ON Semiconductor®

FDMF6824B — Extra-Small, High-Performance,
High-Frequency DrMOS Module

Benefits

" Ultra-Compact 6x6 mm PQFN, 72% Space-Saving
Compared to Conventional Discrete Solutions

"  Fully Optimized System Efficiency
®  Clean Switching Waveforms with Minimal Ringing

®  High-Current Handling
Features

" Over 93% Peak-Efficiency

®  High-Current Handling: 55 A
®  High-Performance PQFN Copper-Clip:~ ~ckag
=  3-State 5V PWM Input Driver

®  Skip-Mode SMOD# (Low-Sicd Gate

®  Thermal Warning Flz= = Ove Temp’ ature
Condition

®  Driver Outr sab. Funct 1 (DISP# Pin)

" Interpal P ' “Pun-uown.for SMOD# and
DISB» ~»puts, Res :ctively

n C \lInput

P~ ON_ 2m. naucior Pzwerirench® T echnology
MOS :Ts Jr Clear Voliage Weaxciorins and
Redu :d Ringing

"= (. Semicanductor SyricFET™ (Integrated
Scheitky.Diode) Tectinology in‘ow=-Side MOSFET

®  {ntegrated Bootstrap Sctioitky Liode

=) Adaptive Gate Drive, fiming 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
Compliance

= Based on the Intel® 4.0 DrMOS Standard

Description

The XS8™ DrMOS family i="ON_ ‘emico luctor's next
generation, fully optin™ _d, ultre omr' _t, integrated
MOSFET plus driver ~we  stage  aution”iar_kigh-
current, high-freq. ncy, synchsnous_ hucii.~DC-DC
applications. The F. 1F6. 4" integrates-a driver IC,
two pows: M “FETs, nd a bootstrap Schottky diode

into_a t rme : er anced, uita-compact 6x6mm
nac
v th ¢ intey.ated approzch, the :cmiplete “switching

poc. > o ge is-cptimized witk regard (t0 driver and
MO« ET dwianic performanice, sysiem, inductance,
and powzr MIOSFET RPopen). XS™ DriviOS uses ON
semicanducior's < high-perforitance  PowerTrench®
MGQSFET technolagy, which'dramiatically reduces switch
rinqing, elininatnyg the-rieec 1or snubber circuit in most
buck cenveriei applicetions.

Acdriver IC with veduced dead times and propagation
celzys furthei~enhances the performance. A thermal
warning function warns of a potential over-temperature
situation. The FDMF6824B also incorporates a Skip
NoOde (SMOD#) for improved light-load efficiency. The
~DMF6824B also provides a 3-state 5V PWM input for
compatibility with a 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 Converters

®  Networking and Telecom Microprocessor Voltage
Regulators

®  Small Form-Factor Voltage Regulator Modules

Ordering Information

Part Number | Current Rating

Package Top Mark

FDMF6824B 55A

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

FDMF6824B
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Typical Application Circuit
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Pin Configuration
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Figure 3. Bottom View

Pin Definitions

Pin# | Name Descrionior
Whe " i0OL =HIGK the low:sid driver.is the inverse c¢f the PWM input. When
1 SMOD# | SI' OD#=LOW, ow-sid2 driver is dicablzd. This'oiz has a 10 pA internal pull-up current
sc ce. Dc ot add a-ncise.tiiter capeaiior.
2 \"JIN ]'_f“b.\ ~ply. Minimum 1 uFseramic capaciior is recommended from this pin to CGND.
A DRV ’ P ver for the gate driver: Minimum, 1ub czramic capacitor is recommended to be connected as
l_ .0se as'cassiole from his pin ta"CGND.
4 BLOT ‘ Beotstrap suppiv-inpat. Prevides voltage supply to the high-side MOSFET driver. Connect a
| booistrap.canaciior frora-this pin to PHASE.
5,3. . ‘ CGND! |'1C greunca,. Grouna return for driver IC.
6 _{_ GH For'manufagtuiing test only. This pin must float; it must not be connected to any pin.
it PHASE | Switch'ncde pin for bootstrap capacitor routing. Electrically shorted to VSWH pin.
| 8 NC Mo cornect. The pin is not electrically connected internally, but can be connected to VIN for
canvenience.
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 |Power 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 warning 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 power MOSFET switching (GH and GL are
39 DISB# |held LOW). This pin has a 10 pA internal pull-down current source. Do not add a noise filter
capacitor.
40 PWM | PWM signal input. This pin accepts a three-state 5 V PWM signal from the controller.

www.onsemi.com
3

a|npoy SONA Aouenbaiy-ybiH ‘@suewopad-ybiH fews-enx3 — gyz894Na



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
Vein Supply Voltage Referenced to CGND -0.3 6.0 \%
Vorv | Drive Voltage Referenced to CGND -0.3 6.0 \Y,

Voise# | Output Disable Referenced to CGND -0.3 6.0 \Y,
Vewm | PWM Signal Input Referenced to CGND -0.3 6.0 \%
Vsmop# | Skip Mode Input Referenced to CGND -0.3 6.0 \Y,
VeL Low Gate Manufacturing Test Pin | Referenced to CGND S 5.0 vV o
Vtawng | Thermal Warning Flag Referenced to CGND | 0 | _‘/__l
VIN Power Input Referenced to PGND, CGND A € | 0.5 25.0 _,V
Referenced to VSWH, PHASE | -02 6.0 \Y
Veoot | Bootstrap Supply N YV W
Referenced to CGND A Y -0.3_ - 25.0 Vv
. . ) Referenced to VSWH, YAl ° | -0 : 6.0 Vv
VeH High Gate Manufacturing Test Pin — O i i
Referenced toC _i_ 03 | 250 \%
VPpHs PHASE Referena 4t =G 0.3+ ' 250 . V
. Ref< 2. adtot ND, SGNDRALC Cnly) -3 250 \Y
VswH | Switch Node Input = : “NS - AWy
+ferenc 'to PGAD, <20.is 8.0 1l 280 %
Re. “encea .o VDRV | 220 | V
Veoot |Bootstrap Supply (o NS RN N
. 'Re.hced toVBRV, <20.ris __: 25.0 Vv
Ithwng | THWN# Sink Current W\ ~ R\' -0.1 7.0 mA
fsw=30Q iHz, Vin=12 V, Vo=1.9V/ 55
lo@av) Output Curre’ 1) = ( > Fun A
~Ulaws1 MHz, Vin=l12 V Moz 0 V 50
Bspcs | Juns siio-F R The hal Resistance \ < 2.7 °C/W
Ta An_ = - verawre Range () A\ -40 +125 °C
| T. wxi_rn"m " action on.merature "\ +150 °C
| 1sTG St 1ge Iemperature Range £ -55 +150 °C
) \ . . ['Human Body Model, JESD22-A114 1500
L D electresiaiic Discharge Protection - \Y,
NG R ¢ [Charged Device Model, JESD22-C101 2500

Note:

1. lewvyis rated using ON Seniiconddactor's DrMOS evaluation board, at Ta = 25°C, with natural convection cooling.
vhis rating is limited by ine peak DrMOS temperature, Ty = 150°C, and varies depending on operating conditions
and PCB layout. This ratirig can be changed with different application settings.

Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended
operating conditions are specified to ensure optimal performance to the datasheet specifications. ON Semiconductor
does not recommend exceeding them or designing to Absolute Maximum Ratings.

Symbol Parameter Min. | Typ. | Max. | Unit
VeiN Control Circuit Supply Voltage 4.5 5.0 5.5 \Y
VbRrv Gate Drive Circuit Supply Voltage 4.5 5.0 5.5 \Y,
ViN Output Stage Supply Voltage 3.0 12.0 | 16.02 \Y,

Note:

2. Operating at high Vin can create excessive AC overshoots on the VSWH-to-GND and BOOT-to-GND nodes
during MOSFET switching transients. For reliable DrMOS operation, VSWH-to-GND and BOOT-to-GND must
remain at or below the Absolute Maximum Ratings shown in 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, Ven =5V, Vory =5V, and Ta = Ty = +25°C unless otherwise noted.

Symbol Parameter Condition Min. | Typ. | Max. | Unit
Basic Operation
la Quiescent Current la=Iveintlvory, PWM=LOW or HIGH or Float 2 mA
VuviLo UVLO Threshold Vein Rising 29 3.1 3.3 Vv
Vuvio_Hys | UVLO Hysteresis 0.4 Vv
PWM Input (Vcin = Vorv = 5 V £10%)
Rup_pwm | Pull-Up Impedance Vewm=5 V [I— kQ
Ron_pwm | Pull-Down Impedance Vewm=0 V | 10 kQ
ViH_pwm | PWM High Level Voltage | 334 '3:55 ‘ 4.05 7 _‘v:l
Virini | 3-State Upper Threshold [ T95 | o [ 394 v
Vrriio | 3-State Lower Threshold o7 (12552 v
Vipwm | PWM Low Level Voltage A WA | 0.84‘ :_l.15 1.42 \Y,
to_HoLp-orr | 3-State Shut-Off Time 4 \ _l_ p] | 160 | 200 ns
Vhiz_pwm | 3-State Open Voltage [ 220 | 250 | 2807 V
PWM Input (Vcin = Vorv = 5 V £5%) B N X \ \"
Rup_pwm | Pull-Up Impedance Vewn. 9 V_ ) AY : 4 L 10 \\" kQ
Ron_pwm | Pull-Down Impedance : = ! \) ~ J : 10 kQ
Vikpwm | PWM High Level Voltar— | 3 /\ \ 522 | 355 | 387 | Vv
Vrrw | 3-State Upper Thres old . _ e W V313 [ 345 | 377 | v
Vrirlo | 3-State Lows esi 'd - N) “" 104125146 v
Vipam  |[PWM Low| svelVoltage | -\ ~~ 0.90 [ 115 [ 1.36 | V
to_HoLp-orF | 3-7 .aw Shu MM Tir 2 | 160 | 200 ns
Viz e |30 O n Voltage— | ) A 230 | 250 [ 270 | vV
DISET L Y O7 <\
/H_pise |k -Levellngat Voltags I 2 \Y
B V. DisP Low-! e\.'_dﬁngut \.’olLége l_ \ \ 0.8 Vv
lroo | Puli:Down Current 10 HA
., ¢ IPropagation Delay PWM=GND, Delay Between DISB# from 25 ns
\ . HIGH to LOW to GL from HIGH to LOW
5 Y A PWM=GND, Delay Between DISB# from
[\ tropissr | Propagation Detay LOW to HIGH to GL from LOW to HIGH 25 ns
SMOD# Input
ViH_smop | High-Level Input Voltage 2 Vv
ViL_smop | Low-Level Input Voltage 0.8 \Y,
lpLu Pull-Up Current 10 MA
to_stoLL | Propagation Delay PWM=GND, Delay Between SMOD# from 10 ns
HIGH to LOW to GL from HIGH to LOW
tpo_stoLH | Propagation Delay PWM=GND, Delay Between SMOD# from 10 ns
LOW to HIGH to GL from LOW to HIGH

Continued on the following page...
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Electrical Characteristics

Typical values are Vin =12V, Ven =5V, Vory =5V, and Ta = Ty = +25°C unless otherwise noted.

Symbol Parameter Condition Min. | Typ. | Max. | Unit
Thermal Warning Flag
Tact Activation Temperature 150 °C
Trst Reset Temperature 135 °C
RrHwn Pull-Down Resistance IPLo=5 mA 30 Q
High-Side Driver (fsw = 1000 kHz, loutr = 30 A, Ta = +25°C)
Rsource_cH | Output Impedance, Sourcing | Source Current=100 mA : Q
Rsink_gH | Output Impedance, Sinking | Sink Current=100 mA I 0.8 O3
trov | Rise Time GH=10% to 90% o el T
troi | Fall Time GH=90% to 10% [ 0 ns
to_oescon | LS to HS Deadband Time | S Somd LOW 10 O Going P, | ! 15 ns
- - A W, - |
tPD_PLGHL B\é\{g/}l/ LOW Propagation \Ij?i\il:cvﬁgrggocl%o(\zlv to o LO. _: <‘ 29 30 { ns
trD PHGHH PWM HIGH Propagation PWM Goir 1'IGH . Gh ‘oing HIGH, | 30 ns
- Delay (SMOD# =0) ViH_pwm'oo 1u . GH (¢ 'OL# =0_, Ii_|:s>0) Lc | B
trD TSGHH Exiting 3-State Propagation PWM ‘rom 3-  ate) Going HICE 10 GH \ ! 50 ns
- Delay L ek SH, VIH_PWM£1()°/0 GH < ’ AN
Low-Side Driver (fsw =1000 kHz< .ot~ 9+ Ta=-25°C)
Rsource_cL |Output Impedance, { urcing ajr\,e C-'rr ni 100 r’r*A \ X 1 Q
Renk.ot |Output Imp sance, Sit. = Sink Cunen=100mA © ) 0.5 Q
to. |RiseTme . Jlrfal £10% t0.G oc' ~( 25 ns
tF oL E ( Tir= A |GL =9N9 X e 10% 10 ns
to_nmemnrr  4S toud 87 sadband. fime ;QI/LQV:/QIC?Z;/:)G\EL Going HIGH, 15 ns
© " |P\ 4-HIGH Fropagation - | PWN Gcing HIGH to GL Going LOW,
PHGLL | Delay Vi 2auito 90% GL 101 25 | ns
_tpo 1;LH F.,'il’;g_STStafe Prc:‘;gatim ‘NM (From 3-State) Going LOW to GL 20 ns
-/ J_ILeIay < Going HIGH, ViL_pwmto 10% GL
Boo* Lindz
Vi |Forward-Valiage Drop IF=20 mA 0.3 Vv
!— Vr Breakdow?\?o]tage IrR=1 mA 22 \%
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FDMF6824B — Extra-Smaii, High-Performance, High-Frequency DrMOS Module
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Typical Performance Characteristics

Test Conditions: Vin=12 V, Vout=1V, Vcin=5V, Vbrv=5V ,

unless otherwise specified.
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Loutr=250 nH, Ta=25°C, and natural convection cooling,
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Typical Performance Characteristics

Test Conditions: Vin=12 V, Vout=1V, Vein=5V, Vbrv=5V,

unless otherwise specified.

1.01 : ‘ ‘ ‘ \ |
Vin = 12V, Vpry & Ve = 5V, Few = 300kHz, Vour = 1V, loyr = 30A
1.00
]
S 0.99
S o
g
5 os8 \
(]
3 0.97 \
3 0.
k- \\
°
8 096
s
£ ™~
5 0.95
4
0.94
200 250 300 350 400 450 500
Output Inductor, Loyr (nH)
Figure 12. Power Loss vs. Output Inductor
22 T T
Vin = 12V, Vour = 1V, Fey = 300kHz, loyr = 0A
<20 A
E -
z -
=
L]
18 1<
z -
K Ve
S
£ 16 ~ \o
o L~
2 p
3 |
§ 14 7/ ™ g oy G SR,
s
s |
£
o 9 - y e\ ) L
4. 45 50 5.5 6.0

Driver Supply ‘/oltage, Vi =& Vign (V)

Fig  .4. DriverGupply Current vs. Driver Supply Figure 15.
Veltage
3 (C— @
—_ UVLOyp
3.1 oo
S
z
> 3.0
B
o
s
S 29
>
s
S 28
32
Q
g o7 —— —_—
o UVLOpy
2.6
-55 0 25 55 100 125 150
Driver IC Junction Temperature, T, (°C)
Figure 16. UVLO Threshold vs. Temperature

Loutr=250 nH, Ta=25°C, and natural convection cooling,
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Typical Performance Characteristics

Test Conditions: Vein=5V, Vbrv=5 V, Ta=25°C, and natural convection cooling, unless otherwise specified.
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Typical Performance Characteristics

Test Conditions: Vein=5V, Vbrv=5 V, Ta=25°C, and natural convection cooling, unless otherwise specified.
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Temperature

Boot Diode Forward Voltage, Vi (mV)

500

450

400

350

300

250

200

150

100

T
Ie = 20mA
\\
\
~N

\\
|
‘ |
N

-55 0 25 55 100 125 150

Jriver I nctic. T _eraturs, T, \°C)

VA
Temperature

be o Diode Harward.Voltage vs.

3|NPOIN SO Aouanbaig4-ybiH ‘@ouewiopad-ybiH

cwsg-el}x3 — gv¥¢894INa4

www.onsemi.com

1"



Functional Description

The FDMF6824B 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 Lockout
(UVLO) circuit. When Vcin rises above ~3.1 V, the driver
is enabled. When Vcin falls below ~2.7 V, the driver is
disabled (GH, GL=0). The driver can also be disabled by
pulling the DISB# pin LOW (DISB# < ViL_pise), which
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# > ViH_pisg).

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, G! =0) _I
Note: o

3. DISB# internal pull-down curre” “sc. e 10 YA.

Thermal Warning F* .5, . Th 'N#)

The FDMF6824B pro des a.‘hermal warning. flag
(THWN#) to w~ Jov temp ature condiicns. Ttie
thermal warni 3 fla=usel oper<drain output =t
pulls to C ND . _iitr activatiori temperature((150°C)
is reachea. The - THY N# cutpul.returns 'to jra high-
ir" cdar Y s. = once thetemperature talis to the ieset
L peratt © ( .5°C). Tor _'use,_ the1TAWN#E ‘oufput
rec, res 7 pull-up ivesistor, which can be cCunacted to

VCI 7 .wWN# coes NOT disacie the DrM TS raodule.
185°C RSSO cvon
A Tempsraty
HIGH . Y o Temperature
THWN# S
Logic Normal Thermal
State Operation Warning
LOW v
TJ_driver IC
Figure 26. THWN Operation

Three-State PWM Input

The FDMF6824B incorporates a three-state 5V PWM
input gate drive design. The three-state gate drive has
both logic HIGH level and LOW level, along with a
three-state shutdown window. When the PWM input
signal enters and remains within the three-state window
for a defined hold-off time (to_noLp-orr), both GL and GH
are pulled LOW. This enables the gate drive to shut
down both high-side and low-side MOSFETSs to support
features such as phase sheddinc ... ™ is common on
multi-phase voltage regulators.

Exiting Three-Stat- condiv n

When exiting 2 vai aree-sta - condliticn;” the
FDMF6824B follow the WM< put cemmaiid. If the
PWM input ¢ s frori. hrec .ate te"'LGVY, the low-side
MOSFET s tv ed o  If the PV/\.4input goes from
threcustate. » H. %' e higih-side MOSFET is turned
n. e 'strated in—Tigure 27. The FDMF6824B
¢ 3igr llows or sheit proragation-ie'ays whan exiting

the Yrec state window: (see Eleciiical Characteristics).
Low-Sid= Criver

‘he lew-side drivei 1GL,"is designzd to drive a ground-
refarenczed, low-Rogzon), N-Chznanel MOSFET. The bias
fan GL is iriteinally conrectzd between the VDRV and
CGND «pins:-4%Vhen«tine ariver is enabled, the driver's

output is 180° out oi-phase with the PWM input. When
fne driver isdisabled (DISB#=0 V), GL is held LOW.

Highk-Sid« Driver

The high-side driver (GH) is designed to drive a floating
N-channel MOSFET. The bias voltage for the high-side
driver is developed by a bootstrap supply circuit
consisting of the internal Schottky diode and external
bootstrap capacitor (Csoor). During startup, Vsww is held
at PGND, allowing Csoot to charge to Vbrv 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 Csoot
and delivered to the gate of Q1. As Q1 turns on, Vswx
rises to Vi, forcing the BOOT pin to Vin + Veoor, which
provides sufficient Ves enhancement for Q1. To complete
the switching cycle, Q1 is turned off by pulling GH to
VswH. Ceoor is then recharged to Vbrv 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 three-state window for
longer than the three-state hold-off time, to_HoLp-oFF.
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Adaptive Gate Drive Circuit

The driver IC advanced 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 ensure they do not conduct simultaneously. Figure 27
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

f |
Viu_pwm >

PWM

GH
to
VSWH

VSWH

GL

HIGH, Q2 begins to turn off after a propagation delay
(tro_pHeLL). Once the GL pin is discharged below 1.0 V,
Q1 begins to turn on after adaptive delay to_peapon.

To preclude overlap during the HIGH-to-LOW transition
(Q1 off to Q2 on), the adaptive circuitry monitors the
voltage at the GH-to-PHASE pin pair. When the PWM
signal goes LOW, Q1 begins to turn off after a
propagation delay (tro_pLcHL). Once the voltage across
GH-to-PHASE falls below 2.2V, Q2 begins to turn on
after adaptive delay to_peaporr.

|

|
.
)
< <

i
b
.
.
b
.
b
I
Lt
k-
i

i
b
b
b
1
i
i

] '
|

)

i)

<5
2%
>

PRI <«
to_nows-or tPD_ETSGHH

Enter Exit Enter Exit
3-state 3-state 3-state 3-state

to_ow-or  tep_TsGin
\

LSt
to. = pres
to_xoo , from IC.geerata signal to !C gen rat<d signal
PWM

teo_pHeu = F\Wivl rise to LS Ves fall, Vik_pwm to 90% LS \ s
teo_pisHL = 2W fall to HS Vs fall, Vi_pwm to 5035 1S Ves
='PWM rise to HS Vs rise, Vinwm 12°10% HS Vas (SMOD# held LOW)

*20_PHGI 4

<r0D#
teo_steiL = SMOD# fall to LS Ves fall, Vie_smop to 90% LS Vas
tep_sHeth = SMOD# rise to LS Ves rise, Vin_smop to 10% LS Vas

ation del2y-fre i external signai (P*WN 1, SMOD#, e’L.) to 'C generated signal.
E.ample (to_oeaoon — LS Ves (GL) LOW to HS Ves (GH) HIGH)

Example (teo_pHe — PWM going HIGH to LS Ves (GL) going LOW)

Exiting 3-state
teo_tsehn = PWM 3-state to HIGH to HS Vs rise, Vii_pwm to 10% HS Vs
teo_tsath = PWM 3-state to LOW to LS Ves rise, Vi_pwm to 10% LS Ves

Dead Times
to_peapon = LS Vs fall to HS Vs rise, LS-comp trip value (~1.0V GL) to 10% HS Ves
to_oeaporr = VSWH fall to LS Ves rise, SW-comp trip value (~2.2V VSWH) to 10% LS Ves

Figure 27.

PWM and 3-StateTiming Diagram

cwsg-el}x3 — gv¥¢894INa4

3|NPOIN SO Aouanbaig4-ybiH ‘@ouewiopad-ybiH

www.onsemi.com

13



Skip Mode (SMOD#)

The Skip Mode function allows for higher converter
efficiency when operated in light-load conditions. When
SMOD# is pulled LOW, the low-side MOSFET gate
signal is disabled (held LOW), preventing discharge of
the output capacitors as the filter inductor current
attempts reverse current flow — known as “Diode
Emulation” Mode.

Table 2. SMOD# Logic

When the SMOD# pin is pulled HIGH, the synchronous
buck converter works in Synchronous Mode. This mode
allows for gating on the Low Side MOSFET. When the
SMOD# pin is pulled LOW, the low-side MOSFET is
gated off. If the SMOD# pin is connected to the PWM
controller, the controller can actively enable or disable
SMOD# when the controller detects light-load condition
from output current sensing. Normally this pin is active
LOW. See Figure 28 for timing delays.

DISB# PWM SMOD# GH GL
0 X X 1o |
1 3-State X 0
1 0 0 V. ¥ < o\ v |
1 1 0 1 ' 0
1 0 1 o o
1 1 1 ) Ot \ 0

Note:
4. The SMOD# feature is intended to have a short p-
FET VGS response time to control diode emule un

SMOD#

|
|
l
|
|
|
|
e —————————— e e — -
|

'
'
Viulpwm i
1
'

PWM

GH
tr

dagatic  den
1 acyc by-cyclebasis.

'
_\ H
\ P

! —J— — Vin_smop
X — —Viewol \
'

between the'SMOD# siarairand thie 'cw-side

————

VSWr

oL

HS turn -on with SMOD# LOW

1
. '
H i ’
| ! h
i = <
I i :
| teo_pHeLL 1 tep_pLGHL ! t
| -PHALL P tep_siew PD_PHGHH tep_smeLH
I ol P
1 [
: > e »> e T T
1 1, 1 .
i D_DEADON D_DEADOFF Delay from SMOD# going Delay from SMOD# going
I LOW to LS Ves LOW HIGH to LS Vgg HIGH
|
|
|
|
|

Figure 28.

SMOD# Timing Diagram
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Application Information
Supply Capacitor Selection

For the supply inputs (Vci), a local ceramic bypass
capacitor is recommended to reduce noise and to
supply the peak current. Use at least a 1 yF X7R or X5R
capacitor. Keep this capacitor close to the VCIN pin and
connect it to the GND plane with vias.

Bootstrap Circuit

The bootstrap circuit uses a charge storage capacitor
(CsooT), as shown in Figure 30. A bootstrap capacitance
of 100 nF X7R or X5R capacitor is usually adequate. A
series bootstrap resistor may be needed for specific

VCIN Filter

The VDRV pin provides power to the gate drive of the
high-side and low-side power MOSFET. In most cases,
it can be connected directly to VCIN, the pin that
provides power to the logic section of the driver. For
additional noise immunity, an RC filter can be inserted
between the VDRV and VCIN pins. Recommended
values would be 10 Q and 1 yF.

Power Loss and Efficiency
Measurement and Calculation

>S v - . - SUe ) Refer to Figure 30 for power los. =sting’ =thod.
applications to improve switching noise immunity. The = | lculati _
boot resistor may be required when operating above ower [oSs Calculation=degs:
15Vin and is effective at controlling the high-side Pin=(VIN X IIN) + (Vrox e 2 (1)
MOSFET turn-on slew rate and Vsww overshoot. Reoor Psw=Vsw X losT (W) @)
values from 0.5 to 3.0 Q are typically effective in
reducing VSWH overshoot. Pour=Voi x Ic (W) (3)
PLe® 10U =PiN W) (4)
0St  DAn. - Pour. (V) (5)
Ei ‘wor ==100 x PswiPin (%) (6)
EFF. \rp=1C0 X Pout/Pin (20) (7)
Vsv % M A W Tvy
Isv - ‘ 2P N
Cvbrv | “veIN i LOIVAN
1 @R
P ]S\ V7
DISB# [+ ——— " HRBO)T
PWM 1500 }7 4\/’
4 pI— ™| <FoMFe824BN. 2Ot
— A vsw 1 e louT
o= HJ o 0 -
Oper - ﬂ pni}_J Lour l ped
o A S\ N | ] Vour
tput N\ 4Pi—} o Vsw Cout
N>l

Figure 29.

Block Diagram With Vcin Filter

Figure 30.

Power Loss Measurement
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PCB Layout Guidelines

Figure 31 and Figure 32 provide an example of a proper
layout for the FDMF6824B and critical components. All
of the high-current paths, such as VIN, VSWH, VOUT,
and GND copper, should be short and wide for low
inductance and resistance. This aids in achieving a
more stable and evenly distributed current flow, along
with enhanced heat radiation and system performance.

Recommendations for PCB Designers

1.

Input ceramic bypass capacitors must be placed
close to the VIN and PGND pins. This helps reduce
the high-current power loop inductance and the input
current ripple induced by the power MOSFET
switching 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
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 between the
DrMOS and inductor. The short and wide tra~

minimizes electrical losses as well as the Dr’ U<
temperature rise. Note that the Vswn node i high-
voltage and high-frequency switching n2de wit._ high
noise potential. Care should be taken . ‘= ‘ze
coupling to adjacent traces. Sir S Ccuomer. 2
acts as a heat sink for the lo’ i MO. 'E1_ halance
using the largest area nossil . to imp Hve DrMOY
cooling while maintair .g c.ccep  hYle r’ se emiscion.

. An output inductor ¢ hould b located ciose o the
FDMF6824" w ninir.. = th. power ivsc.dde to ihe
VswH copp. = ~are o..ould &iso be takernzoitnic

inductc dissipation Hes not hzat the DrM3SE

ow Tre h® L USFETs ‘are used_.in tne outout
stage d ¢ > effective at minim'zing.iinging duz 1o

st sv ching. ki most cases, pa. VSWHicnubber is
r. @ Zd. If @ snukoer is used, it shculd ve placed
clcse to the, VGWHarna, PGND-piiis.) The selected
resis’or-aivd capacitor.need tz-h the proper size for
power.zissipation.

VCIN, VDRV, and-R2OOT capacitors should be
placed as close av pussible to the VCIN-to-CGND,
VDRV-to-CGND, and BOOT-to-PHASE pin pairs to
ensure clean and stable power. Routing width and
length should be considered as well.

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

The layout should include the option to insert a
small-value series boot resistor between the boot
capacitor and BOOT pin. The boot-loop size,
including Resoot and Cgoort, should be as small as
possible. The boot resistor may be required when
operating above 15 VN and is effective at controlling

—
-

11.

12.

O Ringing at

the high-side MOSFET turn-on slew rate and Vsnw
overshoot. Rsoor 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. Inserting a boot
resistance lowers the DrMOS efficiency. Efficiency
versus noise trade-offs must be considered. Rsoor
values from 0.5 Q to 3.0 Q are typically effective in
reducing Vswh overshoot.

The VIN and PGND pins handle large current
transients with frequency cor- 'ts greater than
100 MHz. If possible, t se pu should be
connected directly to< e N ant board GND
planes. The use of*" _rmal~elie ras . in seiies with
these pins is di==ou. v« since i 5 adds‘nauctance
to the power pe . Ti . add inductancevin series
with eithe the Vi or ~ D pin dgejrades system
noise. nmu ‘ty by creasina positive and negative
Mawn M ing.

G D¢ nd PGND pins should e connected to
the ND copper rlanc with milinie virsaai-ctable

DUl .ing.  ~ocr grounding fzan ecreate. a noise
tr. .isient “offset” voltags 'evel betweent CGND and
PGNC. Thig'could leac to faulty ozeration of the gate
driverand MOGF=Ts.

the RCO1 ‘pin is most effectively
contra led-Ly closeplacement of the boot capacitor.
Zo not add additional BOOT to the PGND
capacitor. 'This may lead to excess current flow
througntiie BOOT diode.

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

al

Use multiple vias on the VIN and VOUT copper
areas to interconnect top, inner, and bottom layers
to distribute current flow and heat conduction. Do
not put many vias on the VSWH copper to avoid
extra parasitic inductance and noise on the
switching waveform. As long as efficiency and
thermal performance are acceptable, place only
one VSWH copper on the top layer and use no vias
on the VSWH copper to minimize switch node
parasitic noise. Vias should be relatively large and
of reasonably low inductance. Critical high-
frequency components, such as Rsoot, Csoot, 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. If this is not
feasible, they can be connected from the backside
through a network of low-inductance vias.

www.onsemi.com
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Figure 3

Figure 32.

PCB Layout Example (Bottom View)
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Physical Dimensions
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Figure 33. 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 note the revision and/or date on the drawing and contact a ON Semiconductor representative to
verify or obtain 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 Semiconductor products.
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