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Device description Key features
The PM8550B/PM8550BH/PM8550BHS/PM8550BHP interface = eUSB repeater
PMIC, supplements the master core PM8550 PMIC and the slave = Qualcomm battery gauge with 1S, 2S, and 1S2P support
core PM8550VE/PM8550VS PMIC to integrate all wireless handset = Analog-to-digital converter (ADC) subsystem with analog
power management, general housekeeping, and user interface multiplexer (AMUX) and voltage/current analog-to-digital
support functions into an integrated multi-IC solution. converter (VADC/IADC)
= Bestin class high-efficiency 6 A 3-level buck/Div2 charge pump = Battery interface module (BIM) that includes battery serial
combination architecture Li-ion battery charger (> 97% peak interface (BSI) or PMIC serial interface (PSI) and battery missing
efficiency) detection (BMD)
= Dedicated paths for USB and wireless charging with charger = Battery current limiting (BCL) subsystem that provides both
operation up to 21.5V (25 V absolute max) hardware and software alarms, which are used by the system for
= Supports up to a 6 A charge current (single path) and a 12 A reducing battery current.
charge current (dual path using SMB1396/SMB1398 companion = Full H-bridge haptics driver with dedicated 5V to 10 V
ICs) programmable boost for LRA application and SoundWire
m  Supports USB Type-C Specification Rev. 1.4 and USB Power interface. See PM8550B SKUs for details.
Delivery Specification Rev. 3.0 = SPMlinterface
= Supports Qualcomm® Quick Charge™ 2.0, Quick Charge 3.0, = 12GPIOs

Quick Charge 4.0, and Quick Charge 5.0 technology 168-pin fan-out wafer-level nanoscale package (168 FOWNSP)
m  Supports 2S battery with charge balancing (SMB1399
needed). See PM8550B SKUs for details.
m  Simultaneous wireless charging and OTG support using haptics
boost
m  Simultaneous USB charging and reverse wireless charging

support using haptics boost

High-level block diagram and FOWNSP168 package outline drawing
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1 Introduction

Document updates
See the Revision history for details on the changes included in this revision

1.1 Functional block diagram

5) Haptics and its boost  7) Infrastructure supplies

Seven major functional blocks: 1) Charger 3) Qualcomm battery gauge
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Figure 1-1 PM8550B/PM8550BH/PM8550BHS/PM8550BHP high-level functional block diagram
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1.2 PM8550B/PM8550BH/PM8550BHS/PM8550BHP features

NOTE  Some hardware features integrated within the PM8550B/PM8550BH/PM8550BHS/PM8550BHP device
must be enabled through the IC software. See the latest revision of the applicable software release
notes to identify the enabled PMIC features.

Table 1-1 PM8550B/PM8550BH/PM8550BHS/PM8550BHP features
Feature PM8550B/PM8550BH/PM8550BHS/PM8550BHP capability
Charger
Battery charger High-efficiency 6 A 3-level buck/Div2 charge pump combination architecture Li-ion battery

charger

o Extremely low Rds(on) MOSFETs minimizing power dissipation during charging
o > 97% peak efficiency

100% duty cycle mode

Dedicated charging paths for USB and wireless charging with +3.6 V to +21.5 V operating
range and absolute maximum voltage of +25 V

Automatic USB/wireless input path selection and priority

USB charging input path

o Optional external USB OVP FET control with 10 V VGS to minimize Rds(on)
o 10 mQ FP FET to minimize power loss during high current charging

o USB Type-C CC logic compliant to the USB Type-C Specification Rev. 1.4.

o VCONN switch capable of delivering 1.5 W for DisplayPort alt-mode

o USB power delivery PHY hardware compliant to USB Power Delivery Specification Rev.
3.0

o Quick Charge 2.0 and Quick Charge 3.0 hardware support; Quick Charge 4.0 and Quick
Charge 5.0 software support

o Automatic power source detection (APSD) per the USB Battery Charging Specification
Rev. 1.2

o Automatic input current limit (AICL) for universal USB adapter compatibility

o Liquid presence detection (LPD) based on SBU1/2 impedance

o Universal fast charging spec support

Wireless charging input path

o Optional external WLS Blocking FET control with 10 V VGS to minimize Rds(on)
o 20 mQ FP FET to sense input current

o Automatic input current limit (AICL) to detect input collapse

6 A charge current (single path); 24 A charge current (using SMB1394 as parallel charger)
with PM8550B/BH/BHP; 12 A charge current (using SMB1396 as parallel) with PM8550BHS

Support 2S battery charging (SMB1399 needed). Improved 2S battery charging efficiency by
charging the 2S battery directly when input voltage is high. See PM8550B SKUs for details.

Simultaneous wireless charging and OTG support using haptics boost

Simultaneous USB charging and reverse wireless charging support using haptics boost
Reverse boost

Up to 5V, 3 A output for reverse USB OTG/Type-C source

Up to 12V, 1 A output for 10 W reverse WLS charging

True OCP

Ability to reverse boost directly from 2S battery for higher efficiency

[m]

a

]

(]

Battery interface

o 5 mQ integrated BATFET (QBAT) for optimal charging efficiency and battery life.
o QBAT soft-start and VPH short-circuit detection

80-33267-1 Rev. AH
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Table 1-1 PM8550B/PM8550BH/PM8550BHS/PM8550BHP features (cont.)

Feature

PM8550B/PM8550BH/PM8550BHS/PM8550BHP capability

o Input/output CurrentPath control allows system operation with deeply discharged/missing
battery

o Battery supplemental mode (BSM) to allow battery to supplement system current
exceeding what the charger buck can provide

o Differential battery voltage Kelvin sensing to compensate for the IR drop caused by the
phone PCB and battery pack protection FETs to prolong CC charging and reduce the total
charging time

o JEITA battery temperature management and JISC 8714 support

o Battery-missing detection options (in the battery interface module)

o Ship-mode and AFP mode

Intelligent charging control and thermal management

o Hardware autonomous charging

o Trickle charger

o Hardware-controlled thermal loop manages input current limit based on the die
temperature

eUSB Repeater

eUSB Repeater

Universal Serial Bus 2.0 specification compliant
Embedded USB2 (eUSB2) Physical Layer Specification 1.1 compliant
Dual role capable

Qualcomm battery gauge

Qualcomm battery gauge

Improved SoC accuracy (~1% average SOC error)

Qualcomm battery gauge is a hybrid of voltage and current based SoC with optimum linear
parameter estimation using extended Kalman filtering

2S battery support, with charge balancing. See PM8550B SKUs for details.
1S2P battery support, with individual cell gauging
SMB parallel charging current sensing through ICHG pins

BAT_THERM IR compensation eliminates variation of BAT_THERM reading with varying
charge/discharge currents

Simplified hardware architecture with reduced states and easy configurability
Online battery ESR and Rslow estimation

BIM and ADC

BIM

BIM module includes the battery serial interface (BSI) or PMIC serial interface (PSI) and
battery missing detection (BMD) hardware for two cells.

BSl is a single-wire interface that can communicate with external hardware using the MIPI-
BIF protocol.

BMD is a hardware that detects battery removal in all modes (on, off, sleep)

On-chip ADC

The ADC subsystem includes signal multiplexing and voltage analog-to-digital converter
(VADC)

Support for 2S battery - 1/6 divider for higher voltage levels, mid-node monitoring, charge
balancing FETs. See PM8550B SKUs for details.

A dedicated internal 1.875 V LDO used to bias the VADC and pull-up resistors

Parallel hardware interface to arbitrate ADC requests from multiple clients (Qualcomm battery
gauge, charger, and BCL)

Qualcomm battery gauge and BCL requires Vbatt and Ibatt
Charger requires USB and DC input levels, thermistor values, and Vbatt/Ibatt

Haptics
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1.3

Table 1-1 PM8550B/PM8550BH/PM8550BHS/PM8550BHP features (cont.)

Feature

PM8550B/PM8550BH/PM8550BHS/PM8550BHP capability

Haptics boost and driver

= Full H-bridge haptics driver with dedicated 5 V to 10 V programmable boost for LRA
applications. See PM8550B SKUs for details.

= SoundWire interface with LPASS

= 2 kB memory space for FIFO and sampled waveform storage for pattern generation

m» Hardware-based arbitration for multiple haptics requests

= Real time resistance detection

= Closed loop auto braking

= Enhanced protection schemes (short/open circuit detection, high voltage safety timer)
= > 5 W wireless Tx charging with vibe

= Off-mode vibration and virtual key support

IC-level interfaces

Primary status and control

= Two-line serial power management interface (MIPI SPMI)
= Supported by SPMI

Interrupt managers

PBS 3.0 with one-time programmable (OTP) memory and user programmable

Programmable boot
sequence

RAM for customizable power-on, power-off, and reset sequences

Configurable I/Os

General-purpose input/
output (GPIO) pins

= 12 GPIO pins, configurable as digital inputs or outputs

= Some GPIOs have primary/alternate functions for IC-level interfacing or required controls for
user interface functions if those Ul functions are used.

Internal clock

Internal 19.2 MHz RC clock

Package

Size

5.79 x 4.85 x 0.57 mm

Pin count and package

type

168-pin FOWNSP (0.4 mm pitch)

PM8550B SKUs

PM8550B has the following four SKUs: PM8550B, PM8550BH, PM8550BHS, and PM8550BHP.

The table below lists the differences between the four SKUs.

SKU Haptics boost support Battery charging support Qualcomsrr:“l:g(t)t;ry gauge
PM8550B 5V 1S 18
PM8550BH 5Vto10V 1S 18
PM8550BHS 5Vio10V 2S 2S
PM8550BHP 5Vto10V 1S 2P

80-33267-1 Rev. AH
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2 Pin definitions

The PM8550B/PM8550BH/PM8550BHS/PM8550BHP is available in the FOWNSP168 — see Mechanical information
for package details.

A high-level view of the pad assignments is shown in Figure 2-1.

168

VREG_HBST

167

VREG_HBST

166

FB_HBST

165

VSW_HAP_P

164

156

VSW_HBST

155

VSW_HBST

154

GND_HBST

153

HPWR_HAP

152

PGND_HAP

144

PGND_
HBST

143

PGND_
HBST

142

GPIO_02

141

SWR_CLK

140

SWR_DATA

132

NC

131

NC

130

GPIO_04

129

SYS_OK
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GPIO_03

120

NC

119

SPMI_CLK

118

SPMI_DATA

17

WLS_DRV

116

USB_SNS
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WLS_NEN

107

GPIO_10
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USB_DRV
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96

PGND_CHG

95

PGND_CHG

94

PGND_CHG

93

PGND_CHG

92

PGND_CHG

VSW_CHG

4l

VSW_CHG

70

VSW_CHG

69

VSW_CHG

68

VSW_CHG

VSW_CHG

59

VSW_CHG

58

VSW_CHG

57

VSW_CHG

56

VSW_CHG

36

MID_CHG

35

MID_CHG

34

MID_CHG

33

MID_CHG

32

24

MID_CHG

23

MID_CHG

22

MID_CHG

21

MID_CHG

20

MID_CHG

USB_IN

USB_IN

WLS_IN

KPD_PWR_N VDE;;;PZ* GND_HAP CMN_GND TE%.I’-;’E L OPT_2 VARB_CHG VDRV_L CBAL CC_out VSW_CHG | VSW_CHG MID_CHG WLS_IN
162 150 138 126 114 102 90 78 66 54 42 30 18 6
VDD_IO SLEEP_32K | FAULT_N CMN_GND [ CMN_GND OPT_1 GNDéngEL VDRV_H GND_CHG QBY\F;évlvj &Y VSW_CHG | VSW_CHG | VSW_CHG | VSW_CHG
161 149 137 125 113 101 89 7 65 53 41 29 17 5
AVDD_BYP VDz;gps— VPH PWR_ 1| CMN_GND | CMN.GND | GPIO_09 VPHR GND_CHG REF—ng—C QBYCSTJERV VIND_CHG | VIND_CHG | VIND_CHG | VIND_CHG
160 148 136 124 112 100 88 76 64 52 40 28 16 4
REF_BYP GND_MBG Vile il OPTION GPIO_11 st VERINL2E 1] SMB_TEMP RGNS, QPH2_DRV | VPH1_PWR | VPH1_PWR | VPH1_PWR | VPH1_PWR
EUSB THERM ID M
159 147 135 123 111 99 87 75 63 51 39 27 15 3
=P VREG_1P6_| VDD_1P8_ | . oo |VBATIZSNS| oo BATT_ VBATT2_ |VBATT_SNS_|VBATT_SNS_| VBATT1_ | VBATTI_ | VBATTI_ | VBATTI_
EUSB EUSB - M - THERM PWR P M PWR PWR PWR PWR
158 146 134 122 110 98 86 74 62 50 38 26 14 2
VDD_3V_ VBATT1_ | VBATT1_
EDM GND_EUSB EUSB GPIO_07 GPIO_01 GND_ADC GPIO_12 ICHG_FB GND_CHG SBU1 CC1_ID |VDD_VCONN PWR PWR
157 145 133 121 ) 97 85 73 61 49 37 25 13 1
VDD_  [ISNS_PACK_[ISNs_PMIC_ VBATT1_
GND_EUSB USB_DM USB_DP GPIO_05 GPIO_06 PDPHY M GND VBOB SBU2 CC1_ID |VDD_VCONN cec2 PWR
Figure 2-1 PM8550B/PM8550BH/PM8550BHS/PM8550BHP pad assignments (bottom view)
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Pin definitions

2.1 1/0 parameter definitions

Table 2-1 1/0 parameter (pin type) definitions

Symbol Description
Pin attribute
Al Analog input
AO Analog output
DI Digital input (CMOS)
DO Digital output (CMOS)
PI Power input; a pin that handles 10 mA or more of current flow into the device @
PO Power output; a pin that handles 10 mA or more of current flow out of the device 2
Z High-impedance (Hi-Z) output
MV Medium voltage
LV Low voltage
GNDP Power ground; a pin that handles 10 mA or more of current flow returning to ground.
Layout considerations must be made for these pins.
GNDC Common ground; a pin that does not handle a significant amount of current flow, typically
used for grounding digital circuits and substrates.
When configured as outputs, GPIO pins have configurable drive strengths that depend on the GPIO pin's supply voltage. See
Electrical specifications for details.

2 The maximum current levels expected on Pl and PO type pins are listed in Electrical specifications.
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PM8550B/PM8550BH/PM8550BHS/PM8550BHP Data Sheet Pin definitions

2.2 Pin descriptions

Descriptions of all pins are presented in the following tables, organized by functional groups .
Table 2-2 Charger

Table 2-3 eUSB repeater

Table 2-4 Qualcomm battery gauge

Table 2-5 ADC, BIM, and BCL

Table 2-6 Haptics and its boost

Table 2-7 General-purpose input/output functions and other pins

Table 2-8 Infrastructure supplies

Table 2-9 Ground pads

Table 2-10 No connection pins

Table 2-2 Pin descriptions — Charger

Pin # Pin ?:rr"r::teigzd/or Pin type 2 Functional description

116 USB_SNS Al USB OVP input voltage remove sense

105 USB_DRV AO USB OVP FET gate drive

9,10, 11,12 USB_IN PIl, PO USB power input of the charger

106 WLS_SNS Al WLS input voltage remote sense

117 WLS_DRV AO WLS blocking FET gate drive

7,8 WLS_IN PI, PO Wireless (DC) power input of the charger.

108 WLS_NEN DO Wireless charging output enable/disable pin. Keeps wireless
charger output stage disabled (forward voltage blocking)
during USB charging.

19, 20, 21, 22, MID_CHG PI, PO Mid joint point of QUSB, QWLS, and charger buck input

23, 24, 33, 34,

35, 36

45, 46, 47, 48 CFH PI, PO Flying capacitor high side node

80, 81, 82, 83, CFL PIl, PO Flying capacitor low side node

84

78 VDRV_H PI, PO Bootstrap capacitor high-side connection

79 VDRV _L Pl, PO Bootstrap capacitor low-side connection

67 CBAL PI, PO Balance node for flying capacitor

53 QBYP2_DRV_VOUT AO 3LBk/Div2 external Bypass FET gate drive 1, near
VOUT_CHG side

54 QBYP2_DRV_VSW AO 3LBk/Div2 external Bypass FET gate drive 2, near
VSW_CHG side

52 QPH2_DRV AO External QPH2 FET gate drive

6, 18, 30, 31,42, | VSW_CHG PI, PO Charger buck/boost switch node

43, 44, 56, 57,

58, 59, 60, 68,

69, 70, 71, 72

5,17, 29, 41 VIND_CHG PIl, PO 28 battery: Charger buck VOUT feedback
1S battery: Connect to VSW_CHG
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Pin definitions

Table 2-2 Pin descriptions — Charger (cont.)

Pin # Pin ?:rr‘rgig:d/or Pin type 2 Functional description

4,16, 28, 40 VPH1_PWR PI, PO System power input/output node

1,2, 3,14, 15, VBATT1_PWR PI, PO 1S battery power input and output

27,39

75 VBATT2_PWR Pl 2S battery power input for VARB and aVdd/dVvdd

63 VBATT_SNS_P Al 1S/2S battery cell voltage sensing S+; charger sense battery
voltage across VBATT_SNS_P and VBATT_SNS_M

51 VBATT_SNS_M Al 1S/2S battery cell voltage sensing S-; charger sense battery
voltage across VBATT_SNS_P and VBATT_SNS_M

32 IIN_FB Al SMB input current signal; input to PMIC charger input
current limit control loop

74 ICHG_FB Al SMB charge current signal; input to PMIC charger charge
current limit control loop

37,38 CC1_ID Al, DI, DO, PO | USB Type-C CC1 pin

13 CC2 Al, DI, DO, PO | USB Type-C CC2 pin

55 CC_OouT DO 1.2/1.8 V push-pull tri-state output indicating USB Type-C
connector orientation (CC1 or CC2 connection)

50 SBU1 Al USB Type-C SBU1 pin

49 SBU2 Al USB Type-C SBUZ2 pin

25, 26 VDD_VCONN Pl VDD source for VCONN switch; connect to VPH_PWR or
VREG_BOB

@ See Table 2-1 for pin voltage and type definitions

Table 2-3 Pin descriptions — eUSB repeater

Pin # Pin name and/or function Pin type 2 Functional description
133 USB_DP Al, DI, DO USB D+ signal line, also for BC1.2 detection
145 USB_DM Al, DI, DO USB D- signal line, also for BC1.2 detection
159 EDP DI, DO eUSB2 port positive 10 pad
158 EDM DI, DO eUSB2 port negative 10 pad

2 See Table 2-1 for pin voltage and type definitions

Table 2-4 Pin descriptions — Qualcomm battery gauge

Pin # | Pin name and/or function | Pin type 2 Functional description

63 VBATT_SNS_P Al 1S/2S battery cell voltage sensing S+; Qualcomm battery gauge senses
battery voltage across VBATT_SNS_P and PACK_SNS_M

64 PACK_SNS_M Al Battery pack bottom node; Qualcomm battery gauge senses battery voltage
across VBATT_SNS_P and PACK_SNS_M

88 VBATT_2S_MID Al MID of 2S battery pack. Used for cell balancing

73 ISNS_PMIC_GND Al External sensing plus node

85 ISNS_PACK_M Al External sensing minus node

111 VBATT2_SNS_M Al Remote sensing of second battery cell voltage S- in 1S2P configuration

2 See Table 2-1 for pin voltage and type definitions
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Pin definitions

Table 2-5 Pin descriptions — ADC, BIM, and BCL

Pin # Pin ?:rr‘r;?iggdlor Pin type 2 | AMUX channel Functional description

87 BATT_THERM Al AMUX_THM1 | Battery temperature input to ADC for measuring pack
temperature. It is used for charger safe operation and battery
gauge.

99 BATT_ID Al AMUX_THMZ2 | Battery ID — used for battery identification, battery missing
and BSI communication

76 SMB_TEMP Al AMUX_THM3 | SMB temperature sensor (current) signal input; converted to
voltage then sent to ADC.

100 | USB_THERM Al AMUX_THM4 | USB Type-C connector temperature sensor

124 | OPTION Al AMUX_THM5 | Power up sequence option

107 | GPIO_10 Al AMUX_THM6 | GPIO input to AMUX

110 | GPIO_01 Al AMUX1_GPIO | GPIO input to AMUX

121 | GPIO_05 Al AMUX2_GPIO | GPIO input to AMUX

109 | GPIO_06 Al AMUX3_GPIO | GPIO input to AMUX

86 GPIO_12 Al AMUX4_GPIO | GPIO input to AMUX

@ See Table 2-1 for pin voltage and type definitions

Table 2-6 Pin descriptions — Haptics and its boost

Pin # Pin name and/or function Pin type 2 Functional description
155, 156 VSW_HBST PO Haptics boost switch node
166 FB_HBST Al Feedback sense for haptics boost output
167, 168 VREG_HBST PO Haptics boost power output
164 VSW_HAP_M PO Haptics driver M bridge output
165 VSW_HAP_P PO Haptics driver P bridge output
153 HPWR_HAP Pl Haptics driver input power supply
@ See Table 2-1 for pin voltage and type definitions
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Pin definitions

Table 2-7 Pin descriptions — general-purpose input/output functions and other pins

Pin # Pin name Configurable function | Pin type 2 Functional description

Configurable GPIOs b ©

110 | GPIO_01 MV Configurable; default digital input with 10 yA pull-down
FM_FORCE_USB_BOOT Force USB boot (EDL mode)
VBATT_2S_MID MID2 of 2S battery pack. Used for cell balancing

142 | GPIO_02 MV Configurable; default digital input with 10 pA pull-down
HAP_EXT_TRIG Haptics external trigger
DIV_CLK Divided down HFRC clock

128 | GPIO_03 MV Configurable; default digital input with 10 pA pull-down
UFCS DP UFCS PHY DP communication

130 | GPIO_04 MV Configurable; default digital input with 10 yA pull-down
UFCS DM UFCS PHY DM communication

121 GPIO_05 MV Configurable; default digital input with 10 pA pull-down
HAP_VP Haptics volume increase trigger

109 | GPIO_06 MV Configurable; default digital input with 10 yA pull-down
HAP_VM Haptics volume increase trigger
BATT2_THERM Battery temperature input to ADC for measuring 2nd battery pack temperature. It is used for charger safe

operation and battery gauge.

122 | GPIO_07 MV Configurable; default digital input with 10 yA pull-down
ISNS2_PMIC_GND Second external Rsense GND side

123 | GPIO_08 MV Configurable; default digital input with 10 pA pull-down
ISNS2_PACK M Second external Rsense pack side

101 GPIO_09 Lv Configurable; default digital input with 10 yA pull-down

107 | GPIO_10 Lv Configurable; default digital input with 10 pA pull-down
WLS_THERM Wireless charging thermistor

112 GPIO_11 LV Configurable; default digital input with 10 pA pull-down
SMB_EN Enable SMB parallel chargers

86 GPIO_12 Lv Configurable; default digital input with 10 pA pull-down
X2D2_EN Enable SMB parallel chargers
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Table 2-7 Pin descriptions — general-purpose input/output functions and other pins (cont.)

Pin # Pin name Configurable function | Pin type 2 Functional description
Other pins

163 | KPD_PWR_N DI Phone power key for exiting ship mode

129 | SYS_OK DO System OK or charger detection indicator output (user programmable)
102 | OPT_1 Al Option pin 1

103 | OPT_2 Al Option pin 2

119 | SPMI_CLK DI SPMI communication bus clock signal

118 | SPMI_DATA DI SPMI communication bus data signal

141 | SWR_CLK DI SoundWire clock input

140 | SWR_DATA DI, DO SoundWire data input

150 | SLEEP_32K Al 32 kHz XO sleep clock input

138 | FAULT_N DI, DO PMIC fault signal (bidirectional) that initiates shutdown or S3 reset to all PMICs

2 See Table 2-1 for pin voltage and type definitions
b GPIOs may be configured for the following use cases:

m  User interface functions

IC-level interface functions

= General housekeeping functions

To assign a GPIO to a particular function, identify all of your application’s requirements and map each GPIO to its function—carefully avoiding assignment conflicts.

¢ Not all GPIOs are connected to the RRADC. Also, there are no free channels available on the RRADC, because they are all accounted for.
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Fixed supply for GPIO_09 through GPIO_12:

= (Oand1=VDD_1P8 _SYS (1.8V)

For GPIO_01 through GPIO_08, options include the following:
= 0=VPH_PWR_1 (3.6 V nominal)

= 1=VDD_1P8_SYS (1.8V)

= 2=VDD_1P2_SYS (1.2V)

Table 2-8 Pin descriptions — infrastructure supplies

Pin # | Pin name and/or function | Pin type 2 Functional description

160 | REF_BYP AO 1.25 V bandgap reference voltage

161 AVDD_BYP AO Bypass capacitor for dedicated LDO analog infrastructure circuits. This LDO
must only be used for analog infrastructure circuits and must not be used as
a general LDO output.

91 VARB_CHG PO Power source arbitration circuit output

104 | vDD_5V PO 5V LDO output supply for the bootstrap capacitor

137 | VPH_PWR_1 Pl General VPH_PWR supply for all modules

89 VPHR PI VPH_PWR connection for power FET guarding

61 VBOB PI BOB output that powers VARB when battery is low

149 | VDD_1P8 SYS Pl 1.8 V supply from core PMIC to power 1/O

162 | VDD_IO PI 1.2 V/1.8 V I/O supply

151 | VDD_1P2_SYS PI 1.2 V I/O supply for SWR and charger I/Os

97 VDD_PDPHY PI 3.075 V supply for PDPHY

134 | VDD_3V_eUSB Pl 3.075 V supply for eUSB repeater

135 | VDD_1P8 _eUSB Pl 1.8 V supply for eUSB repeater

136 | VDD_1P2_eUSB Pl 1.2 V supply for eUSB repeater

147 | VREG_1P6_eUSB PO 1.6 V LDO output for eUSB repeater

@ See Table 2-1 for pin voltage and type definitions

Table 2-9 Pin descriptions — ground pads

Pin #

Pin name and/or function

Pin type 2

Functional description

Common grounds

62, 66, 77 GND_CHG GNDC Ground for ESD cell

90 GND_PSUB_CHG GNDC Ground for charger substrate

113, 114, 125, 126, 127 | CMN_GND GNDC Common ground

154 GND_HBST GNDC Ground for haptics boost controller
146, 157 GND_EUSB GNDC Ground for eUSB repeater

115 TEST_EN_VPP GNDC Pin must be grounded externally
Special grounds

148 GND_MBG GNDP Ground for MBG

65 REF_GND_CHG GNDC Quiet reference ground

98 GND_ADC GNDP ADC ground pin
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Table 2-9 Pin descriptions — ground pads (cont.)

Pin # Pin name and/or function | Pin type 2 Functional description
92, 93, 94, 95, 96 PGND_CHG GNDP Charger Buck/Boost power ground
152 PGND_HAP GNDP Haptics driver power ground connecting to H-Bridge
139 GND_HAP GNDC Ground connecting to internal circuitries
143, 144 PGND_HBST GNDP Power ground for haptics boost

a8 See Table 2-1 for

pin voltage and type definitions

Table 2-10 Pin descriptions — no connection pins

Pin #

Pin name and/or function

Functional description

120, 131, 132

NC

No connect; not connected externally
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Electrical specifications

3.1

Absolute maximum ratings

The absolute maximum ratings (Table 3-1) reflect the stress levels that, if exceeded, may cause permanent damage
to the device. No functionality is guaranteed outside the operating specifications. Functionality and reliability are only
guaranteed within the operating conditions described in Section 3.2.

Table 3-1 Absolute maximum ratings

Parameter Min | Max | Units
Terminal voltage range
USB_SNS USB OVP input voltage remove sense -0.3 30 \%
WLS_SNS WLS input voltage remote sense -0.3 30 \%
USB_SNS 10 us pulse transient for USB OVP input voltage remote sense - 45 \%
USB_DRV USB OVP FET gate drive -0.3 33 \
WLS_DRV WLS blocking FET gate drive -0.3 33 \%
USB_IN USB power input of the charger -0.3 25 \%
WLS_IN Wireless (DC) power input of the charger -0.3 25 \%
MID_CHG @ Mid joint point of QUSB, QWLS, and charger buck input -0.3 25 \Y
VSW_CHG to VPH_PWR | QBYP off -0.3 16 \Y
CFH Flying capacitor high side node -0.3 25 \%
VSW_CHG Charger buck/boost switch node -0.3 20 \%
CFL Flying capacitor low side node -0.3 14 \%
CBAL Balance node for flying capacitor -0.3 18 \%
VDRV_H Bootstrap capacitor high-side connection \%
Converter not switching -0.3 18
Bootstrap capacitor high-side connection \%
Converter switching -0.3 27
VDRV_L Bootstrap capacitor low-side connection \%
Converter not switching -0.3 18
Bootstrap capacitor low-side connection \%
Converter switching -0.3 22
VARB 10 us pulse on power source arbitration circuit output. -0.3 7.5 \%
QBYP2_DRV_VSW 3LBk/Div2 external bypass FET gate drive 1, near VSW_CHG side -0.3 28 \%
QBYP2_DRV_VOUT 3LBk/Div2 external bypass FET gate drive 2, near VOUT_CHG side -0.3 18 \%
QPH2_DRV External QPH2 FET gate drive -0.3 20 \Y
VPH1_PWR System power input/output node (applies to both 1S and 2S application)
VBAT1_PWR Battery power input/output node (applies to both 1S and 2S application)
DC -0.3 \Y
10 ms transient -0.3 \Y
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Table 3-1 Absolute maximum ratings (cont.)

Parameter Min | Max | Units

VBAT2_PWR Powers VARB node
VOUT_CHG -

DC -0.3 | +12 \%

10 ms transient -03 | +14 \Y
CC1, CC2, SBU1, SBU22 | USB Type-C CC1/CC2/SBU1/SBU2 pins -0.3 22 \Y
CC_ouT -0.3 2 \Y
USB_DP USB D+ signal line for BC1.2 detection and USB2.0 positive I/O -0.5 5.5 \%
USB_DM USB D- signal line for BC1.2 detection and USB2.0 negative I/O -0.5 55 \%
EDP eUSB2 positive I/0 05| 22 \Y
EDM eUSB2 negative I/0 -0.5 2.2 \%
All other pins 03| VxxbP| Vv
Temperature ratings
Ts Storage temperature ¢ 9 | -65 | +150 | °C

2 The device needs to be powered/biased via USB_IN, WLS _IN or>2.5V (1S) and > 5.5V (2S) VBATT_PWR before applying
voltage on any of the other output 1/0Os

b Vxx is the lower of +6 V and (USB_IN, WLS_IN or VBATT_PWR) + 0.5 V

¢ The storage temperature range applies when the device is in the OFF state (the device is not assembled in any platform and
is not electrically connected to any voltage or I/O signals). Damage may occur when the device is subjected to this
temperature for any length of time.

recommends allowing the device to return to ambient room temperature before usage.

3.2 Operating conditions

Operating conditions include design team-controlled parameters such as power supply voltage and thermal
conditions (Table 3-2). The device meets all performance specifications listed in DC power consumption through
Haptics, when used within the operating conditions, unless otherwise noted in those sections (provided the absolute
maximum ratings have never been exceeded).

Table 3-2 Operating conditions

For devices shipped in tape and reel, the storage temperature range is [+15°C~35°C] and < -90% relative humidity (RH). QTI

Parameter Description Min Typ Max Units
Thermal conditions
T Device operating temperature Tambient = =30 - Tiunction = °C
+125
Power pads
USB_IN USB power input of the charger 3.7 - 21.5 \%
WLS_IN Wireless (DC) power input of the charger 3.7 - 21.5 \Y,
MID_CHG Mid joint point of QUSB, QWLS, and charger buck input 3.7 - 21.5 \%
VSW_CHG Charger buck/boost switch node 0 - 12.5 \Y,
VBAT1_PWR Battery power input/output node (applies to both 1S and 2.5 - 5.0 \%
28 application)
VPH1_PWR System power input/output node (applies to both 1S and
2S application)
Steady state (DC) 25 - 5.0 \%
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Table 3-2 Operating conditions (cont.)

Parameter Description Min Typ Max Units
Short duration VPH excursions beyond normal operating
voltage range (< 1 ms) 21 - 5.25 \Y,
VDD_3V_EUSB | USB2.0 analog voltage 3 3.075 3.3 \Y,
VDD_1P2_EUSB | eUSB2 supply voltage 1.08 1.2 1.32 \Y,
VDD_1P8_EUSB | Supply to feed 1.6 V LDO TBD 1.8 TBD \Y

3.3 DC power consumption

This section specifies DC power supply currents for the various IC operating modes (Table 3-3). Typical currents are
based on IC operation at room temperature (+25°C) using default settings.

Table 3-3 DC power supply currents

Parameter Symbol Min | Typ Max | Units
Battery supply current, active mode (1S and 2S application) @ IDDacTIVE_BAT - 565 848 mA
Charger supply current, active mode (1S and 2S application) ° IDDacTIVE_CHG - 3965 | 5948 MA
Battery supply current, sleep mode (1S and 2S application) °© IDDg| gep - 179 268 MA
Battery supply current, off mode ¢ IDDoFr

1S application - 28 42 MA
28 application - 31 46 MA

Battery supply current, ship mode © IDDgpip

1S application - 13 19 pA

28 application - 15 23 MA
PM8550BHS + SMB1399 battery supply current, off mode f IDDoFF _cOMBINED
2S application - 112 190 MA
PM8550BHS + SMB1399 battery supply current, off mode 9 IDDoFF cOMBINED
28 application - 70 130 MA

2 IDDacTivE BAT IS the total supply current from a main battery with PM8550B/PM8550BH/PM8550BHS/PM8550BHP on,
Qualcomm battery gauge in active state, charger in standby and OLED, haptics modules are off. XBL has been loaded.

b IDDacTIVE cHg is the total supply current running off the charger with PM8550B/PM8550BH/PM8550BHS/PM8550BHP on,
Qualcomm battery gauge in active state, and OLED, haptics modules are off. XBL has been loaded.

¢ IDDg ggp is the total supply current from a main battery with PM8550B/PM8550BH/PM8550BHS/PM8550BHP on, Qualcomm
battery gauge in low power mode, charger in standby, sleep_b = 1 and OLED, haptics modules are off. XBL is loaded and the
MPM sleep sequence is executed.

4 IDDggr is the total supply current from a main battery with PM8550B/PM8550BH/PM8550BHS/PM8550BHP off. This only
applies whefzfn the temperature is between -30°C and 60°C and the system has powered on after battery attach, prior to
powering off.

€ IDDgyp is the total supply current from a main battery with PM8550B/PM8550BH/PM8550BHS/PM8550BHP off and in ship
mode. BATFET is open. This only applies when the temperature is between -30°C and 60°C.

f IDDore comainep IS the total supply current from a main battery for total off current with PM8550BHS + SMB1399. This only
applies'when the temperature is between -30°C and 60°C and the system has powered on after battery attach, prior to
powering off. Applicable to PM8550BHS v2.0

9 IDDorr comeineD iS the total supply current from a main battery for total off current with PM8550BHS + SMB1399. This only
applies'when the temperature is between -30°C and 60°C and the system has powered on after battery attach, prior to
powering off. Applicable to PM8550BHS v2.1.
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3.4 Digital logic characteristics

The charger has unique digital signaling characteristics as listed within Charger; all other PM8550B/PM8550BH/

PM8550BHS/PM8550BHP digital I/O characteristics are specified in Table 3-4.

Table 3-4 Digital I/O specifications

Parameter Symbol Condition LLimit ULimit Units
Input voltage, logic high @ \m - 0.65 x V|o Vot 0.3 \Y,
Input voltage, logic low @ Vi - -0.3 0.35 x V| \Y,
Output voltage, logic high @ VoH lout = lon Vio-0.45 Vio \Y,
Output voltage, logic low VoL louT = loL 0.0 0.45 \%
Schmitt trigger hysteresis VhysT - 15 - mV
Output current, logic high P lon - 3 - mA
Output current, logic low P loL - - -3 mA
Input leakage current, digital input © I - -200 +200 nA
Input capacitance, digital input or I/O CiNn-D - - 5 pF

2 VIO = VDD_1P8_SYS, unless otherwise noted

b The output current specification applies to all digital outputs unless otherwise specified. It is superseded by specifications on
specific pins.

¢ GPIOs comply with the input leakage specification when configured either as a digital input or in tri-state mode.

Table 3-5 GPIO output impedance

Driver strength v Driver output impedance Unit
setting 10 Min Typ Max
qu strength 1.8V 10 40 80 Q
driver 12V 10 48 80
M_edium strength 1.8V 10 28 80
driver 12V 10 31 80
High strength 1.8V 10 22 80
driver 12V 10 23 80

3.5 Charger

Ta=-30°C to +85°C, Vysg IN=+5.0V, +9.0V, +12.0V, +15.0V, +20 V, Vyy 5 N=+5.0V, +9.0V, +12.0V, +15.0 V,
+20V, Vi1 = +4.4 V, Vgart = +3.9 V, Fgyy = 0.533 MHz, unless otherwise noted. All voltages are relative to GND.

3.5.1 Input power specifications
Table 3-6 Input power source control and protection
Symbol Parameter Conditions Min Typ Max Units
USB OVP FET and WLS blocking FET control
VUSB_OVP_THD USB/WLS_SNS OVP VUSB/WLS_SNS rising 6.6 6.9 7.2 \%
threshold

ViwLs_ovP_THD resho 13.2 135 138 | V
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Table 3-6 Input power source control and protection (cont.)
Symbol Parameter Conditions Min Typ Max Units
16 16.4 16.8 \%
19 19.4 19.8 \Y,
19.8 20.2 20.6 \Y,
20.6 21 214 \Y,
21.5 22 225 \%
225 23 23.5 \Y,
Hysteresis Vusemis_sns falling; % of 1 - 2 %
VysBMWLS_OVP_THD
tUSB_OVP USB OVP response From VUSBNVLS_SNS > VUSB/ - 100 200 ns
time wes_ovp_THD 10 VusemwLs_prv
drops to Vysgwis N+ 0.2V
(QOVP off); VusemLs_sNs
rising slew rate >10 V/us
VUSBfSNSfUVLOﬁF USB/WLS_SNS UVLO VUSB/WLSfSNS falllng 3.25 34 3.55 V
VwLs_sNs_uvLo_F Hysteresis VusemwLs_sns fising - 0.8 - \Y,
VUSB_SNS_UVOK_R USB/WLS_SNS UVOK VUSB/WLS_SNS r|S|ng 4.05 4.2 4.35 \
VWwLs_SNS_UVOK_ R
VusB_DRV_ON USI‘tB/W LS_DRV ON VUSB/WLS_S\;IS_UVLO <Vysg/ 9 9.5 13.5 \%
voltage < ,
VwLs DRV ON g VVV;iESES&B \}J.SBNVLS_OVP_THD
(Vuss_prv — Vuse_IN) ’
(V. _V ) Up to 1 pA gate leakage
WLS_DRV ™ TWLS_IN (QOVP IGSS and PCB)
IPUfUSB/WLSfDRV USB/WLS_DRV pU”-Up - 10 15 20 IJA
current
VusB_DRV_OFF USB/WLS_DRV OFF VusemwLs_sns > Vusey -2 -1.6 0 \%
VLS DRV OFF voltage VVVLS_OVP_THD or VysemLs_sNs <
- (Vuss_pRv — VusB_IN) USB/WLS_SNS_UVLO
(VwLs_prv — VYwLs IN)
USB_DRV OFF voltage | Vysg sns > Vuse ovp THD OF 0 Vuse N | Vuse N |V
(Vuss_prv — Venb) Vuse_sns < VusB_sNs_uvLo -1.6
WLS_DRV OFF voltage | Vs sns > Vwis_ovp_THD OF 0 Viwes N | Vwes in |V
(Vuse_prv — Vanbp) ViwLs_sNs < VwLs_sNs_uvLo -1.6
tOVP_FET_en USB/WLS OVP enable From VUSBNVLS_SNS_UVLO < - 5 - ms
deglitch time VusemwiLs_sns < Vusey
wLs_ovp_THD {0 Vusewis bRy
rises to VUSB/WLS_SNS + 2.5
V (QOVP on)
tOVP_FET_SS USB/WLS OVP soft- VUSB/WLS_DRV rise from 10% to 0.5 - 5 ms
start 90% with QOVP CISS = 1~4 nF
Input voltage monitoring
VCOARSE_DET/ USB/WLS input coarse VUSB_IN/VWLS_IN rising and 0.6 1.0 1.3 \%
Vit vt detection threshold falling
Deglitch filter time for Vuse_ INVwis N falling, - 25 - ms
USB/WLS _IN Ipp extending USB/WLS_IN Ipp
Deglitch filter time for Vuse_INVwLs N rising - 25 - ms
ship mode exit
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Table 3-6 Input power source control and protection (cont.)

Symbol Parameter Conditions Min Typ Max Units
Deglitch filter time for Vuse_INVwLs_ N rising and - 1 - ms
USB/WLS_LT_VT INT falling
VuvLo USB/WLS input VN @ falling; for LV options 3.5 3.6 3.7 \Y,
undervoltage lockout _ _
(UVLO) threshold VN @ falling; for MV options 6.6 6.9 7.2 V
VN @ falling; for HV options 9.3 9.6 9.9 \
Hysteresis VN @ rising - 200 - mV
Deglitch filter time Vysg v and Vs N @ rising - 20 - ms
and falling B
VoviLo USB/WLS input VN @ rising, for LV option 6.2 6.4 6.6 \
overvoltage lockout . )
(OVLO) threshold VN @ rising, for MV option 16.8 17.2 17.6 \%
VN @ rising, for HV option 215 22 225 \Y,
Hysteresis V|n @ falling - 200 - mV
Response time P VN @ rising at 5 V/us, HV - - 2 us
threshold
VN @rising at 5 V/us, LV or MV - 10 - ms
threshold
Deglitch filter time VN @ falling - 100 - ms
VASHDN USB/WLS input auto- Vin @ —Vsys, Vin @ falling 50 130 190 mV
shutdown threshold
Hysteresis VN @ rising - 80 - mV
Deglitch filter time VN @ rising and falling - 20 - ms
VREVI USB/WLS input Vin @ —Vsys, VN @ falling -220 -130 -70 mV
reverse-current
threshold
Hysteresis VN @ rising - 80 - mV
Deglitch filter time VN @ falling - 100 - us
VN @ rising - 1 - ms
Input current limit
Isusp_usB USB_IN suspend mode | USB_IN path in suspend mode, - 1 1.2 mA
current VUSB_lN =5 V, VBAT =45V
USB_IN path in suspend mode, - 2.5 3.0 mA
VUSB_IN =5V, VBAT = 36V
Isusp_wLs WLS suspend mode WLS_IN path in suspend mode, - 1.0 1.2 mA
current VWLS_IN =5V, VBAT =44V
WLS _IN path in suspend mode, - 2.5 3.0 mA
Vs IN=5V, Vgar=3.6 V
ILm_usB USB path maximum USB 2.0 option: 100 mA mode, 70 85 100 mA
input current limit T=0°C to +70°C, USB_IN =5
\Y,
USB 3.0 option: 150 mA mode, 115 - 150 mA
T=0°C to +70°C, USB_IN =5
Vv
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Table 3-6 Input power source control and protection (cont.)
Symbol Parameter Conditions Min Typ Max Units
USB 2.0 option: 500 mA mode, 450 475 500 mA
T=0°C to +70°C, USB_IN =5
Y,
USB 3.0 option: 900 mA mode, 810 855 900 mA
T=0°C to +70°C, USB_IN =5
\Y,
Type-C 1.5 Amode, T =0°C to 1350 1425 1500 mA
+70°C,USB_IN=5V
Type-C 3.0 Amode, T =0°C to 2700 2850 3000 mA
+70°C,USB_IN=5V
USB high-current mode (0 A— 0.9 x 0.95 x lum uss | MA
50 mA-5.0 A programmable), ILim_usB ILim_usB
VUSB_IN=5Vt020V,05A <
ILIM_USB <5A, T=0°Cto
+70°C
LM wis WLS path maximum [0 A:50 mA:3 A] programmable 0 - 3 A
input current limit
Accuracy VWLS_IN =5Vto20V,05A < 0.9 x 0.95 x lLIM_WLS mA
Im wis < 3 A, T=0°Cto +70°C | Im wis LM wis
Automatic input current limiting (AICL)
VaicL_cLPS LV AICL voltage Programmable range (8 41 - 4.8 Vv
collapse threshold settings in 100 mV steps);
VUSB_lN falllng
MV AICL voltage Programmable range (8 7.2 - 8.6 \%
collapse threshold settings in 200 mV steps);
VUSB_lN falllng
HV AICL voltage Programmable range (8 10.2 - 11.6 V
collapse threshold settings in 200 mV steps);
VUSBJN falllng
AICL voltage collapse Programmable range 41 - 19.2 V
threshold — continuous . .
mode = 41V:100mV:4.8V
= 50V:200 mV: 12.8V
= 13.2V:400 mV:19.2V
Vusemwis_ N falling
Accuracy Vusemwis_ N falling -3.5 - 3.5 %
Hysteresis VusemiLs_IN rising - 200 - mV
Deglitch filter time VusewLs IN fising and falling; 0.2 1 2 ms
Programmable in 0.2, 0.5, 1, 2
ms
Deglitch filter time - -8 - 25 %
accuracy
talCL step AICL step up time Programmable in 2, 5, 10, 20 2 10 20 ms
ms
AICL step down time 1 Programmable in 0.5, 1, 2, 5 0.5 2 5 ms
ms
AICL step down time 2 Programmable in 20, 50, 100, 20 100 200 us
200 ps
Accuracy - -1 - 15 %
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Table 3-6 Input power source control and protection (cont.)
Symbol Parameter Conditions Min Typ Max Units
talcL rerun AICL rerun timer Programmable in 3, 12, 45, 360 3 45 360 S
sec
Accuracy - -5 - 20 %
Input missing poller
IIN LOW |IN LOW Comparator — 100 130 200 mA
B threshold
Deglitch filter time Iy rising or falling - 1 - ms
lPD_USB_lN USB_|N puII—down VUSB_lN OV or UV 5 10 15 mA
current source
IPD_WLS_IN WLS_|N pull-down VWLS_IN OV or UV 5 10 15 mA
current source
lPD_MID_CHG M|D_CHG puII-down VUSB_IN or VWLS_IN uv 20 30 40 mA
current source
tive Input missing poller Charger buck disabled, current - 10 - ms
active timing sink enabled
timp_ATTEMPT Number of IMP IMP conditions = true - - 3
attempts
tivp_RETRY After three attempts, the | IMP conditions = true - 1 - S
time before the IMP
attempts to re-enable
Vivp Input missing detection | Input missing poller active, - VRevI - \Y,
voltage threshold charger buck disabled, 20 mA
current sink enabled
Surge protection
USB_IN surge IEC61000-4-51.2/50 ys | — -350 - 350 \Y,
protection voltage surge
waveform, ext. TVS
diode °©
Maximum QUSB/ IEC61000-4-51.2/50 ys | — - - 25 \%
QWLS VDS during voltage surge
surge waveform, ext. TVS
diode °©
Maximum Vysg sns | IEC61000-4-51.2/50 us | — - - 45 \Y,
during surge voltage surge
waveform, ext. TVS
diode °©

& For the PM8550B charger, Vy is Vysg N for the USB path or Vs N for wireless input path.
b The OVP response time is defined as from V y rises above Vv, o, To switcher stops switching.

¢ External TVS diode: WillSemi ESD56161D24 25V reverse breakdown voltage, 30 V maximum clamping voltage at 150 A.

Table 3-7 USB Type-C and BC1.2 specifications

Symbol Parameter Conditions Min | Typ | Max | Units
APSD for BC1.2
D+/D- isolation resistors 350 | 500 | 650 Q
Vbp_src D+ source voltage Load < 250 pA 05 |065| 0.7 \%
VbM_sRc D- source voltage Load < 250 pA 05 |065| 0.7 \%
VDAT REF Data detect voltage 0.3 035 | 04 \Y
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Table 3-7 USB Type-C and BC1.2 specifications (cont.)
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Symbol Parameter Conditions Min | Typ | Max | Units
Vbp_up D+ pull-up voltage 3 33 | 36 \%
Ipm_sINK D- sink current 25 50 75 WA
Ipp_siNk D+ sink current 25 50 75 MA
Ipp_src Data contact detect current source 3.5 55 | 75 MA
Rpm_pwn D- pull-down resistance 1425 | 19.5 | 248 | kQ
toco_TiMEOUT DCD timeout Option 1 321 328 | 335 ms

Option 2 642 | 656 | 670 ms
top_src_ON D+ source on time 100 - - ms
tenum_TiveouT | SDP enumeration timeout - - 2 min
topsrc_HicrRNT | D+ source off to high current 40 - - ms
topsrc_con D+ source off to connect 40 - - ms
USB Type-C
CCcap Maximum CC pin capacitance 200 - 600 pF
ZoPEN Sink minimum open-circuit CC In Disabled or Error Recovery state 126 | 420 - kQ

impedance to ground
Vee ciamp_snk | Sink CC clamp voltage As Rd during shutdown 088 | 1.1 | 1.32 \Y,
Rpp_snk Sink crude sensor pull-down resistor Before source attach 150 @ | 200 | 250 kQ
Rpu_src Sink crude sensor pull-up resistor Before sink attach 755 | 100 | 125 kQ
Rd Sink Rd pull-down resistor 459 | 51 | 5.61 kQ
Irp_srC Source Rp current source — default 64 80 96 MA

usB

Source Rp current source — 1.5 A 166 180 | 194 MA

Source Rp current source — 3.0 A 304 | 330 | 356 MA
vSafeOV 0 - 0.8 \Y
vSafe5V 4.75 - 5.5 \Y
VBUS_RMV_5V Sink VBUS removal detection threshold | Vysg | falling; for determining exit 0.8 25 | 3.67 \%

if =5 V (vSinkDisconnect) from Attached.SNK state

Hysteresis Vusg N fising - 500 - mV

Deglitch filter time Vyss_n falling - 10 - ms
VBUS_RMV_ov Sink VBUS removal detection threshold | Vysg | falling; for determining exit 6.6 69 | 7.2 \%

if=9V from Attached.SNK state

Hysteresis Vusg N rising - 200 - mV

Deglitch filter time Vyss_n falling - 10 - ms
VBus_rmv_12v | Sink VBUS removal detection threshold | Vygg |y falling; for determining exit 9.3 9.6 | 9.9 \Y,

if=12V from Attached.SNK state

Hysteresis Vusg N fising - 200 - mV

Deglitch filter time Vyss_n falling - 10 - ms
VsSNK_RMV_PPS _Sink VBUS removal detection threshold | [3.7 V:0.1 V:5.2 V], 16 steps 3.7 - 5.2 \Y,

SKDinear I PD) [5.4 V0.2 V:11.6 V], 32 steps 54 | - | 16| V

[12 V:0.4 V:18 V], 16 steps 12 - 18 \Y
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Table 3-7 USB Type-C and BC1.2 specifications (cont.)
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Symbol Parameter Conditions Min | Typ | Max | Units
Accuracy Vusg_ N falling -3.5 - 3.5 %
Hysteresis Vusg N fising - 200 - mV
Deglitch filter time Vyss_n falling - 10 - ms
tcepebounce Time a port shall wait before it can Transitioning between the 100 150 | 200 ms
determine it is attached AttachWait.SNK/SRC state and the
Attached.SNK/SRC state;
programmable range (103, 125,
150, 175)
tPDDebounce Time a port shall wait before it can Programmable in 12, 14, 16, 18 ms 10 14 20 ms
determine it is either detached or there
has been a change in the Type-C
current advertisement
VCONN switch
VConn Vconn Voltage range Vconn enabled, 3.2 V< VPH_PWR 3.0 - 4.5 \Y,
<45V
VCONN load VCONN enabled, VPH_PWR >32V 1.5 - - W
Ryvconn Vconn switch resistance Vconn €nabled, VPH_PWR > 3.2V - - 400 | mQ
T=0°Cto+70°C
locp_vconN Vconn overcurrent protection threshold | Veonn €nabled, VPH_PWR > 3.2V 10 100 | 200 | mA
T =0°C to +70°C, 100 mA option
200 mA option 100 | 200 | 350 | mA
300 mA option 200 | 300 | 450 | mA
400 mA option 300 | 400 | 600 | mA
500 mA option 450 500 | 750 | mA
VDIF’_VCONN_SS VPH_PWR dlp when VCONN soft-start 10 |JF VCONN Ioad; enable VCONN 0 — 200 mV
tyconn_oN Vconn powering on time From the source supplies VBUS - - 2 ms
(reaches vSafe5V) to VCONN
reaches the minimum valid voltage.
tycoNN_OFF Vconn powering off time From the time that a Sink is - - 35 ms
detached or as commanded until
Vconn supply is disabled and the
bulk capacitance is removed
SBU
SBU1/2 Rep | 10 [ 15[ 20| mo
UFCS D+ (3.3 Vinput) to GPIO (1.8/1.2 V output) buffer
VIH_DpDm_3p3 VDDA =33V 2.31 33 | 36 \Y,
VIL_Dpbm_3p3 VDDA =33V -0.3 0.0 | 0.99 \Y,
VOH_GPIO_1p8 VDDB=1.8V 1.44 - 1.8 \Y,
VOL_GPIO_1p8 vDDB =18V 0 - 0.36 \%
VOH_GPIO_1p2 vVDDB=1.2V 0.96 - 1.2 \%
VoL_GPIO_1p2 VDDB=1.2V 0 - | 0.24 \Y,
trise ON GPIO 10% to 90%; 10 pF on GPI03/4 - 1 - us
tran on GPIO 10% to 90%; 10 pF on GPI103/4 - 1 - us
UFCS GPIO (1.8/1.2 V input) to D- (3.3 V output) buffer
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Table 3-7 USB Type-C and BC1.2 specifications (cont.)

Symbol Parameter Conditions Min | Typ | Max | Units
VIH_GPIO_1p8 VDDB =18V 1.17 - 1.8 \Y,
VIL_GPIO_1p8 VDDB =18V 0 - | 0.63 \Y,
VIH_GPIO_1p2 vDDB=1.2V 0.78 - 1.2 V
VIL_GPIO_1p2 vVDDB=1.2V 0 - 1042 \Y,
VOH_DpDm_3p3 VDDA=33V,0mA<I10<0.5 144 | 3.3 | 3.6 \Y,
mA
VoL _bpbm_3p3 VDDA =3.3V,-0.5mA <10 <0 0 - 0.6 \Y,
B - mA
tRise ON D- 10% to 90%; 0.2 nF on D+/D- - 1 - us
tray on D- 90% to 10%; 0.2 nF on D+/D- - 1 - us
Qutput impedance Buffer disabled, 3.3 V VDDA off 0.5 mQ
& Rpp_snk (min) must be higher than minimum zOPEN (126 kQ) so the source does not treat Rpp sk as Rd.
Rpu_src (min) must be higher than maximum Rp (56 kQ) so the sink does not treat Rpy_src as Rp
3.5.2 Battery charger specifications
Table 3-8 1S battery charger specifications
Symbol Parameter Conditions Min Typ Max Units
ITRKL Trickle charge current VearT < VTRKL 25 50 75 mA
VTRKL Trickle charge to pre- 2.0 2.1 2.2 \%
charge threshold
IpRE_CHG Pre-charge current Programmable 100 - 600 mA
range [100 mA:50 mA:250 mA]
[300 mA:100 mA:600 mA]
Accuracy T=0°Cto +70°C + 10% of setting £ 10 mA
Vpop Pre-charge to fast- Vsys MmN 2 \%
charge voltage
threshold
Vsvs MIN Minimum VPH Group 1: [2.8 V:0.2 V:3.4 V] 2.8 3.0 3.4 \%
- regulated output i i ]
voltage range Group 2: [4.0 V:0.2 V:4.6 V] 4.0 - 4.6 \Y,
Accuracy 500 mA load, Va1 < VSYS_MIN -2 - 2 %
Vsys VPH_PWR (Vgys) VN present, during trickle/pre-charging, Vgats < Vsys_MIN \%
output voltage Vsys_miN - VBAT TRACK
VN present, during pre-charging, Vsys min - VeaT1 + VBAT TRACK \%
VBaT TRACK < VBAT1 < Vsys MmN
V|n present, during fast charging, Vgar1 > Veat1 t lcHg % RDSON_BF \Y
Vsys_MIN
V|n present, charging terminated or disabled Veat1 + VBAT TRACK \%
VBAT_TRACK VBAT tracking voltage VPH = VBAT * (1 + X) - 9 - %
during pre-charge X=7%, 8%, 9% 8 %
- - (o]
- 7 - %
Vga tracking voltage VPH = VBAT * (1 + X) - 3 - %
after EoC X =0%, 0.5%, 1%, 2%, 3%
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Table 3-8 1S battery charger specifications (cont.)

Symbol Parameter Conditions Min Typ Max Units
- 2 - %
- 1 - %
- 0.5 - %
- 0 - %
Accuracy -20 +20 mV
lrc Fast charge current Programmable (200 settings in 60 mA steps 0 - 12 A
(FCC) range with 4.22 kQ RSUM_lCHG)
Accuracy when using T=0°Cto +70°C,0.5A<Ilgc <3 A -10 - 10 %
BAT1 i
QBAT1 sensing T=0°C to +70°C, Irg = 3.0 A -5 - 5 %
T=25°C,05A<Ilgc<3A -5 - 5 %
T=25°C, lgc = 3.0 A -2.5 - 25 %
FCC soft-start slew Programmable stepper: 60 mA every 25 - 200 60 mA/
rate 25/50/100/200 us X s
FCC soft-stop slew Programmable stepper: 60 mA every 25 - 200 60 mA/
rate 25/50/100/200 us X us
VeLT Float voltage range Programmable (120 settings with 10 mV steps), 3.6 - 4.79 \Y,
T=0°C to +70°C
Accuracy VFLT <4.2V, EN_BATT_DIFFSENSE =1,T = -1 - 1 %
0°C to +70°C
VFLT > 4.2V, EN_BATT _DIFFSENSE =1,T = -0.5 - 0.5 %
0°C to +70°C
ITErRM ADC Charge termination IADC range 50 200 750 mA
- current range
Accuracy IADC internal current sense, -25 — 25 mA
VBATT =4.2V-4.55 V, ITERM =200 mA, T=0°C
to +70°C
Deglitch filter time Charger sniffs FG making IADC requests 100 - 4000 ms
VRECHG VBAT ADC based Programmable VBAT range 3.6 - 4.8 \%
automatic recharge
threshold
Accuracy T=0°C to +70°C -20 - +20 mV
Deglitch filter time Charger make 1 VBAT ADC request (16 # of 8 - 4000 ms
average) every 1 sec
SoCrecHg | SoC-based automatic Programmable SoC range 0 - 100 %
recharge threshold
Accuracy T=0°C to +70°C -1 - +1 %
Deglitch filter time FG update SoC every 1 sec 100 - 4000 ms
VINHIBIT VBAT ADC based Programmable VBAT range 3.6 - 4.8 mV
charger inhibit
threshold voltage
range
Accuracy T=0°C to +70°C -20 - 20 mV
Hysteresis VBATT falling,50/100/150/200 mV 50 100 200 mV
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Table 3-8 1S battery charger specifications (cont.)

Symbol Parameter Conditions Min Typ Max Units
Viow patt | VBAT ADC based low- | Programmable VBAT range 2.4 2.8 3.2 \%
battery voltage/SYSOK
detection (triggers
PMIC power-on)
threshold range
Accuracy T=0°C to +70°C -20 - 20 mV
Hysteresis VparT rising, 50/100/150/200 mV 50 100 200 mV
VBATT ov Battery overvoltage VparT rising, above Vg1 30 40 50 mV
lockout 50 | 60 70 mv
70 80 90 mV
90 100 110 mV
Hysteresis Vparr falling 10 20 30 mV
Deglitch filter time VgatT rising or falling; Programmable in 5 - 20 ms
5/10/15/20 ms
VpPH_Hv ALM | Vsys high-voltage [4.3V:0.1V:5.0 V] programmable 4.3 4.8 5.0 \Y,
alarm
Accuracy -2 - +2 %
Hysteresis Vsys falling - 50 - mV
Deglitch filter time Vsys > Vsys_Hv_aLm, Programmable 10 10 1000 us
(10/100/1000 ps)
Vpy ov System overvoltage [4.5V:0.1V: 5.2 V] programmable 4.5 5.0 5.2 \Y,
B protection threshold
Accuracy -2 - +2 %
Hysteresis Vsys falling - 75 - mV
Deglitch filter time Vsys > Vsysovs 10 100 1000 us
Programmable (10/100/1000 ps)

2 On PMICS5 chargers, the QBAT linear operation is removed, and pre-charge to fast-charge transition happens when Vgar
reaches Vgys win threshold.

Table 3-9 2S battery charger specifications

Symbol Parameter Conditions Min | Typ | Max | Units
ITRKL Trickle charge current At 1S battery level 2 50 | 100 | 150 mA
At 2S battery level P 25 50 75 mA
VTRKL Trickle charge to pre-charge | At 2S battery level 40 | 42 | 44 \
threshold
IPRE CHG Pre-charge current range At 1S battery level: 8 settings 100 - 600 mA
) [100 mA:50 mA:250 mA]
[300 mA:100 mA:600 mA]
At 28 battery level: 8 settings 50 - 300 mA
Accuracy T=0°C to +70°C 1 10% of setting £ 10 mA
Vpop Pre-charge to fast-charge At 1S battery level Vsys MiIN © \%
voltage threshold At 28 battery level 2 xVgys MmN \Y,
Charge current control when charging via QPH1 path
80-33267-1 Rev. AH Confidential — Qualcomm Technologies, Inc. and/or its affiliated companies — May Contain Trade Secrets 32

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION




PM8550B/PM8550BH/PM8550BHS/PM8550BHP Data Sheet

Electrical specifications

Table 3-9 2S battery charger specifications (cont.)

Symbol Parameter Conditions Min | Typ | Max | Units
lrc Fast charge current (FCC) Programmable range (200 settings in 120 mA 0 - 244 A
range at 1S battery level steps with 4.22 kQ Rsym_icHg)
Fast charge current (FCC) Programmable range (200 settings in 60 mA 0 - 12 A
range at 2S battery level steps with 4.22 kQ Rsym_icHa)
Accuracy when using T=0°Cto +70°C, 0.5 A<Ilgc <3 A -10 - 10 %
QBAT1 i
sensing T=0°C to +70°C, Irc = 3.0 A 5 - | 5 | %
T=25°C,05A<Ilgc<3A -5 - 5 %
T=25°C, lgc = 3.0A 25| - 25 %
Charge current control when charging via QPH2 path
lrc Fast charge current (FCC) At 28 battery level: 200 settings in 60 mA 0 - 12 A
range at 2S battery level steps with 4.22 kQ Rsym_icHa)
Accuracy when using T=0°Cto +70°C, 1 A<Igc <3 A -10 - 10 %
t 11 mQR
external 1 mazRsns T=0°C to +70°C, Irg = 3.0 A 5 - | 5 | %
T=25°C,1A<Igc<3A -5 - 5 %
T=25°C, lgc = 3.0A 25| - 25 %
Accuracy when using T=0°Cto +70°C, 1 A<Igc<2A -15 - 15 %
| :
BUCK_DC SeNsing T=0°C to +70°C, IFC = 2.0 A 75 - | 75 | %
T=25°C,1A<Igc<2A 75 | - 7.5 %
T=25°C, lpc = 2.0 A -5 - 5 %
Accuracy when using Igar2 2A <Ifc <6.5A, lguck pc =2A~6.5A, -400 - 400 mA
= Iguck_pc + losat1/2 logaT1 =0A~5A; T=25°C
2A<Igc <6.5A, IBUCK_DC =2A~6.5A, -600 - 600 mA
IQBAT‘] =0A~5A; T=-20°C~70°C
VeLT Float voltage range At 18 battery level: (120 settings with 10 mV 3.6 - | 479 V
steps)
At 28 battery level: (120 settings with 20 mV 7.2 - | 9.58 \Y,
steps)
Accuracy Ve <8.4V,EN_BATT_DIFFSENSE =1,T = -1 - 1 %
0°C to +70°C
VFLT = 8.4V, EN_BATT_DIFFSENSE =1, T -05 | - 0.5 %
=0°Cto +70°C
lTERM_ADC Charge termination current IADC range 50 | 200 | 750 mA
range
Accuracy IADC internal current sense, -25 - 25 mA
VBATT =4.2V-455YV, ITERM =200mA, T=
0°C to +70°C
Deglitch filter time Charger sniffs FG making IADC requests 100 | — | 4000 | ms
VRECHG VBAT ADC based At 1S battery level 3.6 - 4.8 \%
t i h
throshoid | arge At 2S battery level 72| - | 96 | Vv
Accuracy T=0°C to +70°C -20 - +20 mV
Deglitch filter time Charger make 1 VBAT ADC request (16 # of 8 — | 4000 | ms
average) every 1 sec
SoCRrecHe SoC-based automatic Programmable SoC range 0 - 100 %
recharge threshold
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Table 3-9 2S battery charger specifications (cont.)

Symbol Parameter Conditions Min | Typ | Max | Units
Accuracy T=0°C to +70°C -1 - +1 %
Deglitch filter time FG update SoC every 1 sec 100 | — | 4000 | ms
VINHIBIT VBAT ADC based charger At 1S battery level 3.6 - 4.8 \%
e reshold voltage 1 56 battery level 72| - | 96 | Vv
Accuracy T=0°C to +70°C -20 - 20 mV
Hysteresis VBATT falling, 50/100/150/200 mV 50 | 100 | 200 | mV
Viow BaTT VBAT ADC based low- At 1S battery level 24 | 28| 3.2 \Y,
et e oy oG | At2s battery level 48 | - | 64 | V
power-on) threshold range
Accuracy T=0°C to +70°C -20 - 20 mV
Hysteresis VpatT rising, 50/100/150/200 mV 50 | 100 | 200 mV
VBATT oV Battery overvoltage lockout | Vgart (2S) rising,above Vg 1 60 80 | 100 mV
100 [ 120 | 140 | mV
140 | 160 | 180 | mV
180 | 200 | 220 | mV
Hysteresis VgarT (2S) falling 20 | 40 60 mV
Deglitch filter time VpatT (2S) rising or falling; Programmable in 5 - 20 ms
5/10/15/20 ms
VPH_HV_ALM Vsys high-voltage alarm [4.3V:0.1V:5.0V] programmable 43 | 48 | 50 \%
Accuracy -2 - +2 %
Hysteresis Vsys falling - 50 - mV
Deglitch filter time Vsys > Vsys_Hv_aLm, Programmable 10 10 | 1000 us
(10/100/1000 ps)
VPH ov System overvoltage [4.5V:0.1V: 5.2 V] programmable 45 | 50 | 5.2 V
protection threshold
Accuracy -2 - +2 %
Hysteresis Vsys falling - 75 - mV
Deglitch filtertime Vsys > Vsysovs 10 | 100 | 1000 | ps
Programmable (10/100/1000 ps)
QPH1/2 Automatic Charging Path Selection (ACPS)
VIN_HI_ACPS VN high comparator for VusemwLs_ IN — Vear2, Vin falling, 50 | 100 | 200 mV
ACPS [50/100/150/200 mV] programmable
Accuracy -30 - 30 mV
Hysteresis V| rising 40 60 80 mV
Deglitch filter time V| rising, [2.5/5/10/20 ms] 25 - 20 ms
V) falling, [10/20/40/80 ps] 10 - 80 [V
VRevi2 VusemwLs_IN — Veat2, ViN falling, -300 | — | -900 | mV
[-300/-500/-700/-900 mV] programmable
Accuracy -100 | - 100 mV
Hysteresis V| rising 40 60 80 mV
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Table 3-9 2S battery charger specifications (cont.)

Symbol Parameter Conditions Min | Typ | Max | Units
VBAT HI_ACPS Vear high comparator for VBaT1_pwR rising Vsys_MIN \%
ACPS
Accuracy -2 - 2 %
Hysteresis VBaT1_PWR rising 75 [ 100 | 125 mV
Deglitch filter time Veat1_pwR rising, [10/20/40/80 ps] 10 - 80 ms
VBAT1_PWR faIIing, [1/5/1 0/20 IJS] 1 - 20 us
VPH1_SF’|KE_ACPS VPH1_PWR VOltage Spike QPH2 path to QPH1 path SWItChIng, Charging - - 500 mV
above Vgar1_pwr Upon enabled, Vgar2 pwr =6V ~ 9V, Vear1 pwR =
ACPS 3V~45YV, COUT= 10 lJF, VPH‘I =20 lJF,
Cgart = 10 uF, Cgar2 = 10 pF
VPH1_DIP_ACPS VpH1_pwr Voltage dip below | QPH1 path to QPH2 path switching; charging - - 200 mV
VBaT1_pwR Upon ACPS enabled, Vgaro pwr =6V ~ 9V, VeaT1 pwR =
3V~45YV; COUT =10 UF, VpH1 =20 HF,
Cgart = 10 uF, Cgarp = 10 pF
QPH1
RoSon_QpH1 QPH1 on-resistance T=0°C to +70°C - |17 | 21 [ ma
QPH2_DRV
VQPHZ_DRV_ON QPH2 driver on voltage QPH2_DRYV enabled, VBATZ_PWR =6V-9V, 9 10 10.5 \%
Up to 10 pA QPH2 gate to source leakage
(VapH2_ DRV — VBAT2_PWR)
VQPH2_DRV_OFF QPH2 driver off voltage QPH2_DRYV disabled - 0 - \Y,
(VapH2_prv — GND)
Ipu_QPH2_DRV QPH2_DRYV pull-up current 20 30 40 MA
TapH2_ON QPH2 turn-on time QPH2 gate capacitance = 2 nF; from 0 V to 1 - 5 ms
90% of VqpH2_brv_oN
QBYP2_DRV_VSwW
Von_asyp2 DRv1 | QBYP2_DRV1 ON voltage Up to 1 pA gate leakage (QBYP2 Gate 1 Igsg 50 [ 54| 6.0 \%
and PCB)
(VaByP2_DRV1 — Vsw)
VOFF_QBYPZ_DRV1 QBYPZ_DRV1 OFF voltage - 0 - \
(VaByP2_brRV1 — Vsw)
Rpu_aByr2 prvi | QBYP2_DRV1 pull up - 6.0 - kQ
resistance
RPD_QBYF’Z_DRV1 QBYPZ_DRV1 pU” down 0.2 1.2 2.2 Q
resistance
QBYP2_DRV_VOUT
Von_aBypP2 DRv2 | QBYP2_DRV2 ON voltage Up to 1 pA gate leakage (QBYP2 Gate 21GSS | 5.0 | 54 | 6.0 \Y,
and PCB)
(VaByp2_brv2 — Vourt)
VOFF_QBYPZ_DRVZ QBYPZ_DRV2 OFF voltage - 0 - \
(VaByr2_prv2 — Vour)
RPU_QBYPZ_DRVZ Bypass_DRV pU” up — 6.0 - kQ
resistance
RPD_QBYPZ_DRVZ Bypass_DRV pU” down 0.2 1.2 2.2 Q
resistance

2 For 2S battery charging, PM8550B charger has to work with SMB1399 voltage charger. This spec is defined at PM8550B
charger output, that is 1S battery level, for PM8550B simulation and testing purpose
b This spec is defined at SMB1399 output, that is, 2S battery level, for system level application purpose.
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¢ On PMIC5 chargers, the QBAT linear operation is removed, and pre-charge to fast-charge transition happens when Vgar
reaches Vgys wmin threshold
d PM8550B charger buck is designed to deliver 6 A max at 2S battery level. The 10 A/12 A setting is for PM8550B + 2x
SMB1396 triple charging, with total ICHG sensed current summed at ICHG_FB pin, for PM8550B to regulate total ICHG at 10

A/12 A max.
3.5.3 Buck regulator specifications
Table 3-10 Buck regulator specifications
Symbol Parameter Conditions Min | Typ | Max | Units
VDD_5V LDO
Vbp_sv VDD_5V LDO regulated In 3LBk/D2CP mode, 4.8 5 5.2 \Y,
output voltage
P g lout =20 mA, Vysg_in/VwLs_In = 5.0V,
In 3LBk/D2CP mode, 4.0V < VBAT1_PWR (as 3.9 - 4.5 V
source) < 4.5V, loyt =20 mA
In boost mode, lgyt = 20 mA, VUSB_IN/VWLS_IN = 4.6 4.8 5.0 \%
50V
In boost mode, 4.0 V < Vgat1 pwr (as source) < 3.9 - 45 \%
4.5V, loyt =20 mA -
VDD 5V UVLO VDD_5V LDO VUSB |N/VWLS IN rising 2.6 2.8 3.0 \%
T d It lockout = =
tndervotiage lockou Vuss_nVis. i falling 20| 22 |24 v
|DD_5V VDD_SVLDO output VUSB IN/VWLS IN = 50V 20 - - mA
current - -
PWM buck regulator
Isuck_pc Buck DC max output Eight programmable settings ([4 A: 500 mA: 7.5 4.0 6 7.5 A
current A)) See Note 1 for Vin and Fsw , Vsys= 3.6 V-4.6
\Y
Fsw_Buck Buck switching frequency Eight programmable settings 342 - 800 | kHz
range
Accuracy T=0°C to +70°C -6 - 6 %
DCguck Buck duty cycle 0 - 100 %
Vp.p_suck_pwm | Buck output ripple in PWM | Note 1, 2 A Load, Vgart = 3.9 V, PWM mode, - 25 50 mV
mode FSW =530 kHz
Vp.p Buck psm | Buck output ripple in Pulse | Note 1, No Load, Vgart = 3.0 V, Pulse Skip mode - 50 | 100 | mV
Skipping mode
AVSYSLOAD | Vsys output voltage load Isys= 0.1 Ato4 A, Vgart = 3.9V, PWM mode, - 5 - | mV/A
regulation charging disabled
Vbip_Buck Buck Vour (VPH) voltage | Vusg_inVmiD_cHG = 5.0 V Iim_uss =3 A, Vgart = | -500 | — - mV
dlp due to positive load 0 V, VpH = VSYS_MINv |SYS_LOAD
transient 0.1Ato2Ain 1 Alus
VsPIKE_BUCK Buck Vout (VPH) voltage | Vys_IN'VmiD_cHe = 5/7/9/12 V, VearT = VELT - - | %00 | mv
N spike due to negative load . -
oonsiont s (charging done), Isys_LoAp
40Ato0.1Ain1Alus
Buck Voyt (VPH) variation | Charging disabled, Vgar =0V/3.5V/45V, Vpy = | -100 - 100 | mV
due to positive line VSYS_MIN or VBAT_TRACKﬂ Isys =2 A,
transient _
ViNn=5Vto9V,9V1to12V,12Vto 15V, 15V to
20Vin 0.1 V/us
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Table 3-10 Buck regulator specifications (cont.)

Symbol Parameter Conditions Min | Typ | Max | Units
Buck Voyt (VPH) variation | Charging disabled, Vgar = 0V/3.5V/4.5V, Vpy = | -100 - 100 | mV
due to negative line Vsvs MIN OF VBaT TRACK: lsys = 2 A,
transient Vin=20Vto 15V, 15V 0 12V, 12V 109V, 9V
to5Vin-0.1 Vius
Ipp_BUCK Buck active supply current | Switcher enabled, no load, V,y = 5/9/12/15/20 V, - 2 5 mA
Vsvys = 3.5/4/4.5 V, pulse skip mode
Switcher enabled, no load, V| = 5/9/12/15/20 V, - 30 - mA
Vsys = 3.5/4/4.5 V, PWM mode
Rpson_auss QUSB (16 V) Rps(on) T=0°C to +70°C - 10 15 | mQ
Rpson_awts QWLS (16 V) Rps(on) T=0°C to +70°C - 20 | 30 | mQ
Rpson_a1 Q1 (16 V) on-resistance T=0°C to +70°C - 12 16 mQ
Rpson_a2 Q2 (12 V) on-resistance T=0°C to +70°C - 8 12 mQ
Rpson_a3 Q3 (12 V) on-resistance T=0°C to +70°C - 8 12 mQ
Rpson_as4 Q4 (12 V) on-resistance T=0°C to +70°C - 8 12 mQ
Rpson_aByp QBYP on-resistance T=0°C to +70°C - 15 20 mQ
n gfl;(l;-ii;n(ér;arging path 5V Vysg N, 4.4V VgaT, Ichg =3 A - 949 | - %
5V Vysg N 4.4V Vear, lchg =4 A - | 937 | - %
5V Vysg N, 44V Vear, lchg =5 A - 1924 | - %
9V Vysg N 4.4V Vear, Ichg =3 A - | 948 | - %
9V Vusg IN: 4.4V Vear, Ichg =4 A - 9385 | - %
9V Vysg N 4.4V Vear, lchg =5 A - 1922 | - %
12V Vysg N 4.4 V Vear, Ichg =3 A - 1938 | - %
12V Vysg in: 44 V Vear, Ichg =4 A - 1927 | - %
12V Vysg in. 44 V Vear, IcHg =5 A - | 916| - %
15V Vysg 1N 44 V Vaar, Ichg =3 A - 1927 | - %
15V Vysg in: 4.4 V Vear, Ichg =4 A - 1918 - %
15V Vysg in: 44 V Vear, Ichg =5 A - 1906 | - %
20V Vysg IN: 44V Vear, Ichg = 1A - - - %
20V Vysg IN: 44V Vear, lche =2 A - - - %
20V Vysg N 4.4 V Vear, lchg =3 A - - - %
QEHZ charging path 10 V Vuysg N, 8.8 V Vgar, Ichg =3 A - 96.7 | - %
efficiency 10V Vuss_in, 8.8V Vaar, loyg = 4 A - |9e3| - | %
10 V Vysg iN. 8.8V Vpar, IcHg =5 A - | 956 ]| - %
12V Vysg N 8.8 V Vgar, Ichg =3 A - 1962 | - %
12V Vysg N 8.8 V Vear, IcHg =4 A - | 957 | - %
12V Vysg N, 8.8 V Vgar, IcHg =5 A - 949 | - %
15V Vysg iN: 8.8V Viar, IcHg =3 A - |960]| - %
15V Vysg N 8.8 V Vgar, Ichg =4 A - | 954 | - %
15V Vysg iN.8.8 V Vgar, IcHg =5 A - | 947 | - %
20V Vysg IN: 8.8V Vear, Ichg =3 A - |960]| - %
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Table 3-10 Buck regulator specifications (cont.)

Symbol Parameter

Conditions Min | Typ | Max | Units
20V Vysg IN.8.8 V VaT, IcHg =4 A - 1952 | - %
20V Vysg N, 8.8 V Vgar, Iche =5 A - | 944 | - %

3.5.4 Div2 charge pump specifications

Table 3-11 Div2 charge pump specifications

Symbol Parameter Conditions Min | Typ | Max | Unit
3LBk — D2CP mode transition
Vems win_Hi | Combo WIN_HIGH comparator Programable threshold: 250 | 300 | 350 | mV
(Vmin/2 vs. Vpy) Vmin/2 - Vpy = 300 | 350 | 400 | mV
350 | 400 | 450 | mV
400 | 450 | 500 | mV
Hysteresis - 50 - mV
Deglitch, Vyp/2 - Vpy > - 100 - us
VemB WIN_HI ~ 200 - | ps
- | 400 | - us
- 800 - us
Deglitch, Vyp/2 - Vpy < - 0.1 - ms
Veme_wiN_HI - VHysT ~ 105 | = [ ms
- 1 - ms
- 10 - ms
Vems_win_Lo | Combo WIN_LOW comparator Programable threshold: - |-100| - mV
(Vmin/2 - Vpr) Vmip/2 - Vpy = - |50 | = | mV
- 30 - | mV
- 60 - | mVv
Accuracy -25 +25 | mV
Hysteresis - 15 - mV
Deglitch, Vyip/2 - Vpy < - 100 - us
Vems_wIN_LO ~ 1200 = | us
- 400 - us
- | 800 | - us
Deglitch, Vyip/2 - Vpy > - 0.1 - ms
Vems win_Lo + VhysT “Tos5 1 - |'ms
- 1 - ms
- 10 - ms
Div2 operation
DCpocp Div2 CP Duty Cycle - 50 - %
QPH1 2:1 charging efficiency IOUT=2A - | 957 | - %
IOUT=3A - | 95.0]| - %
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Table 3-11 Div2 charge pump specifications (cont.)
Symbol Parameter Conditions Min | Typ | Max | Unit
UEEFLY, VARS and VDS favor VBATY - |1OUT=4A - [o40] - | %
IOUT=5A - | 93.0]| - %
QPH2 4:2 charging efficiency IOUT=2A - 1967 | - %
Vuse IN=~18V, 8.8V Vgaro, 800 kHz Fg,, 3% | |OUT =3 A - |96 | - %
22 yF CFLY, VARB and VDD5 favor VBAT1
IOUT=4A - |92 | - %
IOUT=5A - | 956 | - %
3.5.5 Reverse boost specifications
Table 3-12 Reverse boost regulator specifications
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
PWM boost regulator
VouT BST USB Boost regulator output Range 1: [4.8 V:100 mV:5.2 V] 4.8 5.0 5.5 \%
o voltage Range 2: [5.25 V:50 mV:5.5 V]
Accuracy All settings -2 - 2 %
VouT BST WLS Boost regulator output Range 1: [4.8 V:100 mV:5.2 V] 4.8 5.0 12 \%
o voltage Range 2: [5.25 V:50 mV:10 V]
Range 3: [10.1 V:100 mV:12 V]
Accuracy All settings -2 - 2 %
lout BsT Boost output current rating VpH1>2.5V,Voyr gsT=5V 2 - - A
Vprt > 3.0V, Voyut gsT=5V 25 - - A
Vpr1 > 3.6V, Voyr BsT=5V 3 - - A
Vpr1 > 3.0V, Vout gsT=7.5V 1.6 - - A
Vprt > 3.8V, Vout gsT=12V 1 - - A
Vgar2 > 6.0V, Voyr st =12V 1 - - A
Reverse boost soft-start
USB reverse boost soft-start | Vysg v <LT_VT 130 | 250 390 mA
current level 1V <Vysg <36V 370 | 500 | 750 | mA
3.6V<Vysg n<49V 500 | 750 | 1100 | mA
USB reverse boost start-up Vuss_n above Vour gst setting - - +500 | mV
overshoot
WLS reverse boost soft-start | Vyy g n<5.5V - - 1/300 | Vius
rate Virs v > 55V — | = | 1300 Vs
WLS reverse boost start-up Vwis_in above Voyr st setting - — +250 | mV
overshoot
Reverse boost OCP
louT BST OCP Steady-state boost output Programmable ranges: 1.0 | 1125 | 1.25 A
o current imit = [1.0A:250 mA: 2.0 A] 125 |1875| 15 | A
= [2.5 A: 500 mA: 3.5 A] 15 | 1625 | 1.75 A
175 | 1.875| 2.0 A
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Table 3-12 Reverse boost regulator specifications (cont.)

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
20 | 225 25 A
25 | 275 3.0 A
3.0 | 3.25 3.5 A
3.5 | 3.75 4.0 A
TeoosT ocp_ReTRy | Number of boost restart IzoosT > IBoosT LM - - 3 -
attempts
Fsw_BoosT Boost switching frequency Eight programmable settings 480 - 1600 | kHz
range
Boost switching frequency T=0°Cto+70°C -6 - 6 %
accuracy
Vp.p_BOOST PWM PWM boost output ripple Note 1, 1 A load, Vgarq = 4.0 V, PWM - 50 100 mV
mode, Fsy = 0.8 MHz
Vp.p_BOOST PSM PSM boost output ripple Note 1, no load, Vgat1 = 4.0V, pulse skip - 50 100 mV
mode; deep skip mode enabled
VDlP_BST_USB VOUT_BST_USB dlp due to Note 1, VBATT =4.0 V, VUSB_lN =50 V, -500 - - mV
positive load transient FSW = 0.8 MHz, IBOOST_LIM =15A, lLOAD
0.1Ato1.5Ain 0.3 Alus
Note 1, VBATT =40V, VUSB_lN =50V, -600 - - mV
Fsw = 0.8 MHz, IgoosT Lim = 3.0 A, IL.oap
3.0At00.1Ain 0.3 Alus
VsPIKE_BST USB Vour BsT uss dip due to Note 1, Vearr =4.0 V, Vysg n=5.0V, - - +500 | mV
negative load transient Fsw = 0.8 MHz, Igoost Lim = 1.5 A, ILoaD
1.5A1t00.1Ain 0.3 Alus
Note 1, Vearr =4.0V, Vysg n=5.0V, - - +600 | mV
Fsw = 0.8 MHz, Igoost 1Lim = 3.0 A, ILoaD
3.0At00.1Ain 0.3 Alus
Vbip_BsT wLs Vout st wLs dip due to Note 1, Vearr =4.0 V, Vs IN=7.5V, -200 | - - mvV
positive load transient Fsw = 0.8 MHz, Cyys sns = 25 WF,
IBOOST_LIM =15A, ILOAD 0.1Ato1Ain
0 us
lLoap 0.1Ato 1 Ain 10 ps -500 - - mV
Note 1, VBATT =40V, VWLS_IN =10V, -200 - - mV
FSW =1.2 MHZ, CWLS_SNS =25 UF,
Cwmip_cHe = 10 pF, IgoosT Lim = 1.5 A,
ILOAD 0.1Ato1Ain 100 VS
lLoan 0.1 Ato1 Ain 10 ps -700 - - mV
VsPIKE_BST_WLS Vout_ssT wis spike due to Note 1, Vearr =4.0V, Vs N=7.5V, - - | +200 | mV
negative load transient Fsw = 0.8 MHz, Cyys sns = 25 WF,
IBOOST_LIM =15A, ILOAD 1At00.1Ain
0 us
ILOAD 1Ato0.1Ain10 us - - +500 mV
Note 1, VBATT =40V, VWLS_IN =10V, - - +200 mV
Fsw=1.2 MHz, Cyws sns = 25 pF,
Cwmip_cHe = 10 pF, IgoosT Lim = 1.5 A,
ILOAD 1At00.1Ain 100 VS
lLoap 1At0 0.1 Ain 10 s - - +700 | mV
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Table 3-12 Reverse boost regulator specifications (cont.)

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Boost VOUT (VUSB/WLS_lN) VUSB_IN =50Vor VWLS_IN =7.5/10/12 V, — - 250 mV
variation due to positive line | lysgwLs =1 A, Vear ceLL = 3.5 V/4.0/4.5
transient V, battery ESR = 100 mQ,

Isy3=4A—>0Ain 1 Alus,
Boost VOUT (VUSB/WLS_IN) VUSB_IN =5.0Vor VWLS_IN =7.5/10112V, -250 - - mV
variation due to negative line | lysgws = 1A,
transient Vear ceLL = 3.5 V/4.0/4.5 V, battery ESR
=100 mQ,
Isys=0A—>4Ain 1 Alus
lDD_BOOST Boost Supply current VBATT =40V, VBOOST =50V, PFM, - 2.0 2.5 mA
OTG Mode, No load, Type-C disabled,
VARB and VDDS5 favor Vgar1
VBATT =40V, VBOOST =50V, PFM, - 2.2 2.7 mA
Type-C source mode, Rp-1.5 A pull-up
(180 pA) enabled
VBATT =40V, VBOOST =50V, PFM, - 24 2.9 mA
Type-C source mode, Rp-3 A pull-up
(330 pA) enabled
Eﬁ_BOOST_PWM Boost efficiency in PWM VBAT1 =40V, VUSB_IN =5.0V, PWM - 94.9 - %
mode mode, Fsy = 0.8 MHz,
1.0 A load
2.0 A load - 94.3 - %
3.0 A load - 92.8 - %
VBAT1 =4.0 V, VWLS_IN =75 V, PWM - 90.0 - %
mode, Fsy = 1.2 MHz, 1.0 A load
VBAT1 =40V, VWLS IN~= 10V, PWM - 89.5 - %
mode, Fgw = 1.2 MHz, 1.0 A load
From VBAT2 =8.0 V, VWLS_IN =10 V, PWM — 87.3 - %
mode, FSW = 0.8 MHz, 1.0 A load
From VBAT2 =8.0 V, VWLS IN = 12 V, PWM - 924 - %
mode, Fgyw = 0.8 MHz, 1.0 A load
Eﬂ_BOOST_PFM Boost efficiency in PFM Note 1, VBATT =40V, VUSB_IN =50V, - 82 - %
mode PFM mode, 10 mA load
3.5.6 Full-Duty charge specifications
Table 3-13 Full-Duty charge specifications
Symbol Parameter Conditions Min | Typ | Max | Unit
Full-Duty Charge (FDC) via QPH1 path
RPATH_FDC_QPH1 FDC path impedance From USB OVP to VBAT1_PWR - 63 - mQ
DCFDCiQPH1 Buck duty cycle during FDC VUSBfIN =35V~45YV, — - 100 %
VBAT1_PWR =35V~45YV,
Full-Duty Charge (FDC) via QPH2 path
ReaTh_Foc_apiiz | FDC path impedance From USB OVP to Vgtz pwr | - |s0| - [ ma
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Table 3-13 Full-Duty charge specifications (cont.)

Symbol Parameter Conditions Min | Typ | Max | Unit
DCFDC_QPHZ Buck dUty cycle during FDC VUSB_lN =7V~9 V, — - 100 %
Vear2 pwr =7V ~9V,;
Factory VBUS-to-VPH Pass-Through Normal Power Mode (FVPT NPM)
IDD_FVPT_NPM Charger IUSB during USB-to-VPH 3.0V<VBAT <45 V, — 4.5 5.0 mA
pass-through mode in NPM VBAT < VBUS < VBAT+0.8 V, VBUS <4.8 V,
T=25°C
T=0°Cto+70°C - - - -
3.0V<VBAT <3.8YV, - | 55| 6.0 | mA
VBAT+1V <VBUS <48V, T=25°C
T=0°Cto+70°C - - - -
Factory VPT Low Power Mode (FVPT LPM)
RON_QFVPT Factory VPT FET (Qpypt) from 3.0V<VBAT_PWR <45V - 80 | 100 Q
USB_SNS to VPH1_PWR 3.0V<VUSB SNS<45V
Pin-to-pin; T = 15°C to 35°C
IDD_FVPT_LPM Charger IUSB during USB-to-VPH 3.0V<VBAT <45 V, — 30 60 “A
pass-through mode in LPM VBAT < VBUS < VBAT + 0.8 V, T = 25°C
3.5.7 Battery interface specifications
Table 3-14 Battery interface specifications
Symbol Parameter Conditions Min Typ Max Unit
QBAT
RpsoN_aBaT QBAT on-resistance Battery FET (5 V) from VPH_PWR to - 5.0 6.6 mQ
VBAT_PWR ball-to-ball resistance
IsF pC Maximum continuous DC Battery discharging - - 12 A
QBAT current
IsF_PEAK Peak QBAT current Battery discharging, max 10 ms - - 14 A
l.kG vBAT sns p | Leakage current into PMIC off, VBAT_SNS_P =25V, - - 1 mA
~ 7 | VBAT_SNS_ P VBAT_SNS_ M =0V
PMIC on, VBAT_SNS_P =2.5V-4.5V, - - 2 mA
VBAT_SNS M=0V
PMIC on, VBAT_SNS_P =5.0V-9.0 V, - - 4 mA
VBAT_SNS M=0V
QBAT soft-start
RDSON_QBAT_SS Soft-start QBAT on- - - 5 - Q
resistance
taBaT sS VPH rise time upon VBAT 100 uF ~ 500 F VPH_PWR capacitance; 0.25 - 10 ms
insertion VBAT -VPH<1V;VBAT =25V -45V
lQBAT sS IBAT during QBAT soft-start | 100 uF ~ 500 yF VPH_PWR capacitance; - - 15 A
measured from VBAT insertion + 50 us to
VPH = VBAT,; VBAT =25V -45V
Vagar_ss_pone | VPH1_PWR high Detects Vpy1_pwr > Veat1 pwr— 1V, - 1 - \Y
comparator Veat1 pwr =2.5V—-4.5V
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Table 3-14 Battery interface specifications (cont.)

Symbol Parameter Conditions Min Typ Max Unit
QBAT fast-on
TaBAT FAST ON Charger to battery switch- From V) drop below Vo to QBAT - - 10 ms
over time starts to conduct, 2 A Igyg
VeH_pip_rasT oN | VeH_pwr Voltage dip below | Vysg INn=5V, luim use = 3 A, VpH_pwr = - - 200 mV
VBaT_pwR Upon input 3.6V, Veart = 3.5V, charging disabled; 2
removal A lsys; Cgar = 10 uF, Cgys = 22 uF
RPD_VPH VPH puII—down load - 100 - Q
Battery supplemental mode (BSM)
VBSM_DET BSM detection comparator VPH1_PWR - VBAT1_F‘WR 50/100/150/200/ -600 -50 -50 mV
threshold 300/400/500/ 600 mV programmable
Accuracy - (10% - +(10%
+10 +10
mV) mV)
tesm_ENTRY BSM activation time From Vpy_pwr drop below Vggy peT to - - 5 ms
QBAT starts to conduct
VPH_DIP_BSM VpH_pWR voltage dlp below VUSB_IN =5V, lLlM_USB =500 mA, - - 200 mV
VBATfPWR upon BSM VPHfPWR =3.6 V, VBATT =35V, Charging
disabled; Vgsm_pet = -50 mV; Igys rises
from 100 mA to 3 A'in 20 ps; Cgat =
10 yF, Cgys =22 uF
IBSM_TERM_ANA Analog BSM termination Programmable range: 8 settings in 50 mA 100 200 450 mA
comparator range steps with 4.99 kQ Rsym_icHg
Programmable range: 8 settings in 60 mA 120 240 540 mA
steps w/ 422 kQ RSUM_ICHG
IBSM_TERM_ANA T=0°Cto +70°C + 10% of setting £ 50 mA
comparator accuracy
tesm_EXIT_ANA Analog BSM termination From IBAT across IBSM_TERM_ANA to - - 5 ms
time QBAT stops conducting
Izsm_TERM_DIG Digital BSM termination Programmable consecutive samples to 1 - 4 mA
IADC samples determine IBAT (into the battery)
exceeding 0 mA
tssm_EXIT DIG Digital BSM termination From IBAT (into the battery) exceeding 0 - - 50 ms
time mA to QBAT stops conducting
Battery missing detection
tsAT GONE_cHG BAT_GONE debounce time | Rising (battery removed) 38.8 40 46.4 ms
for charging ;
Falling (battery present) 1.19 1.2 1.35 s
tBAT GONE X2D2 BAT_GONE debounce time | Rising (battery removed) 38.8 40 46.4 us
- B for X2D2_EN .
- Falling: 1/5/10/20 ms programmable 1 5 20 ms
3.5.8 Miscellaneous specifications
Table 3-15 Miscellaneous specifications
Symbol Parameter Conditions Min | Typ | Max | Unit
VARB generation
VaRB VaRrg Voltage range VusemwLs sns/VusemwLs IN (@s source) = 3.0 5.5 \Y
35Vto25V -
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Table 3-15 Miscellaneous specifications (cont.)

Symbol Parameter Conditions Min | Typ | Max | Unit
Veat1_pwR (as source) =4.0V ~4.5V 3.9 - 4.4 \%
Thermal control and protection
Tche Temp | Charger temperature sensor accuracy Tche_TeEmp = 40°C to 80°C, Vyss N/ -2.0 - +20 | °C
Vwis N5V
TcHe_temp = 0°C to 150°C, Vysg v/ -3.0 - | +3.0]| °C
Vs IN= 5V
TsHDON Charger overtemperature shutdown Tpig rising, Programmable range in 5°C 145 | 155 | 160 | °C
threshold steps
Accuracy -3 - +3 °C
Hysteresis, Tpe falling 15 20 25 °C
Tremp_rst | Charger hot reset threshold Tpe rising, Programmable range in 10°C | 100 | 120 | 130 | °C
steps
Accuracy -3 - +3 °C
Hysteresis, Tpe falling 4 - 6 °C
Toie_reg_H | Charger die temperature regulation Tpie rising, ADC-based digital 40 - 100 | °C
window lower threshold comparator
Accuracy -3 - +3 °C
Toie reg L | Charger die temperature regulation Tpie falling, ADC-based digital 40 - 100 | °C
window lower threshold comparator
Accuracy -3 - +3 °C
Tuse Rec_H | USB connector temperature regulation Tconn rising, ADC-based digital 40 - 100 | °C
window upper threshold comparator
Accuracy -2 - +2 °C
Tuse Rec_L | USB connector temperature regulation Tconn falling, ADC-based digital 40 - 100 | °C
window lower threshold comparator
Accuracy -2 - +2 °C
Twis rReg_H | WLS/SKIN temperature regulation TwLs/skin rising, ADC-based digital 40 - 100 | °C
window upper threshold comparator
Accuracy -2 - +2 °C
Twis reg_L | WLS/SKIN temperature regulation Twis/skin falling, ADC-based digital 40 - 100 | °C
window lower threshold comparator
Accuracy -2 - +2 °C
Watchdog and safety timers
tctorc Pre-charge safety timer Programmable (48 min-191 min) -6 - 6 %
tctorc Complete charge safety timer Programmable (382 min-1527 min) -6 - 6 %
tcHe Ho Charger startup holdoff timer Eight programmable settings 50 | 300 | 700 | ms
Accuracy -1 - 15 %
twp_sNARL Watchdog snarl timer Programmable (1/16, 0.125, 0.25, 0.5, 1, | 1/16 - 8 s
2,4, 8)sec
Accuracy -6 - 6 %
twp_BARK Watchdog bark timer Programmable 16/32/64/128 sec 16 - 128 s
Accuracy -6 - 6 %
twp_BITE Watchdog bite timer Programmable 1/2/4/8 sec 1 - 8 s
80-33267-1 Rev. AH Confidential — Qualcomm Technologies, Inc. and/or its affiliated companies — May Contain Trade Secrets 44

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



PM8550B/PM8550BH/PM8550BHS/PM8550BHP Data Sheet

Electrical specifications

Table 3-15 Miscellaneous specifications (cont.)

Symbol Parameter Conditions Min | Typ | Max | Unit
Accuracy -6 - 6 %
Logic inputs/outputs
ViH Input logic-high threshold KPD_PWR_N 1.4 - - \%
ViL Input logic-low threshold KPD_PWR_N - - 0.6 \Y
Vou Digital output high level WLS_nEN, SYS_OK configured as 1.5 | 1.8 - \Y
CMOS push-pull output
VoL Digital output low level WLS_nEN, SYS_OK configured as - 0.1 0.3 \Y
CMOS push-pull output, or
SYS_OK configured as NMOS open-
drain output
Vou_cc_out | CC_OUT output high level CCOUT_VIO_SEL=1(1.8V) 144 | 1.8 - \Y
CCOUT_VIO_SEL=0(1.2V) 096 | 1.2 - \Y
VoL_cc_out | CC_OUT output low level CCOUT_VIO_SEL=1(1.8V) - 0 036 | V
CCOUT_VIO_SEL=0(1.2V) - 0 [024| V
RpuLL Push-pull output pull-up resistance ?Lét{)/ut configured as push-pull, VDD = - 1.27 - kQ
I EAK Leakage current on digital input KPD_PWR_N=1.8V - - 1 mA
§§$g:cP)\|/(V)R_N) or open-drain output SYS OK=18V
3.6 eUSB2 repeater
The eUSB2 repeater has to be in complete compliance with the Embedded USB2 (eUSB2) Physical Layer
Supplement to the USB Revision 2.0 Specification (latest revision), in particular with regards to the AC/DC
characteristics of the high-speed transceiver.
PM8550B/PM8550BH/PM8550BHS/PM8550BHP eUSB2 characteristics are specified in Table 3-16.
Table 3-16 eUSB2 electrical specifications
Parameter Description Min Typ Max Units
PsLeep Total sleep power - - 3.2 uW
PpoeT Detach power - - 100 pW
PLos L2 suspend power - - 150 pw
PL1S L1 sleep power - - 5 mw
PLSA Low speed active power - - 20 mw
PFSA Full speed active power - - 20 mw
Pusa High speed active power - - 88 mW
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3.7 Qualcomm battery gauge

The Qualcomm battery gauge hardware is basically an ADC scheduler that collects battery voltage, current, and

temperature data.

Table 3-17 Qualcomm battery gauge performance specifications

Parameter Min | Typ | Max | Units
Supported Qualcomm battery range Iyt range (A) -20 | - +20 | A
Typical Qualcomm battery gauge accuracy at 25°C, +1 A/-1 A battery current - +1 - %

3.8 ADC

This module contains all of the multiplexer circuitry for the PM8550B/PM8550BH/PM8550BHS/PM8550BHP device,
as well as two analog-to-digital converters (ADCs); one for voltage signals known as the VADC, and the other for
current signals known as the IADC. This module is standalone from the other modules and takes care of all analog-
to-digital needs on the PM8550B/PM8550BH/PM8550BHS/PM8550BHP device for the charger module, battery
interface module, the Qualcomm battery gauge module, GPIOs, and battery current limiting (BCL). The below tables
are valid for the temperature range of -20°C to 70°C.

Table 3-18 Analog multiplexer and scaling functions

Channel Channel o ] Internal
number number Description Source Scaling Input range (V)
(hex) (dec) pull-up

0 0 GND_REF Pin: GND_MBG 1M Open 0to 1.875
1 1 1P25VREF Pin: REF_BYP 1M Open 0to 1.875
2 2 VREF_VADC Internal: VREF_VADC 1M Open 0to 1.875
3 3 DIE_TEMP Internal: DIE_TEMP 11 Open 010 1.875
4 4 AMUX_THMA1 Pin: BATT_THERM 1M Open 0to 1.875
5 5 AMUX_THM2 Pin: BATT_ID 1M Open 0to 1.875
6 6 AMUX_THM3 Pin: SMB_TEMP 1M Open 0to 1.875
7 7 AMUX_THM4 Pin: USB_THERM 17 Open 010 1.875
8 8 AMUX_THM5 Pin: OPTION 1M Open 0to 1.875
9 9 AMUX_THM6 Pin: GPIO_10 1M Open 0to 1.875
A 10 AMUX1_GPIO Pin: GPIO_01 1M Open 0to 1.875
B 1 AMUX2_GPIO Pin: GPIO_05 17 Open 010 1.875
C 12 AMUX3_GPIO Pin: GPIO_06 1M Open 0to 1.875
D 13 AMUX4_GPIO Pin: GPIO_12 1M Open 0to 1.875
8E 142 VPH_PWR Pin: VPH_PWR_1 1/3 Open Oto5

8F 143 VBAT_SNS_QBG Pin: VBATT_SNS_P (with | 1/3 for 1S Open 1S:0to 5

QBG GND) 1/6 for 25 25:0109.6

10 16 CHG_TEMP Pin: CHG_TEMP 1M Open 0to 1.875
11 17 USB_SNS_V/16 Pin: USB_IN 1/16 Open Oto 25

12 18 VIN_DIV16_MUX Pin: WLS_IN 1/16 Open O0to 25

13 19 USBC_MUX gigl:JgCLID, CC2, SBU1, 1M Open 0to 1.875
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Table 3-18 Analog multiplexer and scaling functions (cont.)

Channel Channel o ] Internal
number number Description Source Scaling Input range (V)
(hex) (dec) pull-up
94 148 VBAT_SNS_CHGR Pin: VBATT_SNS_P (with 1/3 for 1S Open 1S:0to 5
CHGR GND) 1/6 for 25 25:0109.6
15 21 VREF_BAT_THERM Internal: ADC 1.875V pull 11 Open 0to 1.875
up referenced to
BATT_THERM GND
96 150 VBAT_2S_MID_QBG | Pin: VBAT_2S_MID 1/3 Open Oto5
17 23 IIN_FB Pin: IIN_FB 11 Open 0to 1.875
24 36 AMUX_THM1 Pin: BATT_THERM 11 30K 0to 1.875
25 37 AMUX_THM2 Pin: BATT_ID 11 30K 0to 1.875
26 38 AMUX_THM3 Pin: SMB_TEMP 11 30K 0to 1.875
27 39 AMUX_THM4 Pin: USB_THERM 11 30K 0to 1.875
28 40 AMUX_THM5 Pin: OPTION 11 30K 0to 1.875
29 41 AMUX_THM6 Pin: GPIO_10 11 30K 0to 1.875
2A 42 AMUX1_GPIO Pin: GPIO_01 11 30K 0to 1.875
2B 43 AMUX2_GPIO Pin: GPIO_05 11 30K 0to 1.875
2C 44 AMUX3_GPIO Pin: GPIO_06 11 30K 0to 1.875
2D 45 AMUX4_GPIO Pin: GPIO_12 11 30K 0to 1.875
33 51 USBC_MUX Pin: CC1_ID, CC2, SBU1, 11 30K 0to 1.875
SBU2
44 68 AMUX_THM1 Pin: BATT_THERM 11 100K 0to 1.875
45 69 AMUX_THM2 Pin: BATT_ID 11 100K 0to 1.875
46 70 AMUX_THM3 Pin: SMB_TEMP 11 100K 0to 1.875
47 71 AMUX_THM4 Pin: USB_THERM 11 100K 0to 1.875
48 72 AMUX_THM5 Pin: OPTION 11 100K 0to 1.875
49 73 AMUX_THM6 Pin: GPIO_10 11 100K 0to 1.875
4A 74 AMUX1_GPIO Pin: GPIO_01 11 100K 0to 1.875
4B 75 AMUX2_GPIO Pin: GPIO_05 11 100K 0to 1.875
4C 76 AMUX3_GPIO Pin: GPIO_06 11 100K 0to 1.875
4D 77 AMUX4_GPIO Pin: GPIO_12 11 100K 0to 1.875
53 83 USBC_MUX Pin: CC1_ID, CC2, SBU1, 11 100K 0to 1.875
SBU2
64 100 AMUX_THM1 Pin: BATT_THERM 11 400K 0to 1.875
65 101 AMUX_THM2 Pin: BATT_ID 11 400K 0to 1.875
66 102 AMUX_THM3 Pin: SMB_TEMP 11 400K 0to 1.875
67 103 AMUX_THM4 Pin: USB_THERM 11 400K 0to 1.875
68 104 AMUX_THM5 Pin: OPTION 11 400K 0to 1.875
69 105 AMUX_THM6 Pin: GPIO_10 11 400K 0to 1.875
6A 106 AMUX1_GPIO Pin: GPIO_01 11 400K 0to 1.875
6B 107 AMUX2_GPIO Pin: GPIO_05 11 400K 0to 1.875
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Table 3-18 Analog multiplexer and scaling functions (cont.)

Channel Channel Internal
number number Description Source Scaling ull-u Input range (V)
(hex) (dec) P P
6C 108 AMUX3_GPIO Pin: GPIO_06 11 400K 0to 1.875
6D 109 AMUX4_GPIO Pin: GPIO_12 11 400K 0to 1.875
73 115 USBC_MUX Pin: CC1_ID, CC2, SBU1, 11 400K 0to 1.875
SBU2
8A 138 AMUX1_GPIO Pin: GPIO_01 1/3 Open Oto5
8B 139 AMUX2_GPIO Pin: GPIO_05 1/3 Open Oto5
8C 140 AMUX3_GPIO Pin: GPIO_06 1/3 Open Oto5
8D 141 AMUX4_GPIO Pin: GPIO_12 1/3 Open Oto5
8E 142 VPH_PWR Pin: VPH_PWR _1 1/3 Open Oto5
8F 143 VBAT_SNS_QBG Pin: VBATT_SNS_P (with 1/3 for 1S Open 1S:0to 5
QBG GND) .
1/6 for 2S 2S:0t0 9.6
94 148 VBAT_SNS CHGR Pin: VBATT_SNS_P (with 1/3 for 1S Open 1S:0to 5
CHGR GND) 1/6 for 2S 2S:0109.6
96 150 VBAT_2S_MID_QBG Pin: VBATT_2S_MID (with 1/3 Open Oto5
QBG GND)
9D 157 VBAT_2S_MID_CHGR | Pin: VBAT_2S_MID (with 1/3 Open Oto5
QBG GND)
Table 3-19 ADC electrical specifications
Specification Test condition Lower Typical Upper Units
P limit value limit
1/1 channel end-to-end gain Absolute calibration data result, -40°C to 85°C, -0.5 - 0.5 %
error for absolute calibration VBAT =25V 10525V, input=0.0Vto 1.8V
1/1 channel end-to-end offset | Absolute calibration data,-40°C to 85°C, VBAT -2 +/-0.5 2 mV
error for absolute calibration =25V1t05.25V,input=00Vto1.8V
1/1 channel end-to-end Ratio-metric calibration data result for ratio -0.6 0.3 0.6 %
accuracy with internal pull-up | (reported ratio will be within specified tolerance
and ratio-metric calibration of actual ratio, where ratio error % = measured
ratio% - actual ratio %), -40 to 85°C, VBAT =
25Vto525V
1/3 channel end-to-end Calibrated data result, -40°C to 85°C, VBAT = -0.45 - 0.45 %
accuracy 25V1t0525V,input=0.5V1t05.25V
1/3 channel end-to-end Calibrated data result, 25°C, VBAT = 2.5V to -0.2 - 0.2 %
accuracy on VBAT_SNS to 5.25V, VBAT_SNS and PACK_SNS pins with
PACK_SNS Inputs +200 mV of offset relative to the SYS_GND
1/3 channel end-to-end Calibrated data result, -40°C to 85°C, VBAT = -0.3 — 0.3 %
accuracy on VBAT_SNS to 2.5V t05.25V, VBAT_SNS and PACK_SNS
PACK_SNS Inputs pins with 200 mV of offset relative to the
SYS_GND
1/6 channel end-to-end Calibrated data result, -40°C to 85°C, VBAT =5 -0.3 - 0.3 %
accuracy on VBAT_SNS to V to 10.5V, VBAT_SNS and PACK_SNS pins
PACK_SNS Inputs with £200 mV of offset relative to the
SYS_GND
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Table 3-19 ADC electrical specifications (cont.)

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

g s . Lower Typical Upper .
Specification Test condition limit value limit Units
ADC resolution (LSB) for 1/1 channel - 64.879 - [\
absolute measurement Scaled to 1/3 channel - 194.637 - uv
Scaled to 1/6 channel - 389.274 - [\
ADC resolution (LSB) for ratio | 1/1 channel, ratiometric calibration - result is a - 0.006104 - %
measurement 14 bit ratio from 0% (0x0000) to 100%
(0x4000)
ADC LDO voltage 1.828 1.875 1.922 Y
ADC sample clock - 4.8 - MHz
ADC conversion time 1K decimation ratio, 4.8 MHz sample clock, — 654 700 us
SINC2 conversion, clock dithering not enabled
Current consumption — ADC VADC active — does not include other PMIC - 450 500 MA
only infrastructure
Current consumption — ADC VADC, MBG and ADC clock source active - 1000 1500 MA
and required infrastructure
hardware
100K pull-up Trimmed value 99.5 100 100.5 kQ
400K pull-up Trimmed value 398 400 402 kQ
30K pull-up Trimmed value 29.7 30 30.3 kQ
Pull-up temperature -150 - 150 ppm/°®
coefficient C
Pull-up aging Value change over time and temperature -0.5 - 0.5 %
cycling
1/1 channel AMUX input 10 - - MQ
resistance
1/3 and 1/6 channel AMUX 1 - - MQ
input resistance
Leakage current — All pins With Vbatt and aVdd present, apply 1.8 V to - — 10 nA
using internal pull-up resistors | pin and monitor current, -40°C to 85°C, VBAT =
25Vto525V
Balancing FET resistance Rdson for both cell balancing FETSs, -40°C to 10 20 30 Q
(only in ADC_BG AHM) 85°C, VBAT = 6.8 V to 10 V, with mid-node at
34Vto5V
Table 3-20 Internal current sensing specifications
Parameter Conditions Min Typical Max Unit
Battery current sensing range VBAT =25V 1t0525V -12 - 12 A
T =-40°C to 85°C
Battery current sensing offset VBAT =25V 1t05.25V -15 - +15 mA
IBAT=0Ato85A
T =-40°C to 85°C
Battery current gain error VBAT =25V t05.25V -5 - 5% %
IBAT =-12Ato 12 A
T =-40°C to 85°C
ADC LSB - 366.22 - uA
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Table 3-20 Internal current sensing specifications (cont.)
Parameter Conditions Min Typical Max Unit
Current sensing noise VBAT =25V t05.25V - - 20 mA
IBAT =-12 Ato 12 A
T =-40°C to 85°C
Table 3-21 External current sensing specifications
Parameter Conditions Min | Typical | Max | Unit
Battery current sensing range | VBAT =25V 10 5.25V -12 - 12 A
T =-40°C to 85°C
Battery current sensing offset | VBAT =25V 105.25V -6 - 6 mA
(5 mQ sense resistor) IBAT =-12 Ato 12 A
T = -40°C to 85°C
Offset auto calibration enabled
Battery current relative error | VBAT =25V t05.25V -1 - 1 %
(5 mQ sense resistor) IBAT=-12 Ato 12 A
T = -40°C to 85°C
ADC LSB - | 366.22 | — HA
Sense resistor value @ Sensing range programmable 1 2 5 mQ
Sense resistor accuracy This is recommended accuracy. Sense resistor error in not - 0.50 1 %
included in the prior error specifications and will directly add to
the stated numbers.
Current sensing noise VBAT =25V t05.25V,IBAT=-12Ato 12 A, T =-40°C to 85°C - - -
1 mQ sense resistor - 20 - | mA
2 mQ sense resistor - 10 - mA
5 mQ sense resistor - 5 - mA
a8 See Table 3-22
Table 3-22 Option pin (124) configuration
Pull down value Configuration
OPEN Internal sense
~432 kQ Internal sense with charger disabled
~221 kQ 2 x 5 mQ external sensing
~127 kQ 2 x 2 mQ external sensing
~78.7 kQ 2 x 1 mQ external sensing
~45.2 kQ 1 x 5 mQ external sensing
~23.2kQ 1 x 2 mQ external sensing
GND 1 x 1 mQ external sensing
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Table 3-23 BAT_THERM range and accuracy

Parameter Minimum value Ideal value Maximum value
Thermistor value 10 KB =4250 100 K, B = 4250 100 K, B = 4250
Internal pull-up value 30K 100 K 100 K
Maximum error 1.0°C 0.9°C 0.9°C

Table 3-24 BAT_ID range and accuracy

Parameter Minimum value Ideal value Maximum value
BAT_ID value 1K 100 K 450 K
Internal pull-up value 100 K 100 K 100 K
Maximum error 9% 0.7% 0.5%
Table 3-25 Temperature measurement specifications
Specification Test condition Lower | Typical Upper Units
p limit value limit
Temperature reading error using 100 K, Ratiometric calibration data (0°C to -1.0 - 1.0 °C
1%, 4250 K beta thermistor, and 100 K 50°C), VBAT = 2.5V t0 5.25V, IBAT =
pull-up 0A
Ratiometric calibration data (-20°C to -1.5 - 1.5 °C
70°C), VBAT = 2.5V t0 5.25V, IBAT =
0A
Temperature reading error using 10 K to Ratiometric calibration data (0°C to -2.0 - 2.0 °C
100 K, 1%, 4250 K beta thermistor, and 30 | 50°C), VBAT = 2.5V t0 5.25V, IBAT =
K pull-up (not available with ADC_TINY) 0A
Ratiometric calibration data (-20°C to -3.0 - 3.0 °C
70°C), VBAT = 2.5V t0 5.25V, IBAT =
0A
Temperature reading error using 10 K to Ratiometric calibration data (0°C to -3.0 - 3.0 °C
100 K, 1%, 4250 K beta thermistor, and 50°C), VBAT =25V 10 5.25V, IBAT =
100 K pull-up 0A
Ratiometric calibration data (-20°C to -5.0 - 5.0 °C
70°C), VBAT = 2.5V t0 5.25V, IBAT =
0A

3.9 Battery current limiting (BCL)

BCL is a feature that supports system-wide mitigation based on high battery current or low battery voltage
conditions. BCL on the PM8550B/PM8550BH/PM8550BHS/PM8550BHP device uses the ADC module, dedicated
hardware comparators, and signals from other hardware modules to trigger mitigation levels that are then relayed to
the system to ensure mitigation is done when needed. This aids in preventing brownouts, UVLO, or OCP conditions
that will cause abrupt hardware shutdowns.

Table 3-26 BCL specifications

Parameter Min Typ Max Unit
Comparator accuracy -50 - 50 mV
Comparator hysteresis low1/2 comparators - 1% of Vinreshold - \%
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Table 3-26 BCL specifications (cont.)

Parameter Min Typ Max Unit
| (Vbat) (per AHM)
Active - 4 - MA
Off - 0.01 - MA
| (avdd) (per AHM)
Active - 10 - MA
Off - 0.01 - uA
Current monitoring range 0.094 - 12 A
Current monitoring accuracy (ADC accuracy) -5% (internal) - 5%(internal) %
VBAT =3.0Vto4.75V -1% (external) -1% (external) %
IBAT=5At085A
T=0to 70°C

3.10 Haptics

Haptics uses vibration to communicate an event or action through human touch. In a mobile phone, haptics are used
to simulate the feeling of a real mechanical key by providing tactile feedback to the user as confirmation of
touchscreen contact, or dynamic feedback to enhance gaming experiences. Electrical specifications are listed in

Table 3-27.

Unless otherwise specified, test conditions assume that VHPWR = 3.8 V, T =-30°C to +85°C.

Table 3-27 Haptics driver electrical specifications

Symbol Parameter Condition Min | Typ | Max | Unit
V_HPWR_DC H-bridge driver input supply average 50 | - 106 | V
DC voltage applied at HPWR
V_HPWR_TRAN | H-bridge driver input supply voltage Applied for < ms 2 - 13 \%
applied at HYDD
VHOUT_AVG Differential output drive voltage VHPWR =10.6 V, No load 0 - 10.2 \%
averaged over one PWM cycle.

ILIM Cycle-by-cycle output current limit Programmable: 1, 1.5, 2 A - 1.5 - A
IHVDD Module operating current Switching, Ihoyut =0, HPWR = 10.5 - 4 5 mA
\%

Switching, lyoyt =0, HPWR =5V - | 25 3 mA
IQ_SHD Module shutdown current TA < 60°C, HPWR =VPH <48V - 1 - A
(boost disabled
TA < 60°C, HPWR > VPH (boost - 2 - MA
enabled- retention mode)
RDSON ON resistance of high side switch VHPWR >5V - | 225 - mQ
ON resistance of low side switch - | 105 - mQ
FPWM Internal PWM frequency Programmable 150 | — | 1200 | kHz
AFPWM Internal PWM frequency inaccuracy -6 - 6 %
TLRA Open loop LRA drive programmable Programmable 75 — [ 1000 | Hz
frequency
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Table 3-28 PM8550B 5 V Haptics boost electrical specifications
Symbol Parameter Condition Min | Typ | Max Unit
VIN_dc DC input voltage range at Full parametric compliance 2.5 - 5.0 \%
VPH_PWR
- Reduced specifications (See lout) 215 | - - \Y
VIN_trans | Transient input voltage range at Bounded by UVLO and max battery 2 - 5.25 \Y
VPH_PWR voltage. Transient < 1 ms
Vout - 5 - \%
lout Output current (continuous), 2.2 Vout=5V,VPH>4.2V - - 1650 mA
pH inductor, 3 A current limit Vout=5V, 3.8V <VPH <42V ~ ~ 1450 A
Vout=5V,34V<VPH<38V - - 11250 mA
Vout=5V,3.0V<VPH<34V - - | 1100 mA
Vout=5V,25V<VPH<3.0V - - 850 mA
Extend operational output current | Vout=5V,2.15V <Vin<25V,T= - 750 - mA
range 25°C
Ipk_limit Peak inductor current limit - 3 - A
Fsw Switching frequency - 0.8 - MHz
L Inductor value Derated at DC bias current at Isat 154 | - - uH
Cout_min | Output capacitance (derated) Derated for temp, voltage, aging. Typical 7.5 - - uF
BOM =6 x 4.7 uyF 0402
Vout_acc | VOUTDC accuracy Across temp and voltage -2 - 2 %
R_dson, p | High side PFET Rds, on - 110 - mQ
R _dson, n | Low side NFET Rds, on — 60 - mQ
lout Output current (continuous) 2.2 yH | Vout=5V, VPH >4.2V 1650 mA
inductor, 3 A current limit
IQ_SHD Module shutdown current VPH=25V1t04.8V - 0.4 - pA
IQ_stby No load ground current VPH = 3.8V, no load, low power - - 7.5 HA
retention mode
VPH = 3.8 V, no load, fast recovery - - 30 A
retention
IQ_BST Module operating current VPH = 3.8 V, switching, no load, active - - 1.8 mA
pulse skip enabled,
VOUT =5V
T _startup | Start up time Soft start. VPH =3.8 V to VREG_BST = 190 V&
5V
Vout ripple | Steady state ripple Not in PSM. Load is within lout_max - - 150 | mV_pk pk
limits
Steady state ripple in PSM PSM operation. VIN=5V, Vout=5V - - 400 | mV_pk pk
operation
Table 3-29 PM8550BH/BHS/BHP 10 V Haptics boost electrical specifications
Symbol Parameter Condition Min | Typ | Max Unit
VIN_dc DC input voltage range at Full parametric compliance 2.5 — 5.0 V
VPH_PWR e
- Reduced specifications (See lout) 2.15 - - \%
VIN_trans Transient input voltage Bounded by UVLO and max battery 2 - 5.25 V
range at VPH_PWR voltage. Transient <1 ms
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Table 3-29 PM8550BH/BHS/BHP 10 V Haptics boost electrical specifications (cont.)

Symbol Parameter Condition Min | Typ | Max Unit
Vout_prgm Programmable output Programmable with 50 mV steps 5 - 10 \
voltage range
lout (VOUT =10 Qutput current (continuous), | Vout=10V, VPH >42V - - 1050 mA
v) b inductor, 44 Acurrent 'y 40V, 3.8V <VPH<42V - | - |90 | mA
Vout=10V,3.4V<VPH<38V - - 800 mA
Vout=10V,3.0V<VPH<34V - - 650 mA
Vout=10V,25V<VPH<3.0V - - 450 mA
Extend operational output Vout=10V,2.15V<VPH<25V,T= - 300 - mA
current range 25°C
lout (VOUT =5 Output current (continuous), | Vout=5V, VPH>4.2V - - 2400 mA
V) 1 b inductor, 44 Acurrent 'y 5V, 3.8V <VPH<42V - | - |2100] mA
Vout=5V,3.4V<VPH<38V - - 1700 mA
Vout=5V,3.0V<VPH<34V - - 1550 mA
Vout=5V,25V<VPH<3.0V - - 1150 mA
Extend operational output Vout=5V,215V<VPH<25V, T= - 850 - mA
current range 25°C
lout (VOUT =5, Outpgt current (continuous), | Vout=5V,VPH>42V - - 2200 mA
Settings) Hirinduetor, 4.4 Acurrent 'y 5V, 38V <VPH<42V ~ | = T1s00| ma
Vout=5V,34V<VPH<38V - - 1600 mA
Vout=5V,3.0V<VPH<34V - - 1500 mA
Vout=5V,25V<VPH<3.0V - - 1150 mA
Extend operational output Vout=5V,2.15V<VPH<25V, T= - 1000 - mA
current range 25°C
Ipk_limit Peak inductor current limit - 4.4 - A
Ipk_limit_acc -10 - 10 %
Fsw Switching frequency - 3.2 - MHz
L Inductor value Derated at DC bias current at Isat 0.7 - - uH
Cout_min Output capacitance Derated for temp, voltage, aging. Vout = 3 - - uF
(derated) 10 V. Typical BOM =6 x 4.7 yF 0402
Vout_acc VOUT DC accuracy Across temp and voltage -2 - 2 %
R_dson, p High side PFET Rds, on - 100 - mQ
R _dson, n Low side NFET Rds, on - 50 - mQ
IQ_SHD Module shutdown current VPH=38V, T=25°C - 0.4 - MA
I1Q_stby No load ground current VPH = 3.8 V, no load, low power - - 10 MA
retention mode, RM_VSET =75V
VPH = 3.8V, no load, fast recovery - - 40 WA
retention, RM_VSET =75V
IQ_BST Module operating current VPH = 3.8V, switching, no load, active - 3 4.5 mA
pulse skip enabled,
VOUT =10V
T_startup Start up time Fast recovery retention mode voltage = - 220 - us
7.5V transition to 10 V, Active
Mode vreg_ready
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Table 3-29 PM8550BH/BHS/BHP 10 V Haptics boost electrical specifications (cont.)

Symbol Parameter Condition Min | Typ | Max Unit
LPRM retention mode voltage = 7.5V - 250 - us
transition to 10 V, Active
Mode vreg_ready
Soft start. VPH = 3.8 V to VREG_BST = - 250 - us
10V

Vout ripple Steady state ripple Load is within lout_max limits. Vout = 10 - - 120 mV_pk
\% pk
Steady state ripple in PSM VIN=5V, Vout=10V - - 200 mV_pk
operation pk
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4 Mechanical information

4.1 Device physical dimensions

The PM8550B/PM8550BH/PM8550BHS/PM8550BHP is available in the 168-pin fan-out wafer-level nanoscale
package that includes ground pins for improved grounding, mechanical strength, and thermal continuity. The
FOWNSP168 has a 5.79 mm x 4.85 mm body with a maximum height of 0.57 mm. Pin 1 is located by an indicator

mark on the top of the package and by the ball pattern when viewed from below. A simplified version of the
FOWNSP168 outline drawing is shown in Figure 4-1.

NOTE Click the following link to download Package Outline Drawing, FOWNSP168, 5.79 x 4.85 x 0.57 mm,
M328 (NT90-16787-1) from the Qualcomm® CreatePoint website

https://createpoint.qti.qualcomm.com/search/contentdocument/stream/dcn/NT90-16787-1

After successfully logging on, the document is downloaded.

NOTE  Make this document a favorite to be notified of any changes.
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FOWNSP168 outline drawing

Figure 4-1

This is a simplified outline drawing. Click the link on the previous page to download the complete, up-to-date package outline drawing.

NOTE
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Qualcomm
PRODUCT
VAR
FAYWWXXX

Figure 4-2 PM8550B/PM8550BH/PM8550BHS/PM8550BHP device marking (top view, not to scale)

4.2 Part marking

Line C1
Line P1
Line P2
Line T1
Line T2
ILine E

Line T3

Table 4-1 PM8550B/PM8550BH/PM8550BHS/PM8550BHP device marking line definitions

Line Marking Description

C1 Qualcomm Qualcomm name

P1 PRODUCT Qualcomm Technologies, Inc. (QTI) product name
= PM8550B
= PM8550BH
= PM8550BHS
= PM8550BHP

P2 VAR Variant value (PRR-BB)

™ FAYWWXXX F = foundry company code
m F=Ffor TSMC
s F =P for SMIC
A = assembly site (ball drop) code
= A = E for ASE, Taiwan
= A =4 for NEPES, Korea
Y = single/last digit of year
WW = two-digit work week of current year
XXX = segmented serial number portion of lot ID

T2 #i ## = Two digit wafer number

000 Optional engineering information
E OPTIONAL Optional trace information
T3 o Pin1 or pin A1 indicator
CODE Indicates triangle code
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4.3 Device ordering information

The Oracle short description is used to order QTI products, and is present on both the customer label and this

document. The short description includes the product name, configuration code, package type, product revision

code, source code, and feature code/program ID of the part.

This device can be ordered using the identification code shown in Table 4-2.

Table 4-2 Device identification code

Device ID | AAA-AAAA -P -TTTTTT | NNNN A +FF -EE -RR -S -BB or

code PID2

Symbol Product name | Configuration | Package | Number | Package | Additional Shipping | Product | Source | Feature

definition code type of pins | variable | package package | revision | code code
information

Example | PM-8550B -0 - 168 -MT -00 -0

1 FOWNSP

Example PM-8550BH -0 - 168 -MT -00 -0

2 FOWNSP

Example PM-8550BHS | -0 - 168 -MT -00 -0

3 FOWNSP

Example PM-8550BHP | -0 - 168 -MT -00 -0

4 FOWNSP

2 The feature code (BB) and the program ID (PID) are mutually exclusive. A product may have one of them or none of them, but
it will never have both. If there is no feature code/program ID, this field is blank, and the Oracle short description ends after the
source configuration code (S).

For example:
Example 1: PM-8550B-0-FOWNSP168-MT-00-0
Example 2: PM-8550BH-0-FOWNSP168-MT-00-0
Example 3: PM-8550BHS-0-FOWNSP168-MT-00-0
Example 4: PM-8550BHP-0-FOWNSP168-MT-00-0

Table 4-2 shows the current package-type nomenclature. For legacy parts, the Oracle short description has the
position of package type and number of pins reversed.

Device identification details for all samples available to date are summarized in Table 4-3.

Table 4-3 Device identification details

Device S:;x;r:;le cor?frigﬂlrj:ttion fer\(l)igiu:rt Ft:(a)t;ere H‘?;gs\li\l:;e consfi.;:lrlgiion Sample date
code (P) code (RR) (BB)?2 code (S)®
PM8550B ES1 0 00 - v1.0 0 02/24/2022
PM8550BH ES1 0 00 - v1.0 0 02/24/2022
PM8550BHS ES1 0 00 - v1.0 0 02/24/2022
PM8550BHP ES1 0 00 - v1.0 0 02/24/2022
PM8550B ES2 0 01 - v2.0 0 07/08/2022
PM8550BH ES2 0 01 - v2.0 0 07/08/2022
PM8550BHS ES2 0 01 - v2.0 0 07/08/2022
PM8550BHP ES2 0 01 - v2.0 0 07/08/2022
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Table 4-3 Device identification details (cont.)

Device S?;';Zle corff?g)g:'j:ttion rer\(l)ig?:; Fﬁgt‘;ge H\f\;:isviv:r:e consfi(;jlijrgiion Sample date
code (P) code (RR) (BB)? code (S)P
PM8550B Ccs1¢ 0 01 - v2.0 0 08/26/2022
PM8550BH Ccs1d 0 01 - v2.0 0 08/26/2022
PM8550BHS Cs1¢ 0 01 - v2.0 0 08/26/2022
PM8550BHP cs1f 0 01 - v2.0 0 08/26/2022
PM8550B CS2 0 02 - v2.1 0 4/21/2023
PM8550BH CSs2 0 02 - v2.1 0 4/21/2023
PM8550BHS CSs2 0 02 - v2.1 0 4/21/2023
PM8550BHP CS2 0 02 - v2.1 0 4/21/2023

2 BB is the feature code that identifies an IC’s specific feature set, which distinguishes it from other versions or variants.

S is the source configuration code that identifies all the qualified die fabrication-source combinations available when the

particular sample type was shipped.
¢ PM8550B ES2 and CS1 parts have the same PRR code. All devices with date code YWW > 234 or from the following lots are

of CS1 quality.

d PM8550BH ES2 and CS1 parts have the same PRR code. All devices with date code YWW > 234 or from the following lots

are of CS1 quality.

¢ PMB8550BHS ES2 and CS1 parts have the same PRR code. All devices with date code YWW > 234 or from the following lots

are of CS1 quality.

f PM8550BHP ES2 and CS1 parts have the same PRR code. All devices with date code YWW > 234 or from the following lots

are of CS1 quality.

PM8550B PM8550BH PM8550BHS PM8550BHP
000FE217XT6.0E003 000FE217XT6.0E054 000FE217XT6.0E052 000FE217XTX.0E051
000FE217XT6.0E056 000FE217XT6.0E002 000FE217XT6.0E001 000FE217XTX.0E001
000PE218YZS.0E056 000FE217XT6.0E055 000F421879G.4N016 000FE217XTX.0E052
000PE218YZS.0E003 0O0PE218YZS.0E051 000F421879G.4N015 000PE218YZS.0E057
000PE218YZS.0E007 000PE218YZS.0E052 000F421879G.4N014 000PE218YZS.0E053
000PE218YZS.0E062 000PE218YZS.0E001 000P421879S.4N019 000PE218YZS.0E054
000F421879G.4N003 000F421879G.4N011 000P421879S.4N020 000PE218YZS.0E002
000F421879G.4N004 000F421879G.4N009 000P421879S.4N021 000PE218YZS.0E058
000F421879G.4N002 000F421879G.4N010 000P421879S.4N017 000PE218YZS.0E005
000P421879Q.4N008 000F421879G.4N008 000PE218YZS.0E060 000F421879G.4N024
000P421879Q.4N009 000P421879S.4N013 000PE218YZS.0E006 000F421879G.4N022
000P421879Q.4N007 000P421879S.4N011 000PE218YZS.0E064 000P421879Q.4N014
000PE21826G.0E052 000P421879S.4N012 000PE218YZS.0E004 000P421879Q.4N015
000PE21826G.0E001 000P421879S.4N010 000FE217XRG.0E054 000P421879Q.4N012

000PE218Z4F.0E001 000FE217XRG.0E056 000PE21826G.0E054
000PE218Z4F.0E052 000FE217XRG.0E002 000PE21826G.0E002
000FE217XRG.0E001 000FE217XRG.0E003 000PE21826G.0E057
000FE217XRG.0E052 000PE21826G.0E003

Table 4-4 Source configuration code

S value

F value =P

F value =

F A value =E

A value =4

0

SMIC

TSMC

ASE, Taiwan

NEPES, Korea
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4.4

4.5

Device moisture-sensitivity level

Plastic-encapsulated surface mount packages are susceptible to damage induced by absorbed moisture and high
temperature. A package’s moisture-sensitivity level (MSL) indicates its ability to withstand exposure after it is
removed from its shipment bag, while it is on the factory floor awaiting PCB installation. A low MSL rating is better
than a high rating; a low MSL device can be exposed on the factory floor longer than a high MSL device. All pertinent
MSL ratings are summarized in Table 4-5.

Table 4-5 MSL ratings summary

MSL Out-of-bag floor life Comments

1 Unlimited < 30°C/85% RH;
PM8550B/PM8550BH/PM8550BHS/PM8550BHP rating

2 1 year < 30°C/60% RH
2a | 4 weeks < 30°C/60% RH
3 168 hrs < 30°C/60% RH
4 72 hrs < 30°C/60% RH
5 48 hrs < 30°C/60% RH
5a | 24 hrs < 30°C/60% RH
6 Mandatory bake before use. After bake, must be reflowed < 30°C/60% RH

within the time limit specified on the label.

QTI follows the latest IPC/JEDEC J-STD-020 standard revision for moisture-sensitivity qualification. The PM8550B/
PM8550BH/PM8550BHS/PM8550BHP devices are classified as MSL1; the qualification temperature was
260°C +0°/-5°C. This qualification temperature (260°C +0°/-5°C) should not be confused with the peak temperature
within the recommended solder reflow profile.

Thermal characteristics

Rather than provide thermal resistance values 6JC and 8JA, validated thermal package models are provided through
the CreatePoint website. Designers can extract thermal resistance values by conducting their own thermal
simulations.

NOTE  Click the following link to download the PM8550B FOWNSP168 Package Thermal Model Icepak
(HS11-33267-5HW) from the CreatePoint website.

https://createpoint.qti.qualcomm.com/search/contentdocument/stream/dcn/HS11-33267-5HW

Click the following link to download the PM85508B FOWNSP168 Package Thermal Model Flotherm
(HS11-33267-6HW) from the CreatePoint website.

https://createpoint.qti.qualcomm.com/search/contentdocument/stream/dcn/HS11-33267-6HW

After successfully logging in, the document is downloaded.

NOTE  Make this document a favorite to be notified of any changes.
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5 Carrier, storage, and handling information

5.1 Carrier

5.1.1 Tape and reel information

All QTI carrier tape systems conform to EIA-481 standards.

A simplified sketch of the PM8550B/PM8550BH/PM8550BHS/PM8550BHP tape carrier is shown in Figure 5-1
including the proper part orientation, maximum number of devices per reel, and key dimensions

o o0 O O O O O O

Pin 1 faces feed holes

Tape width

«—— Pocket pitch —»

Taping direction —

Tape feed: Single |Reel diameter: 330 mm |Tape width:

12 mm
Units per reel: 4000 |Hub diameter: 178 mm |Pocket pitch:

8 mm

Figure 5-1 Carrier tape drawing with part orientation

Tape-handling recommendations are shown in Figure 5-2.

Handle only at the edges

/JJ/

oo oo oo 2 2 o f

Figure 5-2 Tape handling
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5.2

5.2.1

5.2.2

5.3

53.1

5.3.2

54

Storage

Bagged storage conditions
PM8550B/PM8550BH/PM8550BHS/PM8550BHP devices delivered in tape and reel carriers must be stored in

sealed, moisture barrier, antistatic bags. See the IC Products Packing Method (80-VK055-1) for the expected shelf
life.

Out-of-bag duration

The out-of-bag duration is the time a device can be on the factory floor before being installed onto a PCB. It is
defined by the device MSL rating, as described in Section 4.4.

Handling

Tape handling was described in Tape and reel information. Other (IC-specific) handling guidelines are presented
below.

Baking

Wafer-level packages such as the FOWNSP 168 should not be baked.

Electrostatic discharge

Electrostatic discharge (ESD) occurs naturally in laboratory and factory environments. An established high-voltage
potential is always at risk of discharging to a lower potential. If this discharge path is through a semiconductor device,
destructive damage may result.

ESD countermeasures and handling methods must be developed and used to control the factory environment at
each manufacturing site.

QTI products must be handled according to the ESD Association standard: ANSI/ESD S20.20-1999, Protection of
Electrical and Electronic Parts, Assemblies, and Equipment.

Bar code label and packing for shipment

See the IC Products Packing Method (80-VK055-1) for all packing-related information, including bar code label
details.
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6 PCB mounting guidelines

6.1 RoHS compliance

The device complies with the requirements of the EU RoHS directive. Its SnAgCu solder balls use SAC405
composition. A product material declaration (PMD) that provides RoHS and other product environmental governance
information is published when the data is available.

6.2 SMT assembly guidelines

For recommendations on SMT process development, see the SMT Assembly Guidelines (SM80-P0982-1).

NOTE  Click the following link to download the SMT Assembly Guidelines (SM80-P0982-1) from the
CreatePoint website.

https://createpoint.qti.qualcomm.com/search/contentdocument/stream/dcn/SM80-P0982-1

After successfully logging in, the document is downloaded.

NOTE  Make this document a favorite to be notified of any changes.
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7 Part reliability

7.1 Reliability qualifications summary: SMIC and TSMC

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

Table 7-1 Silicon reliability results
SMIC TSMC
Tests, Standards, and conditions Samp]e’ number of Sample, number of Result
lots lots
Early life failure rate (ELFR) in DPM (1 year life equivalent)HTOL: > 1000 > 1000 <1000
JESD22-A108-A in DPPM >3 >3
Note-1; Generic accumulated HTOL data from qualified 150 nm
PMIC devices; >3 lots and >1000 samples per foundry (QBS to
PMX65)
HTOL in FIT (A) failure in billion device hours 231 231 <50
HTOL: JESD22-A108-A (Total samples from three fab lots per (77 x 3 fab lots) (77 % 3 fab lots)
foundry)
Mean time to failure (MTTF) t = 1/A in million hours 231 231 > 20
(Total samples from three fab lots) (77 x 3 fab lots) (77 x 3 fab lots)
ESD - human body model (HBM) rating 3 3 Pass
JESD22-A114-F (1 fab lot) (1 fab lot) 1750 V
(Total samples from one wafer lot)
ESD - charged device model (CDM) rating 3 3 Pass
JESD22-C101-D (1 fab lot) (1 fab lot) 500 V
(Total samples from one wafer lot)
Latch-up (I-test): EIA/JESD78A 3 3 Pass
Trigger current: + 100 mA; temperature: 85°C (1 fab lot) (1 fab lot)
Latch-up (Vsupply overvoltage):EIA/JESD78A 3 3 Pass
Trigger voltage: Each VDD pin, stress at 1.5 x Vyqmax per device (1 fab lot) (1 fab lot)
specification; temperature: 85°C
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Table 7-2 Package reliability results
ASE NEPES
Tests, standards, and conditions . . Result
Sample size Sample size
Moisture resistance test (MRT) 693 693 Pass
MSL1 ; J-STD-020-D (231 x 3 assembly (231 x 3 assembly
3x reflow cycles @ 255 +5/-0°C lots per SAT) lots per SAT)
Temperature cycle: JESD22-A104-D 231 231 Pass
Temperature: -55°C to 125°C; number of cycles: 1000 (77 x 3 assembly (77 x 3 assembly
Minimum soak time at minimum/maximum temperature: 5 lots) lots)
minutes
Cycle rate: 2 cycles per hour (CPH)
MSL1 preconditioning: JESD22-A113-F
Reflow temperature: 255°C +5/-0°C
(TC QBS to PM855A)
Unbiased highly accelerated stress test (UHAST): 231 231 Pass
JESD22-A118 (77 x 3 assembly (77 x 3 assembly
MSLA preconditioning: JESD22-A113-F lots) lots)
Reflow temperature: 255°C +5/-0°C
Biased highly accelerated stress test 231 231 Pass
JESD22-A110 (77 x 3 assembly (77 x 3 assembly
130°C/85% RH and 96-hour duration lots) lots)
Preconditioning: JESD22-A113
MSL1, reflow temperature: 260 +0/-5°C (BHAST QBS to
PM8350)
High-temperature storage life: 231 231 Pass
JESD22-A103-D (77 x 3 assembly (77 x 3 assembly
Temperature 150°C, 1000 hours lots) lots)
(HTS QBS to PM855A)
Physical dimensions: 15 15 Pass
JESD22-B100-A (1 assembily lot) (1 assembily lot)
Solder ball shear 45 45 Pass
JESD22-B117-B (15 x 3 assembly (15 x 3 assembly
Total samples from three assembly lots at each SAT lots) lots)
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7.2 Qualification sample description

Table 7-3 Device characteristics

Category Definition
Device name PM8550B/PM8550BH/PM8550BHS/PM8550BHP
Package type FOWNSP168
Package body size 5.79 mm x 4.85 mm x 0.57 mm
Solder ball composition SAC405
Process 150 nm
Fab sites = TSMC
= SMIC
Assembly sites = ASE, Taiwan

m NEPES, Korea

Solder ball pitch

0.4 mm
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8 Revision history

Revision

Date

Description

AA

October 2021

Initial release

AB

March 2022

m  Chapter 3 Electrical specification: Added this chapter

m Section 4.2 Part marking : Added this section

= Section 4.3 Device identification: Added this section

m Section 4.4 Device moisture-sensitivity level: Added this section

m Section 4.5 Thermal characteristics: Added this section

m Chapter 5 Carrier, storage, and handling information: Added this chapter
m  Chapter 6 PCB mounting guidelines: Added this chapter

AC

April 2022

m Section 4.4 Device moisture-sensitivity level: Updated the MSL rating
= Option pin (124) configuration: Added this table

AD

July 2022

m Table 2-7 Pin descriptions — general-purpose input/output functions and
other pins: Updated the configurable function and functional description for
GPIO_03 and GPIO_04

= Table 4-3 Device identification details: Updated the ES2 sample details and
sample date information

AE

August 2022

m Table 3-5 GPIO output impedance: Added this table

= Table 3-6 Input power source control and protection: Updated the
specification values

= Table 3-7 USB Type-C and BC1.2 specifications: Updated the typical value of
ZopEN
m Table 3-9 28 battery charger specifications: Updated the specification values

m Table 3-10 Buck regulator specifications: Updated the minimum value of
Fsw_Buck and typical values of QPH1 charging path efficiency

= Table 3-11 Div2 charge pump specifications: Updated the specification values
of Div2 operation

= Table 3-12 Reverse boost regulator specifications: Updated the specification
values

m Table 3-13 Full-Duty charge specifications: Updated the specification values
m Table 3-14 Battery interface specifications: Updated the specification values
m Table 4-3 Device identification details: Added the CS sample details

m Chapter 7 Part reliability: Added this chapter

AF

September 2022

Table 4-3 Device identification details: Added additional lots

AG

November 2022

Table 3-3 DC power supply currents: Added additional battery current
specification

AH

April 2023

m Table 3-1 Absolute maximum ratings: Updated the note

m Table 3-3 DC power supply currents: Added additional specification for
PM8550BHS + SMB1399 battery supply current, off mode

m Section 4.2 Part marking: Updated the device marking drawing and definition

= Table 4-3 Device identification details: Updated the device identification
details for v2.1
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