ON Semiconductor®

FDMF6707B - Extra-Small, High-Performance, High-

Frequency DrMOS Module

Benefits

®  Ultra-Compact 6x6mm PQFN, 72% Space-Saving
Compared to Conventional Discrete Solutions

®  Fully Optimized System Efficiency

®  Clean Switching Waveforms w ith Minimal Ringing

®  High-Current Handling

Features

" Over 93% Peak-Efficiency

®  High-Current Handling of 50 A
®  High-Performance PQFN Copper-Clip Packag
®  3-State 3.3 V PWM Input Driver

®  Skip-Mode SMOD# (Low-Side” “awe  'rn

®  Thermal Warning Flag for Ov
Condition

®  Driver Output Disak

) Npat

-Tempe ture

Function (Lwoo# Pir)

® Internal P" sp and I-Dor 2 for SMCO#and
DISB#.Ing s~ =Cluvey

® ON Se conductor ‘“ow erTieach® Technology
e E1 for an Voltage Naveforms and
Redu d i ging

®  ON S niconductsr SyncFET™. (Integrateu
" _uky Dicde), Technology in the Lov/-Side
MOSFET

®  Imtegrated Bootstrap SchotiasDicde

¥ Adaptive Gate Drive dimig for Shoot-through
Protection

®  Under-Voltage Lockout (UVLO)
®  Optimized for Switching Frequencies up to 1 MHz
®  Low-Profile SMD Package

®  ON Semiconductor Green Packaging and RoHS
Compliant

B Based on the Intel® 4.0 DrMOS Standard

Description

The XS™ DrMOS family is ON aductor’s next-

generation, fully optimized. u a-comp t, integrated
MOSFET plus driver ps ¢r stc » sol on for. high-
current, high-frequen svichro. v buck. BC-DC

applications. The E MR S inteara.es a. dniver IC, two
power MOSFFETs, a. a L st . Schot'iv diode into a

thermally . er. »nced, ultre ~ompact - 66 mm PQFN
package.
Wit ‘ate rateu approachk;<the cemplete switching

we Stay, ° optimizeo for driver.and MQSFET
dy, ami nerformance! system inauciance/ and pow er
MC ~El Ro<on: . XS™ orMOS  uses ON
Semiconduster’'s. ™ high-ninarmancs.. Pow erTrench®
MOSFET technology, which dramevically reduces switch
ringing, €liminating” the snublber circuit in most buck
cuniverter anplications.
A new-driver [C\viith reduced dead times and
prcpagation delavs iurther enhances performance. A
thermal werping function warns of potential over-
temperature cituations. FDMF6707B also incorporates
features such as Skip Mode (SMOD) for improved light-
ivad efiiciency, along with a 3-state 3.3 V PWM input for
cerpatibility witha wide range of PWM controllers.

Applications

®  High-Performance Gaming Motherboards

®  Compact Blade Servers, V-Core and Non-V-Core
DC-DC Converters

®  Desktop Computers, V-Core and Non-V-Core
DC-DC Converters

®  Workstations

®  High-Current DC-DC Point-of-Load (POL)
Converters

"  Networking and Telecom Microprocessor Voltage
Regulators

®  Small Form-Factor Voltage Regulator Modules

Ordering Information

Part Number | Current Rating

Package Top Mark

FDMF6707B 50 A

40-Lead, Clipbond PQFN DrMOS, 6.0 mm x 6.0 mm Package
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Typical Application

Circuit
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Figure 2. DrMOS Block Diagram
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Pin Configuration
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Figure 3. Bottom View Figure 4. Top View
Pin Definitions
Pin # | Name Describtien
WF .1 SVOD: HIGE  the Iow 'sid2 driveris the inverae of PWM input. When SMOD#=LOW,
1 SMOD# | th  low -sidedrive: s disabiad.’ This pin nas a 104 Gernal pull-up current source. Do not add
al ‘se filte capacitor:
2 JIN- 2 bl iv.pply. Minimem 1 = Seramic_capacior is recommended from this pin to CGND.
- ‘DR -l_l-‘ ver forgete driver. IMinimuin 1.4 ceramic capacitor is recommended connected as close as
| | Jossible froin this oin to CGND
i | | Boot;frap svr)pi'y_mpzt. Provides voltage supply to the high-side MOSFET driver. Connect a
4 BOOT ., =B NN
' Ibootstrar cagacitor frorain's pin to PHASE.
5 31 +1 | CGIND/ [ IC ground Grourd.retuin for driver IC.
6 T_ GH For manufac u?r*; test only. This pin must float. it must not be connected to any pin.
7. | PHASE [ Switzchnode pin for bootstrap capacitor routing. Bectrically shorted to VSWH pin.
| 8 NC Ne-ceinnect. The pin is not electrically connected internally, but can be connected to VIN for
cenvenience.
9-14, 42 VIN [ Power input. Output stage supply voltage.
15, 29 - VSWH Switch node input. Provides return for high-side bootstrapped driver and acts as a sense point
35, 43 for the adaptive shoot-through protection.
16 — 28 PGND | Pow er ground. Output stage ground. Source pin of the low -side MOSFET.
36 GL For manufacturing test only. This pin must float. it must not be connected to any pin.
38 THWN# Thermal w arning flag, open collector output. When temperature exceeds the trip limit, the
output is pulled LOW. THWN# does not disable the module.
Output disable. When LOW, this pin disables the pow er MOSFET switching (GH and GL are
39 DISB# | held LOW). This pin has a 10 pA internal pull-dow n current source. Do not add a noise filter
capacitor.
40 PWM | PWM signal input. This pin accepts a 3-state 3.3 V PWM signal from the controller.
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Min. | Max. | Unit
VCIN, VDRV, DISB#, PWM, SMOD#, GL, THWN# to CGND Pins -0.3 6.0
VIN to PGND, CGND Pins -0.3 25.0
BOOT, GH to VSWH, PHASE Pins -0.3 6.0
BOOT, PHASE, GH to CGND Pins -0.? 25.0 \%
VSWH to CGND/PGND (DC Only) )3 | 5.0
VSWH to PGND (< 20 ns) B 5.0 '
BOOT to VDRV | 'I 220"

uwne | THWN# Sink Current Y J.l_l_ 70 | mA

|o(Av)(EI’I’OI’! fsw=300 kHz A | [ 50

Reference |\, —15v, vo=1.0v ! | A

source not faw=1 MH= | 45

found.) |
_ — - - ——
OircB Junction-to-PCB Thermal Resistance ‘I 35 °C/W
Ta Ambient Temperature Range o , \/ -40 |_+l_25 °C
Ty Maximum Junction Temperatu \) " ) 7] +150 °C
Tste Storage Temperature B2+ ) /\ \\ T_-?)S +150 °C
- " [Humarn Eody Model, JESD22-Ad14— | 2000
ESD Blectrostatic Dischar : Protec n NN ——— <\ \%
Charged Device Model, JESDZ2-C101 1000

Note:

1. oy israted” g’ | Sem Hnductor’s) trMOS evaluauon bosrd, al Ta = 25°C, with natural convection cooling.
This rating s limited "= cak BrMCS temperature,” Ty =-15C°C, and varies depending on operating conditions
and T B & .. rating cambechangec wittidifferenvapnplication settings.

R com ended Operating L>onditions

The ommended Operating  Conditizins<tahie defines the conditions for actual device operation. Recommended

operating canditions are'srevified t5 ensu. e optimal performance to the datasheet specifications. ON Semiconductor
does novrecornmend exceeding thara.or designing to Absolute Maximum  Ratings.

i_Sy.nboI X/ Parameter Min. | Typ. | Max. | Unit
Vcin Control Circuit Supply Voltage 45 5.0 5.5 \%
Vprv |Gate Drive Circuit Supply Voltage 45 5.0 5.5 \%
Vin | Output Stage Supply Voltage'” 3.0 12.0 15.0 v
Note:

2. Operating at high Vin can create excessive AC overshoots on the VSWH-to-GND and BOOT-to-GND nodes
during MOSFET sw itching transients. For reliable DrMOS operation, VSWH-to-GND and BOOT-to-GND must
remain at or below the Absolute Maximum Ratings show nin the table above. Refer to the “Application
Information” and “PCB Layout Guidelines” sections of this datasheet for additional information.
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Electrical Characteristics

Typical values are Vin= 12V, Vein=5 V,Vprv= 5V, and Ta = +25°C unless otherw ise noted.

Symbol Parameter Condition Min. | Typ. |Max.| Unit
Basic Operation
lo Quiescent Current lo=hcin+ivorvy, PWM=LOW or HIGH or Float 2 mA
UVLO UVLO Threshold Vcin Rising 29 31 3.3 Y,
UVLO Hyst | UVLO Hysteresis 0.4
PWM Input (VCIN = VDRV = 5 V +/- 10%)
Rup pwm | Pull-Up Impedance L s kQ
Ron_pwm | Pull-Dow n Impedance | 12 kQ
Vi pwv | PWM High Level Voltage _|_1§8 225 K{ff*
VTRILHI 3-State Upper Threshold +-84_r . .0 | 256 Y
VTR Lo |3-State Low er Threshold h 07 | 0.95 1_15 \%
ViLewnm | PWM Low Level Voltage A U ] 0.62 | ‘0.8‘5‘ 113 | V
tp_HoLp-oFF | 3-State Shutoff Time 4 . ]I_ | 160 200 ns
Vhiz_ pwm | 3-State Open Voltage ‘| 1.40 | 350 | 1.90 4V
PWM Input (VCIN = VDRV =5V +5%)
Rup pwm | Pull-Up Impedance o , \/ X | 26 |~ kQ
Ron_pwv | Pull-Dow n Impedance | . ) Do) ___: 12 kQ
Vi pwa | PWM High Level Voltac= . | 200 | 225 | 250 |V
VTRI_HI 3-State Upper Thres d N\M \J __|_ 1.94 | 220 | 2.46 \%
Virio |3-State Lowr ssi 1| )\ \ I G " o075 095 | 115 | V
Vieww |PWM Low| svelVollage | " T 066 | 085 [ 1.09 | V
to_HoLp-oFF | 3-7 e Shuc € Timy I 160 | 200 ns
Vhiz_pwi | 3 <, n Votage— | \™ 2 145 | 160 | 1.80 | V
DISP npuL, \\ O A\V
B /II-L—DISL —l-l-. Level Ir.pﬁ/oltage I >N 2 Y
[\ pise [ Low-Lovel Input \’\.E’i_ge_- IL_ \ 0.8 \%
[ Pul-Dew n Carrant 10 HA
SMOD# Input
ViH_smop | High-Level Input Voltage 2 \%
ViL_svop | Low-Levellnput Voltage 0.8 \%
lPLU Pull-Up Current 10 HA
trp_sicLL | Propagation Delay m(\gﬂ:%NL%WDféaéLBﬁtc‘)Nmea?GngDfO%Om 10 ns

Continued on the following page...
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Electrical Characteristics

Typical values are Vin= 12V, Vein=5 V,Vprv= 5V, and Ta = +25°C unless otherw ise noted.

Symbol Parameter Condition Min. | Typ. |Max.| Unit
Thermal Warning Flag
TacT Activation Temperature 150 °C
TrsT Reset Temperature 135 °C
RTHWN Pull-Dow n Resistance IPLo=5 mA 30 Q
250ns Timeout Circuit
. SW=0 V, Delay Between GH from HIGH to '
to_timeout | Timeout Delay LOW and GL from LOW to HIGH | pas | ns
High-Side Driver 1
Rsourck_cH | Output Impedance, Sourcing | Source Current=100 mA | _| - \ %
Rsink gH | Output Impedance, Sinking | Sink Current=100 mA - | R Q
trcH | Rise Time GH=10% to 90%, CLoap=1< . nF A ns
tron | Fall Time GH=90% to 10%, C.- ~=1.1 = l ‘|‘ 5 ns
GL going LOW. tc “H L g N ‘| y 1
to_peapon | LS to HS Deadband Time 1V GL 1017 4 GF. ! it ns
PWM LOW Propagation PWM.gcing « W to « ‘_gomg '_O\'\/_,_ - N7
tPD_PLGHL Delay ViLpv. 0 90% °H . 16 30 ns
—_—— — Y-
PWM HIGH Propagation “ac g HIGH to Giignirg HIGK! |
IPD_PHGHH | polay (SMOD# Held LOY [V pun 9% GH. (SMOD# =LOW; a) 30 ns
Exiting 3-State Propé ation Wi (from 3-:&*&:: Ejoinq HGH to GH_~
(PD_TSGHH | pojay | oing HIGH, V4 pwmts 10% GH | 30 ns
Low-Side Driver
RsOURCE GL |Ouf~ "mpeance, | urcing i SCaree Current=100 mé: 1 Q
Rsink 6L - |C ot ‘da..f, Sinking |§ink Currern=100 fA 0.5 Q
tR oL Rise Time. . ) Jﬁs]ﬁ to 99%. CLoap=5.9 nF 20 ns
[T or [ Tine \" | GL=90% 0 10%, CLoab=5.9 NF 13 ns
S . .= [swaoing LOW to GL going HIGH,
LS e 5
to. -apor (HS to L'S-Deadband i !7.2 V'SW to 10% GL 12 ns
. _JPWVEHIGH Propagation | PWM going HIGH to GL going LOW, o | 25 | ns
FPOPHG | Delay ViH_pwm 10 90% GL
oo M Exiting 3-State' Fropagation PWM (from 3-State) going LOW to GL 20 ns
! - Delay going HIGH, Vi_pwmto 10% GL
Boot Diode L Oad
VE Forw ard-Voltage Drop IF=10 mA 0.35 \%
VR Breakdow n Voltage R=1 mA 22 \%
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FDMF6707B - Extra-Small High-Performance, High-Frequency DrMOS Module
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Typical Performance Characteristics

Test Conditions: Vin=12 V, VouTt=1.0V, Vcin=5V, Vprv=5V, Lout=320 nH, Ta=25°C, and natural convection cooling,
unless otherw ise specified.
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Figure 10. Power Loss vs. Driver Supply Voltage Figure 11. Power Loss vs. Output Voltage
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Typical Performance Characteristics (Continued)

Test Conditions: Vin=12 V, Vout=1.0 V, Vcn=5V, Vbrv=5V, Lout=320 nH, Ta=25°C, and natural convection cooling,

unless otherw ise specified.
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Figure 16. PWM Thresholdsvs.Driver Supply Voltage Figure 17. PWM Thresholds vs. Temperature
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Typical Performance Characteristics (Continued)

Test Conditions: Vin=12 V, Vout=1.0 V, Vcn=5V, Vbrv=5V, Lout=320 nH, Ta=25°C, and natural convection cooling,

unless otherw ise specified.
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Functional Description

The FDMF6707B is a driver-plus-FET module optimized
for the synchronous buck converter topology. A single
PWM input signal is all that is required to properly drive
the high-side and the low-side MOSFETs. Each part is
capable of driving speeds up to 1 MHz.

VCIN and Disable (DISB#)

The VCIN pin is monitored by an under-voltage loc kout
(UVLO) circuit. When V¢ rises above ~3.1 V, the driver
is enabled for operation. When V¢ falls below ~2.7V,
the driver is disabled (GH, GL=0). The driver can also
be disabled by pulling the DISB# pin LOW (DISB# <
ViL_piss), W hich holds both GL and GH LOW regardless
of the PWM input state. The driver can be enabled by
raising the DISB# pin voltage HIGH (DISB# > V4 _piss).

Table 1. UVLO and Disable Logic

UVLO | DISB# Driver State

0 X Disabled (GH, GL=0)

1 0 Disabled (GH, GL=0)

1 1 Enabled (See Table 2)

1 Open Disabled (GH, GL=0)

Note:
3. DISB# internal pull-dow n current sourt 10

Thermal Warning Flag (TH" .«

The FDMF6707B provides a | ermal | arr. .g flag
(THWN#) to advise of ovs 7pe ture cc ditions. [The
thermal warning flag v 2s an opc /1 output that
pulls to CGND w hen thi activatic temperatire: (:50°C)
is reached. T - tHW % ov Jut rettrrns w0 high-
impedance. ste “e w...peratuie falls to thewrose:

Wate

temperatu. . (Lo0-C). | or use,l the THWIN#. output
regs a L -uyp o or, wikich tan be ceapnectedAd
AN, Tr. 'N&# 'oes NOT (disabiz the DriiOS module.
135°C Résat f’?fct
t Tempeiamre” P
t FiGH iempeature
THW, AT
Legic /
(Y Nor mal ( Thermal
= Operaticn Warning
LOW
I T.Jidriver IC
Figure 24. THWN Operation

3-State PWM Input

The FDMF6707B incorporates a 3-state 3.3V PWM
input gate drive design. The 3-state gate drive has both
logic HIGH level and LOW level, along with a 3-state
shutdow n window . When the PWM input signal enters
and remains within the 3-state window for a defined
hold-off time (to_HoLb-orr), both GL and GH are pulled
LOW. This feature enables the gate drive to shut down
both high-and low-side MOSFETs to support features
such as phase shedding, a common feature on multi-
phase voltage regulators.

Exiting 3-State Conditic*

When exiting a valid 3-stat® zon. ‘on, th FDMF6757
design follows the PW" “input cc mar . If the PWM
input goes from 3-state ' ~w, the _w-sids MCSFET

is turned on. If thc PW  inpi* joes frcm 2<state to
HIGH, the hig -side + YSF T _turnzdan, as illustrated
in Figure 5. = FDI *6707B desiin-allows for short
proraaatio. deir. s .en exiting we 3-state window

fsec. . ic Chaiacteristics):

L w-( de Drivel

The w-side ariver (GL) is_dezigiied teldiive-a ground-
referencec~low ~psion) N-channel IHAQSFET. The bias
or GL “is, irternallyy cemnected beiween VDRV and
CGAND: winen the Gfiver is eitahled, the driver's output is
1207 eut of phase with_thie PWM input. When the driver
is'disabled (DISB#=0. 4/}, € is held LOW.

Hign-SideDriver

he high<sias driver is designed to drive a floating N-
chanziel MGSFET. The bias voltage for the high-side
driver \is developed by a bootstrap supply circuit
cunsisting of the internal Schottky diode and external
vootstrap capacitor (Csoor). During startup, Vswh is
held at PGND, allowing Cgoor to charge to Vprv
through the internal diode. When the PWM input goes
HIGH, GH begins to charge the gate of the high-side
MOSFET (Q1). During this transition, the charge is
removed from Cgoor and delivered to the gate of Q1.
As Q1 turns on, VswH rises to Vi, forcing the BOOT
pin to Vin + Veoor, which provides sufficient Vgs
enhancement for Q1. To complete the switching cycle,
Q1 is turned off by pulling GH to VswH. Cgoor is then
recharged to Vprv when Vswy falls to PGND. GH
output is in-phase with the PWM input. The high-side
gate is held LOW when the driver is disabled or the
PWM signal is held within the 3-state window for
longer than the 3-state hold-off time, tp HoLp-oFF.
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Adaptive Gate Drive Circuit

The driver IC design ensures minimum MOSFET dead
time while eliminating potential shoot-through (cross-
conduction) currents. It senses the state of the
MOSFETs and adjusts the gate drive adaptively to
prevent simultaneous conduction. Figure 25 provides
the relevant timing waveforms. To prevent overlap
during the LOW-to-HIGH switching transition (Q2 off to
Q1 on), the adaptive circuitry monitors the voltage at the
GL pin. When the PWM signal goes HIGH, Q2 begins to
turn off after a propagation delay (trp pHcLL). Once the
GL pin is discharged below ~1V, Q1 begins to turn on
after adaptive delay to_peapon.

To prevent overlap during the HIGH-to-LOW transition
(Q1 off to Q2 on), the adaptive circuitry monitors the
voltage at the VSWH pin. When the PWM signal goes
LOW, Q1 begins to turn off after a propagation delay
(tro_pLGHL). Once the VSWH pin falls below ~2.2V, Q2

begins to turn on after adaptive delay to peaporr.
Additionally, Vesy is monitored. When Vesy Iis

discharged below ~1.2 V, a secondary adaptive delay is
initiated that results in Q2 being driven on after
to_Timeour, regardless of VSWH state. This function is
implemented to ensure Cgoor is recharged each
switching cycle in the event that th “'Hvoltage does
not fall below the 2.2V adapti. 1. Secondary
delay to_timeouTis longer tF* tp

thresi
DOFF.

1 3
Vepwm Vinpwm i '™ H :
Vi § = =gt - A= Vo owine
. U e - VRLH
! — — !&
ViLpwm + ——{ =< === Vrio
- - 2y o - - 9
PWM tog | : i i ?‘ki\l o
¥ > 2 (] [ =
\
— o TR R} r-A\ZW.
Iess thm tD_HDLD OFF - -1+ - S —— ——iR IF‘ - 90%
GH to Howp -OFF ¥ h HY
to —_ N BN Vo -\a 10%
VSWH A - ~ ._‘:" - LY N\D ),
[} 1
; ' Lol
1 R ” Vin
-1 - \ A = —\s Al
! L i il !
«m v A (i) : DCM g
' i
G —id AV Vour
b 2.2V == ! L . 1 ]
VSWH — he— = =" o o B e
\W Yo o e |
] i i ! i
’ i . i : " :
GL : ' i! i ) Y —
P, 90% it -.}%_ e : - bl =\ 90%
\! v . i ) ! 109 : !: :
W SRR o - 1o%
[} ) « 1 . 1
!'__hl H [ “:1' T T
-»> ! +'e Je S SR < >l e «—8 i
t su -PD_JLGI:'_ troaL i 6L tep_tseHH  to_HoLp -oFF teo_tsein  less than to_woLcorr tep_tseLu
¥ HEHS H 1 A to_How -oFF
1 N - _la- f f - f
I [}
1 to s pon to_Lcaporr Enter Exil Enter Exit Enter Exit
! 3State 3-State 3-State 3 State 3-state 3State
r—= A
wotes:

to_ox = delay from IC i signal to IC

edsignal.

PWM

teo_phaL = PWM rise to LS Ves fall, Vi pwm to 90% LS Vs

teo_piai = PWM fall to HS Vs fall, Vi_pwwm to 90% HS Vs

teo_phahn = PWM rise to HS Vs rise, Vi pwm t010% HS Vgs (SMOD# held

SMOD#
teo_sie = SMOD# fall to LS Vs fall, Vii_sviop t0 90% LS Vs

teo_sien = SMOD# rise to LS Vs rise, Vin_svop t0 10% LS Ves

teo_ox = Propagation delay from e.rternal signal (PWM, SMOD#, etc.) to IC generated signal.

Low)

Example (tp_pre — PWM going HIGH to LS Vs (GL) going LOW)

Example (o peavon — LS Vs (GL) LOW to HS Vs (GH) HIGH)

Exiting 3-state
teo.msein = PWM 3-state to HIGH to HS Vs rise, Viy pwm to 10% HS Vas
teo et = PWM 3-state to LOW to LS Vs rise, Vi_pwm to 10% LS Vs

Dead Times

to_peanon = LS Vs fall to HS Vs rise, LS-comptrip value (~1.0V GL) to 10% HS Vs
to_peanorr = VSWH fall to LS Vs rise, SW-comp trip value (~2.2V VSWH) to 10% LS Ves

Figure 25.

PWM and 3-StateTiming Diagram

WWW.onsemi.com

12

iH |lews-enx3 - 9.0.94NA4d

/

~
3
‘o

3|NPON SOINIAQ Aduanbai4-ybiH ‘@ouew.lojiad-y



Skip Mode (SMOD#)

The SMOD function allows for higher converter
efficiency under light-load conditions. During SMOD, the
low-side FET gate signal is disabled (held LOW),
preventing discharging of the output capacitors as the
fitter inductor current attempts reverse current flow —
also know n as “Diode Emulation” Mode.

When the SMOD# pin is pulled HIGH, the synchronous
buck converter works in Synchronous Mode. This mode
allows for gating on the low-side FET. When the
SMOD# pin is pulled LOW, the low-side FET is gated
off. If the SMOD# pin is connected to the PWM
controller, the controller can actively enable or disable
SMOD w hen the controller detects light-load condition
from output current sensing. This pin is active LOW.
See Figure 26 for timing delays.

SMOD#

Table 2. SMOD# Logic
DISB# PWM SMOD# GH GL
0 X X 0 0
1 3-State X 0 0
1 0 0 0 0
1 1 0 1 0
1 0 1 0 1
1 1 1 1 0
Note:
4. The SMOD feature is endea ‘0 have low

propagation delay be ecen 2 SM D signal@ana
the low-side FET® GS r3spu se’ .me to<contol
diode emulatic: ori =" _ie-by-c _ie basis.

A ,
===V L vop

BN VI

Vi bww;

__§ == ViLpwm
PWM
90%
GH
to

o
VSWH 1104

‘lIHiPWM— ir“ E
L\

NG, & SN

—m -

HS tum -on with SMOD# LOW

L
1
1
=I i \ DCM v
- ccm N\~ o
VSWH . —y _.\_ -
— 7T  —
i H i
L ! i
$
L 1 H
=S 90%.~ :
\ i '
Wt
[ B I S 5. i
| N 500 ! teo_pi: > - Ea R
i PHe |I tep_stott tro_PHGHH tro_sHoLH
| i : 4
i -» e
1 t th SEADOFF i
| D_DEADON o Delay from SMOD# gairg Delay from SMOD# gairg
: LOW to IS Vg LOW HIGH to IS Vgs HIGH
1
1
1
1
!

Figure 26.

SMOD# Timing Diagram
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Application Information

Supply Capacitor Selection

For the supply inputs (VDRV & VCIN), a local ceramic
bypass capacitor is required to reduce noise and to
supply peak transient currents during gate drive
switching action. It is recommended to use a minimum
capacitor value of 1 uF X7R or X5R. Keep this capacitor
close to the VCIN and VDRV pins and connect it to the
GND plane withvias.

Bootstrap Circuit

The bootstrap circuit uses a charge storage capacitor
(CsooT), as show n in Figure 27. A bootstrap capacitance
of 100 nF X7R or X5R capacitor is typically adequate. A
series bootstrap resistor may be needed for specific
applications to improve switching noise immunity. The
boot resistor may be required w hen operating near the
maximum rated Vv and is effective at controlling the
high-side MOSFET turn-on slew rate and Vshw
overshoot. Typical Reoot values from 0.5 Qto 2.0 Q are
effectivein reducing Vswhx overshoot.

VCIN Filter

The VDRV pin provides power to the gate drive of the
high-side and low-side pow er MOSFETSs. In most cases,
VDRV can be connected directly to VCIN, w hich supplies
power to the logic circuitry of the gate driver. For
additional noise immunity, an RC filter can be inserted
between VDRV and VCIN. Recommended values w ould
be 10 Q (Rvci) placed between VDRV and VCIN and
1pF (Cvein) from VCIN to CGND (see Figure 28).

Power Loss and Efficiency

Measurement and Calculation
Refer to Figure 27 for pow er loc
loss calculations are:

PN=(VIN X In) + (Ve X o (A7
Psw=Vsw X lout (W,

testing ethod. Pow er

Pout=Vout x ut (W,

PLoss mci ite= : - Psw. W)

PLoss Boak PN Pous W)

FFH == 0 X._wPnN (%0
“Fec ~p—- < Pout/Pil1 (Y5

Vsv 4 I —L v
Tov Rvein I
TCVDR\ ‘ \”qli Cuin
J; e
- DRV VCIN VIN %
I
DISB J—— DISBY
Reoer
py - (0T}
o O “DNF67)7B LCE o
£ Lvsy J lout

sMco#|

Jtput

—{ e

iﬁ

Raure 27.

© *
j—‘ Vout
en PHASE Lout
in C————1wn# \—,— COUT
PG

Power Loss Measurement Block Diagram

DISB [J

PWM
Input
OFF

o

Open
Drain
Output

Figure 28.

Block Diagram Showing Vcin Filter
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PCB Layout Guidelines

Figure 29 provides an example of a proper layout for the
FDMF6707B and critical components. All of the high-
current paths, such as ViN, Vswd, Vour, and GND
copper, should be short and wide for low inductance
and resistance. This technique achieves a more stable
and evenly distributed current flow, along w ith enhanced
heat radiation and system performance.

The following guidelines are recommendations for the
PCB designer:

1.

. An output inductor

Input ceramic bypass capacitors must be placed
close to the VIN and PGND pins. This helps reduce
the high-current pow er loop inductance and the input
current ripple induced by the power MOSFET
sw itching operation.

. The Vswh copper trace serves two purposes. In

addition to being the high-frequency current path
from the DrMOS package to the output inductor, it
also serves as a heat sink for the low -side MOSFET
in the DrMOS package. The trace should be short
and wide enough to present a low -impedance path
for the high-frequency, high-current flow betw een the
DrMOS and inductor to minimize losses an<
temperature rise. Note that the VSWH node

high-voltage and high-frequency switching n< 'e with
high noise potential. Care should be tak 2 to

minimize coupling to adjacent trace: ‘2ce Nis
copper trace also acts as a hea® »« fc the . r
FET, balance using the lar¢’ st arc  pu sible to
improve  DrMOS cooling. while = mai.caining

acceptable noise emis

ould k- located c'osete the
FDMF6707F  _ .inii e the jower liss (e to the
VSWH cof er tre=> C.  _noulzfalso.be takenca
the inG tor __sipar 1 does not neat the PrNOS.

ov.. Tre che USFETs \aic used in wie output
stage. Th. power, ‘MOSFETs( arc_~effective -~ at
ainimi; g ringing, due to fasi. switchina. \In 'most
¢ 37 10 VSwhisnubber is4equired. <r_a cnubber is
us 4, it sheuldpe placed ciose t¢. the VSWH and
PGNEpins. The resisior and capzciior need to be of
proper size for the pow er diszization.

VVCIN, VDRV, and. 320T capacitors should be
placed as close av-assible to the VCIN to CGND,
VDRV to CGND, and BOOT to PHASE pins to
ensure clean and stable power. Routing width and
length should be considered as well.

Include a trace from PHASE to VSWH to improve
noise margin. Keep the trace as short as possible.

The layout should include a placeholder to insert a
small-value series boot resistor (Reoot) betw een the

11.

12.

V.

boot capacitor (Cgoor) and DrMOS BOOT pin. The
BOOT-to-VSWH loop size, including Reoor and
Cgoot, should be as small as possible. The boot
resistor may be required when operating near the
maximum rated Vin. The boot resistor is effective at
controlling the high-side MOSFET turn-on slew rate
and VSHW overshoot. Reoor can improve noise
operating margin in synchronous buck designs that
may have noise issues due to ground bounce or high
positive and negative VSWH ringing. How ever,
inserting a boot resistance lowers the DrMOS
efficiency. Efficiency versus noise trade-offs must be
considered. Resoot values from .25 Q to 2.0 Q are
typically effectivein reducing'” _wvr. ershoot.

The VIN and PGND
transients with frecs .icy com,
100 MHz. K _nos< 'e< wnese .ins chowd” be
connected direc ¥ v the &~ N and ‘boerd GND
planes. T. .usec er. clief traces i series with
these oin. is ¢ couraged <since this adds
irducta e tv he< Lwer_nath, Added inductance in
. v the vIN or. RGMD pin«degrades system
nc = In.. ity bveircreasing pastive and.negative
/SV. ! ringing.

ins_andle, arge curient

ner’  greatér.than

C ND ped.and’PGND.gins'should we connected to
the GAND plane copoe: with nwuhizie vias for stable
oreunding. Pcor’ _grounding can create a noise
transient_offset ‘voltage, ‘“vel between CGND and
FGND. Thig could !¢ad tc faulty operation of the gate
driver-ana MOSFETS.

Ringing ~ai the BOOT pin is most effectively
contrgiieG by close placement of the boot capacitor.
D5 rnat/add an additional BOOT to the PGND
capacitor: this may lead to excess current flow
thirough the BOOT diode.

The SMOD# and DISB# pins have weak internal
pull-up and pull-dow n current sources, respectively.
These pins should not have any noise filter
capacitors. Do not to float these pins unless
absolutely necessary.

Use multiple vias on each copper area to
interconnect top, inner, and bottom layers to help
distribute current flow and heat conduction. Vias
should be relatively large and of reasonably low
inductance. Critical high-frequency components,
such as Reoot, Croor, the RC snubber, and bypass
capacitors should be located as close to the
respective DrMOS module pins as possible on the
top layer of the PCB. I this is not feasible, they
should be connected from the backside through a
netw ork of low -inductance vias.
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Top View

Figure 29. PCB Layout Example
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Physical Dimensions

PIN#L
~o.10/C — INDICATOR
6.00
2X , 5.80
7 4.50—
O 30 21
e I {1
T % =320
6.00 250 H = 0.40
P O O f
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|
025~ | o % %ﬁ (
~o.10|c = Py
2 Jﬁim lummq}uw o
TOP VIEW SEg  0.60 ‘ ‘ = 35
DETAIL'A' 0.50 TYP—— ==l _" 44
20—
‘ - 210 —
00000 napaa L lDI» —— ‘Iq
FRONTVIEW | 0.100[cl '] TL IMENDATICN
~—4.40+0.10— 0.05(0A
- (2.20) =~ _.|- 030
fOAO o1 H300 20 40/
ooooooon FJ;—,
5 -
osof 205 —. I INDICATOR
r(0.70) o \ i - 10ro.zn MAY\APPEAR AS
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iﬁ(]ﬂﬂﬂm ol D G Iy
0.40° 10 ‘ ; a |
2.00:C Y~ #r ~,270020:10
.0) - - —los0
' = J5(0.20) NOTES! UNLESS OTHERWISE SPECIFIED

BOITOM VIEW

1,10
f0.90

AA) DOES NOT FULLY CONFORM TO JEDEC
REGISTRATION MO-220, DATED
MAY/2005.

B) ALL DIMENSIONS ARE IN MILLIMETERS.

C) DIMENSIONS DO NOT INCLUDE BURRS

OR MOLD FLASH. MOLD FLASH OR
BURRS DOES NOT EXCEED 0.10MM.
D) DIMENSIONING AND TOLERANCING PER

DETAIL 'A’
SCALE: 2:1

ASME Y14.5M-1994.
\ E) DRAWING FILE NAME: PQFN40AREV3
SEATING
PLANE

Figure 30. 40-Lead, Clipbond PQFN DrMOS, 6.0x6.0 mm Package

Package drawings are provided as a service to customers considering ON Semiconductor components. Drawings may change in
any manner without notice. Please notethe revision and/or date on the drawing and contact an ON Semiconductor representative to
verify orobtain the most recent revision. Package specifications do not expand the terms of ON Semiconductor's worldwide terms and
conditions, specifically the warranty therein, which covers ON Semi conductor products.
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