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About this document

Scope and purpose

This documentisa 200 W24 V6 A& 12V 5A 280 Vac input off-line half bridge LLC resonant converter
demonstrator board using Infineon ICE1IHS01G-1.

Intended audience

This document is intended for users of the ICELIHS01G-1 who wish to design a system of high efficiency,
simple in design, low cost and high reliable in half bridge (HB) LLC resonant converter for application of
LED/OLED/LCD/PDP TV, AC-DC adapter and audio SMPS.
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Abstract

1 Abstract

The demo board described in this paper is a 200W half bridge LLC resonant converter using LLC controller
ICEIHS01G-1, which is an 8-pin LLC controller developed by Infineon Technologies. ICE1HS01G-1 is specially
designed for applications of switch mode power supplies used in LED / OLED / LCD / PDP TV, AC/DC adapter
and Audio system.

ICELIHS01G-1 is an 8-pin DSO-8 controller IC, the PCB layout can be easily implemented. Moreover, it
includes all necessary control strategies for HB LLC resonant converter. ICEIHS01G-1 allows the designer to
choose suitable operation frequency range by programming the oscillator with an external resistor. And the
built-in soft-start function to limit both the inrush current and the overshoot of output voltage is also
provided. In addition, ICEIHS01G-1 performs all necessary protection functions in HB LLC resonant
converters. All of these make ICE1IHS01G-1 an outstanding product for HB LLC resonant converter in the
market.

2 Demonstrator board

The 200W half bridge LLC resonant converter demo board with ICEIHS01G-1 is implemented as shown in
Figure 1. The LLC stage’s full load efficiency reaches >93.9%.
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Figurel EVAL-1HS01G-1-200W half bridge LLC resonant converter (top view)
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Figure2  EVAL-1HS01G-1-200W half bridge LLC resonant converter (bottom view)
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Specifications of demonstrator board

3 Specifications of demonstrator board

Table 1 Specifications of EVAL-1HS01G-1-200W

Nominal AC Input voltage 280 Vac

Nominal DC Input voltage 380 Ve

Mains under voltage protection point 285 Vpc

Auxiliary power supply for IC Vcc 15 Vic

Nominal output full load 24V6A, 12V5A

Switching frequency 95kHz @ 24V 6 A,12 V5 A and 380 Vpc input
Form factor case size (Lx W x H) 200mm x 120mm x 32mm

4 Features of ICE1HS01G-1

Table 2 Features of ICE1IHS01G-1

Maximum 600kHz switching frequency

Adjustable minimum switching frequency with high accuracy
50% duty cycle

Mains input under voltage protection with adjustable hysteresis

Two levels of over-current protection: frequency shift and latch off

Open-loop/over load protection with extended blanking time

Built-in digital and nonlinear soft start

Adjustable restart time during fault protection period
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Circuit description

5 Circuit description

In actual application, the LLC stage is used to follow a PFC pre-regulator. In this demo board, in order to
simplify and speed up the LLC controller’s feature evaluation, the conventional bridge rectifier BR100,
instead of PFC, is used to provide high input DC voltage for the downstream LLC stage. Thus, around 280 Vac
input voltage is recommended to feed this demo board, and accordingly 380 Vpc voltage across bulk
capacitor C100 can be achieved.

The AC line input side comprises the input fuse FUSE100 as over-current protection. The X2 Capacitors
CX100, CX101 and Choke L101 and Y1 capacitors CY100 and CY101 forms a main filter to minimize the
feedback of RFl into the main supply. NTC resistor RT100 is placed in series with input to limit the initial
peak inrush current. After the bridge rectifier BR100, together with a smoothing capacitor C100, a voltage of
300 Vpc to 400 Ve is provided, depending on mains input voltage, to simulate the real operation condition
with front end PFC pre-regulator.

Also, the bulk capacitor C100 can be directly connected to an external DC power supply, thus the 380 Vpc can
be obtained. This measure makes sense when the customers want to evaluate the LLC stage’s efficiency.

The second stage is a half bridge LLC resonant converter, operating in zero voltage switching mode. The
controller ICEIHS01G-1 is an 8 pin LLC controller, which incorporates the necessary functions to drive the
half bridge’s high side and low side MOSFETs (Q100 and Q101) by a 50% duty cycle with dead time. The
switching frequency can be changed by ICEIHS01G-1 to regulate the output voltage against the load and
input voltage variations. During operation, the primary MOSFETs Q100 and Q101 are turned-on under ZVS
condition and the secondary rectifier diodes D100~D103 are turned-on and turned-off under ZCS condition.
Hence high power conversion efficiency can be achieved.

The Driver Circuit can be implemented by cost-effective pulse transformer. As shown in Figure-7, Pulse
transformer TR200 is used to transmit the driver signal to MOSFETSs for isolation purpose.

The mains transformer TR100 uses the magnetic integration approach, incorporating the resonant series
and shunt inductances. Thus, no additional external coils are needed for the resonance. The transformer
configuration chosen for the secondary winding is center-tapped, and the output rectifiers D100~D103 are
schottky diodes, in order to limit the power dissipation.

In case of a short circuit, the current flowing through the primary winding is detected by the lossless circuit
(C106,C111,D104, D105, R102, and R107) and the resulting signal is fed into CS Pin.

In case of overload, the voltage on CS pin will overpass an internal threshold 0.8V that triggers a protection
mode which keeping the current flowing in the circuit at a safe level. In addition, the blanking time and the
restart time can be adjusted by external components.

Application Note 6 Revision 2.1a,2015-11-06
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Circuit Operation

6 Circuit Operation

6.1 Startup Operation

The controller ICEIHS01G-1 is targeting at applications with auxiliary power supply. In most cases, a front-
end PFC pre-regulator with a PFC controller is used in the same system.

After IC supply voltage is higher than 12V, and if the voltage on VINS pin is higher than 1.25V, IC will start
switching with soft start. The soft start function is built inside the IC with a digital manner. During soft start,
the switching frequency of the MOSFET is controlled internally by changing the current Iss instead of by the
feedback voltage. The charging current Iss during soft start, which determines the switching frequency, is
reduced step by step as shown in product datasheet [1]. The maximum duration of soft start is 32ms with
1ms for each step. Figure 3illustrates the actual switching frequency vs start time when Reyn=25kQ. During
soft start, the frequency starts from 209 kHz, and step by step drops to normal operation point.
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Figure3  Switching frequency during soft start @ Rrmin=25kQ
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Figure 4  Soft start 1% step switching frequency vs Remin

The soft start 1* step switching frequency, maximum frequency during soft start, is also closely related to
the minimum switching frequency fixed by external RFmin resistance. Figure 4 illustrates the relationship
between the 1% step frequency and Remin.

During soft start, the overload protection is disabled because FB voltage is high.
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6.2 Output Voltage Regulation

The minimum switching frequency is a very important factor to guarantee the LLC topology output voltage
regulation at low line input and full load condition. ICELIHS01G-1 allows the minimum switching frequency
easily programmed by connecting an external resistor Reuin between FMIN pin and ground.

The FMIN pin provides a precise 1.5V reference. The resistor Reun, connected from FMIN pin to GND,
determines the current (lpuin) flowing out of FMIN pin. Around one-tenth of Irun is defined as the minimum
charging current (lchg_min), Which in turn defines the minimum switching frequency. The maximum switching
frequency during normal operation and the switching frequency variation range during soft start and over
current protection are all related to this current flowing out of FMIN pin, which is discussed in the product
datasheet [1].

FMINkHz)

& 10 156 20 25 30 35 40
RF MINkohms)

Figure5 Minimum switching frequency VS R

The output load information is fed into the controller through feedback voltage Vee. Inside the IC, the
feedback (FB) pin is connected to the 5V voltage source through a pull-up resistor Res. Outside the IC, this
pin is connected to the collector of opto-coupler. Normally, a ceramic capacitor Crs can be put between this
pin and ground for signal smoothing purpose, also Crs is used to determine the extended blanking time for
over load protection, which will be discussed in section 7.3.

If the output load is increased, and consequently Ve is higher, ICELHS01G-1 will reduce the switching
frequency to regulate the output voltage and vice versa. The regulation of switching frequency is achieved
by changing the charging current Ig. The relationship between Ies and Ves can be found in product datasheet
[1]. The effective range of feedback voltage Vrs is from 1V to 4V. Figure 6 graphs the relationship between the
actual switching frequency and feedback voltage Vs Wwhen Rewin=25kQ.
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Figure6  Switching frequency VS feedback @ Remin=25kQ
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Protection Features

7 Protection Features

7.1 Vcc Under Voltage Protection

The controller ICEIHS01G-1 is targeting at applications with auxiliary power supply. In most cases, a front-
end PFC pre-regulator with a PFC controller is used in the same system.

The controller starts to operate when the supply voltage Vcc reaches the on-threshold, typically 12V. The
minimum operating voltage after turn-on, Viccor, is typically 11V. The maximum supply voltage Vuccmax is 18V.
It is suggested that IC is supplied with a regulated dc power supply for stable operation. At the same time, a
small bypass filter capacitor is suggested to be put between Vcc .ng GND pins, as closely as possible.

7.2 Over Current Protection

Current sense pin in ICEIHS01G-1 is only for protection purpose. ICE1HS01G-1 features two-level over
current protection. In case of over-load condition, the lower OCP level, 0.8V, will be triggered, the switching
frequency will be increased according to the duration and power of the over load. The higher OCP
level, 1.6V, is used to protect the converter if transformer winding is shorted. When Vs reaches 1.6V, the IC
will be latched immediately.

If Vs is higher than 0.8V, IC will boost up the switching frequency. If V¢s is lower than 0.75V, IC will resume to
normal operation gradually. If Vcs is always higher than 0.8V for 1.5ms, the frequency will rise to its
maximum level and vice versa.

To sum up, ICEIHS01G-1 will increase the switching frequency to limit the resonant current in case of
temporary over-load and will also decrease the switching frequency to its normal value after over-load
condition goes away.

7.3 Over Load Protection

In case of output over load or open control loop fault, the FB voltage will increase to its maximum level. If FB
voltage is higher than Vesy and this condition last longer than a fixed blanking time of Toir (20ms), the IC will
start the extended blanking timer. The extended blanking timer is realized by charging and discharging the
filter capacitor Ces via the internal pull up resistor Res and switch Qrs. Accordingly the voltage across Ces
varies between Ve and Veen.

The time needed for Cs being charged from Ve, to Vesn can be calculated as:

V., -V
tchg_o|p = —|n(v‘:‘:_—v':m"j . RFB -CFB
FBL

The time needed for Ces being discharged from Vesy to Ves can be calculated as:

V
tdischg_olp = In[v':iJ ' RQFEE 'CFB

FBL
Thanks to an internal counter, the total extended blanking time can be calculated as:

foe_prank =512 ( +t

chg_olp dischg_olp)

where R__. is switch Qrs‘s on resistance, Rors=9000hm, Vg =4.5V, Veg =0.5V.

QFB
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isabout 30us, t isabout 1.4us, t isabout 16ms.

For example, if Cs is 680pF, teng. olp dischg._olp oxt_blank

If the converter returns to normal operation during the extended blanking time, IC will reset all faults timer
to zero and return to normal operation.

After IC enters into OLP, both switches will be stopped. However, the IC remains active and will try to start
with soft start after an adjustable period. This period is realized by charging and discharging the capacitor
Cis, connected to VINS pin, for Nowe_r times (Noe_r=2048), accordingly the voltage across Cins varies between
Vinsw and Vinst.

The charging and discharging time of Civs can be approximated as:

Voo e Ry
BUS R INST eq INSH
— INS1
tch,:-lrging - _Req ’ CINS -In R
€q
VBUS ' + IINST ’ Req _VINSL
INS1
R
eq2
VBUS ) R _VINSL
— INS1
tdicharging - _Reqz ) CINS -In R
eq2
VBUS ’ R _VINSH
INS1

where Req is the equivalent resistance for paralleling of Rins: and Rinsz,

Req = Rjys1 " Rins2

Req2 is the equivalent resistance for paralleling of Rins1, Rins2 and Rgs (9000hm typically).

Req2 = RINSl I Rlez I RQS

Inst is an internal constant current source Iinst=680pA.
Vinst and Vinsw is the min. and max voltage at VINS pin: Viys.=0.5V, Vinsn=4.5V.
For example, if assume Rinsi=5MQ, Rins:=22kQ, then tcharging=158S, Laischarging=44S.

IC will repeat the charging and discharging process for Noe_r times (Nop z=2048). After that, IC will turn off
the switches for both charging and discharging. In addition, the current source for hysteresis will be turned
on and another blanking time of Tei vins (TeLwins=20ms) will be added so that VINS pin fully recovers and
represents the bus voltage information. IC will start the soft start after the additional blanking time in case
VVINS is hlgher than the VVINSon-

The total restart time can be calculated as:

t = 2048 : (tch arging + tdischarg ing )+ Zoms

restart —

7.4 Mains Under Voltage Protection

The working range of mains input voltage needs to be specified for LLC resonant converter. It is important
for the controller to have input voltage sensing function and protection feature, which allow the IC to stop
switching when the input voltage drops below the specified range and restart with soft start when the input
voltage resumes to its normal level. The mains input voltage sensing circuit is shown in product datasheet
[1]. Thanks to the internal current source Inys (12pA) connected between VINS pin and Ground, an adjustable
hysteresis between the on and off threshold of mains input voltage can be created as:

Application Note 10 Revision 2.1a,2015-11-06
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V,

hys

= RINSl -

hys

The mains input voltage is divided by Ris: and Ris.. If the on and off threshold for mains input voltage is
Vmainon @Nd Vmainofr, the resistors Rins; and Ris2 can be selected as:

R _ Vmainon _Vmainoff R - R . VVINSon
INS1 I 4 INS2 = "YINS1 V V
hys mainoff — VVINSon

Where |hy5:12|JA, VV|N$0n:1.25V.
For example, if Rinsi=5MQ and Rins;=22kQ, the calculated Vimainon=345V, Vmaino=285V.

7.5 Open Load Protection

At very light load condition, eg. open load, the designed maximum frequency may not be high enough to
regulate the output voltage, the output voltage may loss control and cause damages. In order to avoid this
issue, the feedback signal Ve is continuously monitored. When Ves drops below Ves o (typical 0.2V), the
switching signal is disabled after a fixed blanking time, Tes (typical 200ns). Vs will then rise as Vour starts to
decrease due to no switching signal. Once Ves exceeds the threshold Veson (typical 0.3V), IC resumes to
normal operation.
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Circuit Diagram and Components List
8 Circuit Diagram and Components List

8.1 Schematics
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Figure7  Schematics of 200W half bridge LLC resonant
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8.2 PCB Layout

200W SMPS Demoboard using

cxio1
.

L
é cri7EIEs]

o202 0204
Rr200 e} g e e

TR200

Forsjciiz
JPi——a

FUSE100
. %
8
[ ]
o
2

g
-
L
u

cit

L5V GND
3
* @ s} rios

[ ] Ti03 Pa e——

AN

Ic101

] ovioz LLC Controller ICETHS01G-1. V 1.0 Nov 2013
8 8 .l (Infineon
5 Infinecn S pore
- ci05 TR100 [ ] [ ]
2 | @ [
’ D
f=}
S = .
[¢]
s | @ @@ ses | oo
= [
Jr —
L10z
! ?A‘
e @ s o .
BRI00
RT100 Qo1 aioe e 2
H LN . LA . L] c108 +
& - ® |c
) ® ® ) 107 el
& - N
3 |le L] L&
At
.
L) o g
oros - =8 % ® L
T §g® );[
. . 206 . . e o @
—

LI

9

e |2

i
ZD100
15V

11
Ri12
-—

JP12

Figure 8

Component side - View from component side

o lC100

.

® ®EXIRI0E_1

EE R108_2
.

Figure9 Solder side - View from solder side

Application Note

13

Revision 2.1a, 2015-11-06



-
200W24V6A&12V5ASMPS demonstrator with ICELIHS01G-1 @ineon

/

Circuit Diagram and Components List

8.3 Components List
Table 3 Bill of Materials

Item Circuit code Part value Description Supplier [ Part No.
1 BR100 (SiE}Lﬁ)gV) BRIDGE RECTIFIER
2 C100 220uF/450V Aluminum Electrolyte | EPCOS /B43304C5227M000
3 C101 1000pF/35V Aluminum Electrolyte
4 C102 1000pF/35V Aluminum Electrolyte
5 C103 10ppF/50V Aluminum Electrolyte EPCOS /B41821A6106M000
6 C104 100nF/50V CERAMIC
7 C105 22nF/630V CERAMIC EPCOS/B32621A6223J000
8 C106 220pF / 630V CERAMIC
9 c1o7 1000pF/25V Aluminum Electrolyte
10 Cc108 1000pF/25V Aluminum Electrolyte
11 C109 470uF/25V Aluminum Electrolyte
12 C110 470uF/35V Aluminum Electrolyte
13 Cl11 220nF/50V CERAMIC
14 Cl12 680pF/50V CERAMIC
15 C113 22nF/50V CERAMIC
16 Cl14 33nF/50V CERAMIC
17 C115 N.C. CERAMIC
18 Cl16 1uF/50V Aluminum Electrolyte
19 Cl1v 1uF/50V CERAMIC
20 CX100 100nF/305 Vac CERAMIC
21 CX101 220NnF/305 Vac CERAMIC EPCOS / B32922C3224K000
22 CY100 2n2/500Vac Y1 CERAMIC EPCOS/B81123C1222M000
23 CY101 2n2/500Vac Y1 CERAMIC EPCOS/B81123C1222M000
24 CY102 2n2/500Vac Y1 CERAMIC EPCOS/B81123C1222M000
25 D100 MBR2035CT SCHOTTKY DIODE Vishay / MBR2035CT
26 D101 MBR2560CT SCHOTTKY DIODE Vishay / MBR2560CT
27 D102 MBR2560CT SCHOTTKY DIODE Vishay / MBR2560CT
28 D103 MBR2035CT SCHOTTKY DIODE Vishay / MBR2035CT
29 D104 1N4148 DIODE
30 D105 1N4148 DIODE
31 D106 1N4148 DIODE
32 D107 1N4148 DIODE
33 D202 MBR160 SCHOTTKY DIODE
34 D204 MBR160 SCHOTTKY DIODE
35 FUSE100 5A/250V RESISTOR FUSE
36 IC100 ICEIHS01G-1 Resonant-Mode INFINEON / ICE1IHS01G-1
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Controller
37 IC101 SFH617A-2 OPTO COUPLER
38 1C102 TL431 ERROR AMPLIFIER
39 L100 1.2pH/7.5A CHOKE
40 L101 3.3mH/4.6A COMMON MODE CHOKE EPCOS / B82734R2462B30
41 L102 1.2pH/7.5A CHOKE
42 Q100 IPA50R299CP POWER MOSFET INFINEON / IPA50R299CP
43 Q101 IPA50R299CP POWER MOSFET INFINEON / IPA50R299CP
44 R100 2M /1% RESISTOR
45 R102 150R RESISTOR
46 R103 2M /1% RESISTOR
47 R104 IM/1% RESISTOR
48 R105 22k / 1% RESISTOR
49 R106_1 24k / 1%, 0805 RESISTOR
50 R106_2 1k /1% RESISTOR
51 R107 75R RESISTOR
52 R108 5k6 RESISTOR
53 R109 1k1 RESISTOR
54 R110 10k / 1% RESISTOR
55 R111 680R /1% RESISTOR
56 R112 13k /1% RESISTOR
57 R113 1k0 /1% RESISTOR
58 R114 30k /1% RESISTOR
59 R115 3k6 /1% RESISTOR
60 R116 3k6 /1% RESISTOR
61 R117 2k2 RESISTOR
62 R200 8R2 RESISTOR
63 R201 10R RESISTOR
64 R202 11K RESISTOR
65 R205 8R2 RESISTOR
66 R206 10R RESISTOR
67 R207 11K RESISTOR
68 RT100 S237/5 Thermister EPCOS / B57237S509M000

Wurth Electronics Midcom

69 TR100 TRANS-LLC-TWO LLC Transformer Inc. (Model:750342784)
70 00| e | Pusetransormer | e os9108)
71 VR100 S10k/275 VDR EPCOS /B72210S271K101
72 ZD100 15V Zener diode
73 jgiz jz: jgzz Jumper Jumper
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JP7,JP8, JP9,
JP10, JP11,
JP12
74 HS1 For Q100,Q101 Heatsink
75 HS2 For D101, D102 Heatsink
76 HS3 For D100, D103 Heatsink
7 CN1 For AC 2-pin connector
78 CN2 For 15V 2-pin connector
79 CN3 For 12V 2-pin connector
80 CN4 For 24V 2-pin connector
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Transformer Construction

9 Transformer Construction

9.1 Mains Transformer

e Bobbin: type ER34

e Core: TP4 ER34 from TDG

e Primaryinductance: 636H+5%, Gapped between Pin3 and Pin5 (measured at 50kHz)

e Leakageinductance: 100pH+5%, measured between Pin3 and Pin5 by shorting (Pin 8 & 10
and Pin 12 &14) or (Pin 8& 9 and Pin 12 & 13) (measured at 100kHz)

e Manufacturer and part number : Wurth Electronics Midcom 750342784

Figure 10 LLC resonant transformer electrical diagram

\\ ‘
14 - 4] 1
1= |- | | . | P
iz [ = | il = E
v =T [
2 - I ‘. L3
8 ~ -l =
Figure 11 LLC resonant transformer complete - bottom view
Pin 14
—»— Pin 13
—<—— Pin 13
PiN5 —€— 0000000008 —<«— Pin12
8000OOOOOO > Pin10
0000000008 > Pino9
SOOOOOOOOO _ bino
0000000008 < o
Pn3 ->—HOOOOOOOOOO <«—Ping
558557
|

O Primary winding O Secondary winding 1 CD Secondary winding 2

coeoeoeoeseeeeeese [nNsulatontape

Figure 12 LLCresonant transformer winding position
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Table 4 LLC resonant transformer winding characteristics

Pins winding turns wire
3~5 primary 34 7*0.20
8~9 Secondary 1 4 19*0.20
9~10 Secondary 2 4 19*0.20
12~13 Secondary 3 2 19*0.20
13~14 Secondary 4 2 19*0.20
9.2 Pulse Transformer

e Bobbin: E16/8/5, Vertical version from TDG
e Core:E16/8/5TP4 from TDG
e Manufacturer and part number : Wurth Electronics Midcom 750342109

Pin 8
Pin 1
¢ d Pin 7
P Pin5
Pin 4
Pin 6
Figure 13 Pulse Transformer electrical diagram
Vertical bobbin
Pin 1 O = O Pin 8
Pn2 | © £ O |Pin7
Pin3 | o o O |Piné
Pn4 | o 2 o |Pin5

Figure 14 Pulse transformer complete - top view

— — Insulation tape

Pin 8 g ——
PiN7 —p—wu-11 22 turns 1XAWG28 |J
Pin 4 4 —_ e e e EeE == =
Pinl —pw—02] 18 turns 1XAWG?28 |J
Pin 6 - e e e e e —_— —_= = =
Pins —®e——7a{ 22 turns 1XAWG28

Figure 15 Pulse transformer winding position
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10

10.1

Table 5 shows the output voltage measurements at the nominal input voltage 380 Vo, with different load

Electrical Test Results

Efficiency Measurements

conditions. The input voltage 380 Vi is supplied from a high voltage DC power supply.

con.

Table 5 Efficiency measurements @ input voltage =380 Vy¢

Load(%) | Vouts(V) | louts(A) | Vouta(V) | lout2(A) | Pout(W) | Vin(V) | Lin(A) | Pin(W) | Vec(V) | Lec(A) | Pvec(W) | Eff.(%)
100% 24.02 6.01 11.80 5.00 203.31 | 379.9 | 0.57 | 216.20 | 14.18 | 0.0199 0.28 93.91%
82% 23.99 5.00 11.82 4.00 167.30 | 3799 | 0.47 | 177.53 | 14.18 | 0.0200 0.28 94.09%
65% 23.96 4.00 11.83 3.01 13145 | 379.9 | 0.37 | 139.39 | 14.18 | 0.0202 0.29 94.11%
50% 23.97 3.01 11.82 2.50 101.77 | 379.9 | 0.28 | 108.04 | 14.18 | 0.0203 0.29 93.94%
47% 23.93 3.01 11.84 2.00 95.83 | 379.9 | 0.27 | 101.78 | 14.18 | 0.0203 0.29 93.90%
29% 23.89 2.01 11.86 1.00 59.89 | 379.9 | 0.17 | 64.13 14,18 | 0.0205 0.29 92.98%
20% 23.93 1.20 11.84 1.00 40.57 | 3799 | 0.12 | 44.14 14.18 | 0.0206 0.29 91.30%
15% 23.89 1.01 11.86 0.51 30.08 | 379.9 | 0.09 | 33.17 14.18 | 0.0207 0.29 89.90%
10% 23.92 0.60 11.84 0.51 20.35 | 379.9 | 0.06 | 23.36 14.18 | 0.0207 0.29 86.00%
5% 23.90 0.30 11.85 0.25 10.15 | 379.9 | 0.03 | 12.88 14.18 | 0.0208 0.30 77.02%

The power losses due to IC and driver circuit are both included. In addition, the efficiency values were
measured after 30 minutes of warm-up at full load.

Efficiency

100%

95%

90%

%f

85%

80% ‘

75%

70%

65%

60%

55%

50

100

150
Pout (W)

200

=—o—Eff @ 380Vdc

250

Figure 16 LLC stage efficiency

10.2

Zero Voltage Switching
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Electrical Test Results

The LLC system can achieve ZVS over a very wide range of load.

Xi= 50384ps &= 950%8us
K= A4T12ps M= 105157 B

Figure 17 Zero Voltage switching (Left: @ 380 Vi input voltage and 100% full load, Right : @ 380 V¢
input voltage and 10% full load)

10.3 Soft Start

During start-up at full load or no load, the primary resonant current is strictly limited, and the 24 V output
voltage smoothly rises to its regulated value. The overshoot is less than 10%, the start-up time is less than
30ms.

Ermimai=i ’W""? S =4 £Croy.
o !
N
“—LP
Vv ; ¥
gate
= oy
B FB s
Measure P1freq(C2) P2ovsh+(C4) P3Iwidth(C3) P4 width(C4) PSmax(C2) PB:min(C4) Measure P1freq(C2) P2ovsh+(C4) P3widih(C3) P4:width(C4) PSmax(C2) PEmin(C4)
value 96.312 Kz 76% value 169,349 kHz 45%
mean 11588379 kHz 7638 % mean 15085535 kHz 4575%
min 85.227 Kz 76% min 94.220 kHz 46%
max 208.783 kHz 76% max 208.736 kHz 46%
sdev 3366089 kHz sdev 3577613 k2 -
num B8701e+3 1 num 2.368e+3 1
status L v status a v
i wack®h) (Tbass 30 0md Trigger @t FI WackeT) 0 0md (Trigger @0
5.00 Vidw | 10.0 Vidiv 10.0 Vidiv| ;12 500 kHZdiv 10.0 ms/div] Stop 81v 5.00 Vidw| 10.0 Vidiv| 10.0 Vidiv| ;'2 50.0 kHz/div 10.0 msidiv] Stoy 100V
-19.500 V] 24 600 V] 10.70 V ofst 10.0 msidiv 500MS 50 MS/sJEdge  Positive) -18500V, <24 600 V| 1070V ofst 10.0 ms/div 500 M8 50 M: Edge  Positive]

Figure 18 Soft start at full load and no load (Left: Soft start @ 380 V,c input voltage and full load,
Right : Soft start @ 380 V¢ input voltage and no load)
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10.4 Over Current Protection

Figure 19 shows the over current protection. Two kinds of OCP are avilable. The 1*is Vcs> 0.8 V and the
switching frequency increase according to the exceeded duration. Then it would return to normal switching
frequency when Vcs <0.75 V (left side waveform). The 2" one is VCS > 1.6 V, the system enters latch mode
(right side waveform).

! | LeCroy LeCroy
Vo_24v

! \ Yo 12v

1 -

L Vout_lzv

[7- 52 SNSRI NSRRI SRR SRR SO

! |
! |
} ‘ Ves

(Tiger  GaEm
500 pssdivl Normal B.BA|
500MS  10GS/sjEdge  Positive]

20.0 Vidiv|
39.60 V ofst

|

] 1
A Fi TrackP1) (Trigger @G
500 mvidi| 10.0 Vidw| id 100 kHzdiv 10.0msidiv|Norma 64|
-1.8850 V| -800 mV ofsf| 10.0 ms/div 500M3  50Ms/s Edge  Positive
f 4789 mV| i 85av], 2331 v| (IR Xi=  -822ps A= 11.0652ms
T 6481 my| 1 280 mvjr RERCN] |t 128.991 KHz X2= 109830ms 14%= 903734 Hz

2y 1892 my) & -8.31 v]ay EWERY [y 316864 Kz

Figure 19 Over Current Protection (Left: 12V @ 5A,24V @ 6 A - 9 A - switching frequency increase
when Vs> 0.8 V and then drop to normal when V¢s < 0.75 V. The system enters AR after
over load protection reached. Right: 24V @ 6 A, 12 V short circuit - system enter OCP
latch mode whenthe Vs> 1.6 V.)

10.5 Over Load Protection

Blanking time in case of over load protection can be adjusted as discussed before, the charging time tcng opp
and discharging time tqiscng olp Of Crs is 31.6ps and 1.62ps respectively, this measured result is closely equal to
the calculated result which is mentioned at section 7.3.

rigger

X1= -121125ms &= -31.
X2= -12.1441ms 1/A%= -31.65 kHz

Figure 20 Adjustable extended blanking time in case of over load protection

Restart time in case of over load protection can also be adjusted as discussed before, the charging time
teharge and discharging time taischarge Of Cuins is 118.4ps and 51.8ps respectively, this measured result is closely
equal to the calculated result which is mentioned at section 7.3.
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/s
0 Xi= 20.2668ms A&X= 51.8ps
X2= 28.1484ms 1UaX= -8.45 kHz 8 10 mV r 81 mi X2= 28.3186ms 1/8X= 1931 kHz
: y

Figure 21 Adjustable restart time in case of over load protection (Left : Cyins charging time, Right :
Cuns discharging time)

10.6 Output Short Circuit Protection

When the output load is short circuit, Ves jumps to a higher value. When this condition lasts longer than the
internal fixed blanking time 20ms, the extended adjustable blanking time will be initiated. After these two
blanking times the IC will enter restart mode and stops switching if the short circuit condition still exists.
After an adjustable restart time plus an internal fixed restart time 20ms, the IC resumes to normal operation
with soft start. During soft start, the over load protection is disabled. When soft start process completed, if
the output short circuit condition still exists, IC will enter auto restart mode again. When the output short
circuit condition disappears, IC will resume to normal operation and the 24 V output voltage is established
again.

10.0 Vidiv 2.00 Vidiv 680 m¥
-19.20 V ofst 4.060 V ofst H S 0N Edge Negative
-2.8140ms  AX= 347.9806ms
3451666 ms 1/AX= 2.873723 Hz

Internally fixed Adjustable Adjustable Internally fixed
blanking time 20ms blanking time restart time restart time 20ms

Figure 22 Output short circuit protection
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10.7 Mains Under Voltage Protection

When Vs drops lower than 285 Vo, IC stops switching; When Vs rises up to 356 Vpc, IC starts normal
operation after a 500.8us blanking time. These measured results are closely equal to the calculated results
mentioned at section 7.4.

Weus | LeCroy| Vbus I LeCroy’
e = 1,
ca :‘T 2 Vgate .T‘r
! e I
7—W 7 : {z} "
, i =
; e — MAAMMAMAMAMRAREAS
& e — I 4

1,00V} 10.0V) 1.00V} 100V,
-ag7v|  -as0v) 200us] 200y
L 1211V a1emy) L 1211vfe 418 my]
1 1265V]r 833my| t 1285Vl 893m
oy samv)ay a75my 2y 54 mviay 475 m\

Figure 23 Mains under voltage protection (Left : IC starts operation when Vbus resumes to normal
value, Right : IC stops switching when Vbus drops to designed value)

10.8 Burst Mode Operation at No Load

Burst mode operation is implemented in ICELHS01G-1 to avoid possible over output voltage issue in case of light load
or no load operation. When Vi drops below Veg o (measured value 0.180 V), the switching signal will be disabled. Ve
will then rise as Vout starts to decrease due to no switching signal. Once Vg exceeds the threshold Ves_on (measured
value 0.285 V), IC resumes to normal operation.

| LeCroy

] |
4l Vo_24Vac
; !

A
f (Trigoer  GAEH)
10.0 Vidrv 20,0 mvidiv
-28.600V/ 40,60 my| 00MS 25 s
L 646 my L -Alsmy Xi= 11202132ms &%= 16.56488ms
) S51my) ! 929y X2= 12858620ms 1= 60.3687 Hz
By 5mV Ay 13.44 mV|

Figure 24 Burst mode operation
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10.9 Dynamic Load Response

Figure 25 shows the dynamic behavior of this demo board during a load variation from around 10% to 100%
full load on one output, with the other output at its full load. The output voltage ripple of 24 Vand 12V are

both less than 5%.

LeCroy|

o
Ve 12vat + = - - - + +
Vout_lzv

o Vout_lzv
1 Yo 12v- + - - +

LeCroy|

it

lo_24v.
I 4
out_24V

200 mvidi|

2.00 mV ofs}) 5.00 3
- X1= 17.999996ms &%= Ons

X2= 17.9999%6ms 1&%= —

¥i= 17.908086ms &= Ons
X2= 17.099986ms 1=

Figure 25 Dynamic load response (Left:24V@ 6A,12V@ 0.5A-5A,Right:24V@ 0.5A-6A,12V

@5A)
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NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!
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9001;
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