S/|ERGY

SY26741

Switcher for Auxiliary Power Supply

General Description

The SY26741 is a peak current mode flyback/buck
switcher that integrates 800V MOS and controller
together. It features pseudo fixed frequency control
which can avoid sub-harmonic oscillation at CCM and
duty>50%. Frequency fold back control is adopted to
achieve high efficiency at medium/light load condition.

It will enter burst mode at very light or no load condition.

When used in flyback topology, IC can be configured to
be either PSR or SSR mode. SY26741 has wide VCC
operating range from 4.5V to 25.5V, which can support
buck converter with as low as 5V output. SY26741
integrates HV start up to achieve fast start up.

The SY26741 also provides comprehensive and reliable
protections including VCC OVP, OLP, OTP,
input/output OVP (through ENB pin).

The SY26741 is available with compact SSOP10
package.

Features

800V Power MOS Integrated

Pseudo Fixed Frequency Control

Rated Switching Frequency: 60kHz
Frequency Fold Back and Burst Mode Control
Fsw Modulation to Reduce EMI Noise
Support Both Flyback and Buck Topology
PSR/SSR Optional for Flyback Topology

HV Start Up from DRAIN

Peak Current Limit: 345mA

Wide VCC Operating Range: 4.5V~25.5V
VCC OVP, OLP, OTP, Input OVP (through ENB pin)
Internal Soft Start Process

Compact Package: SSOP10

Applications

o Auxiliary Power Supply
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Ordering Information

Sy267411(0O0O0)

Package Code
Optional Spec Code

eoND[1 10O 10 [ T JDRAIN

vee[I]2 9 [ T]DRAIN

ENnB[T] 3 8 [ T_IDRAIN

BT 4 7 [CI_IDRAIN

COMP[]5 6 [ T_IDRAIN
~—

Pinout (top view)

Ordering Number Package type | Note
SY26741FHP SSOP10 DEMxyz
x=year code, y=week code, z= lot number code
Pinout
Pin Number Pin Name Pin Description

1 GND Ground pin

2 VCC Supply pin of IC

3 ENB Disable pin. If voltage on this pin is pulled up to above 1.2V, IC will stop
switching. Pull this pin down below 1.2V will enable switching.
Output voltage feedback pin. The middle point of a resistor divider between

4 FB VCC and GND is connected to this pin for output voltage feedback;
When SSR flyback is selected, this pin is connected to GND

5 COMP Loop compensation pin. Connect a loop compensation network between this pin
and GND for loop compensation.

6~10 DRAIN DRAIN of internal power MOSFET and HV start up.

Block Diagram

vee
VDD —| interal bias HY current DRAN
ENB —+ DRANN
deb i
_VCMP ebounce timer voltage m DRAN
A DRAN
Vene_m VCMP tion';; DRAN
Veowe_otp Gate
pro tection clamp
bgi ]
switch frequency ﬁ
™| control block 5 g
R ar
peak current leading edge |
+ S1 control block bhnking tn e
gﬁ §
u
cCoMP GND F
Block Diagram
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Absolute Maximum Ratings (Note 1)
DRAIN -0.3~800V
Iorain (Pulsed DRAIN current) 2A
VCC -0.3~28.5V
Ivce (Current sink to clamp VCC) 12.6mA
ENB -0.3~3.6V
FB -0.3~3.6V
COMP -0.3~3.6V
Pror (Power dissipation at Ta=25°C) 11w
Junction temperature operating range -45~150°C
Storage temperature -65~150°C
Lead temperature (Soldering, 10sec.) 260°C
Package thermal resistance (note2)

Rye (junction-pin) 24°C/W

Rsa(junction-ambient) 139°C/W
Avalanche current (note3) 1.5A
Single pulse avalanche energy (note4) 1.1mJ

Recommended Operating Conditions

Vvee 4.5V~25.5V
Junction Temperature Range -40Cto 125
Ambient Temperature Range -40<Ct0 105
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Electrical Characteristics

(T,=-40 to 125°C, Vvcc=9V (unless otherwise specified))

Parameter ‘ Symbol ‘ Test conditions ‘ Min Typ ‘ Max ‘ Unit
DRAIN Pin
IoraIN=250 A,
Break down VOItage VBvDss Veomp=GND, T;=25°C 800 \4
Drain-source Leakage | Vps=400V, 1 LA
Current pss Vcomp=GND, T;=25°C
. Vorain=800V,
OFF-state Drain Current lorr Veonp=GND, Ty=25°C 1 A
On Resistance of Power R IoraN=50MA, T,=25°C 17 20 Q
MOS DSON loraN=50MA, T/=125°C 34 40 Q
Equivalent Output Ves=0, Vps=0 to 640V,
Capacitance Coss eq T=25°C ! pF
Break down Voltage of P,
Start- up JFET Vevosssu | T5=25°C 800 M
Drain-source Start up Vvce=0V,
Voltage VHV‘START |CHARGE:500|JA 6 v
Leakage Current of start-up | Vorain=800V, 3 LA
Circuit DRAIN.LK Vcomr=GND
VCC Charging Current at
Start up Jng IcH1 Vbrain=100V, Vycc=0V 0.8 16 24 mA
VCC Charging Current at
Start up ging lore Voran=100V, Vyce=6V | 2.5 45 7.2 mA
Max. VCC Charging Current _ _
in Self Supply Ichs Voran=100V, Vvcc=6V 25 45 7.2 mA
VCC Pin
Operating Voltage Range Vvee Veno=0V 4.5 25.5 V
VCC OVP Threshold Vvec_ove 255 27 28.5 \YJ
Current Sink to Clamp VCC | lvcc sink Vvce=Vce ove 7.4 10 12.6 mA
VCC OVP Debounce Time TVCCOVP_DBC 190 250 310 5
VCC ON Threshold Vvee on 7.5 8 8.5 \%
HV Current Source Turn on .
Threshold Vcs on Vvce Falling 4 4.25 4.5 \Y
VCC UVLO Threshold Vvee orr 3.75 4 4.25 \%
. No Switching,
Quiescent Current lvee o Vee>Ves rer 0.2 0.25 mA
Vps=150V,
Operating Current lvee op Vcomp=1.2V, 1.1 1.25 mA
Fsw=60kHz
FB Pin
Reference Voltage VEB REF 1.175 1.2 1.225 \%
Current Source to Select —oEe
PSR/SSR Mode Ire_sELECT T;=25C 80 90 105 A
EA Disable Voltage Vre pis 250 300 350 mvV
Vcomp=1.5V,
Transconductance of EA Gm Vie>Vie rer 350 500 650 [§7AVAYS
Max. Source Current lcomp1 Vcomp=1.5V, Ve=0.5V 70 100 130 A
Max. Sink Current |coyv|p2 VCOMp=1.5V, V|:B=1.5V 70 100 130 |JA
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COMP Pin

Internal Pull up Resistor Rcomp Vre=GND, lcomp=40uUA 32 40 48 kQ

Current Limitation

Threshold Vcom_H 1.9 \V/

PFM Threshold VCOMP_L 1.1 V

Threshold to Enter Slee

Mode P Vcomp_sLpIN 500 mV

Hysteresis to Exit Slee

M)(/)de ! X P Vcomp_sLrout 100 mVv

OLP Threshold VCOMP_OLP 2.1 2.2 2.3 V

OLP Debounce Time ToLp pBeC 50 70 90 ms

OLP and Timing

DRIAN Current Limitation Ib_max T,=25C 328 345 362 mA

Power Coefficient |2f |D_MAx_Typ2><st_Typ 0.9><|2f |2f 1.1><|2f A2><kHZ

Min. DRAIN Current at Copo

Light Load lo_vi T=257C 75 95 115 mA

Disable Threshold Voltage Vbis_TH 1.15 1.2 1.25 \Y

Debounce Time before DIS

Protection Tripping Tois psc 0.5 0.7 0.9 ms

Restart Time after DIS

Protection Tripping Tois_ResTART 610 760 910 ms

Soft Start Time Tss 4.9 6 7.1 ms
. . VCOMPZO.7V,

Min. ON Time Ton_mIN Vrg=Vrg rer, T=25°C 230 305 380 ns

Restart Time after Fault TReSTART 0.5 0.7 0.9 S

Switching Frequency

Nominal Switchin

FreqtljencyWI ng Fsw_nom T;=25°C, Vcompr=1.5V 55 60 65 kHz

Min. Switching Frequency Fsw_min T,=25°C, Vcomp=0.8V 20 23.5 27 kHz

Modulation Depth (Note5) Fo ' Fsw_nom %

Modulation Frequency

(Note5) Fm 250 Hz

Max. Duty Cycle Dwmax 70 85 %

Thermal Shutdown

OTP Threshold (Note5) Tore 155 163 °C

Hysteresis to resume o

Operating (Note5) Trvs 20 C

Notel: 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.

Note2: Rja is test under still air at To=25°C and chip mounted on a single layer PCB following JESD51-3.

Note3: Repetitive and non-repetitive, pulse width limited by Timax.

Note4: Test condition: L=1mH, 1as=1.5A, Vps=50V, Rg=470hm, starting T,=25°C.

Noteb: Guaranteed by design.

DS_SY26741 Rev.1.0 A
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Typical Performance Characteristics
(Test condition: PSR flyback, Vin: 90~264Vac; output spec: 5V/1.2A; Ta=25+5 °C)

SY26741
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Operation Principles

Pseudo Fixed Frequency Control

The SY26741 adopts pseudo fixed frequency control
(Silergy proprietary) to avoid sub-harmonic oscillation
when converter works under CCM and D>50%. Sub-
harmonic oscillation is an inherent issue under peak
current  control  method.  Traditionally, slope
compensation is used to avoid this issue. The SY26741
do not need slope compensation to solve the sub-
harmonic issue, so application design is simplified.

Frequency Fold Back Control

The SY26741 adopts frequency fold back control to
improve medium and light load efficiency. When load get
lighter and lighter, COMP pin voltage will become lower
and lower. When COMP pin voltage drops below 1.1V,
IC begins to decrease switching frequency. When COMP
pin voltage drops to 0.9V, switching frequency reaches
minimum 23.5kHz. When load further decreases, IC will
enter burst mode. The switching frequency control curve
is shown in below figure:

lp/mA

Vcomp
Fsw/kHz

60

235

e Veowe

Burst Mode

The SY26741 adopts burst mode control under very light
load or no-load condition. When load get lighter and
lighter, COMP pin voltage will become lower and lower,
and when COMP pin voltage drops below a threshold
(typical=0.5V), IC will enter sleep mode. Under sleep
mode, power MOS will not switch, and most part of
internal control blocks will be shut down to save energy.
As there is no switching, output voltage will gradually
drop, due to the closed loop, COMP pin voltage will rise
again, and when COMP pin voltage rises above another
threshold (typical=0.6V), IC will awake from sleep mode
and resume normal operating again. Due to this control
method, IC will alternatively work under sleep mode and

active mode, optimized light load efficiency will be
achieved.

Notice: To achieve unified peak current level and
switching frequency under burst mode, when COMP is
between 0.7V and 0.5V, peak current and switching
frequency is kept constant. As a result, the output
regulation strength is zero when COMP is between 0.7V
and 0.5V, the output voltage ripple will become a little
larger.

VCOMP
Veowe seour] / / ‘
Vooup st ; N : !
! i ; N ; S
| I 1
: T : T : T t
PWM4 seep | acive .| sleep | acve | sleep | acive |_sleep
! I ! | ! |
I I I |
WWMMMMHMMMMLt
HV Start up

The SY26741 integrates high voltage start up from
DRAIN pin. The HV current source to charge VCC pin
capacitor is Icng, high start up speed is achieved. Before
VCC is charged above 1.5V, the HV current source is
limited to Ichi. As a result, if VCC pin is shorted to GND
by fault, the power dissipation inside IC is limited to safe
level, and there is no risk of I1C to be over heated.

Internal Soft Start Process

The SY26741 integrates soft start process during start up
to achieve smooth output voltage rise up and keep peak
current of power MOS within safe level. I1C will
gradually increase peak current setpoint step by step
until it reaches maximum value (typical=345mA), and
also gradually increase switching frequency step by step
until it reaches maximum value (typical=60kHz). The
soft start process is formed by 8 small steps as shown in
below figure:

closed loop
|+ take over

soft start time

DS_SY26741 Rev.1.0 A
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Peak Current Reduction under Abnormal Condition

Under normal operating condition, peak current will not
exceed maximum setpoint value (typical=345mA).
However, under abnormal conditions, like output short
circuit, the peak current will rise up to higher than the
maximum setpoint value (since there is a leading-edge
blanking time before peak current sense when power
MOS is turned on, during this blanking time, peak current
will rise up without limit). To keep the peak current
within safety level, the SY26741 just let the OFF time of
power MOS to be 5 times of that under normal condition
as soon as peak current reaches another threshold which
is higher than maximum setpoint under normal condition.
Due to this control method, the transformer current
(Flyback) or inductor current (Buck) will have enough
time to drop down. The maximum peak current level
under abnormal condition will be limited. The peak
current reduction process under abnormal condition is
shown as below figure:

Ipk

lo_oc|

Io_max

PWM e Tiep ! beTies -

Tore X5

e Tiep ol - Tiee T >

*Ties

Tore X5
VCC OVP

Under abnormal conditions, such as opto-coupler open
circuit or failure (SSR flyback), output voltage will rise
higher and higher, and VCC will become higher and
higher (when IC is supplied by auxiliary winding). To
avoid IC damage caused by VCC pin over voltage
condition, SY26741 adopts a VCC OVP threshold
chc_ovp, when Vvcc exceeds chc_ovp threshold, IC
will stop switching and enter auto-recovery mode. Before
Vvee reaches Vvec ove threshold, a 10mA current sink
into VCC pin will try to clamp VCC pin voltage. When
the auto-recovery timer elapse, IC will try to resume
operating.

OoLP

When over load condition happens, COMP pin voltage
will be pulled up to high level, and peak current will
reach the maximum setpoint (typical=345mA). The
SY26741 will compare COMP pin voltage with an OLP
threshold, when COMP pin voltage is higher than the
OLP threshold, a timer will begin to count, and if COMP
pin voltage is continuously higher than OLP threshold
which result in OLP timer elapse, OLP will be triggered,
IC will stop switching and enter auto-recovery mode.
When the auto-recovery timer elapse, IC will try to
resume operating. If over load condition still exists, IC
will again trigger OLP and another auto-recovery cycle
will begin. If over load condition disappear when IC is
try to resume operating, then the converter will resume
normal working again. Every time when auto-recovery
timer elapse and IC try to resume operating, soft start
process will be active. The OLP process is shown as
below figure:

over load
happens here

\mfwum

t

Under some special cases (big bus capacitor and big
VCC capacitor), during Vin shut down, OLP will be
triggered due to max Ton limit. Once OLP is triggered,
IC will wait for auto-recovery timer elapse to resume
operating, so under Vin fast on-off test, output voltage
can’t response immediately. To solve this problem,

DS_SY26741 Rev.1.0 A
© 2024 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only

10
All Rights Reserved.



S

SIIERGY

SY26741

during Vin shut down, if IC works under max Ton
condition, the OLP timer will be disabled even if COMP
pin voltage is higher than OLP threshold. Due to this
procedure, OLP will not be triggered during Vin shut
down, output voltage can achieve fast response to fast
Vin on-off test.

oTP

SY26741 monitors IC’s die temperature under normal
operating mode. Once die temperature rises above
internal OTP threshold (typical=163°C), IC will stop
switching. It will resume normal operating as noon as die
temperature drops below the OTP recovery temperature
(typical=143°C). Due to this protection, IC’s temperature
will be guaranteed within safe level.

Die
Temp|

VVVVVV

PSR/SSR configuration for flyback topology

For isolated flyback topology, both PSR and SSR mode is
available. The PSR/SSR mode is configured by FB pin.
When start up, FB pin will source a current to sense the
FB pin impedance. If FB pin voltage is HIGH, IC will
work under PSR mode, and internal error amplifier will
be active. If FB pin voltage is LOW, IC will work under
SSR mode, and internal error amplifier will be disabled.
If SSR mode is selected, it is recommended to directly
connect FB pin to GND.

A A
AC L
input

—oVO+

. VO+

_[YYY}_
Yl #
s

VO-

Isolated Flyback topology with SSR configuration

Loop Compensation Network
Design (Flyback)

The small signal transfer function of flyback power stage
that operating in CCM is shown as below equation:

S S
1-—)-(1+
VU(S)_NPS'RL. D' ( ('Oa) ( zc)

— - N 2
V() Res 14D )

p P*n n

Gchvo (S) =

The RHP (right half plane) zero:
B NPSZ . D!Z 'RL
‘" DL,
The output capacitor ESR zero:

o - 1
zC CO'RC

The main pole (low frequency):

NP32 'RL 'Ts

1+D+ -D"”-(m_-0.5)

o = m

P RL 'Co
The double pole that located at half the switching
frequency:

I . 1
0, = T_ qua“ty factor QP = m
S c .

— LIofe Where N, is primary/secondary turns ratio of the
X ' e transformer
| Tss % Res IS primary current sense resistor, R =1.39Q for
mal 2] SY26741
Isolated Flyback topology with PSR configuration R is the equivalent load resistance, which can be
. V,
derived as R, =—2
O
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D is duty cycle under steady state
D'is definedas D'=1-D

. . S
m, is defined as: m, =1+—=%

n

S, is the external ramp compensation, S, =0 for
SY26741

S, is the sensed primary inductor current rising slope:
\Y
S, = fus ‘Res

m

The double pole o, is located at half the switching

frequency, for a practical design, the bandwidth of closed
loop is always set at 1/10~1/6 switching frequency, so the
double pole o, is far away from the bandwidth, it can be
neglected when design the compensation network. The
right half plane zero ®, of power stage is very difficult to
compensate, the best way is to choose the bandwidth of
closed loop to be far away (lower) from that RHP zero
location. As a result, the compensation network only
needs to consider the lower frequency pole w,and the

output capacitor ESR zero o, . A simple type Il
compensation network is most suitable for single pole
system. Type Il compensation includes one integral, one
zero and one pole. The integral is aimed to achieve very
small static error under steady state, the zero is aimed to
compensate the power stage low frequency pole o, , and

the pole is aimed to compensate the output capacitor ESR
zero. A type Il compensation network can be achieved by
COMP pin network formed by capacitor C, , C, and

resistor R, .

o
DRAIN

Vaux

Auxiliary
winding

The transfer function from V., t0 V., isshown as
below equation:

S
R 1+
G (S) _ Veomp _ Gm 1 mz_comp
fh2comp - 5 - C C S
Ves 170, S 1+ —>
(Dp_comp

Where G, is the transconductance of internal error
amplifier of SY26741, G, =500uA/V

. 1
The zero of compensation network: ®, ., =—=<—
N CR,
The pole of compensation network:
® 3 1
i R, GG,
C,+C,

The basic compensation principle is that compensation
Zero ® locates at the same frequency as the pole

z_comp

o, of power stage, the compensation pole ®

p_comp
locates at the same frequency as the ESR zero o, of the

power stage.
The transfer function from v, to v, is:

S

R 1+
Ve Na _Ro  Gn 1 @ com
Ny Ry+R, C+C, 54, S

(Dpfcomp

G

vo2vetrl —

Where K. is the decay factor from V., to V.,
K =0.25 for SY26741

Loop Compensation Network
Parameter Calculation (Flyback)

The open loop transfer function is derived as below
equation:

@+ s
Ro G, NgR D 1 O,_oomp

‘Ry+Rp C,+C, Rg 14D s

)a-ya+ )
(L)a wzc

Gopenioa

N
P :KCINiA s s
s +2)

Q0,

t+— e+
o, (l)p

'b_comp

Based on compensation principle: ©, g, =,

® o, ,and o, , o, is far away from the cross

p_comp =
over frequency, then the transfer function can be
simplified as below equation:

I 6. —k.Na_Ro  Gn NeR D 1
- - openloop C
- Ny R,+R, C,+C, R, 1+D s
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The cross over frequency o, of the open loop bode plot

should be decided firstly, and then according the Gain
equation:
20109 (G ;enioop
N, Rp G, Ng-R D 1
'Ng Ry+R, C,+C, Ry 14D o,
C, +C, isderived, under normal design, C, > C,, so
C,+C, =C,, C, will be decided firstly:

cak. Na_Ro o MNeR D 1

Ns Ry+Rp Res 14D o,
According to o

=0 or

Ke

z_comp = (DP 1 or

2
1+ D+W~D’3~(mc—0.5)
= m , R can be
C1R1 RL 'Co
decided secondly:
R =i' I:QL'("’O
1 2
G 1+D+M-D’3-(mc—0.5)
Lm
. 1 1
According to ® =, ,0r = ,
g p_comp zc R - C1C2 CO'RC
''C +C,
C, can be decided thirdly:
C. = Cl'Rc'Co
, = —a—Cc 0
R;-C,—R.-Cqy

Until now, all the compensation network parameters have

been decided.

Loop Compensation Network
Design (Buck)

The small signal transfer function of power stage for peak
current mode buck converter which operating in CCM is

shown as below equation:

R 1+ s
RO 1 Dy
p. =5 K ! 2
Vo(s) Res 1+ﬁ.(mC D'-05) (L+>)-@+—>+5)
L , P Wn mnz

)

Gvczvo ()=

The output capacitor ESR zero:

The main pole (low frequency):

LN

oW, =
. R, -C,

The double pole:

o, == quality factor Q -
T, P n(m,D'-0.5)

Where R is primary current sense resistor,
Rcs =1.39Q for SY26741

R is the equivalent load resistance, which can be

. V,
derived as R, = I—O

(o]
L is the inductance of buck inductor

T, is the switching period

D is duty cycle under steady state
D’ isdefinedas D'=1-D

m, is defined as: m, :1+§—e

c
n

S, is the external ramp compensation, S, =0 for
SY26741

S, is the sensed inductor current rising slope:

n
Vaus — V.,
S, = BusL O'Rcs

The double pole ®, is located at half switching
frequency, for a practical design, the bandwidth of
closed loop is always set at 1/10~1/6 switching
frequency, so the double pole o, is far away from the
bandwidth, it can be neglected when design the
compensation network. As a result, the compensation
network only needs to consider the lower frequency pole
©, and the output capacitor ESR zero w,, . A simple type

Il compensation network is most suitable for single pole
system. Type Il compensation includes one integral, one
zero and one pole. The integral is aimed to achieve very
small static error under steady state, the zero is aimed to
compensate the power stage low frequency pole o, , and

the pole is aimed to compensate the output capacitor
ESR zero. A type Il compensation network can be
achieved by COMP pin network formed by capacitor C, ,

C, and resistor R, .

DS_SY26741 Rev.1.0 A
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The transfer function from Vg to Vg is shown as
below equation:

S
R 1+
G _ VCOMP _ Gm 1 mzicomp
fb2comp (S) - = - C +C T s
VFB 1 + 2 S l+ - -
(Dp_comp

Where G, is the transconductance of internal error
amplifier of SY26741, G,, =500uA/V

. 1
The zero of compensation network: ®, gn, =—<—
h CiR,
The pole of compensation network:
© B 1
p_comp — R.. Clcz
''C,+C,

The basic compensation principle is that compensation
zero locates at the same frequency as the pole

z_comp

o, of power stage, the compensation pole ©

p_comp

locates at the same frequency as the ESR zero o, of the

power stage.
The transfer function from v, to v is:

]
R 1+
G 2 I =_C= C. RD . Gm .}' wZ_COmp
vo2vctr =
v, Ry+Rp C+Cy s g, S
(Dpfcomp

Where K. is the decay factor from V.o, 10 V.,
K =0.25 for SY26741.

Loop Compensation Network
Parameter Calculation (Buck)

The open loop transfer function is derived as below
equation:

1+ s
G K Ry G, R, 1 1 D;_comp
openloop — TNC R T
Ry+Rp, C+C, Ry TRALN
L

)
U‘)ZE

- 2
m,0'-08) * 1+ — sy ——s >
O o @ QO 0

Based on compensation principle: ®, ., =0
®) comp =W, aNd o, is far away from the cross over
frequency, then the transfer function can be simplified
as below equation:

R, G, R, 1 1

=K.- . . . .z
openocp ¢ RU + RD Cl + CZ RCS l+ﬁ.(mc D'_Os) S
L

G

The cross over frequency w, of the open loop bode plot

should be decided firstly, and then according the Gain
equation:

20l0g|G =0 or

openloop
Ry G, R 1 1,
Ry+Ry C+C, Reg 4 Ri-Ts

L

-(m,D'-05) @

C, +C, is derived, under normal design, C, is much
larger than C,,so C,+C, =C,, C, will be decided
firstly:

KcRpGRR,

Res(Ry + RD)(1+F\)'-L'-I-S-(mC D'-0.5))- o,

C =

R, T ,
g B (mD'-05)

According to ® CRy R -Co

Z_comp =
R, can be decided secondly:

1 R, -Cy

R, = —.
G 1+¥~(mc D'—0.5)

According to ® o, ,or =

zc 1 R C1C2 CO ] RC )

p_comp =

C, can be decided thirdly:

_ C1CoRc
? C1R1 _CoRc

Until now, all the compensation network parameters
have been decided.

DS_SY26741 Rev.1.0 A
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Layout Considerations

A good PCB layout is helpful for correct operating,
strong noise immunity and good EMI performance.
Customer is recommended to follow below tips:
(a)Three power loops that feature fast switching behavior
should be kept as close as possible, or the area of the
loops should be kept as small as possible:
Loopl: formed by BUS capacitor, primary winding of
transformer and SY26741 (DRAIN->GND);
Loop2: formed by secondary winding of transformer,
rectification diode D1 and output capacitor Co;
Loop3: formed by auxiliary winding of transformer,
rectification diode D, and capacitor C;
(b) Analog ground and power ground should be
separated clearly, the two ground should only be
connected by single trace.
Analog ground includes ground of COMP pin
compensation network, ground of FB pin resistor
divider, ground of ENB pin resistor divider and VCC
pin capacitor. All analog ground should be connected
together with trace as short as possible.
Power ground includes negative terminal of bus
capacitor and GND pin of SY26741. All power

ground should be connected together with trace as
short as possible.

(c) A ceramic capacitor C; with 0.1uF~1uF should be
located beside IC as close as possible for decoupling
of noise.

(d)FB pin resistor divider (especially lower resistor)
should be located beside IC as close as possible for
noise immunity.

(e)COMP pin loop compensation network should be
located beside IC as close as possible for noise
immunity.

(FENB pin resistor divider (especially lower resistor)
should be located beside IC as close as possible for
noise immunity.

(o} ® ¢ VO+
AC
input § ~
LOOP1
o £-{1' PGND VO-
‘ o
GND DRAIN
vée.  DRAIN
ENB DRAIN
FB “DRAIN _
COMP  DRAIN
PSR Flyback PCB Layout Consideration
DS_SY26741 Rev.1.0 A Silergy Corp. Confidential- Prepared for Customer Use Only 15
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Design Example (Flyback)

A design example of typical application is shown below step by step.

Input/output specification

Parameter Symbol Value
Input voltage range Vi 100Vvdc~480Vdc
Rated output power Py 6WwW
Rated output voltage V, 5V
Output OVP level Vo ovp 6V
Rated output current o 1.2A
OCP proportion Kocr 120%
Preset parameter
Parameter Symbol Value
Break down voltage of power MOS Vivios.er 800V
Vps de-rating factor of power MOS Kor 85%
Spike on Vps during power MOS turn off AV, 100V
Converter efficiency n 78%
Secondary diode forward voltage drop e 0.6V
Transformer effective cross-sectional area (EE16 safety) Ac 19.8 mm?
Primary inductance L,, 2.4mH
Output capacitance Co 470uF
Output capacitance ESR R 50mQ
Upper resistor divider on FB pin Ry 200kQ
Lower resistor divider on FB pin Rp 20kQ
1) BUS capacitor selection

Calculate input power at rated output power

p
Py=—2= 6 =7.69W
n 78%

Minimum BUS capacitor: Cg gy =1.5-7.69=11.54uUF

Maximum BUS capacitor: Cgg yax = 2-7.69 =15.39uF

Select BUS capacitor: Cg s =11.5uF
2) Transformer design
(a)Calculate primary/secondary turns ratio: Npg

Nps < VMOS,BR 'KDR -VBUS,MAX -AVSN — 800-0.85-480-100 =17.86
Vo+Vpe 5+0.6

DS_SY26741 Rev.1.0 A Silergy Corp. Confidential- Prepared for Customer Use Only 16
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Nps is selected to: N, =16

SY26741

(b)Calculate primary winding turns: N,
Transformer core effective cross-sectional area: A, =19.8mm’
Maximum allowed flux density: B,,,, =0.275T

NI TEL 2.4-10°.0.36
.=

= =158.68
By ‘Ac  0.275-19.8-10°°

Select primary winding turns: N, =160
(c) Calculate secondary winding turns: Ng

N 160
R T
PS

Select secondary turns: Ng =10
(d) Calculate auxiliary winding turns: N,
VCC supply voltage from auxiliary winding is set to: V.. =12V

VeeeNg 1210

N
SERVA 5

24

Select auxiliary winding turns: N, = 24

(e) If other transformer core type is selected, then recalculate (b)~(d).

3) Secondary diode selection

(a)Maximum reverse voltage calculation:

V
Vo rmax = _B;ilSYMAX +Voovp = %+ 6 =36V
PS

Considering the voltage spike, reverse voltage rating of the diode is recommended to be 60V~100V.
(b)Maximum instantaneous forward current:

o pic max = Nog * o wax =16-0.36 = 5.76A
(c)Maximum average forward current:

Lo avemax = lo - Ko =1.2-120% = 1.44A

4) Boundary primary inductance calculate at Vin=100Vdc

Nps -V, .
sy Ny TS 100 205 1 667.10°
Lo s = Busl ps ' Vo _ 100+1g '356 —2058-102H
PK .

L, (2.4-10°H) > L, gy (2.058-10°H) , therefore the circuit operates in continuous mode

DS SY26741 Rev.1.0 A Silergy Corp. Confidential- Prepared for Customer Use Only 17
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5) Compensation design
(@) Control to output transfer function simplified:
s s
. a-) )
o(S) — NPS'RL . D i ®, Dye
.(s) Rg 1+D s 2

] s
1+—)-@+ +—3)
wp P*n n

| <

Gvc2vo (S) =

Where N, is primary/secondary turns ratio of the transformer, N,; =16

Rcs is primary current sense resistor, R.q =1.39Q for SY26741

R is the equivalent load resistance, which can be derived as R, = I_O = % =4.17Q
o L

Nog -V, :
s Vo 1605

D is duty cycle under steady state D = = =
Vaus + Nps -V, 100+16-5

D' is defined as D' =1-D =1-0.444 = 0.556
N S,

m, is defined as: m, =1+S—=1

n

S, is the external ramp compensation, S, =0 for SY26741
S, is the sensed primary inductor current rising slope:

s, =Yeus g =0 139_5700.10°
L 2.4-10

m

The RHP (right half plane) zero:
3 N,s’-D*-R, 16 -0.556° - 4.17

. = —— =309.69-10°
D-L, 0.444-2.4-10
The output capacitor ESR zero:
! ! =42.55-10°

o = =
* C,-R. 50-10°-470-10°

The main pole (low frequency):

N2 R, T, 2, . .10°
14D+~ TL708.D% . (m ~05) 140444420 417 1'627 10 -0.556°-(1-0.5)
o - m - 24-10 =1.06-10°
P R, -C, 4.17-470-10°°

The double pole that located at half the switching frequency:

0‘)n = 1 = ;75 :188.5'103
T, 1667-10

1 1

- =5.684
a(m,-D'—0.5) (L 0.556—0.5)

Quality factor Q, =

DS_SY26741 Rev.1.0 A Silergy Corp. Confidential- Prepared for Customer Use Only 18
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Loop Compensation Network Parameter Calculation (Flyback)

The open loop transfer function is derived as below equation:

S S S
, W+ )a-—)(a+—-)
RD Gm . Nps 'RL . D 1 0)zfcomp W, Wy

Ry+Rp, C,+C, R, 1+D s 1+ S

G

openloop = 2

YA+ )+ =)

p_comp p P*n O)n

=Wp, O comp =0, AN o, , o, is far away from the cross over frequency,

N
Ko A
NS

Based on compensation principle: o, ..,

then the transfer function can be simplified as below equation:
G Ro G, NypR D1

‘Ry+Rp Cooup+C, Res 1+D's

K

openloop =R

Na
NS

The cross over frequency o, of the open loop bode plot is defined as: o, = % fs-2-m= %-60103 -2-1=37.70-10°

and then according the Gain equation:

Na Rp  Gn Nes'R D 1 _,

Ng Ry+Rp C,+C, R 14D o,

C, +C, isderived, under normal design, C, > C,,so C, +C, =C,, C, will be decided firstly:
N R Ny R '

C, ~K. —2~- b__.G,  ——=—L. D i

Ny R, +Rp Res 1+D o,
24 20-10° 16-4.17 0. 1

Cl=0.25'—-%~500-10’6- 6 0596 -
10 200-10°+20-10 139 1+0.444 37.70-10

NPSZ'RL ’Ts

Ke

=1.337-10°F

1+D+ -D"”-(m,-0.5)

, m =, y = m

_comp P CR, R, -Cq

1 . R, -C, B 1 ) 4.17-470-10°°

NP52 ‘R T 1.337-10°° 162.4.17-1.667-10°°
L

Accordingto ®

, R, can be decided secondly:

=70.43-10°Q

= 1+D+ -D"*-(m,-0.5) 1+0.444 + -0.556° - (1-0.5)

2.4-10°°

m

1 . .
,., = , C, can be decided thirdly:
zC C1C2 CO . Rc 2 y

Ricac
1 2

C,R.-C, 1.337-10°.50-10°-470-10°°
R,-C,—-R.-C, 70.43-10°-1.337-10° -50-10"°-470-10"°
Until now, all the compensation network parameters have been decided.

According to ®

p_comp =

C,= =3.422.107"°F
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Design Example (Buck)

A design example of typical application is shown below step by step.
Input/output specification

Parameter Symbol Value
Input voltage range Vi 100Vdc~480Vdc
Rated output power Py 1w
Rated output voltage Vo 5V
Rated output current [ 0.2A
Preset parameter

Parameter Symbol Value
Inductance L 2mH
Output capacitance Co 100uF
Output capacitance ESR R¢ 100mQ
Upper resistor divider on FB pin Ry 36kQ
Lower resistor divider on FB pin Rp 10kQ

1) Boundary inductance calculate at Vin=100Vdc

(Vaus—Vo)-R,  (100-5)-25
2-Vos-F,  2-100-60-10°

I_BCM -

=1.979-10*H

L(2-10°H) > Ly, (1.979-10H) , therefore, the circuit operates in CCM

2) Compensation design

Control to output transfer function simplified:

- (1+i)
Gropo @ =& _ Bu, L . O
vc2vo S - . 2
Ve®) Res 1 RiTs o pr_os) (1+i)-(1+Q )
0)p p Wn (Dn

Where R, IS primary current sense resistor, R, =1.39Q for SY26741

R, is the equivalent load resistance, which can be derived as R, Vo _ 5 g

I, 0.2

Vo :i:0.0S

BUS 1 0

D is duty cycle under steady state D =

D’ is defined as D'=1-D=1-0.05=0.95

. : S
m, is defined as: m, =1+S—e=1

n

DS_SY26741 Rev.1.0 A Silergy Corp. Confidential- Prepared for Customer Use Only 20
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S, is the external ramp compensation, s, =0 for SY26741

SY26741

S, Is the sensed primary inductor current rising slope:

o _Veus—Vo p _100-5

. s = -1.39 = 66.03-10°
L 2-10°°

The output capacitor ESR zero:

©, = 1 761 — =100-10°
Co-R. 100-10°-100-10
The main pole (low frequency):
-5
1+ R Ts -(m_,D’'-0.5) 1+w-(1~0.95—0.5)
®. = L 2-10 =4375
P R, -Co 25-100-10°°

The double pole that located at half the switching frequency:

®, =0 = =1885.10°
T, 1.667-10

1 = L =0.707
n(m,-D'=05) n(1-0.95-0.5)

Quality factor Q, =

LLoop Compensation Network Parameter Calculation (Buck)
The open loop transfer function is derived as below equation:

1+ L+ )
G =K.. RD . Gm . RL . 1 1 0)zfcomp 2c
openloop — "MC R -T 2
RutRo G+C Res 1 Bl (moDr-08) § v 5 yar Hyar S+ %))
L p_comp (Dp P(Dn 0)n

Based on compensation principle: o, ., =, ©, o = o, , aNd o, is far away from the cross over
frequency, then the transfer function can be simplified as below equation:
Ro,  Gn R 1 1

e Lz
openloop c RU + RD C1 +C2 R ﬁ(m D'-0 5) S
L

G
s 1+

The cross over frequency o, of the open loop bode plot is defined as:
o, f-2-m= 1 60.10°.2.7=37.70-10°
T10 10
and then according the Gain equation:
R, G, R_ 1 1

-1
R, +R, C+C R R -T. , ®
LL —t S5.(m,D'-0.5)

c’
s 1+

C, +C, is derived, under normal design, C,>C,, so C,+C, =C,, C, will be decided firstly:

C K.RpG,.R,
1
Res(Ry +RD)(1+RL S.(m,D'-0.5))- o,
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3 —6
C, - 0.25 1(2) 1(1) 5;)011505 25 _1185.10°F
1.39-(10-10° +36-103).[1+5'2'6;30'30.(1.0.95—0.5)].37.70-103
_ L 15 m Do) _
According to o, ., = o, , = L , R, can be decided secondly:
- C1R1 RL 'Co
. . . _6
R :ci' R TRL - 1 1851 10° _ 251 65? 188" > ~10288-10°0
L1y b5 (m,D'-05) TN 1 ST SR (1.0.95-0.5)
L 2-10°°
- 1 1 : .
According to o =0, , = , C,can be decided thirdly:
p_comp zc C C C . R 2
R1' 12 o " ™c
C,+C,
-8 -6 -3
C.CoR. 1.185-10°-100-107° -100-10 _5207.10-1F

27 C,R,—CoR. 1.185-10°-192.88-10° ~100-107-100-10°
Until now, all the compensation network parameters have been decided.
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SSOP10 Package Outline Drawing
470510 — _'i
ikl e
- ~ &
u u u u —{—017-025
—| |~—0.30-050 -—‘ll‘” R
Top view Side view
le—=f100 — |~—050
£1_?5(Max.)

10000

‘-—-I» 1.00(Typ) 0.10-0.30 —1

Front view Recommended PCB 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 (SSOP10)
E-‘M—-I —1.451.55
/ _ - pu
d b d o o o
a — :u:[ ] | —] T
=l ® 1| ¢ | * | (| *® -
= =L y= S| | =
] :I]i ] i o] i ——
| 790410 | '
Feeding direction —
2. Carrier Tape & Reel specification for packages
Reel
Size
Tape Reel Leader * ty per
) P Pocket ) Trailer * Qyp
Package types width ) size length reel
pitch(mm) length(mm)
(mm) (Inch) (mm) (pcs)
SSOP10 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
February 28, 2024 Revision 1.0A Update the EC table
December 27, 2023 | 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
© 2023 Silergy Corp. All Rights Reserved.
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