EISHARE

AS8864EM

Integrated D-GaN HEMT Offline Current-Mode Controlled Power Switch

Features

® 4ms Soft Start

Less than 75SmW Standby Power
Frequency Shuffling for EMI

Audio Noise Free Operation

Fixed 118KHz Switching Frequency
Low VDD Start-up Current and Low

Operating Current

Leading Edge Blanking on Current Sense

Input

® VDD Over Voltage Clamp and Under
Voltage Lockout with Hysteresis (UVLO)

® Line Input Compensated Cycle-by-Cycle
Over-Current Threshold Setting For
Constant Output Power Limiting Over
Universal Input Voltage Range

® Over Load Protection(OLP)

® Over Voltage Protection(OVP)

® Package type ESOP-7

Typical Application

® USB QC/PD

® PD charger

® PDA Power Supply

® VCR,SVR, STB, DVD&DVCD Player
SMPS
Set- Top Box Power

Auxiliary Power Supply for PC and Server

General Description

The AS8864EM is a high-performance power
switch designed for offline flyback power
supplies, featuring an integrated D-GaN HEMT,
suitable for solutions with power up to 45W. The
chip operates in frequency hopping mode when
the system output is no-load, in PFM (Pulse
Frequency Modulation) mode during light to
medium load conditions, and at a maximum
constant operating frequency under heavy load.
The startup current and operating current of the
AS8864EM are set relatively low to reduce power
consumption during standby. The chip
incorporates a slope compensation circuit to avoid
subharmonic oscillation and improve system
stability. It also includes a leading-edge blanking
time feature to eliminate the impact of diode
reverse recovery current in the buffer network on
the circuit. The chip is equipped with a frequency
jitter function, effectively enhancing the system's
EMI performance. The minimum operating
frequency is set above the audio range, preventing
the system from generating noise during operation.
The AS8864EM integrates multiple protection
features, including cycle-by-cycle current limit
protection (OCP), over-voltage protection (OVP),
VDD over-voltage clamping, under-voltage
lockout (UVLO), and over-temperature protection
(OTP). The internal totem-pole drive structure
further enhances the system's EMI characteristics

and soft-start control of the switch.
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Typical Application Circuit
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Pin Assignment & Description

Pin Assignment
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Pin Description

Pin q A
Number Pin Name /O Description

1 VSS P The Ground of the IC

2 VDD I IC Power Supply Pin
Feedback pin. The loop regulation is achieved by connecting a photo-coupler to

3 FB I this pin. PWM duty cycle is determined by this pin voltage and the current sense
signal at Pin 4.

4 CS I Current Sense Input Pin

5 NC / /

6 S I The internal test pin is recommended to be connected with CS pin and 2M
resistor for potential balance

7 DRAIN I D-GaN HEMT DRAIN Pin

Exposed Pad I Conpgcted to’ the .S pin, it can be connected to the PCB to lay copper as an
auxiliary heating aid

Marking Information

X: Internal identification
Y: Y--year

M: Month

XXXX: Trace Number
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Ordering Information

Part Number Description

AS8864EM ESOP-7, Pb free in T&R, 5,000pcs./Reel

Absolute Maximum Ratings(Note 1)

Parameter Parameter Range Unit
Supply Voltage (VCC) -0.3 to 58.5 \%
VDD DC Clamp Current 10 mA
VbDs max: The maximum drain-source voltage of the power transistor 700 v
Vs wansient:  Transient voltage between the drain and source of the power transistor 800 A%
FB pin Voltage (FB) -0.3~7 \Y
CS pin voltage (CS) -0.3~7 v
Lead Temperature (10s) 260 °C
Thermal Resistance-Junction to Ambient(ESOP-7) 31.4 °C/W
Operating Junction Temperature -55~150 °C
Storage Temperature Range -55~150 °C
VESD_HBM 2,000 A%
VEsD MM 200 \'%

Notel: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Exposure to Absolute
Maximum Rating conditions for extended periods may affect device reliability .

Recommended Operation Conditions

Parameter Value Unit
Supply Voltage, Vop 9to 50 v
Operating Ambient Temperature -40 to 85 °C

Electrical Characteristics (TA= 25°C, VDD=16V, if not otherwise noted)

Symbol Parameter Test Conditions Min Typ | Max | Unit
Supply Voltage Section (VDD Pin)

Ipp st Start-up current into VDD pin Vpp=14.5V 5 20 pA
Ivpp_op Operation Current V=3V 1.6 mA
Vbb ON VDD Under Voltage Lockout Exit 19.5 21 22.5 v
Vbb_OFF VDD Under Voltage Lockout Enter 6.5 7.2 8 v
Vbp_ove VDD OVP Threshold Ves=0V ,Vis=3V 56 58.5 61 v

Feedback Input Section (FB Pin)
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VB open | FB Open Voltage 5 v
IFB short FB Short Circuit Current Short FB Pin to GND, 0.3 mA
- Measure Current
V1H_op FB threshold voltage at 0 duty cycle 0.8 A%
Vit L Power Limitation FB Threshold 37 v
- Voltage
Tp pL Limit the anti-jitter time 50 ms
ZFB IN FB Input Impedance 4 kQ
Vskip FB Under Voltage Gate Clock is OFF 2.2 A%
Current Sense Input Section (CS Pin)
Soft Start
. 4 ms
Time
TiLe CS Input Leading Edge Blanking Time 270 ns
Zcs IN CS Input Impedance 40 kQ
Ves(max) Current limiting threshold 0.78 0.8 0.83 v
Over Current Detection and
To_oc Control Delay 120 ns
Oscillator Section
Fosc Normal Oscillation Frequency 108 118 128 kHz
AFs;iiﬂe) Frequency Shuffling Range -4 4 %
AF Temp | Frequency temperature stability 5 %
AF_VDD | The stability of frequency and voltage 5 %
Dwmax Maximum Switching Duty Cycle Ves=0V ,Vig=3.3V 70 80 90 %
Foust Burst Mode Base Frequency 22 kHz
Constant Current (CC) & Constant Power (CP) control of intelligent switch
Veeev Switch Vpp limiting threshold 9 10
Vhys Switching Vpp hysteresis 0.5
Power MOSFET Section (DRAIN Pin)
Vis_max Maximum Drain-Source Voltage Vgs=-25V 700 v
I Continuous drain-source current Tj=150C 6.3 A
Rpson) Drain-source on-resistance Vgs=0V,Ids=3A,Tj=25C 0.4 0.48 Q
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Applications Information
Functional Description

AS8864EM is an integrated D-GaN HEMT high-performance power switch designed for off-line flyback
power supplies. It is suitable for applications such as fast charging, motor drive power supplies, power

adapters, and general-purpose switching power supplies.

System startup current and operating current

Before the chip starts to operate, the AS8864EM only consumes a startup current with a typical value of
5uA. The ultra-low startup current can help increase the resistance value of the startup resistor, aiming to
reduce the current flowing through the startup resistor from the DC bus and the standby power consumption.
When the VDD voltage exceeds the turn-on voltage (a typical value of 14.5V), the AS8864EM starts to
operate and the operating current of the chip rises to 1.6mA (a typical value). After that, the VDD capacitor
continuously supplies power to the chip until the output voltage is established, and then the auxiliary

winding supplies power to the chip.

Soft start

The AS8864EM has an internally integrated soft-start function with a typical value of 4ms. This function is
achieved by gradually increasing the over-current protection threshold cycle by cycle during the startup
phase. This is beneficial for avoiding the saturation of the transformer and reducing the stress on the

secondary side diodes. Each system restart will be accompanied by a soft-start process.
Oscillator with frequency dithering function

Inside the AS8864EM, the PWM switching frequency is strictly fixed at 118kHz through calibration. To
improve the system's EMI performance, the chip is equipped with a frequency dithering function within a
+4% range.

Green energy - saving operation mode

In light - load and no - load conditions, the system's losses mainly come from the switching losses that are
proportional to the switching frequency. Therefore, to meet the requirements of green energy - saving, it is
necessary to reduce the number of switching cycles by means of hiccup mode or reducing the switching

frequency to improve the system's average operating efficiency.
Hiccup mode

When the load is extremely small, the system enters the hiccup mode. Under light - load or no - load

conditions, most of the power consumption in the switching - mode power supply comes from the switching
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losses on the D - GaN HEMT, the core losses of the transformer, and the losses on the snubber circuit. The
power loss is proportional to the switching frequency. A lower switching frequency leads to a reduction in
power loss, thus saving energy. The switching frequency is internally adjusted under no - load or light - load
conditions. The gate drive output will only switch when the VDD voltage drops below the preset level and
the FB input is active to output an on - state. Otherwise, the gate driver remains in the off - state to minimize
switching losses and maximize standby power savings.The switching frequency control also eliminates

audio noise under any load conditions.
Leading - edge blanking (LEB)

Due to the problems of the integrated capacitance of the primary - side D - GaN HEMT and the reverse
recovery of the secondary - side output diode, a voltage spike is generated on the sampling resistor when the
integrated D - GaN HEMT is turned on. To prevent the GATE signal from being incorrectly turned off, the
chip integrates a leading - edge blanking function. During this period (typically 270ns), the PWM

comparator stops working and the GATE output is not allowed to turn off.
Internal synchronous slope compensation

For traditional current - mode control, the key is to avoid system stability problems when the duty cycle
exceeds 50% in continuous mode. The AS8864EM internally implements slope compensation by
superimposing a slope voltage on the sampled voltage signal, which greatly increases the system's stability

in continuous mode, avoids sub - harmonic oscillations, and reduces the output voltage ripple.
VDD over - voltage protection (OVP) and clamping

When the VDD voltage exceeds 58.5V (typical value), the chip stops switching operations. When the VDD
voltage drops and is lower than the turn - off voltage Vuvio on (typical value 7.5V), the system restarts. The

chip also integrates a Zener diode, which effectively prevents damage to the chip.
Soft drive

The drive circuit of the AS8864EM, through its internal totem - pole drive structure, appropriate gate drive
capability, and dead - time control, effectively reduces the cross - over losses during the turn - on process,
improves efficiency, and enhances the system's reliability. The soft - drive function balances the problem of

strong EMI interference that may occur when the gate drive capability is too strong.
Protection functions

The AS8864EM has multiple built - in protections, including cycle - by - cycle current - limit protection
(OCP), over - voltage protection (OVP), VDD over - voltage clamping, under - voltage protection (UVLO),

over - temperature protection (OTP), etc.
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The AS8864EM has a built - in line - voltage compensation function for the current - limit point. Through a
specially designed circuit structure, it can ensure that the current - limit point remains constant within the

full operating voltage range, thus ensuring constant power.
PCB Design suggestions

® [t is recommended that the photocoupler power supply resistor should not pass through the hole, and the

distance from the positive terminal wiring should be as short as possible.

® [t is recommended to reserve a capacitor position in the first foot of light lotus power supply.
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Package Dimension
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max | 1.25 |0.25 |6.40 |4.10 |6.10 |1.35 | 1.80 |2.68 |0.45 |1.45 |0.70 | 1.15 |0.80 0.20

mn | typ [1.15 |0.20 [6.20 |3.90 |6.00 [1.30 [1.75 [2.63 |0.40 |1.40 |0.65 | 1.05 / i
min |1.05 [0.15 |6.00 [3.70 |[5.90 |1.25 [1.70 |2.58 [0.35 [1.35 |0.60 | 0.95 |o0.40 0 )
max | 49 | 10 | 252 |161 |240 | 53 | 71 |06 | 18 [ 57 | 28 45 31 8 v
mil | typ | 45 8 |244 | 154 | 236 | 51 | 69 | 104 | 16 | 55 | 26 41 / !
min | 41 6 |236 |146 | 232 | 49 | 67 | 102 | 14 | 53 | 24 37 16 0
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Revision History

Date Revision Description
2024/10/17 1.0 Initial Version
2025/5/15 1.1 Update the content description
Disclaimer

Information that is provided by A-share Tech. is believed to be accurate and reliable. A-share Tech.
reserves the right to make any change in circuit design, specification or other related things if
necessary without notice at any time. No third party intellectual property infringement of the
applications should be guaranteed by users when integrating A-share Tech. products into any
application. No legal responsibility for any said applications is assumed by A-share Tech.
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