ON Semiconductor®

FDMF6840C — 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: 50 A
"  High-Performance PQFN Copper-Clip Pack: e
"  3-State 3.3 V PWM Input Driver
= Skip-Mode SMOD# (Low-Side ~

®  Thermal Warning Flag for Ox -Temp. atus
Condition

Tur )

®  Driver Output Disal : Function (o._o# Pin)

®  |Internal Pv'" oy and  l-Dc A for SMCD:-and
DISB#In} ts. = ~ec..

®  ON Se ‘conducto’ ‘owerTieach® Techiology
wiw FE  fo. _an Voltage Naveforms aind
Redu =»d . »ging

" ON S miconductor SyncEET™Y (integrated
< ottky Riode) Technologv.in Lovi=Siie MOSFET

®  Integrate< Bootstrap Schottky, DNiode

®  Adapuve Gate Drive Tintiinyg ior 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 XS™ DrMOS family is ON< <. nductor's next-
generation, fully optimized. u. »-comp t, integrated
MOSFET plus driver p7 cr ste » solt on for- higi-
current, high-frequeri sy chro. buck.. TC-0C
applications. The< DM. ~ .UC irteyrates a\drver IC,
two power MOSFE ar. a utstran'Schotiky diode
into a then lly e anc. ., ultra-coripact 6x6 mm
package.

Wit . =fte rateu appreachi;~the cemplete switching
. we. staye optimiized, with reccrd to driver and
M. SFE . dynamic performancs, system/ inauctance,
ana. ower MOGFET Roson -XE™ RiwvCS- uses ON
Semiconductei’s. © high-narniarmance.. \PowerTrench®
MOSFET technology, waich dremaiically reduces switch
ringing, e.iminating<irie neec for siubber circuit in most
buci converier applications.

A driver~C with reduced dead times and propagation
delays further enhiances the performance. A thermal
warming furiction warns of a potential over-temperature
dituation. The FDMF6840C also incorporates a Skip
Mode {SNiOD#) for improved light-load efficiency. The
i:DIMF6840C also provides a 3-state 3.3 V PWM input
foircompatibility 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

FDMF6840C 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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DrMOS Block Diagram
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Pin Configuration
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Figure 3. Bottom View Figure 4. Top Viow:

Pin Definitions

Pin # Name

Description

W' :n SMEDy. 7, the low-side driver is the invarsa oT_the PWM input. When

1 SMOD# | Si. DD#=L" N, the lowsside aiiver.is disavied. Tnis\pin has a 10 pA internal pull-up current
|soL 2. Dr .ot add @ raise filter'capacitor.
2 \ [+ Ddias supply: Minimum 1/pF ceramicicapacitor is recommended from this pin to CGND.
‘ R L= wer fer the gate driver. IMinimudn 4 ui ceramic capacitor is recommended to be connected
- | as ciuse as possiblefrom this Lin to CGND.
. BOOT I Boctsirap supnhinput. Provides voltage supply to the high-side MOSFET driver. Connect a

' bootstrap zapacitor fiomithis pin to PHASE.

5 37, 41_}_(_‘&\5

IC@grourd. Greund rxturn for driver IC.

£ |- GH For manuiaziuring test only. This pin must float; it must not be connected to any pin.
7 PHASE | Swiick r.ode pin for bootstrap capacitor routing. Electrically shorted to VSWH pin.
| 8 NC I'0"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 3.3 V PWM signal from the controller.

www.onsemi.com
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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 \%
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/ 50
lo@av) Output Curre® o = ( > Fun A
~Ulaws1 MHz, Vin=l12 V Moz 0 V 45
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 2000
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 | 16.0@ \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, Vorv =5 V, and Ta = Ty = +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 \%
PWM Input (Vcin = Vorv =5 V £10%)
Rup_pwm | Pull-Up Impedance Vewm=5 V 26 kQ
Ron_pwm | Pull-Down Impedance Vewm=0 V 12 kQ
ViH_pwm | PWM High Level Voltage 1.80 2.2 2.61 \Y,
VTRI_HI 3-State Upper Threshold £.8a 220 256 Ve
Vtri_Lo |3-State Lower Threshold 4 _‘ L0 C 1.1_Q _' ,_V—_
Vi_pwm | PWM Low Level Voltage 0.62 r 0.85 |1 1.02 \%
to_HoLo-oFF | 3-State Shut-Off Time 0 TAee 200 | ns
Vhiz_pwm | 3-State Open Voltage AN 1.40 1160 [ 190 | Vv
PWM Input (Vcin = Vorv = 5 V £5%)
Rup_pwm | Pull-Up Impedance Vewn=5V -\ : 2% kQ
Ron_pwm | Pull-Down Impedance Vewm=0"v N 7 \ ) ¢ _1|_ 12 \J kQ
Vin_pwm | PWM High Level Voltage '_2.00 ! 225 2.50 \
Vi w _|3-State Upper Threshold [ . o o Jamaj220 246 ] Vv
Vtri Lo |3-State Lower Threst' ] 0.75 | 0.95 | 1.15 \Y
ViLpwm | PWM Low Level Vol e B \* \  |o66 085|100 Vv
to_HoLb-orr | 3-State Shi” -Off Time F .9 N o 160 | 200 | ns
Vhiz_pwm | 3-St='2Op - Volta JI_ y X A\ 7 \ 145 | 1.60 | 1.80 \Y
DISB# Input
ndhiiiiill -’ wll b a\\ <
ViH piss  High-Leve nput Vellage L 2 \Y
—, IL_DIS: N L _V-Level Input \;k\l-tage | - N\ 0.8 \Y,
e {Bun-Dmvn Cuiirent _-| N\ 10 pA
_t \d ‘P \* . C, | PWM=GND, Delay Between DISB# from
PoEEL | RIQRadatiophNay AIGH to LOW to GL from HIGH to LOW 25 ns
¢ \ _ . . \ PWM=GND, Delay Between DISB# from
Popisyr- | Propagation Detd LOW to HIGH to GL from LOW to HIGH 25 ns
[SMOD# Input X
ViH_smop | High-Lever Input Voltage 2 V
ViL_smop |Low-Level Input Voltage 0.8 Vv
IpLu Pull-Up Current 10 MA
. PWM=GND, Delay Between SMOD# from
to_steL | Propagation Delay HIGH to LOW to GL from HIGH to LOW 10 ns
. PWM=GND, Delay Between SMOD# from
te_stotn | Propagation Delay LOW to HIGH to GL from LOW to HIGH 10 ns

Continued on the following page...
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Electrical Characteristics

Typical values are Vin =12V, Ven =5V, Vorv =5 V, 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 1 Q
Rsink_eH | Output Impedance, Sinking | Sink Current=100 mA o8 Q
toi | Rise Time GH=10% to 90% 10 ns
tren |Fall Time GH=90% to 10% T 10 -_—
. GL Going LOW to GH Going HIGH 17 T P\ %28
to_peapbon | LS to HS Deadband Time 10V GL to 10% GH ’ 15 ns
o0 sve. | PYM LOW Propagation PWM Going LOW to GH Going OW, [ 20__ 20 | ne
- Delay ViL_pwmto 90% GH ’
o0 oy | PWM HIGH Propagation | PWM Going HIGH to i CHIC | % N
- Delay (SMOD# =0) Vin_pwmto 10%.G (SK Ys o1s>0) [ |
o0 7o | EXiling 3-State Propagation |PWM (Fr~ -State Soi HIGH to G, _‘ NS Mo
- Delay Goinc HiGH, ‘v pwm . 10% G!_u_ 5 A
Low-Side Driver (fsw = 1000 kHz, loutr =27 A Ta +25°C,
Rsource_cL |Output Impedance, Sov = |b 'I'Cb— ent=100 m_A_ \\ R~ 1 Q
Rsink et |Output Impedance, ¢ Ik@ Tin» ~urrent=" 3\:‘._1/?\. UL AEKAYA 0.5 Q
tr_GL Rise Time ;‘L_=1 0% to ’30—“/_0 N 20 ns
troL|Fall Time | | GL=60% to 10%. ~~ 10 ns
to_peaporr |H to LS Dec [ime | g\g\\/sg\?\?lt(]\é\é/:%?l_ @olhg’HIGH, 15 ns
g [ P T -
tor N V\Yx HIG Propagation I\F/ﬁ,:\l,\,;?rl)ngot)/:\gli to GL Going LOW, 10 25 ns
1 N s NN
Ex ung 3-State Propaqaiion | PWM (From 3-State) Going LOW to GL
LT I Delay - A | Gaini HIGH, Vic_pwmto 10% GL 20 ns
Boot .ode
Ve - |Forward-Voliage Droj IF=20 mA 0.3 v
| V= |Breakdown Valtage - lr=1 mA 22 v
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FDMF6840C — Extra-Smaii, High-Performance, High-Frequency DrMOS Module
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Typical

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

Performance Characteristics

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, Vour=1V, Ven=5V, Vorv=5V, Lout=250 nH, Ta=25°C, and natural convection cooling,

unless otherwise specified.
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Figure 12. Power Loss vs. Output Inductor
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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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Functional Description

The FDMF6840C 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_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# > ViH_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. A,

Thermal Warning Flag (THWN#)

The FDMF6840C provides a ' . wa ing 14g
(THWN#) to warn of over-tempe iture c. ditik 's. The
thermal warning flag use~ "1 ¢ =n-drai’ output Jiiau

M

pulls to CGND when the .ctivation ature [150°C)
is reached. The THW # outp:t rewurns £0. . tigh-

impedance stat _. _e tt. temp: ature fails tc tie reset
temperature | 35°C . Fo. s, the. THWN# ouiptt
requires < uli-_ . vesl. or, which'can be connactea to

VCIN-THW ¢ doss M disghle ire’ DrMOS mipdule.

(26°C' Reset| 12%C -

- -I:, t } 3 i

lHIGH MBS~ Toinnoraiire
THWN#| 1
I;Og"‘ Normal : Thermal
Slate Operation Warning

LOW
! TJ_driver IC
Figure 26. THWN Operation

Three-State PWM Input

The FDMF6840C incorporates a three-state 3.3 V 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 shedding, which is common on
multi-phase voltage regulators.

Exiting Three-State Conditi-

When exiting a valid thre state
FDMF6840C follows the = VM
PWM input goes from« .ee-state . LC | the Iow-side
MOSFET is turnes or. ‘¥ .i.e PWi Input‘goes-trom
three-state to. HIGI the igh-=~ ¢ MOGFET s turned
on. This is i 'stratec ‘n +  .e 277 1he FDMF6840C
design a ws . 'shon ropagatior, celays when exiting
theree-s. ‘ew 1o see Electiical Characteristics).

ondition, the
wut co mand. If 'the

W dlae iver
Tr. low ide driver (CL) is desiued to drive a'ground-
refe. aced, low-Roson), N-chaiinel MCSFET. The bias
for GL is4iiternzlly connacted betwieen the VDRV and
SGND._pins Wheri the “ariver <s ‘enabled, the driver's
ou'prtis 180° out of phase‘with the PWM input. When
the driver ig'dizabled (DIGBA#=9 V), GL is held LOW.

Hig!i-Side Driver

The. high-sice driver (GH) is designed to drive a floating
N=Channzl MOSFET. The bias voltage for the high-side
driveil_.is--ueveloped by a bootstrap supply circuit
consisting of the internal Schottky diode and external
beetstrap capacitor (Csoor). During startup, Vsww is held
at PGND, allowing Csoot to charge to Vborv 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 Cgoot
and delivered to the gate of Q1. As Q1 turns on, Vswx
rises to Vin, forcing the BOOT pin to Vin + Vsoor, 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 Vorv 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, to_roLp-oFr.
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Adaptive Gate Drive Circuit HIGH, Q2 begins to turn off after a propagation delay
(tro_pHeLL). Once the GL pin is discharged below 1.0 V,

The driver IC advanced design ensures minimum Q1 begins to turn on after adaptive delay to_peapon.
MOSFET dead-time, while eliminating potential shoot-

through (cross-conduction) currents. It senses the state 10 preclude overlap during the HIGH-to-LOW transition
of the MOSFETs and adjusts the gate drive adaptively ~ (Q1 off to Q2 on), the adaptive circuitry monitors the
to ensure they do not conduct simultaneously. Figure 27 ~ Voltage at the GH-to-PHASE pin pair. When the PWM
provides the relevant timing waveforms. To prevent  Signal goes LOW, Q1 begins to turn off after a
overlap during the LOW-to-HIGH switching transition ~ Propagation delay (teo_picH). Once the voltage across
(Q2 off to Q1 on), the adaptive circuitry monitors the ~ GH-to-PHASE falls below 2.2V, Q2 begins to turn on
voltage at the GL pin. When the PWM signal goes  after adaptive delay to_oeaporr.

'
[

]
- —— 4 Vin_pwm
== VwRiw
o

—_— -
1

~—X—1 Vri L
]

'I v IL_PVM

PWM G G ; A
.

Viu_pwm

— 90%

S =

GH
to
VSWH

VSWH

GL

'
*2HoLD-OF! tPD_I,TSGHH to_nowp-orr  tep_TseLn

i

: tpp_1o5H 4
1

}

.« 1 i ' 1 H
T A ¢ A
tope, DEADC.. | L T T T
Enter X Enter Exit Enter Exit
3-state Z-state 3-state 3-state 3-state 3-state
tes:
\ «=prop: ion delay frein external signal (PWi 4, SM 24, etc.) t2 IC seneiated signal. Example (teo_peu — PWM going HIGH to LS Ves (GL) going LOW)

to_ dela:’  ,m IC genamatu< signal to IC geierated signal.  Fr:amp.2 (to_veapon — LS Ves (GL) LOW to HS Ves (GH) HIGH)

PWM Exiting 3-state
teo_pHeLL = PWM iise to L3 Ves fall, Vik_-wm to 90% LS V- teo_tsein = PWM 3-state to HIGH to HS Vs rise, Viu_pwm to 10% HS Ves
teo_piah = F Wi fall to HS Vs fall, Vii_pwin to 90% S \'as teo_tseth = PWM 3-state to LOW to LS Ves rise, Vi_pwm to 10% LS Ves

teo_pi sun = P\ rise to HS Vs rise, Vin_pwm *5 1% HS vis (SMOD# held LOW)

£L10D# Dead Times
*22 s1eL = SMOD# fall to LS Ves fa'l, Vii_smisto 90% LS Ves to_peapon = LS Vs fall to HS Vs rise, LS-comp trip value (~1.0V GL) to 10% HS Vs
tpp_snotn = SMOD# rise to LS Vs ris Y, Vin_smop to 10% LS 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
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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.

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 Vas response time to control diode emulai’ i ¢

SMOD#

|
|
|
|
|
|
|
e ———— e —
|

: .
v 1 i 1 —A
IH[PWM 1

[ i

: : \ L_PWM
: y S

PWM R — UEA. VC_ . —_

I [

: ——i 90% \

1

: —9

] H !
& i _l, .
JWH | ' h

- ————

agatic

dei.  between the'SMOD# siai.airand thie'cw-side
a cycle “y-cycle basis.

1
;

— - — —-Viu_smop
f
'

1
|

VswWH

SL

o _peabon b_peaporr

Low

e T e

-+
;

_\ \
2 1
1

1

1

1

I

H

' 1
' r ‘ 1
| 1
1 1
H 1
1

-10% H

T

1

1

1

1

1

1

1

1

1

1

1

T

1

L

tep_steLL tpp_pHGHH top_seLH

Delay from SMOD# going I Delay from SMOD# going

to LS Vs LOW HIGH to LS Vgg HIGH

HS turn -on with SMOD# LOW
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Application Information
Supply Capacitor Selection

For the supply inputs (VciN), 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
(Ceoor), 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
15ViNn and is effective at controlling the high-side
MOSFET turn-on slew rate and Vsnw overshoot. Reoor
values from 0.5 to 3.0 Q are typically effective in
reducing VSWH overshoot.

Vsy
Isv Rvcin L
Cvbrv I | —l_Cvcn\
- [ ven
iy
DISB# [F————— {osser
PWM
Input ~DMFE840C

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.

Power Loss and Efficiency
Measurement and Calculation

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

Pin=(ViN X IIN) + (Vsv X Isv) 1)

Psw=Vsw x lout (W)

Pout=Vour x lour (V

PLoss_mopuLe- N - Ps. ‘W)

PLoss Boar PN N)

“FF O = X Fsw/Prel%)

£ Seo. »=10u X Pout/Pin{%)

— AWy

(1)
2)
3)
(4)
(5)
(6)
(7)

DOU”

/ml
Ceocr

0 .
o o s ﬂf lout
. . D0
A/
oen- = PHASE Lour l
" = W Vour
Output H Cout |
Figure 25. Block Diagram With Vcin Filter
Vov A9 (®—Dviy
] o
DISB# [
PWM
Input
OFF
ON L
Open-
Drain
Output

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 FDMF6840C 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 trace
minimizes electrical losses as well as the DrMOS
temperature rise. Note that the Vswn node is a +" .

voltage and high-frequency switching node v<"*h high
noise potential. Care should be taken_to m. ‘mize
coupling to adjacent traces. Since this ce
acts as a heat sink for the lower"*2SF. = L 2
using the largest area possit” to n. rov. DrMOS
cooling while maintaining acce table nc e e..iission

~ar

rate

oulu be close“io thz

\ize the-nower loss-due.to the
2 sho 1 also ke .aiei so ttie

.neat.the LtrMOS

nch® MO “ETs are used in/the-cutput

~_ oan. are Jlive at miinimizing ringing due o
fast s ‘ch. . In maest.cases, ng" VEWI1 snubhbaris
=2quire  If a spubbe:’is used;.it.should be p'aced
v s’ U the ¥SWE and ?CND pins< The selected
re. stor anaG caracitor-need 0 be.the-nicper size for
power-dissipation.

VCIN,“VDRV, and BCOY ‘capacitors should be
nlaced as close as_pbassitle to the VCIN-to-CGND,
VDRV-t0-CGND, 2r«. BEOOT-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.

An output inductor ¢
FDMF6840C to min
VswH copper .. C
inductor di¢ 1pati==doc

Power

. 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 Csoort, should be as small as
possible. The boot resistor may be required when
operating above 15 Vin and 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

10.

1%,

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. Reoor
values from 0.5 Q to 3.0 Q are typically effective in
reducing Vswx overshoot.

The VIN and PGND pins handle large current
transients with frequency components greater than
100 MHz. If possible, these pins should be
connected directly to the VIN and board GND
planes. The use of thermal relief traces in series with
these pins is discouraged since" " adds inductance
to the power path. This ads" . indt  ance in series
with either the VIN or F5N. »in de ades system
noise immunity by i~ easing ', ‘sitiv. and pcgauve

Vswh ringing.

GND pad.and + 'ND ‘ns< .ould b= connected to

the GND" oper |, 'ne .. muiuple vias for stable

groun. 1g. . oor : ounding..can-create a noise
nsier. offs .age.ievel\between CGND and

F_w.. 7 > could leadc faulty operation of the gate

dri. ranu ... OSFEZ(s:

. aging at “the BOOT cnii is _mcsi.cffectively

cuntrollea by ciose placement of the boot capacitor.
Do act aad an, addtional. BOOT to the PGND
capac.tor. This-1nay lead) taexcess current flow
{arsugh tha BCOT dicae

.The~SMCD# and ‘OISB# pins have weak internal

pull-up and puli-aswn current sources, respectively.
These ¢irs should not have any noise filter
capatitors. Do not to float these pins unless
atsolutely necessary.

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 Rsoort, Csoor, 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.
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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
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