Automated Battery hot swap configuration

The “[AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED).pjt” project file, is intended for use

Application Customization GUI.

The above project file incorporates the following configurations:

1. PortA (J2A on the EVM/Port 1 in the GUI) advertises two sink Power Data Objects (PDOs):

®1 Application Customization Tool
Project Binary Device Seftings Adapter Debug Documents Help
General Seftings  Port 1 Seflings  Port 2 Seftings ~ Clear DBfg on plug event (0x1)

GUI Build Version: 6.1.3

Configuration File Version: 6.1.3
Configuration Mode [AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED), version 6.1.3
[AUTQ Clear DBfg] TP 65988 EVM dual sink test (ADVANCED) pjt

USB 10 12C/SPI Adapter : FTDI

[Enter the Register/Field Search Text Here | [Transmit Sink Capabilities ( 0x33 )
Customer Use
Interrupt Mask for 12C1 .
Interrupt Mask for 12C2 Sink PDO Count
Global System Configuration Bit Posn Field Value ‘
Port Configuration § _
Port Control [0:2] Number of Sink PDOS 2 :]
Transmit Source Capabiliies.
Transmit Sink Capabilities Sink PDO 1
Autonegotiate Sink
Alternate Mode Entry Queue Bit Posn Field Value
PD3 Configuration Register [&:171 Operating Current ‘D,B A
Transmit Identity Data Object [1827] Voltage 5v
User Alternate Mode Config o
Display Port Capabllties [28:29] Peak Current [100% ]
110 Config [31:32] Fast Role Swap required USB Type-C Current [Fast Swap not Supported ~]
App Config Binary Data Indices 26] Higher Capabilty
12C Master Configuration
Aop configuration Register [38:39] Supply Type Fixed Sink
Sleep Control Register [232:241] Maximum Operating Current [3a
Tx Manufacturer Info SOP [242:251] Minimum Operating Current [o9a
Tx Source Capabilities Extended Data Block
Tx Battery Capabilities (2621 sk For Max
Tx Manufacturer Info SOP Prime
Raw View Sink PDO 2
Bit Posn Field Value
[40-49] Operating Current [aa
[50:59] Voltage [1zv 5
[60:61] Peak Current [100% -
[70.71] Supply Type [Fixed Sink -
[264:273] Maximum Operating Current ‘SA
[274:283] Minimum Operating Current [o9a
(2941 Ask For Max

Figure 1: PortA Sink capabilities

*Notel: For USB-PD compliance, a 5V PDO must always be offered.

*Note2: For this Proof Of Concept (PoC), PortA will simulate the nofio battery pack.




2. PortB (J2B on the EVM/Port 2 in the GUI) advertises a “Variable Sink” PDO of 12-20V:

B Application Customization Tocl - ) X
Project Binary Device Seftings Adapter Debug Documents Help
General Seftings ~ Port 1 Seftings ~ Port 2 Settings ~ Clear DBIg on plug event (0x1)

GUI Build Version: 6.1.3

Configuration File Version : 6.1.3
Configuration Mode [AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED), version 6.1.3
[AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED).pjt

USB fo 12C/SPI Adapter : FTDI
I ————— — — — —————

[Enter the Register/Field Search Text Here

[Transmit Sink Capabilities ( 0x33 )

Customer Use
Interrupt Mask for 12C1

Interrupt Mask for 12C2 Sink PDO Count

;8: gzg:“%"am” Bit Posn Field value ‘

Transmit Source Capabilities [02] Mumber of Sink PDOs 2 :

Transmit Sink Capabilities

Autonegotiate Sink Sink PDO 1

Altemate Mode Entry Queue

Transmit Identity Data Object Bit Posn Fiel Value

User Alternate Mode Config [8:17] Operating Current [o0a <

Display Port Capabilities 8:27] Voltage 5V

12C Master Configuration -

ApP configuration Register [28-29] Peak Current [100% ~]

Tx Manufacturer Info SOP [31:32] Fast Role Swap required USB Type-C Current [Fast Swap not supported |

Tx Source Capabilities Extended Data Block 126] Higher Capability

Tx Battery Capabilities

Tx Manufacturer Info SOP Prime [38:39] Supply Type Fited Sink

Raw View [232:241] Maximum Operating Current [3a E
[242:251] Minimum Operating Current |ﬂ 9A s
[262] sk For Max
Sink PDO 2

Bit Posn Field Value:

[40:49] Operating Current 3A 5
[50:59] Minimum Voltage 12V 5
[60:69] Maximum Voltage 20v S
[70-71] Supply Type [Variable Sink |
[264:273] Maximum Operating Current ‘SA 5
[274:283] Minimum Operating Current looa z
[294] Ask For Max

Figure 2:PortB Sink capabilities

*Note3: For this Proof Of Concept (PoC), PortB will simulate the user battery pack.




3. The TPS65988EVM device is configured as an Upward Facing Port (UFP) ONLY device and will
reject all requests for role swapping; TPS65988EVM power-paths PP1/2 (“PP1/2 Switch Config”
in the GUI), are configured as “Sink Only”. External power-paths PP3/4 are unused, and
therefore disabled.
To afford the controller simultaneous negotiation of multiple PDOs, the “Multiport Sink Policy

(0x27)_[96:97]” register is set to close both PP1&2.

Reverse Current Protection (RCP) will handle which VBUS is currently supplying the SYSPWR rail
on the EVM.

General Settings  Port 1 Settings.

Configuration Mode

Port 2 Settings

Clear DBfg on plug event (0x1)

GUI Build Version 1 6.1.3

Configuration File Version:6.1.3
[AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED), version 6.1.3
[AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED).pjt

USB to12C/SPI Adapter : FTDI

‘Emer the Register/Field Search Text Here

Customer Use

Interrupt Mask for 12C1
Interrupt Mask for 12C2
Global System Configuration
Port Configuration

Port Control

Transmit Source Capabilities
Transmit Sink Capabilities
Autonegotiate Sink

Alternate Mode Entry Queue
PD3 Configuration Register
Transmit Identity Data Object
User Alternate Mode Config
Display Port Capabilities

1/0 Config

App Config Binary Data Indices
12C Master Configuration
App configuration Register
Sleep Control Register

Tx Manufacturer Info SOP

T Battery Capabiliies

Raw View

Tx Manufacturer Info SOP Prime

Tx Source Capabilities Extended Data Block

| |Global System Configuration ( 0x27 )

Bit Posn
[0:1]
12:3]
[16:18]
[19:21]
[32:34]
[35:37)
[55]
[56]
[57]
[58]
[59]
[81]
[82]
[96-:97]
[105:106]
[98-09]
[100:101]
[102]
[103]
[107]
[108:110]
[111]

Field
PP Cable 1 Switch Config
PP Cable 2 Switch Config
PP 1 Switch Config
PP 2 Swifch Config
PP 3 Switch Config
PP 4 Switch Config
87 Emulation Mode
PP1 Switch to VBUS Map
PP2 Switch to VBUS Map
PP3 Swilch to VBUS Map
PP4 Switch to VBUS Map
12C1 Enable as Master
12C3 Enable as Master
Multiport Sink Policy
Sink Policy Non-overlap Time
Multiport Alternate Mode Policy
External Processor
Ice Lake Enable One UFP Palicy
Ice Lake Enable Simple Source Policy Manager
TBT Controller I2C Port
12C Timeout
SPI Read Only

Value

[PP Cable Switch as Output, Guaranteed 4.5-5.5V |
[PP Cable Switch as Output, Guaranteed 4.5-5.5V -
[PP Switch as Sink Only (input) |
[PP Switch as Sink Only (input) K|
[PP Switch Disabled |
[PP Switch Disabled |
O

[vBUSs 1 ]
[vBus 2 |
[vBus 1 |
[vBus 2 -]
O

O

[Both sink paths will close switch |
[1 msec |
[Both ports can enter the same alternaie mode ]
[Defaurt |
O

]

[l2c1 |
[1s -l
O

Figure 3: Port mapping & Role definition




4. For both PortA and PortB, the Over Voltage Protection (OVP) has been configured to disconnect
the offending VBUS if a value of 224VDC is sensed; For the event that a remaining connected
battery has a lower voltage PDO which is attempting to close onto a capacitively charged
SYSPWR of higher potential, setting the OVP in this way will prevent potential SYSPWR
interruptions.

' Application Customization Tool
Project Binary Device Seftings Adapter

Debug Documents  Help

General Settings ~ Port 1 Settings  Port 2 Settings ~ Clear DBIg on plug event (0x1)

Configuration Meode

GUI Build Version : 6.1.3

Configuration File Version : 6.1.3

[AUTO Clear DBfg] TP $65988 EVM dual sink test (ADVANCED), version 6.1.3

[AUTO Clear DBfg) TPS65988 EVM dual sink test (ADVANCED).pjt

USB to12C/SPI Adapter : FTDI

[Enter the Register/Field Search Text Here | Port Configuration (0x28 )
Customer Use
Interrupt Mask for 12C1
Bit Posn Field Value
Interrupt Mask for 12C2
Giobal System Configuration (0:1] Port Configuration [uep =
Port Configuration [2:5] Receptacle Type | stanaard fully-featured USB-C receptacle =
Port Control
5] Audio Aceessory Support
Transmit Source Capabiliies el Y Suppo g
Transmit Sink Capabilites 7] Debug Accessory Support 5]
Autonegotiate Sink [8:0] Type-C Supported Options [No Options |
Altermate Mode Entry Queue [11-12] ViConn Supported [VCONN supported as DFPIUFP (accept VCONN_Swap requests) -]
PD3 Configuration Register - =
Transmit igentity Data Object [13:14] USB3.0/3.1 Rate |usB3 Gen2 signaling rate supported ~|
User Altemnate Mode Config [16] SetUVP o 4.5V O
E‘Os'é'zr;“ Capabilities [17-19] Under-voltage Protection Trip Point, PP_5V [20% -]
i
App Config Binary Data Indices [20:22] Under-voltage Protection Usage, PP_HV [20% ~|
12C Master Configuration [23:28] Qver Voltage Protection Trip Point 24V =
3&2;?2333'?;273"5' [29:30] Over Voltage Protection Usage Disconnect VBUS if voltage exceeds OVPTripPoint -
; =
Tx Manufacturer Info SOP [31] High Voltage Wamning Level Warning when source VBUS voltage exceeds 10% from nominal =]
Tx Source Capabiliies Extended Data Block 132) Low Voltage Warning Level [Warning when source VBUS Voltage dips below 10% from nominal ~]
Tx Battery Capablities ; =
T e S0 Prime [33:34] Soft Start Skew Rate [0:21 Vims typical =]
Raw View 36] Set UVP Debounce 0 |
[40:47] Programmable Voltage Threshold ov :
[48:55] Programmable Power Threshold ow :

Figure 4: OVP Config




5. The TPS65988 USB-PD controller can be supplied from either an external 3V3 LDO, or from
either VBUS-A/B. When the controller boots with VBUS supply only, the “DBfg” (Dead Battery
Flag) system flag is set, indicating normal supply is unavailable. This carries several implications,
one of which directly impedes the case for a battery hot-swap function.

o Asanexample.
= With no external supply present on SYSPWR, a battery is plugged into PortA,
consequently the controller will be supplied from VBUS-A and set “DBfg” high.
= Asecond battery is then plugged into PortB. Now a second controller supply is
available on VBUS-B (unused).
= [f the battery in PortA is then removed, no mechanism exists for the TPS65988
controller to swap its supply from VBUS-A to VBUS-B without power cycling.
= The solution to this problem (within the context of this battery hot-swap
functionality) is to clear the “DBfg”, forcing the controller to swap source
supplies to the 3V3 LDO.
With RCP gating SYSPWR (which feeds the 3V3 LDO), if two batteries are
plugged and one is removed, the RCP closes the remaining VBUS supply back
onto SYSPWR and the 3V3 LDO is sustained.
To achieve this autonomously, the TPS65988 features event triggered interrupts which can be
multiplexed to high/low output transitions of GPIO pins. These are then physically shorted to
separate GPIO pin inputs, and tied (in software) to GUI “Configuration Sets”:

& Application Customization Tool - [} X
Project Binary Device Settings Adapter Debug Documents Help
General Settings ~ Port 1 Settings ~ Port 2 Settings ~ Clear DBfg on plug event (0x1)

GUI Build Version:6.1.3

Configuration File Version - 6.1.3
Configuration Mode Configuration File Supported Device : [AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED)
Configuration File Name: [AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED).pjt

USB to12C/SPI Adapter : TIVA
I ——————

Firmware Base Image
Change File| TPS65987_88_F707_10_10.bin

Firmware Version: f707.10.10
Allocated Application Configuration Size : 0X600 (1536 bytes)
Used Application Configuration Size . 0x26c (620 bytes)

System Settings

‘ Customer Version XID ‘

[ox0 :Joxo |
Device Initialization Chain
Number of Connected Devices. |1 + Share Seftings Across All Devices:
Device Ports. Addressing
Partt (080) Port1 12C1: 0x20
12C_ADDR Port1 12C2: 0x38
Device 1
0 (R1/R2 = 0.00-0.18) + Pori2 12C1: 0x24
Port2 (0x4)
Port2 12C2: 0x37
Configuration Data Sets
Number of Configuration Sets:
Configuration Set (Virtual) Pin Strap Setting

Virtual Address
1 -

Clear DBfg on plug event

Figure 5: Instantiating Configuration Sets




The “Configuration Sets” can be used to load alternate device functionalities at run-time (such
as different Sink/Source transmit capabilities), though is only used in this example as a means of

clearing the “DBfg":

General Settings  Port 1 Settings  Port 2 Settings ~ Clear DBfg on plug event (0x1)

GUI Build Version:6.1.3

Configuration File Version - 6.1.3
Configuration Mode Configuration File Supported Device : [AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED)
Configuration File Name: [AUTO Clear DBfg] TPS565988 EVM dual sink test (ADVANCED) pit
USB 10 12C/SPI Adapter : TIVA
|

Adiust Reaisters Raw View

Raw View
Mask Register Offset Length Value

W7 Adjust Registers ? X

[ Data Register for CMD1 (0x9)

[ Data Register for CMD2 (0x11)

[ Global System Configuration (0x27)
[ Port Configuration (0x28)

[ Port Control (0x29)

[J Transmit Source Capabilities (0x32)
[ Transmit Sink Capabilities (0x33)
[ Autonegotiate Sink (0x37)

[ Alternate Mode Entry Queue (0x38)
[ Transmit Identity Data Object (0x47)
[ User Alternate Mode Config (Oxda)
[ Dispiay Port Capabilities (0x51)

[ Intel VID Config Register (0x52)

v

CLine Atack, it 4

Figure 6: Configuration Set unused functionality




The “Port 0 Plug Event” and “Port 1 Plug Event”, have been mapped through the GUI, as the

triggering events for a “DBfg” clear:

7 Application Custerization Tool

Project Binary Device Settings Adapter Debug Documenis Hell

Configuration Mode

GUI Build Version:6.1.3

Configuration File Version: 6.1.3
Configuration File Supported Device : [AUTO Clear DBfg] TPS$65988 EVM dual sink test (ADVANCED)
Configuration File Name: [AUTO Clear DBfg] TPS$65988 EVM dual sink test (ADVANCED) pjt

USB to12C/SPI Adapter : TIVA

[Enter the Register/Field Search Text Here |l/o Config ( Ox5¢c ) @
Customer Use
Interrupt Mask for I2C1
Interrupt Mask for [2C2 GPIO#0
Global System Configuration Field Value
Port Configuration
Port Gontrol for GPIO 0 pin [Pin o GPIO |
Transmit Source Capabilities Initial Value ‘OXU
Transmit Sink Capabilities Open Drain Output Enable 0O
Autonegotiate Sink
Atternate Mode Entry Queue Internal Pull Down Enable a
PD3 Configuration Register Internal Pull Up Enable O
Transmit Identity Data Object Mapped Event [Port 0 Plug Event =]
User Alternate Mode Config
Display Port Capabiliies GPIO Polarity |Direct-mapped Event |
IO Config
App Config Binary Data Indices GPIO #1
12C Master Configuration
App configuration Register Fleld Vvalue
Sleep Control Register Multiplexing for GPIO 1 pin [Pin Multiplexed to GPIO ~]
Tx Manufacturer Info SOP Internal Pull Down Enable O
Tx Source Capabilities Extended Data Block
Tx Battery Capabilities Internal Pull Up Enable O
Tx Manufacturer Info SOP Prime Mapped Event |P0n 0 Load App Config 1 Event M|
Raw View GPIO Polarity |Direct-mapped Event |
Field Value
Multiplexing for GPIO 2 pin j
Initial Value X
{Open Drain Output Enable m]
Internal Pull Down Enable O
Internal Pull Up Enable
Mapped Event ~
GPIO Polarity Direct-mapped Event j
Field Valug

Multiplexing for GPIO 3 pin
Internal Pull Down Enable
Internal Pull Up Enable
Mapped Event

GPIO Polarity

PR GO g
O
O

Lell<]

irect-mapj ven

Figure 7: GPIO Mapping




As seen above in Figure 7, the input GPIO has been mapped to “App Config 1 Event”. The
function of which, is defined (per port) in the “App configuration Register”:

B Application Customization Tool - m] %
Project Binary Device Seitings Adapter Debug Documents Help
General Sefings ~ Port 1 Seftings  Port 2 Seitings ~ Clear DBfg on plug event (Ox1)

GUI Build Version : 6.1.3

Configuration File Version: 6.1.3
Configuration Mode Configuration File Supported Device - [AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED)
Configuration File Name: [AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED ).pjt

USB to 12C/SPI Adapter - TIVA

[Enter the Register/Field Search Text Here | lApp configuration Register ( 0x6c )

Customer Use

Interrupt Mask for 12C1

Interrupt Mask for [2C2 App Config Group 1 Settings

Global System Configuration Field Value

Port Configuration

Port Gontrol /App Coniig Mask, GPIO High Transition or User AM Enter [None |

Transmit Source Capabilties /App Config Mask, GPIO Low Transition or User AM Exit [None |

Transmit Sink Capabilities Command Channel to use for Command (not Task) Siot [cMD3 (0x1E) |

Autonegotiate Sink .

Alternate Mode Entry Queue Command Channel to use for Command or Task Slot ‘CMDS (0X1E) j

PD3 Configuration Register Al Mode Entry / GPIO High 4CC Command (not Task) [icmD -]

Transmit Identity Data Object IAlt Mode Entry / GPIO High 4CC Command or Task [DBTg |

User Alternate Mode Config

Display Port Capabilities JAlt Mode Exit / GPIO Low 4CC Command (not Task) ‘ICMD j

IO Config \Alt Mode Exit / GPIO Low 4CC Command or Task ‘ICMD j

App Config Binary Data Indices

12C Master Configuration App Config Group 2 Settings

App configuration Register

Sleep Control Register Field Value

Tx Manufacturer Info SOP lApp Config Mask, GPIO High Transition or User AM Enter [None: |

Tx Source Capabilities Extended Data Block "

Tx Battery Capabllties /App Config Mask, GPIO Low Transition or User AM Exit [None |

Tx Manufacturer Info SOP Prime: Command Channel to use for Command (not Task) Slot ‘CMD1 (0x08) j

Raw View Command Channel to use for Command or Task Slot [cMD1 (0x08) |
JAlt Mode Entry / GPIO High 4CC Command (not Task) ‘unknuwn (0x0) j
JAlt Mode Entry / GPIO High 4CC Command or Task [unknown (0x0) R
Al Mode Exit / GPIO Low 4CC Command (not Task) [Unknown (0x0) -]
\Alt Mode Exit / GPIO Low 4CC Command or Task ‘unknuwn (0x0) j
App Config Group 3 Settings

Field Value

/App Config Mask. GPIO High Transition or User AM Enter [None |
App Config Mask, GPIO Low Transition or User AM Exit ‘Nume j
Command Channel to use for Command (not Task) Slot ‘CMD1 (0x08) j
Command Channel to use for Command or Task Slot [cMD1 (ox08) |
JAlt Mode Entry / GPIO High 4CC Command (not Task) ‘unknnwn (0x0) j
JAlt Mode Entry / GPIO High 4CC Command or Task ‘unknuwn (0x0) j
Alt Mode Exit / GPIO Low 4CC Command (not Task) [Unknown (0x0) |
JAlt Mode Exit / GPIO Low 4CC Command or Task ‘unknnwn (0x0) j

Figure 8: Defining the clearing of "DBfg" behaviour

As delineated in Figure 8, upon detection of a rising-edge the “DBfg” 4CC (Four Character Command) is
executed. The other edge-detections are mapped as “ICMD” which signifies a “Do Nothing” case.

The chosen “Command Channel” is of no significance.

This configuration MUST be completed in the (0x6c) register of both “Port 1&2 Settings”.



6. Plugin the TPS65988EVM with the 19.5V DELL laptop PSU, and connect the EVM’s FTDI chip to
you PC via USB-Micro-C:
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Figure 9: EVM connection

To flash the GUI config to the TPS65988EVM, the binaries can be flash directly from the open
project to the device:

i Application Customization Tool

Project | Binary Device Seftings Adapter Debug Documents Help

- o X
Genera Save Binary 2 Seftings  Clear DBfg on plug event (0x1)
Flash from binary file

Flash from current project

GUI Build Version :6.1.3
Flash Read
Flash Erase Configuration File Version : 6.1.3
Configuration Mode

Configuration File Supported Device : [AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED)
Configuration File Name: [AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED).pjt

USB to12C/SPI Adapter : TIVA

Figure 10: Flash from current project



Select “FTDI” as the SPI Adapter and click “Read Current Region Offsets” to automatically point
to the correct device memory location, then click “OK”, and wait while the device is
programmed:

=

5k, GPIO Low Transition or User AM Exit
nnel to use for Command (not Task) Slot

nnel o use f| &7 Flash Firmware to Flash ? X
/ GPIO High
/ GPIO High Flash Project to Flash (SPI1)
IGPIO Low 4 USB to SPI Adapter: | FTDI -
IGPIO Low 4

Read Current Region Offsets: | Read Success
up 2 Setting

Region 0 - [0x2000 g
sk, GPIO Hig
Ek GPIO Loy Region 1: |0x20000 s |
nnel to use f
nnel to use f oK cancel

/ GPIO High 4CC Command (not Task)
/ GPIO High 4CC Command or Task

Figure 11: Flashing Current Project

*Noted: The TPS65988EVM requires a power-cycle after a successful flashing, to
load the new configuration.

J3
1 2 ; %
DNP O o DNP 4 PS>
DNP e I e ar—— 2
DNP y < O s DNP 12C2_IRQZ
DNP +1° 15 DNP 12C2_SOA
DNP = QO O 3 DNP 12C2_ SCL___
o ONPLs—l 1O O—12 ONP ADCINZ
EPAMICIEE] 3 O O DNP ____ADCINT___ >
‘it mima e e DL B
A N _ SWD_DATA
A o ol — owe ———— o <
0 " Risa 2 [C 2713 }—( SWD_CLK >
w-R149 o O oNP I
SSW12-22-G{D-VS =
GND
14
- NP 10 ot — —
' i DNP 3 Q © ; DNP LDO V3 >
< . 1 DNP 7 Qo O s DNP LDO V8
4 DNP 510 917 DNP PB_ISENSE_VOUT
PA_USB_P DNP Q O DNP PA_ISENSE VOUT
PA_USB_N DNP 1o o122 g E:E}?: ,___sﬁl_.m_?i
%_ DNP o0 O SPLMISO >
bhp 7l 2 o ONPRi7 : T Euhe )
< P DNP w1° o= SPiCS 5
P.n\: CC1 0 B4 2 g g - PA Veus >
PACC2 0 RIS 23 [ ST 2 R

SSW112.22-G-D-VS D

Figure 12: HEADER - GPIO Connection

Populate R133/170/172/173 and connect GPIO 0->1 & 2->3 via J3/4 as illustrated in Figure 12 above.




7. To check config functionality, enter “Debug Mode” in the GUI, and look for the “Dead Battery
Flag” under the “Boot Flags (0x2d)” debug register:

Project

General Settings

Binary Device Settings Adapter
Port 1 Settings

B Application Custorization Tool

Port 2 & Debug Mode

Debug Documents Help

Pn plug event (0x1}

Figure 13: Debug Mode

"7 Application Customization Teol
Settings Debug Documents  Help
Device 1, port 1

General Settings Device 1, port 2

Configuration Registers ~ Debug Registers  Commands

Debug Mode

Debug Log

Patching

Scripting

Polling

FTDI, 0x20 (12C1)

‘Emer the Register/Field Search Text Here

Mode

uiD

Command Register for CMD1

Data Register for CMD1

Version

Command Register for CMD2

Data Register for CMD2

Interrupt Event for 12C1

Interrupt Event for 12C2

Interrupt Clear for 12C1

Interrupt Clear for 12C2

Status

Power Path Status

Boot Flags

Build Identifier

Device Info

Received Source Capabilities

Received Sink Capabilities.

Active Contract PDO

Active Contract RDO

Sink Request RDO

Power Status

PD Status

PD3.0 Status

RX Identity SOP

Received SOP Prime Identity Data Object
RX Attention structured VDM

RX VDM Register

User VID Status Register

DP SID Status

TIVID Status Register

RX User VID Attention VDM Register

RX User VID Other VDM Register

Type C State Register

ADC results Register

HW control Register

Received Manufacturer Info Data Block SOP
GPIO Status Register

Received Alert Data Object (ADO) Register
Transmit Alert Data Object (ADO) Register
Reteived Source Capabiliies Extended Data Block (SCEDB) R
Received Status Data Block (SDB) Register

Transmitted Status Data Block (SDB) Register

Received Battery Status Data Objects (BSDO) Register
Transmitted Battery Status Data Objects (BSDO) Register
Received Battery Capability Data Block (BCDB) Register
Received Manufacturer Info Data Block SOPp (MIDB) Register

Boot Flags ( Ox2d )

Field
Patch Header Error
Dead Battery Flag
'SPl Flash Present
Region 0
Region 1
Region 0 Invalid
Region 1 Invalid
Region 0 Flash Error
Region 1 Flash Error
Patch Download Error
IRegion 0 CRC Fail
Region 1 CRC Fail
ICustomer OTP Invalid
PP1 Switch
PP2 Switch
PP3 Switch
PP4 Switch
(Customer OTP Valid
OTP Customer Dead Battery
(OTP 12C Address [6:5] for 12C2
\OTP Customer TBT Present
(OTP Customer 12C Threshold
OTP Customer TBT Controlier Type
(OTP Customer Disable PD
Revision ID Metal
Revision ID Base

Value
False
False
True
True
False
False
False
False
False
False
False
False
False
False
False
False
False
Unknown (0x2)
Bus Power From ADCIN
o2
False
True
o2
True
0x0
TPSB5988

Figure 14: Successfully Cleared "DBfg"

*Note5: The GUI’s Debug menu quite frequently bugs out. If you see all flags marked as
true, or other nonsensical values, power cycle the device until the FTDI chip
starts behaving itself.




10. For ease of use, fly-wires have been soldered between GPIO pins 0&1, and between 2&3. Please
acknowledge these connections before commencing future prototyping:

Figure 15: GPIO_0/1 -> R133&173 || GPIO_2/3 ->R170&172




Automated Battery hot swap configuration



The “[AUTO Clear DBfg] TPS65988 EVM dual sink test (ADVANCED).pjt” project file, is intended for use with the “windows_64bit_TPS65981_2_6_7_8_application_customization_6.1.3” release of the TI Application Customization GUI. 

The above project file incorporates the following configurations: 

1. PortA (J2A on the EVM/Port 1 in the GUI) advertises two sink Power Data Objects (PDOs):

[image: Graphical user interface, application

Description automatically generated]

























Figure 1: PortA Sink capabilities



*Note1: For USB-PD compliance, a 5V PDO must always be offered.

*Note2: For this Proof Of Concept (PoC), PortA will simulate the nofio battery pack. 













2. PortB (J2B on the EVM/Port 2 in the GUI) advertises a “Variable Sink” PDO of 12-20V:

[image: Graphical user interface, application

Description automatically generated]Figure 2:PortB Sink capabilities

































*Note3: For this Proof Of Concept (PoC), PortB will simulate the user battery pack. 

















3. [image: ]The TPS65988EVM device is configured as an Upward Facing Port (UFP) ONLY device and will reject all requests for role swapping; TPS65988EVM power-paths PP1/2 (“PP1/2 Switch Config” in the GUI), are configured as “Sink Only”. External power-paths PP3/4 are unused, and therefore disabled. 
To afford the controller simultaneous negotiation of multiple PDOs, the “Multiport Sink Policy (0x27)_[96:97]” register is set to close both PP1&2. 
Reverse Current Protection (RCP) will handle which VBUS is currently supplying the SYSPWR rail on the EVM.

Figure 3: Port mapping & Role definition















































4. For both PortA and PortB, the Over Voltage Protection (OVP) has been configured to disconnect the offending VBUS if a value of ≥24VDC is sensed; For the event that a remaining connected battery has a lower voltage PDO which is attempting to close onto a capacitively charged 

SYSPWR of higher potential, setting the OVP in this way will prevent potential SYSPWR interruptions. 
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Figure 4: OVP Config

































5. The TPS65988 USB-PD controller can be supplied from either an external 3V3 LDO, or from either VBUS-A/B. When the controller boots with VBUS supply only, the “DBfg” (Dead Battery Flag) system flag is set, indicating normal supply is unavailable. This carries several implications, one of which directly impedes the case for a battery hot-swap function.

· As an example. 

· With no external supply present on SYSPWR, a battery is plugged into PortA, consequently the controller will be supplied from VBUS-A and set “DBfg” high. 

· A second battery is then plugged into PortB. Now a second controller supply is available on VBUS-B (unused). 

· If the battery in PortA is then removed, no mechanism exists for the TPS65988 controller to swap its supply from VBUS-A to VBUS-B without power cycling. 

· The solution to this problem (within the context of this battery hot-swap functionality) is to clear the “DBfg”, forcing the controller to swap source supplies to the 3V3 LDO. 
With RCP gating SYSPWR (which feeds the 3V3 LDO), if two batteries are plugged and one is removed, the RCP closes the remaining VBUS supply back onto SYSPWR and the 3V3 LDO is sustained. 

[image: Graphical user interface, text, application, email

Description automatically generated]To achieve this autonomously, the TPS65988 features event triggered interrupts which can be multiplexed to high/low output transitions of GPIO pins. These are then physically shorted to separate GPIO pin inputs, and tied (in software) to GUI “Configuration Sets”:
Figure 5: Instantiating Configuration Sets

















































[image: Graphical user interface, application

Description automatically generated]The “Configuration Sets” can be used to load alternate device functionalities at run-time (such as different Sink/Source transmit capabilities), though is only used in this example as a means of clearing the “DBfg”:
Figure 6: Configuration Set unused functionality


















































































The “Port 0 Plug Event“ and “Port 1 Plug Event“, have been mapped through the GUI, as the 

[image: Graphical user interface

Description automatically generated]triggering events for a “DBfg” clear:

































[bookmark: _Ref117143334]Figure 7: GPIO Mapping















[image: ]As seen above in Figure 7, the input GPIO has been mapped to “App Config 1 Event”. The function of which, is defined (per port) in the “App configuration Register”:
 






[bookmark: _Ref117143619]Figure 8: Defining the clearing of "DBfg" behaviour































As delineated in Figure 8, upon detection of a rising-edge the “DBfg” 4CC (Four Character Command) is executed. The other edge-detections are mapped as “!CMD” which signifies a “Do Nothing” case. 
The chosen “Command Channel” is of no significance. 
This configuration MUST be completed in the (0x6c) register of both “Port 1&2 Settings”.











6. [image: ]Plug in the TPS65988EVM with the 19.5V DELL laptop PSU, and connect the EVM’s FTDI chip to you PC via USB-Micro-C: 
Figure 9: EVM connection











































To flash the GUI config to the TPS65988EVM, the binaries can be flash directly from the open project to the device:

[image: A picture containing graphical user interface

Description automatically generated]













Figure 10: Flash from current project























[image: Graphical user interface, text, application

Description automatically generated]Select “FTDI” as the SPI Adapter and click “Read Current Region Offsets” to automatically point to the correct device memory location, then click “OK”, and wait while the device is programmed: 


























Figure 11: Flashing Current Project



*Note4: The TPS65988EVM requires a power-cycle after a successful flashing, to 
               load the new configuration.

[image: ][bookmark: _Ref117146712]Figure 12: HEADER - GPIO Connection

























Populate R133/170/172/173 and connect GPIO 0->1 & 2->3 via J3/4 as illustrated in Figure 12 above.

7. [image: Graphical user interface, application, Word

Description automatically generated]To check config functionality, enter “Debug Mode” in the GUI, and look for the “Dead Battery Flag” under the “Boot Flags (0x2d)” debug register: 
Figure 13: Debug Mode
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Description automatically generated]Figure 14: Successfully Cleared "DBfg"































8. Kpdnv

9. 







*Note5: The GUI’s Debug menu quite frequently bugs out. If you see all flags marked as 
               true, or other nonsensical values, power cycle the device until the FTDI chip 
               starts behaving itself.



10. For ease of use, fly-wires have been soldered between GPIO pins 0&1, and between 2&3. Please acknowledge these connections before commencing future prototyping:

[image: ]Figure 15: GPIO_0/1 -> R133&173  ||   GPIO_2/3 -> R170&172
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