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Figure 3. 44-Pin LQFP Package Pinout
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4 FLASH PROGRAM MEMORY

4.1 Introduction

The ST7 dual voltage High Density Flash
(HDFlash) is a non-volatile memory that can be
electrically erased as a single block or by individu-
al sectors and programmed on a Byte-by-Byte ba-
sis using an external Vpp supply.

The HDFlash devices can be programmed and
erased off-board (plugged in a programming tool)
or on-board using ICP (In-Circuit Programming) or
IAP (In-Application Programming).

The array matrix organisation allows each sector
to be erased and reprogrammed without affecting
other sectors.

4.2 Main Features

m Three Flash programming modes:

— Insertion in a programming tool. In this mode,
all sectors including option bytes can be pro-
grammed or erased.

— ICP (In-Circuit Programming). In this mode, all
sectors including option bytes can be pro-
grammed or erased without removing the de-
vice from the application board.

— IAP (In-Application Programming) In this
mode, all sectors except Sector 0, can be pro-
grammed or erased without removing the de-
vice from the application board and while the
application is running.

m ICT (In-Circuit Testing) for downloading and
executing user application test patterns in RAM

m Read-out protection

m Register Access Security System (RASS) to
prevent accidental programming or erasing

4.3 Structure

The Flash memory is organised in sectors and can
be used for both code and data storage.

Depending on the overall Flash memory size in the
microcontroller device, there are up to three user

Figure 5. Memory Map and Sector Address

sectors (see Table 4). Each of these sectors can
be erased independently to avoid unnecessary
erasing of the whole Flash memory when only a
partial erasing is required.

The first two sectors have a fixed size of 4 Kbytes
(see Figure 5). They are mapped in the upper part
of the ST7 addressing space so the reset and in-
terrupt vectors are located in Sector 0 (FOOOh-
FFFFh).

Table 4. Sectors available in Flash devices

Flash Size (bytes) Available Sectors

4K Sector 0
8K Sectors 0,1
> 8K Sectors 0,1, 2

4.3.1 Read-out Protection

Read-out protection, when selected, provides a
protection against Program Memory content ex-
traction and against write access to Flash memo-
ry. Even if no protection can be considered as to-
tally unbreakable, the feature provides a very high
level of protection for a general purpose microcon-
troller.

In flash devices, this protection is removed by re-
programming the option. In this case, the entire
program memory is first automatically erased and
the device can be reprogrammed.

Read-out protection selection depends on the de-

vice type:

— In Flash devices it is enabled and removed
through the FMP_R bit in the option byte.

— In ROM devices it is enabled by mask option
specified in the Option List.

Note: In flash devices, the LVD is not supported if
read-out protection is enabled.

4K 8K 10K 16K 24K 32K 48K 60K <« FLASH
1000h., " S~ Y~ N~ S~ ~ ~ MEMORY SIZE
BFFFh . _ o o o o e e e e e e e e o2
TFFFh . o o o o L o o e e e e e e e e e — oo
PN e 4 SECTOR 2
BFFFh. _ _ _ - - o - - .
D7FFh. _ _ - _ _ - _ _ _ _
DFFFh. . . . _ 2 Kbytes | 8 Kbytes | 16 Kbytes | 24 Kbytes | 40 Kbytes | 52 Kbytes
EFFFh 4 Kbytes <« SECTOR 1
" EFFER 4 Kbytes <4~ SECTOR 0
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FLASH PROGRAM MEMORY (Cont'd)

4.5 ICP (In-Circuit Programming)

To perform ICP the microcontroller must be
switched to ICC (In-Circuit Communication) mode
by an external controller or programming tool.

Depending on the ICP code downloaded in RAM,
Flash memory programming can be fully custom-
ized (number of bytes to program, program loca-
tions, or selection serial communication interface
for downloading).

When using an STMicroelectronics or third-party
programming tool that supports ICP and the spe-
cific microcontroller device, the user needs only to
implement the ICP hardware interface on the ap-
plication board (see Figure 6). For more details on
the pin locations, refer to the device pinout de-
scription.

4.6 IAP (In-Application Programming)

This mode uses a BootLoader program previously
stored in Sector 0 by the user (in ICP mode or by
plugging the device in a programming tool).

This mode is fully controlled by user software. This
allows it to be adapted to the user application, (us-
er-defined strategy for entering programming
mode, choice of communications protocol used to
fetch the data to be stored, etc.). For example, it is

possible to download code from the SPI, SCI, USB
or CAN interface and program it in the Flash. IAP
mode can be used to program any of the Flash
sectors except Sector 0, which is write/erase pro-
tected to allow recovery in case errors occur dur-
ing the programming operation.

4.7 Related Documentation

For details on Flash programming and ICC proto-
col, refer to the ST7 Flash Programming Refer-
ence Manual and to the ST7 ICC Protocol Refer-
ence Manual.

4.7.1 Register Description
FLASH CONTROL/STATUS REGISTER (FCSR)

Read/Write
Reset Value: 0000 0000 (00h)

7 0

0 0 0 0 0 0 0 0

This register is reserved for use by Programming
Tool software. It controls the Flash programming
and erasing operations.

Figure 7. Flash Control/Status Register Address and Reset Value

Address Register
(Hex.) Label 7 6 5 4 3 2 1 0
FCSR
0029h Reset Value 0 0 0 0 0 0 0 0
20/193 IS77
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SYSTEM INTEGRITY MANAGEMENT (Cont'd)
6.4.2 Auxiliary Voltage Detector (AVD)

The Voltage Detector function (AVD) is based on
an analog comparison between a Vir_aypy and
ViT+(avp) reference value and the Vpp main sup-
ply or the external EVD pin voltage level (Vgyp).
The V1. reference value for falling voltage is lower
than the V1, reference value for rising voltage in
order to avoid parasitic detection (hysteresis).

The output of the AVD comparator is directly read-
able by the application software through a real
time status bit (AVDF) in the SICSR register. This
bit is read only.

Caution: The AVD function is active only if the
LVD is enabled through the option byte.

6.4.2.1 Monitoring the Vpp Main Supply

This mode is selected by clearing the AVDS bit in
the SICSR register.

The AVD voltage threshold value is relative to the
selected LVD threshold configured by option byte
(see section 14.1 on page 175).

If the AVD interrupt is enabled, an interrupt is gen-
erated when the voltage crosses the V1, avp) of
VIT-(AVD) threshold (AVDF bit toggles).

In the case of a drop in voltage, the AVD interrupt
acts as an early warning, allowing software to shut
down safely before the LVD resets the microcon-
troller. See Figure 16.

The interrupt on the rising edge is used to inform
the application that the Vyp warning state is over.

If the voltage rise time t,, is less than 256 or 4096
CPU cycles (depending on the reset delay select-
ed by option byte), no AVD interrupt will be gener-
ated when V|1, avp) is reached.

If t,, is greater than 256 or 4096 cycles then:

— If the AVD interrupt is enabled before the
Vit+(avp) threshold is reached, then 2 AVD inter-
rupts wilf be received: the first when the AVDIE
bit is set, and the second when the threshold is
reached.

— Ifthe AVD interrupt is enabled after the Vi1, (avp
threshold is reached then only one AVD interrupg
will occur.

Figure 16. Using the AVD to Monitor Vpp (AVDS bit=0)
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]
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INTERRUPTS (Contd)

7.5 INTERRUPT REGISTER DESCRIPTION

CPU CC REGISTER INTERRUPT BITS
Read/Write
Reset Value: 111x 1010 (xAh)

7 0

1 1 }] H 10 N 4 C

Bit 5, 3 =11, 10 Software Interrupt Priority

These two bits indicate the current interrupt soft-
ware priority.

Interrupt Software Priority | Level 1 10
Level 0 (main) Low 1 0
Level 1 L 0 1
Level 2 0 0
Level 3 (= interrupt disable*) | High 1 1

These two bits are set/cleared by hardware when
entering in interrupt. The loaded value is given by
the corresponding bits in the interrupt software pri-
ority registers (ISPRx).

They can be also set/cleared by software with the
RIM, SIM, HALT, WFI, IRET and PUSH/POP in-
structions (see “Interrupt Dedicated Instruction
Set” table).

*Note: TLI, TRAP and RESET events can interrupt
a level 3 program.

4

INTERRUPT SOFTWARE PRIORITY REGIS-
TERS (ISPRX)

Read/Write (bit 7:4 of ISPR3 are read only)

Reset Value: 1111 1111 (FFh)
7 0

ISPRO |11_3 (103 (1_2([10_2|11_1]l10_1|11_0]10_0

ISPR1 1_7(10_7|(11_6[10_6|11_5]|10_.5|11_4]10_4

ISPR2 [11_11(10_11{11_10{l0_10{11_9|10_9|11_8|10_8

ISPR3 1 1 1 1 [M_13|l0_13|I1_12]l0_12

These four registers contain the interrupt software
priority of each interrupt vector.

— Each interrupt vector (except RESET and TRAP)
has corresponding bits in these registers where
its own software priority is stored. This corre-
spondance is shown in the following table.

ISPRXx bits

11_0 and 10_0 bits*
11_1 and 10_1 bits

Vector address

FFFBh-FFFAR
FFF9h-FFF8h

FFE1h-FFEOh

11_13 and 10_13 bits

— Each 11_x and 10_x bit value in the ISPRXx regis-
ters has the same meaning as the 11 and 10 bits
in the CC register.

— Level 0 can not be written (11_x=1, 10_x=0). In
this case, the previously stored value is kept. (ex-
ample: previous=CFh, write=64h, result=44h)

The TLI, RESET, and TRAP vectors have no soft-
ware priorities. When one is serviced, the I1 and 10
bits of the CC register are both set.

*Note: Bits in the ISPRx registers which corre-
spond to the TLI can be read and written but they
are not significant in the interrupt process man-
agement.

Caution: If the [1_x and 10_x bits are modified
while the interrupt x is executed the following be-
haviour has to be considered: If the interrupt x is
still pending (new interrupt or flag not cleared) and
the new software priority is higher than the previ-
ous one, the interrupt x is re-entered. Otherwise,
the software priority stays unchanged up to the
next interrupt request (after the IRET of the inter-
rupt x).
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INTERRUPTS (Cont’d)

Figure 22. External Interrupt Control bits

PORT A [3:0] INTERRUPTS EICR
PAOR.3 1S20 | 1S21
PADDR.
3 »| SENSITIVITY PA3
PA3
| jD ™ CconTROL | _PA2
| ’7 PAT
PAO
| IPA BIT ' —»Z _
| ——
| _ |
PORT F [2:0] INTERRUPTS EICR
PFOR.2 IS20 | 1S21
PFDDR2 SENSITIVITY PF2
PF2 O »  CONTROL PF1
[ PFO M
[
| R
[
PORT B [3:0] INTERRUPTS EICR
PBOR.3 Is10 | 1S11
PBDDR.3 |_> SENSITIVITY PB3
PB3
)D—’ CONTROL PB2
[ r PB1
| PBO
| IPB BIT —
[
PORT B [7:4] INTERRUPTS EICR
PBOR.7 [: IS10 | I1S11
PEDDR7 \_> SENSITIVITY PB7
PB7 OO > CONTROL

ei0 INTERRUPT SOURCE

ei1l INTERRUPT SOURCE

ei2 INTERRUPT SOURCE

€i3 INTERRUPT SOURCE
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8 POWER SAVING MODES

8.1 INTRODUCTION

To give a large measure of flexibility to the applica-
tion in terms of power consumption, four main
power saving modes are implemented in the ST7
(see Figure 23): SLOW, WAIT (SLOW WAIT), AC-
TIVE HALT and HALT.

After a RESET the normal operating mode is se-
lected by default (RUN mode). This mode drives
the device (CPU and embedded peripherals) by
means of a master clock which is based on the
main oscillator frequency divided or multiplied by 2
(fosca)-

From RUN mode, the different power saving
modes may be selected by setting the relevant
register bits or by calling the specific ST7 software
instruction whose action depends on the oscillator
status.

Figure 23. Power Saving Mode Transitions

4 Hign
RUN

SLowW
WAIT
SLOW WAIT

ACTIVE HALT

HALT

Low
POWER CONSUMPTION

4

8.2 SLOW MODE

This mode has two targets:

— To reduce power consumption by decreasing the
internal clock in the device,

— To adapt the internal clock frequency (fcpy) to
the available supply voltage.

SLOW mode is controlled by three bits in the
MCCSR register: the SMS bit which enables or
disables Slow mode and two CPx bits which select
the internal slow frequency (fcpy).

In this mode, the master clock frequency (fosco)
can be divided by 2, 4, 8 or 16. The CPU and pe-
ripherals are clocked at this lower frequency
(fepu)-

Note: SLOW-WAIT mode is activated when enter-

ing the WAIT mode while the device is already in
SLOW mode.

Figure 24. SLOW Mode Clock Transitions

fosco/2 foscol4

fepu . .
fosce _MUTLMUTLMUMLILATLL L LALLALLAUL

fosce

o . v
& CP1:0 00 > 01
C§> SMS [ N
T NORMAL RUN MODE
NEW SLOW REQUEST
FREQUENCY
REQUEST
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10 ON-CHIP PERIPHERALS

10.1 WATCHDOG TIMER (WDG)

10.1.1 Introduction

The Watchdog timer is used to detect the occur-
rence of a software fault, usually generated by ex-
ternal interference or by unforeseen logical condi-
tions, which causes the application program to
abandon its normal sequence. The Watchdog cir-
cuit generates an MCU reset on expiry of a pro-
grammed time period, unless the program refresh-
es the counter’'s contents before the T6 bit be-
comes cleared.

10.1.2 Main Features
m Programmable free-running downcounter
m Programmable reset

m Reset (if watchdog activated) when the T6 bit
reaches zero

m Optional reset on  HALT
(configurable by option byte)

m Hardware Watchdog selectable by option byte

instruction

10.1.3 Functional Description

The counter value stored in the Watchdog Control
register (WDGCR bits T[6:0]), is decremented
every 16384 fogoo cycles (approx.), and the
length of the timeout period can be programmed
by the user in 64 increments.

Figure 32. Watchdog Block Diagram

If the watchdog is activated (the WDGA bit is set)
and when the 7-bit timer (bits T[6:0]) rolls over
from 40h to 3Fh (T6 becomes cleared), it initiates
a reset cycle pulling the reset pin low for typically
30us.

The application program must write in the
WDGCR register at regular intervals during normal
operation to prevent an MCU reset. This down-
counter is free-running: it counts down even if the
watchdog is disabled. The value to be stored in the
WDGCR register must be between FFh and COh:

— The WDGA bit is set (watchdog enabled)

— The T6 bit is set to prevent generating an imme-
diate reset

— The T[5:0] bits contain the number of increments
which represents the time delay before the
watchdog produces a reset (see Figure 2. Ap-
proximate Timeout Duration). The timing varies
between a minimum and a maximum value due
to the unknown status of the prescaler when writ-
ing to the WDGCR register (see Figure 3).

Following a reset, the watchdog is disabled. Once
activated it cannot be disabled, except by a reset.

The T6 bit can be used to generate a software re-
set (the WDGA bit is set and the T6 bit is cleared).

If the watchdog is activated, the HALT instruction
will generate a Reset.

RESET
fosco
MCC/RTC
-r— - — 1T — — — — 1
| | WATCHDOG CONTROL REGISTER (WDGCR)
| DIV 64 | |WDGA T6 | T5 | T4 | T3 | T2 | T1 | TO
| | 6-BIT DOWNCOUNTER (CNT) |
A
| |
| 12-BIT MCC |
| RTC COUNTER | WDG PRESCALER
TBI[1:0] bits DIV 4
MSB
| 11| 1 |S| |6|;| |L$B 1 (MCCSR | y
Reglster)
L — — — | — — _negeer 1
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MAIN CLOCK CONTROLLER WITH REAL TIME CLOCK (Cont'd)

10.2.5 Low Power Modes

Bit 6:5 = CP[1:0] CPU clock prescaler

These bits select the CPU clock prescaler which is
applied in the different slow modes. Their action is
conditioned by the setting of the SMS bit. These
two bits are set and cleared by software

Mode Description

No effect on MCC/RTC peripheral.

WAIT MCC/RTC interrupt cause the device to exit
from WAIT mode.
No effect on MCC/RTC counter (OIE bit is

ACTIVE- | set), the registers are frozen.

HALT MCC/RTC interrupt cause the device to exit
from ACTIVE-HALT mode.
MCC/RTC counter and registers are frozen.

HALT MCC/RTC operation resumes when the
MCU is woken up by an interrupt with “exit
from HALT” capability.

fcpy in SLOW mode CP1 CPO
fosca/2 0 0
fosco/ 4 0 1
fosca /8 1 0
fosce /16 1 1

10.2.6 Interrupts

The MCC/RTC interrupt event generates an inter-
rupt if the OIE bit of the MCCSR register is set and
the interrupt mask in the CC register is not active
(RIM instruction).

Event Enable| Exit Exit

Interrupt Event Fla Control| from | from

9 | Bit | wait | Halt

Time base overflow OIF OIE Yes No 1)
event
Note:

The MCC/RTC interrupt wakes up the MCU from
ACTIVE-HALT mode, not from HALT mode.

10.2.7 Register Description

MCC CONTROL/STATUS REGISTER (MCCSR)
Read/Write

Reset Value: 0000 0000 (00h,

7 0

MCO SMS | TB1

CP1 ‘ CPO

TBO | OIE | OIF

Bit 7 = MCO Main clock out selection

This bit enables the MCO alternate function on the

PFO I/O port. It is set and cleared by software.

0: MCO alternate function disabled (I/O pin free for
general-purpose 1/O)

1: MCO alternate function enabled (fcpy on I/O
port)

Note: To reduce power consumption, the MCO
function is not active in ACTIVE-HALT mode.

58/193

Bit 4 = SMS Slow mode select

This bit is set and cleared by software.

0: Normal mode. fepy = fosca

1: Slow mode. fcpy is given by CP1, CPO

See Section 8.2 SLOW MODE and Section 10.2
MAIN CLOCK CONTROLLER WITH REAL TIME
CLOCK AND BEEPER (MCC/RTC) for more de-
tails.

Bit 3:2 = TB[1:0] Time base control

These bits select the programmable divider time
base. They are set and cleared by software.

Time Base
fosca =4MHz | fogco=8MHz
16000 4ms 2ms 0 0
32000 8ms 4ms 0 1
80000 20ms 10ms 1 0
200000 50ms 25ms 1 1

A modification of the time base is taken into ac-
count at the end of the current period (previously
set) to avoid an unwanted time shift. This allows to
use this time base as a real time clock.

Bit 1 = OIE Oscillator interrupt enable

This bit set and cleared by software.

0: Oscillator interrupt disabled

1: Oscillator interrupt enabled

This interrupt can be used to exit from ACTIVE-
HALT mode.

When this bit is set, calling the ST7 software HALT
instruction enters the ACTIVE-HALT power saving
mode.

4
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SERIAL PERIPHERAL INTERFACE (Cont'd)
10.5.5 Error Flags
10.5.5.1 Master Mode Fault (MODF)
Master mode fault occurs when the master device
has its SS pin pulled low.
When a Master mode fault occurs:

— The MODF bit is set and an SPI interrupt re-

quest is generated if the SPIE bit is set.

— The SPE bit is reset. This blocks all output
from the device and disables the SPI periph-
eral.

— The MSTR bit is reset, thus forcing the device
into slave mode.

Clearing the MODF bit is done through a software
sequence:

1. A read access to the SPICSR register while the
MODF bit is set.

2. A write to the SPICR register.

Notes: To avoid any conflicts in an application
with multiple slaves, the SS pin must be pulled
high during the MODF bit clearing sequence. The

SPE and MSTR bits may be restored to their orig-
inal state during or after this clearing sequence.

Hardware does not allow the user to set the SPE
and MSTR bits while the MODF bit is set except in
the MODF bit clearing sequence.

10.5.5.2 Overrun Condition (OVR)

An overrun condition occurs, when the master de-
vice has sent a data byte and the slave device has

not cleared the SPIF bit issued from the previously
transmitted byte.

When an Overrun occurs:

— The OVR bit is set and an interrupt request is
generated if the SPIE bit is set.

In this case, the receiver buffer contains the byte
sent after the SPIF bit was last cleared. A read to
the SPIDR register returns this byte. All other
bytes are lost.

The OVR bit is cleared by reading the SPICSR
register.

10.5.5.3 Write Collision Error (WCOL)

A write collision occurs when the software tries to
write to the SPIDR register while a data transfer is
taking place with an external device. When this
happens, the transfer continues uninterrupted;
and the software write will be unsuccessful.

Write collisions can occur both in master and slave
mode. See also Section 10.5.3.2 Slave Select
Management.

Note: a "read collision" will never occur since the
received data byte is placed in a buffer in which
access is always synchronous with the MCU oper-
ation.

The WCOL bit in the SPICSR register is set if a
write collision occurs.

No SPI interrupt is generated when the WCOL bit
is set (the WCOL bit is a status flag only).

Clearing the WCOL bit is done through a software
sequence (see Figure 58).

Figure 58. Clearing the WCOL bit (Write Collision Flag) Software Sequence

1st Step Read SPICSR
Y RESULT
2nd Step SPIF =0
Read SPIDR WCOL=0

Clearing sequence after SPIF = 1 (end of a data byte transfer)

Clearing sequence before SPIF = 1 (during a data byte transfer)

Read SPICSR
1st Step
i RESULT :\lot.e: :Nri(tjing]jc to tr:f SEtII?jR regis:[
er instead or reading It aoes no
2nd Step Read SPIDR | | wCOL=0 | reset the WCOL bit

4
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SERIAL COMMUNICATION INTERFACE (Cont'd)
Table 23. SCI Register Map and Reset Values

Address Register
(Hex.) Label 7 6 5 4 3 2 1 0
0050h SCISR TDRE TC RDRF IDLE OVR NF FE PE
Reset Value 1 1 0 0 0 0 0 0
0051h | SCIDR MSB LSB
Reset Value X X X X X X X X
0052h SCIBRR SCP1 SCPO SCT2 SCTH1 SCTO SCR2 SCR1 SCRO
Reset Value 0 0 0 0 0 0 0 0
0053h SCICR1 R8 T8 SCID M WAKE PCE PS PIE
Reset Value X 0 0 0 0 0 0 0
0054h SCICR2 TIE TCIE RIE ILIE TE RE RWU SBK
Reset Value 0 0 0 0 0 0 0 0
SCIERPR MSB LSB
0055h Reset Value 0 0 0 0 0 0 0 0
SCIPETPR MSB LSB
0057h Reset Value 0 0 0 0 0 0 0 0
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I2C BUS INTERFACE (Cont'd)

Figure 66. Transfer Sequencing
7-bit Slave receiver:

| S | Address | A Datat ‘ A Data2 | A DataN A P ]

EV1 EV2 EV2 EV2 EV4 |

7-bit Slave transmitter:
|S|Address |A Data1 |A Data2 |A DataN | NA P

EV1 | EV3 EV3 EV3 EV3-1 EV4 |

7-bit Master receiver:

|? Address | A Datal | A Data2 | A DataN | NA T|

EV5 EV6 EV7 EV7 EV7

7-bit Master transmitter:

|? Address| A Datat \ A Data2 ] A DataN | A ?|

EV5 EV6 | EV8 EVS EVS EV8

10-bit Slave receiver:

|S|Header |A ‘Address ‘A Dataf |A DataN |A [P ]
EV1 Ev2| EV2 EV4|

10-bit Slave transmitter: :

___________________

S;| Header [ A Datat | A __[pataN [A P |

EV1 \ EV3 EV3| - EV3-1 EV4 |

10-bit Master transmitter

|? Header | A Addressl A Data1 | A DataN A T'

EV5 EV9 EV6 ] EVS EVS } o EVS

10-bit Masterreceiver:——m - - - - - - - - - - -+ - - - -
L’?r Header | A Data1 | A DataN | A ?‘

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.
EV3: EVF=1, BTF=1, cleared by reading SR1 register followed by writing DR register.

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 by writing DR register (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.

EV5: EVF=1, SB=1, cleared by reading SR1 register followed by writing DR register.

EV6: EVF=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.

EV8: EVF=1, BTF=1, cleared by reading SR1 register followed by writing DR register.

EV9: EVF=1, ADD10=1, cleared by reading SR1 register followed by writing DR register.
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11 INSTRUCTION SET

11.1 CPU ADDRESSING MODES

The CPU features 17 different addressing modes

which can be classified in seven main groups:

Addressing Mode Example
Inherent nop
Immediate Id A#3$55
Direct Id A,$55
Indexed Id A,($55,X)
Indirect Id A,([$55],X)
Relative jrne loop

Bit operation bset byte,#5

The CPU Instruction set is designed to minimize
the number of bytes required per instruction: To do

Table 26. CPU Addressing Mode Overview

so, most of the addressing modes may be subdi-
vided in two submodes called long and short:

— Long addressing mode is more powerful be-
cause it can use the full 64 Kbyte address space,
however it uses more bytes and more CPU cy-
cles.

— Short addressing mode is less powerful because
it can generally only access page zero (0000h -
00FFh range), but the instruction size is more
compact, and faster. All memory to memory in-
structions use short addressing modes only
(CLR, CPL, NEG, BSET, BRES, BTJT, BTJF,
INC, DEC, RLC, RRC, SLL, SRL, SRA, SWAP)

The ST7 Assembler optimizes the use of long and
short addressing modes.

Mode Syntax Destination ::é:;i; Poi(r::rx-?ize :-;\r(‘tgetsr;
(Hex.)
Inherent nop +0
Immediate Id A,#$55 +1
Short Direct Id A$10 00..FF +1
Long Direct Id A,$1000 0000..FFFF +2
No Offset Direct Indexed | Id A,(X) 00..FF +0
Short Direct Indexed | Id A,($10,X) 00..1FE +1
Long Direct Indexed | Id A,($1000,X) 0000..FFFF +2
Short Indirect Id A,[$10] 00..FF 00..FF byte +2
Long Indirect Id A,[$10.w] 0000..FFFF | 00..FF word +2
Short Indirect | Indexed | Id A,([$10],X) 00..1FE 00..FF byte +2
Long Indirect | Indexed | Id A,([$10.w],X) 0000..FFFF | 00..FF word +2
Relative Direct jrne loop PC+/-127 +1
Relative Indirect jme [$10] PC+/-127 00..FF byte +2
Bit Direct bset $10,#7 00..FF +1
Bit Indirect bset [$10],#7 00..FF 00..FF byte +2
Bit Direct Relative | btjt $10,#7,skip 00..FF +2
Bit Indirect | Relative | btjt [$10],#7,skip | 00..FF 00..FF byte +3
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INSTRUCTION SET OVERVIEW (Cont’d)

11.1.1 Inherent

All Inherent instructions consist of a single byte.
The opcode fully specifies all the required informa-

tion for the CPU to process the operation.

Inherent Instruction

Function

NOP No operation

TRAP S/W Interrupt

WEI Z\:e;\i/tlolijoer)lnterrupt (Low Pow-
HALT rﬂilctj eO)scillator (Lowest Power
RET Sub-routine Return

IRET Interrupt Sub-routine Return
SIM Set Interrupt Mask (level 3)
RIM Reset Interrupt Mask (level 0)
SCF Set Carry Flag

RCF Reset Carry Flag

RSP Reset Stack Pointer

LD Load

CLR Clear

PUSH/POP Push/Pop to/from the stack
INC/DEC Increment/Decrement

TNZ Test Negative or Zero

CPL, NEG 1 or 2 Complement

MUL Byte Multiplication

SLL, SRL, SRA, RLC,
RRC

Shift and Rotate Operations

SWAP

Swap Nibbles

11.1.2 Immediate

Immediate instructions have 2 bytes, the first byte
contains the opcode, the second byte contains the

operand value.

Immediate Instruction Function
LD Load

CcpP Compare

BCP Bit Compare

AND, OR, XOR Logical Operations

ADC, ADD, SUB, SBC

Arithmetic Operations

4

11.1.3 Direct

In Direct instructions, the operands are referenced
by their memory address.

The direct addressing mode consists of two sub-
modes:

Direct (short)

The address is a byte, thus requires only one byte
after the opcode, but only allows 00 - FF address-
ing space.

Direct (long)

The address is a word, thus allowing 64 Kbyte ad-

dressing space, but requires 2 bytes after the op-
code.

11.1.4 Indexed (No Offset, Short, Long)

In this mode, the operand is referenced by its
memory address, which is defined by the unsigned
addition of an index register (X or Y) with an offset.

The indirect addressing mode consists of three
submodes:

Indexed (No Offset)

There is no offset, (no extra byte after the opcode),
and allows 00 - FF addressing space.

Indexed (Short)

The offset is a byte, thus requires only one byte af-
ter the opcode and allows 00 - 1FE addressing
space.

Indexed (long)

The offset is a word, thus allowing 64 Kbyte ad-
dressing space and requires 2 bytes after the op-
code.

11.1.5 Indirect (Short, Long)

The required data byte to do the operation is found
by its memory address, located in memory (point-
er).

The pointer address follows the opcode. The indi-
rect addressing mode consists of two submodes:

Indirect (short)

The pointer address is a byte, the pointer size is a
byte, thus allowing 00 - FF addressing space, and
requires 1 byte after the opcode.

Indirect (long)

The pointer address is a byte, the pointer size is a
word, thus allowing 64 Kbyte addressing space,
and requires 1 byte after the opcode.
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12.2 ABSOLUTE MAXIMUM RATINGS

Stresses above those listed as “absolute maxi- tions is not implied. Exposure to maximum rating
mum ratings” may cause permanent damage to conditions for extended periods may affect device
the device. This is a stress rating only and func- reliability.

tional operation of the device under these condi-
12.2.1 Voltage Characteristics

Symbol Ratings Maximum value Unit
Vpp - Vss Supply voltage 6.5
Vpp - Vgs Programming Voltage 13 y
Vin 1)8&2) Input Voltage on true open drain pin Vgs-0.3106.5
Input voltage on any other pin Vgs-0.3 to Vpp+0.3
IAVppyl and IAVgg,| | Variations between different digital power pins 50 v
m
Vssa - Vssx! Variations between digital and analog ground pins 50
\ Electro-static discharge voltage (Human Body Model
ESD(HEM) — 9 ge - y ) see section 12.7.3 on page 155
VEsSD(MM) Electro-static discharge voltage (Machine Model)

12.2.2 Current Characteristics

Symbol Ratings Maximum value Unit
lvbp Total current into Vpp power lines (source) ) 150 mA
lvss Total current out of Vgg ground lines (sink) % 150

Output current sunk by any standard I/O and control pin 25
o Output current sunk by any high sink 1/0O pin 50
Output current source by any I/Os and control pin -25
Injected current on Vpp pin +5
Injected current on RESET pin +5 mA
Iingcpingy 2 & Injected current on OSC1 and OSC2 pins +5
Injected current on PBO (Flash devices only) +5
Injected current on any other pin 5)46) +5
Zhngepiny 2 Total injected current (sum of all I/O and control pins) % +25

Notes:

1. Directly connecting the RESET and /O pins to Vpp or Vgg could damage the device if an unintentional internal reset
is generated or an unexpected change of the I/O configuration occurs (for example, due to a corrupted program counter).
To guarantee safe operation, this connection has to be done through a pull-up or pull-down resistor (typical: 4.7kQ for
RESET, 10kQ for I/Os). For the same reason, unused /O pins must not be directly tied to Vpp or Vgg.

2. linypiny Must never be exceeded. This is implicitly insured if V,y maximum is respected. If V;y maximum cannot be
respecte&, the injection current must be limited externally to the I)y pin) value. A positive injection is induced by V|N>Vpp
while a negative injection is induced by V,y<Vgg. For true open-drain pads, there is no positive injection current, and the
corresponding V|y maximum must always be respected

3. All power (Vpp) and ground (Vgg) lines must always be connected to the external supply.

4. Negative injection disturbs the analog performance of the device. See note in “ADC Accuracy” on page 170.

For best reliability, it is recommended to avoid negative injection of more than 1.6mA.

5. When several inputs are submitted to a current injection, the maximum Iy e is the absolute sum of the positive
and negative injected currents (instantaneous values). These results are based on Characterisation with ZIjy ey maxi-
mum current injection on four I/O port pins of the device.

6. True open drain 1/O port pins do not accept positive injection.
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SUPPLY CURRENT CHARACTERISTICS (Cont'd)

12.4.1.1 Power Consumption vs fcpy: Flash Devices

Figure 72. Typical Ipp in RUN mode

Figure 74. Typical Ipp in WAIT mode

—e— 8MHz

—=— 4MHz

—&—2MHz
—e— 1MHz

Idd (mA)
o - nN w £ (6] (] ~ o] ©

k/r//‘/r//':k:ﬁ

P S S

3.2 3.6 4 4.4 4.8 52 55
vdd (V)

Figure 73. Typical Ipp in SLOW mode

1.20

1.00

0.80

Idd (mA)

0.00

—e—500kHz

—a— 250kHz

—&— 125kHz /

—e—62.5kHz /  a

0.60

0.40 4

0.20

./'/:/./././

3.2 3.6 4 4.4 4.8 5.2 55
vdd (V)

6

—e— 8MHz

—a— 4MHz
—a—2MHz

—0—1MH2/
./
‘/‘_/./"/*/t/‘

P s

3.2 3.6 4 4.4 4.8 5.2 55
Vdd (V)

Figure 75. Typ. Ipp in SLOW-WAIT mode

4

120 | —#—500kHz
—a— 250kHz

100 || —&—125kHz "
. —e—62.5kHz .//  a
0.60 1 ././././././
0.40 1
0.20 |
0.00 ‘ ‘ ‘ ‘ ‘ ‘

32 36 4 44 48 52 55

vdd (V)
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12.8 /0 PORT PIN CHARACTERISTICS

12.8.1 General Characteristics
Subject to general operating conditions for Vpp, fogc, and Tp unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
Vi Input low level voltage " 0.3xVpp
ViH Input high level voltage ) CMOS ports 0.7xVpp \Y
Vhys Schmitt trigger voltage hysteresis 2) 0.7
Injected Current on PC6 (Flash de- 0 +4
|INJ(PIN)3) vices only)
Injected Current on an 1/O pin Vpp=5V x4 mA
3)| Total injected current (sum of all I/O
e | and control pins) 25
I Input leakage current Vgs< ViN< Vpp +1 A
Is Static current consumption Floating input mode 4 400 H
Rpu Weak pull-up equivalent resistor® | Vj\=Vgs Vpp=5V 50 120 250 kQ
Cio 1/0 pin capacitance 5 pF
tiojout | Output high to low level fall time ¥ | ¢, =50pF 25
i ise time ¥ | B 10% and 90° ns
tiojout | Output low to high level rise time etween 10% and 90% 25
twamin | External interrupt pulse time 6) 1 tcpu
Figure 81. Unused 1/Os configured as input Figure 82. Typical lpy vs. Vpp with V|y=Vgg
90
Vop ST7XXX 80 | —o—Ta=140%C
_gTa=95°C
10kQ 70 T _, Ta=25°C A
UNUSED I/O PORT 60 | TeTee 5
< 50
UNUSED /0 PORT =1 40
é 30 4
— ST7XXX 20 -
Note: I/O can be left unconnected if it is configured as output 101
(0 or 1) by the software. This has the advantage of 0 . . . . . . .
greater EMC robustness and lower cost. 2 25 3 35 4 45 5 55 &
Vdd(V)

Notes:
1. Data based on characterization results, not tested in production.

2. Hysteresis voltage between Schmitt trigger switching levels. Based on characterization results, not tested.

3. When the current limitation is not possible, the V,y maximum must be respected, otherwise refer to l,pin) specifica-
tion. A positive injection is induced by V\>Vpp while a negative injection is induced by V|y<Vgs. Refer to section 12.2.2
on page 139 for more details.

4. Configuration not recommended, all unused pins must be kept at a fixed voltage: using the output mode of the 1/O for
example and leaving the I/O unconnected on the board or an external pull-up or pull-down resistor (see Figure 81). Static
peak current value taken at a fixed V| value, based on design simulation and technology characteristics, not tested in
production. This value depends on Vpp and temperature values.

5. The Rpy pull-up equivalent resistor is based on a resistive transistor (corresponding lpy current characteristics de-
scribed in Figure 82).

6. To generate an external interrupt, a minimum pulse width has to be applied on an I/O port pin configured as an external
interrupt source.

4
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ADC CHARACTERISTICS (Cont'd)

12.12.1 Analog Power Supply and Reference
Pins

Depending on the MCU pin count, the package
may feature separate Vagrgr and Vggp analog
power supply pins. These pins supply power to the
A/D converter cell and function as the high and low
reference voltages for the conversion.

Separation of the digital and analog power pins al-
low board designers to improve A/D performance.
Conversion accuracy can be impacted by voltage
drops and noise in the event of heavily loaded or
badly decoupled power supply lines (see Section
12.12.2 General PCB Design Guidelines).

12.12.2 General PCB Design Guidelines

To obtain best results, some general design and
layout rules should be followed when designing
the application PCB to shield the noise-sensitive,
analog physical interface from noise-generating
CMOS logic signals.

— Use separate digital and analog planes. The an-
alog ground plane should be connected to the
digital ground plane via a single point on the
PCB

Figure 99. Power Supply Filtering

— Filter power to the analog power planes. It is rec-
ommended to connect capacitors, with good high
frequency characteristics, between the power
and ground lines, placing 0.1pF and optionally, if
needed 10pF capacitors as close as possible to
the ST7 power supply pins and a 1 to 10pF ca-
pacitor close to the power source (see Figure
99).

— The analog and digital power supplies should be
connected in a star network. Do not use a resis-
tor, as VaRgr is used as a reference voltage by
the A/D converter and any resistance would
cause a voltage drop and a loss of accuracy.

— Properly place components and route the signal
traces on the PCB to shield the analog inputs.
Analog signals paths should run over the analog
ground plane and be as short as possible. Isolate
analog signals from digital signals that may
switch while the analog inputs are being sampled
by the A/D converter. Do not toggle digital out-
puts on the same I/O port as the A/D input being
converted.

110 10uF

ST7
DIGITAL NOISE

+ FILTERING

Vbp

L

POWER
SUPPLY
SOURCE

EXTERNAL
NOISE
FILTERING

ST72XXX

0.1LLF I_]VSS
17

Vbp
—]
0.1pF I_]VAREF
1

Vssa
—]

4
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PACKAGE MECHANICAL DATA (Cont'd)
Figure 103. 44-Pin Low Profile Quad Flat Package

| o

L: AARAAAAAAAA

E E E1 E

= =

= O =]
HHHHHHHHHHH 4

L1

Al

/d g[>

mm inches”

Dim.

Min | Typ | Max | Min Typ | Max
A 1.60 0.0630
A1 | 0.05 0.15 (0.0020 0.0059
A2 |(1.35(1.40 | 1.45|0.0531 |0.0551 [0.0571
b |0.30|0.37 | 0.45|0.0118 |0.0146 |0.0177
C |[0.09 0.20 (0.0035 0.0079
D 12.00 0.4724
D1 10.00 0.3937
E 12.00 0.4724
E1 10.00 0.3937
e 0.80 0.0315

0° | 35| 7° 0° 3.5° 7°

0.45 | 0.60 | 0.75 |0.0177|0.0236|0.0295
L1 1.00 0.0394

Number of Pins

N 44

Note 1. Values in Inches are converied from mm
and rounded to 4 decimal digits.

Figure 104. 32-Pin Low Profile Quad Flat Package

D

D1

ililiniitidi

i

NAARARAN '

HHHHHHEHH

O
HHHHHHEH

H

At

guje

«—C

mm inches?!
Dim.
Min | Typ | Max [ Min Typ | Max
A 1.60 0.0630
A1 | 0.05 0.15 ]0.0020 0.0059
A2 | 1.35|1.40 | 1.45|0.0531|0.0551|0.0571
b |0.30(0.37 | 0.45 (0.0118|0.0146|0.0177
C |0.09 0.20 |0.0035 0.0079
D 9.00 0.3543
D1 7.00 0.2756
E 9.00 0.3543
E1 7.00 0.2756
0.80 0.0315
0 0° | 85°| 7° 0° 3.5° 7°
L |0.45(0.60|0.75 [0.0177|0.0236|0.0295
L1 1.00 0.0394
Number of Pins
N 32
Note 1. Values in inches are converted from mm

and rounded to 4 decimal digits.
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