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7.6 SYSTEM INTEGRITY MANAGEMENT (SI)

The System Integrity Management block contains
the Low voltage Detector (LVD) and Auxiliary Volt-
age Detector (AVD) functions. It is managed by
the SICSR register.

Note: A reset can also be triggered following the
detection of an illegal opcode or prebyte code. Re-
fer to section 12.2.1 on page 107 for further de-
tails.

7.6.1 Low Voltage Detector (LVD)

The Low Voltage Detector function (LVD) gener-
ates a static reset when the Vpp supply voltage is
below a Vir_vp) reference value. This means that
it secures the power-up as well as the power-down
keeping the ST7 in reset.

The V|r_Lvp) reference value for a voltage drop is
lower than the V|1, yp) reference value for power-
on in order to avoid a parasitic reset when the
MCU starts running and sinks current on the sup-
ply (hysteresis).

The LVD Reset circuitry generates a reset when
Vpp is below:

- V|T+(|_VD)When VDD is rising
- V|T-(LVD) when VDD is fa”lng
The LVD function is illustrated in Figure 18.

The voltage threshold can be configured by option
byte to be low, medium or high.

Figure 18. Low Voltage Detector vs Reset

Provided the minimum Vpp value (guaranteed for
the oscillator frequency) is above Vir_yp), the
MCU can only be in two modes:

— under full software control
— in static safe reset

In these conditions, secure operation is always en-
sured for the application without the need for ex-
ternal reset hardware.

During a Low Voltage Detector Reset, the RESET
pin is held low, thus permitting the MCU to reset
other devices.

Notes:

The LVD allows the device to be used without any
external RESET circuitry.

The LVD is an optional function which can be se-
lected by option byte.

Use of LVD with capacitive power supply: with this
type of power supply, if power cuts occur in the ap-
plication, it is recommended to pull Vpp down to
0V to ensure optimum restart conditions. Refer to
circuit example in Figure 106 on page 136 and
note 4.

It is recommended to make sure that the Vpp sup-
ply voltage rises monotonously when the device is
exiting from Reset, to ensure the application func-
tions properly.

A Vpp

ViT+(LVD)
ViT-(LVD)

4
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POWER SAVING MODES (Cont’d)

9.3 WAIT MODE

WAIT mode places the MCU in a low power con-
sumption mode by stopping the CPU.

This power saving mode is selected by calling the
‘WFTI’ instruction.

All peripherals remain active. During WAIT mode,
the | bit of the CC register is cleared, to enable all
interrupts. All other registers and memory remain
unchanged. The MCU remains in WAIT mode until
an interrupt or RESET occurs, whereupon the Pro-
gram Counter branches to the starting address of
the interrupt or Reset service routine.

The MCU will remain in WAIT mode until a Reset
or an Interrupt occurs, causing it to wake up.

Refer to Figure 24.

4

Figure 24. WAIT Mode Flow-chart

OSCILLATOR ON

PERIPHERALS ON
(WFI INSTRUCTION}P CPU OFF
I BIT 0

INTERRUPT

OSCILLATOR ON
PERIPHERALS OFF
CPU ON
I BIT 0

v

256 OR 4096 CPU CLOCK
CYCLE DELAY

v

OSCILLATOR ON
PERIPHERALS ON
CPU ON
I BIT X"

A 4
FETCH RESET VECTOR
OR SERVICE INTERRUPT

Note:

1. Before servicing an interrupt, the CC register is
pushed on the stack. The | bit of the CC register is
set during the interrupt routine and cleared when
the CC register is popped.
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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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POWER SAVING MODES (Cont'd)
Figure 31. AWUFH Mode Flow-chart

HALT INSTRUCTION
(Active-Halt disabled)
(AWUCSR.AWUEN=1)

ENABLE

1

WATCHDOG
RESET

<Toom T

WATCHDOG

DISABLE

AWURCOSC ON
MAIN OSC OFF
PERIPHERALS 2 OFF
CPU OFF
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AWURC OSC  OFF
MAIN OSC ON
PERIPHERALS OFF

»|CPU ON
I[1:0] BITS XX 4

v
256 OR 4096 CPU CLOCK
CYCLE DELAY®
v
AWU RC OSC  OFF
MAIN OSC ON
PERIPHERALS ON
CPU ON
I[1:0] BITS XX 4
v

FETCH RESET VECTOR
OR SERVICE INTERRUPT
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Notes:

1. WDGHALT is an option bit. See option byte sec-
tion for more details.

2. Peripheral clocked with an external clock source
can still be active.

3. Only an AWUFH interrupt and some specific in-
terrupts can exit the MCU from HALT mode (such
as external interrupt). Refer to Table 5, “Interrupt
Mapping,” on page 37 for more details.

4. Before servicing an interrupt, the CC register is
pushed on the stack. The I[1:0] bits of the CC reg-
ister are set to the current software priority level of
the interrupt routine and recovered when the CC
register is popped.

5. If the PLL is enabled by option byte, it outputs
the clock after an additional delay of tgtarTUP (SE€
Figure 13).
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I/0 PORTS (Cont'd)
Figure 32. I/0O Port General Block Diagram

REGISTER ALTERNATE 1
ACCESS " ° OUTPUT — Vbb P-BUFFER
\ From on-chip peripheral of T —_ (see table below)
Y.
] R ALTERNATE PULL-UP
/ . ENABLE
: BIT (see table below)
=y on | = \ 1O v
= DDR [ _leJ_ % \
' ! PULL-UP
: ‘| CONDITION PAD
o
> 1
5 <; 2 OR [=¢ If implemented g{)—[
w 1
&| . ORSEL o —
% ; N-BUFFER  _| DIODES
' i o (see table below)
.DDRSEL |
l| )/ . ! ANALOG
|‘ ’, J OMOS INPUT
: . SCHMITT
\D;S/EL gk K j TRIGGER
‘\ ! O |
. ! ! ALTERNATE
- . INPUT
EXTERNAL To on-chip peripheral
INTERRUPT FROM
REQUEST (eiy) OTHER
SENSITIVITY BITS Note: Refer to the Port Configuration
SELECTION table for device specific information.
Table 8. 1/0 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 on
Output Push-pull off On
P Open Drain (logic level) o

Legend: Off - implemented not activated
On - implemented and activated
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11.2 DUAL 12-BIT AUTORELOAD TIMER 4 (AT4)
11.2.1 Introduction

The 12-bit Autoreload Timer can be used for gen-
eral-purpose timing functions. It is based on one or
two free-running 12-bit upcounters with an input
capture register and four PWM output channels.
There are 7 external pins:

— Four PWM outputs
— ATIC/LTIC pins for the Input Capture function

— BREAK pin for forcing a break condition on the
PWM outputs

11.2.2 Main Features

= Single Timer or Dual Timer mode with two 12-bit
upcounters (CNTR1/CNTR2) and two 12-bit
autoreload registers (ATR1/ATR2)

m Maskable overflow interrupts
s PWM mode

Figure 35. Single Timer Mode (ENCNTR2=0)

— Generation of four independent PWMx signals

— Dead time generation for Half bridge driving
mode with programmable dead time

— Frequency 2 kHz - 4 MHz (@ 8 MHz fgpy)
— Programmable duty-cycles
— Polarity control
— Programmable output modes
m Output Compare Mode
m Input Capture Mode
— 12-bit input capture register (ATICR)
— Triggered by rising and falling edges
— Maskable IC interrupt
— Long range input capture
Internal/External Break control
Flexible Clock control
One Pulse mode on PWM2/3
Force Update

ATIC .
Edge Detection Circuit|—>{ 12-bit Input Capture ‘
A
Output Compare '—} Icr::':g'rprupt
——I PWMO Duty Cycle Generator |—-— Dead Time —%D— PWMO
—HPWM1 Duty Cycle Generator | Generator | OE1 —, | g PWM1
(0]
QO
’ 12-Bit Autoreload Register 1 | DTE bit )
i
v —-{ PWM2 Duty Cycle Generator I OF2 | § —L]1 PWM2
—}‘ 12-Bit Upcounter 1 l g'
__I PWMS3 Duty Cycle Generator I OE3 =0D— |1 PWM3
OVF1 interrupt
BPEN bit
4—— OFF
Clock
<4— fcpu
Control
— 32MHz
€—1 ms from
Lite Timer
IS73 57/159
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DUAL 12-BIT AUTORELOAD TIMER 4 (Cont'd)
11.2.3 Functional Description
11.2.3.1 PWM Mode

This mode allows up to four Pulse Width Modulat-
ed signals to be generated on the PWMx output
pins.

PWM Frequency

The four PWM signals can have the same fre-
quency (prM) or can have two different frequen-
cies. This is selected by the ENCNTR2 bit which
enables single timer or dual timer mode (see Fig-
ure 1 and Figure 2).

The frequency is controlled by the counter period
and the ATR register value. In dual timer mode,
PWM2 and PWMS3 can be generated with a differ-
ent frequency controlled by CNTR2 and ATR2.

fewm = fcounTer / (4096 - ATR)

Following the above formula,

— IffcounteR is 4 MHz the maximum value of
fpwm is 2 MHz (ATR register value = 4094), the
minimum value is 1 kHz (ATR register value = 0).

— If fcounteR is 32 MHz the maximum value of

fpwm is 8 MHz (ATR register value = 4092), the
minimum value is 8 kHz (ATR register value = 0).

Notes:

1. The maximum value of ATR is 4094 because it
must be lower than the DC4R value which must be
4095 in this case.

2. To update the DCRXx registers at 32 MHz, the
following precautions must be taken:

—if the PWM frequency is < 1 MHz and the TRANX
bit is set asynchronously, it should be set twice
after a write to the DCRXx registers.

— if the PWM frequency is > 1 MHz, the TRANX bit
should be set along with FORCEX bit with the
same instruction (use a load instruction and not
2 bset instructions).

Duty Cycle

The duty cycle is selected by programming the
DCRXx registers. These are preload registers. The
DCRx values are transferred in Active duty cycle
registers after an overflow event if the correspond-
ing transfer bit (TRANX bit) is set.

The TRAN1 bit controls the PWMx outputs driven
by counter 1 and the TRANZ2 bit controls the
PWMx outputs driven by counter 2.

PWM generation and output compare are done by
comparing these active DCRx values with the
counter.

(574

The maximum available resolution for the PWMx
duty cycle is:

Resolution = 1/ (4096 - ATR)

where ATR is equal to 0. With this maximum reso-
lution, 0% and 100% duty cycle can be obtained
by changing the polarity.

At reset, the counter starts counting from 0.

When a upcounter overflow occurs (OVF event),
the preloaded Duty cycle values are transferred to
the active Duty Cycle registers and the PWMx sig-
nals are set to a high level. When the upcounter
matches the active DCRx value the PWMx signals
are set to a low level. To obtain a signal on a
PWMx pin, the contents of the corresponding ac-
tive DCRXx register must be greater than the con-
tents of the ATR register.

The maximum value of ATR is 4094 because it
must be lower than the DCR value which must be
4095 in this case.

Polarity Inversion

The polarity bits can be used to invert any of the
four output signals. The inversion is synchronized
with the counter overflow if the corresponding
transfer bit in the ATCSR2 register is set (reset
value). See Figure 3.

Figure 37. PWM Polarity Inversion

inverter
PWMx )‘ y'y

PWMx
L] PIN

PWMxCSR Register
OPx —|_>}
TRANx—I_’

ATCSR2 Register

counter
overflow

DFF

The Data Flip Flop (DFF) applies the polarity inver-
sion when triggered by the counter overflow input.

Output Control

The PWMx output signals can be enabled or disa-
bled using the OEXx bits in the PWMCR register.
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DUAL 12-BIT AUTORELOAD TIMER 4 (Cont’d)

8. Set the OP_EN bit in the PWM3CSR register to
enable one-pulse mode.

9. Enable the PWMS3 output by setting the OE3 bit
in the PWMCR register.

The "Wait for Overflow event" in step 6 can be re-
placed by forced update (writing the FORCE2 bit).

Figure 47. Block Diagram of One Pulse Mode

Follow the same procedure for PWM2 with the bits
corresponding to PWM2.

Note: When break is applied in one-pulse mode,
the CNTR2, DCR2/3 & ATR2 registers are reset.
Consequently, these registers have to be initial-
ized again when break is removed.

LTIC pin
Edge
Selection

12-bit Upcounter 2 |—>

—

»  PwMm

| OPEDGE| OP_EN |
PWM3CSR Register

- - Generation|
I 12-bit AutoReload Register 2{—}

PWM2/3

| 12-bit Active DCR2/3 |—>

P
OP2/3

Figure 48. One Pulse Mode and PWM Timing Diagram

CNTR2

OP_EN=1

PWM2/3

fcounter2

="

CNTR2

LTIC

OP_EN

PWM2/3

PSSP I e e e e

tne | 1T | ;

Note 1: When OP_EN=0, LTIC edges are not taken into account as the timer runs in PWM mode.
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Figure 49. Dynamic DCR2/3 update in One Pulse Mode

1

OP_EN

L L

[ R

L LT L

extra PWMS period due to

update dynamically in one-|

mode.

f
Coz:f: 000 X FFF X 000 DCR% \DCR3)n --m 000
LTIC / . N | \
FORCE2 J—| \ \ )
TRAN2 \AI / / /
¥ / /
DOR2/3 (DCR2/3)gq [ ©oR3ey, [ ] /
PWM2/3 \ ¢ “

DCR3
pulse
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DUAL 12-BIT AUTORELOAD TIMER 4 (Cont’d)
11.2.3.7 Force Update

In order not to wait for the counter, overflow to
load the value into active DCRXx registers, a pro-
grammable counter, overflow is provided. For
both counters, a separate bit is provided which
when set, make the counters start with the over-
flow value, i.e. FFFh. After overflow, the counters
start counting from their respective auto reload
register values.

These bits are FORCE1 and FORCE2 in the
ATCSR2 register. FORCE1 is used to force an
overflow on Counter 1 and, FORCE?2 is used for
Counter 2. These bits are set by software and re-

Figure 50. Force Overflow Timing Diagram

set by hardware after the respective counter over-
flow event has occurred.

This feature can be used at any time. All related
features such as PWM generation, Output Com-
pare, Input Capture, One-pulse (refer to Figure 15.
Dynamic DCR2/3 update in One Pulse Mode) can
be used this way.

FORCEx

fenTRx

CNTRx FFF

E03> E04

ATRx>

)

FORCE2 FORCE1
ATCSR2 Register
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SERIAL PERIPHERAL INTERFACE (cont'd)
11.4.3.1 Functional Description

A basic example of interconnections between a
single master and a single slave is illustrated in
Figure 2.

The MOSI pins are connected together and the
MISO pins are connected together. In this way
data is transferred serially between master and
slave (most significant bit first).

The communication is always initiated by the mas-
ter. When the master device transmits data to a
slave device via MOSI pin, the slave device re-
sponds by sending data to the master device via

Figure 54. Single Master/ Single Slave Application

the MISO pin. This implies full duplex communica-
tion with both data out and data in synchronized
with the same clock signal (which is provided by
the master device via the SCK pin).

To use a single data line, the MISO and MOSI pins
must be connected at each node (in this case only
simplex communication is possible).

Four possible data/clock timing relationships may
be chosen (see Figure 5 on page 7) but master
and slave must be programmed with the same tim-
ing mode.

MASTER SLAVE
MSBit ¢—— LSBit MSBit ¢—— LSBit
8-bit SHIFT REGISTER 4—[]MISO MISO {1 8-bit SHIFT REGISTER
5 5
|7 []MOSI MOSI 4
SPI
CLOCK ASCK SCK.L,
GENERATOR - _

SS +5V SSE

\, Not used if SS is managed

C/ by software
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SERIAL PERIPHERAL INTERFACE (cont'd)
11.4.4 Clock Phase and Clock Polarity

Four possible timing relationships may be chosen
by software, using the CPOL and CPHA bits (See
Figure 5).

Note: The idle state of SCK must correspond to
the polarity selected in the SPICSR register (by
pulling up SCK if CPOL = 1 or pulling down SCK if
CPOL =0).

The combination of the CPOL clock polarity and
CPHA (clock phase) bits selects the data capture
clock edge.

Figure 57. Data Clock Timing Diagram

Figure 5 shows an SPI transfer with the four com-
binations of the CPHA and CPOL bits. The dia-
gram may be interpreted as a master or slave tim-
ing diagram where the SCK pin, the MISO pin and
the MOSI pin are directly connected between the
master and the slave device.

Note: If CPOL is changed at the communication
byte boundaries, the SPI must be disabled by re-
setting the SPE bit.

CPHA =1
SCK A
(CPOL = 1) : ‘ | ! ‘ ‘
SCK ‘ | :
(CPOL = 0) +

Bit3 >< Bit 2 X Bht1 X LéBitX

MISO XXXXX M‘:SBitX Bi:t6 ><

(from master)

Bit5 X Bit 4 X

wos AN

B|t3 X BItZX Bit 1 x L$B|t

(from slave)

s\

MéBitx Bit 6 X Blitsx Bjt4>(

| s
I

|
|
|
|
|

(to slave)

CAPTURE STROBE | | ’

SCK +

(CPOL = 1) , .

SCK ‘
(CPOL = 0) A

Bit 4

>< Eiit3 >< Bi:t2 >< B;t1 X LSiBitX

MISO W MéBitX Bit 6 ><

(from master)

Bit 5 ><

MOSI 4< MSB“it XBiEtG X B:it5X Bn4X 3n3 ><

sz | st ) s (I

(from slave)

Ss

(to slave)

A
|

CAPTURE STROBE |

Note: This figure should not be used as a replacement for parametric information.
Refer to the Electrical Characteristics chapter.

4
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10-BIT A/D CONVERTER (ADC) (Cont'd)
11.5.6 Register Description

CONTROL/STATUS REGISTER (ADCCSR)
Read/Write (Except bit 7 read only)
Reset Value: 0000 0000 (00h)

7 0

EOC |SPEED|ADON 0 0 CH2 | CH1 | CHO

Bit 7 = EOC End of Conversion

This bit is set by hardware. It is cleared by hard-
ware when software reads the ADCDRH register
or writes to any bit of the ADCCSR register.

0: Conversion is not complete

1: Conversion complete

Bit 6 = SPEED ADC clock selection

This bit is set and cleared by software. It is used
together with the SLOW bit to configure the ADC
clock speed. Refer to the table in the SLOW bit de-
scription (ADCDRL register).

Bit 5 = ADON A/D Converter on

This bit is set and cleared by software.

0: A/D converter and amplifier are switched off
1: A/D converter and amplifier are switched on

Bits 4:3 = Reserved. Must be kept cleared.

Bits 2:0 = CH[2:0] Channel Selection
These bits are set and cleared by software. They
select the analog input to convert.

Channel Pin* CH2 | CH1 | CHO
AINO 0 0 0
AIN1 0 0 1
AIN2 0 1 0
AIN3 0 1 1
AIN4 1 0 0
AIN5 1 0 1
AIN6 1 1 0

*The number of channels is device dependent. Refer to
the device pinout description.

98/159

DATA REGISTER HIGH (ADCDRH)
Read Only
Reset Value: xxxx xxxx (xxh)

7 0

D9 D8 D7 D6 D5 D4 D3 D2

Bits 7:0 = D[9:2] MSB of Analog Converted Value

AMP CONTROL/DATA REGISTER LOW (AD-
CDRL)

Read/Write
Reset Value: 0000 00xx (Oxh)

7 0

AMP AMP-
CAL SLOW D1 DO

0 0 0 SEL

Bits 7:5 = Reserved. Forced by hardware to 0.

Bit 4 = AMPCAL Ampilifier Calibration Bit

This bit is set and cleared by software. It is advised
to use this bit to calibrate the ADC when amplifier
is ON. Setting this bit internally connects amplifier
input to OV. Hence, corresponding ADC output can
be used in software to eliminate amplifier-offset er-
ror.

0: Calibration off

1: Calibration on. (The input voltage of the amplifi-
eris set to OV)

Bit 3 = SLOW Slow mode

This bit is set and cleared by software. It is used
together with the SPEED bit in the ADCCSR regis-
ter to configure the ADC clock speed as shown on
the table below.

fabc SLOW|SPEED

fopu/2 0 0
fepy 0 1

fCPU/4 1 X

Note: max fppc allowed = 4MHz (see section
13.11 on page 139)
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Figure 66. Typical accuracy with RCCR=RCCRO0 vs Vpp= 4.5-5.5V and Temperature

vdd (V)
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Figure 67. Typical RCCRO vs Vpp and Temperature
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13.4 SUPPLY CURRENT CHARACTERISTICS

The following current consumption specified for
the ST7 functional operating modes over tempera-
ture range does not take into account the clock

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

source current consumption. To get the total de-
13.4.1 Supply Current
Tpa = -40 to +85°C unless otherwise specified

Symbol Parameter Conditions Typ Max Unit
Supply current in RUN mode fopy=8MHz ) 7 9
Supply current in WAIT mode > | fopu=8MHz 2 3 3.6 A
| Supply current in SLOW mode 2 | fcpu=250kHz J 0.7 0.9
P0 " ['Supply currentin SLOW WAIT mode7 | & |fcpy=250kHz ¥ 0.5 0.8
Supply current in HALT mode® > | -40°C<Tp<+125°C <1 6
Supply current in AWUFH mode &) -40°C<Tp<+125°C 20 HA
Notes:

1. 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 (CLKIN) driven by external square wave, LVD disabled.

2. All /O pins in input mode with a static value at Vpp or Vgg (no load), all peripherals in reset state; clock input (CLKIN)
driven by external square wave, LVD disabled.

3. SLOW mode selected with fopy based on fogc divided by 32. All I/O pins in input mode with a static value at Vpp or
Vgs (no load), all peripherals in reset state; clock input (CLKIN) driven by external square wave, LVD disabled.

4. SLOW-WAIT mode selected with fopy based on foge divided by 32. All I/O pins in input mode with a static value at
Vpp or Vgg (no load), all peripherals in reset state; clock input (CLKIN) driven by external square wave, LVD disabled.

5. All I/O pins in output mode with a static value at Vgg (no load), LVD disabled. Data based on characterization results,
tested in production at Vpp max and fgpy max.

6. All I/O pins in input mode with a static value at Vpp or Vgg (no load). Data tested in production at Vpp max. and fcpy
max.

7. This consumption refers to the Halt period only and not the associated run period which is software dependent.
Figure 71. Typical Ipp in RUN vs. fcpy Figure 72. Typical Ipp in RUN at fcpy = 8MHz
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Figure 73. Typical Ipp in SLOW vs. fepy

Figure 76. Typical Ipp in SLOW-WAIT vs. fcpy
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Figure 74. Typical Ipp in WAIT vs. fcpy
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Figure 75. Typical Ipp in WAIT at fcpy= 8MHz
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Figure 77. Typical Ipp vs. Temperature
at Vpp =5V and fopy = 8MHz
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CLOCK AND TIMING CHARACTERISTICS (Cont’d)
13.5.4 Crystal and Ceramic Resonator Oscillators

The ST7 internal clock can be supplied with ten
different Crystal/Ceramic resonator oscillators. All
the information given in this paragraph are based
on characterization results with specified typical
external components. In the application, the reso-
nator and the load capacitors have to be placed as

close as possible to the oscillator pins in order to
minimize output distortion and start-up stabiliza-
tion time. Refer to the crystal/ceramic resonator
manufacturer for more details (frequency, pack-
age, accuracy...).

Symbol Parameter Conditions Min Typ Max Unit
ferosc Crystal Oscillator Frequency 2 16 MHz
C Recommended load capacitance ver-

L1 sus equivalent serial resistance of the See table below pF
Cro crystal or ceramic resonator (Rg)

Supplier fcrosc | Typical Ceramic Resonators’) | cL13) | cL23 | Rd |Supply Voltage | Temperature
(MHz) | Type? Reference [pF] [pF1 | [Q] | Range[V] Range [°C]
SMD CSBFB1M00J58-R0 220 220 | 2.2k
1 3.3Vto 5.5V
LEAD CSBLA1M00J58-B0 220 220 | 2.2k
2 SMD CSTCC2M00G56Z-R0 (47) (47) 0
SMD CSTCR4MO00G53Z-R0 (15) (15) 0

o 4 3.0V to 5.5V

= LEAD CSTLS4M00G53Z-B0 (15) (15) 0 4010 85

§ 8 SMD CSTCE8M00G52Z-R0 (10) (10) 0

LEAD CSTLS8M00G53Z-B0 (15) (15) 0
12 SMD CSTCE12M0G52Z-R0 (10) (10) 0
16 SMD CSTCE16M0V51Z-R0 (5) (5) 0 3.3Vto 5.5V
LEAD CSTLS16M0X51Z-B0 (5) (5) 0
Notes:

1. Resonator characteristics given by the ceramic resonator manufacturer. For more information on these resonators,

please consult www.murata.com

2. SMD = [-RO0: Plastic tape package (@ =180mm)]

LEAD = [-BO: Bulk]

3. () means load capacitor built in resonator

Figure 79. Typical Application with a Crystal or Ceramic Resonator
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PACKAGE CHARACTERISTICS (Cont'd)
Figure 116. 20-Pin Plastic Small Outline Package, 300-mil Width

. Dim. mm inches)
L EI‘ Min | Typ | Max | Min | Typ | Max
: N (’E ) \\:.:f A [235 2.65 0.0925 0.1043
EM%DH‘ 3 ; A1 | 0.10 0.30 (0.0039 0.0118
B e : B |0.33 0.51 {0.0130 0.0201
C |0.23 0.32 (0.0091 0.0126
D (12.60 13.00|0.4961 0.5118
|’| |'| " |'| |’| I‘| |'| |'| I',I H— E |7.40 7.60 (0.2913 0.2992
e 1.27 0.0500
H |10.00 10.65|0.3937 0.4193
ey h [0.25 0.75 |0.0098 0.0295
o 0° 8° 0° 8°
O L |0.40 1.27 |0.0157 0.0500
Number of Pins
N 20

ofe . Values In Inches are converted from mm

and rounded to 4 decimal digits.

Figure 117. 20-Lead Very thin Fine pitch Quad Flat No-Lead Package

E2

PN #1 1D
R=0.20
20
U /
)
[
)
C ()
) + —
) —
) —
(00 -
b
D2
S BOTTOM VIEW

AS

SEATING
PLANE

Al

A
A

>—‘Q ddd | C

Dim. mm inches)
Min | Typ | Max | Min | Typ | Ma

A 0.80 | 0.85 | 0.90 [0.0315|0.0335|0.03
A1 | 0.00 | 0.02 | 0.05 0.0008|0.00
A3 0.02 0.0008

b 0.25 | 0.30 | 0.35 |0.0098(0.0118]0.01

D 5.00 0.1969

D2 |3.10|3.25| 3.35|0.1220|0.1280(0.13

E 6.00 0.2362

E2 |4.10|4.25|4.35|0.1614(0.1673|0.17|

e 0.80 0.0315

L 0.45 | 0.50 | 0.55 |0.0177(0.0197|0.02
ddd 0.08 0.0031

Number of Pins

N 20
ote. V

rounded to 4 decimal digits.

alues In Inches are converted from mm T
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14.2 SOLDERING INFORMATION

In accordance with the RoHS European directive,
all STMicroelectronics packages have been con-
verted_to lead-free technology, named ECO-
PACK™,

» ECOPACK™ packages are qualified according
to the JEDEC STD-020C compliant soldering
profile.

m Detailed information on the STMicroelectronics
ECOPACK™ transition program is available on
www.st.com/stonline/leadfree/, with specific
technical Application notes covering the main

technical aspects related to lead-free
conversion (AN2033, AN2034, AN2035,
AN2036).

Backward and forward compatibility:

The main difference between Pb and Pb-free sol-
dering process is the temperature range.

— ECOPACK™ TQFP, SDIP, SO and QFN20
packages are fully compatible with Lead (Pb)
containing soldering process (see application
note AN2034)

— TQFP, SDIP and SO Pb-packages are compati-
ble with Lead-free soldering process, neverthe-
less it's the customer's duty to verify that the Pb-
packages maximum temperature (mentioned on
the Inner box label) is compatible with their Lead-
free soldering temperature.

Table 25. Soldering Compatibility (wave and reflow soldering process)

Package Plating material devices Pb solder paste Pb-free solder paste
SDIP & PDIP Sn (pure Tin) Yes Yes *
QFN Sn (pure Tin) Yes Yes *
TQFP and SO NiPdAu (Nickel-palladium-Gold) Yes Yes *
* Assemblers must verify that the Pb-package maximum temperature (mentioned on the Inner box label)

is compatible with their Lead-free soldering process.
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