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THE AP3776B IS NOT RECOMMENDED FOR
NEW DESIGNS.
PLEASE USE THE AP3190T.

@y,

Lead-free Green

AP3776B

LOW POWER OFF-LINE PRIMARY SIDE REGULATION CONTROLLER

Description

Pin Assignments

The AP3776B is a high-performance AC/DC power supply controller
for battery charger and adapter applications. It can meet less than
10mW standby power for “Super Star’ charger criteria. The device
uses pulse frequency modulation (PFM) method to build
discontinuous conduction mode (DCM) flyback power supplies.

The AP3776B provides accurate constant voltage (CV), constant
current (CC) and outstanding dynamic performance without requiring
an optocoupler. It also eliminates the need of loop compensation
circuitry while maintaining stability.

The AP3776B achieves excellent regulation and high average
efficiency, less than 10mW no-load power consumption and less than
1s startup time. When AP3776B is used with AP4341, APR343 or
APR3415, good under-shoot performance and higher conversion
efficiency can be achieved.

The AP3776B is available in SO-8 package.

Features

e  Primary Side Control for Eliminating Optocoupler

e  10mW No-load Input Power

e  Compensation for External Component Temperature Variations

. Flyback Topology in DCM Operation

. Random Frequency Adjustment to Reduce System EMI

. Semi-valley Turn on for the Higher Efficiency.

. Built-in Soft Start

e  Overvoltage Protection

e  Overtemperature Protection

e  Short-Circuit Protection

. AP4341, APR343.0or APR3415 Awaking Signal Detection

e  Audio Noise Reduction

e Internal Cablesx€ompensation

e SO-8 Package

e Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)

e _Halogen and Antimony Free. “Green’” Device (Note 3)

o For automotive applications requiring specific change
control (i.e. parts qualified to AEC-Q100/101/104/200, PPAP
capable, and manufactured in IATF 16949 certified facilities),
please contact us or your local Diodes representative.
https://www.diodes.com/quality/product-definitions/
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Applications

o Adapters/chargers for shavers, cells/cordless phones, PDAs,
MP3s and other portable apparatus
. Standby and auxiliafy power supplies

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.
2. See https://lwww.diodes.com/quality/lead-free/ for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green" and

Lead-free.

3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and

<1000ppm antimony compounds.
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Typical Applications Circuit

AP3776B
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Typical Application of AP3776B withy)AP4341 (Vour =5V/1A or 2A)
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Typical Application of AP3776B with APR343 (Vout = 5V/2A or 2.4A)
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Typical Applications Circuit (continued)
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Typical Application offARP3776B with APR3415 (Mout =)5V/2A or 2.4A)

Pin Descriptions

Pin Number Pin.Name Function
1 1S Primary currentisensing
2 EM Connectedto the source of external power MOSFET
3 VCC Power supply
4 ouT Driving the base of external power MOSFET
5 GND Ground
6 VCS Current sensing voltage
7 CPC Connecting a capacitor for output cable compensation
8 FB Voltage feedback
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Functional Block Diagram
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Absolute Maximum Ratings (Note 4)

Symbol Parameter Rating Unit
Vce Voltage at VCC to GND -0.3t0 28 \%
- Voltage at OUT, EM to GND -0.3t0 23 \%
- Voltage at IS, VCS, CPC to GND -0.3to 7 \%
- FB Input -40 to 10 \%
- Output Current at OUT Internally limited A
Ts Operating Junction Temperature +150 °C
TstG Storage Temperature -65 to +150 °C
TLEAD Lead Temperature (Soldering, 10 Sec) +300 °C

6 Thermal Resistance Junction-to-Ambient 190 °C/W
Human Body Model 6000 \Y
ESD Efg;gi:jﬁc Discharge Charged Device/Model 2500 \
Machine Madel 200 \

Note: 4. Stresses greater than those listed under Absolute Maximum Ratings can cause permanent damageto the device. These are stress ratings only, and

functional operation of the device at these conditions is not implied."Exposure tayAbsolute Maximum Ratings for extended periods can affect device

reliability.

Electrical Characteristics (@Ta = +25°C, Mee= 15V, unless otherwise'specified.)

Symbol Parameter Conditions Min Typ Max Unit
UVLO SECTION
VTH(ST) Startup Threshold — 11 13 14
Vopr(Min) Minimal'©perating Voltage Afterturning on 5.3 6.1 7.0 Y
STANDBY CURRENT SECTION
IsT Startup Current Vee= VTH(_ST)-lv' 0 0.2 0.6
Before turning on
lcc(STB) Standby Mode Quiescent Current g:)a:]od?y?\;gdfr pin, 60 100 130 LA
lec(QST) Normal Mode Quiescent Current EZ:;:Z? ;L::T pin, 160 280 330
CURRENT,SENSE SECTION
Vcs Current Sense Threshold (Note 5) - 425 450 465 mV
tLEB Leading Edge Blanking (Note 6) - 300 500 700 ns
FEEDBACK INPUT SECTION
RrB Input Resistance of FB Pin VFB = 4V 0.5 0.7 0.9 MQ
VFB Feedback Threshold Voltage - 3.64 3.7 3.76 \%
LINE COMPENSATION SECTION
gm Line Compensation Transconductance B 0.55 0.7 0.85 uS
(Note 7)
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Electrical CharacteristiCs (@Ta=+25°C, Vcc = 15V, unless otherwise specified.) (continued)

Symbol Parameter Conditions Min Typ Max Unit
CABLE COMPENSATION SECTION
AVes _cABLE/VFB % Cable Compensation Voltage - 2 3 4 %
DRIVE OUTPUT SECTION
VGATE_CLAMP Gate Clamp Voltage Vce =20V, CL= 1nF - 14 16 \Y
ISOURCE Source Current - 55 67 80 mA
IsINK Sink Current - 400 500 600 mA
torr(MAX) Maximum Off Time - 15 19 30 ms
DYNAMIC FUNCTION SECTION
to Delay Time for Dynamic Function - 100 140 220 ps
VTRIGGER Trigger Voltage for Dynamic Function - 60 100 120 mV
PROTECTION SECTION
tonp(MAX) Maximum On-Time of Primary Side - 16 25 40 ps
Ves(OVP) Overvoltage Protection — 6.5 7.5 8.5 Y,
VEB(SCP) Short-Circuit Protection - 2.38 2.50 2.62 Y,
- Overtemperature Protection (Note 8) Junction Temperature +110 +130 +150 °C
- Temperature Hysteresis (Note 8) - - +20 - °C

N
7. Line compensation voltage on CSpin: A Ve = V) pe ot

er switch turh-on time.

N

PRI

Notes:

6. The minimum pow:

8. Guaranteed by designs
AP3776B

Document number: DS36737 R
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RIG + R17

5. Vcs is an equivalent parameter tested in‘closed loop to ensure the preciseieonstant current.

R17 'gm'R5
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Performance Characteristics

Start-up Threshold vs. Temperature Start-up Current vs. Temperature
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Function Description

Operation Description
1. Startup Circuit
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Figure 1. The AP3776B:Startup Circuit

Figurel (a) shows the startup phase
. Before Vcc reaches VTH(ST), Vop is zero and EM to ISypintis.open.
. C3is charged by Isource.
. The resistance of R13 and R15 should be big enough to reduce the powendissipation.

Figurel (b) shows the normal operation phase
*  When Vcc reaches VTH(ST), Vopis high and EM to IS pin is short:
*  The voltage of EM pin is lowerthan 4V so'that the four diodes in'chip are open.
. C3 is supplied by Aux. windingrof transformer.

2. Operation Mode

The typical application circuit of AR3776B is a conventional flyback converter with a 3-winding transformer---primary winding (Np), secondary
winding (Ns) and auxiliary winding (Naux), as shown in‘the figure of Typical Application of AP3776B with AP4341. The auxiliary winding is used
for providing VCC supply-voltage for IC and sensing the output voltage feedback signal to FB pin.

Figure 2 shows the typical waveforms whichydemonstrate the basic operating principle of AP3776B application. And the parameters are defined
as following.
. Ip=--Therprimary side current
O Is=--The secondary side current
. Ipk---Peak value of primary side current
. Ipks---Peak value of secondary side current
. Vsec---The transient valtage at secondary winding
. Vs---The stable voltage at secondary winding when rectification diode is in conducting status, which equals the sum of output voltage
Vourt and the forward voltage drop of diode
*  Vaux---The transient voltage at auxiliary winding
. Va--- The stable voltage at auxiliary winding when rectification diode is in conducting status, which equals the sum of voltage Vcc and
the forward voltage drop of auxiliary diode
*  tsw---The period of switching frequency
*  tonp ---The conduction time when primary side switch is “ON”
. tons ---The conduction time when secondary side diode is “ON”
. torr ---The dead time when neither primary side switch nor secondary side diode is “ON”
. torFs --- The time when secondary side diode is “OFF”
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Function Description (continued)
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Figure 2. The Operation Waveform of Flyback PSR&System

For primary-side regulation, the primary current ip(t) is sensed'by a current sense resistor Rcs (R5, R6 as shown in Typical Application of
AP3776B). The current rises up linearly at a rate_of:

dip(t) _ Vin(t) 1)
dt L,

As illustrated in Figure 2, when theé currentip(t) rises up to Ik, the switch Q1 turns off. The constant peak current is given by:
Ves @

I =
PK R
Cs

The energy stored in the'magnetizing inductance Lm each eycle is therefore:

Eg:%xLM-IPKZ ©)

So the power transferring from the input to the output is given by:

P:%XLMXIPszfSW 4)

Where, the fsw is the switching frequency. When the peak current Ipk is constant, the output power depends on the switching frequency fsw.
The maximum frequency for AP3776B system is about 84kHz.

Constant Voltage Operation
As to constant voltage (CV) operation mode, the AP3776B detects the auxiliary winding voltage at FB pin to regulate the output voltage. The
auxiliary winding voltage is coupled with secondary side winding voltage, so the auxiliary winding voltage at secondary rectification diode D1
conduction time is:

N
Vaux = ’\?UX ><(VOUT +Vd) ®

S

Where the Vd is the diode forward voltage drop.
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Function Description (continued)

Tsample

‘ Tons

Figure 3. Auxiliary Voltage Waveform

The voltage detection point is at 2/3 of the D1 on-time. The voltage detection paint is changediwith the different primary peak current. The CV
loop control function of AP3776B then generates a D1 off-time to regulate the@utputvoltage:

Constant Current Operation
The AP3776B can work in constant current (CC) mode. Figure 2 shows the secondary currentiwaveforms.

In CC operation mode, the CC control loop of AP3776B will keep afixed proportion between D1 on-time Tons and D1 off-time Toffs. The fixed
proportion is

Tons _4 (6)

Toffs 4

The relationship between the output current,and secondary peak current Ipks,is‘given by:
1 Tons @

| ==x X—
T 2 " TP T Tons + Toffs

As to tight coupled primary and secondary winding, the secondary, peak'current is
N (®)

| =—x|
PKS PK
N

Thus the output’constant-current is givendy:
1 N; Tons 2 N Ny

| ==X X X
T 20 Ny ™ JTons +Toffs

9

—L x|
8 N Y PK
Therefore, AP3776B can realize CC'mode/peration by constant primary peak current and fixed diode conduction duty cycle.

Multiple Segment Constant Peak Current
As to the original PFM PSR system, the switching frequency decreases with output current decreasing, which will encounter audible noise issue
since switching frequency decrease to audio frequency range, about less than 20kHz.

In order to avoid audible noise issue, AP3776B uses 3-segment constant primary peak current control method. At constant voltage mode, the
current sense threshold voltage is multiple segments with different loading, as shown in Figure 4, which are Vcs n for high load, Vcs_wm for
medium load and Vcs_L for light load. At constant current mode, the peak current is still Vcs_H. As to no load and ultra light load condition (LL
mode), the current reference is also Vcs_L. But the LL mode operating is different, which will be described in next section.

It can be seen from the following Figure 4 that with multiple segment peak current control, AP3776B power system can keep switching
frequency above 24kHz from light load to heavy load and guarantee the audible noise free performance.
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Function Description (continued)
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Figure 4. Multiple Segment Peak Current at CV ' Mode

3. TheLL Mode Operating (Typical Application with APR343)

At no load and light load, the AP3776B works in Low Light mode (LL mode).and the output/voltage is detected by APR343. In order to achieve
ultra-low standby power in LL mode, the static current (Icc_ni)'of the AP3776B,is reduced from 280pA to 100pA.

* The conditions of exiting LL mode---Vcpc>65mV or torr<tpeLAY+30us

* The conditions of entering LL mode---Verc<33mV,andtorr=tpeLav30us

In LL mode, when the APR343 detects the output voltagedis lower than its trigger voltage, the APR343 VDET pin emits a periodical pulse
current. This pulse current willigenerate a pulse voltage onfeedback winding through the transformer coupling. When the AP3776B detects this
VpuLse (>100mV is valid), primary switch immediately turnsion tayprovide one energy pulse to supply output terminal and primary Vcc. To
achieve low standby pewer, the lower, switching frequency is‘hecessary. But if the off time is too long, the VCC voltage will reduce to very low
level. To avoid Vcedeing lower than Vopr(Min), a minimum switching frequency is specified by the APR343 (tois). If Vout does not fall below
trigger voltage during tois, APR343 VDET pin will emit the periodical pulse current and let the primary switch turn on.

4. Leading Edge Blanking

When the ‘powenswiteh is turned on, a turn-on spike will occur on the sense-resistor. To avoid false-termination of the switching pulse, a 500ns
leadingyedge ‘blanking (from power MOSFET on) is built in. During this blanking period, the current sense comparator is disabled and the gate
driver'can’t be switched off.

5.  Adjustable Line Compensation

Since there is a constant delay time from the CS pin voltage reaching the given Vcs reference to the power MOSFET turning off, the real
primary peak current value always has a gap with the ideal value. The gap value changes with different input line voltage, which is caused by
different current rising slope, results in different system constant current value.

In order to eliminate the constant current deviation due to line voltage, the adjustable line compensation is introduced to AP3776B design. By
sensing the negative voltage of FB pin which is linear to the line voltage, a current (ILiNne) proportional to line voltage flows out from the CS pin to
the resistor RLINE, and create an adjustable compensation voltage to clear up the primary current gap, so that the excellent line regulation of
output current will be achieved.

vV 1 Ree. . N oy RY2

=R " ZAnL indc
700k Regs +Reg, N,

CS_LINE LINE *
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Function Description (continued)

Vaux

Figure 5. Adjustable Line Compensation Circuit

6. Fixed Cable Compensation
As we know, CPC voltage reflects the power system loading percentage: By introducing a rising yoltage, which is linear to CPC voltage, to the
FB reference voltage, AP3776B can realize the fixed cable compensationte match,the voltage drop,atutput cable.

Protection

1. FB Overvoltage Protection (OVP)

When the voltage of FB pin exceeds Vrs(OVP) at Tons period, AP3776B immediately shuts down for torr(MAX) and then detects the FB
voltage again to see if VF(OVP) condition is removed! The Vcc voltage will drop during the torr(MAX). When Vcc is still higher than Vopr(Min)
after torr(MAX), and Vre(OVP) condition is removed, the, IC.will enter normal operating mode; but if VFg(OVP) condition is not removed,
AP3776B will remain shutdown and wait for another torr(MAX). WhentV.cc drops to Vopr(Min) during the torr(MAX), AP3776B will enter the
restart mode, and VCC voltage changes between VTH(ST) and Vorr(Min)untibVre(OVP) condition is removed.

2. Open-Circuit Protection (OCKP)
If the down resistance of FB pin‘short or upiresistance open, there will be no voltage on FB pin, so the sample signal can’t be monitored, and
the OCKP protection will be triggered. The,protection operating process is the same as overvoltage protection process.

3. Short-Circuit Protection (SCP)

Short-Circuit Protection (SCP) detection principle is similarito the normal output voltage feedback detection by sensing FB pin voltage. When
the detected EB"pimyoltage is,below Vrg(SCP) for a duration of about torr(MAX), the SCP is triggered. Then the AP3776B enters hiccup mode
that the IC immediately shuts down and then restarts, so that the VCC voltage changes between VTH(ST) and Vopr(Min) until Vrs(SCP)
conditionis removed.

As to the‘normal system startup, the timeduration of FB pin voltage below Ves(SCP) should be less than torr(MAX) to avoid entering SCP
mode. But for the output Shert condition or the output voltage below a certain level, the SCP mode should happen.

Figure 6 shows the AP3776B normal startup waveform. If the voltage of FB pin reaches above Vrgscr) during torr(MAX) after Vcc gets to the
VTH(ST), the IC doesn’t enter the SCP mode. Figure 7 shows that Vour is short and the voltage of FB pin is lower than Vrgsce) during
torr(MAX), then the AP3776B triggers the SCP and enters the hiccup mode.
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Function Description (continued)
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Figure 7,Short-Circuit Protection (SCP) and Hiccup Mode

4. Rcs Short Protection

When the primary side current sense resistance isyshorted, the primary side current rapidly increases, and the transformer saturates, which leads
to some components’ damage. The AR3776B draws in the Rcs short protection to avoid the damage. If the voltage of CS pin is smaller than 0.15V
at the primary side maximum onstime tonp(MAX), the Rcs short protection is triggered, and the AP3776B immediately shuts down, and then
restarts.

5. Overtemperature Protection (OTP)
When the IC junction temperature exceeds the thermal shutdown temperature threshold of +130°C, the device shuts down immediately. Retry is
allowed if junction temperature reduces by hysteresis temperature value.
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Ordering Information

AP3776B X X‘L( - )_(|X
| |
Product Name Package Packing RoHSIGreen
M : SO-8 TR : Tape & Reel Gl : Green
Orderable Part Number Marking ID Temperature Range Package o Packing v
AP3776BMTR-G1 3776BM-G1 -40 to +85°C S0-8 4000 Tape & Reel
Marking Information
(Top View)

iHAA

AP3776B

£0\3776BM

-G1

o YWWAXX

Document number: DS36737 Rev. 7 - 3

HH H

3776BM-G1: Marking ID
Third,Line: Date Code
Y: Year

WW.: Work Week of Molding

A: Assembly House Code

XX:47t and 8t Digits of Batch No.
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Package Outline Dimensions (Al dimensions in mm(inch).)

Please see http://www.diodes.com/package-outlines.html for the latest version.
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Note: Eject hole, oriented hole and mold mark is optional.
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Please see http://www.diodes.com/package-outlines.html for the latest version.

(1) Package Type: SO-8

Grid
placement
courtyard
G Z
Y
E X
. . z G X Y E
Dimensions . . : . .
(mm)/(inch) (mm)/(inch) (mm)/(inch) (mm)/(inch) (mm)/(inch)
Value 6¢900/0.272 3.900/0.154 0.650/0.026 1.500/0.059 1.270/0.050
AP3776B 16 of 17

Document number: DS36737 Rev. 7 - 3

www.diodes.com

August 2024

© 2024 Copyright Diodes Incorporated. All Rights Reserved.


http://www.diodes.com/

o AP3776B

1 N €C O RPORATED

IMPORTANT NOTICE

1. DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH
REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY
RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products
described herein and application examples. Diodes does not assume any liability arising out of the application or use of this document or any
product described herein. This document is intended for skilled and technically trained engineering customers and_users who design with Diodes’
products. Diodes’ products may be used to facilitate safety-related applications; however, in all instances customers and users are responsible for
(a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of Diodes’ products for their,intended applications,
(c) ensuring their applications, which incorporate Diodes’ products, comply the applicable legal and regulatory requirements as well as safety and
functional-safety related standards, and (d) ensuring they design with appropriate safeguards (including testing; #alidation, quality control
techniques, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to minimize the risks associated with their
applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may, be provided by Diodes
from time to time. Any customer or user of this document or products described herein will“assume all risks and liabilities,associated with such
use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all damages and
liabilities.

4. Products described herein may be covered by one or more United States, international or foreign qatents and pending patent
applications. Product names and markings noted herein may also be covered by onefor more ‘United States, intefnational or foreign trademarks
and trademark applications. Diodes does not convey any license under any ef its intellectual propertyarights, or the rights of any third parties
(including third parties whose products and services may be described in this documentior on Diodes’.website) under this document.

5. Diodes’ products are provided subject to Diodes’ Standard Terms and Conditions of Sale
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document does not
alter or expand the applicable warranties provided by Diodes. Diodes does)not warrant or accepthany liability whatsoever in respect of any
products purchased through unauthorized sales channel.

6. Diodes’ products and technology may not bedused for. oriincorporated into any products or systems whose manufacture, use or sale is
prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any applicable laws or
regulations, or for any unintended or unauthorized application, customers and users will (@) be solely responsible for any damages, losses or
penalties arising in connection therewith or as aresult thereofsand (b) indemnify and hold Diodes and its representatives and agents harmless
against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any claim relating to any noncompliance with
the applicable laws and regulations, as wellas any unintended or unautherized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may contain
technical inaccuracies, omissions and typegraphical errors. Diodes does not warrant that information contained in this document is error-free and
Diodes is under no obligation tofupdate oriotherwise correct thisqdnformation. Notwithstanding the foregoing, Diodes reserves the right to make
modifications, enhancementsgimprovements, correctionsior other changes without further notice to this document and any product described
herein. This document is written indEnglish'but may be translated inte’multiple languages for reference. Only the English version of this document
is the final and determinative formatyreleased by Diodes:

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such
unauthorized use.

9. This Notice may be periodically updated, with the most recent version available at https://www.diodes.com/about/company/terms-and-
conditions/important-notice

The Diades logo is a registered trademark of Diodes Incorporated in the United States and other countries.
All other trademarks are the property of their respective owners.
© 2024 Diodes Incorporated. All,Rights Reserved.
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