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Features

. AEC-Q100 Grade 1 qualified ﬁ

. Operating temperature range: -40 °C to 150 °C

. Designed for iso-buck topology

. 6V to 100 V input voltage range

. Supports 36 V, 48 V, 60 V, 72 V electric battery packs

. Primary side regulation, no optocoupler required

. 1.5 A typical sink/source primary current capability

. Compliant with IPC-2221B requirements for clearance and creepage on both
industrial and automotive versions

. Programmable switching frequency from 100 kHz to 1 MHz

. V2COT control mode architecture

. Fixed 3 ms internal soft-start timer

. Secondary-side short-circuit and overcurrent protection

. Overtemperature protection (OTP)

Applications

. Battery electric vehicle control supply

. EV GPS tracker

. Solar energy systems

. Industrial power supply

. Supply for GSM module

Description

The DCP100011Y is an automotive-grade synchronous monolithic converter
specifically designed for the isolated buck topology (iso-buck).

The wide input voltage range (up to 100 V) makes the device suitable for a broad
range of applications. The primary output voltage can be accurately adjusted,
whereas the isolated secondary output is derived using a given transformer ratio. No
optocoupler is required. The primary sink capability (typically up to 1.5 A) allows
power delivery at the isolated output up to 10 W.

The DCP100011Y is based on a V2COT architecture that guarantees high load
transient performance with a fixed switching frequency.
The DCP100011Y is available in HSOPS.

When the device is disabled, the consumption is 2 pA. As soon as the EN pin is
pulled up, the device is enabled and the internal 3 ms soft-start takes place. Spread
spectrum is set to reduce EMI. The device is provided with a full set of protections
(overcurrent, short-circuit, and overtemperature protections) that ensure safe
operation.
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1 Pin configuration

Figure 1. Pin connection (top view)

GND[ 1| = e 8] sw

VIN [ 2] 7 ]BST

EN [ 3 ] 6] vce
RRON[ 4 | 5 | FB

Table 1. Pin description

System ground. GND is the reference ground of the regulated
1 GND output voltage. Therefore, care must be taken during PCB layout.
Use wide PCB traces to make the connection.

Input voltage. VIN supplies power for the internal MOSFET and
2 VIN regulator. Input capacitors are needed to decouple the input rail.
Use wide PCB traces to make the connection.

Enable. Precision enable and undervoltage lockout (UVLO)
programming pin. If the EN voltage is below 1.1V, the converter
is in shutdown mode with all functions disabled. If the EN voltage
is above 1.1 V and below 1.5V, the converter is in standby mode
with the internal VCC regulator working, but without switching. If
the EN voltage is above 1.5V, the startup sequence begins.

On-time programming. Connect an external resistor to program

4 RON the switch-on time.

Feedback. An external resistor divider from the output to GND
tapped to FB sets the primary output voltage. It is recommended
to place the resistor divider as close as possible to FB. Vias
should be avoided on the FB traces.

Voltage bias. This pin supplies the embedded analog circuitry.
6 VCC Connect a ceramic capacitor (= 1 pF) to filter internal voltage
reference.

Bootstrap. Connect a capacitor between SW and BST to form a

7 BST floating supply across the high-side switch driver.

Switch output. Connect SW to the primary winding of the
transformer and to the bootstrap capacitor. SW is driven up to VIN

8 SW by the high-side switch during the on-time of the PWM duty cycle.
The inductor current drives SW low during the off-time. Use wide
PCB traces to make the connection.

Exposed pad. No internal electrical connection. Connect the EP
- EP to the GND pin and connect to a large copper plane to reduce
thermal resistance.
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2 Typical application circuit

Figure 2. Typical application circuit
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Table 2. Typical application components

CiNn Input capacitor Normally 10 yF, 100 V MLCC is enough
Cvce V¢ bypass capacitor Recommended 1 yF MLCC
CgTs Bootstrap capacitor Recommended 100 nF MLCC
Crr Feed Forward capacitor To be placed if the loop requires it to achieve stability
CouTp Primary output capacitor l/g::ﬁt:)r:i rated voltage dependent on the application
CouTiso Isolated output capacitor Z:L%?t;r;g rated voltage dependent on the application
RegH Vouyr divider upper resistor Value dependent on the application conditions
RegL Vour divider lower resistor Value dependent on the application conditions
Ron ton resistor Value dependent on the application conditions
T1 Transformer For transformer selection, see dedicated section
Max. reverse voltage should be carefully selected, depending
D1 Schottky diode on the input voltage, primary output voltage, isolated output

voltage, and turn ratio.
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3 Maximum ratings

3.1 Absolute maximum ratings

Stressing the device above the ratings listed in Table 3 may cause permanent damage to the device. These are
stress ratings only and operation of the device at these or any other conditions above those indicated in the
operating sections of this specification is not implied. Exposure to absolute maximum rating conditions may affect
device reliability.

Table 3. Absolute maximum ratings

Input voltage -0.3 100 \

VEN Enable pin voltage -0.3 100 \Y
Ve Feedback pin voltage -0.3 \
VRON RON pin maximum voltage -0.3 5.5 \%
Vee Voltage bias pin -0.3 5.5 \%
Vsw DC voltage 100 \Y
VBST GND BST to GND voltage -0.3 105.5 \%
VBsT sw BST to SW voltage -0.3 5.5 \%
Tste Storage temperature -65 150 °C

3.2 ESD protection

Table 4. ESD performance

HBM 2 kV

ESD ESD protection voltage CDM non-corner pins 500
CDM corner pins 750

3.3 Thermal characteristics

Table 5. Thermal data

Symbol HSOP8 Thermal resistance junction-ambient m

Rth JA HSOP8 Thermal resistance junction-ambient

3.4 Recommended operating conditions

Table 6. Recommended operating conditions

Input voltage range 100
Vsw Switch node voltage range 100 Vv
VEN/UVLO Enable voltage range 100 Vv
CgsT External BST to SW capacitance 100 nF
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4 Electrical characteristics

VIN=6Vto100V, T;=-40 °C to +150 °C, typical values are at T; = 25 °C, V|y =24 V and Vgy = 2 V; unless
otherwise specified.

Table 7. Electrical characteristics

Operating input voltage

VINUULO Vn undervoltage Rising input voltage 5 5.55 5.7
lockout Falling input voltage 4.85
Venuvio Ven undervoltage Rising input voltage 1.1 1.2 1.3 v
lockout Falling input voltage 1 1.1 1.2
Ven undervoltage Rising input voltage 0.9
Vsp-uvLo sb lockout g \Y
ockou Falling input voltage () 0.15
loFF Shutdown current VEn = GND 0.7 3 pA
High-side MOSFET ON — oK o
RosonyH resistance T=25°C 750 ma
Low-side MOSFET ON o
Rps(oNn)-L resistance Ty=25°C 300 mQ
ILm @ Peak current limit 1.3 15 1.75 A
lyy @) Valley current limit 1.05 1.3 15 A
lvy_sink @ Reverse current limit 1.4 1.6 1.75 A
toN_MIN Minimum on-time 150 220 300 ns
ton_1 On-time VN =24V, Ron= 20 kQ 360 400 490 ns
ton_2 On-time ViN =24V, Ron= 80 kQ 1300 ns
ton_3 On-time Vin =48V, Ron= 20 kQ 200 ns
tON_4 On-time VN =48V, Ron= 80 kQ 820 ns
VBsT Bootstrap voltage 2.8 3.5 \Y
0.792 0.8 0.808 \Y
Tj=25°C
-1 +1 %
VEB Feedback voltage
0.788 0.8 0.812 Vv
T;=-40°Cto125°C
-1.5 +1.5 %
Soft-start
tss Internal soft-start timer 2.5 3.8 53 ms
Overvoltage protections
Overvoltage trip
\ 12 9
ovP (Vove/VREF) 0 o
Vovp_HysT Overvoltage hysteresis 6 %
Thermal shutdown
Thermal shutdown o
TsHowN temperature 175 c
Thys Thermal shutdown 20 c

hysteresis
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1. specified by design

2. Parameter tested in a static condition during the testing phase. The parameter value may change under a dynamic
application condition.
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5 Datasheet parameters over the temperature range

100% of the population in the production flow is tested at three different ambient temperatures (-40 °C, +25 °C,
+150 °C) to guarantee the datasheet parameters inside the junction temperature range (-40 °C, +150 °C). Device
operation is guaranteed when the junction temperature is within the temperature range(-40 °C, +150 °C). The
designer can estimate the silicon temperature increase compared to the ambient temperature by evaluating the
internal power losses generated during device operation. However, the embedded thermal protection disables the
switching activity to protect the device in case the junction temperature reaches the Tsypwn (+175 °C typ.)
temperature. All the datasheet parameters can be guaranteed up to a maximum junction temperature of +150 °C,
to avoid triggering the thermal shutdown protection during the testing phase because of self-heating.
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6 Functional description
The iso-buck topology based on DCP100011Y consists of:
. Primary-side, the regulation loop of the VZCOT architecture regulates the primary output voltage (in blue in
the picture below)
. A two-windings transformer (in gray)
. The secondary side, which generates the isolated output voltage (in green) given the selected transformer
ratio

Figure 3. Iso-buck general schematics
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6.1 Power section

The DCP100011Y integrates N-channel power MOSFETSs for synchronous operation. The high-side (HS) power
MOSFET is optimized for rapid switching, while the low-side (LS) power MOSFET is designed with a low Rps(on)

to enhance conversion efficiency. Both MOSFETs are optimized to achieve high efficiency across the entire load
range. The power stage is engineered to deliver a continuous output current of up to 1 A with a wide input voltage
range of up to 100 V.

The HS MOSFET drain is internally connected to the VIN pin, while the LS MOSFET source is connected to the
GND pin (power ground). The HS MOSFET source and LS MOSFET drain are connected to the SW pin (refer to
the block diagram).

The DCP100011Y incorporates anti-shoot-through and adaptive deadtime control mechanisms to minimize low-
side body diode conduction time, thereby reducing power losses. This feature is implemented by comparing the
SW voltage with the HS and LS gate driving voltages. An anti-cross conduction system is also implemented to
manage HS-LS gate stress.

The high-side MOSFET is effectively turned on using an integrated bootstrap network, requiring only an external
capacitor between the BST and SW pins (100 nF typical). The bootstrap capacitor is recharged during the LS
MOSFET on-time, with minimal impact on the maximum achievable duty cycle.

A minimum off-time (torr_min) is implemented to ensure proper recharging of the BST capacitor.

The linear regulator sourced from VIN delivers a nominal output of 4.7 V at the VCC pin. This voltage supplies
current to the gate drivers, internal circuit blocks, and logic components. To stabilize the linear regulator, it is
recommended to incorporate a 1 yF capacitor at the VCC pin.

6.1.1 Enable
The EN pin is a digital input that turns the device on or off.
To maximize EN threshold accuracy and current consumption, the device implements two different thresholds:

. A wake-up threshold
. A start-up threshold

The following picture shows this behavior.
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Figure 4. Enable power up/down

VEN Rising =1.2V

EN(t)
VEN THR. Falling=1.1V

VWAKE UP Rising 0.5V
VWAKE UP Falling 0.4V
t
VeC(t) Vveec=4.7V
t
t
|_STANDBY |_STANDBY
IVIN(t) ISHDWN = 1pA ISHDWN = 1pA
t

« If the voltage on the EN pin is below the Vgp_yyLo falling, the internal circuitry is disabled to ensure very low
power consumption in the off state ISHDWN < 1 pA).

» Once the EN pin voltage exceeds the Vgp_yv o rising threshold, the device powers up the internal circuits,
increasing current consumption.

* When the voltage surpasses the Vgn.yyLo rising threshold, the device initiates switching activity as detailed in
the Soft-start section (Section 6.1.2).

If the EN pin voltage drops below the Ven.yyLo falling threshold but remains above the sp_yyLo falling threshold,
the device halts switching activities while keeping internal blocks powered. Only when the voltage falls below the
sp-uvLo falling threshold does the device shut down internal circuits, reducing current consumption to the off-state
level (ISHDWN < 1pA).

The enable pin is VIN-compatible, allowing direct connection to the VIN pin if unused. A voltage divider can be
designed on VIN to select the turn-on/off threshold for the start-up sequence. See Section 7.2 for more details.

6.1.2 Soft-start

The device implements a soft-start phase, after a setup time delay of 3 ys, it ramps the FB pin to the internal
reference with very small steps. This procedure minimizes the inrush current and decreases the stress of the
power component at power up.

The soft-start ends when the FB pin voltage reaches the internal reference value of 0.8 V.

During the soft-start, a gradual limitation of the tgy time is used to reduce initial Vout overvoltage (typical of a
COT architecture). All available protections are enabled during this phase and OCP is limited on the very first part
of the ramp (<100 mV) to avoid any inrush current.

Figure 7 shows the soft-start procedure. Once the EN reaches the rising threshold, the switching activity starts
and the error amplifier voltage increases linearly to the reference voltage.
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Figure 5. Soft-start procedure

VEN Rising =1.2V
VWAKE UP Rising 0.5V
.,/
EN(t) /,"" t
Vvce=4.7vV
VCC(t)
t
VREF =0.8V
t
Vref(t)
t
tss=3ms

In case of an undesired event that may shut down the device during normal operation, the DCP10001IY can
induce a new soft-start cycle to restore target working conditions. This takes place in case of:

1. Thermal shutdown event

2. UVLO event
3. EN pin rising over VEN threshold. Please refer to Table 7.

The secondary output voltage tracks the primary output voltage rise, obviously with a different slope due to the
turn ratio of the selected transformer.

Figure 6. Soft-start with primary and secondary output voltage rising up

v N
i 6 VOUTprim
1 (1d Jd,

S ———

VOUTIiso

w0y

6.1.3 Undervoltage lockout
If V| exceeds the V|y_yvLo threshold, the internal blocks are turned on and a current charges the VCC capacitor.

When V¢ exceeds Ve uyLos the device is ready to turn on and is waiting only for the enable POR.

The device implements the undervoltage lockout (UVLO), continuously sensing the voltage on the VCC pin, if the
UVLO lasts more than 10 ps, the internal logic resets the device by turning off both LS and HS.

After the reset, if the EN pin is still high, the device repeats the soft-start procedure.

DS15234 - Rev 1 page 10/49



DCP100011Y

Functional description

6.1.4

6.1.5

6.2

6.3

6.4
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On-time generator

Considering that the DCP100011Y is based on a V2COT architecture, there is no clock generator, but an ON-time
generator is embedded instead.

The ON-time can be programmed by connecting a resistor to the RON pin, as described later in Section 9.2.

The ON-time circuitry is designed to generate a toy inversely proportional to the input voltage.

Consequently, the system works with a constant switching frequency even if V|y variations occur.

The switching frequency should be in the range from 100 kHz to 1 MHz.

In the iso-buck, it is essential to extend the minimum on-time (ton_min) compared to a standard buck. The
parameter ton_min can be found in the Table 7.

Therefore, the selection of the on-time must comply with the following relation:

ton = ton_mIN (1)

Dithering

To reduce the cost impact of the input filter for EMI reduction, the DCP100011Y implements the dithering function
by default. This function is achieved by varying the ton time. The ramp current for the on-time generator is
modulated within a specific percentage range of the nominal value according to a defined modulation pattern. As
a result of toy variation, the switching frequency (fsy) can fluctuate within a range of +5 kHz, with a modulation

frequency of 9 kHz.

It is recommended to set the switching frequency in the middle of the 300-530 kHz range, where the CISPR25
EMI limits are more permissive.

Transformer

The transformer is the key component for the iso-buck, ensuring the desired isolation as well as allowing the
energy transfer to the secondary side, hence generating the secondary isolated output voltage.

More details about the transformer selection are provided in the dedicated section (see Section 10.2)

Secondary side

The secondary side includes an LC filter (secondary winding of the transformer and secondary output capacitor)
and the rectifying element (Schottky diode).

Iso-buck operating principle
The diagram below describes the operation principle of the iso-buck converter.

When the high-side MOSFET is turned on, the current flows through the primary winding of the transformer and
charges the primary output capacitor. Considering the dot convention of the transformer, the voltage at the anode
of the Schottky diode is negative, hence the diode is reverse biased and no current flows in the secondary
winding.

The load connected to the secondary output is supplied by COUT2.

When the low-side MOSFET is turned on, the voltage applied at the transformer winding inverts its polarity. As a
consequence, the Schottky diode is now forward biased and allows the current to flow from the secondary
winding to COUT and the load. Under this condition, the energy transfer from primary to secondary side occurs.

Figure 7. Iso-buck basic operating principle

POWER PMOS
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T power nmos

POWER PMOS. 0

Voutz 0 Vouz
o |3 teas g fon 15 g N [
Y - POWER NMOS
O GND2 GND2

HML:
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The waveforms in Figure 15 reproduce the trend of the current in the two windings according to the switch node
transitions.
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Figure 8. Iso-buck primary and secondary current waveforms
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7 Isobuck performance

All results shown in this section come from measurements performed using the demoboard described in the
dedicated section.

The input voltage range considered for these measurements assumes the maximum variation of the voltage when
a 48V automotive battery is used, as depicted in the figure below (ISO 21780).

Figure 9. 48 V car battery voltage range according to 1SO21780

ISO 21780

Abs max rating 70V
Max operating limit 54V
Upper nominal range
Nominal range 48V nominal

36V — 52V range

Lower nominal range

Min operating limit 31V

71 Secondary output line regulation
The secondary output line regulation is defined as the variation of the secondary output voltage due to the input
voltage change at a specific current. The secondary output line regulation is mainly affected by the transformer
and, in particular, by its leakage inductance.
Keeping the leakage inductance constant (that is, using the same transformer), a higher input voltage causes the
isolated output voltage to slightly increase, as shown in Figure 8.)
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Figure 10. VouTprim = 21V, fsw = 500 kHz, transformer N = 1.3
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7.2 Secondary output load regulation

Since there is no regulation loop involving the secondary output, its load regulation depends, to some extent, on
the primary load regulation and is affected by the leakage inductance of the transformer (see Figure 22), the
voltage drops across to the Schottky diode (diode forward voltage) and the DCR of the secondary coil, as
indicated by Eq. (1) (where only the last two contributions are considered). Minimizing all the mentioned
parameters leads to better load regulation.

As shown in Section 7.1, the input voltage also plays a role in the isolated output regulation, as depicted in
Figure 11 and Figure 12.

Figure 11. Load regulation of the secondary isolated output, fsyy = 500 kHz, Voytprim = 21 V, transformer N
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7.3 Efficiency

Figure 12 shows the efficiency referred to the secondary isolated output at different input voltages for two different
application cases (different transformers and primary output voltage).

The effect of the input voltage on the efficiency is more evident at lower currents, especially for the application
case of Figure 12.
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Figure 12. Secondary output efficiency at different input voltages, Voutprim = 21V, fsw = 500 kHz, N = 1.3
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8 Protections

The DCP100011Y implements a protection against overcurrent or short-circuit events of the secondary isolated
output as well as a protection against an excessive increase of the temperature of the device (thermal shutdown).

8.1 Secondary output short-circuit protection

A short-circuit at the secondary isolated output normally causes a significant increase of both the positive and
negative peaks of the primary winding current. This condition can be potentially dangerous for the device. A
protection algorithm is therefore implemented to manage this event.

In case of short-circuit, the negative part of the primary current winding becomes more and more steep and get
closer to the reverse current limit. Due to the short-circuit condition, also the positive peak rises until it exceeds
the peak current limit threshold. Overcoming consecutively the reverse current limit threshold and then the peak
current limit threshold is a clear indication that the isolated secondary output is in a short-circuit condition.

The device stops the switching activity for 20 ms. After that it re-starts implementing a new soft-start.

When the device re-starts, it normally discharges first the primary output capacitor. Especially in case of high
regulated voltages at the primary output, the discharge of the output capacitor may give rise to very high currents.
To avoid this potentially hazardous condition, an internal switch discharges the primary output within the 20 ms
break. More details about this feature are provided in the dedicated section.

The Figure 13 depicts the implementation of the protection algorithm against short-circuits at the secondary
output.

Figure 13. Implementation of the secondary output short-circuit protection
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The Figure 12 shows the protection algorithm in a real case.

Figure 14. Short-circuit protection V\y = 48 V, Voyrtprim =30V, N =1
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8.2 Secondary output overcurrent protection

The condition of overcurrent at the secondary output can be defined as a load that causes the primary winding
current negative peak to exceed the reverse current limit threshold without triggering the peak current limit
threshold. Since the condition of the short-circuit algorithm is not met in this case (only the reverse current limit is
triggered), the device would continuously operate, exceeding the reverse current limit every cycle. The
persistence of this conditions indicates a possible fault in the load.

Therefore, to prevent any damage for the load and the device, a further protection is provided.

If the conditions “exceeding reverse current limit” and “off-time coincident with the torr_min” occur 32 times, the
device reacts by stopping the switching activity for 20 ms. Then the device re-starts in the same way explained in
the previous section. Before the device re-starts, the primary output capacitance is discharged by the embedded
switch.

Figure 15. Implementation of the secondary output overcurrent protection
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The effect of this protection on a real application is shown in Figure 14

Figure 16. Overcurrent protection, Viy = 48 V, Voytprim = 30 V, N = 1, loyTiso = 500 mA
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8.21 Current peaks estimate

Both protections described in the previous sections rely on exceeding the current peaks in the primary winding. A
correct estimate of the current peaks is therefore necessary.

The positive and negative current peaks in the primary winding can be estimated using the following equations:

I
IpEAKys= N'TouT sect 5= ()
2:D\ Al
IpEak; ¢= - N'IOUT_sec'(ﬁ)'TL 3)
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AL = Yiv-Vour)Vin
VourfswLlm

(4)

Eq. (3) and Eq. (4) are useful to determine the maximum current deliverable to the load. The Figure 15 shows
how the current peaks (positive and negative) vary with the isolated output current in two different application
conditions and the maximum value, defined by the reverse current limit threshold.

Figure 17. Current peaks in HS e LS MOSFETs depending on the isolated output current Vi =48 V,
VouTprim = 21V, fsw = 500 kHz
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8.3 Thermal shutdown

The shutdown circuitry disables the switching activity if the junction temperature is higher than 175 °C (Tsppwn»
refer to Section 4). The thermal sensing element is close to the power elements, ensuring fast and accurate
temperature detection. A hysteresis of approximately 20 °C prevents the device from turning ON and OFF too
fast. After a thermal protection event has expired, the DCP100011Y restarts with a new soft-start. OTP is a not
latching protection.

When the device stops the switching activity due to the thermal shutdown, an internal pull-down resistor
discharges the primary output capacitance, just like after triggering the protections described in the Section 8.1
and Section 8.2.

8.4 Embedded discharge switch
As already mentioned in the previous sections, a 20 ms break of the switching activity occurs when:
. The event “exceeding the reverse current limit” is followed by the event "exceeding the peak current limit”
. The events “exceeding the reverse current limit” and “off-time coincident with the torr_min” occur at least 32
times
. A thermal shutdown event occurs

After this break, the device re-starts. Prior to the soft-start, the primary output capacitance should be discharged.
In 20ms the natural discharge of the capacitor is very limited. According to the voltage present at the primary
output capacitance, the charge to dissipate can be very high and the current generated by the discharge, flowing
through the low-side MOSFET, can be very high. To prevent the low-side MOSFET from being damaged by this
current, an internal discharge switch has been embedded. This switch acts like a current sink. It starts drawing
current at the beginning of the 20 ms break of the switching activity, discharging the primary output capacitance
very rapidly.

Figure 16 shows that, even with 30 V across the primary output capacitance, the complete discharge occurs in
less than 5 ms.
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Figure 18. Effect of the embedded discharge switch
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Figure 17 compares the effect of the discharge switch with the natural discharge of the primary output
capacitance in case the internal discharge switch were not embedded.

The natural discharge in 20 ms would lower the voltage across the output capacitance down to 24 V (starting from
30 V in this example). The charge associated with this voltage causes a negative current peak at the re-start. The
discharge switch brings the voltage across the primary output capacitance to zero quickly, so that no negative
current peak is observed at the re-start.

Figure 19. Comparison between primary output capacitance voltage and primary winding current with and
without the internal discharge switch
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9 Application notes

9.1 Isolated output voltage adjustment

In the iso-buck converter, the secondary isolated output voltage is not included in the regulation loop.
Nevertheless, a good regulation of the secondary output voltage is achieved by relying on the primary output
voltage regulation, and the selection of a proper turn ratio of the transformer. Other influencing parameters are the
voltage drops due to the secondary winding resistance and the Schottky diode, as well as the leakage inductance
of the transformer.

This is summarized by the following equation:

L
Vourt_sec=N"VouT_prim * 1m+—1r15m<_ Ruind_sec'louT_sec™ Vip1 ()

Where VouTtprim is the primary output voltage defined by the following equation:

R
Vout prim= 0.8-(1+—RF31) (6)
FB2

In Eq. (6), the 0.8 V represents the error amplifier reference voltage, whereas Rrgg1 and Rggy are respectively the
upper and lower resistor of the output divider.

A general recommendation for defining the VouTprim is to keep the duty cycle below 70%. A higher duty cycle
would limit off-time, limiting the time in which the energy transfer to the secondary side takes place.
Another restriction in the duty cycle selection derives from the minimum on-time (ton_min)- Even though the

DCP100011Y is based on a V2COT loop, the frequency can be assumed almost constant and the minimum duty
cycle can be defined as:

D = Duin = ton_min‘fsw (7)

In Eq. (6), the other parameters can be described as:

. N is the turn ratio

. VEp1 is the forward voltage of the Schottky diode

. L, is the magnetizing inductance of the transformer
. L eak is the leakage inductance of the transformer.

Eq. (6) emphasizes how the selection of the transformer and, to some extent, the Schottky diode, play a crucial
role in the accurate regulation of the secondary output voltage.

Another factor affecting the secondary output voltage regulation is the leakage inductance of the transformer. As
described later, the leakage inductance determines the peak of the secondary winding current. This current peak
defines the maximum current from the secondary isolated output by limiting the amount of charge delivered to the
output. When the current demand from the secondary isolated output exceeds the maximum deliverable charge
(limited by the peak current), the isolated output voltage drops

Figure 20. Secondary output current typical waveform
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The effect of the leakage on the load regulation has already been shown in Figure 22.

To some extent, the duty cycle can also affect the secondary output voltage. Since the energy transfer from
primary to secondary occurs only during the togg, a duty cycle that is too high could reduce the achievable peak
current, hence limiting the deliverable current to the secondary output. Under this condition, the secondary output

could drop.
9.2 On-time and switching frequency
Place a resistor between the RON pin to GND to select the on-time of the device, following Eq. (1).
Ron (k)
t S)=5 8
ON(IJ' ) 2'VINPL(V) ( )

2
Ron(K)=Vourprin(V) -2y (©)

The relationship between the RON and the switching frequency is graphically depicted in Figure 19.
The switching frequency should be in the range from 100 kHz to 1 MHz.
The selection of the ON-time should match the restriction shown by the equation (1) reported again below:

ton = ton_mIN (10)

Figure 21. Switching frequency vs RON resistance
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9.3 Enable resistor divider
The DCP100011Y EN pin is designed with two enable threshold levels (see Section 6.1.1).

The enable thresholds are characterized by 200 mV hysteresis to guarantee a good noise immunity and a
programmable start up.

The VIN start-up can be easily programmed connecting a voltage divider to the EN pin between VIN pin and GND
as shown in Figure 21. Switching frequency vs RON resistance.
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Figure 22. Connection of the enable resistor divider

Vin o VIN

REN_H
EN

REN_L

GND
The enable rising threshold is equal to 1.2 V. (refer to Section 4).
The power-up threshold is adjusted according to the formula reported in Eq. (11) :

REN_H
Vpower_up = 1-2'(1"' Roe ) (11)
EN_L

The enable falling threshold is equal to 1.1 V (refer to Section 4).
The turn-off threshold is obtained according to the formula reported in Eq. (12) :

Ren H)
\% =11 14+5—— 12
POWER_DOWN ( Ren L (12)

If EN pin is not used, it can be connected directly to the VIN pin. In this case, the device will start-up/switch off
once V|y reaches/falls below the V|N.yviLo-

To maximize the overall system efficiency, it is suggested to use Ren_H and Ren_ between 10 kQ and 1 MQ.
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10 Design of the external components

10.1 Input capacitor selection

The input capacitor, just like in a standard buck, should limit the input voltage ripple. Key parameters of the input
capacitor are, together with its value, the maximum operating voltage and the RMS current capability.

The input capacitor voltage rating must be higher than the maximum input operating voltage of the application.
During the switching activity, a pulsed current flows into the input capacitor and so its RMS current capability must
be selected according to the application conditions. Internal losses of the input filter depends on the ESR value,
so usually low ESR capacitors (like multilayer ceramic capacitors) have higher RMS current capability. On the
other hand, given the RMS current value, a lower ESR input filter has lower losses and thus contributes to higher
conversion efficiency.

The maximum RMS input current flowing through the capacitor can be calculated as:

IRMS=(IOU£\FI‘SeC)' (1%)% ()

In the ideal case of efficiency n=1, the RMS current reaches its maximum value when D = 0.5.
In general, the maximum and minimum duty cycles can be calculated as:

Vour_pritAVis

D = 13
MAX™ ViNmin+AVLs — AVys (13)

Vour_pri + AVis

D= ViNmaxTAVys — AVys (14)

Where AVys and AV g are the voltage drop across the high-side and low-side MOSFET respectively.

The AC component of the input current (see Figure 20) flows in the input capacitor, generating the input voltage
ripple.

Figure 23. Input capacitor AC current
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The peak-to-peak voltage across the input capacitor can be calculated as follows:

Tout _Nsec

_seC Ny Al

- pi | D(;_D . Al

Vpp= Civfsw m (1 T])+ESR <IOUT_sec+ 5 ) (15)

In case of negligible ESR (e.g. in case of MLCC capacitors), Eq. (15) can be simplified. The value of the input
capacitor can thus be derived:
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(16)

IOUT _Esec
_sec :
Cy = —pn.g.(l _ D)

Vppfsw M

Considering the ideal case of n = 1, the equation above reaches its maximum value when D = 0.5. Therefore, the
minimum input capacitance value can be defined as follows:

1 Nsec
OUT_sec Npri
CiNZCiNmin = AT (17)

Typically, Cjy is dimensioned to keep the maximum peak-to-peak voltage across the input filter in the order of 5 %
of ViNmax-

10.2 Transformer selection
The transformer has two essential tasks:

. Providing isolation between the primary and secondary side in accordance with the application
requirements

. Generating the necessary secondary output voltage from the regulated primary voltage with the most
suitable turn ratio

The transformer selection implies defining the following parameters:

. Isolation voltage

. Turn ratio

. Primary inductance

. Peak and RMS currents
. Windings resistance

. Leakage inductance

. Parasitic capacitances

Isolation voltage

The isolation of the transformer in terms of voltage capability (1.5 kV, 4 kV, and so on) and type (functional basic,
reinforced, etc.) is mainly driven by the application. Both parameters normally affect the size of the transformer as
well as other electrical characteristics (e.g. winding resistance, leakage inductance, etc.).

Turn ratio

Naming the number of turns of the primary and secondary windings Nprim and Ngec respectively, the turn ratio is
defined as:

Nsec

N =
Nprim

(18)

Considering Eq. (18), the turn ratio must be defined so that the voltage at the secondary output is the desired one
over the whole secondary output current range:

> VOUT_sec+ Rwind_sec'IOUT_sec + Vipg (1 9)

N
Vour_pri

If no current is drawn from the primary output, the turn ratio should only be chosen to compensate the drops due
to the secondary winding resistance and the Schottky diode.

The effect of the leakage inductance on the secondary output voltage regulation (not included in the equation
above) should also be taken into account. Figure 16 clearly shows how the secondary output voltage can drift due
to the leakage inductance.
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Primary inductance

The choice of the primary inductance does not differ much from a standard buck. The magnetizing current (see
Figure 24), which combines the two winding currents, has the same shape of the buck inductor current and can
be defined as:

Imag = Nelgec (20)

Figure 24. Primary winding current (blue), secondary winding current (magenta) and magnetizing current
(black)

sec > , - If‘UTﬁsec

| N . IOUT_sec
mag

Therefore, setting the current ripple Al, the inductance is defined as:

_ (VIN - VOUT_prim)'VOUT_prim

i = VinfswAlL

(21)

As example, assuming lout sec = 100 mA, N= 6, the current ripple can be set around 30% of the total current
Nxloyt sec = 0.6 A, therefore 180 mA. If Vi =12V, Vout_prim = 5 V and fsyy = 400 kHz, the inductor value should
be 40 pH.

Peak and RMS current

As with any inductor, the peak and RMS current for each winding must be calculated in order to define saturation
and RMS currents that the transformer should fulffill.

For the primary winding, the equations below apply:

Iout Al
Ipri_pos_peak =%+T (22)

_ IOUT_sec ! 1 AIL.N
Ipl’i_RMS - N I+ 12 \ToyT sec -

For the secondary winding, the peak current can change depending on the leakage inductance. In the picture
below, secondary winding current waveforms with different leakage inductances are simulated. It is evident that
the peak current can vary significantly. Considering the target leakage inductance value for an iso-buck
(recommended up to 1% of the primary inductance), the waveform can be approximated with a sawtooth shape
and the peak and RMS currents can hence be estimated as:

2-loyt
Isec_pos_peak = Tﬁsec (24)
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1-D
Isec RMS = Isec_pos_peak' -3 (25)

Eq. (24) gives an indication of the peak value. Nevertheless, the waveform can significantly change with the
leakage. Therefore, the measured peak value can differ from the one provided by this equation.

A duty cycle higher than 50-60% significantly increases the peak current in the secondary winding, hence
affecting the negative peak current at the primary side.

Windings resistance

Winding resistances should be minimized as much as possible since they affect the secondary output load
regulations.

They also contribute to power losses, hence affecting the efficiency of the whole solution.
Leakage inductance

The leakage inductance of a transformer can be defined as an undesired inductive component due to the
imperfect magnetic linking of the two windings. Leakage inductance is inherent to the transformer construction
and can be only reduced but not eliminated. The typical recommendation is to keep the leakage inductance below
1% of the magnetizing inductance.

The leakage inductance affects the shape of the secondary winding current as well as the negative part of the
primary winding current (which is affected by the reflected current from the secondary side). In general, a very low
leakage inductance implies that the current in the secondary winding can quickly ramp up, allowing the charge of
the secondary output capacitor and supporting the load current demand.

A high leakage inductance slows down the secondary winding current rise, limiting the charge delivery to the
output. Comparing solutions with different values of transformer leakage inductance shows that higher leakage
inductance transformers are characterized by poorer load regulation performances. On the other hand, the
leakage inductance determines the slope of the rising edge of current in the primary winding (the lower the
leakage, the steeper the slope) and the peak value it could reach. Therefore, under certain conditions (e.g. short-
circuit at the secondary side) this peak can be significantly high.

A higher value of the leakage can help in these cases, jeopardizing however the load regulation performance. A
similar effect can also be achieved by increasing the resistance of the secondary winding, keeping the optimized
value of the inductance. In both cases, it is also possible to adjust the N value to improve the load regulation. Both
higher leakage and higher secondary winding resistance have a slight negative impact on the efficiency.

Figure 25. Effect of the leakage inductance on the primary winding current
" A

Transformer with optimized leakage

+ 550mA
v 800mA

Figure 25 shows the effect of the leakage inductance looking at the primary winding current. A transformer with an
optimal leakage inductance (between 0.5 and 1% of the magnetizing inductance) is compared with a transformer
with suboptimal leakage inductance (slightly above 2%). The main effect that can be observed is in the negative
part of the waveform. A less optimized leakage causes the negative peak to reach a higher value (absolute value)
and reduces the margin from the reverse current limit. This implies less power deliverable to the isolated output.
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Another effect of the leakage inductance is the ringing observed when the transition from the off-phase to the on-
phase occurs. These oscillations are due to the LC circuit represented by the leakage inductance and the total
parasitic capacitance observed by the primary winding. This capacitance consists of several contributing factors:

. Primary winding capacitance
. Secondary winding capacitance, reflected to the primary side
. Reverse capacitance of the Schottky diode, reflected to the primary side

Figure 26. Filtering effect of the snubber network
[ A

Snubber NOT implemented

e "
O e e ey e ey

4a

Snubber implemented s

A proper masking time (ton min) filters these oscillations, so that in case of extreme oscillations, erroneous current
limit exceeding can be avoided. Nevertheless, a RC snubber circuit (depicted in Figure 27) to dump this ringing is
always recommended.

Figure 27. RC snubber network

Snubber network

CBST

o . VIN

T vOUTiso
O

Capacitance

The parasitic capacitance of a real transformer mainly consists of the following contributions:

. Capacitance across each winding (Cp and Cg, in the picture below) due to the capacitive coupling between
the coil and the core. As already mentioned, the winding capacitances are involved in the ringing observed
during transition from off to on phase of the primary side

. Interwinding capacitance (Cyy), that is the capacitance between windings. The interwinding capacitance
should be reduced in order to limit disturbance on the primary side due to possible steep voltage transitions
present in the load connected to the secondary output.
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Figure 28. Transformer parasitic capacitances

@ ) @

10.3 Schottky diode

The selection of the Schottky diode should consider the following parameters:

. Maximum forward current, mainly defined by the secondary output current demand
. Forward voltage drop, which affects the secondary output voltage regulation;
. Maximum peak reverse voltage. During the on-phase of the primary side, when no current flows in the

secondary side, the diode is reverse biased and must withstand this voltage.

VD1 _rev = N'(VINmax - VOUT_pri) +VouT_sec (26)
. Junction capacitance, which should be as low as possible in order to reduce the ringing described in the
previous section.
10.4 Output capacitor selection

10.4.1 Primary output capacitor

The triangular-shaped current ripple (with an average value of zero) flowing into the output capacitor gives the
output voltage ripple, which depends on the capacitor value and the equivalent resistive component (ESR).
Therefore, the output capacitor should be selected in order to obtain a voltage ripple compliant with the
application requirements.

The voltage ripple equation can be calculated as follows:

AL
b (27)

AVouT_priCout_pri=ESR-Alpy + 8 TowCout pri

For a multi-layer ceramic capacitor (MLCC), the capacitive component of the ripple dominates the resistive one,
while the opposite is true for an electrolytic capacitor. Neglecting the ESR contribution the minimum value of the
output capacitor is given by Eq. (29) :

AL
pri (28)

Cout pri= 8-fswAVour pri

The typical output ripple is set at around 0.5% of the output voltage. In the selection of the right value for
Cout _prim » the derating of the capacitance with the voltage should be taken into account.

10.4.2 Secondary output capacitor

The secondary output capacitor supplies the secondary output load current during the ton (when diode D1 is
reverse biased) and its value defines the secondary output voltage ripple (AVouyr).
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C _ IOUT_sec'D
OUT_sec— A

_ 29
Vour_secfsw (29)

10.5 Compensation network

The primary side of the DCP100011Y is based on a VZCOT control loop which combines the advantage of a COT
loop (fast response with load transient) with the advantage of frequency clock loops. The main structure of the
loop is shown in Figure 29.

Figure 29. V2COT loop

Driver

—— CrF

Generator

The V2COT is composed of double feedback paths:

* Dotted line loop: A compensator with high DC gain and low bandwidth is put on the slow feedback path to
improve accuracy performances. A slope during the time period is added to the compensator output node to
ensure stability also in low ESR conditions (using the MLCC case).

* Linear line loop: fast loop. The Vgyr variation is sensed directly on the comparator with a fast response. As a
result, the load transient the system behaves like a COT system loop.

The PWM comparator matches the error amplifier output node with the feedback voltage to generate the main
PWM request. Once the Vgg goes below the error amplifier voltage (V¢s) a ton pulse is turned on.
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Figure 30. V2COT waveforms
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Vcomp

Ton
generator
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Figure 31 shows an example of system response of the two loops:

Example 1: Voyt changes slowly (< bandwidth of dotted line loop) and therefore Vgg, partition of Voyr, follows
the same behavior. The embedded Vconmp follows with the integral signal of the error amplifier inverting input.
Once Vg is over the reference VRgr, the Vcomp pulse sawtooth signal (Vcg) needs more time to reach the Vig
value and the fgyy decreases. Vice versa, when Vgg is below the reference, the Vg signal needs less time to
reach the Vgg value and fgyy is higher than the fgy set.

Example 2: Once Voyt drops immediately, like in load transient event, the Vcomp is not able to follow the abrupt
Vour transition in a short time. However, the Vg reaches the Vgg faster and fgyy increases quickly to avoid an
extra Vouyt drop. In this case, the system behaves like a normal COT.

Figure 31. Voyr variation example

Vfb
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i Tsw > Tsw_set
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Ves | Wl ’ |
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Ton gen

Tsw _set Tsw Tsw_set

Crr capacitance is used to improve the stability condition and to inject an extra ripple on the feedback node,
bypassing the effect of the resistor divider.

The Cgg suggested to best match the bandwidth (of the slow loop) and phase margin is calculated by Eq. 20 :

_ 54/Vour/Vrer (30)

CFF_ 2'“'RUP'FSW
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It is recommended to use a Cgg > 10 pF.

Since the system V2COT is COT-based with 2 loops, modeling is not possible.
Besides, it is possible to study the slower loop compensation network and follow the stability good rules to select
CFF for stability.

ST provides (on the ST web eDesignSuite) a proprietary tool to design and tailor any applications, and eDSim, an
online simulation tool based on SIMetrix SIMPLIS to evaluate start-up, stability and load/line transient of the

system.
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Application board

The application board (STEVAL-100011Y1M) schematic is shown in Figure 32.

Figure 32. Schematic of the application board
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The additional input filter (in the dotted box in Figure 32, on the bottom side of the board) limits the conducted
emission on the power supply. In the case that the filter is not necessary or should be bypassed for any test, two 0
Q resistors should be placed at Lf1 and Lf2 instead of the indicated inductor and ferrite.

The isolated output supplied by the board is unregulated. Nevertheless, a post-regulation circuit can be
implemented when necessary. For further details, please refer to the AN6203.

Table 8. BOM of the application board

u1 ST

DCP100011Y

T Z2G3569 Transformer N =1.3, 2.25 kV isolation Coilcraft

Rs1 0805 SMD resistor 300Q

Rb1 0603 SMD resistor 0Q

Ren1 0603 SMD resistor 100 kQ

Ren2 0603 SMD resistor Not mounted

Rfb1 0603 SMD resistor 30 kQ

Rfb2 0603 SMD resistor 1.2kQ

Rw1 0603/1206 SMD resistor Not mounted

Rw2 0603/1206 SMD resistor Not mounted
CaND1 GR443DR73D472KW01L 1812 MLCC 4.7nF, 2kV Murata
Cvdd1 0603 MLCC 1 pF, 100 V

Cff1 0603 MLCC Not mounted

Cb1 0603 MLCC 100 nF, 100 V

Cs1 0603 MLCC Not mounted

Cin1 SMD electrolytic capacitor, 10x10mm 100 pF, 100 V Panasonic
Cin2 0603 MLCC 100 nF, 100 V

Cin3 1206 MLCC 4.7 yF, 100 V
Cout1 1206 MLCC
Cout2 1206 MLCC
Cout3 1206 MLCC
Ciso1 1206 MLCC 22 yF, 50 vV
Ront 0603 MLCC 82 kQ Murata
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STPS1150-Y Schottky diode VRrRM = 150 V, I =1 A
Reference Part number Description Value Manufacturer
EMC input filter
Cf1, Cf2, Cf3 1206 MLCC, 4.7uF, 50V
Lf1 MPZ2012S221A 220Q Ferrite bead, 100MHz
Lf2 XAL4030-682ME 6.8uH coil Coilcraft

The performances of the application board are depicted in Section 7.
The layout of the STEVAL-100011Y1M is shown in Figure 33 (top) and Figure 34 (bottom).

Figure 33. Layout of the STEVAL-100011Y1M (top side)
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Figure 34. Layout of the STEVAL-100011Y1M (bottom side)
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12 Application ideas

12.1 Other applications with ZG3569-AE

The application board described in the previous section is defined to generate an isolated voltage suitable for
driving SiC (typ. 18/20 V and -5 V) or IGBT (typ. 15 V/ -8 V). The load regulation curves in Figure 11 clearly show
that the isolated voltage is at least 24 V, even at higher loads. The 24 VV minimum voltage has been defined to
provide a sufficient margin in case a post-regulation (e.g. linear regulator + TL431) is expected.

For different isolated output voltages and/or for increasing or reducing this margin, the output resistor dividers
Rfb1 and Rfb2 should be adjusted (see Eq. (6)).

The table below summarizes the values of Rfb1 and Rfb2 to be used in case voltages for GaN drivers (e.g.
6V/-3V) or standard MOSFETs (e.g. single 12 V isolated voltage).

Application Required isolated voltage (s) Rfb1 Rfb2

GaN drivers +6 V/-3V 22 kQ 2kQ
MOSFETs 12V 27 kQ 2kQ

Load regulation performances are shown in Figure 35 and Figure 36.

Figure 35. Load regulation for GaN driver applications with the transformer ZG3569-AE
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Figure 36. Load regulation for 12 V isolated driver applications with the transformer ZG3569-AE
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12.2 Applications with other transformers or coupled inductors
As an alternative to the ZG3569-AE, other transformers or coupled inductors might be selected.
Different solutions for T1 are possible due to different reasons:

. Using an off-the-shelf component (availability and cost can be convenient)
. Need for a multi secondary windings transformer

. Different requirements for isolation

. Etc.

In this section, some application ideas with two selected off-the-shelf coupled inductors are presented. The
selected components are:

MSD1038V-683 Coilcraft 68 pH 2.25 kV (functional)
750315811 Wiirth Elektronik 1:1 60 pH 1.5 kV (functional)

With regard to the possible target applications, this highly depends on the input voltage range. Considering the
voltage range illustrated in Figure 9 (48 V car battery), the use of a transformer with a 1:1 turn ratio does not
make it possible to support applications with isolated voltages above 24 V (e.g. SiC and IGBT). For different (or
narrower) input voltage ranges, it is definitely possible, but for this section, the same range of Figure 9 will be
considered.

Therefore, the following applications can be supported:
. GaN drivers (typ. 6 V/-3 V)
. Single isolated voltages (e.g. 12V, for standard MOSFETSs)

12.3 Applications with 750315811

12.3.1 Example for GaN drivers
The output resistor divider should be adjusted as follows:

Rfb1 =30 kQ
Rfb2 =2 kQ

The load regulation performances at different input voltages are depicted in Figure 37.

Figure 37. Load regulation for GaN driver applications with 750315811
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12.3.2 Example for MOSFET drivers
The output resistor divider should be adjusted as follows:

Rfb1 =43 kQ
Rfb2 =2 kQ

The load regulation performance at different input voltages are depicted in Figure 38.

Figure 38. Load regulation for MOSFET driver applications with 750315811
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12.4 Applications with MSD1038V-683

12.4.1 Example for GaN drivers
The output resistor divider should be adjusted as follows:

Rfb1 =27 kQ
Rfb2 =2 kQ

The load regulation performance at different input voltages are depicted in Figure 39.
Figure 39. Load regulation for GaN driver applications with MSD1038V-683
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12.4.2 Example for MOSFET drivers
The output resistor divider should be adjusted as follows:

Rfb1 =39 kQ
Rfb2 =2 kQ
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The load regulation performances at different input voltages are depicted in Figure 40.

Figure 40. Load regulation for MOSFET driver applications with MSD1038V-683
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13 Package information

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.

13.1 HSOP8 package information

Figure 41. HSOP8 package outline BOTTOM View
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Figure 42. HSOP8 Package outline SIDE View
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Figure 43. HSOP8 Package outline TOP View
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Table 9. HSOP8 package mechanical data

“““

A 5 - 1.65
A1 0.05 - 0.15
A2 1.30 1.40 1.50
A3 0.60 0.65 0.70
b 0.39 - 0.47
B1 0.38 0.41 0.44
c 0.20 - 0.24
c1 0.19 0.20 0.21
D 4.80 4.90 5.00
D1 3.1 REF

E 5.80 6.00 6.20
E1 3.80 3.90 4.00
e 1.27BSC

h 0.25 - 0.50
L 0.50 0.60 0.80
L1 1.05REF

O 0 - 8°
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Figure 44. HSOP8 Recommended Footprint (Dimensions in mm)
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13.2 Package information
Figure 45. Carrier type
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Figure 46. Plastic reel
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14 Ordering Information

Table 10. Order codes

DCP10001IPHRY HSOP8 Tape and reel
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Revision history

Table 11. Revision history

T

13-Oct-2026 1 Initial release.
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice.

In the event of any conflict between the provisions of this document and the provisions of any contractual arrangement in force between the purchasers and
ST, the provisions of such contractual arrangement shall prevail.

The purchasers should obtain the latest relevant information on ST products before placing orders. ST products are sold pursuant to ST’s terms and
conditions of sale in place at the time of order acknowledgment.

The purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
the purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

If the purchasers identify an ST product that meets their functional and performance requirements but that is not designated for the purchasers' market
segment, the purchasers shall contact ST for more information.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2026 STMicroelectronics — All rights reserved
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