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Abstract This document gives an overview of power losses and the consequential
junction temperature rise of two parallel Schottkys as secondary side
rectifiers in flyback power adapters with up to 12.5 W output power.

The focus is set on a comparison of the parallel configuration to a single
rectifier under full load conditions. SPICE and thermal simulations were
performed to calculate electrical power losses and the rise of junction
temperatures above ambient.
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1. Introduction

Chargers for smartphones and tablet PCs are today designed for an increased output
power, as fast charging cycles make a real difference to users. 10 W to 12.5 W are typical
power ratings and mainly Switched Mode Power Supply (SMPS) flyback topology is used.
Schottky rectifiers are popular as secondary side rectifiers in these designs, as they are
cost-efficient solutions and offer significantly lower forward power losses compared to
PN-diodes, increasing power efficiency.

Chargers also need to be compact and circuit elements in small packages are preferred.
One issue with slim designs is the high junction temperature of the secondary side
rectifiers under full load conditions. A common solution to reduce losses and generation of
heat is to use two parallel rectifiers instead of one. But how much will the losses decrease
and what is the impact on junction temperatures of the rectifiers? Certainly, the
assumption that losses and temperatures are cut in half is too simple. One reason is
because nonlinear effects play a certain role on power losses. On the other hand,
because of limited heat sink capabilities of Printed-Circuit Boards (PCB), devices will heat
up each other.

The following chapters give an overview of the main effects on the performance of two
parallel rectifiers. Power losses and the consequential temperature rise are calculated by
SPICE and thermal simulations with NXP Semiconductors 40 V, 5 A Igay)
PMEG4050ETP MEGA Schottky rectifier for a typical condition in a 12.5 W charger for
smart phones and tablets.

This document is an extension to Ref. 1 “Application Note AN11310 FlatPower Schottky
rectifier in low power adapter.”, where the basic operation of flyback adapter and the
performance of a single, secondary side rectifier are described.
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Figure 1 shows the basic application schematic of a flyback converter with two parallel
secondary side Schottky rectifiers.

2 x Schottky rectifiers

NP

Al
Rinrush %r‘ "
— L % :

1A
<N
1vcc DRAIN
controller

GND SOURCE

!

Fig 1. Basic application schematic of a flyback converter with parallel secondary side
Schottky rectifiers

2. Current balancing and forward power losses of parallel rectifiers

AN11358

When two Schottkys are connected in parallel, forward current I is distributed among
them. In case of ideal devices, each rectifier will take half of the current. Unfortunately, the
electrical characteristics of two semiconductors are not 100 % matched and one rectifier
will have a lower typical forward voltage Vg than another. As a consequence, more than
half of the total forward current I will flow through the device with the lower Vg and its
junction temperature T; will rise faster. With increased junction temperature, Vg is further
reduced, resulting in further increasing current and so on and so forth. To limit this effect,
a good thermal coupling between the rectifiers is essential, ideally at cathode and anode
terminals.

The necessary thermal coupling leads to mutual heating up of the rectifiers. The thermal
resistance of PCB material limits conduction of heat from each solder point into the PCB,
from where it is dissipated into the ambient environment.

This document will not further deal with matching of electrical characteristics but assume,
that forward current through the rectifiers is distributed equally. This simplified condition is
a good starting point to show the principal effects on power losses and junction
temperatures of two parallel devices. For the following analyses we assume that a flyback
converter is operating in discontinuous mode and a simplified, triangular forward current is
flowing through the secondary side rectifiers, as described in Ref. 1.
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Figure 2 shows simplified current waveforms for different peak currents Igpeax) and duty
cycles & for single and parallel rectifiers. The average forward current Igay) through a
single rectifier is 2.5 A, while 1.25 A Irav) represents the condition for each rectifier of the
parallel configuration. 2.5 A /5 V output is the typical condition for 12.5 W charger. The
switching frequency is set to 100 kHz.
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Fig 2. Simplified current waveforms of single and parallel rectifier configuration

The waveforms of Figure 2 take account of the high peak current that can occur in the
secondary side rectifier of a non-synchronous flyback converter. The peak value is
important as it influences forward power losses. In case of a linear device, for example a
resistor, a doubling of forward current would result in a doubling of forward voltage. But a
Schottky rectifier is a nonlinear device. When the current rises to higher values, the
nonlinear dependence of forward voltage on forward current becomes visible. It causes an
overproportional increase of the forward power losses.
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This behavior is depicted in Figure 3. Power losses versus the 10 A peak current
waveform from Figure 2 are shown for PMEG4050ETP. Although the current through the
rectifier decreases linearly, the power decreases overproportionally as the current falls.

A configuration of two parallel rectifiers makes use of this effect to reduce total forward
power losses in the output stage of a flyback. With each rectifier's forward current cut in
half, total forward power losses are reduced.
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Fig 3. Power losses versus forward current of a diode

3. SPICE and thermal simulations of power losses and junction
temperatures

AN11358

To simulate the junction temperatures of Schottky rectifiers, the average power losses

must be known. There are two conditions that cause losses in a semiconductor: switching
and conduction state. Both give rise to the temperature in the device, whereas conduction
state losses are more critical for a secondary side rectifier in a non-synchronous flyback.

When the junction temperature of a Schottky rectifier rises, forward voltage Vg is reduced
and this results in lower conduction state losses. To simulate losses for the secondary
side rectifier under elevated temperatures, a SPICE model at Tj = 85 °C was extracted for
NXP Semiconductors 40 V, 5 A Irav) MEGA Schottky rectifier PMEG4050ETP. The model
card is shown in Ref. 1 “Application Note AN11310 FlatPower Schottky rectifier in low

power adapter.”

The design of the power and output stage of a flyback converter affects peak levels of
forward current I through a secondary side rectifier. As discussed in Section 2, peak
current and duty cycle result in different power losses of a Schottky rectifier and therefore
the design is important for the efficiency of the output stage. A design where peak currents
are kept to a minimum reduces losses.
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Table 1 shows SPICE simulation results of average power losses P(ay) for different peak
current and on-time conditions of the repetitive current pulses as shown in Figure 2.
Single and parallel configuration are represented by Iray) = 2.5 A and Iray) = 1.25 A
respectively. The simulation results are based on the PMEG4050ETP SPICE model at
T;j=85°C.

Table 1. PMEG4050ETP SPICE simulation results of average power losses

Parameter Unit Parallel config. Single config.  Parallel config. Single config.
IF(peak) =9 A If(peak) = 10 A IF(peak) = 3 A IF(peak) = 6 A

IFav) A 1.25+1.25 25 1.25+1.25 25

ton / toeriod  HS€C/ usec 9.8/20 9.8/20 16.6/20 16.6/ 20

Pav) mw 400 + 400 965 360 + 360 840

The results in Table 1 show, that total power losses will be reduced by more or less 10 %
when two Schottky rectifier are operated in parallel, while total average output current is
kept constant at 2.5 A.

Besides the reduction of power losses, junction temperatures of the Schottky rectifier will
rise less in a parallel configuration because of the improved thermal resistance from
junction to solder point Ren.sp). By using two rectifiers and distributing the power, the total
area of silicon on leadframe and the available amount of metals for leadframes, leads and
die bonds is doubled and the heat generated in the semiconductors has a lower thermal
resistance into the mounting base. The lower the thermal resistance of the system, the
lower the rise of the silicon temperature above ambient. But the PCB and signal traces
represent a big thermal resistance in series to Rin.sp), limiting dissipation of heat to the
ambient environment. The thermal limits of the PCB lead to a mutual heating up of the
devices.

To quantify junction temperatures for the different P(ay) conditions as shown in Table 1,
thermal simulations were performed with a physical model of PMEG4050ETP in SOD128
package. The PCBs used for the simulations are either single layer or dual layer with

50 % copper coverage on the bottom side. In addition, standard footprint and 0.5 cm?2
mounting pad sizes were simulated. Copper thickness for PCB layers is 35 um and
ambient temperature T, IS set to 25 °C. Top side PCB layouts are shown in Figure 4,
pictures of heat distribution across the PCBs for different setups and a 3D picture of the
SOD128 package are shown in Figure 5 to 10.

The thermal simulation software applied to carry out the analyses is FloTHERM of Mentor
Graphics Corporation.
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single diode,
standard footprint

single diode, 0.5 cm?
mounting pad

Fig 4. Simulation PCB layouts for single and parallel configuration

parallel configuration,
standard footprint

parallel configuration,
0.5 cm? standard
footprint

400 + 400 mW
dual layer
0.5 cm?2 mounting pads

Fig5. Setup1l

400 + 400 mW
single layer
0.5 cm? mounting pads

Fig 6. Setup 2

400 + 400 mW
dual layer
standard footprint

Fig7. Setup3

965 mW

dual layer
0.5 cm2 mounting pads

Fig 8. Setup 4

965 mW
single layer
0.5 cm? mounting pads

Fig9. Setup5

SOD128 FlatPower package

Fig 10. 3D picture
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Pav) = 965 mW for a single and 400 mW for the parallel rectifier represent worst case
conditions of a design with high peak currents levels. The two different values for P(ay)
again show the effects of the nonlinear electrical characteristic. The different board
layouts highlight the improved thermal resistance from junction to solder point of the
parallel configuration as well as the effects of dual layer PCB and increased mounting
pads on heat distribution across PCB. Results of the thermal simulations are summarized
in Table 2.

Table 2.  Thermal simulation results for single and parallel PMEG4050ETP rectifier.

P (av) rectifier 1 / rectifier 2 400 mW / 400 mW 400 mW / 400 mwW 400 mW / 400 mW

Layer stack dual, 50 % copper single dual, 50 % copper
on bottom side on bottom side

Mounting size pad 0.5 cm? 0.5 cm? standard footprint

Junction temperature T, 79 °C 107 °C 108 °C

Total Rin(.a) 67.5 KIW 102.5 K/W 104 K/IW

P(av) rectifier 1 / rectifier 2 965 mW / not present 965 mW / not present 965 mW / not present

Layer stack dual, 50 % copper single dual, 50 % copper
on bottom side on bottom side

Mounting size pad 0.5 cm? 0.5 cm? standard footprint

Junction temperature T; 100 °C 132 °C 140 °C

Total Rin(j-a) 78 KIW 111 KIW 120 K/IW

P(av) rectifier 1 / rectifier 2 360 mW / 360 mW 360 mW / 360 mW 360 mW / 360 mW

Layer stack dual, 50 % copper single dual, 50 % copper
on bottom side on bottom side

Mounting size pad 0.5 cm? 0.5 cm? standard footprint

Junction temperature T, 73.5°C 98.5°C 100 °C

Total Rin(j-a) 67.5 KIW 102.5 KIW 104 K/IW

P (av) rectifier 1 / rectifier 2 840 mW / not present 840 mW / not present 840 mW / not present

Layer stack dual, 50 % copper single dual, 50 % copper
on bottom side on bottom side

Mounting size pad 0.5 cm? 0.5 cm? standard footprint

Junction temperature T, 90.5°C 118°C 126 °C

Total Rin(j.a) 78 KIW 111 KIW 120 K/IW

Thermal resistance junction to ambient is calculated by:

Ring-a) = (Tj= Tamn)/Pav)
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4. Conclusion

There are two main causes for a reduction of junction temperatures of two parallel
rectifiers compared to a single one:

a. Electrical power losses are reduced due the nonlinear Vg versus Ig characteristic of
Schottky rectifiers

b. Thermal resistance junction to solder point Ryyj.sp) is reduced because of the doubled
amount of silicon, leadframes, leads and die bonds, resulting in a smaller total thermal
resistance from junction to ambient Ry (ja).

On dual layer PCB with 0.5 cm?2 mounting pads, thermal simulation results show between
73.5°C and 79 °C junction temperature for two parallel PMEG4050ETP Schottky
rectifiers, depending on peak current conditions. This is a temperature decrease of about
20 % compared to T; of a single rectifier.

Both the reduction of forward power losses and the lowered Riy(j.sp) add to more or less
10 % decrease of junction temperatures in a 2.5 A total forward current application,
independent from the PCB layout.

Comparison of the results from single layer to dual layer PCB with 50 % copper coverage
on the bottom side shows the importance of heat distribution across the PCB. Even if no
thermal vias are used, copper on the backside supports heat flow across the complete
PCB, from where it dissipates away in the ambient environment. A similar effect is
reached when the mounting pads on the top layer are increased from standard footprint to
0.5 cm? at cathode and anode terminals, as the area from where heat is conducted into
the PCB is increased. Both measures result in lower junction temperature rise above
ambient. Increased mounting pads and the dual layer PCB setup are intended to
represent real conditions inside a charger, where the Schottky rectifiers are connected via
thick signal traces and are surrounded by other circuit elements, like capacitors or the
transformer and PCBs are dual layer.

NXP's low Vg Schottky rectifier in FlatPower SOD128 package are ideal for compact, cost
efficient designs of low power adapter in the range from 5 W to 12.5 W, whether a single
rectifier is used for the lower power range or parallel rectifiers for higher output

power. Table 3 shows a selection of 40 V to 60 V rectifiers suited for chargers.

Table 3. Schottky rectifiers in SOD128 for LPA, 40 to 60 V.

Type number VR (V) [lr@av) (A) | Vetyp) (MV); Tamp =25 °C | Irgtyp) (MA); Tamp =25 °C
E=1A E=3A

PMEG4050ETP 40 5 340 390 8

PMEGG6030ETP 60 3 380 460 4

PMEG6030EVP 60 3 355 420 7

PMEGG6045ETP 60 4.5 355 420 7

5. References

[1] Application Note AN11310 FlatPower Schottky rectifier in low power adapter.
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6. Legal information

6.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

6.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.
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Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express, implied
or statutory, including but not limited to the implied warranties of
non-infringement, merchantability and fithess for a particular purpose. The
entire risk as to the quality, or arising out of the use or performance, of this
product remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers be liable
to customer for any special, indirect, consequential, punitive or incidental
damages (including without limitation damages for loss of business, business
interruption, loss of use, loss of data or information, and the like) arising out
the use of or inability to use the product, whether or not based on tort
(including negligence), strict liability, breach of contract, breach of warranty or
any other theory, even if advised of the possibility of such damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors, its
affiliates and their suppliers and customer’s exclusive remedy for all of the
foregoing shall be limited to actual damages incurred by customer based on
reasonable reliance up to the greater of the amount actually paid by customer
for the product or five dollars (US$5.00). The foregoing limitations, exclusions
and disclaimers shall apply to the maximum extent permitted by applicable
law, even if any remedy fails of its essential purpose.
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