both, by programming
bits A0-A1 and BO-B1 in T_ICR.

In One Shot and Triggered Mode, every trigger
event arriving before an End Of Count, is masked.
In One Shot and Retriggered Mode, every trigger
received while the counter is running, automatical-
ly reloads the counter from REGOR. Triggered/Re-
triggered Mode is set by the REN bit in TMR.

The TxINA input refers to REGOR and the TxINB
input refers to REG1R.

WARNING. If the Triggered Mode is selecte?
when the counter is in Continuous Mode every
trigger is disabled, it is not therefore pcscible to
synchronise the counting cycle by :.a-dware or
software.

8.2.2.5 Gated Mode

In this mode, counting tokes place only when the
external gate input is a* a logic low level. The se-
lection of TxINF »>r TAINB as the gate input is
made by prog’aimiming the INO-IN3 bits in T_ICR.

8.2.2.6 Coviu e Mode

The RECGSR and REG1R registers may be inde-
pencerntly set in Capture Mode by setting RMO or
FiM1 in TMR, so that a capture of the current count
value can be performed either on REGOR or on
REG1R, initiated by software (by setting CPO or
CP1 in the T_FLAGR register) or by an event on
the external input pins.

WARNING. Care should be taken when two soft-
ware captures are to be performed on the same
register. In this case, at least one instruction must
be present between the first CPO/CP1 bit set and
the subsequent CPO/CP1 bit reset instructions.

8.2.2.7 Up/Down Mode

The counter can count up or down depending on
the state of the UDC bit (Up/Down Count) in TCR,
or on the configuration of the external input pins,
which have priority over UDC (see Input pin as-
signment in T_ICR). The UDCS bit returns the
counter up/down current status (see also the Up/
Down Autodiscrimination mode in the Input Pin
Assignment Section).
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8.2.2.8 Free Running Mode

The timer counts continuously (in Up or Down
mode) and the counter value simply overflows or
underflows through FFFFh or zero; there is no End
Of Count condition as such, and no reloading
takes place. This mode is automatically selected
either in Bi-capture mode or by setting register
REGOR for a Capture function (Continuous mode
must also be set). In Autoclear mode, free running
operation can be selected, with the possibility of
choosing a maximum count value less than 21
before overflow or underflow (see Autoclear
mode).

8.2.2.9 Monitor Mode

When the RM1 bit in TMR is reset, and the timer is
not in Bi-value mode, REG1R acts as a monitor,
duplicating the current up or down counter con-
tents, thus allowing the counter to be read “on the
fly”.

8.2.2.10 Autoclear Mode

A clear command forces the counter either to
0000h or to FFFFh, depending on whether up-
counting or downcounting is selected. The counter
reset may be obtained either directly, through the
CCL bit in TCR, or by entering the Autoclear
Mode, through the CCP0 and CCMPO bits in TCR.

Every capture performed on REGOR (if CCPQ 15
set), or every successful compare perforriad cv
CMPOR (if CCMPO is set), clears the counie: and
reloads the prescaler.

4

The Clear On Capture mode allows direct meas-
urement of delta time between successive cap-
tures on REGOR, while the Clear On Compare
mode allows free running with the possibility of
choosing a maximum count value before overflow
or underflow which is less than 216 (see Free Run-
ning Mode).

8.2.2.11 Bi-value Mode

Depending on the value of the RMO bit in TMR, the
Bi-load Mode (RMO reset) or the Bi-capture Mode
(RMO set) can be selected as illustrated in Figure
20 below:

Table 20. Bi-value Modes

TMR bits Tnar

RMO RM1 BM Or;e.a ir,g Modes
0 X 1 " Bi-Load mode |

1 X 1+ Bi -Capture Mode

A) Biload Mode

The Bi-load M.902 is entered by selecting the Bi-
value Mode (3M set in TMR) and programming
RE®Or c< a reload register (RMO reset in TMR).

At any End Of Count, counter reloading is per-
formed alternately from REGOR and REG1R, (a
low level for BM bit always sets REGOR as the cur-
rent register, so that, after a Low to High transition
of BM bit, the first reload is always from REGOR).
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Every software or external trigger event on
REGOR performs a reload from REGOR resetting
the Biload cycle. In One Shot mode (reload initiat-
ed by software or by an external trigger), reloading
is always from REGOR.

B) Bicapture Mode

The Bicapture Mode is entered by selecting the Bi-
value Mode (the BM bit in TMR is set) and by pro-
gramming REGOR as a capture register (the RMO
bit in TMR is set).

Interrupt generation can be configured as an AND
or OR function of the two Capture events. This is
configured by the AO bit in the T_FLAGR register.

Every capture event, software simulated (by set-
ting the CPO flag) or coming directly from the TxI-
NA input line, captures the current counter value
alternately into REGOR and REG1R. When the
BM bit is reset, REGOR is the current register, so
that the first capture, after resetting the BM bit, is
always into REGOR.

8.2.2.12 Parallel Mode

When two MFTs are present on an ST9 device,
the parallel mode is entered when the ECK bit in
the TMR register of Timer 1 is set. The Timer 1
prescaler input is internally connected to the Timer
0 prescaler output. Timer 0 prescaler input is con-
nected to the system clock line.
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By loading the Prescaler Register of Timer 1 with
the value 00h the two timers (Timer 0 and Timer 1)
are driven by the same frequency in parallel mode.
In this mode the clock frequency may be divided
by a factor in the range from 1 to 2.

8.2.2.13 Autodiscriminator Mode

The phase difference sign of two overlapping puls-
es (respectively on TxINB and TxINA) generates a
one step up/down count, so that the up/down con-
trol and the counter clock are both external. The
setting of the UDC bit in the TCR register has no
effect in this configuration.

Figure 69. Parallel Mode Description

INTCLKS | PRESCALER 0 1| PAFT0
I L

COUNTER

MFT1
COUNTER

B! PHESCALER 1

Noto: MFT 1 is not available on all devices. Refer to
the device block diagram and register map.
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8.2.3 Input Pin Assignment

The two external inputs (TXINA and TxINB) of the
timer can be individually configured to catch a par-
ticular external event (i.e. rising edge, falling edge,
or both rising and falling edges) by programming
the two relevant bits (A0, A1 and BO, B1) for each
input in the external Input Control Register
(T_ICR).

The 16 different functional modes of the two exter-
nal inputs can be selected by programming bits
INO - IN3 of the T_ICR, as illustrated in Figure 21

Table 21. Input Pin Function

| C Reg. TxINA Input TxINB Input

IN3-INO bits Function Function

0000 not used not used

0001 not used Trigger

0010 Gate not used

0011 Gate Trigger

0100 not used Ext. Clock

0101 Trigger not used

0110 Gate Ext. Clock

0111 Trigger Trigger

1000 Clock Up Clock Down

1001 Up/Down Ext. Clock

1010 Trigger Up Trigger Down

1011 Up/Down not used

1100 Autodiscr. Autodiscr I

1101 Trigger Ext. Clock |

1110 Ext. Clock Trigaor

1111 Trigger C=e

Some choices relating to the externcinput pin as-
signment are defined in ccryjuction with the RMO
and RM1 bits in TMR.

For input pin assignr.e:it codes which use the in-
put pins as Trigger inputs (except for code 1010,
Trigger Up:Triyg 2 bown), the following conditions
apply:
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— a trigger signal on the TxINA input pin performs
an U/D counter load if RMO is reset, or an exter-
nal capture if RMO is set.

— a trigger signal on the TxINB input pin always
performs an external capture on REG1R. The
TxINB input pin is disabled when the Bivalue
Mode is set.

Note: For proper operation of the External Input
pins, the following must be observed:

— the minimum external clock/trigger pulse width
must not be less than the system clock (INTCLK)
period if the input pin is programmed as rising o
falling edge sensitive.

— the minimum external clock/trigger nulse width
must not be less than the prescale’ ¢ciack period
(INTCLK/3) if the input pin is prcgrainmed as ris-
ing and falling edge sens'uve: \vaiid also in Auto
discrimination mode).

— the minimum delay acv een two clock/trigger
pulse active ecq:s must be greater than the
prescaler clcck penod (INTCLK/3), while the
minimum d2lay between two consecutive clock/
triog=1 ou'ses must be greater than the system
clhck INTCLK) period.

—the minimum gate pulse width must be at least
twice the prescaler clock period (INTCLK/3).

— in Autodiscrimination mode, the minimum delay
between the input pin A pulse edge and the edge
of the input pin B pulse, must be at least equal to
the system clock (INTCLK) period.

— if a number, N, of external pulses must be count-
ed using a Compare Register in External Clock
mode, then the Compare Register must be load-
ed with the value [X +/- (N-1)], where X is the
starting counter value and the sign is chosen de-
pending on whether Up or Down count mode is
selected.
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8.2.3.1 TxINA =1/0 - TxINB = I/0

Input pins A and B are not used by the Timer. The
counter clock is internally generated and the up/
down selection may be made only by software via
the UDC (Software Up/Down) bit in the TCR regis-
ter.

8.2.3.2 TxINA =1/0O - TxINB = Trigger

The signal applied to input pin B acts as a trigger
signal on REG1R register. The prescaler clock is
internally generated and the up/down selection
may be made only by software via the UDC (Soft-
ware Up/Down) bit in the TCR register.

8.2.3.3 TxINA = Gate - TxINB =1/0

The signal applied to input pin A acts as a gate sig-
nal for the internal clock (i.e. the counter runs only
when the gate signal is at a low level). The counter
clock is internally generated and the up/down con-
trol may be made only by software via the UDC
(Software Up/Down) bit in the TCR register.

TOINA (Gate Input) -

Internal Counter Clock J_I_I_I_I_I_I_I_l_

A count occurs hers |

VROOC.1& ;

- 4 ]

8.2.3.4 TxINA = Gate - TXINB = Trigoer

Both input pins A and B are conneciad to the timer,
with the resulting effect of zcn bininig the actions
relating to the previously deczribed configurations.
8.2.3.5 TxINA =1/0 - "~uNB = Ext. Clock

The signal applied to input pin B is used as the ex-
ternal clock fcr ue prescaler. The up/down selec-
tion may b2 made only by software via the UDC
(Softivai2 Jp/Down) bit in the TCR register.
8.2.2.6 I'xINA = Trigger - TxINB = I/O

The signal applied to input pin A acts as a trigger
for REGOR, initiating the action for which the reg-
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ister was programmed (i.e. a reload or capture).
The prescaler clock is internally generated and the
up/down selection may be made only by software
via the UDC (Software Up/Down) bit in the TCR
register.

TOINA (Trigger Input) [}

Internal Counter Clock

A count occurs here (1) |
|

VRONH39 |

A\ |

(*) The timer is in One shot mode ariu REGOR in
Reload mode

8.2.3.7 TxINA = Gate - Txt"\B = Ext. Clock

The signal applied to inzit pin B, gated by the sig-
nal applied to input nin ¥ _ucts as external clock for
the prescaler. Tie up/uown control may be made
only by softwe re astion through the UDC bit in the
TCR registor.

TOINA (Gate Input) L0 1T

TOINB (Ext. Counter Clock) ML

A count occurs here
VR0O00190

8.2.3.8 TxINA = Trigger - TxINB = Trigger

The signal applied to input pin A (or B) acts as trig-
ger signal for REGOR (or REG1R), initiating the
action for which the register has been pro-
grammed. The counter clock is internally generat-
ed and the up/down selection may be made only
by software via the UDC (Software Up/Down) bit in
the TCR register.
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8.2.3.9 TxINA = Clock Up - TXINB = Clock Down

The edge received on input pin A (or B) performs a
one step up (or down) count, so that the counter
clock and the up/down control are external. Setting
the UDC bit in the TCR register has no effect in
this configuration, and input pin B has priority on
input pin A.

X = don't care

TOINA (Up Count Clock) J_IJ_LI_Lxx—XX—XX—

Counter Increment

TOINB (Down Count Clock) mimipg

Counter Decrement
VR000191

8.2.3.10 TxINA = Up/Down - TxXINB = Ext Clock

An High (or Low) level applied to input pin A sets
the counter in the up (or down) count mode, while
the signal applied to input pin B is used as clock for
the prescaler. Setting the UDC bit in the TCR reg-
ister has no effect in this configuration.

Down Count
Up Count \

TOINA (UP /DOWN)

TOINB (Ext. Counter Clock) [7] LN
a\
o i
; Lounter Decrement

Count= Increment
VR000192

4

8.2.3.11 TxINA = Trigger Up - TxINB = Trigger
Down

Up/down control is performed through both input
pins A and B. A edge on input pin A sets the up
count mode, while a edge on input pin B (which
has priority on input pin A) sets the down count
mode. The counter clock is internally generated,
and setting the UDC bit in the TCR register has no
effect in this configuration.

X = don't care
TOINA (Trigger Up) _[] XX
—Up Count Mode |

TOINB (Trigger Down) Im)

A X w—

- =
Dow: Couinit Mode

VR000193

8.2.3.12 TxINA = U"o/Down - TXINB = 1/0

An High (or Lcw) level of the signal applied on in-
put pin A sts the counter in the up (or down) count
morie. T1°c counter clock is internally generated.
Setuing the UDC bit in the TCR register has no ef-
feet in this configuration.

Down Count
TOINA (UP/DOWN) Up Countl
Internal Counter Clock | | | | | | | | | |

Counter
Decrement

Counter Increment VR000194
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8.2.3.13 Autodiscrimination Mode

The phase between two pulses (respectively on in-
put pin B and input pin A) generates a one step up
(or down) count, so that the up/down control and
the counter clock are both external. Thus, if the ris-
ing edge of TxINB arrives when TxINA is at a low
level, the timer is incremented (no action if the ris-
ing edge of TxINB arrives when TxINA is at a high
level). If the falling edge of TxINB arrives when
TxINA is at a low level, the timer is decremented
(no action if the falling edge of TxINB arrives when
TxINA is at a high level).

Setting the UDC bit in the TCR register has no ef-
fect in this configuration.

TONA T LT 1

UP /DOWN
AUTODESCRIMINATOR

TONB_[ ] 1

T Counter Decrement

Counter Increment
VR000195

8.2.3.14 TxINA = Trigger - TxINB = Ext. Clock

The signal applied to input pin A acts as e tigaor
signal on REGOR, initiating the action for v:t.ica the
register was programmed (i.e. a rr:iicad or cap-
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ture), while the signal applied to input pin B is used
as the clock for the prescaler.

TOINA (Trigger Input) |

TOINB (Ext. Counter Clock)

T

A count occurs here*
VROOO19€ |
|

(*) The timer is in One shot mode and REGOR In;
reload mode

8.2.3.15 TxINA = Ext. Clora - TxiNB = Trigger

The signal applied to input p:n B acts as a trigger,
performing a capture o~ PREG1R, while the signal
applied to input ni'1 \ s used as the clock for the
prescaler.

8.2.3.16 T.!N'A = Trigger - TXINB = Gate

The signal applied to input pin A acts as a trigger
signal cn REGOR, initiating the action for which the
rzgister was programmed (i.e. a reload or cap-
ture), while the signal applied to input pin B acts as
a gate signal for the internal clock (i.e. the counter
runs only when the gate signal is at a low level).
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8.2.4 Output Pin Assignment

Two external outputs are available when pro-
grammed as Alternate Function Outputs of the 1/0
pins.

Two registers Output A Control Register (OACR)
and Output B Control Register (OBCR) define the
driver for the outputs and the actions to be per-
formed.

Each of the two output pins can be driven from any
of the three possible sources:

— Compare Register 0 event logic
— Compare Register 1 event logic
— Overflow/Underflow event logic.

Each of these three sources can cause one of the
following four actions on any of the two outputs:

— Nop

— Set

— Reset

— Toggle

Furthermore an On Chip Event signal can be driv-
en by two of the three sources: the Over/Under-
flow event and Compare 0 event by programming
the CEV bit of the OACR register and the OEV bit
of OBCR register respectively. This signal car bz

used internally to synchronise another on-chin he-
ripheral.

Output Waveforms

Depending on the programming ci O+.CR and OB-
CR, the following example v.a ‘efoiriis can be gen-
erated on TXOUTA and TxC'JTB pins.

For a configuration were TxOUTA is driven by the
Over/Underflow (Gii:F, and the Compare 0 event
(CMO0), and TxC'1 G is driven by the Over/Under-
flow and Comu=:e 1 event (CM1):

4

OACR is programmed with TXOUTA preset to “0”,
OUF sets TxOUTA, CMO resets TxOUTA and
CM1 does not affect the output.
OBCR is programmed with TXOUTB preset to “0”,
OUF sets TxOUTB, CM1 resets TxOUTB while
CMO does not affect the output.

OACR = [101100X0]
OBCR = [111000X0]

TOOUTA | | | | \
OUF COMPO OUF COMPO I
|
COMP1 SOMP1
TOOUTBJ—l_I_' \ _‘|__|
OUF Qs

For a configuration wr.e,2 TxOUTA is driven by the
Over/Underflow, b - Compare 0 and by Compare
1; TxOUTB is 1ri ‘en by both Compare 0 and Com-
pare 1. OACT is programmed with TXOUTA pre-
set 15 “0°. OUF toggles Output 0, as do CMO0 and
CM1. CBCR is programmed with TxOUTB preset
to “1”. OUF does not affect the output; CMO resets
TxOUTB and CM1 sets it.

OACR =[010101X0]

OBCR = [100011X1]
COMP1 COMP1

TOOUTA
OUF OUF
COMPO COMPO
COMP1 COMP1
TOOUTB
COMPO COMPO
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For a configuration where TxOUTA is driven by the
Over/Underflow and by Compare 0, and TxOUTB
is driven by the Over/Underflow and by Compare
1. OACR is programmed with TXOUTA preset to
“0”. OUF sets TxOUTA while CMO resets it, and
CM1 has no effect. OBCR is programmed with Tx-
OUTB preset to “1”. OUF toggles TxOUTB, CMH1
sets it and CMO has no effect.

OACR = [101100X0]
OBCR = [110001X1]

TOOUTA [ | .
OUF COMPO OUF COMPO

COMP1 COMP1

TOOUTB l | l [ ]
OUF OUF

VROOA198

For a configuration where TxOUTA is driven by the
Over/Underflow and by Compare 0, and TxOUTB
is driven by Compare 0 and 1. OACR is pro-
grammed with TXOUTA preset to “0”. OUF sets
TxOUTA, CMO resets it and CM1 has no effect.
OBCR is programmed with TxXOUTB preset to “0”.
OUF has no effect, CMO sets TxOUTB and CMH1
toggles it.

OACR = [101100X0]
OBCR = [000111X0]

TooutA [ 1 [ 1 ,

JLFCOMPOOUF COMPO

COMP1  COMP1

100UTB

COMPO  COMPO
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Output Waveform Samples In Biload Mode

TxOUTA is programmed to monitor the two time
intervals, t1 and t2, of the Biload Mode, while Tx-
OUTB is independent of the Over/Underflow and
is driven by the different values of Compare 0 and
Compare 1. OACR is programmed with TxOUTA
preset to “0”. OUF toggles the output and CMO0 and
CM1 do not affect TXOUTA. OBCR is programmed
with TXOUTB preset to “0”. OUF has no effect,
while CM1 resets TxOUTB and CMO sets it.

Depending on the CM1/CMO values, three differ-
ent sample waveforms have been drawn basec oi1
the above mentioned configuration of OBCR. Ir
the last case, with a different programmed valuc of
OBCR, only Compare 0 drives TxOUT3, ‘oygling
the output.

OACR = [111101X0]
L t2 |

TooLTY [ ;
OUF OUF

OBCR = T021011X0]

((-:I) COMPO < REGO < COMP1 < REG1

COMPO COMP1

b) COMPO < COMP1 < REGO < REGT

TOOUTB (*)_< COMP1 COMP1

COMPO COMPO

c) REGO < COMPO < COMP1 < REGT
COMP1

N\
COMPO

OBCR = [011111X0]

TOOUTB | I
COMPO COMPO
VR000206

Note (*) Depending on the CMP1R/CMPOR values
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8.2.5 Interrupt and DMA
8.2.5.1 Timer Interrupt

The timer has 5 different Interrupt sources, be-
longing to 3 independent groups, which are as-
signed to the following Interrupt vectors:

Table 22. Timer Interrupt Structure

Interrupt Source Vector Address
ggmg ? Xxxx X110
CAPTO
CAPT 1 xxxx X100

Overflow/Underflow xxxx X000

The three least significant bits of the vector pointer
address represent the relative priority assigned to
each group, where 000 represents the highest pri-
ority level. These relative priorities are fixed by
hardware, according to the source which gener-
ates the interrupt request. The 5 most significant
bits represent the general priority and are pro-
grammed by the user in the Interrupt Vector Reg-
ister (T_IVR).

Each source can be masked by a dedicated bit in
the Interrupt/DMA Mask Register (IDMR) of each
timer, as well as by a global mask enable bit (ID-
MR.7) which masks all interrupts.

If an interrupt request (CMO or CPO) is present be
fore the corresponding pending bit is reset, an
overrun condition occurs. This condi‘ion 1s flagged
in two dedicated overrun bits, relating to the
Comp0 and Capt0 sources, in tha Timer Flag Reg-
ister (T_FLAGR).

8.2.5.2 Timer DMA

Two Independen. L'MiA channels, associated with
Comp0 anc¢ Cap 0 respectively, allow DMA trans-
fers fromi Register File or Memory to the Comp0
Recister, and from the CaptO Register to Register
File ~r IMemory). If DMA is enabled, the Capt0 and
CompO0 interrupts are generated by the corre-
sponding DMA End of Block event. Their priority is
set by hardware as follows:

— Compare 0 Destination — Lower Priority
— Capture 0 Source — Higher Priority

The two DMA request sources are independently
maskable by the CPOD and CMOD DMA Mask bits
in the IDMR register.

4

The two DMA End of Block interrupts are inde-
pendently enabled by the CPOI and CMOI Interrupt
mask bits in the IDMR register.

8.2.5.3 DMA Pointers

The 6 programmable most significant bits of the
DMA Counter Pointer Register (DCPR) and of the
DMA Address Pointer Register (DAPR) are com-
mon to both channels (CompO and Capt0). The
Comp0 and Capt0 Address Pointers are mapped
as a pair in the Register File, as are the Comp0
and Capt0 DMA Counter pair.

In order to specify either the CaptO or the Comp?
pointers, according to the channel being serv.ced,
the Timer resets address bit 1 for CAPTO and sets
it for COMPO, when the DO bit in the DCPR regis-
ter is equal to zero (Word addreae i Register
File). In this case (transfers bL=atwicen peripheral
registers and memory), the soiniers are split into
two groups of adjacent Aldress and Counter pairs
respectively.

For peripheral rogist<r to register transfers (select-
ed by prograimiming “1” into bit 0 of the DCPR reg-
ister), oniy onz pair of pointers is required, and the
poiriters are mapped into one group of adjacent
posiiors.

The DMA Address Pointer Register (DAPR) is not
used in this case, but must be considered re-
served.

Figure 70. Pointer Mapping for Transfers
between Registers and Memory

Register File
Address Comp0 16 bit | YYYYYY11())
Pointers Addr Pointer | YYYYYY10(h)
Capt0 16 bit | YYYYYYO1(l)
Addr Pointer YYYYYYO00(h)
DMA Comp0 DMA | XXXXXX11(])
Counters 16 bit Counter | XXXXXX10(h)
Capt0 DMA XXXXXX01(1)
16 bit Counter | XXXXXX00(h)
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Figure 71. Pointer Mapping for Register to
Register Transfers

Register File
8 bit Counter XXXXXX11

Compare 0
8 bit Addr Pointer XXXXXX10
8 bit Counter XXXXXX01

Capture 0
8 bit Addr Pointer XXXXXX00

8.2.5.4 DMA Transaction Priorities

Each Timer DMA transaction is a 16-bit operation,
therefore two bytes must be transferred sequen-
tially, by means of two DMA transfers. In order to
speed up each word transfer, the second byte
transfer is executed by automatically forcing the
peripheral priority to the highest level (000), re-
gardless of the previously set level. It is then re-
stored to its original value after executing the
transfer. Thus, once a request is being serviced,
its hardware priority is kept at the highest level re-
gardless of the other Timer internal sources, i.e.
once a CompO request is being serviced, it mair:
tains a higher priority, even if a Capt0 requas* c-
curs between the two byte transfers.
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8.2.5.5 DMA Swap Mode

After a complete data table transfer, the transac-
tion counter is reset and an End Of Block (EOB)
condition occurs, the block transfer is completed.

The End Of Block Interrupt routine must at this
point reload both address and counter pointers of
the channel referred to by the End Of Block inter-
rupt source, if the application requires a continu-
ous high speed data flow. This procedure causes
speed limitations because of the time required for
the reload routine.

The SWAP feature overcomes this drawbacl, al-
lowing high speed continuous transfers. it 2 cf
the DMA Counter Pointer Register (CCPF) and of
the DMA Address Pointer Register (L ATR), tog-
gles after every End Of Block condition, alternately
providing odd and even acdr:ss (D2-D7) for the
pair of pointers, thus pointir.q to an updated pair,
after a block has beeir ceirpletely transferred. This
allows the User tc 1.pJdate or read the first block
and to update *e vcinter values while the second
is being trarisferrad. These two toggle bits are soft-
ware wianle and readable, mapped in DCPR bit 2
for the CNi0 channel, and in DAPR bit 2 for the
CPG <hannel (though a DMA event on a channel,
it Swap mode, modifies a field in DAPR and
DCPR common to both channels, the DAPR/
DCPR content used in the transfer is always the bit
related to the correct channel).

SWAP mode can be enabled by the SWEN bit in
the IDCR Register.

WARNING: Enabling SWAP mode affects both
channels (CMO and CPO).
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8.2.5.6 DMA End Of Block Interrupt Routine

An interrupt request is generated after each block
transfer (EOB) and its priority is the same as that
assigned in the usual interrupt request, for the two
channels. As a consequence, they will be serviced
only when no DMA request occurs, and will be
subject to a possible OUF Interrupt request, which
has higher priority.

The following is a typical EOB procedure (with
swap mode enabled):

— Test Toggle bit and Jump.

— Reload Pointers (odd or even depending on tog-
gle bit status).

— Reset EOB bit: this bit must be reset only after
the old pair of pointers has been restored, so
that, if a new EOB condition occurs, the next pair
of pointers is ready for swapping.

— Verify the software protection condition (see
Section 8.2.5.7).

— Read the corresponding Overrun bit: this con-
firms that no DMA request has been lost in the
meantime.

— Reset the corresponding pending bit.

— Reenable DMA with the corresponding DMA
mask bit (must always be done after resetting
the pending bit)

4

— Return.

WARNING: The EOB bits are read/write only for
test purposes. Writing a logical “1” by software
(when the SWEN bit is set) will cause a spurious
interrupt request. These bits are normally only re-
set by software.

8.2.5.7 DMA Software Protection

A second EOB condition may occur before the first
EOB routine is completed, this would cause a not
yet updated pointer pair to be addressed, with con-
sequent overwriting of memory. To prevent these
errors, a protection mechanism is provided, s ico
that the attempted setting of the EOB bit betore ii
has been reset by software will cause th=2 DA
mask on that channel to be reset (DM:A di.abled),
thus blocking any further DMA. cnecation. As
shown above, this mask ki shoind always be
checked in each EOB rou.'re, 10 ensure that all
DMA transfers are prope:ly sarved.

8.2.6 Register Descrinuon

Note: In the reyicter description on the following
pages, register 2nd page numbers are given using
the evarnp'e of Timer 0. On devices with more
than on 2 .amer, refer to the device register map for
the adiesses and page numbers.
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CAPTURE LOAD 0 HIGH REGISTER (REGOHR)

R240 - Read/Write
Register Page: 10
Reset value: undefined

7 0

COMPARE 0 HIGH REGISTER (CMPOHR)

R244 - Read/Write
Register Page: 10
Reset value: 0000 0000 (00h)

7 0

R15 | R14 | R13 | R12 | R11 | R10 | R9 R8

R15 | R14 | R13 | R12 [ R11 | R10 | R9 R8

This register is used to capture values from the
Up/Down counter or load preset values (MSB).

CAPTURE LOAD 0 LOW REGISTER (REGOLR)

R241 - Read/Write
Register Page: 10
Reset value: undefined

7 0

R7 R6 R5 R4 R3 R2 R1 RO

This register is used to capture values from the
Up/Down counter or load preset values (LSB).

CAPTURE LOAD 1 HIGH REGISTER (REG1HR)

R242 - Read/Write
Register Page: 10
Reset value: undefined

7 0

I
Fii ’ Riv ’ R9 R8

R15 | R14 | R13 | R12

This register is useau to capture values from the
Up/Down counter i 19ad preset values (MSB).

CAPTLRE LOAD 1 LOW REGISTER (REG1LR)

R2:3 - 3ead/Write
Register Page: 10
Reset value: undefined

7 0

R7 R6 R5 R4 R3 R2 R1 RO

This register is used to capture values from the
Up/Down counter or load preset values (LSB).
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This register is used to store the MSB of the 16-bit
value to be compared to the Up/Down counter
content.

COMPARE 0 LOW REGISTER (CMPOLR,

R245 - Read/Write
Register Page: 10
Reset value: 0000 0000 (07n)

7 0

T — T

R7 R6 R5 | F4 R3 R2 R1 RO

This reg’sier is used to store the LSB of the 16-bit
value to e compared to the Up/Down counter
coniernie.

COMPARE 1 HIGH REGISTER (CMP1HR)

R246 - Read/Write
Register Page: 10
Reset value: 0000 0000 (00h)

7 0

R15 | R14 | R13 | R12 | R11 | R10 | R9 R8

This register is used to store the MSB of the 16-bit
value to be compared to the Up/Down counter
content.

COMPARE 1 LOW REGISTER (CMP1LR)

R247 - Read/Write
Register Page: 10
Reset value: 0000 0000 (00h)

7 0

R7 R6 R5 R4 R3 R2 R1 RO

This register is used to store the LSB of the 16-bit
value to be compared to the Up/Down counter
content.

(572
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TIMER CONTROL REGISTER (TCR)
R248 - Read/Write

Register Page: 10

Reset value: 0000 0000 (00h)

7 0

CEN | CCPO | CCMPO |CCL | UDC | UDCS | OF0 | CS

Bit 7 = CEN: Counter enable.

This bit is ANDed with the Global Counter Enable
bit (GCEN) in the CICR register (R230). The
GCEN bit is set after the Reset cycle.

0: Stop the counter and prescaler

1: Start the counter and prescaler (without reload).

Note: Even if CEN=0, capture and loading will
take place on a trigger event.

Bit 6 = CCPO: Clear on capture.

0: No effect

1: Clear the counter and reload the prescaler on a
REGOR or REG1R capture event

Bit 5 = CCMPO: Clear on Compare.

0: No effect

1: Clear the counter and reload the prescaler on a
CMPOR compare event

Bit 4 = CCL: Counter clear.

This bit is reset by hardware after Laing set by

software (this bit always returns “C" vehizn read).

0: No effect

1: Clear the counter withou. 5enerating an inter-
rupt request

4

Bit 3 = UDC: Up/Down software selection.

If the direction of the counter is not fixed by hard-
ware (TxINA and/or TxINB pins, see par. 10.3) it
can be controlled by software using the UDC bit.
0: Down counting

1: Up counting

Bit 2 = UDCS: Up/Down count status.

This bit is read only and indicates the direction of
the counter.

0: Down counting

1: Up counting

Bit 1 = OF0: OVF/UNF state.

This bit is read only.

0: No overflow or underflow cocuried

1: Overflow or underflow oc ~urred during a Cap-
ture on Register 0

Bit 0 = CS Coun‘er Status.

This bit is r222 cnly and indicates the status of the
countar,

0: Cour ter halted

1: Counter running
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TIMER MODE REGISTER (TMR)
R249 - Read/Write

Register Page: 10

Reset value: 0000 0000 (00h)

7 0

OE1 | OEO | BM | RM1 | RMO | ECK | REN | CO

Bit 7 = OE1: Output 1 enable.

0: Disable the Output 1 (TXOUTB pin) and force it
high.

1: Enable the Output 1 (TxOUTB pin)
The relevant I/O bit must also be set to Alternate
Function

Bit 6 = OEO: Output 0 enable.

0: Disable the Output 0 (TXOUTA pin) and force it
high

1: Enable the Output 0 (TXOUTA pin).
The relevant I/O bit must also be set to Alternate
Function

Bit 5 = BM: Bivalue mode.

This bit works together with the RM1 and RMO bits
to select the timer operating mode (see Table 23).
0: Disable bivalue mode

1: Enable bivalue mode

Bit 4 = RM1: REG1R mode.

This bit works together with the BM ar.a FiMO bits
to select the timer operating mod . ~cier to Table
23.

Note: This bit has no effext when the Bivalue
Mode is enabled (BN.="}.
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Bit 3 = RM0: REGOR mode.

This bit works together with the BM and RM1 bits
to select the timer operating mode. Refer to Table
23.

Table 23. Timer Operating Modes

TMR Bits . .
BMTRM1 TRMO Timer Operating Modes

1 X 0 | Biload mode

1 X 1 | Bicapture mode

0 0 0 Load from REGOR and Monitor on |
REG1R A&

ol 1 0 Load from REGOR and Capture 2r. |
REG1R

o| o | 1 |Capture on REGOR anc MOIL4or on
REG1R

0] 1 1 | Capture on F=GJF and REG1R

Bit 2 = ECK Timer cl-zc!- control.

0: The prescalei c'ock source is selected depend-
ing on the ING - N3 bits in the T_ICR register

1: Enter Pacallc! mode (for Timer 1 and Timer 3
onhs 0 3ffect for Timer 0 and 2). See Section
8221.2.

Bit 1 = REN: Retrigger mode.
0: Enable retriggerable mode
1: Disable retriggerable mode

Bit 0 = CO: Continous/One shot mode.

0: Continuous mode (with autoreload on End of
Count condition)

1: One shot mode
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MULTIFUNCTION TIMER (Cont’d)

EXTERNAL INPUT CONTROL REGISTER Bits 1:0 = B[0:1]: TxINB Pin event.

(T_ICR) These bits are set and cleared by software.

Eggi%t e?gzg/g:v %e BO B1 TxINB Pin Event

Reset value: 0000 0000 (00h) 0 0 No operation

0 1 Falling edge sensitive
7 0 1 0 Rising edge sensitive
1 1 Rising and falling edges
IN3 | IN2 IN1 INO [ AO Al BO B1

Bits 7:4 = IN[3:0]: /nput pin function.

These bits are set and cleared by software. PRESCALER REGISTER (PRSR)
. TxINA TxINB Input R251 - Read/Write

IN[3:0] bits Pin Function Pin Function Register Page: 10

0000 not used not used Reset value: 0000 0000 (00h)
0001 not used Trigger 7 0
0010 Gate not used ——
0011 Gate Trigger P7 | P6 | P5 | P4 ‘ °2 | P2 | P1 | PO
0100 not used Ext. Clock ~
0101 Trigger not used . . ) )
0110 Gate Ext. Clock This register hclds, :hoe preset value for the 8-bit
0111 Trigger Trigger prescaler. The PRCH content may be modified at
1000 Clock Up Clock Down any time, buti ic will be loaded into the prescaler at
1001 Up/Down Ext. Clock the follc'wing prescaler underflow, or as a conse-
1010 Trigger Up Trigger Down quence ¢ a counter reload (either by software or
1011 Up/Down not used upor. <xternal request).
1100 Autodiscr. Autodiscr. Following a RESET condition, the prescaler is au-
1101 Trigger Ext. Clock 1 tomatically loaded with 00h, so that the prescaler
1110 Ext. Clock Trigger | divides by 1 and the maximum counter clock is
11 Trigger _Gal> | generated (Crystal oscillator clock frequency divid-

Bits 3:2 = A[0:1]: TxINA Pir: evon.
These bits are set and clearvd by software.

ed by 6 when MODER.5 = DIV2 bit is set).

The binary value programmed in the PRSR regis-
ter is equal to the divider value minus one. For ex-
ample, loading PRSR with 24 causes the prescal-
er to divide by 25.

A0 A1l v\ TxINA Pin Event
0 n "No operation
0 1 Falling edge sensitive
1 0 Rising edge sensitive
1 ! 1 Rising and falling edges

4

129/230




ST92163R4 - MULTIFUNCTION TIMER (MFT)

MULTIFUNCTION TIMER (Cont’d)

OUTPUT A CONTROL REGISTER (OACR)
R252 - Read/Write

Register Page: 10

Reset value: 0000 0000

7 0

COEO|COE1|C1E0|C1E1|OUEO|OUE1|CEV|OP

Bits 7:6 = COE[0:1]: COMPO action bits.

These bits are set and cleared by software. They
configure the action to be performed on the Tx-
OUTA pin when a successful compare of the
CMPOR register occurs. Refer to Table 24 for the
list of actions that can be configured.

Bits 5:4 = C1E[0:1]: COMP1 action bits.

These bits are set and cleared by software. They
configure the action to be performed on the Tx-
OUTA pin when a successful compare of the
CMP1R register occurs. Refer to Table 24 for the
list of actions that can be configured.

Bits 3:2 = OUE[0:1]: OVF/UNF action bits.

These bits are set and cleared by software. They
configure the action to be performed on the Tx-
OUTA pin when an Overflow or Underflow of the
U/D counter occurs. Refer to Table 24 for the lict or
actions that can be configured.
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Table 24. Output A Action Bits

XxEO | xxE1 Action on TxOUTA pin when an xx
event occurs
0 0 Set
0 1 Toggle
1 0 Reset
1 1 NOP
Notes:

— xx stands for C0, C1 or OU.

— Whenever more than one event occurs simuita-
neously, Action bit O will be the result of AiNLing
Action bit 0 of all simultaneous events and Action
bit 1 will be the result of ANDing Ac’ion it 1 of all
simultaneous events.

Bit 1 = CEV: On-Chip event on CMPOR.

This bit is set and cl2cred by software.

0: No action

1: A successful cainpare on CMPOR activates the
on-chir ¢vet signal (a single pulse is generat-
eri)

Bit 0 = OP: TxOUTA preset value.

This bit is set and cleared by software and by hard-
ware. The value of this bit is the preset value of the
TxOUTA pin. Reading this bit returns the current
state of the TXOUTA pin (useful when it is selected
in toggle mode).
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MULTIFUNCTION TIMER (Cont’d)

OUTPUT B CONTROL REGISTER (OBCR)
R253 - Read/Write

Register Page: 10

Reset value: 0000 0000 (00h)

7 0

COEO|COE1|C1E0|C1E1|OUEO|OUE1|OEV|0OP

Bits 7:6 = COE[0:1]: COMPO Action Bits.
These bits are set and cleared by software. They
configure the type of action to be performed on the
TxOUTB output pin when successful compare of
the CMPOR register occurs. Refer to Table 25 for
the list of actions that can be configured.

Bits 5:4 = COE[0:1]: COMP1 Action Bits.
These bits are set and cleared by software. They
configure the type of action to be performed on the
TxOUTB output pin when a successful compare of
the CMP1R register occurs. Refer to Table 25 for
the list of actions that can be configured.

Bits 3:2 = OUE[0:1]: OVF/UNF Action Bits.
These bits are set and cleared by software.They
configure the type of action to be performed on the
TxOUTB output pin when an Overflow or Under
flow on the U/D counter occurs. Refer to Takle 25
for the list of actions that can be configurec.

4

Table 25. Output B Action Bits

XxEO | xxE1 Action on the TXOUTB pin when an
Xx event occurs
0 0 Set
0 1 Toggle
1 0 Reset
1 1 NOP
Notes:

— xx stands for C0, C1 or OU.

— Whenever more than one event occurs simuita-
neously, Action Bit O will be the result of ANLing
Action Bit 0 of all simultaneous events ana A tion
Bit 1 will be the result of ANDing A :tior, 3it 1 of
all simultaneous events.

Bit 1 = OEV: On-Chip ev-nt on OVF/UNF.

This bit is set and cl2cred by software.

0: No action

1: An underflo v/overflow activates the on-chip
event ciand’ (a single pulse is generated)

Bit 0 — OP: TxOUTB preset value.

Tnis bit is set and cleared by software and by hard-
ware. The value of this bit is the preset value of the
TxOUTB pin. Reading this bit returns the current
state of the TxOUTB pin (useful when it is selected
in toggle mode).
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MULTIFUNCTION TIMER (Cont’d)

FLAG REGISTER (T_FLAGR)
R254 - Read/Write

Register Page: 10

Reset value: 0000 0000 (00h)

7 0

CPO [ CP1 | CMO | CM1 | OUF | OCPO | OCMO | A0

Bit 7 = CPO: Capture 0 flag.

This bit is set by hardware after a capture on
REGOR register. An interrupt is generated de-
pending on the value of the GTIEN, CPOI bits in
the IDMR register and the A0 bit in the T_FLAGR
register. The CPO bit must be cleared by software.
Setting by software acts as a software load/cap-
ture to/from the REGOR register.

0: No Capture 0 event

1: Capture 0 event occurred

Bit 6 = CP1: Capture 1 flag.

This bit is set by hardware after a capture on
REG1R register. An interrupt is generated de-
pending on the value of the GTIEN, CPOI bits in
the IDMR register and the A0 bit in the T_FLAGR
register. The CP1 bit must be cleared by software.
Setting by software acts as a capture event on the
REG1R register, except when in Bicapture moie
0: No Capture 1 event

1: Capture 1 event occurred

Bit 5 = CMO: Compare 0 flag.

This bit is set by hardware after o successful com-
pare on the CMPOR register. An interrupt is gener-
ated if the GTIEN an:i S0l bits in the IDMR reg-
ister are set. Tho GNi0 bit is cleared by software.
0: No Comparz Q 2vent

1: Compare: 1 cvent occurred

Bit « = CM1: Compare 1 flag.
This bit is set after a successful compare on
CMP1R register. An interrupt is generated if the
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GTIEN and CM1I bits in the IDMR register are set.
The CM1 bit is cleared by software.

0: No Compare 1 event

1: Compare 1 event occurred

Bit 3 = OUF: Overflow/Underflow.

This bit is set by hardware after a counter Over/
Underflow condition. An interrupt is generated if
GTIEN and OUI=1 in the IDMR register. The OUF
bit is cleared by software.

0: No counter overflow/underflow

1: Counter overflow/underflow

Bit 2 = OCPO: Overrun on Capture 0.

This bit is set by hardware when mzc:e than one
INT/DMA requests occur before ire (LPO flag is
cleared by software or wherc:er o capture is sim-
ulated by setting the CPO flug vy software. The
OCPO flag is cleared by s oftware.

0: No capture 0 overrun

1: Capture 0 ove:rin

Bit 1 = C'CiAS: Overrun on compare 0.

Thiw bit is set by hardware when more than one
INT/GiVIA requests occur before the CMO flag is
cleared by software.The OCMO flag is cleared by
software.

0: No compare 0 overrun

1: Compare 0 overrun

Bit 0 = AO: Capture interrupt function.

This bit is set and cleared by software.

0: Configure the capture interrupt as an OR func-
tion of REGOR/REG1R captures

1: Configure the capture interrupt as an AND func-
tion of REGOR/REG1R captures

Note: When AQ is set, both CP0Ol and CP1l in the
IDMR register must be set to enable both capture
interrupts.
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MULTIFUNCTION TIMER (Cont’d)

INTERRUPT/DMA MASK REGISTER (IDMR)
R255 - Read/Write

Register Page: 10

Reset value: 0000 0000 (00h)

7 0

GTIEN | CPOD | CPOI (CP11 | CMOD | CMOI | CM11 | OUI

Bit 7 = GTIEN: Global timer interrupt enable.

This bit is set and cleared by software.

0: Disable all Timer interrupts

1: Enable all timer Timer Interrupts from enabled
sources

Bit 6 = CPOD: Capture 0 DMA mask.

This bit is set by software to enable a Capt0 DMA
transfer and cleared by hardware at the end of the
block transfer.

0: Disable capture on REGOR DMA

1: Enable capture on REGOR DMA

Bit 5 = CPOIl: Capture 0 interrupt mask.

0: Disable capture on REGOR interrupt

1: Enable capture on REGOR interrupt (or Capt0
DMA End of Block interrupt if CPOD=1)

Bit 4 = CP1l: Capture 1 interrupt mask.
This bit is set and cleared by software.
0: Disable capture on REG1R interrvyt
1: Enable capture on REG1R inteiipt

Bit 3 = CMOD: Compare 0 L VIA mask.

This bit is set by software to enable a Comp0 DMA
transfer and cleareu b, nardware at the end of the
block transfer.

0: Disable conozre on CMPOR DMA

1: Enak!s cormpare on CMPOR DMA

Bit 2 = CMOI: Compare 0 Interrupt mask.

This bit is set and cleared by software.

0: Disable compare on CMPOR interrupt

1: Enable compare on CMPOR interrupt (or
Comp0 DMA End of Block interrupt if CMOD=1)

4

Bit 1 = CM1l: Compare 1 Interrupt mask.
This bit is set and cleared by software.
0: Disable compare on CMP1R interrupt
1: Enable compare on CMP1R interrupt

Bit 0 = OUL:

Overflow/Underflow interrupt mask.
This bit is set and cleared by software.
0: Disable Overflow/Underflow interrupt
1: Enable Overflow/Underflow interrupt

DMA COUNTER POINTER REGISTER (DCFR,
R240 - Read/Write

Register Page: 9

Reset value: undefined

7 0

DMA | REG/

DCP7|DCP6 DCP5!DCF4iDCP3 DCP2

SRCE| MEM

Bits 7:2 = M2™[7:2]: MSBs of DMA counter regis-
ter 2ud'ross.

These are the most significant bits of the DMA
counter register address programmable by soft-
ware. The DCP2 bit may also be toggled by hard-
ware if the Timer DMA section for the Compare 0
channel is configured in Swap mode.

Bit 1 = DMA-SRCE: DMA source selection.

This bit is set and cleared by hardware.

0: DMA source is a Capture on REGOR register

1: DMA destination is a Compare on CMPOR reg-
ister

Bit 0 = REG/MEM: DMA area selection.

This bit is set and cleared by software. It selects
the source and destination of the DMA area

0: DMA from/to memory

1: DMA from/to Register File
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MULTIFUNCTION TIMER (Cont’d)

DMA ADDRESS POINTER REGISTER (DAPR)
R241 - Read/Write

Register Page: 9

Reset value: undefined

7 0
DMA |PRG
DAP7|DAP6 |DAP5|DAP4 | DAP3|DAP2 SRCE|/DAT

Bits 7:2 = DAP[7:2]: MSB of DMA address regis-
ter location.

These are the most significant bits of the DMA ad-
dress register location programmable by software.
The DAP2 bit may also be toggled by hardware if
the Timer DMA section for the Compare 0 channel
is configured in Swap mode.

Note: During a DMA transfer with the Register
File, the DAPR is not used; however, in Swap
mode, DAP2 is used to point to the correct table.

Bit 1 = DMA-SRCE: DMA source selection.

This bit is fixed by hardware.

0: DMA source is a Capture on REGOR register

1: DMA destination is a Compare on the CMPOR
register

Bit 0 = PRG/DAT: DMA memory selection.

This bit is set and cleared by software. It is cnly

meaningful if DCPR.REG/MEM=0.

0: The ISR register is used to extend ‘h= c adress
of data transferred by DMA (see N'M’J chapter).

1: The DMASR register is used ic e;tend the ad-
dress of data transferred bov DMA (see MMU
chapter).

INTERRUPT VECTOR REGISTER (T_IVR)

R242 - Read/Write
Register Page: 9
Reset value: xxxx xxx0

7 0

V4 V3 V2 VA VO | W1 | WO 0

REG/MEM[PRG/DAT|  CilA Source/Destination
0 o 'SR register used to address
memory
0 | 1 DMASR register used to address
memory
d 0 Register file
1 1 Register file
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This register is used as a vector, pointing to the
16-bit interrupt vectors in memory which contain
the starting addresses of the three interrupt sub-
routines managed by each timer.

Only one Interrupt Vector Register is aveail abls o
each timer, and it is able to manage tt.ve e \merrupt
groups, because the 3 least sigrif.cant bits are
fixed by hardware dependina on the; group which
generated the interrupt req.e<t.

In order to determine w!i>h request generated the
interrupt within a group, the T_FLAGR register can
be used to check t-e relevant interrupt source.

Bits 7:3 = \'[4:0]: MSB of the vector address.
These tits are user programmable and contain the
five miost significant bits of the Timer interrupt vec-
tor addresses in memory. In any case, an 8-bit ad-
dress can be used to indicate the Timer interrupt
vector locations, because they are within the first
256 memory locations (see Interrupt and DMA
chapters).

Bits 2:1 = W[1:0]: Vector address bits.

These bits are equivalent to bit 1 and bit 2 of the
Timer interrupt vector addresses in memory. They
are fixed by hardware, depending on the group of
sources which generated the interrupt request as
follows:.

wi1 wo Interrupt Source
0 0 Overflow/Underflow even interrupt
0 1 Not available
1 0 Capture event interrupt
1 1 Compare event interrupt

Bit 0 = This bit is forced by hardware to 0.
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MULTIFUNCTION TIMER (Cont’d)

INTERRUPT/DMA CONTROL REGISTER
(IDCR)

R243 - Read/Write

Register Page: 9

Reset value: 1100 0111 (C7h)

7 0

CPE | CME | DCTS | DCTD | SWEN | PL2 | PL1 | PLO

Bit 7 = CPE: Capture 0 EOB.

This bit is set by hardware when the End Of Block
condition is reached during a Capture 0 DMA op-
eration with the Swap mode enabled. When Swap
mode is disabled (SWEN bit = “0”), the CPE bit is
forced to 1 by hardware.

0: No end of block condition

1: Capture 0 End of block

Bit 6 = CME: Compare 0 EOB.

This bit is set by hardware when the End Of Block
condition is reached during a Compare 0 DMA op-
eration with the Swap mode enabled. When the
Swap mode is disabled (SWEN bit = “0”), the CME
bit is forced to 1 by hardware.

0: No end of block condition

1: Compare 0 End of block

Bit 5 = DCTS: DMA capture transfer sourc 3.

This bit is set and cleared by software | sclects
the source of the DMA operation .elcted to the
channel associated with the Cawt ire U.

Note: The I/O port source i.: avai'able only on spe-
cific devices.

0: REGOR register

1: 1/O port.

Bit 4 = DCVC. UMA compare transfer destination.
This Lt 's et and cleared by software. It selects
the des.ination of the DMA operation related to the
channel associated with Compare O.

Note: The I/O port destination is available only on
specific devices.

0: CMPOR register

1: 1/O port

4

Bit 3 = SWEN: Swap function enable.

This bit is set and cleared by software.

0: Disable Swap mode

1: Enable Swap mode for both DMA channels.

Bits 2:0 = PL[2:0]: Interrupt/DMA priority level.
With these three bits it is possible to select the In-
terrupt and DMA priority level of each timer, as one
of eight levels (see Interrupt/DMA chapter).

I/0 CONNECTION REGISTER (IOCR)

R248 - Read/Write
Register Page: 9
Reset value: 1111 1100 (FCh)

7 0

| SC1 | SCO
1 |

Bits 7:2 = not isoa.

Bit 1 = 8C!: Select connection odd.

This bit is set and cleared by software. It selects if

the >*OUTA and TxINA pins for Timer 1 and Timer

5 are connected on-chip or not.

0: TIOUTA / T1INA and T30OUTA/ T3INA uncon-
nected

1: TIOUTA connected internally to T1INA and
T3OUTA connected internally to T3INA

Bit 0 = SCO: Select connection even.

This bit is set and cleared by software. It selects if

the TxOUTA and TxINA pins for Timer 0 and Timer

2 are connected on-chip or not.

0: TOOUTA / TOINA and T20UTA/ T2INA uncon-
nected

1: TOOUTA connected internally to TOINA and
T20UTA connected internally to T2INA

Note: Timer 1 and 2 are available only on some
devices. Refer to the device block diagram and
register map.
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8.3 USB PERIPHERAL (USB)

8.3.1 Introduction

The USB Peripheral provides a full-speed function
interface between the USB bus and the ST9 mi-
crocontroller.

8.3.2 Main Features

USB Specification Version 1.1 Compliant
Supports 8 device addresses
16 software configurable endpoints supporting:

All USB transfer types (control, interrupt, bulk, and
isochronous)

Burst-DMA transfers to up to 1K bytes RAM buffers
USB Suspend/Resume operations

On-Chip 3.3V Regulator

On-Chip USB Transceiver

Special functions on alternate output pins:
USB upstream port Output Enable signal (USBOE)
Start-Of-Frame pulse (SOFP)

pattern recognition, bit-stuffing, CRC generation
and checking, PID verification/generation and
handshake evaluation. It must interface with
USB bus on one side and with the ST9 core on
the other side.

m ST9 interface: this block is connected between

the SIE and the ST9 microcontroller. lts purpose
is to handle specific endpoint registers and
provide interrupt and DMA servicing to the SIE.
The unit transfers data from or to the memory,
and uses the Register File to save/load pointer
and counter values without CPU interventior,
taking control of the ST9 buses (Burst-DMA
interface). The ST9 Interface unit usec
interrupts to require attention freny the
microcontroller at the end of data tre namission/
reception, and to flag error conditions.

m Port Interface: this block cuntains the logic

related to the USB nhycical port. The port
interface also hancies the resume detection.

m Frame Timer: t¢ function is to monitor the Start-
of-Frame (SOr") timing points. It detects a global
susperd {(iomn the host) when no USB traffic
has heen seen for 3 ms. It also generates the
SOF)? output for any external device requiring
Start-of-Frame synchronization.

m Port transceiver: containing differential and
single-ended receivers and slew rate controlled
output buffers.

m Two bit-mirror registers
8.3.3 Functional Description

The USB interface is composed of the following
blocks (see Figure 72)

m SIE (Serial Interface Engine): implementing
USB protocol layer (for a detailed description of
USB protocol refer to chapter 7, 8 of the
“Universal Serial Bus Specification”,. Ti.=

functions of this block include: synchruriication

Figure 72. Block Diagram

SOFP
DPO DMO USBOE N _
O O
; i < > Burst <>
N\ < | - h DMA
q Endpoint
Trar.sceiver > Logig: and Controller
+ Registers *
3.3V 3
regulator o
Full-Speed A s
SIE p| Interrupt |q y
Controller
LP_SUSP —
Port >
Interface R
< "1 SOF Timer WKUP15
» WuUIMU
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USB INTERFACE (Cont’d)
8.3.3.1 DMA transfer

DMA descriptors for each endpoint, located in the
ST9 register file, indicate where the related mem-
ory buffer is located in RAM, how large the allocat-
ed buffer is and how many bytes must be transmit-
ted. When a data transfer takes place, the USB-FS
buffering data loaded in an internal 8 byte long
FIFO buffer, and performing Burst-DMA transfers
as appropriate. Then, if needed, the proper hand-
shake answer is generated or expected, according
to the direction of the transfer. At the end of the
transaction, an interrupt is generated: using status
registers and different interrupt vectors, the micro-
controller can determine which endpoint was
served, which type of transaction took place, if er-
rors occurred (bit stuffing, format, CRC, protocol,
missing ACK, over/underrun, etc...).

8.3.3.2 Structure and usage of DMA buffers

Each endpoint has two DMA buffers (one for trans-
mission and the other for reception) whose size
may be up to 1023 bytes each. They can be
placed anywhere in memory (internally or exter-
nally).

For each endpoint, eight Register File locations
are used:

ADDRn_TH and ADDRn_TL: These registers
point to the starting address of the memory buffer
containing the data to be transmitted by endncirt ri
at the next IN token addressed to it.
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COUNTN_TL and COUNTNn_TH: These registers
contain the number of bytes to be transmitted by
endpoint n at the next IN token addressed to it.

ADDRn_RL and ADDRn_RH: These registers
point to the starting address of the memory buffer
which will contain the data received by endpoint n
at the next OUT/SETUP token addressed to it.

COUNTN_RL and COUNTn_RH: These registers
contain the allocated buffer size for endpoint n re-
ception, setting the maximum number of bytes the
related endpoint can receive with the next OUT/
SETUP transaction.

Other register locations related to unsupncncea
transfer directions or unused endpoints, ar2 evail-
able to the user. Isochronous endp<in's have a
special way of handling DMA buffzis.

The relationship between rejater file locations
and memory buffer areas is 1epicted in Figure 73.

Each DMA buffer is use 1 starting from the bottom,
either during rec>tion or transmission.

The USB intaiface never changes the contents of
memor/ acarons adjacent to the DMA memory
buffzrs; vven if a packet bigger than the allocated
bufir le:ngth is received (buffer overrun condition)
the data will be copied in memory only up to the
last available location.
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Figure 73. DMA buffers and related register file locations
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tﬁszlnterrupt modes

Two interrupt modes are available: single vector,
where the application software has to poll the USB
registers to determine which event required its at-
tention, and multi-vector, where a specific interrupt
vector is used for each endpoint. Special support
is offered to isochronous transfers, implementing a
swapped DMA buffer usage.
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8.3.3.4 Suspend mode

The unit can be placed in low-power mode (SUS-
PEND mode), by writing in a control register. At
this time, all static power dissipation is avoided,
except for the generation of the 3.3V supply for the
external pull-up resistor. The detection of activity
at the USB inputs while in low-power mode wakes
the device up asynchronously. A special interrupt
source, ESUSP, is connected directly to a wake-
up line so as to allow the ST9 to exit from HALT
condition.
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USB INTERFACE (Cont’d)
Procedure for entering Suspend Mode

1. Set the TIM_SUSP bit in the USBCTLR register
(bit 6 of R252 in page 15) to suspend the digital
part of the USB cell.

2. Clear both the Wake-up Pending Registers
WUPRH & WUPRL (R254 & R255 in page 57)
to flush all pending wakeup events.

3. Set the LP_SUSP bit in the USBCTLR register
(bit 1 of R252 in page 15) to put the USB cell in
Low Power Suspend mode.

4. Set the ID1S and WKUP-INT bits in the WUC-
TRL register (bit 0 & 1 of R249 in page 57) to
enable the interrupt from the wakeup lines.

5. Write the stop sequence 1, 0, 1 to the STOP bit
of the WUCTRL (bit 2 of R249 in page 57) to
enter stop mode. This stop sequence has to be
executed as continuous sequence of write
instructions without any other register read/
write instructions within the sequence.

6. Insert at least 3 NOP instructions after the stop
sequence in step 5 to allow the MCU clock to
stop.

7. Read the WKCTRL register.

If the STOP bit (bit 2) is 0, it means that the
MCU was stopped and is being woken up by an
external event.

If the STOP bit (bit 2) is 1, it means the! the
stop sequence in step 5 was broken by ¢ n irtai-
rupt or DMA request. In this case, vteo 3 1ias to
be executed again until the MCl! is <topped.

Procedure for quitting Susoend Mode

There are two ways to vialke up the ST9 from Stop
mode: USB bus activity or signal triggering on the
external wakeup lnes.

— If the MC.U 15 woken up by USB bus activity, an
“E.ia 0 Suspend” interrupt is generated if it is en-
ak'ed.

— If the MCU is woken up by one of the external
wakeup lines, an INTD1 interrupt is generated if
the INTD1 interrupt is enabled and the WKUP-
INT bit in the WUCTRL register (bit 0 of R249 in
page 57) is set.
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— After the MCU is woken up, wait until the LOCK
bit in the CLK_FLAG register (bit 2 of R242 in
page 55) is at 1 to ensure that the clock PLL is
locked. Then set the CSU_CKSEL bit in the
CLK_FLAG register if it is necessary, since this
bit is cleared by hardware when the MCU stops.

— Check the bits in the Wake-up Pending Regis-
ters WU_WUPRH & WU_WUPRL to determine
which pin has woken up the MCU. Then clear the
Wake-up Pending Registers.

Procedure for sending the remote wake¢up
(RESUME) signal

After the MCU has been woken up ky or.€ <f the
external wakeup lines and the source: of s wake-
up event is identified, the applicetion inay send a
remote wakeup (RESUME; cignai using the fol-
lowing procedure:

1. To ensure that tt.e nost enables the remote
wakeup featu s:

2. Clear the '_?_3JSP bit in the USBCTLR regis-
ter (bit 1 u1 K252 in page 15) to power up the
UGb 1anisceiver. Do not clear the TIM_SUSP
b.t in the USBCTLR register if an “End of Sus-
pend” interrupt is expected later.

3. Set the RESUME bit in the USBCTLR (bit 3 of
R252 in page 15) to send the RESUME signal.

4. Clear the RESUME bit after 1 to 15 ms, to
ensure that the RESUME signal lasts long
enough.

5. Clear the ESUSP bit in the USBISTR register
(bit 4 of R249 in page 15), since an “End of
Suspend” interrupt is generated by setting
RESUME bit falsely.

6. An “End of Suspend” interrupt will be generated
when the bus activity is resumed by the host, if
the TIM_SUSP bit is not cleared in step 2.

Note: To reduce power consumption during Stop
mode, set as many I/O ports as possible to open
drain output mode and set all ports to 0.
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Example code for Entering Suspend Mode
void Stop_MCU ()

{
// Go to the loop to ensure the MCU goes to STOP

do {
spp (0) ;
EIPR = 0x0;// Clear pending bits

spp (15) ;

CTLR |= CTR_TIM SUSP;// Stop USB digital part

spp (57) ;

WU_WUPRH = 0; // Clear pending bits

WU_WUPRL = 0;

spp (15) ;

CTLR |= CTR_LP_SUSP;// Stop USB trencceiver
spp(57) ;

WU_CTLR = 0x07;// Set 3TCP, IDS1 and WKUP-INT bits
WU_CTLR = 0x03;// Set ID31 and WKUP-INT bit

WU_CTLR = 0x07;// Set STOP, IDS1 and WKUP-INT bits
NOP; NOP; NOE; ™OE;

spp (57) ;
} while (WT_CJILR & 0x04);

Example code Forr sending a RESUME signal
void Remctaowakeup ()
{
spp (15) ;
CILR &= ~CTRLP_SUSP;// Power on the USB transceiver

CTLR |= CTR_RESUME;// Send the RESUME signal
Delay between 1-15ms to keep the RESUME signal

CTLR &= ~CTR_RESUME;// Stop sending RESUME signal

ISTR &= ~INT_ESUSP;// Clear the wrong ESUSP
}
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USB INTERFACE (Cont'd)
8.3.4 Register Description
USB registers can be divided into three groups:

— Common registers (page 15): interrupt registers
and USB control registers.

— Function and endpoint registers (pages 15, 4
and 5 depending on how many endpoints are im-
plemented): USB function addresses and end-
point status/configurations.

— Extra registers (page 60): device configuration.
8.3.4.1 Common registers

These registers affect all endpoints in the USB in-
terface. They are all mapped in the same ST9 reg-
ister page (page number 15).

The USB interface implements vectorized inter-
rupts: through a vector table it is possible to auto-
matically identify the starting address of each In-
terrupt Service Routine. The vector table contains
the 16-bit addresses pointing to each of the inter-
rupt service routines related to the CTR interrupt
for each endpoint. Other two 8-bit locations are
used to store the address of the service routine
handling the interrupts described in the USBISTR
register. When an interrupt request is acknowl-
edged, the USBIVR register provides a vector
pointing to the location in the vector table, contain-
ing the start address of the interrupt service rou:-
tine related to the serviced interrupt.

INTERRUPT VECTOR REGISTER (U32iVR)
R248 - Read/Write

Register page: 15

Reset Value: xxxx xxx0 (xxh

7 0

[ \ N
A1l A0 |CTRO| V3 V2 Al Vo 0
— L

Thia recister may be used in two different ways de-
penaing on the value of the SDNAV bit in the
CTRL register.

— If SDNAV bit =1, Bits 7:1 are user programmable
(bit 0 is fixed to 0). The software writes the ad-
dress of a vector pointing to a single interrupt
routine. The application program has to select
the routine related to the pending interrupts using
the USBISTR and CTRINF registers.

4

— If SDNAV = 0, this register is used as a vector
pointing to the 16-bit interrupt vectors in program
memory containing the start addresses of the in-
terrupt service routines related to the occurred
interrupt. If several interrupts are simultaneously
pending, hardware writes in this register the in-
terrupt routine address related to the highest pri-
ority pending interrupt.

In this case the meaning of each bit is:

Bits 7:6 = A[1:0]: Vector table Address.

These two bits are user programmable and they
contain the two most significant bits of the interrurii
vector table. This allows the user to define the in-
terrupt vector table position inside the first 25¢ io-
cations of program memory at 64 bytes bcundary.

Bit 5 = CTRO: Correct Transre 1nterrupt occurred.

0: No CTR interrupt pending

1: One of the interrugt f 2gs in the USBISTR regis-
ter is pending

Note: If sev:rcl mnterrupts are simultaneously
pending, herdware writes this bit according to their
relativ2 pdriviiues as listed below starting from the
highest piiority one to the lowest priority one:

— DMA Over/Underrun (see Table 26 and USBIS-
TR register description)

— Correct Transfer on isochronous endpoints (see
EPNRA register description)

— Correct Transfer on non-isochronous endpoints
(see EPNnRA register description)

— Notification events (see Table 26 and USBISTR
register description).

Bits 4:1 = V[3:1]: Endpoint Vector.

If CTRO = 1, these bits are written by hardware to
specify the endpoint identifier which has generat-
ed the CTR interrupt request.

If several CTR interrupts are pending, hardware
writes the endpoint identifier related to the end-
point with the highest priority. Endpoint priority is
defined according to the following rule: endpoint O
has the highest priority, then endpoint 1 follows
and so on up to the highest endpoint register pair
(EP15) with the lowest priority.

If CTRO = 0, these bits are fixed to 1. In this case
only one interrupt vector is used for all the inter-
rupts defined in the USBISTR register.
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USB INTERFACE (Cont’d)
Bit 0 = Reserved. This bit is fixed by hardware at 0.

INTERRUPT STATUS REGISTER (USBISTR)
R249 - Read/Write

Register page: 15

Reset Value: 0000 0000 (00h)

7 0

0 DOVR | ERR | ESUSP | SUSP | RESET | SOF | ESOF

Each bit is set by hardware when the related event
occurs.

If one of these bits is set, the hardware clears the
CTRO bit and sets the V[3:0] bits in the USBIVR
register. In this way the USBIVR register will point
to the interrupt vector containing the address of
the service routine related to these interrupt sourc-
es. If several bits are set only a single interrupt will
be generated.

Note: to avoid spurious clearing of some bits, it is
recommended to clear them with a load instruction
where all bits which must not be altered are set to
1, and all bits to be cleared are set to 0. Read-
modify-write instructions like AND, XOR,... are to
be avoided: consider the case of clearing bit O of
USBISTR with an AND instruction, when only Lit 7
of USBISTR is at 1 and the others at 0. Firs* the
microcontroller reads the content of UCB!STR
(=10h), then it clears bit 7 and writzs the result
(=00h) in USBISTR. If between t5ha ve.d and the
write operations another bit ©we:e e by hardware
(e.g. bit 5), writing 00h wouid clear it before the mi-
croprocessor has the tir» to service the event.

Table 26. Classifi~atiun of Interrupt Sources:

Interrupt Class

DOVR DMA Over/Underrun event
'EFR Notification event

ESUSP Notification event

SUSP Notification event

RESET Notification event

SOF Notification event

ESOF Notification event

142/230

Bit 7 = Reserved. This bit is fixed by hardware at 0.

Bit 6 = DOVR: DMA over/underrun.

ST9 processor has not been able to answer a
DMA request in time and the USB FIFO buffer is
full or empty depending on the transfer direction
(reception or transmission).

The USB handles this event in the following way:
during reception the ACK handshake packet is not
sent, during transmission a bit-stuffing error is
forced on the transmitted stream. In both cases
the host will retry the transaction. The DOVR in‘e.-
rupt should never occur during normal operauans.

Bit 5 = ERR: Error.
One of the errors listed below kas orcurred:

— NANS: No answer. The tiweout for a host re-
sponse has expired.

— CRC: CRC error. 2r.= of the received CRCs, ei-
ther in the tokar. ¢rin the data, was wrong.

— BST: Bit =tniing error. A bit stuffing error was
detccted anywhere in the PID, data, and/or CRC.

— F\"10. Framing format violation. A nonstandard
irame was received (EOP not in the right place,
wrong token sequence, etc.).

— BUFOVR: Buffer overrun. A packet longer than
the allocated DMA buffer has been received.
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Bit 4 = ESUSP: End Suspend mode.

0: No activity detected during Suspend mode

1: USB activity is detected that wakes up the USB
interface during suspend mode.

Note: This event asynchronously clears the
LP_SUSP bit in the USBCTLR register and acti-
vates the WKUP15 internal wake-up line to notify
the WUIMU (if STOP_CK_EN=1 in the
DEVCONF1 register)

Bit 3 = SUSP Suspend mode request.
0: No Suspend mode request
1: No USB traffic has been received for 3 ms.

Note: The suspend condition check is enabled im-
mediately after any USB reset and is disabled by
hardware when suspend mode is active
(LP_SUSP = 1) until the end of resume sequence.

Bit 2 = RESET: USB Reset request.
0: No USB Reset received.
1: USB Reset received.

Note: Device address and endpoint registers are
reset by an USB reset.

Bit 1 = SOF: Start Of Frame.
0: No SOF packet received.
1: SOF packet received.

Bit 0 = ESOF: Expected Start Of Frame..
0: No SOF packet missed
1: SOF packet is expected . not received.

INTERRUPT - £K REGISTER (USBIMR)
R250 - Rec2"Wiite

Regisi=i pege: 15

Rec et Vaiue: 0000 0000 (00h)

7 0

DOVR | ERR | ESUSP | SUSP | RESET | SOF | ESOF
M M M M M M M

This register contains mask bits for all interrupt
condition bits included in the USBISTR register.

4

Whenever one of the USBIMR bits is 1, if the cor-
responding USBISTR bit is 1, an interrupt request
is generated. For an explanation of each bit, refer
to the USBISTR register description.

INTERRUPT PRIORITY REGISTER (USBIPR)
R251- Read/Write

Register page: 15

Reset Value: Oxxx 0xxx (xxh)

7 0

-

=
ieg |PIECE |PIECE|PIECE | \ - [PNIENPNIEN|FNIZN,

2 | 1 | o0 21|:|

Bit 7 = IEE: Isochronous Endpoin: =13 Jle.

Set by software to enable Iszct.roncus Endpoints.
This also enables CTR imariupis related to iso-
chronous endpoints anz DM overrun interrupts.
0: Isochronous endnuines disabled

1: Isochronous eaducints enabled

Bits 2« = PIECE[2:0]: Priority level on Iso-
chronouv's Endpoint and DMA Over/Underrun.

Sat by software to define the priority level of the is-
ochronous endpoint CTR events (0 is the highest

priority).

Bit 3 = NIEE: Non-Isochronous Endpoint Enable.
Set by software to enable Non-Isochronous End-
points. This also enables CTR interrupts related to
non-isochronous (bulk, control, interrupt) end-
points.

0: Non-Isochronous endpoints disabled

1: Non-Isochronous endpoints enabled

Bits 2:0 = PNIEN[2:0]: Periority level of Non Iso-
chronous Endpoints and Notification.

Set by software to define the priority level of non-
isochronous endpoint (bulk, control, interrupt)
CTR events. 0 is the highest priority.
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Interrupt sources are classified according to the
following table

CONTROL REGISTER (USBCTLR)
R252 - Read/Write

Register page: 15

Reset Value: 0001 0101 (15h)

7 0

TIM_ LP_
0 SUSP 0| SDNAV | RESUME | PDWN SUSP FRES

Bit 7 = Reserved. This bit is fixed by hardware at 0.

Bit 6 = TIM_SUSP: Timed Suspend.

Set by software when the SUSP interrupt is re-

ceived to enter “timed-suspend” state.

0: Timed suspend inactive

1: Timed suspend active. The USB interface oper-
ates as in suspend mode but clocks and static
power dissipation in the analog transceiver are
not stopped.

Bit 5 = Reserved.

Bit 4 = SDNAV: Single/Multiple Vector Selaction.
This bit is set by software to select the single or
multiple interrupt vector mode .

0: Multiple interrupt vector mode

1: Single interrupt vector med=

See USBIVR register descriytion for detailed infor-
mation.
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Bit 3 = RESUME: Resume request.

Set by software to send a Resume signal to the
host.

0: Resume signal not forced on USB data lines.

1: Resume signal forced on USB data lines.

Bit 2 = PDWN: Power Down.

Set by software to turn off the 3.3V on-chip voltage
regulator that supplies the external pull-up resistor
and the transceiver.

Note: As a consequence the voltage on both USB
root port signal lines will drift to OV because of th=
pull-down resistors in the upstream USB hoat or
hub, generating a disconnect indication. Al least 2
us are required until the 3.3V supp'y 1alls within
specifications after this bit is clew=d depending
on the value of the external %1 asz capacitor.

Bit 1 = LP_SUSP: Lc v- )cwer suspend.

Set by software tc zut the USB interface in “low-
power suspera’ ctate. This condition should be
entered while in  “timed suspend’ state
(TIM_SuUSP=1).

0: Low-nower suspend inactive

1: Low-power suspend active

Bit 0 = FRES: Force USB Reset.

Set by software to force a reset of the USB inter-
face, just like a RESET signal on the USB. The
USB interface is held in RESET state until soft-
ware clears this bit, and a “USB-RESET” interrupt
is generated, if enabled.

0: Reset not forced

1: USB interface reset forced
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CTR INTERRUPT FLAGS (CTRINF)
R253 - Read/Write

Register page: 15

Reset Value: 00xx xxx0 (xxh)

7 0

0 0 INTO [ENID3|ENID2 | ENID1 [ ENIDO 0

Note: This register is used only when the SDNAV
bit is 1.

Bit 7:6 = Reserved. These bits are fixed by hard-
ware at 0.

Bit 5 = INTO: Interrupt occurred.

Set by hardware when SDNAV = 1 in the same
way as the CTRO bit in USBIVR register is set
when SDNAYV = 0.

Bit 4:1 = ENID[3:0]: Endpoint identifier.
Set by hardware when SDNAV = 1 in the same

way as V[3:0] bits in USBIVR register are set when
SDNAV = 0.

Bit 0 = Reserved. This bit is fixed by hardware ¢t (i

FRAME NUMBER REGISTER HIGH (FNR: )
R254 - Read-only

Register page: 15

Reset Value: 0000 0xxx (0: n)

7 0
_a

RXDP [ RXDM | "X |LSOF1|LSOFO| FN10 | FN9 | FN8
|

—_

Bit 7 — RXD)r.

Set/cleured by hardware to indicate D+ upstream
port data line status.

Bit 6 = RXDM.

Set/cleared by hardware to indicate D- upstream
port data line status.

4

Bit 5 = LCK: Locked.

Set by hardware when at least two consecutive
SOF packets have been received after the end of
a USB reset condition or after the end of a USB
resume sequence.

0: Frame timer not locked

1: Frame timer locked

Note: Once locked, the frame timer remains in this
state until a USB reset or USB suspend event oc-
curs.

Bits 4:3 = LSOF[1:0]: Lost SOF.

Set by hardware when an ESOF interrupt is aenar-
ated, counting the number of consecuive SOF
packets lost. On reception of a SOF zackes, these
bits are cleared.

Bits 2:0 = FN[10:8]: Framo Number bits 10:8.
These bits contain th 2 ‘acst significant bits of the
Frame number reccived with the last received
SOF packet. Tnose pits are updated when a SOF
interrupt is nenciated.

FRAMZ NUMBER REGISTER LOW (FNRL)
Fi255 - Read-only

Register page: 15

Reset Value: xxxx xxxx (xxh)

7 0

FN7 | FN6 FN5 FN4 FN3 FN2 | FN1 FNO

Bits 7:0 = FN[7:0]: Frame Number bits 7.:0.

Set by hardware, this register contains the least
significant bits of the 11-bit frame number con-
tained in the last received SOF packet. The 3 re-
maining most significant bits are stored in the
FNRH register. This register is updated when a
SOF interrupt is generated.

8.3.4.2 Device and Endpoint specific Registers

For each function a DADDR register is available to
store the device address and for each endpoint a
pair of EPnR registers is available to store end-
point specific information.
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DEVICE n ADDRESS (DADDRN)
R240 to R247 - Read/Write
Register page: 15

Reset Value: 0000 0000 (00h)

7 0

EF | ADD6 | ADD5 | ADD4 | ADD3 | ADD2 | ADD1 | ADDO

Note: This register is also reset when a USB reset
is received from the USB bus or forced through bit
FRES in the USBCTLR register.

Bit 7 = EF: Enable Function.

Set by software to enable the USB function whose
address is contained in the following ADDI[6:0]
bits.

0: Function disabled

1: Function enabled

Bits 6:0 = ADD[6:0]: Device Address.

Software must write into these bits the USB device
address assigned by the host PC during the enu-
meration.

ENDPOINT n REGISTER A (EPnRA)
(TRANSMISSION)

R240-R254 (even)

Read/Write

Register pages: 4 & 5

Reset value: 0000 0000 (00h)

7 0

[
STAT_[sTrT_
™ X0

DTOG_

CTR ™

PIDR1|PIDRO| CEP | ISO

Thes2 registsrs are used for controlling data trans-
mission. (ney are also reset when a USB reset is
received or forced through the FRES bit in the US-
BCTLR register.

Note: The CTR bits are not affected by a USB re-
set
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Each endpoint has its EPnRA register where n is
the endpoint identifier in the range 0 to 15.

Bit 7 = CTR: Correct Transfer.

Set by hardware when a transaction is successful-
ly completed on this endpoint; software can only
clear this bit.

0: No correct transfer occurred

1: Correct transfer occurred

Note: A transaction ended with a NAK or STALL
handshake does not set this bit, since no data is
actually transferred, as in the case of protocol e"-
rors or data toggle mismatches. The CTR Yi. is
also used to perform flow control: while CTR=1, a
valid endpoint answers NAK to every irai'saction
addressed to it (except SETUP reouest.: which are
simply ignored) until the applicat'or software ac-
knowledges the CTR event resetting this bit. This
does not apply to isochrnnous endpoints where no
handshake phase is ..s~d

Bit 6 = DTCG_TX: Data Toggle, for transmission
transfer«.

If tha el ap0int is non-isochronous, this bit contains
the required value of the data toggle bit
(U=DATAO0, 1=DATA1) for the next data packet to
be transmitted. Hardware toggles this bit when the
ACK handshake is received from the USB host,
following a data packet transmission. If the end-
point is defined as a control one, hardware sets
this bit to 1 on reception of a SETUP PID ad-
dressed to this endpoint.

If the endpoint is isochronous, this bit is used to
support DMA buffer swapping since no data tog-
gling is used for this sort of endpoint and only
DATAO packet are transmitted. Hardware toggles
this bit just after the end of data packet transmis-
sion, since no handshake is used for isochronous
transfers.

Note: this bit can be also written by software to in-
itialize it (mandatory when the endpoint is not a
control endpoint) or to force specific data toggle/
DMA buffer usage.
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Bit 5:4 = STAT_TX [1:0] Status bits, for transmis-
sion transfers.

These bits contain the information about the end-
point status, which are listed below:

Table 27. Transmission status encoding

STAT_TX Meanin
[1:0] 9
00 DISABLED: all transmission requests ad-

dressed to this endpoint are ignored.
STALL: the endpoint is stalled and all trans-
01 mission requests result in a STALL hand-
shake.

NAK: the endpoint is NAKed and all trans-
10 mission requests result in a NAK hand-
shake.

VALID: this endpoint is enabled for trans-
mission.

11

These bits are written by software, but hardware
sets the STAT_TX bits to NAK when a correct
transfer has occurred (CTR=1) related to a IN or
SETUP (control only) transaction addressed to
this endpoint, waiting for the software to prepare
the next set of data to be transmitted. If the end-
point is defined as isochronous, its status can be
only “VALID” or “DISABLED” so no hardware
change of the endpoint status will take place ater
a successful transaction.

Bits 3:2 = PIDR[1:0]: PID Receiv 2a.
These bits are read-only ard ¢ oatain the two most
significant bits of the PID fiei.1 of the last token PID

Notes: If a control endpoint is defined as NAK in
the receive direction, the USB interface will not an-
swer, when a SETUP transaction is received.

If the control endpoint is defined as STALL in the
receive direction, then the SETUP packet will be
accepted anyway, transferring data and issuing
the CTR interrupt.

Bit 0 = ISO: Isochronous endpoint.

Software must set this bit to configure this end-
point as an isochronous endpoint.

0: Not an isochronous endpoint

1:isochronous endpoint

Note: Since isochronous transfer h2s no nand-
shake phase, the only legal »a'ues for the
STAT_RX/STAT_TX bit pairs =re )0 (Disabled)
and ‘11’ (Valid), any other v~iue will produce re-
sults not compliant to the USB standard. Iso-
chronous endpoints ‘n.olzment double-buffering,
using both ‘trancmrission’ and ‘reception’ memory
areas to managy? buffer swapping on each suc-
cessful trar s2ciion.

The memory buffer that is currently used by the
USB interface is defined by the DTOG bit corre-
sponding to the endpoint direction (DTOG_RX in
EPnRB for ‘reception’ isochronous endpoints,
DTOG_TX in EPnRA for ‘transmission’ iso-
chronous endpoints) according to the following ta-
ble:

Table 29. Isochronous memory buffers usage

addressed to this endp it DTOG bit |DMA buffer used by |PMA buffer used by
. . . . - application
These bits are et iruzen while CTR bit is at 1. value USB Interface software
The USB stanuard uefines PIDR bits as in the fol- ADDRn T/ ADDRn R/
lowing table: n- . n- .
0 COUNTN_T register | COUNTn_Rregister
Tal le 28. PID encoding file locations. file locations.
ADDRn_R/ ADDRNn_T/
PIDR[1:0] PID 1 COUNTN_Rregister | COUNTN_T register
00 ouT file locations. file locations.
10 IN
11 SETUP Since the swapped buffer management requires

Bit 1 = CEP: Control Endpoint.

Software must set this bit to configure this end-
point as a control endpoint.

0: Non-control endpoint

1: Control endpoint

4

the usage of all 8 Register File locations hosting
the address pointer and the length of the allocated
memory buffers, isochronous endpoints are forced
to be unidirectional so it is not possible to enable
an isochronous endpoint both for transmission and
reception.
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ENDPOINT n REGISTER B (EPnRB)
(RECEPTION)

R241-R255 (odd) - Read/Write
Register pages: 4 & 5

Reset value: 0000 0000 (00h)

7 0

ST_OU|DTOG_|STAT_|STAT_

T RX RX1 RXO0 EnA3 | EnA2 | EnA1 | EnAO

These registers are used for controlling data re-
ception. They are also reset when a USB reset is
received from the USB bus or forced through bit
FRES in the USBCTLR register. Each endpoint
has its EPnRB register where n is the endpoint
identifier in the range 0 to 15.

Bit 7 = ST_OUT Status out.

This bit is set by software to indicate that a status
out transaction is expected: in this case all OUT
transactions containing more than zero data bytes
are answered STALL instead of ACK. This bit may
be used to improve the robustness of the applica-
tion to protocol errors during control transfers and
its usage is intended on control endpoints only.
When ST_OUT is reset, OUT transactions can
have any number of bytes, as needed.

Bit 6 = DTOG_RX: Data Toggle, for recerton
transfers.

If the endpoint is non-isochronous, tris hiccontains
the expected value of the Jdaa toggle bit
(0=DATAO, 1=DATAT1) for ‘ne noxt data packet to
be received. Hardware togg'es this bit when the
ACK handshake is sen: 1o the USB host, following
a data packet recep:on with a matching data PID
value. If the endviiit is defined as a control end-
point, hardwai = resets this bit on reception of a
SETLUIF =210 zddressed to this endpoint.

If the eadpoint is isochronous, this bit is used to
supp.cit DMA buffer swapping since no data tog-
gling is used for this sort of endpoint and only
DATAO packets are received. Hardware toggles
this bit just after the end of data packet reception,
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since no handshake is used for isochronous trans-
fers.

Note: this bit can be also written by software to in-
itialize it (mandatory when the endpoint is not a
control endpoint) or to force a specific data toggle/
DMA buffer usage.

Bit 5:4 = STAT_RX [1:0] Status bits, for reception
transfers.

These bits contain the information about the end-
point status, as listed below:

Table 30. Reception status encoding

STAT_TX Meanin i
[1:0] 9

DISABLED: all reception reqrests_aa-

00 dressed to this endpoint 2= igr.ored.
STALL: the endpci* i sialed and all re-

01 ception requests 1 25ult In a STALL hand-
shake.

10 NAK: thz aapuint is naked and all recep-

tion requests result in a NAK handshake.

wALD): this endpoint is enabled for recep-
fien.

11

S

These bits are written by software, but hardware
sets the STAT_RX bits to NAK when a correct
transfer has occurred (CTR=1) related to a OUT or
SETUP (control only) transaction addressed to
this endpoint, so software has time to interpret the
received data before acknowledging a new trans-
action.

If the endpoint is defined as isochronous, its status
can be only “VALID” or “DISABLED” so no hard-
ware change of the endpoint status will take place
after a successful transaction.

Bit 3:0 = EnA[3:0] Endpoint n Address, bits 3-0.
Software must write in this field the 4-bit address
used to identify the transactions directed to this
endpoint. A value must be written before enabling
the corresponding endpoint.
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8.3.4.3 Miscellaneous Registers

These registers contain device configuration pa-
rameters or optional functions of USB interface.

DEVICE CONFIGURATION 1 (DEVCONF1)
R244 - Read/Write

Register page: 60

Reset value: 0000 1111 (OFh)

7 0

Bits 3:0 = Reserved. These bits are fixed by hard-
ware at 1.

DEVICE CONFIGURATION 2 (DEVCONF2)
R245 - Read/Write

Register page: 60

Reset value: 0000 0000 (00h)

7 0

USBOE | LS_
_EN [DEVICE

|
LVD_ SOFP_ |
0 | 0|0 10100 psaple | ENABIE |

This register contains device configuration data
that should be written by the software at the begin-
ning of the application program and should never
be changed during normal operations.

Bit 7:6 = Reserved. This bit is fixed by hardware at
0.

Bit 6 = Reserved. Must be kept at 0.

Bit 5 = USBOE_EN: USBOE Signal Enable.

Set by software to enable the alternate output
function connected to the upstream output enzble
signal.

1: USBOE signal output enabled

0: USBOE signal output disabled

Bit 4 = Reserved.

4

This register contains device configuralicn aata
that should be written by the software ot *h. begin-
ning of the application program a::d should never
be changed during normal oz=iatiors.

Bits 7:2 = Reserved. These bits must be always
written to 0.

Bit 1 = LVD CI\SABLE: Low Voltage Detector Dis-
able

Set by tie software to disable the generation of
the -ev.ce reset signal by the LVD.

1: LVD disabled

0: LVD enabled

If this bit is at 0, an internal reset can be issued
both by the external RESET pin and the LVD when
it detects a low supply voltage; if this bit is at 1 only
the external pad can start a device reset.

Note: this bit can be only set to 1 by software, writ-
ing 0 has no effect and the LVD can be re-enabled
only using a device reset.
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Bit 0 = SOFP_ENABLE: Start-Of-Frame Pulse
Enable.

Set by software to enable the use of the USBSOF
alternate output function.

1: USBSOF alternate function enabled

0: USBSOF output disabled

USBSOF outputs a 333.33 ns long pulse at each
frame start (actually 10 bits before the SOF packet
expected start). This pulse is not generated until
two SOF packets are received after any USB reset
or USB resume (frame timer locking) and they stop
as soon as the suspend condition is entered
(TIM_SUSP bit in USBCTLR register).

MIRROR REGISTER A (MIRRA)
R246 - Read/Write

Register page: 60

Reset value: xxxx xxxx (xxh)

7 0

MIRA7 | MIRAG | MIRAS5 | MIRA4 | MIRA3 | MIRA2 | MIRA1 [ MIRAO

Bit 7:0 = MIRA[7:0] Mirror register A, bits 7-0.
This register acts as a bit mirroring location where
software can write a byte and read it back with the
LSB and MSB position swapped.
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MIRROR REGISTER B (MIRRB)
R247 - Read/Write

Register page: 60

Reset value: xxxx xxxx (xxh)

7 0

MIRB7 | MIRB6 | MIRB5 | MIRB4 | MIRB3 | MIRB2 | MIRB1 | MIRBO

Bit 7:0 = MIRB[7:0] Mirror register B, bits 7-0.
This register acts as a bit mirroring location where
software can write a byte and read it back wii'i the
LSB and MSB position swapped.
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8.3.5 Register pages summary

The regqisters are located in different register file

register, the following tables show the page map-

pages. To help finding the correct page for each

Table 31. USB Register Page Mapping

ping of all USB registers.

Address Page 4 Page 5 Page 15 Page 60
240 (FOh) EPORA EPSRA DADDRO
241 (F1h) EPORB EP8RB DADDR1
242 (F2h) EP1RA EP9RA DADDR2
243 (F3h) EP1RB EP9RB DADDR3 |
244 (F4h) EP2RA EP10RA DADDR4 DEVCONF, |
245 (F5h) EP2RB EP10RB DADDRS5 DEVGUNE2 |
246 (F6h) EP3RA EP11RA DADDR6 MIRHA
247 (F7h) EP3RB EP11RB DADDR? | MIRRB
248 (F8h) EP4RA EP12RA USBIVR |
249 (Foh) EP4RB EP12RB USBISIR
250 (FAh) EP5RA EP13RA USSIvR
251 (FBh) EP5RB EP13RB ~ USBIPR
252 (FCh) EPGRA EP14RA |  USBCTLR
253 (FDh) EP6RB EP14RR CTRINF
254 (FEh) EP7RA ZP1LRA FNRH
255 (FFh) EP7RB EP15RB FNRL
Table 32. USB Register pare (L Map and Reset Values
F:\le:' Rﬁgi::r 7 6 5 4 3 2 1 0
R240| pADDFn EF ADD6 ADD5 ADD4 ADD3 | ADD2 | ADD1 | ADDO
R247 Bicel value 0 0 0 0 0 0 0 0
RZJ JSBIVR A1 AO CTRO V3 V2 V1 Vo 0
Reset Value X X X X X X X 0
rgo| USBISTR 0 DOVR | DOVR | ESUSP | SUSP | RESET | SOF | ESOF
Reset Value 0 0 0 0 0 0 0 0
roso| USBIMR 0 DOVRM | DOVRM | ESUSPM | SUSPM | RESETM| SOFM | ESOFM
Reset Value 0 0 0 0 0 0 0 0
o+ | USBIPR EE PIECE2 | PIECE1 | PIECEO | NIEE | PNIEN2 | PNIEN1 | PNIENO
Reset Value 0 X X X 0 X X X
sy | USBCTLR 0 TIM_SUSP 0 SDNAV |RESUME| PDWN |LP_SUSP| FRES
Reset Value 0 0 0 1 0 1 0 1
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Reg. i
9| Register 7 6 5 4 3 2 1 0
No. Name
Ro53 CTRINF 0 0 INTO ENID3 ENID2 ENID1 ENIDO 0
Reset Value 0 0 X X X X X 0
Ro54 FNRH RXDP RXDM LCK LSOF1 LSOFO0 FN10 FN9 FN8
Reset Value 0 0 0 0 0 X X X
R255 FNRL FN7 FN6 FN5 FN4 FN3 FN2 FNA1 FNO
Reset Value X X X X X X X X
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8.4 MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (SCI-M)

8.4.1 Introduction n
The Multiprotocol Serial Communications Inter-

face (SCI-M) offers full-duplex serial data ex-
change with a wide range of external equipment.

The SCI-M offers four operating modes: Asynchro- -
nous, Asynchronous with synchronous clock, Seri-

al expansion and Synchronous.

8.4.2 Main Features
m Full duplex synchronous and asynchronous

operation. -
m Transmit, receive, line status, and device
address interrupt generation. -

m Integral Baud Rate Generator capable of
dividing the input clock by any value from 2 to
2161 (16 bit word) and generating the internal
16X data sampling clock for asynchronous
operation or the 1X clock for synchronous
operation.

m Fully programmable serial interface:

-5, 6, 7, or 8 bit word length.

- Fven, odd, or no parity generation and detec-
ion.

-0,1,1.5, 2, 2.5, 3 stop bit generation.

— Complete status reporting capabilities.

— Line break generation and detection.

Figure 74. SCI-M Block Diagram

Programmable address indication bit (wake-up
bit) and user invisible compare logic to support
multiple microcomputer networking. Optional
character search function.

Internal diagnostic capabilities:

— Local loopback for communications link fault
isolation.

— Auto-echo for communications link fault isola-
tion.

Separate interrupt/DMA channels for transmit
and receive.

In addition, a Synchronous mode supports:

— High speed communication

— Possibility of hardware synchronizatior (R1'S/
DCD signals).

— Programmable polarity and siand-oy level for
data SIN/SOUT.

— Programmable active e’ge and stand-by level
for clocks CLKOUT/HXCL.

- Prcl)grammablr,- ~ctive levels of RTS/DCD sig-
nals.

— Full Loup-R=ck and Auto-Echo modes for DA-
TA, ot OCKs and CONTROLs.

Z ST9 CCRE 3LT 2

DiflA DMA
| CON1ROLLER CONTROLLER

|
1

'RANSMIT ADDRESS RECEIVER
BUFFER COMPARE BUFFER
REGISTER REGISTER REGISTER

L 1

TRANSMIT RECEIVER
ST | o ot L S
REGISTER REGISTER
CLOCK and
BAUD RATE
GENERATOR
ALTERNATE
FUNCTION
0 I
SOUT RTS SDS TXCLK/CLKOUT RXCLK DCD  SIN VAQO0169A
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MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (Cont'd)
Asynchronous mode, Asynchronous mode with
synchronous clock and Serial expansion mode

8.4.3 Functional Description

The SCI-M has four operating modes:

— Asynchronous mode

— Asynchronous mode with synchronous clock

— Serial expansion mode
— Synchronous mode

Figure 75. SCI -M Functional Schematic

output data with the same serial frame format. The
differences lie in the data sampling clock rates
(1X, 16X) and in the protocol used.

RXclk

|

polarity

OCKPL (})

standby _

polarity
T
7

E

4

TXclk / CLKout

The control signals marked with (*) are active only in synchronous mode (SMEN=1)

INPL (%)
[ INTOLK RX buffer |
' % — XBRG reg/ilfter . J |
Baud rate RX shift & — A\
generator register 1 8 Sin
En L |
LBEN
\_1 —
- Divider by 16 9(
XRX & OUTPL (*)
™ L
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P Mﬁ_jﬂ/‘ TX shift 3 i
cp | Lregister sig Sout
oo 4 . | AEN
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- J
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] i
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Note: Some pins may not be available on some devices. Refer to the device Pinout Description.
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MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (Cont’d)

8.4.4 SCI-M Operating Modes
8.4.4.1 Asynchronous Mode

In this mode, data and clock can be asynchronous
(the transmitter and receiver can use their own
clocks to sample received data), each data bit is
sampled 16 times per clock period.

The baud rate clock should be set to the +16 Mode
and the frequency of the input clock (from an ex-
ternal source or from the internal baud-rate gener-
ator output) is set to suit.

8.4.4.2 Asynchronous Mode with Synchronous
Clock

In this mode, data and clock are synchronous,
each data bit is sampled once per clock period.

For transmit operation, a general purpose 1/O port
pin can be programmed to output the CLKOUT
signal from the baud rate generator. If the SCl is
provided with an external transmission clock
source, there will be a skew equivalent to two
INTCLK periods between clock and data.

Data will be transmitted on the falling edge of the
transmit clock. Received data will be latched nic
the SCI on the rising edge of the receive cloc.

Figure 76. Sampling Times in Asynchronous Format

rxd |
1
rxclk L +
VR001409
LEGEND:
SIN: Sa,izi Data Input line
revek:  !niernal X16 Receiver Clock
(% Internal Serial Data Input Line
rx2ik:  Internal Receiver Shift Register Sampling Clock
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MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (Cont’d)

8.4.4.3 Serial Expansion Mode

This mode is used to communicate with an exter-
nal synchronous peripheral.

The transmitter only provides the clock waveform
during the period that data is being transmitted on
the CLKOUT pin (the Data Envelope). Data is
latched on the rising edge of this clock.

Whenever the SCI is to receive data in serial port
expansion mode, the clock must be supplied ex-
ternally, and be synchronous with the transmitted
data. The SCI latches the incoming data on the ris-
ing edge of the received clock, which is input on
the RXCLK pin.

8.4.4.4 Synchronous Mode

This mode is used to access an external synchro-
nous peripheral, dummy start/stop bits are not in-
cluded in the data frame. Polarity, stand-by level
and active edges of I/O signals are fully and sepa-
rately programmable for both inputs and outputs.

It's necessary to set the SMEN bit of the Synchro-
nous Input Control Register (SICR) to enable this
mode and all the related extra features (otherwise
disabled).

The transmitter will provide the clock waveform
only during the period when the data is being
transmitted via the CLKOUT pin, which can be er.-
abled by setting both the XTCLK and OCLK t itv of
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the Clock Configuration Register. Whenever the
SCl is to receive data in synchronous mode, the
clock waveform must be supplied externally via
the RXCLK pin and be synchronous with the data.
For correct receiver operation, the XRX bit of the
Clock Configuration Register must be set.

Two external signals, Request-To-Send and Data-
Carrier-Detect (RTS/DCD), can be enabled to syn-
chronise the data exchange between two serial
units. The RTS output becomes active just before
the first active edge of CLKOUT and indicates to
the target device that the MCU is about to send ~
synchronous frame; it returns to its stand-by siate
following the last active edge of CLKOUT (1488
transmitted).

The DCD input can be considered ¢'s 2 gate that
filters RXCLK and informs the "ACLU that a trans-
mitting device is transmittin 1 2 deta frame. Polarity
of RTS/DCD is individually p.rogrammable, as for
clocks and data.

The data word is ni0rammable from 5 to 8 bits, as
for the other riodes; parity, address/9th, stop bits
and breal cairnot be inserted into the transmitted
frame. Froyramming of the related bits of the SCI
con'rol registers is irrelevant in Synchronous
Mode: all the corresponding interrupt requests
must, in any case, be masked in order to avoid in-
correct operation during data reception.
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MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (Cont'd)
Figure 77. SCI -M Operating Modes

Asynchronous Mode

VA00271

J— | L
1T
1/0 PARITY&
/O |STARTBIT DATA ';/}g'g\éﬁ _‘ DATA STOP BIT
J:|
~16 ——ie—16 —= -~ 16— f
. : : j : START BIT
C'-OCKJ § CLOCKI ] | | [ J J l J ] |
VAOG. 72 !

Asynchronous Mode
with Synchronous Cluoek

I/O DATA stand-by| | | DATA stand-by
— A\
! f —
START BIT STOP BIT stanu Ly + CLOCK stand-by
(Dummy) (Dummy)
CLOCK J J J F stand-by RTS/DCD stand-by
VAIZ73A VR02051
Serial Expansion N ote Synchronous Mode
Note: In all o;:emfrﬁ modes, the Least Significant Bit is transmitted/received first.
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MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (Cont’d)

8.4.5 Serial Frame Format

Characters sent or received by the SCI can have
some or all of the features in the following format,
depending on the operating mode:

START: the START bit indicates the beginning of
a data frame in Asynchronous modes. The START
condition is detected as a high to low transition.

A dummy START bit is generated in Serial Expan-
sion mode. The START bit is not generated in
Synchronous mode.

DATA: the DATA word length is programmable
from 5 to 8 bits, for both Synchronous and Asyn-
chronous modes. LSB are transmitted first.

PARITY: The Parity Bit (not available in Serial Ex-
pansion mode and Synchronous mode) is option-
al, and can be used with any word length. It is used
for error checking and is set so as to make the total
number of high bits in DATA plus PARITY odd or
even, depending on the number of “1”s in the
DATA field.

ADDRESS/9TH: The Address/9th Bit is optional
and may be added to any word format. It is used in

Figure 78. SCI Character Formats

both Serial Expansion and Asynchronous modes
to indicate that the data is an address (bit set).

The ADDRESS/9TH bit is useful when several mi-
crocontrollers are exchanging data on the same
serial bus. Individual microcontrollers can stay idle
on the serial bus, waiting for a transmitted ad-
dress. When a microcontroller recognizes its own
address, it can begin Data Reception, likewise, on
the transmit side, the microcontroller can transmit
another address to begin communication with a
different microcontroller.

The ADDRESS/9TH bit can be used as ar cadi-
tional data bit or to mark control words (S*t. bi).

STOP: Indicates the end of a data fratae in Asyn-
chronous modes. A dummy STOF’ b't is generated
in Serial Expansion mode. it e STOP bit can be
programmed to be 1, 1.5, 2, 2.5 or 3 bits long, de-
pending on the mode | returns the SCI to the qui-
escent marking stai2 (.e., a constant high-state
condition) which 1asts until a new start bit indicates
an incoming ward. The STOP bit is not generated
in Synchicnous mode.

]

L

START® DATA(M J'_PARHY@) ADDRESS® sTOP®
, 1,1.5,2, 2.5, 16X
# bits 1 5 G,/ ¢ 0,1 0,1 1,23 1X
NONE
states OoDD OO;\JF
EVEN

(M _SB First

) Not availaniz 11 Synchronous mode
G) Nzt evailaie in Serial Expansion mode
an+« Synchronous mode
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8.4.5.1 Data transfer

Data to be transmitted by the SCl is first loaded by
the program into the Transmitter Buffer Register.
The SCI will transfer the data into the Transmitter
Shift Register when the Shift Register becomes
available (empty). The Transmitter Shift Register
converts the parallel data into serial format for
transmission via the SCI Alternate Function out-
put, Serial Data Out. On completion of the transfer,
the transmitter buffer register interrupt pending bit
will be updated. If the selected word length is less
than 8 bits, the unused most significant bits do not
need to be defined.

Incoming serial data from the Serial Data Input pin
is converted into parallel format by the Receiver
Shift Register. At the end of the input data frame,
the valid data portion of the received word is trans-
ferred from the Receiver Shift Register into the Re-
ceiver Buffer Register. All Receiver interrupt con-
ditions are updated at the time of transfer. If the
selected character format is less than 8 bits, the
unused most significant bits will be set.

The Frame Control and Status block creates and
checks the character configuration (Data length
and number of Stop bits), as well as the source of
the transmitter/receiver clock.

The internal Baud Rate Generator contains a pro-
grammable divide by “N” counter which cen be
used to generate the clocks for the trarsmitter
and/or receiver. The baud rate geneiaidr ~ail use
INTCLK or the Receiver clock input 7ia RACLK.

The Address bit/D9 is optiorz! aind rnay be added
to any word in Asynchronci's and Serial Expan-
sion modes. It is commeily used in network or ma-
chine control applicatinl.e. When enabled (AB set),
an address or r.irt data bit can be added to a
transmitted word' by setting the Set Address bit
(SA). This .c then appended to the next word en-
terez i the (empty) Transmitter Buffer Register
anc the cleared by hardware. On character input,
a set Address Bit can indicate that the data pre-
ceding the bit is an address which may be com-
pared in hardware with the value in the Address
Compare Register (ACR) to generate an Address
Match interrupt when equal.

The Address bit and Address Comparison Regis-
ter can also be combined to generate four different
types of Address Interrupt to suit different proto-
cols, based on the status of the Address Mode En-
able bit (AMEN) and the Address Mode bit (AM) in
the CHCR register.

4

The character match Address Interrupt mode may
be used as a powerful character search mode,
generating an interrupt on reception of a predeter-
mined character e.g. Carriage Return or End of
Block codes (Character Match Interrupt). This is
the only Address Interrupt Mode available in Syn-
chronous mode.

The Line Break condition is fully supported for both
transmission and reception. Line Break is sent by
setting the SB bit (IDPR). This causes the trans-
mitter output to be held low (after all buffered cata
has been transmitted) for a minimum of one =cm-
plete word length and until the SB bit is Recau.
Break cannot be inserted into the trarsinitted
frame for the Synchronous mode.

Testing of the communicatiche channel may be
performed using the built-in “zcilives of the SCI pe-
ripheral. Auto-Echo mauz and Loop-Back mode
may be used individucl, or together. In Asynchro-
nous, Asynchronaus ‘with Synchronous Clock and
Serial Expans'on miodes they are available only on
SIN/SQUT =i s through the programming of AEN/
LBE! hiis n CCR. In Synchronous mode (SMEN
set) the above configurations are available on SIN/
SOU1, RXCLK/CLKOUT and DCD/RTS pins by
programming the AEN/LBEN bits and independ-
ently of the programmed polarity. In the Synchro-
nous mode case, when AEN is set, the transmitter
outputs (data, clock and control) are disconnected
from the I/O pins, which are driven directly by the
receiver input pins (Auto-Echo mode: SOUT=SIN,
CLKOUT=RXCLK and RTS=DCD, even if they act
on the internal receiver with the programmed po-
larity/edge). When LBEN is set, the receiver inputs
(data, clock and controls) are disconnected and
the transmitter outputs are looped-back into the re-
ceiver section (Loop-Back mode: SIN=SOUT, RX-
CLK=CLKOUT, DCD=RTS. The output pins are
locked to their programmed stand-by level and the
status of the INPL, XCKPL, DCDPL, OUTPL,
OCKPL and RTSPL bits in the SICR register are ir-
relevant). Refer to Figure 79, Figure 80, and Fig-
ure 81 for these different configurations.

Table 33. Address Interrupt Modes
If 9th Data Bit is set ()

If Character Match

If Character Match and 9th Data Bit is set(")

If Character Match Immediately Follows BREAK Q)

() Not available in Synchronous mode
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Figure 79. Auto Echo Configuration

TRANSMITTER

RECEIVER

SOUT

SIN

VR000210

All modes except Synchronous

TRANSMITTER

I. SOuUT
[ ISIN

VRO00210A

RECEIVER

Synchronous mode (SMEN=1)

Figure 80. Loop Back Configuration
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&ii nodes except Synchronous

DCD B
siand-b
TRANSMITTER LOGICAL 1 SouT stand-by [ TRANSM'TIER lvamey souT
RTS
value
clock“r| A\ ‘data
RXCLK
RECEIVER SIN c A |, RECEIVER SIN
stand-by
CLKOUT [ F-75 e
VR000211 VRO0211A |
All modes except Synchronous Synchronous mode (SMEN=1)
Figure 81. Auto Echo and Loop-Back Configuiaticn
r: DCD
TRANSMITTER T — — L1SouT RTS TRANSMITTER sout
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RECEIVER _J SIN RXCLK RECEIVER SIN
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VR000212 VR00212A

Synchronous mode (SMEN=1)
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8.4.6 Clocks And Serial Transmission Rates

The communication bit rate of the SCI transmitter
and receiver sections can be provided from the in-
ternal Baud Rate Generator or from external
sources. The bit rate clock is divided by 16 in
Asynchronous mode (CD in CCR reset), or undi-
vided in the 3 other modes (CD set).

With INTCLK running at 24MHz and no external
Clock provided, a maximum bit rate of 3MBaud
and 750KBaud is available in undivided and divide
by-16-mode respectively.

With INTCLK running at 24MHz and an external
Clock provided through the RXCLK/TXCLK lines,
a maximum bit rate of 3MBaud and 375KBaud is
available in undivided and divided by 16 mode re-
spectively (see Figure 83).

External Clock Sources. The External Clock in-
put pin TXCLK may be programmed by the XTCLK
and OCLK bits in the CCR register as: the transmit
clock input, Baud Rate Generator output (allowing
an external divider circuit to provide the receive
clock for split rate transmit and receive), or as
CLKOUT output in Synchronous and Serial Ex-
pansion modes. The RXCLK Receive clock input
is enabled by the XRX bit, this input should be set
in accordance with the setting of the CD bit.

Baud Rate Generator. The internal Baud Fate
Generator consists of a 16-bit programmahi2 i-
vide by “N” counter which can be used to qenerate
the transmitter and/or receiver clocke. Th.e mini-
mum baud rate divisor is 2 and thz n:aximum divi-
sor is 216-1. After initialising *~e bouid rate genera-
tor, the divisor value is immuriately loaded into the
counter. This prevents notentially long random
counts on the initial luav

The Baud Rate g=ieraor frequency is equal to the
Input Clock fre queacy divided by the Divisor value.

WARN:!MG: Frogramming the baud rate divider to
0o’ 1va'stop the divider.

The output of the Baud Rate generator has a pre-
cise 50% duty cycle. The Baud Rate generator can
use INTCLK for the input clock source. In this
case, INTCLK (and therefore the MCU Xtal)
should be chosen to provide a suitable frequency
for division by the Baud Rate Generator to give the
required transmit and receive bit rates. Suitable
INTCLK frequencies and the respective divider
values for standard Baud rates are shown in Table
34.

8.4.7 SCI -M Initialization Procedure

Writing to either of the two Baud Rate Generatcr
Registers immediately disables and resets th:: £ C!
baud rate generator, as well as the transmi‘ter anu
receiver circuitry.

After writing to the second Baud rate Generator
Register, the transmitter anz receiver circuits are
enabled. The Baud Rate Cenerator will load the
new value and start corinting.

To initialize the SCi. the user should first initialize
the most significan. byte of the Baud Rate Gener-
ator Registzi; th's will reset all SCI circuitry. The
user stiouia then initialize all other SCI registers
(SIGCR/SQLR included) for the desired operating
moa2 =nd then, to enable the SCI, he should ini-
tialize the least significant byte Baud Rate Gener-
ator Register.

'‘On-the-Fly' modifications of the control registers'
content during transmitter/receiver operations, al-
though possible, can corrupt data and produce un-
desirable spikes on the I/O lines (data, clock and
control). Furthermore, modifying the control regis-
ters' content without reinitialising the SCI circuitry
(during stand-by cycles, waiting to transmit or re-
ceive data) must be kept carefully under control by
software to avoid spurious data being transmitted
or received.

Note: For synchronous receive operation, the data
and receive clock must not exhibit significant skew
between clock and data. The received data and
clock are internally synchronized to INTCLK.

Figure 82. SCI-M Baud Rate Generator Initialization Sequence

MOST SIGNIFICANT
BYTE INITIALIZATION

SELECT SCI
WORKING MODE

LEAST SIGNIFICANT
BYTE INITIALIZATION

4

161/230




ST92163R4 - MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (SCI-M)

MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (Cont'd)
Table 34. SCI-M Baud Rate Generator Divider Values Example 1

INTCLK: 19660.800 KHz
Baud Clock Desired Freq Divisor AB‘:::I Actual Freq Deviation
Rate Factor (kHz) Dec Hex Rate (kHz)
50.00 16 X 0.80000 24576 6000 50.00 0.80000 | 0.0000%
75.00 16 X 1.20000 16384 4000 75.00 1.20000 | 0.0000%
110.00 16 X 1.76000 11170 2BA2 110.01 1.76014 | -0.00081%
300.00 16 X 4.80000 4096 1000 300.00 4.80000 | 0.0000%
600.00 16 X 9.60000 2048 800 600.00 9.60000 | 0.0000% |
1200.00 16 X 19.20000 1024 400 1200.00 19.20000 | 0.000¢% |
2400.00 16 X 38.40000 512 200 2400.00 38.40000 | 0.0090%
4800.00 16 X 76.80000 256 100 4800.00 76.80000 '  0.0000%
9600.00 16 X 153.60000 128 80 9600.00 152.60070 |  0.0000%
19200.00 16 X 307.20000 64 40| 19200.00 577.20000 |  0.0000%
38400.00 16 X 614.40000 32 20| 38400.00!  614.40000| 0.0000%
76800.00 16 X 1228.80000 16 10| 7680000 | 1228.80000| 0.0000%
Table 35. SCI-M Baud Rate Generator Divider Values Example 2
INTCLK: 24576 Vi
Baud Clock Desired Freq Dlvisor A;;::' Actual Freq Deviation
Rate Factor (kH2) Dec Hex Rate (kHz2)
50.00 16 X 0.80000 3720|7800 50.00 0.80000 | 0.0000%
75.00 16 X 1.20000" 20480 5000 75.00 1.20000 | 0.0000%
110.00 16 X 1.75000 13963 3838 110.01 1.76014 | -0.00046%
300.00 16 X 1.62000 5120 1400 300.00 4.80000 | 0.0000%
600.00 16 X ~9.60000 2560 A0O 600.00 9.60000 | 0.0000%
1200.00 16 X 19.20000 1280 500 1200.00 19.20000 | 0.0000%
2400.00 1N 38.40000 640 280 2400.00 38.40000 | 0.0000%
4800.00 15 X 76.80000 320 140 4800.00 76.80000 | 0.0000%
900 16X 153.60000 160 AO 9600.00 153.60000 |  0.0000%
19200 60 16 X 307.20000 80 50|  19200.00 307.20000 | 0.0000%
| 56400.00 16 X 614.40000 40 28|  38400.00 614.40000 | 0.0000%
76800.00 16 X 1228.80000 20 14| 76800.00| 1228.80000| 0.0000%
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8.4.8 Input Signals

SIN: Serial Data Input. This pin is the serial data
input to the SCI receiver shift register.

TXCLK: External Transmitter Clock Input. This
pin is the external input clock driving the SClI trans-
mitter. The TXCLK frequency must be greater than
or equal to 16 times the transmitter data rate (de-
pending whether the X16 or the X1 clock have
been selected). A 50% duty cycle is required for
this input and must have a period of at least twice
INTCLK. The use of the TXCLK pin is optional.

RXCLK: External Receiver Clock Input. This in-
put is the clock to the SCI receiver when using an
external clock source connected to the baud rate
generator. INTCLK is normally the clock source. A
50% duty cycle is required for this input and must
have a period of at least twice INTCLK. Use of RX-
CLK is optional.

DCD: Data Carrier Detect. This input is enabled
only in Synchronous mode; it works as a gate for
the RXCLK clock and informs the MCU that an
emitting device is transmitting a synchronous
frame. The active level can be programmed as 1
or 0 and must be provided at least one INTCLK pe-
riod before the first active edge of the input clock.

8.4.9 Output Signals

SOUT: Serial Data Output. This Alternate Func-
tion output signal is the serial data output o1 tiie
SCI transmitter in all operating modes.

CLKOUT: Clock Output. The alternaiz runction
of this pin outputs either the data clock from the
transmitter in Serial Expaasion or Synchronous
modes, or the clock oitout from the Baud Rate
Generator. In Serial =xansion mode it will clock

only the data portion of the frame and its stand-by
state is high: data is valid on the rising edge of the
clock. Even in Synchronous mode CLKOUT will
only clock the data portion of the frame, but the
stand-by level and active edge polarity are pro-
grammable by the user.

When Synchronous mode is disabled (SMEN in
SICR is reset), the state of the XTCLK and OCLK
bits in CCR determine the source of CLKOUT; '11'
enables the Serial Expansion Mode.

When the Synchronous mode is enabled (SVE.!
in SICR is set), the state of the XTCLK and CCL K
bits in CCR determine the source of CLKO\IT; 00
disables it for PLM applications.

RTS: Request To Send. This ou'put Alternate
Function is only enabled ir syvnchionous mode; it
becomes active when the L :ast Significant Bit of
the data frame is sen: o the Serial Output Pin
(SOUT) and indiceies 0 the target device that the
MCU is about to cend a synchronous frame; it re-
turns to its siand by value just after the last active
edge o’ C'.KOUT (MSB transmitted). The active
leve.l can e programmed high or low.

SDS.: synchronous Data Strobe. This output Al-
ternate function is only enabled in Synchronous
mode; it becomes active high when the Least Sig-
nificant Bit is sent to the Serial Output Pins
(SOUT) and indicates to the target device that the
MCU is about to send the first bit for each synchro-
nous frame. It is active high on the first bit and it is
low for all the rest of the frame. The active level
can not be programmed.

Figure 83. Rez21 ‘e and Transmitter Clock Frequencies

Min Max Conditions
\\7 0 INTCLK/8 1x mode
Receiver Clock Frequenc Erlemal O 0 INTOLK/4 16x mode
’ ’ Internal Receiver Clock 0 INTCLK/8 1x mode
0 INTCLK/2 16x mode
0 INTCLK/8 1x mode
Transmitter Clock Frequenc Eriemal XL 0 INTOLK/4 16x mode
) ’ Internal Transmitter Clock 0 INTCLK/8 1x mode
0 INTCLK/2 16x mode
Note: The internal receiver and transmitter clocks
are the ones applied to the Tx and Rx shift regis-
ters (see Figure 74).
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8.4.10 Interrupts and DMA
8.4.10.1 Interrupts

The SCI can generate interrupts as a result of sev-
eral conditions. Receiver interrupts include data
pending, receive errors (overrun, framing and par-
ity), as well as address or break pending. Trans-
mitter interrupts are software selectable for either
Transmit Buffer Register Empty (BSN set) or for
Transmit Shift Register Empty (BSN reset) condi-
tions.

Typical usage of the Interrupts generated by the
SCI peripheral are illustrated in Figure 84.

The SCI peripheral is able to generate interrupt re-
quests as a result of a number of events, several
of which share the same interrupt vector. It is
therefore necessary to poll S_ISR, the Interrupt
Status Register, in order to determine the active
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trigger. These bits should be reset by the program-
mer during the Interrupt Service routine.

The four major levels of interrupt are encoded in
hardware to provide two bits of the interrupt vector
register, allowing the position of the block of point-
er vectors to be resolved to an 8 byte block size.

The SCI interrupts have an internal priority struc-
ture in order to resolve simultaneous events. Refer
also to Section 8.4.4 for more details relating to
Synchronous mode.

Table 36. SCI Interrupt Internal Priority

Receive DMA Request Highest Priority _i

Transmit DMA Request

Receive Interrupt

Transmit Interrupt

AN L~wast Priority
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Table 37. SCI-M Interrupt Vectors

Interrupt Source Vector Address
Transmitter Buffer or Shift Register Empty
Transmit DMA end of Block o x110
Received Data Pending XXX X100
Receive DMA end of Block
Break Detector xxxx X010
Address Word Match
Receiver Error XXxXx X000

Figure 84. SCI-M Interrupts: Example of Typical Usage

S e |

- ADDRESS AFTER BREAK CONDITION

(_ DATA )_BREAK [ADDRESS)_ DATA | DATA | DATA ) BREAK ,(ADDREsSt) DATA )
MATCH lm ARTCH
BREAK DATA DATA
INTERRUPT INTERRUPT INTERRUPT 4 -..
ADDRESS DATA > PrEAK
INTERRUPT INTERRUPT NTERRUPT

ADDRESS WORD MARKED BY D9=1

(_ DATA )ADDRESS) DATA | DATA ) DATA ) ADDRESS) DATA )
MATCH lNO MATCH
ADDRESS DA"A
INTERRUPT  parp  INTERIUPT o)
INTERRUPT INTERRUPT

CHARACTER SEARCH MODE
(__DATA )f DATA %"ﬁ_/—\l_l'lw DATA | DATA ) DATA )
w j

DATA CHAR MATCH DATA
INTERRUP™ pata  INTERRUPT pata  INTERRUPT DATA

INTERRUPT INTERRUPT INTERRUPT

1’9 ACTING AS DATA CONTROL WITH SEPARATE INTERRUPT
(__DATA T DATA T D9=1 | DATA )| DATA (_DATA )

R

DATA D9=1 DATA VA00270
INTERRUPT DATA |NTERRUPT DATA  INTERRUPT DATA
INTERRUPT INTERRUPT INTERRUPT

4

165/230




ST92163R4 - MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (SCI-M)

MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (Cont’d)

8.4.10.2 DMA

Two DMA channels are associated with the SCI,
for transmit and for receive. These follow the reg-
ister scheme as described in the DMA chapter.

DMA Reception
To perform a DMA transfer in reception mode:

1. Initialize the DMA counter (RDCPR) and DMA
address (RDAPR) registers

2. Enable DMA by setting the RXD bit in the IDPR
register.

3. DMA transfer is started when data is received
by the SCI.

DMA Transmission
To perform a DMA transfer in transmission mode:

1. Initialize the DMA counter (TDCPR) and DMA
address (TDAPR) registers.

2. Enable DMA by setting the TXD bit in the IDPR
register.

3. DMA transfer is started by writing a byte in the
Transmitter Buffer register (TXBR).

If this byte is the first data byte to be transmitted,
the DMA counter and address registers must be
initialized to begin DMA transmission at the cec-
ond byte. Alternatively, DMA transfer can be tert-
ed by writing a dummy byte in the TXBR regisier.

DMA Interrupts

When DMA is active, the Receivd Data Pending
and the Transmitter Shift Reg'stor Empty interrupt
sources are replaced by the . YMA End Of Block re-
ceive and transmit in:2ivupt sources.

Note: To handle L>vA transfer correctly in trans-
mission, the E.Si| bit in the IMR register must be
clearec. This ceiects the Transmitter Shift Register
Emriy e rent as the DMA interrupt source.
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The transfer of the last byte of a DMA data block
will be followed by a DMA End Of Block transmit or
receive interrupt, setting the TXEOB or RXEOB
bit.

A typical Transmission End Of Block interrupt rou-
tine will perform the following actions:

1. Restore the DMA counter register (TDCPR).
2. Restore the DMA address register (TDAPR).

3. Clear the Transmitter Shift Register Empty bit
TXSEM in the S_ISR register to avoid spurious
interrupts.

4. Clear the Transmitter End Of Block (TXZCB)
pending bit in the IMR register.

5. Set the TXD bit in the IDPR regisicr tc enable
DMA.

6. Load the Transmitter B.ffur Register (TXBR)
with the next byte to transmit.

The above procedure 1+anidles the case where a
further DMA trarisf=i is (0 be performed.

Error lt’ervept Handling

If ain error interrupt occurs while DMA is enabled in
reception mode, DMA transfer is stopped.

To resume DMA transfer, the error interrupt han-
dling routine must clear the corresponding error
flag. In the case of an Overrun error, the routine
must also read the RXBR register.

Character Search Mode with DMA

In Character Search Mode with DMA, when a
character match occurs, this character is not trans-
ferred. DMA continues with the next received char-
acter. To avoid an Overrun error occurring, the
Character Match interrupt service routine must
read the RXBR register.
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8.4.11 Register Description
The SCI-M registers are located in the following

pages in the ST9:

SCI-M number 0: page 24 (18h)
SCI-M number 1: page 25 (19h) (when present)

The SCl is controlled by the following registers:

Address Register
R240 (FOh) Receiver DMA Transaction Counter Pointer Register
R241 (F1h) Receiver DMA Source Address Pointer Register
R242 (F2h) Transmitter DMA Transaction Counter Pointer Register __:
R243 (F3h) Transmitter DMA Destination Address Pointer Register N
R244 (F4h) Interrupt Vector Register )\t
R245 (F5h) Address Compare Register .
R246 (F6h) Interrupt Mask Register \ ">
R247 (F7h) Interrupt Status Register
R248 (F8h) Receive Buffer Register same Address as Transmitter Hufior Register (Read Only)
R248 (F8h) Transmitter Buffer Register same Address as Reca: ¢ Euffer Register (Write only)
R249 (F9h) Interrupt/DMA Priority Register \J
R250 (FAh) Character Configuration Register )~
R251 (FBh) Clock Configuration Register
R252 (FCh) Baud Rate Generator High Pegister
R253 (FDh) Baud Rate Generator L ov’ ."._egister
R254 (FEh) Synchronous Inpu* C(._'n._ﬁliRegister
R255 (FFh) Synchronou: Oufwu_iControI Register
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RECEIVER DMA COUNTER POINTER (RDCPR)
R240 - Read/Write
Reset value: undefined

7 0

RC7 | RC6 | RC5 | RC4 | RC3 | RC2 | RC1 | RR/M

Bit 7:1 = RC[7:1]: Receiver DMA Counter Pointer.
These bits contain the address of the receiver
DMA transaction counter in the Register File.

Bit 0 = RR/M: Receiver Register File/Memory Se-
lector.

0: Select Memory space as destination.

1: Select the Register File as destination.

RECEIVER DMA ADDRESS POINTER (RDAPR)
R241 - Read/Write
Reset value: undefined

7 0

RA7 | RA6 | RA5 | RA4 | RA3 | RA2 | RA1 | RPS

Bit 7:1 = RA[7:1]: Receiver DMA Address Poir.te.
These bits contain the address of the poirter (in
the Register File) of the receiver DMA datc cource.

Bit 0 = RPS: Receiver DMA Vanr0.y Pointer Se-

lector.

This bit is only significent if niemory has been se-

lected for DMA transiare {AR/M = 0 in the RDCPR

register).

0: Select ISR reyister for receiver DMA transfers
addrass oxiiznision.

1: Szicc: DVIASR register for receiver DMA trans-
fers eddress extension.
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TRANSMITTER DMA COUNTER POINTER
(TDCPR)

R242 - Read/Write
Reset value: undefined

7 0

TC7 | TC6 | TC5 | TC4 | TC3 | TC2 | TC1 | TRM

Bit 7:1 = TC[7:1]: Transmitter DMA Counter Point-
er.

These bits contain the address of the transmitter
DMA transaction counter in the Register File

Bit 0 = TR/M: Transmitter Register =</ Jemory
Selector.

0: Select Memory space as source

1: Select the Register File a= source.

TRANSMITTER DMA ADDRESS POINTER
(TDAPR)

R243 - RzoaanVrite
Res et vaiie: undefined

7 0

TA7 | TA6 | TA5 | TA4 | TA3 | TA2 | TA1 TPS

Bit 7:1 = TA[7:1]: Transmitter DMA Address Point-
er.

These bits contain the address of the pointer (in
the Register File) of the transmitter DMA data
source.

Bit 0 = TPS: Transmitter DMA Memory Pointer Se-

lector.

This bit is only significant if memory has been se-

lected for DMA transfers (TR/M = 0 in the TDCPR

register).

0: Select ISR register for transmitter DMA transfers
address extension.

1: Select DMASR register for transmitter DMA
transfers address extension.
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INTERRUPT VECTOR REGISTER (S_IVR)
R244 - Read/Write
Reset value: undefined

7 0

ADDRESS/DATA COMPARE REGISTER (ACR)
R245 - Read/Write
Reset value: undefined

7 0

V7 V6 V5 V4 V3 EV2 | EV1 0

AC7 | AC6 | AC5 | AC4 | AC3 | AC2 | AC1 | ACO

Bit 7:3 = V[7:3]: SCI Interrupt Vector Base Ad-
dress.

User programmable interrupt vector bits for trans-
mitter and receiver.

Bit 2:1 = EV[2:1]: Encoded Interrupt Source.
Both bits EV2 and EV1 are read only and set by
hardware according to the interrupt source.

EV2 | EV1 Interrupt source
0 0 Receiver Error (Overrun, Framing, Parity)
0 1 Break Detect or Address Match
1 0 Received Data Pending/Receiver DMA

End of Block

1 1 Transmitter buffer or shift register empty

transmitter DMA End of Block

Bit 0 = DO: This bit is forced by hardware tc 0.

4

Bit 7:0 = AC[7:0]: Address/Compare Character.
With either 9th bit address mode, address after
break mode, or character search, the received ad-
dress will be compared to the value stored in *his
register. When a valid address matches this izgis-
ter content, the Receiver Address Pencing bit
(RXAP in the S_ISR register) is sot. Afier the
RXAP bitis set in an addressed mod 3, ol received
data words will be transferred to il e i3eceiver Buff-
er Register.
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INTERRUPT MASK REGISTER (IMR)
R246 - Read/Write
Reset value: 0xx00000

7 0

BSN |RXEOB|TXEOB| RXE | RXA [ RXB | RXDI | TXDI

Bit 7 = BSN: Buffer or shift register empty inter-

rupt.

This bit selects the source of the transmitter regis-

ter empty interrupt.

0: Select a Shift Register Empty as source of a
Transmitter Register Empty interrupt.

1: Select a Buffer Register Empty as source of a
Transmitter Register Empty interrupt.

Bit 6 = RXEOB: Received End of Block.

This bit is set by hardware only and must be reset
by software. RXEOB is set after a receiver DMA
cycle to mark the end of a data block.

0: Clear the interrupt request.

1: Mark the end of a received block of data.

Bit 5 = TXEOB: Transmitter End of Block.

This bit is set by hardware only and must be reset
by software. TXEOB is set after a transmitter DM a
cycle to mark the end of a data block.

0: Clear the interrupt request.

1: Mark the end of a transmitted block ¢f oata.
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Bit 4 = RXE: Receiver Error Mask.

0: Disable Receiver error interrupts (OE, PE, and
FE pending bits in the S_ISR register).

1: Enable Receiver error interrupts.

Bit 3 = RXA: Receiver Address Mask.

0: Disable Receiver Address interrupt (RXAP
pending bit in the S_ISR register).

1: Enable Receiver Address interrupt.

Bit 2 = RXB: Receiver Break Mask.

0: Disable Receiver Break interrupt (RXBP penci-
ing bit in the S_ISR register).

1: Enable Receiver Break interrupt.

Bit 1 = RXDI: Receiver Data Inter:un: Mask.

0: Disable Receiver Data Peinding 20d Receiver
End of Block interrupts (R¥0OP and RXEOB
pending bits in the S _i3R register).

1: Enable Receiver Date Pending and Receiver
End of Block it teiripts.

Note: RXD! hes 10 effect on DMA transfers.

Bit O = XDI: Transmitter Data Interrupt Mask.

0: Disable Transmitter Buffer Register Empty,
Transmitter Shift Register Empty, or Transmitter
End of Block interrupts (TXBEM, TXSEM, and
TXEOB bits in the S_ISR register).

1: Enable Transmitter Buffer Register Empty,
Transmitter Shift Register Empty, or Transmitter
End of Block interrupts.

Note: TXDI has no effect on DMA transfers.
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INTERRUPT STATUS REGISTER (S_ISR)
R247 - Read/Write
Reset value: undefined

7 0

OE | FE | PE | RXAP | RXBP | RXDP | TXBEM | TXSEM

Bit 7 = OE: Overrun Error Pending.

This bit is set by hardware if the data in the Receiv-
er Buffer Register was not read by the CPU before
the next character was transferred into the Receiv-
er Buffer Register (the previous data is lost).

0: No Overrun Error.

1: Overrun Error occurred.

Bit 6 = FE: Framing Error Pending bit.

This bit is set by hardware if the received data
word did not have a valid stop bit.

0: No Framing Error.

1: Framing Error occurred.

Note: In the case where a framing error occurs
when the SCI is programmed in address mode
and is monitoring an address, the interrupt is as-
serted and the corrupted data element is trans-
ferred to the Receiver Buffer Register.

Bit 5 = PE: Parity Error Pending.

This bit is set by hardware if the recei e d \wuid did
not have the correct even or odd paiity hit.

0: No Parity Error.

1: Parity Error occurred.

Bit 4 = RXAP: Recc/vor Address Pending.

RXAP is set hv hardware after an interrupt ac-
knowledgec! ir. th2 address mode.

0: No irteivupt in address mode.

1: Intercupt in address mode occurred.

4

Note: The source of this interrupt is given by the
couple of bits (AMEN, AM) as detailed in the IDPR
register description.

Bit 3 = RXBP: Receiver Break Pending bit.

This bit is set by hardware if the received data in-
put is held low for the full word transmission time
(start bit, data bits, parity bit, stop bit).

0: No break received.

1: Break event occurred.

Bit 2 = RXDP: Receiver Data Pending bit.

This bit is set by hardware when data is ivaded
into the Receiver Buffer Register.

0: No data received.

1: Data received in Receiver Buff2r Hcgister.

Bit 1 = TXBEM: Transr i:ter Buffer Register Emp-
ty.
This bit is set bv he rdware if the Buffer Register is
empty.

0: No Bufier register Empty event.

1: Bunuor Register Empty.

Bit 0 = TXSEM: Transmitter Shift Register Empty.
This bit is set by hardware if the Shift Register has
completed the transmission of the available data.
0: No Shift Register Empty event.

1: Shift Register Empty.

Note: The Interrupt Status Register bits can be re-
set but cannot be set by the user. The interrupt
source must be cleared by resetting the related bit
when executing the interrupt service routine (natu-
rally the other pending bits should not be reset).
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RECEIVER BUFFER REGISTER (RXBR)
R248 - Read only
Reset value: undefined

7 0

TRANSMITTER BUFFER REGISTER (TXBR)
R248 - Write only
Reset value: undefined

7 0

RD7 | RD6 | RD5 | RD4 | RD3 | RD2 | RD1 RDO

TD7 | TD6 | TD5 | TD4 | TD3 | TD2 | TD1 TDO

Bit 7:0 = RD[7:0]: Received Data.

This register stores the data portion of the re-
ceived word. The data will be transferred from the
Receiver Shift Register into the Receiver Buffer
Register at the end of the word. All receiver inter-
rupt conditions will be updated at the time of trans-
fer. If the selected character format is less than 8
bits, unused most significant bits will forced to “1”.

Note: RXBR and TXBR are two physically differ-
ent registers located at the same address.
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Bit 7:0 = TD[7:0]: Transmit Data.

The ST9 core will load the data for transmission
into this register. The SCI will transfer the data
from the buffer into the Shift Register when aveile-
ble. At the transfer, the Transmitter Buffer Reicter
interrupt is updated. If the selected word forme? s
less than 8 bits, the unused most siar.ificanc bits
are not significant.

Note: TXBR and RXBR are two physically differ-
ent registers located at the same address.
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INTERRUPT/DMA PRIORITY REGISTER (IDPR)
R249 - Read/Write
Reset value: undefined

7 0

AMEN | SB | SA | RXD | TXD | PRL2 | PRL1 PRLO

Bit 7 = AMEN: Address Mode Enable.

This bit, together with the AM bit (in the CHCR reg-
ister), decodes the desired addressing/9th data
bit/character match operation.

In Address mode the SCI monitors the input serial
data until its address is detected

AMEN | AM
0 0 Address interrupt if 9th data bit = 1
0 1 Address interrupt if character match
1 0 Address interrupt if character match

and 9th data bit =1

Address interrupt if character match
with word immediately following Break

Note: Upon reception of address, the RXAP bit (in
the Interrupt Status Register) is set and an inte*-
rupt cycle can begin. The address characte: \viili
not be transferred into the Receiver Buffal Rzyis-
ter but all data following the matched 3CI xddress
and preceding the next address wore wiil be trans-
ferred to the Receiver Buffar Ragister and the
proper interrupts updated. \¢ thie address does not
match, all data followirg this unmatched address
will not be transferreu to the Receiver Buffer Reg-
ister.

In any of the casi2s the RXAP bit must be reset by
softwai = vero/e the next word is transferred into
the Bui‘e- 1Register.

Wheii AMEN is reset and AM is set, a useful char-
acter search function is performed. This allows the
SCI to generate an interrupt whenever a specific
character is encountered (e.g. Carriage Return).

Bit 6 = SB: Set Break.

0: Stop the break transmission after minimum
break length.

1: Transmit a break following the transmission of all
data in the Transmitter Shift Register and the
Buffer Register.

Note: The break will be a low level on the transmit-
ter data output for at least one complete word for-
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mat. If software does not reset SB before the min-
imum break length has finished, the break condi-
tion will continue until software resets SB. The SCI
terminates the break condition with a high level on
the transmitter data output for one transmission
clock period.

Bit 5 = SA: Set Address.

If an address/9th data bit mode is selected, SA val-
ue will be loaded for transmission into the Shift
Register. This bit is cleared by hardware after its
load.

0: Indicate it is not an address word.

1: Indicate an address word.

Note: Proper procedure would beg, wvhen the
Transmitter Buffer Register is erity. w0 load the
value of SA and then load thc cate into the Trans-
mitter Buffer Register.

Bit 4 = RXD: Rece'er DMA Mask.

This bit is resec vy hardware when the transaction

counter value dzcrements to zero. At that time a

recei21 Er a of Block interrupt can occur.

0: Ciisal le Receiver DMA request (the RXDP bit in
the S_ISR register can request an interrupt).

1: Enable Receiver DMA request (the RXDP bit in
the S_ISR register can request a DMA transfer).

Bit 3 = TXD: Transmitter DMA Mask.

This bit is reset by hardware when the transaction

counter value decrements to zero. At that time a

transmitter End Of Block interrupt can occur.

0: Disable Transmitter DMA request (TXBEM or
TXSEM bits in S_ISR can request an interrupt).

1: Enable Transmitter DMA request (TXBEM or
TXSEM bits in S_ISR can request a DMA trans-
fer).

Bit 2:0 = PRL[2:0]: SC/ Interrupt/DMA Priority bits.
The priority for the SCI is encoded with
(PRL2,PRL1,PRLO). Priority level 0 is the highest,
while level 7 represents no priority.

When the user has defined a priority level for the
SCl, priorities within the SCI are hardware defined.
These SCI internal priorities are:

Receiver DMA request
Transmitter DMA request
Receiver interrupt
Transmitter interrupt

highest priority

lowest priority
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CHARACTER CONFIGURATION REGISTER
(CHCR)

R250 - Read/Write
Reset value: undefined

7 0

AM EP PEN AB SB1 SBO | WL1 | WLO

Bit 7 = AM: Address Mode.

This bit, together with the AMEN bit (in the IDPR
register), decodes the desired addressing/9th data
bit/character match operation. Please refer to the
table in the IDPR register description.

Bit 6 = EP: Even Parity.
0: Select odd parity (when parity is enabled).
1: Select even parity (when parity is enabled).

Bit 5 = PEN: Parity Enable.

0: No parity bit.

1: Parity bit generated (transmit data) or checked
(received data).

Note: If the address/9th bit is enabled, the parity
bit will precede the address/9th bit (the 9th bit is
never included in the parity calculation).
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Bit 4 = AB: Address/9th Bit.

0: No Address/9th bit.

1: Address/9th bit included in the character format
between the parity bit and the first stop bit. This
bit can be used to address the SCI or as a ninth
data bit.

Bit 3:2 = SB[1:0]: Number of Stop Bits..

Number of stop bits |
B1 B
S SB0 5 76X mode | in 1X mode ;
0 0 1 1T
0 1 15 W\
1 0 2 2
1 1 25 | 3

Bit 1:0 = WL[1:0]: Num.<r of Data Bits

WL ' WLO Data Length
o | 0 5 bits
N\ )" 1 6 bits
T 0 7 bits
1 1 8 bits
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MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (Cont’d)

CLOCK CONFIGURATION REGISTER (CCR)
R251 - Read/Write
Reset value: 0000 0000 (00h)

7 0

XTCLK | OCLK | XRX | XBRG [ CD | AEN | LBEN | STPEN

Bit 7 = XTCLK

This bit, together with the OCLK bit, selects the
source for the transmitter clock. The following ta-
ble shows the coding of XTCLK and OCLK.

Bit 6 = OCLK

This bit, together with the XTCLK bit, selects the
source for the transmitter clock. The following ta-
ble shows the coding of XTCLK and OCLK.

XTCLK | OCLK Pin Function
0 0 Pin is used as a general /0
0 1 Pin = TXCLK (used as an input)
1 0 Pin = CLKOUT (outputs the Baud
Rate Generator clock)
Pin = CLKOUT (outputs the Serial
1 1 expansion and synchronous

mode clock) a

Bit 5 = XRX: External Receiver Clncc £ource.
0: External receiver clock sotirc2 no. used.
1: Select the external recei ‘er ciaock source.

Note: The external reczi.‘er clock frequency must
be 16 times the data rate, or equal to the data rate,
depending on the ctatus of the CD bit.

Bit 4 = J,CRG: Baud Rate Generator Clock

Sot'rce.

0: Seiect INTCLK for the baud rate generator.

1: Select the external receiver clock for the baud
rate generator.

Bit 3 = CD: Clock Divisor.
The status of CD will determine the SCI configura-
tion (synchronous/asynchronous).
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0: Select 16X clock mode for both receiver and
transmitter.

1: Select 1X clock mode for both receiver and
transmitter.

Note: In 1X clock mode, the transmitter will trans-
mit data at one data bit per clock period. In 16X
mode each data bit period will be 16 clock periods
long.

Bit 2 = AEN: Auto Echo Enable.
0: No auto echo mode.
1: Put the SCI in auto echo mode.

Note: Auto Echo mode has the following etiact
the SCI transmitter is disconnected from e Jata-
out pin SOUT, which is driven directly vy the re-
ceiver data-in pin, SIN. The receiei 1cmains con-
nected to SIN and is opera*ior a! unless loopback
mode is also selected.

Bit 1 = LBEN: L ¢ 0uck Enable.
0: No loopbac < nicde.
1: Put the ST in loopback mode.

Nofe: I fus mode, the transmitter output is set to
a high level, the receiver input is disconnected,
and the output of the Transmitter Shift Register is
looped back into the Receiver Shift Register input.
All interrupt sources (transmitter and receiver) are
operational.

Bit 0 = STPEN: Stick Parity Enable.

0: The transmitter and the receiver will follow the
parity of even parity bit EP in the CHCR register.

1: The transmitter and the receiver will use the op-
posite parity type selected by the even parity bit
EP in the CHCR register.

EP SPEN Parity (Trar_15mitter &
Receiver)
0 (odd) 0 Odd
1 (even) 0 Even
0 (odd) 1 Even
1 (even) 1 Odd
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MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (Cont’d)

BAUD RATE GENERATOR HIGH REGISTER
(BRGHR)

R252 - Read/Write
Reset value: undefined

15 8

BG15 | BG14 | BG13 | BG12 | BG11 | BG10 | BG9 | BG8

BAUD RATE GENERATOR LOW REGISTER
(BRGLR)

R253 - Read/Write
Reset value: undefined

7 0

BG7 | BG6 | BG5 | BG4 | BG3 | BG2 | BG1 | BGO

Bit 15:0 = Baud Rate Generator MSB and LSB.

The Baud Rate generator is a programmable di-
vide by “N” counter which can be used to generate
the clocks for the transmitter and/or receiver. This
counter divides the clock input by the value in the
Baud Rate Generator Register. The minimum
baud rate divisor is 2 and the maximum diviscr ’s
216.1. After initialization of the baud rate gerera-
tor, the divisor value is immediately loaded intn the
counter. This prevents potentially ior.g random
counts on the initial load. If set to N ¢r ', the Baud
Rate Generator is stopped.

SYNCHRONOUS IN®PUIT CONTROL (SICR)
R254 - Read/Wi'te
Reset value: COCJ 0011 (03h)

7 0

I
SMEN‘ INPL | XCKPL|DCDEN|DCDPL|INPEN| X X

Bit 7 = SMEN: Synchronous Mode Enable.

0: Disable all features relating to Synchronous
mode (the contents of SICR and SOCR are ig-
nored).

1: Select Synchronous mode with its programmed
I/0O configuration.
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Bit 6 = INPL: SIN Input Polarity.
0: Polarity not inverted.
1: Polarity inverted.

Note: INPL only affects received data. In Auto-
Echo mode SOUT = SIN even if INPL is set. In
Loop-Back mode the state of the INPL bit is irrele-
vant.

Bit 5 = XCKPL: Receiver Clock Polarity.
0: RXCLK is active on the rising edge.
1: RXCLK is active on the falling edge.

Note: XCKPL only affects the receiver clock. I
Auto-Echo mode CLKOUT = RXCLK incdcpend-
ently of the XCKPL status. In Loop-Back o state
of the XCKPL bit is irrelevant.

Bit 4 = DCDEN: DCD Input Enable.
0: Disable hardware sy ic hronization.
1: Enable hardware synctironization.

Note: When DCLEN is set, RXCLK drives the re-
ceiver section orily during the active level of the
DCD in;u (PCD works as a gate on RXCLK, in-
forming ve MCU that a transmitting device is
senciny a synchronous frame to it).

Bit 3 = DCDPL: DCD Input Polarity.
0: The DCD input is active when LOW.
1: The DCD input is active when HIGH.

Note: DCDPL only affects the gating activity of the
receiver clock. In Auto-Echo mode RTS = DCD in-
dependently of DCDPL. In Loop-Back mode, the
state of DCDPL is irrelevant.

Bit 2 = INPEN: A/l Input Disable.
0: Enable SIN/RXCLK/DCD inputs.
1: Disable SIN/RXCLK/DCD inputs.

Bit 1:0 = “Don't Care”
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MULTIPROTOCOL SERIAL COMMUNICATIONS INTERFACE (Cont’d)

SYNCHRONOUS OUTPUT CONTROL (SOCR)
R255 - Read/Write
Reset value: 0000 0001 (01h)

7 0

OUTP | OUTS | OCKP | OCKS | RTSE | RTS | OUT
L B L B N PL DIS

Bit 7 = OUTPL: SOUT Output Polarity.
0: Polarity not inverted.
1: Polarity inverted.

Note: OUTPL only affects the data sent by the
transmitter section. In Auto-Echo mode SOUT =
SIN even if OUTPL=1. In Loop-Back mode, the
state of OUTPL is irrelevant.

Bit 6 = OUTSB: SOUT Output Stand-By Level.

0: SOUT stand-by level is HIGH.
1: SOUT stand-by level is LOW.

Bit 5 = OCKPL: Transmitter Clock Polarity.
0: CLKOUT is active on the rising edge.
1: CLKOUT is active on the falling edge.

Note: OCKPL only affects the transmitter clo~k In
Auto-Echo mode CLKOUT = RXCLK incepend-
ently of the state of OCKPL. In Loop-Rack rode
the state of OCKPL is irrelevant.

Bit 4 = OCKSB: Transmitte Clock Stand-By Lev-
el.

0: The CLKOUT stand-Ly level is HIGH.

1: The CLKOUT :1und-by level is LOW.
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Bit 3 = RTSEN: RTS and SDS Output Enable.

0: Disable the RTS and SDS hardware synchroni-
sation.

1: Enable the RTS and SDS hardware synchroni-
sation.

Notes:

— When RTSEN is set, the RTS output becomes
active just before the first active edge of CLK-
OUT and indicates to target device that the MCU
is about to send a synchronous frame; it returns
to its stand-by value just after the last active edge
of CLKOUT (MSB transmitted).

— When RTSEN is set, the SDS output becnirex
active high and indicates to the target devi=e that
the MCU is about to send the first bi. ¢f & syn-
chronous frame on the Serial Ouiput 2in
(SOUT); it returns to low lev=2i as coon as the
second bit is sent on the Ceqial Output Pin
(SOUT). In this way a usitive pulse is generated
each time that the firot 2it of a synchronous frame
is present on tt.e Gernal Output Pin (SOUT).

Bit 2 = VTY'Fi: RTS Output Polarity.
0: The 'S output is active when LOW.
1: The RTS output is active when HIGH.

Note: RTSPL only affects the RTS activity on the
output pin. In Auto-Echo mode RTS = DCD inde-
pendently from the RTSPL value. In Loop-Back
mode RTSPL value is 'Don't Care'.

Bit 1 = OUTDIS: Disable all outputs.

This feature is available on specific devices only
(see device pin-out description).

When OUTDIS=1, all output pins (if configured in
Alternate Function mode) will be put in High Im-
pedance for networking.

0: SOUT/CLKOUT/enabled

1: SOUT/CLKOUT/RTS put in high impedance

Bit 0 = “Don't Care”
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8.5 I°C BUS INTERFACE

8.5.1 Introduction

The I2C bus Interface serves as an interface be-
tween the microcontroller and the serial I°C bus. It
provides both multimaster and slave functions with
both 7-bit and 10-bit address modes; it controls all
1°C bus- -specific sequencing, protocol, arbitration,
t|m|ng and supports both standard (100KHz) and
fast 1°C modes (400KHz).

Using DMA, data can be transferred with minimum
use of CPU time.

The peripheral uses two external lines to perform
the protocols: SDA, SCL.

8.5.2 Main Features

Parallel-bus/I°C protocol converter
Multi-master capability

7-bit/10-bit Addressing

Standard 1°C mode/Fast I1°C mode
Transmitter/Receiver flag

End-of-byte transmission flag

Transfer problem detection

Interrupt generation on error conditions

Interrupt generation on transfer request and on
data received

I°C Master Features:

Start bit detection flag

Clock generation

I°C bus busy flag

Arbitration Lost flag

End of byte tranamiasion flag
Transmitter/R=ceiver flag
Stop/Start geileration

I°C Stave Features:
m Stop bit detection
I°C bus busy flag
Detection of misplaced start or stop condition

Programmable [°C Address detection (both 7-
bit and 10-bit mode)

General Call address programmable
Transfer problem detection

End of byte transmission flag
Transmitter/Receiver flag.
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Interrupt Features:

m Interrupt generation on error condition, on
transmission request and on data received

m Interrupt address vector for each interrupt
source

m Pending bit and mask bit for each interrupt
source

m Programmable interrupt priority respects the
other peripherals of the microcontroller

m Interrupt address vector programmable

DMA Features:

m DMA both in transmission and in rec2piioi with
enabling bits

s DMA from/toward both Pegiser
Memory

m End Of Block interruur sources with the related
pending bits

m Selection betw=cn DMA Suspended and DMA
Not-Suspcrided mode if error condition occurs.

File and

4
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[2C BUS INTERFACE (Cont'd)

Figure 85. I2C Interface Block Diagram
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8.5.3 Functional Descript.or.

Refer to the I2CCR, 12C>R1 and I2CSR2 registers
in Section 8.5.7. for t.= it definitions.

The I2C interface works as an /O interface
between the ST¢ microcontroller and the 12C bus
protoco! 1 2ddition to receiving and transmitting
dati, tie interface converts data from serial to
para!'si format and vice versa using an interrupt or
polled handshake.

It operates in Multimaster/slave 1°C mode. The se-
lection of the operating mode is made by software.

The I°C interface is connected to the I1°C bus by a
data pin (SDA) and a clock pin (SCL) wh|ch must
be configured as open drain when the 1°C cell is
enabled by programming the 1/O port bits and the
PE bit in the I2CCR register. In this case, the value
of the external pull-up resistance used depends on
the application.

When the I°C cell is disabled, the SDA and SCL
ports revert to being standard 1/0 port pins.

(572

The I2C interface has sixteen internal registers.
Six of them are used for initialization:

— Own Address Registers 2COAR1, I2COAR2
— General Call Address Register I2CADR

— Clock Control Registers [2CCCR, 12CECCR
— Control register I2CCR

The following four registers are used during data
transmission/reception:

— Data Register I2CDR

— Control Register I2CCR
— Status Register 1 I2CSR1
— Status Register 2 [2CSR2
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[2C BUS INTERFACE (Cont'd)

The following seven registers are used to handle
the interrupt and the DMA features:

— Interrupt Status Register [2CISR
— Interrupt Mask Register 12CIMR
— Interrupt Vector Register I2CIVR

— Receiver DMA Address Pointer Register
[2CRDAP

— Receiver DMA Transaction Counter Register
[2CRDC

— Transmitter DMA Address Pointer Register
[2CTDAP

— Transmitter DMA transaction Counter Register
[2CTDC

The interface can decode both addresses:

— Software programmable 7-bit General Call
address

— 12C address stored by software in the I2COAR1
register in 7-bit address mode or stored in
[2COAR1 and I2COAR2 registers in 10-bit ad-
dress mode.

After a reset, the interface is disabled.

IMPORTANT:

1. To guarantee correct operation, before enablir o
the peripheral (while I2CCR.PE=0), configurc Lit7
and bit6 of the I2ZCOAR2 register accordin to ihe
internal clock INTCLK (for example :1.:x..xxxb in
the range 14 - 30 MHz).

2. Bit7 of the I2CCR registe. 11us1 be cleared.

8.5.3.1 Mode Selectin.

In I12C mode, tha irterface can operate in the four
following msdes:

— Mac<te - transmitter/receiver
— S.ave transmitter/receiver
By default, it operates in slave mode.

This interface automatically switches from slave to
master after a start condition is generated on the
bus and from master to slave in case of arbitration
loss or stop condition generation.

In Master mode, it initiates a data transfer and
generates the clock signal. A serial data transfer
always begins with a start condition and ends with
a stop condition. Both start and stop conditions are
generated in master mode by software.

In Slave mode, it is able to recognize its own ad-
dress (7 or 10-bit), as stored in the I2COAR1 and
[2COAR2 registers and (when the I2CCR.ENGC
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bit is set) the General Call address (stored in
I2CADR register). It never recognizes the Start
Byte (address byte 01h) whatever its own address
is.

Data and addresses are transferred in 8 bits, MSB
first. The first byte(s) following the start condition
contain the address (one byte in 7-bit mode, two
bytes in 10-bit mode). The address is always
transmitted in master mode.

A 9th clock pulse follows the 8 clock cycles of a
byte transfer, during which the receiver must send
an acknowledge bit to the transmitte:.
Acknowledge is enabled and disabled by softizare.
Refer to Figure 86.
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I2C BUS INTERFACE (Contd)
Figure 86. I2C BUS Protocol
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Any transfer can be done using either the 1°C
registers directly or via the DMA.

If the transfer is to be done directly by accessing
the I2CDR, the interface waits (by holding the SCL
line low) for software to write in the Data Register
before transmission of a data byte, or to read the
Data Register after a data byte is received.

If the transfer is to be done via DMA, the interface
sends a request for a DMA transfer. Then it waits
for the DMA to comglete. The transfer between the
interface and the 1“C bus will begin on the next
rising edge of the SCL clock.

The SCL frequency (Fgy) generated in macie
mode is controlled by a programmable clovk divid-
er. The speed of the 1°C interface mzv 1.e selected
between Standard (0-100KHz, and Fast (100-
400KHz) I°C modes.

8.5.4 I2C State Mzchune

To enable the inia:tace in 1°C mode the I2CCR.PE
bit must be 2t (wice as the first write only acti-
vates tho i terface (only the PE bit is set); and the
bit7 of I 2CCR register must be cleared.

The I“C interface always operates in slave mode
(the M/SL bit is cleared) except when it initiates a
transmission or a receipt sequencing (master
mode).

4

The multimaster function is enabled it 2an auto-
matic switch from master mode 1> ciave mode
when the interface loses the ariv=iion of the I2C
bus.

8.5.4.1 I2C Slave Mcd

As soon as a sl=it cvondition is detected, the
address word I1s raceived from the SDA line and
sent to the <hiit register; then it is compared with
the 2da.ess of the interface or the General Call
adcress (it selected by software).

Mote: In 10-bit addressing mode, the comparison
includes the header sequence (11110xx0) and the
two most significant bits of the address.

m Header (10-bit mode) or Address (both 10-bit
and 7-bit modes) not matched: the state
machine is reset and waits for another Start
condition.

m Header matched (10-bit mode only): the
interface generates an acknowledge pulse if the
ACK bit of the control register (I2CCR) is set.

m Address matched: the I2CSR1.ADSL bit is set
and an acknowledge bit is sent to the master if
the I2CCR.ACK bit is set. An interrupt request
occurs if the I2CCR.ITE bit is set. Then the SCL
line is held low until the microcontroller reads
the 12CSR1 register (see Figure 87 Transfer
sequencing EV1).
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[2C BUS INTERFACE (Cont'd)

Next, depending on the data direction bit (least
significant bit of the address byte), and after the
generation of an acknowledge, the slave must go
in sending or receiving mode.

In 10-bit mode, after receiving the address se-
quence the slave is always in receive mode. It will
enter transmit mode on receiving a repeated Start
condition followed by the header sequence with
matching address bits and the least significant bit
set (11110xx1).

Slave Receiver

Following the address reception and after I2CSR1
register has been read, the slave receives bytes
from the SDA line into the Shift Register and sends
them to the I2CDR register. After each byte it
generates an acknowledge bit if the I2CCR.ACK
bit is set.

When the acknowledge bit is sent, the
[2CSR1.BTF flag is set and an interrupt is generat-
ed if the I2CCR.ITE bit is set (see Figure 87
Transfer sequencing EV2).

Then the interface waits for a read of the I2CSR1
register followed by a read of the I2CDR register,
or waits for the DMA to complete.

Slave Transmitter

Following the address reception and afte: I2CSR1
register has been read, the slave sensx wv.as from
the I2CDR register to the SDA linz 42 ine internal
shift register.

When the acknowledae it is received, the
[2CCR.BTF flag is 532t and an interrupt is
generated if the 12CCR.TE bit is set (see Figure
87 Transfer seg'iv1.cing EV3).

The slave v.ais 'or a read of the I2CSR1 register
followed v/ & write in the 12CDR register or waits
for zne DMA to complete, both holding the SCL
line !~ (except on EV3-1).

Error Cases

— BERR: Detection of a Stop or a Start condition
during a byte transfer.
The I2CSR2.BERR flag is set and an interrupt is
generated if I2CCR.ITE bit is set.
If it is a stop then the state machine is reset.
If it is a start then the state machine is reset and
it waits for the new slave address on the bus.
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— AF: Detection of a no-acknowledge bit.
The I2CSR2.AF flag is set and an interrupt is
generated if the I2CCR.ITE bit is set.

Note: In both cases, SCL line is not stretched low;
however, the SDA line, due to possible «0» bits
transmitted last, can remain low. It is then neces-
sary to release both lines by software.

Other Events

— ADSL: Detection of a Start condition after an ac-
knowledge time-slot.
The state machine is reset and starts a new pioc-
ess. The I2CSR1.ADSL flag bit is set and = 1n-
terrupt is generated if the I2CCR.ITE bit iz sat.
The SCL line is stretched low.

— STOPF: Detection of a Stop cn1a.tiun after an
acknowledge time-slot.
The state machine is resev Then the
[2CSR2.STOPF fla~ (= set and an interrupt is
generated if the IZOCHK.ITE bit is set.

How tc rolease the SDA / SCL lines

Che:ck that the I2CSR1.BUSY bit is reset. Set and
subs2quently clear the I2CCR.STOP bit while the
IzCSR1.BTF bit is set; then the SDA/SCL lines are
released immediately after the transfer of the cur-
rent byte.

This will also reset the state machine; any subse-
quent STOP bit (EV4) will not be detected.

8.5.4.2 12C Master Mode

To switch from default Slave mode to Master
mode a Start condition generation is needed.

Setting the I12CCR.START bit while the
[2CSR1.BUSY bit is cleared causes the interface
to generate a Start condition.

Once the Start condition is generated, the periph-
eral is in master mode (I12CSR1.M/SL=1) and
I2CSR1.SB (Start bit) flag is set and an interrupt is
generated if the I2CCR.ITE bit is set (see Figure
87 Transfer sequencing EV5 event).

The interface waits for a read of the I2CSR1 regis-
ter followed by a write in the I2CDR register with
the Slave address, holding the SCL line low.
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[2C BUS INTERFACE (Cont'd)

Then the slave address is sent to the SDA line.

In 7-bit addressing mode, one address byte is
sent.

In 10-bit addressing mode, sending the first byte
including the header sequence causes the
[2CSR1.EVF and I2CSR1.ADD10 bits to be set by
hardware with interrupt generation if the
[2CCR.ITE bit is set.

Then the master waits for a read of the I2CSR1
register followed by a write in the I2CDR register,
holding the SCL line low (see Figure 87 Transfer
sequencing EV9). Then the second address byte
is sent by the interface.

After each address byte, an acknowledge clock
pulse is sent to the SCL line if the I2CSR1.EVF
and

— I2CSR1.ADD10 bit (if first header)

— 12CSR2.ADDTX bit (if address or second head-
er)

are set, and an interrupt is generated if the
I2CCRL.ITE bit is set.

The peripheral waits for a read of the I2CSR1 reg-
ister followed by a write into the Control Register
(I2CCR) by holding the SCL line low (see Figure
87 Transfer sequencing EV6 event).

If there was no acknowledge (I2CSR2.AF=1), the
master must stop or restart the communicaiion
(set the I2CCR.START or [2CCR.STOP bits).

If there was an acknowledge, the state machine
enters a sending or receiving proces’ < ccording to
the data direction bit (least significait sit of the ad-
dress), the I2CSR1.BTF flag i1t s=t and an interrupt
is generated if I2CCR.ITE L't is set (see Transfer
sequencing EV7, EVR :vents).

If the master los3¢ t:ie arbitration of the bus there
is no acknowlr:uw, ine I2CSR2.AF flag is set and
the master muict set the START or STOP bit in the
contralagister (I2CCR).The I2CSR2.ARLO flag is
set, the I.CSR1.M/SL flag is cleared and the proc-
ess Is 1eset. An interrupt is generated if I2CCR.ITE
is set.

Master Transmitter:

The master waits for the microcontroller to write in
the Data Register (I2CDR) or it waits for the DMA
to complete both holding the SCL line low (see
Transfer sequencing EV8).

Then the byte is received into the shift register and
sent to the SDA line. When the acknowledge bit is
received, the 12CSR1.BTF flag is set and an
interrupt is generated if the I2CCR.ITE bit is set or
the DMA is requested.
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Note: In 10-bit addressing mode, to switch the
master to Receiver mode, software must generate
a repeated Start condition and resend the header
sequence with the least significant bit set
(11110xx1).

Master Receiver:

The master receives a byte from the SDA line into
the shift register and sends it to the 12CDR regis-
ter. It generates an acknowledge bit if the
[I2CCR.ACK bit is set and an interrupt if the
I2CCR.ITE bit is set or a DMA is requested (see
Transfer sequencing EV7 event).

Then it waits for the microcontroller to read the
Data Register (I2CDR) or waits for the DA 0
complete both holding SCL line low.

Error Cases

m BERR: Detection of a Stco or a Start condition
during a byte transfer
The I2CSR2.BERR flay is set and an interrupt is
generated if '2OCFLITE is set.

m AF: Deteciicn of a no acknowledge bit
The “CSE2.AF flag is set and an interrupt is
cene-aled if 2CCR.ITE is set.

m_ AhLO: Arbitration Lost
The I2CSR2.ARLO flag is set, the I2CSR1.M/SL
flag is cleared and the process is reset. An
interrupt is generated if the I2CCR.ITE bit is set.

Note: In all cases, to resume communications, set
the I2CCR.START or I2CCR.STOP bits.

Events generated by the I2C interface

m STOP condition
When the 12CCR.STOP bit is set, a Stop
condition is generated after the transfer of the
current byte, the 12CSR1.M/SL flag is cleared
and the state machine is reset. No interrupt is
generated in master mode at the detection of
the stop condition.

= START condition
When the [2CCR.START bit is set, a start
condition is generated as soon as the 1°C bus is
free. The I2CSR1.SB flag is set and an interrupt
is generated if the I2CCR.ITE bit is set.
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Figure 87. Transfer Sequencing

7-bit Slave receiver:

| [Address [A Datal [A Data2 [A IWIA_ P
EV1 EV2 Ev2| EV2 EV4 \
7-bit Slave transmitter:
| S | Address | A Datat  [A Data2 [A DataN | NA P ]
EV1 | EV3 EV3 Ev3| EV3-1 EV4|
7-bit Master receiver:
]? Address | A Datal | A Dat2z [A] DataN | NA @
EV5 EV6 EV7 EV7 (EV7]
7-bit Master transmitter:
l? Address| A Data1 | A Data2 I A L_Da_aN_lT T‘
EV5 EV6| EV8 EVs ﬂaJ ' EVs
10-bit Slave receiver:
‘ S | Header | A | Address ‘ A Data1 | A rL;taN A [P ]
EV1 I_E\E! EV2 Ev4|
10-bit Slave transmitter:
S| Header T\ 1 Datal | A _ [DataN [A ER
EV1|EV3 EV3| - EV3-1 EV4|
10-bit Master transmitter
]? Header | A*_ _Address| A Datat | A DataN | A ?‘
EV5 |2V EV6| EV8 Evs| EV8
10-bit Maste ' rocelver:
l?r Header | A Data1 | A DataN A T'
EV5 EV6 EV7 EV7

Legend:

S=Start, Sr = Repeated Start, P=Stop, A=Acknowledge, NA=Non-acknowledge,
EVx=Event (with interrupt if ITE=1)

EV1: EVF=1, ADSL=1, cleared by reading SR1 register.
EV2: EVF=1, BTF=1, cleared by reading SR1 register followed by reading DR register or when DMA

is complete.

EV3: EVF=1, BTF=1, cleared by reading SR1 register followed by writing DR register or when DMA

is complete.

EV3-1: EVF=1, AF=1, BTF=1; AF is cleared by reading SR1 register, BTF is cleared by releasing the
lines (STOP=1, STOP=0) or writing DR register (for example DR=FFh). Note: If lines are released by
STOP=1, STOP=0 the subsequent EV4 is not seen.

EV4: EVF=1, STOPF=1, cleared by reading SR2 register.
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EV5: EVF=1, SB=1, cleared by reading SR1 register followed by writing DR register.

EV6: EVF=1, ADDTX=1, cleared by reading SR1 register followed by writing CR register
(for example PE=1).

EV7: EVF=1, BTF=1, cleared by reading SR1 register followed by reading DR register or when DMA
is complete.

EV8: EVF=1, BTF=1, cleared by reading SR1 register followed by writing DR register or when DMA
is complete.

EV9: EVF=1, ADD10=1, cleared by reading SR1 register followed by writing DR register.

re 88. Event Flags and Interrupt Generation

1™\,
BTF=1 & TRA=0 iRy or

BTF=1 & TRA=1 T

IERRM ERROR |

INTERRUIPT
IERRP REQUFLT

ITE

DATA RECEIVED

Y END OF BLOCK
| _IRXP_ [ INTERRUPT
ITE ——\ REQUEST

r REGBP

Receiving LMA
End Of Biock

ITXM READY TO TRANSMIT
or

[\\\ ITXP END OF BLOCK
ITE INTERRUPT
(__ TEOBP REQUEST

Transmitting DMA
End Of Block

} I2CSR1.EVF

4
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8.5.5 Interrupt Features

The I°Cbus interface has three interrupt sources
related to “Error Condition”, “Peripheral Ready to
Transmit” and “Data Received”.

The peripheral uses the ST9+ interrupt internal
protocol without requiring the use of the external
interrupt channel. Dedicated registers of the pe-
ripheral should be loaded with appropriate values
to set the interrupt vector (see the description of
the I2CIVR register), the interrupt mask bits (see
the description of the I2CIMR register) and the in-
terrupt priority and pending bits (see the descrip-
tion of the 12CISR register).

The peripheral also has a global interrupt enable
(the I2CCR.ITE bit) that must be set to enable the
interrupt features. Moreover there is a global inter-
rupt flag (I2CSR1.EVF bit) which is set when one
of the interrupt events occurs (except the End Of
Block interrupts - see the DMA Features section).

The “Data Received” interrupt source occurs after
the acknowledge of a received data byte is per-
formed. It is generated when the I2CSR1.BTF flag
is set and the I2CSR1.TRA flag is zero.

If the DMA feature is enabled in receiver mode,
this interrupt is not generated and the same inter-
rupt vector is used to send a Receiving End Of
Block interrupt (See the DMA feature section).

The “Peripheral Ready To Transmit” nierrupt
source occurs as soon as a data byte can be
transmitted by the peripheral. It is generated when
the 12CSR1.BTF and the "2C SR1.TRA flags are
set.

If the DMA feature is 21rarled in transmitter mode,
this interrupt is no’ canzrated and the same inter-
rupt vector is ris2d o send a Transmitting End Of
Block interrum (See the DMA feature section).

The “Er or condition” interrupt source occurs when
one or the following condition occurs:

— Address matched in Slave mode while
I2CCR.ACK=1
(I2CSR1.ADSL and I2CSR1.EVF flags = 1)

— Start condition generated
(2CSR1.SB and I12CSR1.EVF flags = 1)

— No acknowledge received after byte transmis-
sion
(I2CSR2.AF and I2CSR1.EVF flags = 1)

— Stop detected in Slave mode
(I2CSR2.STOPF and I2CSR1.EVF flags = 1)
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— Arbitration lost in Master mode
(I2CSR2.ARLO and I2CSR1.EVF flags = 1)

— Bus error, Start or Stop condition detected
during data transfer
(I2CSR2.BERR and I2CSR1.EVF flags = 1)

— Master has sent the header byte
(I2CSR1.ADD10 and I2CSR1.EVF flags = 1)

— Address byte successfully transmitted in
Master mode.
(I2CSR1.EVF = 1 and I2CSR2.ADDTX=1)

Note: Depending on the value of I2CISR.DMAS-
TOP bit, the pending bit related to the “error conai-
tion” interrupt source is able to suspend or rct suc-
pend DMA transfers.

Each interrupt source has a dedicateq interrupt
address pointer vector stored in tae 12CIVR regis-
ter. The five more significa.t Lite of the vector ad-
dress are programmable by ‘he customer, where-
as the three less signiicent bits are set by hard-
ware depending o1 *ne interrupt source:

— 010: error conc'ivion detected
— 100: Jdawa received
— 110: p erpheral ready to transmit

The priority with respect to the other peripherals is
programmable by setting the PRL[2:0] bits in the
I2CISR register. The lowest interrupt priority is ob-
tained by setting all the bits (this priority level is
never acknowledged by the CPU and is equivalent
to disabling the interrupts of the peripheral); the
highest interrupt priority is programmed by reset-
ting all the bits. See the Interrupt and DMA chap-
ters for more details.

The internal priority of the interrupt sources of the
peripheral is fixed by hardware with the following
order: “Error Condition” (highest priority), “Data
Received”, “Peripheral Ready to Transmit”.

Note: The DMA has the highest priority over the
interrupts; moreover the “Transmitting End Of
Block” interrupt has the same priority as the “Pe-
ripheral Ready to Transmit” interrupt and the “Re-
ceiving End Of Block” interrupt has the same prior-
ity as the “Data received” interrupt.

Each of these three interrupt sources has a pend-
ing bit (IERRP, IRXP, ITXP) in the 12CISR register
that is set by hardware when the corresponding in-
terrupt event occurs. An interrupt request is per-
formed only if the corresponding mask bit is set
(IERRM, IRXM, ITXM) in the I2CIMR register and
the peripheral has a proper priority level.

The pending bit has to be reset by software.

(572




ST92163R4 - 12C BUS INTERFACE

[2C BUS INTERFACE (Cont'd)

Note: Until the pending bit is reset (while the cor-
responding mask bit is set), the peripheral proc-
esses an interrupt request. So, if at the end of an
interrupt routine the pending bit is not reset, anoth-
er interrupt request is performed.

Note: Before the end of the transmission and re-
ception interrupt routines, the I2CSR1.BTF flag bit
should be checked, to acknowledge any interrupt
requests that occurred during the interrupt routine
and to avoid masking subsequent interrupt re-
quests.

Note: The “Error” event interrupt pending bit
(I2CISR.IERRP) is forced high while the error
event flags are set (ADD10, ADSL and SB flags of
the I2CSR1 register; SCLF, ADDTX, AF, STOPF,
ARLO and BERR flags of the I2CSR2 register).

Note: If the I2CISR.DMASTOP bit is reset, then
the DMA has the highest priority with respect to
the interrupts; if the bit is set (as after the MCU re-
set) and the “Error event” pending bit is set
(I2CISR.IERRP), then the DMA is suspended until
the pending bit is reset by software. In the second
case, the “Error” interrupt sources have higher pri-
ority, followed by DMA, “Data received” and “Re-
ceiving End Of Block” interrupts, “Peripheral
Ready to Transmit” and “Transmitting End Of
Block”.

Moreover the Transmitting End Of Block interiupt
has the same priority as the “Peripheral Rcadv o
Transmit” interrupt and the Receiving tnd Of
Block interrupt has the same priority <s the “Data
received” interrupt.

8.5.6 DMA Features

The peripheral car uce the ST9+ on-chip Direct
Memory Access (LMA) channels to provide high-
speed date tiansaction between the peripheral
and ccruguous locations of Register File, and
Mernor ‘. Tae transactions can occur from and to-
ward the peripheral. The maximum number of
transactions that each DMA channel can perform
is 222 if the regqister file is selected or 65536 if
memory is selected. The control of the DMA fea-
tures is performed using registers placed in the pe-
ripheral register page (I12CISR, I[2CIMR,
[2CRDAP, I2CRDC, 12CTDAP, 12CTDC).

Each DMA transfer consists of three operations:

— A load from/to the peripheral data register
(I2CDR) to/from a location of Register File/Mem-

4

ory addressed through the DMA Address Regis-
ter (or Register pair)

— A post-increment of the DMA Address Register
(or Register pair)

— A post-decrement of the DMA transaction coun-
ter, which contains the number of transactions
that have still to be performed.

Depending on the value of the DDCISR.DMAS-
TOP bit the DMA feature can be suspended or not
(both in transmission and in reception) until the
pending bit related to the “Error event” interrupt re-
quest is set.

The priority level of the DMA features of lie I°C
interface with respect to the other perichere!s and
the CPU is the same as prograinrned in the
I2CISR register for the interrupt shu.css. In the in-
ternal priority level order cf tr e veripheral, if DD-
CISR.DMASTOP=0, DMA !as a higher priority
with respect to the inte rupt sources. Otherwise (if
DDCISR.DMASTCF =), the DMA has a priority
lower than “err¢~ «vent interrupt sources but
greater thar roception and transmission interrupt
sources

Refzr tc Whe Interrupt and DMA chapters for details
on tie priority levels.

The DMA features are enabled by setting the cor-
responding enabling bits (RXDM, TXDM) in the
I2CIMR register. It is possible to select also the di-
rection of the DMA transactions.

Once the DMA transfer is completed (the transac-
tion counter reaches 0 value), an interrupt request
to the CPU is generated. This kind of interrupt is
called “End Of Block”. The peripheral sends two
different “End Of Block” interrupts depending on
the direction of the DMA (Receiving End Of Block -
Transmitting End Of Block). These interrupt
sources have dedicated interrupt pending bits in
the 12CIMR register (REOBP, TEOBP) and they
are mapped on the same interrupt vectors as re-
spectively “Data Received” and “Peripheral Ready
to Transmit” interrupt sources. The same corre-
spondence exists about the internal priority be-
tween interrupts.

Note: The I2CCR.ITE bit has no effect on the End
Of Block interrupts.

Moreover, the I2CSR1.EVF flag is not set by the
End Of Block interrupts.
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8.5.6.1 DMA between Peripheral and Register
File

If the DMA transaction is made between the pe-
ripheral and the Register File, one register is
required to hold the DMA Address and one to hold
the DMA transaction counter.

These two registers must be located in the Regis-
ter File:

— the DMA Address Register in the even ad-
dressed register,

— the DMA Transaction Counter in the following
register (odd address).

They are pointed to by the DMA Transaction
Counter Pointer Register (I2CRDC register in re-
ceiving, I2CTDC register in transmitting) located in
the peripheral register page.

In order to select the DMA transaction with the
Register File, the control bit 2CRDC.RF/MEM in
receiving mode or [2CTDC.RF/MEM in transmit-
ting mode must be set.

The transaction Counter Register must be initial-
ized with the number of DMA transfers to perform
and will be decremented after each transaction.
The DMA Address Register must be initialized with
the starting address of the DMA table in the Regis-
ter File, and it is increased after each transaction.
These two registers must be located between ac-
dresses 00h and DFh of the Register File.

When the DMA occurs between Peripherai and
Register File, the I2CTDAP registar (i wransmis-
sion) and the I2CRDAP one (ir roce ption) are not
used.

8.5.6.2 DMA between reripheral and Memory
Space

If the DMA trensaction is made between the pe-
ripheral anc! \vi=aniory, a register pair is required to
hold the LMA Address and another register pair to
hols th= DMA Transaction counter. These two
pairc o1 registers must be located in the Register
File. The DMA Address pair is pointed to by the
DMA Address Pointer Register (I2CRDAP register
in reception, I2CTDAP register in transmission) lo-
cated in the peripheral register page; the DMA
Transaction Counter pair is pointed to by the DMA
Transaction Counter Pointer Register (I2CRDC
register in reception, I2CTDC register in transmis-
sion) located in the peripheral register page.

In order to select the DMA transaction with the
Memory Space, the control bit 2CRDC.RF/MEM
in receiving mode or [2CTDC.RF/MEM in transmit-
ting mode must be reset.
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The Transaction Counter registers pair must be in-
itialized with the number of DMA transfers to per-
form and will be decremented after each transac-
tion. The DMA Address register pair must be ini-
tialized with the starting address of the DMA table
in the Memory Space, and it is increased after
each transaction. These two register pairs must be
located between addresses 00h and DFh of the
Register File.

8.5.6.3 DMA in Master Receive

To correctly manage the reception of the last byte
when the DMA in Master Receive mode is user:,
the following sequence of operations must be par-
formed:

1. The number of data bytes to be rcceive.d must
be set to the effective number o1 bytes minus
one byte.

2. When the Receiving En.« Of Block condition
occurs, the I2CCR.&STOP bit must be set and
the I2CCR.ACK Lt \must be reset.

The last byte r (e reception sequence can be re-
ceived either using interrupts/polling or using
DMA. !t *he user wants to receive the last byte us-
ing DM,\, the number of bytes to be received must
be sei to 1, and the DMA in reception must be re-
enabled (IMR.RXDM bit set) to receive the last
byte. Moreover the Receiving End Of Block inter-
rupt service routine must be designed to recognize
and manage the two different End Of Block situa-
tions (after the first sequence of data bytes and af-
ter the last data byte).
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8.5.7 Register Description

IMPORTANT:

1. To guarantee correct operation, before enabling
the peripheral (while I2CCR.PE=0), configure bit7
and bit6 of the I2COAR2 register according to the
internal clock INTCLK (for example 11xxxxxxb in
the range 14 - 30 MHz).

2. Bit7 of the I2CCR register must be cleared.

I2’C CONTROL REGISTER (I12CCR)
R240 - Read / Write

Register Page: 20

Reset Value: 0000 0000 (00h)

7 0

0 0 PE ENGC [START| ACK [STOP| ITE

Bit 7:6 = Reserved
Must be cleared

Bit 5 = PE Peripheral Enable.

This bit is set and cleared by software.

0: Peripheral disabled (reset value)

1: Master/Slave capability

Notes:

— When 12CCR.PE=0, all the bits of the I2C:Ch
register and the I2CSR1-I2CSR2 rejixtes ex-
cept the STOP bit are reset. All ortput > will be re-
leased while I2CCR.PE=0

— When 12CCR.PE=1, the cor.etponding I/O pins
are selected by hardw=are s alternate functions
(open drain).

— To enable the 12C; interface, write the I2CCR reg-
ister TWICE w:t» 1ZzCCR.PE=1 as the first write
only activates tne interface (only I2CCR.PE is
set).

—Wher PE=1, the FREQ[2:0] and EN10BIT bits in
the I2COAR2 and I2CADR registers cannot be
written. The value of these bits can be changed
only when PE=0.

Bit 4 = ENGC General Call address enable.
Setting this bit the peripheral works as a slave and
the value stored in the I2CADR register is recog-
nized as device address.

This bit is set and cleared by software. It is also

cleared by hardware when the interface is disa-

bled (I2CCR.PE=0).

0: The address stored in the I2CADR register is
ignored (reset value)
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1: The General Call address stored in the I2CADR
register will be acknowledged

Note: The correct value (usually 00h) must be

written in the I2CADR register before enabling the

General Call feature.

Bit 3 = START Generation of a Start condition.
This bit is set and cleared by software. It is also
cleared by hardware when the interface is disa-
bled (I2CCR.PE=0) or when the Start condition is
sent (with interrupt generation if ITE=1).
— In master mode:

0: No start generation

1: Repeated start generation
— In slave mode:

0: No start generation (reset value)

1: Start generation when the bus is fr.e

Bit 2 = ACK Acknowledge crabie.

This bit is set and cleaicd by software. It is also

cleared by hardware wnen the interface is disa-

bled (I2CCR.PE--C}.

0: No acknow'ea je returned (reset value)

1: Ackrowlocge returned after an address byte or
a aata byvte is received

Bit 1 = STOP Generation of a Stop condition.
This bit is set and cleared by software. It is also
cleared by hardware in master mode. It is not
cleared when the interface is disabled
(I2CCR.PE=0). In slave mode, this bit must be set
only when I2CSR1.BTF=1.

— In master mode:
0: No stop generation
1: Stop generation after the current byte transfer
or after the current Start condition is sent. The
STOP bit is cleared by hardware when the Stop
condition is sent.

— In slave mode:
0: No stop generation (reset value)
1: Release SCL and SDA lines after the current
byte transfer (I2CSR1.BTF=1). In this mode the
STOP bit has to be cleared by software.
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Bit 0 = ITE Interrupt Enable.

The ITE bit enables the generation of interrupts.

This bit is set and cleared by software and cleared

by hardware when the interface is disabled

(I2CCR.PE=0).

0: Interrupts disabled (reset value)

1: Interrupts enabled after any of the following con-
ditions:

— Byte received or to be transmitted
(2CSR1.BTF and I2CSR1.EVF flags = 1)

— Address matched in Slave mode while
I2CCR.ACK=1
(I2CSR1.ADSL and I2CSR1.EVF flags = 1)

— Start condition generated
(I2CSR1.SB and I2CSR1.EVF flags = 1)

— No acknowledge received after byte transmis-
sion
(I2CSR2.AF and I2CSR1.EVF flags = 1)

— Stop detected in Slave mode
(I2CSR2.STOPF and I2CSR1.EVF flags = 1)

— Arbitration lost in Master mode
(I2CSR2.ARLO and I2CSR1.EVF flags = 1)

— Bus error, Start or Stop condition detected
during data transfer
(I2CSR2.BERR and I2CSR1.EVF flags = 1)

— Master has sent header byte
(2CSR1.ADD10 and I2CSR1.EVF flags = 1)

— Address byte successfully transmitted 'in Mas-
ter mode.
(I2CSR1.EVF =1 and I2CSR2 + DD1X = 1)

SCL is held low when thz ADLTX flag of the
I2CSR2 register or the ADL 10, SB, BTF or ADSL
flags of I2CSR1 registe: ~.re set (See Figure 87) or
when the DMA is nzt comiplete.

The transfer is scsnended in all cases except
when the BTF bii is set and the DMA is enabled. In
this cace the e vent routine must suspend the DMA
trarster \f il is required.
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I2C STATUS REGISTER 1 (12CSR1)
R241 - Read Only

Register Page: 20

Reset Value: 0000 0000 (00h)

7 0

EVF |ADD10| TRA | BUSY | BTF | ADSL | M/SL | SB

Note: Some bits of this register are reset by a read
operation of the register. Care must be taken when
using instructions that work on single bit. Some ci
them perform a read of all the bits of the redicter
before modifying or testing the wanted bit. 50 oh,

er bits of the register could be affected by e op-
eration.

In the same way, the test/compzr> o Jerations per-
form a read operation.

Moreover, if some interrupt e vents occur while the
register is read, the <criesponding flags are set,
and correctly read pu it the read operation resets
the flags, no irtariugt request occurs.

Bit 7 = ='/F Event Flag.

This bit is set by hardware as soon as an event (
listed below or described in Figure 87) occurs. It is
cleared by software when all event conditions that
set the flag are cleared. It is also cleared by hard-
ware when the interfface is disabled
(I2CCR.PE=0).

0: No event
1: One of the following events has occurred:

— Byte received or to be transmitted
(I2CSR1.BTF and I2CSR1.EVF flags = 1)

— Address matched in Slave mode while
I2CCR.ACK=1
(I2CSR1.ADSL and I2CSR1.EVF flags = 1)

— Start condition generated
(I2CSR1.SB and I2CSR1.EVF flags = 1)

— No acknowledge received after byte transmis-
sion
(I2CSR2.AF and I2CSR1.EVF flags = 1)

— Stop detected in Slave mode
(I2CSR2.STOPF and I2CSR1.EVF flags = 1)

— Arbitration lost in Master mode
(I2CSR2.ARLO and I2CSR1.EVF flags = 1)

— Bus error, Start or Stop condition detected
during data transfer
(I2CSR2.BERR and I2CSR1.EVF flags = 1)

— Master has sent header byte
(I2CSR1.ADD10 and I2CSR1.EVF flags = 1)
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— Address byte successfully transmitted in Mas-
ter mode.
(I2CSR1.EVF = 1 and I2CSR2.ADDTX=1)

Bit 6 = ADD10 10-bit addressing in Master mode.
This bit is set when the master has sent the first
byte in 10-bit address mode. An interrupt is gener-
ated if ITE=1.

It is cleared by software reading I2CSR1 register
followed by a write in the I2CDR register of the
second address byte. It is also cleared by hard-
ware when peripheral is disabled (I2CCR.PE=0)
or when the STOPF bit is set.

0: No ADD10 event occurred.
1: Master has sent first address byte (header).

Bit 5 = TRA Transmitter/ Receiver.

When BTF flag of this register is set and also

TRA=1, then a data byte has to be transmitted. It is

cleared automatically when BTF is cleared. It is

also cleared by hardware after the STOPF flag of

[2CSR2 register is set, loss of bus arbitration

(ARLO flag of I2CSR2 register is set) or when the

interface is disabled (I2CCR.PE=0).

0: A data byte is received (if 2CSR1.BTF=1)

1: A data byte can be transmitted (if
[2CSR1.BTF=1)

Bit 4 = BUSY Bus Busy.

It indicates a communication in prcgiecs on the
bus. The detection of the comnrur.icstions is al-
ways active (even if the peripi erai is disabled).
This bit is set by hardware vn detection of a Start
condition and cleared kv nardware on detection of
a Stop condition. Tiris iiormation is still updated
when the interfac = < disabled (I2CCR.PE=0).

0: No commur:ic:ition on the bus

1: Communication ongoing on the bus

Bit 3 = BTF Byte Transfer Finished.

This bit is set by hardware as soon as a byte is cor-
rectly received or before the transmission of a data
byte with interrupt generation if ITE=1. It is cleared
by software reading I2CSR1 register followed by a
read or write of I2CDR register or when DMA is
complete. It is also cleared by hardware when the
interface is disabled (I2CCR.PE=0).

4

— Following a byte transmission, this bit is set after
reception of the acknowledge clock pulse. BTF is
cleared by reading I2CSR1 register followed by
writing the next byte in I2CDR register or when
DMA is complete.

— Following a byte reception, this bit is set after
transmission of the acknowledge clock pulse if
ACK=1. BTF is cleared by reading I2CSR1 reg-
ister followed by reading the byte from [2CDR
register or when DMA is complete.

The SCL line is held low while I2CSR1.BTF=1.

0: Byte transfer not done
1: Byte transfer succeeded

Bit 2 = ADSL Address matched (S!a e mode).
This bit is set by hardware if the rece.ved slave ad-
dress matches the 12COr R/I2COAR2 register
content or a General C2!l aadress. An interrupt is
generated if ITE=1. It i5 cleared by software
reading I2CSR1 recister or by hardware when the
interface is disavica (I2CCR.PE=0). The SCL line
is held low whuc ADSL=1.

0: Address rismatched or not received

1: F'ecelved address matched

Bit 1 = M/SL Master/Slave.

This bit is set by hardware as soon as the interface
is in Master mode (Start condition generated on
the lines after the I2CCR.START bit is set). It is
cleared by hardware after detecting a Stop condi-
tion on the bus or a loss of arbitration (ARLO=1). It
is also cleared when the interface is disabled
(I2CCR.PE=0).

0: Slave mode

1: Master mode

Bit 0 = SB Start Bit (Master mode).

This bit is set by hardware as soon as the Start
condition is generated (following a write of
START=1 if the bus is free). An interrupt is gener-
ated if ITE=1. It is cleared by software reading
I2CSR1 register followed by writing the address
byte in I2CDR register. It is also cleared by hard-

ware when the interfface is disabled
(I2CCR.PE=0).
The SCL line is held low while SB=1.
0: No Start condition
1: Start condition generated
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I2C STATUS REGISTER 2 (12CSR2)
R242 - Read Only

Register Page: 20

Reset Value: 0000 0000 (00h)

7 0

0 0 |ADDTX| AF [STOPF|ARLO | BERR | GCAL

Note: Some bits of this register are reset by a read
operation of the register. Care must be taken when
using instructions that work on single bit. Some of
them perform a read of all the bits of the register
before modifying or testing the wanted bit. So oth-
er bits of the register could be affected by the op-
eration.

In the same way, the test/compare operations per-
form a read operation.

Moreover, if some interrupt events occur while the
register is read, the corresponding flags are set,
and correctly read, but if the read operation resets
the flags, no interrupt request occurs.

Bits 7:6 = Reserved. Forced to 0 by hardware.

Bit 5 = ADDTX Address or 2nd header transmitted
in Master mode.

This bit is set by hardware when the peripherai,
enabled in Master mode, has received the ac-
knowledge relative to:

— Address byte in 7-bit mode

— Address or 2nd header bv*c in 0 pit mode.
0: No address or 2nd header byte transmitted
1: Address or 2nd heaccr byre transmitted.

Bit 4 = AF Acl.noviedge Failure.

This bit is ¢et Ly hardware when no acknowledge
is returri2a. An interrupt is generated if ITE=1.

It is cleared by software reading I2CSR2 register
after ine falling edge of the acknowledge SCL
pulse, or by hardware when the interface is disa-
bled (I2CCR.PE=0).

The SCL line is not held low while AF=1.

0: No acknowledge failure detected
1: A data or address byte was not acknowledged
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Bit 3 = STOPF Stop Detection (Slave mode).

This bit is set by hardware when a Stop condition
is detected on the bus after an acknowledge. An
interrupt is generated if ITE=1.

It is cleared by software reading I2CSR2 register
or by hardware when the interface is disabled
(I2CCR.PE=0).

The SCL line is not held low while STOPF=1.

0: No Stop condition detected
1: Stop condition detected (while slave receiver)

Bit 2 = ARLO Arbitration Lost.

This bit is set by hardware when the interfare (in
master mode) loses the arbitration of the buc tu
another master. An interrupt is genera‘edii ITE=1.
It is cleared by software reading 12(:S:3z register
or by hardware when the intsriacz is disabled
(I2CCR.PE=0).

After an ARLO event the imarface switches back
automatically to Slav: inode (M/SL=0).

The SCL line is nc heid low while ARLO=1.

0: No arbitration 'ost detected
1: Arbitraticr i1ost detected

Bit 1 = BERR Bus Error.

This bit is set by hardware when the interface de-
tects a Start or Stop condition during a byte trans-
fer. An interrupt is generated if ITE=1.

It is cleared by software reading I2CSR2 register
or by hardware when the interface is disabled
(I2CCR.PE=0).

The SCL line is not held low while BERR=1.
Note: If a misplaced start condition is detected,
also the ARLO flag is set; moreover, if a misplaced
stop condition is placed on the acknowledge SCL
pulse, also the AF flag is set.

0: No Start or Stop condition detected during byte
transfer

1: Start or Stop condition detected during byte
transfer

Bit 0 = GCAL General Call address matched.
This bit is set by hardware after an address
matches with the value stored in the I2CADR reg-
ister while ENGC=1. In the I2CADR the General
Call address must be placed before enabling the
peripheral.

It is cleared by hardware after the detection of a
Stop condition, or when the peripheral is disabled
(I2CCR.PE=0).

0: No match

1: General Call address matched.
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[2C BUS INTERFACE (Cont'd)

I2C CLOCK CONTROL REGISTER
(12CCCR)

R243 - Read / Write
Register Page: 20
Reset Value: 0000 0000 (00h)

7 0

FM/SM | CC6 | CC5 | CC4 | CC3 | CC2 [CC1| CCO

Bit 7 = FM/SM Fast/Standard FC mode.

This bit is used to select between fast and stand-
ard mode. See the description of the following bits.
It is set and cleared by software. It is not cleared
when the peripheral is disabled (I2CCR.PE=0)

Bits 6:0 = CC[6:0] 9-bit divider programming
Implementation of a programmable clock divider.
These bits and the CCJ[8:7] bits of the I2CECCR
register select the speed of the bus (Fgg) de-
pending on the 1°C mode.
They are not cleared when the interface is disa-
bled (I2CCR.PE=0).
— Standard mode (FM/SM=0): Fgc <= 100kHz
FscL = INTCLK/(2x([CC8..CC0]+2))
— Fast mode (FM/SM=1): Fg¢c > 100kHz
FscL = INTCLK/(3x([CC8..CC0]+2))

Note: The programmed frequency is arvailchie
with no load on SCL and SDA pins.
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[2C OWN ADDRESS REGISTER 1
(I2COAR1)

R244 - Read / Write
Register Page: 20
Reset Value: 0000 0000 (00h)

7 0

ADD7 |ADD6({ADD5|ADD4|ADD3| ADD2 [ADD1|{ADDO

7-bit Addressing Mode

Bits 7:1 = ADD[7:1] Interface address.

These bits define the I°C bus address of the 1ator-
face.

They are not cleared when the inteniace s disa-
bled (I2CCR.PE=0).

Bit 0 = ADDO Address dire~.acn bi.

This bit is don’t care; the in.erface acknowledges
either O or 1.

It is not cleared i en he interface is disabled
(I2CCR.PE=0).

Note: Addrees Ch is always ignored.

10-bi* Addressing Mode

Bits 7:0 = ADD[7:0] Interface address.

These are the least significant bits of the 12Cbus
address of the interface.

They are not cleared when the interface is disa-
bled (I2CCR.PE=0).
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IC BUS INTERFACE (Contd)
I>’C OWN ADDRESS REGISTER 2 (I2COAR2)

R245 - Read / Write
Register Page: 20
Reset Value: 0000 0000 (00h)

7 0

FREQ1|FREQO|EN10BIT |FREQ2| 0 | ADD9 | ADD8 0

Bits 7:6,4 = FREQ[2:0] Frequency bits.

IMPORTANT: To guarantee correct operation,
set these bits before enabling the interface
(while 2CCR.PE=0).

These bits can be set only when the interface is
dlsabled (I2CCR.PE=0). To configure the interface
to I°C specified delays, select the value corre-
sponding to the microcontroller internal frequency
INTCLK.

INTCLK
Range FREQ2 FREQ1 FREQO
(MHz)
25-6 0 0 0
6-10 0 0 1
10- 14 0 1 0
14 - 30 0 1 1
30 -50 1 0 0 | _J'

Note: If an incorrect value, with r:spe<t to the
MCU internal frequency, is writt:n 13 these blts
the timings of the peripherzi vi' noc meet the 1°C
bus standard requirements.

Note: The FREQ[2:C: .~ 101, 110, 111 configura-
tions must not b tisca.

Bit 5 = =in1UEIT Enable 10-bit FCbus mode.
Wh:n 113 oit is set, the 10-bit [2Cbus mode is en-
abled

This bit can be written only when the peripheral is
disabled (I2CCR.PE=0).

0: 7-bit mode selected

1: 10-bit mode selected

Bits 4:3 = Reserved.

Bits 2:1 = ADD[9:8] Interface address.
These are the most significant bits of the 1°Cbus
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address of the interface (10-bit mode only). They
are not cleared when the interface is disabled
(I2CCR.PE=0).

Bit 0 = Reserved.

I2C DATA REGISTER (I2CDR)

R246 - Read / Write
Register Page: 20
Reset Value: 0000 0000 (00h)

7 (0

| —
|
DR7 | DR6 | DR5 | DR4 | DR3 | DR2 ‘DF’J | DHOI

Bits 7:0 = DR[7:0] /2C Data.

— In transmitter mode:
I2CDR contains the next by‘e of data to be trans-
mitted. The byte tra.ie nission begins after the
microcontroller has wiitten in I2CDR or on the
next rising ezigy 2 21 the clock if DMA is complete.

— In receivei 110de:
20U <c ntains the last byte of data received.
Tl e n2xt byte receipt begins after the I2CDR
read by the microcontroller or on the next rising
edge of the clock if DMA is complete.

GENERAL CALL ADDRESS (I2CADR)
R247 - Read / Write

Register Page: 20

Reset Value: 1010 0000 (AOh)

7 0

ADR7 |[ADR6{ADR5|ADR4|ADR3| ADR2 [ADR1|ADRO

Bits 7:0 = ADR[7:0] /nterface address.

These bits define the 1°Cbus General Call address
of the interface. It must be written with the correct
value dependlng on the use of the peripheral.lf the
peripheral is used in I2C bus mode, the 00h value
must be loaded as General Call address.

The customer could load the register with other
values.

The bits can be written only when the peripheral is
disabled (I2CCR.PE=0)

The ADRO bit is don'’t care; the interface acknowl-
edges either 0 or 1.

Note: Address 01h is always ignored.
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[2C BUS INTERFACE (Cont'd)

INTERRUPT STATUS REGISTER (I12CISR)
R248 - Read / Write

Register Page: 20

Reset Value: 1xxx xxxx (xxh)

7 0

DMASTOP|PRL2|PRL1|PRLO| 0 |IERRP|IRXP|ITXP

Bit 7 = DMASTOP DMA suspended mode.

This bit selects between DMA suspended mode
and DMA not suspended mode.

In DMA Suspended mode, if the error interrupt
pending bit (I2CISR.IERRP) is set, no DMA re-
quest is performed. DMA requests are performed
only when IERRP=0. Moreover the “Error Condi-
tion” interrupt source has a higher priority than the
DMA.

In DMA Not-Suspended mode, the status of
IERRP bit has no effect on DMA requests. Moreo-
ver the DMA has higher priority with respect to oth-
er interrupt sources.

0: DMA Suspended mode

1: DMA Not-Suspended mode

Bits 6:4 = PRL[2:0] Interrupt/DMA Priority Bits.

The priority is encoded with these three bits. The
value of “0” has the highest priority, the value “/™
has no priority. After the setting of this priority le-
el, the priorities between the differant nierrupt/
DMA sources is hardware defined eccorring with

the following scheme:

— Error condition Interrupt ('t [ MASTOP=1) (High-
est priority)

— Receiver DMA renusct

— Transmitter P\ A rzquest

— Error Cornaitiory Interrupt (If DMASTOP=0

— Daia Received/Receiver End Of Block

— Pericneral Ready To Transmit/Transmitter End
Of Block (Lowest priority)

Bit 3 = Reserved.
Must be cleared.

4

Bit 2 = IERRP Error Condition pending bit
0: No error
1: Error event detected (if ITE=1)

Note: Depending on the status of the
[2CISR.DMASTOP bit, this flag can suspend or
not suspend the DMA requests.

Note: The Interrupt pending bits can be reset by
writing a “0” but is not possible to write a “1”. It is
mandatory to clear the interrupt source by writing a
“0” in the pending bit when executing the interrupt
service routine. When serving an interrupt rout ne,
the user should reset ONLY the pending bit re,a1ca
to the served interrupt routine (and not rese: the
other pending bits).

To detect the specific error ceindiion that oc-
curred, the flag bits of the :2CS?? and 12CSR2
register should be checked.

Note: The IERRP penciinig bit is forced high while
the error event flags 212 set (ADSL and SB flags in
the 12CSR1 register, SCLF, ADDTX, AF, STOPF,
ARLO and SERF! tlags in the 12CSR2 register). If
at least “narl=g is set, it is not possible to reset the
IERRP Y.

Bit 1 = IRXP Data Received pending bit
0: No data received
1: data received (if ITE=1).

Bit 0 = ITXP Peripheral Ready To Transmit pend-
ing bit

0: Peripheral not ready to transmit

1: Peripheral ready to transmit a data byte (if
ITE=1).
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[2C BUS INTERFACE (Cont'd)

INTERRUPT VECTOR REGISTER (12CIVR)
R249 - Read / Write

Register Page: 20

Reset Value: Undefined

7 0

V7 | V6 | V5 | V4 | V3 | EV2 | EV1 0

Bits 7:3 = V[7:3] Interrupt Vector Base Address.
User programmable interrupt vector bits. These
are the five more significant bits of the interrupt
vector base address. They must be set before en-
abling the interrupt features.

Bits 2:1 = EV[2:1] Encoded Interrupt Source.
These Read-Only bits are set by hardware accord-
ing to the interrupt source:

— 01: error condition detected

— 10: data received

— 11: peripheral ready to transmit

Bit 0 = Reserved.
Forced by hardware to 0.

RECEIVER DMA SOURCE ADDRESS POINT=R
REGISTER (I2CRDAP)

R250 - Read / Write

Register Page: 20

Reset Value: Undefined

7 0

I
RA7 | RA6 | RA5 [ A4 | RA3 | RA2 | RA1| RPS

Bits 7:1 = 8A17:1] Receiver DMA Address Pointer.
[2C"5L.AR ontains the address of the pointer (in
the Register File) of the Receiver DMA data
source when the DMA is selected between the
peripheral and the Memory Space. Otherwise,
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(DMA between peripheral and Register file), this
register has no meaning.

See Section 8.5.6.1 for more details on the use of
this register.

Bit 0 = RPS Receiver DMA Memory Pointer Selec-

tor.

If memory has been selected for DMA transfer

(DDCRDC.RF/MEM = 0) then:

0: Select ISR register for Receiver DMA transfer
address extension.

1: Select DMASR register for Receiver DMA trans-
fer address extension.

RECEIVER DMA TRANSACTION COJNTER
REGISTER (I12CRDC)

R251 - Read / Write

Register Page: 20

Reset Value: Undefinec

7 0

| )
RC7 RCR|!“.\",5|RC4 RC3 | RC2 | RC1 |RF/MEM

Y _ . W -

Bits 7-* = RC[7:1] Receiver DMA Counter Pointer.
IZCRDC contains the address of the pointer (in the
Register File) of the DMA receiver transaction
counter when the DMA between Peripheral and
Memory Space is selected. Otherwise (DMA be-
tween Peripheral and Register File), this register
points to a pair of registers that are used as DMA
Address register and DMA Transaction Counter.
See Section 8.5.6.1 and Section 8.5.6.2 for more
details on the use of this register.

Bit 0 = RF/MEM Receiver Register File/ Memory
Selector.

0: DMA towards Memory

1: DMA towards Register file
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[2C BUS INTERFACE (Cont'd)

TRANSMITTER DMA SOURCE ADDRESS
POINTER REGISTER (12CTDAP)

R252 - Read / Write

Register Page: 20

Reset Value: Undefined

7 0

TRANSMITTER DMA TRANSACTION COUN-
TER REGISTER (12CTDC)

R253 - Read / Write

Register Page: 20

Reset Value: Undefined

7 0

TA7 | TA6 | TA5 | TA4 | TA3 | TA2 | TA1 TPS

TC7 | TC6 | TC5 | TC4 | TC3 | TC2 | TC1 |RF/MEM

Bits 7:1= TA[7:1] Transmit DMA Address Pointer.
[2CTDAP contains the address of the pointer (in
the Register File) of the Transmitter DMA data
source when the DMA between the peripheral and
the Memory Space is selected. Otherwise (DMA
between the peripheral and Register file), this reg-
ister has no meaning.

See Section 8.5.6.2 for more details on the use of
this reqister.

Bit 0 = TPS Transmitter DMA Memory Pointer Se-

lector.

If memory has been selected for DMA transfer

(DDCTDC.RF/MEM = 0) then:

0: Select ISR register for transmitter DMA transfer
address extension.

1: Select DMASR register for transmitter DMA
transfer address extension.
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Bits 7:1 = TC[7:1] Transmit DMA Counter Poirte..
I2CTDC contains the address of the pointer (11 the
Register File) of the DMA transmitter trar sac:ion
counter when the DMA between Peripherai and
Memory Space is selected. Otherwice, it the DMA
between Peripheral and Reoistcr Fie is selected,
this register points to a pe'r of registers that are
used as DMA Address regisier and DMA Transac-
tion Counter.

See Section 8.5.6.1 ard Section 8.5.6.2 for more
details on the us= oi this register.

Bit » = RT/WMEM Transmitter Register File/ Memo-
ry Sclector.

C. DMA from Memory

1: DMA from Register file

EXTENDED CLOCK CONTROL REGISTER
(I2CECCR)

R254 - Read / Write

Register Page: 20

Reset Value: 0000 0000 (00h)

7 0

0 0 0 0 0 0 |(CCs|cCC7

Bits 7:2 = Reserved. Must always be cleared.

Bits 1:0 = CC[8:7] 9-bit divider programming
Implementation of a programmable clock divider.
These bits and the CC[6:0] bits of the I2CCCR reg-
ister select the speed of the bus (Fg¢)).

For a description of the use of these bits, see the
I2CCCR register.

They are not cleared when the interface is disa-
bled (I2CCCR.PE=0).

197/230




ST92163R4 - 12C BUS INTERFACE

[2C BUS INTERFACE (Cont'd)

INTERRUPT MASK REGISTER (I12CIMR)
R255 - Read / Write

Register Page: 20

Reset Value: 00xx 0000 (x0h)

7 0

RXD | TXD IERR| IRX | ITX
M M REOBP|TEOBP| 0 M M M

Bit 7 = RXDM Receiver DMA Mask.

0: DMA reception disable.

1: DMA reception enable

RXDM is reset by hardware when the transaction
counter value decrements to zero, that is when a
Receiver End Of Block interrupt is issued.

Bit 6 = TXDM Transmitter DMA Mask.

0: DMA transmission disable.

1: DMA transmission enable.

TXDM is reset by hardware when the transaction
counter value decrements to zero, that is when a
Transmitter End Of Block interrupt is issued.

Bit 5 = REOBP Receiver DMA End Of Block Flag.
REOBP should be reset by software in order to
avoid undesired interrupt routines, especially in in-
itialization routine (after reset) and after enteiing
the End Of Block interrupt routine.Writing 3" in
this bit will cancel the interrupt request

Note: REOBP can only be written to “0”.

0: End of block not reached.

1: End of data block in DMA iacelver detected

Bit 4 = TEOBP Transmt‘cr DMA End Of Block TE-
OBP should be rese’ LV software in order to avoid
undesired interr: ot routines, especially in initializa-
tion routine (ai‘er reset) and after entering the End
Of Bloc: ir.terrupt routine.Writing “0” will cancel the
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interrupt request.

Note: TEOBP can only be written to “0”.

0: End of block not reached

1: End of data block in DMA transmitter detected.

Bit 3 = Reserved. This bit must be cleared.

Bit 2 = IERRM Error Condition interrupt mask bit.
This bit enables/ disables the Error interrupt.

0: Error interrupt disabled.

1: Error Interrupt enabled.

Bit 1 = IRXM Data Received interrupt mas.- bi.
This bit enables/ disables the Data R=ceied and
Receive DMA End of Block interrunt..

0: Interrupts disabled

1: Interrupts enabled

Note: This bit has no efi« ct on DMA transfer

Bit 0 = ITXM ~e.ipheral Ready To Transmit inter-
rupt mask i,

This it vne bies/ disables the Peripheral Ready To
Traasmt and Transmit DMA End of Block inter-
rupts.

0: Interrupts disabled

1: Interrupts enabled

Note: This bit has no effect on DMA transfer.
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I2C BUS INTERFACE (Cont'd)
Table 38. I°C BUS Register Map and Reset Values

A(de:js Rﬁg:t:r 7 6 5 4 3 2 1 0
Foh I2CCR - - PE ENGC START ACK STOP ITE
Reset Value 0 0 0 0 0 0 0 0
E1h I2CSR1 EVF ADD10 TRA BUSY BTF ADSL M/SL SB
Reset Value 0 0 0 0 0 0 0 0
Eoh I2CSR2 - 0 ADDTX AF STOPF ARLO BERR GCAL
Reset Value 0 0 0 0 0 0 0 0 |
Fah I2CCCR FM/SM CC6 CC5 Cc4 CC3 cc2 CC1 B0Q —]
Reset Value 0 0 0 0 0 0 o ' ¢
Fah 12COAR1 ADD7 ADDG6 ADD5 ADD4 ADD3 ADD2 ADD! ) ADDO
Reset Value 0 0 0 0 0 0 D\ v 0
Fsh 12COAR2 FREQ1 FREQO | EN10BIT| FREQ2 0 APD9 ADD8 0
Reset Value 0 0 0 0 0. a\° 0 0
Foh I2CDR DR7 DR6 DR5 DR4 DRc | DR2 DR1 DRO
Reset Value 0 0 0 o 1 ¢ 0 0 0
F7h I2CADR ADR7 ADRG6 ADR5 AlR4 T ADR3 ADR2 ADR1 ADRO
Reset Value 1 0 1 L 0 0 0 0
Fah I2CISR | DMASTOP| PRL2 PRI 1 PRLO IERRP | IRXP ITXP
Reset Value 1 X X X X X X X
Foh 12CIVR V7 V6 V5 V4 V3 EV2 EV1 0
Reset Value X [ _’_ X X X X X 0
FAn I2CRDAP RA7 RA6 RA5 RA4 RA3 RA2 RA1 RPS
Reset Value M4 X X X X X X X
FBh I2CRDC ' RC7 RC6 RC5 RC4 RC3 RC2 RC1 RF/MEM
Resei\::iue X X X X X X X X
ECh I.CYDAP TA7 TA6 TA5 TA4 TA3 TA2 TA1 TPS
L Peset Value X X X X X X X X
\ror! 12CTDC TC7 TC6 TC5 TC4 TC3 TC2 TC1 RF/MEM
Reset Value X X X X X X X X
ren | moecon | O | O | O | o | o | o | oo oo
EER 12CIMR RXDM TXDM REOBP | TEOBP IERRM IRXM ITXM
Reset Value 0 0 X X 0 0 0 0
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8.6 A/D CONVERTER (A/D)

8.6.1 Introduction

The 8 bit Analog to Digital Converter uses a fully
differential analog configuration for the best noise
immunity and precision performance. The analog
voltage references of the converter are connected
to the internal AVpp & AVgg analog supply pins of
the chip if they are available, otherwise to the ordi-
nary Vpp and Vgg supply pins of the chip. The
guaranteed accuracy depends on the device (see
Electrical Characteristics). A fast Sample/Hold al-
lows quick signal sampling for minimum warping
effect and conversion error.

8.6.2 Main Features

m 8-bit resolution A/D Converter

m Single Conversion Time (including Sampling
Time):

— 138 internal system clock periods in slow
mode (~5.6 ps @25Mhz internal system
clock);

— 78 INTCLK periods in fast mode (~6.5 ys @
12MHZ internal system clock)

m Sample/Hold: Tsample=

— 84 INTCLK periods in slow mode (~3.4 ps
@25Mhz internal system clock)

— 48 INTCLK periods in fast mode (~% us
@ 12Mhz internal system clock)

m Up to 8 Analog Inputs (the numbe: cf ixputs is
device dependent, see device rinou,

Figure 89. A/D Converter Sluc.: Diagram

Single/Continuous Conversion Mode

m External/Internal source Trigger
synchronization)

Power Down mode (Zero Power Consumption)
1 Control Logic Register
1 Data Register

(Alternate

8.6.3 General Description

Depending on the device, up to 8 analog inputs
can be selected by software.

Different conversion modes are provided: s:1gle,
continuous, or triggered. The continuols mcde
performs a continuous conversion flonv o1 the se-
lected channel, while in the single mcde the se-
lected channel is converted onc: and then the log-
ic waits for a new hardware or scftware restart.

A data register (ADDT'S: is available, mapped in
page 62, allowing d2te storage (in single or contin-
uous mode).

The start conversion event can be managed by

software, vriting the START/STOP bit of the Con-
trol Log'c Tiegister or by hardware using either:

— An external signal on the EXTRG triggered input
(negative edge sensitive) connected as an Alter-
nate Function to an 1/O port bit

— An On Chip Event generated by another periph-
eral, such as the MFT (Multifunction Timer).

[ SUCCESSIVE ]
APPROXIMATION
REGISTER
A
|
| :E Ain0
I Aint
2 < ANALOG -
o MUX '
o |< DATA !
» REGISTER 7 Ainx
-< > CONTROL LOGIC - HEXTRG
INTRG
= (On Chip Event) ]
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A/D CONVERTER (Contd)

The conversion technique used is successive ap-
proximation, with AC coupled analog fully differen-
tial comparators blocks plus a Sample and Hold
logic and a reference generator.

The internal reference (DAC) is based on the use
of a binary-ratioed capacitor array. This technique
allows the specified monotonicity (using the same
ratioed capacitors as sampling capacitor). A Pow-
er Down programmable bit sets the A/D converter
analog section to a zero consumption idle status.

8.6.3.1 Operating Modes

The two main operating modes, single and contin-
uous, can be selected by writing 0 (reset value) or
1 into the CONT bit of the Control Logic Register.

Single Mode

In single mode (CONT=0 in ADCLR) the STR bit is
forced to '0' after the end of channel i-th conver-
sion; then the A/D waits for a new start event. This
mode is useful when a set of signals must be sam-
pled at a fixed frequency imposed by a Timer unit
or an external generator (through the alternate
synchronization feature). A simple software rou-
tine monitoring the STR bit can be used to save
the current value before a new conversion ends
(so to create a signal samples table within the in-
ternal memory or the Register File). Furthermore,
if the R242.0 bit (register AD-INT, bit 0) is sel, ot
the end of conversion a negative edge on the <un-
nected external interrupt channel (see In.errupts
Chapter) is generated to allow the readling of the
converted data by means of an intcriir: routine.

Continuous Mode

In continuous mode (CONT:-1 in ADCLR) a con-
tinuous conversion flow is entered by a start event
on the selected <t 2:incl until the STR bit is reset
by software.

At the =~rd Si 2ach conversion, the Data Register
(ADZLCHR) content is updated with the last conver-
sior. result, while the former value is lost. When the
conversion flow is stopped, an interrupt request is
generated with the same modality previously de-
scribed.

8.6.3.2 Alternate Synchronization

This feature is available in both single/continuous
modes. The negative edge of external EXTRG sig-
nal or the occurrence of an on-chip event generat-
ed by another peripheral can be used to synchro-
nize the conversion start with a trigger pulse.
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These events can be enabled or masked by pro-
gramming the TRG bit in the ADCLR Register.

The effect of alternate synchronization is to set the
STR bit, which is cleared by hardware at the end of
each conversion in single mode. In continuous
mode any trigger pulse following the first one will
be ignored. The synchronization source must pro-
vide a pulse (1.5 internal system clock, 125ns @
12 MHz internal clock) of minimum width, and a
period greater (in single mode) than the conver-
sion time (~6.5us @ 12 MHz internal clock). If a
trigger occurs when the STR bit is still '1' (conver-
sions still in progress), it is ignored (see Electr cai
Characteristics).

WARNING: If the EXTRG or INTRG sianais are al-
ready active when TRG bit is set. tl'e ~onversion
starts immediately.

8.6.3.3 Power-Up Operatic".s

Before enabling any A, nperation mode, set the
POW bit of the ADT,.* Register at least 60 ps be-
fore the first cenvereion starts to enable the bias-
ing circuits incid2 the analog section of the con-
verter. Ciearing the POW bit is useful when the

A/D is act used so reducing the total chip power
conciription. This state is also the reset configu-
ration and it is forced by hardware when the core is
in HALT state (after a HALT instruction execution).

8.6.3.4 Register Mapping

Itis possible to have two independent A/D convert-
ers in the same device. In this case they are
named A/D 0 and A/D 1. If the device has one A/D
converter it uses the register addresses of A/D 0.
The register map is the following:

Register Address ADn Page 62 (3Eh)

FOh A/DO ADDTRO
Fih A/DO ADCLRO
F2h A/DO ADINTO

F3-F7h A/DO Reserved
F8h A/D 1 ADDTR1
F9h A/D 1 ADCLR1
FAh A/D 1 ADINT1

FB-FFh A/D 1 Reserved

If two A/D converters are present, the registers are
renamed, adding the suffix 0 to the A/D 0 registers
and 1 to the A/D 1 registers.
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A/D CONVERTER (Cont’d)
8.6.4 Register Description

A/D CONTROL LOGIC REGISTER (ADCLR)
R241 - Read/Write

Register Page: 62

Reset value: 0000 0000 (00h)

7 0
c2 | C1 CO | FS | TRG | POW |CONT| STR

This 8-bit register manages the A/D logic opera-
tions. Any write operation to it will cause the cur-
rent conversion to be aborted and the logic to be
re-initialized to the starting configuration.

Bit 7:5 = C[2:0]: Channel Address.
These bits are set and cleared by software. They
select channel i conversion as follows:

C2 C1 co Channel Enabled

0 0 0 Channel 0

0 0 1 Channel 1

0 1 0 Channel 2

0 1 1 Channel 3

1 0 0 Channel 4

1 0 1 Channel 5

1 1 0 Channel 6

1 1 1 Channel 7 W

Bit 4 = FS: Fast/Slow.

This bit is set and cleared by softwa’e.

0: Fast mode. Single conversion “im=. 78 x
INTCLK (5.75ps at INTCK = 1z iMHz)

1: Slow mode. Single conve.sion time: 138 x
INTCLK (11.5ps at 1T CLK = 12 MHz)

Note: Fast convariion /node is only allowed for in-
ternal speeds wirich do not exceed 12 MHz.

Bit 3 = ™WXG: External/internal Trigger Enable.

This hitis set and cleared by software.

0: External/Internal Trigger disabled.

1: Either a negative (falling) edge on the EXTRG
pin or an On Chip Event writes a “1” into the
STR bit, enabling start of conversion.
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Note: Triggering by on chip event is available on
devices with the multifunction timer (MFT) periph-
eral.

Bit 2 = POW: Power Enable.

This bit is set and cleared by software.

0: Disables all power consuming logic.

1: Enables the A/D logic and analog circuitry.

Bit 1 = CONT: Continuous/Single Mode Select.

This bit it set and cleared by software.

0: Single mode: after the current conversion ends,
the STR bit is reset by hardware and the cor -
verter logic is put in a wait status. To start aroth-
er conversion, the STR bit has to be set ny soft-
ware or hardware.

1: Select Continuous Mode, a cor.invous flow of
A/D conversions on the seiacted 2hannel, start-
ing when the STR bit is sot.

Bit 0 = STR: Stert/5iop

This bit is set ann <.2ared by software. Itis also set

by hardwarz when the A/D is synchronized with an

externa'/in‘err.al trigger.

0: Stop conversion on channel i. An interrupt is
generated if the STR was previously set and the
AD-INT bit is set.

1: Start conversion on channel i

WARNING: When accessing this register, it is rec-
ommended to keep the related A/D interrupt chan-
nel masked or disabled to avoid spurious interrupt
requests.

A/D CHANNEL i DATA REGISTER (ADDTR)
R240 - Read/Write

Register Page: 62

Reset value: undefined

7 0

R7 | Ré6 | R5 | R4 | R3 | R2 | R1 | RO

The result of the conversion of the selected chan-
nel is stored in the 8-bit ADDTR, which is reloaded
with a new value every time a conversion ends.
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ST92163R4 - ON-CHIP PERIPHERALS

A/D CONVERTER (Contd)

A/D INTERRUPT REGISTER (ADINT)
Register Page: 62

R242 - Read/write

Reset value: 0000 0001 (01h)

7 0

AD-INT

Bit 7:1 = Reserved.

Bit 0 = AD-INT: AD Converter Interrupt Enable.

This bit is set and cleared by software. It allows the

interrupt source to be switched between the A/D

Converter and an external interrupt pin (See Inter-

rupts chapter).

0: A/D Interrupt disabled. External pin selected as
interrupt source.

1: A/D Interrupt enabled

4
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9 ELECTRICAL CHARACTERISTICS

The ST92163 device contains circuitry to protect
the inputs against damage due to high static volt-
age or electric field. Nevertheless it is advised to
take normal precautions and to avoid applying to
this high impedance voltage circuit any voltage
higher than the maximum rated voltages. It is rec-
ommended for proper operation that V |y and Voyt
be constrained to the range:

ABSOLUTE MAXIMUM RATINGS

Vss < (Vin or Vour) < Vpp

To enhance reliability of operation, it is recom-
mended to connect unused inputs to an appropri-
ate logic voltage level such as Vgg or Vpp.

All the voltages in the following table, are refer-
enced to Vgg.

Symbol Parameter Value U_r_’t_ _i
Vbp Supply Voltage -0.3t0+7.0
\ Input Voltage —0.3to Vpp +0.3 [ ;77 \"
Va Analog Input Voltage (A/D Converter) Vss-0:310 Vnp 1.3 \Y%
AVgg - 0.3t0 A\ pp +0.3

Vo Output Voltage -0.2u Vpp+0.3 \
TsTg Storage Temperature -3510 + 150 °C
ling Pin Injection Current Digital and Analog Input " 51045 mA
Maximum Accumulated Pin injection Current in the de"iu:T _ -50 to +50 mA

AVpp A/D Converter Analog Reference \J Vpp -0.3 to Vpp +0.3 \"
AVgg A/D Converter Vgg Vgg-0.3 to Vgg +0.3 \"

Note: Stresses above those listed as “absolute maximum ratir g<“ .1y sause permanent damage to the device. This is a stress rating only
and functional operation of the device at these conditions i ac* imziiea. Exposure to maximum rating conditions for extended periods may

affect device reliability. All voltages are referenced to Vg,

RECOMMENDED OPERATING CJQNILITIONS
(Normal Voltage Mode, all devicel)

Value
Symbol Parameter - Unit
Min. Max.
Ta Oyerating Temperature 0 70 °C
VDP C\N Jperating Supply Voltage 4.0 5.5 \Y
frC'k | Internal Clock Frequency @ 4.0V - 5.5V o 24 MHz
Note .. “MHz when A/D is used
RECOMMENDED OPERATING CONDITIONS
(Low Voltage Modes, devices with suffix L or V))
Value .
Symbol Parameter - Unit
Min. Max.
Ta Operating Temperature 0 70 °C
Vb Operating Supply Voltage 3.0 4.0 \Y
8-MHz Low Voltage devices o 8 MHz
(devices with suffix L)
fINTCLK Internal Clock Frequency @ 3.0V - 4.0V -
16-MHz Low Voltage devices o) 16 MHz
(devices with suffix V)

Note 1. 1MHz when A/D is used
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DC ELECTRICAL CHARACTERISTICS
(Vpp =4.0 - 5.5V, Tp = 0°C + 70°C, unless otherwise specified)’ 1

Value
Symbol Parameter Test Conditions - Unit
Min. Typ. Max.
Vineck * | Clock Input High Level External Clock 0.7 Vpp Vpp+03 | V
Vitck * | Clock Input Low Level External Clock -0.3 0.3 Vpp \
Input High Level TTL 2.0 Vop+03 | V
Viy * Input High Level Input threshold TBD TBD \
Schmitt Trigger
P3[7:0], P4[3:0],P5[7:0], P6[1:0], | Input Voltage Range TBD TBD \Y ‘
P6.6 |
Input Low Level TTL -0.3 08 v
P0[7:0], P1[7:0], P6[5:2], P6.7 CMOS -0.3 0.5Vap | V
vy * Input Low Level Input threshold TBD TBD Vv
Schmitt Trigger \ | &
P3[7:0], P4[3:0],P5[7:0], P6[1:0], | Input Voltage Range TBD TBD \Y
P6.6
Input Hysteresis Schmitt trigger
Vuys? | P3[7:0], P4[3:0],P5[7:0], P6[1:0], D TBD
P6.6
Viurs * | RESET Input High Level Input threshold 0.5 Vpp 0.85Vpp | V
Input Voltage Ranga 0.85 Vpp Vpp + 0.3
Vitrs * | RESET Input Low Level Input thre:_hold 0.2 Vpp 0.6 Vpp \
Input Voltage Range -0.3 0.2 Vpp
Vuyrs * | RESET Input Hysteresis ¥ed 0.3 1.5 \
VoH Output High Level | PushPull, lload = - 0.8mA Vpp -0.8 \
Push Pull or Open Drain,
y Output Low Level lload = 1.6mA 0.4 \
oL \ 7 . .
Output Low Level h.=in sink pins _
(Port 6) lload = 10mA 1 \"
lwpu | Weak u"-un Current sgiric(t)l\(/)nal Weak Pull-up, -40 |-200| -420 uA
/m”\:i-’_ull-up Current,
lapu | 15 iNTO and INT7 only VN < 0.8V, under Reset -40 —200 —-420 A
. . Input/Tri-State,
P I/0 Pin Input Leakage OV < Vi < Vpp -10 +10 A
lLlkrs* | RESET Pin Input Leakage 0V <V|y<Vpp -10 +10 A
Ilkap ™ | A/D Conv. Input Leakage -3 +3 uHA
lLkap* | Active Pull-up Input Leakage 0V <V)y<0.8V -10 +10 uA
I *
LKOS | OSCIN Pin Input Leakage 0V <V < Vpp +10 LA

*For devices with suffix L or V, these characteristics are valid for Vpp = 3.0 - 5.5V

Notes:

1. All /O Ports are configured in bidirectional weak pull-up mode with no DC load external clock pin (OSCIN) is driven by square wave external
clock. No peripheral working.

2. Hysteresis voltage between switching levels: characterization results - not tested.

(572
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Figure 90. Typical Vo at Vpp=5V (high current)

Vol [V] at Vpp = 5.0V and T= 25°C
0.6
05 —
0.4 A
s X
2 03 X
= "
0.2 /(
0.1 X
,X/ | | | | | | | |
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loL[mA]
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ST92163R4 - ELECTRICAL CHARACTERISTICS

INPUT/OUTPUT SPEED LIMITATIONS

Special care must be taken when using fast exter-
nal signalling with the ST92163 because the load
capacitance must be reduced to the minimum.
Therefore, it is recommended to use FAST mode)
or external buffering to avoid speed problems.

The following table will help you to select either
FAST or SLOW mode depending on the speed re-
quired. For instance, if you need to use the SCl in

Synchronous mode at 3 Mb/s, you must use FAST
mode or external buffering.

Since ROM devices are slightly slower than OTP
devices, to select between FAST or SLOW mode,
it is important to use the given values and not to
take into account the behaviour of a few samples.

Input/Output Rising/Falling edges in SLOW MODE"
Typ. Max. Unit
. (OTP device) (ROM device) (ROM & OTP)
Parameter Conditions
Vpp=5V Vpp=5V Vpp=4.0V
Tpo=20°C Tpo=20°C Tpo=70°C
Rising and falling edges Cloag = 50 pf 35 50 100 | ns
Input/Output Rising/Falling edges in FAST MODE") Vi
Typ. | Max. Unit
. (OTP device) (ROM cevize) (ROM & OTP)
Parameter Conditions
Vpp=5V Vgy=5V Vpp=4.0V
Tpo=20°C I»=20°C Tpo=70°C
Rising and falling edges Cloag = 50 pf 14 | 14 30 ns

Note 1: SLOW mode and FAST mode are selected through the BSZ bit in the EMR1 register (described
in the External Memory Interface chapter: 0 = SLGVV mode; 1 = FAST mode). It is important to note that
all I/0s will be impacted by the Slow or Fast n'ode selection.

4

207/230




ST92163R4 - ELECTRICAL CHARACTERISTICS

AC ELECTRICAL CHARACTERISTICS

(Vpp =4.0-5.5V, Ty = 0°C + 70°C, unless otherwise specified)

Vpp = 4.0V - 5.5V .
Symbol Parameter Conditions (Normal Mode) Unit
TYP MAX
No transfer on USB 40
Transfer on USB at 50% 55
Ibp Run Mode Current @ 24 MHz of bandwidth mA
e T
lwri WFI Mode @ 24 MHz 20 mA |
IHALT HALT Mode Current 100 I j
Isusp USB Suspend mode current (1) 450 na
(Vpp = 3.0 - 3.3V, Tp = 0°C + 70°C)
Vpp=3.L- 3.3V
Symbol Parameter (Low Voitage Mode) Unit
TYD? MAX
Ibp Run Mode Current '] 1.4 mA/MHz
et WFI Mode | o3 0.4 mA/MHz
IHALT HALT Mode Current | 100 uA

Note: All I/O Ports are configured in bidirectional weak pull-up msue w'th no DC load, external clock pin (OSCIN) is driven by square wave

external clock

() External pull-up (1.5 Kohms connected to USBV); O 2ratit.a conditions: Vpp = 4.0 - 5.25V; Tp = 25°C
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ELECTRICAL CHARACTERISTICS (Cont'd)

Low Voltage Detector Reset Electrical Specifications*

Symbol Parameter Conditions Min Typ Max Unit
LV Reset Trigger
Vits . 3.5 3.7 3.9 \
Vpp rising edge
LV Reset Trigger INTCLK = 24MHz
Vir. ) 3.3 3.5 3.7 \
Vpp Falling edge
Vhyst Hysteresis ** 150 200 250 mV
Vivomin | Min. LVD Operating Voltage 2.0 v !
—
tyvoD) Filtered glitch delay on Vpp Not detected by the LVD 50 ne i
*Not available on devices with suffix L,VorE
**Guaranteed by design
I2C Interface Electrical specificationx Ad
Standard mede 122 Fast mode 12C i
Parameter Symbol - T - Unit
Min | Maax Min Max
Low level input voltage:
fixed input levels Vi -0.5 1.5 -0.5 1.5 \
Vpp-related input levels -0.5 0.3 Vpp -0.5 0.3 Vpp
High level input voltage:
Vpp-related input levels | 0.7 Vpp Vpp+0.5 | 0.7 Vpp Vpp+0.5 | V
Hysteresis of Schmitt trigger inputs
fixed input levels Vhys N/A N/A 0.2 \
Vpp-related input levels N/A N/A 0.05 Vpp
Pulse width of spikes whizh must be sup-
pressed by the input fitor Tsp N/A N/A ons 50ns ns
Low level outpi:i “*C'taye (open drain and open
collector)
N\ \Y
at 3 mA sin'<current Vo4 0 0.4 0 0.4
at & mA. sink current VoL N/A N/A 0 0.6
Output fall time from VIH min to VIL max with a
bus capacitance from 10 pF to 400 pF
with up to 3 mA sink current at Vg 1 Tor 250 20+0.1Cb | 250 ns
with up to 6 mA sink current at Vg » N/A N/A 20+0.1Cb | 250
Input current each 1/O pin with an input voltage ) )
between 0.4V and 0.9 Vpp max ! 10 10 10 10 MA
Capacitance for each I/0 pin C 10 10 pF
N/A = not applicable
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ELECTRICAL CHARACTERISTICS (Cont'd)

I2C Bus Timings
Standard 1°C Fast I°C .
Parameter Symbol - - Unit

Min Max Min Max
Bus free time between a STOP and START con-
diti TBUF 4.7 1.3 ms

ition
Hold time START condition. After this period,
. . THD:STA 4.0 0.6 us

the first clock pulse is generated
LOW period of the SCL clock TLow 4.7 1.3 us
HIGH period of the SCL clock THiGH 4.0 0.6 us |
Set-up time for a repeated START condition Tsussta | 4.7 0.6 us I
Data hold time Trooar | 0(1) 0() 09(2) | e |
Data set-up time Tsupat | 250 100 ns
Rise time of both SDA and SCL signals TR 1000 20+0.1Cb 3CH ns
Fall time of both SDA and SCL signals TF 300 20+0.1Ch 300 ns
Set-up time for STOP condition Tsuisto | 4.0 0.6 ns
Capacitive load for each bus line Cb 400 400 pF

1)The device must internally provide a hold time of at least 300 ns for the: SD.\ signal in order to bridge the unde-

fined region of the falling edge of SCL

2)The maximum hold time of the START condition has only to b2 mat i/ tiie interface does not stretch the low period

of SCL signal
Cb = total capacitance of one bus line in pF
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USB INTERFACE: DC CHARACTERISTICS

(Vpp =4.0- 5.5V, Ty = 0°C + 70°C, unless otherwise specified)

USB Interface: DC Electrical Characteristics
Parameter Symbol Conditions Min. Max. Unit
Inputs Levels:
Differential Input Sensitivity Vp) I(D+, D-) 0.2 Vv
Differential Common Mode Range Vem Includes Vp, range 0.8 2.5 \"
Single Ended Receiver Threshold Vse 0.8 2.0 \
Output Levels
Static Output Low VoL RL of 1.5K ohms to 3.6v 0.3 \"
Static Output High Vou RL of 15K ohm to GND 2.8 3.6 A
USBVCC: voltage level USBy Vpp=5V 2.97 3.63 v
, , 0V<Vin<33V o
Hi-Z State Data Line Leakage Lo -10 +160 A
(Regulator ON) |
RL is the load connected on the USB drivers.
All voltages are measured from the local ground potential (USBGND).
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ELECTRICAL CHARACTERISTICS (Cont'd)

Figure 91. USB Interface: Data signal rise and fall time

Differential
Data Lines Crossover
VCRS o Points —p
X - a’
USBGND — <
T 1 v T

USB INTERFACE: FULL SPEED CHARACTER<TIZS
(Vpp =4.0-5.5V, Ty = 0°C + 70°C, unless chanvise specified)

USB Interace: Full speed electrical characteristics

Parameter Syioo! Conditions Min Max Unit
Driver characteristics: \
Rise time ! X tr CL=50 pF1) 4 20 ns
Fall Time N tf CL=50 pF" 4 20 ns
Rise/ Fall Time mai *hing trfm tr/tf 90 110 %
Sglttgtét\‘signai Cressover VCRS 13 20 Vv

' Measured from 10% to 90% of the data signal
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EXTERNAL INTERRUPT TIMING TABLE
(Vpp =3.0-5.5V (N T, =0°C + 70°C, C| oaq = 50PF, finToLk = 24MHz, unless otherwise specified)

Value (Note) .
N° Symbol Parameter 3 - Unit
Formula® Min Max
1 | TwINTLR Low Level Pulse Width in Rising Edge Mode >Tck+10 50 ns
2 | TwINTHR High Level Pulse Width in Rising Edge Mode >Tck+10 50 ns
3 | TWINTHF High Level Pulse Width in Falling Edge Mode >Tck+10 50 ns
4 | TwINTLF Low Level Pulse Width in Falling Edge Mode >Tck+10 50 ns

Note: The value in the left hand column shows the formula used to calculate the timing minimum or maximum from the oscillator clock period.
The value in the right hand two columns show the timing minimum and maximum for an internal clock at 24MHz (INTCLK).

(1) 3.0 - 4.0V voltage range is only available on devices with suffix L or V, with different frequency limitations (L: 8 MHz, V: 16 MHz)
(2) Formula guaranteed by design.

Legend:

Tck = INTCLK period = OSCIN period when OSCIN is not divided by 2;

2 x OSCIN period when OSCIN is divided by 2;
OSCIN period x PLL factor when the PLL is enabled.

EXTERNAL INTERRUPT TIMING

RISING EDGE DETECTION

INTn \ _/I /_/Eb_‘_ji\

FAL'ING EDGE DETECTION

3 I
|

| |
1 | : 2 |
I [

VAQO112

4
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WAKE-UP MANAGEMENT TIMING TABLE
(Vpp =8.0-5.5V "), Ty =0°C + 70°C, C| paq = 50pF, finToLk = 24MHz, unless otherwise specified)

Value (Note) .
N° Symbol Parameter 3 - Unit
Formula® Min Max
1 | TWWKPLR | Low Level Pulse Width in Rising Edge Mode >Tck+10 50 ns
2 | TWWKPHR | High Level Pulse Width in Rising Edge Mode >Tck+10 50 ns
3 | TWWKPHF | High Level Pulse Width in Falling Edge Mode >Tck+10 50 ns
4 | TWWKPLF | Low Level Pulse Width in Falling Edge Mode >Tck+10 50 ns

Note: The value in the left hand column shows the formula used to calculate the timing minimum or maximum from the oscillator clock period.
The value in the right hand two columns show the timing minimum and maximum for an internal clock at 24MHz (INTCLK).

The given data are related to Wake-up Management Unit used in External Interrupt mode.
(1) 3.0 - 4.0V voltage range is only available on devices with suffix L or V, with different frequency limitations (L: 8 MHz, V: 16 MHz)
(2) Formula guaranteed by design.

Legend:
Tck = INTCLK period = OSCIN period when OSCIN is not divided by 2;

2 x OSCIN period when OSCIN is divided by 2;
OSCIN period x PLL factor when the PLL is enabled.

WAKE-UP MANAGEMENT TIMING

RISING EDGE DETECTION SALLING EDGE DETECTION
WKUPn  \ / J}\ l "\ /
| Ll L\ O’ | | |
1 2 i 3 | 4
| ] i | | |
| T = < | = i
n=0-15
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RCCU CHARACTERISTICS
(Vpp = 3.0-5.5V (N, Ty = 0°C + 70°C, C| 5aq = 50PF, fintoLk = 24MHz, unless otherwise specified)

Value (Note) .
Symbol Parameter Comment - Unit
Min Typ Max
ViuRs RESET Input High Level 0.85 x Vpp Vpp + 0.3 \
ViLRrs RESET Input Low Level -0.3 0.2 x Vpp \
Vuyrs | RESET Input Hysteresis 0.3 0.9 1.5 \
ILkRs RESET Pin Input Leakage 0V < V|n< Vpp -10 +10 A

(1) 3.0 - 4.0V voltage range is only available on devices with suffix L or V, with different frequency limitations (L: 8 MHz, V: 16 MHz)

RCCU TIMING TABLE
(Vpp =3.0-5.5V1), Ty =0°C + 70°C, Cload = 50pF, finTcLk = 24MHz, unless otherwise specifiad)
Value (Note) S
Symbol Parameter Comment - &P Unit
Min Typ Max
BEaET . 50 ns
TERs RESET Input Filtered Pulse 20 us
Trspu® | RESET Phase duration 20490 A Toge us
. DIV2 =0 | 10200 X Toee
TsTR STOP Restart duration DIV2 = 1 | 20400 X Toqe us

(1) 3.0 -4.0V voltage range is only available on devices with suffix L or V, with Jiff~rent frequency limitations (L: 8 MHz, V:16 MHz)

(2) Depending on the delay between rising edge of RESETN pin and the iirst rising edge of CLOCK1, the value can differ from the typical
value for +/- 1 CLOCK1 cycle.

Legend: T,s. = OSCIN clock cycles

PLL CHARACTERISTICS
(Vpp =3.0-5.5V (N Tp =0°C = 70'C, C|oaq = 50pF, finToLk = 24MHz, unless otherwise specified)

\ Value (Note) .
Symbol Para~~ter Comment - Unit
Min Typ Max
FxTL Crysta' *crerence Frequency 3 8 MHz
Fvco VGO Cperating Frequency 9 48 MHz
Tprw LL"sk-in Time 1000 x Tosc us
| PLL Jitter 0 850 @ ps

(1) 3.0 - 4.0V voltage range is only available on devices with suffix L or V, with different frequency limitations (L: 8 MHz, V: 16 MHz)
(2) Measured at 24MHz (INTCLK). Guaranteed by Design Characterisation (not tested).
Legend: Tosc = OSCIN clock cycles
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OSCILLATOR CHARACTERISTICS
(Vpp =3.0-5.5V M, Ty = 0°C + 70°C, C oaq = 50pF, fiNToLk = 24MHz, unless otherwise specified)

Value (Note)

Symbol Parameter Comment - Unit
Min Typ Max
Fosc Crystal Frequency Fundamental mode crystal only 3 8 MHz
) Vpp=4.0-55V 0.77 1.5 2.4 mA/V
Im Oscillator
Vpp=3.0-40V 0.5 0.73 1.47 mA/V
ViHeK Clock Input High Level External Clock 0.8 x Vpp Vpp + 0.3 \
ViLck Clock Input Low Level External Clock -0.3 0.2 x Vpp \
OSCIN/OSCOUT Pin
ILKOS Input Leakage oV < VIN < VDD (HALT/STOP) -1 +1 HA
. . VDD =40-55V 5 e
Tstup | Oscillator Start-up Time AN
Vpp=3.0-4.0V 20 ms
(1) 3.0 - 4.0V voltage range is only available on devices with suffix L or V, with different frequency limitations (L: 8 Mt 'z, ‘: i6 MHz)
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EXTERNAL BUS TIMING TABLE
(Vpp =3.0-5.5V (N T, =0°C + 70°C, C| oaq = 50PF, finToLk = 24MHz, unless otherwise specified)

Value (Note) .

N° Symbol Parameter - Unit
Formula Min | Max

1 | TsA (AS) Address Set-up Time before AS T Tck x Wa+TckH-9 12 ns
2 | ThAS (A) Address Hold Time after AS T TckL-4 17 ns
3 | TdAS (DR) AS T to Data Available (read) Tck x (Wd+1)+3 45 | ns
4 | TWAS AS Low Pulse Width Tck x Wa+TckH-5 16 ns
5 | TdAz (DS) Address Float to DS | 0 0 ns
6 | TwDS DS Low Pulse Width Tck x Wd+TckH-5 16 ns
7 | TdDSR (DR) DS | to Data Valid Delay (read) Tck x Wd+TckH+4 25 | ns
8 | ThDR (DS) Data to DS T Hold Time (read) 7 7 | r_E ‘
9 | TdDS (A) DS T to Address Active Delay TckL+11 32 ns
10| TdDS (AS) DS T to AS | Delay TckL-4 17 J_ | ns
11| TsR/W (AS) RW Set-up Time before ASN T Tck x Wa+TckH-17 ‘ ns
12| TADSR (RW) | DS T to RW and Address Not Valid Delay | TckL-1 120 ns
13| TdDW (DSW) | Write Data Valid to DS | Delay -16 -16 ns
14| TsD(DSW) Write Data Set-up before DS T Tck x Wa - Tckd-16 5 ns
15| ThDS (DW) Data Hold Time after DS T (write) TckL-3 18 ns
16| TdA (DR) Address Valid to Data Valid Delay (read) T FN—a+Wd+1)+TckH-7 55 | ns
17| TdAs (DS) AS 1 to DS 4 Delay | 1ekL6 15 ns

Note: The value in the left hand column shows the formula used to cclculate the timing minimum or maximum from the oscillator clock period,
prescaler value and number of wait cycles inserted.
The values in the right hand two columns show the timing mir im.*=. arid maximum for an external clock at 24MHz, prescaler value of zero
and zero wait states.

(1) 3.0 - 4.0V voltage range is only available on devices 'vith s :ffix L or V, with different frequency limitations (L: 8 MHz, V: 16 MHz)

Legend:
Tck = INTCLK period = OSCIN period when OS(IN is not divided by 2;

2 x OSCIN period w'ier. C<CIN is divided by 2;
OSCIN pericz » F. Liactor when the PLL is enabled.

TckH = INTCLK high pulse width (no.wally = Tck/2, except when INTCLK = OSCIN, in which case it is OSCIN high pulse width)
TckL = INTCLK low pulse width ( ormally = Tck/2, except when INTCLK = OSCIN, in which case it is OSCIN low pulse width)

P = clock prescaling value (=°F+.<; division factor = 1+P)
Wa = wait cycles on AS; -- max (P, programmed wait cycles in EMR2, requested wait cycles with WAIT)
Wd = wait cycles c1 L'S, = max (P, programmed wait cycles in WCR, requested wait cycles with WAIT)

4
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EXTERNAL BUS TIMING

CPUCLK

PORT1

PORTO
(WRITE)

T1

11

A7—AD

Y

Y

|
et - —— —— 3]

Bl

| R

;'—i D7-DO IN k———

e

4#»

>< D7-D0 OUT

218/230

4




ST92163R4 - ELECTRICAL CHARACTERISTICS

WATCHDOG TIMING TABLE
(Vpp =3.0-5.5V a, Tp =0°C + 70°C, C paq = 50pF, finTcLk = 24MHz, Push-pull output configuration,
unless otherwise specified)

Value (Note)

N° Symbol Parameter . Unit
Formula Min Max
167 ns
4 x (Psc+1) x (Cnt+1) x Tck o8
. s
1 | TwWWDOL WDOUT Low Pulse Width (Psor1) x (CnteT) x T
sc+1) x (Cnt+1) x
, WDIN 333 ns
with TWD|N >8x Tck
167 ns
4 x (Psc+1) x (Cnt+1) x Tck
2.8 s

2 | TwWWDOH WDOUT High Pulse Width €.
(Psc+1) x (Cnt+1) X Tywpin |

333 S

with Ty = 8 X Tek RN
3 | TwWWDIL WDIN High Pulse Width >4 x Tck 167 ' ns
4 | TwWWDIH WDIN Low Pulse Width >4 x Tck 167 p | ns

Note: The value in the left hand column shows the formula used to calculate the timing minimum or maxim:'im frc m the oscillator clock period,
watchdog prescaler and counter programmed values.

The value in the right hand two columns show the timing minimum and maximum for an internal cloc (\N'\ZLK) at 24MHz, with minimum and
maximum prescaler value and minimum and maximum counter value.

(1) 3.0 - 4.0V voltage range is only available on devices with suffix L or V, with different frecue.>c,’ imitations (L: 8 MHz, V: 16 MHz)

Legend:
Tck = INTCLK period = OSCIN period when OSCIN is not divided by 2;

2 x OSCIN period when OSCIN is divided by 2;

OSCIN period x PLL factor when the PLL is enabled.
Psc = Watchdog Prescaler Register content (WDTPR): from 0 to 255
Cnt = Watchdog Counter Registers content (WDTRH,WDTRL): frem ¢ to 65535
Twpin = Watchdog Input signal period (WDIN)

WATCHDOG TIMING

.

VAQ0110
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MULTIFUNCTION TIMER EXTERNAL TIMING TABLE
(Vpp =3.0-5.5V (N T, =0°C + 70°C, C| oaq = 50PF, finToLk = 24MHz, unless otherwise specified)

N° | Symbol Parameter Value - Unit | Note
Formula Min Max

1 | Twerw | External clock/trigger pulse width n x Tck nx42 - ns )

2 | Twerp | External clock/trigger pulse distance n x Tck nx 42 - ns | @

3 | Twpgp | Distance between two active edges 3 x Tck 125 - ns

4 | Twgw | Gate pulse width 6 x Tck 250 - ns

5| Twiga Ilzlvitiigc_?l EeAtvF\)ljlir; Zg\:;z pulse edge and the fol Tek 42 ) ns @)

o | Touse | Pt bt oo ol s an e o | ml®

7 Twap Distance between two TxINA pulses 0 - ns = )

8 | Twowp | Minimum output pulse width/distance 3 x Tek 125 - ns3 —I o

Note: The value in the left hand column shows the formula used to calculate the timing minimum or maximum fron ti.< oscillator clock period,
standard timer prescaler and counter programmed values.
The value in the right hand two columns show the timing minimum and maximum for an internal clock (INTCLK, at 24MHz.

(1) 3.0 - 4.0V voltage range is only available on devices with suffix L or V, with different frequency lin ‘ia*ons (L: 8 MHz, V: 16 MHz)
(2) n =1 if the input is rising OR falling edge sensitive

n = 3 if the input is rising AND falling edge sensitive
(3) In Autodiscrimination mode

Legend:

Tck = INTCLK period = OSCIN period when OSCIN is not divided by 2;

2 x OSCIN period when OSCIN is divided by 2;

OSCIN period x PLL factor when the PLL is enabl<d.

MULTIFUNCTION TIMER EXTERNAL TIMING

—— = 2
TINA / N \ /
TINB | X
3
T\ /
4
TINA / \
fe—25 6 5 7 6 5 6
TINB / N\ /
1 8
(n=3)
TOUTO / N / \
Tout! 8 VR001403
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SCI TIMING TABLE
(Vpp =3.0-5.5V (N T, =0°C + 70°C, C| gaq = 50pF, finToLk = 24MHz, unless otherwise specified)

. Value .
N° | Symbol Parameter Condition - Unit
Min Max
1x mode, Vpp = 4.0 to 5.5V,
I - 30 DFD leTCLK /4 MHz
F F f RXCKIN Load = =P
RxCKIN requency o X 1x mode leTCLK /8 MHz
16x mode leTCLK /4 MHz
T RxCKIN shortest pul 1x mode 2 x Tck s
W X shortest pulse
RXCKIN P 16x mode 2 x Tck s
1x mode, Vpp =4.0t0 5.5V, f /4 |
Cload = 30pF INTCLK |
FrxckIN Frequency of TxCKIN 1x mode fntoik/€ | Mbz
16x mode leTC K (Y MHz
T TxCKIN shortest pul 1x mode 2 x Tck S
W X shortest pulse NN
TXCKIN P 16x mode 2 x Tck S
DS (Data Stable) before . . e N
1| Tsps rising edge of RXCKIN 1x mode reception with RxCKIN c/2 ns
TxCKIN to Data out 1x mode transmission with extern<!
2 | Tdoy delay Time clock G| gaq < 50pF 25xTck | ns
3 | Tdps CLKOU.T to Data out 1x mode transmissior. wiih CLKOUT TBD ns
delay Time

(1) 3.0 - 4.0V voltage range is only available on devices with suffix I_ ¢ V, with different frequency limitations (L: 8 MHz, V: 16 MHz)
Legend:
Tck = INTCLK period = OSCIN period when OSCIN is not qvided by 2;

2 x OSCIN period when OSCIF! ic di/ided by 2;

OSCIN period x PLL factz: waeri the PLL is enabled.

SCI TIMING
FIG 1: RECEPTION WITH EX\™<NAL CLOCK 1X MODE FIG 2: TRANSMISSION WITH EXTERNAL CLOCK 1X MODE
RXCKIN oy r— TXCKIN ' I_
1
DATA !N — DATA OUT

FIG 3: TRANSMISSION WITH CLKOUT 1X MODE

CLKOUT

—

DATA OUT

VR001437
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A/D CONVERTE1 , EXTERNAL TRIGGER TIMING TABLE

(Vpp= 3.0 - 5.5V ''/; Tp= 0 to 70°C; unless otherwise specified)
Symbol Parameter OSCIN divide by | OSCIN divide Value Unit
y 2;min/max by 1; min/max min max
. 1.5
Tiow Pulse Width INTCLK ns
Thigh Pulse Distance ns
. 78+1
Text Period/fast Mode INTCLK ys
Tstr Start Conversion Delay 0.5 1.5 INTCLK

(1) 3.0 - 4.0V voltage range is only available on devices with suffix L or V, with different frequency limitations (L: 8 MHz, V: 16 MHz)

A/D CONVERTER. ANALOG PARAMETERS TABLE
(Vpp= 3.0 - 5.5V (1): T,= 0 to 70°C; unless otherwise specified)

Value Uni-
Parameter - —— —1 Note

typ () min | max(*) | ")
Analog Input Range Vss Vpp | v
Conversion Time Fast/Slow 78/138 L INTCLK @)
Sample Time Fast/Slow 51.5/87.5 INTCLK
Power-up Time 60 ' ps

—

Resolution 8 bits
Differential Non Linearity 0.5 1.5 LSBs (4)
Integral Non Linearity 0.5 1| 1.5 LSBs (4)
Offset Error .5 | 1
Gain Error 2.0 1.5
Absolute Accuracy 1 2 LSBs (4)
Input Resistance 1.5 Kohm (3)
Hold Capacitance 1.92 pF

**) 'LSB¢’, ¢s 1sed here, as a value of
*) Charecte ized but not tested

)

2) it ciuding Sample time
\
)

222/230

The valuos =re expected at 25 Celsius degrees with Vpp= 5V
Vpp/256

it must be considered as the on-chip series resistance before the sampling capacitor
DNL ERROR= max {[V(i) -V(i-1)] / LSB-1}

INL ERROR= max {[V(i) -V(0)] / LSB-i}
ABSOLUTE ACCURACY= overall max conversion error

3.0 - .L.UV voltage range is only available on devices with suffix L or V, with different frequency limitations (L: 8 MHz, V: 16 MHz)
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10 GENERAL INFORMATION

10.1 EPROM/OTP PROGRAMMING

The 20 Kbytes of EPROM/OTP of the ST92E163/
ST92T163 may be programmed using the
EPROM programming boards available from
STMicroelectronics.

EPROM Erasing

The EPROM of the windowed package of the
ST92E163 can be erased by exposure to Ultra-Vi-
olet light.

The erasure characteristic of the ST92E163 is
such that erasure begins when the memory is ex-
posed to light with wave lengths shorter than ap-
proximately 4000A. It should be noted that sunlight
and some types of fluorescent lamps have wave-
lengths in the range 3000-4000A. It is recom-

4

mended to cover the window of the ST92E163
packages by an opaque label to prevent uninten-
tional erasure problems when testing the applica-
tion in such an environment.

The recommended erasure procedure of the
EPROM is the exposure to short wave ultraviolet
light which have a wave-length 2537A. The inte-
grated dose (i.e. U.V. intensity x exposure time) for
erasure should be a minimum of 15W-sec/cm2
The erasure time with this dosage is approximate
ly 30 minutes using an ultraviolet lamp with a
12000 mW/cm2 power rating. The devic> st.ould
be placed within 2.5 cm (1 inch) of the lemp tubes
during erasure.
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10.2 SOLDERING INFORMATION

In order to meet environmental requirements, ST
offers these devices in ECOPACK® packages.
These packages have a lead-free second level in-
terconnect. The category of second level intercon-
nect is marked on the package and on the inner
box label, in compliance with JEDEC Standard
JESD97. The maximum ratings related to solder-
ing conditions are also marked on the inner box la-
bel.

ECOPACK is an ST trademark. ECOPACK®
specifications are available at www.st.com.

224/230
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10.3 PACKAGE DESCRIPTION

Figure 92. 56-Pin Plastic Dual In-Line Package, Shrink 600-mil Width

i mm inches
Dim.
Min | Typ | Max | Min | Typ | Max
E A 6.35 0.250
- A1 |0.38 0.015
A2 A
i’ﬂ A2 |3.18 4.95 |0.125 0.195
A1 C
E1 b 0.41 0.016
A
5 b2 0.89 0.035 |
—A
MAMANMAAMAAMAAAANMAACA ACAAA £ C [0.20 0.38 |0.008 NC135)1
%? 0.015 D |50.29 53.21/1.980 20051
5 | Teaceriane| E 15.01 1051
E1 [12.32 14.7343‘%5 0.580
e 1'7P—l- 0.070
ISV I NI IS ISRV NIV IS VNIV IR NIV RIS IV WIN)Y, eA 15001 0.600
o8 eB [ 17.78 0.700
Co92 5.08 |0.115 0.200
! Number of Pins
N 56
Figure 93. 64-Pin Thin Quad Flat Package
D A i mm inches
I -7 A2 Dim. - -
D1 ~\ e Min | Typ | Max | Min | Typ | Max
o
HHAAAHAAAAAAR AL A | LA 1.60 0.063
- A1 |0.05 0.15 |0.002 0.006
T Q -l A2 |1.351.40 | 1.45 |0.053|0.055(0.057
— — b 0.30 | 0.37 | 0.45 [0.012]0.015[0.018
] m : : : : : :
(- . ¢ |0.09 0.20 |0.004 0.008
] M
— — . 16.00 0.630
T -l D1 14.00 0.551
E_j — E1 E
= i E 16.00 0.630
] | E1 14.00 0.551
(- T
— i 0.80 0.031
(- T 0 | 0° [35°| 7° | 0° |85 7°
| — 1
p— — } L |0.45|0.60 | 0.75 |0.018]0.024|0.030
L1 1.00 0.039
HHHHHHHHHHHHHHHH | Ly 3 -
L ¢ Number of Pins
A N 64
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PACKAGE DESCRIPTION (Cont'd)
Figure 94. 56-Pin Shrink Ceramic Dual In-Line Package, 600-mil Width

mm inches
Dim.
Min | Typ | Max | Min | Typ | Max
A 417 0.164
A1 | 0.76 0.030
- , B |0.38|0.46 | 0.56 [0.015/0.018|0.022
A B1 | 0.76 | 0.89 | 1.02 [0.030|0.035|0.040
(N Cc |023]|0.25]0.38 [0.009/0.010{0.015
D |50.04|50.80(51.56(1.970|2.000|2.030
] ) | —
= £ D1 48.01 1.890 |
B ] f [ E1 |14.48(14.99(15.49|0.570|0.590/< 6.0
e 1.78 0.072
D G2 G |t 14.12|14.38]14.63]0.Fo 1 C 5356]0.576
L ) G1 |18.69[18.95/19.2( |0.755(0.746(0.756
G2 1.4 | 0.045
Bl
o G3 11.054_*1.30[11.56 0.435(0.445|0.455
D G4 |15.11:1£.37/15.62|0.595|0.605(0.615
CDIP56SW L :_2’)2 5.08 [0.115 0.200
s | 1.40 0.055
; Number of Pins
N 56
Figure 95. 64-Pin Ceramic Quad Flat Package
mm inches
Dim
A Min | Typ | Max | Min | Typ | Max
Al A 3.27 0.129
G2
J I A1 0.50 0.020
— B |0.30|0.35]0.45 [0.012/0.014|0.018
T i €] N C |0.13|0.15|0.23 |0.005(0.006/0.009
| —
B == D |16.65/17.20{17.75[0.656(0.677|0.699
|| h—
| | D1 |13.57[13.97|14.37|0.534|0.550(0.566
G | DI p| D3 = D3 12.00 0.472
]
p—— e 0.80 0.031
| e —
e G 12.70 0.500
| =
1] ; = J G2 0.96 0.038
L |0.35|0.80 0.014/0.031
L 8.31 0.327
K Number of Pins
CQFP064W N 64
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10.4 ORDERING INFORMATION

The following section deals with the procedure for
transfer of customer codes to STMicroelectronics.

10.5 Transfer of Customer Code

Customer code is made up of the ROM contents.
The ROM contents are to be sent on diskette, or
by electronic means, with the hexadecimal file

Figure 96. Sales Type Coding Rules

generated by the development tool. All unused
bytes must be set to FFh.

The customer code should be communicated to
STMicroelectronics with the correctly completed
OPTION LIST appended.

The STMicroelectronics Sales Organization will be
pleased to provide detailed information on con-
tractual points.

Family (92163, 92E163, 92T163)

Number of pins

1
ROM size
Package
Temperature Range
— Device Characteristics———
,—ROM Code (three letters)
[ ST[ 92163 R] 4 B 1] L[ /] xxx]
|
|
L = 8-MHz Low Voltage Version | 1= Standard (0 in» +70°C) B = Plastic DIP 4 =20K | N=56 pins
V = 16-MHz Low Voltage Version| 0=25°C =~ D = Ceramic DIP R =64 pins
E = Without LVD function (for \ . G = Ceramic QFP
Normal Voltage Versions) T = Plastic TQFP
No letter = With LVD function (for |
Normal Voltage Versions) |
Table 39. Develown2nt Tools
Developme:ii Joul Sales Type Remarks

Real tin 3 emuiator’ ST92163-EMU2

EPKOM Programming Board

ST92E163-EPB/EU

ST92E163-EPB/US

220V Power Supply

110V Power Supply

Gang Programmer

ST92E16x-GP/DIP56

ST92E16x-GP/QFP

SDIP56 package

TQFP64 package

C Hiware Compiler and Debugger

ST9P-SWC/V4

for PC

Note 1: The emulator does not support Low Voltage Modes

4
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ST92163 OPTION LIST

Customer: ... ...
Address: ...
Contact: ... ... ...
PhoneNo: ........ ... .

*The ROM code name is assigned by STMicroelectronics.

STMicroelectronics reference:

Device (TQFP64): [1ST92163R4T1/xxx*
[1ST92163R4T1E/xxx*
[1ST92163R4T1L/xxx*
[1ST92163R4T1V/xxx*

Conditioning  [] Tray
[]1 Tape and reel

Die form: [ 1 Inked unscribed wafers
[ 1Inked and scribed wafers
*xxx = ROM code name

Software Development: [ 15 "\icioelectronics
(] “ustomer

[ ] External laboratory

ST logo 9263.x.% (line 1)

Special Niar'aag (line 2): [1No [lYes"__ _ _ ____________ !
For n.ark.ng, one line is possible with maximum 10 characters for TQFP64
Au horized characters are letters, digits, '.', '-', /' and spaces only.
Date ...
Signature ... ...
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11 SUMMARY OF CHANGES

Revision

Main changes Date

SCI synchronous mode max. frequency changed from 3 to 6 MHZ on page 1.
2.4 Added higher Fgyckin @nd Fryciin Mmax. values with special conditions to SCI timing table Jan 02
in Section 9 ELECTRICAL CHARACTERISTICS.

Changed status to “not for new design”.
Updated device summary on page 6

Changed DPR reset value to “undefined” in Table 7, “Detailed Register Map,” on page 22
Added Ecopack information in section 10.2 on page 224
Updated Section 10.4 ordering information

Apr 08

4

229/230




ST92163R4 - SUMMARY OF CHANGES

Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its < .osidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products 2.1 services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and ser rices described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and sericcs V'escribed herein.

No license, express or implied, by estoppel or otherwise, to any intellectual prper. iakts is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemec a lic :nse grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property containeu therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS “ND T“ONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE ANLC'CR 3ALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNE:'S FOX A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVEDP IM (VB.TING BY AN AUTHORIZED ST REPRESENTATIVE, ST PRODUCTS ARE NOT
RECOMMENDED, AUTHORIZED OFP WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING, OR LIFE
SUSTAINING APPLICATIONS. NG IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN
PERSONAL INJURY, DEAT1. OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT
SPECIFIED AS "AUTOMQ1.VL GRADE" MAY ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

Resale of ST pruducts with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warren'y aran‘ed by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liabil’y o/ ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.

Information in this document supersedes and replaces all information previously supplied.

The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.

© 2008 STMicroelectronics - All rights reserved

STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America

www.st.com
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