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Description

The RRI20601NP nalti-chip module incorporates high-side MOS FET, low-side MOS FET, and MOS-FET driver in
a sinde QFN paclage. The onard off timing of the power MOS FET isoptimizedby the bult-in driver, meking this
devicesuitable for large-current buck converters. The chip also incorporaes ahigh-side bootstrap Sdottky barier
diode (SBD), elminating the need fa anexternal SBD forthis purpose

Integrating adriver andboth high-side ard low-side power MOS FETsthe nev device isalso ompliant with the
packaye sandad “Driver —MOS FETintegrated SiP ©rMOYS)” proposed by Intel Corporation.

Features

 Built-in powerMOS FET stutable for apgications with 12V input andlow output voltage
 Built-in driver circuit which matcles the power MOS FET

 Built-in tri-stak input function which can sugport anumber of PWM cantrollers
* VIN operatng-voltagerange: 16 V max

» Highfrequeng opeation (sbove 1 MHz) possble

e Largeaveaage ouputcurrent (35 A)

e Achieve low power disspaion (About56 Wat1lMHz, 5 A)

» Controllable driver: Remote on/off

» Built-in Sclottky diode for bodstrappng

* Low-sidedrive voltage ca beindgpendently set

* Sl package QFN56 (8 mnx 8 mm x 0.8 mm)
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Block Diagram

pisBL#

—(VN

R High-side
L~ MOS FET

RGN
\

+——()vswH

VCIN
Input logic
Overlap
PWM C (TTL Iev_el) protection
(3 state in) Low-side

3}L//MOS FET
N
= (O)PGND

\_/ \_/
CGND VLDRV GL

Notes: 1. Truth table for the DISBL# pin.

DISBL# Input Driver Chip Status
“Lr Shutdown (GL, GH = “L")
“Open” Shutdown (GL, GH =“L")
“H” Enable (GL, GH = “Active”)

2. Outputsignal fromthe UVL block

A

e

UVL Output For activation

v—
Logic Level For shutdown |
IIL" -~
VL VH VCV|N
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R2J20601NP

Pin Arrangement
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Pin Description
Pin Name Pin No. Description Remarks
CGND 1, 6,51, Tab Control signal ground Should be connected to PGND externally
NC 2,53 No connect
VLDRV 3 Low side gate supply voltage For 5V to 12 V gate drive voltage for Low side
gate driver
VCIN 4 Control input voltage (+12 V input) | Driver Vcc input
BOOT 5 Bootstrap voltage pin To be supplied +5 V through internal SBD
GH 7 High side gate signal Pin for Monitor
VIN 810 20, Tab Input voltage
VSWH 21,40to0 50, Tab Phase output/Switch output
PGND 22t0 39 Power ground
GL 52 Low side gate signal Pin for Monitor
Reg5Vv 54 +5 V logic power supply output
DISBL# 55 Signal disable Disabled when DISBL# is “L”
PWM 56 PWM drive logic input
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R2J20601NP

Absolute Maximum Ratings

(Ta=25°C)
Item Symbol Rating Units Note
Power dissipation Pt(25) 25 W 1
Pt(110) 8 w 1
Average output current lout 35 A
Input voltage VIN (DC) —0.3to +16 \% 2
VIN (AC) 20 2,6
Supply voltage VCIN (DC) -0.3to +16 \% 2
VCIN (AC) 20 2,6
Low side driver voltage VLDRV (DC) -0.3to +16 Y 2
VLDRYV (AC) 20 2,6
Switch node voltage VSWH (DC) 16 Y 2
VSWH (AC) 20 2,6
BOOT voltage VBOOT 22 \% 2
DISBL# voltage Vdisble —0.3to VCIN \Y 2
PWM voltage Vpwm -0.3t0 +5.3 \% 2,4
—-0.3t0 +0.3 \Y, 2,5
Reg5V current Ireg5Vv -10to +0.1 mA 3
Operating junction temperature Tj-opr —40 to +150 °C
Storage temperature Tstg —55 to +150 °C

Notes: 1. Pt(25) represents a PCB temperature of 25° C, and Pt(100) represents 100°C.

2. Rated voltages are relative to voltages on the CGND and PGND pins.

I

For rated current, (+) indicates inflow to the chip and (-) indicates outflow.
This rating is when UVL (Under Voltage Lock out) is ineffective (normal operation mode).
This rating is when UVL (Under Voltage Lock out) is effective (lock out mode).

The specification values indicated “AC” are limited within 100 ns.
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R2J20601NP

Electrical Characteristics
(Ta=25°C, VCIN =12V, VLDRV =5V, VSWH =0V, unlessothewise spedied)

Item Symbol Min Typ Max Units Test Conditions
Supply VCIN start threshold Vh 8.1 9.0 9.9 \%
VCIN shutdown threshold A 6.5 7.2 7.9 \%
UVLO hysteresis duvL — 1.8+ — V| Va=-WL
VCIN bias current lein 10.5 14.0 18.5 mA fpwm = 1 MHz,
ton-pwm = 125 ns
VLDRY bias current ILbrRV 315 40.7 46.5 mA fewm = 1 MHz,
ton-pwm = 125 ns
PWM PWM rising threshold Vu-pwm 35 3.8 4.1 \%
Input PWM falling threshold Vipwm 0.9 1.2 15 \Y
PWM input resistance Rin-PwM 30 50 70 kQ PWM =1V
Tri-state shutdown window | Vin-sp Vi-pwM — Vh-pwM \%
Shutdown hold-off time tHoLD-OFF — 240 ** — ns
5V Output voltage Vreg 4.75 5.0 5.25 \%
Regulator | Line regulation Vreg-line -10 0 10 mV | VCIN=12Vto16V
Load regulation Vreg-load -10 0 10 mV | Ireg =0to 10 mA
DISBL# Disable threshold VpissL 0.9 1.2 15 \%
Input Enable threshold VengL 1.9 2.4 2.9 v
Input current IpissL 0.5 2.0 5.0 HA DISBL# =1V

Note: 1. Reference values for design. Not 100% tested in production.
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R2J20601NP

Typical Application
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R2J20601NP

Test Circuit
VB @:'N 360 T
VLDRV ——(@&)--2R 7 @V'N
VCIN @'en ‘ 1
Gy T1 7111
VCIN VLDRV BOOT -
DISBL# VIN
——|Reg5V  DIMOS  VSWH 000
% l Electric llo
load
5V pulse PWM PGND|— J,
CGND GH GL v
7;7_ ‘ ‘ Averaging Average Output Voltage
circuit Vo

Note: Pin = Iin x VIN + ILprv x VDRV + lcin x VeIN
Pout =lo x Vo
Efficiency = Pout / PiN
PLoss(DrMOS) = Piy — Pout
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R2J20601NP

Typical Data

Power Loss vs. Output Current

Power Loss vs. Input Voltage
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R2J20601NP

Typical Data (cont.)

Power Loss vs. Output Inductance Power Loss vs. VLDRV
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R2J20601NP

Description of Operation

The DrMOS mudti-chip modue incorpaates a hgh-side MOS FET, low-sice MOS FET,andMOS-FET driwer in a
single QM package Sincethe parasitiagnductance betwessad chip is extrerely small, the nodule b highly suitable
for use h budk convetersto beopeaated athigh frequencies. The @ntrol timing betveen the high-side MOS FET,
low-side MOS FET, and driver is optimized so hat high effi ciencycanbe obtained atlow outputvoltage.

Driver

The driver hastwo types of pwer-suypply voltageinpu pin, VCIN andVLDRV. VCIN supplies the operatirg voltage
to the interral logic circuit. The low-side driving voltage is applied to VLDRYV, sosettirg of the gate-driving voltage for
the low-sde MOS FET is indepndert of the vdtage on VCIN. The VLDRYV setting voltage isfrom 5V to 16V.

TheVCIN pinis conneced to the UVL (under-voltage lockout) module, so that the driver is disabkd aslongas VCIN
is9V or less. Orcarcellationof UVL, the diver renains enalted until the UVL input is drivento 7.2V or less. The
signal on pin DISBL# alsoenales a disabesthe circuit. WhenUVL disallesthe circuit , the bult-in 5V reguator
does notoperak, hut when the signal on DISBL# disabks te circuit, only output-pulsegeneraton is terminated, am
the 5 V reglator is na disabed

VCIN VLDRV DISBL# Reg5V Driver state
L >5V 0 0 Disable (GL, GH = L)
H >5V L 5V Disable (GL, GH =L)
H >5V H 5V Active
H >5V Open 5V Disable (GL, GH =)

Voltages from —0.3 V to VCIN can be gplied to the DISBL# pin, so on/off control by alogic IC or the useof aresstor,
etc., topull the DISBL#lineupto VCIN areboth posside.

The blt-in 5 V reguator is aseries reglator with tenperature compersatian. The woltage output by this reguator
deternines the operatingvoltage of the internal I@ic ard gate-voltage sving for the high-side MOS FET. A ceranic
capacitar with a value of 0.1 pF or nore must be onneced betwveen the CGND planeand the Reg5V pin.

The PWM pin s the sigral input pin for thedriver chip. The inpu-voltage rageis —Q3V to (RegV + 3V). When
the PVWM input is high, the gate d the high-side MOS FET(GH) is high ard the gate of the low-side MOS FET (GL) is

low.
PWM GH GL
L L
H H L
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R2J20601NP

ThePWM inpu is TTL level ard hashysteress. When the PWM input signalis atmormal, e.g, whenthe sgnalroute
from the cantrol IC is abnamal, the tri-state fuction turns off the high- and low-sde MOS FETs. Ttlis function
operateswhenthe PWM input signal stays n the input hysteesis wndow for 240 ns €yp.). Afterthe ti-state node has
beenentred and GH and GL havebecone low, aPWM inputvoltageof 3.8V or more is required to make the circuit
return to normal opeation.

240 ns(toLp-oFF) 240 ns(tHoLp-oFF)

* > | | * =

GL

g —
i

240 ns(tHoLp-oFF) 240 ns(tHoLDp-oFF)

| b |

: ﬂ |

Figure 1
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R2J20601NP

The quivalent circuit for the PWM-pin inpu is shown in the net figure. M1 isin the ON state during normal
opeation; after the PVM inpu signalhasstayed in the hysteress window for 240 ns (typ.) and the tri-state deecion
signalhasbean driven high, the ransstor M1 is turned off. From this circuit canfiguration we cansee hat the voltage
on the PWM pin whenopen-circut will be albout 2.5V, so the tri-state potectian function will operate.

RegbV

PWM pin ] » Tri-state detection signal
Input logic
iso Kk —— To internal control

Figure 2 Equivalent Circuit for the PWM-pin Input

For the high-side driver, the BOOT pin is the power-suppy voltage pin andvoltage VSWH providesa sardard for
opeaton of the high-sidedriving circuit. Consequently, the difference between he voltageon the BOOT ard VSWH
pinsbemmes thegat swing for the high-side MOS FET. Connrectabootstrap cgactor betveen the BOOT pin and the
VSWH pin. Since he Schottky barier diode (SBD) is connecedbetveen the BOOT and Reg5V pins, this boatstrap
camcita is chargd up to 5V. Whenthe high-side MOS FET is tirnedon, voltage VSWH becomes eaial to VIN, so
VBOOT is boostedo VSWH + 5V.

The GH and GL pins ae the gae-monitor pins for eact MOS FET.

MOS FETs

The MOS FETs incorporatedn R2J2060INP arehighly suitable for synchronows-recificaion bud conversion. For
the high-side MOS FET, the drain is connected D the VIN pin and the source s connected b the VSWH pin. For the
low-side MOSFET, tedrain is connectd to theVSWH pin and the saurce is connected tahe PGNDpin.
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Package Dimensions

JEITA Package Code [ RENESAS Code Previous Code | MASS[Typ.] |
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RenesaSTeChnOIOQV Corp. Sales Strategic Planning Div.  Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble
may occur with them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary
circuits, (ii) use of nonflammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corp. product best suited to the customer's
application; they do not convey any license under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-party's rights, originating in the use of any product data,
diagrams, charts, programs, algorithms, or circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents information on products at the time of
publication of these materials, and are subject to change by Renesas Technology Corp. without notice due to product improvements or other reasons. It is
therefore recommended that customers contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor for the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means, including the Renesas Technology Corp. Semiconductor
home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to
evaluate all information as a total system before making a final decision on the applicability of the information and products. Renesas Technology Corp. assumes
no responsibility for any damage, liability or other loss resulting from the information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life
is potentially at stake. Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when considering the use of a
product contained herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater
use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and
cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products contained therein.
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