Test Report: PMP40801
Docking USB Type-C® Power Delivery Reference Design
for Personal Electronics Applications

Wip TEXAS INSTRUMENTS

Description

This reference design is the USB Type-C® Power Delivery for personal electronics or automotive applications,
where a USB Power Delivery (USB PD) supported buck-boost converter is used to generate a wide range output
voltage. The TPS55288 is a synchronous buck-boost converter used to convert 12-V auto-battery voltage or 19-
V adaptor voltage into USB-PD power supply rails. The TPS65987DH is a stand-alone USB Type-C® and PD
controller with integrated power path, which can automatically set the output of TPS55288 through an 12C
interface based on the PD negotiation results. The output specifications are designed to be 5-V to 20-V, 5-A
maximum continuous current under 19-V adaptor input and 3-A maximum continuous current under 12-V battery
input for considering efficiency and thermal.
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1 Test Prerequisites

1.1 Voltage and Current Requirements
Table 1-1. Voltage and Current Requirements

Parameter Specifications
Input Voltage 12Vor19V
Output Voltage (ViN=12V) 5V,9V,15V, 20V
Maximum Output Current (Vy = 12 V) 3A
Output Voltage (ViN=19V) 20V
Maximum Output Current (V|y = 19 V) 5A

1.2 Required Equipment

* Multimeter (current): FLUKE 17B

* Multimeter (voltage): FLUKE 17B

» DC Source: Chroma 62024P-100-50
» Electronic Load: Chroma 63103A

* Oscillation: Tektronix DPO3054

* Infrared Thermometer: FLUKE Ti9

1.3 Dimensions
The dimension of this board is 51 mm (length) x 42 mm (width).
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Figure 1-1. Dimension
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1.4 Test Setup

The following image illustrates the test setup.
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Figure 1-2. Test Setup
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Testing and Results

2 Testing and Results
2.1 Efficiency Graphs

Efficiency is shown in the following figures.
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Figure 2-1. Efficiency of TPS55288
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Figure 2-2. Efficiency of TPS55288 and TPS65987
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2.2 Thermal Images

The thermal image is shown in the following figure.
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Figure 2-3. Top Side
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Figure 2-4. Bottom Side
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3 Waveforms

3.1 Load Transients

The load transient response is shown in the following figures.
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Figure 3-1. VIN =12 V, VOUT =5 V,

Figure 3-2. VIN =12 V, VOUT =9 V,
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Figure 3-5. V=19V, Vour =20V,
loyr from0Ato5A
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3.2 Start-up and PD Negotiation
Start-up and PD negotiation behavior is shown in the following figures.
Spec Index  msmsus  Dur  len Er CC Role Message
Va0 6 003284957 834us 108 1 DFPIUFP ¢ 5 [O]VDM Discldentit SOP:
10 0032657090 481us 68 1 Cable 3 [0]GoodCRC j -
V30 13 0:03288801 1.10. 268 1 Cable % [OvDM Discidentty | Cable identify
21 003287959 S01us 68 1 DFPIUFP $ 2 101GooaCRC |
vio 24 003292575 1.04 28 1  SourceDFF $ SR T —
Va0 M 0.03.294627 1.03 28 1 SourceDFP 4 [0]Source_Cap
V30 38 003296674 104 228 1 SouceDFP & [OlSeuree_Cap
Va0 45 003475945 103.. 228 1 SourceDFP & ¥ [1]Source_Cap
Va0 52 003477889 103 228 1 SourceDFP 4 ¥ [1]Source_Cap
vio 59 0:03.479.937 1.03. 28 1 SourceDFP $ I [1)Source_Cap
68 0:03519843 1 = PD
Va0 67 003650184 103.. 228 1 SourceDFP # [ 2Zsouce cop g Power
74 003660057 498us BB 1 SinkUFP ¢ ¥ [2GocdCRC Negotiation
Va0 77 003664794 632us 108 1 SOKUFP i [0Request
81 003865472 501us 6B 1 SourceDFP & ¥ 101GoodCRG
vao 84 003670085 500us 68 1 SourceDFP 4 W [BlAccept
87 003670745 498us 68 1 SinkUFP [ [3]GoodCRC
a0 90 003720555 49Tus 68 1 SourceDFP & K [4IPS_RDY
95 00372891 501us BB 1 SnkUFP # -{4GoadcR
a0 9 003748319 631us 108 1 SourceDFP 4 VO UEIoaTiy
100 0:03749.111 498us 6B 1 SikUFP
v 108 0:03.753.648 1.03, 28 1 SmkUFP
10 003754724 497us 68 1 SourceDFP & RC
a0 113 003773591 631us 108 1 SourceDFP 4 i [6VDM DiscSVID
17 003774159 1 HPD
118 003774269 498us 68 1 SmkUFP i [61GoosCRC
vao 121 003779010 768us 148 1 SinkUFP # I [2]vOM-DiscsviD
126 0.03779.720 600us 68 1 SourceDFP I [2]GocdCRC
30 129 003798753 634us 108 1 SourceDFP & e [7VDM Dischode
133 003799350 501us 68 1 SOKUFP ¥ [7]G00dCRC
vao 136 0:03.804.170 768us 148 1 SinkUFP € ¥ [3]VDM DiscMode.
@B 5.0vidiv Q=D S0y 2000msidiv  S00KSis  Z0.043 141 003804980 501us 6B 1 SourceDFP 4 i {’i]rl’i:deRC DP-Alt-Mode
©p 20vew Hone Hommal Va0 144 003825306 631us 108 1 SourceDFP & k [o]VOM: noée | Negotiation
@B 0.0V 1acas Rtk 148 003825992 501us 68 1 SikUFP ¢ I [0jGoad y
i s Aulo JmaZ 20 k1 w0 151 003830635 632us 108 1 SinkUFP # {4NOM Enennoge | (OPtional)
155 003831314 487us 68 1 SouceDFP 4 [IGoodCRC
. . . Va0 158 0.03850662 764us 148 1 SourceDFP & [1]VDM-DPStatus
Flgure 3-6 start-up and PD Negotlatlon 163 003851577 502us 68 1 SmkUFP [1)GoedCRC
- Va0 168 003856213 769us 148 1 SinkUFP @ [5]VDM DPStatus
171 00385692 497us 68 1 SourceDFP 4 [51G00dCRC
w0 174 003876032 764us 148 1 SourceDFP & i [2IVDM-DP Configure:
179 003876840 4%8us 68 1 SmkUFP K [21GoodCRC
vao 182 0:03881.371 632us 108 1 SinkUFP :‘ [6]VOM:-DPConfigure.

Figure 3-7. PD Negotiation Data
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TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

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

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

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