‘— ST-ONE
,l life.augmented

Datasheet

Fully integrated controller for smart chargers

Features
*  ZVS non-complementary active clamp flyback controller with synchronous
rectification and USB-PD 3.1 PPS interface
*  ARM® 32-bit Cortex®-M0+ MCU with 64 kB flash memory for digital power
control and USB protocol
—  FW programmable secondary side MCU controls both synchronous rectifier
and ZVS active clamp flyback on the primary side to improve system
efficiency in every condition
— High switching frequency operations in companion with MasterGaN power
stage allow to use small size magnetic components, including planar
transformers
* Reinforced galvanically isolated dual communication channel compliant with IEC
62368-1:
— 4 KkV pk transient voltage
— 9.6 kV pk 1min hipot type testing
— 6.4 kV pk 1s hipot production testing
+ 800 V high voltage startup with integrated input voltage sensing and Brown-
in/out functions
»  Active input filter capacitor discharge circuitry for reduced standby power
compliant with IEC 62368-1
*  Fully Integrated USB-PD PHY with 24 V tolerant protection, and integrated load
switch driver

SS0P36 0.8mm pitch

Product status link

Application
»  USB-PD chargers and adapters up to 100 W for smartphones, tablets, laptops

“ Description

'SFIEJ(SJIIIRIIC’)JI{\C?(IS'\IE The ST-ONE is the world’s first digital controller embedding ARM Cortex MO+ core,

W an offline programmable controller with synchronous rectification, and USB PD

PHY in a single package. Such a system is specifically designed to control ZVS
non-complementary active clamp flyback converters to create high power density
chargers and adapters with USB-PD interface.

ST-ONE

Figure 1. Typical system block

diagram The device includes an active clamp flyback controller and its HV startup on
J O the primary side, a microcontroller and all the peripherals required to control the

L
T + l v conversion and the USB-PD communication on the secondary side. The two sides
Vi ” T ‘|’ i**  are connected through an embedded galvanically isolated dual communication
J_ O channel. By using a novel non-complementary control technique and specifically
T = designed power modes the device allows to reach both high efficiency and low no
o | T load power consumption

"ss” The device is delivered with a pre-loaded firmware which handles both the power

ST-ONE & conversion and the communication protocols for USB-PD including optional PPS and
electronically marked cable management.

A dedicated memory stores a default device configuration during factory process.
The user can change or adapt this memory area to fit the final product specifications.
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ST-ONE block diagram

1 ST-ONE block diagram

Figure 2. ST-ONE block diagram
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Pin connections and description

2 Pin connections and description

Figure 3. Pin connection (top view)

HV ] —/ HGPI00
nc E jGP|O1
nc[] []CSP
nc E jCSM

POTP[] V1v2

Ss[] SSGND

OVP[] Svav
PVCC ] qsvee
PGND [] ]VOSNS
P3V3 [] cct
HON ] qcc2
LON[] SSGND
EN_OUT[] ORGD
osc SPGND
oy SRGD
LEB[] SRVDS
ISEN] VDRV
PGND [ PUMP

Table 1. Pin functions

High voltage start-up generator / ac voltage sensing input. The pin, able to withstand 800 V, must be
connected to the ac side of the input bridge via a pair of diodes to sense the ac input voltage.

When the voltage on the pin is higher than Vystart, an internal pull-up circuit charges the capacitor

! Hv connected between the pin PVCC and PGND.
The pin is used also to sense the ac voltage, which is used by ac brown-out and X-cap discharge
functions.
High voltage spacer. The pin is not connected internally to increase spacing between the high-
2,3,4 nc , .
voltage pin and the other pins.
5 POTP Primary side overtemperature protection. Pulling this pin below VpoyTH shuts down the IC.
6 SS Soft-start setting. Connect a capacitor to PGND to set the soft-start duration.
7 OVP Aux winding sense for overvoltage protection.

Primary side supply voltage pin. The internal high voltage generator allows to charge an external
8 PVCC capacitor connected between this pin and PGND before the converter starts up. A small bypass
capacitor (0.1 pF typ.) to PGND must be placed close to the pins to get a clean bias voltage.

9 PGND Primary side ground. Reference for I/Os.
10 P3V3 Primary side internal supply regulator bypass capacitor.
11 HON High-side gate-drive control signal.
12 LON Low-side gate-drive control signal.
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’l Pin connections and description

Enable signal for an external driver. Improves efficiency during bursts in case the driver supports

13 EN_OUT this functionality.
Oscillator pin. A resistor from the pin to PGND defines the switching frequency during the initial
14 0SC
soft-start.
15 DT Deadtime programming. A resistor from this pin to PGND sets the deadtime during soft-start and
minimum deadtime during functional mode.
Leading edge blanking time programming. A resistor from this pin to ground sets the leading edge
16 LEB L2
blanking time for the ISEN comparator.
Current sense (PWM comparator) input. The voltage on this pin is compared with an internal
17 ISEN
reference to turn off LON.
18 PGND Primary side signal ground. Reference for analog signals.
19 PUMP Charge pump pin 1. Used to power the IC when SVCC drops below 5 V.
20 VDRV Driver supply.
21 SRVDS | Output winding voltage sense. Connect to sync FET drain through a clamping MOSFET.
22 SRGD Synchronous rectifier gate driver.
23 SPGND  Secondary side power ground. Current return for the sync FET gate-drive current.
Load switch gate drive.
24 ORGD The pin controls the gate of a N type MOSFET on the positive output terminal to disconnect the
output.
25 SSGND | Secondary side signal ground.
cc USB Type-C CC2 pin. Used for USB-PD compliant communication or alternate function as
26 2
DN/ GPIO3 /12C-SCL / UART-TX.(")
cc USB Type-C CC1 pin. Used for USB-PD compliant communication or alternate function as
27 1
DP / GPIO2 / 12C-SDA / UART-RX.(")
Output voltage sense. Used to sense the voltage at the power supply output port (after the load
28 VOSNS ) S . .
switch). The pin is used also for the bleeding function.
29 SVCC Secondary side VCC. The device senses and controls the converter output through this pin.
30 SV3V 3.3 V Regulated supply for the IC. Connect a 1uF capacitor from this pin to SSGND.
31 SSGND  Secondary side signal ground.
32 V1V2 1.2 V regulated supply for the IC. Connect a 4.7uF capacitor from this pin to SSGND.
33 CSM Output current sense pin. Connect to the negative side of sense resistor on the ground path.
Output current sense pin. Connect to the positive side of sense resistor on the ground path to sense
34 CSP
the current drawn by the load.
General purpose digital I/O, digital interface, analog input or alternate function as
35 GPIO1
SWD-CLK / UART-TX / 12C-SCL.*?)
General purpose digital I/0, digital interface, analog input or alternate function as
SWDIO-TMS / UART-RX / 12C-SDA.?)
36 GPIOO

The pin is also used to enter in programming/boot mode at IC startup. Connect a 100kQ pullup
to SV3V to avoid unwanted entry in boot mode at startup, unless this function is configured as
disabled.

1. The firmware loaded on ST-ONE configures the pins as either USB-PD or programming interface, depending on parameter
setup. The default configuration is programming interface

2. The firmware loaded on ST-ONE configures the pins as PFC enable (GPIO1 only), programming interface, external
thermistor sense, depending on parameter setup.
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3 Electrical ratings

Stresses above the absolute maximum ratings listed in Table 2. Absolute maximum ratings may cause permanent
damage to the device. These are stress ratings only and functional operation of the device at these conditions is
not implied. Exposure to maximum rating conditions for extended periods may affect device reliability.

Table 2. Absolute maximum ratings

e ——

Voltage range (referenced to PGND) -1 to 800
Vevee PVCC Primary side supply voltage -0.3t0 18 \%
Vpyayv P3V3 3.3 V supply range -0.3t0 3.6 \%
lovp OVP Maximum clamp source/sink current on OVP = -200 to 200 HA

Vhons Vions VEN_ ouT HON, LON, EN_OUT Voltage range -0.3t0 5.5
VAMRPri Other primary side pins Primary side analog Inputs & Outputs -0.3t0 3.6 \%

Secondary side voltages, referred to SSGND

Vcet, Veez CC1, cc2 USB connector 10s -0.3 to 24 v
Vvosns: Vsvce VOSNS, SVCC Output voltage sense & VCC -0.3t0 24 \Y
Vpump PUMP Charge pump pin, referred to SPGND -0.3to0 15 \%
VoraeD ORGD Oring FET gate driver voltage range -0.3t0 29 \%
Vcsp, Vesm CSP,CSM Current sense voltage range -0.3t03.6 \%
Vsvav SV3V 3 V supply voltage range -0.3t0 3.6 \%
Vviv2 V1Vv2 1.2 V supply voltage range -0.3t02 \Y
VypRv VDRV Secondary side driver voltage -0.3t0 24 \%
VsrGD SRGD Sync FET gate driver voltage range -0.3t0 18 \
VsRrvDS SRVDS Drain sense voltage range -2t0 28 \%
Vapio GPIO0,GPIO1 GPIO voltage -0.3t03.6 \%
VspGND SPGND Power ground vs. signal ground -1to1 \%

Table 3. Maximum operating conditions

e —— s

Voltage range (referenced to PGND) -1to 450
Vpvce PVCC Primary side supply voltage -0.3to0 16 \%
Cio HON, LON, EN_OUT  Capacitive load on primary side digital outputs 0to10 pF
Vesp, Vesm CSP,CSM Current sense voltage range -0.3t0 1 Y,
Vsvee » Vvosns, Vvpry | SVCC, VOSNS, VDRV | Secondary side voltage range -0.3t022.5 Y,
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4 ESD immunity levels

Table 4. ESD immunity levels

HBM All kV

According to JS-001 +/-2
CDM All According to JS-002 +/- 500 \%
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5 Thermal data

Table 5. Thermal data

Rih j-amb Thermal Resistance, Junction-to-ambient'") °C/wW
Ty Junction Temperature Range -40 to 125 °C
Tste Storage Temperature -55 to 150 °C

1. Simulated, device mounted on 1s1p board
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6 Safety data

Table 6. Insulation safety data according to IEC 62368

Parameter Value

Insulation type Reinforced
Transient voltage 4 kV
Electric strength test (type test) 9.6 kV /1 min
Electric strength test (routine test) 6.4k V /1 sec
Clearance 8 mm
Creepage 8 mm

Table 7. Insulation safety data according to UL 1577

Parameter Value

Isolation Voltage 3770 Vrms
Transmitter maximum current 11 mA
Receiver maximum current 91 mA
Transmitter maximum power 1100 mW
Receiver maximum current 130 mW
Maximum operating ambient temperature 85 °C
Maximum junction temperature 125°C
Maximum storage temperature 150 °C
Maximum data rate 1 MHz

Table 8. X-Cap discharge safety data according to IEC 62368

Parameter Value

Maximum line voltage 240 Vrms + 10%

Overvoltage category I

External capacitor value 47 nF - 2.2 uF
Series resistor value 330 Q—-4700 Q
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7 Electrical data

Ty=-4010 125 °C, Vpycc = 12V, Vsycc = 5 V, unless otherwise specified.

Table 9. Electrical characteristics

Primary side
Supply voltage
Vpvccon | Turn-on threshold 13 14 15 Y,
UVLO / Restart
VPvecoft | i reshold 6 6.5 7 v
Primary side 3V3
Vpavs regulator voltage lload < 4 mA 3.1 3.3 35 \Y
Supply current
Ipq Quiescent current Before turn-on 0.55 mA
Fsw=300 kHz,
loo  Operating supply Ror=Ries=12 kohm, 28 mA
current
Cen=CLon=CHon=10 pF
Current during burst
Iburst mode 1.1 mA
lqdis Shutdown quiescent Device latched 0.57 mA
current
High voltage start-up generator
HV breakdown
<
Vhv voltage Iy < 100 pA 800 \Y
HV pin start-up
Vhvstart voltage 30 v
Vpvce so | Switchover threshold 1 v
Vv > Vhvstart
7 mA
Vpvee > Vpvee_so
IHvoN ON-state current
Vhv > Vhvstart
1 mA
Vpvee < Vpvee so
Leakage current -
lHvoEE (Off-state) Vyy =400V 20 MA
X-cap discharge
Txcoper | Detection time 64 ms
Peak residual
i >
Vhvmin voltage Ihv,pis > 4.2 mA 45 Y
Ihvbis Discharge current Vhy > 45V 5 mA
PVCC clamp voltage
Vpvccclamp during X-Cap 7 \Y
AC brown-in/out
Vhvpk BO | Brown-out threshold Peak voltage 94 100 106
Vhvpk Bl | Brown-in threshold Peak voltage 108 115 122
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Brown-in/out

Vhvpk_BI hysteresis Peak voltage
Brown-out deglitch
TBODG  {ine 48 60 72 ms
Brown-in deglitch
Tos_BI time 500 us
Overtemperature protection
v Overtemperature Pin falling (temperature rising) 0.57 0.6 0.63 \%
POVTH threshold i i ;
Pin rising (temperature falling) 1.12 1.24 1.36
POTP pull-up -
lpoTP current Vpotp=0.6 V 18 20 22 HA
Soft-start
Iss Soft start current Vgs=0.25V 1.7 2 2.3 MA
Tor o Deadtime duration Ropr = 100 kQ 240 300 360 ns
- during soft-start RpT = 12.1 kQ 32 40 48 ns
Toprss | Offtime duration Rosc =470 kQ 8 10 12 Hs
during soft-start Rosc = 47 kQ 0.8 1 19 us
Soft-start timeout
VSSEND voltage 0.55 0.6 0.65 v
Overvoltage protection
Overvoltage
VovTH threshold (for flyback 1.12 1.24 1.36 \%
aux winding)
Overvoltage
lovTH threshold (for 17 20 23 MA
forward aux winding)
v Clamping voltage on OVP sourcing 20 uA -0.1 0 0.1 \%
OVCLAMP | 5\/p pin o
p OVP sinking 20 uA 3.1 3.3 35
TovFiLT OVP time filtering 2 4 6 us
Overcurrent protection
Overcurrent
VOCTH  threshold 08 0.9 1.0 v
Burst mode
IsoPWM absence
Tro time to trigger sleep From PWM falling edge 60 us
mode entry
Current mode unit
Gry  1ime tovoltage IsoPWM Ton = 380 ns 0.59 0.66 073 Vs
conversion gain
VipkcLamp | Maximum threshold 0.5 0.525 0.55 \Y,
T Blanking time (from Ries = 100 kOhm 240 300 360 ns
LEB LON rising edge)
9 edg Ries = 12.1 kQ 33 41 49 ns
Total time between Including driver delay. dV/dt = 2 V/us.
TcspeL | CS crossing and 25 ns
LON turn-off Time to 50%
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VPcsoFF

Tor

CS comparator
offset

LS to HS deadtime
duration during
normal mode

RLeg OPEN protection (ROP)

RLEB_OPEN

Maximum R gg
resistance to trigger
the protection

10 electrical data

VoH

LON/HON high

voltage
V. LON/HON low
oL voltage
Supply voltage
v Secondary side
sveeor operative range
v Secondary side turn-
SVECON | 4 threshold
v Secondary side
SUVLO  yvLO threshold
v Secondary side 3 V
Svav regulator voltage
Maximum current
Isvav capability from SV3V
for external circuitry
Charge pump
VcpPoN turn-on threshold
(hysteretic mode)
Charge pump
Vcporr | turn-off threshold
(hysteretic mode)
Supply current
Operating supply
|
svee current
I Deep sleep mode
sleep

supply current

SR gate driver

VsroN

TsrPROP

TsRRISE

TSRFALL

DS14218 - Rev 2
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SR driving voltage

Driver propagation
delay

Driver rise time

Driver fall time

Ropt = 100 kQ
Rpt = 12.1 kQ

Pin sourcing 4 mA

Pin sinking 4 mA

Secondary side

lload (< Igyay (2 mA)

Vsvee > 3.3

In burst mode

In burst mode

SVCC=5V

SRDRVCONF®) = 11

SRDRVCONF® =10
SRDRVCONF® =01
SRDRVCONF® = 00

Turn-on, time to 10%
Turn-off, time to 90%
10% to 90%, 1 nF load
90% to 10%, 1 nF load

120 150
15 22
0.8 1.0
4
3.05
3.3 3.5
3
3.1 3.2
2
8
8.4
18
1.4
5
7
9
1"
15
40
20

190 ns
30 ns
1.25 MQ
\
0.4 \%
22.5 \%
3.7 \
3.05 \
3.3 \%
mA
\
\
mA
mA
\%
\%
\
\%
20 ns
20 ns
65 ns
40 ns
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IDRVSRC Driver source current

IbrRvsnk | Driver sink current
Load switch gate driver

Load switch turn-on

|
ORON current

Load switch-on

V
ORON voltage

Current sense

Vesm CSM input range'®)
v Current sense input
SCSOFF offset
Vv, Current sense full
CSFSR | scale range
CMRR Common mode

rejection

Voltage sense

Full scale range for

VEsr SVCC & VOSNS
reading
Gain error
Offset
Adc
Npit Number of bits
INL Integral non linearity
DNL Differential non

linearity

Wake-up comparator

Vwup Wake-up threshold

Downloaded from Arrow.com.

Referred to SVCC

4
SVCC <12V
Referred to SVCC 4
SVCC>=12V
0
Including ADC accuracy 05
Input signal > 4 mV '
CSP — CSM voltage
100 kHz — 1 MHz, 10 mV signal®) 50
VSET®) =00
VSET®) = 01
VSET®) =10
Including ADC contribution Tj = 0 to 1
125 °C.
Including ADC contribution Tj = 0 to
-0.2% * V
125°C ° PSR
3% VRer < VN < 95% VREF(4) -3
3% VRer < V|N < 95% VREF(4) -2
DAC® = 0000, FSR® =6V
DAC® = 0001, FSR® =6 V
DAC = 0010, FSR®) =6 V
DAC® = 0011, FSR®) =6 V
DAC® = 0100, FSR® =12V
DAC® =0101, FSR® =12V
DAC® = 0110, FSR®) =12V
DAC® =0111, FSR® =12V
DAC =1100, FSR®) =24 vV
DAC® =1101, FSR®) =24 vV
DAC® =1110, FSR® =24 v

0.45
0.6

10

25

12
24

12

4.9
4.95

5.05
8.82
8.91

9.09

11.76

11.88
12

6.5

50

0.5

0.2% * Vesr

MA

mV

mV

mV

dB

%

\Y

LSB

LSB

< < < < < < < < < <K/ <
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DAC® =1111, FSR®) =24 V 12.12 Y,
DAC® =1000, FSR®) =24 V 14.7 vV
DAC® =1001, FSR®) =24 V 14.85 \Y
DAC® =1010, FSR® =24 V 15 \Y
Vwup  Wake-up threshold DAC® = 1010, FSR®) =24 V 15.15 v
DAC®®) = 0000, FSR®) =24 V 19.6 \Y
DAC® = 0001, FSR® =24 V 19.8 Vv
DAC® =0010, FSR®) =24 V 20 Y,
DAC® = 0011, FSR®) =24 V 20.2 \
Wake-up threshold Qo o
Vwupracc accuracy 0.9% 0.9%
HYST® =00, FSR® =6V 13.5 mV
HYST® =01, FSR® =6V 18 mV
VwupHysy @ Hysteresis
HYST® =10, FSR®) =6V 24 mV
HYST® =11, FSR® =6 V 34.5 mV
SR comparators
SR1V comparator
VTHSR1V threshold 0.7 1 1.3 v
Tosr1v gg;;/ comparator DVS falling @ 0.2 V/ns 20 30 ns
VTHizcp | 1ZCD threshold -5 0 2 mv
Tozep | (ZCP comparator DVS rising @ 0.1 Viiis 50 80 ns
delay
VZCD dynamic . .
Vpynzep | comparator Negative step starting from SVCC — 1 1 Vv
\Y
threshold
Bleeding resistor
|BLEED SVCC / VOSNS |SET(6) = 0, V>08V 7 10 mA
Bleeding current ISETO) =1,V >0.8V 14 20 mA
CC Bleeder
RocBLD  osistance V>08V 2500 4000 Q
Clock
Fox Master clock Tj=0-125°C 126.7 132 136.3 MHz
frequency Tj=-40-125°C 126.7 132 137.3 MHz
FckLF Low frequency clock 60 66 72 kHz
Internal temperature sense
Temperature reading — )
Tacc accuracy ADC reading 10 10 K
GPIO electrical data
GPIOO0/1 high . . .
VoHePIo voltage Pin sourcing 8 mA, digital mode 24 \%
VoLgpio | GPIOO0/1 low voltage Pin sinking 8 mA, digital mode 0.4 \%
GPIO0/1 input high -
ViHePIO voltage Digital mode 2 Y,
DS14218 - Rev 2 page 13/38
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GPIOO0/1 input low

ViLePiO voltage Digital mode
VCONN
Vconn switch _
Rvconn resistance to SVCC SvVeC=5V 20 Q
CC cable connection wakeup
CC wake-up
VTHCCWUP | 4 chold 25 2.6 2.7 v
CC Communication Wakeup
CC communication .
threshold Rising 0.85 \%
CC communication .
threshold Falling 0.25 \%
CC OovP
Vccovp | CC OVP threshold 5.5 6 v
CC pullup
CC Pull-up current at
| Veec =V =275V 30 A
CCPUVMAX | /0o imax CC = VCCPUMAX M
ICCSET!) = 01 Vgeq = Veco= 2.7V 64 80 96 pA
lccpu CC Pull-up current ICCSET") =10 Vg1 = Veco= 2.7V 166 180 195 MA
ICCSET") =11 Vcc1 = VCC2= 2.7V 303 330 360 MA
1. lload is the current drawn by external circuits connected to SV3V pin.
2. This internal peripheral register is managed by the firmware according to the parameter configuration. See Section 10
3. Current sense accuracy is not guaranteed if CSM pin voltage is beyond this range
4. Guaranteed by design.
5. This internal peripheral register is managed by the firmware depending on the output voltage setpoint. See Section 8.6.1
6. This internal peripheral register is managed by the firmware. See Section 8.5.4.1
7. This internal peripheral register is managed by the USB-PD protocol FW according to the standard
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8 Device operation

8.1 Typical application schematic
The following image is a simplified schematic for the typical application

Figure 4. Typical configuration
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The ST-ONE is a very intergrated IC, which needs a few external components to build a complete system. On the
primary side:
. An AC full wave power rectifier connected to a bulk capacitor.

. Two rectifier diodes to provide HV voltage to ST-ONE IC both for high voltage startup and AC brownout and
disconnection detection.

. An integrated half bridge power stage (e.g ST MasterGaN) or Gate driver + FETs connected to the
transformer primary winding.

. A clamp capacitor to store the residual energy in the transformer leakage inductance.

. An auxiliary winding power supply for the IC PVCC, also used to perform overvoltage function during the
soft-start.

o
=
5
z

1

<
P3V3 VOSNS
LEB CC1/2
GPI00/1

— Vorv

||||—| |— Viv2
||||—| |— svav

i——]

On the secondary side:
. A synchronous rectifier FET is connected to the SRGD pin.

. A cascode FET connected to the SRVDS pin to provide synchronous rectifier drain voltage sense while
limiting the voltage on the pin below its AMR.

. An N-channel MOSFET connected to ORGD pin used as load switch to disconnect the output voltage as
required by USB-PD power supplies.

. A sense resistor is connected to CSM/CSP pins to read the output current.

. A capacitor and two diodes connected to the PUMP pin to implement a charge pump providing the driving
voltage to the synchronous rectifier.
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8.2 External component selection

8.21 Symbols used in this section
Ik peak magnetizing current
L, primary side inductance
Ly primary side leakage inductance
V; converter input voltage
V,, converter output voltage
n transformer turns ratio
Tsw switching period
fsw switching frequency
P, converter output power
D duty cycle
Cpn phase (switching) node total capacitance (typically, switch Cqss + transformer input capacitance)
Cclamp Clamp capacitor value
Viripk peak primary side voltage
fsamp control loop sampling frequency
Cout output capacitor value
Virop Voltage drop during step load transient
Istep l0ad transient current step

8.2.2 Transformer design

8.2.2.1 Turns ratio

The ideal operating condition for a flyback is with duty cycle around 50%. The turns ratio is anyway limited by the
voltage capability of the primary side switches.

As a first approximation, the turns ratio can be selected considering the maximum input and output voltage and
selecting the highest value for which the voltage stress on the primary side switches is acceptable.

The voltage stress can be calculated as

[ Lk
VpTiPk: Vl'+TLV0+1pk m (1)

The last term in the equation can be ignored for a first approximation, then considered after component selection.
Typical turns ratio value for a wide input range, 20V output USB-PD application is around 6.

8.22.2 Primary side inductance — switching frequency

The ST-ONE Non complementary active clamp operates in a similar way as a quasi-resonant flyback, so as a first
approximation the relation between the switching frequency and the primary side inductance can be calculated as

_( Vinl, 2 1
bp= (Vi - nVo) 2fswPo @
For a more accurate calculation the clamping time and the deadtimes must be considered, especially for high

frequency converters. The following equation can be used to calculate the switching frequency when the system
operates in ZVS:

2 2
Pi(Vi+nV,) Cph(Vi - nZVo)
2Lp(Vi+ Vor) Vg I
T — + TL'JLpCph ,
sw = ViV, ) (3)

8.2.3 Clamp capacitor selection

The clamp capacitor value determines the resonance period between the capacitor and the transformer leakage
inductance during phase 5 of the switching cycle (see Section 8.5.1 ).
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It is suggested to choose the clamp capacitor value so that the phase 5 lasts approximately 15% of the switching
cycle in high line, high output voltage conditions, so

(01572

e ()

Celamp =

8.24 Secondary side drain sensing

The SRVDS pin is used for sensing the synchronous rectifier drain voltage to control turn-on and turn-off of the
synchronous rectifier MOSFET and to sense the drain oscillations to operate in valley switching. The first function
is performed by comparing SRVDS voltage with a 1 V and a 0 V internal threshold, while the second function is
implemented by comparing the SRVDS voltage with SVCC.

A proper external clamp circuit is required to limit the voltage on the pin below its operative range while being
able to correctly sense the MOSFET drain voltage from 0 V up to SVCC. A signal mosfet with gate tied to VDRV
as shown the typical configuration schematic (see Figure 1) is the suggested solution. The resistors Rzcp and
Rzcppu in the schematic can be added to offset the signal and anticipate the 1ZCD comparator triggering.

8.2.4.1 SRVDS comparators
The SRVDS pin has three comparators connected to it which are used to control the switching cycle.

The following figure shows the waveforms associated to the SRVDS comparators when the system is operating in
valley skipping mode. The SR drain voltage is drawn as a light blue line, the clamped voltage on the SRVDS pin is
shown in dark blue.

Figure 5. SRVDS sensing waveforms

Isec t / N
Ipri ~— N
Visd / \ /’\/ .
Vsrd
Vsrvds AT ——
VDYNZCD,,@,, R \
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, \ | Visrw

V|sg — ~
Vhsg [ | ,
Vsrg [

1 2 3 4

VZCD: This comparator is used to count the switching node oscillations in valley skipping mode and to obtain
valley turn-on. The comparator has a dynamic threshold, detecting when the voltage on SRVDS drops more than
Vpynzep below the last peak reached. Referring to Figure 5, the comparator is triggered in instant 3 and 4

1ZCD: This comparator compares SRVDS with SSGND. It is used to detect the zero crossing of the current during
SR mos conduction phase. Referring to Figure 5, the comparator is triggered in instant 2.

SR1V: This comparator compares SRVDS with a 1 V threshold. It is used to detect when the primary side low
side FET is turned off, making the voltage across the SR MOS drop. This comparator commands the turn-on of
the SR mos. Referring to Figure 5, the comparator is triggered in instant 1.

8.2.5 Secondary side current sense resistor

The secondary side current sense has a full-scale range Vcsrsr equal to 25 mV. The current sense is chosen
according to the formula:
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R < 5
senseSec TMAX ®)

8.3 High voltage startup
The ST-ONE is equipped with internal HV start-up circuitry dedicated to supplying the IC during the initial start-up
phase, before the self-supply winding is operating. An external capacitor connected to the PVCC pin is charged
by the HV start-up circuitry, connected to the HV pin.
When the power is applied to the circuit and the voltage on the input is high enough, the HV generator is
sufficiently biased to start operating, thus it draws the current Iqyon through the HV pin and charges the capacitor
connected between PVCC pin and ground. This charging current is limited at 1 mA in case the voltage on PVCC
is lower than Vpycc_so, in order to prevent excessive IC dissipation if the pin is accidentally shorted to ground.
As the PVCC voltage reaches the start-up threshold (Vpyccon) the chip starts operating, and the control logic
disables the HV generator.

The IC is powered by the energy stored in the PVCC capacitor until the auxiliary winding develops a voltage high
enough to sustain the operation.

8.4 Soft-start

As soon as the proper conditions for startup are met, the primary side controller performs a soft-start
autonomously until the secondary side is powered and able to take control of the switching.

During soft-start the IC operates in constant off-time, peak current mode. The user can set the off-time by
connecting a resistor from the OSC pin to ground.

The peak current during soft-start is determined by comparing the SS pin and ISEN pin voltages. Connecting a
capacitor to the SS sets the soft-start duration.

The primary side controlled soft-start ends as the secondary side takes control of the conversion.

During the soft-start the high-side is controlled in complementary mode, with deadtimes determined by a resistor
connected between DT and ground. Note that during soft-start both the deadtimes are equal to Tpt ss which is
approximately double the value used in normal mode for LS to HS.

As the voltage on the secondary side reaches Vsyccon the secondary side IC boots up, takes control of the
conversion and the converter starts to operate in normal mode as described in Section 8.5.1 . The secondary

side controller continues the soft-start operating in closed loop and ramping the SVCC voltage to 5V, then the
soft-start ends.

Figure 6. Soft-start waveforms : primary side Figure 7. Soft-start waveforms: switch to
controlled soft-start phase secondary side control
—l—ll-l_l LU uP’“‘“"' -

Y N ———
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8.5 Switching modes

The following sections describe the switching modes which are used by the device depending on the output
power to be delivered.

8.5.1 Normal switching mode
The controller operates a non-complementary active clamp converter. The main waveforms are shown in
Figure 8.
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Figure 8. Normal operation waveforms

Isec

ﬂ \ \“‘~‘
lpri /

Vlsd

v

Vlisg —

Vhsg
Vsrg

The converter operation is similar to a traditional QR flyback, with the addition of a clamp switch to recover the
energy in the transformer leakage inductance at low-side turn-off and uses the energy to obtain soft switching

at low-side turn-on. In particular, the high-side is turned on for a time proportional to the input/output conversion
ratio in order to limit the circulating current to what is required to obtain soft switching at low-side turn-on. The
synchronous rectifier is kept on after high-side turn-on to obtain zero secondary side current before the high-side
is turned off and a new cycle is started through a resonance between the leakage inductance and the clamp
capacitor.

The phases are as follows:

1. LS turn-on. The on timing and peak current are defined by the secondary side controller. The phase
terminates when the primary side peak current comparator is triggered.

2. Deadtime. A deadtime is inserted between LS turn-on and HS / SR turn-on.

3. SR turn-on/ first HS turn-on. When the secondary side ZCD12 comparator is triggered, the secondary side
commands the turn-on of both SR and HS switches. During this phase the current in the primary side
leakage inductance drops to 0, while the energy is stored in the clamp capacitor. The HS switch turn-on is
not strictly required but improves the efficiency of the system by avoiding conduction through the HS body
diode. The duration of the first HS pulse can be controlled by the configuration parameters.

4.  During phase 4 current flows on the secondary side through the SR FET. The phase terminates when the
1ZCD comparator is triggered (current on the secondary side reached 0).

5. HS s turned on to recover the energy stored in the clamp capacitor in phase 3 and to store energy in the
primary side inductance to force a soft switching. During this phase the leakage inductance resonates with
the clamp capacitor, creating a bump on the output current. When the current reaches 0 the SR is turned off.
The duration of this phase is configured through programmable parameters.

6. Extra HS turn-on time may be added to increase the energy stored in the magnetizing inductor, in
particular at low output and high input voltage. The firmware calculates the duration of this phase based
on parameters.

7. Deadtime. The deadtime between HS and LS is controlled by the secondary side through the parameter
DT_HVG_LVG.

Deadtime

Deadtime between LS on and HS on is set by connecting a resistor between DT pin and ground, according to the
following formula:

tpT_LS_HS = 3.88ns + 14650 Rpr (6)

Deadtime between HS and LS is instead controlled by the controller parameter DT_HVG_LVG according to the
formula:
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DT_HVG_LVG

IDT_HS_LS = FcK

Where Fck is the IC clock frequency of 132 MHz.

Synchronous rectification voltage

The synchronous rectifier turn-on voltage is clamped to a programmable value. The user can choose the driving
voltage which yields the best application performance.

The driver is powered from the VDRV pin.

Skip mode

In order to improve the efficiency at medium load, the controller enters in valley skipping mode when the peak
current falls below a programmable value.

While in skip mode the controller keeps the peak current approximately constant at the skipping mode entry point.

If the frequency falls below approximately 20 kHz, the controller starts dropping the peak current while keeping
the frequency limited between 20 kHz and a programmable value (typ. 50 kHz).

Figure 9. Transition between normal mode, skip mode and burst mode
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» / 3 pkMinSkip

* lioad

Bursﬂ Valley skipping Normal mode

Burst mode
While in skip mode, if the frequency drops below Fck/6500 (approximately 20 kHz) the system enters burst mode.

While in burst mode the controller generates bursts of pulses with a programmable peak current. The number of
pulses generated depends on the output voltage and can be programmed through the parameters.

The system exits burst mode and comes back to normal operation when the average time between bursts drops
below a programmable time.

Deep burst

When the regulated output voltage is 5V, 9V, 15V or 20 V, all the IC functions are shut down between the bursts,
leaving only a dedicated comparator to wake up the system when a new burst is required. In this condition, the
consumption of the secondary side IC drops to Igeep. FOr any other regulation voltage, the burst is controlled by

the firmware and ADC readings, so the IC consumption between bursts is close to the normal mode operating
current.

Special modes for voltage transitions

Protocols like USB-PD require to change the output voltage while the converter is operating following specific
timing requirements. ST-ONE provides special operating modes to Manage negative transition while the applied
load to the converter is very low.

Bleeding

The device integrates bleeding current sinks to discharge the output during negative voltage transitions which
may happen at light load.
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Bleeding current Ig| gep is initially set to 10 mA, then increased to 20 mA.

8.5.4.2 Forced burst

In order to maintain the primary side PVCC powered, the IC forces bursts at regular intervals to recharge the
primary side through its auxiliary winding.

8.5.4.3 Active bleeding mode

The IC can be configured to operate in a reverse flyback mode transferring energy from the output capacitor to
the input bulk capacitor by switching the SR MOSFET.

This function is useful when the 20 mA bleeding current is not enough to meet the negative transition timing
specifications, for example in applications with a big SVCC capacitor.

8.6 Control loop

The controller includes both a voltage regulation loop, which operates normally, and a current regulation loop
which is used in constant current mode, which is used to manage the CC/CV mode as required by USB-PD PPS
mode.

8.6.1 Voltage sensing
The IC senses the output voltage through a programmable resistor divider connected to the internal 12 bit ADC.

The resistor divider rescales the SVCC voltage so that the full scale can be configured as 6 V, 12V or 24 V. The
IC selects the scale depending on the target output voltage.

The thresholds for switching scales are 5.8 V and 11.8 V.

During output voltage transitions, the greater scale between the initial and final voltages is used. At the end of the
transition the scale is changed according to the final voltage.

For example in a transition from 5 V to 9 V the scale is initially switched to 12 V, at the end of the transition it is
kept at 12 V scale. For a transition 9 V to 5 V, the scale is kept at 12 V and at the end of transition is changed to 6
V scale.

8.6.2 Peak current mode unit
The primary side low-side switch is controlled in peak current mode.
At every switching cycle LON stays high for the blanking time T _gg. After the blanking time is expired, the LON is
turned off when the CS comparator is triggered.

8.6.2.1 Reference generator

During normal operation the reference for the peak current mode control is provided by the secondary side
through the galvanic isolation communication channel.

The primary side IC converts the duration of pulses received by the secondary side in a voltage reference for the
peak current comparator according to the equation:

Equation 7

Vpk = GTvtpuise
The reference voltage is limited by a hardware clamp to V|pkcLamP-
The pulses are generated by the secondary side SMEDs.

8.6.3 Voltage loop
The voltage loop is managed by a digital Pl (Type2) controller.
The device parameters control the proportional and integral gain of the controller. If sampling effects are ignored,
the controller gain can be expressed as follows:

I G
peak _ GTV 8 ( . 1
= PID_Pgain +
Verr Rsense F ckaerax\ -9 STsamp

PID_Igain) (8)
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Where Rgense is the primary side current sense resistor value, Fck is the clock frequency (132 MHz typ.), VisrMax
is the ADC full scale range at the highest scale (24 V), Gty is the time-voltage converter gain and Tgamp is the
control loop sampling period (30 us).

Considering the primary side peak current to average output current relation, the equation can be written as:

Isec nVin Gty 4 (
= PID_Pgain +
Verr — Wout +Vin Rsense Fckaerax\ g

Where n is the turns ratio (primary to secondary) and Is¢c is the transformer secondary side average current.

1
sTsamp

PID_Igain) 9

8.6.3.1 Setting the voltage loop parameters
The loop cutoff frequency is dominated by the proportional part of the controller, and can be approximated as:
G .
frm eV 8 pip pgain——in___1 (10)

£ 2m Rsense FekVfsrMax Vout + Vin Cout

The proportional gain can be set as:

Vout
R FekV fsrMax "Vin !
. sense
PID_Pgain = fy aGry "y Cout (11)

It is advisable to keep the cutoff frequency at least below 1/5 of the loop sampling frequency, i.e. below 8 kHz. If
no need for fast transient response is required, a lower bandwidth helps in limiting the control noise.

The integral gain determines the loop zero frequency as:
PID_Igain = PID_Pgain - 2nf ;T sqmyp (12)

8.6.4 Current loop

The current loop is controlled by a dedicated Pl controller which acts on the primary side peak current in a similar
way to the voltage loop. The control gain is:

Ipeak _ RsenseSecGTV 2 (L1
lorr Rgense FckVCSFSR\STsamp

Where Rgensesec is the secondary side current sense resistor value.

PIDCC_Igain) (13)

Considering the primary side peak current to average output current relation, the equation can be written as:

Isec _ "Win  RsenseSecGTV 1 / 1
Lerr ~ "WVour +Vin  Rsense  FckVCSFSR \STsamp

Where n is the turns ratio (primary to secondary) and ls¢c is the transformer secondary side average current.

PIDCC_Igain) (14)

8.6.4.1 Setting the current loop parameters
If the load impedance is close to 0, the loop cutoff frequency can be calculated as:

fo~ 1 "Win  RsenseSecGTV 1 1
E7 2nnlVoue +Vin Rgense FekVesrsR Tsamp

The gain can be set as:

PIDCC_lgain (15)

Vout
2R enseF itV Tsamp " Vi 1
L sensel’ckY CSFSR! samp in
PIDCC_Igain = f ReonseSocCTV m (16)

It is advisable to keep the cutoff frequency at least below 1/5 of the loop sampling frequency, i.e. below 8 kHz. If
no need for fast transient response is required, a lower bandwidth helps in limiting the control noise.

8.7 Fault management
The IC includes many protections to avoid damage to the converter or to the load in abnormal or failure
conditions.

8.7.1 Fault modes

The faults can be either managed as auto-restart, latched, or conditioned restart. The behavior of each fault is
described in Section 8.7.8 .
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8.7.1.1 Auto-restart mode
In auto-restart mode, once the protection is tripped, the switching activity is stopped, and the condition is
maintained until Vpycc goes below the V pyccofsr restart voltage and then rises again to V pyccon for six times.
Ultimately, this results in a low frequency intermittent operation (Hiccup-mode operation).

8.7.1.2 Latched mode
In latched mode the protection is maintained until the input main is removed. During this time the HV generator
is activated periodically to cycle the supply voltage between V pyccon and V pyccos. The condition is indefinitely
maintained until the AC mains is removed triggering a brown-out or an X-Cap discharge fault which clears all fault
conditions.

8.7.1.3 Conditioned restart mode
Faults like the overtemperature or the brown-out, require the fault condition to disappear before the system can
restart. When the fault condition is no longer present the system restarts after Vpycc goes below V pyccofsr restart
voltage and then rises again to V pyccon-

8.7.2 Soft-start timeout

As a protection from secondary side failures, the IC stops switching if no signal is received from the secondary
side before the SS pin voltage reaches Vgsgnp-

This fault is managed as auto-restart.

8.7.3 Soft-start overvoltage protection

The primary side IC includes a detection circuit to avoid generating overvoltage on the output when the secondary
side is not active. The OV function operates only during primary side soft-start: as the secondary side takes
control, the protection is managed by the secondary side.

The overvoltage function of the ST-ONE device monitors the voltage on the OVP pin during HS MOSFET's
on-time, when the voltage generated by the auxiliary winding tracks converter's output voltage.

The overvoltage protection is adapted for both flyback and forward mode auxiliary windings. In flyback mode, the
auxiliary winding is coupled with the same polarity as the output winding, so when the voltage is positive it reflects
the output voltage. In forward mode, the auxiliary winding has a reversed polarity, so when the voltage is positive
it reflects the input voltage. This option can be advantageous when the output voltage range is very wide. Both
protections for flyback and forward mode OV are active at the same time. The application circuit is designed to
allow only the proper protection to be triggered.

To reduce sensitivity to noise and prevent the protection from being erroneously activated, the OVP comparator
must be asserted for a time longer than ToyF T for the protection to be triggered.

8.7.3.1 Flyback aux winding
For flyback windings the OVP condition is detected by comparing the voltage on OVP pin with the VoyTH
threshold.

8.7.3.2 Forward winding

The OVP pin is clamped at VoycLamp When sourcing current, avoiding it reaching negative voltages. The current
sourced by the clamp is measured and compared with loyTH to detect the OV condition.

8.7.3.2.1 OV pin clamping
The OV pin is protected from overvoltage by an internal clamp at 3.3 V, able to sink up to 200 uA.

8.7.3.3 Soft-start OV Threshold selection
Since the primary side OV is active only during the primary side soft-start, it is suggested to set the threshold to a
value which lies between the secondary side turn-on threshold and the maximum secondary side voltage.
Values between 10 V and 15 V are typically good for many applications, including USB-PD with maximum output
voltage at 20 V: the higher voltages are reached only when the secondary side is controlling the conversion and
the primary side is disabled.
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8.7.4 Ac brown-out protection

The ST-ONE device is equipped with brown-out protection to prevent the operation at too low ac input voltage.
Power conversion starts only when the voltage on HV becomes higher than Vypy_g|-

If the voltage on HV remains below Vpypk_go for more than Tgopg the power conversion is turned off until the
voltage goes back above Vpypk_pi- The Tgopg masking avoids unexpected turn-offs due to disturbances or line
dips.

8.7.5 Primary side overcurrent protection (OCP)
The primary side device includes protections to avoid uncontrolled current rise in the transformer.

8.7.5.1 First level overcurrent protection

The first protection level is provided by a clamp on the primary side current mode unit comparator which
guarantees that, after the blanking time is expired, the LON signal is turned off if the voltage on the ISEN pin
bypasses V|pkcLamp- Even if this limit is reached, the device keeps operating unless other faults are triggered, for
example if the current limitation causes an unvervoltage on the output voltage.

8.7.5.2 Second level overcurrent protection (OCP)

The device is protected against short-circuit of the secondary rectifier, short-circuit on the secondary winding or
a hard-saturated transformer. A comparator monitors continuously the voltage on the CS pin and activates a
protection circuitry if this voltage exceeds VocTh-

To distinguish an actual malfunction from a disturbance (e.g. induced during ESD tests), the first time the
comparator is tripped the protection circuit enters a “warning state”. If in the subsequent switching cycle the
comparator is not tripped, a temporary disturbance is assumed, and the protection logic is reset in its idle state; if
the comparator is tripped again a real malfunction is assumed and the device is stopped.

The fault is managed in auto-restart mode.

8.7.6 Primary side overtemperature protection
The primary side device can be protected from excess temperature by connecting a thermistor to the POTP pin.
When the voltage on POTP drops below VpoyTH the conversion is stopped and the device enters fault.
The fault is managed as conditioned-restart.

8.7.7 Primary side undervoltage lockout
In case the voltage on PVCC drops below Vpyccof the IC enters auto-restart fault mode.

8.7.8 Fault summary
The following table summarizes the faults and their effect.

Table 10. Faults table

UvLO Primary Auto-restart

oVP Primary Enter burst Prmary side stops and enters burst. In case the secondary side gives
no signal, the system enters UVLO.

ocp Primary Auto-restart Second level OC may happen in case of output short. The effect is a
shutdown.

SSTO Primary Auto-restart Soft-start timeout (SS pin reached Vssenp)-

POTP Primary Conditioned-restart Overtemperature protection.

In case of brown-out, switching is stopped. Primary side stops until the
BO Primary Conditioned-restart BO condition disappears.
All fault conditions are cleared.

XCD Primary Conditioned-restart X-Cap discharge is managed in the same way as brown-out.
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I N

Load switch iteh i ion i ; ;
ocP Secondary If load switch is not present, protection is performed by primary side
Turn off OCP.
oVP Secondary Enter burst If OVP is tnggergq secondary side stops and waits the voltage drop
under safe condition.
UVP Secondary Auto-restart If UVP last for 6.6ms the system stops switching waiting for primary side
restart.
UVLO Secondary Auto-restart If §econd§ry side hits UVLO, the system stops switching waiting for
primary side restart.
The secondary overtemperature value is programmable and is
considered also a warning temperature (if enabled) before the SOTP.
SOTP Secondary Auto-restart
The fault does not stop switching, but turns off the load switch and
sends a hard reset command on the USB-PD.
8.8 X-cap discharge

Safety regulations such as IEC 62368-1 require that the capacitors directly connected to the input plug (so called
“X-Caps”) are discharged when the converter mains connector is removed from the outlet, in order to avoid the
risk of electrical shock to the user.

Typically, this function is performed by means of a resistor in parallel, but this method cannot be applied in case
the converter requires very low power consumption during light-load or no-load operation, because the losses of
the X-cap discharging resistor would be too high.

The ST-ONE monitors the input voltage through the HV pin and discharges the X-capacitors through the HV pin
TxcppeT after a plug disconnection is detected.

The discharge continues until the voltage on HYV falls below Vyymin Or the plug is connected again.

Note that a DC voltage on the HV pin is interpreted as a plug disconnection, so the device cannot operate with
DC input voltage.

8.9 IC Supply

8.9.1 Primary side LDO

A 3.3 V regulator generates the voltage for internal circuitry and digital I/Os. The regulator requires an 100 nF
capacitor connected from P3V3 to PPGND.

8.9.2 Secondary side Charge pump & LDO

An internal LDO provides the supply for the IC analog & digital circuits. The SV3V internal LDO can be used to
supply external circuits up to 2 mA.

A voltage doubler charge pump provides the driving voltage for the synchronous rectifier. The voltage which can
be obtained is approximately 2 * (SVCC — Vf), where Vf is the external diode forward voltage.

The charge pump is turned on when the regulation voltage is below a threshold set by the configuration
parameters.

A second LDO provides the 1.2 V supply for the IC logic.

8.9.2.1 LDO decoupling
The 3V3 LDOs require a 1 uF ceramic capacitor to ground to decouple the supply voltage and guarantee stability.
The V1V2 LDO requires a 4.7 uF ceramic capacitor to ground.
The capacitors should be located as near as possible to the device.
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PFC enable function

The device can be configured to output a signal on GPIO1 at high level when the output voltage and/or the
output current exceed a configurable value, and a low level otherwise. This function can be used for applications
including a PFC on the primary side to turn it off in low power conditions and improve the efficiency.

Secondary side controller

The secondary side includes a digital controller which is in charge of both the power conversion and the
communication with the load through USB-PD.

Figure 10. Secondary side block diagram
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Microcontroller core

The secondary side is controlled by a Cortex MO+ core clocked at Fck/2, with 8kB static RAM and 64kB
programmable flash code memory. The flash is loaded in production with a complete code managing both the
voltage conversion of an active clamp flyback and the protocol for USB-PD PPS.

A dedicated 8kB ROM area is reserved for the boot activity and trimming area.

Parameter memory

A section of the flash is dedicated to parameters which can be programmed by the user to tune the power
conversion, set up the application functionality, choose the protocol and the PDOs or APDOs to be used.

SMED

A set of dedicated event driven state machines can generate complex PWMs. The transitions between the states
can be controlled by either timings or external events, or a combination of the two.

The SMED configuration is fully managed by the IC firmware to implement the control modes described in
Section 8.5 .
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9 Communication interface

9.1 USB-PD protocol

The USB-PD module controls the USB Type-C™ connector signals and power delivery on Vbus line using
USB-PD protocol.

The ST-ONE device can provide an output voltage between 3.3 V to 21 V. The PDOs or APDOs used in the
application can be defined by the user (except for the mandatory 5 V).

The module provides the USB-PD Source layers over one power channel. This is the list of the USB-PD options
available on the ST-ONE USB-PD firmware stack embedded on the device.

The USB-PD module supports:

. One USB-PD power SOURCE channel (DFP - AC adapter)

. USB-PD REV 3.1 specification

. PPS (Programmable Power Supply) with Constant Current mode

. 1 default PDO plus six slots for PDOs or APDOs, customer configurable

. Vconn source with 100 mW output power used to identify Electronically Marked Cables

. Send Alert on OTP and OCP protections

. Send Source_Capability Extended message

The USB-PD module does NOT support:

. Constant power on PPS mode

. Communication via USB (D+/D- and or SSTx+/- and SSRx+/-)

. Fast Role Swap

. VDM message management apart from SVDM-SOP’ to manage the cable discovered
. Battery Supply PDO and Variable Supply PDO

. Power Sharing

. Unchunked message

. Type C authentication 1.0 extension

. Firmware update using 1.0 extension

9.1.1 USB-PD Physical layer
The device includes a complete physical layer for USB-PD applications.
The CC pins can withstand up to 24 V, requiring no extra protection to manage accidental shorts to Vbus.

9.1.1.1 CC Pins Vconn
The IC includes an internal switch between CC1/2 and SVCC which is used to provide the VCONN for
electronically marked cable detection. The Vconn switch is current limited to avoid damaging the IC in case
of short on CC pins.
As required by the USB-PD standard, the CC pins include an integrated bleeder resistor with value RccgLp which
is turned on for 10 ms when the Vconn is removed.

The CC Vconn directly connects the CC1 or CC2 pin to the SVCC voltage, so it can be used only when the
regulated voltage is 5V, as during the Electronically Marked Cable detection.

9.1.1.2 CC OV comparator
The CC pins include a comparator to detect abnormal voltages on the pins caused, for example, by shorts to
Vbus.
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9.1.2 USB-PD PDO and APDO adaptation and protection

During the attach procedure, the Source and Sink verify the voltage and current, offered and requested. As
defined by the USB-PD protocol, upon cable connection the device checks the cable capabilities; in case the
cable used is not 5 A capable, the maximum current in all the PDOs and APDOs sent upon capability request is
limited to 3 A.

In case of secondary side temperature protection, the capabilities are modified depending on the temperature
level.

9.1.3 USB-PD alert management

The device implements protections such as UVP, OVP, OCP. Some, for this mode, are reported during the USB-
PD message exchange between source and sink. In some cases of this alarm type, the VBUS is automatically
disconnected and no message is sent.

The temperature is also verified and controlled. The corresponding bit into alert messages is managed.

9.1.4 Overcurrent management
The IC manages the OCP and turns off the load switch according to the USB-PD standard.
The OCP level and behavior depends on the PDO or APDO selected by sink.

. if a PDO is selected, the OCP is set up adding the 5.5% of max. current defined on the PDO. If an OCP is
detected, the load switch is turned off and Vbus is disconnected.

. if an APDO is selected, the current is limited in the CC mode if the Vout is more than PPS_Vout_min. If the
output voltage drops below PPS_Vout_min, the power module disconnects the Vbus.

9.1.5 Temperature management

The ST-ONE device supports two temperature measurement points on the secondary side, one internal to the
device and one external using an optional NTC.

. The internal temperature is relative to the device and, normally, the default limit is considered good for most
applications. The internal temperature sense can read between 0 °C and +150 °C, with an accuracy of Tacc
(see Section 7 Electrical data).

. The external temperature limit is defined by the user by connecting an external resistor divider using an
NTC. The user can program the voltage thresholds for the overtemperature fault (OTP) and warning (WTP).

In case of temperature management, the device implements the secondary side Overtemperature Protection
(SOTP) and Warning Temperature Protection (WTP). All the temperature trip points are programmable.

Figure 11. Temperature management

Temperature

normal range | WTFP range | QTP range .
low | | > high

WTP OoTP

In case of overtemperature, the HARD_RESET message is sent out and the next capability proposed is only 5 V
and 500 mA. In case the OTP is confirmed for 10 seconds, the Vbus voltage is switched off. The Vbus voltage

is provided only when the secondary temperature returns below OTP-10 °C for the internal temperature or below
OTP-Hysteresis in case of external temperature. In case the OTP is triggered, the charger functionality is restored
if either:

. the AC line is removed, and the temperature returns into an acceptable range.

. the internal temperature returns below WTP range. In that case, the default contract is established
automatically.

The WTP range is a range between the WTP point and the OTP point.

When the temperature enters the WTP range an Alarm message is sent, but no other action is performed. Only

in case of new capability request or new contract, the next capability message limits the current/power, depending
on the setup on the configuration area. When the proposed capability is accepted the new power contract is
established. When the temperature exits from the WTP range and enters into normal range the next contract
returns to the default status.
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10 Device setup and User personalization

It is possible to set up device parameters to configure ST-ONE behavior. A dedicated GUI and a HW tool are
available to change and tune the application behavior during development time. The ST-ONE devices are shipped
with a pre-defined set-up, but the user can change it using the serial line.

The entire device setup is always modifiable using a dedicated tool. In case the write protection is enabled on
the device, the user can only delete this memory area. The devices set-up area is divided into different zones,
application set-up area, application parameter area, USB-PD area and power area.

The data area is protected by CRC32 reverse polynomial (ISO 3309 - 0xedb88320).

Please check the ST-ONE Parameter Configuration Manual document which specifies any detail regarding the
User personalization.

The same tools can be used also to update the entire program file area with a new firmware version or a
dedicated firmware. The program file area is protected by CRC32 reverse polynomial.

10.1 Application set-up area
This area stores all the values used to configure the application. This area is read by the Boot code during
startup.

10.2 Application parameters area

The Application parameters area contains the secondary overtemperature protection levels (SOTP). The SOTP
levels are divided into two zones, internal on ST-ONE and external.

. The internal temperature is provided by an internal sensor: the user defines the internal temperature trigger
point.

. The external temperature requires a thermistor connected to a GPIO pin that is specified in the Application
set-up field. The user provides the voltage levels at which SOTP is triggered, and the direction (rising
or falling) depending on the external circuit used. External sense circuit is optional, if not connected this
function is not available.

The programmability of the ST-ONE device also provides a warning temperature limit.

10.3 USB-PD area
The USB-PD area defines which PDOs and APDOs are provided by the USB-PD protocol.

This area contains also the maximum power provided by the ST-ONE application. The maximum power value is
shared with the SINK during USB-PD messages.

10.4 Power area

The power parameters area stores the parameters required for the switching control, including loop compensation
parameters, low power mode settings, etc.

10.5 Default configuration
The default configuration allows the user to set up and define all the parameters .

The default configuration selects the CC1 and CC2 pins as the serial line used to communicate, configure and
program the IC through a serial interface. Please visit the product page on www.st.com to find the dedicated HW
programmer and software.
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11 Package information

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.

1.1 SSOP36L package information
Figure 12. SSOP36L package outline
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Table 11. SSOP36L package mechanical data

Dimensions (mm)

A 2.65
A1 0.10 - 0.30
b 0.25 - 0.35
0.20 - 0.33
D 15.20 - 15.60
E1 7.40 - 7.60
E 10.05 - 10.55
e 0.80 BSC
L 0.61 - 0.91
h 0.25 - 0.75
0 0° - 8°
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12 Ordering information

Table 12. Order codes

T T NN

ST-ONE Tube
SSOP 36L
ST-ONETR Tape & Reel
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Table 13. Document revision history

I T S

11-Jan-2023 1 Initial release.
10-Feb.2023 2 Added Table 11
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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. 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.

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
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.

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.

© 2023 STMicroelectronics — All rights reserved
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