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2 PIN DESCRIPTION
Figure 2. 28-Pin SO Package Pinout
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Figure 3. 32-Pin SDIP Package Pinout
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4 FLASH PROGRAM MEMORY

4.1 INTRODUCTION

FLASH devices have a single voltage non-volatile
FLASH memory that may be programmed in-situ
(or plugged in a programming tool) on a byte-by-
byte basis.

4.2 MAIN FEATURES

Remote In-Situ Programming (ISP) mode

Up to 16 bytes programmed in the same cycle
MTP memory (Multiple Time Programmable)
Read-out memory protection against piracy

4.3 STRUCTURAL ORGANISATION

The FLASH program memory is organised in a
single 8-bit wide memory block which can be used
for storing both code and data constants.

The FLASH program memory is mapped in the up-
per part of the ST7 addressing space and includes
the reset and interrupt user vector area .

4.4 IN-SITU PROGRAMMING (ISP) MODE

The FLASH program memory can be programmed
using Remote ISP mode. This ISP mode allows
the contents of the ST7 program memory to be up-
dated using a standard ST7 programming tools af-
ter the device is mounted on the application board.
This feature can be implemented with a minimum
number of added components and board area im-
pact.

An example Remote ISP hardware interface to the
standard ST7 programming tool is described be-
low. For more details on ISP programming, refer to
the ST7 Programming Specification.

Remote ISP Overview

The Remote ISP mode is initiated by a specific se-
quence on the dedicated ISPSEL pin.

The Remote ISP is performed in three steps:
— Selection of the RAM execution mode
— Download of Remote ISP code in RAM
— Execution of Remote ISP code in RAM to pro-
gram the user program into the FLASH
Remote ISP hardware configuration

In Remote ISP mode, the ST7 has to be supplied
with power (Vpp and Vgg) and a clock signal (os-
cillator and application crystal circuit for example).

(574

This mode needs five signals (plus the Vpp signal
if necessary) to be connected to the programming
tool. This signals are:

— RESET: device reset

— Vgg: device ground power supply
— ISPCLK: ISP output serial clock pin
— ISPDATA: ISP input serial data pin

— ISPSEL: Remote ISP mode selection. This pin
must be connected to Vgg on the application
board through a pull-down resistor.

If any of these pins are used for other purposes on
the application, a serial resistor has to be imple-
mented to avoid a conflict if the other device forces
the signal level.

Figure 5 shows a typical hardware interface to a
standard ST7 programming tool. For more details
on the pin locations, refer to the device pinout de-
scription.

Figure 5. Typical Remote ISP Interface

HE10 CONNECTOR TYPE
TO PROGRAMMING TOOL

XTAL

Ak~ ¥
il 1
e C%i 88808

~ _ ISPSEL
2 2 10KQ
o o
Vss
RESET
ISPCLK
ST7
ISPDATA
%% 47KQ

APPLICATION

4.5 MEMORY READ-OUT PROTECTION

The read-out protection is enabled through an op-
tion bit.

For FLASH devices, when this option is selected,
the program and data stored in the FLASH memo-
ry are protected against read-out piracy (including
a re-write protection). When this protection option
is removed the entire FLASH program memory is
first automatically erased. However, the E2PROM
data memory (when available) can be protected
only with ROM devices.
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5 CENTRAL PROCESSING UNIT

5.1 INTRODUCTION

This CPU has a full 8-bit architecture and contains
six internal registers allowing efficient 8-bit data
manipulation.

5.2 MAIN FEATURES

63 basic instructions

Fast 8-bit by 8-bit multiply

17 main addressing modes

Two 8-bit index registers

16-bit stack pointer

Low power modes

Maskable hardware interrupts
Non-maskable software interrupt

5.3 CPU REGISTERS

The six CPU registers shown in Figure 1 are not
present in the memory mapping and are accessed
by specific instructions.

Figure 6. CPU Registers

Accumulator (A)

The Accumulator is an 8-bit general purpose reg-
ister used to hold operands and the results of the
arithmetic and logic calculations and to manipulate
data.

Index Registers (X and Y)

In indexed addressing modes, these 8-bit registers
are used to create either effective addresses or
temporary storage areas for data manipulation.
(The Cross-Assembler generates a precede in-
struction (PRE) to indicate that the following in-
struction refers to the Y register.)

The Y register is not affected by the interrupt auto-
matic procedures (not pushed to and popped from
the stack).

Program Counter (PC)

The program counter is a 16-bit register containing
the address of the next instruction to be executed
by the CPU. It is made of two 8-bit registers PCL
(Program Counter Low which is the LSB) and PCH
(Program Counter High which is the MSB).
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15 8|7 0|
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RESET VALUE = STACK HIGHER ADDRESS

ACCUMULATOR

X INDEX REGISTER

Y INDEX REGISTER

PROGRAM COUNTER

CONDITION CODE REGISTER

STACK POINTER

X = Undefined Value
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7 INTERRUPTS

The ST7 core may be interrupted by one of two dif-
ferent methods: maskable hardware interrupts as
listed in the Interrupt Mapping Table and a non-
maskable software interrupt (TRAP). The Interrupt
processing flowchart is shown in Figure 1.

The maskable interrupts must be enabled by
clearing the | bit in order to be serviced. However,
disabled interrupts may be latched and processed
when they are enabled (see external interrupts
subsection).

Note: After reset, all interrupts are disabled.
When an interrupt has to be serviced:

— Normal processing is suspended at the end of
the current instruction execution.

— The PC, X, A and CC registers are saved onto
the stack.

— The | bit of the CC register is set to prevent addi-
tional interrupts.

— The PC is then loaded with the interrupt vector of
the interrupt to service and the first instruction of
the interrupt service routine is fetched (refer to
the Interrupt Mapping Table for vector address-
es).

The interrupt service routine should finish with the

IRET instruction which causes the contents of the
saved registers to be recovered from the stack.

Note: As a consequence of the IRET instruction,
the | bit will be cleared and the main program will
resume.

Priority Management

By default, a servicing interrupt cannot be inter-
rupted because the | bit is set by hardware enter-
ing in interrupt routine.

In the case when several interrupts are simultane-
ously pending, an hardware priority defines which
one will be serviced first (see the Interrupt Map-
ping Table).

Interrupts and Low Power Mode

All interrupts allow the processor to leave the
WAIT low power mode. Only external and specifi-
cally mentioned interrupts allow the processor to
leave the HALT low power mode (refer to the “Exit
from HALT® column in the Interrupt Mapping Ta-
ble).

7.1 NON-MASKABLE SOFTWARE INTERRUPT

This interrupt is entered when the TRAP instruc-
tion is executed regardless of the state of the | bit.

(574

It will be serviced according to the flowchart on
Figure 1.

7.2 EXTERNAL INTERRUPTS

External interrupt vectors can be loaded into the
PC register if the corresponding external interrupt
occurred and if the | bit is cleared. These interrupts
allow the processor to leave the Halt low power
mode.

The external interrupt polarity is selected through
the miscellaneous register or interrupt register (if
available).

An external interrupt triggered on edge will be
latched and the interrupt request automatically
cleared upon entering the interrupt service routine.

If several input pins, connected to the same inter-
rupt vector, are configured as interrupts, their sig-
nals are logically NANDed before entering the
edge/level detection block.

Caution: The type of sensitivity defined in the Mis-
cellaneous or Interrupt register (if available) ap-
plies to the ei source. In case of a NANDed source
(as described on the 1/0O ports section), a low level
on an I/O pin configured as input with interrupt,
masks the interrupt request even in case of rising-
edge sensitivity.

7.3 PERIPHERAL INTERRUPTS

Different peripheral interrupt flags in the status
register are able to cause an interrupt when they
are active if both:

— The | bit of the CC register is cleared.

— The corresponding enable bit is set in the control
register.

If any of these two conditions is false, the interrupt
is latched and thus remains pending.

Clearing an interrupt request is done by:

— Writing “0” to the corresponding bit in the status
register or

— Access to the status register while the flag is set
followed by a read or write of an associated reg-
ister.

Note: The clearing sequence resets the internal
latch. A pending interrupt (that is, waiting to be en-
abled) will therefore be lost if the clear sequence is
executed.
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I/0 PORTS (Cont’d)
Figure 21. I/O Port General Block Diagram

REGISTER ALTERNATE ]
1 OUTPUT Vv P-BUFFER
N DD
ACCESS  ~ o — (see table below)
\ 0
— . ALTERNATE PULL-UP
; .« ENABLE (see table below)
<}:;> DR ) > j >>——0|[ Vpp
(= DDR - !—(E AN
, ‘| PULL-UP \' | oo
. . CONFIGURATION
)U><:::' 3 OR . ZX
3 N If implemented @_{[
w 1
®| , ORSEL | - j—
% : N-BUFFER L DIODES
l. : (see table below)
.DDRSEL |
l. )/ . }—— ANALOG
: " J CMOS INPUT
‘ , SCHMITT
.‘D;S/EL " M ; TRIGGER
- ALTERNATE
| . INPUT
EXTERNAL
INTERRUPT
SOURCE (eiy)
POLARITY
SELECTION

Table 6. I/0 Port Mode Options

Di
Configuration Mode Pull-Up P-Buffer lodes
to VDD to VSS
Input Floating v.vith/v.vithout Interrupt Off Off
Pull-up with/without Interrupt On
On
Push-pull Off On On
Output Open Drain (logic level) Off
True Open Drain NI NI NI (see note)

Legend: NI - notimplemented

4

Off - implemented not activated
On - implemented and activated

Note: The diode to Vpp is not implemented in the
true open drain pads. A local protection between
the pad and Vgg is implemented to protect the de-
vice against positive stress.
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I/0 PORTS (Cont'd)

9.4 LOW POWER MODES

Mode Description
WAIT No effect on 1/O ports. External interrupts
cause the device to exit from WAIT mode.
HALT No effect on 1/O ports. External interrupts
cause the device to exit from HALT mode.

9.5 INTERRUPTS

The external interrupt event generates an interrupt
if the corresponding configuration is selected with
DDR and OR registers and the I-bit in the CC reg-
ister is reset (RIM instruction).

Event Enable| Exit Exit
Interrupt Event Fla Control| from | from
9 | Bit | wait | Halt
External interrupt on DDRx
selected external - Yes Yes
ORXx
event

9.6 REGISTER DESCRIPTION

DATA REGISTER (DR)

Port x Data Register
PxDR with x = A, B or C.

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

7 0

D7 D6 D5 D4 D3 D2 D1 DO

Bit 7:0 = D[7:0] Data register 8 bits.

The DR register has a specific behaviour accord-
ing to the selected input/output configuration. Writ-
ing the DR register is always taken into account
even if the pin is configured as an input; this allows
always having the expected level on the pin when
toggling to output mode. Reading the DR register
returns either the DR register latch content (pin
configured as output) or the digital value applied to
the 1/0O pin (pin configured as input).

34/141

DATA DIRECTION REGISTER (DDR)

Port x Data Direction Register
PxDDR with x = A, B or C.

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

7 0

DD7 | DD6 | DD5 | DD4 | DD3 | DD2 | DD1 DDO

Bit 7:0 = DD[7:0] Data direction register 8 bits.

The DDR register gives the input/output direction
configuration of the pins. Each bit is set and
cleared by software.

0: Input mode
1: Output mode
OPTION REGISTER (OR)

Port x Option Register
PxOR with x = A, Bor C.

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

7 0

o7 06 05 04 03 02 o1 0o

Bit 7:0 = O[7:0] Option register 8 bits.

For specific I/O pins, this register is not implement-
ed. In this case the DDR register is enough to se-
lect the I/O pin configuration.

The OR register allows to distinguish: in input
mode if the pull-up with interrupt capability or the
basic pull-up configuration is selected, in output
mode if the push-pull or open drain configuration is
selected.

Each bit is set and cleared by software.
Input mode:

0: Floating input

1: Pull-up input with or without interrupt
Output mode:

0: Output open drain (with P-Buffer deactivated)
1: Output push-pull (when available)

4
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16-BIT TIMER (Cont'd)

16-bit Read Sequence: (from either the Counter
Register or the Alternate Counter Register).

Beginning of the sequence

Read ) LS Byte
At t0 MS Byte is buffered
_v_
" Other '
Linstructions,
Read |, | Retums the buffered
At 10 +At |LS Byte LS Byte value at t0

Sequence completed

The user must read the MS Byte first, then the LS
Byte value is buffered automatically.

This buffered value remains unchanged until the
16-bit read sequence is completed, even if the
user reads the MS Byte several times.

After a complete reading sequence, if only the
CLR register or ACLR register are read, they re-
turn the LS Byte of the count value at the time of
the read.

Whatever the timer mode used (input capture, out-
put compare, One Pulse mode or PWM mode) an
overflow occurs when the counter rolls over from
FFFFh to 0000h then:

— The TOF bit of the SR register is set.

— A timer interrupt is generated if:
— TOIE bit of the CR1 register is set and
— | bit of the CC register is cleared.

If one of these conditions is false, the interrupt re-
mains pending to be issued as soon as they are
both true.

44/141

Clearing the overflow interrupt request is done in
two steps:

1. Reading the SR register while the TOF bit is set.
2. An access (read or write) to the CLR register.

Note: The TOF bit is not cleared by accessing the
ACLR register. The advantage of accessing the
ACLR register rather than the CLR register is that
it allows simultaneous use of the overflow function
and reading the free running counter at random
times (for example, to measure elapsed time) with-
out the risk of clearing the TOF bit erroneously.

The timer is not affected by WAIT mode.

In HALT mode, the counter stops counting until the
mode is exited. Counting then resumes from the
previous count (MCU awakened by an interrupt) or
from the reset count (MCU awakened by a Reset).

11.2.3.2 External Clock

The external clock (where available) is selected if
CCO0 =1 and CC1 =1 in the CR2 register.

The status of the EXEDG bit in the CR2 register
determines the type of level transition on the exter-
nal clock pin EXTCLK that will trigger the free run-
ning counter.

The counter is synchronized with the falling edge
of the internal CPU clock.

A minimum of four falling edges of the CPU clock
must occur between two consecutive active edges
of the external clock; thus the external clock fre-
quency must be less than a quarter of the CPU
clock frequency.
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16-BIT TIMER (Cont'd)
Figure 30. Input Capture Block Diagram

ICAP1 ¢ ¢ (Control Register 1) CR1
pin
O > EDGE DETECT |, |EDGE DETECT ICIE IEDGH
IcCAP2| | CIRCUIT2 CIRCUITH ———— |
pin l l (Status Register) SR
IC2R Register IC1R Register ICF1 ICF2 0 0 0
A A *
16-BIT (Control Register 2) CR2
16-BIT FREE RUNNING CC1 | cco |IEDG2
COUNTER

Figure 31. Input Capture Timing Diagram

TIMER CLOCK [ [ [
COUNTER REGISTER —FFO1 X FF02 X FF03 X
ICAPi PIN
ICAPi FLAG I
ICAPi REGISTER X FF03

Note: Active edge is rising edge.

47141
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16-BIT TIMER (Cont'd)
11.2.3.5 One Pulse Mode

One Pulse mode enables the generation of a
pulse when an external event occurs. This mode is
selected via the OPM bit in the CR2 register.

The One Pulse mode uses the Input Capture1
function and the Output Compare1 function.

Procedure:
To use One Pulse mode:

1. Load the OC1R register with the value corre-
sponding to the length of the pulse (see the for-
mula in the opposite column).

2. Select the following in the CR1 register:

— Using the OLVL1 bit, select the level to be ap-
plied to the OCMP1 pin after the pulse.

— Using the OLVL2 bit, select the level to be ap-
plied to the OCMP1 pin during the pulse.

— Select the edge of the active transition on the
ICAP1 pin with the IEDG1 bit (the ICAP1 pin
must be configured as floating input).

3. Select the following in the CR2 register:

— Set the OC1E bit, the OCMP1 pin is then ded-
icated to the Output Compare 1 function.

— Set the OPM bit.
— Select the timer clock CC[1:0] (see Table 1).

One Pulse mode cycle

When q
event occurs p| OCMP1 =O0OLVL2
on ICAP1 Counter is reset

to FFFCh
ICF1 bit is set
c\:/Vhen
ot | —» OCMP1 = OLVL1
L

Then, on a valid event on the ICAP1 pin, the coun-
ter is initialized to FFFCh and the OLVL2 bit is
loaded on the OCMP1 pin, the ICF1 bit is set and
the value FFFDh is loaded in the IC1R register.

Because the ICF1 bit is set when an active edge
occurs, an interrupt can be generated if the ICIE
bit is set.

4

Clearing the Input Capture interrupt request (i.e.
clearing the ICFj bit) is done in two steps:

1. Reading the SR register while the ICFibit is set.
2. An access (read or write) to the ICILR register.

The OC1R register value required for a specific
timing application can be calculated using the fol-
lowing formula:

t.f -
OCR Value= ——2PJ_ -5
PRESC
Where:
t = Pulse period (in seconds)

fcpu = CPU clock frequency (in hertz)

PRESC = Timer prescaler factor (2, 4 or 8 depend-
ing on the CC[1:0] bits, see Table 1)

If the timer clock is an external clock the formula is:
OCR=t+« fEXT -5

Where:
t

fexTt

Pulse period (in seconds)
External timer clock frequency (in hertz)

When the value of the counter is equal to the value
of the contents of the OC1R register, the OLVL1
bit is output on the OCMP1 pin (see Figure 10).

Notes:

1. The OCF1 bit cannot be set by hardware in
One Pulse mode but the OCF2 bit can generate
an Output Compare interrupt.

2. When the Pulse Width Modulation (PWM) and
One Pulse mode (OPM) bits are both set, the
PWM mode is the only active one.

3. If OLVL1 = OLVL2 a continuous signal will be
seen on the OCMP1 pin.

4. The ICAP1 pin can not be used to perform input
capture. The ICAP2 pin can be used to perform
input capture (ICF2 can be set and IC2R can be
loaded) but the user must take care that the
counter is reset each time a valid edge occurs
on the ICAP1 pin and ICF1 can also generates
interrupt if ICIE is set.

5. When One Pulse mode is used OC1R is dedi-
cated to this mode. Nevertheless OC2R and
OCF2 can be used to indicate that a period of
time has elapsed but cannot generate an output
waveform because the OLVL2 level is dedi-
cated to One Pulse mode.
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I2C BUS INTERFACE (Cont'd)
Master Transmitter

Following the address transmission and after SR1
register has been read, the master sends bytes
from the DR register to the SDA line via the inter-
nal shift register.

The master waits for a read of the SR1 register fol-
lowed by a write in the DR register, holding the
SCL line low (see Figure 3 Transfer sequencing
EVS).

When the acknowledge bit is received, the
interface sets:

— EVF and BTF bits with an interrupt if the ITE bit
is set.

To close the communication: after writing the last
byte to the DR register, set the STOP bit to gener-
ate the Stop condition. The interface goes auto-
matically back to slave mode (M/SL bit cleared).

Error Cases

— BERR: Detection of a Stop or a Start condition
during a byte transfer. In this case, the EVF and
BERR bits are set by hardware with an interrupt
if ITE is set.

Note that BERR will not be set if an error is de-
tected during the first pulse of each 9-bit transac-
tion:

Single Master Mode

If a Start or Stop is issued during the first pulse of
a 9-bit transaction, the BERR flag will not be set
and transfer will continue however the BUSY flag
will be reset. To work around this, slave devices
should issue a NACK when they receive a mis-
placed Start or Stop. The reception of a NACK or
BUSY by the master in the middle of communica-
tion gives the possibility to reinitiate transmis-

4

sion.

Multimaster Mode

Normally the BERR bit would be set whenever
unauthorized transmission takes place while
transfer is already in progress. However, an is-
sue will arise if an external master generates an
unauthorized Start or Stop while the I2C master
is on the first pulse pulse of a 9-bit transaction. It
is possible to Work around this by polling the
BUSY bit during 1°C master mode transmission.
The resetting of the BUSY bit can then be han-
dled in a similar manner as the BERR flag being
set.

— AF: Detection of a non-acknowledge bit. In this
case, the EVF and AF bits are set by hardware
with an interrupt if the ITE bit is set. To resume,
set the Start or Stop bit.

The AF bit is cleared by reading the I2CSR2 reg-
ister. However, if read before the completion of
the transmission, the AF flag will be set again,
thus possibly generating a new interrupt. Soft-
ware must ensure either that the SCL line is back
at 0 before reading the SR2 register, or be able
to correctly handle a second interrupt during the
9th pulse of a transmitted byte.

— ARLO: Detection of an arbitration lost condition.
In this case the ARLO bit is set by hardware (with
an interrupt if the ITE bit is set and the interface
goes automatically back to slave mode (the M/SL
bit is cleared).

Note: In all these cases, the SCL line is not held
low; however,the SDA line can remain low if the
last bits transmitted are all 0. It is then necessary
to release both lines by software. The SCL line is
not held low while AF=1 but by other flags (SB or
BTF) that are set at the same time.
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I2C BUS INTERFACE (Cont’d)
Table 17. I2C Register Map and Reset Values

Address i
Register 7 6 5 4 3 2 1 0
(Hex.) Label
0028h I12CCR PE ENGC START ACK STOP ITE
Reset Value 0 0 0 0 0 0 0 0
0029h I12CSR1 EVF ADD10 TRA BUSY BTF ADSL M/SL SB
Reset Value 0 0 0 0 0 0 0 0
002Ah I12CSR2 AF STOPF ARLO BERR GCAL
Reset Value 0 0 0 0 0 0 0 0
02Bh I12CCCR FM/SM CCé6 CC5 CcC4 CC3 CcC2 CCH1 CCo
Reset Value 0 0 0 0 0 0 0 0
02Ch I12COAR1 ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 ADD1 ADDO
Reset Value 0 0 0 0 0 0 0 0
002Dh I12COAR2 FR1 FRO ADD9 ADDS8
Reset Value 0 1 0 0 0 0 0 0
I12CDR MSB LSB
002Eh Reset Value 0 0 0 0 0 0 0 0
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INSTRUCTION GROUPS (Cont'd)

Mnemo Description Function/Example Dst Src N 4 C
ADC Add with Carry A=A+M+C A M N z C
ADD Addition A=A+M A M N z C
AND Logical And A=A.M A M N Z
BCP Bit compare A, Memory tst (A. M) A M N V4
BRES Bit Reset bres Byte, #3 M
BSET Bit Set bset Byte, #3 M
BTJF Jump if bit is false (0) btjf Byte, #3, Jmp1 M C
BTJT Jump if bit is true (1) btjt Byte, #3, Jmp1 M C
CALL Call subroutine
CALLR | Call subroutine relative
CLR Clear reg, M 0 1
CP Arithmetic Compare tst(Reg - M) reg M N V4 C
CPL One Complement A = FFH-A reg, M N Z 1
DEC Decrement decY reg, M N V4
HALT Halt
IRET Interrupt routine return Pop CC, A, X, PC N C
INC Increment inc X reg, M N
JP Absolute Jump jp [TBL.W]
JRA Jump relative always
JRT Jump relative
JRF Never jump jrf
JRIH Jump if ext. interrupt = 1
JRIL Jump if ext. interrupt =0
JRH Jump if H=1 H=17?
JRNH JumpifH=0 H=07?
JRM Jump if I =1 =17
JRNM Jumpifl=0 =07
JRMI Jump if N =1 (minus) N=17?
JRPL Jump if N = 0 (plus) N=07?
JREQ Jump if Z =1 (equal) Z=17
JRNE JumpifZ=0(notequal) |Z=07
JRC Jumpif C =1 Cc=17?
JRNC JumpifC=0 C=07?
JRULT |[JumpifC=1 Unsigned <
JRUGE |JumpifC=0 Jmp if unsigned >=
JRUGT |Jumpif (C+2Z=0) Unsigned >
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13.4 SUPPLY CURRENT CHARACTERISTICS

The following current consumption specified for
the ST7 functional operating modes over tempera-

vice consumption, the two current values must be
added (except for HALT mode for which the clock

ture range does not take into account the clock is stopped).
source current consumption. To get the total de-
Symbol Parameter Conditions Max Unit
Alpp(aTa) | Supply current variation vs. temperature Constant Vpp and fepy 10 %
13.4.1 RUN and SLOW Modes
Symbol Parameter Conditions Typ " | Max? | Unit
Supply current in RUN mode %) % fosc=1MHz, fcpy=500kHz 500 900
(see Fiqure 59) ) fosc=4MHZ, fcpu=2MHZ 1500 2500
9 Vé fosc=16MHZ, fcpu=8MHZ 5600 9000
> = =
Supply current in SLOW mode 4 V| fosc=1MHz, fcpy=31.25kHz 150 ) 450
(see Figure 60) > | fosc=4MHz, fcpy=125kHz 250 | 550
| 9 < | fosc=16MHz, fcpy=500kHz 670 | 1250 A
DD =
Supply current in RUN mode %) % | fosc=1MHz, fopy=500kHz 800 | 580
(see Figure 59) o) fosc=4MHZ, fcpu=2MHZ 970 1350
'a | fosc=16MHz, fcpy=8MHz 3600 | 4500
> = =
Supply current in SLOW mode 4 v fosc=1MHz, fcp=31.25kHz 100 250
(See Figure 60) X fosc=4MHZ, fCPU=125kHZ 170 300
o) fosc=16MHZ, fopu=500kHZ 420 700
Figure 59. Typical Ipp in RUN vs. fcpy Figure 60. Typical Ipp in SLOW vs. fcpy
10D [mA) DD [mA]
08 —— 500kHz & 125kH:z
! < 250kHz K 31.25kHz
—+ 8MHz =% 2WHz /, 07 /
6 H = sz =K 500k /
/ 06
5 /
/ 05 -

A

——

2 35 4
VDD V]

04

N _
03 / /

02 ///‘/(

VDD V]

Notes:

1. Typical data are based on TA=25°C, Vpp=5V (4.5V<Vpp<5.5V range) and VDD=3.4V (3.2V<Vpp<3.6V range).

2. Data based on characterization results, tested in production at Vpp max. and fgpy max.

3. CPU running with memory access, all I/O pins in input mode with a static value at Vpp or Vgg (no load), all peripherals

in reset state; clock input (OSC1) driven by external square wave, CSS and LVD disabled.

4. SLOW mode selected with fopy based on fogg divided by 32. All I/O pins in input mode with a static value at Vpp or
Vgsg (no load), all peripherals in reset state; clock input (OSC1) driven by external square wave, CSS and LVD disabled.
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13.5 CLOCK AND TIMING CHARACTERISTICS

Subject to general operating conditions for Vpp, fogc, and Ta.
13.5.1 General Timings

Symbol Parameter Conditions Min Typ D Max Unit
i . 2 3 12 tcru
teansT) | Instruction cycle time
fcpu=8MHz 250 375 1500 ns
¢ Interrupt reaction time 2 10 22 tepu
v(im tym) = AtegnsT) + 10 fopu=8MHz 1.25 275 us
13.5.2 External Clock Source
Symbol Parameter Conditions Min Typ Max Unit
VosciH | OSCH1 input pin high level voltage 0.7xVpp Vb v
VosciL | OSC1 input pin low level voltage Vsg 0.3xVpp
W(OSC1H) | 0SC1 high or low time ¥ see Figure 63 15
twosciL) ns
tosc1) | 0sCA rise or fall time 15
tiosc)
I OSCx Input leakage current Vss<VinSVpp +1 uA

Figure 63. Typical Application with an External Clock Source

90%

VosciH| — — — — — /
| 10% | |
I
| | e | |
VosciL | — o o | |

trosch) tiosci) twoscin) twosciy)
'J_‘OSC2
Not connected internally
— fosc
EXTERNAL |
CLOCK SOURCE 0SC1 L
I I O ‘T — ST72XXX

Notes:

1. Data based on typical application software.

2. Time measured between interrupt event and interrupt vector fetch. At ngr) is the number of tcp cycles needed to finish
the current instruction execution.

3. Data based on design simulation and/or technology characteristics, not tested in production.

4
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CLOCK CHARACTERISTICS (Cont’d)
13.5.5 Clock Security System (CSS)

Symbol Parameter Conditions Min Typ Max Unit
Tp=25°C, Vpp=5.0V 250 340 550

f Safe Oscillator Frequency ") A > DD kHz

SFOSC quency T,=25°C, Vpp=3.4V 190 260 450

farosc | Glitch Filtered Frequency 2) 30 MHz

Figure 69. Typical Safe Oscillator Frequencies

fosc [kHz] — -40°C & +85°C

400 X +25°C kK +125°C /

350 //'\

300 / _X

—X

X

250 4———

AL
3.2 55

VDD [V]
Note:

1. Data based on characterization results, tested in production between 90KHz and 600KHz.
2. Filtered glitch on the fogc signal. See functional description in Section 6.5 on page 23 for more details.
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13.7 EMC CHARACTERISTICS

Susceptibility tests are performed on a sample ba-
sis during product characterization.

13.7.1 Functional EMS

(Electro Magnetic Susceptibility)

Based on a simple running application on the
product (toggling 2 LEDs through I/O ports), the
product is stressed by two electro magnetic events

m ESD: Electro-Static Discharge (positive and
negative) is applied on all pins of the device until
a functional disturbance occurs. This test
conforms with the IEC 1000-4-2 standard.

m FTB: A Burst of Fast Transient voltage (positive
and negative) is applied to Vpp and Vgg through
a 100pF capacitor, until a functional disturbance
occurs. This test conforms with the IEC 1000-4-

until a failure occurs (indicated by the LEDs). 4 standard.
A device reset allows normal operations to be re-
sumed.
Symbol Parameter Conditions Neg" | Pos™ | Unit

Vv Voltage limits to be applied on any I/O pin
FESD | to induce a functional disturbance

Vpp=5V, To=+25°C, fogc=8MHz

conforms to IEC 1000-4-2 - 1

Fast transient voltage burst limits to be ap-
Veerg | plied through 100pF on Vpp and Vpp pins
to induce a functional disturbance

kV
VDD=5V, TA=+25°C, fOSCZBMHZ

conforms to IEC 1000-4-4 -4 4

Figure 70. EMC Recommended star network power supply connection 2)

10uF 0.1uF Voo

ST72XXX

DIGITAL NOISE ‘

sT7 -+ .

1

FILTERING . ‘
T L dves

POWER | ]’ '
SUPPLY ¢ -

Vssa

SOURCE

\ —

; EXTERNAL ., >
’ NOISE

AR . FILTERING ~ _|_ *
N - Vbba

1
\

0.1uF

Notes:

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

2. The suggested 10uF and 0.1uF decoupling capacitors on the power supply lines are proposed as a good price vs. EMC
performance tradeoff. They have to be put as close as possible to the device power supply pins. Other EMC recommen-
dations are given in other sections (I/Os, RESET, OSCx pin characteristics).

4
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COMMUNICATION INTERFACE CHARACTERISTICS (Cont'd)

Figure 92. SPI Slave Timing Diagram with CPHA=1"

SS input _\ ﬁ

I tsuEs) - to(sck) - thss |1
i T 1 r———» |
_ | cPHA=0 Pl ! ! ' '
g | CPOL=0 [ . l | ' !
2 I
% | CPHA=0 ! ! ! L !
3 | croL=1 l | , ! !
| | | | (| |
t |
t W(SCKH) | tai
a(so) | tW(SCKL) | | | tV(SO) | th(SO) tr(SCK) | ‘dis(SO)
o> l————> | ey ,, I‘ > tf(SCK)
T 7/ T
MISO oytput M || Mssour }< BIT6 OUT * >< LsB OUT I>< noto 2
7/
tsusy |1 thisi)
r— 1

| l
MOSI \npuT ><><><><><><>< MSB IN >< /// BIT1 IN >< LSBIN ><><><><><><
/

Figure 93. SPI Master Timing Diagram ")

SS npUT
teisck)
[ cPHA=0 wm
CPOL=0 | |
I | | I
£ | CPHA=0 ' l
£ | CPOL=1 A / AN ,ﬂj
z | I
S | cPHAt L ! ' L
2 =
CPOL=0 m m
I I 1
CPHA=1 [ I I /—\—/://
| CPOL=t | .
L ! tw(sckH) ! 'y SCK'
) I twisckL) ! tf'((SCK))
I
tsuy 1) thowiny
r—
T : /F
7/
tmoy 11 tho)

/L
7/
see note 2 >< MSB OUT X BIT6 OUT >< LSB OUT ><see note 2
MOSI outpuT 1

Notes:
1. Measurement points are done at CMOS levels: 0.3xVpp and 0.7xVpp.

2. When no communication is on-going the data output line of the SPI (MOSI in master mode, MISO in slave mode) has
its alternate function capability released. In this case, the pin status depends of the I/O port configuration.

4
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14.3 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.
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