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1 Device Overview

1.1

Features

+ Power:
— Three Efficient Step-down Converters

— Four External Linear LDOs for Clocks and
Peripherals

— SmartReflex™ Dynamic Voltage Management

+ Audio (TPS65930 Device Only):

— Differential Input Main Microphones

— Mono Auxiliary/FM Input

— External Predrivers for Class D (Stereo)

— TDM Interface

— Automatic Level Control (ALC)

— Digital and Analog Mixing

— 16-Bit Linear Audio Stereo DAC (96, 48, 44.1,
and 32 kHz and Derivatives)

— 16-Bit Linear Audio Stereo ADC (48, 44.1, and
32 kHz and Derivatives)
— Carkit
+ USB:
— USB 2.0 On-the-Go (OTG)-Compliant HS
Transceivers
— 12-Bit Universal Transceiver Macro Interface

— USB Power Supply (5-V Charge Pump for
VBUS)

— Consumer Electronics Association (CEA)-2011:
OTG Transceiver Interface Specification

— CEA-936A: Mini-USB Analog Carkit
Specification

Additional Features:

— LED Driver Circuit for Two External LEDs

— Two External 10-Bit MADC Inputs

— Real-Time Clock (RTC) and Retention Modules

— HS I2C Serial Control

— Thermal Shutdown and Hot-Die Detection

— Keypad Interface (up to 6 x 6)

— External Vibrator Control

— 15 GPIOs

— 0.65-mm Pitch, 139-Pin, 10-mm x 10-mm
Package

Charger:

— Backup Battery Charger

ULPI

1.2 Applications

« Smart Phones e Industrial

« Tablets » Handheld Systems
1.3 Description

The TPS65920 and TPS65930 devices are power-management ICs for OMAP™ and other mobile
applications. The devices include power-management, a universal serial bus (USB) high-speed (HS)
transceiver, light-emitting diode (LED) drivers, an analog-to-digital converter (ADC), a real-time clock
(RTC), and an embedded power control (EPC). In addition, the TPS65930 includes a full audio codec with
two digital-to-analog converters (DACs) and two ADCs to implement dual voice channels, and a stereo
downlink channel that can play all standard audio sample rates through a multiple format inter-integrated
sound (I2S)/time division multiplexing (TDM) interface.

These optimized devices support the power and peripheral requirements of the OMAP application
processors. The power portion of the devices contains three buck converters, two controllable by a
dedicated SmartReflex class-3 interface, multiple low dropout (LDO) regulators, an EPC to manage the
power sequencing requirements of OMAP, and an RTC and backup module. The RTC can be powered by
a backup battery when the main supply is not present, and the devices include a coin-cell charger to
recharge the backup battery as needed.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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The USB module provides a HS 2.0 OTG transceiver suitable for direct connection to the OMAP UTMI+
low pin interface (ULPI), with an integrated charge pump and full support for the carkit CEA-936A
specification. An ADC is provided for monitoring signals, such as supply voltage, entering the device, and
two additional external ADC inputs are provided for system use.

The devices provide driver circuitry to power two LED circuits that can illuminate a panel or provide user
indicators. The drivers also provide pulse width modulation (PWM) circuits to control the illumination levels
of the LEDs. A keypad interface implements a built-in scanning algorithm to decode hardware-based key
presses and reduce software use, with multiple additional general-purpose input/output devices (GPIOs)
that can be used as interrupts when configured as inputs.

Device Information("

PART NUMBER PACKAGE BODY SIZE
TPS65920A2ZCHR ZCH (139) 10.0 mm x 10.0 mm
TPS65930A2ZCHR ZCH (139) 10.0 mm x 10.0 mm

(1) For more information, see Section 8, Mechanical, Packaging, and Orderable Information.
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1.4 Functional Block Diagram
Figure 1-1 shows the TPS65920 device block diagram.
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Figure 1-1. TPS65920 Block Diagram
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2 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision H (October 2014) to Revision | Page
+ Changed document to standard T fOrmat ......cveeueiuiieiii e 1
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3 Terminal Configuration and Functions

Figure 3-1 shows the ball locations for the 139-ball plastic ball grid array (PBGA) package. Use this array
with Table 3-1 to locate signal names and ball grid numbers.

3.1 Pin Diagram
P | OOOOO OO O000O
\I N01010]0]0]010]010]0101010]6.
M OO0 OO0 0000
L OO O 00O O OO0
K O0000O OO O000O0
J O 0]0) O
H O00000 O00000O
G| OOCOOOO OO00O000O
F O O O
E] OOOOO OO 00000
D | OO O OO0 O 000
C O O 00O 0000
B 0]0]0]0) 0]0]0]0]010]0]0)
Al OO OO OO 00000
2 4 6 8 10 12 14
1 5 5 7 9 11 13
037-003
Figure 3-1. PBGA Bottom View
3.2 Pin Attributes
Table 3-1 describes the terminal characteristics and the signals multiplexed on each pin. The following list
describes the table column headers:
Table 3-1. Pin Attributes
REFERENCE PU® (kQ) PD® (kQ) BUFFER
Tgiﬁ?ﬁo Tgiﬁ?ﬁ° N:M:I':E(Z) A‘Q’D TYPE® Ls,‘_lgl' MIN ‘ TYP ‘ MAX MIN TYP MAX ST(F,‘E,SEJ H
H2 H2 ADCINO A 110 VINTANA1.OUT
F2 F2 ADCIN2 A | VINTANA2.OUT
M5 M5 PCHGAC A | VACCHARGER
N1 N1 VPRECH A (0] VPRECH
N5 N5 VBAT A Power VBAT
F7 F7 GPI00/CD1 P vo I0_1P8 75 100 202 59 100 144 8
‘ JTAG.TDO D 1/0 10_1P8 8
E7 E7 aPlo1 P vo 10_1P8 75 100 202 59 100 144 2
‘ JTAG.TMS D | 10_1P8
P2 P2 aploz b vo 10_1P8 156 220 450 59 100 144 2
‘ TEST1 D /0 10_1P8 2

o~~~ —~
S WN =
T2

Ball: Ball number(s) associated with each signal(s)

Pin Name: The names of all the signals that are multiplexed on each ball

A/D: Analog or digital signal

Type: The terminal type when a particular signal is multiplexed on the terminal:

| = Input
O = Output

(5) Reference Level: See the power module chapter for values.
(6) PU/PD: Denotes the presence of an internal pullup or pulldown. Pullups and pulldowns can be enabled or disabled by software.
(7) Buffer Strength: Drive strength of the associated output buffer
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Table 3-1. Pin Attributes (continued)

(6) (6)
TPS65920 = TPS65930 PIN AD  oew REFERENCE (152 Ead 52 STRENGTH
BALL® BALL® NAME® © RL® MIN ‘ TYP ‘ MAX = MIN TYP | MAX (mA)D
GPIO15 D 1/0 10_1P8 2
P13 P13 156 220 450 59 100 144
‘ TEST2 D 110 10_1P8 2
GPIO6 D 110 10_1P8 2
L5 L5 PWMO D ¢} 10_1P8 75 100 202 59 100 144 4
TEST3 D 110 10_1P8 2
GPIO7 D 110 10_1P8 2
VIBRA.SYNC D I 10_1P8
J7 J7 75 100 202 59 100 144
PWM1 D o 10_1P8 4
TEST4 D 110 10_1P8 2
D8 D8 SYSEN D Open drain/| 10_1P8 47 7.35 10 2
A4 A4 CLKEN D o 10_1P8 2
B13 B13 CLKREQ D I 10_1P8 60 100 146
c10 C10 INT1 D o 10_1P8 2
c8 c8 NRESPWRON D o 10_1P8 2
B9 B9 NRESWARM D I 10_1P8 2
D10 D10 PWRON D I VBAT
G5 G5 NSLEEP1 D I 10_1P8
E10 E10 CLK256FS® D o 10_1P8 2
E4 E4 VMODEH D I 10_1P8
E8 E8 BOOTO AD 110 VBAT
D7 D7 BOOT1 AD 110 VBAT
B8 B8 REGEN D Open drain VBAT 55 8 12 2
H4 H4 MSECURE D I 10_1P8
L13 L13 VREF A Power VREF
Power
K13 K13 AGND A ground GND
(GND)
N.C.
B3 B3
‘ 12C.SR.SDA D 110 10_1P8 25 3.4 12
VMODE2 D I 10_1P8 2
C5 c5
‘ 12C.SR.SCL D 1/0 10_1P8 25 3.4 12
c3 c3 I2C.CNTL.SDA D 110 10_1P8 25 3.4 12
B4 B4 I2C.CNTL.SCL D I 10_1P8 25 3.4 12
See © H3 12S.CLK D 110 10_1P8 2
See © K2 12S.SYNC D 110 10_1P8 2
See @ K4 12S.DIN D I 10_1P8 2
See © K3 12S.DOUT D ] 10_1P8 2
See © D1 MIC.MAIN.P A I MICBIAS1.0UT
See @ E1 MIC.MAIN.M A I MICBIAS1.0UT
A10 A10 VBAT.RIGHT A Power VBAT
PreDriv.LEFT A o VINTANA2.0UT
See © A7
‘ VMID A Power VINTANA2.OUT
PreDriv.RIGHT A o VINTANA2.OUT
See @ A8
‘ ADCIN7 A I VINTANA2.0UT
See @ G1 AUXR A | VINTANA2.0UT
MICBIAS1.0UT A Power VINTANA2.OUT
See © E2
‘ VMIC1.0UT A Power VINTANA2.0UT
See @ D2 MICBIAS.GND Power GND GND
G2 G2 AVSS1 A Power GND GND
L7 L7 AVSS2 A Power GND GND
N14 N14 AVSS3 A Power GND GND
c7 c7 AVSS4 A Power GND GND

(8) To avoid reflection on this pin as a result of impedance mismatch, a serial resistance of 33 Q must be added. This clock output is
available in TPS65920 also. Can be used as a clock source, if required.

(9) Balls A7, A8, D1, D2, E1, E2, G1, H3, K2, K3, and K4 are present on TPS65920 package. However, there is no function associated with
these pins. These can be left floating.
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Table 3-1. Pin Attributes (continued)

(6) (6)
TPS65920 = TPS65930 PIN AD  oew REFERENCE (52 Ead 52 STRENGIH
BALL® BALL® NAME® © RLG MIN ‘ TYP ‘ MAX = MIN TYP | MAX (mA)®
M10 M10  32KCLKOUT D o 10_1P8
L14 L14  32KXIN A | 10_1P8
K14 Ki4  32KXOUT A 0 10_1P8
Al A1 HFCLKIN A | 10_1P8
M11 Mi1  HFCLKOUT D o 10_1P8
P8 P8 VBUS A Power VBUS
N10 N10  DP/UART3.RXD A 110 VBUS 2
P10 P10 DN/UART3.TXD A 110 VBUS 2
G6 G6 D A 110 VBUS 2
K11 Ki1  UGCLK D | 10_1P8 16
STP D | 10_1P8 16
H12 H12 75 100 202 59 100 144
‘ GPIO9 D 110 10_1P8 2
DIR D o 10_1P8 16
H11 H11 75 100 202 59 100 144
‘ GPIO10 D 110 10_1P8 2
NXT D o 10_1P8 16
J8 J8 75 100 202 59 100 144
‘ GPIO11 D 110 10_1P8 2
DATAO D 110 10_1P8 16
L10 L10
‘ UART4.TXD D | 10_1P8
DATAT D 110 10_1P8 16
K10 K10
‘ UART4.RXD D 0 10_1P8 2
DATA2 D 110 10_1P8 16
G G11
‘ UART4.RTSI D | 10_1P8
DATA3 D 110 10_1P8 16
60 100 140 60 100 140
G10 G10  UART4.CTSO D o 10_1P8 16
GPIO12 D 110 10_1P8 75 100 202 59 100 144 16
DATA4 D 110 10_1P8 16
E12 Ef2 75 100 202 59 100 144
‘ GPIO14 D 110 10_1P8 2
DATAS D 110 10_1P8 16
a9 Go 75 100 202 59 100 144
‘ GPIO3 D 110 10_1P8 2
DATAG D 110 10_1P8 16
Gi2 Gi2 75 100 202 59 100 144
‘ GPIO4 D 10 10_1P8 2
DATA? D 110 10_1P8 16
E11 E11 75 100 202 59 100 144
‘ GPIOS5 D 110 10_1P8 2
P14 P14  TEST.RESET AD | VBAT 30 50 70
P1 P1 TESTV1 A 110 VBAT
Al4 Al4  TESTV2 A 110 VINTANA2.0UT
Al Al TEST D | 10_1P8 60 100 146
JTAG.TDI/
A13 az JRG DY D | 10_1P8
JTAG.TCK/
B14 Bla  pARTC D | 10_1P8
P7 P7  CP.N A Power VBAT/VBUS
N7 N7 CP.CAPP A o CP.CAPP
N6 N6  CP.CAPM A o CP.CAPM
P5 P5  CP.GND A | Power GND GND
N9 N9 VBAT.USB A Power VBAT
M8 M8  VUSB.3P1 A Power VUSB.3P1
L1 L1 VAUX12S.IN A Power VBAT
N2 N2 VAUX2.0UT A Power VAUX2.0UT
H14 Hi4  VPLLASR.N A Power VBAT
K12 Ki2  VRTC.OUT A Power VRTC.OUT
G14 G14  VPLL1.OUT A Power VPLL1.0UT
A2 A2 VMMCI.IN A Power VBAT
B1 B VMMC1.0UT A Power VMMC1.0UT
M7 M7 VINTUSBIPS. A Power | VINTUSB1P5.0UT
ouT
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Table 3-1. Pin Attributes (continued)

TPS65920 = TPS65930 PIN AD | Locw REFERENCE BURI(0) RDR(ks) STRENGTH
BALL® BALL®M NAME® & RLO MIN TYP MAX MIN TYP MAX (mA)®
N8 Ng  ghTUSBIPe A Power | VINTUSB1P8.0UT
K1 K1 VDAC.IN A Power VBAT
L2 L2 VDAC.OUT A Power VDAC.OUT
H13 H13 VINT.IN A Power VBAT
H1 H1 VINTANA1.OUT A Power VINTANA1.OUT
J2 J2 VINTANA2.OUT A Power VINTANA2.OUT
A5 A5 VINTANA2.0UT A Power VINTANA2.0UT
J13 J13 VINTDIG.OUT A Power VINTDIG.OUT
D13 D13 VDD1.IN A Power VBAT
D12 D12 VDD1.IN A Power VBAT
D14 D14 VDD1.IN A Power VBAT
Ci1 C11 VDD1.SW A o VBAT
c12 c12 VDD1.SW A o VBAT
c13 c13 VDD1.SW A o) VBAT
E14 E14 VDD1.FB A |
A12 A12 VDD1.GND A Power GND GND
B11 B11 VDD1.GND A Power GND GND
B12 B12 VDD1.GND A Power GND GND
M13 M13 VDD2.IN A Power VBAT
M12 M12 VDD2.IN A Power VBAT
N13 N13 VDD2.FB A |
N11 N11 VDD2.SW A o VBAT
P11 P11 VDD2.SW A o) VBAT
N12 N12 VDD2.GND A Power GND GND
P12 P12 VDD2.GND A Power GND GND
M2 M2 VIO.IN A Power VBAT
M3 M3 VIO.IN A Power VBAT
M4 M4 VIO.FB A I
N4 N4 VIO.SW A o) VBAT
P4 P4 VIO.SW A o VBAT
N3 N3 VIO.GND A Power GND GND
P3 P3 VIO.GND A Power GND GND
H9 H9 BKBAT A Power VBACK
B7 B7 10.1P8 A Power 10_1P8
H10 H10 DGND A Power GND GND
F13 F13 LEDGND A Power GND GND
B10 B10 GPio13 P vo 10_1P8 75 100 202 59 100 144
LEDSYNC D I 10_1P8
E13 E13 LEDA A Open drain VBAT
VIBRA.P A Open drain VBAT
613 G13 LEDB A Open drain VBAT
VIBRA.M A Open drain VBAT
G4 G4 KPD.CO D Open drain 10_1P8
G3 G3 KPD.C1 D Open drain 10_1P8
E5 E5 KPD.C2 D Open drain 10_1P8
B2 B2 KPD.C3 D Open drain 10_1P8
E3 E3 KPD.C4 D Open drain 10_1P8
D5 D5 KPD.C5 D Open drain 10_1P8
K7 K7 KPD.RO D I 10_1P8 8 10 12
H5 H5 KPD.R1 D I 10_1P8 8 10 12
K5 K5 KPD.R2 D | 10_1P8 8 10 12
H6 H6 KPD.R3 D I 10_1P8 8 10 12
K8 K8 KPD.R4 D I 10_1P8 8 10 12
L8 L8 KPD.R5 D | 10_1P8 8 10 12
Copyright © 2008-2015, Texas Instruments Incorporated Terminal Configuration and Functions 9
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3.3 Signal Descriptions

Table 3-2 describes the signals on the TPS65920 and TPS65930 devices; some signals are available on

multiple pins.
Table 3-2. Signal Description
DEFAULT CONFIGURATION AFTER
SIGNAL TPS65920 | TPS65930 RESET RELEASED FEATURES
MODULE NAME DESCRIPTION TYPE BALL BALL INTERNA NOT USED
SIGNAL TYPE L PULL
OR NOT
ADC ADCINO Battery type 110 H2 H2 ADCINO GND
ADCIN2 General-purpose ADC input | F2 F2 ADCIN2 | GND
AC precharge sense signal. Also
PCHGAC used for EEPROM. | M5 M5 PCHGAC | GND
Charger VPRECH Precharge regulator output O N1 N1 VPRECH (0] Cap to GND
VBAT Battery voltage sensing Power N5 N5 VBAT Power VBAT
GPIO0/CD1 GPIO0/card detection 1 110 )
F7 F7 GPIO0 | PD Floating
JTAG.TDO JTAG test data output /0
GPIO1 GPIO1 /10
E7 E7 GPIO1 | PD Floating
JTAG.TMS JTAG test mode state |
GPIO2 GPIO2 /0
i i P2 P2 GPIO2 | PD Floatin
TEST{ TEST1 pin used in test mode o 9
only
GPIO15 GPIO15 110
i i P13 P13 GPIO15 | PD Floatin
GPIOs/ TEST2 TEST2 pin used in test mode o 9
JTAG only
GPI06 GPI06 110
PWMO Pulse width driver 0 O L5 L5 GPIO6 I PD Floating
TEST3 pin used in test mode
TEST3 only (controlled by JTAG) Vo
GPIO7 GPIO7 /0
VIBRA.SYNC Vibrator on-off synchronization |
PWM1 Pulse width driver o] J7 J7 GPIO7 | PD Floating
TEST4 pin used in test mode
TEST4 only (controlled by JTAG) Vo
SYSEN System enable output d?gi‘f]'/‘l D8 D8 SYSEN oD PU Floating
CLKEN Clock enable o A4 A4 CLKEN (0] Floating
CLKREQ Clock request | B13 B13 CLKREQ | PD GND
INT1 Output interrupt line 1 C10 C10 INT1 (0] Floating
Output control the NRESPWRON )
NRESPWRON of the application processor C8 C8 NRESPWRON Floating
Input; detect user action on the
NRESWARM reset button | B9 B9 NRESWARM | GND
Input; detect a control command
CONTROL PWRON {0 start or stop the system | D10 D10 PWRON | VBAT
NSLEEP1 Sleep request from device 1 | G5 G5 NSLEEP1 | GND
CLK256FS (0] E10 E10 CLK256FS (0] Floating
VMODE1 eggeil voltage scaling linked with | E4 E4 VMODE1 | GND
BOOTO Boot pin 0 | E8 E8 BOOTO | PD N/A
BOOT1 Boot pin 1 | D7 D7 BOOT1 | PD N/A
REGEN Enable signal for external LDO gg‘?;‘ B8 B8 REGEN oD PU Floating
Security and digital rights
MSECURE management | H4 H4 MSECURE | N/A
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Table 3-2. Signal Description (continued)

DEFAULT CONFIGURATION AFTER
SIGNAL TPS65920 | TPS65930 RESET RELEASED FEATURES
MODULE NAME DESCRIPTION TYPE BALL BALL INTERNA NOT USED
SIGNAL TYPE L PULL
OR NOT
VREF Reference voltage Power L13 L13 VREF Power N/A
VREF Analog ground for reference Power Power
AGND voltage GND K13 K13 AGND GND GND
N.C. Not connected i
B3 g3 | Signal not Floating
2 I2C.SR.SDA | SmartReflex I°C data e} functional
Smart Digital voltage scaling linked with
VMODE2 |
Reflex vbD2 cs5 C5 | VMODE2 | GND
12C.SR.SCL SmartReflex I°C data /O
e I2C.CNTL.SDA | General-purpose I°C data 110 C3 C3 12C.CNTL.SDA /10 PU N/A
I2C.CNTL.SCL | General-purpose I°C clock 110 B4 B4 12C.CNTL.SCL 110 PU N/A
12S.CLK Clock signal (audio port) /0 H3 12S.CLK l{e] Floating
om 12S.SYNC gé’g)cr‘m”'za“"“ signal (audio /0 K2 12S.SYNC 10 Floating
12S.DIN Data receive (audio port) | K4 12S.DIN | GND
12S.DOUT Data transmit (audio port) (@] K3 12S.DOUT (0] Floating
ANAMIC MIC.MAIN.P Main microphone left input (P) | D1 MIC.MAIN.P | Cap to GND
' MIC.MAIN.M Main microphone left input (M) | E1 MIC.MAIN.M | Cap to GND
ﬁf;lds' VBAT.RIGHT | Battery voltage input Power | A10 A10 | VBAT.RIGHT | Power VBAT
PreDriv.LEFT Predriver output left P. fpr o
external class-D amplifier A7 VMID Power Floating
VMID Power
Headset Predri tput right P f
. redriver output rig or
PreDriv.RIGHT external class-D amplifier o A8 ADCIN7 | GND
ADCIN7 General-purpose ADC input 7 |
AUX Input | AUXR Auxiliary audio input right | G1 AUXR | Cap to GND
glij"’TBIASL Analog microphone bias 1 Power
— - E2 MICBIAS1.0UT | Power Floating
VMIC1.OUT 1D|g|ta1| microphone power supply Power
Dedicated ground for Power Power
\E/;:\//.I\Ig MICBIAS.GND microphones GND D2 MICBIAS.GND GND GND
AVSS1 G2 G2 AVSS1
AVSS2 Power L7 L7 AVSS2 Power
Analog ground GND
AVSS3 99 GND N14 N14 | AVSS3 GND
AVSS4 Cc7 C7 AVSS4
32KCLKOUT a‘éﬁzl’ec?occ";‘p“t of the 32-kHz 0 M10 M10 | 32KCLKOUT o) Floating
32KXIN Input of the 32-kHz oscillator | L14 L14 32KXIN | N/A
CLOCK 32KXOUT Output of the 32-kHz oscillator o K14 K14 32KXOUT (0] Floating
HFCLKIN bt of the digital (or sine) HS | Al A11 | HFCLKIN | N/A
HFCLKOUT HS clock output o M11 M11 HFCLKOUT (0] Floating
VBUS VBUS power rail Power P8 P8 VBUS Power N/A
USB data P/USB carkit receive
DP/ data/universal asynchronous DP/UART3.RX
UART3.RXD | receiverftransmitter (UART)3 Vo N10 N0 1p Vo N/A
USB PHY receive data
DN/ USB data N/USB carkit transmit DN/UART3.TX
UART3.TXD | data/UARTS transmit data Vo P10 P10 Ip Vo NA
Connected to
ID USB ID /10 G6 G6 ID /0 VRUSB3VA
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Table 3-2. Signal Description (continued)

DEFAULT CONFIGURATION AFTER
SIGNAL TPS65920 | TPS65930 RESET RELEASED FEATURES
MODULE NAME DESCRIPTION TYPE BALL BALL INTERNA NOT USED
SIGNAL TYPE L PULL
OR NOT
UCLK HS USB clock | K11 K11 UCLK o Floating
STP HS USB stop |
H12 H12 STP | PU Floating
GPIO9 GPIO9 /10
DIR HS USB direction (6]
H11 H11 DIR o Floating
GPIO10 GPIO10 110
NXT HS USB next O
J8 J8 NXT (o} Floating
GPIO11 GPIO11 /0
DATAO HS USB Data0 110
L10 L10 DATAOQ (0] Floating
UART4.TXD UART4.TXD |
DATA1 HS USB Datat /0
K10 K10 DATA1 (0] Floating
UART4.RXD UART4.RXD O
DATA2 HS USB Data2 /0
ULPI G111 G11 DATA2 O Floating
UART4.RTSI UART4.RTSI |
DATA3 HS USB Data3 /10
UART4.CTSO | UART4.CTSO O G10 G10 DATA3 (o} Floating
GPIO12 GPIO12 /0
DATA4 HS USB Data4 /0
E12 E12 DATA4 (0] Floating
GPIO14 GPIO14 l{e}
DATAS HS USB Data5 /0 .
G9 G9 DATAS5 (0] Floating
GPIO3 GPIO3 /10
DATA6 HS USB Data6 /10
G12 G12 DATA6 (0] Floating
GPIO4 GPIO4 /0
DATA7 HS USB Data7 /0
E11 E11 DATA7 (0] Floating
GPIO5 GPIO5 110
TEST.RESET | Reset T2 device (except power | P14 P14 | TEST.RESET | PD GND
’ state-machine) :
TESTV1 Analog test /0 P1 P1 TESTV1 110 Floating
TESTV2 Analog test /0 A14 A4 TESTV2 l{e} Floating
Selection between JTAG mode
TEST TEST and application mode for [ Al Al TEST [ PD Floating
JTAG/GPIOs (with PU or PD)
JTAG.TDl/ JTAG.TDl/
BERDATA JTAG.TDI/BERDATA | A13 A13 BERDATA | GND
JTAG.TCK/ JTAG.TCK/
BERCLK JTAG.TCK/BERCLK | B14 B14 BERCLK | GND
CP.IN Charge pump input voltage Power P7 P7 CP.IN Power VBAT
CP.CAPP Charge pump flying capacitor P O N7 N7 CP.CAPP (0] Floating
USBCP | cp.cAPM Charge pump flying capacitor M o) N6 N6 CP.CAPM o Floating
Power Power
CP.GND Charge pump ground GND P5 P5 CP.GND GND GND
VBAT.US USB LDOs (VINTUSB1P5,
B VBAT.USB VINTUSB1P8, VUSB.3P1) VBAT Power N9 N9 VBAT.USB Power VBAT
USB.LDO | VUSB.3P1 USB LDO output Power M8 M8 VUSB.3P1 Power N/A
VAUX1 VAUX12S.IN mg)g(;NAuxz/ VSIMLDO input | b e L1 L1 VAUX12S.IN Power VBAT
VAUX2 VAUX2.0UT VAUX2 LDO output voltage Power N2 N2 VAUX2.0UT Power Floating
Input for VPLL1, VPLL2, VAUXS,
VPLLA3R | VPLLA3R.IN and VRTC LDOs Power H14 H14 VPLLA3R.IN Power VBAT
VRTC internal LDO output
VRTC VRTC.OUT (internal use only) Power K12 K12 VRTC.OUT Power N/A
VPLL1 VPLL1.0OUT LDO output voltage Power G14 G14 VPLL1.0OUT Power Floating
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Table 3-2. Signal Description (continued)

DEFAULT CONFIGURATION AFTER
SIGNAL TPS65920 | TPS65930 RESET RELEASED FEATURES
MODULE NAME DESCRIPTION TYPE BALL BALL INTERNA NOT USED
SIGNAL TYPE L PULL
OR NOT
VMMCGH VMMC1.IN VMMC1 LDO input voltage Power A2 A2 VMMCH1.IN Power VBAT
VMMC1.0UT VMMC1 LDO output voltage Power B1 B1 VMMC1.0UT Power Floating
VINTUSB1 | VINTUSB1P5. | VINTUSB1P5 internal LDO VINTUSB1P5. )
P5 ouT output (internal use only) Power M7 M7 ouT Power Floating
VINTUSB1 | VINTUSB1P8. | VINTUSB1P8 internal LDO Power N8 N8 VINTUSB1P8. Power Floatin
P8 ouT output (internal use only) ouT 9
Video VDAC.IN R A e INTANAT, and | poyer | ki Ki | VDAG.IN Power VBAT
DAC
VDAC.OUT Output voltage of the regulator Power L2 L2 VDAC.OUT Power Floating
VINT VINT.IN Input for VINTDIG LDO Power H13 H13 VINT.IN Power VBAT
VINTANAT1. VINTANAT1 internal LDO output VINTANA1.0U
VINTANA1 ouT (internal use only) Power HA1 HA1 T Power N/A
VINTANAZ2. VINTANAZ internal LDO output VINTANA2.0U
ouT (internal use only) Power 42 J2 T Power N/A
VINTANA2 -
VINTANA2. \(INTANA2 internal LDO output Power A5 A5 VINTANA2.0U Power N/A
ouT (internal use only) T
VINTDIG internal LDO output
VINTDIG VINTDIG.OUT (internal use only) Power J13 J13 VINTDIG.OUT Power N/A
VDD1.IN VDD1 DC-DC input voltage Power D13 D13 VDD1.IN Power VBAT
VDD1.IN VDD1 DC-DC input voltage Power D12 D12 VDD1.IN Power VBAT
VDD1.IN VDD1 DC-DC input voltage Power D14 D14 VDD1.IN Power VBAT
VDD1.SW VDD1 DC-DC switch (0] Ci1 C11 VDD1.SW (0] Floating
VDD1.SW VDD1 DC-DC switch (0] Cc12 Cc12 VDD1.SW (0] Floating
VDD1.SW VDD1 DC-DC switch (0] C13 C13 VDD1.SW (0] Floating
VDD1 -
VDD1.FB VDD1 DC-DC output voltage [ E14 E14 |VDD1.FB | GND
(feedback)
Power Power
VDD1.GND VDD1 DC-DC ground GND A12 A12 VDD1.GND GND GND
Power Power
VDD1.GND VDD1 DC-DC ground GND B11 B11 VDD1.GND GND GND
Power Power
VDD1.GND VDD1 DC-DC ground GND B12 B12 VDD1.GND GND GND
VDD2.IN VDD2 DC-DC input voltage Power M13 M13 VDD2.IN Power VBAT
VDD2.IN VDD2 DC-DC input voltage Power M12 M12 VDD2.IN Power VBAT
VDD2 DC-DC output voltage
VDD2.FB (feedback) | N13 N13 VDD2.FB | GND
VDD2 VDD2.SW VDD2 DC-DC switch (0] N11 N11 VDD2.SW (0] Floating
VDD2.SW VDD2 DC-DC switch (0] P11 P11 VDD2.SW (0] Floating
Power Power
VDD2.GND VDD2 DC-DC ground GND N12 N12 VDD2.GND GND GND
Power Power
VDD2.GND VDD2 DC-DC ground GND P12 P12 VDD2.GND GND GND
VIO.IN VIO DC-DC input voltage Power M2 M2 VIO.IN Power VBAT
VIO.IN VIO DC-DC input voltage Power M3 M3 VIO.IN Power VBAT
VIO DC-DC output voltage
VIO.FB (feedback) | M4 M4 VIO.FB | GND
VIO VIO.SW VIO DC-DC switch (0] N4 N4 VIO.SW (0] Floating
VIO.SW VIO DC-DC switch (0] P4 P4 VIO.SW (0] Floating
Power Power
VIO.GND VIO DC-DC ground GND N3 N3 VIO.GND GND GND
Power Power
VIO.GND VIO DC-DC ground GND P3 P3 VIO.GND GND GND
E:ﬁ';‘)f’ BKBAT Backup battery Power H9 Ho BKBAT Power GND
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Table 3-2. Signal Description (continued)

DEFAULT CONFIGURATION AFTER

SIGNAL TPS65920 | TPS65930 RESET RELEASED FEATURES
MODULE e DESCRIPTION TYPE o S INTERNA | NOT USED
SIGNAL TYPE | LPULL
OR NOT
ogtal - 110.1p8 TPS65920/TPS65930 device IO | poyer | g7 B7 |10.1P8 Power N/A
input
Digital DGND Digital ground Power | 49 H10 | DGND Power GND
ground ontal g GND GND
. Power Power
LEDGND LED driver ground GND F13 F13 LEDGND GND GND
GPIO13 GPIO13 10
B10 B10 GPIO13 I PD Floating
LEDSYNC LED synchronization input |
LED driver LEDA LED leg A Open E13 E13 Signal not Floating
VIBRA.P H-bridge vibrator P drain functional
LEDB LED leg B i
0= Open | 43 Gi3 | Signal not Floating
VIBRA.M H-bridge vibrator M drain functional
KPD.CO Keypad column 0 gg?: G4 G4 KPD.CO oD Floating
Open )
KPD.C1 Keypad column 1 drain G3 G3 KPD.C1 oD Floating
Open )
KPD.C2 Keypad column 2 drain E5 E5 KPD.C2 oD Floating
Open )
KPD.C3 Keypad column 3 drain B2 B2 KPD.C3 oD Floating
Open .
KPD.C4 Keypad column 4 drai E3 E3 KPD.C4 oD Floating
Keypad rain
KPD.C5 Keypad column 5 g&?: D5 D5 KPD.C5 oD Floating
KPD.RO Keypad row 0 | K7 K7 KPD.RO | PU Floating
KPD.R1 Keypad row 1 I H5 H5 KPD.R1 I PU Floating
KPD.R2 Keypad row 2 I K5 K5 KPD.R2 I PU Floating
KPD.R3 Keypad row 3 I H6 H6 KPD.R3 I PU Floating
KPD.R4 Keypad row 4 | K8 K8 KPD.R4 | PU Floating
KPD.R5 Keypad row 5 | L8 L8 KPD.R5 | PU Floating
1. This column provides the connection when the associated feature is not used or not connected. When

there is a pin muxing, not all functions on the muxed pin are used. But even if a function is not used,
the Default Configuration After Reset Released column still applies.

Connection criteria:
— Analog pins:
— Forinput: GND
— For output: Floating (except VPRECH is connected to GND)
— For l/O if input by default: GND (except for audio features input: capacitor to ground with a 100-
nF typical value capacitor)
— Digital pins:

TPS65920/TPS65930 device

The signal VPRECH must be connected to the CPRECH capacitor to GND.

For input: GND (except keypad and STP are left floating)
For input and pullup: Floating
For output: Floating

For 1/0 and pullup: Floating
N/A (not applicable): When the associated feature is mandatory for correct functioning of the

Signal not functional indicates that no signal is presented on the pad after a release reset.
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4 Specifications

4.1 Absolute Maximum Ratings
PARAMETER TEST CONDITIONS MIN| TYP MAX | UNIT
Main battery supply voltage(" 2.1 45| VvV
Voltage on any input Supply represents the voltage applied to the 0.0 1.0*Supply Vv
power supply pin associated with the input
Ambient temperature -40 85 °C
Junction temperature (T) At 1.4 W (Theta JB 11°C/W 2S2P board) 105 °C
Junction temperature (T,) for parametric -40 105 °C
compliance
Storage temperature (Tgg) -55 125 °C
(1) The product has negligible reliability impact if voltage spikes of 5.2 V occur for a total duration of 10 ms.
4.2 ESD Ratings
VALUE | UNIT
o Human body model (HBM), per All other pins 12 W
Veso Electrostatic dlscharge ANSI/ESDA/JEDEC Js001™ CLK32KOUT pin +15
(ESD) performance:
Charged device model (CDM), per JESD22-C101(?) +500 Vv
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
4.3 Recommended Operating Conditions
MIN| TYP| MAX| UNIT
Main battery supply voltage 2.7M 3.6 45 Y
Backup battery supply voltage 1.8 3.2 3.3 \
Ambient temperature range —40 85 °C

(1) 2.7 Vis the minimum threshold for the battery at which the device will turn OFF. However, the minimum voltage at which the device will
power ON is 3.2 V £100 mV (if PWRON does not have a switch and is connected to VBAT) considering battery plug as the device
switch on event. If PWRON has a switch then 3.2 V is the minimum for the device to turn ON.

4.4 Thermal Characteristics for ZCH Package

TPS65920-2S2P | TPS65920-1S0P | TPS65930-2S2P | TPS65930-1SOP AIR

a e FLOW

NAME DESCRIPTION C)@ (CC/W) C)@ (C/W) (m/(s)) W
RO,z Junction-to-case (top) 6.74 6.74 33.42 57.05 0.00
RO,z  Junction-to-board 13.80 14.50 13.81 14.51 0.00
RO, a Junction-to-free air 33.40 57.04 6.74 6.74 0.00

(1) m/s = meters per second

(2) These values are based on a JEDEC-defined 2S2P system (with the exception of the Theta JC [RO,¢] value, which is based on a
JEDEC-defined 1SOP system) and will change based on environment as well as application. For more information, see these

EIA/JEDEC standards:

JESD51-2, Integrated Circuits Thermal Test Method Environmental Conditions - Natural Convection (Still Air)
JESD51-3, Low Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages
JESD51-7, High Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages
JESD51-9, Test Boards for Area Array Surface Mount Package Thermal Measurements
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4.5 Minimum Voltages and Associated Currents

Table 4-1 lists the VBAT minimum and maximum currents per VBAT ball.

Table 4-1. VBAT Minimum Required Per VBAT Ball and Associated Maximum Current

MAXIMUM
CATEGORY PIN AND MODULE CURRENT OUTPUT VOLTAGE (V) VBAT MINIMUM (V)
SPECIFIED (mA)
VBAT pin name | VDD_VPLLA3R_IN_6POV 340
VPLL1 (LDO) 40 1.0/12/13/1.8/28/ Maximum
3.0 (2.7, output voltage selected + 250 mV)
Internal module VDD1 core (DCDC) <1 2.7
supplied VDD2 core (DCDC) <1 2.7
SYSPOR (power ref) <1 2.7
PBIAS (power ref) <1 2.7
VBAT pin name | VDD_VDAC_IN_6POV 370
VDAC (LDO) 70 1.2/13/1.8 Maximum
(2.7, output voltage selected + 250 mV)
VINTANAT1 (LDO) 50 1.5 Maximum
Internal rlnoddUIe (2.7, output voltage selected + 250 mV)
supplie
PP VINTANA2 (LDO) 250 25/2.75 Maximum
(2.7, output voltage selected +250 mV)
VIO core (DCDC) <1 2.7
VBAT pin name | VDD_VAUXI2S_IN_6POV 350
VAUX2 (LDO) 100 13/15/16/1.7/1.8/ Maximum
'”te;';a' ’ITi‘e°dd“'e 1.9/2.0/21/2.2/23/ | (2.7, output voltage selected + 250 mV)
PP 24/25/28
VBAT pin name | VDD_VMMC1_IN_6POV 220
Internal module | VMMC1 (LDO) 220 1.85/2.85/3.0/3.15 Maximum
supplied (2.7, output voltage selected + 250 mV)
Power_REGBATT 0.001 2.7
VBAT pin name | VDD_VINT_IN_6POV 131
VINTDIG (LDO) 80 1.0/1.2/13/15 Maximum
(2.7, output voltage selected + 250 mV)
Internal module | VRRTC (LDO) 30 1.5 Maximum

supplied (2.7, output voltage selected + 250 mV)
VBACKUP (LDO) 1 25/3.0/31/3.2 Maximum
(2.7, output voltage selected + 250 mV)
4.6 Digital I/0 Electrical Characteristics

Table 4-2 describes the digital I/O electrical characteristics. The following list defines abbreviations used in

the table:

* RL: Reference level voltage applied to the I/O cell

* VOL: Low-level output voltage

* VOH: High-level output voltage
* VIL: Low-level input voltage

» VIH: High-level input voltage

*  Min: Minimum value
+  Max: Maximum value
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Table 4-2. Digital I/O Electrical Characteristics

PIN NAME voLm VOH (v) viL v Vit ) maxrReQ OO0 mise | FALLTIME
MIN MAX MIN MAX MIN MAX MIN MAX (MHz) MODE  VIME (ns) (ns)

GPIO0/CD1

0 0.45 RL-0.45 RL 0 0.35xAL 0.65xRL RL 33 30 52 52
JTAG.TDO
GPIOO

0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 33 30 52 52
JTAG.TMS
GPIO2

0 0.45 RL-0.45 RL 0 0.35xAL 0.65xRL RL 3 30 52 52
TESTH
GPIO15

0 0.45 RL—0.45 RL 0 0.35xAL 0.65xRL RL 3 30 52 52
TEST2
GPIOB
PWMO 0 0.45 RL-0.45 RL 0 0.35xAL 0.65xRL RL 3 30 52 52
TEST3
GPIO7
VIBRA.SYNC

0 0.45 RL—0.45 RL 0 0.35xAL 0.65xRL RL 3 30 52 52
PWM1
TEST4
SYSEN 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 52 52
CLKEN 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 3 30 333 333
CLKREQ 0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 3 333 333
INTA 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 3 30 33.3 333
NRESPWRON 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 3 30 333 333
NRESWARM 0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 3 30 333 333
PWRON 0 0.35x1.8V 0.65x1.8V VBAT 3 333 333
NSLEEP1 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 3 333 333
CLK256FS 0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 12.288 30 16.3 16.3
VMODE1 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 3 333 333
BOOTO 0 RL 3 333 333
BOOT1 0 RL 3 333 33.3
REGEN 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 3 30 333 333
MSECURE 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 3 333 333
12C.SR.SDA 0 04 -05 0.3xRL 0.7xRL RL+0.5 3.4 Up to 400
VMODE2 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 34 29.4 29.4
12C.SR.SCL 0 04 -05 0.3xAL 0.7xRL RL+0.5 34 10.0 10.0
12C.CNTL.SDA 0 04 -05 0.3xRL 0.7xRL RL+0.5 3.4 Up to 400
12C.CNTL.SCL 0 04 -05 0.3xRL 0.7xRL RL+0.5 3.4 10.0 10.0
12S.CLK 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 65 30 33.0 33.0
12S.SYNC 0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 65 30 33.0 33.0
12S.DIN 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 3.25 30 33.0 33.0
12S.DOUT 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 3.25 30 29.0 29.0
32KCLKOUT 0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 0.082 30 16 16
HFCLKOUT 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 38.4 30 26 26
UCLK 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 60 10 1.0 1.0
STP

0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 30 10 1.0 1.0
GPIO9
DIR

0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 30 10 1.0 1.0
GPIO10
NXT

0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 30 10 1.0 1.0
GPIOT1
DATAO

0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 30 10 1.0 1.0
UART4.TXD
DATAT

0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 30 10 1.0 1.0
UART4.RXD
DATA2

0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 30 10 1.0 1.0
UART4.RTSI
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Table 4-2. Digital I/O Electrical Characteristics (continued)

PIN NAME VL () O VL (V) W) MAX FREQ LgSTDP(L',’P RISE = FALL TIME
MIN | MAX MIN MAX MIN MAX MIN ‘ MAX (MHz) MODE  TIME (ns) (ns)

DATA3

0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 30 10 1.0 1.0
UART4.CTSO
GPIO12 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 30 10 1.0 1.0
DATA4

0 045 RL-0.45 RL 0 0.35xRL 0.65xRL RL 30 10 1.0 1.0
GPIO14
DATA5

0 0.45 RL-0.45 AL 0 0.35xRL 0.65xAL RL 30 10 1.0 1.0
GPIO3
DATA6

0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 30 10 1.0 1.0
GPIO4
DATA7

0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 30 10 1.0 1.0
GPIO5
TEST.RESET 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 3 33.0 33.0
TEST 0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 3 30 29.0 29.0
JTAG.TDI/
BERDATA 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 3 33.0 33.0
JTAG.TCK/
BERDATA 0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 3 33.0 33.0
GPIO13

0 0.45 RL-0.45 AL 0 0.35xRL 0.35xAL 3 30 333 333
LEDSYNC
KPD.CO 0 0.45 RL-0.45 AL 0 0.35xRL 0.65xAL RL 0.033 30 29.0 29.0
KPD.C1 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 0.033 30 29.0 29.0
KPD.C2 0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 0.033 30 29.0 29.0
KPD.C3 0 0.45 RL-0.45 AL 0 0.35xRL 0.65xAL RL 0.033 30 29.0 29.0
KPD.C4 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 0.033 30 29.0 29.0
KPD.C5 0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 0.033 30 29.0 29.0
KPD.C6 0 0.45 RL-0.45 AL 0 0.35xRL 0.65xAL RL 0.033 30 29.0 29.0
KPD.C7 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 0.033 30 29.0 29.0
KPD.RO 0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 0.033 3051.8 3051.8
KPD.R1 0 0.45 RL-0.45 AL 0 0.35xRL 0.65xAL RL 0.033 3051.8 3051.8
KPD.R2 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 0.033 3051.8 3051.8
KPD.R3 0 0.45 RL—0.45 RL 0 0.35xRL 0.65xRL RL 0.033 3051.8 3051.8
KPD.R4 0 0.45 RL-0.45 AL 0 0.35xRL 0.65xAL RL 0.033 3051.8 3051.8
KPD.R5 0 0.45 RL-0.45 RL 0 0.35xRL 0.65xRL RL 0.033 3051.8 3051.8
KPD.R6 0 0.45 0.45 RL 0 0.35xRL 0.65xRL RL 0.033 3051.8 3051.8
KPD.R7 0 0.45 0.45 AL 0 0.35xRL 0.65xAL RL 0.033 3051.8 3051.8
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4.7 Timing Requirements and Switching Characteristics

4.7.1 Timing Parameters

The timing parameter symbols used in the timing requirement and switching characteristic tables are
created in accordance with JEDEC Standard 100. To shorten the symbols, some pin names and other

related terminologies are abbreviated, as shown in Table 4-3.

Table 4-3. Timing Parameters

SUBSCRIPTS
SYMBOL PARAMETER

c Cycle time (period)

d Delay time

dis Disable time

en Enable time

h Hold time

su Setup time

START Start bit

t Transition time

v Valid time

w Pulse duration (width)
X Unknown, changing, or don't care level
H High

L Low

\ Valid

v Invalid
AE Active edge

FE First edge

LE Last edge

4 High impedance
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4.7.2 Target Frequencies

Table 4-4 assumes testing over the recommended operating conditions.

Table 4-4. TPS65920/TPS65930 Interface Target Frequencies

TARGET FREQUENCY
1/0 INTERFACE INTERFACE DESIGNATION 1.5V
Sma“Reg'i‘fc"u‘i?tﬁgg)“egrated 2C Slave HS mode 3.6 Mbps
General-purpose 1°C Slave fast-speed mode 400 Kbps
Slave standard mode 100 Kbps
usB HS 480 Mbps
usB FS 12 Mbps
LS 1.5 Mbps
RealView ICE tool 30 MHz
JTAG XDS560 and XDS510 tools 30 MHz
Lauterbach tool 30 MHz
12S 1/(64 * Fs)(M
, Right-justified 1/(64 * Fs)(M
TDM/inter-1C sound (12S) —
Left-justified 1/(64 * Fs)(1)
TDM 1/(128 * Fs)()
Voice/Bluetooth pulse code | PCM (master mode) 1/(65 * Fs)®
modulation (PCM) interface PCM (slave mode) 1/(33 to 65 * Fs)(z)

(1) Fs =8 to 48 kHz; 96 kHz for RX path only (TDM/I2S interface)
(2) Fs=8or 16 kHz (voice/Bluetooth PCM interface)
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4.7.3 FC Timing

The TPS65920/TPS65930 device provides two I1°C HS slave interfaces (one for general-purpose and one
for SmartReflex). These interfaces support standard mode (100 Kbps), fast mode (400 Kbps), and HS
mode (3.4 Mbps). The general-purpose 12C module embeds four slave hard-coded addresses (ID1 = 48h,
ID2 = 49h, ID3 = 4Ah, and ID4 = 4Bh). The SmartReflex I°C module uses one slave hard-coded address

(ID5). The master mode is not supported.

Table 4-5 and Table 4-6 assume testing over the recommended operating conditions (see Figure 4-1).

START RESTART STOP
ﬁ|1*F|2»{
12C.SCL (2T N A\ W Y A W A U Y A Y A\ Y A W A R
418 418
" kl&—‘ »‘ |« 14 Lo.l‘ L| 19
12C.SDA L/ wmsB X W tsB_ ) AcK__ ] 1L/ MSB_ Y WX B ) ACK 1 |/
037-033
Figure 4-1. I°C Interface—Transmit and Receive in Slave Mode
Table 4-5. I°C Interface—Timing Requirements("
NOTATION | PARAMETER | MmIN|  mAX| uUNIT
Slave HS Mode
13 tsu(SDA-SCLH) Setup time, SDA valid to SCL high 10 ns
14 th(scLL-sDA) Hold time, SDA valid from SCL low 0 70 ns
17 tsu(SCLH-SDAL) Setup time, SCL high to SDA low 160 ns
18 th(SDAL-SCLL) Hold time, SCL low from SDA low 160 ns
19 tsu(SDAH-SCLH) Setup time, SDA high to SCL high 160 ns
Slave Fast-Speed Mode
13 tsu(SDA-SCLH) Setup time, SDA valid to SCL high 100 ns
14 th(scLL-sDA) Hold time, SDA valid from SCL low 0 0.9 ns
17 tsu(SCLH-SDAL) Setup time, SCL high to SDA low 0.6 ns
18 th(sDAL-sCLL) Hold time, SCL low from SDA low 0.6 ns
19 tsu(SDAH-SCLH) Setup time, SDA high to SCL high 0.6 ns
Slave Standard Mode
13 tsu(SDA-SCLH) Setup time, SDA valid to SCL high 250 ns
14 th(scLL-SDA) Hold time, SDA valid from SCL low 0 ns
17 tsu(SCLH-SDAL) Setup time, SCL high to SDA low 4.7 ns
18 th(SDAL-SCLL) Hold time, SCL low from SDA low 4 ns
19 tsu(SDAH-SCLH) Setup time, SDA high to SCL high 4 ns
(1) The input timing requirements are given by considering a rising or falling time of:
80 ns in HS mode (3.4 Mbps)
300 ns in fast-speed mode (400 Kbps)
1000 ns in standard mode (100 Kbps)
(2) SDA is equal to 12C.SR.SDA or I2C.CNTL.SDA.
SCL is equal to 12C.SR.SCL or 12C.CNTL.SCL.
Table 4-6 lists the switching requirements of the I°C interface.
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Table 4-6. I°C Interface—Switching Requirements(!)

NOTATION | PARAMETER | MN|  mAX| uNIT
Slave HS Mode
I tw(scLL) Pulse duration, SCL low 160 ns
12 twiscLh) Pulse duration, SCL high 60 ns
Slave Fast-Speed Mode
1 tw(scLL) Pulse duration, SCL low 130 us
12 tw(scLH) Pulse duration, SCL high 0.6 us
Slave Standard Mode
11 tw(scLy) Pulse duration, SCL low 4.7 us
12 tw(scLH) Pulse duration, SCL high 4 us

(1) The capacitive load is:
100 pF in HS mode (3.4 Mbps)
400 pF in fast-speed mode (400 Kbps)
400 pF in standard mode (100 Kbps)
(2) SDAis equal to I2C.SR.SDA or I2C.CNTL.SDA
SCL is equal to 12C.SR.SCL or I2C.CNTL.SCL
(3) SCL low timing for slave fast-speed mode is compatible with 0.79 ps.

4.7.4 Audio Interface: TDM/I2S Protocol

The TPS65920/TPS65930 device acts as a master for the TDM and I2S interfaces or as a slave for only
the I2S interface. If the TPS65920/TPS65930 device is the master, it must provide the frame
synchronization (TDM/I2S_SYNC) and bit clock (TDM/I2S_CLK) to the host processor. If it is the slave,
the TPS65920/TPS65930 device receives frame synchronization and the bit clock.

The TPS65920/TPS65930 device supports the 12S, TDM, left-justified, and right-justified data formats, but
does not support TDM slave mode.
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4.7.4.1 12S Right- and Left-Justified Data Format
Table 4-7 and Table 4-8 assume testing over the recommended operating conditions (see Figure 4-2 and

Figure 4-3).
| | Right channel ,
E Left channel E ,
pssYNC T\ §\ §\ [ W » -
E I ! |
2 |>-| " 12 12
ese LM\ |
E 14 14 ' 14 14 '
W 13 o 3 Ll 13 13 ;
12S.DIN 23 22 YN0 YO\ (e aummy bits | {23 Y22 Y\ X7 )0 X\ 8dummybits Y 23 X 22
s ﬁ|5 s ﬂls E
125.D0UT 25 22 )N o X\ B dummy bits Y 23 Y22 X N7 X_0 Y45 dummy bits X 75\ 22
037-031
Figure 4-2. 12S Interface—I2S Master Model
Left channel Right channel E
12S.SYNC —\ i\ )\ / ) \Y | R

o] o

2s.oik \ S\ SN\ NSNS VSN

e

gz

RN o

E 14 14 '
——| 13 »| 13 ——| | :

12S.DIN 23 22 OO X o )\ (8 dummy bits (= (=2 OO o )\ (8 dummy bits (23 (=2
>i|5 ﬂls 15 ﬂls '

125.D0UT 25 Y 22OV T X0 )V B aummybis Y 23 X 22 X\ X T X 0 X\ Boummyos Y 25 X 22

037-032

Figure 4-3. 12S Interface—I2S Slave Mode

The timing requirements listed in Table 4-7 are valid on the following conditions of input slew and output
load:

» Rise and fall time range of inputs (SYNC, DIN) is tg/tr = 1.0 ns/6.5 ns

» Capacitance load range of outputs (CLK, SYNC, DOUT) is C,,q = 1 pF/30 pF
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The input timing requirements in Table 4-7 are given by considering a rising or falling time of 6.5 ns.

Table 4-7. 12S Interface—Timing Requirements

NOTATION | PARAMETER | mIN|  wmax| unm

Master Mode

13 tsu(DIN-CLKH) Setup time, 12S.DIN valid to 12S.CLK high2 25 ns

14 th(DIN-CLKH) Hold time, 12S.DIN valid from 12S.CLK high. 0 ns
Slave Mode

10 te(cLK) Cycle time, 12S.CLK(™ 1/64 * Fs ns

1 tw(CLK) Pulse duration, 12S.CLK high or low® 0.45*P| 0.55*P ns

13 tsu(DIN-CLKH) Setup time, 12S.DIN valid to 12S.CLK high 5 ns

14 th(DIN-CLKH) Hold time, 12S.DIN valid from 12S.CLK high. 5 ns

16 tsu(SYNC-CLKH) Setup time, 12S.SYNC valid to 12S.CLK high 5 ns

17 th(SYNC-CLKH) Hold time, 12S.SYNC valid from 12S.CLK high 5 ns

(1) Fs =8 to 48 kHz; 96 kHz for RX path only
(2) P =12S.CLK period

The capacitive load for Table 4-8 is 7 pF. Table 4-8 lists the switching characteristics for the 12S interface.

Table 4-8. I12S Interface—Switching Characteristics

NOTATION | PARAMETER | mIN]  mAX| uUNIT
Master Mode
10 to(cLk) Cycle time, 12S.CLK(") 1/64 * Fs ns
i tw(cLK) Pulse duration, 12S.CLK high or low® 0.45*P| 055*P ns
12 td(cLKL-SYNC) Delay time, 12S.CLK falling edge to 12S.SYNC -10 10 ns
transition
15 tg(cLKL-DOUT) Delay time, 12S.CLK falling edge to 12S.DOUT -10 10 ns
transition
Slave Mode
15 ta(cLKL-DOUT) Delay time, 12S.CLK falling edge to 12S.DOUT 0 20 ns
transition

(1) Fs =8 to 48 kHz; 96 kHz for RX path only
(2) P =12S.CLK period

4.7.4.2 TDM Data Format

Table 4-9 and Table 4-10 assume testing over the recommended operating conditions (see Figure 4-4).

| Channel 1 | Channel 2 Channel 3 | Channel 4 H
psswe T\ | i\ \ WW W
ek ul | |
22 ——| |<— 1 E E T2 T2
U VA VaVA A VaVAV . WaVaVa aVaVaV W VaVa laVaVaV. VaAVaVA aVaVa AVAY)
> T4 T4
4-| T3 13— ™
umm 1
128 DIN ADCDCRE )V ) D 4\ .
-5 - 5 5 !
8 dummy 8 dummy
RO R ) #2) A\N D (D S\ W 5 PR A\N 6D (D B\ EDEA L)) ER DA\ .
037-030
Figure 4-4. TDM Interface—TDM Master Mode
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The timing requirements listed in Table 4-9 are valid on the following conditions of input slew and output
load:

+ Rise and fall time range of inputs (SYNC, DIN) is tr/tr = 1.0 ns/6.5 ns
» Capacitance load range of outputs (CLK, SYNC, DOUT) is C,4aq = 1 pF/30 pF

Table 4-9. TDM Interface Master Mode—Timing Requirements

NOTATION PARAMETER MIN MAX UNIT
T3 tsu(DIN-CLKH) E_et#p time, TDM.DIN valid to TDM.CLK 25 ns
g
T4 th(DIN-CLKH) EOE time, TDM.DIN valid from TDM.CLK 0 ns
g

Table 4-10 lists the switching characteristics of the TDM interface master mode.

Table 4-10. TDM Interface Master Mode—Switching Characteristics

NOTATION PARAMETER MIN MAX | UNIT
T0 te(cLK) Cycle time, TDM.CLK () 1/64 * Fs ns
T tw(CLK) Pulse duration, TDM.CLK high or low® 0.45*P| 0.55*P ns
Delay time, TDM.CLK rising edge to TDM.SYNC -10 10 ns
12 ld(CLKL-SYNC) transition
Delay time, TDM.CLK rising edge to TDM.DOUT -10 12 ns
T5 td(CLKL'DOUT) transition

(1) Fs =8 to 48 kHz; 96 kHz for RX path only
(2) P =TDM.CLK period

4.7.5 JTAG Interfaces

The TPS65920/TPS65930 device JTAG TAP controller handles standard IEEE JTAG interfaces. This
section describes the timing requirements for the tools used to test TPS65920/TPS65930 device power
management.

The JTAG/TAP module provides a JTAG interface according to IEEE Std1149.1a. This interface uses the
four I/O pins TMS, TCK, TDI, and TDO. The TMS, TCK, and TDI inputs contain a pullup device, which
makes their state high when they are not driven. The output TDO is a 3-state output, which is high
impedance except when data are shifted between TDI and TDO.

+ TCKiis the test clock signal.

+ TMS is the test mode select signal.
+ TDl is the scan path input.

« TDO is the scan path output.

TMS and TDO are multiplexed at the top level with the GPIO0 and GPIO1 pins. The dedicated external
TEST pin switches from functional mode (GPIO0/GPIO1) to JTAG mode (TMS/TDO). The JTAG
operations are controlled by a state-machine that follows the IEEE Std1149.1a state diagram. This state-
machine is reset by the TPS65920/TPS65930 internal power-on reset (POR). A test mode is selected by
writing a 6-bit word (instruction) into the instruction register and then accessing the related data register.

Table 4-11 and Table 4-12 assume testing over the recommended operating conditions (see Figure 4-5).
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Figure 4-5. JTAG Interface Timing
The input timing requirements are given by considering a rising or falling edge of 7 ns.

Table 4-11. JTAG Interface—Timing Requirements

NOTATION | PARAMETER | mIN|  mAx| uNnIT
Clock
Jui terek) Cycle time, JTAG.TCK period 30 ns
JL2 tw(ToK) Pulse duration, JTAG.TCK high or low () 0.48*P 0.52*P ns
Read Timing
JL3 teu(TDIV-TOKH) Eizt#p time, JTAG.TDI valid before JTAG.TCK 8 ns
JL4 th(TDlV-TCKH) Hold time, JTAG.TDI valid after JTAG.TCK hlgh 5 ns
JL5 tau(TMSV-TCKH) Eizt#p time, JTAG.TMS valid before JTAG.TCK 8 ns
JL6 th(TMSV-TCKH) Hold time, JTAG.TMS valid after JTAG.TCK high 5 ns

(1) P =JTAG.TCK clock period

The capacitive load is 35 pF.

Table 4-12. JTAG Interface—Switching Characteristics

NOTATION | PARAMETER | miN]  mAX| uNIT
Write Timing
JL7 | tyrck Toov) | Delay time, JTAG, TCK active edge to JTAG.TDO valid | 0] 14] s
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5 Detailed Description

5.1 Power Module

This section describes the electrical characteristics of the voltage regulators and timing characteristics of

the supplies digitally controlled in the TPS65920 and TPS65930 devices

Figure 5-1 is the power provider block diagram.

Main battery

VPLL1.0UT VPLL1 VPLLA3R.IN VINT.IN VINTDIG VINTDIG.OUT
L—-«- 1.01.211.31.8V 1.0M.21.315V -)o-—_l
CVPLL1.0UT 40mA 80 mA CVINTDIG.OUT
T T T T
VMMC1.0UT Yg@ggé VMMC1.IN vDAC.IN |  VINTANA1 VINTANA.OUT
85/2. ! 15V
med 13.0/3.15 V 56mA Pom
CVMMC1.0UT 220 mA CVINTANA1.0UT
T T T T
VAUX2 VDAC.IN | VINTANA2 VINTANA2.0UT
VAUX2.0UT | 4 31 5/1.7/1.8/1.9/2.0/ Jg YAUX12SIN ‘ 25275V [pem—)
W) 5 112212, 312.412.512.8 v 250 mA CVINTANAZ.OUT
CVAUX2.0UT 100 mA .
IT _l_ e e
VDAC.IN VDAC VDAC.OUT
VUSB.3P1 VRUSB_3V1 VBAT.USB 120318V Pom
_'_—-.4- 31V CVDAC.OUT
CVUSB.3P1 15 mA L IT
T T
= = VDD1L  LVDD1
VRUSB_1V8 VDD @
VINTUSB1P8.0UT _ VBAT.USB VDD1.IN x 3 :
s ooy ety | Boos [ L conon
CVINTUSB1P8.0OUT 30 mA 1200 mA VDD1.GND e
T T cul
VINTUSB1P5.0UT VRUSB_1V5 VBAT.USB VDD2L = LvDD2
_L—lo{- 1.525V VDD?2 '2)
CVINTUSB1P5.0UT 30 mA | VDD2INxZ)  (DC-DC) VDD2.0UT cvpp2.0UT
T T 06Vto15V
— — 600 mA \/DD2.GND —
@ [
VIO.L LVIO
VIO )
L VIOMxZy  (Dc-DC) Vio.ouT cvio.out
1.8 V/1.85V
700 mA VIO.GND L
(2)

037-010

Two internal regulators, VRRTC and VBRTC, are not shown. VRRTC provides power to the RTC, and VBRTC is not

used in this configuration.

Figure 5-1. Power Provider Block Diagram

NOTE
For the component values, see Table 5-48.
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5.1.1 Power Providers

Table 5-1 summarizes the power providers.

Table 5-1. Summary of the Power Providers

NAME USAGE TYPE VOLTAGE RANGE (V) DEFAULT VOLTAGE e
VAUX2 External LDO 1.3,15,1.7,18,1.9,2.0,21,22,23,24,25,28 1.8V 100 mA
VMMCH1 External LDO 1.85, 2.85, 3.0, 3.15 30V 220 mA
VPLL1 External LDO 1.0,1.2,1.3,1.8,2.8,3.0 1.8V 40 mA
VDAC External LDO 1.2,1.3,1.8 1.8V 70 mA
VIO External SMPS 1.8,1.85 1.8V 700 mA
VDD1 External SMPS 0.6..1.45 1.2V 1200 mA
VDD2 External SMPS 06..15 1.2V 600 mA
VINTANA1 Internal LDO 1.5 15V 50 mA
VINTANA2 Internal LDO 25,275 275V 250 mA
VINTDIG Internal LDO 1.0,12,13,15 1.5V 80 mA
USBCP Internal Charge pump 5 5V 100 mA
VUSB1V5 Internal LDO 1.5 15V 30 mA
VUSB1V8 Internal LDO 1.8 1.8V 30 mA
VUSB3V1 Internal LDO 3.1 3.1V 15 mA
VRRTC Internal LDO 1.5 1.5V 30 mA
VBRTC Internal LDO 1.3 1.3V 100 pA
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5.1.1.1 VDD1 DC-DC Regulator

5.1.1.1.1 VDD1 DC-DC Regulator Characteristics

The VDD1 DC-DC regulator is a stepdown DC-DC converter with a configurable output voltage. The
programming of the output voltage and the characteristics of the DC-DC converter are SmartReflex-
compatible. The regulator can be put in sleep mode to reduce its leakage (PFM) or in power-down mode

when it is not in use. Table 5-3 describes the regulator characteristics.

Table 5-2. Part Names With Corresponding VDD1 Current Support

DEVICE NAME VDD1 CURRENT SUPPORT
TPS65920A2ZCH (some bug fixes, see errata) 12A
TPS65920A2ZCHR (some bug fixes, see errata) 1.2A
TPS65930A2ZCH (some bug fixes, see errata) 1.2A
TPS65930A2ZCHR (some bug fixes, see errata) 1.2A
Table 5-3. VDD1 DC-DC Regulator Characteristics
PARAMETER COMMENTS MIN TYP MAX| UNIT

Input voltage range 2.7 3.6 4.5 \
Output voltage 0.6 1.45 \
Output voltage step Covering the 0.6-V to 1.45-V range 12.5 mV
Output accuracy (") 0.6Vto<08V —6% 6%

08Vto145V —4% 4%
Switching frequency 3.2 MHz

_ - o e _ _ lo =10 mA, sleep 82%

gcgr&\éersmn efficiency ', Figure 5-2 in active 100 MA < Ig < 400 mA 85%

400 mA < Ip < 600 mA 80%

600 mA < Ip < 800 mA 75%
Output current Active mode 1.2 A

Sleep mode 10 mA
Ground current (lg) Off at 30°C 3 pA

Sleep, unloaded 30 50

Active, unloaded, not switching 300
Short-circuit current Vin = VMax 2.2 A
Load regulation 0 < lp < lvax 20 mV
Transient load regulation® :\(/I)azxi:'r?unr;As Itgw(lrh{:t)gzii TMLS/?%%O ns -65 50| mv
Line regulation 10 mV
Transient line regulation 300 mVpp ac input, 10-us rise and fall time 10 mV
Start-up time 0.25 1 ms
Recovery time From sleep mode to on mode with constant <10 100 us

load
Slew rate (rising or falling)*) 4 8 16| mV/us
Output shunt resistor (pulldown) 500 700 Q

Value 0.7 1 1.3 uH
External coil Data capture record (DCR) 0.1 Q

Saturation current 1.8 A

—~ e~ —~—~
S WN —
T2

load currentis 1.1 A.

Accuracy includes all variations (line and load regulations, line and load transients, temperature, and process)
VBAT =3.8V,VDD1=13V,Fs=32MHz,L=1pH, Lpcg = 100 mQ, C = 10 pyF, ESR = 10 mQ

Output voltage must discharge the load current completely and settle to its final value within 100 ps.
Load current varies proportionally with the output voltage. The slew rate is for increasing and decreasing voltages, and the maximum

Copyright © 2008-2015, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: TPS65930 TPS65920

Detailed Description

29


http://www.ti.com/product/tps65930?qgpn=tps65930
http://www.ti.com/product/tps65920?qgpn=tps65920
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWCS037I&partnum=TPS65930
http://www.ti.com/product/tps65930?qgpn=tps65930
http://www.ti.com/product/tps65920?qgpn=tps65920

13 TEXAS
TPS65930, TPS65920 INSTRUMENTS
SWCS0371 —MAY 2008—REVISED JANUARY 2015 www.ti.com

Table 5-3. VDD1 DC-DC Regulator Characteristics (continued)

PARAMETER COMMENTS MIN TYP MAX | UNIT
Value 8 10 12| WF
External capacitor®) Equivalent series resistance (ESR) at 0 20| mQ
switching frequency

(5) Under current load condition step:
Imax/2 (550 mA) in 100 ns with a +20% external capacitor accuracy or
Imax/3 (367 mA) in 100 ns with a +50% external capacitor accuracy
See Table 3-2 for how to connect the VDD1/2 DC-DC converter when it is not in use.

Figure 5-2 shows the efficiency of the VDD1 DC-DC regulator in active mode and sleep mode.

100

90
80 = \

: L
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50

40
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Figure 5-2. VDD1 DC-DC Regulator Efficiency
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5.1.1.1.2 External Components and Application Schematics

Figure 5-3 is an application schematic with the external components on the VDD1 DC-DC regulator.

/ Device

VDD1.IN (D14)

VDD1.IN (D13)

VDD1.IN (D12)

VDD1.SW (C11)

Lvbb1
VDD1.SW (C12)

VDD1.SW (C13)

Cvpp1.0ut
VDD1.GND (A12)

VDD1.GND (B11)

VDD1.GND (B12)

N

030-009

Figure 5-3. VDD1 DC-DC Application Schematic

NOTE
For the component values, see Table 5-48.
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5.1.1.2 VDD2 DC-DC Regulator

5.1.1.2.1 VDD2 DC-DC Regulator Characteristics

The VDD2 DC-DC regulator is a programmable output stepdown DC-DC converter with an internal field
effect transistor (FET). Like the VDD1 regulator, the VDD2 regulator can be placed in sleep or power-
down mode and is SmartReflex-compatible. The VDD2 regulator differs from VDD1 in its current load
capability. Table 5-4 describes the regulator characteristics.

Table 5-4. VDD2 DC-DC Regulator Characteristics

PARAMETER COMMENTS MIN TYP MAX| UNIT
Input voltage range 2.7 3.6 4.5 \
Output voltage 0.6 1 1.5 \
Output voltage step Covering the 0.6-V to 1.45-V range, 125 mV
1.5 V is a single programmable value
Output accuracy (") 06Vto<08V 6% 6%
08Vto15V —4% 4%
Switching frequency 3.2 MHz
) . %) ) ) lo =10 mA, sleep 82%
Conversion efﬂmency( ), Figure 5-4 in active mode
100 mA < Ig < 300 mA 85%
300 mA < I < 500 mA 80%
Active mode 600 mA
Output current
Sleep mode 10 mA
Ground current (lg) Off at 30°C 1 HA
Sleep, unloaded 50
Active, unloaded, not switching 300
Short-circuit current VN = VMax 1.2 A
Load regulation 0 < lp < Ivax 20 mV
. n(3) lo =10 mA to (Iyax/2) + 10 mA, .
Transient load regulation Maximum slew rate is ly,/2/100 ns 65 50 mV
Line regulation 10 mV
Transient line regulation 300 mVpp ac input, 10-ys rise and fall 10 mV
time
Output shunt resistor (internal pulldown) 500 700 Q
Start-up time 0.25 1 ms
Recovery time From sleep mode to on mode with 25 100 us
constant load
Slew rate (rising or falling) ) 4 8 16| mV/us
Value 0.7 1 1.3 uH
External coil DCR 0.1 Q
Saturation current 900 mA
.5 Value 8 10 12 uF
External capacitor ®) —
ESR at switching frequency 0 20 mQ

(1) Accuracy includes all variations (line and load regulations, line and load transients, temperature, and process)

(2) VBAT=3.8V,VDD2=1.3V,Fs=32MHz,L=1pH, Lpcg =100 mQ, C = 10 pF, ESR = 10 mQ

(3) Output voltage needs to discharge the load current completely and settle to its final value within 100 ps.

(4) Load current varies proportionally with the output voltage. The slew rate is for both increasing and decreasing voltages and the
maximum load current is 600 mA.

(5) Under current load condition step:
Imax/2 (300 mA) in 100 ns with a +20% external capacitor accuracy or
Imax/3 (200 mA) in 100 ns with a £50% external capacitor accuracy
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See Table 3-2 for how to connect the VDD1/2 DC-DC converter when it is not in use.

Figure 5-4 shows the efficiency of the VDD2 DC-DC regulator in active mode and sleep mode.
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Figure 5-4. VDD2 DC-DC Regulator Efficiency

5.1.1.2.2 External Components and Application Schematics

Figure 5-5 is an application schematic with the external components on the VDD2 DC-DC regulator.
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s

\_

Device

VDD2.IN (M12)

VDD2.IN (M13)

VDD2.SW (N11)

VDD2.SW (P11)

VDD2.GND (N12)

Cvbp2.ouT

|

VDD2.GND (P12)

030-010

Figure 5-5. VDD2 DC-DC Application Schematic

NOTE

For the component values, see Table 5-48.
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5.1.1.3 VIO DC-DC Regulator

5.1.1.3.1 VIO DC-DC Regulator Characteristics

The I/O and memory DC-DC regulator is a 600-mA stepdown DC-DC converter (internal FET) with two
output voltage settings. It supplies the memories and all 1/O ports in the application and is one of the first
power providers to switch on in the power-up sequence. This DC-DC regulator can be placed in sleep or
power-down mode; however, care must be taken in the sequencing of this power provider, because
numerous ESD blocks are connected to this supply. Table 5-5 describes the regulator characteristics.

Table 5-5. VIO DC-DC Regulator Characteristics

PARAMETER COMMENTS MIN TYP MAX UNIT
Input voltage range 2.7 3.6 4.5 \
Output voltage 185 \
5 —4% 4%
Output accuracy @
-3% 3%
Switching frequency 3.2 MHz
) . 3 ) ) lo =10 mA, sleep 85%
Conversion efficiency @ Figure 5-6 in active mode
100 mA < lg < 400 mA 85%
400 mA < lg < 600 mA 80%
On mode 700 mA
Output current
Sleep mode 10
Ground current (lg) Off at 30°C 1 pA
Sleep, unloaded 50
Active, unloaded, not switching 300
Load transient® 50 mvV
Line transient 300 mVpp ac, input rise and fall time 10 ps 10 mV
Start-up time 0.25 1 ms
Recovery time From sleep mode to on mode with constant <10 100 ys
load
Output shunt resistor (internal pulldown) 500 700 Q
Value 0.7 1 1.3 pH
External coil DCR 0.1 Q
Saturation current 900 mA
. Value 8 10 12 uF
External capacitor ——
ESR at switching frequency 1 20 mQ

(1) This voltage is tuned according to the platform and transient requirements.
) +4% accuracy includes all the variation (line and load regulation, line and load transient, temperature, process)
+3% accuracy is dc accuracy only.
(3) VBAT=38V,VIO=18V,Fs=32MHz, L=1pH, Lpcg =100 mQ, C =10 pF, ESR =10 mQ
(4) Load transient can also be specified as 0 < lg < loytmax/2, At = 1 ys, 100 mV but this is not included in +4% accuracy.
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Figure 5-6 shows the efficiency of the VIO DC-DC regulator in active mode and sleep mode.
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Figure 5-6. VIO DC-DC Regulator Efficiency
Output Voltage = 1.2 V, Vgar =38 V

5.1.1.3.2 External Components and Application Schematics

Figure 5-7 is an application schematic with the external components on the VIO DC-DC regulator.

36 Detailed Description Copyright © 2008-2015, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: TPS65930 TPS65920


http://www.ti.com/product/tps65930?qgpn=tps65930
http://www.ti.com/product/tps65920?qgpn=tps65920
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWCS037I&partnum=TPS65930
http://www.ti.com/product/tps65930?qgpn=tps65930
http://www.ti.com/product/tps65920?qgpn=tps65920

13 TEXAS
INSTRUMENTS TPS65930, TPS65920
www.ti.com SWCS0371—MAY 2008—REVISED JANUARY 2015

/ Device

VIO.IN (M2)

VIO.IN (M3)

VIO.SW (N4)
VIO.SW (P4)

Cvio.out

|

VIO.GND (N3)

VIO.GND (P3)

\_

030-011

Figure 5-7. VIO DC-DC Application Schematic

NOTE
For the component values, see Table 5-48.
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5.1.1.4 VDAC LDO Regulator

The VDAC programmable LDO regulator is a high-PSRR, low-noise linear regulator that powers the host
processor dual-video DAC. It is controllable with registers through 1°C and can be powered down. Table 5-
6 describes the regulator characteristics.

Table 5-6. VDAC LDO Regulator Characteristics

PARAMETER | TEST CONDITIONS MIN| TYP| MAX| UNIT
Output Load Conditions
Filtering capacitor Connected from VDAC.OUT to analog ground 0.3 1 2.7 uF
Filtering capacitor ESR 20 600 mQ
Electrical Characteristics
Vin Input voltage 2.7 3.6 4.5 \
Vour  Output voltage On mode 1.164 1.2] 1.236 \
1.261 1.3| 1.339
1.746 1.8| 1.854
lout Rated output current On mode 70 mA
Low-power mode 5
dc load regulation On mode: 0 < I < lyax 20 mV
dc line regulation On mode, ViN = ViNmin 10 ViNmax at louT = louTmax 3 mV
Turn-on time lout = 0, C = 1 pF (within 10% of Vour) 100 us
Wake-up time Full load capability 10 us
Ripple rejection f <20 kHz 65 dB
20 kHz < f < 100 kHz 45
f=1MHz 40
Vin = Vour + 1V, lo = Imax
Output noise 100 Hz < f < 5 kHz 400 | nVAHz
5 kHz < f < 400 kHz 125
400 kHz < f < 10 MHz 50
Ground current On mode, loyr =0 150 HA
On mode, loyt = louTmax 350
Low-power mode, loyt =0 15
Low-power mode, Iyt =1 mA 25
Off mode at 55°C 1
Vpo  Dropout voltage On mode, loyt = louTtmax 250 mv
Transient load regulation g'-f;\‘l’\;: Ig"(')” r:w ,IO\’\;'SXS —40 40| mv
Transient line regulation gigv?ra.%sni\??prsnv 10| mv
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5.1.1.5 VPLL1 LDO Regulator

The VPLL1 programmable LDO regulator is a high-PSRR, low-noise, linear regulator used for the host
processor PLL supply. Table 5-7 describes the regulator characteristics.

Table 5-7. VPLL1 LDO Regulator Characteristics

PARAMETER | TEST CONDITIONS | miN|  TYP| mAX| unIT
Output Load Conditions
Filtering capacitor Connected from VPLL1.0OUT to analog ground 0.3 1 2.7 uF
Filtering capacitor ESR 20 600 mQ
Electrical Characteristics
Vin Input voltage 2.7 3.6 4.5 \
Vour  Output voltage On mode and low-power mode 0.97 1.0 1.03 \
1.164 1.2| 1.236
1.261 1.3| 1.339
1.746 1.8| 1.854
2.716 2.8| 2.884
2.91 3.0| 3.090
lout Rated output current On mode 40 mA
Low-power mode 5
dc load regulation On mode: 0 < I < lyax 20 mV
dc line regulation On mode, ViN = ViNmin 10 ViNmax at louT = louTmax 3 mV
Turn-on time lout = 0, C = 1 pF (within 10% of Vour) 100 us
Wake-up time Full load capability 10 us
Ripple rejection f<10 kHz 50 dB
10 kHz < f < 100 kHz 40
f=1MHz 30
Vin = Vout + 1V, lo = Imax
Ground current On mode, loyr =0 70 HA
On mode, loyt = louTmax 110
Low-power mode, loyt =0 15
Low-power mode, Iyt =1 mA 16
Off mode at 55°C 1
Vpo  Dropout voltage On mode, loyt = louTtmax 250 mv
Transient load regulation g'-f;\‘l’\;: Ig"(')” r:w ,IO\’\;'SXS —40 40| mv
Transient line regulation gigv?ra.%sni\??prsnv 10| mV
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5.1.1.6 VMMC1 LDO Regulator

The VMMC1 LDO regulator is a programmable linear voltage converter that powers the multimedia card
(MMC) slot. It includes a discharge resistor and overcurrent protection (short-circuit). This LDO regulator
can also be turned off automatically when MMC card extraction is detected. The VMMC1 LDO can be
powered through an independent supply other than the battery; for example, a charge pump. In this case,
the input from the VMMC1 LDO can be higher than the battery voltage. Table 5-8 describes the regulator

characteristics.
Table 5-8. VMMC1 LDO Regulator Characteristics
PARAMETER | TEST CONDITIONS | miN|  TYP| mAX| unIT
Output Load Conditions
Filtering capacitor Connected from VMMC1.0OUT to analog ground 0.3 1 2.7 uF
Filtering capacitor ESR 20 600 mQ
Electrical Characteristics
Vin Input voltage 2.7 3.6 5.5 \
1.7945 1.85 | 1.9055
Voutr  Output voltage On mode and low-power mode 2'7263? 2'388 2'93388 \
3.0555|  3.15|3.2445
lout Rated output current (L)onwr_npcgc‘i’ser mode 222 mA
dc load regulation On mode: 0 < I < lyax 20 mV
dc line regulation On mode, ViN = ViNmin 10 ViNmax at louT = louTmax 3 mV
Turn-on time lout = 0, C = 1 pF (within 10% of Vour) 100 us
Wake-up time Full load capability 10 us
f<10 kHz 50
Ripple rejection 22 ‘;Hl\iljzf <100 kHz gg dB
Vin = Vour + 1V, lo = Imax
On mode, loyt =0 70
On mode, louT = louTmax 290
Ground current Low-power mode, loyt =0 17 HA
Low-power mode, loyt =5 mA 20
Off mode at 55°C 1
Vbo Dropout voltage On mode, louT = louTmax 250 mV
Transient load regulation ISLIOS\(/’V:: IZ’S‘ n_w L";‘a’; —40 40| mv
Transient line regulation gigv?ra%srr?\(}?p?v 10| mv
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5.1.1.7 VAUX2 LDO Regulator

The VAUX2 general-purpose LDO regulator powers the auxiliary devices. Table 5-9 describes the
regulator characteristics.

Table 5-9. VAUX2 LDO Regulator Characteristics

PARAMETER | TEST CONDITIONS | miN|  TYP| mAX| unIT
Output Load Conditions
Filtering capacitor Connected from VAUX2.0UT to analog ground 0.3 1 2.7 uF
Filtering capacitor ESR 20 600 mQ
Electrical Characteristics
Vin Input voltage 2.7 3.6 4.5 \
1.3
1.5
1.7
1.8
1.9
Voutr  Output voltage On mode and low-power mode —-3% g? 3% \
22
2.3
24
25
2.8
On mode 100
lout Rated output current Low-power mode 5 mA
dc load regulation On mode: loyt = louTmax t0 0 20 mV
dc line regulation On mode, ViN = ViNmin 10 ViNmax at louT = louTmax 3 mV
Turn-on time lout = 0, C = 1 pF (within 10% of Vour) 100 us
Wake-up time Full load capability 10 us
f<10 kHz 50
. — 10 kHz < f < 100 kHz 40
Ripple rejection f=1 MHz o5 dB
Vin=Vour + 1V, o = lmax
On mode, loyt =0 70
On mode, lout = louTmax 170
Ground current Low-power mode, loyt =0 17 HA
Low-power mode, loyt =5 mA 20
Off mode at 55°C 1
Vbo Dropout voltage On mode, louT = louTmax 250 mV
; ; ILoad" IMin — IMax
Transient load regulation Slew: 40 mA/js —40 40 mV
. . . Vn drops 500 mV
Transient line regulation Slew: 40 mV/us 10 mV
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5.1.1.8 Output Load Conditions

Table 5-10 lists the regulators that power the device, and the output loads associated with them.

Table 5-10. Output Load Conditions

REGULATOR PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VINTDIG LDO | Filtering capacitor Connected from VINTDIG.OUT to analog 0.3 1 2.7 uF
ground
Filtering capacitor ESR 20 600 mQ
VINTANA1 LDO | Filtering capacitor Connected from VINTANA1.OUT to 0.3 1 2.7 uF
analog ground
Filtering capacitor ESR 20 600 mQ
VINTANAZ2 LDO | Filtering capacitor Connected from VINTANA2.OUT to 0.3 1 2.7 uF
analog ground
Filtering capacitor ESR 20 600 mQ
VRUSB_3V1 LDO | Filtering capacitor Connected from VUSB.3P1 to GND 0.3 1 2.7 uF
Filtering capacitor ESR 0 10 600 mQ
VRUSB_1V8 LDO | Filtering capacitor 8?\lnDnected from VINTUSB1P8.0UT to 0.3 1 2.7 uF
Filtering capacitor ESR 0 10 600 mQ
VRUSB_1V5 LDO | Filtering capacitor Connected from VINTUSB1P5 to GND 0.3 1 2.7 uF
Filtering capacitor ESR 0 10 600 mQ
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5.1.1.9 Charge Pump

The charge pump generates a 4.8-V (nominal) power supply voltage from the battery to the VBUS pin.
The input voltage range is 2.7 to 4.5 V for the battery voltage. The charge pump operating frequency is
1 MHz.

The charge pump tolerates 7 V on VBUS when it is in power-down mode. The charge pump integrates a
short-circuit current limitation at 450 mA. Table 5-11 lists the charge pump output load conditions.

Table 5-11. Charge Pump Output Load Conditions

PARAMETER | TEST CONDITIONS | miN|  TYP| mAX| unIT
Output Load Conditions
Filtering capacitor Connected from VBUS to VSSP 1.41 4.7 6.5 uF
Flying capacitor Connected from CP to CN 1.32 22| 3.08 uF
Filtering capacitor ESR 20 mQ

5.1.1.10 USB LDO Short-Circuit Protection Scheme

The short-circuit current for the LDOs and DC-DCs in the TPS65920 and TPS65930 devices is
approximately twice the maximum load current. When the output of the block is shorted to ground, the
power dissipation can exceed the 1.2-W requirement if no action is taken. A short-circuit protection
scheme is included in the TPS65920 and TPS65930 devices to ensure that if the output of an LDO or DC-
DC is short-circuited, the power dissipation does not exceed the 1.2-W level.

The three USB LDOs, VRUSB3V1, VRUSB1V8, and VRUSB1V5, are included in this short-circuit
protection scheme, which monitors the LDO output voltage at a frequency of 1 Hz and generates an
interrupt (sc_it) when a short-circuit is detected.

The scheme compares the LDO output voltage to a reference voltage and detects a short-circuit if the
LDO voltage drops below this reference value (0.5 or 0.75 V programmable). In the case of the
VRUSB3V1 and VRUSB1V8 LDOs, the reference is compared with a divided down voltage (1.5 V typical).

If a short-circuit is detected on VRUSB3V1, the power subchip FSM switches this LDO to sleep mode.

If a short-circuit is detected on VRUSB1V8 or VRUSB1V5, the power subchip FSM switches off the
relevant LDO.
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5.1.2 Power References

The bandgap voltage reference is filtered (resistance/capacitance [RC] filter) using an external capacitor
connected across the VREF output and an analog ground (REFGND). The VREF voltage is scaled,
distributed, and buffered in the device. The bandgap is started in fast mode (not filtered), and is set
automatically by the power state-machine in slow mode (filtered, less noisy) when required.

Table 5-12 lists the voltage reference characteristics.

Table 5-12. Voltage Reference Characteristics

PARAMETER | TEST CONDITIONS | MIN| TYP| mMAX| UNIT
Output Load Condition
Filtering capacitor | Connected from Vper to GNDREF | 03] 1] 27| F
Electrical Characteristics
Vin  Input voltage On mode 2.7 3.6 4.5 Vv
Internal bandgap reference voltage On mode, measured through TESTV terminal 1.272| 1.285 1.298 Vv
Reference voltage (Vrgr terminal) On mode 0.749 0.75 0.77 Vv
Retention mode reference On mode 0.492 0.5 0.508 Vv
Irer NMOS sink 0.9 1 1.1 pA
Ground current Bandgap 25 HA
Irer block 20
Preregulator 15
VRger buffer 10
Retention reference buffer 10
Output spot noise 100 Hz 1| wVAHz
A-weighted noise (rms) 200 nV (rms)
P-weighted noise (rms) 150 nV (rms)
Integrated noise 20 to 100 kHz 2.2 Y
Igias trim bit LSB 0.1 pA
Ripple rejection <1 MHz from VBAT 60 dB
Start-up time 1 ms

5.1.3 Power Control

5.1.3.1 Backup Battery Charger

If the backup battery is rechargeable, it can be recharged from the main battery. A programmable voltage
regulator powered by the main battery allows recharging of the backup battery. The backup battery charge
must be enabled using a control bit register. Recharging starts when two conditions are met:

+ Main battery voltage > backup battery voltage

* Main battery > 3.2V
The comparators of the backup battery system (BBS) give the two thresholds of the backup battery charge

startup. The programmed voltage for the charger gives the end-of-charge threshold. The programmed
current for the charger gives the charge current.

Overcharging is prevented by measurement of the backup battery voltage through the GP ADC. Table 5-
13 lists the characteristics of the backup battery charger.
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Table 5-13. Backup Battery Charger Characteristics

PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT
VBACKUP-to-MADC input attenuation VBACKUP from 1.8 0 3.3 V 0.33 VIV
Backup battery charging current VBACKUP = 2.8 V, BBCHEN = 1, BBISEL = 00 10 25 45 pA

VBACKUP = 2.8 V, BBCHEN = 1, BBISEL = 01 105 150 270 MA
VBACKUP = 2.8 V, BBCHEN = 1, BBISEL = 10 350 500 900 MA
VBACKUP = 2.8 V, BBCHEN = 1, BBISEL = 11 0.7 1 1.8 mA
VBACKUP =0V, BBCHEN = 1, BBISEL = 00 17.5 25 45 MA
VBACKUP = 0 V, BBCHEN = 1, BBISEL = 01 105 150 270 MA
VBACKUP =0V, BBCHEN = 1, BBISEL = 10 350 500 900 pA
VBACKUP = 0 V, BBCHEN = 1, BBISEL = 11 0.7 1 1.8 mA
End backup battery charging voltage: lveackup = —10 pA, BBSEL = 00 2.4 25 2.6 \
VBBCHGEND lveackuP = —10 HA, BBSEL = 01 29| 30| 31| v
lveackup = —10 pA, BBSEL = 10 3.0 3.1 3.2 \
lveackup = —10 pA, BBSEL = 11 3.1 3.2 3.3 \

5.1.3.2 Battery Monitoring and Threshold Detection

5.1.3.2.1 Power On/Power Off and Backup Conditions
Table 5-14 lists the threshold levels of the battery.

Table 5-14. Battery Threshold Levels

PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT

Main battery charged threshold Measured on VBAT terminal 3.1 3.2 3.3 \"

VMBCH

Main battery low threshold VMBLO VBACKUP = 3.2 V, measured on VBAT terminal (monitored 2.55 2.7 2.85 \
on terminal ONNOFF)

Main battery high threshold VMBHI Measured on terminal VBAT, VBACKUP =0 V 25| 265 295 \"
Measured on terminal VBAT, VBACKUP = 3.2 V 2.5 2.85 2.95

Batteries not present threshold VBNPR | Measured on terminal VBACKUP with VBAT < 2.1 V 1.6 1.8 2.0 \%
Measured on terminal VBAT with VBACKUP =0 V 1.95 2.1 2.25
(monitored on terminal VRRTC)

5.1.3.3 VRRTC LDO Regulator

The VRRTC voltage regulator is a programmable, low dropout, linear voltage regulator supplying (1.5 V)
the embedded real-time clock (32.768-kHz oscillator) and dedicated I/Os of the digital host counterpart.
The VRRTC regulator is also the supply voltage of the power-management digital state-machine. The
VRRTC regulator is supplied from the UPR line, switched on by the main or backup battery, depending on
the system state. The VRRTC output is present as long as a valid energy source is present. The VRRTC
line is supplied by an LDO when VBAT > 2.7, and a clamp circuit when in backup mode. Table 5-15
describes the regulator characteristics.
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Table 5-15. VRRTC LDO Regulator Characteristics

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
Output Load Conditions
Filtering capacitor Connected from VRTC.OUT to analog ground 0.3 1 2.7 uF
Filtering capacitor ESR 20 600 mQ
Electrical Characteristics
Vin Input voltage On mode 2.7 VBAT 4.5 \
Vout Output voltage On mode 1.45 1.5 1.55 \
lout Rated output current On mode 30 mA
Sleep mode 1
DC load regulation On mode: loyt = louTmax t0 0 100 mV
DC line regulation On mode, ViN = ViNmin t0 ViNmax at lout = louTmax 100 mV
Turn-on time lout = 0, at Vout = VouTfina £ 3% 100 us
Wake-up time On mode from low power to On mode, oyt = 0, at 100 ys
Vout = Voutfinal = 3%
From backup to On mode, lgyt = 0, at Voyrt = 100
Vourtinal £ 3%
Ripple rejection (VRRTC) f<10 kHz 50 dB
10 kHz < f < 100 kHz 40
f=1MHz 30
Vin=Vour + 1V, lo = Imax
Ground current On mode, loyt =0 70 pA
On mode, loyT = louTmax 100
Sleep mode, lgyt =0 10
Sleep mode, lgyt = 1 mA 11
Off mode 1
Vbo Dropout voltage ") On mode, lout = louTmax 250 mV
Transient load regulation ILoap: Imin — Imax -40 40 mV
Slew: 40 mA/us
Transient line regulation VN drops 500 mV 10 mV
Slew: 40 mV/us
Overshoot Softstart 3%
Pull down resistance Default in off mode 250 320 450 Q

(1) For nominal output voltage
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5.1.4 Power Consumption

Table 5-16 describes the power consumption depending on the use cases.

NOTE

Typical power consumption is obtained in the nominal operating conditions and with the

TPS65920 and TPS65930 devices in stand-alone configuration.

Table 5-16. Power Consumption

TYPICAL
MODE DESCRIPTION CONSUMPTION

Only the RTC date is maintained with a couple of registers in the backup

Backup domain. No main source is connected. Consumption is on the backup VBAT not present | 2.25*3.2=7.2 yW
battery.
The phone is apparently off for the user, a main battery is present and well-

. charged. The RTC registers and registers in the backup domain are _ _

Wait on maintained. The wake-up capabilities (such as the PWRON button) are VBAT =38V 64 x3.8=243.2uW
available.
The subsystem is powered by the main battery, all supplies are enabled

Active no load with full current capability, internal reset is released, and the associated VBAT =3.8V |3291 x 3.8 = 12505 pyW
processor is running.
The main battery powers the subsystem, selected supplies are enabled but

Sleep no load in low-consumption mode, and the associated processor is in low-power VBAT =38V 496 x 3.8 = 1884.4 yW

mode.

Table 5-17 lists the regulator states according to the mode in use.

Table 5-17. Regulator State Depending on Use Case

MODE

REGULATOR BACKUP WAIT ON steepNoLoap | ACTIENO
VAUX2 OFF OFF SLEEP ON
VMMCH OFF OFF OFF OFF
VPLLT OFF OFF SLEEP ON
VDAC OFF OFF OFF OFF
VINTANA1 OFF OFF SLEEP ON
VINTANA2 OFF OFF SLEEP ON
VINTDIG OFF OFF SLEEP ON
VIO OFF OFF SLEEP ON
VDD1 OFF OFF SLEEP ON
VDD2 OFF OFF SLEEP ON
VUSB_1V5 OFF OFF OFF OFF
VUSB_1V8 OFF OFF OFF OFF

VUSB_3V1 OFF OFF SLEEP SLEEP
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5.1.5 Power Management

5.1.5.1 Boot Modes
Table 5-18 lists the modes corresponding to BOOT0-BOOT1.

Table 5-18. BOOT Mode Description

NAME DESCRIPTION BOOTO BOOT1
Reserved 0 0
MC027 Master_C027_Generic 01 0 1
MCo021 Master_C021_Generic 10 1 0
SCo021 Slave_C021_Generic 11 1 1

5.1.5.2 Process Modes

This parameter defines:

» The boot voltage for the host core

» The boot sequence associated with the process

+ The dynamic voltage and frequency scaling (DVFS) protocol associated with the process
5.1.5.2.1 MC021 Mode

Table 5-19 lists the characteristics of MC021 mode.

Table 5-19. MC021 Mode

Boot core voltage 1.2V
Power sequence VIO followed by VPLL1, VDD2, VDD1
DVFS protocol SmartReflex IF (1°C HS)
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5.1.5.3 Power-On Sequence

5.1.5.3.1 Timing Before Sequence_Start

Sequence_Start is a symbolic internal signal to ease the description of the power sequences. It occurs
according to the events shown in Figure 5-8.

Vbat

Sequence_Start

VAC

Sequence_Start

Vbus

Sequence_Start

PWRON

Sequence_Start

PWRON

Sequence_Start

Starting_Event is main battery insertion

/

\—ﬂ 61 ps - 2 cycle32k

Starting_Event is charger insertion

/

L+ 61 us-2cycle32k

/

Starting_Event is VBUS insertion

/

{61 us- 2 cycle32k

/

Starting_Event is PWRON button

\—ﬂ Pushbutton debouncing - 30 ms

Starting_Event is PWRON rising when device is in slave mode

>{Ous
|

030-012

Figure 5-8. Timing Before Sequence Start
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5.1.5.3.2 Power-On Sequence

Figure 5-9 describes the timing and control that must occur in the OMAP3 mode. Sequence_Start is a
symbolic internal signal to ease the description of the power sequences. It occurs according to the events
shown in Figure 5-8.

Sequence_Start I

‘—P( 4608 s battery detection

REGEN |
‘—D( 1068 us - 3 MHz oscillator setting + clock switch
VIO [ 18V
—>‘ 1179 ps for VIO stabilization
VPLLA1 I 1.8V
‘—'( 1022 us for LDO stabilization and start DC-DC ramping
VDD2 I 12V
‘—>‘ 1099 us for VDD2 stabilization and VDD1 start ramping
VDD1 / 12V

‘—>‘ 1175 ps for VDD1 stabilization
32KCLKOUT | Uy uUuyuyuyuyuuyuuyuuyuue
L>‘61 us

SYSEN |

I
—D( 1179 ps for VIO stabilization

CLKEN |

1953 us
~53ms —

H 61 us

NRESPWRON |

Y

019-072

Figure 5-9. Timings—Power On in OMAP3 Mode
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5.1.5.3.3 Power On in Slave_C021 Mode

Figure 5-10 describes the timing and control that must occur in the Slave_C021 mode. Sequence_Start is
a symbolic internal signal to ease the description of the power sequences and occurs according to the
different events detailed in Figure 5-8.

PWRON |

‘——|4791 us — 3-MHz oscillator setting + internal reg

REGEN [
‘——| 1068 us for external supply ramp
VIO [18V
——|1179 us for VIO DC-DC stablilization
VPLL1 /] 18V
‘——|1022 us
VDD2 [12v
‘——|1099 us for VDD2 stabilization
VDD1 [ 12V
‘—>|‘I175 ps for VDD1 stabilization
32KCLKOUT | pEgSpEpEpNpipEpips
\—-|61 us
SYSEN [

|
——|1099 us for VDD2 stabilization
L

CLKEN |
1953 s for digital clock setting

\—-|64 us
NRESPWRON [
030-022
Figure 5-10. Timings—Power On in Slave_C021 Mode
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5.1.5.4 Power-Off Sequence

This section describes the signal behavior required to power down the system.

5.1.5.4.1 Power-Off Sequence

Figure 5-11 shows the timing and control that occur during the power-off sequence in master modes.

VBAT

DEVOFF(register)

J
—ﬁ18 us
NRESPWRON |
1.2 ms ﬂ
REGEN |
18 us
32KCLKOUT
1.2 ms ﬁ
DCDCs \
1.2 ms ﬂ
LDOs \
ﬂm us
SYSEN |
ﬂw us
HFCLKOUT ]
—ﬂus us
CLKEN ]

4% 3.42 ms before detection of starting event

NEXT_Startup_event |

037-055

NOTE: All of these timings are typical values with the default setup (depending on the resynchronization between power
domains, state machinery priority, etc.).

Figure 5-11. Power-Off Sequence in Master Modes

Because of the internal frequency used by Power STM switching from 3 to 1.5 MHz when the HF clock
value is 19.2 MHz, if the HF clock value is not 19.2 MHz (with HFCLK_FREQ bit field values set
accordingly in the CFG_BOOT register), the delay between DEVOFF and
NRESPWRON/CLK32KOUT/SYSEN/HFCLKOUT is divided by two (approximately 9 us).

The DEVOFF event is PWRON falling edge in slave mode and DEVOFF internal register write in master
mode.
5.2 Real-Time Clock and Embedded Power Controller

The TPS65930 and TPS65920 devices contain an RTC to provide clock and timekeeping functions and an
EPC to provide battery supervision and control.

5.2.1 RTC

The RTC provides the following basic functions:

» Time information (seconds/minutes/hours) directly in binary-coded decimal (BCD) code

» Calendar information (day/month/year/day of the week) directly in BCD code

» Interrupt generation periodically (1 second/1 minute/1 hour/1 day) or at a precise time (alarm function)
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» 32-kHz oscillator drift compensation and time correction
« Alarm-triggered system wake-up event

5.2.1.1 Backup Battery

The TPS65030 and TPS65920 devices device implement a backup mode in which a backup battery can
keep the RTC running to maintain clock and time information even if the main supply is not present. If the
backup battery is rechargeable, the device also provides a backup battery charger so it can be recharged
when the main battery supply is present.

The backup domain powers the following:

» Internal 32.768-kHz crystal oscillator

« RTC

« Eight general-purpose (GP) storage registers

« Backup domain low-power regulator (VBRTC)

5.2.2 EPC

The EPC provides five system states for optimal power use by the system, as listed in Table 5-20.

Table 5-20. System States

SYSTEM STATE DESCRIPTION
NO SUPPLY The system is not powered by any battery.
BACKUP The system is powered only with the backup battery and maintains
only the VBRTC supply.
WAIT-ON The system is powered by the main battery and maintains only the

VRRTC supply. It can accept switch-on requests.

ACTIVE The system is powered by the main battery; all supplies can be
enabled with full current capability.

SLEEP The main battery powers the system; selected supplies are enabled,
but in low consumption mode.

Three categories of events can trigger state transitions:
» Hardware events: Supply/battery insertion, wake-up requests, USB plug, and RTC alarm
+ Software events: Switch-off commands, switch-on commands, and sleep on commands

» Monitoring events: Supply/battery level check, main battery removal, main battery fail, and thermal
shutdown

5.3 USB Transceiver

The TPS65920/TPS65930 device includes a USB OTG transceiver with the CEA carkit interface that
supports USB 480 Mbps HS, 12 Mbps full-speed (FS), and USB 1.5 Mbps low-speed (LS) through a 4-pin
ULPI.

The carkit block ensures the interface between the phone and a carkit device. The TPS65920/TPS65930
USB supports the CEA carkit standard.

Figure 5-12 is a block diagram of the USB 2.0 physical layer (PHY).
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— USB OTG device

Free headset
UART control
— Audio accessory

Phone connector — PC
(USB)

| ADC inputs — Carkit
(optional)

037-011

Figure 5-12. USB 2.0 PHY Block Diagram

5.3.1 Features

The device has a USB OTG carkit transceiver that allows system implementation that complies with the
following specifications:

» Universal Serial Bus 2.0 Specification

* On-The-Go Supplement to the USB 2.0 Specification
* CEA-2011: OTG Transceiver Interface Specification
» CEA-936A: Mini-USB Analog Carkit Specification

«  UTMI+ Low Pin Interface Specification

The features of the individual specifications are:
« Universal Serial Bus 2.0 Specification (hereafter referred to as the USB 2.0 specification):
— 5-V-tolerant data line at HS/FS, FS-only, and LS-only transmission rates
— 7-V-tolerant video bus (VBUS) line
— Integrated data line serial termination resistors (factory-trimmed)
— Integrated data line pullup and pulldown resistors
— On-chip 480-MHz phase-locked loop (PLL) from the internal system clock (19.2, 26, and 38.4 MHz)
— Synchronization (SYNC)/end-of-period (EOP) generation and checking
— Data and clock recovery from the USB stream
— Bit-stuffing/unstuffing and error detection
— Resume signaling, wakeup, and suspend detection
— USB 2.0 test modes

* On-The-Go Supplement to the USB 2.0 Specification (hereafter referred to as the OTG supplement to
the USB 2.0 specification):

— 3-pin LS/FS serial mode (DAT_SEOQ)
— 4-pin LS/FS serial mode (VP_VM)
« CEA-936A: Mini-USB Analog Carkit Interface Specification:
— 5-pin CEA mini-USB analog carkit interface
— UART signaling
— Audio (mono/stereo) signaling
— UART transactions during audio signaling
— Basic and smart 4-wire/5-wire carkit, chargers, and accessories
— ID CEA resistor comparators
« UTMI+ Low Pin Interface Specification (hereafter referred to as the ULPI specification):
— 12-pin ULPI with 8-pin parallel data for USB signaling and register access
— 60-MHz clock generation
— Register mapping

Figure 5-13 is the USB system application schematic.
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z pz4
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o |0 |c |c |c
o T |0 o (o |o
Y la |0 |0 |® |w |@
Q15 (> 2 |5 |2 |w
pz4 — T o vl T ) B
O pz4 v} pz4 © | - —
CP.OUT
UCLK USB CP
STP )
Device D
DIR DP/UART3.RXD
NXT USB-CEA
USB 2.0 DM/UART3.TXD carkit
DATAO/RX HS-OTG connector
transceiver VBUS
DATA1/TX with CEA
Host carkit interface GND
st processor DATA2/RTSI -
DATA3/CTSO c
vBUS1 L L
DATA4
CvBus2
DATA5
DATA6
DATA7 ’
037-012
Figure 5-13. USB System Application Schematic
NOTE
For the component values, see Table 5-48.
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5.3.2 HS USB Port Timing

The ULPI interface supports an 8-bit data bus and the internal clock mode. The 4-bit data bus and the
external clock mode are not supported.

The HS functional mode supports an operating rate of 480 Mbps.

Table 5-21 and Table 5-22 assume testing over the recommended operating conditions (see Figure 5-14).

— |« Hsus
[+—HSU4 — ’$
STP T\
HSUZ—ﬁ ﬁ HSU2
DIR_& NXT —
HSU3——] | Hsus p— HSU6—>p—{ HSU7
DATA[7:0] | K Data ouT__ | K _Data IN_ ) |

037-049

Figure 5-14. HS-USB Interface—Transmit and Receive Modes (ULPI 8-bit)

NOTE
ULPI data [7:0] lines are set to 1 after USB PHY power up, and before the clock signal is
stable.

The input timing requirements are given by considering a rising or falling time of 1 ns (see Table 5-21).

Table 5-21. HS-USB Interface Timing Requirements

NOTATION PARAMETER MIN MAX UNIT

HSU4 ts(STPV-CLKH) Setup time, STP valid before UCLK rising 6 ns
edge

HSU5 th(CLKH—STPIV) Hold time, STP valid after UCLK rising edge 0 ns
Setup time, DATA[0:7] valid before UCLK 6

HSU6 ts(DATAV-CLKH) ri;rlljgei;?:]i [0:7] valid before ns
Hold time, DATA[0:7] valid after UCLK risin 0

HSU7 th(CLKH-DATIV) edge ! [0:7] vali ISing ns

Table 5-22 lists the HS-USB interface switching requirements.

Table 5-22. HS-USB Interface Switching Requirements("

NOTATION PARAMETER(" MIN TYP| MAX| UNIT
HSUO0 focLK) UCLK clock frequency Steady state 58.42 60 61.67| MHz
HSU1 tw(cLk) UCLK duty cycle Steady state 48.3% 50% | 51.7%

t Delay time, UCLK rising edge to Steady state 0 9 ns
HSU2 d(CLKH-DIR) DIR transition
t Delay time, UCLK rising edge to Steady state 0 9 ns
d(CLKH-NXTV) NXT transition
Delay time, UCLK rising edge to Steady state 0 9
HSU3 ld(CLKH-DATV) DATA0:7] transition ns

(1) The capacitive load for output data and control load is 10 pF (rising and falling time is 2 ns).
The capacitive load for the CLK port is 6 pF (rising and falling time is 1 ns).
The HS-USB interface has only one state: the steady state.

56 Detailed Description Copyright © 2008-2015, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: TPS65930 TPS65920


http://www.ti.com/product/tps65930?qgpn=tps65930
http://www.ti.com/product/tps65920?qgpn=tps65920
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWCS037I&partnum=TPS65930
http://www.ti.com/product/tps65930?qgpn=tps65930
http://www.ti.com/product/tps65920?qgpn=tps65920

13 TEXAS

INSTRUMENTS

www.ti.com

TPS65930, TPS65920
SWCS0371 -MAY 2008-REVISED JANUARY 2015

5.3.3 USB-CEA Carkit Port Timing

This mode allows the link for communication through the USB PHY to a remote carkit in CEA audio + data
during audio (DDA) mode as defined in the CEA-936A specification. In this mode, the ULPI data bus is
redefined as a 2-pin UART interface, which exchanges data through a direct access to the FS/LS analog
transmitter and receiver.

UART data are sent and received on the USB D+/D— pads. D+/D— are also used in this mode to carry
audio 1/O signals.

Table 5-23 assumes testing over the

recommended operating conditions

(see the CEA-936A

specification).
Table 5-23. USB-CEA Carkit Interface Timing Parameters
PARAMETER MIN MAX UNIT
tPH_DP_CON Phone D+ connect time 100 ms
tcr_pP_con Carkit D+ connect time 150 300 ms
tPH DM_CON Phone D- connect time 10 ms
tPH_cMD_DLY Phone command delay 2 ms
tPH_MONO_ACK Phone mono acknowledge 10 ms
tPH_DISC_DET Phone D+ disconnect time 150 ms
tcR_pisc_DET Carkit D— disconnect detect 50 150 ms
tPH_AUD_BIAS Phone audio bias 1 ms
tcr_AUD_DET Carkit audio detect 400 800 s
tcR_UART DET Carkit UART detect (data-during-audio enabled) 700 1200 ns
tPH_STLO DET Phone stereo D+ low detect 30 100 ms
tPH_PLS POS Phone D- interrupt pulse width 200 600 ns
tcR_PLS NEG Carkit D+ interrupt pulse width 200 600 ns
tbAT AUD_POL Data-during-audio polarity 20 60 ms
tacc coL DET Accessory ID collision detect 2 3 ms
tacc_INT_Pw Accessory ID interrupt pulse width 200 400 us
tacc INT WAIT Accessory ID interrupt wait time 10 15 ms
tacc_cMD wAIT Accessory ID command wait time 0 ms
tPH_INT PW Phone ID interrupt pulse width 4 8 ms
tPH_INT WAIT Phone ID interrupt wait time 4 8 ms
tPH_cMD_ WAIT Phone ID command wait time 0 ms
tPH_UART RPT Phone command repeat time 50 ms
tcR_UART RsP Carkit UART response 30 ms
tcr INT RPT Carkit interrupt repeat time 50 ms
fUART DFLT Default UART signaling rate (typical rate) 9600 bps

Figure 5-15 shows the USB-CEA carkit UART data flow.

ULPI

DATAO: UART_TX
DATA1: UART_RX

Device

A

USB-CEA connector

DP/RXD/MIC

»1 DM/TXD/SPKR

Figure 5-15. USB-CEA Carkit UART Data Flow

Table 5-24 lists the USB-CEA carkit UART timings.

037-048
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Table 5-24. USB-CEA Carkit UART Timings

NOTATION PARAMETER MIN| MAX| UNIT
CK1 td(UART TXH-DM) Delay time, UART_TX rising edge to DM transition 4.0 11 ns
CKk2 td(UART TXL-DM) Delay time, UART_TX falling edge to DM transition 4.0 11 ns
CK3 ; Delay time, DP rising edge to UART_RX | At 38.4 MHz 205 234 ns

A(DPIHUART_R) transition At 19.2 MHz 310| 364
CK4 ; Delay time, DP falling edge to UART_RX | At 38.4 MHz 205 234 ns
J(DPLUARTRX) transition At 19.2 MHz 310| 364

Figure 5-16 shows the USB-CEA carkit UART timings.

UART_TX / \
H CK1 Lﬁ CK2
DM X X
DP / \
L{ CK3 Lﬁ CK4
UART_RX X X

037-047

Figure 5-16. USB-CEA Carkit UART Timings

5.3.4 PHY Electrical Characteristics

The PHY is the physical signaling layer of the USB 2.0. It contains the drivers and receivers for physical
data and protocol signaling on the DP and DM lines.

The PHY interfaces with the USB controller through the UTMI.

The transmitters and receivers in the PHY are of two main classes:

+ FS and LS transceivers (legacy USB1.x transceivers)

» HS transceivers

To bias the transistors and run the logic, the PHY also contains reference generation circuitry which
consists of:

+ A DPLL that does a frequency multiplication to achieve the 480-MHz low-jitter lock necessary for USB,
and the clock required for the switched capacitor resistance block

» A switched capacitor resistance block that replicates an external resistor on chip
Built-in pullup and pulldown resistors are used as part of the protocol signaling.

The PHY also contains circuitry that protects it from an accidental 5-V short on the DP and DM lines and
from 8-kV IEC ESD strikes.

5.3.4.1 HS Differential Receiver

The HS receiver consists of the following blocks:

« A differential input comparator to receive the serial data

+ A squelch detector to qualify the received data

* An oversampler-based clock data recovery scheme followed by a nonreturn to zero inverted (NRZI)
decoder, bit unstuffing, and serial-to-parallel converter to generate the UTMI DATAOUT

Table 5-25 lists the characteristics of the HS differential receiver.
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Table 5-25. HS Differential Receiver

PARAMETER | COMMENTS | MIN| TYP| mMAX| UNIT
Input Levels for HS
HS squelch detection threshold Vussa (Differential signal amplitude) 100 125 150 mV
HS disconnect detection threshold VHspsc (Differential signal amplitude) 525 600 625 mV
gi;eata signaling common mode voltage Vhscm _50 200 500 mv
HS differential input sensitivity VpiHs (Differential signal amplitude) -100 100 mV
Input Impedance for HS
Internal specification for input capacitance CHsLoAD 11 pF
Internal Cys oap DP/DM matching CHsLOADM 0.2 pF
External Components With the Total Budget Combined (without USB cable load)
External capacitance on DP or DM 2 pF
External series resistance on DP or DM Q

5.3.4.2 HS Differential Transmitter

The HS transmitter is always operated on the UTMI parallel interface. The parallel data on the interface is
serialized, bit stuffed, NRZI encoded, and transmitted as a dc output current on DP or DM, depending on
the data. Each line has an effective 22.5-Q load to ground, which generates the voltage levels for

signaling.

A disconnect detector is also part of the HS transmitter. A disconnect on the far end of the cable causes
the impedance seen by the transmitter to double, thereby doubling the differential amplitude seen on the

DP/DM lines.

Table 5-26 lists the characteristics of the HS differential transmitter.

Table 5-26. HS Differential Transmitter

PARAMETER | COMMENTS | mIN| TYP| MAX| UNIT

Output Levels for HS

HS TX idle level Vhsol Absolute voltage DP/DM — internal/external 45 Q -10 0 10| mV

HS TX data signaling high VHsOH Absolute voltage DP/DM — internal/external 45 Q 360 400 440 mVv

HS data signaling low VusoL -10 0 10| mV

Chirp J level VGHIRPY Differential voltage 700 800 1100 mV

Chirp K level VGHIRPK Differential voltage -900| -800| -500 mV

HS TX disconnect threshold VbiscouT Absolute voltage DP/DM — no external 45 Q 700 mV
Driver Characteristics

Rise time tHsr (10%—90%) 500 ps

Fall time tuse (10%—90%) 500 ps

Driver output resistance Z1spRy Also serves as HS termination 40.5 45 49.5 Q
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5.3.4.3 CEA/UART Driver
Table 5-27 lists the characteristics of the CEA/UART driver.

Table 5-27. CEA/UART Driver

PARAMETER | COMMENTS | MIN|  TYP| MAX| UNIT
UART Driver CEA
Phone UART edge rates tPH_UART EDGE DP_PULLDOWN asserted 1 us
Serial interface output high VoH_ser ISOURCE =4 mA 2.4 3.3 3.6 \"
Serial interface output low VoL ser ISINK = -4 mA 0 0.1 0.4 \
Carkit Pulse Driver
Pulse match tolerance QPLS_MTCH ZCR_SPKR_IN =60 kQ at f = 1 kHz 5%
Ph one D—interrupt pulse tp_pLS POS ZCR SPKR_IN = 60 kQ at f = 1 kHz 200 600| ns
Phone positive pulse voltage | Vpy_pLs_pos ZCR_SPKR_IN =60 kQ at f = 1 kHz 2.8 3.6 \"
5.3.4.4 Pullup/Pulldown Resistors
Table 5-28 lists the characteristics of pullup/pulldown resistors.
Table 5-28. Pullup/Pulldown Resistors
PARAMETER | COMMENTS | miN| TYP| MAX| UNIT
Pullup Resistors
Bus pullup resistor on upstream .
port (idle bus) Reul Bus idle 0.9 11| 1575 -
Bus pullup resistor on upstream . .
port (receiving) Rpua Bus driven/driver outputs unloaded 1.425 2.2 3.09
High (floating) Vinz Pullups/pulldowns on DP and DM lines 2.7 3.6 Vv
Phone D+ pullup voltage VpH DP UP Driver outputs unloaded 3 3.3 3.6 \Y
Pulldown Resistors
R
Phone D+/—- pulldown PH_DP_DWN Driver outputs unloaded 14.25 18 24.8 kQ
Rer_bm_bwn
High (floating) Vinz Pullups/pulldowns on DP and DM lines 2.7 3.6 Vv
D+/- Data Line
Upstream facing port CinuB [1.0] 22 75 pF
OTG device leakage VoTG_DATA LKG [2] 0.342 Vv
Input impedance exclusive of Driver outputs unloaded (waiver from
pullup/pulidown " ZiNp USB.ORG Standard Committee) 80| 120 kQ

M

Waiver received from usb.org standards committee on ZINP 300kmin specification

5.3.5 OTG Electrical Characteristics

The OTG block integrates three main functions:
« The USB plug detection function on VBUS and ID
« The ID resistor detection

+ The VBUS level

detection
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5.3.5.1

OTG VBUS Electrical Characteristics

Table 5-29 lists the electrical characteristics of the OTG VBUS.

Table 5-29. OTG VBUS Electrical Characteristics

PARAMETER | COMMENTS | mIN| TYP| MAX| UNIT
VBUS Wake-Up Comparator
VBUS wake—up delay DELVBUSﬁWKﬁUP 15 us
VBUS wake-up threshold VVBUSfWKfUP 0.5 0.6 0.7 \
VBUS Comparators
A-device session valid Va sSEss viD 0.8 1.1 1.4 Vv
A-device VBUS valid VA?VBUS?VLD 4.4 4.5 4.6 \%
B-device session end VB SESS_END 0.2 0.5 0.8 Vv
B-device session valid VB sSEss viD 2.1 2.4 2.7 Vv
VBUS Line
A-device Vgys input impedance to SRP (Vgys pulsing) capable A-device
ground Ra_Bus N not driving Vgus 100 kQ
B-device Vgys SRP pulldown RB?SRP?DWN 5.25 V/8 mA, pullup voltage = 3 V 0.656 10 kQ
B-device Vays SRP pullup Re srp UP (525V =3 V)8 mA, pulup voltage =3 | ¢ g4 1 2| ko
B-device Vgys SRP rise time
maximum for OTG-A tRISEfSRPfUPfMax 0to 2.1 V with < 13 pF load 36 ms
communication
B-device Vgys SRP rise time
minimum for standard host tRISE_SRP_UP_Min 0.8 to 2.0 V with > 97 pF load 60 ms
connection
VBUS line maximum voltage If VBUS_CHRG bit is low 7 \
5.3.5.2 OTG ID Electrical Characteristics
Table 5-30 lists the electrical characteristics of OTG ID.
Table 5-30. OTG ID Electrical Characteristics
PARAMETER | COMMENTS MIN| TYP| MAX| UNIT
ID Wake-Up Comparator
Wake-up when ID shorted to ground through a
ID wake-up comparator Rio_wk_up resistor lower than 445 KO (+1%) ? 445 kQ
ID Comparators — ID External Resistor Specifications
ID_GND interrupt when ID shorted to ground
D ground comparator Rio_anp through aI resi;grmwer than 10 Q grot 0 5 10 Q
ID 100k comparators Rib 100K 'p'IDu—;;é) dKi;]”te”“pt when 102 k) (1%) resistor 101 102 103| kQ
ID 200k comparators Rio, 200K :)[I)u_gzgoeodKi;me"upt when 200 kQ (1%) resistor 198 200 202 kO
ID 440k comparators Rip 440K 'p'IDu—;;é) dKi;]”te”“pt when 440 k) (1%) resistor 435| 440 445| kQ
ID_FLOAT interrupt when ID shorted to ground
ID Float comparator Rip_rLoAT through a resistor higher than 560 kQ 1400 kQ
ID Line
Phone ID pU”Up to VF‘H_ID_UP RPH_ID_UP ID unloaded (VRUSB) 70 200 286 kQ
Phone Ip pullup voltage VPH_ID_UP Connected to VRUSB 25 3.2 \
ID line maximum voltage 5.25 \
Copyright © 2008-2015, Texas Instruments Incorporated Detailed Description 61

Submit Documentation Feedback

Product Folder Links: TPS65930 TPS65920



http://www.ti.com/product/tps65930?qgpn=tps65930
http://www.ti.com/product/tps65920?qgpn=tps65920
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWCS037I&partnum=TPS65930
http://www.ti.com/product/tps65930?qgpn=tps65930
http://www.ti.com/product/tps65920?qgpn=tps65920

TPS65930, TPS65920
SWCS0371 -MAY 2008—REVISED JANUARY 2015

13 TEXAS
INSTRUMENTS

www.ti.com

5.4 MADC

5.4.1 General Description

The TPS65920/TPS65930 device provides the MADC resource to the host processors in the system
(hardware and software conversion modes).

The MADC generates interrupt signals to the host processors. Interrupts are handled primarily by the
MADC internal secondary interrupt handler and secondly at the upper level (outside the MADC) by the
TPS65920/TPS65930 interrupt primary handler.

5.4.2 MADC Electrical Characteristics
Table 5-31 lists the electrical characteristics of the MADC.

Table 5-31. MADC Electrical Characteristics

PARAMETER CONDITIONS MIN TYP| MAX| UNIT
Resolution 10 Bit
ADIN2 input dynamic range for external input 0 25 \
MADC voltage reference 1.5 \
ADINO differential nonlinearity —1 1 LSB
ADINO integral nonlinearity Best fitting -2 2 LSB
) ) Best fitting for codes 230 to maximum -2 2 LSB
Integral nonlinearity for ADIN2 — —
Best fitting considering offset of 25 LSB -3.75 3.75 LSB
Offset Best fitting —28.5 28.5 mV
Input bias 1 pA
Input capacitor Cgank 10 pF
Maximum source input resistance Rs (for all 16 100 kQ
internal or external inputs)
Input current leakage (for all 16 internal or external 1 uA
inputs)
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5.4.3 Channel Voltage Input Range

Table 5-32 lists the analog input voltage minimum and maximum values.

Table 5-32. Analog Input Voltage Range

CHANNEL MIN| TYP| MAX| UNIT PRESCALER
No prescaler
ADINO: General-purpose input 0 1.5 \" DC current source for battery identification through external
resistor (10 pA typical)
ADIN2: General-purpose input(") 0 25| V Prescaler in the MADC to be in range 0 to >1.5 V

(1) General-purpose inputs must be tied to ground when TPS65920/TPS65930 internal power supplies (VINTANA1 and VINTANA2) are off.

5.4.3.1 Sequence Conversion Time (Real-Time or Nonaborted Asynchronous)

Table 5-33 lists the sequence conversion timing characteristics.

Table 5-33. Sequence Conversion Timing Characteristics

PARAMETER COMMENTS MIN TYP| MAX| UNIT
F Running frequency 1 MHz
T=1/F Clock period 1 us
N Number of analog inputs to convert in a single sequence 0 2
Tstart SW1, SW2, or USB asynchronous request or real-time STARTADC

3 4 us
request

Tsettling time Settling time to wait before sampling a stable analog input (capacitor 5 12 20 us

bank charge time)

Tsettling is calculated from the max((Rs + Ron)*Cbank) of the two
possible input sources (internal or external). Ron is the resistance of the
selection analog input switches (5 kQ). This time is software-
programmable by the open-core protocol (OCP) register.

Tstartsar The successive approximation registers ADC start time 1 us
Tadc time The successive approximation registers ADC conversion time 10 us
Tcapture time Tcapture time is the conversion result capture time. 2 us
Tstop 1 2 us
Full-conversion One channel (N = 1) 22 39

sequence time Both channels(" 352 624 Hs
Conversion sequence | Without Tstart and Tstop: One channel (N = 1) 18 33

time Without Tstart and Tstop: Both channels (") 288 528 Hs
STARTADG pulse STARTADC period is T. 0.33 24| s

(1) Total sequence conversion time general formula: Tstart+N*(1+Tsettling+Tadc+Tcapture) +Tstop
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Table 5-33 is illustrated in Figure 5-17, which is a conversion sequence general timing diagram. The Busy
parameter indicates that a conversion sequence is running, and the channel N result register parameter
corresponds to the result register of the RT/GP selected channel.

T one conversion
- |

Tstart Tstartsar Tcapture
D E— Tsettling Tadc <—> < Tstop )

S RITNTIN TN L L

Acquire_lowv

start_sar_lowv

out_lowv[9:0] channel X value X XX :x X new channel N value

— e ———— e E——————————————— -
hannel N

channe old value new value
result register .

037-046

Figure 5-17. Conversion Sequence General Timing Diagram
5.5 LED Drivers

5.5.1 General Description

Two arrays of parallel LEDs are driven (dedicated for the phone light). The parallel LEDs are supplied by
VBAT, and the external resistor value is given for each LED. The TPS65920/TPS65930 device supports
two open-drain LED drivers for the keypad backlight, having drain connections tolerant of the main battery

voltage.
Figure 5-18 is the LED driver block diagram. Table 5-34 lists the electrical characteristics of the LED
driver.

64 Detailed Description Copyright © 2008-2015, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: TPS65930 TPS65920


http://www.ti.com/product/tps65930?qgpn=tps65930
http://www.ti.com/product/tps65920?qgpn=tps65920
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWCS037I&partnum=TPS65930
http://www.ti.com/product/tps65930?qgpn=tps65930
http://www.ti.com/product/tps65920?qgpn=tps65920

13 TEXAS
INSTRUMENTS

www.ti.com

TPS65930, TPS65920
SWCS0371 -MAY 2008—REVISED JANUARY 2015

LEDSYNC

%I LEDB

Device

Figure 5-18. LED Driver Block Diagram

BATT

12009

BATT

160 Q

LEDGND

037-045

NOTE

For the component values, see Table 5-48.

Table 5-34. LED Driver Electrical Characteristics

PARAMETER CONDITIONS MIN TYP MAX UNIT
. lo = 160 mA 3 4
SW On resistance Q
lo =60 mA 10 12

5.6 Keyboard

5.6.1 Keyboard Connection

The keyboard is connected to the chip using:
+ KBR (5 :0) input pins for row lines
« KBC (5 :0) output pins for column lines

Figure 5-19 shows the keyboard connection.
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5.7

Device VCC

Internal

pullup 6x6

Keyboard matrix

Keyboard controller kbd_r 0
kbd_r_1
kbd_r 2

A

A

SO

kbd_r 3

A

kbd_r_4
kbd_r_ 5

=
kbd_c_0 Eﬂ

kbd_c_1

kbd_c_2

kbd_c 3

kbd_c 4

]
kbd_c 5 %

037-014

Figure 5-19. Keyboard Connection

When a key button of the keyboard matrix is pressed, the corresponding row and column lines are shorted
together. To allow key press detection, all input pins (KBR) are pulled up to V¢ and all output pins (KBC)
are driven to a low level.

Any action on a button generates an interrupt to the sequencer.

The decoding sequence is written to allow detection of simultaneous press actions on several key buttons.
The keyboard interface can be used with a smaller keyboard area than 6 x 6. To use a 3 x 3 keyboard,
KBR(4) and KBR(5) must be tied high to prevent any scanning process distribution.

Clock Specifications

The TPS65920/TPS65930 device includes several 1/0O clock pins. The TPS65920/TPS65930 device has
two sources of high-stability clock signals: the external high-frequency clock (HFCLKIN) input and an
onboard 32-kHz oscillator (an external 32-kHz signal can be provided). Figure 5-20 is the clock overview.
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Figure 5-20. Clock Overview

5.7.1 Clock Features

The TPS65920/TPS65930 device accepts two sources of high-stability clock signals:

+  32KXIN/32KXOUT: Onboard 32-kHz crystal oscillator (an external 32-kHz input clock can be provided)
« HFCLKIN: External high-frequency clock (19.2, 26, or 38.4 MHz).

The TPS65920/TPS65930 device can provide:

+ 32KCLKOUT digital output clock

+ HFCLKOUT digital output clock with the same frequency as the HFCLKIN input clock
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5.7.2 Input Clock Specifications

The clock system accepts two input clock sources:
+ 32-kHz crystal oscillator clock or sinusoidal/squared clock
+ HFCLKIN high-frequency input clock

5.7.2.1 Clock Source Requirements

Table 5-35 lists the input clock requirements.

Table 5-35. TPS65920/TPS65930 Input Clock Source Requirements

PAD CLOCK FREQUENCY STABILITY DUTY CYCLE

Crystal +30 ppm 40%/60%

82KXIN 32.768 kHz Square wave - 45%/55%

32KXOUT : 9 ofo97e
Sine wave - -

Square wave +150 PPM See (1)
HFCLKIN 19.2, 26, 38.4 MHz -

Sine wave - -

(1) HFCLK duty cycle and frequency is not altered by the internal circuit. The input clock accuracy must
match that of the system requirement; for example, OMAP device.

5.7.2.2 HFCLKIN

HFCLKIN can be a square- or a sine-wave input clock. If a square-wave input clock is provided, it is
recommended to switch the block to bypass mode to avoid loading the clock.

Figure 5-21 shows the HFCLKIN clock distribution.

| I

HFCLKIN I% Sli ‘I HFCLKOUT

icer
I Clock g
1 generator |
I |
| Slicer bypass |
I | SLICER OK I
I |
1 1
I |
CLKEN2 ¢ ;
! Timer :
CLKEN

1 Main state-machine |
I I
| I
| I
I I
CLKREQ |
I |
SLEEP1} |
| I
SLEEP2 Optional request !
! configurable by software !
! only for legacy support 1
I |
I I
e o o e e e e e e e o e e e e e e e e e e e e e o e o e e e = o

037-044

Figure 5-21. HFCLKIN Clock Distribution
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When a device needs a clock signal other than 32.768 kHz, it makes a clock request and activates the
CLKREQ pin. As a result, the TPS65920/TPS65930 device immediately sets CLKEN to 1 to warn the
clock provider in the system about the clock request and starts a timer (maximum of 5.2 ms using the
32.768-kHz clock). When the timer expires, the TPS65920/TPS65930 device opens a gated clock, the
timer automatically reloads the defined value, and a high-frequency output clock signal is available
through the HFCLKOUT pin. The output drive of HFCLKOUT is programmable (minimum load 10 pF,
maximum load 40 pF) and must be at 40 pF by default.

With a register setting, the mirroring of CLKEN can be enabled on CLKEN2. When this mirroring feature is
not enabled, CLKEN2 can be used as a general-purpose output controlled through 1°C accesses.

CLKREQ, when enabled, has a weak pulldown resistor to support the wired-OR clock request.

Figure 5-22 shows an example of the wired-OR clock request.

PERIPH1 Device
VIO
CLKREQ [
PERIPH2
VIO

PERIPHnN
VIO

>

Figure 5-22. Example of Wired-OR Clock Request

037-043

The timer default value must be the worst case (10 ms) for the clock providers. For legacy or workaround
support, the NSLEEP1 and NSLEEP2 signals can also be used as a clock request even if it is not their
primary goal. By default, this feature is disabled and must be enabled individually by setting the register
bits associated with each signal.
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When the external clock signal is present on the HFCLKIN ball, it is possible to use this clock instead of
the internal RC oscillator and then synchronize the system on the same clock. The RC oscillator can then

go to idle mode.

Table 5-36 lists the input clock electrical characteristics of the HFCLKIN input clock.

Table 5-36. HFCLKIN Input Clock Electrical Characteristics

PARAMETER DESCRIPTION CONFIGURATION MODE MIN TYP MAX | UNIT
SLICER
Frequency 19.2, 26, or 38.4 MHz
Start-up time LP(M/HP® (sine wave) 4| ps
Inout d ) LP/HP (sine wave) 0.3 0.7 1.45 y
nput dynamic range
putdy 9 BPB/PD® (square wave) 0 1856)| 7P
LP 175
) pA
Current consumption HP 235
BP/PD 39 nA
Harmonic content of input signal (with 0.7-Vpp amplitude): | LP/HP (sine wave) 25| dBc
second component
Viy  Voltage input high BP (square wave) 1 \Y
Vi Voltage input low BP (square wave) 0.6 \Y

LP = Low-power mode

HP = High-power mode

BP = Bypass mode

PD = Power-down mode

Bypass input max voltage is the same as the maximum voltage provided for the 1/O interface (10.1P8V).

SEBRZ

Table 5-37 lists the input clock timing requirements of the HFCLKIN input clock when the source is a
square wave. Figure 5-23 shows the HFCLKIN squared input clock timings.

Table 5-37. HFCLKIN Square Input Clock Timing Requirements with Slicer in Bypass

NAME PARAMETER DESCRIPTION MIN TYP MAX UNIT
CHo 1oHFCLKIN Frequency, HFCLKIN 19226, or 3.4 e
CH1 tW(HFCLKIN) Pulse duration, HFCLKIN low or high 0.45"tHFoLKIN) 055 tomrom ~
CH3 tR(HFCLKIN) Rise time, HFCLKIN( . ™
CH4 tF(HFCLKIN) Fall time, HFCLKIN(™ : ™

(1) Default drive capability is 40 pF.

019-017

Figure 5-23. HFCLKIN Squared Input Clock

5.7.2.3 32-kHz Input Clock

A 32.768-kHz input clock (often abbreviated to 32-kHz) generates the clocks for the RTC. It has a low-jitter

mode where the current consumption increases for lower jitter. It is possible to use the 32-kHz input clock

with an external crystal or clock source. Depending on the mode chosen, the 32K oscillator is configured

one of two ways:

+ An external 32.768-kHz crystal through the 32KXIN/32KXOUT balls (see Figure 5-24). This
configuration is available only for master mode (for more information, see Section 4.7).

* An external square/sine wave of 32.768 kHz through 32KXIN with amplitude equal to 1.8 or 1.85 V
(see Figure 5-26, Figure 5-27, and Figure 5-28). This configuration is available for the master and
slave modes (for more information, see Section 4.7).
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5.7.2.3.1 External Crystal Description

Figure 5-24 shows the 32-kHz oscillator block diagram with crystal in master mode.

Current control
circuit and
mode selection

Bias generator i

and startup P XOC------- I >
circuit

Signal swing
limiting circuit

Signal
shaping

(1)
VBATOK

$ Internal
GND

037-042
NOTE: Switches close by default and open only if register access enables very-low-power mode when VBAT < 2.7 V.

Figure 5-24. 32-kHz Oscillator Block Diagram In Master Mode With Crystal

CXIN and CXOUT represent the total capacitance of the printed circuit board (PCB) and components,
excluding the crystal. Their values depend on the datasheet of the crystal, the internal capacitors, and the
parallel capacitor. The frequency of the oscillations depends on the value of the capacitors. The crystal

must be in the fundamental mode of operation and parallel resonant.

NOTE
For the values of CXIN and CXOUT, see Table 5-48.

Table 5-38 lists the required electrical constraints.

Table 5-38. Crystal Electrical Characteristics

PARAMETER MIN TYP MAX UNIT
Parallel resonance crystal frequency 32.768 kHz
Input voltage, Vin (normal mode) 1.0 1.3 1.55 \
Internal capacitor on each input (Cint) 10 pF
Parallel input capacitance (Cpin) 1 pF
Nominal load cap on each oscillator input CXIN and CXOUT(" CXIN = CXOU’I('; = C)osc*z — (Cint + pF

pin

Pin-to-pin capacitance 1.6 1.8 pF

(1) Nominal load capacitor on each oscillator input defined as CXIN = CXOUT = Cosc*2 — (Cint + Cpin). Cosc is the load capacitor defined

in the crystal oscillator specification, Cint is the internal capacitor, and Cpin is the parallel input capacitor.
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Table 5-38. Crystal Electrical Characteristics (continued)

PARAMETER MIN TYP MAX UNIT
Crystal ESR® 75 kQ
Crystal shunt capacitance, Co 1 pF
Crystal tolerance at room temperature, 25°C -30 30 ppm
Crystal tolerance versus temperature range (—40°C to 85°C) —200 200 ppm
Maximum drive power 1 uW
Operating drive level 0.5 pw

(2) The crystal motional r2esistance Rm relates to the equivalent series resistance (ESR) by the following formula:

C
ESR=R |1+--2
m CL

Measured with the load capacitance specified by the crystal manufacturer. If CXIN = CXOUT = 10 pF, C_ = 5 pF. Parasitic capacitance

from the package and board must also be considered.

When selecting a crystal, the system design must consider the temperature and aging characteristics of a
crystal versus the user environment and expected lifetime of the system.

Table 5-39 and Table 5-40 list the switching characteristics of the oscillator and the timing requirements of
the 32.768-kHz input clock. Figure 5-25 shows the crystal oscillator output in normal mode.

Table 5-39. Base Oscillator Switching Characteristics

NAME PARAMETER DESCRIPTION MIN TYP MAX UNIT
fp Oscillation frequency 32.768 kHz
tsx Start-up time 0.5 S

, , LOJIT <1:0> = 00 1.8
lopa Active current consumption WA
LOJIT <1:0> = 11 8
. Low battery mode (1.2 V) 1
Ibba Current consumption uA
Startup 8
Table 5-40. 32-kHz Crystal Input Clock Timing Requirements
NAME PARAMETER DESCRIPTION MIN TYP MAX| UNIT
OCO | 1/tc(azkHz) Frequency, 32 kHz 32.768 kHz
0OCH1 tw(s2kHz) Pulse duration, 32 kHz low or high 0.40"c(32kHz) 0.60"tc(32kHz) us

p———— 0C0——|
32kx — .

p—— OC1——>p—— OC1 —ﬁ_

019-019

Figure 5-25. 32-kHz Crystal Input

5.7.2.3.2 External Clock Description

When an external 32K clock is used instead of a crystal, three configuration can be used:

* A square- or sine-wave input can be applied to the 32KXIN pin with amplitude of 1.85 or 1.8 V. The
32KXOUT pin can be driven to a dc value of the square- or sine-wave amplitude divided by 2. This
configuration, shown in Figure 5-26, is recommended if a large load is applied on the 32KXOUT pin.

* A square- or sine-wave input can be applied to the 32KXIN pin with amplitude of 1.85 or 1.8 V. The
32KXOUT pin can be left floating. This configuration, showed in Figure 5-27, is used if no charge is

applied on the 32KXOUT pin.

+ The oscillator is in bypass mode and a square-wave input can be applied to the 32KXIN pin with
amplitude of 1.8 V. The 32KXOUT pin can be left floating. This configuration, shown in Figure 5-28, is

used if the oscillator is in bypass mode.
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(1) Switches close by default and open only if register access enables very-low-power mode when VBAT < 2.7 V.

Figure 5-26. 32-kHz Oscillator Block Diagram Without Crystal Option 1

037-041

Current control
circuit and mode

selection
Bias generator l
and startup P XOC------- I >
circuit

Signal swing
limiting circuit

Signal
shaping

(1)

|
1)
VBATOK XI XO (
>j x| xo >j VBATOK

Floating

Internal
GND g Square/sine wave: $ Internal

Vpp = VRRTC or GND
v/ VIO_1P8V

037-039

(1) Switches close by default and open only if register access enables very-low-power mode when VBAT < 2.7 V.

Figure 5-27. 32-kHz Oscillator Block Diagram Without Crystal Option 2
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(1) Switches close by default and open only if register access enables very-low-power mode when VBAT < 2.7 V.

Figure 5-28. 32-kHz Oscillator in Bypass Mode Block Diagram Without Crystal Option 3

Table 5-41 lists the electrical constraints required by the 32-kHz input square- or sine-wave clock.

Table 5-41. 32-kHz Input Square- or Sine-Wave Clock Source Electrical Characteristics

NAME PARAMETER DESCRIPTION MIN TYP MAX| UNIT
f Frequency 32.768 kHz
C Input capacitance 35 pF
Cg On-chip foot capacitance to GND on each input (see Figure 5-26, Figure 5-27, and 10
Figure 5-28) PF
Vpp Square-/sine-wave amplitude in bypass mode or not 1.8(1) %
ViH Voltage input high, square wave in bypass mode 0.8 \"
Vi Voltage input low, square wave in bypass mode 0.6 \
(1) Bypass input maximum voltage is the same as the maximum voltage provided for the 1/O interface.
Table 5-42 lists the timing requirements of the 32-kHz square-wave input clock.
Table 5-42. 32-kHz Square-Wave Input Clock Source Timing Requirements
NAME PARAMETER DESCRIPTION MIN TYP MAX UNIT
CKO 1/tc(32KHz) Frequency, 32 kHz 32.768 MHz
CK1 tw(s2kHz) Pulse duration, 32 kHz low or high 0.45"tc(32kHz) 0.55"¢(32kHz) us
CK3 tR(32KHZ) Rise time, 32 kHz(") 0.1*c(32kH2) us
CK4 tF32KHZ) Fall time, 32 kHz(") 0.1*tc(a2kHz) us
(1) The capacitive load is 30 pF.
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Figure 5-29 shows the 32-kHz square- or sine-wave input clock.

HCKO —ﬁ }H CK1 —»F CK1 —ﬁ
dkx — o\ [\ T\

037-038

Figure 5-29. 32-kHz Square- or Sine-Wave Input Clock

5.7.3 Output Clock Specifications

The TPS65920/TPS65930 device provides two output clocks:
« 32KCLKOUT
« HFCLKOUT

5.7.3.1 32KCLKOUT Output Clock

Figure 5-30 is the block diagram for the 32.768-kHz clock output.

o ; 10_1P8
| OR_— — — (18V)
AVAVAVAY, I 32KXIN
|
|
| —{1, 11—
___________ 32-kHz
—> " [
fmmm oo OR_ 0SsC
32KCLKOUT
e '
L 1
! 1 32kHz

32KXOUT

> RTC

037-037

Figure 5-30. 32.768-kHz Clock Output Block Diagram

The TPS65920/TPS65930 device has an internal 32.768-kHz oscillator connected to an external 32.768-
kHz crystal through the 32KXIN/32KXOUT balls or an external digital 32.768-kHz clock through the
32KXIN input (see Figure 5-30). The TPS65920/TPS65930 device also generates a 32.768-kHz digital
clock through the 32KCLKOUT pin and can broadcast it externally to the application processor or any
other devices. The 32KCLKOUT clock is broadcast by default in TPS65920/TPS65930 active mode, but
can be disabled if it is not used.

The 32.768-kHz clock (or signal) is also used to clock the RTC embedded in the TPS65920/TPS65930
device. The RTC is not enabled by default. The host processor must set the correct date and time and
enable the RTC functionality.

The 32KCLKOUT output buffer can drive several devices (up to 40-pF load). At startup, 32KCLKOUT
must be stabilized (frequency/duty cycle) before the signal output. Depending on the startup conditions,
this can delay the startup sequence.

Table 5-43 lists the electrical characteristics of the 32KCLKOUT output clock.
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Table 5-43. 32KCLKOUT Output Clock Electrical Characteristics

NAME PARAMETER DESCRIPTION MIN TYP MAX| UNIT
f Frequency 32.768 kHz
CL Load capacitance 40 pF
Vout Output clock voltage, depending on output reference level IO_1P8 (see Section 3) 1.8(1 \"
VoH Voltage output high Vout — 0.45 Vout \"
VoL Voltage output low 0 0.45 \"

(1) The output voltage depends on the output reference level, which is IO_1P8 (see Section 3).

Table 5-44 lists the output clock switching characteristics. Figure 5-31 shows the 32KCLKOUT output

clock waveform.

Table 5-44. 32KCLKOUT Output Clock Switching Characteristics

NAME | PARAMETER DESCRIPTION MIN TYP MAX UNIT
CKO 1/tczakcLkouT) | Frequency 32.768 MHz
CKA1 tw(a2KcLKOUT) Pulse duration, 32KCLKOUT low or high 0.40%tc(32KcLKOUT) 0.60%tc(32KcLKOUT) ns
CK2 tR(32KCLKOUT) Rise time, 32KCLKOUT™ 16 ns
CK3 tF 32KCLKOUT) Fall time, 32KCLKOUT (™ 16 ns

(1) The output capacitive load is 30 pF.

p————CKO ———>

32KCLKOUT \ 1 | \

p—— CK1 ——>p—— CK1 —>|
W

037-035

Figure 5-31. 32KCLKOUT Output Clock

5.7.3.2 HFCLKOUT Output Clock

Table 5-45 lists the electrical characteristics of the HFCLKOUT output clock.

Table 5-45. HFCLKOUT Output Clock Electrical Characteristics

NAME PARAMETER DESCRIPTION MIN TYP MAX | UNIT
f Frequency 19.2, 26, or 38.4 MHz
CL Load capacitance 30 pF
Vout Output clock voltage, depending on output reference level IO_1P8 (see Section 3) 1.8(1 Vv
VoH Voltage output high Vout — 0.45 Vout Vv
VoL Voltage output low 0 0.45 Vv
(1) The output voltage depends on the output reference level, which is IO_1P8 (see Section 3).
Table 5-46 lists the switching characteristics of the HFCLKOUT output clock.
Table 5-46. HFCLKOUT Output Clock Switching Characteristics

NAME PARAMETER DESCRIPTION MIN TYP MAX UNIT
CHO1 | 1/tgHFcLkouT) Frequency 19.2, 26, or 38.4 MHz
CHO2 | tw(HFcLKouT) Pulse duration, HFCLKOUT low or high 0.40%tc(HFcLKOUT) 0.60"tc(HFCLKOUT) ns
CHO3 | trHrcLkouT) Rise time, HFCLKOUT™" 2.6 ns
CHO4 | trHrcLrouT) Fall time, HFCLKOUT (" 2.6 ns

(1) The output capacitive load is 30 pF.
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Figure 5-32 shows the HFCLKOUT output clock waveform.

p————CHO1——>| p——CHO2—>p— CHO2—>|
HFCLKOUT —  \.___ [\ 1\ /

037-036

Figure 5-32. HFCLKOUT Output Clock

5.7.3.3 Output Clock Stabilization Time
Figure 5-33 shows the 32KCLKOUT and HFCLKOUT clock stabilization time.

XIN =—={
Starting_Event |
\—Tstartup 7>‘

CLK32KOUTEN

CLK32KOUT |

CLKEN

|
M i

HFCLKOUTEN

L Delay1

>

HFCLKOUT |

NRESPWRON

\—J»l Delay2

I

037-034
NOTE: Tstartup, Delay1, and Delay2 depend on the boot mode (see Section 5.1.5).

NOTE: Ensure that the high frequency oscillator start-up time is in spec for the boot mode used. During power-up the internal
delay, Delay1 above is fixed (5.2 ms and 5.3 ms depending on boot mode). The start-up time for the oscillator must
be less than the fixed delay.

Figure 5-33. 32KCLKOUT and HFCLKOUT Clock Stabilization Time
Figure 5-34 shows the HFCLKOUT behavior.

JULTLTLLLLT

Figure 5-34. HFCLKOUT Behavior

HFCLKOUT

019-028

5.8 Debouncing Time

Table 5-47 lists the characteristics of debouncing.

Table 5-47. Debouncing

DEBOUNCING FUNCTIONS BLOCK PROGRAMMABLE | DEBOUNCING TIME | DEFAULT
USB plug detection USB No 9x50 ms 9x50 ms
0 to 250 ms
Plug/unplug detection VBUS(") USB Yes (32/32468-second 28 ms
steps)

(1) Programmable in the VBUS_DEBOUNCE register
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Table 5-47. Debouncing (continued)

DEBOUNCING FUNCTIONS BLOCK PROGRAMMABLE DEBOUNCING TIME DEFAULT
0 to 250 ms
Plug/unplug detection ID® USB Yes (32/32468-second 50 ms
steps)

5:5;’;?5;}”% r“{;‘gﬂ%”;?}f:g% generation Power Yes 0 to 250 ms 30 ms
Hot-die detection Thermistor No 60 ps 60 ps
Thermal shutdown detection No 60 ps 60 ps
PWRON®) Start/stop button No 31.25ms 31.25 ms
NRESWARM Button reset No 60 ps 60 ps
SIM card plug/unplug GPIO Yes Oor30ms+1ms 0 ms
MMC1 (plug/unplug) GPIO Yes Oor30ms+1ms 0 ms

(2) Programmable in the ID_DEBOUNCE register
(3) Programmable in the RESERVED_E[2:0] CFG_VBUSDEB register
(4) The PWRON signal is debounced 1024*CLK32K (maximum 1026*CLK32K) falling edge in master mode.

Figure 5-35 is a sample debouncing sequence chronogram.

A

32K clock

50-ms clock

Event1

H Z . >
Event1 detected on 32K ! | | |
clock synchronized with o | :
50-ms clock O | |
: T T T >
B e B | |
1 50ms ' | |
Event1 | . |
Debounced after 50 ms | | |
] 0 g >
|<_>I 1
pdT i
Event2 ! -
Debounced after 50 ms + dT !
; >
P
| 50ms+dT

Figure 5-35. Debouncing Sequence Chronogram Example

037-029

Event1 is correctly debounced after 5 ms. Event2 is debounced after 50ms + dT because the capture of
the event is considered after the next rising edge of the 50-ms clock.

5.9 External Components

Table 5-48 lists the TPS65920/TPS65930 device external components.

Table 5-48. TPS65920/TPS65930 External Components

FUNCTION | COMPONENT |

REFERENCE |

VALUE |

NOTE

LINK

Power Supplies
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Table 5-48. TPS65920/TPS65930 External Components (continued)

FUNCTION

COMPONENT

REFERENCE

VALUE

NOTE

LINK

VDD1

Capacitor

Cvop1.N

10 uF

Range * 50%

ESR min =1 mQ

ESR max = 20 mQ

Taiyo Yuden: JMK212BJ106KD

Capacitor

Cvpp1.out

10 pF

Range £ 50%

ESR min =1 mQ

ESR max = 20 mQ

Taiyo Yuden: JMK212BJ106KD

Inductor

Lvop1

1 uH

Range * 30%
DCR max = 100 mQ

Figure 5-1

vDD2

Capacitor

Cvpp2.IN

10 pF

Range £ 50%

ESR min =1 mQ

ESR max = 20 mQ

Taiyo Yuden: JMK212BJ106KD

Capacitor

Cvpp2.out

10 uF

Range * 50%

ESR min =1 mQ

ESR max = 20 mQ

Taiyo Yuden: JMK212BJ106KD

Inductor

Lvbp2

1 uH

Range * 30%
DCR max = 100 mQ

Figure 5-1

VIO

Capacitor

Cvio.N

10 uF

Range * 50%

ESR min =1 mQ

ESR max = 20 mQ

Taiyo Yuden: JMK212BJ106KD

Capacitor

Cvio.out

10 pF

Range £ 50%

ESR min =1 mQ

ESR max = 20 mQ

Taiyo Yuden: JMK212BJ106KD

Inductor

Lvvio

1 uH

Range * 30%
DCR max = 100 mQ

Figure 5-1

VRUSB_3V

Capacitor

CvusB.3p1

Range: 0.3 to 2.7 pF
ESR min = 20 mQ
ESR max = 300 mQ

Figure 5-1
Figure 5-13

VRUSB_1V5

Capacitor

CviNTusB1P5.0UT

Range: 0.3 to 2.7 pF
ESR min = 20 mQ
ESR max = 600 mQ

Figure 5-1
Figure 5-13

VRUSB_1V8

Capacitor

CvinTusB1P8.OUT

Range: 0.3 to 2.7 pF
ESR min = 20 mQ
ESR max = 600 mQ

Figure 5-1
Figure 5-13

VDAC

Capacitor

Cvpac.N

Range: 0.3 to 2.7 pF
ESR min = 20 mQ
ESR max = 600 mQ

Capacitor

Cvpac.out

Range: 0.3 to 2.7 pF
ESR min = 20 mQ
ESR max = 600 mQ

Figure 5-1

VPLLASR

Capacitor

CvpLLA3R.IN

Range: 0.3 to 2.7 pF
ESR min = 20 mQ
ESR max = 600 mQ

Figure 5-1

VPLL1

Capacitor

CvpLL1.0UT

Range: 0.3 to 2.7 pF
ESR min = 20 mQ
ESR max = 600 mQ

Figure 5-1

VMMCH1

Capacitor

Cymmct.N

Range: 0.3 to 2.7 pF
ESR min = 20 mQ
ESR max = 600 mQ

Capacitor

Cvmmct.out

Range: 0.3 to 2.7 pF
ESR min = 20 mQ
ESR max = 600 mQ

Figure 5-1

VAUX12S

Capacitor

Cvauxizs.N

Range: 0.3 to 2.7 pF
ESR min = 20 mQ
ESR max = 600 mQ

Figure 5-1
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Table 5-48. TPS65920/TPS65930 External Components (continued)

FUNCTION COMPONENT REFERENCE VALUE NOTE LINK
Range: 0.3 to 2.7 yF
VAUX2 Capacitor Cvaux2.0uT 1 uF ESR min = 20 mQ Figure 5-1
ESR max = 600 mQ
Range: 0.3 to 2.7 yF
VINT Capacitor CVINT.IN 1 uF ESR min = 20 mQ Figure 5-1
ESR max = 600 mQ
Range: 0.3 to 2.7 yF
VINTANA1 Capacitor CVINTANAT.OUT 1 uF ESR min = 20 mQ Figure 5-1
ESR max = 600 mQ
Range: 0.3 to 2.7 pF
VINTANA2 Capacitor CvVINTANA2.0UT 1 uF ESR min = 20 mQ Figure 5-1
ESR max = 600 mQ
Range: 0.3 to 2.7 yF
VINTDIG Capacitor CvINTDIG.OUT 1 uF ESR min = 20 mQ Figure 5-1
ESR max = 600 mQ
Range: 0.3 to 2.7 yF
VBAT.USB Capacitor CvBAT.USB 1 uF ESR min = 20 mQ Figure 5-13
ESR max = 600 mQ
Capacitor CvBus.FC 2.2 uF £ 40% ESR max = 20 mQ
USB CP Capacitor CVBUS.IN 10 uF Figure 5-13
Capacitor CvBus 4.7 yF £40% | ESR max = 20 mQ
32.768 kHz
Capacitor Cxin 10 pF Range: 9 pF to 12.5 pF
32K OSC Capacitor Cxour 10 pF Figure 5-24
130 ppm (at 25°C)
Quartz X32 768KkHz 32.768 kHz +200 ppm (_4000 to 8500)
Audio
Capacitor CpLo 50 pF
Capacitor CpL 1 uF
External class-D | Resistor ReL >15 kQ .
i : Figure 6-2
predriver left Resistor RpLm >15 kQ
Resistor RpLo 10 kQ
Capacitor CpLMm 1 uF
Capacitor Cpr.oO 50 pF
Capacitor Cpr 1 uF
External class-D | Resistor Rer >15 kQ .
. : - Figure 6-2
predriver right Resistor RpR.M >15 kQ
Resistor Rpr.o 10 kQ
Capacitor CprM 1 uF
Ferrite bead Lym BLM18BD221S1N
Ferrite bead Lyp BLM18BD221S1N
Vibrator H-bridge | Capacitor Cvyv 1 uF Figure 6-3
Capacitor Cv.m 1 nF
Capacitor Cvp 1 nF
Capacitor [GIVIVEY] 100 nF
Capacitor Cum.p 100 nF
MIC main Capacitor Cumm.o 47 pF
(pseudo Resistor Ruvm.o ~500 Q Figure 6-6
differential mode) -
Resistor Rym.mp ~1.7 kQ
. If greater than 200 pF, a serial resistor is
Capacitor Cums 0 to 200 pF required for bias stability
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Table 5-48. TPS65920/TPS65930 External Components (continued)

FUNCTION COMPONENT REFERENCE VALUE NOTE LINK
Capacitor Cvmm 100 nF
Capacitor Cvm.p 100 nF
Capacitor Cvm.PM 47 pF
Capacitor Cum.o 47 pF
MIC main Capacitor Cum.gM 47 pF Fi
. h igure 6-7
(differential mode) Capacitor Cumap 47 pF
Resistor Rmm.ep 1 kQ
Resistor Rvm.gm 1 kQ
. If greater than 200 pF, a serial resistor is
Capagitor Crme 0 to 200 pF required for bias stability
Range: 0.3 pF to 3.3 pF
VMICA Capacitor Cvmici.ouTt 1 pF ESR min =20 mQ
ESR max = 600 mQ
Capacitor Csm 1 uF
Capacitor Csm.p 100 nF
Silicon MIC Capacitor Csmm 100 nF Figure 6-8
Capacitor Csm.pa 47 nF
Resistor Rsm >500 Q
Capacitor C 100 nF
Auxiliary right P - AUXR Figure 6-9
Capacitor CAUXRM 47 pF
LED Driver
Resistor Riepa 120 Q Needed for each LED .
LED - Figure 5-18
Resistor Rieps 160 kQ Needed for each LED
12C Bus—External Pullup
[2C SmartReflex | Resistor Rpsr.spa Pullups for various bus capacitances (C,) and I°C speeds
Resistor R (Std, Fast, and HS)
PSR.SCL If CL = 10 pF: Std = 118 kQ, Fast = 35.4 kQ, HS = 4.7 kQ
[2C control Resistor ReNTLsD: If CL = 12 pF: Std = 98.3 kQ, Fast = 29.5 kQ, HS = 3.9 kQ
If CL = 50 pF: Std = 23.6 kQ, Fast = 7.1 kQ, HS = 940 Q .
If G, = 100 pF: Std = 11.8 kQ, Fast = 3.54 kQ, HS =470 @ | Section 4.7.3
) If CL <12 pF, there is no need for an external pullup, the
Resistor RentLscL internal 3-kQ pullup can be used.
If an external pullup is used, disable the internal 3-kQ pullup
(reference the GPPUPDCTR1 register; see the TRM).
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6 Audio/Voice Module (TPS65930 Device Only)

6.1

NOTE

This section applies only to the TPS65930 device.

Figure 6-1 is the audio/voice module block diagram.

A

HFCLKIN
A
_________________________ ----
. |
ngh-zspeed I
IC I
(Control) :
|
- \ 4 .-
|
4 ) ]
Audio |
Main mic TDM/I2S I
interface
\ 7 I
|
{ ' { N\
1 »
. Carkit >
Bias LDOs Speak/mic |
1
L ) \\ J |
e =\ ( ) |
Monaural auxiliary Class-D predriver I >
input |
L ) \ J 1
e ) |
H-bridge o
vibrator I v
|
Audio/voice module :
. =
Device !
J

037-004

Figure 6-1. Audio/Voice Module Block Diagram

Audio/Voice Downlink (RX) Module

The audio/voice module includes the following output stages:
+ Predriver output signals for external class-D amplifiers (single-ended)

» Vibrator H-bridge

6.1.1 Predriver for External Class-D Amplifier

6.1.1.1

The external class-D amplifiers provide a stereo signal on terminals PreD.LEFT and PreD.RIGHT to drive
the external class-D amplifier. These terminals are available if a stereo, single-ended, ac-coupled headset

is used.

Predriver Output Characteristics

Table 6-1 lists the predriver output characteristics.
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Table 6-1. Predriver Output Characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Load impedance 10 kQ
50 pF
Gain range (" Audio path -92 30 dB
Voice path —66 30
Absolute gain error —1 1 dB
Peak-to-peak output voltage (0 dBFs) Default gain @ 1.5 Vpp
Total harmonic distortion At 0 dBFs -80 -75 dB
Default gain @ At -6 dBFs -74 -89
Load > 10 kQ // 50 pF At —20 dBFs -70 —65
At -60 dBFs -30 —25
Idle channel noise (20 Hz to 20 kHz, A-weighted) pefaul ?Si’(‘)(z) I
SNR (A-weighted over 20-kHz bandwidth) At 0 dBFs 83 88 dB
Default gain® At —60 dBFs 30
Output PSRR (for all gains) 20 Hz to 4 kHz 90 dB
20 Hz to 20 kHz 70

(1)

)

Audio digital filter = —62 to 0 dB (1-dB steps) and 0 to 12 dB (6-dB steps)

Voice digital filter = -3 to 12 dB (1-dB steps)

ARXPGA (volume control) = —24 to 12 dB (2-dB steps)

Output driver = —6 dB, 0 dB, 6 dB

The default gain setting assumes the ARXPGA has 0-dB gain setting (volume control) and output driver at 0-dB gain setting.
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6.1.1.2 External Components and Application Schematics

Figure 6-2 is a simplified schematic for the external class-D predriver.

On board Chip
CpL/C
RelRe " ™ . [ ] PreDriverd
1 {_| PreDriver
| | / RpLo/RPrO
Class D IN+ Closed to Cero/CrLo
(TPA2010D1...) external =
IN-f ClassC )
\ CpLM/CpR.M
|
Rpr.M/RpLM l

037-054

Input resistor (Rpr or Rpy) sets the gain of the external class D. For TPS2010D1, the gain is defined according to the

following equation:
Gain (V/V) = 2*150*10%/(Rpg or Rpy)
RPR or RPL > 15 kQ

Figure 6-2. Predriver for External Class D

NOTE

For other component values, see Table 5-48.

6.1.2 Vibrator H-Bridge

A digital signal from the pulse width modulated generator is fed to the vibrator H-bridge driver. The vibrator
H-bridge is a differential driver that drives vibrator motors. The differential output allows dual rotation

directions.

6.1.2.1 Vibrator H-Bridge Output Characteristics

Table 6-2 lists the vibrator H-bridge output characteristics.

Table 6-2. Vibrator H-Bridge Output Characteristics

PARAMETER Test Conditions MIN TYP MAX| UNIT
VBAT voltage 2.8 3.6 4.8 Vv
Differential output swing (16-Q load) VBAT =28V 3.6 Vpp

VBAT =35V 4.3

Output resistance (summed for both sides) 8 Q
Load capacitance 100 pF
Load resistance 8 16 60 Q
Load inductance 30 300 uH
Total harmonic distortion 10%
Operating frequency 20 10k Hz
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6.1.2.2 External Components and Application Schematics

Figure 6-3 is a simplified vibrator H-bridge schematic.

r-r-—-—-—-—- - =-=---=-"=-"=-=-"=-=-=-"=-"=-"=-""=-"=-"=-"="=-"="=-"="=-"="="=== I
: On board VBAT Chip :
1 1
1 VBAT.RIGHT 1
I I
1 Cvv 1
I I |
| Ferrite cheap bead = |
| e [ ] viBrAP [
1 V.P 1
1 Cvp 1
1 Vibrator I 1
| = I
| Ferrite cheap bead |
A [
| I o [ ] viBRAM :
: I Cum |
I = ] VIBRA.GND (LED.GND) !
I I
I |
1 - 1
h oo e e e e e e e o e e e e e e o e e e o e e e o e e e e e e o = e -

037-053

Figure 6-3. Vibrator H-Bridge

NOTE

For other component values, see Table 5-48.

Example of ferrite: BLM 18BD221SNT1.

6.1.3 Carkit Output

The USB-CEA carkit uses the DP/DM pad to output audio signals (see the CEA-936-Mini-USB Analog
Carkit specification).

Figure 6-4 shows the carkit output downlink full path characteristics for audio and USB.

0 dBFs

Digital PGA

gain=0dB

DAC

Analog PGA
gain=0dB

1.35 VPP

037-052

Figure 6-4. Carkit Output Downlink Path Characteristics

Table 6-3 lists the USB-CEA carkit audio downlink electrical characteristics.

Table 6-3. USB-CEA Carkit Audio Downlink Electrical Characteristics

PARAMETER

CONDITIONS MIN TYP MAX

UNIT

Output load

USB-CEA (DP/DM) 20

kQ
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Table 6-3. USB-CEA Carkit Audio Downlink Electrical Characteristics (continued)

PARAMETER CONDITIONS MIN TYP MAX | UNIT
Gain range (") Audio path -92 30| dB
Voice path —66 30
Absolute gain error At 1 kHz -1 1 dB
Peak-to-peak differential output voltage (0 dBFs) Gain =0dB 1.5 Vpp
Total harmonic distortion At 0 dBFs -80 —75 dB
At -6 dBFs 74 —69
At —20 dBFs -70 —65
At —-60 dBFs =30 -25
THD+N (20 Hz to 20 kHz, A-weighted) At 0 dBFs 60 dB
Idle channel noise (20 Hz to 20 kHz, A-weighted) Default gain® -90 -85| dB
Output PSRR 20 Hz to 20 kHz 60 dB
Supply voltage (Vintana1) 1.5 Vv
Common mode output voltage for USB-CEA 1.3 1.35 1.4 Vv
Isolation between D+/D— during audio mode (20 Hz to 20 kHz) 60 dB
Crosstalk between right and left channels USB-CEA stereo -90 dB
Crosstalk RX/Tx (1 Vpp output) USB-CEA mono/stereo —60 dB
Signal noise ratio (20 Hz to 20 kHz, A-weighted) At 0 dBFs 60 dB
Phone speaker amplifier output impedance at 1 kHz USB-CEA (DP/DM) 200 Q
(1) Audio digital filter = —62 to 0 dB (1-dB steps) and 0 to 12 dB (6-dB steps)
Voice digital filter = —36 to 12 dB (1-dB steps)
ARXPGA (volume control) = —24 to 12 dB (2-dB steps)
Output driver (USB-CEA) = -1 dB
(2) The default gain setting assumes the ARXPGA has 0-dB gain setting (volume control) and output driver at 0.6-dB gain setting.
6.1.4 Digital Audio Filter Module
Figure 6-5 shows the digital audio filter downlink full path characteristics for the audio interface.
Audio interface Higfnt-grass Lol\év”-t;; arss m(l:))ciiglljilt:tlor Randomizer —» DAC

Figure 6-5. Digital Audio Filter Downlink Path Characteristics

037-051

The HPF can be bypassed. It is controlled by the MISC_SET_2 ARX_HPF_BYP bit set to address 0x49.

Table 6-4 lists the audio filter frequency responses relative to reference gain at 1 kHz.

Table 6-4. Digital Audio Filter RX Electrical Characteristics

PARAMETER CONDITIONS MIN TYP MAX| UNIT
Passband 0.42 Fs
Passband ripple 0 to 0.42Fg (! -0.25 0.1 025 dB
Stopband 0.6 Fs
Stopband attenuation F = 0.6Fg (M t0 0.8Fg (! 60 75 dB
Group delay 15.8/Fg M us
Linear phase -1.4 1.4 °

(1) Fgis the sampling frequency (8, 11.025, 12, 16, 22.05, 24

,32,44.1, or 48 kHz).
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6.1.5 Boost Stage

The boost effect adds emphasis to low frequencies. It compensates for a HPF created by the capacitor

resistor (CR) filter of the headset (in ac-coupling configuration).

There are four modes. Three effects are available, with slightly different frequency responses, and the
fourth setting disables the boost effect:

+ Boost effect 1
* Boost effect 2
* Boost effect 3
» Flat equalization: The boost effect is in bypass mode.

NOTE

Boost effect modes are defined in Table 6-5.

Table 6-5 and Table 6-6 include the typical values according to the frequency response versus input
frequency and Fg frequency.

Table 6-5. Boost Electrical Characteristics Versus Fg Frequency (Fg < 22.05 kHz)

FREQUENCY Fs = 8 kHz Fs = 11.025 kHz Fs = 12 kHz Fs = 16 kHz Fs = 22.05 kHz UNIT
(Hz) 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
10 4.51 5.13 5.62 5.10 5.51 5.80 5.22 5.58 5.83 5.54 5.77 5.92 5.76 5.89 5.97
12 4.08 4.83 5.46 4.80 5.32 5.71 4.95 5.41 5.76 5.36 5.66 5.87 5.65 5.83 5.94
15.2 3.43 4.32 5.18 4.28 4.97 5.54 4.47 5.11 5.61 5.03 5.47 5.79 5.45 5.71 5.90
18.2 2.91 3.86 4.89 3.82 4.63 5.36 4.04 4.80 5.45 4.71 5.26 5.69 5.24 5.59 5.84
20.5 2.56 3.53 4.65 3.49 4.37 5.21 3.72 4.56 5.32 4.45 5.09 5.60 5.06 5.49 5.79
29.4 1.62 2.49 3.78 2.45 3.42 4.57 2.68 3.74 4.73 3.51 4.39 5.24 4.35 5.02 5.59
39.7 1.05 1.71 2.93 1.67 2.55 3.84 1.88 2.80 4.06 2.66 3.63 4.72 3.67 4.45 5.27
50.4 0.71 1.20 2.26 117 1.91 3.17 1.33 2.13 3.41 2.01 2.95 4.19 2.89 3.85 4.88
60.3 0.51 0.92 1.79 0.89 1.49 2.65 1.00 1.68 2.89 1.57 2.43 3.72 2.39 3.35 4.52
76.7 0.32 0.61 1.26 0.59 1.05 1.99 0.69 1.18 2.22 1.1 1.79 3.04 1.76 2.66 3.94
97.5 0.20 0.39 0.87 0.38 0.70 1.43 0.44 0.79 1.62 0.75 1.27 2.36 1.24 2.00 3.28
1315 0.12 0.21 0.50 0.20 0.39 0.88 0.25 0.47 1.02 0.42 0.78 1.59 0.75 1.30 2.41 a8
157 0.08 0.15 0.36 0.15 0.28 0.65 0.17 0.33 0.75 0.31 0.57 1.22 0.55 0.99 1.98
200 0.05 0.09 0.22 0.09 0.17 0.41 0.11 0.21 0.49 0.19 0.37 0.82 0.36 0.66 1.38
240 0.03 0.06 0.15 0.06 0.12 0.29 0.07 0.14 0.35 0.14 0.26 0.60 0.25 0.48 1.04
304 0.02 0.04 0.09 0.04 0.07 0.18 0.04 0.09 0.22 0.08 0.16 0.38 0.16 0.30 0.70
463 0.00 0.01 0.03 0.01 0.03 0.07 0.02 0.04 0.09 0.03 0.07 0.17 0.07 0.13 0.32
704 0.00 0.00 0.01 0.00 0.01 0.03 0.01 0.01 0.03 0.01 0.03 0.07 0.03 0.06 0.14
1008 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.01 0.03 0.01 0.02 0.06
1444 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02
2070 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
3770 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 6-6. Boost Electrical Characteristics Versus Fg Frequency (Fs 2 24 kHz)

FREQUENCY Fs = 24 kHz Fs =32 kHz Fs = 44.1 kHz Fs =48 kHz Fs =96 kHz UNIT
(H2) 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
10 5.79 5.90 5.97 5.89 5.89 5.99 5.95 5.98 6.04 5.96 5.99 6.01 5.71 5.83 5.90
12 5.70 5.85 5.95 5.84 5.84 5.98 5.92 5.97 6.03 5.94 5.98 6.00 5.54 5.68 5.81
15.2 5.53 5.76 5.91 5.73 5.73 5.96 5.87 5.94 6.02 5.89 5.95 5.99 5.40 5.57 5.73
18.2 5.35 5.65 5.87 5.62 5.62 5.93 5.80 5.90 6.00 5.83 5.93 5.98 5.28 5.48 5.68
20.5 5.19 5.56 5.83 5.52 5.52 5.91 5.74 5.87 5.99 5.78 5.90 5.97 5.19 5.42 5.64
29.4 4.55 5.18 5.64 5.10 5.07 5.79 5.51 5.75 5.94 5.57 5.79 5.92 4.87 5.18 5.48
39.7 3.81 4.62 5.37 4.52 4.52 5.64 5.12 5.53 5.85 5.26 5.59 5.84 4.47 4.91 5.30
50.4 3.14 4.06 5.02 3.94 3.95 5.43 4.69 5.27 5.72 4.88 5.37 5.73 4.08 4.63 5.11
60.3 2.62 3.51 4.69 3.46 3.54 5.21 4.30 5.00 5.59 4.49 5.13 5.62 3.72 4.37 4.95
76.7 1.97 2.90 4.15 2.76 2.76 4.78 3.68 4.52 5.34 3.91 4.70 5.40 3.18 3.92 4.67
97.5 1.41 2.22 3.51 2.10 2.09 4.27 2.99 3.94 4.99 3.24 4.15 5.07 2.59 3.41 4.33 B
131.5 0.88 1.49 2.65 1.40 1.40 3.49 2.15 3.10 4.35 2.38 3.35 4.51 1.86 2.69 3.75
157 0.65 1.13 2.15 1.04 1.04 2.96 1.70 2.58 3.90 1.90 2.82 4.08 1.47 2.24 3.35
200 0.41 0.76 1.55 0.70 0.70 2.28 1.19 1.93 3.23 1.35 2.15 3.44 1.03 1.68 2.77
240 0.30 0.55 1.18 0.50 0.50 1.81 0.89 1.51 2.7 1.02 1.70 2.92 0.77 1.31 2.32
304 0.18 0.35 0.80 0.33 0.32 1.27 0.58 1.04 2.05 0.68 1.19 2.24 0.51 0.90 1.75
463 0.08 0.16 0.37 0.14 0.14 0.64 0.27 0.50 1.12 0.31 0.58 1.25 0.23 0.43 0.95
704 0.03 0.06 0.16 0.06 0.06 0.29 0.12 0.23 0.56 0.14 0.27 0.62 0.10 0.20 0.46
1008 0.01 0.03 0.07 0.03 0.02 0.14 0.06 0.11 0.30 0.06 0.13 0.31 0.05 0.10 0.23
1444 0.00 0.01 0.03 0.01 0.01 0.06 0.03 0.05 0.16 0.03 0.06 0.15 0.02 0.05 0.11
2070 0.00 0.00 0.01 0.00 0.00 0.02 0.01 0.02 0.09 0.01 0.03 0.07 0.01 0.02 0.05
3770 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.01 0.00 0.00 0.01

6.2 Audio Uplink (TX) Module

The audio uplink path includes two input amplification stages:
«  MIC_MAIN_P, MIC_MAIN_M (differential main handset input)
* AUXR (common terminal: single-ended auxiliary)

NOTE

If two audio inputs are needed, and mic bias is not needed, the AUXR input can be used
with MIC_MAIN to provide the two inputs.

6.2.1 Microphone Bias Module

A bias generator provides an external voltage of 2.2 V to bias the analog microphones (MICBIAS1

terminal). The typical output current is 1 mA.

6.2.1.1

Analog Microphone Bias Module Characteristics

Table 6-7 lists the characteristics of the analog microphone bias module.

Table 6-7. Analog Microphone Bias Module Characteristics With Bias Resistor

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Bias voltage 2.15 2.2 2.25 \
Load current 1 mA
Output noise P-weighted 20 Hz to 6.6 kHz 1.8| MVRus
External capacitor 0 200 pF
Internal resistance 50 60 70 kQ
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NOTE
If the external capacitor is higher than 200 pF, the analog microphone bias becomes
unstable. To stabilize it, add a serial resistor.

Table 6-8 lists the characteristics of the analog microphone bias module with a bias resistor.

Table 6-8. Analog Microphone Bias Module Characteristics With Bias Resistor

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Cg < 200 pF 0

Rss Cg = 100 pF 300 Q
Cg=1pF 500

Rg + Reg 221027 kQ

Figure 6-6 and Figure 6-7 show the external components and application schematics for the analog

microphone.
On board Device
Rvm.o
AN [ ] MICBIAS1.0UT
Cue Cum.p

»—“—[] MIC.MAIN.P

® H [1 MIC.MAIN.M

1 MICBIAS.GND

037-005

Figure 6-6. Analog Microphone Pseudodifferential

NOTE
For other component values, see Table 5-48.
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ON BOARD Device
Rmm.Bp
® AN\ [ ] micBIAS1.0UT
Rmm.em /2
Cvume ——
Cmm.p
@ —o—¢ H ] mMIC.MAIN.P
47pF
Close to Cwm.pm Close to
Device Device
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Figure 6-7. Analog Microphone Differential

NOTE
For other component values, see Table 5-48.

NOTE
To improve the rejection, ensure that MICBIAS_GND is as clean as possible. This ground
must be shared with AGND of the TPS65920 or TPS65930 device and must not share with
AVSS4, which is the ground used by RX class AB output stages.

In differential mode, adding a low-pass filter (made by Rgg and Cg) is highly recommended if

coupling between RX output stages and the microphone is too high (and not enough

attenuation by the echo cancellation algorithm). The coupling can come from:

+ The internal TPS65920/TPS65930 coupling between MICBIAS.OUT voltage and RX
output stages

« Coupling noise between MICBIAS.GND and AVSS4

In pseudodifferential mode, the dynamic resistance of the microphone improves the rejection
versus MICBIAS.OUT:

PSRR = 20*10g((Rg + Royn mic)/Rs)-

6.2.1.2 Silicon Microphone Module Characteristics

Based on silicon micro-electrical-mechanical system (MEMS) technology, the new microphone achieves
the same acoustic and electrical properties as conventional microphones, but is more rugged and exhibits
higher heat resistance. These properties offer designers of a wide range of products greater flexibility and
new opportunities to integrate microphones.
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The silicon microphone is the integration of mechanical elements and electronics on a common silicon
substrate through microfabrication technology.

The complementary metal oxide semiconductor (CMOS) MEMS microphone is more like an analog IC
than a classical microphone, or electric condenser microphone (ECM). It is powered as an IC with a direct
connection to the power supply. The on-chip isolation between the power input and the rest of the system
adds power supply rejection (PSR) to the component. This makes the CMOS MEMS microphone
inherently more immune to power supply noise than an ECM and eliminates the need for additional
filtering circuitry to keep the power supply line clean.

Table 6-9 lists the characteristics of the silicon microphone module.

Table 6-9. Silicon Microphone Module Characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Bias voltage 2.2 Vv
Load current 1 mA
Output noise P-weighted 20 Hz to 6.6 kHz 1.8 PVRus

Figure 6-8 is a schematic for the silicon microphone.

Optional
depending on On board Device
dynamic of MIC
Tk Rsm
AN AVAYAY, [ ] MICBIAS1.0UT
—— Csm
Csmp
» [4] [1] H [ ] MIC.MAIN.P
Silicon MIC Power Outbut
SPM0204HE5-PB wer Dutpu
(SPM0102ND3-C) | GND  GND
3] [2]
Csm.pc
— | MIC.MAIN.M
—— Csum
[ ] MICBIAS.GND

037-007

Figure 6-8. Silicon Microphone

NOTE
For other component values, see Table 5-48.
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6.2.2 FM Radio/Auxiliary Input

The auxiliary input AUXR/FMR can be used as FM radio input. The amplification stage output is
connected to the ADC input. The FM radio input can also be output through an audio output stage.

6.2.2.1 External Components

Figure 6-9 shows the external components on the auxiliary input.

On board Chip

CAUXR
|| —
[ ® [T auxr

O cunn ==

1

037-008

Figure 6-9. Audio Auxiliary Input

NOTE
For other component values, see Table 5-48.
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6.2.3 Uplink Characteristics

Figure 6-10 shows the uplink amplifier. Table 6-10 lists the uplink characteristics.

Amp
0to 30 dB

Digital PGA

ADC I 4ain=01031dB

037-050

Figure 6-10. Uplink Amplifier

Table 6-10. Uplink Characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Speech delay Voice path 0.5 ms
Gain range(") 0 61 dB
Absolute gain 0 dBFs at 1.02 kHz -1 1 dB
Peak-to-peak differential input voltage (0 dBFs) For differential input 1.5 Vpp
0 dB gain setting
Peak-to-peak single-ended input voltage (0 dBFs) For single-ended input 1.5 Vpp
0 dB gain setting
Input impedance ® 40k 70k Q
Total harmonic distortion (sine wave at 1.02 kHz) At -1 dBFs -80 -75 dB
At -6 dBFs —74 —69
At —10 dBFs -70 —65
At —20 dBFs -60 -55
At -60 dBFs -20 -15
Idle channel noise 20 Hz to 20 kHz, A-weighted, gain = 0 dB -85 —78| dBFs
16 kHz: < 20 Hz to 7 kHz, gain = 0 dB -90
8 kHz: P-weighted voice, gain = 18 dB -87
16 kHz: < 20 Hz to 7 kHz, gain = 18 dB -82
Crosstalk A/D to D/A Gain = 0dB -80 dB
Crosstalk path between two microphones =70 dB
Intermodulation distortion 2-tone method —60 dB

(1) Gain range is defined by: Preamplifier = 0 to 30 dB; Filter = 0 to 31 dB (1-dB steps)
(2) Impedance varies in the specified range with gain selection.

6.2.4 Microphone Amplification Stage

The microphone amplification stages perform the single-to-differential conversion for single-ended inputs.
Two programmable gains from 0 dB to 30 dB can be set:

+ Automatic level control for main microphone input. The gain step is 1 dB.

+ Level control by register for line-in or carkit input. The gain step is 6 dB.

The amplification stage outputs are connected to the ADC input (ADC left and right).
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6.2.5 Carkit Input
The USB-CEA carkit uses the DP pad to input the audio signal.

Figure 6-11 shows the uplink carkit full path uplink characteristics for audio and USB.

Amp Amp .
— | CEA 0to ADC _D|9|tal PGA
-1.02 dB 30 dB gain=0to 31dB

037-009

Figure 6-11. Carkit Input Uplink Path Characteristics
Table 6-11 lists the USB-CEA carkit audio electrical characteristics.

Table 6-11. USB-CEA Carkit Audio Uplink Electrical Characteristics

PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT

Gain range (! -1 60| dB
Absolute gain, 0 dBFs at 1.02 kHz () @ USB-CEA default gain setting 15 15| dB
Speech delay Voice path 0.5 ms
Input common mode voltage ® USB-CEA 1.3 19| V
Phone microphone amplifier input impedance at 1 kHz USB-CEA 8 120 kQ
Peak-to-peak single-ended input voltage (0 dBFs) Default setting 1.414| Vpp
Total harmonic distortion (sine wave at 1 kHz), default gain setting | At —1 dBFs —74 —60 dB

At -6 dBFs

At —10 dBFs

At —20 dBFs

At -60 dBFs
THD+N (20 Hz to 20 kHz, A-weighted) At 0 dBFs 60 dB
Signal noise ratio (20 Hz to 20 kHz, A-weighted) At 0 dBFs 60 dB
IdIe_channeI noise (20 Hz to 20 kHz, A-weighted), default gain USB-CEA —77 dBFs
setting
Output PSRR (20 Hz to 20 kHz, A-weighted) USB-CEA 50 dB

(1) Gain range is defined by: CEA amplifier = 0.56 to —1.02 dB; Preamplifier = 0 to 30 dB; Filter = 0 to 31 dB (1-dB steps).
(2) The CEA default gain setting assumes 0 dB on the preamplifier, 1 dB on digital filter, and CEA amplifier at —1.02 dB.
(3) Full-scale input voltage is 1 V minimum.
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6.2.6 Digital Audio Filter Module

Figure 6-12 shows the digital audio filter uplink full path characteristics for the audio interface.

A/D output —

Error

cancellation

SINC filter
integrator
4th order

SINC filter
differentiator
4th order

—

Low-pass
filter

1st order high-
pass filter

Figure 6-12. Digital Audio Filter Uplink Path Characteristics

Audio
interface

037-017

The high-pass filter (HPF) can be bypassed. It is controlled by the MISC_SET_2 ATX_HPF_BYP bit set to

address 0x49.

Table 6-12 lists the audio filter frequency responses relative to reference gain at 1 kHz.

Table 6-12. Digital Audio Filter TX Electrical Characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Passband 0.0005 0.42 Fs
Passband gain In region 0.0005*Fg to 0.42*Fg (V) -0.25 025 dB
Stopband 0.6 Fs
Stopband attenuation In region 0.6*Fg to 1*Fg () 60 dB
Group delay 15.8/Fg us

(1) Fgis the sampling frequency (8, 11.025, 12, 16, 22.05, 24, 32, 44.1, or 48 kHz).
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7 Device and Documentation Support
7.1 Device Support
7.1.1 Development Support

Tl offers an extensive line of development tools, including tools to evaluate the performance of the
processors, generate code, develop algorithm implementations, and fully integrate and debug software
and hardware modules. The tool's support documentation is electronically available within the Code
Composer Studio™ Integrated Development Environment (IDE).

The following products support development of the TPS65920 and TPS65930 device applications:

Software Development Tools: Code Composer Studio™ Integrated Development Environment (IDE):
including Editor C/C++/Assembly Code Generation, and Debug plus additional development tools
Scalable, Real-Time Foundation Software (DSP/BIOS™), which provides the basic run-time target
software needed to support any TPS65920 and TPS65930 device applications.

Hardware Development Tools: Extended Development System (XDS™) Emulator

7.1.2 Device Nomenclature

To designate the stages in the product development cycle, Tl assigns prefixes to the part numbers of all
microprocessors (MPUs) and support tools. Each device has one of three prefixes: X, P, or null (no prefix)
(for example, TPS65930). Texas Instruments recommends two of three possible prefix designators for its
support tools: TMDX and TMDS. These prefixes represent evolutionary stages of product development
from engineering prototypes (TMDX) through fully qualified production devices and tools (TMDS).

Device development evolutionary flow:

P Prototype (X), preproduction (P), or qualified/production device (blank). A blank in the symbol
or part number is collapsed so there are no gaps between characters.

A Mask set version descriptor (initial silicon = blank, first silicon revision = A, second silicon
revision = B, ...). Initial silicon version is ES1.0; first revision can be named ES2.0, ES1.1, or
ES1.01, depending on the level of change. Note: Device name is a maximum of 10

characters.
YM Year month
LLLLS Lot code
$ Fab planning code

"Developmental product is intended for internal evaluation purposes."

Production devices and TMDS development-support tools have been characterized fully, and the quality
and reliability of the device have been demonstrated fully. TI's standard warranty applies.

Predictions show that prototype devices (X or P) have a greater failure rate than the standard production
devices. Texas Instruments recommends that these devices not be used in any production system
because their expected end-use failure rate still is undefined. Only qualified production devices are to be
used.

Tl device nomenclature also includes a suffix with the device family name. This suffix indicates the
package type (for example, ZCH) and the temperature range (for example, blank is the default commercial
temperature range).

For orderable part numbers of TPS65920 and TPS65930 devices in the ZCH package types, see the
Package Option Addendum of this document, the Tl website (www.ti.com), or contact your Tl sales
representative.
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Figure 7-1. Device Nomenclature

7.2 Community Resources

The following links connect to Tl community resources. Linked contents are provided "AS IS" by the
respective contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views;
see Tl's Terms of Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster
collaboration among engineers. At e2e.ti.com, you can ask questions, share knowledge,
explore ideas and help solve problems with fellow engineers.

Tl Embedded Processors Wiki Texas Instruments Embedded Processors Wiki. Established to help
developers get started with Embedded Processors from Texas Instruments and to foster
innovation and growth of general knowledge about the hardware and software surrounding
these devices.

7.3 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 7-1. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
TPS65930 Click here Click here Click here Click here Click here
TPS65920 Click here Click here Click here Click here Click here

7.4 Trademarks
SmartReflex, OMAP, E2E are trademarks of Texas Instruments.
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7.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

“: I\ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

7.6 Export Control Notice

Recipient agrees to not knowingly export or re-export, directly or indirectly, any product or technical data
(as defined by the U.S., EU, and other Export Administration Regulations) including software, or any
controlled product restricted by other applicable national regulations, received from disclosing party under
nondisclosure obligations (if any), or any direct product of such technology, to any destination to which
such export or re-export is restricted or prohibited by U.S. or other applicable laws, without obtaining prior
authorization from U.S. Department of Commerce and other competent Government authorities to the
extent required by those laws.

7.7 Glossary
SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
7.8 Additional Acronyms

Additional acronyms used in this data sheet are described below.

ADC Analog-to-digital converter
ALC Automatic level control
ASIC Application-specific integrated circuit
BGA Ball grid array
BW Signal bandwidth
CMOS Complementary metal oxide semiconductor
CMT Cellular mobile telephone
CPU Central processing unit
DAC Digital-to-analog converter
DBB Digital baseband
DCR Data capture record
DM Data manual
DSP Digital signal processor
DVFS Dynamic voltage and frequency scaling
ESD Electrostatic discharge
ESR Equivalent series resistance
FET Field effect transistor
FS Full speed
FSR Full-scale range
GND Ground
GP General-purpose
GPIO General-purpose input/output
hiz High impedance
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IDDQ
IF

IO or I/O
JTAG
LDO
LED
LJF
LS
MADC
MMC
NA, N/A
NRZI
OoCP
oTG
PBGA
PCB
PD
PDM
PFM
PLL
POL
POR
PSR
PSRR
PU
PWL
PWM
PWT
RJF
RTC
RX
SDI
SMPS

High speed or high security
Hardware

Inter-integrated circuit

Inter IC sound

Integrated circuit

Idle channel noise
Identification

Direct drain quiescent current
Interface

Input/output

Joint Test Action Group, IEEE 1149.1 standard
Low-dropout regulator
Light-emitting diode
Left-justified format

Low speed

Monitoring analog-to-digital converter
Multimedia card

Not applicable

Nonreturn to zero inverted
Open-core protocol
On-the-Go

Plastic ball grid array
Printed circuit board
Pulldown

Pulse density modulated
Pulse frequency modulation
Phase-locked loop

Polarity

Power-on reset
Power-supply rejection
Power-supply rejection ratio
Pullup

Pulse-width length
Pulse-width modulation
Pulse-width time
Right-justified format
Real-time clock

Receive

Serial display interface
Switch-mode power supplies
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SNR
SW
SYNC/SYNCHRO
SYS
TBD
THRU
TRM
X
UART
ULPI
UPR
USB
UTMmI

Signal-to-noise ratio

Software

Synchronization

System

To be defined

Feed through

Technical reference manual
Transmit

Universal asynchronous receiver/transmitter
UTMI+ low pin Interface
Uninterrupted power rail

Universal serial bus

USB transceiver macrocell Interface
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8 Mechanical, Packaging, and Orderable Information

8.1 Packaging Information

The following pages include mechanical, packaging, and orderable information. This information is the
most current data available for the designated devices. This data is subject to change without notice and
revision of this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (4/5)
(6)
TPS65920A2ZCH ACTIVE NFBGA ZCH 139 184 ROHS & Green SNAGCU Level-3-260C-168 HR -40 to 85 TPS65920A2 Samples
TPS65920A2ZCHR ACTIVE NFBGA ZCH 139 1000 RoOHS & Green SNAGCU Level-3-260C-168 HR -40 to 85 TPS65920A2 m
TPS65930A2ZCH ACTIVE NFBGA ZCH 139 184 RoOHS & Green SNAGCU Level-3-260C-168 HR -40 to 85 TPS65930A2
TPS65930A2ZCHR ACTIVE NFBGA ZCH 139 1000 RoOHS & Green SNAGCU Level-3-260C-168 HR -40 to 85 TPS65930A2 Samples

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
L |<— KO '<7P14>‘
oo olo o oo T
go W
Reel | | i
Diameter
Cavity *‘ A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
K0 | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
_+_ P1 | Pitch between successive cavity centers
| [ |
_{ Reel Width (\W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O 000000 07, Sprocket Holes
| I
T ]
Q1 : Q2 Q1 : Q2
A== f--7--1- -
Q3 1 Q4 Q31 Q4 User Direction of Feed
| w A |
T T
~
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TPS65920A2ZCHR NFBGA ZCH

139

1000 330.0 24.4 104 | 104 2.3 16.0 | 24.0

Q1

TPS65930A2ZCHR NFBGA ZCH

139

1000 330.0 24.4 104 | 104 2.3 16.0 | 24.0

Q1
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TAPE AND REEL BOX DIMENSIONS
.
7
e S
N s
e 7
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65920A2ZCHR NFBGA ZCH 139 1000 336.6 336.6 41.3
TPS65930A2ZCHR NFBGA ZCH 139 1000 336.6 336.6 41.3
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TRAY
L - Quter tray length without tabs KO-
< Outer
tray
height
+++++++++++++++
1+ ++++++++++++4+ 4]
- W -
1+ +++++++++ 4+ + + 4+ + ||| outer
Ll tra
|+ +++++++++ 4+ + + + + | widhh
+++++++++++++++
e p, |
F+++++ 45+ +++++++
R [
I
P1 - Tray unit pocket pitch
CW - Measurement for tray edge (Y direction) to corner pocket center
— CL - Measurement for tray edge (X direction) to corner pocket center
Chamfer on Tray corner indicates Pin 1 orientation of packed units.
*All dimensions are nominal
Device Package | Package | Pins | SPQ [Unit array Max L (mm)] W KO P1 CL Cw
Name Type matrix |[temperature (mm) | (um) | (mm) | (mm) | (mm)
S
TPS65920A2ZCH ZCH NFBGA 139 184 8x23 150 315 | 1359 | 7620 | 134 | 10.1 | 19.65
TPS65930A2ZCH ZCH NFBGA 139 184 8x23 150 315 | 135.9| 7620 | 13.4 | 10.1 | 19.65
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MECHANICAL DATA

/CH (S—PBGA—N139) PLASTIC BALL GRID ARRAY

E 10,10 —— 8,45 —Pp
9,90 4] W r
|
=) ooo<£<L olo ooo0o0oO
N| 0000000000000 O0
M 0O0O0OO0 0|0 0000
L| oo o olo o 00
K 00000 OO0 00000
J o oo o) 0,65
10,10 H 000000 | 000000 |
9,90 G| 0Oo0O0O0OO0OO O 0000 G
F o o o —
F|l o0o0O0OO0O 0|0 00000
D (o}Ne) O O0O/0 O 00O
C O O 0|lo0 00O0O
B 0000 olooo0o000O0
% Al OO OO OO0 000O0O0
Al Corner 2 4 6 '8 10 12 14
1 3 5 7 9 11 13
Bottom View
094
1,30 MAX 084 | 933
0,23
\ |
‘ e — ‘ ] [ SEATING PLANE
[AJo10
0,46 & @ 0,5 ][c[alB
0,36 @ 0,050
4209081-2/D  03/1
NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. nFBGA configuration
D. This is a Pb—free solder ball design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com
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