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FDMF6823B — 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 Pack: e
= 3-State 5V PWM Input Driver

®  Skip-Mode SMOD# (Low-Side. = Tun Dff)..

®  Thermal Warning Flag for Oy -Temp. atu
Condition

®  Driver Output Disal : Function (-._o# Pir)

® Internal Pv" _p ana  I-De A for SMCD:-and
DISB#In} ts B »~ec..

®  Fairch. PowerTre ch® Techaology MOSFETS for
o 2V age Lveforms.aind Reduced Ringing

L Fairci 4 S,acFET™ (\niegratad Gchottky Diode)
“ecb’ Jlogy in Low-Side MOSFET

® |1 egratedd Beetstran-Cchotiky Diode

" Adaptive Gate Drive Timingtor Shoot-Through
iProiection

= Under-Voltage Leckout £UVLO)

" Optimized for Switching Frequencies up to 1 MHz
" Low-Profile SMD Package

®  Fairchild Green Packaging and RoHS Compliance
= Based on the Intel® 4.0 DrMOS Standard

Description

The XS™ DrMOS family is Fair® .as =xt-generation,
fully optimized, ultra-compact, 1. ~gratec. 1OSFET plus
driver power stage se' .on fc  high urrent, - Ligi-
frequency, synchronot puck DC-L < _plicatians. The
FDMF6823B inte =ate. . driver IC, . tvwo  power
MOSFETs, 2nd a oot. ap< _chottky “ciode into a
thermally =nti ced, L. a-cu pact €xF nin package.

Witk.an v »gra 1 - Jroach, the complete switching
NOW 2ok is opumized waith regard to driver and
.~ 0Si T «, mic rerformance, sys>m inductance,
ar . pu. er MOSFET Rpsony /- S™ DiMOUS uses
Fair ild's high-neiformance 2GwerTraneh®MOSFET
techriology;-viiich” dramatically redueas switch ringing,
rliminating the need fc=.snubker circuit in most buck
corvelter applicaticis:

A driver 'C with“reduced dzad times and propagation
delays “iurther enhances the performance. A thermal
warning function warns of a potential over-temperature
gituation. Tae' FDMF6823B also incorporates a Skip
Mode (EMQL#) for improved light-load efficiency. The
FDMI:63238 also provides a 3-state 5V PWM input for
cornpatibility 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

FDMF6823B 55 A

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

FDMF6823B

/ 9c£2894INa4
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Typical Application Circuit a
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Pin Configuration
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Pin Definitions

Pin # Name Description

W' :n SMOD: . " 4, the low-side driver is the invars2 of the PWM input. When

1 SMOD# | S| DD#=L" N, the low-side driver.is aizaisied. Tnis\pin has a 10 pA internal pull-up current
[sot 2. Dr otaddarnaise filter'capacitor.

2 \ {1« Dias supp'y: Minimum 1(uF ceramicicepacitor is recommended from this pin to CGND.

‘ K L= wer for the gate driver. Minimuin 1 pi ceramic capacitor is recommended to be connected
~ ~|as ciose as possib'efrom this Lin to CGND.
. BOOT : Boctsirap supnhysinput..Pravides voltage supply to the high-side MOSFET driver. Connect a

' bootstrap zapacitor from this pin to PHASE.

5 37, 41_}_(:&6

ICgrourd. Grzuna reeturn for driver IC.

£ - GH For mapwiaciring test only. This pin must float; it must not be connected to any pin.
7 PHASE | Swi‘ck riade pin for bootstrap capacitor routing. Electrically shorted to VSWH pin.
| 8 NC 1Yo connect. The pin is not electrically connected internally, but can be connected to VIN for
convenience.
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.

© 2011 Fairchild Semiconductor
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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
Vein Supply Voltage Referenced to CGND -0.3 6.0 \Y,
Vpry | Drive Voltage Referenced to CGND -0.3 6.0 \Y,

Voise# | Output Disable Referenced to CGND -0.3 6.0 \%
Vewm | PWM Signal Input Referenced to CGND -0.3 6.0 \Y,
Vsmop# | Skip Mode Input Referenced to CGND -0.3 6.0 \%
Vel Low Gate Manufacturing Test Pin | Referenced to CGND R 5.0 \Y
Vruwng | Thermal Warning Flag Referenced to CGND - 0 b 4 _l
Vin Power Input Referenced to PGND, CGND | 0.5 ___ST— _V—_
Veoor | Bootstrap Supply Referenced to VSWH, PHASE . | 02 | 60 [ v
Referenced to CGND -0.3 25.0 \Y,
_ _ | Referenced to VSWH, HA. - ] e feo | v
Van High Gate Manufacturing Test Pin Referenced to B ) — O 105 | 250 v
A N i
Veus | PHASE Referens 1t ©Gi -0.3 250 .\ V
_ Ref- .. adtot ND. SGNDADC Cnly) | 00 | 250 /[ Vv
VswH Switch Node Input —=— - N7 - N
i ferenc. ‘to PGAD, <20.is [+°-8.0 | 28.0 v
Veoor | Bootstrap Supply Re. encea .o VDRV 0 w220 | v
|Re.. cedtc VDRV, <20.ris ' 25.0 \Y
lrwng | THWN# Sink Current NN \J S 04 70 | mA
lowy | Output Curre’ '« fsw=300 I'.Hz,.V|N'-'12 Vv, V2=£) v 55 A
faw?1 MHz, Vin=l12 V, M40 V 50
Bpce [Jun siow0-F R The aal Res'sf'm_c:: \ Y \J 2.7 °C/W
Ta An - oerawre Pnng,e_ 5 , -40 +125 °C
T. “aximam ! iction TelTrwr_ature W~ \ ¥ +150 °C
< 1STG St Tge I‘emperﬂtuie Ran;e > \ -55 +150 °C
ANND N 1~ -/ _Himan Body Model, JESD22-A114 2000
L D clectresvauc Discharge Protection - Vv
NG R ¢ [Charged Device Model, JESD22-C101 2500

Note:

1. lggvyis rated using Fairchild’s' DiNiOS evaluation board, at Ta = 25°C, with natural convection cooling. This rating
15 lirnited by the peak DrvIDS temperature, T, = 150°C, and varies depending on operating conditions and PCB
layout. This rating 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. Fairchild does not
recommend exceeding them or designing to Absolute Maximum Ratings.

3|NPO SOINIQ Aouanbaig-ybiH ‘@ouew.opad-ybiH Hews-e11xg

Symbol Parameter Min. | Typ. | Max. | Unit
Vein Control Circuit Supply Voltage 4.5 5.0 5.5 \%
Vpry | Gate Drive Circuit Supply Voltage 4.5 5.0 5.5 \Y,

Vin | Output Stage Supply Voltage 3.0 12.0 | 16.0®) Y

Note:

2. Operating at high Vv 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, Vpry =5V, and Ta = T, = +25°C unless otherwise noted.
Symbol Parameter Condition Min. | Typ. | Max. | Unit
Basic Operation
la Quiescent Current la=lveintlvorvy, PWM=LOW or HIGH or Float 2 mA
Vuvio UVLO Threshold Ve Rising 29 | 3.1 3.3 \Y,
Vuvio Hys | UVLO Hysteresis 0.4 \Y,
PWM Input (Vein = Vpry = 5 V +10%)
Rur_pwm | Pull-Up Impedance Vewm=5 V 10 kQ
Ron_pwm | Pull-Down Impedance Vewn=0 V 10 kQ
Viv_pwm | PWM High Level Voltage 3.04 | o 4.05 \%
VTRI_HI 3-State Upper Threshold 2.9, ! 3.45 3.94 M
VirLio | 3-State Lower Threshold 008 on 1520 v
Vi pwm | PWM Low Level Voltage 0.84.! 1.15 [ 1,42 \Y
o HoLo-orr | 3-State Shut-Off Time - [ sec[ 200 | ns
Vhiz_pwm | 3-State Open Voltage ‘T 2261250 | 280 | v
trwnrorr_win | PWM Minimum Off Time (120 ns
PWM Input (Ve = Vory = 5 V 5%) A J
Rup_pwm | Pull-Up Impedance Vewn=5 N [ o 101 T ke
Ron_pwm | Pull-Down Impedance Vewn -V ' | o kQ
Vin_pww | PWM High Level Voltage B N ~ |s220355 387 Vv
VTRI_HI 3-State Upper Thresk® 4 A o\ Y 2 ( i 13 | 345 | 3.77 \%
Vtri_Lo |3-State Lower Thres Hld 1.04 | 1.25 | 1.46 \Y
Vipww | PWM Low ! vel Volta, O 090 | 115 | 1.36 | V
to_HoLo-oF | 3-State Sh Off Tir » N\ ~ 160 | 200 | ns
Viiz pwm |3 tate Orer. e =~ QN X 230 [ 250 [ 270 | Vv
tPwm-OFF_Mi L PVyw Mini um Off Time 9) X 120 ns
D7 _» aul o \*~ \ Y
‘y oise | Hign-Level inpuc Voltage 2 \%
_\/.A \d Low-LeTe: Input \’o?aéé AN 0.8 \%
leLp FTu_nf-Eown \Ilcrra' - 10 MA
- . , A PWM=GND, Delay Between DISB# from
to qisic” | Propagation Defay HIGH to LOW to GL from HIGH to LOW 25 ns
| foo oissH | Propagation Delay PWM=GND, Delay Between DISB# from o5 ns
- LOW to HIGH to GL from LOW to HIGH
SMOD# Input
Vii_smop | High-Level Input Voltage 2 V
ViL_smob | Low-Level Input Voltage 0.8 Vv
lpLu Pull-Up Current 10 MA
. PWM=GND, Delay Between SMOD# from
tpo_steuL | Propagation Delay HIGH to LOW to GL from HIGH to LOW 10 ns
. PWM=GND, Delay Between SMOD# from
to_sweLn | Propagation Delay LOW to HIGH to GL from LOW to HIGH 10 ns
Continued on the following page...
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Electrical Characteristics

T
Typical values are Vin =12V, Ven =5V, Vpry =5V, and Ta = T, = +25°C unless otherwise noted. g
Symbol Parameter Condition Min. | Typ. | Max. | Unit C-'g
Thermal Warning Flag §
Tact Activation Temperature 150 °C 09)
TrsT Reset Temperature 135 °C
Rrhwn Pull-Down Resistance lpLp=5 mA 30 Q £<I'I
250 ns Timeout Circuit N
High-Side Driver (fsw = 1000 kHz, lour = 30 A, Ta = +25°C) ;J-
Rsource_cH | Output Impedance, Sourcing | Source Current=100 mA I l 1 J A\ g
Rsink_eH | Output Impedance, Sinking | Sink Current=100 mA | | W4 L7 .j
tren | Rise Time GH=10% to 90% N L0 ] ns o
tr e |Fall Time GH=90% to 10% D TN ns é"
to peapon | LS to HS Deadband Time ?b scgnLgtg?X!/:%ﬁH Goin HIG | i 15 ns §
— g\é\llx LOW Propagation \F;X\fxv,\?t%lrlg l/o ‘(\SIVH » G Bolng - OW, | [ 20 265N ns 8
oo ouss; | PWWM HIGH Propagation | PWN: ’S?in_g . 3Hto\ 1 Going ﬁiﬁt D ‘ o \~ N «%:
- Delay (SMOD# =0) iy pw, 0 10% H (SMOC# =0,ip 1 s>0) . =
N Exiting 3-State Propagation ’ . v T, 3-State) Gcing,_ I:ICliH DGt N ) _30 ns i‘l
- Delay G_\ g Hic o, Vf‘pl\_v.fo 10%&1 Nd 8
Low-Side Driver (fsw = 1000 kH: 'our=3 A, 1a = £20°0) %
Rsource_cL |Output Imp Jancezm |Soln;e_(,ur.e:ntflogmh <A \ 1 Q 5
Rsink_cL Ouf'_"np 'arE, nking lSI."K Curreni_-1_u‘,0 mA ’\ 0.5 Q o
ko . |R aTi L [GL=12%1690% - 25 ns =
| teq  fallTime. o GL=50% to 10% 10 ns 8
oeanor [P o LS Deidsand Time :gvzv\??'\"\:t'(;?‘(’)\ﬁ/:%% Going HIGH, 15 ns ||
_tpD " [Pwr-FiGH Prop jgaton 4 PWN Going HIGH to GL Going LOW, w0 | 25 | ne c
- Delay Vit pwmto 90% GL )
top maoid _|_Eiting 3-Sta_‘e_Pvror‘agailon PWM (From 3-State) Going LOW to GL 20 ns
L |De|ay Going HIGH, V| pwmto 10% GL
229t Diode
IS7Vr  [Forward-Voltage Drop ;=20 mA 0.3 Vv
VR Breakdown Voltage IrR=1 mA 22 \Y,

© 2011 Fairchild Semiconductor
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Typical Performance Characteristics

Test Conditions: ViNn=12 V, Vour=1V, Ven=5V, Vprv=5V, Lout=250 nH, TAa=25°C, and natural convection cooling,
unless otherwise specified.

55

50

45

40

Few = 300kHz —]

35
30

25

Fow = 1000kHz — |

20

15

Module Output Current, loyt (A)

10

5 I Vin=12V, Vpry & Vo =5V, Vour = 1V

0
0

25

Figure 6.

50 75 100
PCB Temperature, Tpcg (°C)

125 150

Safe Operating Area

Vin =12V, Vpry & Vein =5V, Vour = 1V, loyr

T
=30A

A

- o

Normalized Module Power Loss

0.9

R A,

s
| ]

100

Y-

1.15 [

20C

2 8.

0= 12V, VG = 1V, e = 300K 711557 = 30A
J |

300 >

Fo

5 o0 705, 800 900
itching Freruency, sy (kHz)

1000 4400

—uudle

_. Loss vs.Switcking Frequency

1.05

1.00

0.95

Normalized Modt le Power Loss

0.90

4.0

45 5.0 5.5
Driver Supply Voltage, Vpry & Ve (V)

6.0

Figure 10. Power Loss vs. Driver Supply Voltage

Module Power Loss, PLyop (W)

~wer Loss

Nermalized Module .

Normalized Module Power Loss

T
)
<
T
(@2}

" T T T T T T T T T ‘ w
| —300kHz  Viy= 12V, Vory & Vo =5V, Vour = 1V N
10 w
—500kHz o
9 F ——800kHz
g | —1000kHz /
; v’ o
6 // / é
. W v/ ®
4 // /// %)
3 ///‘,4 Y
2 gy = Ry
| 7;;%/ T
. CIN BTSN e
0 5 10 15 2 25 30 . 40 45710 55 "U
i lulex at Current, loyr (A)
@
i —h
Figurn 7. Pow. Los.vs. Outpur Current Q
P W -\ 3
. . . >
Ry =5V, Vour =Y, Fgy= 300kHz7 lour = 30A 5
e | 4 (¢)
08 ’ ‘ | ‘ // - fo]
1.0 7\ - - I
< / g
104 | _\V ) B -— =
| | | 3
12 —_— . @
| \\ AN o
1.00 | —+— g
| | S
0.93 i 4 — 2
0,96 | 9
4 6 8 10 12 14 16 18 =
Module Input Voltage, Vi (V) O
Figure 9. Power Loss vs. Input Voltage n
2.0 CZ)
(@}
18 =
16 //
1.4 //
12 ,/
1.0
Vin = 12V, Vpry & Ve = 5V, Fey = 300kHz, loyr = 30A
0.8 | | | | 1 1
0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
Module Output Voltage, Vour (V)
Figure 11. Power Loss vs. Output Voltage

© 2011 Fairchild Semiconductor
Corporation FDMF6823B + Rev. 2

www.fairchildsemi.com



Typical Performance Characteristics

unless otherwise specified.

Test Conditions: V|N=12 V, Vou'r=1 V, VC|N=5 V, VDRV=5 V,
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Typical Performance Characteristics

Test Conditions: Vein=5V, Vprv=5 V, Ta=25°C, and natural convection cooling, unless otherwise specified.
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Figure 18. PWM Threshold vs. Temperature
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Typical Performance Characteristics
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Test Conditions: Vein=5V, Vprv=5 V, Ta=25°C, and natural convection cooling, unless otherwise specified.
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Functional Description

The FDMF6823B 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 V¢ rises above ~3.1 V, the driver
is enabled. When V¢ 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# < Vi_pisg), 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# > Viy_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-down current source is 1. 1A.

Thermal Warning Flag (THW" = »

The FDMF6823B provides a
(THWN#) to warn of over-*~mpe ture cc litions. The
thermal warning flag v’ .s an op »-dr= | output thet
pulls to CGND when th  activaticn ternperatuie (15J°C)
is reached. Tk IW. ¢ outr [ returis to.a higi-
impedance st¢ : onca.the sraturs falis to the iscat
temperatc (- ‘or use, ihe \THWN# output
requircs a ', ll-up.res’ or, which'c2n be connzcied to
Vo N0 YN does OT gisable the DiOS modutle.

ermal an g flag

s _ 150°C
* et
168°C RO Activatian

. Temoerature
Th!f;H \ [zmygerature
THWN#, | 1
l&.;;:{lc Norma! | Thermal
€ Operaticn Warning
LOW
! Ty _driveric
Figure 26. THWN Operation

Three-State PWM Input

The FDMF6823B 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 (tp_noLp-orF), 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 shedding, which is common on
multi-phase voltage regulators.

Exiting Three-State Conditis

When exiting a valid thre state ondition, the
FDMF6823B follows the ~ VM . ~ut co mand. If the
PWM input goes from< .ee-state . LC .| the low-side
MOSFET is turnes ori ‘¥ .ie PWi Input‘goes-trom

three-state to. HIGr the igh-¢" & MOSFET s turned
on. This is W 'stratec ‘n v .e 27 1he rDMF6823B
design ai ws . shon ropagatior, celays when exiting

the’~ree-s. ‘ew o see Electiical Characteristics).

W Slue iver

Tr. low ‘ide driver (CL) is desiared to drive a'ground-
refe. aced, low-Rpgon), N-chzinel MCSFET! The bias
for GL is-iiternally connacted betwizen the VDRV and
SGND._pins Wheri the “ariver <s ‘enabled, the driver's
oupurtis 180°. out of phase‘with the PWM input. When
the driver isaisabled (DIGB#=9 V), GL is held LOW.

Hioh-Side Drivet

The, high-side driver (GH) is designed to drive a floating
N=¢nannzl IMOSFET. The bias voltage for the high-side
driveil_is-ueveloped by a bootstrap supply circuit
consistng of the internal Schottky diode and external
beetstrap capacitor (Cgoor). During startup, Vsww is held
at PGND, allowing Cgoor to charge to Vpry 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 + Veoort, 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 Vpry when Vswh 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, tp_HoLp-oFF-

3|NPO SOINIQ Aouanbaig-ybiH ‘@ouew.opad-ybiH Hews-e11xg
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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

P |

Vin_pwm

to_nowp-orr
'

PWM

GH
to
VSWH

VSWH

HIGH, Q2 begins to turn off after a propagation delay
(tro_pHaLL). Once the GL pin is discharged below 1.0 V,
Q1 begins to turn on after adaptive delay tp_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 (trp pLcHL). Once the voltage across
GH-to-PHASE falls below 2.2V, Q2 begins to turn on
after adaptive delay tp_peaporr.

d€2894NA4

'
[

]
A —— 1 ViH_Pwm

2WS-el1xg

tep_prale = PWM rise to LS Vgs fall, Vi “pwy ) £ 9P% LS Ve
top_pioh = PYMIe!l fo HS Vs fall, Vi, iym to 90% HS. V,
tpp_pHgr:= Ve rise to HS Vs rise, Viy_pwm to 1€% H Vg, {5MOD# held LOW)

ZMOD.*
pp_ 5161 = SMOD# fall to LS Vs fall !, ¢.iop to $0% LS Vs
Lo_sHan = SMOD# rise to LS Vgs 1'se. /.y gop t0 10% LS Vs

GL
pp_1sGHH | tp_lioLp-oFF tPD_ETSGHH to_Howo-orr  tep_TsaLh
i i i i
| t t tot
Enter Enter Exit Enter Exit
3-state 3-jtate ?-state 3-state 3-state 3-state
otes:
wx = Prop. tionuc .y from exte:nal sigaal (PWM, S:2Cut, Cec.) to IC genarat 2d signal. Example (tpp_pre — PWM going HIGH to LS Vs (GL) going LOW)
1 =delay! nICgeneratcd signal o IC generated s'ancl”  Examp'e (1. peavon — LS Vas (GL) LOW to HS Vg5 (GH) HIGH)
PWNM Exiting 3-state

3|NPON SOWIA Aduanbai4-ybiH ‘e@ourwioiad-ybiy ‘1

tpp_tseun = PWM 3-state to HIGH to HS Vs rise, Viy_pwm to 10% HS Vs
tpp_sein = PWM 3-state to LOW to LS Vs rise, Vi _pwm to 10% LS Vs

Dead Times
to_peaon = LS Vs fall to HS Vs rise, LS-comp trip value (~1.0V GL) to 10% HS Vs
to_peaporr = VSWH fall to LS Vs rise, SW-comp trip value (~2.2V VSWH) to 10% LS V¢s

Figure 27.

PWM and 3-StateTiming Diagram
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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.

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.

Table 2. SMOD# Logic
DISB# PWM SMOD# GH GL
0 X X 1. o |
1 3-State X 0
1 0 0 v 4R o\ v |
1 1 0 1 ' 0
1 0 1 o o
1 1 1 ) Ot \ 0
Note: N ) N\ Y

4. The SMOD# feature is intended to have a short pr

between the'SMOD# siat.airand thieow-side

agatic  den

FET Vgs response time to control diode emulat. .1« a cycle y-cycle basis.

|
|
' _ :
] \ ) |
I : — - — —-Viu_smop
| X — —ViLsmol \
- - - :
| h
"

SMOD#

____T
|

[
{_ --¥

VSWH

(A S S
1

HS turn -on with SMOD# LOW

1
; i
i
== 1 '
L __ : h
IS ; : I
! H o
: tep pHGLL | tro_pLaHL H > < >+
| T i i too_staLL tpo_pHaHH tro_sHaLH
| H ! | 1
i I
: > e > e T T
| t t, .
| D_DEADON D_DEADOFF Delay from SMOD# going Delay from SMOD# going
: LOW to LS Vgs LOW HIGH to LS Vgg HIGH
|
|
|
|
|

Figure 28. SMOD# Timing Diagram

3|NPO SOINIQ Aouanbaig-ybiH ‘@ouew.opad-ybiH Hews-e11xg

© 2011 Fairchild Semiconductor
Corporation FDMF6823B + Rev. 2 14

d€2894NA4

www.fairchildsemi.com



Application Information

Supply Capacitor Selection

For the supply inputs (Vciw), 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
(Cgoort), 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
applications to improve switching noise immunity. The
boot resistor may be required when operating above
15Vin and is effective at controlling the high-side
MOSFET turn-on slew rate and Vsuw overshoot. Rgoor
values from 0.5 to 3.0 Q are typically effective in
reducing VSWH overshoot.

Isv T L
Cmry
FUN T
- RV vCIN
DI o — DISP
F o 4|:xﬁ
In; P4 priFes208
OFF

=
on L—————"smoox

Block Diagram With V¢ Filter

cocn HAST
Drain LS = THWH# N
Outriut ——Tlconp |- {cﬂ—‘
¢ J;
Flgure 29.
£
Vay [/ 4 /fr j
Rvein
Isv
C
ICVDRV VCIN

Open
Drain [
Output

Figure 30.

Power Loss Measurement

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 pF.

d€2894NA4

Power Loss and Efficiency
Measurement and Calculation

Refer to Figure 30 for power loss testing method.
Power loss calculations are:

3|NPON SOWNIA Aouanbaig-ybiH ‘eourwioiad-ybiH rews-eix3

Pin=(Vin X Iin) + (Vsv X Is\) ) )
Psw=Vsw X lout (W) 2)
Pout=Vour X lout (V (3)
PLoss mopuLes '~ - Psi ‘W) (4)
PLoss Boak PN Pou W) (5)
SEE U= 0 x PewlPrcG)) (6)
£ “go. »=10uU X Pou/Pin{%) (7)
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PCB Layout Guidelines

Figure 31 and Figure 32 provide an example of a proper
layout for the FDMF6823B 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.

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. Rgoot
values from 0.5 Q to 3.0 Q are typically effective in
reducing Vswn overshoot.

d€2894NA4
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8. The VIN and PGND pins handle large current
Recommendations for PCB Designers transients with frequency components greater than
. . 100 MHz. If possible, these pins should be
1. Input ceramic bypass capacitors must be placed .
close to the VIN and PGND pins. This helps reduce connected directly to the \./lN and 'boarq GND
the high-current power loop inductance and the input planes. The use of thermal .relleﬁ'tr_aces in series with
current ripple induced by the power MOSFET these pins is d|scouraged SIOCP ; gdds |nductar!ce
switching operation. tq the.power path. This ad~" . I.ndl, ance in series
with either the VIN or ©3N. »in de ades system
2. The Vswy copper trace serves two purposes. In noise immunity by i~ casing | ‘sitiv. and ncgaiive
addition to being the high-frequency current path Vswh ringing. '
from the DrMOS package to the output inductor, it
serves as a heat sink for the low-side MOSFET in 9. GND pad.and b ND' ‘ns .ould b connected to
the DrMOS package. The trace should be short and the GND" oper ; ne .1 muiiplevias for stable
wide enough to present a low-impedance path for grouny 1g. . oor ¢ sunding..car.~create a noise
the high-frequency, high-current flow between the sier offs .age evel \between CGND and
DrMOS and inductor. The short and wide trace F_ o T could lead tcifaulty operation of the gate
minimizes electrical losses as well as the DrMOS driranu .. OSFETs:
temperature rise. Note that the Vsww node is a > 10.. nging at (the BOOT ¢nii’ is _micsi.cffectively
\rgglitsasepstlit?;?hgraercéuzugﬁlzwgghgge?\o{tjg \r'n hr?]'lgz centrollea by ciose platement ofithe \boot capacitor.
. , . : : Do act aad an, addtional BEOOT to the PGND
coupling to adjagent traces. Slncen ,t,rl's o N\ capactor. This-inay lead) ta “excess current flow
ac?s as a heat sink for the Ic_)vyer SF. . e 2 tarsugh tha BCOOT dicde:
using the largest area possib” t n. rov.  DrMOS
cooling while maintaining acce table nc e e. iission 11. The~SMCD# and WISB# pins have weak internal
. . pull-up and puli-aswn current sources, respectively.
3. An output inductor £ oulu be" »=te’ close to.the T . : .
FDMF6%23B to min ize the.nower loss-due. to the hese‘_ ‘_)Im should - not have any noise filter
Vewn copper . G = sho. 1 also bé arer so the cgggl,ltols. Do not to float these pins unless
inductor di¢ 1pati==.doc neat.the LrMOS. akgoluiely necessary.
. o ! _ R . . 1%. ‘Jse multiple vias on the VIN and VOUT copper
4. Poweriinch”™ MO .'ETS “:0. q@d In t:r:e sutput areas to interconnect top, inner, and bottom layers
fast a?\h wr‘e | .,uv?ra: " !m'z'\;’f‘\/clrlg"‘%,dgji t:o to distribute current flow and heat conduction. Do
e o amams & v S e e oL Py vias on e VSWH coppe f aro
qsp , the VSWH and ”("\l’) Nins<IAN seFI‘ected extra parasitic inductance and noise on the
\ N . 12A2NG 1 2 . H .
re. olor ana caracitor-need o be. the-nicper size for tst:NItChmg waveform. As long as efficiency and
Y\ Wy ' ermal performance are acceptable, place only
powepgisgpation. one VSWH copper on the top layer and use no vias
5. VCIN,“VDRV, and BCO7 ‘capacitors should be on the VSWH copper to minimize switch node
nlaced as close as_possitle to the VCIN-to-CGND, parasitic noise. Vias should be relatively large and
VDRV-to-CGND, &n<. BOOT-to-PHASE pin pairs to of reasonably low inductance. Critical high-
ensure clean and stable power. Routing width and frequency components, such as Rgoor, Csoor, RC
length should be considered as well. snubber, and bypass capacitors; should be located
as close to the respective DrMOS module pins as
6. Include a trace from the PHASE pin to the VSWH pin possible on the top layer of the PCB. If this is not
to Improve noise margin. Keep this trace as short as feasible, they can be connected from the backside
possible. through a network of low-inductance vias.
7. 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 Reoot and Cgoor, should be as small as
possible. The boot resistor may be required when
operating above 15 V\y and is effective at controlling
the high-side MOSFET turn-on slew rate and Vshw
overshoot. Rpoor can improve noise operating
margin in synchronous buck designs that may have
© 2011 Fairchild Semiconductor www.fairchildsemi.com
Corporation FDMF6823B + Rev. 2 16
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Figure 32. PCB Layout Example (Bottom View)
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Physical Dimensions

SCALE: 2:1

Figure 33. 40-Lead, Clipbond

warranty therein, which covers Fairchild products.

http:/mww.fairchildsemi.com/packaging/.
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PQFN DrMOS, 6.0x6.0 mm Package

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner
without notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or
obtain the most recent revision. Package specifications do not expand the terms of Fairchild’s worldwide terms and conditions, specifically the

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
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LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS AR NOT AUT T IRIZED FOR USEAD CRITICAL COMESNENTS M LIF: SUPPORT DEVICES OR SYSTEMSWITHOUT THE
EAPRESS WRITTE O OF FAIR HILD SERGC NOUCTOR CORPC ATICN.

As used herein:

1. Life« wpon so. cstems are deovices ar systems ahicnda)are | : oA oritical component in oany component of a life support, device, or
intenc. for surgical i© lant into the boily or (b) suppost ar sustain system whose failure to perform can be reasonably expected to
Tooan fo) ¢ et ailure ipepericim whan proparly uszd o in cause the failure of the life support device or system, or to affect its
dac dan with oswuctions for wse provided i the labeling.can be safety or effectiveness.
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Far 7 _emicondl otor Corporation's Ard-Crunterfeiteg Zolicy. Fairchild's Anti-Counterfeiting Policy is also stated on our extemnal wehsite, wis fairchildsemi com,
unde. sales Supact.

Counterfziong of semiconductor | arts is @ grevdrng probiem in the industry. ANl manufacturers of sermiconductor products are experiencing counterfeitng of their
parts-Suiorezrs who inadvertertly purchasze Ccourlerfeit parts experence many problems such as loss of brand reputation, substandard performance, failed
app.catit n=, and increased cost of produrdor and manufacturing delays. Fairchild is taking strong measures to protect ourselves and our customers from the
prolifesation of counterfet parts. Farchile stronghy encourages custarmers to purchase Fairchild parts etther directly from Fairchild or from Authorized Fairchild
Drstributors who are listed byCovney oi our web page cited above . Products custormers buy either from Fairchild directly or from Authorized Fairchild Distibutors
are genuine parts, have full Iroceasility, meet Fairchild's guality standards for handling and storage and provide access o Fairchild's full range of up-to-date technical
and product information. Fairchild and our Authonzed Distnbutors will stand behind all warranties and will appropriately address amy wananty issues that may arise
Fairchild wall not provide any warranty coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to cormbat this global
problem and encourage our customers to do theirpart in siopping this practice by buying direct or from authorized distributors.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet [dentification Product Status Definition
3 : Datasheet contains the design specifications for product development. Specifications may change
Advance Information Farmative / In Design in 3Ry rmanmer without natice.
Prelirrinary First Production Data_sheet containg prellmlnar_y data; supplementary data W\ll be publlshed_ ata Ia_lter date. Fa_lrchlld
Semiconductar reserves the right to make changes at any time without notice to improve design.
Mo | dentification Needed Full Productian Datasheet contains flnal spemflcatluns_. Fairchild Seml_conductur reserves the right to make
changes at any time without notice to improve the design.
Obsolate Nt Th Brodustion Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductar
The datasheet is for reference information only.
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