onsemi

Smart Power Stage (SPS)
Module

FDMF3037

Description

The SPS family isonsemis next—generation, fully optimized,
ultra—compactintegrated MOSFET plus driver power stage solution
for high—current, high—frequency, synchronous bu€k;-DC
applications. The FDMF3037 integrates a driver IC with a bootstrap
Schottky diode and two power MOSFETSs into a thermally enhanced,
ultra—compact 5 mm 5 mm package.

With an integrated approach, the SPS switching power stage is
optimized for driver and MOSFET dynamic performance, minimized
system inductance, and power MOSFE@sfny The SPS family
uses onsemis high-performance POWERTRENEGHMOSFET
technology, which reduces switch ringing, eliminating the need for a
snubber circuit in most buck converter applications

A driver IC with reduced dead times and propagatielays further
enhances the performance. The FDMF3037 supporte dimulation
(using FCCM pin) for improved light-load efficiencylhe
FDMF3037 also provides a 3-state 5 V PWM inputdampatibility
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A = Assembly Site
Y = Year of Production
WwW = Work Week Number
Y4 = Assembly Lot Number

FDMF3037 = Device Code

ORDERING INFORMATION

See detailed ordering and shipping information on page 19 of

with a wide range of PWM controllers. this data sheet.

Features

® Supports PS4 Mode for IMVP-8

e Ultra—Compact 5 mm x 5 mm PQFN Copper—Clip Packaige Flip
Chip Low-Side MOSFET

High Current Handling: 35 A

3-State 5 V PWM Input Gate Driver

Low Shutdown Currentiicc < 6 uA

Diode Emulation for Enhanced Light Load Efficiency
onsemiPOWERTRENCH MOSFETs for Clean Voltage Waveforms
and Reduced Ringing

onsemiSyncFET" Technology (Integrated Schottky Diode) in
Low-Side MOSFET

Integrated Bootstrap Schottky Diode

Optimized / Extremely Short Dead-Times

Under-Voltage Lockout (UVLO) on VCC

Optimized for Switching Frequencies up to 1.5 MHz

Operating Junction Temperature Range:*&t +125C

This Device is Pb-Free, Halide Free and is RoHS |@iamt

Applications

Notebook, Tablet PC and Ultrabook

e Servers and Workstations, V-Core and Non-V-Core DC-
Converters

Desktop and All-in—One Computers, V-Core and Non€dre
DC-DC Converters

High—Current DC-DC Point-of-Load Converters

Small Form—Factor Voltage Regulator Modules

© Semiconductor Components Industries, LLC, 2015 1
April, 2023 - Rev. 2

Publication Order Number:
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FDMF3037

APPLICATION DIAGRAM
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Figure 1. Typical Application Diagram

FUNCTIONAL BLOCK DIAGRAM
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Figure 2. Functional Block Diagram
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PIN DEFINITIONS

FDMF3037

PIN CONFIGURATION
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Figure 3. Pin Configuration - Top View

Pin # Name Description
1 PWM PWM input to the gate driver IC
2 FCCM The FCCM pin enables or disables Diode Emulation. When FCCM is LOW, diode emulation is allowed. When
FCCM is HIGH, continuous conduction mode is forced. High impedance on the input of FCCM will shut down
the driver IC (and module).
3 VCC Power supply input for all analog control functions; this is the “quiet” Vcc
4,32 AGND Analog ground for analog portions of the IC and for substrate, pin 4 and pin 32 are internally fused (shorted)
5 BOOT Supply for high-side MOSFET gate driver. A capacitor from BOOT to PHASE supplies the charge to turn on
the N—-channel high-side MOSFET. During the freewheeling interval (LS MOSFET on), the high side capacitor
is recharged by an internal diode connected to PVCC.
6, 30, 31 N/C No connect
7 PHASE Return connection for the boot capacitor
8~11 VIN Power input for the power stage
12~15, 28 PGND Power return for the power stage
16~26 SW Switching node junction between high and low side MOSFETS; also the input into both the gate driver SW
node comparator and the ZCD comparator
27,33 GL Low-side MOSFET gate monitor
29 PvCC Power supply input for LS (Note 1) gate driver and boot diode

1. LS =Low Side.

WWW. onsemi.com
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FDMF3037

ABSOLUTE MAXIMUM RATINGS (Ta = T; = +25°C)

Symbol Parameter Min Max Unit
Vee Supply Voltage Referenced to AGND -0.3 7.0 \Y,
PVce Drive Voltage Referenced to AGND -0.3 7.0
VpwMm PWM Signal Input Referenced to AGND -0.3 Vee +0.3 Y
VEcem Skip Mode Input Referenced to AGND -0.3 Vec +0.3 \
A\l Low Gate Manufacturing Test Pin | Referenced to PGND (DC) GND -0.3 Ve +0.3 \Y
Referenced to PGND (AC < 20 ns, 10 wJ) GND -0.3 Ve +0.3 \Y
VIN Power Input Referenced to PGND -0.3 30.0 \
VpHASE PHASE and SW Referenced to PGND (DC) -0.3 30.0 \%
Vsw Referenced to PGND (AC < 20 ns, 10 pJ) -8.0 30.0
VBooT Bootstrap Supply Referenced to AGND (DC) -0.3 33.0 \Y
VBooT-pHAsE | BOOT to PHASE Voltage DC -0.3 7.0 Y,
AC<20ns,10wJ -0.3 9.0 \%
loav) Output Current fsw =300 kHz, ViN=12V, VouTt =1V - 35 A
(Note 2) fsw = 1000 kHz, Viy =12V, Vout =1V - 30
03-a Junction-to—Ambient Thermal Resistance - 12.4 °C/W
03-pcB Junction-to—PCB Thermal Resistance (under onsemi SPS Thermal Board) - 18 °C/W
Ta Ambient Temperature Range -40 +125 °C
T; Maximum Junction Temperature - +150 °C
Tstg Storage Temperature Range -55 +150 °C
ESD Electrostatic Discharge Human Body Model, JESD22-A114 - 15 kv
Protection Charged Device Model, JESD22-C101 - 25

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may occur and reliability may be affected.

2. lpo(av) is rated with testing onsemi s SPS evaluation board at Ta = 25°C with natural convection cooling. This rating is limited by the peak
SPS temperature, T; = 150°C, and varies depending on operating conditions and PCB layout. This rating may be changed with different
application settings.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
Vee Control Circuit Supply Voltage 45 5.0 55 \Y
PVce Gate Drive Circuit Supply Voltage 45 5.0 55 \Y
VN Output Stage Supply Voltage 4.5 (Note 3) 12.0 24.0 (Note 4) Vv

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond

the Recommended Operating Ranges limits may affect device reliability.

3. 3.0V V)yis possible according to the application condition.

4. Operating at high V| can create excessive AC voltage overshoots on the SW-to—-GND and BOOT-to—GND nodes during MOSFET
switching transient. For reliable SPS operation, SW to GND and BOOT to GND must remain at or below the Absolute Maximum Ratings
in the table above.
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FDMF3037

ELECTRICAL CHARACTERISTICS (Typical value is under Viy = 12 V, Vcc = PVee =5 V and Tp = T = +25°C unless otherwise noted.
Minimum / Maximum values are under V| = 12 V, Ve = PVee =5 V £10% and Ty = T = —40~125°C unless otherwise noted.)

Symbol Parameter Test Condition | Min | Typ | Max | Unit
BASIC OPERATION
lcc_sp Quiescent Current with PWM and | Icc = lyec + lpvee, PWM = Floating, - 6 11 UA
FCCM Pin Floating (PS4 Mode) FCCM = Floating (Non-Switching)
lcc_HIGH Quiescent Current with PWM Pin | Icc = lvee + lpvec, PWM = Floating, - 80 - UA
Floating and Vgcem = 5V FCCM =5V
lcc_Low Quiescent Current with PWM Pin | Icc = lvee + lpvec, PWM = Floating, - 120 - UA
Floating and Vgcem = OV FCCM =0V
VuvLo_Rrise | UVLO Rising Threshold Ve Rising - 3.4 3.9
VuviLo_FaLL | UVLO Falling Threshold V¢ Falling 25 3.0 -
to_Por POR Delay to Enable IC Ve UVLO Rising to Internal PWM Enable - - 15 us
FCCM INPUT
Ircem_HigH | Pull=Up Current Vecem =5V - 50 - UA
Ircem_Low | Pull-Down Current Vecem =0V - -50 - UA
VIH_FceMm FCCM High Level Input Voltage Vec=PVec =5V 3.8 - -
VT1r_Fccm | FCCM 3-State Window Vec=PVec=5V 2.2 - 2.8
VIL_FceMm FCCM Low Level Input Voltage Vec=PVee=5V - - 1.0
tps_ExIT PS4 Exit Latency Vec=PVee=5V - - 15 us
PWM INPUT
lpwm_HiGH | Pull=Up Current Vecem =5V - 250 - UA
Ipwm_Low | Pull-Down Current Vecem =0V - -250 - uA
ViH_pwMm PWM High Level Input Voltage Vec=PVec =5V 4.1 - -
V1R pwm | PWM 3-State Window Vee=PVee=5V 16 - 3.4
ViL_pwm PWM Low Level Input Voltage Vec=PVec=5V - - 0.7
tp_HoLp-oFF | 3-State Shut-off Time Vee=PVec =5V, Ty=25°C 100 175 250 ns

PWM PROPAGATION DELAYS & DEAD TIMES (V

IN= 12 V, VCC = PVCC =5 V, fSW =1 MHZ, IOUT

=20 A, Tp = 25°C)

tpp PHeLL | PWM HIGH Propagation Delay PWM Going HIGH to GL (Note 5) Going - 25 - ns
B LOW, VIH_PWM to 90% GL
tpp pLeHL | PWM LOW Propagation Delay PWM Going LOW to GH (Note 6) Going - 15 - ns
B LOW, VIL_PWM to 90% GH
tpp PHGHH | PWM HIGH Propagation Delay PWM Going HIGH to GH Going HIGH, - 15 - ns
- (FCCM Held LOW) ViH pwwm to 10% GH (FCCM =LOW, I =0,
Assumes DCM)
tpp_TseHH | EXiting 3-State Propagation Delay | PWM (from 3-State) Going HIGH to GH - 35 - ns
Going HIGH, VIH_PWM to 10% GH
tpp_TseLH | Exiting 3-State Propagation Delay [ PWM (from 3-State) Going LOW to GL - 35 - ns
Going HIGH, VIL_F’WM to 10% GL
tp peapon | LS Off to HS On Adaptive Dead SW <£-0.2 V with GH £ 10%, PWM - 25 - ns
B Time Transition LOW to HIGH
tp peaporr | HS Off to LS On Adaptive Dead SW <£-0.2 V with GL £ 10%, PWM Transition - 20 - ns
B Time HIGH to LOW
HIGH-SIDE DRIVER (HDRV, Vcc = PVcc =5V)
Rsource_gH | Output Impedance, Sourcing Source Current = 100 mA - 1.0 25 Q
Isource_cH | Output Sourcing Peak Current GH=25V - 2 - A
RsINK_GH Output Impedance, Sinking Sink Current = 100 mA - 1.0 25 Q
ISINK_GH Output Sinking Peak Current GH=25V - 4 - A

WWW. onsemi.com
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FDMF3037

ELECTRICAL CHARACTERISTICS (Typical value is under Vi =12 V, Vce = PVec =5 V and Tp = Ty = +25°C unless otherwise noted.
Minimum / Maximum values are under Viy = 12 V, Ve = PVee =5 V £10% and T = Tp = —40~125°C unless otherwise noted.) (continued)

Symbol Parameter Test Condition Min Typ Max Unit
tR_GH GH Rise Time GH =10% to 90%, C oap = 3.0 nF - 8 - ns
tF GH GH Fall Time GH =90% to 10%, C oap = 3.0 nF - 8 - ns

LOW-SIDE DRIVER (LDRV, Ve = PVee =5 V)
Rsource_cL | Output Impedance, Sourcing Source Current = 100 mA - 1.0 25 Q
Isource_cL | Output Sourcing Peak Current GL=25V - 2 - A

Rsink_GL Output Impedance, Sinking Sink Current = 100 mA - 0.5 - Q

IsINK_GL Output Sinking Peak Current GL=25V - 4 - A
tR 6L GL Rise Time GL = 10% to 90%, C_oap = 3.0 nF - 8 - ns
tr 6L GL Fall Time GL = 90% to 10%, C| opp = 3.0 nF - 4 - ns

BOOT DIODE
VE Forward-Voltage Drop IF=10 mA - 0.6 - \%
VR Breakdown Voltage IR=1mA 30 - - \

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

5. GL = Gate Low, internal gate pin of the low-side MOSFET.

6. GH = Gate High, internal gate pin of the high—-side MOSFET.
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FDMF3037

TYPICAL PERFORMANCE CHARACTERISTICS

(Test Conditions: VN =12 V, Vec = PVec =5V, Vout =1V, Loyt = 250 nH, Ta = 25°C and natural convection cooling, unless otherwise
noted.)

louT, Module Output Current (A)

PLymop, Module Power Loss (W)

45
40
35
30
25
20
15
10

Fow = 300 kHz — | <\

Fsw = 1000 kHz /'\\
\

ViNn=12V,PVcc &Vee =5V, VouTt=1V
| I | |

0 25 50 75 100 125 150
Tpce, PCB Temperature (°C)
Figure 4. Safe Operating Area with 12V |y
10 - - :
o | — 12 Vin, 300 kHz
o Tz
71— 12 Vin: 1000 kHz / //
i 27
i %
3
2
1
= PVee & Vec =5V, Vour 51V
0 5 10 15 20 25 30 35 40 45
louT, Module Output Current (A)
Figure 6. Power Loss vs. Output Current with 12V |y

Normalized Module Power Loss

1.4

1.3

1.2

11

1.0

0.9

0.8
200 300 400 500 600 700 800 900 1000 1100

T T T T \
VN = 12V, PVce & Vec=5Y,
VOUT =1V, IOUT =30A

/

Fsw, Module Switching Frequency (kHz)

Figure 8. Power Loss vs. Switching Frequency

PLymop, Module Power Loss (W) louT: Module Output Current (A)

Normalized Module Power Loss

45
40
35
30
25
20
15
10

N\
Fsw = 300 kHz /’f\
| A\

Fsw = 1000 kHz /'\\

\\

\
|
Vin=19V, PVcc & Vee =5V, Voyr =1V \l
0 25 50 75 100 125 1

Tpca, PCB Temperature (°C)
Figure 5. Safe Operating Area with 19V |y

50

11 T T T
10— 19 Vin, 300kHz
gl ™ 19 Vin, 500 kHz
19 Vin, 800 kHz / /
8 F— 19 Vin, 1000 kHz '/
! / /
6
5 / / /
4
3
2
Z =
; PVCC&VCCZSVrVOUT:]-V
0 5 10 15 20 25 30 35 40 45
louT, Module Output Current (A)
Figure 7. Power Loss vs. Output Current with 19V |y
1.20 T T T T T
PVce & Vyvcc =5V, Vout =1V,
Fsw =500 kHz, loyTt =30 A
1.15
1.10 \ /
1.05 /
\ //
1.00 "~
0.95
4 8 10 12 14 16 18 20
VN, Module Input Voltage (V)
Figure 9. Power Loss vs. Input Voltage

WWW. onsemi.com

7


http://www.onsemi.com/

FDMF3037

TYPICAL PERFORMANCE CHARACTERISTICS
(Test Conditions: VN =12 V, Vec = PVec =5V, Vout =1V, Loyt = 250 nH, Ta = 25°C and natural convection cooling, unless otherwise

noted.)
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FDMF3037

TYPICAL PERFORMANCE CHARACTERISTICS
(Test Conditions: VN =12 V, Vec = PVec =5V, Vout =1V, Loyt = 250 nH, Ta = 25°C and natural convection cooling, unless otherwise

noted.)
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FDMF3037

TYPICAL PERFORMANCE CHARACTERISTICS
(Test Conditions: VN =12V, Vec = PVee =5V, Vout = 1V, Loyt = 250 nH, T = 25°C and natural convection cooling, unless otherwise
noted.)
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FDMF3037

_ViL_pwm

tpp_pHGLL = PWM Hi to GL LOW, V|4 pwwm to 90% GL
90% - - /-
tFALL_GL =90% GL to 10% GL

tD_DEADON = LS Off to HS On Dead Time, 10% GL to
VeooT-6nD < PVee — VE peoot =1V

GH-PHASE X

(internal) l tRISE_GH = 10% GH to 90% GH, VgooTt-aND < PVee —
L VE peoot — 1V 1o Vsw peak
: ! tPD_PLGHL =PWM LOW to GH LOW, VIL_PWM to 90% GH,
' : tpp_PLGLH ~ tb_DEADOFF ~ tFALL_GH

BOOT-GND ' '

traLL_GH = 90% GH to 10% GH

{D_DEADOFF = HS Off to LS On Dead Time, Vgyy <0V to
10% GL

tPDiPLGLH = PWM LOW to GL HlI, VILﬁPWM to 10% GL

tRISE_GL =10% GL to 90% GL

1
1
1
1

tpp_pHGLL [ tD_DEADON tRISE_GH tPo_PLGHL | tD_DEADORF TRISE_GL
i
1
1

traLL GL tFALL_GH |
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Figure 25. PWM Timing Diagram
(7 (7
\ ) ,
Vi pwm (11) | ) ) ViH_pwM
___________ e\
___________ L O
VIRLHI : ] : V1ri_Hi (9)
1 1 1
1 1 1
V1ri_L0(10) : : : V1R Lo
-------------- |----------------l----l----------
_____________ e N\
Vi pwm : : Vi_pwwm (12)
1
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PWM 3-State, 3-State,
Window: Window:!
() B ) I
1 1 1 1
1 1
1 1
GH-PHASE [ :
1 1 1 1
1 1 1 1
1 1
1 1
GL ! -
| I

NOTES:

7. The timing diagram in Figure 26 assumes very slow ramp on PWM.

8. Slow ramp of PWM implies the PWM signal remains within the 3-state window for a time >>>ty HoLp-oFF
9. V1Rl HI = PWM trip level to enter 3—state on PWM falling edge. B
10.V1RrI Lo = PWM trip level to enter 3—state on PWM rising edge.

11. Vi pwm = PWM trip level to exit 3—state on PWM rising edge and enter the PWM HIGH logic state.
12.V|L pwm = PWM trip level to exit 3—state on PWM falling edge and enter the PWM LOW logic state.

Figure 26. PWM Threshold Definition
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FDMF3037

DESCRIPTION

The SPS FDMF3037 is a driver—-plus—MOSFET module
optimized for the synchronous buck converter topology.
A PWM input signal is required to properly drive the
high—side and thlow-side MOSFETSs. The part is capable
of driving speed up to 1.5 MHz.

Power-On Reset (POR & UVLO)

The FDMF3037 incorporates a POR feature that easure
both LDRVand HDRYV are forced inactive (LDRV = HDRV
= 0) until UVLO > 3.4 V (typical rising thresholdJVLO
is performed on VCC (not on PVCC or VIN).

After all gate drive blocks are fully powered on dave
finished the startup sequence, the internal dril@r
EN_PWM signal is released HIGH, enabling the driver
outputs. Once the driver POR has finished, theedfallows
the state of the PWM signal (itéssumed that at startup the
controller is either in a high-impedance state ocifig the
PWM signal to be within the driver 3-state window).

Driver A
State

Enable

Disable

[
|

VCC (V)

3.0 3.4

Figure 27. UVLO

3-State PWM Input

The FDMF3037 incorporates a 3-state 5 V PWM input
gate drive design. The 3-state gate drive hasdgihHIGH
and LOW levels, along with a 3-state shutdown wmdo
When the PWM input signal enters and remains withén
3-state window for a defined hold-off tim (tioLp-oFR.
both GL and GH are pulled LOW. This feature enatiies
gate drive to shutdown both the high—side anddie-$ide
MOSFETs to support features such as phase shedaing,
common feature on multi-phase voltage regulators.

Table 1. PWM THRESHOLD DEFINITION

PWM FCCM GH GL
3-state 1 0 0
0 1 0 1
1 1 1 0
FCCM

The FCCM pin can be used to control Diode Emulation
used to shut down the driver IC (withd < 6 uA, Icc =
current consumed by VCC and PVCC). When FCCM is
LOW, diode emulation is allowed. When FCCM is HIGH,
continuous conductiomode is forced. High impedance on
the input of FCCM shuts down the driver IC (and oiedl

Table 2. FCCM LOGIC TABLE

Driver Enable
PWM FCCM GH GL State
X 3-state 0 0 0 (Icc < 6 uA)
3-state 0 0 0 1
3-state 1 0 0 1
0 0 0 lwhenlIL>0 1
OwhenlIL<0
1 0 1 0 1
0 1 0 1 1
1 1 1 0 1

(FCCM = 1 — Forced CCM)

Setting the FCCM pin to a HIGH state will allow forced
CCM operation. During forced CCM, the FDMF3037 will
always follow the PWM signal and allow for negative
inductor current.

(FCCM = 0 — Diode Emulation / DCM)

Setting the FCCM pin to a LOW state will enabled#io
emulation. Diode emulation allows for higher converter
efficiencyunder light load situations. With diode emulation
is activated, the FDMF3037 will detect the zeroreot
crossing othe output inductor (at light loads) and will turn
off low side MOSFET gate GL to prevent negative irtdu
current from flowing. Diode emulation ensures
Discontinuous Conduction Mode (DCM) operation. Diode
emulation is asynchronous to the PWM signal. Therefore,
the FDMF3037 will respond to the FCCM input imméelia
after it changes state.

(FCCM = HiZ — Shutdown)

Setting the FCCM pin to a HIGH impedance state (HiZ)
will shutdown the driver IC withdc < 6uA. The FDMF3037
requires a startup latency time of (<ul) when exiting a HiZ
FCCM state. Low d¢ driver shutdown is often needed to
support power saving modes in multi—-phase voltagelator
designs.

Power Sequence

The FDMF3037 requires four (4) input signals to gerf
normal switching operation: VIN, VCC / PVCC, PWMha
FCCM.

The VIN pins are tied to the system main DC povaér r

The PVCC and VCC pins are typically powered from the
same 5V source. These pins can be either tied directly
together or tied together through an external R€rfiThe
filter resistor / capacitor igsed to de—couple the switching
noise from PVCC to VCC. Refer to Figure 1 for RC filter
schematic.

The FCCM pin can be tied to the VCC ralil with areexal
pull-up resistor and it will maintain HIGH once t€C rail
turns on. Or the FCCM pin can be directly tiedhe PWM
controller for other purposes.

WWW. onsemi.com
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SYNCHRONOUS BUCK OPERATING MODES

Continuous Current Mode with Positive Inductor un—enegized ouffilter inductor (i.e. zero inductor current).

Current (CCM1) The inductor current ramps up during the high-side
This candition is typical of a moderate-to-heavily loaded MOSFET on-time and is then allowed to ramp backmiow

power stage. During this mode, the inductor curient to aero amps during the low-side on-time (i.e inductor

always flowing towards the output capacifine high—side  current returns to zero every switching cycle.
MOSFET ishard—switching during the turn—on and turn—off

events. The low-side MOSFET acts a synchronous rectifier.High-Side Driver
The high-side driver (HDRV) is designed to drive a

Continuous Current Mode with Negative Inductor floating N—channel MOSFET (Q1). The bias voltagetfe
Current (CCM2) . - high—side driver isleveloped by a bootstrap supply circuit,
This operating mode can occur during two situations  ¢onsisting of the internal Schottky diode and external
1. A converter load transient may force the powegesta bootstrap capacitor §&o1). During startup, the SW node
to pull energy from the output capacitors_ and @liv  gnould be held at PGND, allowinggE6ot to charge to
the energy back to the input capacitors (Boost pycc through the internal bootstrap diode. When thé/PW
Mode). This situation is common in synchronous input goes HIGH, HDRV begins to charge the gatéhef
buck applications that require output voltage high-side MOSFET (internal GH pin). During this
load-line positioning. o transition, the charge is removed from thgogT and
During this mode, the negative inductor current gelivered tahe gate of Q1. As Q1 turns on, SW rises g,V
(current flowing into FDMF3037 SW node) may forcing the BOOT pin to } + VeooT, Which provides
become large and persist for many cycles. This gyfficient Vgs enhancement for Q1. To complete the
situation causes the low-side MOSFET to hard switching cycle, Q1 is turned off by pulling HDRV to SW.
switch and the high-side MOSFET acts as a cyqqris then recharged to PVCC when the SW falls to
synchronous rectifier. It is highly recommended to pGND. HDRVoutput is in phase with the PWM input. The
check peak SW node voltage stress during any pigh-sidegate is held LOW when the driver is disabled or
situation that can generate large negative inductorhe pywm signal is held within the 3-state windowléarger

currents. ) o than the3—state hold-offime, b HoLD-OFF
2. A power stage that is operating in forced CCM mode -

with lighter converter loads. Here, the inductor Low-Side Driver
peak-to—peak ripple current is greater than twesim The low-side driver (LDRV) is designed to drive the
the load current and the inductor current is flawin gate-source ofa ground-referenced, lowd3ony

both positive and negative in a switching cycle. N-channel MOSFET (Q2). The bias for LDRV is intélpna
_ _ connected between the PVCC and AGND. When therdrive
Discontinuous Current Mode (DCM) is enabled, the driver output is F86ut of phase with the

This condition is typical of a lightly loaded powsage. PWM input. When the driver is disabled (FCCM = 0 V),
During DCM, the high-side MOSFET turns on into an | prv is held LOW.
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Figure 28. FCCM 3-State Timing Diagram
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APPLICATION INFORMATION

Decoupling Capacitor for PVCC & VCC PWM (Input)

For the supply inputs (PVCC and VCC pins), local The PWM pin recognizes three differdéogic levels from
decoupling capacitors are required to supply the peakPWM controller: HIGHLOW, and 3-statéVhen the PWM
driving current and to reduce noise during switghin pin receives a HIGH command, the gate driver tomghe
operation. Use at least 0.68x# / 0402~0603 X5R~X7R high—-sideMOSFET. When the PWM pin receives a LOW
multi-layerceramic capacitors for both power rails. Keep command, the gate driver turns on the low-side MEBF
these capacitors close to the PVCC and VCC pins andWhen the PWM pin receives a voltage signal inside of the
PGND and AGND copper planes. If the de—coupling 3-statewindow (V1R window) @nd exceeds the 3-state
capacitors need to be located on the bottom side of boardhold-off time, the gate driver turns off both higtigde and
place through-hole vias on each pad connecting tomeille low-side MOSFETs. To recognize the high—-impedance
bottom side PVCC and VCC nodes with low impedance 3-statesignal from the controller, the PWM pin has an

current pathssee Figure 31 and Figure 32. internal resistor divider from VCC to PWM to AGNDhe
The supply voltage range on PVCC and VCC is resistor divider sets a voltage level on the PWM pin inside
4.5V~5.5V, and typically 5 V for normal applicatgn the 3-state window when the PWM signal from the

controller is high—impedance.
R-C Filter on VCC

The PVCC pin provides power to the gate drive of the FCCM (Input)
high-side and low-side power MOSFETSs. In most cases, When the FCCM pin is set HIGH, the driver IC Zero Gros
PVCC can be connected directly to VCC, which is the pin Detect (ZCD) comparator is disabled, and the high—side a
that provides power to the analog and logic bloakthe low-side MOSFETSs switch in FCCM (Forced CCM) and
driver. To avoid switching noise injection from P&anto follow the PWM signal. When the FCCM pin is set LOW
VCC, a filter resistor can be inserted between PVCC andthe low-side MOSFET turns off when the SPS drivéedts

VCC decoupling capacitors. negative inductor current during the low-side MOSFET
Recommended filter resistor value range is 0~@,7  turn—on period. This operating mode is commonlgmefd
typically 0Q for most applications. to as diode emulation. The diode emulation feature allows
for higher converter efficiency during light-loadndition
Bootstrap Circuit and PFM / DCM operation.

The bootstrap circuit uses a charge storage capacitor appications that require diode emulation and/or low
(CeooT)- A bootstrap capacitor of 0.1~0.g8 / 0402~0603  ghtdown current should actively drive the FCCM fpim

/' XSR~X7R is usually appropriate for most switching 4 pyw\ controller. Do not add any noise filter cafamn
applications. A series bootstrap resistor may lezled for the FCCM pin.

specific applications to lower high-side MOSFET
switching speed. The boot resistor is required when the SP3ower Loss and Efficiency

is switching above 15V \; when it is effective at Figure 30 shows an example diagram for power lods a

controlling Vs overshoot. BooT value from zero to 4.@ efficiency measurement.

is typically recommended to reduce excessive veltgike Power loss calculation and equation examples:

and ringing on the SW node. A highegdT value can PN =(MVin X Iin) + (Vee X Ico) (W)

cause lower efficiency due to high switching loss of Psw=VswX lout (W)

high—side MOSFET. PouTt = VouTt X louTt (W)

Do not add a capacitor or resistor between the BP@T  PLoss mopuLe= Pn — Psw (W)

and GND. PLoss_totaL= AN — Pout (W)
EFFivopuLE = (Psw/ Pin) X 100 (%)
EFFhotaL = (Pout/ An) X 100 (%)
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Figure 30. Power Loss and Efficiency Measurement Di  agram
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PCB LAYOUT GUIDELINE

Figure 31 and Figure 32 provide an example of a boot resistance lowers the SPS module efficiency.
single-phaselayout for the FDMF3037 and critical Efficiency versus switching noise must be considered.
components. All of the high—current paths; such as VIN, RgooT values from 0.%52 to 4.7Q are typically effective in
SW, VOUT, and GND coppers; should be short and ¥ade  reducing \&y overshoot.

low parasitic inductance and resistance. This hatpseve The VIN and PGND pins handle large current transients

a more stable and evenly distributed current fedeng with with frequency components greater than 100 MHz. If

enhanced heat radiation and system performance. possible, these pins should be connected directly to the VIN
Input ceramic bypass capacitors must be closeet¥/ i and board GND planes. The use of thermal relieesan

and PGND pins. This reduces the high—current pdoay series with these pins is not recommended since this adds
inductance and the input current ripplduced bythe power extra parasitic inductance to the power path. Haded
MOSFET switching operation. inductance in series with either the VIN or PGND pin
The SW copper trace serves two purposes. In additio  degrades system noise immunity by increasing pesitnd
being the high—-frequency current path from the SPS negative \4y ringing.
package tdhe output inductoit serves as a heat sink forthe ~ PGND pad and pins should be connected to the GND
low-side MOSFET. The trace should be short and wide copper plane with multiple vias for stable grounding. Poor
enough to present a low—impedance path for the grounding can create a noisy and transient offset voltage
high—frequency, high—current flow between the SR$the level between PGND and AGND. This could lead tdtfau
inductor. The short and wide trace minimizes electrical operation of gate driver and MOSFETSs.
losses and SPS temperature rise. The SW node is a Ringing atthe BOOT pin is most effectively controlled by
high—voltage anthigh—frequency switching nodeith high close placement of the boot capacitor. Do not add any
noise potential. Care should be taken to minimagpting additional capacitors between BOOT to PGND. This may
to adjacent traces. Since this copper trace actdaat sink  lead to excess current flow through the BOOT diode,
for the low-side MOSFET, balance using the largest areacausing high power dissipation.
possible to improve SPS cooling while maintaining The FCCM pin integrates weak internal pull-up and
acceptable noise emission. pull-downcurrent sources. The current sources are used to
An output inductor should be located close to the help hold the FCCM in the 3-state window. This giould
FDMF3037 to minimize the power loss due to the SW not have any noise filter capacitors if actively driven by a
copper trace. Care should also be taken so the inductoPWM controller. Do not float this pin.

dissipation does not heat the SPS. Multiple vias should be placed on the VIN and VOUT
POWERTRENCHMOSFETSs are usdd the output stage  copper areas to interconnect nodes that are located on
and are effective at minimizing ringing due to fasttching. multiple layers (top, inner, and bottom layers). The wils

In most cases, no RC snubber on SW node is requirad  help to evenly distribute current flow and heatduction.
snubber is used, it should be placed close to the SW and Care should be taken when routing the copper pour area
PGND pins. The resistor and capacitor of the snuirtest and via placement on the SW copper. A large SW node
be sized properly to not generate excessive hedtirgo copper pour can result in excessive parasitic itzchee and
high power dissipation. capacitance, which can increase switching noiseeier,

Decoupling capacitors on PVCC, VCC, and BOOT the copper pour area and via placement can affect t
capacitors should be placed as close as possibtheto efficiency and thermal performance, where a large copper
PVCC~PGND, VCC~AGND, and BOOT~PHASE pin pairs pour can help decrease thermal resistance and parasitic
to ensure clean and stable power supply. Theimgtriaces resistance. If possible, place the SW node coppénetop
should be wide and short to minimize parasitic PCB layer with no vias on the SW copper to minimizetstvi
resistance and inductance. node parasitic noise. If multiple SW node layers aezded,

The board layout should include a placeholder for vias should be relatively large and of reasonably low
small-valueseries boot resistor on BOOT~PHASE. The inductance.

boot-loop size, includingeries BooT and GooT, should Critical high—-frequency components; such asoBT,
be as small as possible. Cgoot, RC snubber, and bypass capacitors; should be
A boot resistor may be required when the SPS isatipg located as close to the respective SPS module pins as

above 15 V \ and it is eflective to controthe high—side  possible on the top layer of the PCB. If this is feasible,
MOSFET turn—on slew rate and SW voltage overshoot. they can be placed on the board bottom side anmdptims
ReooT can improve noise operating margin in synchronous connected from bottom to top through a network of
buck designs that may have noise issues due to groundow-inductance vias.

bounce ohigh positive and negativesy ringing. Inserting
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PCB LAYOUT GUIDELINE (Continued)
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Figure 31. Single-Phase Board Layout Example — Top  View
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Figure 32. Single—Phase Board Layout Example — Bott om View (Mirrored)
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ORDERING INFORMATION

Part Number Top Mark Current Rating Package Type Shipping T
FDMF3037 FDMF3037 35A 31-Lead, Clip Bond PQFN SPS, 5.0 mm x 5.0 mm Package 3000 / Tape & Reel
(Pb-Free, Halide Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

POWERTRENCH is registered trademark of Semiconductor Components Industries, LLC (SCILLC) or its subsidiaries in the United States and/or other countries.
SyncFET is trademark of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates and/or subsidiaries in the United States and/or other
countries.
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