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FAIRCHILD.

Compact size — 6.0 mm x 7.5 mm PQFN
High current handling: 20A

Next Generation 100V Power MOSFETSs:
e Typ. Rpson=7.7(HS) /7.3(LS) mQ at Vgs=10V, 1p=20A

Wide driver power supply voltage range: 10V to 20V
Internal pull-down resistors for PWM inputs (HI,LI)
Short PWM propagation delays

Under-voltage lockout (UVLO)

Fully optimized system efficiency

High performance low profile package

Integrated 100V Half-Bridge gate driver

Fairchild 100V PowerTrench® MOSFETs for clean
switching waveforms and reduced ringing

Low Inductance and low resistance packaging for minimal
operating power losses

® Fairchild green packaging and RoHS compliant

Reduced EMI due to low side flip-chip MOSFET

September 2016

FDMF2011 — High Performance 100V Smart Power Stage Module

Features

General Description

The FDMF2011 is a compact 100V Smart Power Stage
(SPS) module that is a fully optimized for use in high current
switching applications. The FDMF2011 module integrates a
driver IC plus two N-channel Power MOSFETSs into a thermally
enhanced, 6.0 mm x 7.5 mm PQFN package. The PQFN
packaging provides very low package inductance and
resistance improving the current handling capability and
performance of the part. With an integrated approach, the
complete switching power stage is optimized with regards to
driver and MOSFET dynamic performance, system parasitic
inductance, and Power MOSFET Rpson). The FDMF2011 uses
Fairchild's high performance PowerTrench™ MOSFET
technology, which reduces high voltage and current stresses in
switching applications. The driver IC features a low delay times
and matched PWM input propagation delays, which further
enhance the performance of the part.

Applications

® Motor Drives (Power tools & Drowns etc.)

® Telecom Half / Full - Bridge DC-DC converters

® Buck-Boost Converters

® High-current DC-DC Point of Load (POL) converters.

Application Diagram

Ordering Information

Current Rating Input Voltage Frequency Max . .
Part Number Device Markin
[A] V] [kHz] g
FDMF2011 20 100 200 FDMF2011
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Functional Block Diagram

HB HO HG VIN
HI |J:|_ UVLO
| o
— POWER
500k |H MOSFET
LEVEL t (high side)
) SHIFT [
VDD—| €7 PH
UVLO |
SW
%7 VDD
! Q2
POWER
| \ ':} MOSFET
LI | o J (low side)
500k
VSS LO LG PGND
Figure 1. Functional Block Diagram
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Figure 2. Pin Configuration (6.0mm x 7.5mm Package)

© 2016 Fairchild Semiconductor Corporation
FDMF2011 Rev.1.0

www.fairchildsemi.com

a|npoy a6e}g Jamod Jews A00L ddueuiopad YbiH - L 1L0Z4INaS



Pin Definitions

Pin Name Function

1,29, 32, 34 N/C No connect

2 VDD Power supply input for low-side gate drive and bootstrap diode. Bypass this pin to VSS
with a low impedance capacitor.

3 HI High-side PWM input.

4 LI Low-side PWM input.

5,10,11, 22, PGND Power return for the power stage. Package header, pin 37 and PGND are internally fused

23, 33, 37 (shorted).

6 VSS Analog ground for driver IC analog circuits.

7.9 LG Low-side MOSFET gate.

8 LO Low-side gate drive output.

12-21 SwW Switching node junction between high-side and Low-side MOSFETSs.

24-28 VIN Power input for the power stage. Bypass this pin to PGND with low impedance capacitor.

30 HG High-side MOSFET gate.

31 PH High-side source connection (SW node) for the bootstrap capacitor.

35 HB Bootstrap supply for high-side driver. Bypass this pin to PH with low impedance capacitor.

36 HO High-side gate drive output.

Table 1. Pin Definitions
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Typical Application Diagram
Reoor  Deoot Ceoor
VDD }_I VIN
> VDD  HB PH VN —_T__«
l :lr: Cuin
" FDMF2011
MCU HO sw
f
HG =
LO
.
LG vss PGND
=~ =
Figure 3. Half-Bridge DC Motor
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Figure 4. Full-Bridge DC Motor
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Typical Application Diagram (Continued)
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Figure 5. 3-Phase DC Motor
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Typical Application Diagram (Continued)
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Figure 6. Buck Converter
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Figure 7. Half-Bridge Converter
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Typical Application Diagram (Continued)
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Absolute Maximum Ratings

The “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at
these limits. The parametric values defined in the Electrical Characteristics tables are not guaranteed at the absolute maximum ratings. The
“Recommended Operating Conditions” table defines the conditions for actual device operation. Thermal resistance rating is measured under board
mounted and still air conditions.

Symbol Parameter Min. Max. Unit
Vin Power Stage Supply Voltage Referenced to VSS -0.3 100 \Y
Ven PH Voltage Referenced to VSS Vyg-25 Vue+0.3 \Y
Voo Driver Supply Voltage Referenced to VSS -0.3 25 \Y
Vus Bootstrap to VSS Referenced to VSS -0.3 125 Vv

Vi, Vui Gate drive Input signals Referenced to VSS -0.3 Vpp + 0.3V Vv
Vho High Side driver output Referenced to PHASE Vpn - 0.3V Voot + 0.3V \
Vio Low Side driver output Referenced to VSS -0.3 Vpp + 0.3V \%
Vhe High Side MOSFET gate Referenced to PHASE -28 28 \Y
Vie Low Side MOSFET gate Referenced to VSS -28 28 \Y

Junction to Ambient Thermal Resistance — Q1™ - 17 °C/W

o Junction to Ambient Thermal Resistance — Q2" - 15 °C/W
T, Junction Temperature - 150 °C
Tste Storage Temperature -40 150 °C

Table 2. Module Absolute Maximum ratings

(1) Mounted on a multi-layer FR4 PCB with a dissipating copper surface on the top side of 49 cm2, 20z.

Recommended Operating Conditions

Symbol Parameters Test Condition Min Max Unit
Vin Power Stage Supply Voltage 3 80 \%
Voo Driver Supply Voltage 10 20 \%

DC -0.3 100 \Y

Vsw, Vpu SW or PHASE

Repetitive Pulse (< 20ns, 10uJ) 6-Vop 100 \%

Vus Voltage on HB Reference to PH Ven + 10 Ven + 20 \%
dVsw/dt Voltage Slew Rate on SW - 50 V/ns

T, Operating Temperature -40 125 °C

Table 3. Module Recommended Operating Conditions

© 2016 Fairchild Semiconductor Corporation www.fairchildsemi.com
FDMF2011 Rev.1.0 8

a|npo|\ abejs Jamod Hews AQ0 L douewiopdd YbiH - |1L0Z4INad



Electrical Specifications:
Vop=Vhe=15V, Vgw=Vss=0V, V\y=50V, T,= +25°C unless otherwise noted.

Symbol ‘ Parameter Condition ‘ Min. | Typ. ‘ Max. Unit
Supply Currents
Iina Power Stage Quiescent Current LI =HI =0V - - 1 uA
Ibba Driver Quiescent Current LI =HI =0V - 77 180 uA
Iobo VDD operating current Fow = 20Kz - 03 06 mA
Fsw = 200kHz - 2.1 4.3 mA
lusa BOOT Quiescent current LI=HI =0V - 45 120 uA
Inso BOOT Operating current Fow = 20kHz - 03 06 mA
Fsw = 200kHz - 24 4.8 mA
Under-Voltage Protection
Vpor, Vier | UVLO rising threshold Vpp or Vue-Ven rising threshold 8.2 9.4 10.0 \%
Voor, Vier | UVLO falling threshold Vpp or Viue-Ven falling Threshold 7.6 8.8 9.6 \%
VooH UVLO Hysteresis Vpp Hysterisis 0.6 - \%
toror | POR delay to Enable IC A0 reing to intemal PWM - - 10 us
Control Inputs (TTL: LI, HI)
Vi Low Level Input Voltage 1.2 - - \%
Vi High Level Input Voltage Vpp = 10V to 20V - - 29 \%
Vhvs Input Voltage Hysteresis - 1.0 - \%
Rin Input Pull-Down Resistance - 475 - kQ
PWM input (HI,LI)
fipLs | I\_/IIHLg)vngiZlfg to LO Low 2HIGH, 100 160 300 ns
Ll to LO Propagation Delays LI High->Low to LO High=>Low, V.
(T 10 90% LG ’ 100 212 300 ns
e _ Eévacsz?gff\ﬁHt?oﬂ%% HG-PH 100 T 300 | ns
HI to HO Propagation Delays HI High>Low to HO High>Low
thpHL Vi, to 90% HG-PH ’ 100 211 300 ns
MT Delay matching, HS and LS turn-on/off - - 50 ns
LI/HI Rising to Vth of Q1,Q2 60 ns
tow Minimum Input Pulse Width that Changes Rs=0Q
the Output LI/HI Falling to Vth of Q1,Q2
Re=00) 100 ns
High-Side Driver (HDRV) (VDD = VHB = 15V)
Isource_Ho | Output Sourcing Peak current Vho=0V 250 350 - mA
lsink Ho | Output Sinking Peak current Vho=15V 500 650 - mA
tr_Ho Rise Time GH=10% to 90%, Ren=0Q - 170 339 ns
tr He Fall Time GH=90% to 10%, Rgy=0Q - 70 140 ns
Low-Side Driver (LDRV) (VDD = VHB = 15V)
Isource Lo | Output Sourcing Peak current Vio=0V 250 350 - mA
lsink Lo |Output Sinking Peak current Vio=15V 500 650 - mA
tr Lo Rise Time GL=10% to 90%, Re =0Q2 - 171 342 ns
tr Lo Fall Time GL=90% to 10%, Rc =0Q2 - 71 142 ns

Table 4. Module Electrical Specifications
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Power MOSFET specifications (FDMF2011)
T,= +25°C unless otherwise noted.
Symbol Parameter Condition Min. Typ. Max. Unit
High Side MOSFET, Q1
BVpss Drain-Source Breakdown Voltage lps=250uA, Vgs=0V 100 - - \Y
Ipss Zero Gate Voltage Drain Current Vps=80V, Vgs=0V - - 1 uA
less Gate-Source Leakage Current Vps=0V, Vgg=+/-20V - - 100 nA
Vasith) Gate-Source Threshold Voltage Vbs=Ves, Ips=250uA 2 3.1 4 v
Ros(on) Drain —Source On-Resistance Vgs=10V, Ips=20A - 7.7 8.9 mQ
Qe Total Gate Charge - 25 - nC
Qes Gate-Source Charge - 8.5 - nC
VG5=OV to 10V, VDD=50V, IDS=20A
Qep Gate-Drain “Miller” Charge - 5.2 - nC
Qoss Total Output Charge - 31.3 - nC
Re Series Gate Resistance - 0.7 - Q
Drain-Source Diode Characteristics
VHG-VPH=0V, ISD =2A - 0.7 1.2
Vsp Source to Drain Forward Voltage \%
VHG-VPH=0V, ISD =20A - 0.8 1.3
trr Reverse Recovery Time - 59 95 ns
Ir = 20A, dig/dt = 100A/us
Qrr Reverse Recovery Charge - 77 123 nC
trr Reverse Recovery Time - 50 80 ns
Ir = 20A, dig/dt = 300A/us
Qrr Reverse Recovery Charge - 140 224 nC
Low Side MOSFET, Q2
BVpss Drain-Source Breakdown Voltage I0s=250uA, Vgs=0V 100 - - \%
Ipss Zero Gate Voltage Drain Current Vps=80V, Vgs=0V - - 1 uA
lgss Gate-Source Leakage Current Vps=0V, Vgs=+/-20V - - 100 nA
Vasith) Gate-Source Threshold Voltage Vbs=Ves, lps=250uA 2 3.3 4 \Y
Ros(on) Drain —Source On-Resistance Ves=10V, Ips=20A - 7.3 8.9 mQ
Qe Total Gate Charge - 25 33 nC
Qes Gate-Source Charge - 8.9 - nC
N N VG3=0V to 10V, VDD=50V, |DS=20A
Qep Gate-Drain “Miller” Charge - 6 - nC
Qoss Total Output Charge - 31.3 - nC
Re Series Gate Resistance - 0.9 - Q
Drain-Source Diode Characteristics
VHG-VPH=OV, ISD =2A - 0.7 1.2
Vsp Source to Drain Forward Voltage \%
VHG-VPH=OV, ISD =20A - 0.8 1.3
trr Reverse Recovery Time - 58 93 ns
Ir = 20A, dig/dt = 100A/us
Qrr Reverse Recovery Charge - 86 137 nC
trr Reverse Recovery Time - 48 77 ns
Ir = 20A, dir/dt = 300A/us
Qrr Reverse Recovery Charge - 146 234 nC
Table 5. FDMF2011 MOSFET Electrical Specifications
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Tj = 25°C unless otherwise noted.
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Typical Performance Characteristics (Continued)

Tj = 25°C unless otherwise noted.
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Typical Performance Characteristics (Continued)

Tj = 25°C unless otherwise noted.

500 . 440 . . .
480 || Vop=Vis Vpo=Vyg=15V
460 || Vss=0V 420 Vss=0V ]
< 440 Vho=VLo=0V — < 400 Vho=VLo=0V |
E 420 E
€ 400 €
] S 380
£ 380 = S
3 360 3 NG Isource Lo
OURCE_LO 360 ‘
2 340 2 \
S 320 0 340 .
=] =]
S 300 S 320 Isourcel N
= 280 ot TN
=] =]
£ 260 = 300 \
3 240 3
200
180 260

10 12 14 16 18 20
Supply Voltage [V]

Figure 21. Output Sourcing Current vs. Supply

-40 -20 0 20 40 60 80 100 120
Temperature [°C]

Figure 22. Output Sourcing Current vs. Temp.

Voltage(Vobp)
700 I 800 . : : .
675 v
Vpo=Vis=15V
650 750 Vee=0V -
%: 625 E V1o=Vbp,VHo=VHB
oy g?/g IsiNk_Hd = 700
$ 550 Pl ® 650
3 525 7 lsink lo g
> 500 // o 600
.% 475 /' % SINK_HG
£ 450 £ 550
7] / (7]
] 425 ]
3400 | - 2 500
g ars - Voo=Vue 8 3
350 Vss=0V 450
325 V1o=Vbp,VHo=Vhs
300 - - 400
10 12 14 16 18 20 40 20 0 20 40 60 80 100 120

Supply Voltage [V]

Figure 23. Output Sinking Current vs. Supply

Temperature [°C]

Figure 24. Output Sinking Current vs. Temp.

Voltage(Vobp)
600 T 600 T T
575 Vop=Vhs H Vpp=Vis=15V
Vss= Vpu=0V 550 [| Vss=Ven=0V
550 Viu=Vi =5V 1 Viu=Vi =5V
525 Vou=Vhg - Vio, (Voo -Vio) [ Vor=Vs - Vo, (Vob - Vio)
I.=20mA 500 | 1.=20mA
500 A T
S 475 [
E 150 [P
3 | High:Side
= 425 ~
400 ——
375 Low-Side \ ~—
350 \
300
325
300 250
10 12 14 16 18 20 -40 20 0 20 40 60 80 100 120

Supply Voltage [V]
Figure 25. High-Level Output Voltage Deviation
from the Vgu(Vop) vs. Supply Voltage(Vpp)

Temperature [°C]
Figure 26. High-Level Output Voltage Deviation
from the Veu(Vop) vs. Temp.

a|npo|\ abejs Jamod Hews AQ0 L douewiopdd YbiH - |1L0Z4INad

© 2016 Fairchild Semiconductor Corporation www.fairchildsemi.com

FDMF2011 Rev.1.0 13



Typical Performance Characteristics (Continued)
Tj = 25°C unless otherwise noted.
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Figure 29. Vpp UVLO Threshold Voltage vs. Temp. Figure 30. Vug UVLO Threshold Voltage vs. Temp.
27 3.4
25 3.2
23 3
E 2-8 \'I IJ_IJI & \IIIJ_ _I
21 §, 26
19 IN+ 8
= 24
17 > 22
3.
2z 13 g 16 viE_mrgevie g
z M £ 14
9 L 1.2
(=2
7 S 1
; o
3 IN- £ 0:4
1 0.2
- 5 10 15 0
40 20 0 20 40 60 80 100 120
Supply Voltage [V] Temperature [°C]
Figure 31. IN+ IN- vs. Supply Voltage(Vpp) Figure 32. Input Logic Threshold Voltage vs. Temp.
© 2016 Fairchild Semiconductor Corporation www.fairchildsemi.com

FDMF2011 Rev.1.0 14

a|npo|y abejg 1oamod Jews AQ0L douewsopdd YbiH - L1L0Z4NAS



Typical Performance Characteristics (Continued)

Tj = 25°C unless otherwise noted.
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Typical Performance Characteristics (Q1 N-Channel)

Tj = 25°C unless otherwise noted.
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Figure 38. On Region Characteristics
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Typical Performance Characteristics (Q1 N-Channel)

Tj = 25°C unless otherwise noted.
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Figure 44. Gate Charge Characteristics Figure 45. Capacitance vs. Drain to Source Voltage
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Typical Performance Characteristics (Q1 N-Channel)
Tj = 25°C unless otherwise noted.
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Figure 49. Junction-to-Case Transient Thermal Response Curve
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Typical Performance Characteristics (Q2 N-Channel)

Tj = 25°C unless otherwise noted.
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Typical Performance Characteristics (Q2 N-Channel)

Tj = 25°C unless otherwise noted.
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Figure 56. Gate Charge Characteristics Figure 57. Capacitance vs. Drain to Source Voltage
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Tj = 25°C unless otherwise noted.

Typical Performance Characteristics (Q2 N-Channel)
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Figure 61. Junction-to-Case Transient Thermal Response Curve
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Functional Description

The FDMF2011 is a non-inverting 100V half-
bridge Smart Power Stage (SPS) module. The
module packages a driver IC die along with
pair of equallkz sized (matched Rpson) 100V
PowerTrench' N-Channel MOSFETs
(Standard gate thresholds refer to Table 5).

The FDMF2011 module provides separate
power input pins; the power stage input (VIN)
and the gate driver input (VDD). The power
stage input (VIN) accepts a wide operating
from 3V to 80V, while the gate driver input
(VDD) requires 10V to 20V. The module
accepts TTL compatible inputs (HI/LI) along
with anti-cross conduction circuitry to protect
against over-lapping PWM (HI/LI) pulses. The
module (driver IC) also implements UVLO
circuitry in both the VDD-VSS and BOOT-PH
power domains.

Power-Up and UVLO Operation

UVLO circuits are implemented in both the
VDD-VSS and HB-PH power domains. During
power-up, the VDD-VSS UVLO circuit forces
HO and LO low until the VDD supply voltage
exceeds the UVLO rising threshold (9.4V typ.).
The module (driver IC) will begin responding
to PWM pulses once VDD exceeds the UVLO
threshold. The UVLO circuit does contain
hysteresis (~0.6V) to prevent noise from
interfering with normal operation. An additional
UVLO circuit is implemented on the HB-PH
pins which will hold HO low until HB-PH >

(9.4V  typ.). The HB-PH UVLO also
incorporates hysteresis (~0.6V).
l}/\IIDL% 338; Driver State

0 X Disabled (GH, GL=0)

1 0 GL follows PWM , GH=0)

1 1 Enabled (GH/GL follow PWM)

Table 6. UVLO Truth Table

O A
=
@]
z
o - Enabled
J5§
%)
5
[o}
S : i --------- Disabled
o i |
é [ ! >
Q 7.6 10.0

VDD-VSS, BOOT-PH

(Volts)

Figure 62. Min/Max UVLO thresholds

PWM Input Stage

The FDMF2011 incorporates a PWM input
gate drive design, where the low side drive
output (LO) and high side drive output (HO)
are controlled through independent PWM
inputs (LI and HI, respectively).

The module (driver IC) can be used with TTL
compatible input signals. The input signals
can also be driven with voltage levels that are
lower than the VDD supply level. The VDD
input

supply level does NOT affect the
threshold levels (VIH and VIL).

'HG/LG

Figure 63. PWM threshold definitions

- Viy = PWM trip level to flip state from LOW to
HIGH.
- VL = PWM trip level to flip state from HIGH to
LOW.
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Driver Output Stage

The driver IC output stage is designed to drive
a pair of N-channel MOSFETs. The driver
outputs (LO, HO) are non-inverting and will
follow the PWM input commands (LI, HI
respectively). The LO and HO outputs are
capable of sinking and sourcing up to
0.65/0.35A peak current respectively.

Timing Diagram

|
thpHL !
|

The driver output stage is also capable of
providing a rail (VDD) to rail (VSS) output
voltage level when driving the Power
MOSFETs. Depending on the end application,
the output voltage level can be set to aide in
optimizing MOSFET and driver IC power
losses. The driver output voltage level can
also be used to help adjust SW node edge
rates.

LI

tLpHL |
|

Figure 64. PWM Timing Diagram (LI / HI signals)
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Application Information:

The FDMF2011 is designed as a non-inverting
power stage, where the Power MOSFET
response (SW node) is designed to follow to
HI/LI commands. The device is well-suited to
be used in a wide variety of applications, such
as: Half and Full-Bridge DC-DC converters,
Active Clamp Forward converters, rectifier
circuits, and motor drive power stages.
However, various applications and topologies
can place unique stresses on the module.
There are a few basic power-stage
requirements needed to ensure proper
operation.

Module Power Dissipation

As previously mentioned, the FDMF2011 is a
multi-chip  module (MCM). The module
consists of three die (HS MOSFET, LS
MOSFET and driver IC). Each die dissipates
heat in normal operation resulting from power
loss. The power MOSFETs can generate
power loss from conduction and switching
losses while the driver IC dissipated loss from
bias, boot diode conduction and from the
driver output stage sinking and sourcing power
MOSFET gate currents and operating
frequency. The amount of heat dissipated by
any die is largely dependent on the operating
conditions. The close physical placement of
the three die inside of the package translates
into strong thermal coupling between die.
Ideally, a thermal camera should be used to
monitor the FDMF2011 during the engineering
development phase. This can help ensure the
module operates within the absolute maximum
ratings specified in this datasheet.

Operating Modes

The FDMF2011 can reliably operate while
driving various load impedances. However,
the relatively large number of applications can
result in the module operating in various
modes. Common applications such as
switching power converters and motor drives

can place the FDMF2011 into different
operating modes. The various operating
modes will change the response of the

MOSFET voltage and current stresses and
power losses as well as the gate driver dead
time response. A few operating modes are
listed below.

H-bridge Motor Drive

In this operating mode, it allows bi-directional
current flow through motor by enabling diagonal
MOSFETs to make current flow in one or the
other direction. Inductor current will not tolerate
abrupt changes either when charged or
discharged and alternate path is required to
protect switches during dead-time. The path can
be made either MOSFET body-diode conducting
as soon as switches are disabled or enabling
opposite high-side or low-side switch to carry the
recirculation current while avoiding shoot-
through. Utilizing MOSFET channel is often
much more efficient way to handle the decaying
current due to lower conduction power loss than
body-diode forward drop loss.

VIN Forward drive
v Reverse drive
Dead-Time(body-conduction)

PGND I

H i

! . JIE . |
| T - T |
] : | I
| — L |
: e Q1 E} : : iﬂ a1z !
1 o ] | = |
[N l | oo
| S swe——{_/YYN —esw S|
| a : : o) I
TS I I {_| T8 :
R s e
| ' ! i
| ! ! I
| ! ! I
] ! ! I

Figure 65. H-bridge motor drive

FDMF2011 Power Dissipation

The maximum motor drive current can be
obtained from estimating total power dissipation
of motor driver. There are a number of factors
which limit actual current level such as motor
ratting, driver IC, PCB construction, ambient
temperature and given application. All of power
dissipation components must be considered to
get reliable operation at the specific application.
There is obvious power dissipations listed below
in single H-bridge motor application.

* Conduction loss — Generally biggest
power loss which is dissipated due to the
Rpson and its temperature coefficient
must be considered in the calculation

P

2
COND = (rDS(ON)_HSJemp + rDS(ON)-LSJemp) “lour
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+  Switching losses - Rising and falling time
by parasitic inductance can be
measured in the application, listed below
assumed zero inductance.

Switching OFF loss

_ Vin .IDS(OFF) “torr E
SW(OFF) —( P ) SW

P

where :
topr = (Q a2 T Q(}D )/i G(OFF) >

1G(OFF) = VPLATEAU /(R GH +R DRV_OFF )

Switching ON loss

V]N AIDS(ON) “ton + QOSS‘VI

PSW(ON) =( 5 5 N ) . st

where:
ton = (Qasz + Qan Vigon:
igon = Voratear/(Rg +Rpry on)

Qoss = Output Charge

+  Gate drive loss
Poate =Qq - Viry - Fsw

*  Quiescent current power loss — Current
is still drawn from the VDD and HB pins
for internal and level shifting circuitry
without load (Rg=Open). Power loss by
quiescent current is

P

Quiescent

VDD 'IDDQ + VHB 'IHBQ

*  Supply current power loss(Rg=00Q) is
P

supply —
*+ Total power loss in the FDMF2011 is

equal to the power dissipation caused by
gate driver and Power MOSFETS,

Pt = Peond + Psw + Poue + P,

total supply

VDD 'IDDO +VHB 'IHBO

ate

Once the designer estimates power dissipation
in the gate driver and MOSFETs, junction
temperature can be calculated using thermal
resistance (®;,) and ambient temperature as
followings and also can calculate maximum
allowable motor current:

Tj =T, +(0Oy, -Py)

Continuous current flowing out of
SW node

Continuous current flowing out of the module
SW node is typical of a heavily loaded switched-
mode power stage that is operating in a
synchronous buck converter topology. In this
mode, the power stage is supplying current from
VIN into an inductive load. Figure 66 shows and
example of a synchronous buck convert
operating in CCM with positive inductor current.

Frm—b e
[ IVIN ¢
Ve ! t VIN
>»>—e——Ivop J ! o &
= ! oty I
T | | =
= | | L
! ==
! = W —>> vout
| S I Leoes
SV VIR I PP X | N A
Controller | = o2 out 2 Rioan
u 3 |
| TR |
! 1
[PGND

L HO =
AN Ron | |
VouT HG
|

1 time

pl

é
- =
® ©o
<
[}
(7]
g L@

Figure 66. Synchronous Buck Operating
in CCM with positive inductor current

During this operating mode, the HS MOSFET
(Q1) will undergo hard-switched inductive
turn-on and turn-off events, while LS MOSFET
(Q2) will undergo soft switching and body
diode recovery. Hard-switching often results in
large switching spikes on Q1 and Q2 Vps as
well as PH to VSS and BOOT to VSS pins.
Peak switching spikes are often positively
correlated to load current.

Continuous current flowing into
SW node.

Continuous current flowing into the module
SW node is typical of a heavily loaded
switched-mode power stage that is operating
in a synchronous boost converter topology.

Continuous inductor current flowing in to the
module SW node is typical operation of a
synchronous boost converter, as shown in
Figure 67.
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However, similar operation can arise when a
switching converter (such as a synchronous
buck) is pulling energy from the output filter
capacitors and delivering the energy back to
the input filter capacitors.

Reoor  Dsoor Ceoor

1
VDD | 1 T
))—_r: VDD _,J o : Cour I %RLOAD

Ci

o
2
=
l
FDMF2011
8

<

3

€ M
P Pl
z g
f__ _l_ I__I_
® 05 &
<
[}
(72}
S L@

% [l

T _l_ time

Figure 67. Synchronous Boost Converter
operating in CCM

From a module perspective, the main
difference here versus the previous (buck)
operating mode is that this situation will cause
the LS FET (Q2) to act as the control
MOSFET and hard switch while the HS FET
(Q1) acts as a synchronous rectifier and
undergoes soft switching with body diode
recovery. This type of operation can drastically
change power losses dissipated in Q1 and Q2
versus buck operating mode.

dVps/dt control using external
gate resistors

The FDMF2011 also provides module pins for
placing external gate resistors. The module
provides pins for the HO and LO signals
(driver output signals) and the HG and LG
(Power MOSFET gate pins). Resistors can be
placed in series with the MOSFET gate to
control the SW node edge rates.

Independently controlling MOSFET (slower)
turn-on and (faster) turn-off slew rates can
also be accomplished by using the resistor
and diode circuit shown in Figure 68..

VDD

Input from > HI

controller >> Ll
|

| HO
RaH_orr ] |
|
DaH_orr o |
HG
|
| LO
ReL_orF z |
S !
Do _orr o :
LG VSS

Figure 68. Gate drive resistor-diode
circuit

FDMF4061

H_ON

Ccp x dVps/dt turn-on

Cep Xx dVpg/dt turn-on is a false (unwanted)
turn-on event that often creates a brief and
uncontrolled shoot through current between
the HS (Q1) and LS (Q2) MOSFETs.

Typically, a Cgp x dVps/dt “shoot-through”
condition arises from capacitive feedback
current flowing through Cgp into Cgs inducing
a gate-bounce-induced channel turn-on of the
MOSFET. Holding the gate below threshold
can become challenging because the high-
frequency capacitive displacement current
from Cgp (due to dVps/dt) couples back to
circuit ground through the gate electrode.
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Figure 69. Csp x dVps/dt current flow
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The gate-to-ground impedance is the parallel
combination of the gate drive (Zg pry) and the
MOSFET gate-to-source (Zmos_cate) Paths. As
dVps/dt increases, the more favorable path for
displacement current is through the capacitive
gate-source (Cgs) path versus the highly
inductive and resistive gate drive loop. So
impedence through gate driver should be
minimized. The severity of the shoot through
current is difficult to predict.
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Physical Dimensions
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Figure 70. Clip Bond PQFN 6.0mm x 7.5mm Package Dimensions
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 woridwide terms and condiitions, specifically the
warranty therein, which covers Fairchild products.
Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
| htto/iww.fairchildsemi.convpackaging/.
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Land Pattern Recommendation
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LAND PATTERN RECOMMENDATION
SCALE 21

NOTES: UNLESS OTHERWISE SPECIFIED

Al DOES NOT FULLY CONFORKM TO JEDEC
MO-220, ISSUE K.01, DATED ALKS 2011,

B) ALL DIMENZIONS ARE IN MILLIMETERS

C) DIMEMNSIONS DO NOT INCLUDE BURRS
OR MOLD FLASH, MOLD FLASH OR
BURRS DOES NOT EXCEED 0.1084k.

D) DIMENSIONING AND TOLERANCING PER
ASME ¥14.50-2009,

E} DRAWING FILE NAME: MET-POFN3IEBREVI

Figure 71. PQFN 6.0mm x 7.5mm Package Land Pattern Recommendation

Note: Line in red is the package size outline of 6.0 x 7.5 mm
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FAIRCHILD.

TRADEMARKS

The following includes registered and unregistered trademarks and service marks, owned by Fairchild Semiconductor and/or its global subsidiaries, and is not

intended to be an exhaustive list of all such trademarks.

Build it Now™ FRFET® o Programmable Active Droop™ the
CorePLUS™ Global Power Resource QFET® pfranchise
CorePOWER™ Green FPS™ Qsm™ TinyBoost™
CROSSVOLT™ Green FPS™ e-Series™ Quiet Series™ TinyBuck™
CTL™ GTO™ RapidConfigure™ Tin§Logic®
Current Transfer Logic™ IntelliMAX™ ~ ) TINYOPTO™
EcoSPARK® ISOPLANAR™ ™ i
EfficentMax™ MegaBuck™ ! N TinyPower™
e 9 Saving our world, 1ImW/W/kW at a time TinyPWM™

EZSWITCH MICROCOUPLER™ SmartMax™ TinyWire™

TM* .

ET |\/|!CI'OFETTM SMA@BT START™ TriFault Detect™
=0 MicroPak™ SPM TRUECURRENT™*
® MillerDrive™ STEALTH™
MotionMax™ SuperFET™
. 0 ®

Fairchild™ ° Motion-SPM™ SuperSOT™-3
Fairchild Semiconductor OPTOLOGIC® SuDerSOT™-6
FACT Quiet Series™ OPTOPLANAR® p UHC®

® SuperSOT™-8
FACT ® Ultra FRFET™

SupreMOS™

FAST® SyncFET™ UniFET™
FastvCore”;* PDP SPM™ SYETEM © VCX™
FlashWriter Power-SPM™ GENERAL VisualMax™
FPS™ PowerTrench® The Power Franchise® Xgm™
F-PFS™ Powerxs™
* Trademarks of System General Corporation, used under license by Fairchild Semiconductor.
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE
RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD’'S WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN,
WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems which, (a) are 2. A critical component in any component of a life support, device, or
intended for surgical implant into the body or (b) support or sustain system whose failure to perform can be reasonably expected to
life, and (c) whose failure to perform when properly used in cause the failure of the life support device or system, or to affect its
accordance with instructions for use provided in the labeling, can be safety or effectiveness.
reasonably expected to result in a significant injury of the user.

ANTI-COUNTERFEITING POLICY

Fairchild Semiconductor Corporation's Anti-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our external website, www.fairchildsemi.com,
under Sales Support.

Counterfeiting of semiconductor parts is a growing problem in the industry. All manufacturers of semiconductor products are experiencing counterfeiting of their
parts. Customers who inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation, substandard performance, failed
applications, and increased cost of production and manufacturing delays. Fairchild is taking strong measures to protect ourselves and our customers from the
proliferation of counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts either directly from Fairchild or from Authorized Fairchild
Distributors who are listed by country on our web page cited above. Products customers buy either from Fairchild directly or from Authorized Fairchild Distributors
are genuine parts, have full traceability, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical
and product information. Fairchild and our Authorized Distributors will stand behind all warranties and will appropriately address any warranty issues that may arise.
Fairchild will not provide any warranty coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this global
problem and encourage our customers to do their part in stopping this practice by buying direct or from authorized distributors.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet Product Status Definition

Identification

Datasheet contains the design specifications for product development. Specifications may change
in any manner without notice.

Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild
Semiconductor reserves the right to make changes at any time without notice to improve design.
Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make
changes at any time without notice to improve the design.

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor.
The datasheet is for reference information only.

Advance Information Formative / In Design

Preliminary First Production

No Identification Needed | Full Production

Obsolete Not In Production
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