DATASHEET

VR 12 Compatible Single Phase MOSFET Driver

with Diode Emulation
Description

The IDTP67001 is a high frequency single-phase
MOSFET driver that delivers 12V gate drive to both high
and low side power N-Channel MOSFETSs in synchronous
rectifier buck regulator power supply applications. The
IDTP67001 is compatible with IDT VR12 controller
(IDTP63041 and IDTP63031) and external MOSFETSs to
form complete core voltage regulator for advanced
microprocessors. The IDTP67001 detects the DE# active
low signal sent by PWM controller and activates diode
emulation for high efficiency light load operation. In normal
conditions IDTP67001 operates in Continuous Conduction
mode (CCM) PWM mode.

The output drivers of IDTP67001 can efficiently switch
power MOSFETSs up to a frequency of 1 MHz, maximizing
power supply efficiency and minimizing size. The outputs
of the IDTP67001 provide less than 30ns typical rise and
fall times with 3nF loading.

The IDTP67001 incorporates shoot-through circuitry to
prevent both upper and lower MOSFETSs from conducting
simultaneously. The IDTP67001 can detect fault
conditions during initial start-up before the multi-phase
PWM controller takes control of the system to prevent
catastrophic high voltages at the buck regulator output.

The internal boostrap diode reduces the total solution cost
and the external component count. The IDTP67001
implements a diode emulation mode with the low side
MOSFET to prevent reverse inductor current. IDTP67001
is available in thermally enhanced SO-8 package with
metal paddle.
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IDTP67001
Features
e Drives high and low side N-Channel power
MOSFETSs.

e 50V Internal Bootstrap Schottky diode.

e 6-Q series resistance with Schottky diode to

protect driver from voltage spikes due to board

parasitics.

Shoot-Through protection

High switching frequency up to 1 MHz

1A Source and 2A Sink capability

Fast rise/Fall times for reduced switching losses

Propagation Delay time < 30ns

Fault detection and load protection circuitry

Tri-State PWM input allows both gate outputs to

drive low and disconnect inductor from the load

during shutdown.

e Synchronous FET diode emulation mode with
control pin provides improved light load efficiency.

e Packaged in thermally enhanced 8-pin SOIC with
metal pad for low thermal impedance.

e Pb-free and RoHS compliant.

Applications

e Desktop/Enterprise Computing

e VR12 CPU/GPU Multiphase Regulators
e Battery Powered equipment

e Voltage Regulator Modules
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IDTP67001 VR 12 COMPATIBLE SINGLE PHASE MOSFET DRIVER

Absolute Maximum Ratings (Al voltages referred to GND, unless specified)

PVCC 15V Continuous Power Dissipation (Ta=25 °C)--
VDD 7V
PHASE -5to 15V (DC) 8 pin SOIC (JEDEC-51 STD conditions)---- 1.61W
< 30V (<200 ns)
BOOT to PHASE 15V Operating Junction Temperature ~ ------ 125°C
BOOT -0.3V to (PVCC+15)V (DC)
-0.3V to 50V (<200ns) Ambient operating temperature - 0°C to 70°C
PHASE -4V to 15V
-0.3V to 38V (<200ns) Soldering Temperature (10 Sec)  ------ 260°C
PWM, DE Voltage GND-0.3to 7V
UGATE Voltage. (VPHASE-0.3)V to Storage Temperature - -40°C to +150 °C
(VBOOT+0.3)V
LGATE Voltage -0.3V to (PVCC+0.3)V
ESD, HBM 2kV
ESD MM 200V

Electrical Characteristics
4.5V < VDD < 5.5V, 10.8V < PVCC =< 13.2V, 0°C < T, < 125°C Unless stated otherwise. Typical dataat T, =

25°C
Parameter Symbol Conditions Min. | Typ. | Max. |Units

SUPPLY CURRENT

Operating Supply Current IVDD PWM = open,unloaded 59 48 mA
output
PWM=250kHz square
wave, GND to VDD, 3.1 5.0 mA
unloaded output

Operating Supply Current IPVCC PWM = Open, unloaded 230 590 uA
output
PWM=250kHz square
wave, GND to VDD, 2.3 3.3 mA

unloaded output

UNDER VOLTAGE LOCK OUT

VDD Threshold Rising VDDTHR 3.35 | 3.80 | 4.20 \Y

VDD Threshold Falling VDDTHF 265 | 3.25 | 3.70 \Y

VDD Hysteresis VDDHYS |VDDTHR-VDDTHF 220 | 580 770 mV
PVCC Threshold Rising PVCCTHR 5.5 6.7 7.7 \Y

PVCC Threshold Falling PVCCTHF 5.3 6.5 7.5 \Y

PVCC Hysteresis PVCCHYS |PVCCTHR-PVCCTHF 100 | 230 350 mV
PWM INPUT

Input Current IPWM PWM=VDD or GND 350 435 MA
Open Voltage VFLP IPWM=0 1.90 Vv

Input Threshold Hl, rising VIHRP 3.00 | 3.50 | 4.00 \Y
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IDTP67001 VR 12 COMPATIBLE SINGLE PHASE MOSFET DRIVER

Electrical Characteristics (Continued)
4.5V < VDD < 5.5V, 10.8V < PVCC =< 13.2V, 0°C < T, < 125°C Unless stated otherwise. Typical dataat T, =

25°C
Parameter Symbol Conditions Min. | Typ. | Max. | Units

Input Threshold Hl, falling VIHFP 280 | 3.30 | 3.85 \Y
Input Hysteresis, HI VIHHYSP | VIHRP- VIHFP 180 mV
Input Threshold LO, rising VILRP 1.13 1.3 1.43 Vv
Input Threshold LO, falling VILFP 1.05 | 1.15 | 1.32 Vv
Input Hysteresis, LO VILHYSP VILRP- VILFP 150 mV

LGATE
Source Current ILGH 3nF load 1.0 A
Sink Current ILGL 3nF load 2.0 A
Sink Impedance RSGL I=150mA 0.4 1.5 Q
Rise Time TRGL 3nF load, 20% to 80% 23 ns
Fall Time TFGL 3nF load, 80% to 20% 12 ns

UGATE
Source Current IUGH 3nF load 0.9 A
Sink Current IUGL 3nF load 2.0 A
Rise Time TRGH 3nF load, 20% to 80% 27 ns
Fall Time TFGH 3nF load, 80% to 20% 12 ns

PROPAGATION DELAYS

3nF load, PWM at 50%
to LGATE at 90%

3nF load, PWM at 50%
to UGATE at 90%
LGATE at 1V to UGATE

LGATE falling to UGATE rising TIHX at 1V 25 ns

UGATE falling to LGATE rising TILX EtHﬁ/SE at3Vto LGATE 13 ns

3nF load, PWM input =
PWM Low Tri-state Delay PLHZ 0V, release to HiZ, time 95 ns
to LGATE fallingto < 1V

3nF load, PWM input =
5V, release to HiZ, time
to UGATE falling to <
1V

3nF load, PHASE > 6V,
PWM Low to LGATE ON PLTO PWM falling to 50%
timeout when Phase held high VDD to LGATE rising to

1V

PWM rising to LGATE falling TPPH 17 ns

PWM falling to UGATE falling TPPL 24 ns

PWM High Tri-state Delay PHHZ 110 ns

115 ns
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IDTP67001 VR 12 COMPATIBLE SINGLE PHASE MOSFET DRIVER

Electrical Characteristics (Continued)

4.5V < VDD < 5.5V, 10.8V < PVCC =< 13.2V, 0°C < T, < 125°C Unless stated otherwise. Typical dataat T, =

25°C
Parameter Symbol Conditions Min. | Typ. | Max. | Units

BOOT DIODE
Forward Voltage BDFV I=10mA 0.77 1.02 \
Reverse Leakage BDRL V=PVCC 0.1 MA
DIODE EMULATION

IDEH DE = VDD 0 1.0 HA
DE# Input Current

IDEL DE = GND 5 10 HA
DE# Input EnableThreshold VILDE 1.35 \Y
DE# Input DisableThreshold VIHDE 2.5 \Y
DE# Input Thresold Hysteresis VHYSDE VIHDE-VILDE 250 mV
Minimum LGATE high time TMINONLG | "HASE =1V, Measure 250 ns

at 50%

Phase Comparator detection PHASE = VOFFSET
_nase Lomp TPHCOMPDET |to LGATE = 90% 60 ns
time PVCC

Typical Operating Characteristics
(Ta=25°C, unless otherwise specified. Vpp=5V, PVcc=12V Refer Figure 1.)
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IDTP67001 VR 12 COMPATIBLE SINGLE PHASE MOSFET DRIVER
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IDTP67001 VR 12 COMPATIBLE SINGLE PHASE MOSFET DRIVER

Block Diagram

VDD * | pvece
o]
UGATE Driver
PHASE
PWM t  Control
oo J— conte
Diode Emulation
Comparator
EEZI— LGATE Driver T
GND
Figure 1. Block Diagram
Pin Descriptions
Pin # | Pin Name Pin Type Description
1 LGATE Output Lower Gate Drive Output. Connect to the lower power MOSFET gate.

PVCC Power Power Supply Input. Connect to+12 V supply. Bypass this pin to GND as close to the
package as possible with1uF ceramic capacitor.

2
3 PWM Input PWM input control. Connect to the PWM output of the controller.

5 V control supply to driver. Bypass this pin to GND as close to the package as
4 VDD Power possible with1uF ceramic capacitor.

A low level on this pin enables Diode Emulation Mode. Leaving DE# open or tying it
5 DE# Input to VDD disables Diode Emulation mode and the driver operates in continuous
conduction mode.

BOOT Inout Floating bootstrap supply pin for the upper gate drive. Connect the bootstrap
P capacitor between this pin and the PHASE pin.

UGATE Output Upper Gate Drive Output. Connect to the upper power MOSFET gate.

Upper driver return and input to dead time control circuitry. Connected to the
8 PHASE Input inductor switching node.

Device Ground at metal pad on package bottom. Must be connected to power GND

9 GND Power and to large continuous copper area.
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IDTP67001 VR 12 COMPATIBLE SINGLE PHASE MOSFET DRIVER

Typical Application Circuit
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Figure 2. Typical Application Circuit

Timing Diagram
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Figure 3. Timing diagram
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IDTP67001 VR 12 COMPATIBLE SINGLE PHASE MOSFET DRIVER

Detailed Description

The IDTP67001 is designed to switch both the high side and low side N-channel MOSFETs totem pole configuration from
a single PWM input. The PWM input pin has three states. Upon a low to high PWM transition, LGATE drives low, then
UGATE drives high, to allow conduction in the high side control MOSFET (s). A high to low PWM transition will first drive
UGATE low before driving LGATE high, allowing conduction in the low side synchronous rectifier MOSFET(s). A voltage
on the PWM pin between the maximum input low voltage and the minimum input high voltage drives both LGATE and
UGATE low, and puts all external MOSFETs into a high impedance drain-source OFF state.

Internal circuitry is included on the IDTP67001 PWM input pin to bias it between the upper and lower thresholds if the
driving signal becomes high impedance indicating that tri-state operation is desired. This bias cicuit consumes almost no
VDD current when the PWM input signal is high impedance to minimize standby current, yet allows fast (<130ns)
transition to tri-state operation.

Shoot Through Protection

IDTP67001 prevents the high side and low side MOSFETSs from conducting simultaneously with circuitry that adapts to the
MOSFET characteristics, circuit configuration, and operating modes. Upon transition of the PWM input from a low to high
threshold UGATE does not drive high until the LGATE voltage decreases to less than 1.0V (typical relative to GND). Upon
transition of the PWM input from a high to low threshold LGATE does not drive high until the PHASE voltage decreases to
less than 3V (typical) indicating that the high side control MOSFET is not conducting any significant current under normal
operating conditions. However; since the voltage on the PHASE pin can exceed the 3V threshold for an extended period
due to negative inductor current LGATE will drive high after a 115ns (typical) timeout period even if the voltage on the
PHASE pin exceeds the 3V threshold.

Bootstrap circuit

IDTP67001 contains an internal boostrap diode between PVCC and BOOT. The drive voltage for UGATE is generated by
charging a capacitor between BOOT and PHASE when PHASE is low. The capacitor between BOOT and PHASE should
be a low ESR MLCC capacitor, X5R or X7R dielectric. A 100nF capacitor value is adequate for most applications. Larger
values can be used but they can cause large diode current surges during start-up with pre-charged output voltages when
the PHASE pin initially drives low. For low current applications with high gate charge MOSFETS, higher capacitance
values up to 220nF are needed.

Pre Power On Output Overvoltage Protection

In fault conditions, it may be possible that input voltage 12V directly present at the converter output during 12V power-up
due to a shorted high side power MOSFET or other problem. In this situation the PWM control IC may not have sufficient
bias voltage to allow it to command the IDTP67001 to turn on the low side power MOSFET and attempt to save the load
from damage due to over voltage and/or trip the over current protection in the 12V input supply. To address this situation
the IDTP67001 monitors the voltage on the the PHASE pin, if PHASE voltage and the PVCC voltage are the same and
exceed 4V (typical) with the PWM input in a high impedance tri-state condition it will drive LGATE high. This protection
feature does not rely on any bias voltage being present at the VDD input.

PVCC + VDD Bypass Capacitors

PVCC is the supply pin for the LGATE driver and UGATE bootstrap circuit. PVCC should be bypassed with a low ESR
X5R or X7R capacitor of 1.0uF as close to the the PVCC and GND pins as possible. VDD should also be bypassed with a
low ESR X5R or X7R 1.0uFcapacitor of as close to the the VDD and GND pins as possible. Minimize the use of vias
between the bypass caps and IC pins.

Diode Emulation

Upon assertion of the DE# input pin to a logic low by the PWM controller, the IDTP67001 monitors the drain-source
voltage on the low side power MOSFET after its PWM input is driven below its low threshold. When the voltage across the
MOSFET (between PHASE and GND) increases above 0V indicating a reverse inductor current, LGATE is turned off for
the remainder of the PWM low time to reduce system conduction losses. A minimum LGATE on time of 250ns (typical) is
provided to ensure the bootstrap capacitor doesn’t discharge during diode emulation.

Power Dissipation
Power dissipation in the IDTP67001 is primarily caused by the charging and discharging of external MOSFETs and
internal control circuitry.
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IDTP67001 VR 12 COMPATIBLE SINGLE PHASE MOSFET DRIVER

The power loss is given by following equation.

PD = ((QGH X nH +QGL X nL ) X fSW )PVCC + IVDD X VDD

Where Qgn,QqL is total gate charge of high side and low side MOSFETSs respectively. ny,n. is number of MOSFETSs on
high side and low side respectively.Use the following equation to estimate the operating temperature of the die.

Ty=Ta+ (Pox6y4)

Where Ta is maximum ambient temperature and 0,4 is thermal resistance given in following table. Keep thermal
dissipation such that it will not exceed the maximum operating junction temperature of 125 °C.

Thermal Characteristics

Parameter Symbol | Typ. | Units
Thermal Resistance Junction to Ambient Bua 61.9 °C/W
(JEDEC-51 STD conditions)
Thermal Resistance Junction to Case B4c 112.8 °C/W
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IDTP67001 VR 12 COMPATIBLE SINGLE PHASE MOSFET DRIVER

Package Outline and Package Dimensions (8-pin SO8 with exposed pad)
This part is compliant to JEDEC Standard MS-012
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IDTP67001 VR 12 COMPATIBLE SINGLE PHASE MOSFET DRIVER

Ordering Information

Part / Order Number Marking Shipping Packaging Package
P67001EXG IDTP67001EXG Tubes 8-pin SOIC

Parts that are ordered with a "LF" suffix to the part number are the Pb-Free configuration and are RoHS compliant.

While the information presented herein has been checked for both accuracy and reliability, Integrated Device Technology
(IDT) assumes no responsibility for either its use or for the infringement of any patents or other rights of third parties,
which would result from its use. No other circuits, patents, or licenses are implied. This product is intended for use in
normal commercial applications. Any other applications such as those requiring extended temperature range, high
reliability, or other extraordinary environmental requirements are not recommended without additional processing by IDT.
IDT reserves the right to change any circuitry or specifications without notice. IDT does not authorize or warrant any IDT
product for use in life support devices or critical medical instruments.

Innovate with IDT. Contact:

For Sales For Tech Support
800-345-7015 http://www.idt.com
408-284-8200

Fax: 408-284-2775

Corporate Headquarters
Integrated Device Technology, Inc.
www.idt.com

© 2010 Integrated Device Technology, Inc. Allrights reserved. Product specifications subject to change without notice. IDT and the IDT logo are trademarks of Integrated Device Technology, Inc.. Accelerated Thinking is
a service mark of Integrated Device Technology, Inc. All other brands, product names and marks are or may be trademarks or registered trademarks used to identify products or services of their respective owners.
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KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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Ten: +7 (812) 336 43 04 (MHO20KaHANbHbI)
Email: org@lifeelectronics.ru

www.lifeelectronics.ru
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