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Programmable USB Type-C®
and Power Delivery 3.1
Source Controller with PPS
Support

FUSB15101

The FUSB15101 is a highly integrated USB Power Delivery (PD)
power source controller that can control the optapter in the
secondary side of an AC-DC adapter or a DC-DC port power
regulator.

The FUSB15101 enables a complete solution for USB power
sources through optimized hardware peripherals emchplete
open-source embedded firmware all in a compactisalu

It integrates a highly efficient ArfhCorteX®~MO0+ processor with
customdesigned peripherals to seamlessly support USB.PBource
applications. The FUSB15101 supports the PPS sgeztiifn in USB
PD, with a minimum of 3.3 V and a maximum of 21 Mmut voltage
control. It includes Constant Voltage (CV) and Constant €uirt.imit
(CL) control blocks, various protection mechanisand high voltage
tolerance on connector pins.

Key Features
® 32-bit Arm Cortex—MO+ Processor
e 32 KB OTP (One Time Programmable) Program Memory
e USB PD 3.1 with PPS Support
+ Power Management Unit with VIN Support from 3.30/24 V
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= Pb-Free Package
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ORDERING INFORMATION

+ Integrated VCONN Supply for Interrogating E-Markedbles
Idle and Sleep Modes to Meet CoC and DoE Requirésmen

Device

Package Shipping

® Peripherals

FUSB15101MNTWG | QFN20 4,000/ Tape &

(Pb—-Free) Reel

+ USB Type-C / PD Detection and Communication Layer

+ VBUS NMOS Gate Driver for Load Switch Control

+ VBUS Discharge Functionality

+ Programmable Constant Voltage & Constant Curremiti©b Tvpical Applicati

+ Two 10-hit DAC's forPrecise Voltage and Current Control ypical Applications .

+ Two NTC Temperature Measurements * Wall Chargers for M‘_‘-)b”e Ph_ones and
+ 10-bit ADC for \bltage, Current and Temperature Reporting Tablets and Computing Devices

+ Two General Purpose 32-bit Timers ® AC-DC USB PD Compliant Adapters
+ Watchdog Timer (WDT) e Power Banks

+ 12C Master/Slave Peripheral e Cigarette Lighter Adapters

+ UART on D+/- Pins
e Output Fault Protection
+ Over-\oltage
+ Under-\oltage
+ Over—Current
+ Over-Temperature
® 20-pin QFN Package (4 mm x 4 mm, 0.5 P)

© Semiconductor Components Industries, LLC, 2021 1
June, 2022 - Rev. 0

Publication Order Number:
FUSB15101/D



http://www.onsemi.com/

FUSB15101

Introduction

The FUSB15101 supports USBpe-C 2.1 and USB PD
3.1 specifications for power source applications WiBUS
voltages ranging from 3.3 Vto 21 V.

A highly flexible and open firmware environmentoaiis

hardware peripherals to be customized to meet a variety'

application needs.
Key integrated functions and peripherals are higtéd
below:

e Arm Cortex—MO+ A 32-hit core with flexible clocking
upto 12 MHz.

o Memories A total of 32 kB of One Time Programmable
Memory (OTP)is available to store program code; 2 KB
of SRAM program memory.

® USB Type-C and PDintegrated USB PD PHY and
Type-C termination/comparators supporting latest
USB-IF specification. Open and customizable USB PD
firmware stack allows for tailored vendor specific
functions.

® Integrated VCONN SwitchProvides power to cable
eMarkers to interrogate current capabilities.

e CC/CV Contral Firmware controlled feedback voltage

Current Sense Amplifier Programmable for
with 5 mQ or 10 nf2 sense resistors.

High \bltage Protection26 V DC tolerant BLD, CC and
D+/-.

ADC: 10-bit ADC for accurate monitoring of VBUS
voltage and current, external temperatures or getta

12C: Serial communication port capable of acting as
a host or device.

use

o UART UART peripheral available via HVDP/DM.

GPIOs Fully programmable 1/Os with internal
terminations. Configurablas input or output (CMOS or
open—drain).

Multiple Timers Three independent 32-bit timers are
available: 1 General Purpose, 1 Watchdog, and
1 Wake-up General Purpose.

Dual External NTCIntegrated current sources are used
in conjunction with the AD@o monitor a variety of NTC
resistors.

Low Power Operation ModesProgrammable Sleep
Modes allowing the device to minimize power usage as
needed. Automatic USB-C detection and weak-up
functionality from sleep modes.

and current loop operation with programmable voltage ® Temperature RangeExtended operating temperature

and current DACs, Cable Drop Compensation, OVP,
UVP and OCP.

range of —46C to 105C.

WWW. onsemi.com

2


http://www.onsemi.com/

FUSB15101

HVDP HVDM VDD VIN LGATE BLD
(1 (] D—D—L?
vdd
GND Lr Av‘v‘v‘v
Resistor 3 A
= Divider / BC 1.2 o
Gate Driver —|
vdd
Vin- ON/ 9R §E
Vin-ore | Discharge
RZ R
Hvcel b Ves-amp| FAULT | Trigger
L _BLD
RESET Protection
Hveez [} rotec
vdd cvcc
_mode
CC State Machine &
Comparators L1VREG
IREF
l coo oo S - - E: csp
r-=-=-"=-=-=-=-"="=-=========°= - a I 1 y
I U I — =
' ) ' Jame T CSN
\ Timers UART N | Cable Drop
' ARM ro ' vdd = Compensation
! MO+ v USB PHY ! r
I I L - - o o o o - = 4 !
‘ 12C Type-C| ! ! + { ] vrer
| | V,
. [ sram ‘ HS 0SC ~ =
= FAULT —»| .
: SWD USB PD ' VCVR Protection
2KB ' = Vin-1:10 Block
: : OVP/UVP/ | ]
! =
\ OTP ‘ Band Gap Mode —»  OCP
BC1.2 cc-cv
, 32KB , change T T ?
! ! | Vuve Vove Veorr | vdd
e - LF Osc. [ -
Protection
= Ves-amp —»|
12C_SCL oG Vo ) ] nTea
BLD-1:10 —»| vdd
12C_SDA GPIO vdd D+—p]| Analog to Digital
12C_INT SWD T D —» Converter
1.8V LDO NTCB
1
L LI
VCORE SFB
Figure 1. Simplified Block Diagram
— Vaus N
l 1L =
:: | e Q RBLD cct g
CBULK BUS D+ S
4 S D- 3
] H g on T
L 1 [ l_u_% RS oob ¥ SZFSD
! CSNY c3 vesp CVCORE =
I <
2o TE N
1| FauLT = " T orv veatl = 218 A58
w | i e HHEEHH
ne[9] —1 I $—(2 |ono veeH[ 5 —9 R1 csp— SR o=
I L - |-
veeH ! cs TRIG S S G, csNn—7 FUSB15101 = D+
. NCP4307 ol 7 i o m o-
wa | € | o iRES ol o e >
PRV[ 6 — 3 c2 -['| c1ra sre g e cco
A 4 A 4 1
CP1345 ! HHHHH f
L zcp—4 % é‘ g‘ ;‘ ;‘ cc * Y Yo X
Sde 5 TETAT

Figure 2. AC/DC Application Schematic

WWW. onsemi.com
3



http://www.onsemi.com/

CsP1 CSN1
NVTFS4C10N

DCIN

Wl _A [T vsw2_A

FUSB15101

: l 1
H SGl
NSVR0240v2
LSG1
NVTFS4C10N

vce

vi EN BST1 BST2

SG1
vcep LSG1
VDRV HSG2
vee LSG2

NCV81599

I
I

VSW1—vswi
VSW2—VSW2

—PDRV
INT
SDA
20D &
N
= ADDR et
Rzg AGND GND  COMP
+

CSP2  CSN2
NVTFS4C10N 3 NVTFS002NOACL
)| Veus
ﬁ”}@w 16T
T N 1 SZESD = Z RBLD ccl
s NFET 7241 cez
1 B3
< D-

LsG2 )
NVTFS4CI10N

O D+

O D-

OCC1

— HSG1
C psel CVDD
— HSG2
— LSG2 CVCORE
< |
(o] [9) —
L ol g 3 <| 2 -
- Rl & @28
=
CRERERERERE
csp BED
CcsP——»[1] 15}
CSN HVDP
CSN  csP ZR2 CSN——>(Z] FUSB15101 [14]
= HVDM
1 VREF = QFN 1=
HvCCl
4] [12}
HvCC2
5] 11}

12C_SDA

Figure 3. DC/DC Application Schematic

o
—{ 0
»le

»le
>l
»le

i

|

SZESD
7241

4 x

O CC2

WWW. onsemi.com
4

10}23UU03 DadAy


http://www.onsemi.com/

FUSB15101

PIN CONNECTIONS
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Figure 4. QFN20 Top-View
PIN FUNCTION DESCRIPTION
Pin # Name Description
1 CSP Current Sensing Amplifier Positive Terminal. Connect this pin directly to the positive end of the current
sense resistor with a short PCB trace.
2 CSN Current Sensing Amplifier Negative Terminal . Connect this pin directly to the negative end of the current
sense resistor with a short PCB trace.
3 VREF Output Voltage Sensing Voltage. This pin is used for CV regulation, and it is tied to the internal CV loop
amplifier non-inverting input terminal. It is tied to the output voltage resistor divider.
4 IREF Constant Current Amplifying Signal. The voltage level on this point is the amplified current sense signal.
This pin is tied to the internal CC loop amplifier's non—inverting input terminal.
5 SFB Secondary Feedback. Common output of the dual OTA open drain operational amplifiers. Typically,
an opto—coupler is connected to this pin to provide feedback to the primary side PWM controller.
6 I12C_INT/GPIOO I2C Interrupt Signal / General Purpose 1/0
7 I12C_SDA/GPIO1 I2C Data Signal / General Purpose 1/0
8 12C_SCL/GPIO2 I2C Clock Signal / General Purpose 1/O
9 NTC_A/GPIO3/SWCK | An external NTC can be connected to this pin / General purpose I/O/SWCK.
10 NTC_B/GPIO4/SWD An external NTC can be connected to this pin / General purpose I/O/SWCK.
11 HVCC2 Configuration Channel 2. This pin is used to detect USB Type-C devices and communicate over USB
PD when applicable.
12 HVCC1 Configuration Channel 1. This pin is used to detect USB Type-C devices and communicate over USB
PD when applicable.
13 HVDM USB Communication Interface. This pin is tied to the USB D- data line input.
14 HVDP USB Communication Interface. This pin is tied to the USB D+ data line input.
15 BLD Bleeder pin. This pin is tied to VBUS after the load switch to discharge VBUS.
16 GND Ground reference for IC
17 VIN Output voltage (Input voltage to the FUSB15101). This pin is tied to the output of the adapter to monitor
its output voltage and supply internal bias.
18 LGATE Load switch gate drive signal. This pin is tied to the gate of the load switch.
19 VDD Internal 5 V supply voltage.
20 VCORE Internal 1.8 V supply voltage for the MCU core.
DAP GND Connect to GND Plane for thermal dissipation.
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ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS (Notes 1, 2)

Symbol Parameter Min Typ Max Unit
Vuss D+/- and CC Connector Pins -0.3 - 26 \%
Vio 1/0O Voltage -0.5 - 6.0 \%
VNTC NTC_A and NTC_B Pin Voltage -0.5 - 6.0 \Y
VVREF VREF Pin Input Voltage -0.5 - 6.0 Y
V|REF IREF Pin Input Voltage -0.5 - 6.0 Y
Vesx CSP and CSN Pins Input Voltages -0.5 - 6.0 \Y
Vpc VDD Pin Input Voltage -0.5 - 6.0 \Y
VcoRE VCORE Pin Input Voltage -0.5 - 2.0 \%
VI GATE LGATE Pin Input Voltage -0.3 - 31 \%
VsrB SFB Pin Input Voltage -0.3 - 26 \
VN VIN Pin Input Voltage -0.3 - 26 \%
VBLD BLD Pin Input Voltage -0.3 - 26 \%
ESDygm Human Body Model, ANSI/ESDA/JEDEC JS-001-2012 (Note 2) 4 - - kV
ESDcpm Charged Device Model, JESD22-C101 (Note 2) 2 - - kv

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may occur and reliability may be affected.

1. Refer to ELECTRICAL CHARACTERISTICS, RECOMMENDED OPERATING RANGES and/or APPLICATION INFORMATION for Safe
Operating parameters.

2. Meets JEDEC standards JS-001-2012 and JESD 22-C101.

OPERATING RATINGS

Symbol Parameter Min Typ Max Unit
VN Functional Range for Supply Input 3.135 5.0 24 \Y
Vhvee Communication Channel Pins 0 - 5.5 Y
VHvDP/IDM D+/- USB Voltage 0 - 3.6 \
Vio GPIO, I12C, RESET 0 - 55 \%
T; Junction Temperature -40 - +125 °C
Ta Operating Ambient Temperature -40 - +105 °C
VcoRrE VCORE Pin Voltage 0 - 1.9 \%
VvpDp VDD Pin Voltage 4.75 - 55 \%
VNTC X NTC_/B Pin Voltage 0 - 1.28 \%
VREE VREF Pin Voltage 0 - 2.2 \%
IREF IREF Pin Voltage 0 - 1.8 \%
Vesp CSP Voltage 0 - 0.063 v
Vesn CSN Pin Voltage - 0 - \%
Vseg SFB Pin Voltage 0 - 22.5 Y
V| GATE LGATE Pin Voltage 0 - 25 Y
VBLD BLD Pin Voltage 0 - 225 \

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond
the Recommended Operating Ranges limits may affect device reliability.

WWW. onsemi.com
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THERMAL CHARACTERISTICS (Note 3)

FUSB15101

Symbol Characteristic Value Unit
03A Junction—to—Ambient Thermal Resistance 38.6 °CIW
03¢ Junction—-to—Case Thermal Resistance 4.2 °CIW

3. Junction—-to—ambient thermal resistance is a function of application and board layout. This data is measured with two-layer 2s2p boards in
accordance to JEDEC standard JESD51. Special attention must be paid not to exceed junction temperature Tj(max) at a given ambient

temperature Tp.

ELECTRICAL CHARACTERISTICS (Minimum and maximum values are at VIN = 3.135 V to 22.5 V, TA = —40°C to +105°C unless
otherwise noted. Typical values are at TA = 25°C, VIN =5.0 V)

Symbol Parameter | Conditions Min | Typ | Max | Unit
INTERNAL POWER SUPPLY
VIN
liIN-OP-5V Operating Supply Current Attached, PD Communication - 35 - mA
atbVv in progress, ADCs enabled,
NTCs enabled, CC & CV enabled,
Gate Driver Enabled. VIN =5V,
VCS =-25mV, RCS =5 mQ
liIN-oP-20v Operating Supply Current at 20 V | Attached, PD Communication - 44 - mA
in progress, ADCs enabled,
NTCs enabled, CC & CV enabled,
Gate Driver Enabled. VIN =20 V,
VCS =-25mV, RCS =5 mQ
IIN-Sleep Operating Supply Current No Device Attached, Type—C enabled - - 0.75 mA
at Sleep Mode & Gate Driver OFF or BC1.2 Detection
enabled & Gate Driver ON; VIN =5V,
VCS =0V excluding IP-CC1 and
IP-CC2 Supply Current and ISFB
Current
VIN-ON IC Turn-On Threshold Voltage Increase VIN 2.9 3.2 34 \Y
V|N-OFF IC Turn-Off Threshold Voltage VIN > VIN-ON then decrease VIN 2.75 2.875 3.0 \%
tvin-ofi-Debounce | /C Turn—-Off Debounce Time VIN > VIN-ON then decrease VIN - - 200 us
tviN-OCP-Debounce | Hardware OCP Debouce on Both | Entering and exiting OCP Mode - 50 100 us
Edges
V| ATCH-OFF Output Voltage Release VIN Falling - - 1.55 \%
Latch Mode
tviN-OvP-Debounce | VIN OVP Debounce Time 35 75 110 us
Vin-ovP-max | VIN Maximum Overvoltage Pro- 24 - 26 \%
tection
VIN-UVP-PPS Turn—-Off Threshold Voltage when | VIN Falling in a PPS contract 2.805 2.97 3.135 \%
in a PPS Contract
VIN UVP SECTION
KlN—UVP—60 Ratio VIN VCS=0mV 575 60 62.5 %
Under-Voltage—Protection (UVP)
KiN-uvP-65 to VIN VCS=0mV 60 65 70
Kin-uvP-70 VCS=0mV 67.5 70 72.5
Kin-uvP-80 VCS=0mV 7 80 83
Kin-uvP-90 VCS=0mV 87 90 93
Kin-uvP-95 VCS=0mV 92 95 98

WWW. onsemi.com
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FUSB15101

ELECTRICAL CHARACTERISTICS (Minimum and maximum values are at VIN = 3.135 V to 22.5 V, TA = —40°C to +105°C unless
otherwise noted. Typical values are at TA = 25°C, VIN = 5.0 V) (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit |
VIN OVP SECTION
KlN—OVP—lO5 Ratio VIN VCS =0 mV 102 105 108 %
Over-Voltage—Protection (OVP)
KiN-ovP-110 to VIN VCS=0mV 107 110 113
KiN-ovP-115 VCS=0mV 112 115 118
KiNn-ovP-120 VCS=0mV 117 120 123
KiN-0ovP-125 VCS=0mV 122 125 128
KiN-ovP-130 VCS=0mV 127 130 133
KiN-OVvP-135 VCS=0mV 132 135 138
VDD
Vpp VDD Source Voltage > 6 V VIN=6Vto 225V, VDD =10 mA 4.75 5.125 55 \%
Ibp VDD Source Current VIN=3.3V,VDD =29V 10 - - mA
Capability
TYPE-C AND PD
USB PD PHY
TRANSMITTER
ul Unit Interval 3.03 3.33 3.7 us
PBitRate Maximum Difference between the - - 0.25 %
bit-rate During the Payload and
Last 32 Bits of Preamble
tEndDriveBMC Time to Cease Driving the Line - - 23 us
after the End of the Last Bit of
the Frame
tHoldLowBMC Time to Cease Driving the Line 1 - - us
after the Final High—to—low
Transition
tinterFrameGap Any PD Transmission Cannot be 25 - - us
Sent out before a Dead Time of
at Least tinterFrameGap from
Receiving or Sending a Packet
trall-cc Fall Time 10 % and 90 % amplitude points, 300 - - ns
minimum is under an unloaded
condition.
tRise-cC Rise Time 10 % and 90 % amplitude points, 300 - - ns
minimum is under an unloaded
condition.
tStartDrive Time before the Start of the First -1 - 1 us
Bit of the Preamble when the
Transmitter Shall Start Driving
the Line
Vswing BMC Voltage Swing 1.05 1.125 12 \%
Zpriver TX Output Impedance at 750 kHz 33 - 75 Q
with an External 220 pF or
Equivalent Load
RECEIVER
CReceiver Receiver Capacitance when Vrms = 0.371; Vdc = 0.5V, - 75 - pF
Driver isn't Turned On Freq. =1 MHz
tRxFilter Rx Bandwidth Limiting Filter 100 - - ns
trransitionwindow | Time Window for Detecting 12 - 20 us
Non-idle
Zgmcrx (Note 5) | Receiver Input Impedance 1 - - MQ

WWW. onsemi.com
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FUSB15101

ELECTRICAL CHARACTERISTICS (Minimum and maximum values are at VIN = 3.135 V to 22.5 V, TA = —40°C to +105°C unless
otherwise noted. Typical values are at TA = 25°C, VIN = 5.0 V) (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
TYPE-C FRONT END
RBLD-LEAK BLD Pin Impedance to GND BLD =0V to 5.75 V; LGATE = OFF 724 - - kQ
when VBUS is not Sourced
l180_ccx SRC 180 pA CC Current (1.5 A) 166 180 194 uA
|330_CCX SRC 330 puA CC Current (3 A) 304 330 356 A
Rpevice Device Pull-down Resistance 4.6 5.1 5.6 kQ
Ra Ra 800 - 1200 Q
ZoPEN CC Resistance for Disabled 126 - - ke
State, when VDD is Valid
lVCoONN Maximum Current for VCONN VIN=4.75V 34 - - mA
Source
VRdSRC3.0 Source Attach Threshold for CC 2.45 2.6 2.75 \%
Pin at 3 A Current
VRasRC3.0 Source Ra Threshold for CC Pin 0.75 0.8 0.85 \%
at 3 A Current
VOVP_CC CCx OVP Threshold 5.6 - 6.0 \%
tyCONN-OCP VCONN OCP Debounce Time 25 35 45 ms
tcc-ovP-Debounce | CC1/CC2 OVP Debounce Time - 100 125 us
tcc-ovp- Debounce Time after CC OVP - 15 - ms
Debounce-Recover | Event
lvconN ocP Over Current Protection (OCP) 50 - - mA
- Limit at which VCONN Switch
Shuts Off
VVCONN Voltage Range for VCONN 3.0 - 5.5 \%
Source
VBUS CONTROL
LOAD SWITCH
V| GATE-3.3V Gate High Voltage at 3.3 V VIN=3.3V 8.1 - - \Y
V| GATE-20V Gate High Voltage at 20 V VIN =20V 235 - -
Vi caTE-OVP-Max | Gate High Voltage VIN = VIN-OVP-Max - - 315
at VIN-OVP-Max
BLEEDER
I/IN=Sink VIN Sinking Current During tBLD | Bleeding current on VIN at VIN = 20 V 60 - - mA
IBLD=Sink BLD Sinking Current During tBLD | Bleeding current on BLD at BLD =20 V 250 - - mA
VBUS MEASUREMENT
VsafeOV-THR Safe Operating Voltage at 0.6 - 0.8 \%
“Zero Volts”.
CLOCKS
fLs cLk Low Speed Clock for Idle, 232.8 240 247.2 kHz
B Type-C and ADC
fus cLk Internal Clock for PD, 12C 11.4 12 12.6 MHz
- and MCU Core
TEMPERATURE PROTECTION
TsHUT Temperature Threshold for - 145 - °C
Internal Circuit Protection
Thys Over Temperature Hysteresis - 10 - °C

WWW. onsemi.com
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FUSB15101

ELECTRICAL CHARACTERISTICS (Minimum and maximum values are at VIN = 3.135 V to 22.5 V, TA = —40°C to +105°C unless
otherwise noted. Typical values are at TA = 25°C, VIN = 5.0 V) (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
BC1.2
Rpcp DCP Emulation Resistance Vuvop Of Vivpu =0V, 1.0V, - 75 140 Q
ION =2 mA
Rpx-DWN DP/DM Pull Down Resistance Vuvop OF VoM =0V - 3.6 V 16 195 23 kQ
IDx-SNK Sink Current to Dx VDD=3.0Vto55V 25 100 175 uA
RpaT-LkG Resistor Weak Pull-Down on D+ | Vypp of Viyvpm =0V t0 3.6 V 300 700 1100 kQ
and D-
Vpx-SrRC Source Voltage VDD=3.0Vto55V 0.5 0.6 0.7 \%
USB2.0 PORT CHARACTERISTICS
loFF-usB Power—-Off Leakage Current All data ports, Vyypp OF Vivbm = - - 18 A
36V,vDD=0V
CusBs2 HVDP/HVDM Capacitance f=240 MHz; - 24 - pF
Vhvop Of Viypm = 400 mV Vpk—pk
Vovp-viH-uss | HVDP/DM Rising over Voltage 4.4 4.55 4.7 \%
Threshold
Vovp-viL-use | HVDP/DM Falling over Voltage - 4.35 -
Threshold
tovp-usB USB OVP Event Recovery Time | HVDP/HVDM Over Voltage debounce - 100 125 us
tovpP-usB-Recover | USB OVP Event Recovery Time | USB OVP event removed - 15 - ms
MOISTURE DETECTION (HVDM PIN)
Vsrc-MoIs Voltage Source for Moisture 9 1.0 11 \%
Detection
Rpu-mois High Pull up Resistor for Moisture 250 300 352 kQ
Detection
Rpu-mMos-LO Low Pull Up Resistor for Moisture 2.25 25 2.75 kQ
Detection
SERIAL WIRE DEBUG INTERFACE
fswp-cLK Serial Wire Debug Input Clock - - 4 MHz
Frequency
tSWDI-SET Serial Wire Debug Data Setup 0.25 x (1/ - - ns
Timing SWD_CLK)
tSWDI-HOLD Serial Wire Debug Data Hold 0.25 x (1/ - - ns
Timing SWD_CLK)
VswD-VIH Serial Wire Debug Input Voltage | VIN=3.1Vto225V 0.7 x VDD - - \%
Threshold
Vswp-viL VIN=31Vto225V - - 0.3 x VDD
VswD-HYsS Serial Wire Debug Input Voltage | VIN=3.1Vto225V - 300 - mv
Hysteresis
IswD-LKG Serial Wire Debug Input Leakage | VIN=3.1Vto 225V -10 - +10 uA
Input Voltage 0 V to 5.5 V
VswD-VOH Serial Wire Debug Output VIN =3.1Vto 225V, lout =-2 mA VDD - 0.5 - - \%
Voltage High
Vswb-voL Serial Wire Debug Output VIN =3.1Vto 225V, lout = +4 mA - - 04 \%
Voltage Low
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ELECTRICAL CHARACTERISTICS (Minimum and maximum values are at VIN = 3.135 V to 22.5 V, TA = —40°C to +105°C unless
otherwise noted. Typical values are at TA = 25°C, VIN = 5.0 V) (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
I/10S
GPIO
VGPIO-VIH High Level Input Voltage VIN=3.1Vto225V 0.7 x VDD - - \Y
VGpio-iL Low Level Input Voltage VIN=3.1Vto225V - - 0.3x VDD Y
VGPIO-VOH Output High Voltage VIN =3.1Vto 225V, lout = -2 mA VDD - 0.5 - - \%
VGpio-voL Ouptut Low Voltage VIN=3.1V1to 225V, lout = +4 mA - - 0.4 \%
VGPIO-HYS Input Hysteresis VIN=3.1V1t0225V,50V Typ - 300 - mVv
lin-GPIO Input Leakage VIN=3.1Vto 225V, -10 - 5
Input Voltage 0 V to 5.5 V
lorE-GPIO Off Input Leakage VIN =0V, Input Voltage 0 V to 5.5 V -5 - 5
Rpp-cpio Pull-Down Resistance PORT_PDx =1 - 100 - kQ
Rpu-cpio Pull-Up Resistance PORT_PUx =1 - 100 - kQ
Capio Pin Capacitance - 5 - pF
NTC
INTCA Current Source on NTCA 55 60 65 uA
INTCB Current Source on NTCB 55 60 65 uA
12c
10
lccTi2e VDD Current when SDAor SCL [ VIN=3.1Vto 225V, -10 - 10 uA
is HIGH VSDA/VSCL =18V
lioc Input Current of SDA and SCL VIN=3.1Vto225YV, -10 - 10 uA
Pins VI=0Vto55V
ViH4-12¢ High-Level Input Voltage VIN=31Vto225V 12 - -
V|L-12¢ Low-Level Input Voltage VIN=31Vto225V - - 0.4 \Y
VoL1-12¢ Low-Level Output Voltage at VIN=3.1Vto225V - - 0.3 \Y
3 mA Sink Current (Open-Drain)
Vhys-12c Hysteresis of Schmitt Trigger VIN=3.1Vto225V - 0.2 - \%
Inputs
loL-spA Low-Level Output Current VIN=3.1Vto 225V, 20 - - mA
(Open-Drain) V_OL = 0.4V (Note 4)
VoL-INT INT_N Output Low Voltage VIN=31V1t0225V,I_OL=4mA - - 0.4 \%
Cioc Capacitance for Each I/O Pin VIN=3.1Vto225V - 5 - pF
VoL2-12¢ Low-Level Output Voltage at VIN=3.1Vto225V - - 0.3 \%
2 mA Sink Current (Open-Drain)
tsp-12c Pulse Width of Spikes that Must - - 50 ns
Be Suppressed by the Input Filter
VIHINT High-Level Input Voltage VIN=3.1Vto225V 12 - - \%
VILINT Low-Level Input Voltage VIN=3.1Vto225V - - 04 \%
CV/CC CONTROL
CONSTANT CURRENT SENSE SECTION
Av-ccr-40 Current Sense Amplifier Gain RCS =5mQ - 40 - VIV
Av-ccRr-20 RCS =10 mQ - 20 -
lcs-1a Current Threshold on Sensing Constant Current Limit mode 0.85 1.00 1.15 A
Resistor between CSP and CSN | and VCC =5V, 20 V
at IOUT =1.00 A
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FUSB15101

ELECTRICAL CHARACTERISTICS (Minimum and maximum values are at VIN = 3.135 V to 22.5 V, TA = —40°C to +105°C unless
otherwise noted. Typical values are at TA = 25°C, VIN = 5.0 V) (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
CONSTANT CURRENT SENSE SECTION
lcs—2a Current Threshold on Sensing Constant Current Limit mode 1.85 2.00 2.15 A
Resistor between CSP and CSN | and VCC =5V, 20V
at IOUT =2.00 A
lcs—3a Current Threshold on Sensing Constant Current Limit mode 2.85 3.00 3.15 A
Resistor between CSP and CSN | and VCC =5V, 20 V
at IOUT = 3.00 A
lcs-aa Current Threshold on Sensing Constant Current Limit mode 3.80 4.00 4.20 A
Resistor between CSP and CSN | and VCC =5V, 20 V
at IOUT = 4.00 A
lcs—sa Current Threshold on Sensing Constant Current Limit mode 4.75 5.00 5.25 A
Resistor between CSP and CSN | and VCC =5V, 20 V
at IOUT =5.00 A
lcs-sTEP Current Threshold on Sensing Constant Current Limit mode 48 50 52 mA
Resistor between CSP and CSN | and VCC =5V
at AIOUT =50 mA
lcs-EN-BLD Real Current Threshold to VBUS BLD_EN =1 200 450 700 mA
Enable Bleeder
tcs-EN-BLD Enable Bleeder Debounce Time | VBUS_BLD_EN=1 - 0.6 1 ms
OVER CURRENT PROTECTION SENSING SECTION
Vcs-3.6A Voltage Difference between CSP | Rcs =5 mQ; ccdac_refp = 10b (120%); 16.92 18 19.08 mvV
and CSN at Nominal 3.6 A csa_multiplier =1 (40x)
Vcs-6A Voltage Difference between CSP | Rcs =5 mQ; ccdac_refp = 10b (120%); 285 30 315 mv
and CSN at Nominal 6.0 A csa_multiplier =1 (40x)
CONSTANT VOLTAGE SENSE SECTION
VcVR-3.3v CV Reference Voltage at 3.3V VIN=33V,VCS=0V 0.32 0.33 0.34 \%
VevR-5.0v CV Reference Voltage at 5.0 V VIN=50V,VCS=0V 0.485 0.5 0.515 \%
VcvR-9.0v CV Reference Voltage at 9.0 V VIN=90V,VCS=0V 0.873 0.9 0.927 \%
VevRr-12v CV Reference Voltage at 12 V VIN=12V,VCS=0V 1.164 1.200 1.236 \%
VevR-15v CV Reference Voltage at 15 V VIN=15V,VCS=0V 1.455 1.500 1.545 \%
VevRr-20v CV Reference Voltage at 20 V VIN=20V,VCS=0V 1.940 2.000 2.060 \%
Vevr-step-20mv | CV Reference Voltage of 20 mV | delta VIN =20 mV, VCS =0V 1.940 2.000 2.060 mv
Step
CABLE DROP COMPENSATION
Vcomr-cpc-o | Cable Compensation Voltage on | RCS =5 mQ, VCS = -5 mV - 0 - mV
VCVR for VOUT = 0 mV/A
Vcomr-cpc-s0 | Cable Compensation Voltage on | RCS =5 mQ, VCS = -5 mV - 5 - mV
VCVR for VOUT = 50 mV/A
Vcomr-cpc-100 | Cable Compensation Voltage on | RCS =5 mQ, VCS = -5 mV - 10 - mV
VCVR for VOUT = 100 mV/A
Vcomr-cbc-150 | Cable Compensation Voltage on | RCS =5 mQ, VCS = -5 mV - 15 - mV
VCVR for VOUT = 150 mV/A
VcomRr-cbc-200 | Cable Compensation Voltage on | RCS =5 mQ, VCS = -5 mV - 20 - mv
VCVR for VOUT = 200 mV/A
Vcomr-cbc-250 | Cable Compensation Voltage on | RCS =5 mQ, VCS = -5 mV - 25 - mv
VCVR for VOUT = 250 mV/A
FEEDBACK SECTION
Isre-sink-max | SFB Maximum Sinking Current Minimum guaranteed sink current 2 - - mA
During Regulation expected from SFB pin
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FUSB15101

ELECTRICAL CHARACTERISTICS (Minimum and maximum values are at VIN = 3.135 V to 22.5 V, TA = —40°C to +105°C unless
otherwise noted. Typical values are at TA = 25°C, VIN = 5.0 V) (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit |
UART
VUART-VIH High-Level Input Voltage VIN=35V-225V 2 - -
VUART-VIL Low-Level Input Voltage VIN=35V-225V - - 0.8 \Y
VUART-HYS Input Hysteresis VIN=35V-225V - 200 - mVv
VUART-VOL Output Low Voltage VIN=35V-225YV, lout=2 mA - - 0.4 \%
VuarT-voH | UART High Output Voltage VIN =35V - 225V, lout = -2 mA 2.9 - - v
tUART-R Rise Time of UART Tx 10%-90%, VIN =35V - 225V, - 250 - ns
Cl = 20 pF
tUART—tFall Fall Time of UART Tx 90% to 10%, VIN = 3.5V - 22,5V, - 250 - ns
Cload = 20 pF
UART-BAUD | UART BAUD Rate Range Transmit and receive fall within 10% of 9600 - 230400 bps
(Note 5) Supported BAUD Rate set, including min and max

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

4. Note (20 mA guaranteed over —40°C to 85°C)

5. Guaranteed by Design

Arm Cortex-MO+ Processor e Software Issued ResefThe software reset can be called
The FUSB15101 integrates an Arm Cortex-MO+  py writing to a given register in the Cortex addrgsace.
processor with Nested Vector Interrupt Controllé¥(C), It is typically called on exit from a processor exception.

Wake-uplnterrupt Controller (WIC), and Debug Access  goftware reset resets the entire chip includingecor
Port (DAP). The processor uses the Thumb instruction set peripherals, wakeup timer, and watchdog.

and is optimized for high performance with reducede e Watchdog Timer Reset The watchdog timer reset is
Siz€. and low power operatlon. The Arm Cortex-MO+ caused by the watchdog timeout and is used to prevent
_eff|C|entIy handles multiple parallel peripherals an_q has errantsoftware from locking up the device. The watchdog
gﬁgﬁgﬁ Valtietl?]erg(;ﬁ]ege:i'jls\t/vﬁlgOlljedbelfiu%Ot;tapabllIty A€ reset resets the entire chip including core, debug port,
g ’ peripherals, and watchdog. The watchdog timer is

The Arm implementation in the FUSB15101 includes a disabled q tb bled by softw
32 kB OTP and 2 kB of SRAM. The MCU, Memory and ~ 2'5@PI€d upon power up and must be enabled by soltware.
The watchdog is not paused when the debuggerthalts

DAP are interconnected using the AMBA (Advanced
Microcontroller Bus Architecture) AHB-Lite interfaand processor.
peripherals are connected to the AHB via APB interface pqgyer and Sleep Behavior

(Advanced Peripheral Bus). The FUSB15101 has been optimized to conserve power

~ In addition to the base Arm Cortex-MO+ processor py ytilizing peripheral interrupts and hardware autonomy.
interrupts, the FUSB15101 implements multiple external The device can be configured via firmware to enter low

source interrupts for peripheral devices. A powlarasted,  power states, disable unneeded peripherals anel cloek
pre—empt_weand pnonty_—based interrupt handling system frequencies based on different application needs.
assures timely and flexible response to externaisv The Type-C block is designed to function at the lowest

Low power features on FUSB15101 include the WIC, power states and will automatically wake whenypeF-C
adjustable clock rates, and different software-controlled zttach is detected. This minimizes total power aomstion
power modes to maximize opportunities to save pawitie when no device is attached.
final application.

Clock Sources
Reset Sources FUSB15101 implements a dual oscillator architectare

The FUSB15101 has various sources of reset inaudin - minimize power consumption.

o |nternal Power-On Reset The Internal Power-On Reset o A 12 MHz internal RC oscillator to enable full
asserts when VIN supply is below threshold levels for  fynctionality.

proper operation. It resets the entire chip inaigdiore, o A 240 kHz internal RC oscillator that can be used/ry
debug port, peripherals, wakeup timer, and watchdog low power sleep modes

WWW. onsemi.com
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Timers Serial Wire Debug Interface (SWD)

32-bit General Purpose Timer FUSB15101 has a 32-bit ~ The Arm MO+ implementation includes a Debug Access
down-counterthat can generate an interrupt request Port (DAP). The debug mode implementation includes 4
signal, status, when the counter reaches 0. The timinghardware breakpoints and 2 hardware watch points. The

resolution depends on the programmable clock sourcePebug Access Port interface implementation is the Arm
and pre-scale ratios/ Serial Wire Debug Port (SW-DAP) connected to Pins

32-bit Wake—up fer (WUT)- The main purpose of the SWCLK and SWDIO. The Serial Wire Debug Port Interface
uses aingle bi—directional data connection. Each openati
consists of three phases: Packet request, Acknowledge
response, and Data transfer phase. Use any Serial Wire

event timing. . i
. i . Debug (SWD) compliant hardware debugger interface to
32-bit Watchdog Timer (WDT)- The watchdog timer interact with the internals of the FUSB15101.

applies a reset to the system in the event of a software

failure, providing a way to recover from softwarashes. USB Type—C & PD Peripheral Overview

The watchdog timer is disabled by default and must be The USB Type—C and PD peripheral is a fully complia

enabled through software. The watchdog is protectedUSB solution. This peripheral consists of an analog front

with a lock mechanism to prevent rogue softwarenfro end and a digital state machine. Firmware implem#ra

disablingthe watchdog functionality. Bpecial value has  higher—level protocaind policy layers whereas the analog

to be written to the lock register to access watchdogand digital components can perform lower-level PD

control. The watchdog timer is clocked from the sam protocol and PHY layer functions.

oscillator aghe core, which can be LS _CLK or HS_CLK. The Type-C block includes all terminations and
comparators required for Source/Sink/DRP operapbarg
orientation detection, power capability advertisement and
power role detection.

wakeup timer is to facilitate scheduled exit from low
power modes. It can also be used for general parpos

VCONN Switch

‘§\" [Jvoo

Type-C Terminations

CC State Machine &
Comparators
LV REG
e l

USB PD PHY

Timers

ADC CRC32Tx

4B5B

CORE

Encode

Type-C CDR

BMC
4D Decode

]

USB PD

CRC32RX|

n

x

>

<
--------I.------.---

Figure 5. USB Type—C and PD
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VCONN Switch
Some applications require that a VCONN voltage be

VBUS Discharge
VBUS is discharged through a resistor (RBLD) via the

sourced in order to provide additional source capabilities BLD pin of the FUSB15101 as shown in the highlighte

when sourcing greater than 3 A on VBUS. The level of
over—current protection on VCONN is fixed at 50 mA.

USB PD PHY State Machine Logic
The FUSB15101 PD module includes the following
digital functions to enable USB PD messaging:
® Serialization and de—serialization
® Clock and data recovery (CDR)
e 4B5B coding
® BMC coding
® Packet CRC generation and checking
e Coding and detection of Power Delivery K—Codes
e Automatic GoodCRC packet response

BC1.2 Support
The FUSB15101 has the circuitry to enable emulation
BC1.2, QC2.0 and 2.4A Divider Mode via firmware.

VBUS Operation

Gate Driver

VBUS from the USB-C connector is typically connekcte
to a load switch NFET (Q1 in Figure 6) source terminal
whosegate terminal is driven by the FUSB15101 gate drive
via the LGATE pin.onsemi recommends NFETs with low
Igssleakages (<11A) for optimal gate drive.

3

+CBUS

Jopeuuns Dadh

cep [N BLD
csP—=5 0

Figure 6. VBUS Discharge via BLD Pin

section in Figure 6. The external resistor RBLD value is
dependent on the total bulk capacitance (CBULK) of the
power source so that VBUS is discharged withintime
limits dictated by USB PD. A typical value for RBLD is
30Q, 1 W and in addition, there is internal resistance that
limits the discharge current within the FUSB15101
(IsLp-sink in the electrical tables above).

When the load current to the Sink is sufficient (exceeds
lcs-en-BLDfOr tcs-en-gLD debounce time) such that the
internal discharge is not needed, then the FUSB15101 will
automatically disable internal discharge.

Upon power up, firmware in the FUSB15101 may
discharge VBUS in case there is a voltage on VBid&es
the only way a Sink can be attached per Type C fapaan
is if VBUS is discharged to ground (below VSafe@\jpn
attach.

The discharge resistance limits are governed by the
Type C specification when not sourcing power on VBUS
(ReLD-LEAK In the electrical tables above). It is preferred
that no external load/discharge resistor is comtkbdb
VBUS other than RBLD to the FUSB15101 discharge BLD
pin. A TVS diode connected from VBUS to ground
([SZ]JESD7241) allow operating voltages up to 24 V
covering the entire VBUS range of 3.3 V to 21 V for a USB
PD PPS contract. This can be replaced by a TV tvatrs
the VBUS range for the use case of this desigeéided.

Voltage and Current Sensing Operation

The resistor ratio from VIN to ground formbg resistors
R2 and R3 in Figure 7 (typically 1:10 ratio) is sed via
FUSB15101 VREF pin to set the output voltage.

Forthe offline design in Figure 2, this will be doria the
FUSB15101SFB pin, the opto—coupler, resistor R1 and the
primary side PWM controller operation.

For DC-DC design in Figure 3, this will be done tha
FUSB15101 SFBin controlling the buck—boost PWM via
its COMP pin.

The FUSB15101 will automatically control the SFB pin
based on the desired voltage as determine by the USB PD
contract and the existing VIN voltage sensed by ¥RE

The external compensation network formed by C2/RR an
R4/C1 need to be selected to achieve stable operation over
the range of VBUS voltage and current transitionshasvn
in Figure 7.
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Figure 7. Compensation Network for AC/DC Constant Voltage / Constant Current (CC/CV) Feedback

For the DC-DC design in Figure 3, there may be a needcurrent sensing if the FUSB15101 ground connedtiam
for additional compensation networks from COMP pin to the USC-C connector ground if it is more conveniertie
ground or from COMP to the DC-DC'’s supply. Printed Circuit Board (PCB) layout.

The current isensed via a small resistor (Srtypically) When in a PPS contract, if a PPS_Status message is
connected between the USB-C connector ground and theequested, the firmware in the FUSB15101 will measure the
main ground plane of the power source (secondaly si currentwith an internal 10-bit Analog to Digital Converter
groundfor offline design) as shown in Figure 7. The gafin ~ (ADC) based on the above description and repbiddk to
the current sense amplifier can be adjusted to wetlk the Sink on the PPS_Status message. The voltageds
10 K resistors if desired. reported back but is measured off VIN with the ADC not

A low pass filter formed by R5/C3 provides a staditmal VREF pin since the VREF pin is only used for voéag
for CSP and CSN pins of the FUSB15101 to sense thisfeedback. Thus, if the voltage feedback resistor divider
current for over—current protection for fixed voltage PD connected t&REF is modified to be slightly different from
contracts, constant current operation for PPS aotg#rand the 1:10 ratio expected, the voltage sensing fas th

cable compensation (Table 1). PPS_Status message will not be affected. BLD pitage
can also be monitored by the ADC and it will beumate as
Table 1. CABLE DROP COMPENSATION long as the discharge function is not enabled.
Symbol Cable Drop Compensation Protection Operation
VCOMR-CDC—0 0 mV/IA FUSB15101 has several ways it protects itself as shown
in Table 2.
Vv —cbe- 50 mV/A . . o
COMRCRC OVP and UVP are sensed via an internal resistodeliv
VcoMR-cDC-100 100 mviA that divides VIN by 10 to determine the voltagenirthe
VCOMR-CDC15-0 150 mV/A power source. HVCC]., HVCCZ, HVDP and HVDM are
V COMR-CDC-200 200 mV/A d|regtly .sensed for over voltage._ For externgl terafure
v P monitoring (E_OTP), two NTC pins are available that are
COMR-CDC~250 m connected to NTC resistors to ground usually in parallel

It is expected that the USB—C connector ground is with another resistor to ground for linearity. Amdrnal

connected only to the current sense network resistorfiand t temp eraturenonitor (I—OTP? is also used for protecting the
. _devince under extreme die temperatures. For all faults

connector TVS ground connections and not to the main ble of ic hard ) h bled
roundplane of the DC/DC design or secondary side power capab’e o automa_mc' ardware protection (w en enaple ),
g the FUSB15101 will disable the Type C connectiorwlie

ground for the offline design (FUSB15101 ground _. B .
connection)However, the FUSB15101 consumes very little S_mk (no pull=up on CC), shut off VBUS load switahd
discharge VIN to vSafe5V.

current and so it should have a negligible impacthos
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Table 2. PROTECTION FEATURES

FUSB15101

Automatic Hardware

Symbol Description Pin(s) Used Protection Capable?
OoVvP Output Over Voltage Protection VIN Yes

UVP Output Under Voltage Protection VIN Firmware Controlled
OoCP Over Current Protection CSP & CSN Yes
I_OTP Internal Temperature Protection N/A Yes

E_OTP External Temperature Protection NTCA/NTCB Firmware Controlled
CC_OVvP HVCC1 or HVCC2 Over Voltage Protection HVCC1/HVCC2 Yes
USB_OVP HVDP or HVDM Over Voltage Protection HVDP / HVDM Yes
VCONN_OCP VCONN Over Current Protection CCl/cCcC2 Yes

Cable Fault VBUS or HVDM Pollution Detection BLD / HVDM Firmware Controlled

Output Over—Voltage Protection (OVP)
FUSB15101 has built-in OVP based on firmware FUSB15101 will trigger UVP whenever VIN is below
programmable values. Whenever VIN, as sensed by anvIN-OFF. This allows protection for a direct short of VBUS
internal 1:10 resistor divider, exceeds hytovp (Table 3)
of the requested VIN from the power source for eodebe
time of t/N-ovP-Debounce then the OVP fault would be
triggered. If hardware auto—protection is enabldtk

FUSB15101 will disable the Type C connection with the

Sink (no pull-up on CC), shut off VBUS load switahd

discharge VIN to vSafe5V.
During transitions between VIN voltages, the OVP

circuitry can be blanked alisabled via firmware to ensure
that false triggering of OVP doesn’t occur. To erssafe
operation over all voltages of VIN, the maximum VIN
voltage idimited to VIN-OVP-MAX.

Table 3. PROGRAMMABLE OVP SETTINGS

Symbol

VIN / VIN Requested

Kin-ovpP-105

105%

Kin-ovP-110

110%

Kin-ovp-115

115%

Kin-ovp-120

120%

Kin-ovp-125

125%

Kin-ovP-130

130%

Kin-ovP-135

135%

Output Under-Voltage Protection (UVP)

FUSB15101 has a built-in firmware programmable UVP.

Whenever VIN, as sensed internally, is beloyw&vp
(Table 4) of the requested output voltage frompbeer

source, then the UVP fault would be triggered. During

transitions between VIN voltages, the UVP circuitan be
blanked or disabled via firmware to ensure that false specification where the voltage will drop to a low value
triggering of UVP doesn't occur. For PPS contradis,
current limiting causes the voltage to decrease,Uk'P

fault will not trigger at a percentage of VIN siredevoltages
from the requested voltage to VIN-QFRRe lowest voltage,

are valid.

For compliance with the USB PD specification, the

to ground separately or in conjunction with the OCP fault
describedelow. IfVIN < VIN-OFF fault is triggered, then

to resume normal operation, VIN has to go below
VLATCH-OFF toreset the FUSB15101 to exit this fault
condition.

Table 4. PROGRAMMABLE UVP SETTINGS

Symbol VIN / VIN Requested
Kin-ovP-105 105%
KiN-uvpP-60 60%
KiN-uvpP-65 65%
KiN-uvp-70 70%
KiN-uvp-80 80%
KiN-uvP-90 90%
KiN-uvp-95 95%

Over-Current Protection (OCP) and Constant Current
Limit (CL)

If VBUS is shorted to ground, either the UVP fault
described above could trigger or the OCP fault, or both.
FUSB15101 senses the current via a small sense resistor
(5 mQ typical) as described in the Voltage and Current
Sensing section above. The OCP fault is triggered at
firmware programmed ratio of the maximum curremttf@
requested Power Data Object (PDO). Once this OCP fault
occurs, the FUSB151(drotects the system as described in
the Protection Operation section above. For PPS@®D
(Augmented Power Data Objects), Constant Current
Limiting (CL) is used as specified in the USB PD

based on keeping the current constant and equal to the
requested PPS current. In this case UVP described above
will trigger if VIN drops below VIN-OFF since anyitage

from the lowest 3.3 V - 5% to the PPS requested voltage

could occur with current limiting. If the PPS curtéimit is
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changed with a new PD Request message, the Viidgelt  Cable Fault

may change accordingly to a new value based ocuttient The FUSB15101 allows for foreign substance monigprin

limiting function. of the Type—C receptacle via the HVDM pin.
Pollutiondetection on HYDM is done by applying a small

Over—-Temperature Protection (Internal and External) voltage and resistance to the DM pin and measuring

FUSB15101 has two different over temperature faults, jts yoltage potential via the on-board ADC.
External and Internal. For External OTP, therehaeNTC
pins that may be connected to NTC resistors inllghveith ?
!EN_RPMOS_HIK EN_RPMOS_HIL

a regular resistor for linearity. The FUSB15101vides

separate INTC current sources (typically@) on the NTC VSRC_MOS
pins to bias these NTC resistors so that an internal A/D RPU_MOS_LO RPU_MOS_HI

converter measures the external temperature as shown in

Figure 8. Thdirmware can be customized to trigger a fault

on the desired application specific temperaturetdintii the To ADC CH.4 AN o
second NTC pin is not used for measuring temperature, it BC12_SW

can be used as a general—-purpose ADC channel. Figure 9. HVDM Pollution Detection

! ; There are two pull up resistors that are selectable
; élwm | 1. EN_RPMOS_HI = 1 (RPU_MOS_HI = 30@k
ADC O \l | NTC_A/GPIOISWCK Moisture or pollutants othe Type—C connector
e B have been characterized as resistance to ground
=+ rrc(3) RPARS smaller than ~300Q® when nothing is attached.
2. EN_RPMOS_HI =0 (RPU_MOS_LO = 2.8k
< Certain applications prefer to detect pollution
resistance in the 20Q to ~400Q2 range. For that a
second pull-up resistor is included.

|
I
I
PORT_CONFIG
I
I
I
I
I
|

NTC_B/GPIO4/SWD

MUX L1 12C
= rtc(3) RPARS The FUSB15101's serial interface is compatible with
Standard, Fast, and Fast Mode PR@ bus specifications.

The PC peripheral can be configured for either host or
device modes. The analog circuitry is firmware configlera
for the function required by the application anticfes the
final BC1.2 specification.

I
I
I
PORT_CONFIG
: v

Figure 8. External Temperature Monitoring

This NTC measured temperature is useful for dynamic Bus Timing
monitoring bythe Sink via FUSB15101 provided PD Status  As shown in Figure 10 beldyfor data bits, SDA must be
messages. stable while SCL is HIGH. SDA may only transitiomen
InternalOTP monitors the internal die temperature. When SCL is LOW. Data is clocked in on the rising ed§&GL.
the die temperature exceeds Tshut threshold for Typically, data transitions shortly at or after faling edge
tOTP-Debouncéme, aninterrupt is set to alert the core and of SCL to allow ample time for the data to set ufpleethe
take action. next SCL rising edge.

6. Bus timing referenced from 12C—bus specification Rev. 6-4 April 2014
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Figure 10. | 2C Bus Timing Definition

Each bus transaction begins and ends with SDA &id S
HIGH. A transaction begins with a START condition, which
is defined as SDA transitioning from 1 to 0 withlS@IGH.

A transaction ends with a STOP condition, whictieéfined
as SDA transitioning from 0 to 1 with SCL HIGH. During
a read from the FUSB15101, the host issues a RehStrt

a dedicated peripheral such 8€.A subset of these Pins
can also be connected as an input to the ADC.nater
pull-up/downresistors are programmable. Pull-up resistors
are always connected to VDD.

When the PORT is configured as GPIOs it will have the
following capabilities:

after sending a data command and before resending th@ Bi-directional capability

device address. The Repeated Start is a 1-to—0 transitio
SDA while SCL is HIGH.

UART

The FUSB15101 implements a UART transceiver that
communicates vi®+/— when enabled.

When this peripheral is disabled, it should not interfere
with D+/- charging protocols such as BC1.2— whére t
ADC is sensitive to loads.

Clock Requirements and BAUD Rates

The max BAUD rate support is dependent on the
CLK_HS speed setting. BAUD rates are supported from
9,600 to 230,400.

Automatic BAUD Rate Detection
The FUSB15101 implements automatic BAUD Rate
detection based on the first character receivedhiressage.
The supported characters for automatic BAUD rate
detection are OxXAA or 0x55.
Automatic BAUD detection rate works up to 230,400 bps.
BAUD Rates detected outside of this range willlagded
as errors to the core.

Port Control and GPIOs
The FUSB15101 includes a number of pins that can be

® Push pull or open drain configuration
¢ Individually configurable interrupt lines
® Rising or Falling edge interrupt

e High- or Low-level interrupt

Table 5. PIN-PORT CONFIGURATION

Pin # Name Port

6 GPIO0 PAO
12C_INT

7 GPIO1 PA1
12C_SDA

8 GPI02 PA2
I2C_SCL

9 GPIO3 PA3
ADC_CH5

SWCK

10 GPIO4 PA4

ADC_CH6
SWD

configured to be used as standard GPIO or for use with
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FUSB15101

ADC Output Current, two NTC temperature channels and two

The FUSB15101 allows for up to 7 signalbtomeasured  D+/D- BC1.2 ports. Table 6 below shows the typical
and converted using the internal 10-bit ADC. Forsmo FUSB15101 configuration along with the expectetirsgs
applications, this will consist of VBUS and VIN voltages, for the ADC module.

Table 6. ADC CONFIGURATION

ADC Channel Pin Measurement Resolution Range Full Scale Voltage
0 VIN 10 mv 0V1t010.23V 1.024V
20 mv 0V1020.46 V 2.048 vV
40 mv 0V1040.92V 4.096 V
1 BLD 10 mvV 0V1t010.23V 1.024V
20 mv 0V1020.46 V 2.048 vV
40 mv 0V1040.92V 4.096 V
2 Output Current 10 mA 0Ato10.23 A 2.048V
3 HVDP 4 mvV 0V to4.096 V 4.096 V
4 HVDM 4 mvV 0V to4.096 V 4.096 V
5 NTCA Temperature 1°C 0°C to 160°C 1.28V
6 NTCB Temperature 1°C 0°C to 160°C 1.28V
Development Tools Specifications References
FUSB15101 isupported by a full suite of comprehensive e Universal Serial Bus Power Delivery specification
tools including: revision 3.1 Version 1.0, dated May 2021
® An easy-to-use development board e Universal Serial Bus Type C Cable and Connection

e Software Development Kit (SDK) including: USB PD Specification release 2.1, dated May, 2021
protocol ~ stacks, sample code, libraries, and e USB Battery Charging Specification, revision 1.atel
documentation December 7, 2010

® |2C—Dbus specification Rev. 6 — 4 April 2014

USB, USB-C, USB Type-C and the USB logos are registered trademarks of USB Implementers Forum, Inc.
Arm, Cortex, and the Arm logo are registered trademarks of Arm Limited (or its subsidiaries) in the EU and/or elsewhere.
onsemi is licensed by the Philips Corporation to carry the 12C bus protocol.
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