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TPS65094 PMIC for Intel™ Apollo Lake Platform
1 Features 2 Applications

Wide V|y range from 5.6V to 21V

Three variable-output voltage synchronous

Step-down controllers With D-CAP2™ topology

— BA for BUCK1 (VNN), 7A for BUCK6 (VDDQ),
and 21A for BUCK2 (VCCGI) using external
FETs for typical applications

— 12C dynamic voltage scaling (DVS) control
(0.5V to 1.45V in 10mV Steps) for BUCK1 and
BUCK2

— OTP-Programmable default output voltage for
BUCK®6 (VDDQ)

Three variable-output voltage synchronous

Step-down converters with dcs-control topology

and 12C DVS capabilities

— V)N range from 4.5V to 5.5V

— 3A of output current for BUCK3 (VCCRAM)

— 2A of output current for BUCK4 (V1P8A) and
BUCKS (V1P24A) for typical applications

Three LDO regulators with adjustable output

voltage

— LDOA1: I2C-Selectable output voltage from
1.35V to 3.3V for up to 200mA of output current

— LDOA2 and LDOAG3: 12C-Selectable output
voltage from 0.7V to 1.5V for up to 600mA of
output current

VTT LDO for DDR memory termination

Three load switches with slew rate control

— Up to 400mA of output current with voltage
drop less than 1.5% of nominal input voltage

— Rpson < 96mQ at input voltage of 1.8V

I2C Interface (device address 0x5E) supports:

— Standard mode (100kHz)

— Fast mode (400kHz)

— Fast mode plus (1MHz)

» 2-, 3-, or 4-Series cell Li-ion battery-powered
products (NVDC or Non-NVDC)

» Wall-powered designs, particularly from 12V
supply

« Tablets, Ultrabook™, and notebook computers

» Mobile PCs and mobile internet devices

3 Description

The TPS65094 device is a single-chip solution,
power-management integrated chip (PMIC) designed
specifically for the latest Intel™ processors targeted
for tablets, ultrabooks, notebooks, industrial PCs,
and Internet-of-Things (IOT) applications using 2S,
3S, or 4S Li-lon battery packs (NVDC or non-
NVDC power architectures), as well as wall-powered
applications. The TPS65094 device is used for
essential systems with low-voltage rails merged for
the smallest footprint and lowest-cost system-power
solution. The TPS65094 device provides the complete
power solution based on the Intel Reference Designs.
Six highly efficient step-down voltage regulators
(VRs), a sink or source LDO (VTT), and a load
switch are controlled by power-up sequence logic
to provide the proper power rails, sequencing,
and protection—including DDR3 and DDR4 memory
power. The two regulators (BUCK1 and BUCK2)
support dynamic voltage scaling (DVS) for maximum
efficiency—including support for connected standby.
The high-frequency VRs use small inductors and
capacitors to achieve a small solution size. An 12C
interface allows simple control by an embedded
controller (EC) or by a system on chip (SoC).

The PMIC comes in an 8mm x 8mm single-row
VQFN package with a thermal pad for good thermal
dissipation and ease of board routing.

Device Information
PACKAGE(")
VQFN (64)

PART NUMBER
TPS65094

(1)

BODY SIZE (NOM)
8.00mm x 8.00mm

For all available packages, see the orderable addendum at
the end of the data sheet.

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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4 Device Options

4.1 OTP Comparison
Table 4-1 summarizes the differences between the various TPS65094x family OTPs.
Table 4-1. Summary of TPS65094x OTP Differences

TPS650940 TPS650941 TPS650942 TPS650944 TPS650945 TPS650947
DDR LPDDR4 LPDDR3 DDR3L LPDDR4 LPDDR4 DDR3L
BUCKG® Voltage 1.1V 1.2V 135V 1.1V 1.1V 1.35V
VTT Disabled Yes No No Yes Yes No
VTT locp (minimum) 0.95A 0.95A 1.8A 1.8A 0.95A 1.8A
2%‘3_13—42;8;‘:?,’5'3'8‘; by Yes Yes No Yes Yes No
gX\llijS_SZBcontrolled by No No Yes No No Yes
Pin 14 Usage LDOLS_EN LDOLS_EN LDOLS_EN SWA1_EN LDOLS_EN LDOLS_EN
LDOA1 Always On No No No Yes No No
LDOA1 Default Voltage 3.3V 3.3V 3.3V 1.8V 3.3V 3.3V
LDOAZ2 Default Voltage 1.2V 1.2V 1.2V 0.7V 12V 1.2V
LDOAZ3 Default Voltage 125V 125V 125V 0.7V 1.25V 125V
PMICEN Low Forces Reset Yes Yes Yes No Yes Yes
DEVICEID Register 8h 29h 1Ah Ch Dh Fh
BUCK3-5 Mode Auto Auto Auto Auto Forced PWM Forced PWM

Note

Using OTP parts TPS650945 & TPS650947 with Forced PWM mode for Bucks 3-5 is strongly
recommended to avoid abnormal frequency switching and minimize noise at light loads . Voltage
undershoot or overshoot may be observed when operating with light load in Auto mode, and can lead
to shutdown.
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5 Pin Configuration and Functions
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The thermal pad must be connected to the system power ground plane.
RSK Package 64-Pin VQFN With Thermal Pad Top View
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Table 5-1. Pin Functions

PIN SUPPLY, OP
110 VOLTAGE DESCRIPTION
NO. NAME LEVEL
SMPS REGULATORS
1 FBGND2 | Remote negative feedback sense for BUCK2 controller. Connect to VCCGI VSS
SENSE sent from the SoC to the PMIC.
2 FBVOUT?2 | Remote positive feedback sense for BUCK2 controller. Connect to VCCGI VCC
SENSE sent from the SoC to the PMIC.
DRVH2 O VSYS + 5V |High-side gate driver output for BUCK2 controller
4 SW2 | Switch node connection for BUCK2 controller
5 BOOT2 | VSYS + 5V Bgotgtrap pin for BpCKZ controller. Connect a 100-nF ceramic capacitor between
this pin and SW2 pin.
6 PGNDSNS2 | Ppwer GND connection for BUCK2. Connect to ground terminal of external low-
side FET.
7 DRVL2 O 5V Low-side gate driver output for BUCK2 controller
5-V supply to BUCK2 gate driver and LDOA1. Bypass to ground with a 2.2-pF
8 DRVSV_2_A1 ! SV (typical) ceramic capacitor. Shorted on board to LDO5PO pin.
10 LX3 o Switch node connection for BUCK3 converter. Connect to a 0.47-puH (typical)
inductor with less than 50-mQ DCR.
1 PVIN3 | 5V Power_ input to BUCK3 converter. Bypass to ground with a 10-pF (typical) ceramic
capacitor.
12 FB3 | Remote feedback sense for BUCK3 converter. Connect to positive terminal of
output capacitor.
20 LX5 o Switch node connection for BUCK5 converter. Connect to a 0.47-uH (typical)
inductor with less than 50-mQ DCR.
21 PVIN5 | 5V Power. input to BUCKS5 converter. Bypass to ground with a 10-pF (typical) ceramic
capacitor.
29 FB5 | Remote feedback sense for BUCK5 converter. Connect to positive terminal of
output capacitor.
23 FB4 | Remote feedback sense for BUCK4 converter. Connect to positive terminal of
output capacitor.
24 PVIN4 | 5V Power_ input to BUCK4 converter. Bypass to ground with a 10-pF (typical) ceramic
capacitor.
5 LX4 o Switch node connection for BUCK4 converter. Connect to a 0.47-puH (typical)
inductor with less than 50-mQ DCR.
Remote feedback sense for BUCK1 controller. Connect to VNN VCC SENSE sent
29 FBVOUTH ! from the SoC to the PMIC.
Current limit set pin for BUCK1 controller. Fit a resistor from this pin to ground to
30 ILIM1 | o )
set current limit of external low-side FET.
33 DRVH1 O VSYS + 5V |High-side gate driver output for BUCK1 controller
34 SW1 | Switch node connection for BUCK1 controller
35 BOOTA | VSYS + 5V Bgotgtrap pin for BQCK1 controller. Connect a 100-nF ceramic capacitor between
this pin and SW1 pin.
36 PGNDSNS1 | Ppwer GND connection for BUCK1. Connect to ground terminal of external low-
side FET.
37 DRVLA1 (0] 5V Low-side gate driver output for BUCK1 controller
5-V supply to BUCK1 and BUCK®6 gate drivers. Bypass to ground with a 2.2-pF
38 DRVSV_1_6 ! 5V (typical) ceramic capacitor. Shorted on board to LDO5PO pin.
39 DRVL6 (0] 5V Low-side gate driver output for BUCK6 controller
40 PGNDSNS6 | P_ower GND connection for BUCK6. Connect to ground terminal of external low-
side FET.
41 BOOT6 | VSYS + 5V Bgotgtrap pin for BQCKG controller. Connect a 100-nF ceramic capacitor between
this pin and SW6 pin.
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Table 5-1. Pin Functions (continued)

PIN SUPPLY, OP
110 VOLTAGE DESCRIPTION
NO. NAME LEVEL
42 SW6 | Switch node connection for BUCK6 controller
43 DRVH6 (0] VSYS + 5V |High-side gate driver output for BUCK®6 controller
44 FBVOUTS | Remote feed_back sense for BUCKG controller. Connect to positive terminal of
output capacitor.
Current limit set pin for BUCK®6 controller. Fit a resistor from this pin to ground to
45 ILIM6 | o )
set current limit of external low-side FET.
Current limit set pin for BUCK2 controller. Fit a resistor from this pin to ground to
64 ILIM2 | o )
set current limit of external low-side FET.
LDO and LOAD SWITCHES
9 LDOA1 o 135-3.3V LDQA1 output. B){pass to ground with a 4.7-pF (typical) ceramic capacitor. Leave
floating when not in use.
0.5-3.3V . . . .
Output of load switch B1. Bypass to ground with a 0.1-pF (typical) ceramic
17 SWBH1 (e} (1.8-V . .
) capacitor. Short with SWB2.
Typical)
0.5-3.3V | Power supply to load switch B1 and B2. Bypass to ground with a 1-uF (typical)
18 PVINSWB1_B2 | (1.8-V ceramic capacitor to improve transient performance. Connect to ground when not
Typical) in use.
0.5-3.3V . . . .
Output of load switch B2. Bypass to ground with a 0.1-yF (typical) ceramic
19 SWB2 (0] (1.8-V . . . )
) capacitor. Short with SWB1. Leave floating when not in use.
Typical)
31 SWA1 o 05-3.3V Outpu_t of load switch _A1. Bypass tc_) ground with a 0.1-pF (typical) ceramic
capacitor. Leave floating when not in use.
32 PVINSWA1 | 05-3.3V Power_ suppl_y to load swm?h A1. Bypass to ground with a 1-pF (typical) ceramic
capacitor to improve transient performance. Connect to ground when not in use.
46 PVINVTT | vDDQ Power' supply to VTT LDO. Bypass to g'round with a 10-yF (minimum) ceramic
capacitor. Connect to ground when not in use.
47 VTT o vDDQ / 2 Outpu.t of load VTT LDQ. Bypass to ground with 2x 22-yF (minimum) ceramic
capacitors. Leave floating when not in use.
48 VTTEB | vDDQ / 2 Remo.te feedback sense for VTT LPO. Connect to positive terminal of output
capacitor. Short to GND when not in use.
49 LDOA3 o 07-15V Output of LPOA3. Bypags to ground with a 4.7-uF (typical) ceramic capacitor.
Leave floating when not in use.
50 PVINLDOA2 A3 | 18V Power_ supply t_o LDOA2 and LDOAS. Bypass to_ground with a 4.7-pF (typical)
ceramic capacitor. Connect to ground when not in use.
51 LDOA2 o 07-15V Output of L_DOA2. Bypas_s to ground with a 4.7-pF (typical) ceramic capacitor.
Leave floating when not in use.
54 LDO3P3 o 33V Outpu_t of 3.3-V internal LDO. Bypass to ground with a 4.7-uF (typical) ceramic
capacitor.
56 LDO5PO o 5V Output of 5-V mterngl LDO or an mtc_arnal swﬁch that copnects this pin to V5ANA.
Bypass to ground with a 4.7-uF (typical) ceramic capacitor.
External 5-V supply input to internal load switch that connects this pin to LDO5P0
57 V5ANA | 5V pin. Bypass this pin with an optional ceramic capacitor to improve transient
performance.
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Table 5-1. Pin Functions (continued)

PIN SUPPLY, OP
110 VOLTAGE DESCRIPTION
NO. NAME LEVEL
INTERFACE
13 PMICEN | PMIC cold-boot pin. At assertion rising edge of the signal of this pin power state
transitions from G3 to S4/S5. Driving the pin to L shuts down all VRs.
Enable pin for LDOA2, LDOA3, and SWA1 when OTP is configured to
LDOLS EN or LDOLS_EN. Enable pin for just SWA1 when OTP is configured to SWA1_EN.
14 SWAT EN | Resources turn on at assertion (H) and turn off at deassertion (L) of the pin.
- Optionally, when the pin is pulled low, the host can write to enable bits in Reg
0xA0-Reg 0xA1 to control the rails.
Open-drain output interrupt pin. Refer to Section 7.6.4, IRQ: PMIC Interrupt
15 IRQB O . N
Register, for definitions.
16 RSMRSTB o Open-(.iraln Qutput Always-ON-rail Power Good. It reflects a valid state whenever
VSYS is available.
Open-drain output controlled by an I2C register bit defined in Section 7.6.27,
26 GPO O GPO_CTRL: GPO Control Register, by the user, which then can be used as an
enable signal to an external VR.
27 PCH PWROK o Opep-draln output global Power Good. It reflects a valid state whenever VSYS is
- available.
Optional open-drain output for indicating PMIC thermal event. Invert before
28 PROCHOT O connecting to SoC if used, otherwise leave floating. This pin is triggered when
any of the PMIC die temperature sensors detects the Tyt temperature.
58 CLK | 12C clock
59 DATA 110 I2C data
60 THERMTRIPB | Thermal shutdown signal from SoC
Power state pin. PMIC goes into Connected Standby at falling edge and exits
61 SLP_SO0B | -
- from Connected Standby at rising edge.
62 SLP S3B | Eower statg pin. PMIC goes into S3 at falling edge and exits from S3, transitions
- into SO at rising edge.
63 SLP S4B | Eower statg pin. PMIC goes into S4 at falling edge and exits from S4, transitions
- into S3 at rising edge.
REFERENCE
53 VREF o 1.95V Band-gap reference Qutput. Stabll}ze it by connecting a 100-nF (typical) ceramic
capacitor between this pin and quiet ground.
Analog ground. Do not connect to the thermal pad ground on top layer. Connect to
52 AGND — .
ground of VREF capacitor.
System voltage detection and input to internal LDOs (3.3 V and 5 V). Bypass to
55 VSYS | . - ) .
ground with a 1-yF (typical) ceramic capacitor.
THERMAL PAD
. Thermal pad - Connect to PCB ground plane using multiple vias for good thermal and electrical
performance.
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
ANALOG
VSYS Input voltage from battery -0.3 28 \Y
PVIN3, PVIN4, PVIN5, LDO5P0O, DRV5V_1_6, DRV5V_2_A1, DRVL1, DRVL2, DRVL6 -0.3 \Y
V5ANA -0.3 \Y
PGNDSNS1, PGNDSNS2, PGNDSNS6, AGND, FBGND2 -0.3 0.3 \Y
DRVH1, DRVH2, DRVH6, BOOT1, BOOT2, BOOT6 -0.3 34 \
SW1, SW2, SW6 -5@ 28 Vv
LX3, LX4, LX5 —20) 8 \Y
BOOTx to SWx Differential voltage -0.3 5.5 \Y
VREF, LDO3P3, FBVOUT1, FBVOUT2, FBVOUTS, FB3, FB4, FB5, ILIM1, ILIM2, ILIM6, PVINVTT, VTT, ~03 36 v
VTTFB, PVINSWA1, SWA1, PVINSWB1_B2, SWB1, SWB2, LDOA1
PVINLDOA2_A3, LDOA2, LDOA3 -0.3 3.3 \Y
DIGITAL 10s
DATA, CLK, PCH_PWROK, RSMRSTB, GPO -0.3 3.6
PMICEN, SLP_S4B, SLP_S3B, SLP_SO0B, LDOLS_EN, SWA1_EN, THERMTRIPB, IRQB, PROCHOT -0.3 7 \
Storage temperature, T -55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Transient for less than 5 ns.

(3) Transient for less than 20 ns.

6.2 ESD Ratings

VALUE UNIT
Veer Electrostatic Human Body Model (HBM), per ANSI/ESDA/JEDEC JS001(") +1000 v
discharge Charged Device Model (CDM), per JESD22-C101(2) +250
(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.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
\ MIN NOM MAX| UNIT
ANALOG
VSYS 5.6 13 21 \Y
VREF -0.3 1.3 \Y
PVIN3, PVIN4, PVIN5, LDO5PO, V5ANA, DRV5V_1_6, DRV5V_2_A1 -0.3 5 55 \
PGNDSNS1, PGNDSNS2, PGNDSNS6, AGND, FBGND2 -0.3 0.3 \Y%
DRVH1, DRVH2, DRVH6, BOOT1, BOOT2, BOOT6 -0.3 26.5 \
DRVL1, DRVL2, DRVL6 -0.3 5.5 Vv
SW1, SW2, SW6 -1 21 \Y
LX3, LX4, LX5 -1 5.5 \Y
FBVOUT1, FBVOUT2, FBVOUTS®, FB3, FB4, FB5 -0.3 3.6 \Y
LDO3P3, ILIM1, ILIM2, ILIM6, LDOA1 -0.3 3.3 \Y
PVINVTT -0.3 VvDDQ \Y
VTT, VTTFB -0.3 vDDQ/ 2 \
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6.3 Recommended Operating Conditions (continued)

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT

PVINSWA1, SWA1 -0.3 3.3 3.6 \

PVINSWB1_B2, PVINLDOA2_A3, SWB1, SWB2 -0.3 1.8 \

LDOA2, LDOA3 -0.3 1.5 \

DIGITAL 10s

DATA, CLK, PMICEN, SLP_S4B, SLP_S3B, LDOLS_EN, SWA1_EN,

SLP_SO0B, THERMTRIPB, PROCHOT, IRQB, RSMRSTB, PCH_PWROK, -0.3 3.3 \Y

GPO

CHIP

Ta Operating ambient temperature -40 27 85 °C

T, Operating junction temperature -40 27 125 °C
6.4 Thermal Information

TPS65094x
THERMAL METRIC(") RSK (VQFN) UNIT
64 PINS

Rgya Junction-to-ambient thermal resistance 25.8 °C/W

Rauc(top) Junction-to-case (top) thermal resistance 11.3 °C/W

Ress Junction-to-board thermal resistance 4.4 °C/W

Wyt Junction-to-top characterization parameter 0.2 °C/W

Wis Junction-to-board characterization parameter 4.4 °C/W

Reuc(bot) Junction-to-case (bottom) thermal resistance 0.7 °C/W

(1)  For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.

6.5 Electrical Characteristics: Total Current Consumption

over recommended free-air temperature range and over recommended input voltage range (typical values are at Ty = 25°C)

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
| PMIC shutdown current that includes Iq for Vsys = 13V, all functional output rails are 65 A
SD  references, LDO5, LDO3P3, and digital core disabled H

6.6 Electrical Characteristics: Reference and Monitoring System

over recommended free-air temperature range and over recommended input voltage range (typical values are at Ty = 25°C)

(unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN TYP MAX| UNIT
REFERENCE
Band-gap reference voltage 1.25 \%
VRer
Accuracy -0.5% 0.5%
CvVREF Band-gap output capacitor 0.047 0.1 0.22 uF
VSYS_UVLO_SV VSYS UVLO threshold for LDO5 Vsys falling 5.24 54 5.56 \%
VSYS UVLO threshold hysteresis for |Vgys rising above
Vsys_uvLO SV HYS | pos v 200 mV
SYS_UVLO_5V
VSYSfUVLOf?)\/ VSYS UVLO threshold for LDO3P3 Vsvs faIIing 3.45 3.6 3.75 \%
Vv VSYS UVLO threshold hysteresis for |Vgys rising above 150 mv
SYS_UVLO_3V_HYS LDO3P3 VSYS_UVLO_3V
TeriT Critical threshold of die temperature | T, rising 130 145 160 °C
TCRIT_HYS Hysteresis of TCRIT TJ falllng 10 °C

Copyright © 2025 Texas Instruments Incorporated
Product Folder Links: TPS65094

Submit Document Feedback

9


https://www.ti.com/lit/pdf/spra953
https://www.ti.com
https://www.ti.com/product/TPS65094
https://www.ti.com/lit/pdf/SWCS133
https://www.ti.com/feedbackform/techdocfeedback?litnum=SWCS133F&partnum=TPS65094
https://www.ti.com/product/tps65094?qgpn=tps65094

13 TEXAS
INSTRUMENTS

www.ti.com

TPS65094
SWCS133F — SEPTEMBER 2015 — REVISED JANUARY 2025

6.6 Electrical Characteristics: Reference and Monitoring System (continued)

over recommended free-air temperature range and over recommended input voltage range (typical values are at Ty = 25°C)
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Thot Hot threshold of die temperature T, rising 110 115 120 °C
THOT_HYs Hysteresis of Tyot T, falling 10 °C
LDO5S
ViN Input voltage at Vgys pin 13 21 \%
Vout DC output voltage lout = 10 MA 4.9 5 5.1 \%
lout DC output current 100 180 mA
locp Overcurrent protection Measured with output shorted to 200 mA
ground
Power Good assertion threshold in - o
VTH_pe percentage of target Vour Vour rising 94%
VTH_PG_HYS Power Good deassertion hysteresis | Vgyr rising or falling 4%
la Quiescent current ViN=13V, loyt=0A 20 HA
Cout External output capacitance 2.7 4.7 10 uF
V5ANA-to-LDO5P0 LOAD SWITCH
V|n = 5V, measured from
Rpson On resistance V5ANA pin 1 Q
to LDO5PO pin at oyt = 200 mA
Power Good threshold for external .
VTH_PG 5.\ Supply VVSANA rising 4.7 \Y
Power Good threshold hysteresis for .
VTH_Hs_Pe external 5-V supply Vusana falling 100 mv
Switch disabled
| Leakage current ’ 10 A
LKG 9 Vvsana =5V, Vipos =0V H
LDO3P3
VN Input voltage at Vgys pin 13 21 V
DC output voltage lour = 10 MA 3.3 \
VOUT ViN=13V, 0 0,
Accuracy lour = 10 MA -3% 3%
lout DC output current 40 mA
locp Overcurrent protection Measured with output shorted to 70 mA
ground
Power Good assertion threshold in . o
VTH_pe percentage of target Vour Vour rising 92%
VTH_PG_HYS Power Good deassertion hysteresis | Voyr falling 3%
I Quiescent current Vin =_13 v, 20 pA
lout=0A
Cout External output capacitance 2.2 4.7 10 uF

6.7 Electrical Characteristics: Buck Controllers

over recommended input voltage range, Ty = —40°C to +85°C and T, = 25°C for typical values (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT
BUCK1
Power input voltage for
Vin external HSD FET 5.6 13 21) Vv
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6.7 Electrical Characteristics: Buck Controllers (continued)

over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Step size 10 mV
BUCK1_VID[6:0] = 0000000 0
BUCK1_VID[6:0] = 0000001 0.5
BUCK1_VID[6:0] = 0000010 0.51
DC output voltage : : v
BUCK1_VID[6:0] = 0110011 (default) 1.00
Vour BUCK1_VID[6:0] = 1110101 1.66
BUCK1_VID[6:0] = 1110110-1111111 1.67
VOUT =1 V, IOUT =100 mAto5A 2% 2%
DC output voltage _ _ o ro o
accuracy VOUT =0.75 V, IOUT =100 mAto 2.1 A 2.5% 2.5%
Vour 0.6V, loyr =10 mA -3.5% 3.5%
Total output voltage lout = 10 MA, Vout £0.785V, Vgys = 13V -20 40
accuracy (DC + ripple) in mV
DCM lour = 10 MA, Vout £ 0.785V, Vgys =21V -20 55
SR(Vour) Output DVS slew rate 2.5 3.125 mV/us
Low-side output valley
It LsD current limit accuracy | ge¢ sestion 7.3.3.4, Current Limit, for details. ~15% 15%
- (programmed by external
resistor R )
Low-side current zero
VTH z¢ crossing detection -1 11| mVv
threshold
Source current out of apo
ILIMREF ILIMA1 pm T=25°C 45 50 55 |JA
VLIM VoItage at ILIM1 pln VLIM = RLIM X ILIMREF 0.2 2.25 \Y
AVOUT/AVIN Line regulation VOUT =1 V, IOUT =5A -0.5% 0.5%
VIN =13V, VOUT 21V,
AVoyt/Aloyr  Load regulation lour=0Ato 5 A, 0% 1%
referenced to Voyt at loyt =5 A
DC + AC at sense point, V| =13V,
VOUT =1.00V,
lour=15Ato5Aand 5Ato 1.5 Awith 1 ys of t,
and t
AVour 7R (P Load transient regulation ! - -50 50| mV
- DC + AC at sense point, V| =13V,
VOUT =0.75 V,
lout=0.3Ato1.5Aand 1.5 A to 0.3 Awith 1 ps
of t, and t;
Power Good deassertion |Voyr rising 108%
V1H PG threshold in percentage of ;
- target Vour Vour falling 92%
Power Good reassertion
VTH_HYS_PG hysteresis entering back |Vgyr rising or falling 3%
into VTH_PG
Cour Exterqal output Recqmmgnded amount to meet transient 180 220 uF
capacitance specification
External output
Lsw inductance 0.376 0.47 0.564| pH
R Driver DRVH resist Source, IDRVH = -50 mA a
river resistance
DSON_DRVH Sink, IDRVH = 50 mA 2
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6.7 Electrical Characteristics: Buck Controllers (continued)

over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
R Driver DRVL resist Source, IDRVL = -50 mA 3 0
river resistance
DSON_PRVL Sink, IDRVL = 50 mA 04
BUCK1_DIS[1:0] = 01 100
Output auto-discharge P
Rpis . BUCK1_DIS[1:0] = 10 200 Q
resistance
BUCK1_DIS[1:0] = 11 500
CgooT Bootstrap capacitance 100 nF
Bootstrap switch ON
Ron_soor resistance 200 Q
BUCK2
Power input voltage for
Vin external HSD FET 5.6 13 20V
Step size 10 mV
BUCK2_VID[6:0] = 0000000 (default) 0
BUCK2_VID[6:0] = 0000001 0.5
DC output voltage BUCK2_VID[6:0] = 0000010 0.51 v
BUCK2_VID[6:0] = 1110101 1.66
Vour BUCK2_VID[6:0] = 1110110-1111111 1.67
VOUT >1 V, IOUT =100 mAto 21 A —2% 2%
DC output voltage _ _ o ro o
accuracy VOUT =0.75 V, IOUT =100 mAto 6.3 A 2.5% 2.5%
VOUT <0.6 V, IOUT =10 mA -3.5% 3.5%
Total output voltage
accuracy (DC + ripple) in | loyt = 10 mA, Vour £0.765 V -20 40, mVv
DCM
SR(Vour) Output DVS slew rate 2.5 3.125 mV/us
Low-side output valley
UM LSD current limit accuracy | g0 goction 7.3.3.4, Current Limit, for details. —15% 15%
- (programmed by external
resistor R_ju)
Low-side current zero
VTH z¢ crossing detection -1 11| mVv
threshold
Source current out of — hgo
ILIMREF ILIM2 pln T=25°C 45 50 55 |JA
VLIM Voltage at ILIM2 pln VLIM = RLIM X ILIMREF 0.2 2.25 \Y
AVOUT/AVIN Line regulation VOUT =1 V, IOUT =21A -0.5% 0.5%
V|N = 13V, 1 VSVOUTS 13V,
AVoyt/Aloyr  Load regulation lout=0At021A, 0% 1%
referenced to Voyt at loyt =21 A
DC + AC at sense point, Vi =13V, Vout =1V,
lour=1Ato21Aand 21 Ato 1 Awith 1 us of t, —-160 30@
) ) and
AVour 7R (P Load transient regulation - mV
- DC + AC at sense point, V| =13V,
Vour=0.75V, lopyt=1Ato 3.3 Aand 3.3 A to -50 50(2)
1 A with 1 ps of t, and t;
Power Good deassertion |Voyr rising 108%
V1H PG threshold in percentage of -
- target Vour Vour falling 92%

12 Submit Document Feedback

Product Folder Links: TPS65094

Copyright © 2025 Texas Instruments Incorporated



https://www.ti.com/product/TPS65094
https://www.ti.com/lit/pdf/SWCS133
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SWCS133F&partnum=TPS65094
https://www.ti.com/product/tps65094?qgpn=tps65094

13 TEXAS

INSTRUMENTS

www.ti.com

TPS65094
SWCS133F — SEPTEMBER 2015 — REVISED JANUARY 2025

6.7 Electrical Characteristics: Buck Controllers (continued)

over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Power Good reassertion
VTH_HYs_PG hysteresis entering back |Vgyr rising or falling 3%
into VTH_PG
External output
Lsw inductance 0.176 0.22 0.264| uH
c External output Recommended amount to meet transient 440 550 F
out capacitance specification H
R Driver DRVH resist Source, IDRVH = -50 mA 3 0
river resistance
DSON_DRVH Sink, IDRVH = 50 mA 2
R Driver DRVL resist Source, IDRVL = -50 mA 3 0
river resistance
DSON_DRVL Sink, IDRVL = 50 mA 0.4
BUCK2_DIS[1:0] = 01 100
R Output auto-discharge BUCK2_DIS[1:0] = 10 200 0
DIs resistance - .
BUCK2_DIS[1:0] = 11 500
CgooT Bootstrap capacitance 100 nF
Bootstrap switch ON
Ron_soor resistance 200 0
BUCK®6
Power input voltage for
Vin external HSD FET 56 13 20V
Step size 10 mV
BUCK®6_VID[6:0] = 0000000 0
BUCK®6_VID[6:0] = 0000001 0.5
BUCK®6_VID[6:0] = 0000010 0.51
BUCK®6_VID[6:0] = 0111101 (TPS650940 and 11
TPS650944 default) '
DC output voltage v
v :
out BUCK®6_VID[6:0] = 1000111 (TPS650941 default) 1.2
BUCK®6_VID[6:0] = 1010110 (TPS650942 default) 1.35
BUCK6_VID[6:0] = 1110101 1.66
BUCK6_VID[6:0] = 1110110-1111111 1.67
DC output voltage _ oo o
accuracy Vour 21V, loyr=100mAto 7 A 2% 2%
Low-side output valley
ILm LsD current limit accuracy See Section 7.3.3.4, Current Limit, for details. -15% 15%
- (programmed by external
resistor R_ju)
Low-side current zero
VTH z¢ crossing detection -1 11| mVv
threshold
Source current out of — hpo
ILIMREF ILIM6 pln T=25°C 45 50 55 HA
VLIM Voltage at ILIM6 pln VLIM = RLIM X ILIMREF 0.2 2.25 \
AVOUT/AV”\‘ Line regulation VOUT >1 V, IOUT =7A -0.5% 0.5%
AVour/Aloytr  Load regulation :g?e:e;ie\g t\(/)OG;UZ:a:/I‘C:S:T::?OAA o 7A, 0% 1%
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6.7 Electrical Characteristics: Buck Controllers (continued)

over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
DC + AC at sense point, V| =13V,
AVout TR Load transient regulation |VOUT =135V, lgyt=2.1Ato7Aand7 Ato2.1 -5% 5%
A with 1.96 us of t, and t; (2.5 A/us)
Power Good deassertion |Vgyr rising 108%
VT1H PG threshold in percentage of -
- target Vout Vour falling 92%
Power Good reassertion
VTH_HYS_PG hysteresis entering back |Vgyr rising or falling 3%
into VTH_PG
External output
Lsw inductance 0.376 0.47 0.564| pH
Cour Extern_al output Reco_r_nmgnded amount to meet transient 150 220 uF
capacitance specification
R Driver DRVH resist Source, IDRVH =-50 mA 3 0
river resistance
DSON_DRVH Sink, IDRVH = 50 mA 2
R Driver DRVL resist Source, IDRVL = -50 mA 3 0
river resistance
DSON_DRVL Sink, IDRVL = 50 mA 04
BUCK6_DIS[1:0] = 01 100
Rois Output auto-discharge  [g;ck6 pIS[1:0] = 10 200 Q
resistance
BUCK®6_DIS[1:0] = 11 500
CgooTt Bootstrap capacitance 100 nF
Bootstrap switch ON
Ron_soor resistance 200 Q

(1)  Frequency of transient load current ranges from 0 to 1 MHz with duty cycle of 50%. For cases where duty cycle and frequency are

limited by t; and t;, the highest frequency is set by 1/ (t; + t;), where t; is rise time (0% to 100%) and t; is fall time (100% to 0%).
(2) Additional overshoot of up to 100 mV is allowed as long as it lasts less than 50 ps.

6.8 Electrical Characteristics: Synchronous Buck Converters

over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
BUCK3
ViN Power input voltage 45 5 5.5 \%
Step size 25 mV
BUCK3_VID[6:0] = 0000000 0
BUCK3_VID[6:0] = 0000001 0.65
BUCK3_VID[6:0] = 0000010 0.675
DC output voltage : : v
Vout BUCK3_VID[6:0] = 0010001 (default) 1.05
BUCK3_VID[6:0] = 1110101 3.55
BUCK3_VID[6:0] = 1110110-1111111 3.575
DC output voltage Vour =1.05V, loyr=1.5A 2% 2%
accuracy Vout = 1.05V, Igyt = 100 mA -2.5% 2.5%
SR(Vour) Output DVS slew rate 2.5 3.125 mV/us
lout Continuous DC output 3 A
current
linD_Lim HSD FET current limit 4.3 7 A
la Quiescent current ViNn=5V,Vour=1V 35 MA
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6.8 Electrical Characteristics: Synchronous Buck Converters (continued)

over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
AVOUT/AV”\‘ Line regulation VOUT =1.05 V, IOUT =15A —0.5% 0.5%
. V|N=5V,VOUT=1.05V,|OUT=OAtO3A, _ o o
AVoyt/Aloyr  Load regulation referenced to Voyr at loyt = 1.5 A 0.2% 2%
Load transient DC + AC at sense point,
AVOUT_TR M requlation VIN =5V, VOUT =1.05 V, IOUT =09Ato3Aand3A 5% 7%
9 to 0.9 A with slew rate of 2.5 A/us
Power Good Vour rising 108%
vV deassertion threshold
e in percentage of Vour falling 92%
target Vout
Power Good
reassertion hysteresis . . o
VTH_HYs_PG entering back into Vour rising or falling 3%
V14 PG
Lsw Output inductance 0.376 0.47 0.564 uH
Ciy Input bypass 25 10 12| WF
capacitance
Output filtering
Cout capacitance 61.6 88 110 uF
BUCK3_DIS[1:0] = 01 100
Rois Output auto-discharge (g ;o3 pig[1:0] = 10 200 Q
resistance
BUCK3_DIS[1:0] = 11 500
BUCK4
ViN Power input voltage 4.5 5 5.5 \%
Step size 25 mV
BUCK4_VIDI[6:0] = 0000000 0
BUCK4_VID[6:0] = 0000001 0.65
BUCK4_VID[6:0] = 0000010 0.675
DC output voltage : : v
Vout BUCK4_VID[6:0] = 0101111 (default) 1.8
BUCK4_VID[6:0] = 1110101 3.55
BUCK4_VID[6:0] = 1110110-1111111 3.575
DC output voltage Vour = 1.8V, loyr = 1.5A 2% 2%
accuracy VOUT =1.8 V, IOUT =100 mA -2.5% 2.5%
| Continuous DC output 3 A
out current
liND_Lim HSD FET current limit 4.3 7 A
la Quiescent current ViN=5V,Vour=18V 35 WA
AVOUT/AVW Line regulation Vour=18V, loyr=1.5A -0.5% 0.5%
. V|N=5V,VOUT=1.8V,|OUT=0AtO1.5A, 0 99 o
AVoyt/Alpyr  Load regulation referenced to Vour at loyr = 0.75 A 0.2% 0.65%
Load transient DC + AC at sense point, Viy =5V, VOUT =18V,
AVour i M . lout=0.45Ato 1.5 Aand 1.5 Ato 0.45 A with slew 5% 5%
- regulation
rate of 2.5 Alus
Power Good Vour rising 108%
vV deassertion threshold
THPG in percentage of Vour falling 92%
target Vout
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6.8 Electrical Characteristics: Synchronous Buck Converters (continued)

over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Power Good
reassertion hysteresis . . o
VTH_HYS_PG entering back into VOUT rising or falllng 3%
VTH_PG
Lsw Output inductance 0.376 0.47 0.564 pH
Ciy Input bypass 25 10 12| uF
capacitance
Output filtering
Cour capacitance 46 66 1o|wF
BUCK4_DIS[1:0] = 01 100
Rois Output auto-discharge [ 5 )~y 4 is1:01 = 10 200 Q
resistance
BUCK4_DIS[1:0] = 11 500
BUCK5
VN Power input voltage 45 5 5.5 \%
Step size 10 mV
BUCKS5_VID[6:0] = 0000000 0
BUCKS5_VID[6:0] = 0000001 0.5
BUCKS5_VID[6:0] = 0000010 0.51
DC output voltage : : v
Vour BUCKS5_VID[6:0] = 1001011 (default) 1.24
BUCKS5_VID[6:0] = 1110101 1.66
BUCK4_VID[6:0] = 1110110-1111111 1.67
DC OUtpUt voltage VOUT =124 V, IOUT =15A —2% 2%
accuracy VOUT =124V, lOUT =100 mA —2.5% 2.5%
Continuous DC output
lour current 3.2 A
IiND_LiM HSD FET current limit 4.3 7 A
la Quiescent current VIN=5V,Voyr=1.24V 35 uA
AVoyt/AV N Line regulation Vour=124V, lopyt=15A -0.5% 0.5%
. V|N=5V,VOUT=1.24V,|OUT=OAtO1.5A, _ o o
AVoyut/Aloyt  Load regulation referenced to Voyr at loyt = 0.75 A 0.2% 1%
Load transient DC + AC at sense point, Viy =5V,
AVOUT_TR M requlation VOUT =124 V, IOUT =045Ato15Aand 1.5Ato 5% 5%
9 0.45 A with slew rate of 2.5 A/ps
Power Good Vour rising 108%
v deassertion threshold
TH_PG in percentage of Vour falling 92%
target Vour
Power Good
reassertion hysteresis . .
VTH_HYs_PG entering back into Vour rising or falling 3
V1H_PG
Lsw Output inductance 0.376 0.47 0.564 uH
Ci Input bypass 25 10 12| uF
capacitance
Output filtering
Cour capacitance 31 a4 10| Wk
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6.8 Electrical Characteristics: Synchronous Buck Converters (continued)

over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
BUCKS5_DIS[1:0] = 01 100
Rois Out.put auto-discharge BUCKS5_DIS[1:0] = 10 200 a
resistance
BUCK5_DIS[1:0] = 11 500

6.9 Electrical Characteristics: LDOs
over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
LDOA1
ViN Input voltage 45 5 5.5 \%
lout = 10 mA, LDOA1_SEL[3:0] = 0000 1.35
LDOA1_SEL[3:0] = 0001 1.5
LDOA1_SEL[3:0] = 0010 1.6
LDOA1_SEL[3:0] = 0011 1.7
LDOA1_SEL[3:0] = 0100 (TPS650944 default) 1.8
LDOA1_SEL[3:0] = 0101 1.9
LDOA1_SEL[3:0] = 0110 2
Vour DC output voltage LDOA1_SEL[3:0] = 0111 2.1 v
LDOA1_SEL[3:0] = 1000 2.3
LDOA1_SEL[3:0] = 1001 24
LDOA1_SEL[3:0] = 1010 25
LDOA1_SEL[3:0] = 1011 2.7
LDOA1_SEL[3:0] = 1100 2.85
LDOA1_SEL[3:0] = 1101 3
LDOA1_SEL[3:0] = 1110 (TPS650940, 33
TPS650941, and TPS650942 default)
Vout Accuracy lout = 0 to 200 mA 2% 2%
lout DC output current 200 mA
AVoyt/AV)y  Line regulation lout =40 mA -0.5% 0.5%
AVoyt/Aloyr Load regulation lout = 10 mA to 200 mA —2% 2%
locp Overcurrent protection :]/II”C\‘)U:I’]S V: Measured with output shorted to 500 mA
Power Good deassertion Vour rising 108%
VTH PG ggijhold in percentage of target Vour falling 02%
Power Good reassertion
VTt Hys P hysteresis entering back into Vour rising or falling 3%
VTH PG
la Quiescent current lour=0A 23 MA
External output capacitance 2.7 4.7 10| uF
Cour
ESR 100 mQ
LDOA1_DIS[1:0] = 01 100
Rpis Output auto-discharge resistance |LDOA1_DIS[1:0] = 10 190 Q
LDOA1_DIS[1:0] = 11 450
LDOA2
ViN Power input voltage V;;%L;T(; 1.8 198 V
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6.9 Electrical Characteristics: LDOs (continued)

over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
LDOA2_VID[3:0] = 0000 (TPS650944 default) 0.7
LDOA2_VID[3:0] = 0001 0.75
LDOA2_VID[3:0] = 0010 0.8
LDOA2_VID[3:0] = 0011 0.85
LDOA2_VID[3:0] = 0100 0.9
LDOA2_VID[3:0] = 0101 0.95
LDOA2_VID[3:0] = 0110 1
LDOA2_VID[3:0] = 0111 1.05
Vour EC ou.tput voltage in normal LDOA2_VID[3:0] = 1000 1.1 v
perating mode —
LDOA2_VID[3:0] = 1001 1.15
LDOA2_VID[3:0] = 1010 (TPS650940, 12
TPS650941, and TPS650942 default)
LDOA2_VID[3:0] = 1011 1.25
LDOA2_VID[3:0] = 1100 1.3
LDOA2_VID[3:0] = 1101 1.35
LDOA2_VID[3:0] = 1110 14
LDOA2_VID[3:0] = 1111 1.5
Vout DC output voltage accuracy lout = 0 to 600 mA 2% 3%
lout DC output current 600| mA
Vprop Dropout voltage YOOUL;T:s%g ?n);VOUT—NOM’ 350 mv
AVout/AVy  Line regulation lout = 300 mA -0.5% 0.5%
AVoyt/Algytr Load regulation lout = 10 mA to 600 mA 2% 2%
locp Overcurrent protection Measured with output shorted to ground 0.65 1.25 A
Vit p Power Good assertion threshold Vour rising 108%
- in percentage of target Voyt Vour falling 92%
VIt Hvs PG E;g:srrefic;od deassertion Vour falling 39
la Quiescent current lout=0A 20 MA
f=1kHz, Vy=1.8V, Vour=1.2V,
lout = 300 MA, 48 dB
PSRR Power supply rejection ratio Cour=22F to4.7 uF
f=10kHz, V|y=1.8V, Vour=1.2V,
lout = 300 MA, 30 dB
Cout = 2.2 yF to 4.7 pF
External output capacitance 2.2 4.7 10| uF
Cour
ESR 100 mQ
LDOA2_DIS[1:0] = 01 80
Rpis Output auto-discharge resistance |LDOA2_DIS[1:0] = 10 180 Q
LDOA2_DIS[1:0] = 11 475
LDOA3
AN Power input voltage VD\;%L:(; 1.8 1.98 V
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6.9 Electrical Characteristics: LDOs (continued)

over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
LDOA3_VID[3:0] = 0000 (TPS650944 default) 0.7
LDOA3_VID[3:0] = 0001 0.75
LDOA3_VID[3:0] = 0010 0.8
LDOA3_VID[3:0] = 0011 0.85
LDOA3_VID[3:0] = 0100 0.9
LDOA3_VID[3:0] = 0101 0.95
LDOA3_VID[3:0] = 0110 1
LDOAS3_VID[3:0] = 0111 1.05
Vour EC ou.tput voltage in normal LDOA3_VID[3:0] = 1000 1.1 v
perating mode —
LDOA3_VID[3:0] = 1001 1.15
LDOA3_VID[3:0] = 1010 1.2
LDOA3_VID[3:0] = 1011 (TPS650940, 1.95
TPS650941, and TPS650942 default)
LDOA3_VID[3:0] = 1100 1.3
LDOA3_VID[3:0] = 1101 1.35
LDOA3_VID[1:0] = 1110 14
LDOA3_VID[1:0] = 1111 1.5
Vout DC output voltage accuracy lout = 0 to 600 mA 2% 3%
lout DC output current 600| mA
locp Overcurrent protection Measured with output shorted to ground 0.65 1.25 A
Vbrop Dropout voltage ?;?J‘:_T:a%'gi;vou'r—“o“"’ 350 mVv
AVout/AVy  Line regulation lout = 300 mA -0.5% 0.5%
AVout/Aloytr Load regulation lout = 10 mA to 600 mA 2% 2%
Vit p Power Good assertion threshold Vour rising 108%
- in percentage of target Voyr Vour falling 92%
VIt Hvs PG E;g:srrefic;od deassertion Vour falling 39
la Quiescent current lout=0A 20 MA
f=1kHz, Viy=1.8YV,
e’ 300 mA, ‘%
Cout = 2.2 yF to 4.7 pF
PSRR Power supply rejection ratio dB
f=10kHz, V|y=1.8YV,
lo 500 mi, 30
Cout = 2.2 yF to 4.7 pF
External output capacitance 2.2 4.7 10| uF
Cour
ESR 100 mQ
LDOA3_DIS[1:0] = 01 80
Rpis Output auto-discharge resistance |LDOA3_DIS[1:0] = 10 180 Q
LDOA3_DIS[1:0] = 11 475
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6.9 Electrical Characteristics: LDOs (continued)

over recommended input voltage range, Tp = —40°C to +85°C and Tp = 25°C for typical values (unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN TYP  MAX| UNIT
VTT LDO
VN Power input voltage vDDQ 3.3 \Y,
DC output voltage Measured at VTTFB pin Vin/2 V
Vour Relative to Vi / 2, loyt = 100 mA,
DC output voltage accuracy 1AVSVys15V -10 10 mV
DC Output C_urrent (RMS Value 1AVSVN<15V _500 0 500/ mA
Over Operation)
source(+) and sink(-): LPDDR3 and LPDDR4
lout Pulsed Current (Duty Cycle OTPs, (1 )1 V<V (s %.5 v -500 500
Limited to Remain Below DC - mA
RMS Specification) source(+) and sink(-): DDR3L OTPs, 1.1V < ~1800 1800
ViNS15V
Relative to Viy / 2, loyt < 10 mA, ~10 10
1.1VsVys15V
Relative to V|y / 2, oyt < 500 mA,
11VSVpNS15V —20 20
AVoyt/Aloyt Load regulation - mV
Relative to V|y / 2, loyt £ 1200 mA, _30 30
1.1VsVys15V
Relative to V|y / 2, oyt < 1800 mA,
1.1VsVpys15V —40 40
DC + AC at sense point, 1.1 V<V|y<1.5V,
(lout = 0 to 350 mA and 350 mA to 0) AND
AVout TR Load transient regulation (0 to =350 mA and —350 mA to 0) with 1 ps of -5% 5%
rise and fall time
Cour =40 WF
Measured with output shorted to ground: OTPs 0.95
) with VTT Iy = 0.95 A ’
locp Overcurrent protection - A
Measured with output shorted to ground: OTPs 18
with VTT Iy =1.8 A '
Power Good deassertion Vour rising 110%
\% threshold in percentage of target
PG Vour P 9 9% o falling 95%
Power Good reassertion
V14 Hys_pe  hysteresis entering back into Vour rising or falling 5%
V1 PG
la Total ground current ViIN=12V, loyt=0A 240 pA
ke OFF leakage current VN = 1.2V, disabled 11 MA
Cin External input capacitance 10 uF
Cout External output capacitance 35 uF
(1)  The minimum value must be equal to or greater than 1.62 V.
6.10 Electrical Characteristics: Load Switches
over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SWA1
VN Input voltage range 0.5 1.8 3.3 \Y
lout DC output current 300 mA
VN = 1.8V, measured from PVINSWA1 pin 60 23
X to SWA1 pln at IOUT = IOUT(MAX)
Rpson ON resistance mQ
VN = 3.3V, measured from PVINSWA1 pin
! i 100 165
to SWA1 pin at loyt = IOUT(MAX)
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6.10 Electrical Characteristics: Load Switches (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
v Power Good deassertion threshold in | Vour rising 108%
TH PG percentage of target Vour Vour falling 92%
Power Good reassertion hysteresis . . o

VTH_HYs_PG entering back into V7 pe Vour rising or falling 2%

lINRUSH Inrush current upon turnon ViN=3.3V, Coyr =0.1 yF 10| mA
ViN=33V, I =0A 10.5

la Quiescent current N ouT A
V|N=1.8V,|OUT=OA 9
Switch disabled, Viy = 1.8 V 7 370

ke Leakage current nA
Switch disabled, V5 = 3.3 V 10 900

Court External output capacitance 0.1 uF
SWA1_DIS[1:0] = 01 100

Rpis Output auto-discharge resistance SWA1_DIS[1:0] =10 200 Q
SWA1_DIS[1:0] = 11 500

SwB1_2

VN Input voltage range 0.5 1.8 3.3 \%

lout DC current per output 400, mA
V\\ = 1.8 V, measured from PVINSWB1_B2
pin to SWB1 or SWB2 pin at lgyt = 68 92
|

Rpson ON resistance per output OUT(MAX) mQ
Vin = 3.3 V, measured from PVINSWB1_B2
pin to SWB1 or SWB2 pin at loyt = 75 125
louT(MAX)

v Power Good deassertion threshold in | Vour rising 108%

TH PG percentage of target Vour Vour falling 92%
Power Good reassertion hysteresis . . o

VTH_HYs_PG entering back into Vi pe Vour rising or falling 2%

lINRUSH Inrush current upon turning on ViN=3.3V, Coyr=0.1 pF 10| mA
ViN=33V, I =0A 10.5

la Quiescent current n ouT pA
V|N=1.8V,|OUT=OA 9
Switch disabled, Viy = 1.8 V 7 460

lLke Leakage current nA
Switch disabled, V5 = 3.3 V 10 1150

Cout External output capacitance 0.1 uF
SWBx_DIS[1:0] = 01 100

Rpis Output auto-discharge resistance SWBx_DIS[1:0] =10 200 Q
SWBx_DIS[1:0] = 11 500

6.11 Digital Signals: I2C Interface

over recommended free-air temperature range and over recommended input voltage range (typical values are at Ty = 25°C)

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VoL Low-level output voltage VeuL_up =1.8V 0.4 \Y
Vi High-level input voltage 1.2 \%
Vi Low-level input voltage 0.4 \%
ke Leakage current VeyL up = 1.8V 0.01 0.3 MA
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6.11 Digital Signals: 12C Interface (continued)

over recommended free-air temperature range and over recommended input voltage range (typical values are at Ty = 25°C)

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Standard mode 8.5
RpyiL.up  Pullup resistance Fast mode 2.5 kQ
Fast mode plus 1
Cout Total load capacitance per pin 50 pF

6.12 Digital Input Signals (LDOLS_EN, SWA1_EN, THERMTRIPB, PMICEN, SLP_S3B, SLP_S4B,

SLP_SOB)

over recommended free-air temperature range and over recommended input voltage range (typical values are at Ty = 25°C)

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
\m High-level input voltage 0.85 V
Vi Low-level input voltage 0.4 \%

6.13 Digital Output Signals (IRQB, RSMRSTB, PCH_PWROK, PROCHOT)

Over recommended free-air temperature range and over recommended input voltage range (typical values are at Tp = 25°C)

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VoL Low-level output voltage loL <2 mA 0.4 Vv
lLke Leakage current Vpu_up = 1.8V 0.35 HA

6.14 Timing Requirements

over recommended free-air temperature range and over recommended input voltage range (typical values are at Ty = 25°C)

(unless otherwise noted)

MIN NOM MAX| UNIT
I2C INTERFACE
Clock frequency (standard mode) 100
fok Clock frequency (fast mode) 400 kHz
Clock frequency (fast mode plus) 1000
Rise time (standard mode) 1000
t, Rise time (fast mode) 300 ns
Rise time (fast mode plus) 120
Rise time (standard mode) 300
t¢ Rise time (fast mode) 300 ns
Rise time (fast mode plus) 120

6.15 Switching Characteristics

over operating free-air temperature range and over recommended input voltage range (typical values are at Tp = 25°C)

(unless otherwise noted)

target value.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT
BUCK CONTROLLERS
: . o
tog Total turnon time Measured from enable going high to when output reaches 90% of 550 850| s

Minimum ON time

ToNMIN  of DRVH

50 ns
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6.15 Switching Characteristics (continued)

over operating free-air temperature range and over recommended input voltage range (typical values are at Tp = 25°C)
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
DRVH off to DRVL on 15
ToeaD Driver dead-time ns
DRVL off to DRVH on 30
. Continuous-conduction mode,
fsw Switching frequency V=13V, Vour 2 1V 1000 kHz
BUCK CONVERTERS
Measured from enable going high to when output reaches 90% of
trg Total turnon time target value. 250 1000| s
Vour =1V, Couyr = 88 pF
Continuous-conduction mode, BUCK3 Voyt =1V, loyt=1A 1.6
Continuous-conduction mode, BUCK3 Voy1=1.05V, Igyt=1A 1.7
fsw Switching frequency | Continuous-conduction mode, BUCK4 Vot =1.8 V, loyt=1A 2.5 MHz
Continuous-conduction mode, BUCKS Voy1 =124V, loyr=1A 2.4
Continuous-conduction mode, BUCKS Vo1 =1.35V, lgyr=1A 2.5
LDOAX
Measured from enable going high to when output reaches 95% of
tstarTUp ~ Start-up time final value, 180 us
Vour=1.2V, COUT =4.7 uF
VTT LDO
. Measured from enable going high to PG assertion,
tstarTup  Start-up time Vour = 0.675 V, Coyr = 40 HF 22 us
SWA1
Measured from enable going high to reach 95% of final value,
~ _ 0.85
. V|N—3.3 V, COUT_0-1 |JF
tTURN»ON Turnon time - - - ms
Measured from enable going high to reach 95% of final value, 0.63
V|N= 1.8 V, COUT=0-1 |JF :
SWB1_2
Measured from enable going high to reach 95% of final value, 11
X V|N=3.3 V, COUT=0-1 pF ’
trurn-on  Turnon time - - - ms
Measured from enable going high to reach 95% of final value, 0.82
Vin=1.8YV, COUT=O-1 uF ’
88% 88%
86% 869 — Vgys=5.4V
° — % 7 — Vsys =13V
84% / — / Vgys =18V
\/\ 84%
82% \ 829 /V& —
— ° / N
3 80% \ a 80% L \ k
C [ (-]
2 78% e 3 N\
o o
= V] £ 78% A
O 76% i \
76%
74% | N
72% 74% \
° — Vgys =54V
70% — Vsys =13V 72%
Vsys =18V
68% 70%
0 05 1 15 2 25 3 385 4 45 5 0 3 6 9 12 15 18 21

Output Load (A)
Figure 6-1. BUCK1 (VNN) Efficiency at Voyr =1V  Figure 6-2. BUCK2 (VCCGI) Efficiency at Voyr =1V

Output Load (A)
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92% 91%
— Vgys =54V 899 — PVIN=45V
90% — Vgys =13V ° — PVIN=5V
Vsys =18V 87% PVIN=55V
88% \ 85%
86% 83% i
) /" / \ ™~ S 819 7 S
2 84% 2 S
2 / [ D 2 79% X
i i
Y go% v T~ 7%
80% 75% SN
73% —
78% 71% \
76% 69%
0 1 2 3 4 5 6 7 0 0.5 1 15 2 2.5 3
Output Load (A) Output Load (A)
Figure 6-3. BUCK6 (VDDQ) Efficiency at Voyt =1.2 Figure 6-4. BUCK3 (VCCRAM) Efficiency at Voyt =
\'} 1.05V
92% 90%
— PVIN=45V 5 — PVIN=45V
91% — PVIN=5V 89% — PVIN=5V
PVIN=55V as% 1 PVIN=55V
90% o w
N 87%
89%
R ~— ~ s6% I% ANGE I /\.
8 88% \ —— 8 / \
S g4, - — 0\ S 85% =\
m oo ~ o ga% N AN
86% | N
\ / 83% ——
85% P 82%
84% 81%
83% 80%
0 0.25 05 0.75 1 1.25 15 0 0.25 0.5 0.75 1 1.25 15
Output Load (A) Output Load (A)
Figure 6-5. BUCK4 (V1P8A) Efficiency at Voyt =1.8 Figure 6-6. BUCKS5 (V1P24A) Efficiency at Voyt =
\'} 1.24V
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7 Detailed Description
7.1 Overview

The TPS65094x device provides all the necessary power supplies for the Intel Reference Designs. For an
overview of the different OTP configurations, consult Table 4-1. The following VRs are integrated: three step-
down controllers (BUCK1, BUCK2, and BUCKG®), three step-down converters (BUCK3, BUCK4, and BUCK5), a
sink and source LDO (VTT LDO), three low-voltage V|y LDOs (LDOA1-LDOA3), and three load switches that
are managed by power-up sequence logic to provide the proper power rails, sequencing, and protection. All
VRs have a built-in discharge resistor, and the value can be changed by the DISCHCNT1-DISCHCNT3 and
LDOA1_CTRL registers. When enabling a VR, the PMIC automatically disconnects the discharge resistor for
that rail without any 12C command. Table 7-1 summarizes the key characteristics of the voltage rails.

Table 7-1. Summary of Voltage Regulators

INPUT VOLTAGE OUTPUT VOLTAGE RANGE TYPICAL
(V) v) APPLICATION
" T MIN MAX MIN TYP MAX CU:“R:E)NT
BUCK1 (VNN) Step-down controller 4.5 21 0.5 1.05 1.67 5000
BUCK2 (VCCGI) |Step-down controller 4.5 21 0.5 1 1.67 21000
{B\/%%KSAM) Step-down converter 4.5 5.5 0.65 1.05 3.575 3000
BUCK4 (V1P8A) |Step-down converter 45 5.5 0.65 1.8 3.575 1500
BUCKS5 (V1P24A) |Step-down converter 45 55 0.5 1.24 1.67 1900
BUCKG6 (VDDQ) |Step-down controller 4.5 21 0.5 OTP dependent 1.67 7000
LDOA1 LDO 45 55 1.35 OTP dependent 33 200"
LDOA2 LDO 1.62 1.98 0.7 OTP dependent 1.5 600
LDOA3 LDO 1.62 1.98 0.7 OTP dependent 1.5 600
SWA1 Load switch 0.5 3.3 300
sSwB1_2@ Load switch 0.5 3.3 800 (combined)
VTT fg‘g and source BUCKS output Vaucks / 2 OTP dependent

(1)  When powered from a 5-V supply through the DRV5V_2_A1 pin. Otherwise, maximum current is limited by maximum lgyt of LDOS5.
(2) For LPDDR3 and LPDDR4 memory, SWB1_2 is configured to V1P8U and controlled by SLP_S4B. For DDR3L memory, SWB1_2 is
configured to either V3P3S or V1P8S and controlled by SLP_S3B.
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7.2 Functional Block Diagram

Figure 7-1 shows a functional block diagram of the PMIC.

Optional®
Required® LDOSV
L I
= VsYS
- < ©, 1
EC 3 N: ,_: BOOT1 ,J—‘ K
[a] > >
=] LDOAT 3| 3
135V1033V| Z | Z BUCK1 DRVH1 J—
1.8V sl o Default: 1V Wi H B
200 mA VSET YN VNN
»-|  Typical DRVL1 o
EN o " =
EN > :
Usage:
IS S 05V 1045V FEvoUTH
LDOLS EN® | Inputs (ovs) PGNDSNS1 ’Eﬁ‘
SWA1_EN® 5A
ILIM1 $
THERMTRIPB
vsys
1
BOOT2 1;| |_<|
> I°C CTRL DRE \Fﬁ‘ ] J_
BUCK2 =
—
SoC < ;Fq‘ DATA Default: OV Sw2 3 T
VSET,, DRVL2 o
» ’ =
EN O  Typical
Control i i FBVOUT2
Outputs Usage:
P \RQB 05Vi01.45V PGNDSNS2 \Flf‘
< (oVvs)
P \FE‘ PCH_PWROK 21A FBGND2 \;E: $
- Internal
. RSMRSTB Interrupt
< :f‘ Event —
< PROCHOT
< r\:':: GPO TEST CTRL
- VSETY |  BUCK3 X
OTP EN | Default: 1.05 V/ FBB:ZE: /_‘[ {vocRan>
» 3A
REGISTERS <PGND_BUCK3> I
— — p
Vsys> VY Digital C c
igital Core VSET, BUCK4 A -
\Fl}‘ V5ANA 9 en | Detautt: 1.8 v 1PaR>
BUCKE‘? \’:ﬁ‘ » 2A FB4 \FII: /
— . LDO5 ; <PGND_BUCK4>.
LDO3P3 REFSYS nPUC > BUCK5V
VREF PVINS }
VSET), |  BUCKS LX5 A @
EN g [Default: 1.24V \Fﬁ‘
» oA FBS /
<PGND_BUCKS5>.
] AGND f
Thermal 1 v%vs
ermal -
monitoring BOOT6
Thermal shutdown DRVHE ::E: J—
BUCK6 Swe bl T VDDQ
VSET y, | Defauit: OTP DRVLE g
EN . [ D, =
p| Dep
TA FBVOUT6 1
PGNDSNS6 \FII: T
ILIMG é
PVINVTT D
[
vTT
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Figure 7-1. PMIC Functional Block Diagram
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Figure 7-2. Apollo Lake Power Map
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7.3 Feature Description
7.3.1 Power Good (PGOOD)

The TPS65094x device provides information on status of VRs through two Power Good signals or pins. Table
7-2 defines which signals are required to assert the PGOOD signals.

Table 7-2. Power Good Summary

QUALIFYING SIGNALS (LOGICAL AND)
POWER GOOD(" L(j\\//;\c/) PMIC | THERMTR | SLP_ | SLP_S3 fé’gmﬁ) Bu§g4_ Bucf—P BUCK6_P BUPC(';(S_ BU;:é(Z_
52;) EN | IPB S48 | B G| ipea) | (vipzaa) | © (VODO) (chcI;)RA veca)
RSMRSTB v | v v v v v
PCH_PWROK® R v v v v v v v v v

(1)  All Power Good signals must immediately deassert at the loss of any of the qualifying signals, or at the occurrence of a fault condition.

(2) THERMTRIPB is treated as deasserted until the first assertion of RSMRSTB.

(3) BUCK1_PG is only a part of RSMRSTB Power Good tree until the first assertion of PCH_PWROK after PMICEN transition (L — H).
Also, it becomes part of the PCH_PWROK Power Good tree only after the first assertion of PCH_PWROK.

7.3.2 Register Reset Conditions
All registers are reset if any of the following conditions are met:

* VSYS pin voltage drops below 5.4 V

« Falling edge of PMICEN for OTPs where LDOA1 is not "Always On"

« Falling edge of THERMTRIPB while RSMRSTB = 1

* Power fault of any regulator where xx_FLTMSK = 0 (see Section 7.6.28, PWR_FAULT_MASK1 Register, and
Section 7.6.29, PWR_FAULT_MASK2 Register)

* PMIC critical temperature shutdown

« Software shutdown (writing 1 to the SDWN bit in the FORCESHUTDN register, see Figure 7-35)

Additionally, BUCK1 and BUCK2 VID registers are reset on the falling edge of SLP_SO0IXB and SLP_S3B.
7.3.3 SMPS Voltage Regulators

The buck controllers integrate gate drivers for external power stages with programmable current limit (set by an
external resistor at ILIMx pin), which allows for optimal selection of external passive components based on the
desired system load. The buck converters include integrated power stage and require a minimum number of pins
for power input, inductor, and output voltage feedback input. Combined with high-frequency switching, all these
features allow use of inductors in small form factor, thus reducing the total cost and size of the system.

BUCK3-BUCKG6 have selectable auto- and forced-PWM mode through the BUCKx_MODE bit in the
BUCKxXCTRL register. In default auto mode, the VR automatically switches between PWM and PFM depending
on the output load to maximize efficiency. The host cannot select Forced PWM mode for other SMPS VRs as
they stay in auto mode at all times.

See Table 7-3 and Table 7-4 for the full voltage tables for all SMPS regulators.
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Table 7-3. 10-mV Step-Size Voyt Range (BUCK1, BUCK2, BUCKS5, BUCK®6)

VID Bits Vour VID Bits Vout VID Bits Vour
0000000 0 0101011 0.92 1010110 1.35
0000001 0.50 0101100 0.93 1010111 1.36
0000010 0.51 0101101 0.94 1011000 1.37
0000011 0.52 0101110 0.95 1011001 1.38
0000100 0.53 0101111 0.96 1011010 1.39
0000101 0.54 0110000 0.97 1011011 1.40
0000110 0.55 0110001 0.98 1011100 1.41
0000111 0.56 0110010 0.99 1011101 1.42
0001000 0.57 0110011 1.00 1011110 1.43
0001001 0.58 0110100 1.01 1011111 1.44
0001010 0.59 0110101 1.02 1100000 1.45
0001011 0.60 0110110 1.03 1100001 1.46
0001100 0.61 0110111 1.04 1100010 1.47
0001101 0.62 0111000 1.05 1100011 1.48
0001110 0.63 0111001 1.06 1100100 1.49
0001111 0.64 0111010 1.07 1100101 1.50
0010000 0.65 0111011 1.08 1100110 1.51
0010001 0.66 0111100 1.09 1100111 1.52
0010010 0.67 0111101 1.10 1101000 1.53
0010011 0.68 0111110 1.11 1101001 1.54
0010100 0.69 0111111 1.12 1101010 1.55
0010101 0.70 1000000 1.13 1101011 1.56
0010110 0.71 1000001 1.14 1101100 1.57
0010111 0.72 1000010 1.15 1101101 1.58
0011000 0.73 1000011 1.16 1101110 1.59
0011001 0.74 1000100 1.17 1101111 1.60
0011010 0.75 1000101 1.18 1110000 1.61
0011011 0.76 1000110 1.19 1110001 1.62
0011100 0.77 1000111 1.20 1110010 1.63
0011101 0.78 1001000 1.21 1110011 1.64
0011110 0.79 1001001 1.22 1110100 1.65
0011111 0.80 1001010 1.23 1110101 1.66
0100000 0.81 1001011 1.24 1110110 1.67
0100001 0.82 1001100 1.25 1110111 1.67
0100010 0.83 1001101 1.26 1111000 1.67
0100011 0.84 1001110 1.27 1111001 1.67
0100100 0.85 1001111 1.28 1111010 1.67
0100101 0.86 1010000 1.29 1111011 1.67
0100110 0.87 1010001 1.30 1111100 1.67
0100111 0.88 1010010 1.31 1111101 1.67
0101000 0.89 1010011 1.32 1111110 1.67
0101001 0.90 1010100 1.33 111111 1.67
0101010 0.91 1010101 1.34
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Table 7-4. 25-mV Step-Size Voyt Range (BUCK3, BUCK4)

VID Bits Vour VID Bits Vout VID Bits Vour
0000000 0 0101011 1.700 1010110 2.775
0000001 0.650 0101100 1.725 1010111 2.800
0000010 0.675 0101101 1.750 1011000 2.825
0000011 0.700 0101110 1.775 1011001 2.850
0000100 0.725 0101111 1.800 1011010 2.875
0000101 0.750 0110000 1.825 1011011 2.900
0000110 0.775 0110001 1.850 1011100 2.925
0000111 0.800 0110010 1.875 1011101 2.950
0001000 0.825 0110011 1.900 1011110 2.975
0001001 0.850 0110100 1.925 1011111 3.000
0001010 0.875 0110101 1.950 1100000 3.025
0001011 0.900 0110110 1.975 1100001 3.050
0001100 0.925 0110111 2.000 1100010 3.075
0001101 0.950 0111000 2.025 1100011 3.100
0001110 0.975 0111001 2.050 1100100 3.125
0001111 1.000 0111010 2.075 1100101 3.150
0010000 1.025 0111011 2.100 1100110 3.175
0010001 1.050 0111100 2.125 1100111 3.200
0010010 1.075 0111101 2.150 1101000 3.225
0010011 1.100 0111110 2.175 1101001 3.250
0010100 1.125 0111111 2.200 1101010 3.275
0010101 1.150 1000000 2.225 1101011 3.300
0010110 1.175 1000001 2.250 1101100 3.325
0010111 1.200 1000010 2.275 1101101 3.350
0011000 1.225 1000011 2.300 1101110 3.375
0011001 1.250 1000100 2.325 1101111 3.400
0011010 1.275 1000101 2.350 1110000 3.425
0011011 1.300 1000110 2.375 1110001 3.450
0011100 1.325 1000111 2.400 1110010 3.475
0011101 1.350 1001000 2425 1110011 3.500
0011110 1.375 1001001 2.450 1110100 3.525
0011111 1.400 1001010 2.475 1110101 3.550
0100000 1.425 1001011 2.500 1110110 3.575
0100001 1.450 1001100 2.525 1110111 3.575
0100010 1.475 1001101 2.550 1111000 3.575
0100011 1.500 1001110 2.575 1111001 3.575
0100100 1.525 1001111 2.600 1111010 3.575
0100101 1.550 1010000 2.625 1111011 3.575
0100110 1575 1010001 2.650 1111100 3.575
0100111 1.600 1010010 2.675 1111101 3.575
0101000 1.625 1010011 2.700 1111110 3.575
0101001 1.650 1010100 2.725 111111 3.575
0101010 1.675 1010101 2.750
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7.3.3.1 Controller Overview

The controllers are fast-reacting, high-frequency, scalable output power controllers capable of driving two
external N-MOSFETs. They use a D-CAP2 control scheme that optimizes transient responses at high load
currents for such applications as CORE and DDR supplies. The output voltage is compared with internal
reference voltage after divider resistors. The PWM comparator determines the timing to turn on the high-side
MOSFET. The PWM comparator response maintains a very small PWM output ripple voltage. Because the
device does not have a dedicated oscillator for control loop on board, switching cycle is controlled by the
adaptive ON time circuit. The ON time is controlled to meet the target switching frequency by feed-forwarding the
input and output voltage into the ON time one-shot timer.

The D-CAP2 control scheme has an injected ripple from the SW node that is added to the reference voltage
to simulate output ripple, which eliminates the need for ESR-induced output ripple from D-CAP™ mode control.
Thus, low-ESR output capacitors (such as low-cost ceramic MLCC capacitors) can be used with the controllers.
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Figure 7-3. Controller Block Diagram
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7.3.3.2 Converter Overview

The PMIC synchronous step-down DC-DC converters include a unique hysteretic PWM control scheme which
enables a high switching frequency converter, excellent transient and AC load regulation, as well as operation
with cost-competitive external components. The controller topology supports forced PWM mode as well as
power-save mode operation. Power-save mode operation, or PFM mode, reduces the quiescent current
consumption and ensures high conversion efficiency at light loads by skipping switch pulses. In forced PWM
mode, the device operates on a quasi-fixed frequency, avoids pulse skipping, and allows filtering of the switch
noise by external filter components. The PMIC device offers fixed output voltage options featuring smallest
solution size by using only three external components per converter.

A significant advantage of PMIC compared to other hysteretic PWM controller topologies is the excellent
capability of the AC load transient regulation. When the output voltage falls below the threshold of the error
comparator, a switch pulse is initiated, and the high-side switch is turned on. The high-side switch remains
turned on until a minimum ON-time of tonmin €Xpires and the output voltage trips the threshold of the error
comparator or the inductor current reaches the high-side switch current limit. When the high-side switch turns off,
the low-side switch rectifier is turned on and the inductor current ramps down until the high-side switch turns on
again or the inductor current reaches zero. In forced PWM mode operation, negative inductor current is allowed
to enable continuous conduction mode even at no load condition.
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Figure 7-4. Converter Block Diagram
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7.3.3.3DVS

BUCK1-BUCK®6 and LDOA1-3 support dynamic voltage scaling (DVS) for maximum system efficiency. The VR
outputs can slew up and down in either 10-mV or 25-mV steps using the 7-bit voltage ID (VID) defined in Section
6.7, Electrical Characteristics: Buck Controllers, and Section 6.8, Electrical Characteristics: Synchronous Buck
Converters. DVS slew rate is minimum 2.5 mV/us. To meet the minimum slew rate, VID progresses to the next
code at 3-ps (nom) interval per 10-mV step. When DVS is active, the VR is forced into PWM mode to ensure the
output keeps track of VID code with minimal delay. Additionally, PGOOD is masked when DVS is in progress.
Figure 7-5 shows an example of slew down and up from one VID to another.

VID ‘T\
|
|
I
1

|
|
NumPer of Stepsix 3 us
|

h K
|
I
|

Figure 7-5. DVS Timing Diagram |

"

As shown in Figure 7-6, if a BUCKx_VID[6:0] is set to 7b000 0000, the output voltage slews down to 0.5 V first,
and then drifts down to 0 V as the SMPS stops switching. Subsequently, if a BUCKx_VID[6:0] is set to a value
(neither 7b000 0000 nor 7b000 0001) when the output voltage is less than 0.5 V, the VR ramps up to 0.5 V first
with soft-start kicking in, then it slews up to the target voltage in the aforementioned slew rate.

Note

A fixed 200 ps of soft-start time is reserved for Voy to reach 0.5 V. In this case, however, the SMPS
is not forced into PWM mode because it otherwise could cause Voyt to droop momentarily if Voyr is
drifting above 0.5 V for any reason.

l

" Number of | i
Steps x 3 us} |
i

|
I
|
200ps
I
|
I
|

Vour

Load and Time
Dependent

Figure 7-6. DVS Timing Diagram Il

7.3.3.4 Current Limit

The buck controllers (BUCK1, BUCK2, and BUCK®6) have inductor-valley current-limit architecture and the
current limit is programmable by an external resistor at the ILIMx pin. Equation 1 shows the calculation for a
desired resistor value, depending on specific application conditions. I, yrer is the current source out of the ILIMx
pin that is typically 50 pA, and Rpson is the maximum channel resistance of the low-side FET. The scaling factor
is 1.3 to take into account all errors and temperature variations of Rpson, ILimrer, @and Ry . Finally, 8 is another
scaling factor associated with I j\Rrer-

l,; .
RDSONX8><1.3><[|LIM_I'Ipple(mm)j

2
I:{ILIM = |
LIMREF (1)
where
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* I m is the target current limit. An appropriate margin must be allowed when determining I ;); from maximum
output DC load current.
lripple(min) IS the minimum peak-to-peak inductor ripple current for a given Voyr.

. ~_ Vour (Vinguiny ~ Vour)
ripple(min) Lnax ¥ V|N(MIN) x fsw(max) @)

where

*  Lmax IS maximum inductance
* fsw(max) IS maximum switching frequency
* Vinviny minimum input voltage to the external power stage

The buck converter limit inductor peak current cycle-by-cycle to linp v is specified in Section 6.8, Electrical
Characteristics: Synchronous Buck Converters.

7.3.4 LDOs and Load Switches
7.3.41VTTLDO

Powered from the BUCKG6 output (VDDQ), the VTT LDO tracks VDDQ and regulates to half of the VDDQ voltage
for proper DDR termination. The LDO current limit is OTP dependent, and it is designed specifically to power
DDR memory. The VTT LDO is enabled by assertion (L — H) of the SLP_SO0B pin and is disabled by deassertion
(H — L) of the same pin. The LDO core is a transconductance amplifier with large gain, and it drives a current
output stage that either sources or sinks current depending on the deviation of VTTFB pin voltage from the target
regulation voltage.

7.3.4.2 LDOA1-LDOA3

The TPS65094x device integrates three optional general-purpose LDOs. LDOA1 is powered from a 5-V supply
through the DRV5V_2 A1 pin and it can be factory configured to be an Always-On rail as long as a valid power
supply is available at VSYS. See Table 7-5 for LDOA1 output voltage options. LDOA2 and LDOAS3 share a
power input pin (PVINLDOA2_A3). The output regulation voltages are set by writing to LDOAx_VID[3:0] bits
(Reg 0x9A, 0x9B, and OxAE). See Table 7-6 for LDOA2 and LDOAS3 output voltage options. LDOA1 is controlled
by LDOA1CTRL register. LDOA2 and LDOAS3 can be controlled either by the LDOLS_EN pin or by writing to the
LDOAZ2_EN bit (Reg 0xA0) and the LDOA3_EN bit (Reg 0xA1) as long as LDOLS_EN is low.

Table 7-5. LDOA1 Output Voltage Options

VID Bits Vour VID Bits Vour VID Bits Vour VID Bits Vout
0000 1.35 0100 1.8 1000 23 1100 2.85
0001 15 0101 1.9 1001 2.4 1101 3.0
0010 1.6 0110 2.0 1010 25 1110 3.3
0011 1.7 0111 2.1 1011 2.7 1111 Not Used

Table 7-6. LDOA2 and LDOA3 Output Voltage Options

VID Bits Vourt VID Bits Vour VID Bits Vour VID Bits Vour
0000 0.70 0100 0.90 1000 1.10 1100 1.30
0001 0.75 0101 0.95 1001 1.15 1101 1.35
0010 0.80 0110 1.00 1010 1.20 1110 1.40
0011 0.85 0111 1.05 1011 1.25 1111 1.50

7.3.4.3 Load Switches

The PMIC features three general-purpose load switches. SWA1 has a power input pin (PVINSWA1), while
SWB1 and SWB2 share a power input pin (PVINSWB1_B2). All switches have built-in slew rate control during
start-up to limit the inrush current.

Table 7-7 lists the control signals for enabling and disabling each LDO and load switch.
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Table 7-7. Summary of LDO and Load Switch

Control
CONTROL SIGNAL RAIL
SLP_S4B or SLP_S3B(" SWB1_2
LDOLS_EN®@ LDOA2, LDOA3, SWA1
SWA1_EN®) SWA1
SLP_S0B®) VTT LDO

(1)

(4)

For LPDDR3 and LPDDR4 memory, SWB1_2 is configured

to V1P8U and controlled by SLP_S4B. For DDR3L memory,
SWB1_2 is configured to either V3P3S or V1P8S and controlled
by SLP_S3B.

When LDOLS_EN = 0, the user can write to enable bits in Reg
0xA0-Reg 0xA1 to enable or disable the rails. Alternatively, all
of them may be factory configured to be part of sequence along
with other voltage rails. Pin name changed to SWA1_EN when
LDOA1 is factory programmed to always on.

When SWA1_EN = 0, the user can write to enable bits in Reg
0xA0-Reg 0xA1 to enable or disable the rails. Alternatively, all
of them may be factory configured to be part of sequence along
with other voltage rails. Pin name changed to LDOLS_EN when
LDOAA1 is not factory programmed to always on.

BUCK6_PG must be asserted as well.

7.3.5 Power Sequencing and VR Control

When a valid power source is available at VSYS (VSYS = 5.6 V), internal analog blocks including LDO5 and
LDO3P3 are enabled. For part numbers with LDOA1 set as an always on rail, the PMIC leaves reset and 12C
communication is available as soon as LDO3P3 and LDO5 power goods are confirmed. For part numbers with
LDOA1 set as a general-purpose LDO, the PMIC remains in reset until PMICEN is set high. Five input pins of
the TPS65094x device are driven by a host or by external-controller (EC) defined power states that transition
from one to another in sequence.

Table 7-8 shows various system-level power states. Also, Table 7-9 summarizes a list of active rails in each
power state. The sequencing for the transitions between these states is described in the following sections.

If a rail is either disabled by 12C or OTP programming, then it is not enabled by the following sequences. For
example, VTT LDO is not enabled for LPDDR4 OTPs.

Table 7-8. Power State and Corresponding I/O Status

POWER SIGNALS TO PMIC SIGNALS FROM PMIC
STATE PMICEN SLP_S4B(") SLP_S3B() SLP_S0B® THERMTRIPB®) RSMRSTB | PCH_PWROK
G3 0 0 0 0 0 0 0
S4/S5 1 0 0 1 1 1 0
S3 1 1 0 1 1 1 0
S0iX 1 1 1 0 1 1 1
S0 1 1 1 1 1 1 1

(1)  When PMIC is first enabled, SLP_S4B and SLP_S3B are to be treated as if they are low (actual state of signal ignored) until the
deassertion of RSMRSTB (L — H).
(2) When PMIC is first enabled, SLP_SOB are to be treated as if they are high (actual state of signal ignored) until the assertion of
PCH_PWROK (L — H).
(3) THERMTRIPB is to be treated as if it is high (actual state of signal ignored) until the deassertion of RSMRSTB (L — H).

Table 7-9. Active Rails in Each Power State

POWER STATE ACTIVE RAILS
S4/S5 BUCK1 (VNN), BUCK4 (V1P8A), BUCK5 (V1P24A)
S3 Rails in S4/S5 + SWB1_2 (V1P8U)("), BUCK6 (VDDQ)
) Rails in S3 + SWB1_22), VTT, BUCK2 (VCCGI), BUCK3 (VCCRAM)
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Table 7-9. Active Rails in Each Power State (continued)

POWER STATE ACTIVE RAILS
S0iX Rails in SO — BUCK1 (VNN), BUCK2 (VCCGI), BUCK3 (VCCRAM), VTT
(1) For LPDDR3 and LPDDR4
(2) For DDR3L
7.3.5.1 Cold Boot
| a3 S5 S5/S4 s3 )
VSYS A S5V | | |
i i ! '
LDO5V/3.3V i' \ i i |
LDOA1® P a : :
| I I I
Ext. 5V/3.3V VR AN ! ! ! !
! \ ! ! !
PMICEN ! ! ! !
— S - |
I i i i
BUCK1 (VNN) : ! :/ | | |
. — .
! I
BUCK4 (V1P8A) | : ,/i ! ! i
! b : : :
BUCKS (V1P24A) i - ! Te | i i
i —>: — Ty i10ms |
RSMRSTB [ I [ I
I I I I
wewes /TN i
i i i
sess TN i
I
5 ! ;
SWB1_2 (V1P8U)" i _”I Vé Ts :
; o !
I I I T
BUCK6 (VDDQ) : _’I VL Ts ;
: i

SLP_S3B

SLP_S0B

swB1_2?

V1T

BUCK3 (VCCRAM

PCH_PWROK

BUCK2 (VCCGI)

(1) LPDDR3 and LPDDR4

(2) DDR3L

////////////////////////

////////////////////////////////////////

le— T = PWROKDELAY

T

| L '
) . -
|

|

|

1
I
|
|
\

SET VID by Host
\

\ /
\

\

S

(a) LDOAT Not “Always On”
(b) LDOAT “Always On”

Figure 7-7. Cold Boot Sequence
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As Vgysg crosses above Vsys yvio sv + Vsys uvio+sv Hys, the cold-boot sequence is initiated by pulling the
PMICEN pin high followed by driving the remaining control pins high in order. SLP_S3B and SLP_S4B may
go high at the same time. SLP_SO0B is not defined until the first transition to SO after RSMRSTB deassertion.

SLP_SO0B is defined for all Sx power-state transitions after the first transition to SO.

Table 7-10 lists definitions of the timing delays. These timing delays also apply to the subsequent sequences. TO

to T10 are factory programmable to 0 ms, 2 ms, 4 ms, 8 ms, 16 ms, 24 ms, 32 ms, or

64 ms.
Table 7-10. Definition of Delays During Cold Boot Sequence
DELAY DESCRIPTION TYP VALUE UNIT
TO PMICEN to BUCK1 (VNN) enable 0 ms
T PMICEN to BUCK4 (V1P8A) enable 4 ms
T2 BUCK4 PG to BUCK5 (V1P24A) enable 0 ms
T3 BUCKS PG to RSMRSTB deassertion 10 ms
T4 SLP_S4B deassertion to SWB1_2 (V1P8U) enable 0 ms
T5 SLP_S4B deassertion to BUCK6 (VDDQ) enable 4 ms
T6 Logical AND of BUCK6 PG, SLP_S0B, SLP_S3B, and SLP_S4B to VTT enable 0 ms
T7 SLP_SO0B deassertion to BUCK3 (VCCRAM) enable 2 ms
T8 Logical AND of all PGs_ (except BUCK2) to PCH_PWROK assertion. User selectable 100 ms
from POK_DELAY register.
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7.3.5.2 Cold OFF

S0 S3 S4/S5 a3
SLP SOB | |
i |
SLP_S3B N I I
N :
|'.\f\' ! !
SLP_S4B i I
h \ .
l\\\ -
! E “| ‘:\‘ " !
PMICEN TR I
N s
L L kA
P P i
VTT NG i b b
i / I"" I I'| | l‘“\“
sy | ™
i~ it . \ "\
I I I
BUCK1 (VNN) NG Do W
| o | ! | Il“‘
s | ' | 1
BUCK3 (VCCRAM) | | ' | W
. sy H ‘lll
W) L Lo
/ \ . [
BUCK2 (VCCGI) N P o
- ’ h - [
Y | HER!
ly : i ! ' :‘ \
PCH_PWROK P Lo
: ! gt
T r
: Do o
SWB1_2? —\ Lo R
_ : o R
! L RN
| T o
SWB1_2 (ViP8U)™" : A N
’ | l [
! —4‘/ [¢— 30msto60 ms - :' P
T I
BUCKS (VDDQ) : D !
| I L/
i ! /o
1

BUCK4 (V1P8A) | : I\\\

I I
S
cl
| | S
N N - 1
BUCKS (V1P24A) i i N
| i L/
|
RSMRSTB

(1) LPDDR3 and LPDDR4
(2) DDR3L

Figure 7-8. Cold OFF Sequence

Cold OFF sequence is initiated by pulling the SLP_S3B pin low in the SO state, followed by SLP_S4B, SLP_SOB,
and PMICEN.
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7.3.5.3 Connected Standby Entry and Exit

| S0 S0iX S0
SLP_S0B :
. i
18V i ‘,'," ‘
SLP_S3B T "~
SLP_S4B - i
| |
L 33V ," ." !
L . L
PCH_PWROK : i :
! ]
| /I’ :’ :‘ |
¥ 3 P |
!
V1T K i le— <100 ps
VID ! L | )
i Vo 1.05
. \
BUCK1 (VNN) Host sets VR to 0 V through 1°C —p~., K oV \\g\/
. : ’
I —> :‘ ‘_7 <5ms
i
BUCK3 (VCCRAM) K T /
[ ov i 'S i
! SET VID by Host
VID ! ! \ VID
| \
BUCK2 (VCCGI) Host sets VR to 0 V through I°C 4> i ov ‘ \\*
! [

Figure 7-9. Connected Standby Entry and Exit Sequence

S0 to S0iX (Connected Standby) entry and exit occurs when SLP_SOB is pulled low and high, respectively. In
Connected Standby state, VTT LDO is turned off, but all PGOODs remain asserted. BUCK1-BUCKS are not
disabled, but instead stop switching while BUCK4-BUCK®6 remain in regulation. SWB1_2 also stays enabled. On
entry, BUCK2 and BUCK3 decay to 0 V with their VID registers retaining the last programmed values to which
the BUCKSs ramp back up on exit. The host can write to BUCK2CTRL and BUCK3CTRL registers regardless of
the state of the SLP_SO0B pin while SLP_S3B and SLP_S4B are high, which means that BUCK2 and BUCKS3 can
be changed to ramp to a different voltage upon exiting SOiX than they had when entering S0iX state. BUCK1

ramps back up to the default value (1.05 V).

Table 7-11 summarizes status of each VR in Connected Standby state.
Table 7-11. Summary of Rails on Connected Standby Entry and Exit

VR S0 — S0IX S0IX — S0
BUCK1 (VNN) oV 1.05V
BUCK2 (vCCGIl) |0V oV
BUCK3 (VCCRAM) |0 V 1.05V
BUCK4 (V1P8A) VID value VID value
BUCKS5 (V1P24A) |VID value VID value
BUCK®6 (VDDQ) OTP dependent OTP dependent
VTT LDO (VTT) OFF vDDQ /2
SWB1_2 ON ON
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7.3.5.4 S0 to S3 Entry and Exit

Assertion of SLP_S3B (H — L) triggers S3 entry. Deassertion of SLP_S3B causes S3 exit and SO entry as
depicted in Figure 7-10. On S3 exit, BUCK1-BUCKS3 behave exactly the same way as they do on S0iX exit,
which is explained in Section 7.3.5.3, Connected Standby Entry and Exit.

[ =] s [ e ]
1.8V
SLP_S4B

I I
SLP_S0B l |
I I
SLP_S3B \
K : :
T T
! ‘n‘\‘\‘\\ /,’ ! | 0 -
PCH_PWROK SRy A o |
: ‘l ‘\ \\\ /Ill " 1 /” : ‘\‘
T TV
RIS ! | ’ \
W R ‘
VTT N L 1< 100ps )
; I ‘\‘ ,' Il \ ; | \ \‘
. /’ : || \ ‘r, : / ‘\\ \\
VID [p%d 1 ' ! | 1.05V '
- I‘ " “ :’l \‘ I 1 \\ \‘
BUCK1 (VNN) NC /0 oo | \ \
! D ov ! RN \ \ !
/ - A \ \ i
A ! ! \ . |
& ,, H : | “ > T
BUCKS3 (VCCRAM) P ! —» \ — <5ms
! L ov ' ! . ! !
1 ¥4 I I !
L / ' ; SET VID by Host
7 1
BUCK2 (VCCGI) ! i

|
(
1

]

I / \ 1’
P gy . . r
P . |
3
sws1_2? K N
: .

SWB1_2 (ViPsu)™"

(1) LPDDR3 and LPDDR4
(2) DDR3L

Figure 7-10. S3 Entry and Exit Sequence
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7.3.5.5 S0 to S4/5 Entry and Exit

Assertion of the SLP_S4B (H — L) after the S3 entry pushes the sequence further down to S4/5 where SWB1_2
(for LPDDRS3 or LPDDR4) and BUCKG6 are disabled. Any rails not shown are essentially the same as the SO to

S3 entry and exit case described in Figure 7-11.

1.8V

SLP_S0B

SLP_S3B

SLP S4B

PCH_PWROK

BUCK®6 (VDDQ)

VTT

swB1_2@

SWB1_2 (ViPsu)™"

VID

BUCK1 (VNN)

BUCK3 (VCCRAM)

U
!

BUCK2 (VCCGl)

(1) LPDDR3 and LPDDR4
(2) DDR3L

I
|‘ \ AN : I :
n o i : i i 1.05V
1 \
\ \ I I I
\ \
PN K i ov i i
\ \\
\ N i | I
A, L
. i i i 7
\ —» 4+— <5ms ’
\ | | | | /
\ oV X
N T i i
Sy ‘ : : SET VID by Host
\ ov

Figure 7-11. S4/5 Entry and Exit Sequence
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7.3.5.6 Emergency Shutdown

When Vgyg crosses below Vgys yvio sy, all Power Good pins are deasserted; after 444 ns (nominal) of delay,
all VRs shut down (see Figure 7-12). Upon shutdown, all internal discharge resistors are set to 100 Q to
ensure timely decay of all VR outputs. VSYS crossing above Vsys uvio 5v + Vsys uvio sv Hys and assertion of
PMICEN is required to re-enable the VRs. I -

Other conditions that cause emergency shutdown are the following:

» The die temperature rising above the critical temperature threshold (T¢criT)
» Falling edge of THERMTRIPB
» Deassertion of Power Good of any rail or failure to reach power good within 10 ms of enable (configurable)

|
VSYS ’Q
|

RSMRSTB
PCH_PWROK

BUCKx

LDOAx

VTT

~—
~
~—

Figure 7-12. Emergency Shutdown Sequence

7.4 Device Functional Modes
7.4.1 Off Mode

When power supply at the VSYS pin is less than Vgys yvio sv (5.4-V nominal) + Vsys uvio sv Hys (0.2-V
nominal), the device is in off mode, where all output rails are disabled. If the supply voltage is greater than
Vsys uvLO 3V (3.6-V nominal) + Vsys UVLO 3V HYS (0.15-V nominal) while it is still less than Vgys yvio sv
+ Vsys UvLo 5v Hys, then the internal band-gap reference (VREF pin) along with LDO3P3 are enabled and
regulated at target values.

7.4.2 Standby Mode

When power supply at the VSYS pin rises above Vsvs uvio sv + Vsys uvio sv Hys, the device enters standby
mode, where all internal reference and regulators (LDO3P3 and LDO5) are running, and 12C interface and
PMICEN pin are ready to respond. All default registers defined in Section 7.6, Register Maps, have now
been loaded from one-time programmable (OTP) memory. Quiescent current consumption in standby mode is
specified in Section 6.5, Electrical Characteristics: Total Current Consumption.

7.4.3 Active Mode

The device proceeds to active mode when any output rail is enabled either through an input pin as discussed
in Section 7.3.5, Power Sequencing and VR Control , or by writing to the EN bits through |12C. Output regulation
voltage can also be changed by writing to the VID bits defined in Section 7.6, Register Maps.
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7.5 Programming
7.5.1 I2C Interface

The I2C interface is a 2-wire serial interface developed by NXP™ (formerly Philips Semiconductor) (see the
I2C-Bus Specification and user manual, Rev 4, 13 February 2012). The bus consists of a data line (SDA) and a
clock line (SCL) with pullup structures. When the bus is idle, both SDA and SCL lines are pulled high. All the 12C
compatible devices connect to the 12C bus through open-drain I/O pins, DATA and CLK. A master device, usually
a microcontroller or a digital signal processor, controls the bus. The master is responsible for generating the SCL
signal and device addresses. The master also generates specific conditions that indicate the start and stop of
data transfer. A slave device receives and/or transmits data on the bus under control of the master device.

The TPS65094x device works as a slave and supports the following data transfer modes, as defined in the
I2C-Bus Specification: standard mode (100 kbps), fast mode (400 kbps), and high-speed mode

(1 Mbps). The interface adds flexibility to the power supply solution, enabling programming of most functions
to new values depending on the instantaneous application requirements. Register contents are loaded when
Vsys higher than Vsys yvio sv is applied to the TPS65094x device. The 12C interface is running from an internal
oscillator that is automatically enabled when there is an access to the interface.

The data transfer protocol for standard and fast modes are exactly the same, therefore, they are referred to as
F/S-mode in this document. The protocol for high-speed mode is different from F/S-mode, and it is referred to as
H/S-mode.

The TPS65094x device supports 7-bit addressing; however, 10-bit addressing and general call address are not
supported. The default device address is Ox5E.

7.5.1.1 F/S-Mode Protocol

The master initiates data transfer by generating a START condition. The START condition exists when a
high-to-low transition occurs on the SDA line while SCL is high (see Figure 7-13). All I2C-compatible devices
recognize a START condition.

The master then generates the SCL pulses and transmits the 7-bit address and the read/write direction bit R/W
on the SDA line. During all transmissions, the master ensures that data is valid. A valid data condition requires
the SDA line to be stable during the entire high period of the clock pulse (see

Figure 7-14). All devices recognize the address sent by the master and compare it to their internal fixed
addresses. Only the slave device with a matching address generates an acknowledge (see Figure 7-15), by
pulling the SDA line low during the entire high period of the ninth SCL cycle. Upon detecting this acknowledge,
the master identifies that the communication link with a slave has been established.

The master generates further SCL cycles to either transmit data to the slave (R/W bit = 0) or receive data
from the slave (R/W bit = 1). In either case, the receiver must acknowledge the data sent by the transmitter.
An acknowledge signal can either be generated by the master or by the slave, depending on which one is the
receiver. Any 9-bit valid data sequences consisting of 8-bit data and 1-bit acknowledge can continue as long as
necessary.

To signal the end of the data transfer, the master generates a STOP condition by pulling the SDA line from
low to high while the SCL line is high (see Figure 7-13). This STOP condition releases the bus and stops the
communication link with the addressed slave. All 12C-compatible devices must recognize the STOP condition.
Upon the receipt of a STOP condition, all devices detect that the bus is released, and they wait for a START
condition followed by a matching address.
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| |
| | ——
SCL | w |
: S | p !
Lo L)
START STOP
Condition Condition
Figure 7-13. START and STOP Conditions
SDA

/ X

\

|

| | |
: Data Valid : :
| | |
| | |

Change of Data Allowed

Figure 7-14. Bit Transfer on the I2C Bus

Data Output at
Transmitter

D G

|
|
|
|
| : _____ Not ACK
| |
Data Output at | "
Receiver : :
| |
| |
: : ACK
|
SCL from Master :_m _/T\_/T\_
| o N ______
L_S_ '
Sl Clock pulse for ACK
Condition

Figure 7-15. Acknowledge on the I2C Bus
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. Generate ACK Signal
|

SOO00WL 0000

>

: ACK Signal From Slave
|
4——— Address —»:
| | .
| | |
| R/W >
|

Byte Complete, Interrupt Clock Line Held Low While

SorSr Within Slave Interrupts Are Serviced P or Sr
START or STOP or
Repeated START Condition Repeated START Condition
Figure 7-16. 12C Bus Protocol
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< Uy uu-Juiyur-Juy
SDA } A6 | A5 | A4 |--- A0 |[R/W|ACK R7 | R6 | R5 |--- RO | ACK D7 | D6 | D5 DO | ACK |_
0 0 0 0
START 4¢—— Slave Address ——» «4—— Register Address——» ¢—— Data —— > STOP

Figure 7-17. I12C Interface WRITE to TPS65094x in F/S Mode

- -Juuu-Judy -JuudtJuy

SDA * A6 |--| A0 [R/W |ACK R7 |--| Ro [Ack| Y| A6 |[--| A0 |R/W |ACK| D7 |-__| DO |ACK |_
| 0 [ 0 ! : 1 0 : 0
| o : ! | Slave Drives ! Master
START 14— Slave Address —» |4 Register Address »i |4— Slave Address —» I« he D >4 Drives ACK »STOP
I Lo I I i theData I and Stop
| [ | | | |
Repeated
START

Figure 7-18. I2C Interface READ from TPS65094x in F/S Mode (Only Repeated START is Supported)
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7.6 Register Maps

7.6.1

Default value of RESERVED R/W bits must not be written to the opposite value.
7.6.2 VENDORID: PMIC Vendor ID Register (offset = 00h) [reset = 0010 0010]
Figure 7-19. VENDORID Register (offset = 00h) [reset = 0010 0010]

Bit 7 6 5 4 & 2 1 0
Bit Name VENDORID[7] | VENDORID[6] | VENDORID[5] | VENDORID[4] | VENDORID[3] | VENDORID[2] | VENDORID[1] | VENDORID[0]
TPS65094x 0 0 1 0 0 0 1 0
Access R R R R R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-12. VENDORID Register Field Descriptions

Bit

Field

Type

Reset

Description

7-0

VENDORID[7:0]

R

00100010

Vendor identification register

7.6.3 DEVICEID: PMIC Device and Revision ID Register (offset = 01h) [reset = OTP Dependent]

Figure 7-20. DEVICEID Register (offset = 01h) [reset = OTP Dependent]

Bit

7

6

5

4

3

2

1

0

Bit Name

REVID[1]

REVID[0]

OTP_
VERSION[1]

oTP_
VERSION[0]

PART_
NUMBER(3]

PART_
NUMBER([2]

PART_
NUMBER[1]

PART_
NUMBER(0]

TPS650940

0

0

1

0

0

TPS650941

TPS650942

TPS650944

TPS650945

TPS650947

Access

T lo|lo|lo|lo|o|o

A|lo|o|lo|lo|o| o

AA|lo|o|lo|o| -~

AA|lo|jo|lo| =] O

| === =] =

0
0
1
1
1
R

1
0
0
1
1
R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-13. DEVICEID Register Field Descriptions

Bit

Field

Type

Reset

Description

7-6

REVID[1:0]

R

oTP

Silicon revision ID

54

OTP_VERSION[1:0]

oTP

OTP variation ID
00: A
01:B
10: C
11:D

3-0

PART_NUMBER][3:0]

oTP

Device part number ID

1000: TPS650940
1001: TPS650941
1010: TPS650942
1011: TPS650943
1100: TPS650944
1101: TPS650945
1110: TPS650946
1111: TPS650947
0000: TPS650948
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7.6.4 IRQ: PMIC Interrupt Register (offset = 02h) [reset = 0000 0000]
Figure 7-21. IRQ Register (offset = 02h) [reset = 0000 0000]

Bit 7 6 5 4 3 2 1 0

. VENDOR
Bit Name RQ RESERVED RESERVED RESERVED ONOFFSRC RESERVED RESERVED DIETEMP
TPS65094x 0 0 0 0 0 0 0 0
Access R/W R R R R/W R R R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-14. IRQ Register Field Descriptions
Bit |Field Type |Reset Description

Vendor-specific interrupt, indicating fault event occurrence. Asserted when
either one of following conditions occurs:

A. Deassertion of Power Good of any VR

B. Overcurrent detection from BUCK1, BUCK2, BUCK®, or VTT LDO

C. Die temperature crosses over the hot temperature threshold (Tyot)

D. Die temperature crosses over the critical temperature threshold (TcrT)
0: Not asserted

1: Asserted. Host to write 1 to clear.

Asserted when PMIC shuts down.
3 ONOFFSRC R/W |0 0: Not asserted.
1: Asserted. Host to write 1 to clear.

7 |VENDOR_IRQ R/W |0

Die Temp interrupt. Asserted when PMIC die temperature crosses above the
hot temperature threshold (TyoT).

0: Not asserted.

1: Asserted. Host to write 1 to clear.

0 DIETEMP R/W |0

7.6.5 IRQ_MASK: PMIC Interrupt Mask Register (offset = 03h) [reset = 1111 1111]
Figure 7-22. IRQ_MASK Register (offset = 03h) [reset = 1111 1111]

Bit 7 6 5 4 3 2 1 0

Bit Name MVENDOR_IR | RESERVED RESERVED RESERVED MONOFFSRC RESERVED RESERVED MDIETEMP
Q

TPS65094x 1 1 1 1 1 1 1 1

Access R/W R R R R/W R R R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-15. IRQ_MASK Register Field Descriptions

Bit |Field Type |Reset Description
Vendor-specific fault interrupt mask.
7 MVENDOR_IRQ RW |1 0: Not masked
1: Masked
PMIC shutdown event interrupt mask
3 MONOFFSRC RW |1 0: Not masked
1: Masked
Die temp interrupt mask.
0 MDIETEMP RW |1 0: Not masked
1: Masked
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7.6.6 PMICSTAT: PMIC Status Register (offset = 04h) [reset = 0000 0000]

Figure 7-23. PMICSTAT Register (offset = 04h) [reset = 0000 0000]

Bit 7 6 5 4 3 2 1 0
Bit Name RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED SDIETEMP
TPS65094x 0 0 0 0 0 0 0 0
Access R R R R R R R R
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 7-16. PMICSTAT Register Field Descriptions
Bit |Field Type |Reset Description
PMIC die temperature status.
0 SDIETEMP R 0 0: PMIC die temperature is below Tyor.
1: PMIC die temperature is above Tyort.
7.6.7 OFFONSRC: PMIC Power Transition Event Register (offset = 05h) [reset = 0000 0000]
Figure 7-24. OFFONSRC Register (offset = 05h) [reset = 0000 0000]
Bit 7 6 5 4 3 2 1 0
Bit Name RESERVED RESERVED RESERVED RESERVED COLDOFF UVLO ocP CRITTEMP
TPS65094x 0 0 0 0 0 0 0 0
Access R R R R R/W R/IW RIW R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-17. OFFONSRC Register Field Descriptions

Bit

Field

Type

Reset

Description

COLDOFF

R/W

Set by PMIC cleared by host. Host writes 1 to this bit to clear it.
0 = Cleared
1 = PMIC was shut down by host through PMIC_EN pin.

UVLO

R/W

Set by PMIC cleared by host. Host writes 1 to this bit to clear it.

0 = Cleared

1 = PMIC was shut down due to a UVLO event (VSYS less 5.4 V). The setting
of this bit sets the ONOFFSRC bit in the PMIC_IRQ register.

OCP

R/W

Set by PMIC cleared by host. Host writes 1 to this bit to clear it.

0 = Cleared

1 = PMIC shut down due to a power fault event. The setting of this bit sets the
ONOFFSRC bit in the PMIC_IRQ register.

CRITTEMP

R/W

Set by PMIC cleared by host. Host writes 1 to this bit to clear it.

0 = Cleared

1 = PMIC shut down due to the rise of PMIC die temperature above critical
temperature threshold (TcriT). The setting of this bit sets the ONOFFSRC bit in
the PMIC_IRQ register.
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7.6.8 BUCK1CTRL: BUCK1 Control Register (offset = 20h) [reset = 0011 1000]
Figure 7-25. BUCK1CTRL Register (offset = 20h) [reset = 0011 1000]

Bit 7 6 5 4 3 2 1 0

Bit Name RESERVED | BUCK1_VID[6] | BUCK1_VID[5] | BUCK1_VID[4] | BUCK1_VID[3] | BUCK1_VID[2] | BUCK1_VID[1] | BUCK1_VID[0]
TPS65094x 0 0 1 1 1 0 0 0
Access RW RW RIW RIW RIW RIW RW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-18. BUCK1CTRL Register Field Descriptions

Bit |Field Type |Reset Description
This field sets the BUCK1 regulator output regulation voltage in normal mode.
. 0111000 Default = 1.05 V. Note that 0 V is a valid setting and all Power Goods stay high
6-0 | BUCK1_VID[6:0] RW (1.05V) when VID is set to 0x00 and (or) SLP_SOB goes low. See Table 7-3 for full
details.

7.6.9 BUCK2CTRL: BUCK2 Control Register (offset = 21h) [reset = 0000 0000]
Figure 7-26. BUCK2CTRL Register (offset = 21h) [reset = 0000 0000]

Bit 7 6 5 4 3 2 1 0

Bit Name RESERVED | BUCK2_VID[6] | BUCK2_VID[5] | BUCK2_VID[4] | BUCK2_VID[3] | BUCK2_VID[2] | BUCK2_VID[1] | BUCK2_VID[0]
TPS65094x 0 0 0 0 0 0 0 0
Access RIW RIW RIW RIW RIW RIW RIW RW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-19. BUCK2CTRL Register Field Descriptions

Bit |Field Type |Reset Description
This field sets the BUCK2 regulator output regulation voltage in normal mode.
. 0000000 (0 |Default =0 V. Note that 0 V is a valid setting and all Power Goods must stay
6-0 |BUCK2_VID[E:0] RIW V) high when VID is set to 0x00 and (or) SLP_SO0B goes low. See Table 7-3 for full
details.

7.6.10 BUCK3CTRL: BUCK3 Control Register (offset = 23h) [reset = 0001 0001]
Figure 7-27. BUCK3CTRL Register (offset = 23h) [reset = 0001 0001]

Bit 7 6 5 4 3 2 1 0

Bit Name RESERVED | BUCK3 VID[6] | BUCK3 VID[5] | BUCK3 VID[4] | BUCK3 VID[3] | BUCK3 VID[2] | BUCK3_VID[1] | BUCK3_VID[0]
TPS65094x 0 0 0 1 0 0 0 1
Access RIW RW RIW RIW RIW RIW R/W RW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-20. BUCK3CTRL Register Field Descriptions

Bit |Field Type |Reset Description
This field sets the BUCKS regulator output regulation voltage in normal mode.
. 0010001 Default = 1.05 V. Note that 0 V is a valid setting and all Power Goods must stay
6-0 |BUCKS_VID[E:0] RIW (1.05V) high when VID is set to 0x00 and (or) SLP_SO0B goes low. See Table 7-4 for full
details.
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7.6.11 BUCK4CTRL: BUCK4 Control Register (offset = 25h) [reset = OTP Dependent]
Figure 7-28. BUCKA4CTRL Register (offset = 25h) [reset = OTP Dependent]

Bit 7 6 5 4 3 2 1 0
Bit Name RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED | BUCK4_MODE RESERVED
TPS650940, 0 0 1 1 1 1 0 1
TPS650941,
TPS65942, and
TPS650944
TPS650945, 0 0 1 1 1 1 1 1
and TPS650947
Access R R R/IW R/IW R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 7-21. BUCK4CTRL Register Field Descriptions
Bit |Field Type |Reset Description

TPS650940

TPS650941

15565942’ This field sets the BUCK4 regulator operating mode.

1 BUCK4_MODE R/W TPS650944 0 = Automatic mode

0 1 = Forced PWM mode

TPS650945

,and

TPS650947

o1
7.6.12 BUCK5CTRL: BUCKS Control Register (offset = 26h) [reset = OTP Dependent]

Figure 7-29. BUCK5CTRL Register (offset = 26h) [reset = OTP Dependent]

Bit 7 6 5 4 3 2 1 0
Bit Name RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED | BUCK5_MODE RESERVED
TPS650940, 0 0 1 1 1 1 0 1
TPS650941,
TPS65942, and
TPS650944
TPS650945, 0 0 1 1 1 1 1 1
and TPS650947
Access R R RIW R/IW R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-22. BUCK5CTRL Register Field Descriptions

Bit |Field

Type

Reset

Description

1 BUCK5_MODE

R/W

TPS650940
TPS650941

TPS65942,
and
TPS650944
10
TPS650945
,and
TPS650947
1

This field sets the BUCKS5 regulator operating mode.
0 = Automatic mode
1 = Forced PWM mode
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7.6.13 BUCKG6CTRL: BUCKG6 Control Register (offset = 27h) [reset = 0011 1101]
Figure 7-30. BUCK6CTRL Register (offset = 27h) [reset = 0011 1101]

Bit 7 6 5 4 3 2 1 0

Bit Name RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED | BUCK6_MODE | RESERVED
TPS65094x 0 0 1 1 1 1 0 1
Access R R R/W R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-23. BUCK6CTRL Register Field Descriptions

Bit |Field Type |Reset Description

This field sets the BUCKG6 regulator operating mode.
1 BUCK6_MODE R/W |0 0 = Automatic mode

1 = Forced PWM mode
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7.6.14 DISCHCNT1: Discharge Control1 Register (offset = 40h) [reset = 0101 0101]

All xx_DIS[1:0] bits automatically set to 00 when the corresponding VR is enabled. Discharge resistance values
listed here are approximate.

Figure 7-31. DISCHCNT1 Register (offset = 40h) [reset = 0101 0101]

Bit 7 6 5 4 3 2 1 0

Bit Name BUCK4_DIS[1] | BUCK4_DIS[0] | BUCK3_DIS[1] | BUCK3_DIS[0] | BUCK2_DIS[1] | BUCK2_DIS[0] | BUCK1_DIS[1] | BUCK1_DIS[0]
TPS65094x 0 1 0 1 0 1 0 1
Access RW RW RIW RIW RIW RIW RW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-24. DISCHCNT1 Register Field Descriptions

Bit

Field

Type

Reset

Description

BUCK4_DIS[1:0]

R/W

01

BUCKA4 discharge resistance
00: No discharge

01: 100 Q

10: 200 Q

11: 500 Q

54

BUCK3_DIS[1:0]

R/W

01

BUCKS discharge resistance
00: No discharge

01: 100 Q

10: 200 Q

11: 500 Q

3-2

BUCK2_DIS[1:0]

R/W

01

BUCK?2 discharge resistance
00: No discharge

01: 100 Q

10: 200 Q

11: 500 Q

BUCK1_DIS[1:0]

R/wW

01

BUCK1 discharge resistance
00: No discharge

01: 100 Q

10: 200 Q

11: 500 Q
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7.6.15 DISCHCNT2: Discharge Control2 Register (offset = 41h) [reset = 0101 0101]

All xx_DIS[1:0] bits automatically set to 00 when the corresponding VR is enabled. Discharge resistance values
listed here are approximate.

Figure 7-32. DISCHCNT2 Register (offset = 41h) [reset = 0101 0101]

Bit 7 6 5 4 3 2 1 0

Bit Name LDOA2_DIS[1] | LDOA2_DIS[0] | SWA1_DIS[1] | SWA1 _DIS[0] | BUCK6 DIS[1] | BUCK6_DIS[0] | BUCK5_DIS[1] | BUCK5_DIS[0]
TPS65094x 0 1 0 1 0 1 0 1
Access RW RW RIW RIW RIW RIW RW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-25. DISCHCNT2 Register Field Descriptions
Bit |Field Type |Reset Description

LDOAZ2 discharge resistance
00: No discharge

7-6 |LDOA2_DIS[1:0] R/W |01 01: 100 Q

10: 200 Q

11: 500 Q

SWAT1 discharge resistance
00: No discharge

5-4 | SWA1_DIS[1:0] R/W |01 01: 100 Q

10: 200 Q

11: 500 Q

BUCK® discharge resistance
00: No discharge

3-2 |BUCK®6_DIS[1:0] R/W |01 01: 100 Q

10: 200 Q

11: 500 Q

BUCKS discharge resistance
00: No discharge

1-0 |BUCKS5_DIS[1:0] R/W |01 01: 100 Q

10: 200 Q

11: 500 Q

7.6.16 DISCHCNT3: Discharge Control3 Register (offset = 42h) [reset = 0000 0101]

All xx_DIS[1:0] bits automatically set to 00 when the corresponding VR is enabled. Discharge resistance values
listed here are approximate.

Figure 7-33. DISCHCNT3 Register (offset = 42h) [reset = 0000 0101]

Bit 7 6 5 4 3 2 1 0

Bit Name RESERVED | RESERVED | RESERVED | RESERVED | SWB1_DIS[1] | SWB1_DIS[0] | LDOA3_DIS[1] | LDOA3_DIS[0]
TPS65094x 0 0 0 0 0 1 0 1
Access R R RIW RIW RIW RIW RW RW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-26. DISCHCNT3 Register Field Descriptions
Bit |Field Type |Reset Description

SWB1 discharge resistance
00: No discharge

3-2 |SWB1_DIS[1:0] R/W |01 01: 100 Q
10: 200 Q
11: 500 Q
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Table 7-26. DISCHCNT3 Register Field Descriptions (continued)

Bit |Field

Type

Reset Description

LDOA3_DIS[1:0]

R/W

LDOAS3 discharge resistance
00: No discharge

01 01: 100 Q

10: 200 Q

11: 500 Q

7.6.17 POK_DELAY: PCH_PWROK Delay Register (offset = 43h) [reset = 0000 0111]

Programmable Power Good delay for PCH_PWROK pin, measured from the moment when all VRs reach the
regulation range to Power Good assertion.

Figure 7-34. POK_DELAY Register (Offset = 43h) [reset = 0000 0111]

Bit 7 6 5 4 3 2 1 0

Bit Name RESERVED RESERVED RESERVED RESERVED RESERVED PWRO[};;DELAY PWRO[T;DELAY PWROES;DELAY
TPS65094x 0 0 0 0 0 1 1 1
Access R R R R R R/W R/W RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-27. POK_DELAY Register Field Descriptions

Bit |Field

Type

Reset Description

PWROKDELAY[2:0]

R/wW

Programmable delay measured from the moment all rails have reached
regulation voltage to assertion of PCH_PWROK. All values have +10%
variation.

000=2.5ms

001 =5.0ms

010 =10 ms

011 =15ms

100 =20 ms

101 =50 ms

110 =75 ms

111 = 100 ms (default)

1M

7.6.18 FORCESHUTDN: Force Emergency Shutdown Control Register (offset = 91h) [reset = 0000 0000]
Figure 7-35. FORCESHUTDN Register (offset = 91h) [reset = 0000 0000]

Bit 7 6 5 4 3 2 1 0
Bit Name RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED SDWN
TPS65094x 0 0 0 0 0 0 0 0
Access R R R R R R R R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-28. FORCESHUTDN Register Field Descriptions

Bit |Field Type |Reset Description

Forces reset of the PMIC. The bit is self-clearing.
0 SDWN RW |0 0 = No action

1 = PMIC is forced to shut down.

7.6.19 BUCK4VID: BUCK4 VID Register (offset = 94h) [reset = 0010 1111]
Figure 7-36. BUCK4VID Register (offset = 94h) [reset = 0010 1111]

Bit 7 6 5 4 3 2 1 0
Bit Name RESERVED | BUCK4 VID[6] | BUCK4 VID[5] | BUCK4_VID[4] | BUCK4_VID[3] | BUCK4_VID[2] | BUCK4 VID[1] | BUCK4_VID[0]
TPS65094x 0 0 1 0 1 1 1 1
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Figure 7-36. BUCK4VID Register (offset = 94h) [reset = 0010 1111] (continued)

R/W R/IW R/W R/W R/W R/W R/W R/IW

Access

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-29. BUCK4VID Register Field Descriptions

Bit |Field Type |Reset Description
0101111 This field sets the BUCK4 regulator output regulation voltage in normal mode.
6-0 |BUCK4_VID[6:0] R/W (1.80 V) Default = 1.80 V. Note that 0 V is a valid setting and all Power Goods must stay
' high when VID is set to 0x00. See Table 7-4 for full details.

7.6.20 BUCK5VID: BUCKS VID Register (offset = 96h) [reset = 0100 1011]
Figure 7-37. BUCK5VID Register (Offset = 96h) [reset = 0100 1011]

Bit 7 6 5 4 3 2 1 0
Bit Name RESERVED | BUCK5_VID[6] | BUCK5_VID[5] | BUCK5_VID[4] | BUCK5_VID[3] | BUCK5_VID[2] | BUCK5_VID[1] | BUCK5_VID[0]
TPS65094x 0 1 0 0 1 0 1 1
Access RIW RIW RIW RIW RIW RIW RIW RW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-30. BUCK5VID Register Field Descriptions

Bit |Field Type |Reset Description
1001011 This field sets the BUCKS regulator output regulation voltage in normal mode.
6-0 |BUCKS5_VIDI[6:0] R/W (1.24 V) Default = 1.24 V. Note that 0 V is a valid setting and all Power Goods stay high
' when VID is set to 0x00. See Table 7-3 for full details.

7.6.21 BUCKG6VID: BUCKG6 VID Register (offset = 98h) [reset = OTP Dependent]
Figure 7-38. BUCKG6VID Register (Offset = 98h) [reset = OTP Dependent]

Bit 7 6 5 4 3 2 1 0
Bit Name RESERVED | BUCK6_VID[6] | BUCK6_VID[5] | BUCK6_VID[4] | BUCK6_VID[3] | BUCK6_VID[2] | BUCK6_VID[1] | BUCK6_VID[0]
TPS650940, 0 0 1 1 1 1 0 1
TPS650944 and

TPS650945

TPS650941 0 1 0 0 0 1 1 1
TPS650942 and 0 1 0 1 0 1 1 0
TPS650947

Access RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-31. BUCKG6VID Register Field Descriptions

Bit |Field Type Reset Description
TPS650940, TPS650944,
and TPS650945: 0111101
(1.1V) This field sets the BUCK®6 regulator output regulation voltage in
. TPS650941: 1000111 normal mode. Default = OTP Dependent. Note that 0 V is a valid
6-0 | BUCK6_VID[6:0] RIW (1.20 V) setting and all Power Goods stay high when VID is set to 0x00.
TPS650942, and See Table 7-3 for full details.
TPS650947: 1010110
(1.35V)
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7.6.22 LDOA2VID: LDOA2 VID Register (offset = 9Ah) [reset = OTP Dependent]
LDOA2_SLPVID is used when SLP_SOB is low. Keep LDOA2_SLPVID equal to LDOA2 VID if sleep

functionality is not desired.

Figure 7-39. LDOA2VID Register (offset = 9Ah) [reset = OTP Dependent]

Bit 7 6 5 4 3 2 1 0

. LDOA2_ LDOA2_ LDOA2_ LDOA2_

Bit Name SLPVID] SLPVIDEZ] SLPVID] SLPVID[G] | DOA2_VIDI3] | LDOA2_VID[2] | LDOA2_VID[1] | LDOA2_VID[0]
TPS650940, 1 0 1 0 1 0 1 0
TPS650941,

TPS650942,

TPS650945,

and TPS650947

TPS650944 0 0 0 0 0 0 0 0
Access RIW RIW RIW RIW RIW RIW RW RW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-32. LDOA2VID Register Field Descriptions

Bit |Field

Type

Reset

Description

7-4 |LDOA2_SLPVID[3:0]

R/W

TPS650940,
TPS650941,
TPS650942,
TPS650945, and

TPS650947: 1010

(1.2V)

TPS650944: 0000

0.7 V)

This field sets the LDOAZ2 regulator output regulation voltage in sleep
mode. Default = OTP Dependent. See Table 7-6 for full details.

3-0 |LDOA2_VID[3:0]

R/W

TPS650940,
TPS650941,
TPS650942,
TPS650945, and

TPS650947: 1010

(1.2V)

TPS650944: 0000

0.7 V)

This field sets the LDOAZ2 regulator output regulation voltage in normal
mode. Default = OTP Dependent. See Table 7-6 for full details.

7.6.23 LDOA3VID: LDOA3 VID Register (offset = 9Bh) [reset = OTP Dependent]
LDOA3_SLPVID is used when SLP_SOB is low. Keep LDOA3 SLPVID equal to LDOA3 VID if sleep

functionality is not desired.

Figure 7-40. LDOA3VID Register (offset = 9Bh) [reset = OTP Dependent]

Bit 7 6 5 4 3 2 1 0

. LDOA3_ LDOA3_ LDOA3_ LDOA3_

Bit Name SLPVID[] SLPVIDEZ] SLPVID] SLPVID[G] | [DOA3_VIDI3] | LDOA3_VID[2] | LDOA3_VID[1] | LDOA3_VID[0]
TPS650940, 1 0 1 1 1 0 1 1
TPS650941,

TPS650942,

TPS650945,

and TPS650947

TPS650944 0 0 0 0 0 0 0 0
Access RIW RW RW RIW RIW RIW RW RW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
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Table 7-33. LDOA3VID Register Field Descriptions

Bit |Field Type |Reset Description

TPS650940, TPS650941,

TPS650942, TPS650945, |This field sets the LDOAS regulator output regulation voltage in
7-4 |LDOA3_SLPVID[3:0] R/W |and TPS650947: 1011 (1.25 | sleep mode. Default = OTP Dependent. See Table 7-6 for full

V) details.

TPS650944: 0000 (0.7 V)

TPS650940, TPS650941,

TPS650942, TPS650945, |This field sets the LDOAS3 regulator output regulation voltage in
3-0 |LDOA3 VIDI[3:0] R/W |and TPS650947: 1011 (1.25 |normal mode. Default = OTP Dependent. See Table 7-6 for full

V) details.

TPS650944: 0000 (0.7 V)

7.6.24 VR_CTRL1: BUCK1-3 Control Register (offset = 9Ch) [reset = OTP Dependent]
Figure 7-41. VR_CTRL1 Register (offset = 9Ch) [reset = OTP Dependent]

Bit 7 6 5 4 3 2 1 0

. BUCK3_ BUCK2_ BUCK1_
Bit Name RESERVED | RESERVED |BUCK3_MODE | BUCK2 MODE | BUCK1_MODE | ic\o = DISABLER DISABLER
TPS650940, 0 0 0 0 0 1 1 1
TPS650941,
TPS650942,
and TPS650944
TPS650945, 0 0 1 0 0 1 1 ]
and TPS650947
Access R R RIW RIW RIW RIW R/W RW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-34. VR_CTRL1 Register Field Descriptions

Bit |Field Type Reset Description
TPS6509
40,
TPS6509
41,
IzPSa6n5d09 This field sets the BUCKS3 regulator operating mode.
5 BUCK3_MODE R/W Y 0 = Automatic mode
TPS6509 |, _
. 1 = Forced PWM mode
44:0
TPS6509
45, and
TPS6509
47:1
This field sets the BUCK2 regulator operating mode.
4 BUCK2_MODE R/W 0 0 = Automatic mode
1 = Forced PWM mode
This field sets the BUCK1 regulator operating mode.
3 BUCK1_MODE R/W 0 0 = Automatic mode
1 = Forced PWM mode
BUCKS Active Low Disable bit. Writing O to this bit forces BUCK3 to turn
off regardless of status of enable pins (PMICEN, SLP_Sx). Has priority over
2 BUCK3_DISABLEB R/W 1 BUCK3_EN.
0: Disabled
1: BUCKS3 operates normally.
BUCK2 Active Low Disable bit. Writing 0 to this bit forces BUCK2 to turn
off regardless of status of enable pins (PMICEN, SLP_Sx). Has priority over
1 BUCK2_DISABLEB R/W 1 BUCK2_EN.
0: Disabled
1: BUCK2 operates normally.
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Table 7-34. VR_CTRL1 Register Field Descriptions (continued)

1: BUCK1 operates normally.

Bit |Field Type Reset Description
BUCKH1 Active Low DISABLE bit. Writing 0 to this bit forces BUCK1 to turn
off regardless of status of enable pins (PMICEN, SLP_Sx). Has priority over
0 BUCK1_DISABLEB R/wW 1 BUCK1_EN.
0: Disabled

7.6.25 VR_CTRL2: VR Enable Register (offset = 9Eh) [reset = 0000 0000]
Figure 7-42. VR_CTRL2 Register (offset = 9Eh) [reset = 0000 0000]

Bit 7 6 5 4 3 2 1 0

Bit Name LDOA2_EN SWA1_EN BUCK6_EN BUCKS5_EN BUCK4_EN BUCK3_EN BUCK2_EN BUCK1_EN
TPS65094x 0 0 0 0 0 0 0 0
Access R/W R/IW R/IW R/W R/W R/W R/W RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-35. VR_CTRL2 Register Field Descriptions

Bit |Field

Type

Reset

Description

7 LDOA2_EN

RwW

LDOA2 Enable bit.
0: Enabled if LDOLS_EN =1
1: Enabled regardless of LDOLS_EN state

6 |SWA1_EN

R/W

SWA1 Enable bit.
0: Enabled if LDOLS_EN pin or SWA1_EN pin =1
1: Enabled regardless of LDOLS_EN or SWA1_EN state

5 BUCK6_EN

R/W

BUCK®6 Enable bit.
0: BUCKS®6 operates normally.
1: Enabled regardless of power sequencing

4 BUCK5_EN

R/W

BUCKS5 Enable bit.
0: BUCKS5 operates normally.
1: Enabled regardless of power sequencing

3 BUCK4_EN

R/wW

BUCK4 Enable bit.
0: BUCK4 operates normally.
1: Enabled regardless of power sequencing

2 BUCK3_EN

R/wW

BUCKS3 Enable bit. BUCK3_DISABLEB has priority over BUCK3_EN.

0: BUCKS3 operates normally.

1: Enabled regardless of power sequencing, unless BUCK3_DISABLEB =0

1 BUCK2_EN

R/wW

BUCK2 Enable bit. BUCK2_DISABLEB has priority over BUCK2_EN.

0: BUCK2 operates normally.

1: Enabled regardless of power sequencing, unless BUCK2_DISABLEB =0

0 |BUCK1_EN

R/W

BUCK1 Enable bit. BUCK1_DISABLEB has priority over BUCK1_EN.

0: BUCK1 operates normally.

1: Enabled regardless of power sequencing, unless BUCK1_DISABLEB =0

7.6.26 VR_CTRL3: VR Enable/Disable Register (offset = 9Fh) [reset = OTP Dependent]
Figure 7-43. VR_CTRL3 Register (Offset = 9Fh) [reset = OTP Dependent]

Bit 7 6 5 4 3 2 1 0
. SWB1 2 SWAT_ VTT_
Bit Name RESERVED DISABLER DISABLEB DISABLER VTT_EN RESERVED | SWB1 2 EN | LDOA3 _EN
TPS650940,
TPS650944, 0 1 1 0 1 0 0 0
and TPS650945
TPS650941,
TPS650942 and 0 1 1 1 0 0 0 0
TPS650947
Access RIW RIW RIW RIW RIW RIW RIW RIW
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LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
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Table 7-36. VR_CTRL3 Register Field Descriptions

Bit |Field Type Reset Description
SWB1_2 Active Low Disable Bit. Writing 0 to this bit forces
SWB1_2 to turn off regardless of status of enable pins (PMICEN,
6 SWB1_2_DISABLEB R/W 1 SLP_Sx). Has priority over SWB1_2_EN.
0: Disabled
1: SWB1_2 operates normally.
SWA1 Active Low Disable Bit. Writing O to this bit forces SWA1
to turn off regardless of status of enable pins (PMICEN, SLP_Sx).
5 SWA1_DISABLEB R/W 1 Has priority over SWA1_EN.
0: Disabled
1: SWA1 operates normally.
TPS650940, VTT_LDO Active Low Disable Bit. Writing 0 to this bit forces
TPS650944, and :
TPS650945. 0 VTT_LDO to turn_ of_f regardless of status of enable pins (PMICEN,
4 VTT_DISABLEB R/W SLP_Sx). Has priority over VTT_EN.
TPS650941, .
0: Disabled
TPS650942 and 1: VTT_LDO operates normally.
TPS650947: 1 ' - ’
TPS650940,
TPS650944 and VTT_LDO Enable bit. VTT_DISABLEB has priority over VTT_EN.
TPS650945: 1 0: VTT_LDO operates normally.
3 VIT_EN RW TPS650941, 1: Enabled regardless of power sequencing, unless
TPS650942 and VTT_DISABLEB =0
TPS650947: 0
SWB1_2_Enable bit. SWB1_2_DISABLEB has priority over
SWB1_2_EN.
1 SWB1_2_EN R/W 0 0: SWB1_2 operates normally.
1: Enabled regardless of power sequencing, unless
SWB1_2_DISABLEB =0
LDOA3 Enable bit.
0 |LDOA3_EN R/W 0 0: Enabled if LDOLS_EN =1
1: Enabled regardless of LDOLS_EN state

7.6.27 GPO_CTRL: GPO Control Register (offset = A1h) [reset = 0010 0000]
Figure 7-44. GPO_CTRL Register (offset = A1h) [reset = 0010 0000]

Bit 7 6 5 4 3 2 1 0

Bit Name RESERVED RESERVED GPO_LVL RESERVED RESERVED RESERVED RESERVED RESERVED
TPS65094x 0 0 1 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-37. GPO_CTRL Register Field Descriptions

Bit |Field Type |Reset Description
Open-drain GPO output level bit.
5 GPO_LVL RW |1 0: The pin is driven to logic low.
1: The pin is high impedance.
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7.6.28 PWR_FAULT_MASK1: VR Power Fault Mask1 Register (offset = A2h) [reset = 1100 0000]
Figure 7-45. PWR_FAULT_MASK1 Register (offset = A2h) [reset = 1100 0000]

Bit 7 6 5 4 3 2 1 0

Bit Name LDOA2_ SWAT_ BUCKS_ BUCK5_ BUCK4_ BUCK3_ BUCK2_ BUCK1_
FLTMSK FLTMSK FLTMSK FLTMSK FLTMSK FLTMSK FLTMSK FLTMSK

TPS65094x 1 1 0 0 0 0 0 0

Access RIW RIW RIW RIW RIW RW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-38. PWR_FAULT_MASK1 Register Field Descriptions

Bit

Field

Type

Reset

Description

LDOA2_FLTMSK

R/wW

LDOA2 Power Fault Mask. When masked, power fault from LDOA2 does not
cause PMIC shutdown.

0: Not masked

1: Masked

SWA1_FLTMSK

RwW

SWA1 Power Fault Mask. When masked, power fault from SWA1 does not
cause PMIC shutdown.

0: Not masked

1: Masked

BUCK6_FLTMSK

R/wW

BUCK®6 Power Fault Mask. When masked, power fault from BUCK6 does not
cause PMIC shutdown.

0: Not masked

1: Masked

BUCK5_FLTMSK

R/W

BUCKS5 Power Fault Mask. When masked, power fault from BUCKS5 does not
cause PMIC shutdown.

0: Not masked

1: Masked

BUCK4_FLTMSK

R/wW

BUCK4 Power Fault Mask. When masked, power fault from BUCK4 does not
cause PMIC shutdown.

0: Not masked

1: Masked

BUCKS3_FLTMSK

R/W

BUCK3 Power Fault Mask. When masked, power fault from BUCK3 does not
cause PMIC shutdown.

0: Not masked

1: Masked

BUCK2_FLTMSK

R/W

BUCK2 Power Fault Mask. When masked, power fault from BUCK2 does not
cause PMIC shutdown.

0: Not masked

1: Masked

BUCK1_FLTMSK

R/W

BUCK1 Power Fault Mask. When masked, power fault from BUCK1 does not
cause PMIC shutdown.

0: Not masked

1: Masked

62

Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TPS65094



https://www.ti.com/product/TPS65094
https://www.ti.com/lit/pdf/SWCS133
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SWCS133F&partnum=TPS65094
https://www.ti.com/product/tps65094?qgpn=tps65094

13 TEXAS
INSTRUMENTS

www.ti.com

TPS65094
SWCS133F — SEPTEMBER 2015 — REVISED JANUARY 2025

7.6.29 PWR_FAULT_MASK2: VR Power Fault Mask2 Register (offset = A3h) [reset = 0011 0111]

Figure 7-46. PWR_FAULT_MASK2 Register (offset = A3h) [reset = 0011 0111]

Bit 7 6 5 4 3 2 1 0

. V5ANA_ LDOAT_ VTT_ SWB1 2. SWB1 2 LDOA3_
Bit Name RESERVED | RESERVED FLTMSK FLTMSK FLTMSK FLTMSK[1] FLTMSK[O] FLTMSK
TPS65094x 0 0 1 1 0 1 1 1
Access R RW RW RIW RIW RIW RIW RW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-39. PWR_FAULT_MASK2 Register Field Descriptions
Type

Bit |Field Reset Description

V5ANA Power Fault Mask. When masked, power fault from V5ANA does not
cause PMIC shutdown.

0: Not masked

1: Masked

LDOA1 Power Fault Mask. When masked, power fault from LDOA1 does not
cause PMIC shutdown.

0: Not masked

1: Masked

VTT LDO Power Fault Mask. When masked, power fault from VTT LDO does
not cause PMIC shutdown.

0: Not Masked

1: Masked

SWB1_2 Power Fault Mask. When masked, power fault from SWB1_2 does
not cause PMIC shutdown.

00: Not masked

11: Masked

01-10 = RESERVED

LDOAS3 Power Fault Mask. When masked, power fault from LDOA3 does not
cause PMIC shutdown.

0: Not masked

1: Masked

5 |V5ANA_FLTMSK R/W |1

4 LDOA1_FLTMSK R/W |1

3 |VTT_FLTMSK R/W |0

2-1 |SWB1_2_FLTMSK R/W |11

0 LDOA3_FLTMSK R/W |1

7.6.30 DISCHCNT4: Discharge Control4 Register (offset = ADh) [reset = 0110 0001]
Figure 7-47. DISCHCNT4 Register (offset = ADh) [reset = 0110 0001]

Bit 7 6 5 4 3 2 1 0

Bit Name RESERVED RESERVED RESERVED VTT_DIS RESERVED RESERVED RESERVED RESERVED
TPS65094x 0 1 1 0 0 0 0 1
Access R/W R/IW R/W R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-40. DISCHNT4 Register Field Descriptions

Bit |Field Type |Reset Description

VTT_LDO discharge resistance
4 VTT_DIS R/W |0 0 = No discharge

1=100Q
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7.6.31 LDOA1CTRL: LDOA1 Control Register (offset = AEh) [reset = OTP Dependent]
Figure 7-48. LDOA1CTRL Register (offset = AEh) [reset = OTP Dependent]

Bit 7 6 5 4 3 2 1 0

Bit Name LDOA1_DIS[1] | LDOA1_DIS[0] LDO&;N?:%N N| LDoA1_VID[3] | LDOA1_VID[2] | LDOA1 VID[1] | LDOA1 VID[O] | LDOA1_EN
TPS650940, 0 1 1 1 1 1 0 0
TPS650941,

TPS650942,

TPS650945 and

TPS650947

TPS650944 0 1 1 0 1 0 0 1
Access RIW RIW RIW RIW RIW RIW RW RW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-41. LDOA1CTRL Register Field Descriptions

Bit |Field Type Reset Description
LDOA1 discharge resistance
00: No discharge
7-6 |LDOA1_DIS[1:0] R/W 01 01: 100 Q
10: 200 Q
11: 500 Q
Control for Disabling LDOA1 during Emergency Shutdown
0: LDOAT1 turns off during Emergency Shutdown.
5 LDOA1_SDWN_CONFIG RIW ! 1: LDOA1 does not turn off during Emergency Shutdown as long as
LDOA1_EN = 1.
TPS650940,
TPS650941,
TPS650942,
. TPS650945 This field sets the LDOA3 regulator output regulation voltage in normal
4-1 |LDOAT_VID[3:0] RWjand mode. Default = OTP Dependent. See Table 7-5 for full detail
TPS650947: ode. Default = ependent. See Table or full details.
1110 (3.3 V)
TPS650944:
0100 (1.8V)
TPS650940,
TPS650941,
TPS650942, LDOA1 Enable Bit.
0 LDOA1_EN R/W TPS650945 0: Disable
and 1: Enable
TPS650947: 0
TPS650944: 1

7.6.32 PG_STATUS1: Power Good Status1 Register (offset = BOh) [reset = 0000 0000]
Figure 7-49. PG_STATUS1 Register (offset = BOh) [reset = 0000 0000]

Bit 7 6 5 4 3 2 1 0
. LDOAZ_ BUCK6_ BUCKS5_ BUCK4_ BUCK3_ BUCK2 BUCK1_
Bit Name PGOOD RESERVED PGOOD PGOOD PGOOD PGOOD _PGOOD PGOOD
TPS65094x 0 0 0 0 0 0 0 0
Access R R R R R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-42. PG_STATUS1 Register Field Descriptions

Bit |Field Type |Reset Description
LDOA2 Power Good status.

7 LDOA2_PGOOD R 0 0: The output is not in target regulation range.
1: The output is in target regulation range.
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Table 7-42. PG_STATUS1 Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

BUCK6_PGOOD

R

BUCK6 Power Good status.
0: The output is not in target regulation range.
1: The output is in target regulation range.

BUCK5_PGOOD

BUCKS5 Power Good status.
0: The output is not in target regulation range.
1: The output is in target regulation range.

BUCK4_PGOOD

BUCK4 Power Good status.
0: The output is not in target regulation range.
1: The output is in target regulation range.

BUCK3_PGOOD

BUCKS Power Good status.
0: The output is not in target regulation range.
1: The output is in target regulation range.

BUCK2_PGOOD

BUCK2 Power Good status.
0: The output is not in target regulation range.
1: The output is in target regulation range.

BUCK1_PGOOD

BUCK1 Power Good status.
0: The output is not in target regulation range.
1: The output is in target regulation range.

7.6.33 PG_STATUS2: Power Good Status2 Register (offset = B1h) [reset = 0000 0000]
Figure 7-50. PG_STATUS2 Register (offset = B1h) [reset = 0000 0000]

Bit 7 6 5 4 3 2 1 0
. LDO5_ LDOA1_ VTT_ LDOA3_
Bit Name RESERVED RESERVED PGOOD PGOOD PGOOD RESERVED RESERVED PGOOD
TPS65094x 0 0 0 0 0 0 0 0
Access R R R R R R R R
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 7-43. PG_STATUS2 Register Field Descriptions
Bit |Field Type |Reset Description
LDO5 Power Good status.
5 LDO5_PGOOD R 0 0: The output is not in target regulation range.
1: The output is in target regulation range.
LDOA1 Power Good status.
4 LDOA1_PGOOD R 0 0: The output is not in target regulation range.
1: The output is in target regulation range.
VTT LDO Power Good status.
3 VTT_PGOOD R 0 0: The output is not in target regulation range.
1: The output is in target regulation range.
LDOA3 Power Good status.
0 LDOA3_PGOOD R 0 0: The output is not in target regulation range.
1: The output is in target regulation range.
7.6.33.1 PWR_FAULT_STATUS1: Power Fault Status1 Register (offset = B2h) [reset = 0000 0000]
Figure 7-51. PWR_FAULT_STATUS1 Register (offset = B2h) [reset = 0000 0000]
Bit 7 6 5 4 3 2 1 0
. LDOA2_ BUCK6_ BUCK5_ BUCK4_ BUCK3_ BUCK2_ BUCK1_
Bit Name PWRFLT RESERVED PWRFLT PWRFLT PWRFLT PWRFLT PWRFLT PWRFLT
TPS65094x 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Copyright © 2025 Texas Instruments Incorporated

Submit Document Feedback 65

Product Folder Links: TPS65094


https://www.ti.com
https://www.ti.com/product/TPS65094
https://www.ti.com/lit/pdf/SWCS133
https://www.ti.com/feedbackform/techdocfeedback?litnum=SWCS133F&partnum=TPS65094
https://www.ti.com/product/tps65094?qgpn=tps65094

TPS65094
SWCS133F — SEPTEMBER 2015 — REVISED JANUARY 2025

13 TEXAS
INSTRUMENTS

www.ti.com

Table 7-44. PWR_FAULT_STATUS1 Register Field Descriptions

Bit |Field

Type

Reset

Description

7 LDOA2_PWRFLT

R

This fields indicates that LDOAZ2 has lost regulation.
0: No Fault.
1: Power fault has occurred. The host to write 1 to clear.

5 BUCK6_PWRFLT

This fields indicates that BUCK6 has lost regulation.
0: No Fault.
1: Power fault has occurred. The host to write 1 to clear.

4 BUCKS5_PWRFLT

This fields indicates that BUCKS5 has lost regulation.
0: No Fault.
1: Power fault has occurred. The host to write 1 to clear.

3 BUCK4_PWRFLT

This fields indicates that BUCK4 has lost regulation.
0: No Fault.
1: Power fault has occurred. The host to write 1 to clear.

2 BUCK3_PWRFLT

This fields indicates that BUCK3 has lost regulation.
0: No Fault.
1: Power fault has occurred. The host to write 1 to clear.

1 BUCK2_PWRFLT

This fields indicates that BUCK2 has lost regulation.
0: No Fault.
1: Power fault has occurred. The host to write 1 to clear.

0 BUCK1_PWRFLT

This fields indicates that BUCK1 has lost regulation.
0: No Fault.
1: Power fault has occurred. The host to write 1 to clear.

7.6.33.2 PWR_FAULT_STATUS2: Power Fault Status2 Register (offset = B3h) [reset = 0000 0000]
Figure 7-52. PWR_FAULT_STATUS2 Register (offset = B3h) [reset = 0000 0000]

Bit 7 6 5 4 3 2 1 0

. LDOA1_ VTT_ LDOA3_
Bit Name RESERVED RESERVED RESERVED PWRFLT PWRFLT RESERVED RESERVED PWRFLT
TPS65094x 0 0 0 0 0 0 0
Access R R R/IW R/W R/W R/W R/W R/IW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-45. PWR_FAULT_STATUS2 Register Field Descriptions

Bit |Field

Type

Reset

Description

4 LDOA1_PWRFLT

R/W

This fields indicates that LDOA1 has lost regulation.
0: No Fault.
1: Power fault has occurred. The host to write 1 to clear.

3 VTT_PWRFLT

R/wW

This fields indicates that VTT LDO has lost regulation.
0: No Fault.
1: Power fault has occurred. The host to write 1 to clear.

0 LDOA3_PWRFLT

R/wW

This fields indicates that LDOAS3 has lost regulation.
0: No Fault.
1: Power fault has occurred. The host to write 1 to clear.
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7.6.34 TEMPHOT: Temperature Hot Status Register (offset = B5h) [reset = 0000 0000]

Asserted when an internal temperature sensor detects rise of die temperature above the HOT temperature
threshold (ThoT). There are five temperature sensors across the die.

Figure 7-53. TEMPHOT Register (offset = B5h) [reset = 0000 0000]

Bit 7 6 5 4 3 2 1 0

. TOP-RIGHT TOP-LEFT BOTTOM-
Bit Name RESERVED RESERVED RESERVED DIE_HOT VTT_HOT HOT HOT RIGHT_HOT
TPS65094x 0 0 0 0 0 0 0
Access R R R R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7-46. TEMPHOT Register Field Descriptions

Bit

Field

Type

Reset

Description

DIE_HOT

R/W

Temperature of rest of die has exceeded TyorT.
0: Not asserted.
1: Asserted. The host to write 1 to clear.

VTT_HOT

R/W

Temperature of VTT LDO has exceeded TyoT-
0: Not asserted.
1: Asserted. The host to write 1 to clear.

TOP-RIGHT_HOT

R/W

Temperature of die top-right has exceeded Tygt. Top-right corner of die from
top view given pin 1 is in top-left corner.

0: Not asserted.

1: Asserted. The host to write 1 to clear.

TOP-LEFT_HOT

R/wW

Temperature of die top-left has exceeded Tyot. Top-left corner of die from top
view given pin 1 is in top-left corner.

0: Not asserted.

1: Asserted. The host to write 1 to clear.

BOTTOM-RIGHT_HOT

R/wW

Temperature of die bottom-right has exceeded Tot1. Bottom-right corner of die
from top view given pin 1 is in top-left corner.

0: Not asserted.

1: Asserted. The host to write 1 to clear.
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design

implementation to confirm system functionality.

8.1 Typical Application

For a detailed description about application usage, refer to the TPS65094x Design Guide and to the TPS65094x
Schematic Checklist, Layout Checklist, and ILIM Calculator Tool . The TPS65094x can be used in several
different applications from computing, industrial interfacing, and much more. This section describes the general
application information and provides a more detailed description on the TPS65094x device that powers the Intel
Apollo Lake system. The functional block diagram for the device is shown in Figure 8-1, which outlines the
typical external components necessary for proper device functionality.
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Figure 8-1. Functional Block Diagram
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8.1.1 Design Requirements

The TPS65094x device requires decoupling capacitors on the supply pins. Follow the values for recommended
capacitance on these supplies given in the Specifications section. The controllers, converter, LDOs, and some
other features can be adjusted to meet specific application requirements. Section 8.1.2, Detailed Design
Procedure, describes how to design and adjust the external components to achieve desired performance.

8.1.2 Detailed Design Procedure
8.1.2.1 Controller Design Procedure

Designing the controller can be divided into the following steps:

1. Design the output filter.

2. Select the FETs.

3. Select the bootstrap capacitor.
4. Select the input capacitors.

5. Set the current limits.

Figure 8-2 shows a diagram of the controller. Controllers BUCK1, BUCK2, and BUCKG6 require a 5-V supply
and capacitors at their corresponding DRV5V_x_x pins. For most applications, the DRV5V_x_x input must come
from the LDO5PO pin to ensure uninterrupted supply voltage; a 2.2-uyF, X5R, 20%, 10-V, or similar capacitor

must be used for decoupling.
BOOT1
LDO5V

T[] DRV5V_x_x T Lour Vour
SWx Y

. s
— Cour
1

VSYS

DRVHx |

A\ 4

Controller

14T,

DRVLx

PGNDSNSx

[ Control
]from SOC :;

FBVOUTx :;

RiLm
<]—/\/v\,—[] ILIMx <FBGND2>("
PowerPAD™
1
Copyright © 2017, Texas Instruments Incorporated

Figure 8-2. Controller Diagram
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8.1.2.1.1 Selecting the Output Capacitors

Tl recommends using ceramic capacitors with low ESR values to provide the lowest output voltage ripple. The
output capacitor requires either an X7R or an X5R dielectric. Capacitors with Y5V or Z5U dielectrics display a
wide variation in capacitance over temperature and become resistive at high frequencies.

At light load currents, the controller operates in PFM mode, and the output voltage ripple is dependent on the
output-capacitor value and the PFM peak inductor current. Higher output-capacitor values minimize the voltage
ripple in PFM mode. To achieve specified regulation performance and low output voltage ripple, the DC-bias
characteristic of ceramic capacitors must be considered. The effective capacitance of ceramic capacitors drops
with increasing DC bias voltage.

For the output capacitors of the BUCK controllers, Tl recommends placing small ceramic capacitors between the
inductor and load with many vias to the PGND plane. This solution typically provides the smallest and lowest
cost solution available for DCAP2 controllers.

To meet the transient specifications, the output capacitance must equal or exceed the minimum capacitance
listed in the electrical characteristics table for BUCK1, BUCK2, and BUCKG6 (assuming quality layout techniques
are followed). See Section 6.7, Electrical Characteristics: Buck Controllers.

8.1.2.1.2 Selecting the Inductor

An inductor must be placed between the external FETs and the output capacitors. Together, the inductor and
output capacitors make the double-pole that contributes to stability. In addition, the inductor is responsible
for the output ripple, efficiency, and transient performance. When the inductance increases, the ripple current
decreases, which typically results in an increased efficiency. However, with an increase in inductance, the
transient performance decreases. Finally, the inductor selected must be rated for appropriate saturation current,
core losses, and DC resistance (DCR).

Equation 3 shows the calculation for the recommended inductance for the controller.

L~ Vour x(Yin ~ Vour)
Vin % fsw * loutmax) * Kino 3)

where

*  Vgur is the typical output voltage.

* V\\ is the typical input voltage.

» fgw is the typical switching frequency.

* loutmax) is the maximum load current.

*  Kinp is the ratio of I ipple to the loyTuax). For this application, TI recommends that Kiyp is set to a value from
0.2t0 0.4.

With the chosen inductance value and the peak current for the inductor in steady state operation, I max) can be
calculated using Equation 4. The rated saturation current of the inductor must be higher than the I \uax) current.

I —I , Min=Vour) x Vour
LIMAX) = OUTIMAX) 2« Wiy x Ty X L

(4)
Following the previous equations, Table 8-1 lists the preferred inductor selected for the controllers..
Table 8-1. Recommended Inductors
MANUFACTURER PART NUMBER VALUE SIZE HEIGHT
Cyntec PIMB061H 0.47 pH 6.8 mm x 7.3 mm 1.8 mm
Cyntec PIMB062D 0.22 yH 6.8 mm x 7.3 mm 2.4 mm
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8.1.2.1.3 Selecting the FETs

This controller is designed to drive two NMOS FETs. Typically, lower Rpgon Values are better for improving the
overall efficiency of the controller. However, higher gate-charge thresholds result in lower efficiency, so the two
must be balanced for optimal performance. As the Rpgon for the low-side FET decreases, the minimum current
limit increases; therefore, ensure selection of the appropriate values for the FETs, inductor, output capacitors,
and current-limit resistor. Tl's CSD87331Q3D, CSD87381P, and CSD87588N devices are recommended for the
controllers, depending on the required maximum current.

8.1.2.1.4 Bootstrap Capacitor

To ensure the internal high-side gate drivers are supplied with a stable low-noise supply voltage, a capacitor
must be connected between the SWx pins and the respective BOOTx pins. Tl recommends placing ceramic
capacitors with the value of 0.1 pF for the controllers. During testing, a 0.1-uF, size 0402, 10-V capacitor is used
for the controllers.

Tl recommends reserving a small resistor in series with the bootstrap capacitor in case the turnon and turnoff of
the FETs must be slowed to reduce voltage ringing on the switch node, which is a common practice for controller
design.

8.1.2.1.5 Selecting the Input Capacitors

Due to the nature of the switching controller with a pulsating input current, a low-ESR input capacitor is required
for best input-voltage filtering and also for minimizing the interference with other circuits caused by high input-
voltage spikes. For the controller, a typical 2.2-uF capacitor can be used for the DRV5V_x_x pin to handle the
transients on the driver. For the FET input, 10 uF of input capacitance (after derating) is recommended for most
applications. To achieve the low-ESR requirement, a ceramic capacitor is recommended. However, the voltage
rating and DC-bias characteristic of ceramic capacitors must be considered. For better input-voltage filtering, the
input capacitor can be increased without any limit.

8.1.2.1.5.1 Setting the Current Limit

The current-limiting resistor value must be chosen based on Equation 1.

Note

Use the correct value for the ceramic capacitor capacitance after derating to achieve the
recommended input capacitance.

Tl recommends placing a ceramic capacitor as close as possible to the FET across the respective VSYS and
PGND pins of the FETs. The preferred capacitors for the controllers are two Murata GRM21BR61E226ME44: 22
uF, 0805, 25V, £20%, or similar capacitors.
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8.1.2.2 Converter Design Procedure
Designing the converter has only the following two steps:

1. Design the output filter.
2. Select the input capacitors.

The converter must be supplied by a 5-V source. Figure 8-3 shows a diagram of the converter.

VIN_BUCK345_ANA _ L PVINx l LXx l Lour . Vour
I Lt hd z IJ_) »
CIN _

FBx

: Converter g

Y
1

] Control from SOC

uavdiemod

-
-

Copyright © 2017, Texas Instruments Incorporated

Figure 8-3. Converter Diagram
8.1.2.2.1 Selecting the Inductor

An inductor must be placed between the external FETs and the output capacitors. Together, the inductor and
output capacitors form a double-pole in the control loop that contributes to stability. In addition, the inductor
is responsible for the output ripple, efficiency, and transient performance. When the inductance increases,
the ripple current decreases, which typically results in an increase in efficiency. However, with an increase in
inductance, the transient performance decreases. Finally, the inductor selected must be rated for appropriate
saturation current, core losses, and DCR.

Note

Internal parameters for the converters are optimized for a 0.47-uH inductor; however, it is possible to
use other inductor values as long as they are chosen carefully and thoroughly tested.

Equation 5 shows the calculation for the recommended inductance for the converter.

L~ Vour x(Vin — Vour)
ViN % fow % IOUT(MAX) x Kinp (5)

where

*  Vpur is the typical output voltage.

* V\vis the typical input voltage.

« fsw is the typical switching frequency.
° IOUT(MAX) is the maximum load current.

*  Kinp is the ratio of I ippie to the loyT(max)- For this application, TI recommends that Kiyp is set to a value from
0.2t 0.4.
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With the chosen inductance value and the peak current for the inductor in steady state operation, I \uax) can be
calculated using Equation 6. The rated saturation current of the inductor must be higher than the I, (yax) current.

I —I . Min—=Vour) x Vour
L(MAX) = louT(MAX) 2x Vg x fgy xL
W

(6)

Following these equations, Table 8-2 lists the preferred inductor selected for the converters.

Table 8-2. Recommended Inductors
MANUFACTURER PART NUMBER VALUE SIZE HEIGHT
Cyntec PIFE32251B-R47MS 0.47 pH 3.2mm x 2.5 mm 1.2 mm

8.1.2.2.2 Selecting the Output Capacitors

Tl recommends using ceramic capacitors with low-ESR values are recommended to provide the lowest output
voltage ripple. The output capacitor requires either an X7R or an X5R rating. Y5V and Z5U capacitors, aside
from the wide variation in capacitance overtemperature, become resistive at high frequencies.

At light load currents, the converter operates in PFM mode and the output voltage ripple is dependent on the
output-capacitor value and the PFM peak inductor current. Higher output-capacitor values minimize the voltage
ripple in PFM mode. To achieve specified regulation performance and low output voltage ripple, the DC-bias
characteristic of ceramic capacitors must be considered. The effective capacitance of ceramic capacitors drops
with increasing DC-bias voltage.

For the output capacitors of the BUCK converters, Tl recommends placing small ceramic capacitors between
the inductor and load with many vias to the PGND plane. This solution typically provides the smallest and
lowest-cost solution available for DCAP2 controllers.

To meet the transient specifications, the output capacitance must equal or exceed the minimum capacitance
listed for BUCK3, BUCK4, and BUCKS5 (assuming quality layout techniques are followed).

8.1.2.2.3 Selecting the Input Capacitors

Due to the nature of the switching converter with a pulsating input current, a low-ESR input capacitor is required
for best input-voltage filtering and for minimizing the interference with other circuits caused by high input-voltage
spikes. For the PVINXx pin, 2.5 yF of input capacitance (after derating) is required for most applications. A
ceramic capacitor is recommended to achieve the low-ESR requirement. However, the voltage rating and
DC-bias characteristic of ceramic capacitors must be considered. For better input-voltage filtering, the input
capacitor can be increased without any limit.

Note

Use the correct value for the ceramic capacitor capacitance after derating to achieve the
recommended input capacitance.

The preferred capacitor for the converters is one Samsung CLO5A106MP5NUNC: 10 uF, 0402, 10 V, +20%, or
similar capacitor.

8.1.2.3 LDO Design Procedure

The VTT LDO must handle the fast load transients from the DDR memory for termination. Therefore, TI
recommends using ceramic capacitors to maintain a high amount of capacitance with low ESR on the VTT
LDO outputs and inputs. The preferred output capacitors for the VTT LDO are the GRM188R60J226MEAOQ from
Murata (22 pF, 0603, 6.3 V, £20%, or similar capacitors). The preferred input capacitor for the VTT LDO is the
CLO5A106MP5NUNC from Samsung (10 pF, 0402, 10 V, £20%, or similar capacitor).

The remaining LDOs must have input and output capacitors chosen based on the values in Section 6.9,
Electrical Characteristics: LDOs.
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8.1.3 Application Curves

Ch1 ‘ 50.0mY By 1 20.0ps SO0NMS/s Z,DI’ISR‘JK b};i 50.0rY By W20 D|.|$5DDMS.i3 : ‘Z.Iﬂn‘sipt o
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Figure 8-4. BUCK2 Controller Load Transient Figure 8-5. BUCK3 Converter Load Transient
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Figure 8-6. BUCK2 Controller Start-Up Figure 8-7. BUCK3 Converter Start-Up
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8.2 Specific Application for TPS650944

For the TPS650944 device, if register reset is desired when the PMICEN pin is pulled low, an alternate reset
condition can be used. There are two simple options. The first option is to write 1 to the SDWN bit in the
FORCESHUTDN register (see Section 7.6.18, FORCESHUTDN: Force Emergency Shutdown Control Register)
to force power rails to turn off and reset all registers. The second option is to use the falling edge detection
of the THERMTRIPB pin to trigger the device reset. In this case, when the PMICEN pin is pulled low, the
THERMTRIPB pin on PMIC must be pulled low simultaneously, which can be done in several ways. One
approach is to connect a low-voltage Schottky diode between the PMICEN and THERMTRIPB pins. Because
the THERMTRIPB SoC pin is push-pull configured, a second diode is needed to prevent shorting the SoC pin to
GND. An example can be seen in Figure 8-8. Both diodes must have a forward voltage below PMIC V, (0.4 V)
at the appropriate current. Another approach is to route the THERMTRIPB signal from SoC through the EC and
tie PMICEN and THERMTRIPB together at the PMIC.

EC PMICEN

LDOA1

10 kQ T PMIC

SoC THERMTRIPB

Not applicable if LDOA1 is not configured to "Always On"
Figure 8-8. PMICEN and THERMTRIPB Connection Option for LDOA1 "Always On" Spins

For the TPS650944 device, if both the PVINSWA1 and PVINSWB1_B2 pins are tied to 2.5 V, LDOA2 and
LDOAS3 turns on if all VRs and load switches are enabled and have released their Power Good signals. To avoid
LDOA2 and LDOAS turning on unexpectedly, TI recommends using voltages other than 2.5 V on both SWA1 and
SWB1_2.

8.3 Dos and Don'ts

» Connect the LDO5V output to the DRV5V_x_x inputs for situations where an external 5-V supply is not
initially available or is not available the entire time PMIC is on. If the external 5-V supply is always present,
then DRV5V_x_x can be directly connected to remove the V5ANA-to-LDO5PO0 load switch Rpgon-

» Ensure that none of the control pins are potentially floating.

* Include 0-Q resistors on the DRVH and BOOT pins of controllers on prototype boards, which allows for
slowing the controllers if the system is unable to handle the noise generated by the large switching or if
switching voltage is too large due to layout.

» Do not connect the V5ANA power input to a different source other than PVINx. A mismatch here causes
reference circuits to regulate incorrectly.

* Do not supply the V5ANA power input before the VSYS. Reference biasing of the internal FETs may turn on
the HS FET and pass the input to the output until VSYS is biased.

8.4 Power Supply Recommendations

This device is designed to work with several different input voltages. The minimum voltage on the VSYS pin is
5.6 V for the device to start up; however, this is a low-power rail. The input to the FETs must be from 5.4 V to 21
V as long as the proper BOM choices are made. Input to the converters must be

5 V. For the device to output maximum power, the input power must be sufficient. For the controllers, VIN must
be able to supply up to 5 A (typically), though less is acceptable with higher voltages or less usage. For the
converters, PVINx must be able to supply 2 A (typically).

A best practice here is to determine power usage by the system and back-calculate the necessary power input
based on expected efficiency values.
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8.5 Layout

8.5.1 Layout Guidelines

For a detailed description regarding layout recommendations, refer to the TPS65094x Design Guide and to the
TPS65094x Schematic Checklist, Layout Checklist, and ILIM Calculator Tool . For all switching power supplies,
the layout is an important step in the design, especially at high peak currents and high switching frequencies.
If the layout is not carefully done, the regulator can have stability problems and EMI issues. Therefore, use
wide and short traces for the main current path and for the power ground tracks. The input capacitors, output
capacitors, and inductors must be placed as close as possible to the device. Use a common-ground node for
power ground and use a different, isolated node for control ground to minimize the effects of ground noise.
Connect these ground nodes close to the AGND pin by one or two vias. Use of the design guide is highly
encouraged in addition to the following list of other basic requirements:

* Do not allow the AGND, PGNDSNSx, or FBGND2 to connect to the thermal pad on the top layer.

» To ensure proper sensing based on FET Rpson, PGNDSNSx must not connect to PGND until very close to
the PGND pin of the FET.

» All inductors, input/output capacitors, and FETs for the converters and controller must be on the same board
layer as the device.

» To achieve the best regulation performance, place feedback connection points near the output capacitors and
minimize the control feedback loop as much as possible.

» Bootstrap capacitors must be placed close to the device.

* The input and output capacitors of the internal reference regulators must be placed close to the device pins.

* Route DRVHx and SWx as a differential pair. Ensure that there is a PGND path routed in parallel with DRVLX,
which provides optimal driver loops.

8.5.2 Layout Example
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Figure 8-9. EVM Layout Example With All Components on the Top Layer
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9 Device and Documentation Support
9.1 Device Support
9.1.1 Development Support

See the following for development support:
TPS65094x Schematic Checklist, Layout Checklist, and ILIM Calculator Tool

9.2 Documentation Support
9.2.1 Related Documentation

For related documentation see the following:

* TPS65094x Design Guide
 TPS65094x Evaluation Module

9.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications to register and receive a weekly digest of any product information that has changed. For change
details, review the revision history included in any revised document.

9.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

9.5 Trademarks

D-CAP2™ and D-CAP™ are trademarks of TI.

Ultrabook™ and Intel™ are trademarks of Intel Corporation.
NXP™ is a trademark of NXP Semiconductors.

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
9.6 Electrostatic Discharge Caution

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

‘Si. \ 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.

9.7 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

10 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision E (October 2024) to Revision F (January 2025) Page
* Changed minimum storage temperature from —40 °C 10 =55 “C......ociiiiiiiiii et 8
Changes from Revision D (May 2019) to Revision E (October 2024) Page
» Updated the numbering format for tables, figures, and cross-references throughout the document................. 1
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» Updated revision history dates to reflect actual past releases............coooii e 1
» Updated the first page content to the latest technical and formatting standards...............ccccccoiiiiiie 1
* Added note about Forced PWM Mode to Summary of TPS65094x OTP Differences table............................... 3
Changes from Revision C (February 2019) to Revision D (May 2019) Page
* Added "TPS650947" column to Summary of TPS65094x OTP Differences table.............ccccccccoeiiiiiiiiiiiinnnnn. 3

* Changed TPS650945 DEVICEID register to "Dh" and TPS650944 DEVICEID register to "Ch" in Summary of
TPS65094x OTP DifferenCes tabIe. ...... ... o it e e e e e e e e e e e e e e s e ennnneeeeeeeeeas 3

*  Added TPS650947 Settings to SECHON 7.6 ......coiiiiiiiii e e e e snre e e e 47
Changes from Revision B (February 2017) to Revision C (February 2019) Page
* Added "BUCK3-5 Mode" row and "TPS650945" column to Summary of TPS65094x OTP Differences table...3

Changed VSYS to PVIN in the efficiency graphs for BUCK3, BUCK4, and BUCKS5 in the Typical

(O] 1= = Tor (= 4 531 o<1 o 1o o S 23
Added to the description of the deassertion condition that causes an emergency shutdown in the Emergency
N 17 o [0 7 I =Y 1o ) o PP 42
Added TPS650945 settings 10 SECHON 7.6 ....coooiiiiiiiii e 47
Changed OCP event to power fault event in the OCP bit description in the OFFONSRC Register Field
DESCHIPLIONS TADIE....... ettt e ettt e e e e bttt e e e e e a b e e e e e e e b bee e e e e abee e e e e aanraeeeeen 49
Changed second reference of TPS650940 to TPS650944 for the bit reset values in the LDOA2VID Register
Field Descriptions and LDOA3VID Register Field Descriptions tables.............cocooviiiiiiiiiiiiee e 57

Changed the bit values of the LDOA3_SLPVID[0] and LDOA3_VID[0] bits in the LDOA3VID Register figure 57

Changes from Revision A (June 2016) to Revision B (February 2017) Page
» Changed Features to show currents described are not device limits............cccccviiiiiiiiie e, 1
* Changed the values for LX3, LX4, LX5 from -1V and 7 V to —2 V and 8 V in the Absolute Maximum Ratings
16= o] LTRSS UPUUPUPRRRRR 8
» Changed the reset value of the LDOAZ2 VID register (LDOA2VID) to OTP dependent............ccccveevveeeeeiiinnns 57
Changes from Revision * (August 2015) to Revision A (June 2016) Page
* Released full data sheet as SWCS133A version from SWCS130B VErsioN.........ccccueieeeiiiiieeeeeiiiiee e enieeee e 1
* Changed device status 10 PROD _DATA . ......ccoo ittt e e e e e e e e e e e e e e e e e e e e s ssssanrrareereaaaaaeaeas 1
* Changed V| recommended MINIMUIM ...t e e e e e e e s e s e e eeaeeeeesaassnsasraeeeeeaaaesessanannns 1
» Changed Features to improve description of CONVEMErS ...........cooiiiiiiiiiiiiie e 1
» Changed Features to up to 400 mA of output current for load switches............ccccveiiiiiiiiiiiii s 1
* Changed PROCHOTB to PROCHOT throughout the document..............coooiiiiiiiiiiiie e, 4
* Changed minimum absolute-maximum-rating value for SW1, SW2, and SW6 in Section 6.1 .............cceeeene... 8
» Deleted nominal value from PVINVTT in Section 6.3, Recommended Operating Conditions ............ccc............ 8
* Deleted (nu = SymbOol fOr €ffICIENCY) ......ueeiiiiiiiii e e e e e e e e e e e e aeee s 10
» Changed BUCK1 DC output voltage step size to show full range and be consistent in Section 6.7 ............... 10
» Changed typo to match correct default of 1 V for AVoyt TR iN S€Ction 6.7 ..oooevieeiiiiieeee e 10
+ Changed BUCK2 DC output voltage to show full range and be consistent in Section 6.7 .............cccoeceveennnn. 10
» Changed set condition for BUCK®6 for Voyt range in Section 6.7 to match BUCK1 and BUCK2 ................... 10
» Updated formatting and added new OTP information for BUCKG in Section 6.7 ...........cccvveeeeeeveeeeiiiccciiiene, 10
» Updated formatting for BUCK3 DC output voltage in Section 6.8 ...........cc.eeeieiiieeeiiiiieeee e 14
» Changed DC output voltage formatting for BUCK4 in Section 6.8 ..........cceveiiiiieeeiiiiiee e 14
* Changed maximum Igyt value for BUCK4 in Section 6.8 to match device capabilities .........cc...ccceeeeunnnnneen. 14
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* Changed lgyt and AVgyt/Alpgyt for VTT LDO in Section 6.9 for new OTPS ... 17
» Changed test conditions for VTT LDO overcurrent protection in Section 6.9 ... 17
* Changed Section 6.10 to show SWB1_2 Rpgon is specified per output ... 20
* Changed fgyy values in Section 6.15 to provide MOre VAlUES ............ooiiiiiiiiiiiiiiiiee e 22
« Changed current to 1.9 A to match SoC requirements in Table 7-1 ... 25
+ Changed BUCK®G6, LDOA2, LDOAS typical output voltage range to: OTP Dependent in Table 7-1 ................. 25
« Changed table note to include additional DDR types in Table 7-1 ... 25
» Changed PMIC Functional Block Diagram to match specifications table ................oooooii e 26
* Changed PROCHOTB to PROCHOT in the Apollo Lake POWEr Map ............oooei oo 26
* Changed current ratings in Apollo Lake POWEr Map .............oocuueiiiiiiiiie et 26
* Deleted SWBx PG from PG of PCH_PWROK in Power Good SUMMAIY..........occueiiiiiiiieie e 28
* Deleted SWBx PG from PG of PCH_PWROK in Power Good SUMMAIY..........oocueiiiiiiiiieeeiiieee e 28
* Changed BUCK1-2 to all BUCKs and LDOAS in Section 7.3.3.3 ... 33
* Added Table 7-5 and Table 7-6 10 SECON 7.3.4.2 ... e 34
* Added more DDR values to the table note in Table 7-7 ... e 34
* Changed Section 7.3.5 to include LDOA1 and reset information.............ccciiiiiiiieee e, 35
* Changed Section 7.6 to include MUItIPIE DDRS.......ccoiiuiiiiiii e 35
» Changed Figure 7-7 and Figure 7-8 to include alternate SWB1_2 Timing.........ccccoiiiiiiiieiiiiieeeeee e, 36
* Changed SWB1_2 from: V3P3A t0: VAP8U in Table 7-10 ......coooiiiiiiiiiiiee e 36
* Changed VDDQ voltage to OTP Dependent and SWBx to SWB1_2 in Table 7-11 ... 39
» Updated Figure 7-10 to include alternate SWB1_2 TimiNg........ceeiiiiiiiaiiiiiiiiie e e e 40
* Changed Section 7.3.5.5 to include alternate SWB1_2 TiMiNg......cccoiiiiiiiiiiiiiie e 41
* Changed Section 7.3.5.6 to include THERMTRIPB .........coooiiiiiiii e 42
* Added the TPS65094x family OTP values t0 SECON 7.6 .......cuuiiiiiiiiiiii e 47
* Replaced VID values with link to full VID table in Table 7-18 and Table 7-19 ..., 50
* Updated naming of bits in the TEMPHOT FregiSter.........uuiiiiiii e 67

11 Mechanical, Packaging, and Orderable 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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PACKAGE OPTION ADDENDUM

23-May-2025

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TPS650940A0RSKR Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650940A0
PG1.0

TPS650940A0RSKR.A Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650940A0
PG1.0

TPS650940A0RSKT Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650940A0
PG1.0

TPS650940A0RSKT.A Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650940A0
PG1.0

TPS650941A0RSKR Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650941A0
PG1.0

TPS650941A0RSKR.A Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650941A0
PG1.0

TPS650941A0RSKT Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650941A0
PG1.0

TPS650941A0RSKT.A Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650941A0
PG1.0

TPS650942A0RSKR Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650942A0
PG1.0

TPS650942A0RSKR.A Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650942A0
PG1.0

TPS650942A0RSKT Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650942A0
PG1.0

TPS650942A0RSKT.A Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650942A0
PG1.0

TPS650944A0RSKR Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650944A0
PG1.0

TPS650944A0RSKR.A Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650944A0
PG1.0

TPS650944A0RSKT Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650944A0
PG1.0

TPS650944A0RSKT.A Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 T650944A0
PG1.0
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]
TPS650945A0RSKR Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650945A0
PG1.0
TPS650945A0RSKR.A Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650945A0
PG1.0
TPS650945A0RSKT Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650945A0
PG1.0
TPS650945A0RSKT.A Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650945A0
PG1.0
TPS650947A0RSKR Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650947A0
PG1.0
TPS650947A0RSKR.A Active Production VQFN (RSK) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650947A0
PG1.0
TPS650947A0RSKT Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650947A0
PG1.0
TPS650947A0RSKT.A Active Production VQFN (RSK) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 T650947A0
PG1.0

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, ROHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.
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Important Information and Disclaimer:The information provided on this page represents TI'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 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
A |<— KO 4 P1—p|
ole & olo & 0 o T
& © o|( o W
el |
L & Diameter ' '
Cavity +| A0 |¢
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O O O 0O 0 Sprocket Holes
| |
T T
Nt I )
A-—q-—4 t-—T--1
Q3 1 Q4 Q3 | User Direction of Feed
% |
T T
=
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS650940A0RSKR VQFN RSK 64 2000 330.0 16.4 8.3 8.3 1.1 12.0 | 16.0 Q2
TPS650940A0RSKT VQFN RSK 64 250 180.0 16.4 8.3 8.3 11 12.0 | 16.0 Q2
TPS650941A0RSKR VQFN RSK 64 2000 330.0 16.4 8.3 8.3 1.1 12.0 | 16.0 Q2
TPS650941A0RSKT VQFN RSK 64 250 180.0 16.4 8.3 8.3 1.1 12.0 | 16.0 Q2
TPS650942A0RSKR VQFN RSK 64 2000 330.0 16.4 8.3 8.3 1.1 12.0 | 16.0 Q2
TPS650942A0RSKT VQFN RSK 64 250 180.0 16.4 8.3 8.3 11 12.0 | 16.0 Q2
TPS650944A0RSKR VQFN RSK 64 2000 330.0 16.4 8.3 8.3 1.1 12.0 | 16.0 Q2
TPS650944A0RSKT VQFN RSK 64 250 180.0 16.4 8.3 8.3 1.1 12.0 | 16.0 Q2
TPS650945A0RSKR VQFN RSK 64 2000 330.0 16.4 8.3 8.3 1.1 12.0 | 16.0 Q2
TPS650945A0RSKT VQFN RSK 64 250 180.0 16.4 8.3 8.3 11 12.0 | 16.0 Q2
TPS650947A0RSKR VQFN RSK 64 2000 330.0 16.4 8.3 8.3 1.1 12.0 | 16.0 Q2
TPS650947A0RSKT VQFN RSK 64 250 180.0 16.4 8.3 8.3 1.1 12.0 | 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS650940A0RSKR VQFN RSK 64 2000 367.0 367.0 38.0
TPS650940A0RSKT VQFN RSK 64 250 210.0 185.0 35.0
TPS650941A0RSKR VQFN RSK 64 2000 367.0 367.0 38.0
TPS650941A0RSKT VQFN RSK 64 250 210.0 185.0 35.0
TPS650942A0RSKR VQFN RSK 64 2000 367.0 367.0 38.0
TPS650942A0RSKT VQFN RSK 64 250 210.0 185.0 35.0
TPS650944A0RSKR VQFN RSK 64 2000 367.0 367.0 38.0
TPS650944A0RSKT VQFN RSK 64 250 210.0 185.0 35.0
TPS650945A0RSKR VQFN RSK 64 2000 367.0 367.0 38.0
TPS650945A0RSKT VQFN RSK 64 250 210.0 185.0 35.0
TPS650947A0RSKR VQFN RSK 64 2000 367.0 367.0 38.0
TPS650947A0RSKT VQFN RSK 64 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RSK 64 VQFN - 1 mm max height

8 x 8, 0.4 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4231455/A

INSTRUMENTS
www.ti.com



MECHANICAL DATA

RSK (S—PVQFN—-N64) PLASTIC QUAD FLATPACK NO—LEAD
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NOTES: ~ A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5-1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.
E

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

wi3 TExas
INSTRUMENTS

www.ti.com



THERMAL PAD MECHANICAL DATA

RSK (S—PVQFN—N64) PLASTIC QUAD FLATPACK NO—LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or dlternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA27]. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

C 0,30 1 16
64\UyUUUUUUUUUUUUUUU

- 17

% Ef— Exposed Thermal Pad
5,70+0,10 § — -+ — é

= =M

AnannAnanAnNAnNaApn
48 33

¢—— 5,70£0,10 ——

Bottom View

Exposed Thermal Pad Dimensions

4208001-5/H 08/14

NOTE: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RSK (S—PVQFN—N64)

PLASTIC QUAD FLATPACK NO—-LEAD

Example Board Layout Example Stencil Design
0.100 Thick Stencil
(Note D)
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Via layout may vary depending
Example on layout constraints
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) '
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NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SCBAQ1Z, SLUA271, and dlso the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for any larger diameter vias placed in the thermal pad.
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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
Tl 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 © 2025, Texas Instruments Incorporated
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