SY23505B

S/|ERGY PFC+LLC Controller
General Description Features

The SY23505B PFC+LLC controller integrates a boost e PF>0.95 THD < 5%

PFC controller and a resonant half-bridge controller. e  Support DC/AC input

The boost converter operates in critical conduction e Boost Quasi-Resonant (QR) Operation

mode (CrM) or discontinuous conduction mode (DCM) e  Boost Burst Operation at Light Load

to minimize switching losses and improve EMI
performance. It uses a proprietary control method to
achieve unity power factor (PF) and minimal total

e LLC Fast Dynamic Response
e LLC Integrated Half-Bridge Driver

harmonic distortion (THD). The burst function enhances e Input Brown-In (BI) and Brown-Out (BO) Protection
efficiency at low load conditions. The SY23505B e Boost FBB, LLC Output Overvoltage Protection
ensures safe boost converter operation with reliable (OVP)

protection against output overvoltage (OVP),
undervoltage (UVP), and overcurrent (OCP), as well as
input brown-out (BO).

e  Cycle-by-Cycle Peak Current Protection
e  Overtemperature Protection
e LLC Capacitive Mode Protection

The LLC converter with proprietary control achieves a
e SOP14 package

fast dynamic response and simplifies the design of loop
compensation parameters. The number of external

components is significantly reduced, resulting in lower AppliC&tiOﬂS
BOM costs. The SY23505B ensures safe LLC
converter operation with reliable protection against e LCDTVs
output overvoltage (OVP), overtemperature (OTP), and e Chargers
overload (OLP). e Printers
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Figure 1. Typical Application Circuit
DS_SY23505B Rev.1.0 Silergy Corp. Confidential-Prepared for Customer Use Only 1

© 2024 Silergy Corp. All Rights Reserved.



S

S/IERGY

SY23505B

Ordering Information

Pinout (top view)

Ordering ' o 3
Package Type Top Mark GATEH[ |1 14T JHV
Part Number
HB[1]2
SY23505BHXP SOP14 AAETxyz
HS[13 13[ T ] GATEL
x = year code, y = week code, z = lot number code
12[ T ] GND
VCC[ 14 11T ] GATEB
ISEN[T]5 10[ T ] FBB
VSEN [ |6 91 ]cs
FBLI |7 8 [ TJLNS
|

Pin Description

Pin No Pin Name Pin Description
1 GATEH Half-bridge controller high side drive pin. Connect to high-side MOSFET gate,
Half-bridge controller high side return path. Connect to the high-side MOSFET
2 HB source.
3 HS Half-bridge controller high side bias supply pin. Connect to a bootstrap capacitor.
4 VCC Bias supply pin.
5 ISEN Half-bridge controller resonant current sense pin.
6 VSEN Half-bridge controller output voltage sense pin.
7 FBL Half-bridge controller control input pin.
8 LNS PFC controller input voltage sense pin.
9 CS PFC controller input current sense pin.
PFC controller output feedback pin. Connect to external resistor divider to set the
10 FBB LLC voltage.
11 GATEB PFC controller gate drive pin. Connect to the LLC external MOSFET gate.
12 GND Ground pin.
13 GATEL Half-bridge controller low side drive pin. Connect to the low-side MOSFET gate.
14 HV HV startup pin.
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Block Diagram
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Figure 2. Block Diagram

Absolute Maximum Ratings

HV

-0.3 650

HB

-3 650

HS

HB - 0.3 HB + 30

GATEH

HB - 0.3 HB + 15

VCC

-0.3 30

Ics (Note 6)

-20 20

Ivsen (Note 6)

-10 mA

lisen (Note 6)

-20 20

CSI/ISEN (Note 6)

-11 11

FBB/LNS/FBL/VSEN

-0.3 3.6

<

GATEB/GATEL

-0.3 15

Junction Temperature, Operating

150

Lead Temperature (Soldering, 10s)

260 °C

Storage Temperature

-65 150
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Thermal Information

012 Junction-to-Ambient Thermal Resistance 122 CAV
Bsc Junction-to-Case Thermal Resistance 11.5
PD Power Dissipation Ta = 25°C 1.02 wW

Recommended Operating Conditions

VCC 10 24 \Y,

HS-HB 9 24 vV

Junction Temperature -40 85 °C

Electrical Characteristics
(Vvop = 15V, T; = 25°C unless otherwise specified (Note 4))
Parameter (Note 7) Symbol = . Min Typ Max Unit
Conditions
VCC Turn-On Threshold Vvce_on Voltage rising 23 24 25 \%
VCC Turmn-Off Threshold Vivee o ]};‘l’l'itnage 8.5 9 9.5 Y,
VCC Low for HV Start
Threshold Vvce_Lo 8.9 9.5 10
VCC Short-Circuit Protection | Vvcc_scp 0.6 0.8 1
VCC Shunt Voltage
Protection Vvce_sHUNT 25.4 26.4 27.4
vCcC | VCC OVP Threshold Vvee_ovp VV‘be“:NT VVECC—)S%NT Vvicf“fNT Y
VCC OVP Trigger Number of
Switching Cycles Nvee_ove 4
Quiescent Current lo 1.7 2 2.3 mA
Standby Current Ispy 340 400 460 A
Enable-Off Current lENOFF 180 210 MA
VCC Maximum Shunt Current
(Note 5) IsHUNT VCC > 26V 8 11 14.5 mA
VCC Fault Restart Timer tvec_TiMeouT 0.69 1 1.1 S
gXPSta””p Currentat VEC |\ VCC < 0.7V 0.4 05 06 mA
HV Startup Current at Normal lst 4.9 56 7 mA
State
Maximum Charge Time tvce_cHARGE 44 63 84 ms
Boost Second OVP
HV

Threshold VHv_ovPTH 480 505 530 \Y
HV OVP Number of
Consecutive Off-Times for NHv_ovp 4
Trigger
QR dV/dt Sense Threshold
(Note 5) VHv_TH 40 V/us
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QR Timeout Time tzcs 2.2 3.3 4.4 us
Boost Output Regulation V- 1.18 1.2 1.22 Vv
Reference -
0,
Boost Output UVP Threshold | Vees uve 16.7% of 170 200 230 mv
boost Vour
0,
Boost Output OVP Threshold | Vess ove 107.5% of 1.245 1.29 1.335 v
boost Vour
FBB -
Boost and LLC Disable Vires_en 2 23 25 Vv
Threshold
LLC Input BO Threshold VEBB_BO 690 740 800 mV
LLC Input BI Threshold VeBe_BI 1020 1080 1140 mV
Pin Open Detection Source .
Current IFBB_OPEN For open pin 50 100 200 nA
Boost Peak Current Limit Vcs_Lmir -740 -700 -650 mV
Inductor Saturation or Short-
Circuit Protection Limit Vis_ it -900 -850 -800 mv
Inductor Saturation or Short-
Circuit Protection Trigger NLS_TIMER 4
Number
Boost Current Sense Resistor
Short-Circuit Protection Vcs_Rrscp -65 -50 -35 mV
Threshold
CS Boost Current Sense Resistor
Short-Circuit Protection Timer | tcs_rscp 4 us
(Note 5)
Voltage Threshold at Boost
Overpower Protection (Note Vcompv_opp 1.33 \
5)
Calculated Coefficient of
Boost Overpower Protection Kprcopp 0.073
(Note 5)
Bpost Overpower Protection tcompy_opP 180 256 290 ms
Timer
X.-Cap Maximum Discharge tx_ax a4 63 82 ms
Time
X_—Cap Discharge Debounce tx01s, oBT 24 63 82 ms
Time
Boost Input Brown-Out Timer | tproT LNs BO 88 128 164 ms
LNS | Boost Input Brown-Out
Threshold VINs_BO 374 395 425 mV
Boost Input Brown-In
Threshold VLns B 450 475 500 mV
Pin Open Detection Source lLns oPEN 50 100 200 nA
Current
Drive Limit Voltage VGATEB_DRV 10.1 10.9 11.6 Y
Drive Voltage within ton_min_8 | VeaTEB TH 8.5 \/
Source Current Isource_caTes | Veates = 8.5V 400 600 800 mA
GATEB
) Veates = 2V 0.3 A
Sink Current (Note 5) IsiNk_cATEB
Veates = 11V 1 14 1.8 A
Boost Minimum On-Time ton,MIN_B 200 300 400 ns
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Boost Maximum On-Time ton,MAX_B 20 33 45 us
Boost Minimum Off-Time torr,MIN_B 0.7 1 15 us
Boost Maximum Off-Time torr,MAX_B 20 30 40 us
- < —
torr_max if CS < 850mV, within forF MAX 75 110 145 us
fLLc DELAY
Boqst Minimum Switching tow,Min_B > 29 4 us
Period
Open Loop Protection
Threshold Current IFsL_2s50% 15 24 33 KA
O_pen Loop Protection Trigger toLp 92 128 178 ms
Time
FBL Overpower Protection Trigger
Verp 9987 1 tope 179 256 290 ms
Time
Regulated Burst Frequency
for Burst Mode feursT 0.85 1 14 kHz
Risenser + 7
Risen = 82Q 4.1x10
Resonant Current Sample R'SENS_ET * 6.15x10”
) ) Risen = 160Q
Resistor Calculation k Risenoer +
.. ISENSET
X -7
Coefficient (Note 5) Risen = 2850 8.21X10
Risenset +
X -6
Risen = 475Q 1.23%10
ISEN LLC Current Sense Resistor
Short-Circuit Protection VISEN_RSCP 30 45 60 mV
Threshold
LLC Current Sense Resistor
Short-Circuit Protection Timer | tisen_rscp 4 us
(Note 5)
ISEN Max Current Limit VIsen_L 700 760 +820 mV
ISEN Max Current Limit
Protection Timer tiL_proTECT 20 32 44 ms
LLC Output OVP Counter Novp_counTt 8
LLC Output OVP Reference VVSEN_ovP 1.42 1.47 1.54 \%
LLC Disable Threshold V/VSEN_ENB 1.7 2.1 25 \%
VSEN 111 ¢c Output UVP Reference VVSEN_uvp 370 390 425 mV
LLC Output UVP Timer tvsen_uvp 20 32 44 ms
Pin Open Detection Source
Current lvsEN_oPEN 50 100 200 nA
Drive Limit Voltage VGATEL_DRV 10.5 11.5 125 \%
Source Current Isource_caTeL | VeateL = 4V 200 350 500 mA
) VeateL = 2V 0.3 A
Sink Current ISINK_GATEL
GATEL VeateL = 11V 1 1.4 1.8 A
LLC Minimum On-Time ton,MIN_L 250 400 550 ns
LLC Maximum On-Time ton,mAx_L 12 20 28 [V
Bootstrap Charge Time test 3 5 7 us
HB dv/dt Threshold for HB ZVS dV/dtavs 52 80 108 Vips
(Note 5)
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Minimum Dead Time for ZVS | to_min 120 185 250 ns
Maximum Dead Time for ZVS | tb max 0.7 1 1.3 us
HS Turn-On Threshold VHs_oN 6.5 7.5 8.5 \%
HS HS Turn-Off Threshold VHs_oFrF 5.8 6.4 7.1 Vv
HS Quiescent Current lq_Hs 9 13 16 A
Drive Limit Voltage VGATEH_DRV 10.5 115 12.6 Y
Source Current ISOURCE_GATEH | Vearen - Vi =4V 200 350 500 mA
GATEH v 03 A
V -Vig = )
Sink Current ISINK_GATEH -
Vearen-Vis= 11V 1 1.4 1.8 A
Thermal Shutdown o
Temperature (Note 5) Tso 150 ¢
OTP Thermal Shutdown
Temperature Hysteresis Tsp_nsy 20 °C
(Note 5)

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: 834 is measured in the natural convection at Ta = 25°C on a four-layer Silergy Evaluation Board.
Note 3: The device is not guaranteed to function outside its operating conditions.

Note 4: Unless otherwise stated, limits are 100% production tested under pulsed load conditions such that Ta = T; = 25°C.
Limits over the operating temperature range (See recommended operating conditions) and relevant voltage range(s) are
guaranteed by design, test , or statistical correlation.

Note 5: Guaranteed by design or statistical correlation and not production tested.

Note 6: The IC internal diode clamps the CS pin voltage. During normal operation, lcs should not exceed £20mA if Vcs
reaches +1.1V. The internal diode clamps the ISEN pin voltage. During normal operation, lisen should not exceed +20mA if
Visen reaches +1.1V. The internal diode clamps the negative voltage at the VSEN pin. During normal operation, lvsen should
not exceed -10mA if Vvsen reaches -0.3V.

Note 7: Increase VCC pin voltage gradually to a level higher than Vvcc_on threshold, then turn down to 15V.
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Typical Performance Characteristics
Vin = 90Vac—264Vac, Vout = 24V, lout = 10A,Ta= 25°C

Vyee on VS. Temperature Vyce 1o VS. Temperature
24.0 9.5
2338 9.4
S 236 S 93
O| J| -
S 234 8 92 1
> >
232 9.1
23.0 9.0
-40 -20 O 20 40 60 80 100 120 140 -40 -20 O 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
Vyee orr VS. Temperature lspyVS. Temperature
9.3 440
9.2 430
s 2
91 2 420
TR >
S, 5
8 90 410
>
N L
89 400
8.8 390
-40 -20 O 20 40 60 80 100 120 140 -40 -20 O 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
tvec charge VS- Temperature Vgares VS. Temperature
65 13.0
64 /, 124
o S
E 63 // o 118
3 L
6 " 5 T
S 0 112 ——
8 > 1
it |
61 10.6
60 10.0
-40 -20 O 20 40 60 80 100 120 140 -40 -20 O 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
Veater VS. Temperature Vegg ree VS. Temperature
13.0 1.30
124 1.28
S 8 r S 26
11. 1.
— 0]
= L Q |
S 12 — 124
s // :
106 ] 122
10.0 1.20
-40 -20 O 20 40 60 80 100 120 140 -40 -20 O 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
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Typical Performance Characteristics (cont.)

Vysen ove VS. Temperature Ves umir VS. Temperature
1.55 -710
-706
1.50
S S
s [ E -702
3 145 s L~
| =
z @ -698
o >
> 140
-694
1.35 -690
-40 -20 O 20 40 60 80 100 120 140 -40 -20 O 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
Vegs ovp VS. Temperature Vs ore VS. Temperature
1.40 7.00
1.36 6.80
s s
5 132 I 660
& —
O| o| ///
g 128 2 6.40 —
>
= ]
124 6.20
1.20 6.00
-40 -20 O 20 40 60 80 100 120 140 -40 -20 O 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
ton min g VS. Temperature ton max s VS. Temperature
400 40
370 37
»
@ ) //
£ 340 2 M4 /,
p ) |
z /// ! ]
S 310 g 3 o
%I // 2 ——
2280 o 28
250 25
-40 -20 O 20 40 60 80 100 120 140 -40 -20 O 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
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Typical Performance Characteristics (cont.)

Steady State

(Vin=115V)

:VDsprc 100 Idiv

ﬁ

M

Ves 0.2VHdiv

Time (10ps/div)

Steady State

(Vin=115V)

02 div

i
AT A
j I r
1 1 [

i

100V/div

ﬂ[_ r‘ IENG

Time (10us/d iv)

Startup
(Vn=115V)

R ———

- Vbs_prc 100V/div |

Time (10ms/div)

Steady State
(Vin=230V)

Vs brc 100V/div

Ves 0.2v/div

Time (10ps/div)

Steady State

(Vin=230V)

':./BH 100vidiv !
Time (10ps/div)
Shut down
(Vin=115V)
Vout 5V/div
P e e v e e e "':?\\

Vbs_prc 100V /div
Time (10ms/div)
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SY23505B

Startup Shut down
(Vn=230V) (Vn=230V)
Vout 5V /div Vout 5V/div |
. e

e e

Vbs_prc 100V/div Vbs_prc 100V /div
Time (10ms/div) Time (10ms/div)
Startup Shut down

(Vn=115V) (Vn=115V)

Vout 5V /div

1 VB 100V/div VHe 100V/div
Time (10ms/div) Time (10ms/div)
Startup Shut down

(Vin=230V) - (Vn=230V)

Vout 5V/div

Vie 100V/div | Vi 100V/div

Time (Loms/div) Time (10ms/di)
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SY23505B

Short Circuit Protection Short Circuit Protection
(Vin=115V) ) (Vin=230V)
o Vobr || 10vidv) » _Voyr || l0Vidv |
: pe———
. .|OUT .MSA/diV . " .|OUT SNdiV
Time (1s/div) Time (1s/div)
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Detailed Description

The SY23505B PFC+LLC controller integrates a boost
PFC controller and a resonant half-bridge LLC controller.
The boost converter operates in critical conduction mode
(CrM) or discontinuous conduction mode (DCM) to
minimize switching losses and improve EMI performance.
It uses average current control to achieve unity power
factor (PF) and minimal total harmonic distortion (THD).
The burst function enhances efficiency at low loads. The
SY23505B ensures safe boost converter operation with
reliable protection against output overvoltage (OVP),
undervoltage (UVP), and overcurrent (OCP), as well as
input brown-out (BO).

The LLC converter uses integrated current mode control
to provide a fast dynamic response along with eliminating
the need for the capacitor sense circuit, to simplify the
design of loop compensation parameters. The converter
maintains high efficiency and low audible noise
throughout the entire load range. The SY23505B ensures
safe LLC converter operation with reliable protection
against output overvoltage (OVP), overtemperature
(OTP), and overload (OLP) events.

PFC Operation

The Power Factor Correction (PFC) operates in quasi-
resonant (QR) or discontinuous conduction mode (DCM)
using valley detection to reduce switch turn-on losses.
The PFC is designed as a boost converter with a fixed
output voltage. One advantage of a fixed boost converter
is that the LLC can be designed for high input voltages,
simplifying the LLC design process. Another advantage is
the option to use a smaller boost capacitor value or to
achieve a significantly longer hold-up time. The system
can operate in Burst mode to improve efficiency at low
output loads.

Boost PFC Basic Control
The SY23505B uses average current mode control, which
can automatically compensate for parasitic parameters to
achieve optimal PF/THD. The average current control
block is shown in Figure 3.

LB D3 c2

iy

GATEB HV]| FBB

M
Logic&
driver

Peal
current
control

Current shape
generation

CCCCC PF wmgensanon -
B —
‘ voltage loop “—1 NI
Figure 3. PFC Control Block

In the block diagram, the voltage loop generates the
compensation signal Vcowpv. The current shaping circuit
produces a current reference with power factor (PF)
compensation. The current loop regulates the input
current to follow the sine wave reference.

Power Curve and Modes of Operation

Under heavy load, the PFC operates in CrM mode. The
duty cycle Dsw is 100%. To increase efficiency under light
load, the boost converter operates in DCM mode. As the
PFC output power decreases, the Vcowmpv generated by
the PFC output voltage control loop will decrease. When
Vcowmpy falls below Vcompv p, the DCM time increases as
Vcowpv decreases. The circuit controls the time the
inductor current (i) flows, as a portion of the switching
period (tsw). If Rcs is designed to the typical value
indicated in the peak current control section, the duty
cycle Dsw decreases from 100% to 10% as the PFC
output power Pout drops from 25% to 5%.

Input Current
Reference cm
Drain_Boost cm
DM,
urs!
> PWM
_
Pout Dsw=100%—>"
Dsw
100%
Drain_Boost
DCM
Dsw=Tu/Tsw —
D. PWM
SW_MIN|—
—T—

Veowev_s Veomrv_ o Veowpy Tow

Figure 4. Power Curve and Modes of Operation

When the PFC output power drops below 5% of the
nominal power, the PFC operates in Burst mode to
improve efficiency.

Valley Detection

The boost stage operates in quasi-resonant mode to
reduce switching power losses. The power MOSFET QB
turns on at the resonant valley, which is detected by
sensing the drain voltage via the HV pin. To prevent
damage to the SY23505B during an input power surge,
connect a 1kQ-5kQ resistor in series between the HV pin
and the MOSFET drain. An integrated Vprain slope
detection circuit monitors the zero crossing of the PFC
inductor current (ZCS). After detecting ZCS and following
a fixed delay time of tqr_peLay (300ns), the MOSFET QB
turns on. The AC valley detection circuit is shown in
Figure 5.

GATEB | e [ ] GATEB ]

‘L_,
NN =]
Drain_Boost \—} Drain_Boost g

ZCS detected

N
Q
»

—]

T

zcs ]

Varow 5 = Voron 87 G
Figure 5. Valley Detection
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AC Mains Sensing

AC mains sensing occurs through the LNS pin. The LNS
pin senses both the constant and the peak values of the
AC mains power source. The AC mains peak value is
used as a feed-forward mechanism to adjust the input
current reference. Typically, the AC mains peak value is
detected every half line cycle.

Add 100us filter time to the LNS pin to improve noise
immunity. The AC mains sensing circuit is shown in
Figure 6.

LYY YL

LB e
AC mains!
detection:

8
I——

R23

T

D1 D2l i'x & R32
y Res R1

RLNSU
4 CS GATEB HV FBB
Ruinso LNS SY23505B

T

Figure 6. AC Mains Sensing Circuit

PFC Output Voltage Regulation
The PFC output voltage is set by the resistance voltage
divider connected between the FBB and GND pins.

The regulated PFC output voltage can be calculated as
follows:

Repeu + ReeBD

Vope = X Vppg_REF

RFBBD

Typical values for most applications are as follows: Rrssu
= 6MQ-12MQ, Vree_rer = 1.2V. Adding a filter with a time
constant of 200us to the FBB pin is recommended for
improved noise immunity.

For example, to obtain a nominal PFC output of 390V with
Rreeu set to 6MQ, Rreep should be 18.5kQ. It is
recommended that Crss is chosen to be in the range of
10nF to 22nF, and Crss should be placed as close as
possible to the FBB pin.

PFC Current Sensing

To achieve a unity power factor (PF), the input current
must be in phase with the input voltage. To minimize input
current distortion caused by Vcowmpv ripple under high line
input conditions, the peak input voltage information
(Vins_pk) is fed forward to the current reference. The input
voltage is sensed through a resistor divider as Vins, and
the peak input voltage Vins_pk detection is also integrated.
The value ki represents an internal transfer coefficient.
The input current reference Vin_rer can be calculated
using the following equation:

Vcompy X VLns
2
ki X Viys pk

VIIN?REF -

'I;IVDraln

RCS

Res_series3 Ces

— — GATEB

Cs Ves >—L
+
R

QR—S  Qf—

Vin_Rer

ol
I

\ 4

Figure 7. Peak Current Control

As shown in Figure 7, Vcs is compared with Vin_rer. When
the peak current is reached, the MOSFET will turn off.
After the inductor current decreases to 0, the QR signal
initiates the next switching cycle.

To design for the lowest AC input and full load, the PFC
operates in CrM mode. The Rcs can be determined as
follows:

- Ves imir X Vac_min

R« =
e 2V2 X Py

where the Vcs_umit is the current limit point of PFC.

The SY23505B provides overpower protection at the PFC
stage to improve system reliability. When Vcowmpv exceeds
Vcowmpv_opp for a duration of tcompv_orp (256 ms), the PFC
OPP will be triggered. To improve efficiency of the LLC
stage, the PFC overpower protection value is set to
Pout_maAx

niLc
To ensure the PFC OPP cannot be triggered during
normal operation, the chosen Rcs value should satisfy
the following equation:

Veompv_opp X Kprcopp

R <
cS
POUT_MAX RLNSD

N_LLc Rinsu + Rinsp

where Vcompv_opp is an internal voltage threshold (1.33V)
and kercorp is a calculated coefficient (0.073).

The PFC OPP value is calculated using the above formula
at the minimum input voltage.

For example, selecting Rinsp = 25kQ, Rinsu = 25kQ,
Pout max = 120W, niic = 95%, then Rcs < 185mQ.

Due to the PFC gate turn-off delay, the PFC OPP value
will increase as the input voltage increases. Typically, the
PFC OPP value at 264 VAC input is 1.2 to 1.4 times that
of the 90 VAC input.
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If there is no NTC in the AC input loop, a large surge
current, typically exceeding 100A, may occur during the
startup stage, potentially causing a significant voltage
drop across Rcs. Resistor Rcs_series is designed to protect
the CS pin from this surge current. The recommended
value for Rcs series is between 200Q and 800Q. The
circuit is shown in Figure 8.

__BD1 _ 8 D5
. . y ‘
| !
AC mainsi i <:2l
detection & &1 I
! T Ra
J I Toa QB
|
I
|
D3| D4 x & | RS:
v | i
1 ; R3
,,,,,,,,,, ) 1 1
Res_seres Ccs CS
Rt -
cs GATEB HV FBB
R2 I NS SY23505B

Figure 8. Vrcs Limit Circuit

In applications requiring certain protections (PFC_OPP,
FBL_OPP, FBL_OLP, VSEN_OVP, VSEN_UVP, ISEN
limit), the protection behavior can be controlled as follows:

e If Rcs series is between 200Q and 240Q), the
device will stop switching and restart after the
tvcc_TiMEOUT.

e If Rcs series is between 510Q and 800Q, the
device will stop switching and latch after 16
restarts.

For improved noise immunity and signal delay trade-off
considerations, place a 100pF to 470pF capacitor (Ccs)
as close as possible to the CS pin.

PFC Driver

To achieve optimal EMI performance, the SY23505B
uses an optimized two-stage gate driver method. In the
first stage, GATEB rises to Veates_tH (8.5V). In the second
stage, after the minimum on-time ton_min_8 has elapsed,
GATEB rises from Veates_TH t0 Veates_prv (11V). The gate
voltage is illustrated in Figure 9.

fon_min B

Veates_prv (11V)
Veates_tv (8.5V)

GATEB

PWM

Figure 9. GATEB Waveform

PFC Fault Protection

PFC Brown-In and Brown-Out Protection

To prevent the boost converter from operating at very low
input voltages, which can cause excessive heat and
significantly reduced efficiency, input brown-out (BO) is
monitored by the LNS pin. When Vins pk is less than
Vins_Bo continuously for longer than teroT Lns Bo, an input
brown-out is detected. Consequently, the protected
minimum input voltage Vac minrwms) is as follows:

v _ VLNs_Bo y Rinsu + Rinsp
ACMIN V2 RLNsD

Brown in

N
Runsu:
S >
i Brown out
Ruinso I Vins so— +

Figure 10 Inibujt Voltage BO/BI Circuit

After the input BO protection is triggered, the PFC and
LLC will stop switching. The device enables the restart
timer, and the HV will begin to draw current to prevent
LNS from floating high. Once the restart timer is overflows,
if Vins_pk IS greater than Vins_si, the boost converter will
initiate soft-start as shown in Figure 11.

A AN-AN

1 A W N
AN T T T

Vins el
Vins o

feroT_Lns_eo

Brown out: ’_‘
Brown in *‘ ’7

) e
Wsouriligg LLC+PFC ON PFCHLLC OFF, nme>@estan to work

Figure 11. Brown-Out Protection
The recommended value range for Rinsu is 6MQ to 12MQ.
For example, if the brown-out point is set at 70V (AC RMS)
and the Runsu is set to 6MQ, then the Runsp can be
calculated as 24.3kQ. Add a 1nF capacitor between the
LNS pin and GND to improve noise immunity.

X-Cap Discharge

When no rising edge is detected on the LNS pin for the
duration of the X-cap discharge debounce time txois_per,
X-cap discharge protection will be enabled. In this mode,
both stages cease operation, and the HV pin sinks current
to VCC to discharge all input capacitors. VCC is clamped
high during the discharge period. If all input capacitors are
discharged, VCC will gradually drop to the undervoltage
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lockout (UVLO) threshold. If AC power is connected
before the capacitors are fully discharged, X-cap
discharge protection will exitimmediately, and the system
will restart once VCC has charged to Vvcc on. The
maximum discharge time tx_max protects the HV discharge
circuit. If the maximum discharge time is reached,
discharge will stop for tx_max before restarting the
discharge process. When the input voltage is DC, the X-
cap function is disabled.

Txois_ost
- OO —

Vx ois
- Before VCCdrop © Ve 1o, X-c2p energy is not enough
to charge VCC

Vvee T wax

HV_charge Hrigger-

Figure 12. AC Power Disconnected

NN T cor /\/\

Vo,

Figure 13. AC Disconnected and Reconnected
before X-Cap is Fully Discharged

PFC Output UVP and OVP

PFC output undervoltage protection (UVP) prevents short
circuits at the FBB low side resistor or FBB pin during
output undervoltage conditions.

If Veee < VFeB_uve, the boost stage stops switching unless
Vees > Vres_uve + Vhys, as shown in Figure 14.

Vess —
\./ Vees_uvptVhvs

Vess_uve

FBB_UVP

FC stop
PFC Switching >€witching PFC Switching
Figure 14.FBB UVP

PFC output overvoltage protection (FBB OVP)
safeguards against the following cases:

e Output voltage overshoot caused by slow loop
response or rapid load steps

e Input overvoltage resulting from line voltage jitter,
incorrect line voltage connections, or surge tests

e Low side resistor failure or open circuit conditions
at the FBB pin

If Vess > VrBs_ovp, the boost stage stops switching unless
Ve < Vree_ovp - VHys, as shown in Figure 15.

Vrss_ove
Vrae_ove-Vhys

Vess

FBB_OVP

PFC stop
PFC Switching switching PFC Switching

Figure 15. FBB OVP

PFC HV OVP

HV overvoltage protection detects FBB feedback loop
failure during PFC output overvoltage conditions, in case
FBB OVP is not triggered. This protection is integrated
into the HV pin. If Vhv_sense exceeds Vwhv oveti and the
PFC output OVP is not triggered, both stages will stop
switching, and the device timeout will restart. If the PFC
output overvoltage protection is triggered, the HV OVP
will be disabled and will only stop the PFC stage. To avoid
noise interference, the HV OVP can only be triggered if
Vhv_sense exceeds Vrv_oveth during four consecutive PFC
OFF periods when the PFC output overvoltage protection
has not been triggered.

Vhv_ovpTH [ — — I VY0 W
HV_SENSE J U U U
GATEB j ’—‘ ’—‘ ’—‘
count ] M M M

HV_ovP il

HV_OVP trigger, two stage

Two stage on EF and enter into timer restar

+ consecutive 4 off period
| HV_SENSE>HV_OVPTH

FBB_OVP HV_OvVP
Figure 16. HV OVP

PFC Inductor Short-Circuit or Saturation Protection
The SY23505B includes inductor short circuit protection
to prevent damage to the device and external MOSFET.
If Vcs reaches the -850mV limit continuously four times
during each PFC switching cycle, inductor short circuit
protection is triggered, both stages shut down, and the
device initiates a timeout restart.

HV_SENSE

HV_OVPTH
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850mV | i | |

Ves |
cates| | [ ] [ ] [ ]
count__|| | | |

inductor short or saturation
H protection trigger

protection trigger, two
stage off and timer restart

Figure 17. Inductor Short or Saturation Protection

Two stage on

PFC+LLC Two-Stage Disable Function

To achieve extremely low standby power requirements,
both the PFC and LLC stages can be disabled by applying
a voltage greater than 2.3V to the FBB pin.

LLC Operation
Current Mode Control

The SY23505B uses current mode control in the LLC
stage inner loop to achieve fast dynamic response.

The outer loop controls the output voltage through the
amplifier or TL431 regulator in various applications. The
compensation information is transferred to the primary
side via a compensation circuit and an optocoupler to
obtain IrsL. Vccomr is the internal compensation voltage.
Figure 18 shows the current mode control block.

-
|

PWMH—  pwm
PWML—  Logic

RS3 cs2 Rs5

s
ﬂ Rs4

| = ~
Figure 18. Control Mode Control Block

The internal signal Vcrs acts as a current loop feedback
signal and has a linear relationship with the output power.
The Vcrs voltage changes are a result of the primary
current that drives power conversion.

Vcrs is compared with Vem - Vecomwe and Vem + Vecowme for
MOSFETSs control as follows:

e If Vere < Vem - Vecome, PWMH = 1, PWML = 0,
high-side MOSFET is turned on

e IfVere>Vem+ Vecowe PWMH =0, PWML =1, low
side MOSFET is turned on

The typical waveforms are shown in Figure 19. When load
increases, Vccowp increases. Otherwise, Vccomp
decreases.

T AN AR A
VouVecons A ) AT

Vie

Ver|| e ~ A7 VR 7\ ~
A AV L O O A
7 ,/' L/ \ Y, / ,/' ,/

Visen

PWMH

1 1 1 1 [ []
e T e e I s s s M
Figure 19. Current Mode Control Waveform

Risen Selection
The control design parameters are shown below:

Where C; represents the total junction capacitance; PiN
denotes the LLC input power; Cr is the resonant capacitor;
AVcr indicates the voltage change across the Cr during
the PWMH = 1 stage.

Piv — Cj X Vgys® X fsw

AVer =
R Vgus X Cgr X fsw

The relationship between Vccome and AVcr is

2xk

AVer =V, X ———
CR CCOMP % 0 % Risen

and the current sense resistor Risen is chosen as follows:

2 X Vecomp_opp X k X Vgys X fow

Risen =
2
Py — Cj X Vgys” X fow

where k is the Risen calculation coefficient.

The value of k can be adjusted to suit different operating
frequency applications. Vccomp_opp represents the internal
voltage threshold of the device, with a typical value of
380mV. See the External Settings section for more
information. Figure 20 shows a recommended resonant
current sensing method for typical applications.

Vaus Veus

R

Figure 20. Resonant Current Sense Circuit
. Cr
ISEN — C Risen
series

This approach decreases the sensing resistor loss.

For example, if the selected operating frequency (fsw) is
100 kHz, the input voltage (Vsus) is 400V, the maximum
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input power (Pin_opp) is 120 W, the resonant capacitor (Cr)
is 33nF, the current split capacitor (Cseries) is 200pF, the
junction capacitance (Cj) is 200pF, and the output
compensation voltage (Vccomp_opp) is 380mV.

2 X Vecomp_opp X K X Vpys X fsw

R = = 0.31Q
1SEN Pin — Cj X Vgys® X fsw

Therefore, Risen’ = (33/0.2) x Risen = 51Q.

Power Curve and Operating Modes

There are two operating modes from heavy load to light
load: CCM mode and Burst mode.

In CCM mode, the device operates in continuous
switching with a 50% duty cycle, similar to traditional LLC
operation via frequency control. Current mode control is
used in all operational modes, and the adaptive non-
overlap function, based on HB end-of-slope detection,
activates the gate driver.

In burst mode, each burst of switching cycles consists of
a series of CCM and sleep periods. The transition level
for entering Burst mode can be preset using the VSEN pin.
See the External Settings section for more information.
Figure 21 shows the power curve.

VCCOMP
CCM mode

Bugst mode /

-
AN

VemtVecomr

N

5% 100%  250%

Programmable by
xternal setting

Figure 21. Power Curve and Modes of Operation

Vem-Vecomr

Burst Mode Operation

As the output power decreases and the IrsL rises above
the burst mode entry threshold, the device enters sleep
mode, and the LLC stops switching.

When the compensation voltage on the secondary side
rises and the IrsL drops below the burst mode threshold,
the LLC converter resumes operation. As the output
power increases and IrsL remains below the Burst mode
entry level (IrsL_s), the LLC exits burst mode and returns
to continuous conduction mode (CCM). Figure 22 shows
the burst mode operation during a load increase.

L= S0~ J000—
TN~ 00— —

- A

i
" nnnon — anann nonnn — 0Anan
I fnnnn — 1nna inonn_ — inanno
Figure 22. Burst Modes Operating Principle

Adaptive Non-Overlap ZVS Operation

To minimize switching power loss, adaptive zero voltage
switching (ZVS) is implemented in every switching period.
When the low side MOSFET is turned off, Visen must be
less than Visen_o- to enable high side ZVS. Conversely,
when the high side MOSFET is turned off, Visen must be
greater than Visen_o+ to enable low side ZVS. These
constraints ensure soft switching.

HB rising/falling slope are detected via a slope detection
circuit.

When ZVS is enabled, the dead time begins. If the end of
the rising or falling slope of HB is detected after the
minimum dead time To_wmin, the high side or low side
MOSFET will be turned on again. If To_max expires without
a slope end detected, the MOSFET will be turned on
directly.

J o_MiNo| |
_RQ1
Iue(t)
H N
4 I™__Rising sloge end I~
f : Vs T g —{to_max |—
slope _ Q2 3 < Fallin glope end =
detection PWMH
- PWML I r

Figure 23. Adaptive Non-Overlap ZVS Operation

External Settings
Three pins are used to preset the LLC operating
characteristics:

e GATEB determines whether DC input is
supported

e |SEN sets the LLC working frequency range
VSEN establishes the burst entry level

Figure 24 shows the external settings circuit.
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D4

RMSD»l(n
Figure 24. External LLC Settings

Table 1. Input Voltage Setting
Reates DC input
9kQ-11kQ Y
27kQ-33kQ N

Table 2. LLC Operating Frequency Range Setting

Application Risen
working |calculation

=+ ..
Risenser + Risen frequency | coefficient

(Note 8) (k)
70Q < Risenset +Risen < 100Q 300kHz 4.1x107
150Q < RisenseT +Risen < 180Q 200kHz 6.15x107
269Q < Risenset +Risen < 300Q 150kHz 8.21x1077
450Q < Risenset +Risen < 520Q 100kHz 1.23x10®

Note 8: Customer must set the resistance value according to
the actual application working frequency range.

Table 3. Burst Entry Level Setting

RVSEND Burst Entry Point (Note 9)
3.9kQ < Rvsenp < 5.1kQ 1%
9.1kQ < Rvsenp < 11kQ <1%
22kQ < Rvsenp < 30kQ 5%

Note 9: Percentage of designed 100% load

LLC Fault Protection

Capacitive Mode Protection

Capacitive mode should be avoided to prevent high
switching losses and control logic errors. The SY23505B
uses improved adaptive non-overlap zero-voltage
switching (ZVS) logic to eliminate capacitive mode
switching. Figure 25 shows capacitive mode operation.

A

Visen r o, ]
PWMH 'f» —

PWMLI

Q2

_
Rl C1

= ISEN
DTI

Figure 25. Capacitive Mode Operation

When the high side MOSFET enters capacitive mode, it
will be turned off immediately. After Tp_max expires or
when zero-voltage switching (ZVS) is detected after
To_min, the low side MOSFET will turn on. This prevents
hard switching and shoot-through of the low side
MOSFET. The logic operates in the same manner when
the low-side MOSFET is turned off. Figure 26 shows this
switching logic.

High side MOS tum off Low side MOS turn off

‘ GATEL=OFF,GATEH=OFF ‘ ‘ GATEL=OFF,GATEH=OFF ‘

‘ o,y & falling slope end ‘ or ‘ [ ‘ ‘ o,y & rising slope end ‘ or ‘ 1o ‘

Low side MOS turn on High side MOS tum on

Figure 26. MOSFET Switching Logic

LLC Input Brown-In and Brown-Out Protection
The LLC input voltage is sensed via the FBB pin, and LLC
switching is controlled as follows:

e If Veee < VreB_so, the LLC stops switching
e If Vs> VrBB_8I, the LLC begins to switch

VFBB
v

FBB_BO!

LLC ON X LLC OFF X LLC ON

Figure 27. LLC BO and BI Protection

LLC Output OVP
The LLC output OVP is sensed via the VSEN pin. Figure
28 shows the VSEN pin sensing circuit.

P
L al¢ DSt
Lpri Lsec 7~ Cs1
D1

o
VCC —¢—— J <V RS1
Rusenu Laux. Lsec
Vysen F R1 VSEN
ovP icr4 1 t t

8 sw period Vvsen_ove J-Cl J. ) ps?
= 3 Rvseno
D2| ICVSEN

uvpP
signal

Figure 28. Output OVP and UVP Sensing Directly from
AUX Winding
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If Vvsen_rF > Vvsen_ovp for eight consecutive LLC switching
cycles, LLC output OVP is triggered as shown in Figure
29,

VVSEN_OVP----f 1

U=
CLHH,

output OVP frigger, two stag
VSEN_OVP stop working

Figure 29. LLC Output OVP Logic

For example, if the output voltage is regulated at Vo and
a 20% overvoltage range is acceptable, Rvsenp is selected
for the burst entry level. Rvsenu can be calculated using
the following equation:

120% X Npyx X Vo 1)

Rysenu = Rvysenp x(
Vysen_ove X Ngec

To improve noise immunity, place a 100pF to 200pF
capacitor between the VSEN pin and GND. The capacitor
should be positioned as close as possible to the device.
Figure 30 shows another type of VSEN circuit that can be
used. The voltage across the AUX winding is first rectified
to obtain the DC component, which is then divided by a
resistor before connecting to the VSEN pin. Rvsenp,
Revseu, and Cvsen can be selected as described above. It
is recommended to select a value of 1uF for Crec.

Vysev r R1
OVP for * l ¢
8 sw period -t Vuse owe | ACF

uvp
signal

Figure 30. Output OVP and UVP Sensing via Rectified
Voltage of AUX Winding

LLC Output UVP

The VSEN pin is also used to monitor voltage for LLC
output undervoltage protection (UVP). If Vvsen F is less
than Vvsen_uvp continuously for the duration of tvsen uve,
LLC output UVP is activated.

Vysen_uwe

oo [ [ ] ][

Tvsen_uve

UVP_Timer .
- output UVP trigger, two stage stop

working
VSEN_UVP

Figure 31. LLC Output UVP Logic

LLC Cycle-by-Cycle Current Limit Protection
Visen_L(+) and Visen_L(-) are the maximum current limits for
the LLC stage.

When Visen_L+) is reached, the high side MOSFET will be
turned off immediately, and the low side MOSFET will be
turned on after a delay. When Visen_L() is reached, the low
side MOSFET will be turned off immediately, and the high
side MOSFET will be turned on after a delay. Figure 32
shows LLC cycle-by-cycle current limit protection.

L

h ’7 ’7 = ISEN
Figure 32. LLC Cycle-by-Cycle Current Limit Protection

When the output of the LLC is short circuited, and Visen L
has been activated cycle-by-cycle for a duration of
tiL proTeCT, then output short-circuit protection will be
triggered.

LLC Overpower Protection (OPP)

When the output power exceeds the maximum value,
then LLC OPP will be triggered to ensure that IrsL remains
below IrsL_130% continuously for the duration of topp.

LLC Open Loop Protection (OLP)

If the secondary side feedback loop is damaged, as in the
case of a short circuit in the optocoupler, and it causes
IreL to fall below IrsL 250% continuously for the duration of
toLp, then open loop protection will be triggered.

VCC Overvoltage Protection (VCC OVP)

Before VCC rises to Vvcc_ove, if VCC exceeds Vvcc_sHunT,
the VCC shunt current Ivcc_sniunt will activate to reduce
VCC. If VCC cannot be lowered and continues to rise to
Vvce_ove, and if Vvcec remains greater than Vvcc ove for
four continuous LLC switching cycles, then VCC
overvoltage protection (OVP) will be triggered.
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Vvee

Vvee_ovp

PWML

o [1 [T T
VCC OVP trigger
VCC_OVP

Figure 33. VCC OVP

In the LLC transformer design, the output voltage must be
regulated at Vo. Therefore, the following design criteria
should be met:
Naux
NSEC

Vo < Vyec_shunt

Overtemperature Protection

Internal thermal protection operates by monitoring the
junction temperature (TJ). If Ts reaches thermal shutdown
temperature (Tsp), all switching ceases, and the device
enters a timeout state. It will resume operation when T,
falls below Tsp - Thys (the hysteresis threshold), at which
point switching will be re-enabled.

Startup and Power Supply

High Voltage Charge and VCC Management

The SY23505B controller features a high voltage startup
current source that enables fast startup times and
extremely low standby power consumption. The system
provides two startup current levels (Ist L and Ist n) for
safety in the event of a short circuit between the VCC and
GND pins. The HV startup current source charges the
VCC capacitor prior to device startup. The VCC startup
sequence is as follows:

1) When Vvce < Vvec_scp, the startup current is limited to
Ist L. This logic prevents the device from overheating
in the event of a VCC short circuit to GND (VCC
capacitor short circuit).

2) Vvcc_scp < Vvee < Vvee on, startup current is Ist n, and
Vvce rises quickly to Vvcc_on to satisfy startup time.

3) When Vvcc exceeds Vvee_on, the HV charge current
pauses, allowing other logic functions to operate
(sensing external parameters, initiating boost
switching, and starting LLC switching). If VCC drops
below Vvcc Lo, the charge current resumes to
recharge VCC. The maximum charge time after VCC

starts is defined as tvcc_crarce to prevent overheating.

This logic ensures that Vvce remains between Vvec_Lo
and Vvcc_on before the load voltage rises.

4) When Vour rises sufficiently, VCC will be supplied by
the auxiliary winding and will not drop below Vvcc Lo,
causing the startup current to stop. If an output short
circuit or other errors occur, the auxiliary winding
supply will cease, allowing the HV startup to activate
again to ensure VCC remains above Vvcc Lo.

" LAY YYYYYYYYY

Ist
Istn
IstL

Vvee AUX in
Vvee_on

Vvee_o

tvec_charge €

Vvee_scp

Figure 34. HV Charge Logic

High Side Driver Power Supply
An external bootstrap buffer capacitor supplies the high
side driver. The bootstrap capacitor is connected between
the high side reference HB pin and the HS pin of the high
side driver supply input. When HB is low, an external
diode charges this capacitor from the VCC pin.

VvCC

Dgst

R
BST
SY235058 HS

T Cgst

HB

Figure 35. High Side Driver Power Supply Circuit

External diode Dest should be a fast recovery, low
voltage-drop diode. The series resistor Rsst is used to
limit the charge current to protect Dsst. Typically, Rest is
set to 4.70-10Q.

Capacitor Values on VCC Pin and HS Pin

Generally, two types of capacitors are used on the VCC
pin: an SMD ceramic capacitor with a smaller value,
located close to the device to filter noise, and an
electrolytic capacitor to supply the device’s operating
power.

L1

vcc
D1
Laux

Ceramic == C2 Cl
CapI IElectro Cap

Figure 36. VCC PBwer Supply Circuit

The typical Cvcc values are Cvcc_eLectroLyTicaL = 47uF
and Cvcc _ceramic = 1uF.
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The VCC capacitor must be sufficient to handle the
startup period from when the LLC initiates until the
auxiliary winding takes over the supply for the VCC pin.
For example, during startup, if the consumption current of
the IC is lorer = 25mA and the time at which the auxiliary
winding begins to take over the VCC supply is At = 15 ms,
then the allowable VCC drop during startup is given by
Vvee on - Vvee_ Lo, which results in AU = 15V.

Then the VCC capacitor should be:

igper X At
AU

To support charging the high side MOSFET gate, the
value of the HS capacitor must be significantly higher than
the gate capacitance. This prevents a substantial
decrease in voltage on the HS due to gate charges.
Typically, the recommended capacitor value across HS
and HB ranges from 100nF to 470nF.

CVCC > = ZSH.F

Table 4. Protection Action Summary

PFC Protection Action

LLC Protection Action

Item Action Item Action
AC BI/BO LLC BI/BO LLC stop switching
PFC Output
Second gVP Two stages stop | Output SCP
switching, restart
PFC Inductor SCP | after Tvec_miveour | Output UVP
CS resistor SCP Output OPP
Two stages stop
switching, restart Both stages stop
after Tvee_Tiveout switching, restart
PFC OPP or Latch after 16 | Output OVP after Tvee_mimeour

restarts;(Decide
d by CS series
resistor)

PFC Output UVP

PFC not
operating, all
variables reset
to initial value

Optocoupler
OLP

PFC Output OVP PFC stops ISEN current
switching limit

oTP Both stages stop | ISEN resistor
switching ScP

or Latch after 16
restarts (decided
by CS series
resistor)

DS_SY23505B Rev.1.0
© 2024 Silergy Corp.

Silergy Corp. Confidential-Prepared for Customer Use Only

22

All Rights Reserved.




®

S

S/IERGY

SY23505B

Typical Application
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Layout Design

FBL Track Shielded by GND Tracks or Plane

The FBL function operates at low current levels to
minimize energy consumption during no-load conditions,
making this signal more sensitive to disturbances.
Disturbances caused by capacitive coupling to converter
switching tracks (HB or PFC DRAIN) can lead to unstable
regulation.

To avoid disturbances in FBL, the FBL track must be
positioned at a sufficient distance from the power section
of the converters (LLC and PFC). Tracks along the FBL
track must also be grounded for shielding, along with a
ground plane if the design utilizes a double-sided copper
layout. Additionally, the FBL track should be as short as
possible.

Place FBB, LNS, CS, ISEN, and VSEN Sensing
Resistor Close to the Device
For all input sensing pins, the sensing resistors should be
placed close to the device to minimize disturbance
caused by capacitive coupling.

Separate GND Connections for LLC and PFC

To prevent mutual disturbances, the grounding of the PFC
and LLC controllers must be separated in the PCB layout.
Current pulses through ground tracks can result in
incorrect values or signals on pins that reference the
ground level. The primary sources of disturbance are the
substantial energy switching of the PFC and LLC
converters, as well as the MOSFET gate drive currents
generated by the controllers.
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Figure 37 llustrates the energy flows. It also
demonstrates that a special grounding structure can keep
them separated to avoid disturbances.

Keep the energy flow loops for each converter as small
as possible, in terms of track length and surface area.
Minimize the track lengths of A and B, as shown in Figure
37. Minimize disturbances caused by the converter by
connecting the device to the shared bulk capacitor
through a separate ground track.

SY23505B

GND_IC

=PGND B

R1 A

Figure 37. PFC and LLC Energy Flow Loops

Connect the primary ground as shown in Figure 38. The
ground traces, marked in red, should be as short and
wide as possible.

DS_SY23505B Rev.1.0
© 2024 Silergy Corp.

Silergy Corp. Confidential-Prepared for Customer Use Only

23
All Rights Reserved.



SY23505B

S/ ERGY
Figure 38. Recommended Ground Connection
@®: Ground node of PFC bulk capacitor ®: Ground node of VCC capacitor
®@: Ground node of CS resistor and source of PFC MOS @: Ground node of opto-coupler

®: Ground node of LLC resonant capacitor and source of (®: Ground node of FBB pin lower resistor

LLC low side MOS ®: Ground node of VSEN pin lower resistor
@®: Ground node of transformer auxiliary winding

®: Ground node of IC GND

@: Ground node of LNS pin lower resistor
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SOP14 Package Outline Drawing and PCB Layout
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Front view Recommended Pad Layout
(Reference Only)

Notes: All dimensions are in millimeters and exclude mold flash and metal burr.
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Tape and Reel Specification
Tape dimensions (SOP14)

—~(3.9/4. 1~ /1.45/1.55
—6.40-6.60—+
("). [ o mm) [ o = | o mm|
O | CT = gz
~
N muil | |
] (Y| £ ) T} |
- | J T mm| — m
—7.90-8.10— 2.00-2.30
Feeding direction ——»
Reel dimensions
Reel
Width

™

Reel L
Size ]
Package Tape width Pocket Reel size | Trailer length Leader length Oty per reel
types (mm) pitch (mm) (Inch) (mm) (mm) yp
SOP14 16 8 13" 400 400 2500
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Revision History

The revision history provided is for informational purposes only and is believed to be accurate; however, it is not warranted.
Please ensure that you have the latest revision.

Date Revision Change
December 31, 2024 | Revision 1.0 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
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
©2024 Silergy Corp. All Rights Reserved.

DS_SY23505B Rev.1.0 Silergy Corp. Confidential-Prepared for Customer Use Only 28
© 2024 Silergy Corp. All Rights Reserved.



