S/IERGY

SY2A29705

Boost/Flyback Current Mode Controller

General Description

SY2A29705 is a fixed frequency and current mode
controller for Boost/ Flyback/Sepic topology. Typical
4ms internal soft-start time to force a controlled start-up
when start up or fault happened. UVLO. OCP and OTP

Features

e AEC-Q100-Grade 1: -40C ~125<C

e 5.0-11V Input Voltage Range

e 2% Accuracy for REF and FB Reference

e Typical 150-pA Starting up Current and 800-puA

protection are available to protect IC. Typical 150-pA
starting up current and 800-pA operating supply current

exclude MOS driving current. Flexible frequency and

minimum off time set by FS pin and up to 1 MHz
switching frequency. Up to 1A GATE sourcing and

sinking capability.

Ordering Information

Operating Supply Current Exclude MOS
Driving Current

Flexible Frequency and Minimum off Time Set
by FS Pin and up to 1 MHz Switching
Frequency

Cycle by Cycle Current Limit(1V) and over
Current Limit (1.5V) for ISEN

Typical 4ms Internal Soft Start and Fault Soft-
start(OCP. OTP. REF_UVLO. VIN_UVLO)

Package:SO8

SY2A297051(OC1 0O) . .
Applications
Package Code
Optional Spec Code
- Switch Mode Power Supplies (SMPS
Ordering Number Package Type Note : DC-to-DC Converters pplies ( )
SY2A29705FAP S08 | e e Power Modules
e  Automotive Power Supply Unit
o  Battery-operated Power Supply Unit
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Fig.1 Schematic Diagram (Boost Topology)
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Fig.2 Schematic Diagram (Flyback Topology)

Block Diagram
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Fig.3 Detailed Block Diagram
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Pinout (top view)

SY2A29705

comp[ 1] O 8 | REF

FB [ 2| [ 7 ] VIN
ISEN [3_| | 6 ] GATE
Fs [ 4| | 5 ] GND

—
(S08)

Top Mark: EUQxyz, (Device code: EUQ; x=year code, y=week code, z= lot number code)

Pin Name Pin Description

External compensation pin. Connect RC network from this pin to GND to compensate

COMP ! the control loop.

FB 2 Output voltage feedback pin. The output voltage reference is 2V.

Current sense pin. Connect an external current sensing resistor RSEN from this pin to
GND. The voltage on this pin is used to provide mosfet current feedback in the control
loop and peak current limit. The cycle-by-cycle peak current limit threshold and the
hiccup peak current limit threshold are 1V and 1.5Vrepectively.

ISEN 3

FS is used to set the oscillator frequency and minimum off time pin. Connecting a
resistor from REF to FS and a capacitor from FS to GND to set the frequency and
minimum off time. The frequency can be calculated as follow:

Krc

Rrc x Cre

fosc =

ES 4 | Where

* Kgc is the frequency coefficient Krc=1

* frequency is in Hz

* resistance is in Q

* capacitance is in farads

The recommended Rgc is between 10 k and 200 k, and Crc is 100 pF to 1000 pF.
Never use a resistor less than 10 k.

GND Ground Pin.

GATE GATE is the MOSFET driving pin. Connect to the gate of power MOSFET.

VIN Input supply pin. Decouple this pin to GND pin with at least 1uF ceramic capacitor.

0 (N|ov|on

4V Internal LDO output from VIN. A 100nF capacitor is recommended to be

REF connected from this pin to GND.
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Absolute Maximum Ratings (Note 1)

VIN, GATE

-0.3V to 12V

COMP, REF -0.3V to the lesser of VIN+0.3 / 6V
FB, ISEN, FS -0.3V to the lesser of VIN+0.3 / 4V
Power dissipation @ Ta=25<C 0.65W
Package Thermal Resistance (Note 2)
(ST 107<C/W
Ouc(Top) 49<CT/W
Junction Temperature Range --40C t0 150C
Lead Temperature (Soldering, 10 sec.) ---260<C
Storage Temperature Range -65<C t0 150C
ESD Susceptibility (Note3)
HBM (Human Body Mode) 2000V
CDM (Charge Device Mode) All pins 500V
Corner pins 750V
Recommended Operating Conditions (Note 3)
Supply Voltage VIN 5V to 11V
COMP, REF -0.3t0 6V
FB, ISEN, FS ----0.3V to 3.6V
Junction Temperature Range -40Cto 125
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Electrical Characteristics
(-40C<T<125C, VIN =10V, Cvin=1uF, Crer=100nF, Rrc=100k, Crc=330pF unless otherwise specified)

Parameter \ Symbol \ Test Conditions | Min \ Typ | Max | Unit
VIN Pin
VIN UVLO ON Threshold VVIN_START 3.7 4.1 45 Vv
UVLO ON OFF Hysteresis Vuvio_Hys 0.5 \%
Start Up Current IsTArRT Vvin=3V, V=0V 0.15 | 0.25 mA
Operating Current lop Visen=0V, Vra=0V 0.8 1.25 mA
VIN Pin Clamping Voltage Vin_cL Ivin=10mA 14 154 | 16.8 \Y
REF Pin
Output Voltage Of REF VRer Irer = 0.2 MA 3.92 4 4.08 \%
Drop Out Voltage VReF_HR Irer = 5mA 0.12 | 0.25 \Y
Load Regulation AVger 1or | 0.2 mA <Irer <5 mA 10 30 11\
IJ= 25°C, Vvin =5V to 11V (lvin 1.9 mV/V
Line Regulation AVegrir  —0A) -
- Ts=—40°C to 125°C, Vvin =5V to 11V 25 mv/V
(lvin =5 mA)
REF Short Circuit Current Irer_LivH 6 11 17 mA
FS Pin
Oscillator Frequency Fosc Rrc=100k, Crc=330pF 26 31 36 kHz
Oscillator Upper Threshold Vosc_H 2.55 \Y
Maximum Duty Cycle Dwmax Rrc=100k, Crc=330pF 97 99 %
FB&COMP Pins (ERROR AMPLIFIER)
Output Feedback Reference Vs 1.96 2 2.04 V
FB Input Bias Current Ire BIAS -1 1 pA
COMP Sinking Current lcomp_sink FB=2.7V, COMP=1.1V 0.3 11 2.1 mA
COMP Sourcing Current lcomp_source | FB=1.8V, COMP=2.7V -0.1 -0.4 -0.8 mA
Soft-start Time Of COMP Tss ;/EE{/: 18V, COMP rise from 0.5V to 4 10 ms
ISEN Pins
COMP To ISEN Coefficient Kcomp_isen 1.40 | 1.65 1.9 VIV
COMP to ISEN Offset VoFFseT ISEN=0V, Ir piobe=200nA 0.30 0.70 1.0 V
ISEN Input Bias Current lisen_BIAS 12 HA
_Cr:?]/fégh%?/dCycle Current Limit Visen ocp COMP=3V 0.9 10 11 v
_I-rimggﬁoﬁjperatlon Current Limit Visen micoup 138 | 150 | 162 v
Thermal
Thermal Shutdown Threshold Tsp 150 165 180 <
Thermal Shutdown Hysteresis TspHys 15 <

Note 1: Stresses beyond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress
ratings only. Functional operation of the device at these or any other conditions beyond those indicated in the
operational sections of the specification is not implied. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Note 2: 0 JA is measured in the natural convection at Ta = 25<C on a low effective single layer thermal conductivity
test board of JEDEC 51-3 thermal measurement standard. Test condition: Device mounted on 2” x 2” FR-4 substrate
PCB, 20z copper, with minimum recommended pad on top layer and thermal vias to bottom layer ground plane.

Note 3: The device is not guaranteed to function outside its operating conditions.
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Typical Operation Characteristics
Steady State Steady State
(Vin=5V, Pyn=12V Vour=12V,loyt=1A,Fsw=193kHz, (Vin=5V, Pyn=12V Vour=12V,lour=1A, Fsw=193kHz,
Flyback) Flyback)
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Operation Principle

SY2A29705

SY2A29705 is a fixed frequency and current mode controller for Boost/Flyback/Sepic topology. External compensation
provides flexible adjustment of control loops for different applications. Up to 1A GATE sourcing and sinking capability.
It adopts fixed frequency peak current mode control to ensure reliable over current protection and cycle by cycle switch
current limit.SY2A29705 provides reliable protections such as Over Current Protection (OCP), Over Temperature
Protection (OTP), etc.

Applications Information

1. Switching Frequency Formula:
FS is the frequency set pin. Connect a resistor Rgc to REF pin and a Crc to GND pin to set fsw.
Fsw can be calculated to be:

1

fow r——7— 1)
Rgrc XCre

1:The recommended Rgc range is from 10K Q to 200K Q and Crc range is from 100pF to 1nF.

SA32703

2. Feedback resistor dividers R1 and R2:

Choose R1 and R2 to program the output voltage under CV mode. To minimize the power consumption under light
loads, it is desirable to choose large resistance values for both R1 and R2. A value of between 1k and 100Kk is highly
recommended for R2. VOUT can be calculated to be:

R1
Vout = Ve X(1+§j &)
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3. Peak Current Sense Resistor

An external sensing resistor Rcs is used to sense the current flow through the MOSFET. The sensed voltage is for peak
current mode control and cycle by cycle peak current limit. The cycle-by-cycle current limit threshold is 1V and hiccup
current limit threshold is 1.5V.

In current mode control applications, when duty cycles exceeds 50%, it is easy to cause subharmonic oscillation.so slope
compensation is necessary to avoid this issue, especially in continuous current mode. Slope compensation can be added

as follow:
SA32703
REF

P <
R

>

< RRe

Q2
Fs [——=4 E o _I at
: Rsiop
isen L1 Visen ARAA Ves
T \AAJ
CFJ- Res
I
The slope compensation slew-rate Se is calculated by:
Se~1.05Vx—— x__ RE 3

sw Re+Rgiop

Select the suitable Rcs if slope compensation is applied as follow:

_Ix(Rg 0p+RE)—1.95xDx R, 9 1

Res = 4)

Rsiop lokh

4, MOSFET and Diode

When power MOS is turned off, the drain to source voltage is equal to Vin plus Vo*Nps, so the break down
voltage of power MOS should be larger than the maximum value of Vin plus Vo*Nps. When power MOS is turned off,
a voltage spike is always generated due to the parasitic inductance, so voltage rating safe margin should be taken into
consideration.

VMOS_MAX =V + (Mour +V4) x Nps ©)

Where Nps is the turns ratio of the Flyback transformer

Average current flowing through the diode is equal to the output current, so the diode current rating should be
larger than the maximum output current. Reverse voltage of the diode is equal to VIN plus VO, so the reverse voltage of
the diode should be selected to be larger than the maximum value of VIN plus Vo. It is better to select a Schottky diode
to reduce the reverse recovery loss.
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= ©)

Vb1 max= VouTt + Vin X
ps

5. Main inductor L for Flayback Design:

Choose proper inductance to achieve desired current ripple.lt is suggested to choose the ripple current rate Krp to
be about 50% of the maximum input current. The inductance is calculated as:

VIN2 < N 2 < VOUT < (l— Krp)
S
L — i (VIN + N ><\/ouT)2 2 %)
" Krp < 15,1 % fsw

Layout Design

(a)The circuit loop of all switching circuit should be kept small: primary power loop, secondary loop, and auxiliary
power loop.

(b)A decoupling capacitor is required for both the VIN pin and REF pin and both must be returned to GND as close to
the IC as possible.

(c)The ISEN pin filter capacitor must be as close to the 1C possible and grounded right at the IC ground pin.

(d)Gate driver loop area must be minimized to reduce the EMI noise because of the high di/dt current in the loop
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Design Example

A design example of Flyback application is shown below.

SY2A29705

Lm=3uH D, 55310
Np1:N51 =8:9
.
C | c | C L R
Vi 100u|g 200nF S' 47u€ < 1% Resu
16.6K
I Crer 1000 y/per
e w1 L :
RC 0.47nF R
Gate REF F—AA—e— It e Ress
Rre 10K AN | TK40SO6N1L 3.3K
VIN FS & R Res & .
stor 47K ZOKS:
GND ISEN [—¢ 1 AMN\— -
L Co e LR K Rsen
REF
comp FB l . 5.1K 60m &
Cz 470F Rz 2.67K | VREF =
|—W
Cp inF
]
11
Identify design specification
Design Specification
Vin IVv~12Vv Vour 12v
Fsw 212kHz lour 1A
n 85%
Switching Frequency
For this example, Rrc=10k and Crc=470pf were selected to operate at 212kHz
1
fsw~r ————— =212kHz
rc X Cre
Inductor Selection
The transformer turns ratio can be selected as:
8
Nps =—
9
The maximum input current In_wax and duty cycle Duax can be calculated as:
V, x|
N Max = —2UT~ OUT _ 1 560A
- Vi N_MINXT
Nps %<V,
Dyax = PS* Vout — 0542
Vin_min+ Nps xVour
The Primary inductor peak current lpk_p and valley current lya,_p can be calculated as:
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PIN

I PK_P = = 4252A

Kr ton_ MAX
VIN_MINX(l_ p)>< =

The primary inductor L can be calculated as:

V xt
L. — IN_MIN>LON_MAX _ o 1y

Krpxlpk p

The primary inductor RMS Current lrms_p can be calculated as:

1 tO'\LMAX 2
Irms p = t—XI (Ipk_p(t)) dt=2.258A
sw 0

It is important that the RMS current and saturation current ratings of the inductor are not exceeded.

Transformer Design Specifications

Item Partnumber
Bobbin PQ2016
Lm(uH) 9.0uH

LIk(uH) 0.53uH
Primary Turns 8
Secondary Turns 9

Primary Winding(mm) ®0.23x7

Secondary Winding(mm) ®0.23x7

MOSFET and Diode Selection

The peak current and RMS current of MOSFET are same as primary inductor.

Vmos max =12 x (V) + Voyur + VDX Ny ) =24V

Imos rvs > 2% lrms_p =45 A
TK40S06N1L is used in this design. The TK40SO06NIL have Rpsony = 8.7 mQ, Vpss=60V and Ip=40A.
Output diode RMS current Irms and maximum voltage can be calculated as:

Ip rvs > 2xlouT=2A

V,
Vb1 max=1.2x(Voyut + %) =265V
ps

SS310 diode is used in this design.
Output capacitor Selection

Output capacitor is selected according to the output voltage ripple requirement. Suppose the output voltage ripple is 0.5%
of Vour, the capacitor valley can be calculated as:
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IOUT>< DMAX = A7uF
0.5% x Vot * fsw

Courtz

5 PCS low ESR 10uF ceramic capacitor is recommended.

Current Sense Resistor Selection

The current sensing network consists of Rsen, Rrer, Rsiop, Res, Ccs. For this example, to achieve 3.844A primary side
peak current, a 60m Q resistor is chosen for Rsen.

Ccs is chosen to be 100pf to provide enough filtering to suppress the leading-edge spike.

Rrer and Rcs form a resistor divider network from the current sense signal to the reference voltage to offset the current
sense voltage. Offset voltage can be calculated when chose Rger=5.1kQ and Rcs=1kQ

Res o \Vper = 0.655V

V. —
offset R R
CSs REF

RsLop=47kQ and Q2=MMBT?3904 were chosen as slope compensation network.

Control Loop Compensation Design:

SY2A29705 is a fixed frequency and current mode controller. It integrates a volage mode error amplifier. For this
example, a type Il compensator is applied to stable the system. Rz=2.67k, Cz=47nF, Cp=1nF in this example is
recommended.

Error
Amp
COMP <:I:V'Ef
L FB RFB1 Vo
Cz Rz RrB2
[ )
[ ==
I
Cr
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SO8 Package outline & PCB layout design

AEHH

2 3
| |
& &
™ Il/“\.l |_|-:| E
R ,:_Is ﬁ
= o
( \'I = 7
| | ] o
N 0.40— 13?-[11_1
|: 30-0.51 &
Top view Side view
LE?TTI"—|-—-‘
D D 1
u
T n
|
4,80-3,00 & %
|7
| \ E
q | B | T/
“ = 4L
=
5
" 0.60
Front view Recommended Pad Layout
(Reference only)
Notes: All dimension in millimeter and exclude mold flash & metal burr.
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Taping & Reel Specification
1. Taping orientation for packages (SO8)
3.9/ 1= /145155
O 6 & 0 0 O
r—6.30—6.50—-|
o :E".—‘:El T O o - o o
! 7.90-8.10 !
Feeding direction ——»
2. Carrier Tape & Reel specification for packages
Reel
Size
Package Tape width Pocket Reel size Trailer Leader length Qty per
type (mm) pitch(mm) (Inch) length(mm) (mm) reel
sos8 12 8 13" 400 400 2500
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Revision History

The revision history provided is for informational purpose only and is believed to be accurate, however, not warranted.
Please make sure that you have the latest revision.

Date Revision Change
Dec. 27, 2022 Revision 0.9 Initial Release
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IMPORTANT NOTICE

1. Right to make changes. Silergy and its subsidiaries (hereafter Silergy) reserve the right to change any information
published in this document, including but not limited to circuitry, specification and/or product design, manufacturing or descriptions,
at any time and without notice. This document supersedes and replaces all information supplied prior to the publication hereof.
Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products are sold subject to Silergy’s standard terms and conditions of sale.

2. Applications. Application examples that are described herein for any of these products are for illustrative purposes only.
Silergy makes no representation or warranty that such applications will be suitable for the specified use without further testing or
modification. Buyers are responsible for the design and operation of their applications and products using Silergy products. Silergy
or its subsidiaries assume no liability for any application assistance or designs of customer products. It is customer’s sole
responsibility to determine whether the Silergy product is suitable and fit for the customer’s applications and products planned. To
minimize the risks associated with customer’s products and applications, customer should provide adequate design and operating
safeguards. Customer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might
cause harm and take appropriate remedial actions. Silergy assumes no liability related to any default, damage, costs or problem in the
customer’s applications or products, or the application or use by customer’s third-party buyers. Customer will fully indemnify
Silergy, its subsidiaries, and their representatives against any damages arising out of the use of any Silergy components in safety-
critical applications. It is also buyers’ sole responsibility to warrant and guarantee that any intellectual property rights of a third party
are not infringed upon when integrating Silergy products into any application. Silergy assumes no responsibility for any said
applications or for any use of any circuitry other than circuitry entirely embodied in a Silergy product.

3. Limited warranty and liability. Information furnished by Silergy in this document is believed to be accurate and reliable.
However, Silergy makes no representation or warranty, 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. In no event shall Silergy be liable for any indirect,
incidental, punitive, special or consequential damages, including but not limited to 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 or
negligence, warranty, breach of contract or any other legal theory. Notwithstanding any damages that customer might incur for any
reason whatsoever, Silergy’ aggregate and cumulative liability towards customer for the products described herein shall be limited in
accordance with the Standard Terms and Conditions of Sale of Silergy.

4. Suitability for use. Customer acknowledges and agrees that it is solely responsible for compliance with all legal,
regulatory and safety-related requirements concerning its products, and any use of Silergy components in its applications,
notwithstanding any applications-related information or support that may be provided by Silergy. Silergy 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 Silergy product can reasonably be expected to result in personal injury, death or severe property or
environmental damage. Silergy assumes no liability for inclusion and/or use of Silergy products in such equipment or applications
and therefore such inclusion and/or use is at the customer’s own risk.

5. Terms and conditions of commercial sale. Silergy products are sold subject to the standard terms and conditions of
commercial sale, as published at http://www.silergy.com/stdterms, unless otherwise agreed in a valid written individual agreement
specifically agreed to in writing by an authorized officer of Silergy. In case an individual agreement is concluded only the terms and
conditions of the respective agreement shall apply. Silergy hereby expressly objects to and denies the application of any customer’s
general terms and conditions with regard to the purchase of Silergy products by the customer.

6. No offer to sell or license. Nothing in this document may be interpreted or construed as an offer to sell products that is
open for acceptance or the grant, conveyance or implication of any license under any copyrights, patents or other industrial or
intellectual property rights. Silergy makes no representation or warranty that any license, either express or implied, is granted under
any patent right, copyright, mask work right, or other intellectual property right. Information published by Silergy regarding third-
party products or services does not constitute a license to use such products or services or a warranty or endorsement thereof. Use of
such information may require a license from a third party under the patents or other intellectual property of the third party, or a
license from Silergy under the patents or other intellectual property of Silergy.

For more information, please visit: www.silergy.com
©2022 Silergy Corp. All Rights Reserved.
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