WINSDODURCE

ELECTRONICS

THE DATASHEET OF
DSPIC33FJ64MC804-1/ML

www.win-source.net e / SY 0086-755-83957316




The Future of Analog IC Technology -

HF500-7

Fixed-Frequency Flyback Regulator with
Self-Supply, Multi-Mode Control
and Over-Power Line Compensation

DESCRIPTION

The HF500-7 is a fixed-frequency, current-mode
regulator with built-in slope compensation. The
HF500-7 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,
which helps spread energy out in a conducted
mode. During a light-load condition, the regulator
freezes the peak current and reduces its
switching frequency to foscmin) to offer excellent
efficiency at light load. At very light loads, the
regulator enters burst mode to achieve low
standby power consumption.

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

The HF500-7 features timer-based fault
detection and over-power compensation to
ensure that the overload protection point is
independent of the input voltage. The HF500-7
can also be self-supplied without any auxiliary
winding to save BOM cost.

The HF500-7 is available in a SOIC8-7B
package.

Maximum Output Power
vee 230Vac+15% 85Vac~265Vac
external @ Open @| Open
supplied Adapter Frame @ Adapter Erame @
6.5W W 6w 6.5W
VC;? 115Vac+15% 230Vact15%
self-
supplied SW 2W
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/12Q) Integrated MOSFET

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

e Frequency Foldback Down to foscmin) at
Light Load

e Burst Mode for Low Standby Power
Consumption

e Frequency Jittering for a Reduced EMI

Signature

Over-Power Compensation

Internal High-Voltage Current Source

Self-Supplied without Auxiliary Winding

VCC Under-Voltage Lockout (UVLO) with

Hysteresis

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

e Overload Protection (OLP) with a
Programmable Delay

e Latch-Off Protection on TIMER

e Thermal Shutdown (Auto-Restart with
Hysteresis)

e Short-Circuit Protection (SCP)

¢ Programmable Soft Start (SS)

e Available in a SOIC8-7B Package

APPLICATIONS

e Power Supplies for Home Appliances
¢ 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'IIE HF500-7 — FULL-FEATURED FLYBACK REGULATOR

TYPICAL APPLICATION
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VCC Self-Supplied and Disabled Brown-In/-Out Function
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I'I'IIE HF500-7 — FULL-FEATURED FLYBACK REGULATOR

ORDERING INFORMATION

Part Number* Package Top Marking
HF500GS-7 SOIC8-7B See Below

* For Tape & Reel, add suffix —-Z (e.g. HF500GS-7-2)

TOP MARKING

HF500~7
LLLLLLLL
MPSYWW

HF500-7: Part number
LLLLLLLL: Lot number
MPS: MPS prefix

Y: Year code

WW: Week code

PACKAGE REFERENCE
TOP VIEW

B[1] o 8] TIMER

vee [2] 7] BIO
6] GND
DRAIN [ 4| 5] SOURCE

SOIC8-7B
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HF500-7 — FULL-FEATURED FLYBACK REGULATOR

ABSOLUTE MAXIMUM RATINGS @

Thermal Resistance ¥ @4 6ic

DRAIN breakdown voltage........... -0.3V to 700V SOIC8-7B...cccoeeevvveeviiiieeeeen, 85....... 40...°C/W
VCCtOGND ..., -0.3V to 30V
NOTES:
FB’ TIMER’ SOURCE’ B/Oto GND...... 3V'[7V 1) Exceeding these ratings may damage the device.
........................................................ -0. (0) 2) The _maXimym a_IIowabIe power dissipation is a funs:tion'of the
-— o B
; faal ; 2 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
.................................................................. 1.5w Ta. The maximum allowable continuous power dissipation at
i o any ambient temperature is calculated by Pp (MAX) = (T,
Junction temperature ............cccccvvinneennn. 150°C (MAX)-T.)0y.. Excecding the maximum. allowable power
Lead temperature ............cccevvvvvvevennnnnnnnns 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 DRAI N) .......................................... 4.0kV 3) The device is not guaranteed to function outside of its operating
ESD capability machine model .................. 200V conditions.
4) Measured on JESD51-7, 4-layer PCB.
Recommended Operating Conditions ©)
Operating junction temp. (T;) ...-40°C to +125°C
Operating VCC range ................... 12.5V to 24V
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I'I'IIE HF500-7 — FULL-FEATURED FLYBACK REGULATOR

ELECTRICAL CHARACTERISTICS ©
For typical value, VCC = 16V, T; = -40°C to 125°C, unless otherwise noted.

Parameter ‘ Symbol ‘Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Start-Up Current Source (DRAIN)

supnly current from DRAIN [orain_o VCC =0V, Vbrain = 120V/400V 1.4 3.6 6.2 A
PPy lorain 11 | VCC = 11V, Vorain = 120V/400V | 1.4 5 7.8
Leakage current from DRAIN [k VCC =10V, Vorain = 400V 45 |10.5 MA
Breakdown voltage VBR T;=25°C 700 Vv
Internal MOSFET (DRAIN)
On-state resistance Rps_on VCE: - 010'5\/’ o =0.14, 12 15.5 Q
T;=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
VCC_: level (decreasing) where VCCon 104 | 115 | 126 Vv
the internal regulator turns on
?]/;?e:ggiilator on and off Vivs 400 | 500 mv
. VCCorr -
VCC UVLO hysteresis VCCuvio 4 4.8 \%
VCC re_charge level when VCCrro 47 53 59 Vv
protection occurs
VCC decreasing level where the
latch-off phase ends VCCuaron 2.5 v
Internal IC consumption lcc Ves = 3V, VCC =12V 0.9 1.2 mA
L”rfgg;a' IC consumption, lateh-oft |y srew | vec = 12v, Ty = 25°C 700 | 900 | pA
Voltage on VCC (upper limit)
where the regulator latches off Vovp 25 27 29 \%
(OVP)
Blanking duration on the OVP Tove 60 ms
comparator
Oscillator
Oscillator frequency fosc Ves > 1.85V, Ty = 25°C 62 65 68 kHz
Frequency Jiterng ampliude N | py | vee > 185V, Ty = 25°C i5 | 65| B | %
Frequency jittering entry level VEB_JITTER 1.95 V
gg?%‘éency"“e””g modulation Tiitter Crimer = 47nF 3.7 ms
HF500-7 Rev. 1.0 www.MonolithicPower.com 5
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I'I'IIE HF500-7 — FULL-FEATURED FLYBACK REGULATOR

ELECTRICAL CHARACTERISTICS ® (continued)
For typical value, VCC = 16V, T; = -40°C to 125°C, unless otherwise noted.

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

Protections (B/O)

g;g""”"” threshold voltage on Veion | Veio increasing 0.95 1 105 | Vv

g;g‘””"“t threshold voltage on |y, - | Veio decreasing 08 | 09 | 095 | Vv

Brown-in/-out hysteresis AVe/o 0.065 0.1 0.14 \%

Timer duration for line cycle _

dropout Teio Crimer = 47nF 34 55 ms

Input OVP threshold on B/O OVPsio 4.2 4.5 4.8 \%

Input OVP delay time Tovesio 90 us

Voltage on B/O to disable B/O

and input OVP function Vois 5.4 6 6.6

Clamp voltage on B/O VBio_cla 7

Input impedance Rsio 1.2 MQ

Current Sense (SOURCE)

Current-limit point ViLim 0.93 1 1.07 \%

Short-circuit protection point Vscp 1.3 1.5 1.7 \%

Current limitation during _

frequency foldback VEoLD Ves = 1.85V 0.63 0.68 0.73 vV

Current limitation when entering VIBURL Ves = 0.7V 0.18 v

burst

l:C)ljlrrsrtent limitation when exiting VisURH Ves = 0.8V 0.23 v

Leading-edge blanking for ViLim TLes1 350 ns

Leading-edge blanking for Vscp TLEs2 270 ns

Slope of the compensation ramp Sramp 18 25 31 mV/us

Feedback (FB)

Internal pull-up resistor Res T,=25°C 12 13.5 15 kQ

Internal pull-up voltage Vbp 4.3 \Y

Vee to internal current-set point _

division ratio KrB1 Vs = 2V 25 2.8 3.1

?g[?oto current-set point division Keso Vg = 3V 28 31 3.4

FB level (decreasing) where the

regulator enters burst mode VeurL 0.63 0.7 0.77 v

FB level (increasing) where the

regulator exits burst mode VBURH 0.72 08 0.88 v

Overload Protection (FB)

FB level where the regulator

enters OLP after a dedicated VoLp 3.7 vV

time

Time duration before OLP when _

FB reaches the protection point Toue Criver = 47nF 32 ms
HF500-7 Rev. 1.0 www.MonolithicPower.com 6
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I'I'IIE HF500-7 — FULL-FEATURED FLYBACK REGULATOR

ELECTRICAL CHARACTERISTICS © (continued)
For typical value, VCC = 16V, T; = -40°C to 125°C, unless otherwise noted.

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

Over-Power Compensation (B/O)

Veio =1.1V, Ves = 2.5V,

T, = 25°C 0
Veio =1.3V, Ves = 2.5V, 19
Ty=25°C
Compensation voltage Vorc Veio = 2.9V, Vrs = 2.5V, 153 200 247 mV
Ty=25°C
Veio = 3.5V, Vre = 2.5V,
T, = 25°C 205 270 335
Veio > Vois, Ty = 25°C 0
FB voltage (lower limit) when
compensation is removed Vorc(orn) 0.55 v
FB voltage (upper limit) when
compensation is fully applied Vorcon 2:5 v
Frequency Foldback
FB voltage (lower threshold) when Ves(roLo) 18 v

frequency foldback starts

Minimum switching frequency foscminy | Ta=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

) \/ 0.7 1 1.2 V

regulator is latched TIMER(LATCH)

Blanking duration on latch

detection TLatcH 42 VS

Thermal Shutdown

Thermal shutdown threshold TTsp 150 °C

Thermal shutdown hysteresis Trsp(HYS) 25 °C
HF500-7 Rev. 1.0 www.MonolithicPower.com 7
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HF500-7 — FULL-FEATURED FLYBACK REGULATOR

TYPICAL CHARACTERISTICS

LKG_Drain_400V vs. BV_Drain vs. |_DRAIN_O vs.
Temperature Chart Temperature Chart Temperature Chart
8.00 840.000 2.850
7.00 -1 820.000 2.800
A /T ~T ™

2 6,000\ 800.000 2.750 B

< > \ || ’ I'I%

s < / = 2.700 Mean’—\

\ ) y. < .

= 5.00 780.000 N

g = > pd € 2650 N

S, 4.00 Mean Z 760.000 o = N\

2 3.00 0, 740.000 Z 260

g > 1 Mean £ 2550 \

-1 1.00 700.000(—~ 2.450 \
0.00 680.000 2.400

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)
|_DRAIN_11 vs. V_OPC4 vs. VCC_OFF vs.
Temperature Chart Temperature Chart Temperature Chart
5.20 300.000 12.020
5.10
5.00 \\ 250.000 12.000]

T 490 N ~ 11.980 P

T+ S <200.000 Mean > N

= 4.80 Mean \ E \ i 11.960 Mean AN

1 470 N I 150.000 ~ & \

% 450 N g &' 11.940

- . 8 \

0, 450 >!100.000 > 11.920 \
4.40 \ 50.000 11.900 N
4.30 N—

4.20 0.000 11.880
-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_UVLO vs. VCC_OVP vs. VCC_Latch vs.
Temperature Chart Temperature Chart Temperature Chart
7.25 27.340 500
a N
7.24 27.320 N 3.000
7.23 ‘\ 27.300 \\ T~

S 722 N S 27.280 § 2.500 TIN—

9 7.21 & 27.260 O 2.000 Mean

S = Meéan E

5, 720 Mean ©\ 27240 3

o 7.19 g <" \ o 1500

Q 27.220

> 718 \ > \ S 1.000
717 27.200 \

716 \V/ 27.180 ~| 0500
7.15 7.160 0.000
-50 -30-10 10 30 50 70 90 110130 -50 -30-10 10 30 50 70 €0 110130 -50-30 -10 10 30 50 70 90 110130
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
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HF500-7 — FULL-FEATURED FLYBACK REGULATOR

TYPICAL CHARACTERISTICS (continued)

VCC_PRO vs.
Temperature
5.420
5.410
\\
5.400 AN
E 5300 N
o N
X 5380
|
Q
5.370
S
5.360 Meari g
5.350 \\
5.340
-50-30-10 10 30 50 70 90110 130
TEMPERATURE (°C)
BO_OVP vs.
Temperature
4.490
4.485 // \\
S 4.480 \
)

4.475

BO_OVP
\

4.470 f
U vV
4.465
4460503010 10 30 50 70 90110 130
TEMPERATURE (°C)
V_BURH vs.
Temperature
0.782
0.781
0.780 \
[ T\
S 0779 Mean
E ormal \
z 0.778 \
1 0.777
0.776
0.775 \
0-774553010 10 30 50 70 90 110 130

TEMPERATURE (°C)

VBO_IN vs. VBO_OUT vs.
Temperature Temperature
1.010 0.900
0.895[—\ —
1.005 ) \
I \ 0.890 Mean
S 1.000 \ = ar I
. \ l \ ch—) 0.885 I
|
& 0.995 Mean g' 0.880 I
> A\ / > 0.875
0.990 /| ~— .
: \ 0.870
0.865

0'98-!-!50-30-10 10 30 50 70 90110 130 -50-30-10 10 30 50 70 90110 130

TEMPERATURE (°C) TEMPERATURE (°C)
VDIS vs. V_BURL vs.
Temperature Temperature

6.150 682
AN,
6.100 0.681 A1)
| A1 LN
\ S 0.680

S 6.050 < Mea(\

2 X 0.679

> 6.000 4 \

\ > 0.678
y \
590863010 10 30 50 70 90110 130 *-57%50:30-10 10 30 50 70 0 110 130
TEMPERATURE (°C) TEMPERATURE (°C)
V_IBURL vs. V_IBURH vs.
Temperature Temperature
0.200 238
0.195 7 0.236 7
]
0.190 0.234 — \\ /
S 0.185 - 0232 /
. / . Y4 ﬁ

- I

% 0.180 ] & 0.230 Mean

0475 Mean 210.228 /

S0 Me >| . /

0.170 7 0.226
0.165—= 0.224—

222
-50-30 -10 10 30 50 70 90 110 130
TEMPERATURE (°C)

0'16-%0-30 -10 10 30 50 70 90110 130
TEMPERATURE (°C)
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HF500-7 — FULL-FEATURED FLYBACK REGULATOR

TYPICAL CHARACTERISTICS (continued)

VFB_OLP vs. VCS_MAX vs. V_SCP vs.
Temperature Temperature Temperature
3.830 1.01 1.494
3.828 =y / 1.014 1.492 7 ‘\
e
3.826 A Mear ™, 1.490 A /
\ 1.012 \ 4,| \/
S 3.824 \ S 101 Mean S 1.488 f-Mean
g %] \ 2 100 N % 1.486 /
1 3.820 W= N &
L 3818 ¢ 1.00 \\ >'1.484
3.816 1.004 \ 1.482
3814 1.002 = 1.480
3.812 00 1.478
-50-30 -10 10 30 50 70 90110 130 -50-30-10 10 30 50 70 90 110 130 -50-30-10 10 30 50 70 90110 130
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
F_OSC vs. F_OSC_MIN vs. Slope_Comp vs.
Temperature Temperature Temperature
65.000 — 26.00 26.000
64.500 ‘, Mean 2550 /,—— _ 25.500 /\
/2]
64.000 / N| = A 4 25.000 —
63500 7 L 25.00 Z L1
N = £ 24500
£ 63.000 / Z 24 50 / o //(IV ean
©62.500 = Mean Z 24.000
: / | / 3 /
3 Q24.00 o
62.000 @ 123.500
w'o1.500—1/. O, o /
s u23.50 / G 23.000—
61.000[—/ 23.00 @ /
60.500 a4 22,500
22.000
60.00055730 10 10 30 50 70 s0110 130 2%%%%030-10 10 30 50 70 90 110 130 -50-30-10 10 30 50 70 90110 130
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
T_LEB1 vs. T_LEB2_LOW vs. RDS_ON vs.
Temperature Temperature Temperature
300.000 335.00 30.000
25.000
295.000 A /\ 330.000—4 P —
A
& 290.000 ™ \ ~20.000 L
g / \ / £325.00 AN g //
é 285.000 J % \ / G,15.000 ~Q
- / / —,320.00 2 // Mean
' 280.000 ¥ 7 - \ // 2 10.000——p-
ean =
275.000 \/,/ 315.00 ean— 1/ 5.000
000
270.000,530-10 10 30 50 70 v 110 130 -100%530 10 10 30 50 70 90 110 130 -50-30-10 10 30 50 70 90 110 130
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)

HF500-7 Rev. 1.0
9/27/2017

www.MonolithicPower.com

© 2017 MPS. All Rights Reserved.

10

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.



mps HF500-7 — FULL-FEATURED FLYBACK REGULATOR

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 230Vac, Vouti/Voutz = 12V/5V, lout/louT? = 03A/03A, unless otherwise noted.

Input Power On Input Power Off Output Ripple
v SN Wt e
TRt :1\
Voutt A \\ KK NG INC NS
Vaus 200mV7div!" _ ~— ,
200V/div o= : R A
o] e v o BV, fosrmiomtivem i -
Vour2 '
V, | 2V/div. : S
OuUT1 = - - . |
5V/div. ' =, E oo o A 1\ PR h
' Sy | NVourzac N SN N {\
v / v 2 b 200mV/div! :
2Vidn! 1ovid| £ ] — o ““ o
20ms/div. 20ms/div. 10ps/div.
SCP Power On SCP Power Off SCP Release

Vnsd | Vbs
200V/diy BT R T i

ol Vbs
200vdivy o o T e 200V/div!
Vour1 f* T : o Voury f~ 7 et : Vourt.f~ 7T ALY :
10V/div.” 10vidiv, 10V/d|v VLG DR
e Vou : H—
5V/d|vz” sdez' I - 5V/d| i
lou ot : b lour1 | : lou+ -
2A/div. CES : G 2A/div.” : TR : 2A/div!" : S SR
200ms/div. 200ms/div. 200ms/div.
OLP Entry, No Load OLP Entry, Full Load Brown In, Full Load
: Vb
Vps f : - : Vps i N A b 100vid
ZOOVIdIV“ i : : S - $ i ZOOVIdIV i = CE R ) . . LA oo '
v : 0 Voo oo
ouTY, ’ ol : vV, = IR _ 10V<?M S St —
10V/div. : o : OUT1 [rtemmimempmeny 2 . g r- Febf b
o 10V/div.- =1 | s5V/div. |- .;.
- T PR ————— s M g
VEB = S 3 8 3 5V/div. = 3 X, 3 3
svidivizf s 2 k » = X
Vee Ve Veio
10Vv/div.* i a i i i 10V/divi i - i i H 500mV/divi i - i
400ms/div. 400ms/div. 400ms/div.
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mps HF500-7 — FULL-FEATURED FLYBACK REGULATOR

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 230Vac, Vouti/Voutz = 12V/5V, louti/louT? = 03A/03A, unless otherwise noted.

Brown Out, Full Load OVP Entry, No Load OVP Reccovery, No Load

Vbs
100V/div! Vo Vp :
Weetpaarnns 1o bfibammrats 200VAdiv.F L T 200V/divE . i ;
10V<?IV.‘ VOUT1 ? in VOU:I'1' 2 . l'
F TR OTITTTIUTL: R < TR LIS 10VidivEE . .o e 10V/divi: | )
5V/div. ; facacia) ' ¢ V : | o & : | fl
‘ : : QUTZ] : OuT2y )
: 5V/div. 5Vidiv.
Veio : Vee : Vee
500mV/div/i 10V/div! : 10V/divi!
400ms/div. 200ms/div. 200ms/div.
OVP Power On, No Load OTP Entry OTP Recovery
I I Rosns VD%“ VD\j“
Vps 100v/divi’ 100V/divi’
200V/divEE T T T e e T FYSIYE T KUY PP teetd {0rmans fo Ty T prre
VOUT1, VOUT
v { ! 1 QIV/div: : 1 (\)/V/di\).'
OUT1 } OUT: OUT:
1 \(/)/S!Iy e ":J. e v S § R 5V/div?
R0 o b a2 Vi i
Vee : Vee : Vee :
10V/divi 10V/div! 10V/div! -
200ms/div. 1s/div. 1s/div.
Stress Conducted EMI, L Conducted EMI, N
v = e 1 MHz 10 Mz aw[® T —
G R o saL ol saL
F 1 L‘ L H I p CLRWR CLRWR|
3 t e o o B Y 2 av[® 2 av|®
JJ ‘iil r.—‘ '1 t“ Il‘ il I’ Fl CLRWR ™ CLRR L ™
1‘[“ e 1'[ : |~‘v ~~~[-u Nl .-
J;“ l | PR BN 3§ l.& awihy -u-l' o0 e o0 ==
[ A 6DB " A 6DB
\ | I\ bl N IA
| (s | % w2 4 PR | RO | S kS [ty el = Tl Ay w,ﬂ‘“ "
VDS‘ ‘ : : LT - /
100V/div. AT TR ol ol PG e = S il =
10|_|s/d|v 1;0 kHz 30 MHz 1;0 kHz 30 MHz

]
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HF500-7 — FULL-FEATURED FLYBACK REGULATOR

PIN FUNCTIONS

Pin # Name |Description

1 FB Feedback. A pull-down optocoupler controls the output regulation.

2 VCC Power supply of the IC. VCC enters over-voltage protection (OVP) if the VCC voltage 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 detection. Brown-in/-out,

7 B/O input OVP, and over-power compensation are achieved by detecting the voltage on B/O. All
functions are disabled when B/O is pulled higher than Vois.
Combined soft start, frequency jittering, and timer functions for overload 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.

HF500-7 Rev. 1.0
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BLOCK DIAGRAM

VCe Power Start-Up Unit | 1| DRAIN
Management >
OvVP o,
TIMER > Fault -
OLP | Management Driving Signal
Management

Frequency
> Foldback

FB > Burst-Mode
Control

Peak Current
» Compression

I
b

UV

>—» Comparator

t

U

L

Slope Over-Power
Compensation Compensation

Input OVP Brown Out

|' => |- SOURCE

Figure 1: Functional Block Diagram
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OPERATION

The HF500-7 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 regulator 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 HF500-7 uses
frequency jittering to improve EMI performance.

Fixed Frequency with Jittering

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

ST

VN
10pA

Vop
st
imer > s o
200A ¢% 3.2V

2.8V> R (5

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 (Vtiver). VrTiver 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(L+|Ajer])

fosc

fosc(1-[Ajiterl)

ijer

Figure 3: Frequency Jittering
Frequency Foldback

To achieve high efficiency during all load
conditions, the HF500-7 implements frequency
foldback during light-load conditions.

When the load decreases to a given level, the
regulator freezes the Vroo peak current and
reduces the charging current, dropping its
switching frequency down to 25kHz and
reducing switching loss. If the load continues to
decrease, the peak current decreases with a
25kHz fixed frequency to avoid audible noise.
Figure 4 shows the frequency and peak current
vs. FB.

Frequency A A Ppeak
Frequency Current
f Jittering
osc
""" Vium
. V
B ,, ; FoLp
fosciminy |22 "V Frequency peixed Fault
foldback quency Vieurt/
—~__Fixed IBURL/
frequency Vigur
> Vig
Veur VreFowe  VraroLp) Keg2*Vium

VBurH
Figure 4: Frequency and Peak Current vs. FB

Current-Mode
Compensation

Operation  with Slope

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. The regulator can also operate in continuous

f. = . . ) .
s 5.28 -V, yer !V +0.2 (1) conduction mode (CCM) with a wide input
_ _ voltage range. Its internal synchronous slope
Tiier can be calculated using Equation (2): compensation (Srawe) helps avoid subharmonic
5 oscillation when the duty cycle is larger than 50%

Tjitter =8- CTIMER InF-107s (2) at CCM.
HF500-7 Rev. 1.0 www.MonolithicPower.com 15
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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
VCC reaches VCCorr. If VCC falls below VCCon,
the high-voltage current source turns on again.

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), and over-temperature
protection (OTP), etc.

Self-Power Supply

The IC can be self-supplied by the internal high-
voltage current source. The IC starts switching
and the internal high-voltage current source
turns off once the VCC voltage reaches VCCorr

(typically 12V). Then the VCC voltage decreases.

The internal high-voltage current source turns on
again to charge the external VCC capacitor
when the VCC voltage decreases below VCCon
(typically 11.5V) (see Figure 5). A small
capacitor (several uF) is enough to hold the VCC
voltage. The self-supply function can lower the
total BOM cost by removing auxiliary winding
and decreasing the capacitance of the VCC
capacitor.

VCC

VCCope=12V

Internal
Current
Source OF

Driving
Signal

Figure 5: Self-Power Supply

Self-power supply leads to higher no-load power
consumption. If tough no-load power
consumption performance is required, the self-
supply function should be disabled.

Soft Start (SS)

To reduce the stress on the power components
and smoothly establish the output voltage, the
TIMER voltage increases from 1V to 1.75V with
a 1/4 charge current during normal operation

during every start-up. The TIMER voltage
increases the peak current from 0.25V to 1V
gradually. The switching frequency also
increases gradually. Figure 6 shows the typical
waveform of a soft start.

A

TIMER ver=10/4 A Iriver=10pA

175V [F———-

v

\

CLII'I'EI’““
fimit
W |

Ipr\
0.25v |~

|
|
|
.
|
|
|
|
T
|
|
|
|
|
|
|
|
|
|
|

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,ex /NF-107°s  (3)

Soft—start

Burst Operation

The HF500-7 uses burst-mode operation to
minimize the power dissipation in no-load or
light-load conditions. As the load decreases, Ves
decreases. The IC stops the switching cycle
when Vgs drops below the lower threshold
(VeurL). Ves increases again once the output
voltage drops, and switching resumes once Ves
exceeds the threshold (VsurH). Ves then falls and
rises repeatedly. Burst-mode  operation
alternately enables and disables the switching
cycle of the MOSFET, thereby reducing
switching loss at no-load or light-load conditions.

Over-Power Compensation (OPC)

An offset voltage proportional to the B/O voltage
is added to the sensing voltage. The B/O voltage
is proportional to the input voltage. Figure 7
shows the compensation in relation to the
voltage on FB and B/O. The over-power
compensation (OPC) voltage (Vorc) can be
calculated using Equation (4):

Vope =0.094-(V;,, —1.1V) 4)

HF500-7 Rev. 1.0
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Veio

Vopc(orr) Vorcon) FB

Figure 7: Compensation Current vs. FB and B/O
Voltage

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 output consumes
more than the limited power, the output voltage
drops below the set value. The current flowing
through the primary and secondary optocoupler
is reduced, and Vs is pulled high (see Figure 8).

:

OLP
s Timer

= counter

VYN 16

Figure 8: 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 Vo. When the error flag is
removed, the timer resets. When the timer
completes after it has counted to 16, the HR500-
7 enters OLP. This timer duration does not
trigger the OLP function when the power supply
is starting up or during a load transition phase
(see Figure 9).

TIME!

Vo

Vorpfmmmm—
oLp 1
Voltage regulation here

Over load takes place here

A
| OLP occurs here

Figure 9: Overload Protection Function

Input Brown-Out and Input OVP

The input brown-out and input OVP are
performed by B/O. If the B/O voltage is higher
than Vg0 v during the input voltage rising period,
the IC begins operating. If the B/O voltage is
lower than VB0 out for Teio (CTIMER = 47nF), the
IC stops operation. If the voltage on B/O is higher
than OVPgo for Tovesio, the IC stops operating,
achieving input OVP. If the voltage on B/O is
higher than Vpys, input brown-out and input OVP
are disabled. To simplify the external circuit,
connect B/O to VCC through a resistor if input
brown-out, over-power compensation, and input
OVP are not needed.

Short-Circuit Protection (SCP)

The HF500-7 features a short-circuit protection
(SCP) that senses the SOURCE voltage and
stops switching if Vsource reaches Vscp after a
reduced leading-edge blanking time (Ties2).
Once the fault disappears, the power supply
resumes operation.

Thermal Shutdown

The HF500-7 uses thermal shutdown to turn off
the switching cycle when the inner temperature
exceeds Tore. Once the inner temperature drops
below Tortprys), the power supply resumes
operation. During thermal shutdown, the VCC
UVLO lower threshold is pulled down from
VCCuvio to VCCpro.

Vcc Over-Voltage Protection (OVP)

The HF500-7 enters a latched fault condition if
the VCC voltage rises above Vove for Tove. The
regulator remains fully latched until VCC drops
below VCC_artcH, such as when the power supply
is unplugged from the main input and plugged
back in. Usually, this situation occurs when the
optocoupler fails, resulting in the loss of the
output voltage regulation.

TIMER Protection

The HF500-7 is latched off by pulling TIMER
below Vrimereatch) for Tiatcn. This allows TIMER
to be used for external OVP and OTP functions
by adding an external compact circuit.

HF500-7 Rev. 1.0
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Leading-Edge Blanking (LEB)

An internal leading-edge blanking (LEB) unit
containing two LEB times is placed between
SOURCE and the current comparator input to
avoid premature switching pulse termination due
to parasitic capacitances. During the blanking
time, the current comparator is disabled and
cannot turn off the external MOSFET (see Figure
10).

A VLimit

—» oe—T gy
_’:_HiTLEBl for SCP

Figure 10: Leading-Edge Blanking
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APPLICATION INFORMATION
VCC Capacitor Selection

When the input voltage is supplied, the VCC
capacitor is charged up by the IC internal high-
voltage current source. Due to the self-supply
function, the start-up period is not affected by the
VCC capacitor selection. The main concern is
that the self-supply function should always be
disabled during burst mode if VCC is supplied by
the auxiliary winding. The value for the VCC
capacitor can be estimated with Equation (5):

*
CVCC > ICC Tburst (5)
VCC,,. — VCC,,

Where Icc is the internal consumption, and Touyrst
is the interval during the burst period.

Primary-Side Inductor Design (Lm)

The HF500-7 wuses an internal slope
compensation to support CCM when the duty
cycle exceeds 50%. Set a ratio (Kp) of the
primary inductor’s ripple current amplitude vs.
the peak current value to 0 < Kp < 1, where Kp =
1 for discontinuous conduction mode (DCM)
(see Figure 11). A larger inductor leads to a
smaller Kp, which reduces the RMS current but
increases transformer size. An optimal Kp value
is between 0.7 and 0.8 for the universal input
range and under CrCM or under DCM for the
230Vac input range.

I£ipp|e_ KP:|ripp|e/|peak

Figure 11: Typical Primary Current Waveform

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

P, =-22 (6)

Where Vo is the output voltage, lo is the rated
output current, and n is the estimated efficiency,
typically between 0.75 and 0.85 depending on
the input range and output voltage.

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

— (Vo +VF)'N
(VO + VF) N+ \/in(min)

(7)

Where Ve is the secondary diode’s forward
voltage, N is the transformer turn ratio, and Vinmin)
is the minimum voltage on the bulk capacitor.

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

T,=D-T, (8)
Where Ts is the frequency jitter's dominant

switching period, and Ti =f, =65kHz.

S

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

P
|, =—0n 9
w =y )

in(min)

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

Ipeak = ka—v (10)

(1-"2)D

The ripple value of the primary current can be
calculated with Equation (11):

Iripple = KP ’ Ipeak (11)

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

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 Vpea, the comparator
goes high to reset the RS flip-flop, and the
MOSFET is turned off.

HF500-7 Rev. 1.0
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SOURCE [} 0

compensation

Peak Current Comparator Circuit

Vpeak— _— —

Ipeak*Rsense

Typical Waveform
Figure 12: Peak Current Comparator

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

V =95%-V, v —S

sense

ramp : Ton (14)
The value of the sense resistor is then calculated
with Equation (15):

R — Vsense (15)

sense I
peak

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

2
" l:(lpeaﬂ—lva"eyJ * : (Ipeak _Ivalley)2‘| ‘D-Ryeree (16)

2 12
Jitter Period

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

The TIMER capacitor determines the frequency
jitter period . A 10pA current source charges the
capacitor when the TIMER voltage reaches 3.2V,
and another 10uA current source discharges the
capacitor to 2.8V. This charging and discharging
cycle is repeated.

Equation (2) describes the jitter period in theory.
A smaller fjiwer is more effective for EMI reduction.
However, the measurement bandwidth requires
firer to be large compared to the spectrum
analyzer Rasw for effective EMI reduction. fiier
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, an
firer value between 200Hz and 400Hz is
recommended.

Ramp Compensation

In peak current control, subharmonic oscillation
occurs when D is greater than 0.5 in CCM. The
HF500-7 solves this problem with internal ramp
compensation. Calculate a with Equation (17):
Dmax : \/in(min) ‘Renee - ma
_(@-D,.,)-L,
a —_
\/in(min) R +m

L sense a
m

17)

Where ms = 20mV/pus is the minimum internal
slope value of the compensation ramp, and
D -V

in(min) . nd max in(min) R
sense (l— Dmax) . I—m sense

slew rates of the primary-side and equivalent
secondary-side voltages sensed by the current-
sensing resistor respectively. For stable
operation, a must be less than 1.

are the

m
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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 power stage loop area for better
EMI performance. This includes the input
loop (C4 - T1 - Ul - R1A/R1B - C4), the
auxiliary winding loop (T1-D6 - R8 - C7 - T1),
the output loop (T1-D7-C12-T1, T1-D8
- C11-T1), and the RCD snubber loop (T1 -
R6 - D5 - R7/C6 - T1).

Keep the input loop GND and the control
circuit GND separate and only connect them
at C4. Otherwise, the IC operation may be
influenced by noise.

Place one ceramic capacitor close to the
sensitive IC pin (such as those for FB, B/O,
and VCC) to decouple noise effectively.

Place a larger source area around the IC to
improve thermal performance, if needed.
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Figure 13: Recommended PCB Layout

Design Example

Table 1 shows a design example of the HF500-
7 for power adapter applications.

Table 1: Design Example

Vin 85 to 265VAC
Vouti/ Vour2 12Vv/5V
louti/ louT2 0.3A/0.3A

HF500-7 Rev. 1.0
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TYPICAL APPLICATION CIRCUITS
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Figure 14: Example of a Typical Application
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Connection Diagram Winding Diagram
Figure 15: Transformer Structure
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Table 2: Winding Order

Tape (T) | Winding Start-End \/\(/(llg)e Size Turns (T) Tube

0 N1 °>—=NC 0.15%2 22 None
Clockwise

1 N2 3—5 0.15*1 168 None
Clockwise

1 N3 6—10 0.32*1 TIW 12 None
Clockwise

1 N4 8 —-10 0.45*1 TIW 9 None

Anticlockwise
2—-1
N5 0.12*1 27

s NG 1—NC 0.12*1 27 None

Clockwise

HF500-7 Rev. 1.0
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FLOW CHART
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Figure 16: Control Flow Chart
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PACKAGE INFORMATION
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