RICHTEK RT6190GQW _01

your power partner. Evaluation Board

Bidirectional Buck-Boost Controller with I°C Interface

General Description

The RT6190 is a bidirectal Buck-Boost controller designed for USB power delivery (USB-PD). It can deliver up to
140W power with maximum 5A current under Vout = 28V condition. This document explains the function and use of
the RT6190 evaluation board (EVB) and provides information for the evaluation board schematic, layout, and bill of
materials (BOM) to suit individual requirements.
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Performance Specification Summary

The RT6190 is a bidirectal Buck-Boost controller designed for USB power delivery (USB-PD) with an input supply
voltage range of 4.5V to 36V in a WQFN-40L 5x5 package. The device is mounted on a four-layer evaluation board
(EVB) in size of 110mm x 60mm with 10z copper thickness.

Table 1. RT6190 Evaluation Board Performance Specification Summary

Key Features EVB Parameter

Input Range

Input Voltage 12V to 24V
Enable Input Voltage 2V to 24V
ALERT Pin Pull-High Voltage 1.8V or 3.3V
Output Range

Output Voltage 5V to 28V
Maximum Output Current 5A
Maximum Overcurrent Protection 6.5A
Maximum Output Power 140W

Switching Frequency and Package

Operating Frequency

250kHz (typ.) in FCCM

Package

WQFN-40L 5x5
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Detailed Description of Hardware

Headers Description and Placement
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Carefully inspect all the components used in the EVB according to the following Bill of Materials table, and
then make sure all the components are undamaged and correctly installed. If there is any missing or
damaged component, which may occur during transportation, please contact our distributors or e-mail us

at evb_service@richtek.com.
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Test Points

The EVB is provided with the test points and pin names listed in the table below.

Test Point Pin Name ‘ Expected Waveforms or Voltage Levels on Test Points ‘
J1 VIN (1) Positive/Negative terminals for input voltage from power supply to EVB in
Forward operation.
2 GND (2) Positive/Negative terminals for output voltage from EVB to e-load in
Reverse operation.
J3 VOUT Positive terminal for output voltage from EVB to e-load.
(1) Negative terminal of output voltage and Power Path C from EVB to e-load
J4 GND in Forward operation.
(2) Negative terminal of input voltage from power supply to EVB in Reverse
operation.
(1) Positive terminal for Power Path C from EVB to e-load in Forward
operation.
J5 VBUSC (2) Positive terminal for input voltage from power supply to EVB in Reverse
operation.
J6 GND
Positive/Negative terminals for Power Path A from EVB to e-load.
J7 VBUSA
JP1 12C Connection for I2C interface.
GP1 1.8V/3.3V External power supply for pull-high voltage of ALERT pin.
GP2 GND Reference voltage for test points.
TP1 PGOOD Test point for PGOOD measurement.
TP2 ALERT Test point for ALERT measurement.

Power-up & Measurement Procedure

(1) Forward Operation

e Connect input power supply with wire as wide and short as possible to J1/J2 terminals.
e Connect EN to input voltage though R33, but R47 is NC.

e Connect an external load up to 5A to J4/J5 terminals.

Set input voltage = 12V and 10A input current limit of input power supply.
Connect 12C to JP1 pin header, and set register by 12C interface:

¢ Set OxOE = 90h to enable RT6190.
¢ Set 0x29 = 02h to turn on power path C for VBUSC enabled.

Status check when power on sequence finished:

¢ VOUT =5V at J3/J4 terminals.
¢ VBUSC =5V at J5/J4 terminals.

¢ Ox1E = 00h and Ox1F = 40h.

(2) Reverse Operation

e Connect input power supply with wire as wide and short as possible to J5/J4 terminals.
e Connect EN to input voltage though R47, but R33 is NC.

e Connect an external load up to 5A to J1/J2 terminals.

e Set input voltage = 12V and 10A input current limit of input power supply.
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¢ Set 0x0C = 52h for power role swap.

¢ Set 0x29 = 02h to turn on power path C.
+ Set 0xOE = 90h to enable RT6190.
e Status check when power on sequence finished:
¢ VOUT =5V at J1/J2 terminals.
¢ 0x1E = 00h and Ox1F = 40h.

Noticifacation
(1) For other functions, please refer to RT6190 datasheet for detailed description.
(2) The input and output current should not be higher than 9A due to power dissipation of the input and output

current sense resistors are all 1W in 1206 size.
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Bill of Materials

Reference Qty Part Number Description Package Manufacturer

1 RT6190GQW Buck-Boost PWM WQFN-40L 5x5 Richtek
Controller
WURTH
L1 1 7443551470 4.7uH/7TmQ/15A 12.8x12.8x6.2mm ELEKTRONIK
L2 1 - NC - -
N-MOSFET for .
Q1, Q4 2 SM4037NHKP High-Side (40V/80A) DFN5x6A-8_EP Sinopower
N-MOSFET for .
Q2, Q3 2 SM4035NHKP Low-Side (40V/100A) DFN5x6A-8_EP Sinopower
Q5, Q8 - NC - -
Qe6, Q7 - NC - -
Qc1. Qc2 N-MOSFET for
QA1’ QA2’ 4 SM3430NHQA USBC/A Power Path DFN3.3x3.3A-8_EP Sinopower
’ (40V/36A)
Diode (100V/0.25W)
(1) External BOOT
D1, D2, Voltage for SW1 .
D3, D4 4 1N4148WT-7 and SW2 SOD-523 Diodes
(2) Discharge QC1,
QC2, QA1, QA2
EC1, EC2 - NC - -
EC3, EC4 350ARHA101M08X8 100uF/35V 8x3.5mm APAQ
C1, C2,
C32, C33,
C36,C38, | 10 - NC - -
C39, C40,
C41, C42
C3, C4,
C34, C35, 5 0603B104K500CT 0.1uF/50V/X7R/0603 C-0603 WALSIN
C37
C5, Cs,
C14, C16,
C17,C18, | 10 | GRM188R61H105KAALD 1uF/50V/X5R/0603 C-0603 MURATA
C20, C21,
C26, C31
C7,C8 2 | GRM188R61E475KE11D | 4.7uF/25V/X5R/0603 C-0603 MURATA
C9 1 0603N1ROC500CT 1pF/50V/NPO/0603 C-0603 WALSIN
C10 1 0603B332K500CT 3.3nF/50V/X7R/0603 C-0603 WALSIN
Cc11 1 0603N221J500CT 220pF/50V/NPO/0603 C-0603 WALSIN
C12 1 0603B103K500CT 10nF/50V/X7R/0603 C-0603 WALSIN
C13 1 0603B333K500CT 33nF/50V/X7R/0603 C-0603 WALSIN
C15,C19 2 0603B152K500CT 1.5nF/50V/X7R/0603 C-0603 WALSIN
C22, C23,
C24, C25,
C27. C28. 8 1206X106K500CT 10uF/50V/IX5R/1206 C-1206 WALSIN
C29, C30
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Reference ‘ Qty Part Number Description Package ‘ Manufacturer ‘
R1, R2,
R3, R4,
R7, RS, 12 WRO06X000PTL 0/0603 R-0603 WALSIN
R33, R34,
R35, R43,
R44, R45
R9, R10,
4 WRO6X10ROFTL 10/0603/1% R-0603 WALSIN
R11, R12
R13 1 WR12X2200FTL 220/1206/1% R-0603 WALSIN
R1‘|¥3§1 8, 3 WRO06X1003FTL 100k/0603/1% R-0603 WALSIN
R15 1 WRO6W1RO0FTL 1/0603/1% R-0603 WALSIN
R16, R36 2 WRO06X1002FTL 10k/0603/1% R-0603 WALSIN
R17, R31,
R37, R38,
R39, R40, | © N NC N B
R41, R42
R19 1 WRO06X4702FTL 47k/0603/1% R-0603 WALSIN
R20 1 WRO06X5101FTL 5.1k/0603/1% R-0603 WALSIN
R21, R22, 0
R24, R25 4 WRO06X1001FTL 1k/0603/1% R-0603 WALSIN
R23, R26 2 WRO6W2RO00FTL 2/0603/1% R-0603 WALSIN
10mQ/1%/1206 for
R29, R30 2 RLM-1632-6F-R010-FNH input/output current R-1206 Cyntec
sense
R46 1 -- NC -- --
RT1 1 -- NC -- --
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Quick Start with RTMCU WRENBOARD

RTMCU_WRENBOAR

0 Target Device EVEB

1-Wire,
PWM

The following summarizes the contents of the Richtek MCU bridge board. In addition to hardware kits, one software
utilities is needed to be installed for RTMCU_ WRENBOARD bridgeboard.

e Richtek MCU bridge board (RTMCU_WRENBOARD).

e USB B type to micro 5 Pins cable to connect PC and the MCU bridge board. (optional)
o RTBridgeboardUtilities.exe.

RTMCU_WRENBOARD Hardware Description
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Function Description

A.
B.

Standard USB A plug. It connects to PC directly.

Micro 5 pin USB port. It connects to PC by USB cable.

e ltis an alternative to connect RTMCU_WRENBOARD to PC when long distance between PC and Device is
needed.

White LED Indicator

e The white LED indicates RTMCU_WRENBOARD command execution.

Blue LED Indicator

e The blue LED indicates 12C (SCL and SDA) are operated in 1.8V.

Red LED Indicator

e The red LED indicates I2C (SCL and SDA) are operated in 3.3V.

Red LED Indicator. This button has two functions:

e To exchange 12c signals between 3.3V and 1.8V.

e To enable firmware download function.

12C and GND pins

o I2C pins (SDA, GND and SCL) in 3.3V or 1.8V level depend on user setting.

Power pins

e Power pins with 3.3V and 1.8V. It is suggested to limit the output current within 100mA for each power pins.

GPIO

e User can connect this pin to control device in either function.

The item A/B/C/D/E/G are used for RT6190 EVB.
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I2C Control Panel Interface

£ 12C Control Panel

- o X
Test
Wit 12C Sefting .
O |[s] savencoress [W] » [ oara | » [7] Brige board : 0-RTSpamowboard (132 v
@ |[S] stavenconess [ ] » [ coummno | » [owa | 2 [ 7] Robsshumbe: I ¥
0 |l EAm ¥ - [wme | < [+ |- BRI [F] o Sordfommar. fod e iloty
Custom Frequency : | 400 T Kz
Read dCmdiength: | 1 [3] bytes
[ somas ] | - [X]iE] WiteReadDatalengh: | 1 3 bytes
5 [ savencomess [ @4 | coummno |4 [ s [ save aoomess| R [+ [oar[] | (HS-mode) 8-bit master code:  0x T
[ Tstave sooness| ] A [ commans [« [ s [ stave aooress| R [ a [ oara]a] - [oama[&] 7 ]
[ fommasersosave A= acknowiecge (SDALOW) S=STARTcondfon  Sr=repeated START condifion M Cofresh
[] tomsaveomaster X =not acknowiedge (SDAHIGH) P = STOP conditon ~

) Scan Slave Write Write Time | Import
IS"""‘“‘"'” *| Stave Device not fout "I Q Device I Addr Cind Datat Data2  (ms) I?Yuth

b7 b6 b5 b4 b3 b2 b1 b0 Data

Command:{o0 o ]|ofofo]ofofo] O K4
Data1: ofoJoJofo]o]ofo] O =
Data2: oflolololololo]a] 0 =

@bre Owoa || IRead N e

(Hex) stat | stop T
Command 0 B 0 -:—d L
BreData [ o [l o BRI o [
- |
Dataformat @ Hex (O Dec :“Muuu Checklist @ SelectAll O ClearAll
The operating mode of the 12C RW [] Error Stop

@® Write>Read Check (O WriteOnly () ReadCheck (O Read Only Numberoftmes:| fi 2] ’ it

Connect:| @ SetFile: filename | Ver: 210 Status:|

After VIN and EN are ready, and press “Scan Device” button, then “Slave Address” will show 0x2C or 0x2D to
indicate RT6190 that can receive I°C command.
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Typical Applications

EVB Schematic Diagram
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D 12C slave address is 0x2C when R17 = NC, R18 = 100kQ.
(2) 12C slave address is 0x2D when R17 = 100kQ, R18 = NC.
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Measure Result
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Forward Buck Mode Output Ripple Voltage

Vin =12V, Vour =3V, loyt =5A

Veus |

(50mV/Div)
v, LT
(10V/Div) . ... -

Vawo
(10VIDiv) |9

Time (5us/Div)

Forward Boost Mode Output Ripple Voltage

Reverse Buck Mode Output Ripple Voltage

Vin =12V, Voyr =3V, lout =5A

Vsys
Offset BV La A i P ifosac R e e 75
(50mV/Div)

Vg

(10v%2iv) H.ﬂ—-‘_rL—L ‘":_"—"'MW—T

Vw1
(10V/Div)

Time (5us/Div)

Reverse Boost Mode Output Ripple Voltage

Vin =12V, Vgur = 20V, gyt = 5A
VBus
offset 20V
(500mV/Div)

Vw1

(10V/Div)

Vawo -
(10wDiv}|| I HH|||| ‘HH L

Time (5us/Div)

Forward Buck Mode Load Transient Response

VlN = 12V, VOUT = 20\/, IOUT_ = 5A
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(500mV/Div)

Vawo
(10V/Div)

Vw1
(10V/Div) HHH |HHH H|H||L
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Reverse Buck Mode Load Transient Response

VBus
offset 5V

(500mV/Div)

VlN = 12V, VOUT = 5V, fSW = 250kHZ, FCCM
louT = 0Ato 5A, Slew Rate = 150mA/us,
L =4.7uH, Coyr = 140uF

lsus | !'\ |
(2A/Div) |'

Time (200pus/Div)
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offset 5V S e T
(500mV/Div)

VlN = 12V, VOUT = 5V, fSW = 250kHZ, FCCM
louT = 0Ato 5A, Slew Rate = 150mA/us,

L =4.7uH, Cqoyt = 140uF

| ‘! a
ISYS | |

Time (200pus/Div)
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Forward Boost Mode Load Transient Response

Reverse Boost Mode Load Transient Response
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Forward Power-Off from 12C
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Reverse Power-On from 12C
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Evaluation Board Layout

Figure 1 to Figure 4 are RT6190GQW Evaluation Board layout.

Figure 2. PCB Layout—Inner Side (2nd Layer)
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Hll

Figure 4. Bottom View (4th Layer)
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More Information

For more information, please find the related datasheet or application notes from Richtek website
http://www.richtek.com.

Important Notice for Richtek Evaluation Board

THIS DOCUMENT IS FOR REFERENCE ONLY, NOTHING CONTAINED IN THIS DOCUMENT SHALL BE CONSTRUED AS RICHTEK'S WARRANTY, EXPRESS
OR IMPLIED, UNDER CONTRACT, TORT OR STATUTORY, WITH RESPECT TO THE PRESENTATION HEREIN. IN NO EVENT SHALL RICHTEK BE LIABLE TO
BUYER OR USER FOR ANY AND ALL DAMAGES INCLUDING WITHOUT LIMITATION TO DIRECT, INDIRECT, SPECIAL, PUNITIVE OR CONSEQUENTIAL

DAMAGES.

EVB_RT6190GQW_01-00 May 2023 17 http://www.richtek.com


http://www.richtek.com/

