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Ever wonder how the power level of chargers keeps increasing (to take advantage of USB Type-C standards, for
example), but are still small in size? There is only so much power you can dissipate inside a sealed plastic box
before the charger doubles as a hand warmer and becomes unreliable. You must achieve higher efficiency.

Beyond this need for high efficiency, more strict standards will make meeting efficiency requirements more
challenging. The European Code of Conduct (COC) has a new standard that will take effect in January 2016. As
shown in Table 1, a 15W low-voltage power supply must achieve better than 81.8% average efficiency and better

than 72.5% efficiency at 10% rated power.

Table 1. Energy efficiency criteria for active mode for low voltage external power supplies

Energy-Efficiency Criteria for Active Mode for Low Voltage external power supplies

Rated Output
Power (Py,) Tier 1
03=W=1 = 0.500 * Py, + 0,086

Minimum Four Point Average Efficiency in
Active Mode

Tier 2
= 0517 * Py, + 0.09]

Minimum Efficiency in Active Mode at 10 %
load of full rated output current
Tier 1 Tier 2
> 0.500 * Py, =0.517 * Py

1<W<49 |>00755%In(P,,) + 0.586

49 < W < 250 = (0880

= 0.0834*In(P.,)

- 0.0011 * P,, + 0.609

= ().880

= 0.072%In(P,,) = 0.500 = 0.0834%In(P,,,)
- 0.00127 * P, + 0518

=0.780 = 0.780

“In” refers to the natural logaritlun. Efficiencies to be expressed in decimal form: an efficiency of 0.88 in decimal
fornm corresponds to the more familiar value of 88% when expressed as a percentage.

In a charger, the component that dissipates the most power is usually the output rectifier diode. One way to
increase the efficiency by 5% or more in a 5V phone charger or by 2% or more in a 19.2V notebook or ultrabook
adapter is to replace the output diode with a synchronous rectifier (SR) MOSFET and controller.

SR controllers can increase the efficiency in a charger. Tl recently released the UCC24630 SR controller with
ultra-low standby current. The UCC24630 SR controller can maximize the efficiency increase and have very little
impact on standby power. Figure 1 shows a typical application of the UCC24630 chip.
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Figure 1. Typical Flyback Converter Application Using the UCC24630

Synchronous rectification provides a noticeable improvement in efficiency by replacing the diode forward-voltage
drop with an IR drop. To get the most benefit from the controller, you must drive the MOSFET with optimum drive
levels and timing. The majority of SR controllers today work on a principle of VDS level sensing to determine
when to turn the SR MOSFET on and off. Two types of popular VDS-sensing controllers compromise either the
SR conduction time or the voltage across the MOSFET drain to source during secondary current conduction.
The first type, fixed threshold sensing, results in early turn off of the MOSFET, especially with a lower Rpson
MOSFET intended to improve conduction loss. The second type, proportional drive, improves conduction time
but sacrifices higher voltage drop across the MOSFET with variable gate-drive voltage. Both are sensitive to the
MOSFET Rpson-

The UCC24630’s driver timing is based on the principle of volt-second balance, which results in accurate timing
of the SR at full drive voltage. The turn-off timing is not sensitive to MOSFET Rpgon. You realize the benefits
of using lower Rpson MOSFETSs, thus reducing conduction losses in the SR MOSFET. Using an example of a
5V 15W charger and a SR MOSFET Rpgop of 3.5mQ, the UCC24630 SR MOSFET loss is ~10% less than
fixed-threshold VDS sensing and 35% less than proportional-drive VDS-sensing SR controllers.

For those designs that have strict no-load power-consumption requirements, automatic detection of low-power
operating mode and a low standby-mode current of 110uA, there is minimal load impact: <1mW on a typical 5V
charger. Many SR controllers consume up to 1-2mA of current, which can be a significant amount for a standby
power budget. In 19.4V notebook or ultrabook adapters, this difference of 1-2mA to 110uA translates to 17 to
34mW of added power for the SR controller.

With higher-power adapters, many designs operate the flyback converter in continuous conduction mode (CCM)
to improve efficiency. The CCM operating mode is challenging for SR controllers because the secondary current
does not go to zero before the primary-side switch turns on. The wrong timing could result in cross-conduction
of the primary- and secondary-side switches. The UCC24630 includes CCM dead-time control to ensure that the
SR MOSFET is turned off before the primary turn on, eliminating cross-conduction.

New standards have made achieving efficiency standards in chargers more difficult, but utilizing SR controllers,
such as the UCC24630, can make it possible to meet those standards. How have the increasing requirements
for high efficiency changed the way you design?

Additional Resources:
» To jump start your design, download these TI Designs reference designs:

— Synchronous Rectifier Controller Daughter Board
— 65W High-efficiency CoC 5 tier2/DOE Level VI AC Adapter

2 Achieving Low Standby Power and High Efficiency in Flyback Converters SSZTCES5 — JULY 2015
Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated


http://www.ti.com/sva-hvps-lpcc-null-pwrhouse-20150727-pf-ucc24630-wwe
http://www.ti.com/sva-hvps-lpcc-null-pwrhouse-20150727-pf-ucc24630-wwe
http://www.ti.com/sva-hvps-lpcc-null-pwrhouse-20150727-pf-ucc24630-wwe
http://www.ti.com/sva-hvps-lpcc-null-pwrhouse-20150727-pf-ucc24630-wwe
http://www.ti.com/sva-hvps-lpcc-null-pwrhouse-20150727-rd-pmp11216-wwe
http://www.ti.com/sva-hvps-lpcc-null-pwrhouse-20150727-rd-tida00519-wwe
https://www.ti.com
https://www.ti.com/lit/pdf/SSZTCE5
https://www.ti.com/feedbackform/techdocfeedback?litnum=SSZTCE5&partnum=LP2951

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

