£_ PM0064
YI Programming manual

How to program the STM8T141 OTP options

Introduction

The STM8T141 integrated circuit family can be used in the default (unconfigured) state.
However, for some applications, certain one-time-programmable (OTP) options must be set.

This document describes the hardware and software interfaces that are necessary to
program the user selectable options on the STM8T141 family of integrated circuits.
Related documentation

m STM8T141 datasheet
m ST-TSLINK user manual (UM0795)
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Glossary

This section gives a brief definition of acronyms and terms used in this document:
IC: STM8T141 family integrated circuit

Option: User programmable option

Option programming: Programming of user programmable option
Option_0 thru option_7: Refers to Option byte Opt0[0:7]

Option_8 thru option_15: Refers to Option byte Opt1[0:7]

OUT: Refers to the TOUT/POUT pin of the STM8T141
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2.1

Note:

2.2

Hardware interface

This section provides information on the hardware interface used to program the OTP
options. For detailed information on other aspects of the device please refer to the
STM8T141 datasheet.

External components

The STM8T141 has an internal voltage regulator that needs an external capacitor on the
VREG pin to function correctly. For a cleaner external supply a 1uF capacitor and a ceramic
100 pF capacitor between VREG & VSS is also recommended. It is recommended to place
a 1 yF capacitor between VDD and VSS.

The VREG capacitors should be placed as close as possible to the VREG & VSS pins of the
STM8T141.

Figure 1. External components and communication lines
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Communication lines

The following lines are used for programming the device:

® CS: programming mode entry CLK and programming state SELECT
® CX: programming mode CLK

® POUT: programming mode DATA (bi-directional, i.e. input and output)
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2.3 Voltage levels for communication

The following table gives the voltage specifications. It is recommended to use the typical
values when designing a programming tool.

Table 1. Voltages for reading or programming
VDD pin Min Typ Max Units
Programming mode entry 29 5.0 5.5
Option byte programming 6.6 6.7 6.8 \Y
Option byte reading 2.9 5.0 5.5

Caution:  All I/Os must have the same voltage level as VREG.
During option programming, the supply voltage of the STM8T141 is raised to 6.7 V. It is
recommended to make sure that the 1/0Os of the programmer can operate at 6.7 V.
® CS: Same voltage level as VREG
® CX: Same voltage level as VREG
® OUT: Same voltage level as VDD

The CS and CX pins have ESD protection diodes connected to VREG, therefore voltage
levels higher than VREG should not be used on CS and CX.

A level shifter that follows the VREG voltage of the STM8T141 should be used to
communicate with the STM8T141 at the correct voltages,

The only time that a voltage higher than VREG may be used on CS and CX is during option
programming when VREG is tied to VDD.

Note: 1 Forin-circuit programming: make sure that no external components will influence the
voltage swing of the CS, CX and OUT pins.

2  Forin-circuit programming: an external voltage regulator on the product may clip the VDD
voltage at its regulation voltage and prevent VDD from reaching the required option
programming voltage of 6.7 V. Large capacitors on VDD or VREG can increase the time
needed for the programmer to reach 6.7 V - sometimes the option programming instruction
might be given before the required voltage has been reached. Adjust all timing delays
accordingly.

3 The user documentation of the programming tool must contain the maximum load current
permitted to drive the application without disturbing the programming signals.
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3.1

Programming sequence

Figure 4 describes how to program the STM8T141 device and then verify that your
programming was successful. Each state transition depends on the CS value and the clock
pulses applied to CX.

Programming mode entry

Programming mode entry (State_1) is the point from where you navigate to other
programming mode states. Each sequence in the following chapters uses the programming
mode entry sequence described in Table 2.

Refer to Figure 2 and Figure 3 for special sequences on CS (step 6) and CX (step 10).

Table 2.

Programming mode entry (State_1)

Step

Action

Explanation

1.

Make OUT input

Make the OUT pin an input.

2 IC power ON VDD =5V
3. CX =LOW Start state of CX.
4 CS =High Start state of CS.
. Wait for VREG to stabilize. Increase time if necessary to allow for a
5. Wait > 4ms .
larger capacitor on VREG.
CS -9 transitions | See Figure 2. The timing on CS is important. This timing is taken from
6. (starting with a the center frequency. If the frequency is changed, or is not according to
falling transition) specification, the timing must be scaled accordingly.
7. Wait 100us Wait for CS capacitor to discharge.
8. CX =HIGH CX is normally HIGH. Clocking is done with negative pulses.
9. Wait 100us Wait for CS capacitor to charge.
18 negative pulses on CX to get into programming mode (State_0). All
10. | CX -9 double clock | CX clocks consist of two consecutive negative going pulses. See
Figure 3.
11. |CS =HIGH CS =1 required for transition from State_0 to State_1.
12. |CX -1 double clock | Clock IC into State_1.
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Figure 2. Programming mode entry pulses on CS: all 4 pulses

A
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Programming mode entry point
f=650Hz (+ 3%),t=1/(2xf)_770us

Figure 3. Programming mode clock on CX: double clock + time delay between
double clocks

8 us

8 ys 16 ps

3.2 Option read

1. Programming mode entry (State_1): Follow steps to enter programming mode as in
Table 2.

2. Option read (State_20) reads the options. See Table 3: Option read (State_20).
Option bit interpretation: 0 = option not programmed; 1 = option programmed.

Note: Whenever the state of CS is changed, allow enough time for the transition to occur
depending on the CS capacitor connected to the circuit.

Table 3. Option read (State_20)

Step Action Explanation

1. CS=LOW CS should be LOW to move through states 3, 7, 11, 15 into State_19.
2. CX - 5 double clock | Clock IC until it is in State_19.

3. CS =HIGH CS =1 required for transition from State_19 to State_20.

4, CX - 1 double clock | Clock IC into State_20.

5. CX - 1 double clock | The IC places option_0 value on OUT pin.

6. Read option on OUT | Option value is now available on OUT pin.
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Table 3.

Option read (State_20)

Step

Action

Explanation

7.

Repeat steps 5 and 6
for all 16 options.

Each option's value is clocked out - one after another. (As long as CS
remains HIGH, the IC will stay in State_20)

8.

IC power OFF

VDD =0V
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3.3

Note:

8/13

Option programming
1. Programming mode entry (State_1): Follow steps to enter programming mode as in
Table 2.

2. Option register write (State_2) writes the value of the options that must be programmed
into the Option register. See Table 4: Option programming (State_2).

3. Option programming (State_4) is the first stage to program the options that were
programmed into the Option register. See Table 5: Option programming (State_4).

4. Option programming (State_6) is the second stage of programming the options. See
Table 6: Option programming (State_6).

The reserved Option bits must not be altered (one way to ensure they are not altered is to
set them to 0 regardless of their value).
Refer to the STM8T141 datasheet for the position of the reserved Option bits.

Table 4. Option programming (State_2)

Step Action Explanation
1. CS = HIGH CS = 1 required for transition from State_1 to State_2.
2. CX - 1 double clock Clock IC into State_2.
3 Make OUT an output In State_2 OUT is an IC input, data can be written to it by the
programmer.
4. OUT = LOW Place a 0 on OUT.
5. CX - 1 double clock Clock in the 0 on OUT to prepare the register.
6. OUT = option bit value Place the value for option_0 on OUT.
7. CX - 1 double clock Clock in option value.
Repegt Steps 6 and 7 for Clock in all the options until option_14 is clocked in, leaving only
8. all options except . . :
. option_15 not yet clocked into the register.
option_15.
9. CS = LOW The final option is written to the register while moving into
State_3.
10. |OUT = option_15 Place the final option on OUT.
11. | CX -1 double clock Clock in option_15; this automatically clocks the IC into State_3.
12. |Tri-state OUT pin Any controller attached to the IC's OUT must be tri-stated.

Table 5. Option programming (State_4)

Step Action Explanation
1. CS = HIGH CS = 1 required for transition from State_3 to State_4.
2. CX - 1 double clock Clock IC into State_4.
3. VDD =6.7V Increase power for IC up to 6.7 V (+/- 0.1V).
4. Wait 1 ms. Wait for voltage to stabilize at 6.7 V (+/- 0.1V).
5. CX - 1 double clock Signal for IC to program options.
6. CX =LOW CX = 0 to prevent false signal when VREG is raised later on.
Doc ID 16274 Rev 3 KY_[
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Table 5. Option programming (State_4) (continued)

Step Action Explanation
7. CS =LOW CS = 0 to prevent false signal when VREG is raised later on.
8. VREG = VDD Connect VREG to VDD (6.7 V).
9. Wait 200 ms. Allow time for option programming process.
10. |VREG release Disconnect VREG from VDD.
11. | Wait 20 ms. Allow time for VREG capacitor to discharge.
Note: The ‘Low’ level of Steps 6 and 7 during programming are not absolutely mandatory. They

could be ‘High'’ if it is easier for the electronic command; provided they have the correct level
for the next state transition.

Table 6. Option programming (State_6)

Step Action Explanation
1. CX - 1 double clock Clock the IC into State_6.
2. CS =HIGH CS = 1 required to remain in State_6.
3. CX - 1 double clock Signal for IC to program options.
4. CX =LOW CX = 0 to prevent false signal when VREG is raised later on.
5. CS=LOW CS = 0 to prevent false signal when VREG is raised later on.
6. VREG = VDD Connect VREG to VDD (6.7 V).
7. Wait 200ms Allow time for option programming process.
8. VREG release Disconnect VREG from VDD and decrease VDD voltage back to
VDD =5.0V 5V.
9. Wait 20 ms Allow time for VREG capacitor to discharge.
10. | CX -1 double clock Clock the IC into State_7.
‘7_1 Doc ID 16274 Rev 3 9/13
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3.4 Option verify (directly after option programming)
The STM8T141 has been successfully programmed if both the following reads return the
correct option values.
1. Option read (State_20) reads the options that were programmed. See Table 7: Option
verify (State_20).
2. Option read (State_22) reads the options at a different level - as a double check. See
Table 8: Option verify (State_22).
Table 7. Option verify (State_20)
Step Action Explanation
1. CX - 3 double clock Clock IC until it is in State_19 (with CS still low).
2. CS = HIGH CS = 1 required for transition from State_19 to State_20.
3. CX - 1 double clock Clock IC into State_20.
4. CX - 1 double clock The IC place option_0 value on OUT.
5. Read option on OUT Option value is now available on OUT pin.
6. Repeat S.teps 4and 5 for Each option's value is clocked out - one after another.
all 16 options.
Note: The ‘Low’ level of Steps 4 and 5 during programming are not absolutely mandatory. They
could be ‘High’ if it is easier for the electronic command; provided they have the correct level
for the next state transition.
Table 8. Option verify (State_22)

Step Action Explanation

1. CS=LOW CS = 0 required for transition from State_20 to State_22.

2. CX - 1 double clock Clock IC into State_22.

3. CS =HIGH CS = 1 required to remain in State_22 while reading options.
4. CX - 1 double clock The IC place option_0 value on OUT.

5. Read option on OUT Option value is now available on OQUT pin.

6. Repeallt Steps 4 and 5 for Each option's value is clocked out - one after another.

all options.
7. IC power OFF vDD=0V
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Figure 4. Programming mode finite state machine
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4 Revision history
Table 9. Document revision history
Date Revision Changes
22-Oct-2009 1 Initial release.
23-Nov-2009 2 Changed VDD tolerance.
16-May-2011 3 Added note after Table 5: Option programming (State_4) on page 8
y and Table 7: Option verify (State_20) on page 10.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED IN WRITING BY AN AUTHORIZED ST REPRESENTATIVE, ST PRODUCTS ARE NOT
RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING, OR LIFE SUSTAINING
APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN PERSONAL INJURY,
DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE
GRADE" MAY ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.

Information in this document supersedes and replaces all information previously supplied.

The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.
© 2011 STMicroelectronics - All rights reserved
STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Philippines - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America
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