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ST72141K2

1.4 REGISTER & MEMORY MAP
As shown in Figure 6, the MCU is capable of ad-
dressing 64K bytes of memories and I/O registers.

The available memory locations consist of 128
bytes of register locations, 256 bytes of RAM and
8Kbytes of user program memory. The RAM

Figure 6. Memory Map

space includes up to 64 bytes for the stack from
0140h to 017Fh.

The highest address bytes contain the user reset
and interrupt vectors.

~ 0080h
~
0000h HW Registers .
(see Table 4) _ Short Addressing
007Fh RAM
0080h “Zero page”
(128 Bytes) |
256 Bytes RAM
OOFFh| |
017Fh 0100h
0180h Reserved N 16-b.* Addressing
DFFFh N 6 4RBA l\tll
E000h 2 (64 Bytes)
Program Memory Naoh
(8K Bytes) \ Stackor
FEDFh N 16-bit Addressing
) RAM
FFEOh Interrupt & Reset Vectors
< 017Fh (64 Bytes)
FEEER (see Table 3) >

Table 3. Interrupt Ve uor wiap

Vector Addre s Description Remarks
FFEO--FZ % Not used Internal Interrupt
FFC2 Fe3h Not used
Ft"E4+FFE5h Not used
FrE6-FFE7h Not used

| FFE8-FFEOh | Notused
FFEA-FFEBh TIMER B interrupt vector
FFEC-FFEDh TIMER A interrupt vector
FFEE-FFEFh SPI interrupt vector
FFFO-FFF1h Motor control interrupt vector (events: E, O)
FFF2-FFF3h Motor control interrupt vector (events: C, D)
FFF4-FFF5h Motor control interrupt vector (events: R, Z) v
FFF6-FFF7h External interrupt vector El1: port B7..0 External Interrupt
FFF8-FFF9h External interrupt vector EIO: port A7..0 External Interrupt
FFFA-FFFBh Not used
FFFC-FFFDh TRAP (software) interrupt vector CPU Interrupt
FFFE-FFFFh RESET vector

10/133 KYI




ST72141K2

Address Block Rig:)set:er Register Name ;Z?j; Remarks
0041h TBCR2 Timer B Control Register 2 00h R/W
0042h TBCR1 Timer B Control Register 1 00h R/W
0043h TBSR Timer B Status Register xxh Read Only
0044h TBIC1HR Timer B Input Capture 1 High Register xxh Read Only
0045h TBIC1LR Timer B Input Capture 1 Low Register xxh Read Only
0046h TBOC1HR | Timer B Output Compare 1 High Register 80h R/W
0047h TBOC1LR Timer B Output Compare 1 Low Register 00h R/W
0048h TIMER B TBCHR Timer B Counter High Register FFh Read Only
0049h TBCLR Timer B Counter Low Register FCh Read Only
004Ah TBACHR Timer B Alternate Counter High Register FFh Read Cnly
004Bh TBACLR Timer B Alternate Counter Low Register FCh Feed Ony
004Ch TBIC2HR Timer B Input Capture 2 High Register xxh Read Only
004Dh TBIC2LR Timer B Input Capture 2 Low Register xxh | Read Only
004Eh TBOC2HR | Timer B Output Compare 2 High Register e} R/W
004Fh TBOC2LR Timer B Output Compare 2 Low Register aon R/W
0050h

to Reserved Area (16 Bytes)
005Fh
0060h MTIM Timer Counter Register 00h R/W
0061h MZPRV Zn-1 Capture Registr:r 00h R/W
0062h MZREG Zn Capture Reaqic(e 00h R/W
0063h MCOMP C.1Compa e Rig:ster 00h R/W
0064h MDREG D capture/Copare Register 00h R/W
0065h MWGHT Weight Register 00h R/W
0066h | MOTOR MPRSR Pcesce ler and Ratio Register 00h R/W
0067h | CONTROL MIMR Intcirupt Mask Register 00h R/W
0068h MISR inwerrupt Status Register 00h R/W
0069h MCS]A Control Register A 00h R/W
006Ah MZH3 Control Register B 00h R/W
006Bh MPHST Phase State Register 00h R/W
006Ch MPAR Output Parity Register 00h R/W
006Dh MPOL Output Polarity Register 00h R/W
006EhR

to Reserved Area (2 bytes)
035th

| £070h ADC ADCDR Data Register 00h Read Only

0071h ADCCSR Control/Status Register 00h R/W
0072h

to Reserved Area (14 Bytes)
007Fh
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CENTRAL PROCESSING UNIT (Cont'd)
Stack Pointer (SP)

Read/Write

Reset Value: 01 7Fh
15 8
0 0 0 0 0 0 0 1
7 0
0 SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | SPO

The Stack Pointer is a 16-bit register which is al-
ways pointing to the next free location in the stack.
It is then decremented after data has been pushed
onto the stack and incremented before data is
popped from the stack (see Figure 8).

Since the stack is 128 bytes deep, the 9th most
significant bits are forced by hardware. Following
an MCU Reset, or after a Reset Stack Pointer in-
struction (RSP), the Stack Pointer contains its re-
set value (the SP6 to SPO bits are set) which is the
stack higher address.

Figure 8. Stack Manipulation Example

The least significant byte of the Stack Pointer
(called S) can be directly accessed by a LD in-
struction.

Note: When the lower limit is exceeded, the Stack
Pointer wraps around to the stack upper limit, with-
out indicating the stack overflow. The previously
stored information is then overwritten and there-
fore lost. The stack also wraps in case of an under-
flow.

The stack is used to save the return address dur-
ing a subroutine call and the CPU contex: during
an interrupt. The user may also directly manip ilate
the stack by means of the PUSH and POP ins.ruc-
tions. In the case of an interrupt, ths PCL i3 stored
at the first location pointed to b, tre SP. Then the
other registers are stored in th.» next locations as
shown in Figure 8.

— When an interrup. is received, the SP is decre-
mented and the coritext is pushed on the stack.

— On returri rem interrupt, the SP is incremented
and the <ontext is popped from the stack.

A s ikreutine call occupies two locations and an in-
‘eniupt five locations in the stack area.

CALL Interrupt PJSHY POP Y IRET RET
Subroutine Event or RSP
@ 0100h Fa\¥®
— 1 SP
—— 7| sP — SP
— —p Y —»
CC CC CC
A A A
X X X
Sp PCH PCH PCH sp
Y PCL PCL PCL >
PCH PCH PCH PCH PCH sp
@ 017Fh| PCL PCL PCL PCL PCL —P>
Stack Higher Address = 017Fh
Stack Lower Address = 0100h
16/133 IS73




ST72141K2

3.1 LOW VOLTAGE DETECTOR (LVD)

To allow the integration of power management
features in the application, the Low Voltage Detec-
tor function (LVD) generates a static reset when
the Vpp supply voltage is below a V| yps reference
value. This means that it secures the power-up as
well as the power-down keeping the ST7 in reset.

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

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

— VLypr When Vpp is rising

- VLVDf when VDD is falllng
The LVD function is illustrated in Figure 10.

Figure 10. Low Voltage Detector vs Reset

Provided the minimum Vpp value (guaranteed for
the oscillator frequency) is below V| yps, 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 Le used without any
external RESET circuitry.

A VDD

Vivor
Vivot

H\VSTRISIS
/L sDhyst

18/133
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3.4 MAIN CLOCK CONTROLLER (MCC)

The MCC block supplies the clock for the ST7 The XT16 bit acts on the clock of the motor control
CPU and its internal peripherals. It allows the and SPI peripherals while the SMS bit acts on the
SLOW power saving mode and the Motor Contral CPU and the other peripherals.

and SPI peripheral clocks to be managed inde-
pendently. The MCC functionality is controlled by
two bits of the MISCR register: SMS and XT16.

Figure 17. Main Clock Controller (MCC) Block Diagram

0SC2 =~
OSCILLATOR
0SC1 ==
MCC

r—-——-mM---"—-"=-=-- - - - - -"-" -" - "-"-"-"-"-="-="-="-="-=-="—-=- °~» ="' =—='—- - = il
[ ‘ - [
| 0SsC DIV 2 > DIV 16 fCPU C U ZLOCK I
| TC CPU AND |
o PERIPHERALS |

.
| |
I N |
I _ [
: [xna | sms | MISCR :

—1

I 1 [
I [
I [
I > DIV 2 4AMHz [
] L » MOTOR CONTROL [
I PERIPHERAL [
I [
I [
! DIV 2 4MHz !
| - SPI !
I PERIPHERAL '
I L [
O .
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POWER SAVING MODES (Cont'd)

5.3 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
“WFI” ST7 software instruction.

All peripherals remain active. During WAIT mode,
the | bit of the CC register are forced to 0, to ena-
ble all interrupts. All other registers and memory
remain unchanged. The MCU remains in WAIT
mode until an interrupt or Reset occurs, whereup-
on the Program 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 22.

Figure 22. WAIT mode flow-chart

5.4 SLOW Mode

This mode has two targets:

— Toreduce power consumption by decreasing the
internal clock in the device,

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

SLOW mode is controlled by the SMS bit in the
MISCR register. This bit enables or disables Slow
mode selecting the internal slow frequency fcpy).

In this mode, the oscillator frequency car %e civid-
ed by 32 instead of 2 in normal or<raiing mode.
The CPU and peripherals are clock=20 at this lower
frequency except the Motor Contiol and the SPI
peripherals which have theil ewn clock selection
bit (XT16) in the MISCF. register.

OSCILLATOR Civ
WFI INSTRUCTION PERIPHERALS PN
CPU
I BIT
N
—__ RESET
v if exit caused by a RESET, a 4096 CPU
clock cycle delay is inserted.
OSCILLATOR ON
PERIPHERALS ON
OSCILLATOR ON cPu ON
PERIPHERALS OFF* FETCH RESET VECTOR
CPU OFF OR SERVICE INTERRUPT**

Note:

= The peripheral clock is stopped only when exit caused by RESET and not by an interrupt.
=+ Before servicing an interrupt, the CC register is pushed on the stack.

30/133
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I/0 PORTS (Cont'd)

Figure 23. I/O Port General Block Diagram

REGISTER ALTERNATE
! OUTPUT -
ACCESS _VEE P-BUFFER
v (see table below)
Y.
] S éh&EBFI‘_"éATE PULL-UP
N ' (see table below)
: ;: DR | o > _({ Vbp
S oon - — 2)
: . PULL-UP AN PAD
' CONFIGURATION
oK OR —
> 1
S “Nf implemented @7 A‘L
w 1
®| . ORSEL ' - —
% : N-3U'FFER L DIODES
' ' (see table below)
,DDRSEL |
= \ }—— ANALOG
. cMOS  —d INPUT
, SCHMITT
‘\DDS/ TRIGGER
" ALTERNATE
— S INPUT
EXTERNAL
INTERRUPT
SOURCE ‘2i
POLARITY
SELECTION
Table 6. I/0 Port Mode Options
Di
Configuration Mode Pull-Up P-Buffer lodes
to VDD to VSS
Input Floating vlwth/v.wthout 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

Off - implemented not activated
On - implemented and activated

32/133

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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MISCELLANEOUS REGISTER (Cont'd)

7.4 Miscellaneous Register Description

MISCELLANEOUS REGISTER (MISCR)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

XT16| SSM | SSI | IS11 | IS10 | ISO1 | ISO0 | SMS

Bit 7 = XT16 MTC and SPI clock selection

This bit is set and cleared by software. The maxi-
mum allowed frequency is 4MHz.

0: MTC and SPI clock supplied with fogc/2

1: MTC and SPI clock supplied with fogc/4

Bit 6 = SSM SS mode selection

This bit is set and cleared by software.

0: Normal mode - the level of the SPI SS signal is
the external SS pin. e

1: I/0 mode, the level of the SPI SS signal is read
from the SSI bit.

Bit 5 = SSI SS internal mode

This bit replaces the SS pin of the SFI wii2r the
SSM bit is set to 1. (see SPI descriptan). It is set
and cleared by software.

Bits 4:3 = IS1[1:0] E/1 sensitivity

The interrupt sensitivity defined using the 1S1[1:0]
bits combination is applied to the EI1 external in-
terrupts. These two bits can be written only when
the | bit of the CC register is set to 1 (interrupt
masked).

El1: Port B
IS11 |1S10 External Interrupt Sensitivity
0 0 Falling edge & low level

0 1 Rising edge only
1 0 Falling edge mily
1 1 Rising anc follir 9 edge

Bits 2:1 = I1S0[1:0] /U sensitivity

The interrupt srnsitivity defined using the 1S0[1:0]
bits combiratnn is applied to the EI1 external in-
terrupts. T.ese two bits can be written only when
the | hit of the CC register is set to 1 (interrupt
MmAasne Q).

E'G: Port A
1S01 | 1S00 External Interrupt Sensitivity
0 0 Falling edge & low level

0 1 Rising edge only
1 0 Falling edge only
1 1 Rising and falling edge

Bit 0 = SMS Slow mode select

This bit is set and cleared by software.

0: Normal mode. fcpy = fosc / 2

1: Slow mode. fepy = fosc / 32

See sections on low power consumption mode
and MCC for more details.

Table 10. Miscellaneous Register Map and Reset Values

Address Register
(Hex.) Label 7 6 S 4 3 2 1 0
0020h MISCR XT16 SSM SSI IS11 IS10 1S01 IS00 SMS
Reset Value 0 0 0 0 0 0 0 0
IS73 39/133
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MOTOR CONTROLLER (Cont'd)

Figure 32. Functional Diagram of Z Detection after D Event

Dg or Dy

| 20us Filter turned on |

Switch Sampling Clock[D] -> Sampling Clock[Z] |

+~=
o

Side change on

Output PWM
?

Yes

‘ Change the side according to OSI2:0;
4__ =y

‘ Wait for next sampl.ng ¢ ock edge
I

I

Read enable

A

by REO
?

Read enabled

End

4
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MOTOR CONTROLLER (Cont'd)
Table 20. MTIM Timer-related Registers

Name Reset Value Contents

MTIM 00h Timer Value
MZPRV 00h Capture Zn-1
MZREG 00h Capture Zn
MCOMP 00h Compare Cn+1
MDREG 00h Demagnetization Dn

Note on using the auto-updated MTIM timer:
The auto-updated MTIM timer works accurately
within its operating range but some care has to be
taken when processing timer-dependent data such
as the step duration for regulation or demagnetiza-
tion.

For example if an overflow occurs when calculat-
ing a software end of demagnetization
(MCOMP+demagnetisation_time>FFh), the value
that stored in MDREG will be:
7Fh+(MCOMP+demagnetization_time-FFh)/2.

Note on commutation interrupts: It is good prac-
tice to modify the configuration for the next step as
soon as possible, i.e within the commutation inter-
rupt routine.

All reqisters that need to be changed at exct. step
have a preload register that enables the incdifica-
tions for a complete new configuraiion o be per-
formed at the same time (at > =vent in normal
mode or when writing the MF 1 ST register in direct
access mode).

4

These configuration bits are:

CPB, HDM, SDM and OS2 in the MCRB register
and IS[1:0], OQ[5:0] in the MPHST register.

Note on initializing the MTC: As shown in Table
22 all the MTIM timer registers are in read-write
mode until the MTC clock is enabled (with the
MOE and DAC bits). This allows the timer, prescal-
er and compare registers to be properly initialized
for start-up.

In sensorless mode, the motor has to be starad in
switched mode until a BEMF voltage is orecerit on
the inputs. This means the presceier S173:0] bits
and MCOMP register have tc ke mcuified by soft-
ware. When running the ST 3.9, vits can only be
incremented/decrementz 1, 3u the initial value is
very important.

When starting Zirecily in autoswitched mode (in
sensor mode fur example), write an appropriate
value in the MZREG and MZPRYV register to per-
form & s.2p calculation as soon as the clock is en-
ahl>2.
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MOTOR CONTROLLER (Cont'd)

Direct access to the phase register is also possible
when the DAC bit in the MCRA register is set.

Table 26. DAC and MOE Bit Meaning

MOE bit | DAC bit Effect on Effect_on MTIM
Output Timer
0 X High Z Clock disabled
1 0 Standard run- | Standard run-
ning mode ning mode
MPHST value
1 1 same as MPOL | Clock disabled
value

The polarity register is used to match the polarity
of the power drivers keeping the same control log-
ic and software. If one of the OPx bits in the MPOL
register is set, this means the switch x is ON when
MCOx is VDD'

Each output status depends also on the momen-
tary state of the PWM, its group (odd or even), and
the peripheral state.

PWM Features

The outputs can be split in two PWM groups in or-
der to differentiate the high side and the low side
switches. This output property can be pro-
grammed using the OE[5:0] bits in the MPAR reg-
ister

Table 27. Meaning of the OE[5:9, Biis
““i.annel group

OE[5:0]
Even channel

0
1 ) _!_ Odd channel

The multiplever directs the PWM to the upper
channel the lower channel or both of them alter-
natively o~ cirnultaneously according to the periph-
era! slate.
"his ineans that the PWM can affect any of the up-
per or lower channels allowing the selection of the
most appropriate reference potential when free-
wheeling the motor in order to:

— Improve system efficiency

— Speed up the demagnetization phase

— Enable Back EMF zero crossing detection.

4

The OS[2:0] bits in the MCRB register allow the
PWM configuration to be configured for each case
as shown in Figure 41, Figure 42 and Figure 40.
This configuration depends also on the current/
voltage mode (VOC1 bit in the MCRA register) be-
cause the OS[2:0] have not the same meaning in
voltage mode and in current mode.

During demagnetization, the OS2 bit is used to
control PWM mode, and it is latched in a preload
register so it can be modified when a commutation
event occurs.

The OS[1:0] bits are used to control tha =W\ be-
tween the D and C events.

Warning: In Voltage Mode the OG|2:0] pits have a
special configuration value: ©3)2:] = 010.

In this mode, there is NO cu.rernt limitation and NO
PWM applied to active cuguts. The active outputs
are always at 100% whether in demagnetization,
or normal mode..

Note abkorii a=magnetization speed-up: during
demagretization the voltage on the winding has to
be 25 hich as possible in order to reduce the de-
maynetization time. Software can apply a different
WM configuration on the outputs between the C
and D events, to force the free wheeling on the ap-
propriate diodes to maximize the demagnetization
voltage.

Emergency Feature
When the NMCES pin goes low

— The tristate output buffer is put in HiZ asynchro-
nously

— The MOE bit in the MCRA register is reset

— An interrupt request is sent to the CPU if the EIM
bit in the MIMR register is set

This bit can be connected to an alarm signal from
the drivers, thermal sensor or any other security
component.

This feature functions even if the MCU oscillator is
off.
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MOTOR CONTROLLER (Cont'd)

Figure 40. Step Behaviour of one Output Channel MCO[n] in Voltage Mode

(Voltage Mode without polarity effect)
0S2 PWM behaviour before D - —xxx P OS[1:0] PWM behaviour after D
0s2 __ 00 On Even Channels
0 NotAlternate 0S1 —] 01 On Odd Channels
1 Alternate 0So 10 Alternate Odd/Even
11 On all active Channels
i
@Oo% Q.| « Step >
NG LN | O ) @)
F\2\2 \&\| A ¢—— Demagnetizaton ——» A A
§ < [x g)l |- — — p| _ —
S 009 O [Even rLrLrir r——ir—1r---9r LIT1 I "17r—irl
1(0dd | l-—-=%®»r - 1
0|Even | === > \J |
1 - _ —
00 1lodga T L LT LI 1L_I1 > i S = g
0 [Even | = ==>1 X |
0191 |ogq | - - - |
r 7t 0 °TIl-—-——-—4 1T’ I 1 1T
_ | forq O[Even e
? || |'|odd L1 L r---» L1 L L
o= I T LI LTIl
S |e 0 Even
= |o[10a ] odd | |
p _ _
g 101 © Even | |
S 1|Even LI T | Ol LT 1L T 11 "1 TI
1 0dd | LT LI
o Even LI LT LI LT
A E Odr—1__r 1L LI L. TI1
A WARNIMG: CS[2:0] = 010 has NO current regulation!
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WATCHDOG TIMER (Cond't)
Table 40. Watchdog Timer Register Map and Reset Values

Address Register
(Hex.) Label 7 6 5 4 3 2 1 0
0024h WDGCR WDGA T6 T5 T4 T3 T2 T1 TO
Reset Value 0 1 1 1 1 1 1 1
WDGSR - - - - - - - WDOGF
0025h Reset Value 0 0 0 0 0 0 0 0
IS73
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16-BIT TIMER (Cont'd)
Notes:

1.

After a processor write cycle to the OC/HR reg-
ister, the output compare function is inhibited
until the OCILR register is also written.

. If the OCJE bit is not set, the OCMP;j pin is a

general I/O port and the OLVLi/ bit will not
appear when a match is found but an interrupt
could be generated if the OCIE bit is set.

.When the timer clock is fcpy/2, OCFi and

OCMPi are set while the counter value equals
the OCIR register value (see Figure 52). This
behaviour is the same in OPM or PWM mode.
When the timer clock is fepy/4, fcpy/8 or in
external clock mode, OCFi and OCMPi are set
while the counter value equals the OCIR regis-
ter value plus 1 (see Figure 53).

. The output compare functions can be used both

for generating external events on the OCMPi
pins even if the input capture mode is also
used.

. The value in the 16-bit OC/R register and the

OLVi bit should be changed after each suc-
cessful comparison in order to control an output
waveform or establish a new elapsed timeout.

Figure 51. Output Compare Block D’aryran

Forced Compare Output capability

When the FOLV/ bit is set by software, the OLVL/
bit is copied to the OCMPi pin. The OLV; bit has to
be toggled in order to toggle the OCMPi pin when
it is enabled (OCJE bit=1). The OCF; bit is then not
set by hardware, and thus no interrupt request is
generated.

FOLVL/ bits have no effect in either One-Pulse
mode or PWM mode.

v AV

16 BIT FREE RUnNWNG oc1E|loc2e cci | cco
COUNTLE %
16-bit /L ‘ ‘ (Control Register 2) CR2
e\ ‘ + | (Control Register 1) CR1
,TUTPUT COMPARE S b Latch [
CIRCUIT OCIE OoLv2 10LvL2 OLVLA1 1 1 OCMP1
I t Pin
16-bit$ 16-bit l =3
» eh —1 ocmP2
OCH1R Register Y Y —P Pin
OCF1 OCF2| 0 0 0
OC2R Register

(Status Register) SR

4
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16-BIT TIMER (Cont'd)
8.3.4 Low Power Modes

Mode Description

WAIT No effect on 16-bit Timer.
Timer interrupts cause the device to exit from WAIT mode.
16-bit Timer registers are frozen.
In HALT mode, the counter stops counting until Halt mode is exited. Counting resumes from the previous
count when the MCU is woken up by an interrupt with “exit from HALT mode” capability or from the counter

HALT reset value when the MCU is woken up by a RESET.
If an input capture event occurs on the ICAPI pin, the input capture detection circuitry is armed. Consequent-
ly, when the MCU is woken up by an interrupt with “exit from HALT mode” capability, the ICFibit is set, and
the counter value present when exiting from HALT mode is captured into the IC/R register.

8.3.5 Interrupts

Enat'le | Exit Exit

Interrupt Event EF\ient (‘,:n*:r from from

39 | Fit | Wait | Halt

Input Capture 1 event/Counter reset in PWM mode I(,?: ICIE Yes No
Input Capture 2 event | ICF2 Yes No
Output Compare 1 event (not available in PWM mode) ¥ _ "1 OCF1 OCIE Yes No
Output Compare 2 event (not available in PWM mode) OCF2 Yes No
Timer Overflow event \/ TOF | TOIE | Yes No

Note: The 16-bit Timer interrupt events are connectec to the same interrupt vector (see Interrupts chap-
ter). These events generate an interrupt if the corresponding Enable Control Bit is set and the interrupt
mask in the CC register is reset (RIM instruction).

8.3.6 Summary of Timer modes

VIODES A\ AVAILABLE RESOURCES
input Capture 1 Input Capture 2 | Output Compare 1| Output Compare 2
Input Capture (1 ancor 2) Yes Yes Yes Yes
Output Compare 1 an/or 2) Yes Yes Yes Yes
One Pulse moie No Not Recommended”) No Partially 2
PWM Mce No Not Recommended® No No

1) €zc 1ote 4 in Section 8.3.3.5 One Pulse Mode
<) ;e note 5 in Section 8.3.3.5 One Pulse Mode
3) See note 4 in Section 8.3.3.6 Pulse Width Modulation Mode
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SERIAL PERIPHERAL INTERFACE (Cont'd)
8.4.4.3 Data Transfer Format

During an SPI transfer, data is simultaneously
transmitted (shifted out serially) and received
(shifted in serially). The serial clock is used to syn-
chronize the data transfer during a sequence of
eight clock pulses.

The SS pin allows individual selection of a slave
device; the other slave devices that are not select-
ed do not interfere with the SPI transfer.

Clock Phase and Clock Polarity

Four possible timing relationships may be chosen
by software, using the CPOL and CPHA bits.

The CPOL (clock polarity) bit controls the steady
state value of the clock when no data is being
transferred. This bit affects both master and slave
modes.

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

Figure 59, shows an SPI transfer with the four
combinations of the CPHA and CPOL bits. The di-
agram may be interpreted as a master or slave
timing diagram where the SCK pin, the MISO pin,
the MOSI pin are directly connected between the
master and the slave device.

The SS pin is the slave device sele~iir.nut and can
be driven by the master device.

Figure 58. ChA / SS Timing Diagram

The master device applies data to its MOSI pin-
clock edge before the capture clock edge.

CPHA bit is set

The second edge on the SCK pin (falling edge if
the CPOL bit is reset, rising edge if the CPOL bit is
set) is the MSBiIt capture strobe. Data is latched on
the occurrence of the second clock transition.

No write collision should occur even if the SS pin
stays low during a transfer of several bytes (see
Figure 58).

CPHA bit is reset

The first edge on the SCK pir: (1aning edge if CPOL
bit is set, rising edge if CPOL bit is reset) is the
MSBIt capture strc’e. Lata is latched on the oc-
currence of the first clock transition.

The SS pin mit« be toggled high and low between
each byr» ransmitted (see Figure 58).

To rrctect the transmission from a write collision a
Iz velue on the SS pin of a slave device freezes
tne data in its DR register and does not allow it to
be altered. Therefore the SS pin must be high to
write a new data byte in the DR without producing
a write collision.

MOSI/MISO * Byte 1 + Byte 2 Byte 3 *

Master SS / | I A
Slave SS —\ /\ M\ /o
(CPHA=0)

Slave SS — —
(CPHA=1)
VR02131A
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ST7 ADDRESSING MODES (Contd)

9.1.1 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 Halt Oscillator (Lowest Power
Mode)

RET Sub-routine Return

IRET Interrupt Sub-routine 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/Decremer:

TNZ Test Negative ¢ Zare |

CPL, NEG 1 or 2 Complomant

MUL Byte MuFip_:;cation

EIE{LC SRL, SRA, RLC. Chinvand Rotate Operations

SWAP Swap Nibbles

9.1.2 Imiacdiate

Imraeci=ie instructions have two bytes, the first
Yy.e contains the opcode, the second byte con-
teins 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

9.1.3 Direct

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

The direct addressing mode consists of two sub-
modes:

Direct (short)

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

Direct (long)

The address is a word, thus allowing 6% U te: ad-

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

9.1.4 Indexed (No Offcer, Short, Long)

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

The iruoxed addressing mode consists of three
sut-modes:
moexed (No Offset)

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

Indexed (Short)

The offset is a byte, thus requires only one byte af-

ter the opcode and allows 00 - 1FE addressing
space.

Indexed (long)

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

9.1.5 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 sub-modes:
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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MEMORY AND PERIPHERAL CHARACTERISTICS (Cont'd)

Measurement points are Vg, Vou, VL and Vy in the SPI Timing Diagram

Figure 69. SPI Slave Timing Diagram CPHA=0, CPOL=0"

(INPOT) — - */ _
13 120 - 3_,=
SCK X, ! -
(INPUT) JR  S— N A \
MISO  HIGH-Z 3 ’ '
OUTPUT) 4 ~ D7-0UT10 . ){ De-OUT _ i X DO-OUT !
oS! 3 P R gl
(INPUT) ><><><><><>§ - D7;'|N7 X Dé-IN >< DO-IN m
e VR000113
Figure 70. SPI Slave Timing Diagram CPHA=0, CPOL=1" O
(INPO) — ; P —
2 194 3
SCK = - 3 NG F
(INPUT) \TJ . )N '¢ N
(oLi}{IrIgST) HI:H-Z_* I D7-OUT10 i X DE-OUT £\ C— DO-OUT '
i ' =
npum) X0 orN X Co-IN X DO-IN XXXRXXKK
.= VR000114
Figure 71. SPI Slave Timing Diagran) C"Hs\=1, CPOL=0"
INPGD) o\ -
1 1 |13 12 3
NeoT) 7 ) '\—5/ N \
HIGH 7 i—
ik & D7-OUT — D6-OUT — i Do-OUT
N i —10 i —H = — =
(NP XXX KKK T2 X eI, X DO-IN XXXX
! ' VR000111
L
Figure 72. SPI Slave Timing Diagram CPHA=1, CPOL=1"
(INPOT N 1
2 1 12 13 3
—_— H B H
(INPUT) —_&_5_/ N i N/
HIGH-Z 4
OUEd — = Dr-oUT HO)Z D6-OUT — DoOUT
MOSI  —roarirnd = —— s ——— B
(INPUT) XXXXXXOKR = |D|7-|N7 : X D6-IN : X DO-IN XXXX
Y ' VR000112
Note:

1) Measurement points are Vg, Vop, V)L and V4 in the SPI timing diagram
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11 PACKAGE CHARACTERISTICS

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 Inter-
connect is marked on the package and on the in-
ner box label, in compliance with JEDEC Standard

11.1 PACKAGE MECHANICAL DATA

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.

Figure 73. 32-Pin Plastic Dual In-Line Package, Shrink 400-mil Width

. mm i.ms—‘_)
Dim. - NN
Min | Typ | Max ' v%. | Typ | Max
3.76 5.')8j0.1402 0.1480(0.2000
0.0201
T );Az A 3.56 | 4.57 |0.1201|0.1402(0.1799
A1A L 5 | 0.46 | 0.58 (0.0142|0.0181(0.0228
1.02 | 1.40 (0.0299|0.0402(0.0551
b2 5 b e 0.25 | 0.36 |0.00790.0098 (0.0142
28.45|1.0799 1.1201
A A E [9.91(10.41(11.05/0.3902|0.4098 (0.4350
E1 | 7.62 | 8.89 | 9.40 |0.3000(0.3500(0.3701
) e 1.78 0.0701
eA 10.16 0.4000
[FIRIR IR RPN R eB 12.70 0.5000
eC 1.40 0.0551
L |2.54|3.05]|3.81(0.1000|0.1201(0.1500
Number of Pins
N 32
ofe 1. Values in inches are converted from mm
O\ and rounded to 4 decimal digits.
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12 SUMMARY OF CHANGES

Description of the changes between the current release of the specification and the previous one.

Rev.

Main Changes

Date

1.8

Added VtPOR in section 10.6.1 on page 121
Modified VMTChyst and Voffset in section 10.7 on page 122
Modified Option list in Section 11.2

Oct-01

Title modified (ST72141K2)

Removed references to EPROM devices

Document status modified (not for new design)

Added “related documentation” section in specific chapters thoughout document

Table 13 on page 46 updated with corrections to ZVD and CPB figures for ZVD=1

“RESET Sequence Manager” on page 121: replaced 30 ps with 500 ns to be in line with spec
given in “Functional Description” on page 76

In section 8.3.3.3 on page 82: Replaced “see figure 5” with “see Figure 48” in second paragraph
In section 9.1.4 on page 113: Replaced “The indirect addressing mode” with “The index=sa au-
dressing mode” in second paragraph

In “PACKAGE CHARACTERISTICS” on page 128: Added Ecopack informat on

Values in inches rounded to 4 decimal digits (instead of 3 decimal digits) in Figu-e 73 and Figure
74.

Modified Figure 75 and Figure 76 on page 130

u4-Nov-08
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