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Introduction

The functionality of telecom, industrial and other general purpose systems that use a microprocessor
or ASIC have become increasingly sophisticated, placing ever more stringent demands on power
density and dissipation of the Point of Load (‘PoL’) power supply within them. This application note
describes the use of the ZXMN2F34MA in a synchronous buck converter as shown in Figure 1, which
is suitable to be used as a PoL power supply. Housed in the leadless DFN322, the ZXMN2F34MA offers
superior thermal performance, improved silicon to footprint ratio and a lower profile than its leaded
surface mount predecessors. The ZXMN2F34MA measures 2mm by 2mm, 0.85mm height and has a
PCB footprint of only 4mm2-half that of the industry standard SOT23 package. Furthermore, it has a
thermal resistance that is 40% lower than that of a comparable SOT23 device, enabling the MOSFET
to deliver a superior thermal performance from a footprint that is half the size of the SOT23.

Package information

The thermally optimized DFN322 package as shown in Figure 2, is made using a highly conductive
copper alloy metal pad as the 'die attach pad' which is exposed and soldered directly to the outside of
the package. This enables an excellent thermal path for heat to be removed from the die (junction) to
the board and is consequently characterized by very low thermal impedances Rthjc and Rthja, resulting
in excellent thermal/ electrical grounding to the printed circuit board.  

The interconnection between die and drain pad is performed by a high conductivity adhesive which
ensures a reliable die contact. The interconnections from source and gate die pad to the wire bond
pads (leads) is optimally fabricated using gold wires.

The majority of the heat flow will travel from the exposed drain pad via the printed circuit board. An
effective way to increase the power capability of the device in this instance is to increase the landing
pattern on the PCB, add vias and increase the weight of copper. When housed in such a package, a
power MOSFET can either have higher current handling capability or operate with a lower junction
temperature. The benefits of cooler operation are higher efficiency due to the MOSFET having a lower
RDS(on), which in turn means a reduced conduction loss. A further benefit of cooler operation is that a
reduced junction temperature of just 10°C could, in fact, double the lifetime reliability. 

Figure 1 Synchronous buck PoL converter using ZXMN2F34MA
Issue 1 - April 2008 1 www.zetex.com
© Zetex Semiconductors plc 2008

http://www.zetex.com


AN53
Figure 2 Cross-section of the DFN322 package 

In addition to the package resistance, the die-free package inductance, especially the drain
inductance, is reduced when compared to standard SOT23 or SO8, a consequence of the short bond
wire and external lead length. The lower package inductance provides benefits in term of faster
switching speed, reduced peak drain-source voltage ringing at high frequency and lower EMI
emission. These features make the ZXMN2F34MA suitable for use in high switching frequency PoL
conversion, where PCB footprint, thermal performance and high efficiency are of prime importance.

Low voltage MOSFET: Considerations for synchronous buck converter

Synchronous buck converter is generally the topology of choice for a non-isolated point of load
converter, to convert a high input voltage into a lower output voltage. In the synchronous buck
converter, the forward voltage drop of a Schottky diode in a normal buck converter is replaced by
the MOSFET low RDS(on) loss to improve efficiency. 

For the following discussion, the ZXMA2F34MA is considered for a nominal 12V input 1.2V output
PoL converter, capable of delivering up to 3A load current. This kind of converter is commonly used
in power management applications that require high efficiency, tight regulation, and high reliability
in elevated temperature environments with low airflow. 

As shown in Figure 1, the converter comprises the control FET (Q1), synchronous FET (Q2), PWM
controller (U1) and output inductor (L1). U1 is selected based on its ability to supply sufficient current
to drive the two N-channel MOSFETs at high frequency and, the controller needs to provide simple,
single feedback loop, voltage mode control with fast transient response. L1 inductance needs to
satisfy both the output voltage ripple and load transient response time requirements. Increasing the
value of L1 will reduce the ripple current and ripple voltage across the load, at the expense of
increasing the converter's response time to transient load change. 

The majority of the power lost in synchronous buck power conversion is due to the MOSFET, and is
generally noticeable as:

• MOSFET conduction losses

• Switching losses of MOSFET

• Source-drain diode conduction and reverse-recovery losses

In order to maximize the performance of this power supply, it is necessary to minimize these loss
components. The low output voltage buck converter has low duty cycle, concentrating the majority
of the conduction loss on the synchronous FET (Q2). In fact, the conduction duty cycle of Q2 could
be as high as 90% for a 1.2V output, so the primary selection criteria for this MOSFET should be low
RDS(on). The switching loss in Q2 is negligible since the transistor turns on and off with only a diode
voltage drop across it. 

In contrast, the control FET Q1 has a much shorter duty cycle and its conduction loss has less of an
impact on overall efficiency. Since Q1 is operated at a switching frequency above 300kHz and
approaching 1MHz, capacitive and switching loss surpass conduction loss, a low gate charge
MOSFET needs to be used for Q1.
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By optimizing the cell density for the given breakdown voltage, ZXMN2F34MA has a RDS(on) value
of only 60mΩ at 2.5A drain current, whilst its low gate charge Qg = 2.8nC is achieved through an
increase in the gate oxide thickness and optimization of the gate overlap area to reduce the input
capacitance. The modulation of these parameters facilitates optimization of the ZXMN2F34MA
performance, making it imminently suitable to be used as both control and synchronous FETs in
the buck converter. 

A synchronous buck driver generally inserts a finite dead time of 20 to 80ns which precedes the
turn on and follows the turn off of Q2 to prevent shoot through, especially on the low to high
transition. During this time, the load current is forced into the source-drain diode. The source-
drain diode subsequently has to recover its own stored charge at the turn on transition of Q1,
which will contribute to the MOSFET losses. 

Qrr and trr are important parameters and can contribute significantly to the high side FET
efficiency and current stress. A high Qrr will necessitate Q1 to be de-rated to handle the extra
current during recovery. In order to address these issues, the drain-source diode's carrier lifetime
in the ZXMN2F34MA has been optimized to achieve low Qrr to ensure low MOSFET's temperature
rise and to circumvent the need for a bypass Schottky diode in parallel with Q2.  Furthermore, if
an external Schottky diode is used, its capacitance needs to be charged during the turn on
switching of Q1 which adds to the total converter losses. Table 1 details the electrical
characteristic of the source drain diode within the ZXMN2F34MA. 

More details on MOSFET power losses consideration can be found in the Appendix.

Figure 3 shows measured efficiency data for 12V input 1.2V output converter with the
ZXMN2F34MA to demonstrate the implementation of a non isolated PoL converter operating at
330kHz switching frequency, as discussed in the previous section. 

Figure 3 12V input, 1.2V output PoL converter efficiency

Table 1 Source drain diode characteristics

Parameter Symbol Typ. Unit Conditions

Reverse Recovery Time trr 6.5 ns Is = 1.65A; Tj = 25°C; 
di/dt = 100A/μs

Reverse Recovery Charge Qrr 1.4 nC

Diode Forward Voltage Drop VSD 0.73 V Is=1.25A; VGS=0V
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The performance of the ZXMN2F34MA in the PoL converter is compared with that of the
competitor A, a 4.7A, 30V trench MOSFET in the industry standard SOT23 package and, the
competitor B, which is a 5.6A, 30V MOSFET in the SC70-6 package. The efficiency of the resulting
converters approaches 80% at high load current. Under light load condition, the efficiency drops
to around 70% as the circuit loss is dominated by losses due to capacitive switching which is not
a function of the load current. From Figure 3, it is observed that the performance difference
between the ZXMN2F34MA and the competitors' parts is less than 0.4% efficiency. It must be
noted that the ZXMN2F34MA, whilst housed in such a small package, has managed to achieve
comparable efficiency to competitor MOSFETs which are housed in much bigger packages.

Conclusion

For low current and high density application, the MOSFET package selection and power
dissipation are the dominant design criteria for a PoL DC-DC converter. The DFN322 package
combines high performance silicon with space savings, enabling a designer to increase the
power density without compromising performance, incurring higher BOM cost or adding
complexity to the manufacturing process. These features make the ZXMN2F34MA suitable for
use both as high and low side switches in high switching frequency PoL converters, where PCB
footprint, thermal performance and low threshold voltage are of prime importance.
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Appendix

This section provides more detail on the MOSFET loss estimation in synchronous buck converter.
Control (Q1) conduction loss:

PON(Q1) = IOUT
2

  * RDS(on) * D

where RDS(on) is at the operating junction temperature TJ and D = VOUT / VIN, is the duty cycle of
the buck converter. The RDS(on) value is influenced by the gate-source voltage value as well as the
junction temperature, where the resistance typically has a positive temperature coefficient of
around 0.4%/°C.

The switching loss in Q1 inclusive of both rising and falling edges:

PSW = (VDS * ID(Pk) * f * (tON + tOFF)) ÷ 2

Most of the time during the switching interval of Q1 is spent charging/discharging the MOSFET
Miller capacitance. The switching time can be calculated from the gate charge Qg and the PWM
controller's source and sink current:

tON = Qg ÷ ISOURCE

tOFF = Qg ÷ ISINK

The power to charge/discharge Q1's COSS output capacitance during switching transition:

PCOSS = COSS * VIN
2 * f ÷ 2

Ignoring the effect of the gate charge QTH required to reach the MOSFET threshold voltage, Qg
equals to the summation of and the charge supplied to the gate-source Qgs and Qgd. The power
loss required to charge/discharge the gate is distributed between the driver internal pull up
resistor, gate damping resistor and MOSFET internal gate resistor:

PG = Qg * VGS * f

A high gate source voltage VGS should be used to reduce RDS(on), this , however, is done at the
expense of incurring a greater gate charge, thereby there is a trade-off between conduction and
capacitive losses in the power switching circuit. However, the gate charge loss is mainly
dissipated in the controller and will not heat up the MOSFET.

The body of synchronous MOSFET (Q2) turns on and off with its drain source diode conducting,
therefore VDS ≈ 0.7V. Q2 is primarily selected based on conduction loss given by,

PON(Q2) = IOUT
2 * RDS(on) * (1 - D)

Loss in source drain diode due to reverse recovery loss can be estimated by,

PQrr = VIN * Qrr * f

The magnitude of the reverse recovery loss can be reduced by slowing down Q1's turn on speed
to reduce the di/dt slope, or by selecting a controller which has the minimum dead-time. A
controller that truncates the dead-time will reduce reverse recovery effect by limiting energy
stored in the diode. The source-drain diode forward conduction loss is a function of the dead time:

PD = VF * (Iout - (ΔiL ÷ 2)) * tdead * f

Unless the switching frequency is very high, the loss contribution due to the dead-time diode
conduction is minimal. 

To ensure that both MOSFETs are within their maximum junction temperature at elevated
ambient temperature, calculate the temperature rise according to the above power loss equations
and the ZXMN2F34MA package thermal resistance specifications.
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Definitions

Product change

Zetex Semiconductors reserves the right to alter, without notice, specifications, design, price or conditions of supply of any product or
service. Customers are solely responsible for obtaining the latest relevant information before placing orders.
Applications disclaimer

The circuits in this design/application note are offered as design ideas. It is the responsibility of the user to ensure that the circuit is fit for
the user’s application and meets with the user’s requirements. No representation or warranty is given and no liability whatsoever is
assumed by Zetex with respect to the accuracy or use of such information, or infringement of patents or other intellectual property rights
arising from such use or otherwise. Zetex does not assume any legal responsibility or will not be held legally liable (whether in contract,
tort (including negligence), breach of statutory duty, restriction or otherwise) for any damages, loss of profit, business, contract,
opportunity or consequential loss in the use of these circuit applications, under any circumstances.
Life support

Zetex products are specifically not authorized for use as critical components in life support devices or systems without the express written
approval of the Chief Executive Officer of Zetex Semiconductors plc. As used herein:
A. Life support devices or systems are devices or systems which: 

1. are intended to implant into the body 
or 

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labelling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to 
cause the failure of the life support device or to affect its safety or effectiveness.

Reproduction

The product specifications contained in this publication are issued to provide outline information only which (unless agreed by the
company in writing) may not be used, applied or reproduced for any purpose or form part of any order or contract or be regarded as a
representation relating to the products or services concerned. 
Terms and Conditions

All products are sold subjects to Zetex’ terms and conditions of sale, and this disclaimer (save in the event of a conflict between the two
when the terms of the contract shall prevail) according to region, supplied at the time of order acknowledgement.
For the latest information on technology, delivery terms and conditions and prices, please contact your nearest Zetex sales office .
Quality of product

Zetex is an ISO 9001 and TS16949 certified semiconductor manufacturer.
To ensure quality of service and products we strongly advise the purchase of parts directly from Zetex Semiconductors or one of our
regionally authorized distributors. For a complete listing of authorized distributors please visit: www.zetex.com/salesnetwork 

Zetex Semiconductors does not warrant or accept any liability whatsoever in respect of any parts purchased through unauthorized sales channels.
ESD (Electrostatic discharge)

Semiconductor devices are susceptible to damage by ESD. Suitable precautions should be taken when handling and transporting devices.
The possible damage to devices depends on the circumstances of the handling and transporting, and the nature of the device. The extent
of damage can vary from immediate functional or parametric malfunction to degradation of function or performance in use over time.
Devices suspected of being affected should be replaced.
Green compliance

Zetex Semiconductors is committed to  environmental  excellence in all aspects of its operations which includes meeting or exceeding
regulatory requirements with respect to the use of hazardous substances. Numerous successful programs have been implemented to
reduce the use of hazardous substances and/or emissions.  
All Zetex components are compliant with the RoHS directive, and through this it is supporting its customers in their compliance with
WEEE and ELV directives.
Product status key:

“Preview” Future device intended for production at some point. Samples may be available
“Active” Product status recommended for new designs
“Last time buy (LTB)” Device will be discontinued and last time buy period and delivery is in effect
“Not recommended for new designs” Device is still in production to support existing designs and production
“Obsolete” Production has been discontinued
Datasheet status key:

“Draft version” This term denotes a very early datasheet version and contains highly provisional information, which
may change in any manner without notice.

“Provisional version” This term denotes a pre-release datasheet. It provides a clear indication of anticipated performance.
However, changes to the test conditions and specifications may occur, at any time and without notice.

“Issue” This term denotes an issued datasheet containing finalized specifications. However, changes to
specifications may occur, at any time and without notice.
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