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Constant voltage and current controller with online digital trimming
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Features

¢ Online digital trimming for the highest end-
product accuracy in voltage and current control

e Automatic operation eliminates manual

intervention in the production line

e Simple and robust trimming protocol and

Datasheet - production data

e Redundant OTP (first and second trimming)
e Extended operating voltage range

e Very low quiescent current

e Offered in an SO8 package

Applications

e SMPS requiring accurate voltage and current
regulation

e AC-DC adapters
e Battery chargers

Description

SEAO1 is a highly integrated solution for SMPS
applications requiring precise voltage and current
regulation.

The device integrates two voltage references, two
op-amps (with open-drain outputs), a low-side
current sensing circuit and an online digital
trimming machine.

The internal reference Vrefy, along with one op-
amp, is the core of the voltage control loop.

The internal reference Vref, and the other op-amp
make up the current control loop. The embedded
digital trimming allows the user, through software,
to adjust and permanently store both Vrefy, and
Vref internal references during the production test
of the end product, compensating the tolerance of
the external components and the error due to
their discretized values. Redundant OTP gives
the user a second chance to change the values
stored in the non-volatile memory of the IC during
the first trimming process.

This feature allows having the highest end-
product accuracy of voltage and current control
without the use of external discrete components
or manual intervention.
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May 2013 DoclD024452 Rev 1 1/24
This is information on a product in full production. www.st.com


http://www.st.com

Contents SEAO01
Contents

1 Absolute maximumratings ............. i 4
2 Application information .............. ... . i 7

2/24

2.1 Constant voltage and current control and with online digital trimming . ... 7

Online digital trimming procedure . ..................ciiieoan.. 9
3.1 Generalfeatures . . ... .. . . 9
3.2 Device address . . . ... 10
3.3 Device commands . .......... .. 11
3.4 Emulationcommands .. ... ... .. . .. 11

3.4.1 Emulate Vrefy ... .. 12

3.4.2 Emulate Vref, ... ... 14
3.5 Read commands and status register . ............. ... .. ... . ... 16

3.5.1 Read Vrefy . ... .o 16

3.5.2 Read Vref] . ... . 17
3.6  Write NVM (OTP) . ..o e 17
3.7  Reload NVM (OTP) ..o e 19
Package mechanicaldata .................c.iiiiiiiinnnnnn. 20
Ordering information ...............cciiiiiiiiiiiiiiinnnernnn 22
Revision history ...........cciiiiiiiiii ittt nannannas 23

3

DoclD024452 Rev 1




SEAOQ1

List of tables

List of tables

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.
Table 10.
Table 11.

3

Absolute maximum ratings . . . . . ... e 4
Thermal data. . .. ... e 4
Pin fUNCHIONS . . . . 4
Electrical characteristics ( Tj =25 °C, V= 12 V; unless otherwise specified) ......... 5
Command MaPPING . .o oottt e 11
Vrefy values . ... . 12
Vrefivalues. . ... . 14
Status register. . . . o e 16
SO8 mechanical data . . ... . e 20
Ordering information. . . . .. ... . e 22
Document revision history . . ... 23

DoclD024452 Rev 1 3/24




Absolute maximum ratings SEAO01
1 Absolute maximum ratings
Table 1. Absolute maximum ratings
Symbol Pin Parameter Value Unit
Ve 5 Dc supply voltage -0.310 38 \%
Vout1-2 6,7 Open-drain voltage -0.3to V. \Y
lsense 3 Analog input -0.3to Vg, \
lout1-2 6,7 Max sink current 20 (%) mA
Vet 2 Analog input -0.3to Vg Vv
Data 8 Digital input/output -0.3to V. \Y
Clock 1 Digital input -0.3to V. \Y

Note:

4/24

Please note that, during steady state operation, the maximum power that the device can
dissipate is limited by thermal constraints. For this reason is not possible to sink the
maximum current in OUT1 and OUT2 while their voltages are close to their AMR. The
junction operating temperature, which can be calculated as Tymp + Ry j.amp * Pdiss, must
always be lower than 150 °C. Pdiss is the total dissipated power in the device and it can be
calculated with the formula Pdiss = Vcc ¢ Icc + IOUTl . VOUTl + IOUT2 L VOUTZ.

Table 2. Thermal data

Symbol Parameter Value Unit
Rthj-amb | Thermal resistance, junction-to-ambient 150 (SO8) °C/IW
Tiop Junction temperature operating range -40 to 150 oc
Tstg Storage temperature -55 to 150
Table 3. Pin functions
N. Name Function
Clock logic input for 12C serial communication protocol.
1 Clock This pin will be externally pulled up to 3.6 V max.
A small internal pull-up is present to prevent false signal detection (the pin is
floating during normal operation).
Inverting input of the op-amp connected to Vrefy. The pin is typically tied to the
2 Vetrl S . -
midpoint of a resistor divider that senses the output voltage.
Inverting input of the op-amp connected to Vref|. The pin will be typically tied to
3 Isense = . . .
the positive end of the current sense resistor through a decoupling resistor.
Ground. Return of the bias current of the device. 0 V reference for all voltages.
4 GND | The pin should be tied as close to the ground output terminal of the converter as
possible to minimize load current effect on the voltage regulation setpoint.
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SEAO01 Absolute maximum ratings

Table 3. Pin functions (continued)

N. Name Function
Supply voltage of the device. A small bypass capacitor (0.1 pF typ.) to GND,
5 Ve located as close to the IC’s pins as possible, might be useful to get a clean
supply voltage.
Open-drain output of the internal op-amp, whose non-inverting input is
6 OUT1 connected to Vrefy. The pin, able to sink current only, is typically connected to
the branch of the optocoupler’s photodiode to transmit the error signal to the
primary side for voltage control loop.
Open-drain output of the internal op-amp, whose non-inverting input is
7 OUT?2 connected to Vref|. The pin, able to sink current only, is typically connected to
the branch of the optocoupler’s photodiode to transmit the error signal to the
primary side for current control loop.
Data logic input/output for 12C serial communication protocol.
8 Data This pin will be externally pulled up to 3.6 V max
A small internal pull-up is present to prevent false signal detection (the pin is
floating during normal operation).
Table 4. Electrical characteristics
(Tj=25°C, V. =12 V; unless otherwise specified )
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Device supply
Vcce Voltage operating range 3.5 36 Vv
200
lcc  |Quiescent current M 300 | pA
Vec=20V (" 400
Voltage control loop op-amp
Transconductance (sink 19
va 2) S
current only) (1) 6
Voltage reference default 248 | 2.5 | 2.52
Vrer (3) (N0, tri . \%
value'®’ (0% trimming) (1) 2.455 2545
50
Ibias Inverting input bias current nA
() 100
Current control loop
Transconductance®) 22
Gmi . S
(sink current only) (1) 19
Vre, Current loop reference © 27 30 33 iy
@ I(lout) =1 mA (@] 25 35
i g i 10
Ibias Non-inverting input source uA
current (1) 20

3
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Absolute maximum ratings SEAO1
Table 4. Electrical characteristics (continued)
(Tj=25°C, V. =12 V; unless otherwise specified )
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Output stage
VouTi- LIOW output level @ 2 mA 200 mv
2low sink current M 400
Trimming functions
VeiockLow | Clock input low level 0.8 \Y,
Veiock® | Clock input high level 2 345 | V
Cclock | Clock input capacitance 5 pF
fciock | Clock frequency 100 | KHz
VDE‘{S}OW Data input low level 0.8 Y,
Vpatani | Data input high level 2 3.45 \Y
Cpata | Data input capacitance 5 pF
Vee,,, | PROM zapping voltage 17 20 \Y,
Izap PROM zapping current Vee= 19V 50 90 mA
tzap PROM zapping time V=19V 34 45 ms
Vrefy | Trimming range Referred to 0% trimming -3 3 %
AVrefy, | Trimming step 0.2 %
Vref| Trimming range Referred to 0% trimming -50 50 %
AVref, | Trimming step 3.3 %
Temperature stability
BV, | e omporatre fange 03%
"efi | 25 °C < Ty < 105 °C

Specification referred to -25 °C < Tamb < 105 °C.

With Vout4 > 3V, If the voltage on Vctrl (the inverting input of the amplifier) is higher than the non-inverting
input (Vrefy/), and it is increased by 1 mV, the sink current at the output Out1 will be increased by 19 mA.

The internal voltage reference is set to Vrefy. The voltage control loop precision takes into account the
cumulative effects of the internal voltage reference deviation as well as the input offset voltage of the
transconductance operational amplifier.

When the inverting input at Isense is greater than 30 mV, and the voltage is increased by 1mV, the sinking
current at the output Out2 will be increased by 22 mA (please take into account the internal current limit typ
28 mA).

The internal current sense threshold is triggered when the voltage on the Isense pin is Vref|. The current
control loop precision takes into account the cumulative effects of the internal voltage reference deviation
as well as the input offset voltage of the transconductance operational amplifier. Please note that this value
can be trimmed with a resolution of 1 mV.

The Data and Clock pins are connected to an internal bus at 3.3 V.

3
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SEAO01 Application information

2 Application information
2.1 Constant voltage and current control and with online digital
trimming
Figure 3. Typical application schematic
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The online digital trimming allows the user to adjust the Vrefy, and Vref|internal references in
order to have the highest accuracy of voltage and current of the application (SMPS requiring
an accurate current limitation or regulation and/or very accurate voltage regulation).

This new way of trimming allows the user to have the highest accuracy simply using
software without the use of external discrete components or manual intervention.

The parameters of the IC that the user can trim are Vrefy, and Vref|.

Vrefy, is the parameter typically relevant to the voltage regulation and it has to be trimmed as
the first step after measuring the output voltage of the application.

Vref| is typically the parameter relevant to the current regulation and it has to be trimmed to
adjust the value of the measured current to the target current.

The relation between the controlled current and the controlled output voltage can be
described as a square as shown in the following V/I output-power graph (with the power
supply of the device independent from the output voltage).

3
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Application information SEAQ01

Figure 4. Output voltage versus output current
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SEAOQ1

Online digital trimming procedure

3.1

Online digital trimming procedure

General features

The embedded digital timming allows the user to adjust and permanently store using
software, both the Vrefy, and Vref| internal references during the production test of the end-
product, compensating the tolerance of the external components and the error due to their
discretized values.

The device provides a non-volatile memory (NVM) based on a redundant OTP (two OTP,
one-time-programmable memories) and a volatile memory.

The volatile memory is used to adjust the value of both Vrefy, and Vref, internal references.
Once the optimal values have been found, the user can permanently store them in the OTP
memory.

The presence of a second OTP allows the user to perform a second trimming of the device.
It is possible to perform a new search of the optimal values of Vrefy, and Vref, and
permanently store these values in the second OTP.

At device power-on the values of Vrefy, and Vref, depend on the OTP status:

— ifthe IC non-volatile memory has never been burned (i.e. no value has ever been
permanently stored in OTP memories) Vrefy, and Vref, are initialized at the default
values (see Table 6 and Table 7)

— ifthe IC non-volatile memory has been burned a first time (i.e. values stored in the
first OTP) Vrefy, and Vref, are the values selected and stored by the user during
the first trimming process

— if the IC non-volatile memory has been burned a second time (i.e.values stored in
the second OTP) Vrefy, and Vref| are the values selected and stored by the user
during the second trimming process

The device is provided with an 12C slave-only interface that requires only two pins for the
communication: DATA and CLOCK. The I°C interface allows the user to access the device
in a simple way, using the 12C-bus, also assuring robust data communication integrity thanks
to an additional parity check control.

Two wires, serial data and serial clock, carry information between the devices connected to
the I°C bus. SEAO1 can operate only as an I2C-slave, i.e. it needs to be addressed by a
master (a microcontroller, industrial PC, ATE, etc.) that initiates a data transfer on the bus
and generates the clock signal to permit that transfer. Generation of clock signals on the
I2C-bus is always the responsibility of the master. SEA01 can operate as either a receiver or
transmitter (transmitter-slave) depending on the command received from the master. The
serial data and serial clock are bidirectional lines connected to a positive supply voltage
through a pull-up resistor: SEA01 has an internal pull-up on the DATA and CLOCK pins in
order to pull HIGH the pins when they are floating, but the user has to implement an
adequate pull-up of the lines using external pull-up resistors. When the bus is free, both
lines are HIGH. The data on the serial data line must be stable during the HIGH period of
the clock. The HIGH or LOW state of the data line can only change when the clock signal on
the serial clock line is LOW.

Within the procedure of the 12C-bus, unique situations arise which are defined as START (S)
and STOP (P) conditions. A HIGH-to-LOW transition on the serial data line while the serial

clock is HIGH is one such unique case. This situation indicates a START condition. A LOW-
to-HIGH transition on the serial data line while the serial clock line is HIGH defines a STOP
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Online digital trimming procedure

SEAO01

condition. START and STOP conditions are always generated by the master. The bus is
considered to be busy after the START condition. The bus is considered to be free again a
certain time after the STOP condition.

The bus stays busy if a repeated START (Sr) is generated instead of a STOP condition. In
this respect, the START (S) and repeated START (Sr) conditions are functionally identical

— every byte put on the serial data line is 8 bits long

— each byte is followed by an acknowledge bit

— datais transferred with the most significant bit (MSB) first
— data transfer with acknowledge is obligatory

The acknowledge-related clock pulse is generated by the master. The transmitter releases
the serial data line (HIGH) during the acknowledge clock pulse. The receiver pulls down the
serial data line during the acknowledge clock pulse so that it remains stable LOW during the
HIGH period of this clock pulse. Of course, setup and hold time must also be taken into
account.

When SEAO01 is addressed, it generates an acknowledge after each byte has been
received. When SEAQ01 doesn't acknowledge its address, the data line is left HIGH by the
device. The master can then generate either a STOP condition to abort the transfer, or a
repeated START condition to start a new transfer.

If a SEAQ1-receiver does acknowledge its address but, sometime later in the transfer
cannot receive any more data bytes, the master must again abort the transfer. This is
indicated by SEA01 generating the not-acknowledge on the first byte to follow. SEA01
leaves the data line HIGH and the master generates a STOP or a repeated START
condition. If a master-receiver is involved in a transfer, it must signal the end of data to the
slave- transmitter by not generating an acknowledge on the last byte that was clocked out of
the slave. The slave-transmitter must release the data line to allow the master to generate a
STOP or repeated START condition.

Data transfers have the following format: after the START condition (S), a slave address is
sent. This address is 7 bits long followed by an eighth bit which is a data direction bit (R/W)
- a'zero' indicates a transmission (WRITE), a 'one' indicates a request for data (READ). A
data transfer is always terminated by a STOP condition (P) generated by the master.
However, if a master still wishes to communicate on the bus, it can generate a repeated
START condition (Sr) and address the slave without first generating a STOP condition.

3.2 Device address
The device is provided with the following fixed 7-bit address, while the 8t bit is the data
direction (R/W).
MSB LSB
A1 A2 A3 A4 A5 A6 A7 R/W
1 0 1 0 0 1 0 1/0
This address corresponds to <52> Hex.
10/24 DoclD024452 Rev 1 KTI




SEAO01 Online digital trimming procedure
3.3 Device commands
The commands are implemented with a one-byte word including a bit for parity check (LSB).
MSB LSB
C1 C2 C3 C4 C5 C6 c7 C8
C8 = parity check bit.
The parity check has the following structure.
C8=C1aoC2®C3®@C4aC5®@ C6@® C7.
The possible commands are summarized in Table 5. If the device receives a command not
specified in Table 5 or in case of failure of parity check, no command is executed and a fail
flag is internally activated.
Table 5. Command mapping
Command code
C1 Cc2 C3 C4 C5 C6 c7 C8
Emulate/read Vrefy 1 0 0 1 0 0 0 0
Emulate/read Vref| 1 0 0 0 0 1 1 1
Write NVM 0 1 0 1 0 1 0 1
Reload NVM 0 0 1 0 0 0 0 1
C8 = parity check bit data.
The data are implemented with a one-byte word including a bit for parity check (LSB).
MSB LSB
D1 D2 D3 D4 D5 D6 D7 D8
D8 = parity check bit.
The parity check has the following structure.
D8=D1® D2 ® D3 ® D4 ® D5 @ D6 @ D7.
If the parity bit check is not correct, the data is not acquired, and the value on Vref, or Vref,
(depending on the command) will be not updated. An internal parity fail flag is activated and
it is not possible to execute any command before a read command.
3.4 Emulation commands
It is possible to change both Vrefy, and Vref| values by writing to the volatile memory (Vrefy,
and Vref| register) before deciding to permanently store the values in the device.
Changing Vrefy, and Vref, is done independently.
1S7] DoclD024452 Rev 1 11/24




Online digital trimming procedure SEAO01

3.4.1 Emulate Vrefy,

The command “emulate Vrefy,” writes data in the volatile Vrefy, register. It is a write
command and corresponds to the code given in Table 5.

s S
5 Byte 1 ~ Byte 2: x Byte 3: Xx 7
= } ) o : | =
= (address, write type) | < command < write data < =
n n

g

]

> X

o 223225 of o | || o| ||| ol o |58 28 &5 E e

=]

S

]

Sent by slave (device) I- Sent by master

The value of Vrefy, is changed according to the data sent (see Table 6). The 8t bit D8 is the
parity check bit.

Table 6. Vrefy, values

Data bits
0 o|lo| o] o| o] o| Default®
Trim step [%)] Vrefy value [V]
MSB LSB

D1 | D2 | D3| D4 | D5 | D6 | D7 | D8(pck)

0 o|lo|olo]o]|oO 0 0 2.500 default (1) @)
0 o|lo|o]oO 0 1 1 0.2 2.505

0 olol] o] o 1 0 1 0.4 2.510

0 olol]o0]oO 1 1 0 0.6 2.515

0 o| o0} o0 1 0| o0 1 0.8 2.520

0 0|01 o0 1 0 1 0 1 2.525

0 0| 01| o0 1 1 0 0 1.2 2.530

0 o]l 01| o0 1 1 1 1 1.4 2.535

0 0| o0 1 0 0| o0 1 1.6 2.540

0 0| o 1 0 0 1 0 1.8 2.545

0 0| o0 1 0 1 0 0 2 2.550

3
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SEAO01 Online digital trimming procedure
Table 6. Vrefy, values (continued)
Data bits
0 0| 0| 0] 0] 0] 0| Default®
Trim step [%)] Vrefy, value [V]
MSB LSB

D1 D2 | D3 | D4 | D5 | D6 | D7 D8 (pck)

0 0 0 1 0 1 1 1 2.2 2.555
0 0 0 1 1 0 0 0 2.4 2.560
0 0 0 1 1 0 1 1 2.6 2.565
0 0 0 1 1 1 0 1 2.8 2.570
0 0 0 1 1 1 1 0 3 2.575
0 0 1 0 0 0 0 1 -0 2.500
0 0 1 0 0 0 1 0 -0.2 2.495
0 0 1 0 0 1 0 0 -0.4 2.490
0 0 1 0 0 1 1 1 -0.6 2.485
0 0 1 0 1 0 0 0 -0.8 2.480
0 0 1 0 1 0 1 1 -1 2475
0 0 1 0 1 1 0 1 -1.2 2470
0 0 1 0 1 1 1 0 -1.4 2.465
0 0 1 1 0 0 0 0 -1.6 2.460
0 0 1 1 0 0 1 1 -1.8 2.455
0 0 1 1 0 1 0 1 -2 2.450
0 0 1 1 0 1 1 0 -2.2 2.445
0 0 1 1 1 0 0 1 -2.4 2.440
0 0 1 1 1 0 1 0 -2.6 2.435
0 0 1 1 1 1 0 0 -2.8 2.430
0 0 1 1 1 1 1 1 -3 2.425

1. The device is initialized with the default value of 0000000 (i.e. the 0% trim value for Vrefy). If the device has already been
burned once, the default value is the one stored in the first OTP memory.

2. The 0% trim value was assumed 2.5 V as an example, but this value can be in the range [2.48 V, 2.52 V]. The trimming
range is proportional to the trimming value [-3% , + 3%] with a trimming step of 0.2% referenced to the 0% trim value.

3

If the parity check fails (command or data), the command is not executed (Vrefy, register

doesn’t change) and the internal parity fail flag is activated. If the parity fail flag was

activated from the previous communication, the command is not executed even if the parity
check is ok. To reset the parity fail flag the user has to perform a read command.

If the parity check is ok, Vrefy, is changed according to the content in the Vrefy, register
resulting in a direct change from the old to the new value.
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Online digital trimming procedure SEAO01

3.4.2 Emulate Vref,

The command “emulate Vref,” writes data in the volatile Vref; register. It is a write command
and corresponds to the code given in Table 5.

s s
5 Byte 1 ~ Byte 2: x Byte 3: Xx @
= . ) o : | =
= (address, write type) | < command < write data < =
n n

[

>

i‘é 22 2TLL T o o |~|ojojojo ||~ o ESBEBSE?O

=}

S

]

X Sent by slave (device) I- Sent by master

The value of Vref is changed according to the data sent (see Table 7).
The 8! bit D8 is the parity check bit.

Table 7. Vref, values

Data bits
0 ol 0| o| o] o] o | Default®
Trim step [%)] Vref, value [mV]
MSB LSB

Dl | D2 | D3| D4 |D5| D6 | D7 | D8(pck)

0 o|lo|o|lo]oO]|oO 0 0 30 default (W @
0 o|lo|lo]|]o0o|oO 1 1 33 31

0 o|lo]| o] o 1 0 1 6.6 32

0 o|lo]| o] o 1 1 0 10 33

0 ol o] o 1 0] o0 1 13.3 34

0 ol o] o 1 0 1 0 16.6 35

0 ol o] o 1 1 0 0 20 36

0 ol o] o 1 1 1 1 23.3 37

0 0] o0 1 ol o] o 1 26.6 38

0 0] o0 1 01| o0 1 0 30 39

0 0] o0 1 0 1 0 0 33.3 40

3
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SEAO01 Online digital trimming procedure
Table 7. Vref, values (continued)
Data bits
0 0| 0| 0| 0| 0] 0 |Defaul®
Trim step [%)] Vref, value [mV]
MSB LSB

D1 D2 | D3 | D4 | D5 | D6 | D7 D8 (pck)

0 0 0 1 0 1 1 1 36.6 41
0 0 0 1 1 0 0 0 40 42
0 0 0 1 1 0 1 1 43.3 43
0 0 0 1 1 1 0 1 46.6 44
0 0 0 1 1 1 1 0 50 45
0 0 1 0 0 0 0 1 0 30
0 0 1 0 0 0 1 0 -3.3 29
0 0 1 0 0 1 0 0 -6.6 28
0 0 1 0 0 1 1 1 -10 27
0 0 1 0 1 0 0 0 -13.3 26
0 0 1 0 1 0 1 1 -16.6 25
0 0 1 0 1 1 0 1 -20 24
0 0 1 0 1 1 1 0 -23.3 23
0 0 1 1 0 0 0 0 -26.6 22
0 0 1 1 0 0 1 1 -30 21
0 0 1 1 0 1 0 1 -33.3 20
0 0 1 1 0 1 1 0 -36.6 19
0 0 1 1 1 0 0 1 -40 18
0 0 1 1 1 0 1 0 -43.3 17
0 0 1 1 1 1 0 0 -46.6 16
0 0 1 1 1 1 1 1 -50 15

once, the default value is the one stored in the first OTP memory.

3

The 0% trim value was assumed 30 mV as an example but this value can be in the range [27 mV, 33 mV]. The trimming
range is proportional to the trimming value [-50% + 50%] with a trimming step of 3.3% referenced to the 0% trim value.

The device is initialized with the default value of 0000000 (i.e. 0% trim value of Vrefl). If the device has already been burned

If the parity check fails (command or data), the command is not executed (Vref; register

doesn’t change) and the internal parity fail flag is activated. If the parity fail flag was

activated from the previous communication, the command is not executed even if the parity
check is ok. To reset the parity fail flag the user has to perform a read command.

If the parity check is ok, Vref| is changed according to the content in the Vref, register

resulting in a direct change from the old to the new value.
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Online digital trimming procedure

SEAO01

3.5

Read commands and status register

It is possible to read the content of the volatile memory and also the status of the NVM
memory (two OTP), that indicates how many times the NVM has been burned (zero, one or
two) or if a an error occurred during the trimming process (Status register) (see Table 8).

Table 8. Status register

Status register NVMwrite residual

" ” possibility Parity fail flag

3.5.1

The read command of the volatile memory can be used to check the value written in the
volatile memory before permanently storing it, increasing the robustness of the trimming
process. As described in Section 3.4: Emulation commands, the read of the non-volatile
memory is necessary to reset the internal parity fail flag eventually activated by a
communication error during the trimming process.

Read Vrefy,

The command “read Vrefy,” reads data from the volatile Vrefy, register and the OTP status
register. It is a write/read command and corresponds to the code given in Table 5

Once the device receives the Emulate/read Vref,, command, in order to perform a read, it is
necessary to send a repeated start (Sr) and address as a read, i.e. with the 8t bit (R/W) set
to 'one'. The device will send to the data bus an 8-bit word where the first two bits are the
status register bit M1 and M2 and the following 6 bits are the value of Vrefy, with the parity
check as the last bit.

Start/stop

Read Vrefy,

(address, write

Byte 1 Byte 3
(address, read

type)

Byte 2
command

Byte 4
read data

Ack
Ack

type)

Ack
Start/stop
Nack
Start/stop

A1
A2
A3
A4
A5
A6
A7
0
0
1
0
0
1
0
0
0
0
0
A1
A2
A3
A4
A5
A6
A7
1
0

Sent by slave (device) Sent by master

-
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Online digital trimming procedure

3.5.2

In case of a communication error, the content of status register is <11>, which means that
the internal parity flag fail was activated. After a read command is executed, the parity flag
fail is reset and a new command can be executed by the device.

Read Vref,

The command “read Vref|” reads data from the volatile Vref| register and the OTP status
register. It is a write/read command and corresponds to the code given in Table 5.

Once the device receives the Emulate/read Vref, command, in order to perform a read, it is
necessary to send a repeated start (Sr) and address as a read, i.e. with the 8™ bit (R/W) set
to 'one'. The device will send to the data bus an 8-bit word where the first two bits are the
status register bit M1 and M2 and the following 6 bits are the value of Vref, with parity check
as last bit.

Start/stop

(address, write

Byte 3
(address, read
type)

Byte 1 Byte 4

read data

Byte 2
command

Ack
Ack

type)

Ack
Start/stop
Nack
Start/stop

Read Vref
A1

A2

A3
A4
A5
A6
A7
0
0
1
0
0
0
1
1
1
0
A1
A2
A3
A4
A5
A6
A7
1
0
M1
M2
D3
D4
D5
D6
D7
pck

X Sent by slave (device) I- Sent by master

3.6

3

In case of a communication error, the content of the status register is <11>, which means
that the internal parity flag fail was activated. After a read command is executed, the parity
flag fail is reset and a new command can be executed by the device.

Write NVM (OTP)

After Vrefy, and Vref| have been trimmed to the desired level, the user can confirm their
values and store them permanently.

The presence of two OTP allows the user to repeat the trimming procedure a second time
and change the value previously stored in the device. Please note that when the user starts
from an IC already burned once, the default values of Vrefy, or Vref, are the ones stored in
the first OTP.

This is virtually a real-time trim-and-test without switching off the supply. It is important that
during the entire process the supply voltage of the IC never falls below its UVLO level,
otherwise, the settings stored in the volatile memory will be lost and the IC will return to the
default setting or the values stored in the first OTP. It is also necessary that the burn
command is executed with Vcc = 19 V with a current capability of 90 mA.
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If the search for the best value of Vrefy, and Vref, is done with a Vcc value lower than 19V,
the user has to pay attention that, during the step-up of Vcc before the burning of the NVM,
a negative ringing on Vcc will cause a drop below the UVLO of the IC.

The user can eventually decide to perform the search for the best value of Vrefy, and Vref,
storing these values in an external memory (ATE, industrial PC, etc.), then increasing Vcc to
19 V and waiting to have a stable Vcc level. The user can then resend the selected value of
Vrefy and Vref| stored in the external memory before sending the burn NVM command.

Both values written in the Vrefy, & Vref| register (volatile memory) are permanently stored in
the NVM (OTP) in a single step.

It is possible to burn the NVM by sending the burn command (write) given in Table 5
followed by a data byte with the same code as a burn command.

S S
Y Byte 1 x Byte 2: x Byte 3 x 3
s (address, write type) < command < (address, read type) <| g
n n
=
>
=
X Sent by slave (device) I- Sent by master

18/24

It is important to provide a zapping time of at least 45 msec and to have Vcc of the IC equal
to 19 V with a current capability of 90 mA, in order to ensure correct blowing of the anti-fuse
cells. After the stop (P) the device doesn't acknowledge any 12C communication for about
45 ms in order to perform the burning of the NVM.

To protect the NVM memory from an incorrect write, if the parity fail flag was activated, i.e.
an error occurred during the trimming process, the burn command is not executed.

The NVM is written only if it was never written or written one time. If the NVM is written a
second time, the previous content is lost.

Please note that after a Write NVM command the Status Register is not automatically
updated. It must be updated by turning off and on again the IC or by sending a Reload NVM
command to the device. Once the update is performed, the number of times the IC has been
burned can be read from the status register.

3
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3.7 Reload NVM (OTP)
During the trimming process if the user has changed the value of Vrefy, or Vref| with the
emulation command and wants to reload the content stored in the NVM, he can use the
“‘Reload NVM” command which is a write command that reloads the NVM into the
Vrefy/Vref| registers (volatile memory).
o o
2 Byte 1 < Byte 2 < 2
g (address, write type) < command < | 5
n n
=
2
§ 212121 T 2|12 |%|eo] e |o ~|olo|lo|lo |~ | o
©
¥
X Sent by slave (device) I- Sent by master
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Package mechanical data

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

Table 9. SO8 mechanical data

mm
Dim.
Min. Typ. Max.
A 1.75
A1 0.10 0.25
A2 1.25
b 0.28 0.48
0.17 0.23
4.80 4.90 5.00
5.80 6.00 6.20
E1 3.80 3.90 4.00
e 1.27
h 0.25 0.50
L 0.40 1.27
L1 1.04
k 0° 8°
cce 0.10

3
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Figure 5. SO8 package dimensions
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5 Ordering information
Table 10. Ordering information
Order code Package Packaging
SEAO01 Tube
SO8

SEA01TR Tape and reel
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6 Revision history
Table 11. Document revision history
Date Revision Changes
07-May-2013 1 Initial release.
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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.

ST PRODUCTS ARE NOT AUTHORIZED FOR USE IN WEAPONS. NOR ARE ST PRODUCTS DESIGNED OR AUTHORIZED FOR USE
IN: (A) SAFETY CRITICAL APPLICATIONS SUCH AS LIFE SUPPORTING, ACTIVE IMPLANTED DEVICES OR SYSTEMS WITH
PRODUCT FUNCTIONAL SAFETY REQUIREMENTS; (B) AERONAUTIC APPLICATIONS; (C) AUTOMOTIVE APPLICATIONS OR
ENVIRONMENTS, AND/OR (D) AEROSPACE APPLICATIONS OR ENVIRONMENTS. WHERE ST PRODUCTS ARE NOT DESIGNED
FOR SUCH USE, THE PURCHASER SHALL USE PRODUCTS AT PURCHASER’S SOLE RISK, EVEN IF ST HAS BEEN INFORMED IN
WRITING OF SUCH USAGE, UNLESS A PRODUCT IS EXPRESSLY DESIGNATED BY ST AS BEING INTENDED FOR “AUTOMOTIVE,
AUTOMOTIVE SAFETY OR MEDICAL” INDUSTRY DOMAINS ACCORDING TO ST PRODUCT DESIGN SPECIFICATIONS.
PRODUCTS FORMALLY ESCC, QML OR JAN QUALIFIED ARE DEEMED SUITABLE FOR USE IN AEROSPACE BY THE
CORRESPONDING GOVERNMENTAL AGENCY.

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.

© 2013 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

www.st.com
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T Life

Hu1Boe NapTHEPCTBO

000 “/1aiipINeKTPOHUKC” “LifeElectronics” LLC

MHH 7805602321 K 780501001 P/C 40702810122510004610 ®AKb "ABCO/IOT BAHK" (3A0) 6 2.CaHkm-Ilemep6bypee K/C 30101810900000000703 EUK 044030703

KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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