The Future of Analog IC Technology®

HF500-30

Fixed-Frequency, Flyback Regulator with

Multi-Mode Control and
Over-Power Line Compensation

DESCRIPTION
The HF500-30 is a fixed-frequency, current-

mode regulator with built-in slope compensation.

The HF500-30 combines a 700V MOSFET and
a full-featured controller into one chip for a low-
power, offline, flyback, switch-mode power
supply.

At medium and heavy loads, the regulator
works in a fixed frequency with frequency
jittering. Jitterring helps reduce EMI energy on
the switching frequency and its harmonics.
During a light-load condition, the regulator
freezes the peak current and reduces its
switching frequency to 25kHz to offer excellent
efficiency. At very light loads, the regulator
enters burst mode to achieve low standby
power consumption.

Full protection features include brown-in and
brown-out, VCC under-voltage lockout (UVLO),
overload protection  (OLP), short-circuit
protection (SCP), input over-voltage protection
(OVP), VCC over-voltage protection (OVP), and
over-temperature protection (OTP).

The HF500-30 features over-power line
compensation to ensure that the overload
protection point is independent of the input
voltage.

The HF500-30 is available in a PDIP8-7B
package.

Maximum Output Power @&
230Vac + 15% 85Vac ~ 265Vac
Open Open
(2) )
Adapter Frame @ Adapter Frame @
Pour
(W) 30 45 20 30
NOTES:
1) The junction temperature can limit the maximum output

power.

2) Maximum continuous power in a non-ventilated enclosed
adapter measured at 50°C ambient temperature.

3) Maximum continuous power in an open frame design at
50°C ambient temperature.

FEATURES

e 700V/1.4Q) Integrated MOSFET

e Fixed-Frequency, Current-Mode Control
Operation with Built-In Slope Compensation

¢ Frequency Foldback Down to 25kHz at
Light Load

e Burst Mode for Low Standby Power
Consumption

e Frequency Jittering for a Reduced EMI
Signature

e Over-Power Compensation

e Internal High-Voltage Current Source

e VCC Under-Voltage Lockout (UVLO) with
Hysteresis

e Programmable Input B/O and Over-Voltage
Protection (OVP)

e VCC Over-Voltage Protection (OVP)

¢ Overload Protection (OLP) with
Programmable Delay
Latch-Off Protection on TIMER

e Over-Temperature Protection (OTP) (Auto-
Restart with Hysteresis)

e Short-Circuit Protection (SCP)

e Programmable Soft Start (SS)

e Available in a PDIP8-7B Package

APPLICATIONS

e Power Supplies for Home Appliances
e Set-Top Boxes

e Standby and Auxiliary Power

o Adapters

All MPS parts are lead-free, halogen-free, and adhere to the RoHS
directive. For MPS green status, please visit the MPS website under
Quality Assurance. “MPS” and “The Future of Analog IC Technology” are
registered trademarks of Monolithic Power Systems, Inc.
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I'I'IFE HF500-30 — FULL-FEATURED FLYBACK REGULATOR

TYPICAL APPLICATION
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I'I'IFE HF500-30 — FULL-FEATURED FLYBACK REGULATOR

ORDERING INFORMATION

Part Number* Package Top Marking
HF500GP-30 PDIP8-7B See Below

* For Tape & Reel, add suffix —Z (e.g. HF500GP-30-2)

TOP MARKING

MPS YYWW
HF500-30
LLLLLLLL

MPS: MPS prefix

YY: Year code

WW: Week code

HF500-30: Product code of HF500GP-30
LLLLLLLL: Lot number

PACKAGE REFERENCE

TOP VIEW

B [1] © [ 8] TIMER
vee [ 2] 7] BIO

6 | GND
DRAIN | 4 5 | SOURCE
PDIP8-7B
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HF500-30 — FULL-FEATURED FLYBACK REGULATOR

ABSOLUTE MAXIMUM RATINGS ¥

Thermal Resistance ) @ 0

DRAIN breakdown voltage........... -0.3V to 700V PDIP8-TB.......ccvviiiieeeeeeeeiinns 105...... 45 ...°C/W
VCCtOGND ..., -0.3V to 30V
NOTES:

FB, TIMER, SOURCE, B/Oto GND................... 4)  Exceeding these ratings may damage the device.
........................................................ -0.3Vto 7V 5) The maximum allowable power dissipation is a function of

; feai ; — ° (5) the maximum junction temperature T;(MAX), the junction-to-
Continuous power dISSIpa'[IOI’l (TA =+25 C) ambient thermal resistance 6,4, and the ambient temperature
................................................................ 1.19wW Ta. The maximum allowable continuous power dissipation at

i o any ambient temperature is calculated by Pp (MAX) = (T;
Junction temperature .............ccccvvniineennn. 150°C (MAX)-T.)0n. Excesding the maximum allowable’ power
Lead temperature ............ccccevvvvvvevnennnnnnnns 260°C dissipation produces an excessive die temperature, causing
Storage temperature ............... -60°C to +150°C the regulator to go into thermal shutdown. Internal thermal

i ; shutdown circuitry protects the device from permanent
ESD capability human body model (all pins damage.
except DRA'N) ......................................... 4.0kV 6) The device is not guaranteed to function outside of its
ESD capability machine model .................. 200V operating conditions.
7) Measured on JESD51-7, 4-layer PCB.

Recommended Operating Conditions
Operating junction temp. (T;) ...-40°C to +125°C
Operating VCC range ........cccceeeeveeeens 9V to 24V
HF500-30 Rev.1.0 www.MonolithicPower.com 4
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I'I'IFE HF500-30 — FULL-FEATURED FLYBACK REGULATOR

ELECTRICAL CHARACTERISTICS

VCC = 16V, T; = -40°C to 125°C, min and max values are guaranteed by characterization, typical
values are tested under 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit

Start-Up Current Source (DRAIN)

VCC =0V,

|Drain_0 VDRAIN = 120V/400V 1.4 3.6 6.2
Supply current from DRAIN mA
Iora vee=11v, 1.4 5 7.9
Drain_11 Vorain = 120V/400V ' '
VCC =10V,
Leakage current from DRAIN Ik Voran = 400V 45 | 105 MA
Breakdown voltage VBR Ty =25°C 700 \%
Internal MOSFET (DRAIN)
On-state resistance Rbs_on VC_C - 010'5\/’ o =0.1A, 14 1.6 Q
Ti=25°C
Supply Voltage Management (VCC)
VCC level (increasing) where the VCCorr 11 12 13 Vv

internal regulator stops

VCC level (decreasing) where
the IC shuts down and the VCCuvio 6 7 8 \%
internal regulator turns on

. VCCorrF -
VCC UVLO hysteresis VCCuvio 4 4.8 \%
VCC rgcharge level when VCCrro 4.7 53 59 v
protection occurs
VCC decreasing level where the
latch-off phase ends VCCuaren 2.5 v
Internal IC consumption lcc Ve = 3V, VCC =12V 0.9 1.2 mA
Internal IC consumption, latch-off leoLaTeH VCC = 12V, Ty = 25°C 200 900 uA
phase
Voltage on VCC (upper limit)
where the regulator latches off Vovp 25 27 29 \%
(OVP)
Blanking duration on the OVP Tove 60 us
comparator
Oscillator
Oscillator frequency fosc Ve > 1.85V, Ty = 25°C 62 65 68 kHz
Frequency jittering amplitude in ) o 0
percentage of fosc Aljitter Veg > 1.85V, T3 = 25°C +5 +6.5 +8 %
Frequency jittering entry level VEB_JITTER 1.95 \%
E;?%Léencyjlttermg modulation Tiitter Crimer = 47nF 3.7 ms
HF500-30 Rev.1.0 www.MonolithicPower.com 5
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HF500-30 — FULL-FEATURED FLYBACK REGULATOR

ELECTRICAL CHARACTERISTICS (continued)

VCC = 16V, T; = -40°C to 125°C, min and max values are guaranteed by characterization, typical
values are tested under 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Protections (B/O)

E;g""”"” threshold voltage on Veon | Ve increasing 0.95 1 105 | V
ooun-out threshold voltage on Veoour | Veio decreasing 085 | 09 | 095
Brown-in/-out hysteresis AVe/o 0.065 0.1 0.14

Timer duration for line cycle _

dropout Teio Criver = 47nF 34 55 ms
Input OVP threshold on B/O OVPsio 4.2 4.5 4.8 \%
Input OVP delay time Tovps/o 90 ps
Voltage on B/O to disable B/O \
and input OVP function Vois 54 6 6.6

Clamp voltage on B/O VB/o_cla 7 \
Input impedance Rsio 1.2 MQ
Current Sense (SOURCE)

Current limit point Vium 0.93 1 1.07 \%
Short-circuit protection point Vscp 1.3 15 1.7 \
Current limitation during _

frequency foldback VEoLD Vs = 1.85V 0.63 0.68 0.73
Current limitation when entering VIBURL Ves = 0.7V 0.1 Vv
burst

Current limitation when exiting ViBURH Ves = 0.8V 0.13 v
burst

Leading-edge blanking for ViLim TiLe1 350 ns
Leading-edge blanking for Vscp TiLes2 270 ns
Slope of the compensation ramp SramP 18 25 31 mV/us
Feedback (FB)

Internal pull-up resistor Rrs T,=25°C 12 135 15 kQ
Internal pull-up voltage Vop 4.3 Y
Ves to internal current-set point _

division ratio Krs1 Vs = 2V 2.5 2.8 3.1

Vpg to current-set point division Keeo Vis = 3V 28 31 34

ratio

FB level (decreasing) where the

regulator enters burst mode VUL 063 | 07 0.77 v
FB level (mc_reasmg) where the Vaurt 0.72 08 0.88 Vv
regulator exits burst mode

HF500-30 Rev.1.0
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I'I'IFE HF500-30 — FULL-FEATURED FLYBACK REGULATOR

ELECTRICAL CHARACTERISTICS (continued)

VCC = 16V, T; = -40°C to 125°C, min and max values are guaranteed by characterization, typical
values are tested under 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit

Overload Protection (FB)

FB level where the regulator
enters OLP after a dedicated VoLp 3.7 \%
time

Time duration before OLP when

FB reaches the protection point Toe Criver = 47nF 32 ms

Over-Power Compensation (B/O)

Veio =1.1V, Ves = 2.5V,

T, = 25°C 0
Veio = 1.3V, Ves = 2.5V, 19
Ti=25°C
Compensation voltage Voprc Veio = 2.9V, Vrs = 2.5V, 153 200 047 mV
Ty=25°C
Veio = 3.5V, Vs = 2.5V,
T, = 25°C 205 270 335
Veio > Vois, Ty = 25°C 0
FB voltage (lower limit) when
compensation is removed Vorc(orr) 0.55 v
FB voltage (upper limit) when
compensation is fully applied Vorcon 2.5 v
Frequency Foldback
FB voltage (lower threshold) VesroLo) 18 v

when frequency foldback starts

Minimum switching frequency fosc(min) T, =25°C 20.5 25 30 kHz

FB voltage (lower threshold)

when frequency foldback ends Vra(FoLog) 1 Vv

Latch-Off Input (Integration in TIMER)

Lower threshold when the

regulator is latched VTIMER(LATCH) 0.7 1 1.2 Vv
Blanking duration on latch

. T 42 s
detection LATCH H
Over-Temperature Protection (OTP)
Thermal shutdown threshold Totp 150 °C
Thermal shutdown hysteresis TotpHYs) 25 °C
HF500-30 Rev.1.0 www.MonolithicPower.com 7
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mpj HF500-30 — FULL-FEATURED FLYBACK REGULATOR

TYPICAL CHARACTERISTICS

I_LK_DRAIN @400V vs. V_BR_DRAIN vs. |_DRAIN_O vs.
Temperature Chart Temperature Chart Temperature Chart
8.00 840.000 2.850
7.00 >~  820.000 = 2.800 Py
< \ - / 2.750=]
S 6.000—Y — 800.000 N
N N | S / Z 2.700 Mean’—\
3 5.00 780.000 A < N
S \ = e E A
g M z P = 2.650
S 4.00 ean < 760.000 o N
> o z' 2.600
2 3.00 ! 740.000 Mean I 650
a o a
S 2.00 1720000 2 5500 \\
= 1.00 700.000— 2.450 N

0.00 680.000 2.40%
-50-30-10 10 30 50 70 90 110130 -50-30-10 10 30 50 70 90 110130 -50 -30 -10 10 30 50 70 90 110130

TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
I_DRAIN_11 vs. VCC_OFF vs. VCC_UVLO vs.
Temperature Chart Temperature Chart Temperature Chart
5.20 12.020 7.25
5.100—= 12.000 7.240—
5.00 ' 7.23 =
< 4.90 11.98 BN ) N
g 49 < AN s 722 N
= 480 Mear(~1< < 11.96 AN S 7.21 -
- o Mean N g N
ZI 4.70 \ o| \ 35 7.20 Mean
< 460 3 g 19 \ 8' 7.19
9, 450 > 1.92 X > 748 \
4.40 \ 1.90 N 7.17 T/
4.30 N 7.16 \/
4.20 11.88 7.15
-50 -30 -10 10 30 50 70 90 110130 -50 -30 -10 10 30 50 70 90 110130 -50 -30 -10 10 30 50 70 90 110130
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
VCC_OVP vs. VCC_Latch vs. VCC_PRO vs.
Temperature Chart Temperature Chart Temperature
27.340 3.500, 5.420
N
27.320 N 3.000 5.410
27.300 \\ T~ 5,400 \\\
2.500 - .
T 2o . iy ||| & o0 N
7. . ean
3 Mean % € 5350
o 27.240 \ | 1.500 o'
O 0 5.370
S 27.220 \ S o000 Q
: 5.360 Mea
27.200 \ \\
27.180 ~ 0500 5.350 N
27.160 0.000 5.340
-50 -30 -10 10 30 50 70 90 110130 -50 -30 -10 10 30 50 70 90 110130 -50-30-10 10 30 50 70 90 110 130
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
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HF500-30 — FULL-FEATURED FLYBACK REGULATOR

TYPICAL CHARACTERISTICS (continued)
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mpj HF500-30 — FULL-FEATURED FLYBACK REGULATOR

TYPICAL CHARACTERISTICS (continued)

V_ILIM vs. V_SCP vs. F_OSC vs.
Temperature Temperature Temperature
1.01 1.49 65.000
\ 64.500 /I Mean
1.01 1.49 7 4
N ) \ /| e4.000
1.01 ‘\ 1.49 V4 \ / 63,500 / N\
S 101 Mean S 148 / Mean isaiooo /
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Temperature Temperature Temperature
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mps HF500-30 — FULL-FEATURED FLYBACK REGULATOR

TYPICAL PERFORMANCE CHARACTERISICS
Vin = 230Vac, Vout = 12V, lout = 2.5A, unless otherwise noted.

Input Power On Input Power Off Stress
VIN=265VAC
i [ u i u v i
1 _— 1 I
N | f ] |
Veus f : 10&%‘-’8 : I E |
100V/div. " : c“ém ; J ‘ ‘ _ L u j B
. Vi 2 I 1
v : ol ovidiv, : A Vosph N A Y AN E N ]
10V/div. : J _ ] 2o0vid: T
Vout J i i, ]
5v1div.n|_ _ T gty E ]
20ms/div. 20ms/div. 10us/div.
Output Ripple OLP Entry OVP Entry
No Load
v

VDS D . . VDS D
200V/div. | : 200V/div.
vosine P TE e - ! o L
100mVidiv. 2} i 10v/div. | ST dovidw
i ’ 1 i e, e
1 ' Vg Vour gf ; ! ’
: 2Vidiv. 3t i | 10vidiv. | t
lout Vi 1
2A7div. “t aVide
10us/div 1s/div 1s/div
Brown-in Brown-Out OTP Entry

VIN=115VAC, No Load

Y 7 Y
I T
Vps iif' 4
Vbs ) Vpsi 200V/div. S TR
200Vidiv. 200V/div. :
................................................... . 0 Y VCC 77 fpimmamisstin LI,
vce ! 10V/div. R AR | I
0oVidiv.2E 3 VCC : |
iv. 1 10Vidiv. é \ v e o e g
FERRRSTR— pesisisi TIMER pf e o
s i ] I 2V/div.
VEB_ LT ) S Vep ot
2V/idiv. 3 s seey-a 2Vidiv. 3 - V - T
VBio of § Ve/o o . 2vidi, « ' ]
1V/div. 1V/div. '
400ms/div 400ms/div 400ms/div
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HF500-30 — FULL-FEATURED FLYBACK REGULATOR

PIN FUNCTIONS

Pin # Name |Description
1 FB Feedback. A pull-down optocoupler controls the output regulation.
5 VCC Power supply of the IC. VCC enters over-voltage protection (OVP) if the voltage on VCC
rises above Vove.
4 DRAIN Drain of the internal MOSFET. DRAIN is the input for the start-up, high-voltage current
source.
5 SOURCE |Source of the internal MOSFET. SOURCE is the input of the primary current-sense signal.
6 GND Ground.
Brown-in/out, input OVP, and over-power compensation (OPC) detection. Brown-in/-
7 B/O out, input OVP, and over-power compensation are achieved by detecting the voltage on B/O.
All of the functions are disabled when B/O is pulled higher than Vpis.
Combined soft start, frequency jittering, and timer functions for over-load protection
8 TIMER |(OLP) and brown-out protection. The IC is latched by pulling TIMER down. TIMER allows
for external OVP and over-temperature protection (OTP) detection.
HF500-30 Rev.1.0 www.MonolithicPower.com 12
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HF500-30 — FULL-FEATURED FLYBACK REGULATOR

BLOCK DIAGRAM

HF500-30 Rev.1.0
6/21/2017
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Figure 1: Functional Block Diagram
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HF500-30 — FULL-FEATURED FLYBACK REGULATOR

OPERATION

The HF500-30 is a fixed-frequency, current-
mode regulator with built-in slope compensation
that incorporates all of the necessary features
to build a reliable switch-mode power supply. In
light-load conditions, the HF500-30 freezes the
peak current and reduces its switching
frequency to 25kHz to minimize switching loss.
When the output power falls below a given level,
the regulator enters burst mode. The HF500-30
uses frequency jittering to improve
electromagnetic interference (EMI) performance.

Fixed Frequency with Jittering

Frequency jittering reduces EMI by spreading
out the energy (see Figure 2).

FB _p T —

14pF
Vbbp
PAVAN
10UA ¢

1

Timer +
S
20uA¢ 3.2\7i> Q
2.8 _
TR g

;4

Figure 2: Frequency Jitter Circuit

An internal capacitor is charged with a
controlled current source, which is fixed when
FB is greater than 2V, and its voltage is
compared with the TIMER voltage (Vriver).
Vrmer IS a triangular wave between 2.8V and
3.2V with a charging/discharging current (see
Figure 3). The switching frequency can be
calculated using Equation (1):

1-10°

Switching
Frequency
fosc(1+|Ajiter])

fosc

fosc(1-[Ajter)

Tj\tter

Figure 3: Frequency Jittering

Frequency Foldback

To achieve high efficiency during all load
conditions, the HF500-30 implements frequency
foldback during light-load conditions.

When the load decreases to a given level, the
regulator freezes the Vrolp peak current and
reduces the charging current, dropping its
switching frequency down to foscminy and
reducing switching loss. If the load continues to
decrease, the peak current decreases with a
fixed frequency to avoid audible noise. Figure 4
shows the frequency and peak current vs. FB.

Frequency A A Peak
Frequency Current
f Jittering
osc
""" Vim
- VFoLp
B . -
fosc min) foor = Frequency ] Fixed Fault
foldback requency
_— Fixed Vigurt/
frequency ViBURH
VBURL > Ves
VesFoLp)  VFB(FoLDE) Krg2*ViLim

Vaurn
Figure 4. Frequency and Peak Current vs. FB

Current-Mode
Compensation

The primary peak current is controlled by the
FB voltage (Ves). When the peak -current
reaches the level determined by FB, the
MOSFET turns off. Its internal synchronous
slope compensation (Sgrawp) helps prevent sub-
harmonic oscillation when the duty cycle is

Operation  with Slope

= 5.28.V. /V +0.2 (1) larger than 50% in continuous conduction mode
TIMER (CCM). This allows the HF500-30 to work with a
Tjiter can be calculated using Equation (2): wide input voltage range.
Tjitter =8- CTIMER /nF-10"°s (2
HF500-30 Rev.1.0 www.MonolithicPower.com 14
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HF500-30 — FULL-FEATURED FLYBACK REGULATOR

High-Voltage Start-Up Current Source

Initially, the IC is self-supplied by the internal
high-voltage current source, which is drawn
from DRAIN. The IC turns off the current source
once the voltage on VCC reaches VCCorge.

If the voltage on VCC falls below VCCuyvio, the
switching pulse stops, and the current source
turns on again. The auxiliary winding takes over
the power supply for the IC when the output
voltage rises normally to the set voltage. The
lower threshold of VCC is pulled down from
VCCuwio to VCCpro When a fault condition
occurs, such as overload protection (OLP),
short-circuit protection (SCP), brown-out, over-
voltage protection (OVP), or over-temperature
protection (OTP) (see Figure 5).

A

Auxiliary winding takes over
VCCorr #

High-voltage
Current
Source OFF
|
|
Switch }
+ L1
|
t
|
|
|

Fault
Flag

-

Figure 5: VCC Power Supply Process

Soft Start (SS)

The HF500-30 adopts a soft-start procedure
that increases the current limit and switching
frequency gradually to reduce the stress on the
power components.

During soft start, the TIMER capacitor is
charged in two steps slowly. The TIMER
voltage controls the current limit and switching
frequency (see Figure 6).

A

TIMER lrmer=10/4 pA = 10MA

1.75vV

v

\J

Current“
limit
v

Ipri
0.25v

Soft start duration

Figure 6: Soft Start

The start-up duration can be adjusted by the
capacitor connected to TIMER. The TIMER
capacitor determines the start-up duration,
shown in Equation (3):

T. =0.3-C;yer /NF-10°s  (3)

Soft—start

Burst Operation

The HF500-30 uses burst-mode operation to
minimize power dissipation in no-load or light-
load conditions. As the load decreases, Vs
decreases. The HF500-30 stops switching
when Veg drops below the low threshold (VsurL),
which indicates a sufficiently high output
voltage. Switching resumes once Veg rises to
the high threshold (Vsurn), Which indicates an
insufficient output voltage. This way, the output
voltage is regulated. Burst-mode operation
enables and disables the switching cycle of the
MOSFET  alternately, thereby reducing
switching loss at no-load or light-load conditions.

Timer-Based Overload Protection (OLP)

If the switching frequency is fixed in a flyback
converter, the maximum output power is limited
by the peak current. When the load current is
larger than the design value, the output voltage
drops below the set value due to the max power
limit. The current flowing through the primary
and secondary optocoupler is reduced, and Ves
is pulled high (see Figure 7).

:

OLP
3V Timer

- counter
VN 16

Figure 7: Overload Protection Block

FB rising higher than Vo.p is considered to be
an error flag and causes the timer to start
counting the rising edge of the internal oscillator
which is controlled by TIMER. When the error
flag is removed, the timer resets. When the
timer has counted to 16, the device enters OLP.
This timer based OLP helps to avoid the OLP
miss triggering when the power supply is
starting up or during a load transition phase
(see Figure 8).
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Figure 8: Overload Protection Function

Over-Power Compensation (OPC)

An internal offset proportional to the input
voltage is added to the current-sensing voltage.
The input voltage (Vin) is sampled by B/O
through a resistor divider. This helps equalize
the peak current within the entire V\y range by
reducing the peak current under high input
voltage. This results in an overall constant OLP
point, regardless of V. Figure 9 shows the
compensation in relation to the voltage on FB
and B/O.

Vorc

Veio

Vaio € 1.1V

-
-

FB

Figure 9: Compensation Voltage vs. FB and B/O

The max OPC voltage (Vorc) can be calculated
using Equation (4):

Vgpe =0.094 - (V;,, —1.1V) 4)

Input Brown-In/-Out and Input OVP

Input brown-in/-out and input OVP are
performed through B/O detection.

For the brown-in function, the HF500-30 will not
work until the B/O voltage is higher than Vgio .
When the B/O voltage is lower than Vgio our,
this is considered to be a brown-out flag. If this
condition lasts for Tgio, brown-out is triggered,
and the HF500-30 stops operation.

OVP is triggered when the B/O voltage is higher
than OVPgio for Tova/o, and the HF500-30
stops operation.

If the voltage on B/O is higher than Vpis, the
input brown-out and input OVP functions are
disabled.

If the input brown-in/-out, over-power
compensation, and input OVP functions are not
needed, connect B/O to VCC through a resistor
to keep it higher than Vps under normal
operation.

Short-Circuit Protection (SCP)

The HF500-30 features SCP, which senses the
SOURCE voltage and stops switching if Vsource
reaches Vscp after a short leading-edge
blanking time for SCP (Ti.es2). Once the fault
disappears, the power supply resumes
operation.

Over-Temperature Protection (OTP)

When the inner temperature of the HF500-30
exceeds Torp, OTP is triggered. Its switching
cycle is kept off by the over temperature
protection logic, and the VCC lower threshold is
pulled down from VCCuyvio to VCCpro. The
HF500-30 resumes operation once the
temperature drop exceeds Totpys).

VCC Over-Voltage Protection (OVP)

The HF500-30 enters an auto-restart fault
condition if the VCC voltage rises above Vove
for Tove. Typically, VCC OVP is used for
indirect output OVP. This occurs when the
optocoupler fails, resulting in the loss of the
output voltage regulation.

TIMER Protection

The HF500-30 is latched off by pulling TIMER
below VmivereatcHy for Tiatcw. This allows
external OVP, OTP, or other functions to be
used on TIMER to set extra protections.
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Leading-Edge Blanking (LEB)

An internal leading-edge blanking (LEB) unit
containing two LEB times is used to prevent
premature switching pulse termination due to
current spike when MOSFET turn on, which is
caused by parasitic capacitance. During the
blanking time, the current comparator is
disabled and cannot turn off the MOSFET (see
Figure 10).

A

VSOURCE

Current
Limit

Figure 10: Leading-Edge Blanking
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APPLICATION INFORMATION

VCC Capacitor Selection

When the input voltage is applied, the VCC
capacitor is charged up by the IC internal high-
voltage current source. VCC should be held
above VCCuyvio until the output voltage builds
up so that VCC is supplied by the auxiliary
winding. Otherwise, VCCuyvio will terminate the
switching, and the output voltage cannot be set
normally. For most applications, choose a VCC
capacitor value between 10uF and 47puF. The
value for the VCC capacitor can be estimated
with Equation (5):
*
CVCC > ICC Trise (5)
VCCOFF - VCCUVLO

Where Icc is the internal IC consumption and
Tise IS the output voltage rise period.

Primary-Side Inductor Design (Lm)

The HF500-30 uses internal slope
compensation to support CCM and duty cycle
exceeding 50% working condition. Use Kp to
indicate the CCM depth, which is the ratio
between the primary inductor’s ripple current
and peak current (0 < Kp< 1, and Kp= 1 stands
for discontinuous conduction mode (DCM)) (see
Figure 11). An optimal Kp value is between 0.6
and 0.8 for the universal input range, and CrCM
or DCM for the 230Vac input range. A large
inductance leads to a smaller Kp, which reduces
the RMS current but increases the transformer
size.

lripple Kp=lrippte/ I peak

lav —_

Figure 11: Typical Primary Current Waveform

The input power (Pin) at the minimum input can
be estimated with Equation (6):

P, =—2 (6)

Where Vo is the output voltage, lo is the rated

output current, and n is the estimated efficiency.

n is typically between 0.75 and 0.85, depending
on the input range and output voltage.

For CCM at minimum input votlage, calculate
the converter duty cycle with Equation (7):

_ (Vo + VF) ‘N
(VO + VF) N+ \/in(min)
Where Ve is the secondary diode’s forward
voltage, N is the transformer turns ratio, and

Vinminy IS the minimum voltage on the bulk
capacitor.

The MOSFET on time is calculated with
Equation (8):

()

T,=D-T, (8)

Where Ts is the switching cycle period, and Ts
is 1/fosc.

The average value of the primary current can
be calculated with Equation (9):

P
| =—n 9
kY 9)

in(min)

The peak value of the primary current can be
calculated with Equation (10):

Iav
Ipeak = K (10)

a--)-D

The ripple value of the primary current can be
calculated with Equation (11):
I K, -1

ripple =Np
The valley value of the primary current can be
calculated with Equation (12):

(11)

peak

Ivalley = (1_ KP) : Ipeak (12)
Lm can be calculated with Equation (13):
\/in(min) ’ Ton
L =——" (13)

" I
ripple

Current-Sense Resistor

Figure 12 shows the peak current comparator
logic and the subsequent waveform. When the
sum of the sensing resistor voltage and the
slope compensator reaches  Vimi, the
comparator goes high to reset the RS flip-flop,
and the MOSFET turns off.
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SOURCE [} 0 LEB

-

compensation

A). Peak Current Comparator Circuit

Vpeak— —_———

'_Y_Sram p*Ton

*
|peak Rsense

B). Typical Waveform
Figure 12: Peak Current Comparator

The maximum current limit is Vium. The ramp of
the slope compensator is Sgame. Given a certain
margin, use 0.95 X Vium as Vpeak at full load.
Calculate the voltage on the sensing resistor
with Equation (14):

\% =95%- V|, —Sgawe - T (14)

sense on

The value of the sense resistor is then
calculated with Equation (15):

V.
R — sense (15)

sense I
peak

Select a current-sense resistor with an
appropriate power rating. Estimate the sense
resistor power loss with Equation (16):

2
I eak +Ivalle 1 2
P= l:[%j + E(Ipeak - Ivalley) :l -D- Rsens,e (16)

Jitter Period

Frequency jitter is used as an effective method
for reducing EMI by dissipating energy. The ny
order harmonic noise bandwidth is B =
n - (2 - Af + fiwer), where Af is the frequency jitter
amplitude. If Bm exceeds the resolution
bandwidth (Rsw) of the spectrum analyzer
(200Hz for noise frequency less than 150 kHz,
9kHz for noise frequency between 150kHz and
30MHz), the spectrum analyzer receives less
noise energy.

Equation (2) describes the jitter period in theory.
A smaller fiwer IS more effective for EMI
reduction. However, the  measurement
bandwidth requires fjiwer to be large compared to
the spectrum analyzer Rsw for effective EMI
reduction. fjzer should also be less than the
control loop gain crossover frequency to avoid
disturbing the output voltage regulation.

The TIMER capacitor must be selected
carefully. A capacitor that is too large may
cause the start-up to fail at full load because of
the long, soft start-up duration, shown in
Equation (3). However, a TIMER capacitor that
is too small causes the timer period to decrease,
which overloads the timer count capability and
may cause logic problems. For most
applications, a fjiwer between 200Hz and 400Hz
is recommended.

Ramp Compensation

In peak current control, sub-harmonic oscillation
occurs when D is greater than 0.5 in CCM. The
HF500-30 solves this problem with internal
ramp compensation. Calculate a with Equation
an:

Do - Vi

lmal:; in(mlin) "MNsense -ma
a:( 'Vmax)' m (17)

in(min) . R +m

L sense a
m

Where m, = 18mV/us is the minimum internal

H \/in(min)
slope value of the compensation ramp. o

m

D _-V_ .
and —ma_“inmin)_ gre the current slew rates of

(1-D,.) L,
primary side and secondary side converted to
the primary side, respectively. For stable
operation, a must be less than 1.
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PCB Layout Guidelines

Efficient PCB layout is critical for stable
operation, good EMI performance, and good
thermal performance. For best results refer to
Figure 13 and follow the guidelines below.

1. Minimize the loop area formed by the input
capacitor, the transformer’s primary winding,
the MOSFET DRAIN and SOURCE of the
HF500-30, and the sensing resistor to
reduce EMI noise.

2. Minimize the voltage jumping area, such as
the MOSFET drain, the anode of the
secondary diode, etc. for better EMI. DRAIN
of the HF500-30 is a fused lead pin, which
helps with thermal radiation when copper is
connected to it. Make a trade-off between
EMI and thermal performance if necessary.

3. Minimize the snubber circuit loop to reduce
EMI.

4. Minimize the secondary loop area of the
output diode and output filter to reduce EMI
noise.

5. Provide sufficient copper areas at the
cathode terminal of the output diode to act
as a heat sink.

6. Place the AC input far away from the
switching nodes to minimize any noise
coupling that may bypass the input filter.

7. Place the bypass capacitor as close to the
IC as possible.

8. Use a single-point connection at the
negative terminal of the input filter capacitor
for the IC GND and bias winding return.

o n Cc+ CID ", .
o N
Q + D2 °+:ﬂ O:\
o o\ /
s -] .M,
(o] o ”,:”"H\\
, o +a O\
o N
o Ow N
RT1 I . voy
I
N g - \\ o
o 0 IE

Figure 13: Recommended PCB Layout

Design Example

Table 1 below is a design example of the

HF500-30 for power adapter applications.

Table 1: Design Specification
Vin 85 to 265Vac
Vout 12v
lout 2.5A

HF500-30 Rev.1.0
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TYPICAL APPLICATION CIRCUIT

F
3 LD
== _J) = =
+—
~ |
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] > 1
T T i
J & iRl i : %
! L
Figure 14: Example of a Typical Application
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FLOW CHART
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VCC UVLO, brown-out, VCC OVP, OLP and OTP are auto restart, only TIMER is latch off mode.
VCC should drop to VCCyatcH to release from the latch condition, usually by disconnecting the input.

Figure 15: Flow Chart

HF500-30 Rev.1.0 www.MonolithicPower.com

6/21/2017 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2017 MPS. All Rights Reserved.

22



mes

HF500-30 — FULL-FEATURED FLYBACK REGULATOR

PACKAGE INFORMATION
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NOTE:

1) CONTROL DIMENSION IS IN INCHES. DIMENSION IN BRACKET IS IN MILLIMETERS.
2) PACKAGE LENGTH AND WIDTH DO NOT INCLUDE MOLD FLASH, OR PROTRUSIONS.
3) JEDEC REFERENCE IS MS-001.
4) DRAWING IS NOT TO SCALE.

NOTICE: The information in this document is subject to change without notice. Please contact MPS for current specifications.
Users should warrant and guarantee that third party Intellectual Property rights are not infringed upon when integrating MPS
products into any application. MPS will not assume any legal responsibility for any said applications.
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