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Typical Application Circuit 
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PWM
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Pin Configuration 
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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. 
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Electrical Characteristics 
Typical values are VIN = 12 V, VCIN = 5 V, VDRV = 5 V, and TA = TJ = +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 

RTHWN Pull-Down Resistance IPLD=5 mA  30  Ω
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Figure 5. PWM Timing Diagram  
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Typical Performance Characteristics 

Test Conditions: VIN=12 V, VOUT=1 V, VCIN=5 V, VDRV=5 V, LOUT=250 nH, TA=25°C, and natural convection cooling, 
unless otherwise specified. 

Figure 6. Safe Operating Area Figure 7. Power Loss vs. Output Current 

Figure 8. Power Loss vs. Switching Frequency Figure 9. Power Loss vs. Input Voltage 

Figure 10. Power Loss vs. Driver Supply Voltage Figure 11. Power Loss vs. Output Voltage 
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Typical Performance Characteristics 

Test Conditions: VIN=12 V, VOUT=1 V, VCIN=5 V, VDRV=5 V, LOUT=250 nH, TA=25°C, and natural convection cooling, 
unless otherwise specified. 

Figure 12. Power Loss vs. Output Inductor Figure 13. Driver Supply Current vs. Switching 
Frequency 

Figure 14. Driver Supply Current vs. Driver  
Supply Voltage 

Figure 15. Driver Supply Current vs. Output Current

Figure 16. UVLO Threshold vs. Temperature Figure 17. PWM Threshold vs. Driver Supply Voltage
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Typical Performance Characteristics 

Test Conditions: VCIN=5 V, VDRV=5 V, TA=25°C, and natural convection cooling, unless otherwise specified. 

Figure 18. PWM Threshold vs. Temperature Figure 19. SMOD# Threshold vs. Driver Supply 
Voltage 

Figure 20. SMOD# Threshold vs. Temperature Figure 21. SMOD# Pull-Up Current vs. Temperature

Figure 22. DISB# Threshold vs. Driver Supply 
Voltage 

Figure 23. DISB# Threshold vs. Temperature 
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Typical Performance Characteristics 

Test Conditions: VCIN=5 V, VDRV=5 V, TA=25°C, and natural convection cooli
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Functional Description

The FDMF6820B 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_DISB), 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_DISB). 

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 10 µA. 
 

Thermal Warning Flag (THWN#) 
The FDMF6820B provides a thermal warning flag 
(THWN#) to warn of over-temperature conditions. The 
thermal warning flag uses an open-drain output that 
pulls to CGND when the activation temperature (150°C) 
is reached. The THWN# output returns to a high-
impedance state once the temperature falls to the reset 
temperature (135°C). For use, the THWN# output 
requires a pull-up resistor, which can be connected to 
VCIN. THWN# does NOT disable the DrMOS module. 

 

 

Figure 26. THWN Operation 

Three-State PWM Input 
The FDMF6820B 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 (tD_HOLD-OFF), both GL and GH 
are pulled LOW. This enables the gate drive to shut 
down both high-side and low-side MOSFETs to support 
features such as phase shedding, which is common on 
multi-phase voltage regulators. 

Exiting Three-State Condition 
When exiting a valid three-state condition, the 
FDMF6820B follows the PWM input command. If the 
PWM input goes from three-state to LOW, the low-side 
MOSFET is turned on. If the PWM input goes from 
three-state to HIGH, the high-side MOSFET is turned 
on. This is illustrated in Figure 27. The FDMF6820B 
design allows for short propagation delays when exiting 
the three-state window (see Electrical Characteristics).  

Low-Side Driver 
The low-side driver (GL) is designed to drive a ground-
referenced, low-RDS(ON), N-channel MOSFET. The bias 
for GL is internally connected between the VDRV and 
CGND pins. When the driver is enabled, the driver's 
output is 180° out of phase with the PWM input. When 
the driver is disabled (DISB#=0 V), GL is held LOW. 

High-Side Driver 
The high-side driver (GH) is designed to drive a floating 
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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 

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

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 (tPD_PLGHL). Once the voltage across 
GH-to-PHASE falls below 2.2 V, Q2 begins to turn on 
after adaptive delay tD_DEADOFF. 

 

 

 

 

 

 

 

 

 

Figure 27. PWM and 3-StateTiming Diagram  

 

 

 

 
 
 
 
 
 



 

© 2011 Fairchild Semiconductor Corporation  www.fairchildsemi.com 
FDMF6820B  •  Rev. 1.0.3 14 

F
D

M
F

6820B
 —

 E
xtra-S

m
all, H

ig
h

-P
erfo

rm
an

ce, H
ig

h
-F

req
u

en
cy D

rM
O

S
 M

o
d

u
le 

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 
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PCB Layout Guidelines 

Figure 31 and Figure 32 provide an example of a proper 
layout for the FDMF6820B 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. 

2. 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 V
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Physical Dimensions 

 

Figure 33. 40-Lead, Clipbond 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 
warranty therein, which covers Fairchild products. 
 
Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings: 
http://www.fairchildsemi.com/packaging/. 
 

BOTTOM VIEW

LAND PATTERN
RECOMMENDATION

NOTES: UNLESS OTHERWISE SPECIFIED

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

   B)  ALL DIMENSIONS ARE IN MILLIMETERS.
   C)  DIMENSIONS DO NOT INCLUDE BURRS
       OR MOLD FLASH. MOLD FLASH OR
       BURRS DOES NOT EXCEED 0.10MM.
   D)  DIMENSIONING AND TOLERANCING PER
       ASME Y14.5M-1994.
   E)  DRAWING FILE NAME: PQFN40AREV3

SEE
DETAIL 'A'

DETAIL 'A'
SCALE: 2:1

SEATING
PLANE



 

© 2011 Fairchild Semiconductor Corporation  www.fairchildsemi.com 
FDMF6820B  •  Rev. 1.0.3 19 

F
D

M
F

6820B
 —

 E
xtra-S

m
all, H

ig
h

-P
erfo

rm
an

ce, H
ig

h
-F

req
u

en
cy D

rM
O

S
 M

o
d

u
le 



www.onsemi.com
1

ON Semiconductor and      are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent−Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION
N. American Technical Support: 800−282−9855 Toll Free
USA/Canada

Europe, Middle East and Africa Technical Support:
Phone: 421 33 790 2910

Japan Customer Focus Center
Phone: 81−3−5817−1050

www.onsemi.com

LITERATURE FULFILLMENT:
Literature Distribution Center for ON Semiconductor
19521 E. 32nd Pkwy, Aurora, Colorado 80011 USA
Phone: 303−675−2175 or 800−344−3860 Toll Free USA/Canada
Fax: 303−675−2176 or 800−344−3867 Toll Free USA/Canada
Email: orderlit@onsemi.com

ON Semiconductor Website: www.onsemi.com

Order Literature: http://www.onsemi.com/orderlit

For additional information, please contact your local
Sales Representative

© Semiconductor Components Industries, LLC

 http://www.onsemi.com/
www.onsemi.com/site/pdf/Patent-Marking.pdf

