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GAN-BASED PRIMARY-SIDE POWER SWITCHES EXTEND THE POWER RANGE OF
INNOSWITCH3 IC FAMILIES

In July 2019, Power Integrations announced new members of its InnoSwitch™3 families of offline CV/CC flyback
switcher ICs. The new ICs feature up to 95% efficiency across the full load range and up to 100 W in enclosed
adapter implementations without requiring a heatsink. This groundbreaking increase in performance was
achieved using an internally developed high-voltage GaN switch technology (PowiGaN™).
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The Need for GaN

The highly successful InnoSwitch3, InnoSwitch3-Pro and LYTSwitch™-6 families of flyback power
conversion ICs are extremely efficient and eliminate the need for heatsinks in compact power supply
applications such as chargers, adapters, LED ballasts and other compact or sealed systems with
negligible airflow. InnoSwitch devices utilize PI’s unique FluxLink™ feedback system and provide high
regulation accuracy, rapid transient response and a comprehensive suite of line, load and self-
protection features. The InnoSwitch3 is ideal for USB PD and PPS rapid charging adapters, consumer
product, appliance and industrial applications when high efficiency, high reliability and survivability,
low component count and compact layout are critical to design success.

The advanced low-profile INSOP-24C package used for these devices is able to deliver between 30 W
and 60 W without a heatsink depending on the input voltage range and power supply form factor
using proprietary silicon MOSFET technology.

Figurel  InSOP-24C proprietary surface mount power package used by Power Integrations InnoSwitch3, InnoSwitch3-Pro
and LYTSwitch-6 power conversion product families

To deliver the power needed for higher power rapid charging, IOT connected appliances, LED lighting
and industrial applications, and to further reduce converter size, a primary power switch with lower
Rosony Per unit area and higher conversion efficiency is required. Wide band-gap semiconductors
provide lower specific Rysoy (0N resistance per unit area) and greatly reduced switching losses,
making them an ideal match for the developing market requirements.

GaN Performance Comes from the Band-Gap of the Semiconductor
Materials

Gallium Nitride (GaN) is a wide-bandgap semiconductor material that allows fabrication of switches
that have very low switching losses both during turn-on and turn-off compared their silicon counter
parts. In fact, unlike Silicon MOSFETSs, GaN switches inherently have near-zero turn-off losses. Turn-on
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losses in GaN Switches are almost entirely due to inter nodal capacitances which are much smaller in
GaN compared to Silicon MOSFETs. This is because both turn-on and turn-off in GaN are almost
instantaneous and equivalent Rysoy GaN devices are much smaller in die size compared to Silicon.

Figure2  Comparison of the conduction losses (channel resistance) with switching losses in that a GaN device will have lower
losses for a given die size than a silicon device

Performance Advantages of PowiGaN

Power Integrations has developed advanced GaN Switch technology (PowiGaN) and has optimized
the devices for use in our integrated power solutions. PowiGaN devices allow the INSOP-24C package
to deliver much higher power levels without a heatsink while also substantially increasing the overall
power supply efficiency.

A major challenge for discrete GaN solutions is the difficulty in driving the transistors and protecting
them. GaN is so much faster than silicon that even small amounts of inductance and capacitance
introduced by the discrete GaN packages and PCB trace connections makes it very difficult to drive.
Common challenges faced by designers are high a dv/dt and high frequency oscillation during
switching which creates EMI, lowers efficiency and some cases can cause destruction of the device.
The high switching speed also makes it very difficult to protect the transistor during fault conditions
as the high speed of the GaN switches can cause the switch current to ramp to destructive levels -
before the protection circuitry has a chance to safely turn off the device.

These issues are completely resolved by embedding the PowiGaN in Power Integration’s highly
integrated switcher ICs. Integration significantly reduces parasitic inductances and capacitances
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making it easier to avoid oscillation. PowiGaN-based products incorporate drivers that are tailored to
the specific PowiGaN device, optimizing switching speed to minimize EMI, maximize efficiency and to
effectively eliminate oscillation. The protection circuitry is able to quickly detect unsafe currents to
safely shutdown device under fault conditions, and Power Integrations’ switching converter ICs
include start-up circuitry which eliminates the need for external biasing circuits. PowiGaN devices
also employ lossless current-sense technology, completely eliminating external sense resistors that
frequently exceed the resistance of the GaN switch itself in discrete implementations. These benefits
allow power supply developers to focus on meeting their customer’s power delivery, form factor and
thermal requirements, without worry about the needs of the enabling GaN technology.

The operation of PowiGaN-based InnoSwitch3 is indistinguishable from that of conventional (silicon-
based) devices from the same family. Switching frequency, transformer design, EMI filtering, biasing
and synchronous rectification circuitry is identical for PowiGaN and silicon devices. Changes are only
necessary to accommodate the higher power of PowiGaN-based designs. The Pl Expert™ automated
power-supply-design-software suite supports both MOSFET and PowiGaN based devices, speeding up
the design process by enabling the selecting of the best component and generating the full schematic,
magnetics and BOM from basic parametric inputs.
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Figure3  Seamless transition between GaN and Silicon devices is demonstrated by the comparison of drain-source voltage
waveforms during switching for PowiGaN and silicon InnoSwitch3 devices. Note that the waveforms are virtually
identical—the same circuits can be used for silicon and PowiGaN based devices.

The faster turn-on characteristic of the PowiGaN switches can be seen in Figure 3(c); however the
slope of the transition is the same and produces a similar EMI signature.

Lower Rpsonmaxy @nd switching loss increases efficiency compared to conventional silicon based
technologies. Like other InnoSwitch3 devices, efficiency for PowiGaN-based designs is constant
across line and load ranges. This makes them ideal for applications calling for high average efficiency
and for adjustable output-voltage designs (USB PD and PPS).
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Figure4  High full-load-efficiency across line voltage enables InnoSwitch3 designs to eliminate heatsinks ensuring smallest
possible converter size - example is shown is DER-747 which is a 65 W adapter using InnoSwitch3-EP INN3679C.

In USB PD type applications, the need to accommodate multiple output voltage options limits
transformer optimization and reduces efficiency. Despite this, InnoSwitch3 devices using PowiGaN
switches still achieve high efficiency across load and are able to eliminate the heatsink for rapid-

charge designs.
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GaN-Based Primary-Side Power Switches Extend the Power Range of InnoSwitch™3 IC Families

Figure5 DER-601-60W wide-range USB PD charger (5V - 20V output) showing high efficiency across load. InnoSwitch3-CP
INN3279C-H215. 60 W adapter design—no heatsink required.
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Figure6  DER-805- 100 W wide-range USB PD + PPS charger (5V - 20 V output) with no-heatsink required. InnoSwitch3-Pro

INN3370C-H302.

Pl Product Families Featuring PowiGaN Switches

Power Integrations uses a smart-number system for describing parts within a device family. Parts
from the families listed below with part numbers ending in 9 or 0 employ PowiGaN-based switches.
Devices with part numbers ending in 78 also employ PowiGaN switches. Devices ending in 68 are 650 V

Vosmax) rated silicon devices.
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Product Famiily

Application

Typical Applications

InnoSwitch3-CP

INN3278C-HXXX
INN3279C-HXXX
INN3270C-HXXX

Constant Power and CV/CC

Chargers/Adapters, |oT,
USB PD Chargers

InnoSwitch3-EP

INN3678-HXXX
INN3679C-H60X
INN3670C-H60X

Open Frame and Adapter CV/CC

Appliances, Industrial, Motors, Smart
Meters, General Purpose Adapters

InnoSwitch3-Pro

INN3678C-HXXX
INN3379C-H302
INN3370C-H302

Digitally Programmable CV/CC

USB PD Chargers, Programmable
Power Supplies

information and samples.

PowiGaN Devices - Robust and Reliable

LYTSwitch-6
LYT6078C CC/CV Lighting Ballasts and LED drivers
LYT6079C
LYT6070C
Table 1 Product families with GaN parts. Size 8 devices available Q4 2019. Contact a Pl representative for additional

PowiGaN devices are specifically designed to operate at the voltage levels seen in off-line flyback
power conversion. They are manufactured in the same fabs as Power Integrations’ conventional
silicon products and have undergone extensive qualification testing to ensure reliable operation in
power conversion circuits. In addition to the qualification tests listed below, Power Integrations’
switcher ICs go through extensive long-term testing in real-world power supply designs which has
resulted in a field failure rate of less than 0.2 PPM across all our products.

www.power.com

9/13


https://www.power.com/?utm_campaign=BridgeSwitchWP&utm_medium=referral&utm_source=PI&utm_content=WhitePaper&utm_term=Motor+BridgeSwitch+BLDC+PI+EN

InnoSwitch3

Test Description Symbol Test Method InnoSwitch3 (GaN)
itioni JESD22-A113
I.Drecond|t|o.n.|n.g and PC MSL3 MSL3
Moisture Sensitivity Level JEDEC J-STD-020
w
g Temperature Humidity Bias THB
a Temperature Cycling TC
QO
T High Temperature
Storage Life HTSL
Dynamic Operating Life DOPL
T :1%’0 Highly Accelerated Life Test HALT
©
o _é High Temperature HTRB Multiple units, Multiple units, | Multiple units,
ko Reverse Bias multiple lots multiple lots multiple lots
0 Preconditioning PC
@
§ Moisture Sensitivity Level PC
o
eo Temperature Humidity Bias THB
E” Temperature Cycling TC
(8] .
© High Temperature
. Storage Life HTSL

Table 2 Rigorous qualification testing of InnoSwitch3 GaN parts ensures reliable power supply operation

In addition to the standard qualification tests employed for all Pl devices, PowiGaN based product
qualification includes additional DOPL and HALT testing to confirm an extra degree of survivability for
these devices in worst case (real-world) conditions. As part of the PowiGaN development process,
unique and proprietary wafer level, die level and final-test level GaN-specific screening tests have
been created to ensure device continuity and reliability.

Figure 7 DOPL stress-test board used for PowiGaN InnoSwitch3 device qualification testing
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Pl switcher devices operate at the highly variable range of mains voltage levels encountered in the off-
line power conversion applications worldwide. Voltage stress on the primary switch in a flyback power
supply is a combination of the rectified line voltage (Vg5 the output reflected voltage (VOR) - the
output voltage reflected across the turns-ratio of the power transformer, and the voltage induced by
the leakage inductance of the transformer primary winding (V ;). In a typical flyback design the worst
case voltage stress under normal operation occurs at maximum line voltage (264 VAC for European
systems). Figure 8 shows the approximate magnitude of the different components compared to the
voltage rating of a PowiGaN primary switch.
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Figure 8  Voltage stress on the primary switch of an offline flyback power supply operating at 264 VAC. VOR is dependent on
output voltage (Vs) and transformer design (for more information see appropriate data sheet and follow guidelines
described in the Pl Expert design software suite). All InnoSwitch3 families and LYTSwitch-6 devices monitor BUS
voltage via the V pin and will interrupt switching to eliminate VOR and V,; voltage-stress components during line
surges.

Power supplies attached to mains may also experience line surges and swells, and to address this,
two voltage ratings are provided for the PowiGaN switch, enabling the power supply engineer to
optimize the power supply design for practical applications. The Vywon repermvey Fating (750 V)
describes the maximum voltage-withstand under transient, swell and surge conditions. PowiGaN-
based parts are 100% production tested at voltages in excess of the Vyuywon reperimvey limit to ensure
operational reliability. This parameter is employed for derating purposes in the power supply design
in the same way as the “abs-max” BVDss rating for a traditional MOSFET is used. The maximum
continuous voltage (Vyaxcontinuous) Parameter describes the stress that may be applied continuously
to the GaN switch. For PowiGaN devices this figure is 650 V. Operation above this limit will not damage
the device, but repeated exposure to higher voltages may cause temporary Ry shift beyond the
limits described in the datasheet. InnoSwitch products are provided with a fast line-over-voltage
protection feature—they will cease switching to protect themselves should line voltage exceed a user-
defined limit, ensuring that all of the 750 V of maximum voltage rating is available during transients.

The technology used in the PowiGaN-based InnoSwitch3, InnoSwitch3-Pro and LYTSwitch-6 is
effective, reliable and easy to use. As a material for power semiconductors, GaN enables devices that
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GaN-Based Primary-Side Power Switches Extend the Power Range of InnoSwitch™3 IC Families

behave much closer to an “ideal switch” than contemporary Silicon. The exceptional performance
results of PowiGaN-based devices that the technology will be increasingly utilized in Pl device-families
moving forward

While this report is updated periodically, it is appropriate to check for latest updates on the Pl website
(www.power.com/GaN).

www.power.com 12/13


https://www.power.com/?utm_campaign=BridgeSwitchWP&utm_medium=referral&utm_source=PI&utm_content=WhitePaper&utm_term=Motor+BridgeSwitch+BLDC+PI+EN
http://www.power.com/GaN

WORLDWIDE SALES SUPPORT LOCATIONS

WORLD HEADQUARTERS

5245 Hellyer Avenue
San Jose, CA95138 USA

Phone +1408 414 9200
Fax +1408 4149201

Customer Service

Phone  +1408 4149520
Email usasales@power.com

AMERICAS - EAST

7360 McGinnis Ferry Road, Suite 225
Suwanee, GA 30024 USA

Phone  +1678957 0724
Email usasales@power.com

AMERICAS - CENTRAL

3100 Dundee Road, Suite 204
Northbrook, IL 60062 USA

Phone +1 8477216293
Email usasales@power.com

CHINA (SHANGHAI)

Room 1601-1603, Charity Plaza
No. 88 North Caoxi Road
Shanghai, China 200030

Phone +86 021 6354 6323
Email chinasales@power.com

CHINA (SHENZHEN)

17/F, Hivac Building, #2
Keji South 8th Road, Nanshan District
Shenzhen, China 518057

Phone  +86 7558672 8689
Email chinasales@power.com

GERMANY (AC-DC / LED SALES)

Einsteinring 24
85609 Dornach / Aschheim
Germany

Phone +49 89 5527 39100
Email eurosales@power.com

P = NI

s motor drivers

GERMANY (GATE DRIVERS SALES)

HellwegForum 1
59469 Ense
Germany

Phone +49 29 3864 39990
Email gate-drivers.sales@power.com

INDIA (BANGALORE)
Bangalore 560052 India

Phonel +918041138020
Phone2 +918041138028
Email indiasales@power.com

INDIA (MUMBAI)

Unit 106-107, Sagar Tech Plaza-B
Sakinaka, Andheri Kurla Road
Mumbai-400072, Maharashtra, India

Phonel +912240033700
Phone2 +912240033600
Email indiasales@power.com

INDIA (NEW DELHI)

#45, Top Floor

Okhla Industrial Area, Phase-lIII
New Delhi, India

Pin-110020

Phonel +911140552351
Phone2 +911140552353
Email indiasales@power.com

ITALY

Via Milanese 20
20099 Sesto San Giovanni (MI)

Italy

Phone +39 0245508708
Email eurosales@power.com
JAPAN

Yusen Shin-Yokohama 1-chome Building
1-7-9, Shin-Yokohama, Kohoku-ku,
Yokohama-shi, Kanagawa

Japan 222-0033

Phone +81454711021
Email japansales@power.com

KOREA

Room 602, 6th Floor, #22
Teheran-ro 87-gil, Gangnam-gu
Seoul 06164, Korea

Phone  +82220166610
Email koreasales@power.com

SINGAPORE

51 Newton Road
#20-01/03 Goldhill Plaza
Singapore 308900

Phone +656358 2160
Customer Service

Phone +65 6356 4480
Email singaporesales@power.com

SWITZERLAND

Johann-Renfer-Strasse 15
2504 Biel/Bienne, Switzerland

Phone +41 32 344 47 47
Email gate-drivers.sales@power.com

TAIWAN

5F, #318, NeiHu Road, Section 1
Neihu District
Taipei, Taiwan 114, ROC

Phone +886 2 26594570
Email taiwansales@power.com

UNITED KINGDOM

Building 5, Suite 21
The Westbrook Centre
Milton Road, Cambridge CB4 1YG

Phone +44 7823 557484
Email eurosales@power.com

Power Integrations, the Power Integrations logo, BridgeSwitch, CAPZero, ChiPhy, CHY, DPA-Switch, EcoSmart, E-Shield, eSIP, eSOP, FluxLink, HiperPLC, HiperPFS,
HiperTFS, InnoMux, InnoSwitch, Innovation in Power Conversion, InSOP, LinkSwitch, LinkZero, LYTSwitch, SENZero, TinySwitch, TOPSwitch, PI, Pl Expert, SCALE,
SCALE-1, SCALE-2, SCALE-3, SCALE-iDriver and SCALE-iFlex are trademarks of Power Integrations, Inc. Other trademarks are property of their respective companies.
©2019, Power Integrations, Inc.

W005


https://www.power.com/?utm_campaign=BridgeSwitchWP&utm_medium=referral&utm_source=PI&utm_content=WhitePaper&utm_term=Motor+BridgeSwitch+BLDC+PI+EN
mailto:koreasales%40power.com?subject=
mailto:singaporesales%40power.com?subject=
mailto:gate-drivers.sales%40power.com?subject=
mailto:taiwansales%40power.com?subject=
mailto:eurosales%40power.com?subject=
mailto:gate-drivers.sales%40power.com?subject=
mailto:indiasales%40power.com?subject=
mailto:indiasales%40power.com?subject=
mailto:indiasales%40power.com?subject=
mailto:eurosales%40power.com?subject=
mailto:japansales%40power.com?subject=
mailto:usasales%40power.com?subject=
mailto:usasales%40power.com?subject=
mailto:usasales%40power.com?subject=
mailto:chinasales%40power.com?subject=
mailto:chinasales%40power.com?subject=
mailto:eurosales%40power.com?subject=

