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ST7LITE1xB

1 INTRODUCTION

The ST7LITE1xB is a member of the ST7 micro-
controller family. All ST7 devices are based on a
common industry-standard 8-bit core, featuring an
enhanced instruction set.

The ST7LITE1xB features FLASH memory with
byte-by-byte In-Circuit Programming (ICP) and In-
Application Programming (IAP) capability.

Under software control, the ST7LITE1xB device
can be placed in WAIT, SLOW, or HALT mode, re-
ducing power consumption when the application is
in idle or standby state.

The enhanced instruction set and addressing
modes of the ST7 offer both power and flexibility to

Figure 1. General Block Diagram

software developers, enabling the design of highly
efficient and compact application code. In addition
to standard 8-bit data management, all ST7 micro-
controllers feature true bit manipulation, 8x8 un-
signed multiplication and indirect addressing
modes.

For easy reference, all parametric data are located
in section 13 on page 110. The ST7LITE1xB fea-
tures an on-chip Debug Module (DM) to support
In-Circuit Debugging (ICD). For a description of
the DM registers, refer to the ST7 ICC Protocol
Reference Manual.
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ST7LITE1xB

2 PIN DESCRIPTION
Figure 2. 20-Pin SO and DIP Package Pinout
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Figure 3. 20-Pin QFN Package Pinout
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ST7LITE1xB

RESET SEQUENCE MANAGER (Cont'd)

The RESET pin is an asynchronous signal which
plays a major role in EMS performance. In a noisy
environment, it is recommended to follow the
guidelines mentioned in the electrical characteris-
tics section.

7.5.3 External Power-On RESET

If the LVD is disabled by option byte, to start up the
microcontroller correctly, the user must ensure by
means of an external reset circuit that the reset
signal is held low until Vpp is over the minimum
level specified for the selected fogc frequency.

A proper reset signal for a slow rising Vpp supply
can generally be provided by an external RC net-
work connected to the RESET pin.

Figure 17. RESET Sequences

7.5.4 Internal Low Voltage Detector (LVD)
RESET

Two different RESET sequences caused by the in-
ternal LVD circuitry can be distinguished:

m Power-On RESET

m Voltage Drop RESET

The device RESET pin acts as an output that is

pulled low when Vpp<V|1, (rising edge) or
Vpp<Vr. (falling edge) as shown in Figure 17.

The LVD filters spikes on Vpp larger than tyypp) to
avoid parasitic resets.
7.5.5 Internal Watchdog RESET
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Watchdog counter overflow is shown in Figure 17.
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ST7LITE1xB

8 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 is cleared and the main program resumes.

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).

36/159

8.1 NON MASKABLE SOFTWARE INTERRUPT

This interrupt is entered when the TRAP instruc-
tion is executed regardless of the state of the | bit.
It is serviced according to the flowchart in Figure 1.

8.2 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.

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 in the I/O 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.

8.3 PERIPHERAL INTERRUPTS

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

— The I 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 for being
enabled) will therefore be lost if the clear se-
quence is executed.

4




ST7LITE1xB

9 POWER SAVING MODES

9.1 INTRODUCTION

To give a large measure of flexibility to the applica-
tion in terms of power consumption, five main pow-
er saving modes are implemented in the ST7 (see
Figure 22):

s Slow

Wait (and Slow-Wait)

Active Halt

Auto Wake up From Halt (AWUFH)

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 22. Power Saving Mode Transitions
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Low
POWER CONSUMPTION
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9.2 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 the SMS bit in the
MCCSR register which enables or disables Slow
mode.

In this mode, the oscillator frequency is divided by
32. The CPU and peripherals are clocked at this

lower frequency.

Note: SLOW-WAIT mode is activated when enter-
ing WAIT mode while the device is already in
SLOW mode.

Figure 23. SLOW Mode Clock Transition

fosc/32 fosc

SMS \ _

NORMAL RUN MODE
REQUEST
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ST7LITE1xB

POWER SAVING MODES (Cont'd)
9.4.1 Halt Mode Recommendations

— Make sure that an external event is available to
wake up the microcontroller from Halt mode.

— When using an external interrupt to wake up the
microcontroller, re-initialize the corresponding I/
O as “Input Pull-up with Interrupt” before execut-
ing the HALT instruction. The main reason for
this is that the I/O may be wrongly configured
due to external interference or by an unforeseen
logical condition.

— For the same reason, re-initialize the level sensi-
tiveness of each external interrupt as a precau-
tionary measure.

— The opcode for the HALT instruction is Ox8E. To
avoid an unexpected HALT instruction due to a
program counter failure, it is advised to clear all
occurrences of the data value Ox8E from memo-
ry. For example, avoid defining a constant in pro-
gram memory with the value Ox8E.

— Asthe HALT instruction clears the interrupt mask
in the CC register to allow interrupts, the user
may choose to clear all pending interrupt bits be-
fore executing the HALT instruction. This avoids
entering other peripheral interrupt routines after
executing the external interrupt routine corre-
sponding to the wake-up event (reset or external
interrupt).

4

9.5 ACTIVE-HALT MODE

ACTIVE-HALT mode is the lowest power con-
sumption mode of the MCU with a real time clock
available. It is entered by executing the ‘HALT in-
struction. The decision to enter either in ACTIVE-
HALT or HALT mode is given by the LTCSR/ATC-
SR register status as shown in the following table:

LTCSR1 AoTv(;?S ATCSR|ATCSR| . .
TBIIE bit| ~ = | CK1 bit| CKO bit 9
0 X X 0 | ACTIVE-HALT
0 0 X X mode disabled
X X X | ACTIVE-HALT
X 1 0 1 mode enabled

The MCU can exit ACTIVE-HALT mode on recep-
tion of a specific interrupt (see Table 5, “Interrupt
Mapping,” on page 37) or a RESET.

— When exiting ACTIVE-HALT mode by means of
a RESET, a 256 or 4096 CPU cycle delay oc-
curs. After the start up delay, the CPU resumes
operation by fetching the reset vector which
woke it up (see Figure 28).

— When exiting ACTIVE-HALT mode by means of
an interrupt, the CPU immediately resumes oper-
ation by servicing the interrupt vector which woke
it up (see Figure 28).

When entering ACTIVE-HALT mode, the | bit in

the CC register is cleared to enable interrupts.

Therefore, if an interrupt is pending, the MCU

wakes up immediately (see Note 3).

In ACTIVE-HALT mode, only the main oscillator
and the selected timer counter (LT/AT) are running
to keep a wake-up time base. All other peripherals
are not clocked except those which get their clock
supply from another clock generator (such as ex-
ternal or auxiliary oscillator).

Note: As soon as ACTIVE-HALT is enabled, exe-
cuting a HALT instruction while the Watchdog is
active does not generate a RESET.

This means that the device cannot spend more
than a defined delay in this power saving mode.
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I/0 PORTS (Cont'd)

10.7 DEVICE-SPECIFIC I/O PORT CONFIGURATION

The 1/O port register configurations are summa- Interrupt Ports
rised as follows. Ports where the external interrupt capability is
Standard Ports selected using the EISR register
PA7:0, PB6:0 MODE DDR OR
floating input
MODE DDR | OR oafing IMPut__ 0 0
—— pull-up interrupt input 0 1
floating input 0 0 -

Fup input 0 3 open drain output 1 0
put-up - push-pull output 1 1
open drain output 1 0
push-pull output 1 1

PC1:0 (multiplexed with OSC1,0SC2)
MODE DDR
floating input 0
push-pull output 1

The selection between OSC1 or PCO and OSC2 or
PC1 is done by option byte. Refer to section 15.1
on page 149. Interrupt capability is not available
on PC1:0.

Note: PCOR not implemented but p-transistor al-
ways active in output mode (refer to Figure 32 on
page 50)

Table 10. Port Configuration (Standard ports)

Input Output
Port Pin name
OR=0 OR=1 OR=0 OR=1
Port A PA7:0 floating pull-up open drain push-pull
Port B PB6:0 floating pull-up open drain push-pull

Note: On ports where the external interrupt capability is selected using the EISR register, the configura-
tion will be as follows:

Input Output
Port Pin name
OR=0 OR=1 OR=0 OR=1
Port A PA7:0 floating pull-up interrupt open drain push-pull
Port B PB6:0 floating pull-up interrupt open drain push-pull

Table 11. I/O Port Register Map and Reset Values

Address i
Register 7 6 5 4 3 2 1 0

(Hex.) Label

PADR MSB LSB
0000h

Reset Value 1 1 1 1 1 1 1 1

PADDR MSB LSB
0001h

Reset Value 0 0 0 0 0 0 0 0

ﬁ 53/159




ST7LITE1xB

DUAL 12-BIT AUTORELOAD TIMER 4 (Cont’d)
11.2.3.6 One Pulse Mode

One Pulse Mode can be used to control PWM2/3
signal with an external LTIC pin. This mode is
available only in dual timer mode i.e. only for
CNTR2, when the OP_EN bit in PWM3CSR regis-
ter is set.

One Pulse Mode is activated by the external LTIC
input. The active edge of the LTIC pin is selected
by the OPEDGE bit in the PWM3CSR register.

After getting the active edge of the LTIC pin,
CNTR2 is reset (000h) and PWM3 is set to high.
CNTR2 starts counting from 000h, when it reaches
the active DCRS3 value then the PWMS3 output
goes low. Till this time, any further transitions on
the LTIC signal will have no effect. If there are
LTIC transitions after CNTR2 reaches the DCR3
value, CNTR2 is reset again and the PWM3 output
goes high.

If there is no LTIC active edge then CNTR2 will
count till it reaches the ATR2 value, and then it will
be reset again and the PWMS3 output is set to high.
The counter again starts counting from 000h,
when it reaches the active DCRS3 value the PWMS3
output goes low, the counter counts till it reaches
the ATR2 value, it resets and the PWMS3 output is
set to high and it goes on the same way.

The same operation applies for the PWM2 output,
but in this case the comparison is done on the
DCR2 value.

The OP_EN and OPEDGE bits take effect on the
fly and are not synchronized with the CNTR2 over-
flow.

The OP2/3 bits can be used to inverse the polarity
of the PWM2/3 outputs in one-pulse mode. The
update of these bits (OP2/3) is synchronized with
the CNTR2 overflow, they will be updated if the
TRAN2 bit is set.

Notes:

1. If CNTR2 is running at 32 MHz, the time taken
from activation of LTIC input and CNTR2 reset is
between 2 and 3 tgyTR2 CYCleS, i.e. 66 ns to 99 ns
(with 8 MHz fg,,).

2. The Lite Timer input capture interrupt must be
disabled while 12-bit ARTimer is in One Pulse
Mode. This is to avoid spurious interrupts.

3. The priority of various events affecting PWM3 is
as follows:

— Break (Highest priority)
— One-pulse mode with active LTIC edge
— Forced overflow (by FORCE2 bit)

o7

— One-pulse mode without active LTIC edge
— Normal PWM operation. (Lowest priority)

4. It is possible to synchronize the update of
DCR2/3 registers and OP2/3 bits with the CNTR2
reset. This is managed by the overflow interrupt
which is generated if CNTR2 is reset either due to
an ATR match or an active pulse on the LTIC pin.

5. Updating the DCR2/3 registers and OP2/3 bits
in one-pulse mode is done dynamically by soft-
ware using force update (FORCE2 bit in the
ATCSR2 register).

6. DCRS3 update in this mode is not synchronized
with any event. Consequently the next PWMS cy-
cle just after the change may be longer than ex-
pected (refer to Figure 15).

7. In One Pulse Mode the ATR2 value must be

greater than the DCR2/3 value for the PWM2/3
outputs. (contrary to normal PWM mode)

8. If there is an active edge on the LTIC pin after
the CNTR2 has reset due to an ATR2 match, then
the timer gets reset again. The duty cycle may be
modified depending on whether the new DCR val-
ue is less than or more than the previous value.

9. The TRAN2 bit must be set simultaneously with
the FORCEZ2 bit in the same instruction after a
write to the DCR register.

10. The ATR2 value should be changed after an
overflow in one pulse mode to avoid an irregular
PWM cycle.

11. When exiting from one pulse mode, the
OP_EN bit in the PWM3CSR register must be re-
set first and then the ENCNTR2 bit (if CNTR2 is to
be stopped).

How to Enter One Pulse Mode:

1. Load the ATR2H/ATR2L registers with required
value.

2. Load the DCR3H/DCR3L registers for PWM3
output. The ATR2 value must be greater than
DCRS.

3. Set the OP3 bit in the PWM3CSR register if po-
larity change is required.

4. Start the CNTR2 counter by setting the
ENCNTR2 bit in the ATCSR2 register.

5. Set TRAN2 bit in ATCSR2 to enable transfer.

6. Wait for an overflow event by polling the OVF2
flag in the ATCSR2 register.

7. Select the counter clock using the CK[1:0] bits in
the ATCSR register.
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ST7LITE1xB

DUAL 12-BIT AUTORELOAD TIMER 4 (Cont'd)
11.2.6 Register Description

TIMER CONTROL STATUS REGISTER
(ATCSR)

Read / Write
Reset Value: 0x00 0000 (x0h)

7 0

0 ICF ICIE | CK1 | CKO | OVF1 |OVFIE1|CMPIE

Bit 7 = Reserved.

Bit 6 = ICF Input Capture Flag.

This bit is set by hardware and cleared by software
by reading the ATICR register (a read access to
ATICRH or ATICRL will clear this flag). Writing to
this bit does not change the bit value.

0: No input capture

1: An input capture has occurred

Bit 5 = ICIE IC Interrupt Enable.

This bit is set and cleared by software.
0: Input capture interrupt disabled

1: Input capture interrupt enabled

Bits 4:3 = CK[1:0] Counter Clock Selection.
These bits are set and cleared by software and
cleared by hardware after a reset. They select the
clock frequency of the counter.

Bit 1 = OVFIE1 Overflow Interrupt Enable.

This bit is read/write by software and cleared by
hardware after a reset.

0: Overflow interrupt disabled.

1: Overflow interrupt enabled.

Bit 0 = CMPIE Compare Interrupt Enable.

This bit is read/write by software and cleared by
hardware after a reset. It can be used to mask the
interrupt generated when any of the CMPFx bit is
set.

0: Output compare interrupt disabled.

1: Output Compare interrupt enabled.

COUNTER REGISTER 1 HIGH (CNTR1H)
Read only
Reset Value: 0000 0000 (00h)

15 8
CNTR1_|CNTR1_{CNTR1_|CNTR1_
0 0 0 0 11 10 9 8

COUNTER REGISTER 1 LOW (CNTR1L)
Read only
Reset Value: 0000 0000 (00h)

7 0

CNTR1_|CNTR1_|CNTR1_|CNTR1_|CNTR1_|CNTR1_{CNTR1_|CNTR1_
7 6 5 4 3 2 1 0

Counter Clock Selection CK1 | CKoO
OFF 0 0
32 MHz 1 1
firimer (1 ms timebase @ 8 MHz) 0 1
fopu 1 0

Bit 2 = OVF1 Overflow Flag.

This bit is set by hardware and cleared by software
by reading the ATCSR register. It indicates the
transition of the counteri CNTR1 from FFFh to
ATR1 value.

0: No counter overflow occurred

1: Counter overflow occurred

72/159

Bits 15:12 = Reserved.

Bits 11:0 = CNTR1[11:0] Counter Value.
This 12-bit register is read by software and cleared
by hardware after a reset. The counter CNTR1 in-
crements continuously as soon as a counter clock
is selected. To obtain the 12-bit value, software
should read the counter value in two consecutive
read operations. As there is no latch, it is recom-
mended to read LSB first. In this case, CNTR1H
can be incremented between the two read opera-
tions and to have an accurate result when
fimer=fcpu, Special care must be taken when
CNTR1L values close to FFh are read.
When a counter overflow occurs, the counter re-
starts from the value specified in the ATR1 regis-
ter.
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ST7LITE1xB

DUAL 12-BIT AUTORELOAD TIMER 4 (Cont'd)

Bits 11:0 = ICR[11:0] /nput Capture Data.

This is a 12-bit register which is readable by soft-
ware and cleared by hardware after a reset. The
ATICR register contains captured the value of the
12-bit CNTR1 register when a rising or falling edge
occurs on the ATIC or LTIC pin (depending on

ICS). Capture will only be performed when the ICF
flag is cleared.

BREAK ENABLE REGISTER (BREAKEN)

Read/Write
Reset Value: 0000 0011 (03h)

7 0

BREN2 | BREN1

Bits 7:2 = Reserved, must be kept cleared.

Bit 1 = BREN2 Break Enable for Counter 2

This bit is read/write by software. It enables the
break functionality for Counter2 if BA bit is set in
BREAKCR. It controls PWM2/3 if ENCNTR2 bit is
set.

0: No Break applied for CNTR2

1: Break applied for CNTR2

Bit 0 = BREN1 Break Enable for Counter 1

This bit is read/write by software. It enables the
break functionality for Counter1. If BA bit is set, it
controls PWMO/1 by default, and controls PWM2/3
also if ENCNTR2 bit is reset.

0: No Break applied for CNTR1

1: Break applied for CNTR1

TIMER CONTROL REGISTER2 (ATCSR2)
Read/Write
Reset Value: 0000 0011 (03h)

7 0
FOECE FOTCE ICS |OVFIE2| OVF2 EN|S2NT TRAN2 | TRAN1

Bit 7 = FORCE2 Force Counter 2 Overflow
This bit is read/set by software. When set, it loads
FFFh in the CNTR2 register. It is reset by hard-

4

ware one CPU clock cycle after counter 2 overflow
has occurred.

0 : No effect on CNTR2
1: Loads FFFh in CNTR2

Note: This bit must not be reset by software

Bit 6 = FORCE1 Force Counter 1 Overflow

This bit is read/set by software. When set, it loads
FFFh in CNTR1 register. It is reset by hardware
one CPU clock cycle after counter 1 overflow has
occurred.

0 : No effect on CNTR1
1 : Loads FFFh in CNTR1

Note: This bit must not be reset by software

Bit 5 = ICS Input Capture Shorted

This bit is read/write by software. It allows the AT-
timer CNTR1 to use the LTIC pin for long input
capture.

0 : ATIC for CNTR1 input capture

1 : LTIC for CNTR1 input capture

Bit 4 = OVFIE2 Overflow interrupt 2 enable

This bit is read/write by software and controls the
overflow interrupt of counter2.

0: Overflow interrupt disabled.

1: Overflow interrupt enabled.

Bit 3 = OVF2 Overflow Flag.

This bit is set by hardware and cleared by software
by reading the ATCSR2 register. It indicates the
transition of the counter2 from FFFh to ATR2 val-
ue.

0: No counter overflow occurred

1: Counter overflow occurred

Bit 2 = ENCNTR2 Enable counter2 for PWM2/3

This bit is read/write by software and switches the
PWM2/3 operation to the CNTR2 counter. If this
bit is set, PWM2/3 will be generated using CNTR2.
0: PWM2/3 is generated using CNTR1.
1: PWM2/3 is generated using CNTR2.

Note: Counter 2 gets frozen when the ENCNTR2
bit is reset. When ENCNTR2 is set again, the
counter will restart from the last value.
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ST7LITE1xB

LITE TIMER (Cont'd)
11.3.3 Functional Description
11.3.3.1 Timebase Counter 1

The 8-bit value of Counter 1 cannot be read or
written by software. After an MCU reset, it starts
incrementing from O at a frequency of fogc/32. An
overflow event occurs when the counter rolls over
from F9h to 00h. If fogc = 8 MHz, then the time pe-
riod between two counter overflow events is 1 ms.
This period can be doubled by setting the TB bit in
the LTCSR1 register.

When Counter 1 overflows, the TB1F bit is set by
hardware and an interrupt request is generated if
the TB1IE bit is set. The TB1F bit is cleared by
software reading the LTCSR1 register.

11.3.3.2 Input Capture

The 8-bit input capture register is used to latch the
free-running upcounter (Counter 1) 1 after a rising
or falling edge is detected on the LTIC pin. When
an input capture occurs, the ICF bit is set and the
LTICR register contains the counter 1 value. An in-

Figure 52. Input Capture Timing Diagram.

terrupt is generated if the ICIE bit is set. The ICF
bit is cleared by reading the LTICR register.

The LTICR is a read-only register and always con-
tains the data from the last input capture. Input
capture is inhibited if the ICF bit is set.

11.3.3.3 Timebase Counter 2

Counter 2 is an 8-bit autoreload upcounter. It can
be read by accessing the LTCNTR register. After
an MCU reset, it increments at a frequency of
fosc/32 starting from the value stored in the
LTARR register. A counter overflow event occurs
when the counter rolls over from FFh to the
LTARR reload value. Software can write a new
value at any time in the LTARR register, this value
will be automatically loaded in the counter when
the next overflow occurs.

When Counter 2 overflows, the TB2F bit in the
LTCSR2 register is set by hardware and an inter-
rupt request is generated if the TB2IE bit is set.
The TB2F bit is cleared by software reading the
LTCSR2 register.
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ST7 ADDRESSING MODES (cont’d)

12.1.1 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 Wait For Interrupt (Low Power
Mode)

HALT |\H/|?)|(t1 eC;scillator (Lowest Power

RET Subroutine Return

IRET Interrupt Subroutine Return

SIM Set Interrupt Mask

RIM Reset Interrupt Mask

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

12.1.2 Immediate

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

operand value.

Immediate Instruction Function
LD Load

CP Compare

BCP Bit Compare

AND, OR, XOR Logical Operations

ADC, ADD, SUB, SBC

Arithmetic Operations

4

12.1.3 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 1 byte af-
ter the opcode, but only allows 00 - FF addressing
space.

Direct (Long)

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

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

12.1.4 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 1 byte after
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.

12.1.5 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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13 ELECTRICAL CHARACTERISTICS

13.1 PARAMETER CONDITIONS

Unless otherwise specified, all voltages are re-
ferred to Vgs.

13.1.1 Minimum and Maximum values

Unless otherwise specified the minimum and max-
imum values are guaranteed in the worst condi-
tions of ambient temperature, supply voltage and
frequencies by tests in production on 100% of the
devices with an ambient temperature at T5=25°C
and Tp=Tamax (given by the selected temperature
range).

Data based on characterization results, design
simulation and/or technology characteristics are
indicated in the table footnotes and are not tested
in production. Based on characterization, the min-
imum and maximum values refer to sample tests
and represent the mean value plus or minus three
times the standard deviation (mean+3X).

13.1.2 Typical values

Unless otherwise specified, typical data are based
on TA=25°C, VDD=5V (fOf the 4.5VSVDDS5.5V
voltage range) and Vpp=3.3V (for the
3V<Vpp<3.6V voltage range). They are given only
as design guidelines and are not tested.

13.1.3 Typical curves

Unless otherwise specified, all typical curves are
given only as design guidelines and are not tested.

13.1.4 Loading capacitor
The loading conditions used for pin parameter
measurement are shown in Figure 63.

Figure 63. Pin loading conditions

7[] ST7PIN
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13.1.5 Pin input voltage

The input voltage measurement on a pin of the de-
vice is described in Figure 64.

Figure 64. Pin input voltage

[] ST7PIN
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OPERATING CONDITIONS (Cont’d)
The RC oscillator and PLL characteristics are temperature-dependent and are grouped in four tables.
13.3.5.1 Devices with “’6” or “3”order code suffix (tested for T = -40 to +125°C) @ Vpp = 5V

Symbol Parameter Conditions Min Typ Max Unit
frc Internal 1F){C oscillator fre- | RCCR = FF (resezt value), Tp=25°C,Vpp=5V 700 KHz
quency RCCR = RCCR0?2), Tp=25°C,Vpp=5V 992 | 1000 | 1008
TA=25°C,Vpp=5V -0.8 +08 | %
Ta=25°C, Vpp=4.5 to 5.5V°) -1 +1 %
Accuracy of Internal RC | Ta=25°C to +85°C,Vpp=5V -3 +3 %
ACCprc | oscillator with Tp=25°C to +85°C,Vpp=4.5 to 5.5V3) -3.5 +3.5 %
RCCR=RCCR0? T ,=85°C to +125°C Vpp=5V 35 5 %
Tp=85°C to +125°C,Vpp=4.5 to 5.5V°) -3.5 +6 %
Ta=-40 to +25°C, Vpp=5V° -3 +7 %
Iob(Ro) z{qu(;iic(:)llrI]ator current con- TA=25°C,Vpp=5V 6003 uA
tsu(Ro) RC oscillator setup time | Ty=25°C,Vpp=5V 109 us
fpLL x8 PLL input clock 19 MHz
t ock PLL Lock time® 2 ms
tsTAB PLL Stabilization time> 4 ms
fac = IMHz@T=25°C,Vpp=4.5 to 5.5V 0.1 %
ACCpuL | X8 PLL Accuracy fgg _ 1MHz@T2=-4O to +%%°C,VDD=5V 0.19 %
twJiT) PLL jitter period ©) fre = IMHz 120 us
JTp | PLLjitter (Afcpu/fcpu) 17 %
IpppLLy | PLL current consumption | Tp=25°C 6007 pA

Notes:

1. If the RC oscillator clock is selected, to improve clock stability and frequency accuracy, it is recommended to place a
decoupling capacitor, typically 100nF, between the Vpp and Vgg pins as close as possible to the ST7 device.

2. See “INTERNAL RC OSCILLATOR ADJUSTMENT” on page 23

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

4. Averaged over a 4ms period. After the LOCKED bit is set, a period of tgrag is required to reach ACCp | accuracy.
5. After the LOCKED bit is set ACCp | is max. 10% until tgTag has elapsed. See Figure 13 on page 24.

6. This period is the phase servo loop period. During this period, the frequency remains unchanged.

7. Guaranteed by design.
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Figure 66. Typical accuracy with RCCR=RCCRO0 vs Vpp= 4.5-5.5V and Temperature
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I/0 PORT PIN CHARACTERISTICS (Cont'd)
13.8.2 Output Driving Current
Subject to general operating conditions for Vpp, fcpy, and T unless otherwise specified.

Symbol Parameter Conditions Min Max Unit
Output low level voltage for a standard I/O pin llo=+BmA Tp<125°C 1.0
when 8 pins are sunk at same time R
Voo 1) (see Figure 83) llo=+2mA Tp<125°C 0.4
oL Output low level voltage for a high sink 1/0O pin % | 1,o=+20mA,Tp<125°C 1.3
when 4 pins are sunk at same time ' O
(see Figure 89) >Q llo=+8mMA Tp<125°C 0.75
Output high level voltage for an I/O pin lio=-BmA, Tp<125°C | Vpp-1.5
Von? | when 4 pins are sourced at same time o
(see Figure 95) lio=2mA Tp<125°C | Vpp-0.8
Output low level voltage for a standard I/O pin
when 8 pins are sunk at same time llo=+2mA Tp<125°C 0.5
VoL 1)3) |(see Figure 82)
. . . V
Output onv level voltage for a hl-gh sink I/0 pin = | 1o=+8MA To<125°C 05
when 4 pins are sunk at same time P
s - ]
2)3) |Output high level voltage for an 1/O pin o) _ <{950 )
Vo when 4 pins are sourced at same time (Figure 94)| = ho=-2mA Ta<125°C | Vpp-0.8
Output low level voltage for a standard 1/0O pin
when 8 pins are sunk at same time llo=+2mA Tp<125°C 0.6
VoL 1)3) |(see Figure 87)
Output onv level voltage for a hl'gh sink I/O pin lo=+8MA TA<125°C 06
when 4 pins are sunk at same time >
~
Output high level voltage for an I/O pin ch.
Von2® |when 4 pins are sourced at same time o | lip=2mA Tp<125°C | Vpp-0.9
(see Figure 101) >

Notes:

1. The ||g current sunk must always respect the absolute maximum rating specified in Section 13.2.2 and the sum of |,
(/O ports and control pins) must not exceed lygs.

2. The || current sourced must always respect the absolute maximum rating specified in Section 13.2.2 and the sum of
lio (/O ports and control pins) must not exceed lypp.

3. Not tested in production, based on characterization results.
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13.10 COMMUNICATION INTERFACE CHARACTERISTICS

13.10.1 SPI - Serial Peripheral Interface

Subject to general operating conditions for Vpp,
fosc, and Ty unless otherwise specified.

Refer to I/O port characteristics for more details on
the input/output alternate function characteristics
(SS, SCK, MOSI, MISO).

Symbol Parameter Conditions Min Max Unit
Master prul1 28 fCPU/4
f =8MH 0.0625 2
1/thCK SPI clock frequency CPU z MHz
¢(SCK) fSIave MH 0 fcpu/2
cpy=8MHz 4
I'(SCK) SPI clock rise and fall time see 1/O port pin description
f(SCK)
tsuss) " | SS setup time ¥ Slave (4 x Tepy) + 50
thss) | SS hold time Slave 120
1)
ttW<SCKH>1 SCK high and low time '\S"I‘Zifr 19000
W(SCKL)
tsu(MI) N . . Master 100
teu(s) 1) Data input setup time Slave 100
1)
tt';(("s"l')) Data input hold time gzit:r 188 ns
ta(so) V) | Data output access time Slave 0 120
tyisso) | Data output disable time Slave 240
t,so) | Data output valid time 120
v(SO) 7 b : Slave (after enable edge)
th(so) Data output hold time 0
tymo) ) Data output valid time Master (after enable 120
thmo) | Data output hold time edge) 0

Figure 107. SPI Slave Timing Diagram with CPHA=0 %

SS inpuT \

I tsu@Ss) te(sck) ey | |
e
. [ cPHA=0 | ! ! L
2 | CPOL=0 | | | |
z I I
x | CPHA=0 I I I I
1) CPOL=1 | | | | |
| |
P tw(sCKH) ! | ! !
I taso) | | twseky) | ty(so) I' thso) t.r(SCK.) I tyis(s0)
“— | > L - tisck) -
MISO ouTPUT  see notez>{ : : MSB OUT >{ BIT6 OUT y +SB-OUF *@2
tsusy || thesi)
-~ e >
MOSI npuT ><><><><>< MSB IN X BIT1 IN >< LSB IN ><XXXXX
Notes:

1. Data based on design simulation, not tested in production.

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 on the I/O port configuration.

3. Measurement points are done at CMOS levels: 0.3xVpp and 0.7xVpp.
4. Depends on fcpy. For example, if fopy=8MHz, then Tepy = 1/fcpy =125ns and tg,55)=550ns
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13.12 ANALOG COMPARATOR CHARACTERISTICS

Symbol Parameter Conditions Min Typ? | Max | Unit
Vbba Supply range 4.5 5.5 \
ViN Comparator input voltage range 0 Vbpa \Y
Temp Temperature range -40 125 °C
Voftset Comparator offset error 20 mV
Analog Comparator Consumption 120 pA
Ibp(cmP) gﬂgrl%gpcc))evrzrpizgavﬁr Consumption 200 DA
toropag Comparator propagation delay 40 ns
tstartup | Startup filter duration 5007 ns
tstab Stabilisation time 500 ns

13.13 PROGRAMMABLE INTERNAL VOLTAGE REFERENCE CHARACTERISTICS

Symbol Parameter Conditions Min |[Typ" | Max | Unit

Vbpa Supply range 4 5 5.5 \"

Temp Temperature range -40 27 125 °C
Internal Voltage 50 UA

Reference Consumption

IbD(VOLTREF) | Internal Voltage
Reference Consumption 200 pA
during power-down

tstartup Startup duration 12 us

13.14 CURRENT BIAS CHARACTERISTICS (for Comparator and Internal Voltage Reference)

Symbol Parameter Conditions Min Typ " | Max | Unit
Vbpa Supply range 4.5 5 5.5 \
Temp Temperature range -40 27 125 °C

Bias Consumption in run mode 50 HA
IDD (Bi i i i -
(Bias) | Bias Consumption during power 36 pA
down
tstartup Startup time 12 us
Notes:

1. Unless otherwise specified, typical data are based on Tp=25°C and Vpp-Vgs=5V. They are given only as design guide-
lines and are not tested.

2. Since startup time for internal voltage reference and bias is 1 ps, comparator correct output should not be expected
before 1 ps during startup.
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PACKAGE CHARACTERISTICS (Cont'd)
Figure 114. 16-Pin Plastic Small Outline Package, 300-mil Width

. D R hx 45° i mm inches
) g «— Dim. - -
J}j' Min | Typ | Max | Min | Typ | Max
A T A | 235 2.65 [0.093 0.104
VA I v r_JJ L ¥
ak A1 | 0.10 0.30 (0.004 0.012
N s B |0.33 0.51 |0.013 0.020
- C |(0.23 0.32 |0.009 0.013
D |10.10 10.50/0.398 0.413
. E |7.40 7.60 (0.291 0.299
H H |-|| H H ” H H H |10.00 10.65|0.394 0.419
e 1.27 0.050
h 0.25 0.75 (0.010 0.030
E [H o 0° 8° 0° 8°
O L 0.40 1.27 |10.016 0.050
Number of Pins
N 16
A,
IR
Figure 115. 20-Pin Plastic Dual In-Line Package, 300-mil Width
. mm inches
Dim. - -
L A2 A Min | Typ | Max | Min Typ
Y A 5.33 0.2
*
Al L A1 |0.38 0.0150
L A2 | 2.92|3.30|4.95|0.1150|0.1299 | 0.1
b
D1 |7 ‘_b2 © b |0.36|0.46|0.56|0.0142|0.0181 (0.0
b2 |(1.14|1.52 | 1.78 | 0.0449|0.0598 | 0.0
¢ |0.20|0.25|0.36 | 0.0079|0.0098 | 0.0
D D |24.89|26.16(26.92(0.9799|1.0299 | 1.0
ANMCAEAAAAAEE D1 | 0.13 0.0051
e 2.54 0.1000
| 20 11
E1 eB 10.92 0.4
| 10 E1 | 6.10 | 6.35| 7.11 | 0.2402 | 0.2500 | 0.2
T A A R A L 2.92 | 3.30 | 3.81 [0.1150) 0.1299 | 0.1
Number of Pins
N 20

Nofe . Values in inches are converied from mm
rounded to 4 decimal digits.

%
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