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ABSTRACT

The TPS65982 is a stand-alone USB Type-C® and Power Delivery (PD) controller providing cable plug
and orientation detection at the USB Type-C connector. The latest revision of the USB Power Delivery
specification outlines a new set of “Power Rules” requiring the following voltages to be sourced by a
compliant product: 5, 9, 15, and 20 Volts. Existing reference designs of the TPS65982 followed the “Power
Profiles” put forth in the original USB PD specification. In USB PD releases up to Revision 2.0, Version 1.1
the required voltages were limited to 5, 12, and 20 Volts. In order to comply with the new standard and
keep design effort simple, this application report outlines a few options for a new power circuit to meet the
new USB PD “Power Rules”. Although more than one power circuit will work, the simplest and most cost-
effective solution is explained in detail with an example block diagram and schematic provided to use as a
reference for Type-C and PD applications.
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1 Introduction
The goal of this application report is to explain the changes in standard voltages of the new USB Power
Delivery (PD) Specification, compare the original and new standards, outline the power circuit used to
meet the original standard, and offer a new power circuit as a solution to comply with the new standard
using the TPS65982.
2 Related Material
The TPS65982 data sheet (SLVSDO02), the USB Power Delivery Specification Revision 2.0, Version 1.2,
the TPS65982 Evaluation Module user’'s guide (SLVUAF8), the TPS6598X-CONFIG Configuration Tool,
the TPS54335A data sheet (SLVSCD5), and the LM3489 data sheet (SNVS443) are resources used as
reference material for this application report.
Although this application report is written specifically for the TPS65982 as an example, it also applies to
the TPS65986 and TPS65981.
3 Background of Power for USB PD as a Source
3.1 PD 2.0 Version 1.1 Specification Source “Power Profiles”
In the USB Power Delivery Specification Revision 2.0 (PD 2.0), Version 1.1 released on May 7", 2015,
voltages for power delivery (PD) sources were defined in a set of “Power Profiles”.
Profiles are numbered 0-5, with profile #5 delivering all voltage and current options of the previous 4
profiles. Profile #5 =5V at 2.0 A, 12 V and 20 V at 5 A. Variations on current capabilities are allowed, but
required PDO object voltages are fixed at 3 values: 5, 12, and 20 Volts.
3.2 PD 2.0 Version 1.2 Specification Source "Power Rules”

In the USB Power Delivery Specification Revision 2.0 (PD 2.0), Version 1.2, voltages for a PD Source
are defined in a set of “Power Rules.” These “Power Rules” are also retroactively applied to the USB
Power Delivery Specification Revision 2.0, Version 1.2 released on March 25", 2016 and will also be
included in the PD 3.0 Specification. The new “Power Rules” follow a mathematical equation outside the
scope of this document, but in the new “Power Rules” there are 4 source voltages required to cover the
entire range of PD power up to 100 Watts: 5, 9, 15, and 20 Volts.
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3.3

TPS65982-EVM, an Ideal PD 2.0 Power Source

The TPS65982-EVM uses firmware (FW) that emulates a variety of products that are part of the USB
Type-C and PD ecosystem: dock, laptop, tablet, dongle, AC adapter, and high-power bus-powered
devices. These different configurations are selected by a set of DIP switches and will advertise different
sets of sink and Source Capabilities, but the hardware of the TPS65982-EVM remains the same. When
configuration ID #7 is selected to emulate an AC adapter, the “Power Profile” of the TPS65982 offers 5 V
at3 A, 12Vat3 A and 20 V at 5 A as its Source Capabilities. Figure 1 shows the power path of the
TPS65982-EVM.

DC Barrel Jack Input
VEXT =20 V Typ. (19.5-22 V)
IEXT =5 A (100 W Typ.)

6]

J5

3.4

VIN =19.5-22V vouT =12V

I0UT =100 mA-5 A

TPS54335A

Lintes Type-C Receptacle
Fixed DC-DC

5A 20-0000016-01

VouT =5V TPS65982
I0UT = 600 mA-3.5 A VNS0 3A—O
TPS54335A ———so o
Fixed DC-DC vi : ___________ )

| _l____ ! TypeCcCable ;
I “Host 1| Detectionand iCC1/2 FEIRSAINN usB
VOUT =33V RN Interface it : Type_c
TPSS4335A I0UT =500 mA | . .
Fixed DC-DC

To LED Drivers To SS Mux

Figure 1. TPS65982-EVM Power Path Block Diagram

Attempting to deliver 9 V and 15 V instead of 12 V using the TPS65982 seems like a difficult problem to
solve, and the TPS65982-EVM cannot easily be modified to support this need. However, the embedded
processor inside the TPS65982 and many FW-configurable GPIOs make it simple to design a new circuit
supporting the four voltages required for the “Power Rules”.

Sourcing "Power Rules" Voltage Rails to VBUS With the TPS65982
The voltages required by the new “Power Rules” are 5, 9, 15, and 20 Volts.

The Power Multiplexer and the Variable DC-DC converter are two different circuits that can solve this
problem. Either of these two circuits may be preferred depending on the number of Type-C ports in a
system, the output wattage required, the available parts in a PCB library, and so forth. A combination of
these two architectures may also be suitable for the needs of an application.

The TPS65982 PD policy engine automatically negotiates power contracts and alternate modes, then
controls SuperSpeed multiplexers, LED indicators, and power circuitry using GPIOs linked to a set of pre-
defined GPIO Events. These Events are easily mapped to any GPIO pin on the TPS65982 device to
match the schematic of the application.
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341 Source PDO GPIO Output Events in TPS65982 FW

The firmware (FW) of the TPS65982 allows any GPIO to be mapped to a pre-defined list of Events in the
TPS6598X-CONFIG configuration tool. To prepare for the “Power Rules”, a set of 7 GPIO Events has
been set aside to control the voltage of external power circuitry. Each of these GPIO Events indicates that
a Source PDO from the Source Capabilities list has been negotiated at the Type-C port.

The first 4 Events, called “Source PDO # Negotiated”, cause a single GPIO to be high when the
corresponding PD contract is negotiated. These GPIO Events are shown in Figure 2. For most
applications, these discrete GPIO Events for up to 5 different voltage outputs (5 V is always provided
through the PP_5V0 power path) are sufficient.

Maps GPIOs to any Input (1) or Output (O) event and select GPIO settings

GPIO 0

Event GPIO Unused

~ O - Source PDO 0 =
Event - Source PDO 1

Logical Level

GPIO Output Type

Figure 2. Discrete GPIO Events Named “Source PDO # Negotiated”

The last 3 Events, called “Source PDO Negotiated Truth Table, Bit #”, can be used to control a power
circuit with digital logic as an input, such as a digital power supply or the LM10011 Feedback Signal
Generator, to generate up to 8 different voltages from a single power supply. These GPIO Events are
shown in Figure 3.

Maps GPI0s to any Input (1) or Output (O) event and select GPIO settings

GPIOO
Event GPIO Unused
GPIO 1 - Source PDO 3 B
Event O - Source PDO

Negotiated Truth Table bit
Logical Level

GPIO Output Type

Initial Value

Pull Up Pull Down

Figure 3. GPIO Events Named “Source PDO Negotiated Truth Table, Bit #”

Practical applications of the 4 “Source PDO # Negotiated” GPIO Events are discussed in the remaining
sections of this application report.
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3.4.2

Power Multiplexer Circuit

Figure 4 shows the power multiplexer block that can be inserted into the power circuit to switch between
one of the three high-voltage rails before being connected to one of the high-voltage power FETs that
source power to VBUS. The switches in this multiplexer are automatically controlled by GPIO Outputs
from the TPS65982 with a simple driver circuit.

to TPS6598X
20Vo a__o °
; PP_HV
(or PP_EXT)
GPIOx —+
15Vo——a _o——+
GPIOy —+
9Vo——a _o—
GPIOz —+

Figure 4. Power Multiplexer Block

Figure 5 shows the power multiplexer block connected to the TPS65982 in a simple dual-role port (DRP)
block diagram. This circuit does not reduce the number of DC-DC converters in a 1 Type-C port design,

but when 2 Type-C ports are used, each voltage rail can be delivered to both ports. As a result, the total

number of DC-DC buck converters used in the Power Multiplexer circuit is the same as in the Variable
DC-DC circuit for an application with 2 Type-C ports. The Power Multiplexer circuit will not be described
in detail for two reasons:

e Simplicity — Although additional PFETs are needed, driving these switches does not require a
complex circuit and follows the same logic as the non-obvious circuit used in the Variable DC-DC
design.

» Cost — In many Type-C and PD applications, only 1 port will be required and the cost of the overall
circuit is reduced by using the Variable DC-DC design.

9-20V

Battery
Charger

20V o

External FET Sense and CTRL

QO (
18ve PP_HV

—————————Q__ «
9V PP_5V0 3A_—,

=

TPS65982

PFET
Driver Ckt

Figure 5. Power Multiplexer and TPS65982 Block Diagram
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3.4.3

Variable DC-DC Converter Circuit

Figure 6 shows the variable DC-DC converter block that can be inserted into the power circuit to
dynamically change the voltage on the VOUT node of the DC-DC converter before being connected to the
TPS65982. The voltage of this DC-DC converter is automatically controlled by GPIO Outputs from the
TPS65982 with a simple resistive network.

to TPS6598X
—
VIN O——— Variable °_
DC/BC 9V105U-£0_V
Converter P
X | >N

Figure 6. Variable DC-DC Converter Block

Figure 7 shows the Variable DC-DC converter block diagram connected to the TPS65982 in a simple
source-only design such as a dock or monitor. In this type of application, the highest voltage available
from a DC barrel jack is normally 20 V and can be passed directly to VBUS through the low-resistance
PP_EXT external power NFETS.

20Voe

Variable
DC/DC PP AV
Converter -~
S —
4 PP 5V0 3A USB
i~ s,

> Connector
PP_CABLE :
500 mA

Power Path Control
o
o

TPS65982 2 J

Figure 7. Variable DC-DC and TPS65982 Block Diagram

Any DC-DC converter circuit producing a fixed output voltage can be turned into a Variable DC-DC
converter. All DC-DC converters use the basic principle of voltage feedback to determine the output
voltage of the power circuit. For example, the TPS54335A used in the TPS65982-EVM design delivers a
fixed output voltage, VOUT = 12 V, by solving Equation 1 for R, if R, is given. VSENSE is the feedback
pin of the TPS54335A, which in steady-state settles at a fixed voltage of VSENSE = Vg = 0.8 V. Using
the TPS65982-EVM as a reference, R; = R102 = 100 kQ, and Equation 1 is used to solve for R,.

Ry—— ReEF  p - 98V 4o0ka-7.14k0
Vout — Vrer (12v -0.8V) @)

Since a resistance of 7.14 kQ is not a standard value for resistors, the closest value is used in the
TSP65982-EVM where R, = R104 = 7.15 kQ.

In order to turn the TPS54335A into a variable DC-DC converter to provide multiple output voltages, the
equation is solved for R, twice, once for a 9-V output voltage in Equation 2 and again for 15 V in
Equation 3.

V 08V
Rygy = ——EF xRy = —————— x 100 kQ = 9.75 kQ
Vout1 — VRer (9V -0.8V) @)
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VREF

08V | 100kQ =5.63 kO

Extermal Powel)

3.5

R =— NEF - '
2V Voura —Veer | (15V -08V) @)

The easiest way to realize this circuit is to keep the existing feedback circuit with R; and the new R, 4, as
the default option and add another resistor in parallel with R, 4, that can be switched into the circuit when a
GPIO is driven high. This resistor will be called R,,, where R, o, // R,5 = R, 15,. Equation 4 shows that R, ;5
is equivalent resistance of R, 4, in parallel with R,,, but the equation needs to solve for R,, because R sy
is already known. Equation 5 solves for R,,.

R _ R2,9v xRyp
210V Rogv + Raa @
R, _ Reov*Ratsy _975kQx573kQ _ o s\
2A = = —15.
R2,9V - R2,15v 9.75kQ - 5.73 kQ )

Figure 8 shows the circuit for using the TPS54335A as a variable DC-DC converter to deliver 9 V or 15V
depending on the USB PD contract negotiated as a PD Source. The GPIOs are automatically driven by
the TPS65982 when the FW is configured properly in the TPS6598X-CONFIG Configuration tool. By
default, 9 V is generated by R102 and R104, where R, = R102 and R, 4, = R104 in the default feedback
voltage divider in Equation 2. When a 15-V PD contract is negotiated, GPIOO is driven high by the
TPS65982 (not shown in this schematic), putting R90 in parallel with R104. The on-resistance of Q8 is
negligible compared to 13.32 kQ, so the output of 15 V is generated by R102 and R104 // R90 where R, =
R102 and Ry sy = Ryev // Rya = R104 // R90 = in Equation 4 and Equation 5.

caz
1 9 L4
VIN BooT (-]
L L  HV_Source
C44 ==C45 R101 0.1uF
22F WwF  $DNP
—%D H VSENSE D8] VSENSE PH |2 1 [ o
= u C46 —=C47 ==C48 R102-=C49 o7
oD 220F L 220F ] OAuF 100K | 0.4uF - LED will at the DCDC s active
and provi mum 50mA load for
L Red  DCDC and discharging PPHV/EXT when
R103 GND vsstE)}—f changing PD contracts
DNP ~40ms to discharge from 20V to 5V

6PI00

R104

~
c53 an
o
1000pF 9.53k I ATPLUG EVENT (¢ pi06
Default: v
et 100k 3RO

13.32k

1|-e-A2

GND
Copyright © 2016, Texas Instruments Incorporated

Figure 8. TPS54335A Variable DC-DC Circuit for 9-V and 15-V Output Voltages

Dual-Role Port (DRP) Delivering 4+ Voltage Rails

The Power Multiplexer and the Variable DC-DC Converter discussed in the previous section will both
work in many USB Type-C and PD applications, but the Variable DC-DC has advantages in a system with
only 1 Type-C port because less DC-DC buck converters are used and the overall component count is
reduced significantly.

The Variable DC-DC buck converter can theoretically support as many different voltages as needed by
the application, so a DRP that needs to sink power on the PP_EXT FET path of the TPS65982 should be
able to deliver 9 V, 15 V, and 20 V through the PP_HV FET path as a Source. Some applications will also
need to provide 12 Volts to support legacy USB PD devices that only accept a 12-V PD Contract.

The problem with a USB PD DRP that needs to provide 9V, 12 V, 15V, and 20 V from a single DC-DC
converter is that the DC barrel jack voltage is exactly 20 V and most DC-DC buck converters cannot
support 100% Duty Cycle operation.

The next section explains in detail how that problem is solved and presents a design that will source the
new voltages to comply with the “Power Rules” of the latest USB PD Specification.
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4

DC Barrel Jack Input
VEXT =20V Typ. (19.5-22 V)
IEXT =5 A (100 W Typ.)

J5

TPS65982+LM3489 Variable DC-DC Converter for "Power Rules" Voltages

The block diagram in Figure 9 shows the TPS65982 controlling the LM3489 as a Variable DC-DC buck
converter to deliver 9, 12, 15, and 20 Volts through either the PP_HYV internal high voltage path or the
PP_EXT external high voltage path, while the path not used as a PD Source is used to sink power from
VBUS. As a result, this design can be used as a DRP that is capable of being line-powered from a barrel
jack or bus-powered over Type-C.

VIN =19.5-21V VOUT =5,9,12,15,20 V

LM3489 I0UT =100 mA-5 A

Variable DC-DC Lintes Type-C Receptacle
20-0000016-01

oo
Q0000
[ayaYayal
coaa

a
VIN=9-21V vouT=5v v
I0UT = 600 mA-3.5 A X 35— O =
TPS54335A = 5
Fixed DC-DC o |, )
¢ 0 Type-C Cable

|
| Host 1 ; Detectionand ICC1/2 Bpj CCN oy

VIN=9-21V VOUT =33V

linterface} 1USB PD Controller |
IOUT = 500 mA ' L=

TPS54335A
Fixed DC-DC

To LED Drivers To SS Mux To Var DC-DC

Figure 9. Block Diagram of TPS65982+LM3489 Variable DC-DC Design

The schematics for this design are shown in Figure 10 and Figure 11, where Figure 10 shows the power
path containing the LM3489 and Figure 11 shows the Type-C connector and TPS65982 PD controller.
GPIOs 0-3 are outputs from the TPS65982 that switch in the correct resistor in the LM3489 circuit to
deliver the appropriate voltage when a Source PDO contract is negotiated. The LM3489 can achieve
100% duty cycle because it is a Hysteretic PFET type of DC-DC buck controller, meaning that when 20 V
is required, the PFET is driven on 100% of the time and is effectively a switch that is closed.

GPIOE6 is also an output from the TPS65982 that is used to drive the EN pin of the LM3489 high only
when a Type-C connection is present. GPIO6 simultaneously turns on LED D7, which is used to “bleed”
the voltage from a higher voltage to a lower voltage when necessary. For example, the system may be
delivering 20 V to a laptop which is removed and quickly replaced with a tablet that only needs 9 V to
charge its battery. The TPS65982 automatically discharges VBUS to meet the USB PD specification, but if
LED D7 were not present, the PP_HV (or PP_EXT) node would be stuck at 20 V until it discharges
naturally. This natural discharge could take seconds to minutes when an un-plug and re-plug event at the
Type-C port could happen in as little as 1 second.

Certain DC-DC converter ICs can perform this “voltage bleed” automatically, and this feature is referred to
as “output discharge” or forced continuous conduction mode (FCCM). For more details on FCCM as a way
to remove LED D7 and save power, refer to the TPS53353 data sheet. The original high voltage
NexFETs™ used in the TPS65982-EVM have been replaced with CSD87501L (Q1 in Figure 11), a single
back-to-back N-channel NexFET™ [C in a small WCSP package. The additional passive circuitry and
connectors in Figure 10 and Figure 11 not discussed in this application report are the same as the
TPS65982-EVM.

TPS65982 Designs for Supporting Voltages in USB-PD "Power Rules" SLVA782-June 2016

Submit Documentation Feedback
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA782
http://www.ti.com/product/LM3489
http://www.ti.com/product/TPS53353
http://www.ti.com/product/CSD87501L

i3 TEXAS
INSTRUMENTS

www.ti.com TPS65982+LM3489 Variable DC-DC Converter for "Power Rules" Voltages

us J9
c20
VBarrel ), * T VN 500T (2 i 2
C22 —=C23 R81
22uF E O-THF 3DNP 4 5 ysensep>—Eo vsense PH o system_3v3 4
L C24 ——C25 —=C26 vears! SHIELD -2
GND 8 olEN comp 220F g 22uF | O.1uF 2_| pOWER SHIELD &
D10 SHIELD L
B = 1 6
83 . oo 3V3_VSENSE ) SENSE SHIELD
DNP GND |2 RES 3| POWER GND |2
PAD [ Ak L GND 4
32.4k =
TPS54335ADRCR GND JPD1135-500-7F
= ==cz8
GND 330pF = oRiE
R88 ——C30 GND GND
475k | DNP
GND
Us
c31
VBarrel ), ASWRS VN soor (2 J} =
C33 ——C34 RO
224F g O.WF  FDNP o\ st 8o vsEnsE PH o K system_5v
L 10uH €35 ——C36 —=C37
GRD o len comp LeZ 22uF L 22uF | 0.1F
3 =
R93 w0 fer g:g 2 GND 5V_VSENSE )
DNP r onp |5 &
;
PAD R95 19.1k System_RESET ) by < System_3v3
stem ystem_3V3
TPS54335ADRCR 8.45k Ve 1.00k Ve
s = ==C39 =
RO7 Ca1 GND 100pF GND
475k | DNP Lc4o
2200pF Labeled as GND
| TP8 TP9 TP1OTP11

— Place one of these next to the 12C

GND GND
When in 100% Duty Cycle (20V) the drop
of the PFET and Inductor must be taken
into account. PP_EXT is recommended. s
Q7 5 L4 Output capacitors must be rated to VAR_DCDC ) 4
> . — at least 25V and have ESR in 100s of mOhms! PP_EXT))—
VBarrel - L L 7 . ]
SI8409DB-T1-E1 _Trcs2  _T+car TP12 3
042 ca3 RA42 o6 RAal PP_HV)
w7 - PMEG3050EP, 115 61300311121

LED will indicate that the DCDC is active
and provide a minimum 50mA load for
DCDC and discharging PPHV/EXT when
changing PD contracts

—C44 100uF 100uF
220F | 22uF 10()0pF 8.2k 30k | 0.1pF
oD GND GND

5 o1 ADJ ISEN -1 =

PLUG EVENT R1§,, 0

. 3 4
GPI06 ) - R DN EN FB e = -
GPIO7 >—W»—F}] N 5
R49 PGND  GND —“\ GND
DCDC s disabled when 100k RS aRTNG

~40ms to discharge from 20V to 5V

LM3489QMM/NOPB 1

there is no connection present GPIO0 ), { GPIO1), 1 { Q2 GPIO2), 1 { Q9 GPIO3))
Use R16 or R17 exclusive of each other PD Contract: 5V _L_ 00 |rsp PD Confract: 9V ' PD Contract: 12 1 PD Contract: 15 ' PD Contract: 20V att
1000pF 39.53k 9 o APLUG EVENT ,,
Res | Rios | rRe7 | Kapios
1 1 1
00k 9.31k 00k 5.36k 00K 3.74k

Plug Event resistance is always on for 5V and 5V PD Contract
Plug Event Resistance & PDIOx resistance will be the equivalent resistance needed for Vfb
Plug Event and ONLY ONE PDIOx are on for other PD contracts

Bottom Resistance Needed
5V: 9.53k

9V: 4.7k

15V: 2.67k

20V: 1.78k (Force 100% Duty Cycle)
“The FB is set slightly higher for Vdrop*

Copyright © 2016, Texas Instruments Incorporated
Figure 10. Power Path Schematic of TPS65982+LM3489 Variable DC-DC Design (Page 1 of 2)
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Figure 11. Type-C and Power Delivery Schematic of TPS65982+LM3489 Variable DC-DC Design (Page 2 of 2)
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5 Summary

This application report introduced the new voltages required by the “Power Rules” in the USB PD 2.0,
Version 1.2 and PD 3.0 specifications, briefly discussed the numerous circuits that can be used to provide
these voltages to VBUS as a PD Source, and selected the best option to use in a single Type-C port
application with low cost as the primary goal.

Since the new design appears complex at first, a review of the voltage feedback principles of DC-DC
controller ICs was needed to see that this solution is relatively simple to implement. Combining the GPIO
Output capabilities of the TSP65982 firmware and the ability of the LM3489 to deliver voltage at 100%
duty cycle, a cost-competitive solution was designed and described in detail that will work in many Type-C
and PD Source, and DRP applications including notebooks, monitors, and docks.

6 References
» TPS65982 data sheet (SLVSDO02)
* TPS65982 Evaluation Module user’s guide (SLVUAFS8)
» TPS6598X-CONFIG Configuration Tool
» USB Power Delivery Specification
* TPS54335A data sheet (SLVSCD5)
* LM3489 data sheet (SNVS443)
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