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Single-Phase Synchronous Rectified Buck MOSFET Driver

1 General Description

The RT9614L is a dual N-channel MOSFET driver for
synchronous-rectified buck converters. The device
integrates the power switch, replacing the need for an
external bootstrap diode, which reduces system cost
and complexity while allowing the use of higher-
performance MOSFETs.

The RT9614L is a high-performance driver capable of
driving high- and low-side MOSFETs at high switching
frequencies with low power dissipation. Its operating
voltage is compatible with MOSFETSs featuring a 30V
breakdown voltage, providing greater flexibility and a
wider range of application possibilities.

The RT9614L features 4.5V to 13.2V gate driver
voltage supplied via the VCC pin. It offers a
propagation delay of approximately 30ns for both
high-side and low-side MOSFETs, and a 1.1Q sink
impedance on the low-side gate driver to prevent
shoot-through power loss during high dV/dt phase
node transitions. The RT9614L can efficiently switch
MOSFET gates at frequencies up to 1MHz and is
capable of driving gate loads up to 3nF. As a result,
the RT9614L is well-suited for a variety of high-input
voltage, high-current, and single-phase or multi-phase
DC to DC converter applications, such as CPU core
voltage and VGA power suppliers.

The recommended junction temperature range is

—40°C to 125°C, and the ambient temperature range
is —40°C to 85°C.

2 Features

e Shoot Through Protection

e Embedded Bootstrap Diode

e Up to 500kHz Operating Frequency

o Fast Rising and Falling Time
Compatible with 3.3V or 5V Middle State PWM
Input

o Enable Control

e Pre-OVP Protection

e 8-Lead WDFN Package

3 Applications
e Desktop Systems
e VGA Cards

4 Ordering Information

RT9614L Ii

Package Type(”
QW: WDFN-8L 3x3 (W-Type)

Lead Plating System
G: Richtek Green Policy Compliant(2)

Note 1.

e Marked with () indicates compatible with the current
requirements of IPC/JEDEC J-STD-020.

e Marked with @ indicates that Richtek products are

Richtek Green Policy compliant.

5 Marking Information
005: Product Code
YMDAN: Date Code

005YM
DAN

6 Simplified Application Circuit
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7 Pin Configuration

(TOP VIEW)

PWM i}

GND [
EN[3: |
vceldt i

WDFN-8L 3x3

8 Functional Pin Description
Pin No. Pin Name Pin Function

The PWM signal input pin. The external PWM signal determines the both
1 PWM UGATE and LGATE signals. UGATE is complementary to LGATE. If the PWM
signal is at tri-state voltage, both UGATE and LGATE are turned off.

2

9 (Exposed Pad) GND Ground pin. All signals are referenced to this pin.

Enable control input pin (Active High). When the voltage of the EN pin rises
above its threshold, the RT9614L is enabled and the UGATE/LGATE is ready
3 EN to be controlled. When the EN voltage falls below its falling threshold, the
RT9614L is shut down. At any time, there is no need to consider accidental
entry into test mode.

Supply voltage input pin. The VCC supplies power to the analog circuit of
4 VCC RT9614L and the gate drivers. Place a bypass capacitor from this pin to GND
for noise immunity.

Low-side gate driver output pin. Connect to the gate of low-side MOSFET.
Notice, DO not connect a resistor (RG_ExT) between LGATE and the gate
terminal of the low-side MOSFET, as it might cause undesired shoot-through
due to the LGATE voltage is monitored for shoot-through protection.

Connect to the source of the high-side MOSFET and the drain of the low-side
6 PHASE MOSFET. Provide the driving path for the high-side driver and is used for Pre-
OVP and shoot-through protection.

High-side gate driver output pin. Connect to the gate of the high-side

5 LGATE

’ UGATE MOSFET.
Bootstrap capacitor output pin. The bootstrap capacitor is charged by this pin
8 BOOT while the low-side MOSFET is turned on, providing energy to turn on the high-

side MOSFET. Connect this pin through the bootstrap capacitor to the PHASE
pin.
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9 Functional Block Diagram
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10 Absolute Maximum Ratings
(Note 2)

Supply Voltage, VCC

BOOT to PHASE
PHASE to GND
DC

<100ns

LGATE to GND
DC

<100ns

UGATE to GND
DC

<100ns

EN, PWM to GND

Package Thermal Resistance
Power Dissipation, PbD @ TA = 25°C

WDFN-8L 3x3
Package Thermal Resistance  (Note 3)
WDFN-8L 3x3, 6JA

WDFN-8L 3x3, 8Jc

Lead Temperature (Soldering, 10 sec.)

Junction Temperature

Storage Temperature Range

-0.3V to 15V
-0.3V to 15V

—-0.3V to 30V
-10V to 35V

~0.3V to (VCC + 0.3V)
~2V to (VCC + 0.3V)

(VPHASE — 0.3V) to (VBooT + 0.3V)
(VPHASE — 2V) to (VBooOT + 0.3V)
-0.3Vto 7V

3.22W

31°°C/W

8°C/W

260°C

150°C

65°C to 150°C

ESD Susceptibility  (Note 4)
HBM (Human Body Model)

1.5kV

Note 2. Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These
are stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated
in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions may
affect device reliability.

Note 3. 6,4 is simulated under natural convection (still air) at Ta = 25°C with the component mounted on a high effective-
thermal-conductivity four-layer test board on a JEDEC 51-7 thermal measurement standard. 8,c is simulated at the
bottom of the package.

Note 4. Devices are ESD sensitive. Handling precautions are recommended.

11 Recommended Operating Conditions

(Note 5)

e Supply Voltage, VCC 4.5V to 13.2V

¢ Input Voltage, (VIN + VCC) < 35V

e Ambient Temperature Range —40°C to 125°C
¢ Junction Temperature Range —40°C to 85°C

Note 5. The device is not guaranteed to function outside its operating conditions.
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12 Electrical Characteristics

(Vec =12V, Ta = 25°C, unless otherwise specified.)

Parameter ‘ Symbol ‘ Test Conditions | Min | Typ | Max ‘ Unit
Power Supply
Power Supply Voltage Vce 4.5 -- 13.2 V
Power Supply Current Ivce VBooT = 12V, PWM input floating |  -- 120 -- pA
Power On Reset (POR)
POR Rising Threshold VPOR_R Vcc rising -- 4 4.4 V
POR Falling Threshold VPOR_F Vcc falling 3 3.5 -- \%
EN Input
E::'rg;‘r’]‘;tk}/o'tage Rising | vey g ~ |13 |16 | Vv
Erl:lr(lar;ﬁl;tlc;/oltage Falling VEN F 07 1 _ Vv
PWM Input
Maximum Input Current IPwWM PWM = 0V or 5V -- 160 -- pA
PWM Floating Voltage VPWM_FL PWM = open -- 1.8 -- V
PWM Logic-High VPWM_H 2.96 - - Vv
PWM Logic-Low VPWM_L -- - 0.6 \
Timing
UGATE Rising Time tR_UGATE 3nF load -- 25 -- ns
UGATE Falling Time tF_UGATE 3nF load -- 12 -- ns
LGATE Rising Time tR_LGATE 3nF load -- 24 -- ns
LGATE Falling Time tF_LGATE 3nF load -- 10 -- ns
UGATE Propagation Delay {OLY_POH_UGATE VBOO.T . VP'_.'ASE =12V - % — ns
toLy_PDL_UGATE | See timing diagram - 22 -
) tDLY_PDH_LGATE | See timing diagram -- 30 --
LGATE Propagation Delay — - ns
tDLY_PDL_LGATE | See timing diagram -- --
EN to PWM Delay tDLY_ENTOPWM -- 3 -- ns
Tri-State to High Delay tuGPTST -- 30 -- ns
High to Tri-State Delay tuGssHD -- 20 -- ns
Tri-State to Low Delay tLGPTST -- 42 -- ns
Low to Tri-State Delay tLGSSHD -- 15 -- ns
Output
UGATE Drive Source RSRC_ UGATE Yggr‘;TA_ VPHASE = 12V, ISource =\ | 47 | _ | g
UGATE Drive Sink RSNK_UGATE | yoo0] = VPRASE = 12V ik =1 g | ] o
LGATE Drive Source RSRC _LGATE Isource = 1T00mMA -- 1.6 -- Q
LGATE Drive Sink RSNK _LGATE Isink = 100mA -- 1.1 -- Q
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RICHTEK RT9614L
13 Typical Application Circuit
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15 Typical Operating Characteristics

Output Voltage vs. Temperature

REFOUT Voltage vs. Temperature
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Sinking Current Limit vs. Temperature
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RICHTEK RT9614L
16 Operation

16.1  Supply Voltage

The RT9614L can operate with VCC = 5V or VCC = 12V, supporting various application fields such as NB or
desktop systems. A higher VCC provides a higher driving voltage for UGATE and LGATE. In terms of efficiency,
the higher driving voltage leads to higher driver loss. However, the higher VCC benefits lower conduction loss on
MOSFET. Therefore, selecting VCC=12V or 5V is a tradeoff to optimize overall system efficiency.

16.2 Power-On Reset (POR)

To prevent external MOSFETSs from turning on when VCC is insufficient to drive the gate drivers, the RT9614L
incorporates a POR circuit. This circuit keeps the driver disabled and both high-side and low-side MOSFETSs off
until VCC reaches to POR rising threshold, typical 4V. As VCC exceeds the POR rising threshold and EN is high,
the gate drivers are controlled by the PWM input signal. During power-down, the POR falling threshold is set to
3.5V (typical), with a 500mV hysteresis to prevent false triggering due to slow VCC slew rates.

16.3 PWM Operation Principle
As the EN pin is in high status and VCC is above the POR rising threshold, the gate drive outputs are determined
by the PWM input. As shown in the PWM timing diagram (Figure 1, on the rising edge of the PWM signal, the
LAGET is forced low and the non-overlap circuit monitors the LGATE voltage. Once the LGATE is lower than 1.1V,
the UGATE is turned on after propagation delay. Similarly, on the falling edge of the PWM signal, the UGATE is
turned off and the voltage between UGATE and PHASE is monitored. If either PHASE or UGATE-PHASE is lower
than 1.1V, LGATE is turned on after a propagation delay to prevent shoot-through current events.

[

| | |
} | |
. | | | | | |
tri-state I ! I
| | | | | |
PWM Lo Lo | |
| | | | I |
| | | | | | | |
LGATE 90% I I B L
_ | N \190%
tLGATEPDL v tUGATEPDL Y : : : : : L/10% : |
[ [ L/ I
| | | | | | |
| | | 190% | | | |
| | | | | | |
| | | | | | |
UGATE ] | | | 1 1 ] |
hmns hnn gl ! e s
tUGATEPDH tLGATEPDH tuPTST tuessHD  tLgprsT tLGssHD

Figure 1. PWM Timing Diagram

16.4 Tri-State PWM Input

When PWM signal enters and remains within the tri-state window, the output drivers are disabled and both
MOSFET gates are pulled and held low. Once the PWM signal exits the tri-state window, the output drivers resume
normal operation. If the PWM signal is left floating, the pin is kept around 1.8V by the internal divider, providing
the PWM controller with a recognizable level.

Table 1 lists the logic relationships among EN, PWM, LGATE, and UGATE signals.
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Table 1. Logic of EN, PWM, LGATE, and UGATE Signals

EN PWM LGATE | UGATE
Low High or Low Low Low
High Low High Low
High High Low High
High Tri-state Low Low

16.5 Bootstrap Control

To minimize high-side conduction loss, the voltage between BOOT and PHASE should be as close as possible to
the supply voltage (VCC). In the RT9614L, the conventional bootstrap diode is replaced by a FET switch with very
low voltage drop, which is triggered by LGATE signal. Hence, the bootstrap capacitor is charged by VCC when the
low-side MOSFET is turned on, ensuring that VcBOOT is approximately equal to VCC.

16.6 Enable and Disable

The RT9614L features an EN pin for independent sequence control. When the voltage of EN pin rises above its
rising threshold (typical 1.3V), both UGATE and LGATE are enabled and controlled by the PWM signal. On the
contrary, when the voltage of EN pin falls below its falling threshold, the RT9614L is shut down.

16.7 Pre-Overvoltage Protection

To prevent pre-bias voltage on output or a short circuit across the high-side MOSFET before EN is high, the
RT9614L applies a PREOVP function on the PHASE pin. Before EN is high, the PHASE pin voltage is monitored.
If the PHASE voltage is higher than the PREOVP threshold (minimum 2.7V), LAGET is forced high to discharge
the PHASE voltage. Figure 2 shows the PREOVP operation principle during the power-on period.

-

I

I I

I I I

PWM | | |
T

W/O PREOVP W/H PREOVP

o

PREOVP

Figure 2. PREOVP Operation Principle
. PREOQOVP threshold
2.7V < PREOVP threshold < 3V
. Must follow the power-on sequence
VCC > VCCPOR_max is earlier than EN > ENrising
. Driver should connect to Controller

The driver EN pin should be connected to the controller DRVEN signal. This configuration ensures that the
PREOQOVP function operates correctly during both start-up and PS4.

Copyright © 2026 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation

RT9614L_DS-01 August 2026 www.richtek.com
11




RICHTEK RT9614L

16.8 Shoot-Through Protection

To prevent overlap between UGATE and LGATE signals which can cause additional power losses or circuit
damage, the RT9614L incorporates a non-overlap protection circuit. During the falling edge of the PWM signal,
UGATE begins to pull low (after a propagation delay), and the non-overlap circuit monitors the voltages at the
PHASE node and the UGATE node (UGATE-PHASE). Before LGATE is pulled high, the non-overlap protection
circuit ensures that these monitored voltages have dropped below 1.1V, providing shoot-through protection. Once
the monitored voltage is lower than 1.1V, LGATE begins to turn high after the propagation delay time. Similarly, to
avoid shoot-through during the rising edge of the PWM signal, LGATE is turned off as PWM begins to pull high.
The non-overlap circuit then monitors the LGATE node voltage. If the LAGET is below 1.1V, UGATE is turned on
after the propagation delay time.
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17 Application Information
(Note 6)

17.1  Driving Capability

The basic requirements for a gate driver for a MOSFET include the ability to source a voltage greater than the
MOSFET’s gate threshold voltage (VGs(th)) and provide sufficient driving capability to achieve the target switching
frequency and performance. This section describes the gate driver requirements for an N-channel MOSFET.

The switching behavior of a MOSFET is affected by its parasitic capacitances: gate-to-source (Cas), gate-to-drain
(Cab), and drain-to-source (Cbs). During the MOSFET turn-on and turn-off transitions, CGb and CGs are charged
or discharged through the gate. Hence, the gate driver of MOSFET must consider the variations in these parasitic
capacitors.

The MOSFET datasheet typically specifies these capacitances as follows:

Ciss = Cas + CaD

Coss = CaD + CDs

Crss = CaD

Figure 3 shows the equivalent circuit of the high-side MOSFET during the turn-on transition.

Vee VIN

RUGATE_SR

GD iD_Hs(Vas_Hs)

Cas Hs
S
Dsopy-aLs

Figure 3. The Equivalent Circuit of High-Side MOSFET During Turn-On Transition

v

L

The turn-on transition of the high-side MOSFET can be divided into 5 intervals, as shown in Figure 4. During
interval t1_Hs and t2_Hs, the gate-to-source voltage and the driving current can be expressed as follows:

-t
1_e(RUGATE_SR + RG_HS)Ciss_Hs )

Vas_Hs (t)= Vee x(
-+
Vee y e(RUGATE_SR+RG_HS)C|SS_HS

ig_ns (1)=
(RUGATE_SR +Rg_Hs )
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The interval t1_Hs and t2_Hs are defined as follows:

RT9614L

Vee

t1 Hs =(RUGATE_SR +Rg_Hs )XCISS_HS xn(———+—)
Vee -VTH_Hs
Vee -VTH Hs

to Hs =(RUGATE_SR +Rg_Hs )XCISS_HS xIN(—————)
Vee -Vep_Hs

When VGs_Hs reaches VGpP_Hs, the MOSFET enters to miller plateau region. In this interval, the driving current is
primarily used to discharge Cep_HS, facilitating a rapid voltage change across Vbs_Hs. The driving current during
interval t3_Hs can be expressed as follows:

Vee -Vep_Hs

i t)=
o_hs (1)
Rucate sr *tRG Hs
The t3_Hs can be calculated as:
VIN

—x (RUGATE_SR +Rg Hs )X Cep Hs
Vee -Vep Hs

t3 ps =

Finally, the VGs_Hs is continuously charged from VGpP_Hs to approximately 0.9 x VCC, at which point the high-side
MOSFET is fully turned on. The VGs_Hs during interval t4_Hs can be expressed as follows:

Ves_ns (t)=
-t
RUGATE_SR+Ra_Hs)ClIss_Hs

(Vep_ns -Vee ) el +Vee

The t4_Hs can be calculated as follows:
Vee -Vep Hs J

t4 Hs =(RUGATE_SR +RGg Hs )XCISS_HS X"{ 01V
1Vee

<—Ciss_Hs—»« Crss_Hs < Ciss s>

A ! :
. Vin N |
% [—
ILVY/;&——
/s, Io.ns
/ Switching Vo
[ \JReseen
- -
A HQGS—HS»¢QGD_HSA
Vee
0.9Vcc
////
Vap s -
VTH Hs - ! Ve s
/ / HQG_HS(SW)—»
«— > t
tiws boms ts 1S ty s 15 s

Figure 4. Timing Interval of High-Side MOSFET During Turn-On Transition
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Figure 5 illustrates the equivalent circuit of the high-side MOSFET during turn-off transition.

VIN

CaD Hs

QD iD_Hs(VGs Hs)
G
RuGATE_sk Cas Hs
S

Dsoby-aLs /%

L

Figure 5. The Equivalent Circuit of High-Side MOSFET in Turn-off Transition

Referring to Figure 6, the turned-off transition of the high-side MOSFET can be separated into 5 regions, and the
gate-to-source voltage and driving current in interval t6_HS and t7_Hs can be derived as follows:

-t
(RUGATE_sk+RaG_Hs)Ciss_Hs

Vas_ns (t) =Vec xe

Ves_ns (t)

RuGaTe_sk *tRG_Hs

ig_ns (1)=

The symbol “minus” indicates the inverse direction of the driving current. The intervals t6_HS and t7_Hs are defined
as follows:

10
ts Hs =(RUGATE_SK +RG_Hs )XCISS_HS X'”(gj

B Vee
t7 Hs —(RUGATE_SK +Rg Hs )XCISS_HS xIn 0-9V—
GP_HS

When VaGs_Hs falls to Vep_Hs, the MOSFET enters the miller plateau region. In this interval, the driving current is
primarily used to charge CGb_Hs. The driving current during interval t8_Hs can be expressed as follows:

-Vep_Hs

i t)=
g_HS ( )
RucaTe sk *Rg Hs

The symbol “minus” indicates the inverse direction of the driving current. The interval t8_HS can be calculated as
follows:

tg Hs =—X(RUGATE_SK +Rg Hs )XCGD_HS

Finally, the VGs_Hs further decreases from VGpP_Hs to VTH_HS, and the high-side MOSFET is fully turned off. The
gate-to-source voltage (VGs_Hs) during interval t9_Hs can be expressed by the following equation:

-t
(RUGATE_sk+RG_Hs)Ciss_Hs

Ves_Hs (t)=Vep_Hs xe
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The interval t9_HS can be calculated as follows:

VP Hs
VTH_Hs

tg Hs =(RUGATE_SK +RG Hs )XCISS_HS X'”[

- CISS_HS - CRSS_HS .- CISS_HS"
A
| RS VN ~
L
A I R *'\\| LPK
Ip Hs
Switching |
lLRaHs ps(on) Vbs Hs
a ~ Loss \ — t
A !
. 0.9Vce
Vep Hs
P ‘ L\ Vs Hs
VTH_Hs - - el
>
te vs t7 s ts s  toms tio Hs

Figure 6. Timing Interval of High-Side MOSFET During Turn-off Transition.

Here is an example of a driving capability calculation for a synchronous buck converter, where both input voltage
and driver voltage are 12V (VIN = 12V, Vcc = 12V). The selected high-side MOSFET is the CSD17301Q5A, with
the following parameters: Ciss = 2660pF, Ceb = 80pF, VTH = 1.1V, VP = 1.32V, and RG = 1.3Q.

Therefore, the maximum driving current for the CSD17301Q5A during the turn-on period can be calculated as

follows:

Ig_HS_max = ig_HS (0)

-0
_ Vee « e(RUGATE_SR+RG_HS)C|SS_HS
(RUGATE_SR +RGg_Hs )
=12 0 -ya

1.7+1.3
Furthermore, the timing intervals of the turn-on transition can be expressed using the following equations:
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_ Vee
t1 Hs ‘(RUGATE_SR +Rg_Hs )XCISS_HS xInf ———
Vee -VTH Hs

12
12-1.1

=(1.7+1.3)><2660p><|n[ j=0.77ns

Vee -VTH_Hs J

to Hs =(RUGATE_SR +RG Hs )XCISS_HS X'”[V v
cc -VeP_Hs

12-1.1

=(1.7+1.3) x 2660p x In(—j=0.16ns
12-1.32

VIN
t3 Hs =—X(RUGATE_SR +Rg Hs )XCGD_HS
Ve -Vep Hs

12
12-1.32

x(1.7+1.3)x80p=0.27ns

Vee -Vep_hs
0.1Vee

t4 Hs :(RUGATE_SR +Rg Hs )XCISS_HS X'”[

12-1.32

0.1x12

=(1.7+1.3)x2660px|n( ]=17.44ns

Finally, fully turning on the CSD17301Q5A requires approximately 18.64ns when using the RT9614L as the gate
driver for the MOSFET.

trotaL_oN =t _Hs 2o s 3 ps g ps
=0.77n+0.16n+0.27n+17.44n=18.64ns
As operating in turn-off region, the maximum of driving current for CSD17301Q5A is defined.

ig_HS_max :ig_HS (0)

-vgs_ s (0) 12 aan

Rucate_sk *Rg Hs 1.4+1.3

Furthermore, the timing intervals of the turn-off transition can be expressed by the following equations:
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10
ts Hs =(RUGATE_SK +RG_Hs )XCISS_HS Xln(?j

=(1.4+1.3)x 2660p x In(%)=0.76ns

_ Vee
t7 Hs ‘(RUGATE_SK +RG_Hs )XCISS_HS xIn 0-9V—
GP_HS

=(1 A4+1 .3) x 2660p x In(O.Q%jﬂS.’l ns

tg Hs :—X(RUGATE_SK +RG_Hs )XCGD_HS
GP_HS
_ 12 _
= x (1.4+1.3)x80p=1.96ns
1.32
Vep_Hs
to Hs :(RUGATE_SK +RG_Hs )XCISS_HS xInf ————
VTH_Hs

=(1.4+1.3) x 2660p x In(%}ﬂ 31ns

The minimum turn-off time required for the CSD17301Q5A when using the RT9614L gate driver can be expressed
as follows:

trotaL_orF =te_Hs *t7_Hs *tg_nHs +tg Hs

=0.76n+15.1n+1.96n+1.31n=19.13ns
Selecting a proper MOSFET that is well-matched with the RT9614L gate driver can reduce the MOSFET turn-on
and turn-off intervals. This improvement enhances system efficiency and enables higher switching frequencies.
17.2 Power Loss of MOSFET

The synchronous buck converter is widely used in low-voltage and high-current applications, such as CPU
peripherals. Therefore, achieving high efficiency is always a key concern. To improve overall system efficiency, it
is important to analyze and break down the power losses of each selected device. The section introduces the
power losses on MOSFET, which can be divided into two categories: conduction loss and switching loss.

The conduction loss of the high-side MOSFET can be represented as follows:

- 2
Pconp(ars) =Ip(ars,rms)” *Ras,ps(on)
The conduction loss of the low-side MOSFET can be calculated using the following equation:

Peonp(aLs) =I(aLs.rms)” *Ravs,ps(on)
+Ve s x(lpk xtLGaTEPDH *lLvy X tHeaTEPDH )* fs
Where:
ID(QHS,RMS) is the RMS current of the high-side MOSFET.
RaHs,DS(ON) is the on-resistance of the high-side MOSFET.
ID(QLS,RMS) is the RMS current of the low-side MOSFET.
RaLs,DS(ON) is the on-resistance of the low-side MOSFET.
VF_Ls is the forward voltage drop of the low-side MOSFET body diode.

ILPK is the peak current of the inductor.
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ILvY is the valley current of the inductor. When the buck converter operates in DEM, the ILvY is equal to zero.

tLGATEPDH and tUGATEPDH are the propagation delay in the gate driver of the MOSFET.
fs is the switching frequency.

17.3 Driver Loss

The driver loss can be defined as follows:

FRloss Gbrv_Hs =QG Hs x Ve xfs

Ross Gbrv Ls =Qg s xVcc xfs

Where

QG_Hs is the total gate charge of the high-side MOSFET.

QG_Ls is the total gate charge of the low-side MOSFET.

The switching loss of the high-side and low-side MOSFETs can be further classified into turn-on/turn-off losses,
Coss loss, and reverse recovery loss caused by the MOSFET body diode.

17.4 High-Side MOSFET

Referring to the conduction loss of the high-side MOSFET and the conduction loss of the low-side MOSFET in
Power Loss of MOSFET, the turn-on switching loss of the high-side MOSFET can be derived as follows:

1
F.oss,Hs ON =EXVIN xIvy ><(t2_Hs +H3 Hs )st

Referring to the conduction loss of the high-side MOSFET and the conduction loss of the low-side MOSFET in
Power Loss of MOSFET, the turn-off switching loss of the high-side MOSFET can be derived as follows:

1
RLoss Hs_OFF =§XVIN xlLpk *(tg_Hs *tg Hs )xTs

Additionally, since Coss is charged and discharged during every switching cycle, the Coss loss of the high-side
MOSFET must be considered. The calculation of this loss is as follows:

_1 2
F.oss,Hs_coss =5 Coss_Hs x VN xfs

17.5 Low-Side MOSFET

The turn-on switching loss of the low-side MOSFET can be obtained as follows:
1
Floss,Ls oN =EXVF_LS xILpk X(tz_Ls 3 1s )st

where VF is the forward voltage drop of the low-side MOSFET body diode.

The intervals t2_Ls and t3_Ls of the turn-on process for the low-side MOSFET are defined as follows:

Vee -VTH Ls
to Ls =(RLGATE_SR +Rg s )XCISS_LS xInf ——————
Vee -Vep Ls
VF Ls
t3 |Is =————x (RLGATE_SR +Rg s )X Cep Ls
Vee -Vep Ls

The turn-off switching loss of the low-side MOSFET can be obtained as follows:
1
Rloss,Ls_oFF =5XVF_LS xlvy x(tg Ls *tg 15 )xfs

The intervals t8_Ls and tg_Ls of the turn-off process for the low-side MOSFET are defined as follows:
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x (RLGATE_SK +Rg s ) xCap Ls

VGP_Ls ]

tg 1s =(RLGATE_SK +Rg Ls )Xclss_l_s xIn
VTH Ls
The Coss loss of the low-side MOSFET is typically much smaller and is generally ignored. However, for

completeness in loss calculations, it can be estimated using the following equation:
_1 2
RlossLs_coss =5 Coss s *VF_Ls” xfs

Additionally, the reverse recovery loss occurs in the body diode of the low-side MOSFET when the high-side
MOSFET turns on and the low-side MOSFET is in the off-state. The reverse recovery loss Can be calculated as
follows:

RossLs RR =QRR Ls xVIN xfs

where QRR_LS is the reverse recovery charge of the low-side MOSFET body diode.

By understanding the power loss distribution in the MOSFETS, system efficiency can be improved and overall
performance can be enhanced.

17.6 Bootstrap Capacitor Selection
To reduce power consumption, the transitional bootstrap circuit is replaced by an integrated FET sin the RT9614L,
saving board space. Now, only an external capacitor (CBOOT) needs to be connected between BOOT and PHASE.
To effectively turn on the high-side MOSFET, the stored energy in CBOOT must be greater than the total gate
charge of the high-side MOSFET.
The value of the bootstrap capacitor is defined by the following equation:
Cooor >3

BOOT = AVeoor
where
Qg: Total gate charge
AVBOOT = Vcc — VTH
AVBOOT: Maximum allowable voltage drop on the bootstrap capacitor
Vcce: Supply voltage of the gate driver
VTH: Threshold voltage of the high-side MOSFET
The theoretically CBoOT is illustrated in Figure 7. Additionally, when selecting CBoOT, consider DC de-rating, AC
de-rating, and thermal de-rating effects. It is recommended to use a ceramic capacitor for CBoOT due to its low
ESR and good local de-coupling characteristics.
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Bootstrap Capacitance vs. Boot Ripple Voltage
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Figure 7. Bootstrap Capacitance vs. Boot Ripple Voltage

17.7 Power Dissipation

The power dissipation is directly related to the switching frequency and the total gate charge of the selected
MOSFET. Accurate calculation of gate driver power dissipation is essential to ensure safe operation. In general
designs, the power dissipation should not exceed the specified maximum value, and the operating junction

temperature remains below 125°C.

Figure 8 shows the power dissipation test circuit, where CL and CU are the load capacitors for LGATE and UGATE,
respectively. The bootstrap capacitor value is 0.1uF. Figure 9 presents the power dissipation curves, illustrating
that power dissipation is proportional to both switching frequency and load capacitance. Higher operating
frequencies and larger load capacitances result in increased power dissipation.

10

12VOWVT

1uF

Enable o—— EN

PWM 0—

Cgoor
0.1uF
12V
(o]
BOOT
If—
vcC UGATE i
Cu
RT9614L T 3nF
PHASE
2N7002
+—
PWN  LGATE T—i
GND

CL
J_ I 3nF

Figure 8. Power Dissipation Test Circuit
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Power Dissipation vs. Frequency
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Figure 9. Power Dissipation vs. Frequency

17.8 Thermal Considerations

The junction temperature should never exceed the absolute maximum junction temperature TJ(MAX), listed under
Absolute Maximum Ratings, to avoid permanent damage to the device. The maximum allowable power dissipation
depends on the thermal resistance of the IC package, the PCB layout, the rate of surrounding airflow, and the
difference between the junction and ambient temperatures. The maximum power dissipation can be calculated
using the following formula:

Pb(MAX) = (TJMAX) — TA) / BJA
where Ty(MAX) is the maximum junction temperature, TA is the ambient temperature, and 6JA is the junction-to-
ambient thermal resistance.

For continuous operation, the maximum operating junction temperature indicated under Recommended Operating
Conditions is 125°C. The junction-to-ambient thermal resistance, 8Ja, is highly package dependent. For a WDFN-
8L 3x3, the thermal resistance, 0JA, is 31°C/W on a standard JEDEC 51-7 high effective-thermal-conductivity four-
layer test board. The maximum power dissipation at TA = 25°C can be calculated as below:

Pbmax) = (125°C - 25°C) / (31°C/W) = 3.22W for a WDFN-8L 3x3 package.

The maximum power dissipation depends on the operating ambient temperature for the fixed TJmaAx) and the
thermal resistance, 6JA. The derating curve in Figure 10 allows the user to see the effect of rising ambient
temperature on the maximum power dissipation.

35

T
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Figure 10. Derating Curve of Maximum Power Dissipation
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17.9 Layout Consideration

The parasitic inductance of PCB and power device can affect the switching characteristics to aggravate PHASE
ringing and further decrease efficiency. To improve these drawbacks, the following layout guidelines must be
considered:

. Place the RT9614L as close as possible to the MOSFETs to minimize parasitic components between
devices.

o Place the VCC bypass capacitor as close as possible to the VCC pin. This helps eliminate high-frequency
noise generated during high/low-side MOSFET switching.

o Place the bootstrap capacitor as close as possible to the BOOT and PHASE pins to minimize parasitic
inductance and reduce the high-current trace path, including the bootstrap capacitor, GND, VCC bypass
capacitor, and the drain-to-source path of the low-side MOSFET.

. Keep the gate driver paths (UGATE, PHASE, LGATE, GND) short and wide to reduce parasitic impedance.
The UGATE and PHASE traces for the high-side driver should be directly connected to the gate and source
terminals of the high-side MOSFET. The PHASE trace for the gate driver should be independent from the
high-current path. Apply the same rule for LGATE and GND traces on the low-side driver.

. Place the source terminal of the high-side MOSFET as close as possible to the drain terminal of the low-
side MOSFET. Similarly, keep the connection between the source terminal of the low-side MOSFET and
GND wide and short to minimize the impedance between the high/low-side MOSFET and GND.

. If layers changes are required, use at least two vias to reduce parasitic inductance.

o Avoid routing the PWM and enable traces close to the switching node, as they may be susceptible to noise
interference from high dV/dt.

Note 6. The information provided in this section is for reference only. The customer is solely responsible for designing,
validating, and testing any applications incorporating Richtek’s product(s). The customer is also responsible for
applicable standards and any safety, security, or other requirements.
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18 Outline Dimension

i

SN s Sy N Sy B Al
]

E

SEEDETAILA

2
A A

DETAIL A

Pin #1 10 and Tie Bar Mark Options

Mote : The configuration ofthe Pin #1 identifier is optional,
but must be located within the zone indicated.

Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 0.700 0.800 0.028 0.031
A1 0.000 0.050 0.000 0.002
A3 0.175 0.250 0.007 0.010
b 0.200 0.300 0.008 0.012
D 2.950 3.050 0.116 0.120
D2 2.100 2.350 0.083 0.093
E 2.950 3.050 0.116 0.120
E2 1.350 1.600 0.053 0.063
e 0.650 0.026
0.425 0.525 0.017 0.021

W-Type 8L DFN 3x3 Package
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19 Footprint Information

Le

Number of Footprint Dimension (mm)
Package Bi Tolerance
in P A B C D Sx Sy M
V/W/U/XDFN3*3-8 8 0.65 3.80 1.94 0.93 0.35 2.30 1.50 2.30 £0.05
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20 Packing Information

20.1 Tape and Reel Data

-—P'—-

PIN 1 /
\ / TN

O O O O\O

|

@]

Feed Direction >

arrier Tape

START

Round Sprocket Holes

END
R L S o S

T T

-»@—f 4= —+ ax—i J‘-f.» T'Lejt
Ll LJ_J

L] I..L..ul__L_l l

Leader

Trailer
~—Components —+=——=600 mm Minimum, ——

~—160 mm minimum, —=

Reel Width (W2)

Leader
Min/Max (mm)

(mm)

Reel Size (A)
(in)

Units
per Reel

Trailer

Pocket Pitch
(mm)

(P) (mm)

Tape Size

Package Type (W1) (mm) (mm)

(V, W)
QFN/DFN 600 12.4/14.4

3x3

180 1,500 160

12

C, D, and K are determined by component size.
The clearance between the components and

O

&
&
&

Fain
jur
o
ju

s

the cavity is as follows:

W1
- For 12mm carrier tape: 0.5mm max.

O

O
O
O

- ) —md

aJ

WA1

Tape Size

Min

Max Min

Max

Max Min Max

Min

Max

Max

12mm

Max

12.3mm

7.9mm

8.1mm|1.65mm

1.85mm

4. 1mm|1.5mm|1.6mm

1.0mm

1.3mm

0.6mm
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20.2 Tape and Reel Packing

Step Photo/Description Step Photo/Description
o T
i 3§ : ¢
AN
i ¢ R . :
1 4 i‘\ ‘é‘ %“ é BICHTEKVV
Reel 77 3 reels per inner box Box A
1 L
8 H &
2 5 | ,
1 i >
§ il B s
i — —
HIC & Desiccant (1 Unit) inside 12 inner boxes per outer box
' i =
3 ~ 6
-
Caution label is on backside of Al bag Outer box Carton A
Container Reel Box Carton
Package Size | Units Item Reels Units Item Boxes Unit
V. W) | 1500 Box A 3 4,500 Carton A 12 54,000
QFN & DFN 3x3 ’ Box E 1 1,500 For Combined or Partial Reel.
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20.3 Packing Material Anti-ESD Property

Su_rface Aluminum Bag Reel Cover tape | Carrier tape Tube Protection Band
Resistance
Q/cm? 104 to 10" 10to 10" | 10%to 10" | 10%to 101" | 10% to 10" 104 to 10"
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21 Datasheet Revision History

Version Date Description
00 2026/3/19 First Edition
01 2026/8/24 Functional Pin Description
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