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The Future of Analog IC Technology -

HFC0400

Fixed Frequency Flyback Controller
with Ultra-low No Load Power Consumption

DESCRIPTION

HFC0400 is a fixed-frequency current-mode
controller with built-in slope compensation. It
targets medium-power, off-line, flyback, switch-
mode power supplies. At light loads, the
controller freezes the peak current and reduces
its switching frequency down to 25kHz to offer
excellent light-load efficiency.

At very light loads, the controller enters burst
mode to achieve very low standby power
consumption.

HFC0400 offers frequency jittering to help
dissipate energy generated by conducted noise.

HFCO0400 also has an X-cap discharge function
to discharge the X-cap when the input is
unplugged.

HFC0400 features multiple protections t@
include thermal shutdown (TSD), VCC u

voltage lockout (UVLO), overload
(OLP), over-voltage protection
brown-out protection.

HFCO0400 is available in anﬁ&? @é&age
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FEATURES

e Fixed-frequency current-mode control with
built-in slope compensation

e Frequency foldback down to 25kHz at li
loads é

e Burst mode for low standby pow

consumption a
Frequency jitter to reduc@ gnature
X-cap discharge func@

Internal high-voltage ent source

VCC under-va@alockout with hysteresis
(UVLO)

e Brown tection on HV pin
o Oq@loa pr with programmable

tdown (auto-restart with
Q hy ergsis)

-off for external over-voltage protection
VP) and over-temperature protection
(OTP) on TIMER pin
e Short-circuit protection
e Programmable soft start

APPLICATIONS

e AC/DC adapters for notebook computers,
tablets, and smartphones

o Offline battery chargers

e LCD TV s and monitors

All MPS parts are lead-free, halogen free, and adhere to the RoHS directive.
For MPS green status, please visit 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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mP " HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

TYPICAL APPLICATION
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mP5°HFco4oo — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

ORDERING INFORMATION

Part Number*

Package

Top Marking

HFC0400GS

SOIC8-7A

HFC0400

* For Tape & Reel, add suffix —Z (e.g. HFC0400GS-2);

PACKAGE REFERENCE

TOP VIEW
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ﬁrmal Resistance ¥

ABSOLUTE MAXIMUM RATII\@ O 0:a O
HV Break Down Voltage............... Q« SOIC8-TA. .o, 96 ...... 45...°C/IW
Vee, DRV 1O GND....oeevveeeve, 3V to 30
Notes:
FB, TIMER, CSto GND.......... _0 1) Exceeding these ratings may damage the device.
Continuous Power D|ss|p ;C) (2) 2) The maximum allowable power dis_?ip(a'\t/:zr;()is ahfun_ction_of the
maximum junction temperature , the junction-to-
-------------------------------------------------- 1 3W amblent thermal res'stance eJA, ar1dJ the amblent temperature
Junction Temperatu .................... 150°C Ta. The maximum allowable continuous power dissipation at
o any ambient temperature is calculated by Pp (MAX) = (T
Thermal Shutdovya. ... 2N 150°C (MAXT.) B0, Excosding the. maximum_ allowable. power
Thermal Shut ySter IS v 25°C dissipation will cause excessive die temperature, and the
Lead Tempe€atUse ............ccceeeeiiiinnnnnne, 260°C regulator will go into thermal shutdown. Internal thermal
Storage %ﬁ rature -60°C to +150°C shutdown circuitry protects the device from permanent
APErature .............. - damage.
ESD gapability Human Body Model (All Pins 3) The device is not guaranteed to function outside of its
EXCEPNHV) oo 4.0kV operating conditions.
capability for Machine Mode.............. 200V 4) Measured on JESDS1-7, 4-layer PCB.
Y*ecommended Operation Conditions ©
Operating Junction Temp (T;,).. -40°C to +125°C
Operating Vcc range .......cooeeeeeeeeeeeennn. 8V to 20V
HFC0400 Rev. 1.02 www.MonolithicPower.com 3
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mP " HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

ELECTRICAL CHARACTERICS

For typical value T;=25°C, unless otherwise noted

Parameter | Symbol | Conditions | Min | Typ | Max | Unit
Start-up Current Source (HV)
Supply Current from HV Ihv Vce=6V;Vuv=400V 16 | 185 | 2.1 mA
Leakage Current from HV Ihv Vce=10V;Vav=400V 15 25 MA
Break-Down Voltage VBRrR 700 V
Supply Voltage Management (VCC) &
VCC Current-Source Turn-Off Level, ﬁ
Rising VCCorr 12 14.5 17/.
VCC Threshold for HV Turn-On Detection, ./
Falling VCCss 9.5 11.5‘ ‘a'sk \Y
VCC Hysteresis for HV Turn-On Detection VCCorr - 1.5 @'J \Y
VCCss N

VCC Current-Source Turn-On Level,
Falling VCCon Q 8.0 | 9.0 \Y

. VCCorr - ‘Q >
VCC UVLO Hysteresis VCCon \6 , O 6.5 \Y%
VCC Re-charge Level When Protection -4 :
s VCCrro {_\ 53 | 59 | Vv
VCC Decreasing Level When Latch-Off J

o )
((" N
Phase Ends VCCuraTtcH n f\6 2.5 V

Internal IC Consumption lcc —12‘ Z Sl 1 15 2 mA
Internal IC Consumption, Latch Off Phase Ic?A/T@ € 520 | 585 650 MA
Voltage above Vcc Where the Controller
Latches Off (OVP) P 22 | 25 27 v
OVP Comparator Blanking Duratlonov AT$ 26 us
Brown-out / Y“
HV Turn-On Threshold ““ , ¥ HVon Vv rising 95 108 | 120 \Y,
HV Turn-Off Threshold N‘ HVore | Vav falling 90 | 103 | 115 v
Brown-Out Hysteresis ) Aw AHV 4 52 | 6.4 \
Timer Duration for(ﬁ ycle%—vout THY Criver=47nF 50 ms
Oscillator 2
Oscillator Mcy fosc 60 65 | 69.5 | kHz
Frequency Sjtter Amplitude, ) o
in Pefogntage of fosc Ater 6.7 %
eqdency Jitter Modulation Period Tjitter Criver=47nF 3.7 ms
ent Sense
Current Limit ViLim 0.9 | 0.95 1 \Y%
Short-Circuit Protection Level Vscp 13 | 145 | 155 \Y%
Leading-Edge Blanking for Vium TLEB1 350 ns
Leading-Edge Blanking for Vscp TLEB2 270 ns
Slope of the Compensation Ramp Sramp 20 25 30 mV/us
HFC0400 Rev. 1.02 www.MonolithicPower.com 4
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mP " HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

ELECTRICAL CHARACTERICS (continued)

For typical value T;=25°C, unless otherwise noted

Parameter ’ Symbol ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Feedback (FB)
Internal Pull-Up Resistor Res 12 14 16.5 kQ
Internal Pull-Up Voltage Vbb 4.3 \%
Ves to Internal Current Set-Point Division
. Krs 3.0 --
Ratio N
FB Level (Falling) at which the Controller V‘
Enters Burst Mode VBURL 0.29 | 0.32 03;‘;, \Y,
FB Level (Rising) at which the Controller -\B"
Exits Burst Mode Veury 0.42 0"16‘4 v
Over Load Protection </,
FB Level at which the Controller Enters OLP >4
. - VoLp g V
after Blanking Time 4
Time Duration When FB Reaches Protection . C —A7nE \x& ms
Point, Before OLP oP TIVER= /.
b
Frequency Foldback \S</ A
Frequency Foldback FB Voltage Threshold, » >V
Upper Limit VEB(FoLD) Q. o‘c 1.8 \Y
N L ( ) o/
Minimum Switching Frequency foscming A Vai O 21 25 30 kHz
3
N
Frequency Foldback FB Voltage Threshold, VFB( b ./ 10 v
Lower Limit N
V 1
Latch-Off Input (Integration in TIMER ) @
The Threshold below which Controller is \(TI LM 0.9 1 11 N
Latched y
Blanking Duration on Latch Detectixqv @KLATCH 12 uS
DRV Voltage f
¥ _ CL=1nF Vcc=8.4V 6.7 V
Driver Voltage High Lev OY VHigh CL=1nF Voo=12V 103 Y,
Driver vOltage-C|am5'l.Ev€ py g Vclamp CL=1nF, Vcc=24V 13.4 v
Driver Voltage, JOyW=elvel N Viow CL=1nF, Vcc=24V 16 mV
Driver Voltage, Xig€ Time R C.=1nF, Vcc=16V 13 ns
Driver Vol%all Time TF C.=1nF, Vcc=16V 23 ns
Driveﬁll- Resistance Reul-up C.=1nF, Vcc=16V 8 Q
Drjweg PHll-Down Resistance Rpull-down C.L=1nF, Vcc=16V 20 Q
HFC0400 Rev. 1.02 www.MonolithicPower.com 5
7/10/2018 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2018 MPS. All Rights Reserved.



me

" HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

PIN FUNCTIONS

Pin # Name |Description
1 TIMER Timer. This pin cqmbines the soft _start, frequency jittering, and 'Fimer funqtions for OLP,
brown-out protection, and X-cap discharge. Latch the IC by pulling this pin down.
2 FB Feedback. Use a pull-down optocoupler to control output regulation.
3 CSs Current Sense. Senses the primary current for current-mode operation.
4 GND IC Ground.
5 | DRV |Drive Signal Output. ,-ﬁ
6 VCC |Power Supply. U
8 HV High-Voltage Current Source. Includes brown-out and X-cap discharge fugc@.‘

HFC0400 Rev. 1.02
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mP " HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

TYPICAL CHARACTERISTICS

Supply Current from Leakage Current from Internal IC Consumption
HV vs. Temperature HV vs. Temperature vs. Temperature
Ve e=6V:VHy=400V Vee=10V;Viy=400V VFB=2V, CL=1nF, VCC=12V
2.40 24 1.40
2
220 ; 1.35
1.30
2,00 1
2 ~< 1 —1 _ 125 —
< < L — < | L
£ 180 2 14 ] E 120 — S
X 1,60 \\\ = 12" © 4115 /// (745
: 1
N 110/ \ ~
1.40 8 [4
6 1.05
1.20 4 1.00 X/
-40-25 -10 5 20 35 50 65 80 95 110125 -40-25-10 5 20 35 50 65 80 95110125 -40-25-1Q 5 20 35 50 65 80 95110125
TEMPERATURE(°C) TEMPERATURE(°C) & MPERATURE(°C)
Break-Down Voltage VCC Current-Source é@ C Threshold for HV
vs. Temperature Turn-Off Level, Risi -On Detection, Falling
840 14.40VS- Temperature E ! a/S: Temperature
820
14.30
800 " 11.60
780 ] 14.20 ’ -
760 et S ™ s e g
> 14.10 . >
g 740 / I /LY | B 11.50 //
@ b S AN Q
> 720 v 3 o
7001 > 13 49 > 1145
: 7\
680 o b 11.40
660
640 PN, 11.35
-40-25-10 5 20 35 50 65 80 5 -25-10 5 20 35 50 65 80 95110125 -40-25-10 5 20 35 50 65 80 95 110 125
TEMPERATURE Q TEMPERATURE(°C) TEMPERATURE(°C)
VCC -SourceE Voltage above VCC Where VCC Hysteresis for HV
Tur) evel, Falling the Controller Latches Turn-On Detection

8)‘ys. eMmperature 5.4
N

9
05 25.2 2.9
.00 28

Off (OVP) vs. Temperature VS Temperature

S
25.0 y
§ S 795 e~ s o 7 & 27N
S oy > gy
5 7.90 . 2 248 S 26
8 £ \ 8 1 re 25 ™
> 18 S 246 S “°
7.80 O 24 ™~
775 244 2a

7.70 24.2 2.2
-40-25-10 5 20 35 50 65 80 95110125 -40-25-10 5 20 35 50 65 80 95110125 -40-25-10 5 20 35 50 65 80 95110125

TEMPERATURE(°C) TEMPERATURE(°C) TEMPERATURE(°C)
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mP " HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

TYPICAL CHARACTERISTICS (continued)

VCC Re-charge Level VCC Decreasing Level HV Turn-on Threshold
when Protection Occurs When Latch-off Phase vs. Temperature
vs. Temperature Ends vs. Temperature
5.50 3.2 116
5 114
5.45 3.0RS
5.40 \\ 112
S 535 % 28 N o M AN
< :3
g 530 —— E 26 AN z :z: S N\
§ s2s N g N z 2\
> S 24 104 7
520 N 102 b=
22
5.15 N 100 7 <.¢'
5.10 2.0 98 -
-40-25-10 5 20 35 50 65 80 95110125 40-25-10 5 20 35 50 65 80 95110125 -40-25-10 5420 65 80 95110125
TEMPERATURE (*C) TEMPERATURE (°C) $TE TURE ("C)
HV Turn-off Threshold Oscillator Frequency equency Jitter Amplitude,
vs. Temperature vs. Temperature é in centage of fosc
10 65.0 mperature
10 64.0 / \‘F} ?é 7
10l // (’ - s /
1oal4— 63.0 ‘4 ; __ 648
S - g |/
2 o2 N T 620 N < 3 646
& ‘\\\_f’\ < / ¢ ‘V, i
S 10 N] © i
= g 61.0 E 644
60. V4 I’ < 642 I N
96 , \/
94 6.40
92 6.38
-40-25-10 5 20 35 50 65 80 9511 -26-10 5 20 35 50 65 80 95110125 -40-25-10 5 20 35 50 65 80 95110125
TEMPERATURE (“@ TEMPERATURE (°C) TEMPERATURE (°C)
Minim gl.(chmg E Slope of the Compensation Current Limit
Fre vs. Temperature 2 Ramp vs. Temperature 098vs. Temperature
26. : )
H‘K 28. 0.97
26 S
P N~ . 0.96
& 5 / 2
% / % 26. » 7 s 0.95 N
Z 250 < 25 — = 094 \
=3 / e / = N
g 2 240/ > 093 ™~ _~
2 2451/ £
= / 23. 0.92
/
24.0 / 22, 0.91
235 21. 0.90
-40-25-10 5 20 35 50 65 80 95110125 -40-25-10 5 20 35 50 65 80 95110125 -40-2510 5 20 35 50 65 80 95110125
TEMPERATURE (*C) TEMPERATURE (°C) TEMPERATURE (°C)
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mP " HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

TYPICAL CHARACTERISTICS (continued)

Short-Circuit Protection Leading-Edge Blanking Leading Edge Blanking
Level vs. Temperature for VILIM vs. Temperature for VSCP vs. Temperature
1.48 500, 400
147 490\ 390
1.46 (Y 380
' 4701\ 370
145~ m \ A 2
S N 2 460 Ny S 2 360 N v
& 144 ~ ~ 5 450 —~ 3501\ -
1773 I ~—~— w w N L]
< 3 N| 2 40 4 340
1.43 A\ [ [ P
142 430 330 B
' 420 320
1.41 =)
410 310 D
1.40 - 400 300
-40-25-10 5 20 35 50 65 80 95110125 -40-25-10 5 20 35 50 65 80 95110125 -40-25-1 %ﬁ 50 65 80 95110125
TEMPERATURE (°C) TEMPERATURE (°C) PERATURE ('C)
FB Level (Falling) at which FB Level (Rising) at which \ﬁLevel at which the
the Controller Enters Burst the Controller Exits Burs Controller Enters OLP
Mode vs. Temperature Mode vs. Temperature er Blanking Time
. Temperature
0.340 0.480 — @
0.335 0.475 "5 63.85
0.330 0.470 - .<A — AV 3.80
S 0325 S 04651 4 3.75 -
1= N/ 2 /| \
Z 0.320 & 0.460 o 3.70—A 1A
2 ~~——~— / 2 y ™N O L/
aQ I — m \
> 0.315 — = > 365
0.310 7<—<7 3.60
0.305 b 3.55

0.

5-10 5 20 35 50 65 80 95110125 3'5-’%0-25-10 5 20 35 50 65 80 95110125

0'3920-25-10 5 20 35 50 65 80 95 1@
TEMPERATURE (;C)

Q TEMPERATURE (°C) TEMPERATURE (°C)
FB I Pull-up FB Internal Pull-up
Re vs. Temperature Voltage vs. Temperature
18 4.40
(—,{: 435
Oe 430
d
e,\ 15 — 425 = N
g o S T
= 14 ] o 420 ™
[ e~ >Q
x 13//, 4.15
12 4.10
11 4,05

1-910-25-10 5 20 35 50 65 80 95110125 4'930-25-10 5 20 35 50 65 80 95110125

TEMPERATURE (°C) TEMPERATURE (°C)
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TYPICAL PERFORMANCE CHARACTERISIC
Vin=230VAC, Vout1=5V, louti=3A, Vout2=16V, lout2=1.5A, Ta=25°C, unless otherwise noted.

" HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

Input Power Start Up Inut Power Shut Down Output1 Ripple
| 5Vidiv. ¥ ]
: d
your ¥ Vours e et AAAAAAAAA
f,\”dw'“ e 2vidv. . | somvigw.”| Y '\( V' V l\} \[ {7 \f‘xf\
our2 (e u| (e A NARRNENE R
5VIdiv. }M L } LR
VINj LH E L [] V, ?‘I \ ;J H‘\ l "H,_ . . . .
?\H*HHJHHH | [ N | e
L W o=
200ms/div. 40ms/div. ovzous/div.
Output2 Ripple SCP Entry P t OQCP Recovery
Vbs I Y
, 1 100v/div. R [ DU 100V/d[i)\f .................
. . & V.CI' ' . v VCCT........ L
i 10V/di 1 i X 10V/div._ _ —_——
: p 7 D] S SRR AR S I
i w"" L 5Vid |
5 \ Vi J o S
20ps/div. Sv Q 400ms/div. 400ms/div.
OLP, @ver Load OLP, 16V Over Load OVP
Noload
. v
Vbs 7 f r
@ A 35 [FEEECTETERISRETERTY PREERPETTRITREPR 100vidiv. |- ¢ A
: Vout1 _|
5V/div. -
oy - v
VC_C" . v : : 10\?/%-:;/2 o e
1°V<7"": . N/ N 10V, gl TN [
svidi. Vg3 ‘
5V/div. o Vee _"'"‘""""""""“'""""'
2oue - ol v
400ms/div. 400ms/div. 20ms/div.
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mP " HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

TYPICAL PERFORMANCE CHARACTERISIC (continued)
Vin=230VAC, Vout1=5V, louti=3A, Vout2=16V, lout2=1.5A, Ta=25°C, unless otherwise noted.

ovP OTP Entry OTP Recovery
Full Load

-

a4

/ N Vps Vps |
\ 100V/div. 100V/div.
Vour14| | I
5V/div. |
Vee e
Vour2 10V/div. : J :
10V/div. /\__ : |, oviee § ]
IV.
frmt— VFB I VFB 1 }
_ : _ _ 2Vidiy, [erim——— S 2vidiv. | : ! . _
Vee VouT1 i Voutt !
10V/div. nl. 2Vidiv. 7! : : 2Vidiv.?! !
20ms/div. 4msldiv. \) 400ms/div.

&

Brown-in Brown-out ( -cap Discharge
VIN=T5VAC VIN=T2VAC 0. E O VIN=265VAC, CX=0.22pF, No Load

I i p ’ \ -
VBRv7) ; - VDRVT_ : ‘

10V/div. ! 10V/div. S
¥ : r 4
vec: : i TR VQC 2 : Vx-cAp L
10V/div. N A 10V/div. TN X 100Vidiv. ‘

Veg- : ‘ ' ! i
2V/dli:\?3 B - B @2 N i 1 | R
Vhv e T N/ b L T

50Vidiv. ot ' - ‘\ 50ydiv/ : e
400ms/div. &\ Q 400ms/div. 100ms/div.

X- Conducted EMI Conducted EMI
AC, CX=0.22F, Full Load ook Wire _ 120 N-Wire |
/ 3 110 1MHz 10MHz 110 1MHz OMHz
100 100
] 90 90
é p 80 80
v 70| 70}
XCAP 60| —-ENs50220 60 [——<EN55022Q
100V/div. | & 7 50| || ENs5022A 50|+ ENS5022A :
= 4017 A ! 40| el oo H e
I . 30 N 30 e L[]
= 20 20
Il 10 10
—— 0 0
100ms/div. 150kHz 30MHz 150kHz 30MHz
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mP5°HFco4oo — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

TYPICAL PERFORMANCE CHARACTERISIC (continued)
Vin=230VAC, Vout1=5V, louti=3A, Vout2=16V, lout2=1.5A, Ta=25°C, unless otherwise noted.

Efficiency
90.0 |
89.0 230VAC/50Hz
§ 88.0
(&}
Z 870 — e
2 s O
L 860 —
i N\
85.0 115VAC/60Hz — 6
%
25 50 75 100 O
%LOAD
No Load Power Consumption /g
Vin (VAC/HZ) 85/60 115/60 </2§.0/50 265/50
P (MW) 5V/0A, 16V/0A 26.35 27.59 40 35.26
N 5V/6mA, 16V/0A 71.92 7 .70 84. 83

D
QO
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" HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

OPERATION

HFCO0400 incorporates all the necessary features
to build a reliable switch-mode power supply. It is
a fixed-frequency current-mode controller with
built-in slope compensation. At light loads, the
controller freezes the peak current and reduces
its switching frequency down to 25kHz to

minimize switching losses. When the output
power falls below a given level, the controller
enters burst mode. It also has excellent EMI
performance thanks to frequency jittering.

Its high level of integration requires very few
external components.

7/10/2018

Power - . y
Vce Start Up Unit |« HV
Management |
Brown-out Dv>
Detectim‘
l\‘\
|\ < rge ———
ctj
OVP */ *J
g Fault
i * - : .
Timer 1§ | Managem vag Signal »| DRV
t OLP < Management
Frequency ‘n
¢+——| Foldback Vv
Burst Mode
L. V0
Control
FB (¢ Q‘
i Sl
> Comparator ope
Compensation
| !
GND > |- (o]
<&
; Figure 1: Functional Block Diagram
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mP " HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

Fixed-Frequency with Jitter Frequency Foldback

Frequency jitter reduces EMI by dissipating the

energy. Figure 2 shows the circuit of frequency The HFC0400 implements frequency foldback at

light load condition to improve overall efficiency.

jittering.
When the load decreases to a given level
(1.33V<Ve<2V), the controller freezes the peak
FB _» T — current (as measured as the voltage on the CS
> pin, 0.67V) and reduces its switching frequency
14pF

switching loss. If the load continues to dec
the peak current decreases at a 25

VYN
10uA ¢§ frequency to avoid audible noise. Fj hows
Timer the frequency vs.Veg and pea t (Vcs) vs.

VFB.
|: Frequency

Jittering

down to 25kHz which helps to reduce ihe
xed

0p)
O

3.2V
28 Frequenc

Q 65kHz

- |
— Bur
. . . 25k

Figure 2: Frequency Jitter Circuit

20UA $ Peak

Current

Py
-1
I
I
I
¥
I
<

Fixed
frequency

| Fault

A controlled current sourced (fixed at 2.72pA O e !

when Ves=2V) chargers the internal 14pF Q

capacitor. Comparing the capacitor voltage M.%v 133v. 2V 3V FB

to the TIMER voltage estimates the switc@ Fi Q Frequency and Peak Current (Vcs) vs Vea

frequency as per equation (1). Vrtim

triangular wave that ranges betw a
and 3.2V with a charging/disch %c
of 10pA. Figure 3 sho @h Ves controls the primary-peak current. When the

frequency jitter, Tjiter, as p <@ peak current reaches the level determined by Veg,

Compensatlon

urrent-Mode Operation with Slope

DRV turns off. The controller can also be used in

_ continuous conduction mode (CCM) with a wide
f
" 14pF T\E.RJ/Z %4 0.2us ) input voltage range because its internal

synchronous slope compensation (30mV/us)

C .(3.2V —-2.8V avoids sub-harmonic oscillations when the duty
=2. MR (1 A ) (2 cycle exceeds 50%.
« High Voltage Startup Current Source with
1 Brown-Out Detection

: 69.3kHz

65kHz

Initially, the internal high-voltage current source
drawn from the HV pin supplies the IC. The IC
turns off the current source as soon as Vcc
reaches 14.5V and detects the voltage on HV.
Once the HV voltage exceeds HVon before Vcc
drops down to 11.5V, the controller starts
switching. Otherwise the system treats the
Titer ! condition as a brown-out to to lock the driver

60.4kHz

Figure 3: Frequency Jitter
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output, causing Vcc to drop down to 5.3V and the
high-voltage current source turns on to recharge
Vce. The auxiliary transformer winding supplies
the IC after the controller starts switching. If Vcc
falls below 8.0V, the switching pulse stops and
the current source turns on again. Figure 5
shows the typical Vcc under-voltage lockout
waveform.

The auxiliary winding take s over

VCCorr=14.5V

L
VCCouZS3V __ __

[

I
I

Internal
Current I
Source OFF|
1
I
I

Driving
Signal
HV

HVon

Figure 5: Vcc Under-Voltage Lockout
The Vcc lower threshold UVLO drops from
5.3V under fault conditions, such as OL
brown-out, OVP, and OTP.

Soft Start

The peak current (contr IMER
voltage) gradually increa o 1V, as
educe the

does the switching @
stress on power €0 MP0ON d to smoothly
establish theeg t voltdge as the TIMER

voltage in from 1V to 1.75V during start-
up. FEi u@ shows the typical soft-start
wa; m. The TIMER capacitor determines the
sp duration as per equation (3).

S

8@0

A

TIMER Iimer=10/4 \ A

ltimer=10\ A
1.75vV — i —

v _|____

Current‘
limit

IV b e e — — — ——
025v L_ _'A/
Soft start duration

Figure 6: Soft—&@%

|

Burst Mode

The HFCO0400 entwrst-mode operation to
minimize power tion at no load or light
load. As the lo reases, Ves decreases. The
IC stops th itchifioy cycle when Veg drops
below owe Q&Old, VeruL—0.32V. The
out| s to drop, which causes Vgg to
%{ nce Ves exceeds Verun—0.46V,

tchi rdsumes. Veg then rises and falls
ly. Burst mode alternately enables and

s MOSFET switching, thereby reducing no
oad or light load switching losses.

« Timer-Based Over-Load Protection

In a flyback converter, a fixed switching
frequency results in a peak-current-limited
maximum output power. When the output
demand exceeds the power limit, the output
voltage drops below the set value. Then the
current flowing through primary and secondary
optocoupler falls and Ves is pulled high. The
HFCO0400 implements a timer-based OLP block
as per Figure 7.

Copen - (1L75V —1V) FB +
TSoft—start = (3) _
10/4uA oLP
3.V Timer
- counter
VAN v 17
Q
TIMER
Figure 7: Overload Protection Block
HFC0400 Rev. 1.02 www.MonolithicPower.com 15
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When FB exceeds 3.7V (considered an error),
the timer starts to count the Vg rising edge.
Removing the error flag resets the timer. If the
timer reaches its completion (a count of 17), OLP
triggers. This timer duration avoids triggering
OLP during the power supply start-up or a load
transition phase. Figure 8 shows OLP.

NNNVNNNNNVNNNN NN NN NN

TIMER

VQ

3V m———— = R . NV SR

Over loop takes place here
Vottage reguiatich’ ptakes p
here

Figure 8: Overload Protection
Timer-Based Brown-Out Protection

The brown-out protection block is similar to the
OLP block. When the HV voltage drops below

HVore (Which is an error), the timer starts to

count the Vg rising edges. Once the HV VOI%
exceeds HVorr, the timer resets. When t

and the switching pulse stops.

has counted to 17, brown-out protectio Q}BQO

Short-Circuit Protection (S @

The HFCO0400 has sho@ it ?&n that
sto,

senses the CS volta itching if Vcs
reaches 1.5V a& redlic leading-edge
blanking (LE%O' . As{soon as the fault

disappear wer supply resumes operation.
Therpgal Shutdown (TSD)

T revent from any lethal thermal damage,
0400 shuts down switching when the inner
temperature exceeds 150°C. As soon as the
inner temperature drops below 125°C, the power

supply resumes operation. During TSD, the Vcc
UVLO lower threshold drops from 8.0V to 5.3V.

Vcc Over-Voltage Protection (OVP)

The HFCO0400 enters latched fault condition if Vcc
goes above 25V for 25us. The controller stays
fully latched until Vcc drops below 2.5V, e.g.
when the user power-cycles the main input.

TIMER Latch-Off for OVP and OTP

Pulling TIMER down below 1.0V for 12us latches
the HFC0400 off for external OVP and OTP etc.

X-Cap Discharge Function

X-caps typically filters the differential-mode EMI
noise from a power supply’s input. These
components pose a potential hazard because
they can store unsafe levels of high-voltage

energy for long after the AC line is disconnecfed.
Resistors in parallel to the X-cap [@a
discharge path to meet safety stard@rde, but
constantly dissipate power Whi% AC is
connected, and contribute -load and
standby input power consu

A

Detect whether input
Rectified re-plug to AC line

Line voltage

37%V pea

Y

aslPAS N i
s i I
N\ R

I
Internal

I

I

[ |

Current |
I

\/

I
I
S B

Source —

32 TIMER16\T|MfER 48 TIMER 16 TIME!
Cycles  Cycles Cycles Cycles

Total discharge time

Figure 9: X-Cap Discharger

The HFC0400's HV acts as a smart X-cap
discharger. In the presence of an AC voltage, the
internal high-voltage current source turns off to
block HV current flow and the IC monitors the HV
voltage. Upon removing the AC voltage, the IC
turns on the high-voltage current source after
about 32 TIMER cycles to discharge the X-cap.
The first discharge duration is 16 cycles, then the
IC turns off the current source for 16 cycles to
detect the presence of the AC line. If the AC
input remains disconnected, the IC turns on the
current source for 48 cycles, then off for 16
cycles repeatedly until the voltage on X-cap
drops to Vce. Upon detecting an AC input, the
high-voltage current source remains off until Vcc

HFC0400 Rev. 1.02
7/10/2018
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drops to VCCpro (5.3V) before recharging Vcc to
restart the system. Figure 9 shows the discharge
function waveforms.

This approach provides a discharge path for the
X-cap, eliminating discharge resistors and reduce
power loss.

Clamped Driver

The DRV voltage is safely clamped at 13.4V

when Vcc exceeds 16V, allowing the use of any e
standard MOSFET. O

Leading-Edge Blanking

An internal leading-edge blanking (LEB) unit @6

containing two LEB times is employed between

the CS pin and the current comparator input to

avoid premature switching pulse termination due $
to the parasitic capacitances. During the blanking @
time, the current comparator is disabled and can é

not turn off the external MOSFET. Figure 10 O
shows the LEB waveform. Q‘ 60

A VLimi;. w— T e31=350Ns O QOQOO
A
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APPLICATION INFORMATION

VCC Capacitor Selection hipple Kp=lrippte/ | peak

i i Ipeak
Input - lay ] — —_——
85~265Vac
= 4 S U Figure 12: Typical Primary-Current Waveform
- i The input power (Pin) at the minimum inp
J be estimated as O
—1 gV \
P, S ©
—_2
] 3HFC0400 Where Vo is the outpu v@e, lo is the rated
output current, is estimated efficiency.
GND/ , 5 — Generally, n is b 0.75 and 0.85 depending
on the input ra :E d output application.
For CC ini put, the converter duty
Figure 11: Start-Up Circuit Cycle 'S
Figure 11 shows the start-up circuit. The values (V +V.)-N
of R1 and C1 determine the system start-up Q (Vo + V) N+ V. (6)
delay time: a larger R1 or C1 increases the start; in(min)
up delay. The Vcc duration (from Vec,oer to V
for brown-out detection should exceed th darv diode’s f d volt
input period, equation (4) provides an O/F_'S € secondary dio es'orwar voitage,
value for the Vcc capacitor, whe nosw,tch N is the transformer turn ratio, and
the internal consumption (clos Vinminy i the minimum voltage on bulk capacitor.
Tnput IS period of the OSt The MOSFET turn-on time is
applications, chose a V, e that
exceeds 10pF. Ton =D T (7)
,nosw,tch Tinput @ Where 1s is the frequency jitter's dominant
o . 1
@ VCCqp — VCCq switching period, — =f, = 65kHz.
T
Primaey-She Inductor Design (L S
: ﬁ% _ u ign (Lm) The average, peak, ripple and valley values of
build-in  slope compensation, HFC0400  the primary current are described as follows:

é\/@orts CCM when the duty cycle exceeds 50%. P

et a ratio (Kp) of the primary inductor’s ripple L, = v in (8)
current amplitude vs. the peak current value to in(min)

0<Kp<l, where Kp=1 for DCM. Figure 12 shows |

the relevant waveforms. A larger inductor leads | = a 9)
. peak K

to a smaller Kp leads, which can reduce RMS (1-—-P).D

current but increase transformer size. An optimal

Kp value is between 0.6 and 0.8 for the universal

input range and 0.8 to 1 for a 230VAC input lippie =Ko “hea (10)
range.

vaIIey (1 K ) Ipeak (11)
HFC0400 Rev. 1.02 www.MonolithicPower.com 18
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The following equation estimates Ly, as

AVAUNNEE »
I—m — in(min) on (12)
Iripples

Current-Sense Resistor

DRV JI_’I_’L
L Q s
I-Fe
R AN
+ Viimit
cs[ LEB S
/]/|/| Slope
compensation

a) Peak-Current-Comparator Circuit

Vpeak— —_—— — — — —_—
Vslope Zon
Ipeak*Rsense
b) Typical Waveform
Figure 13: Peak-Current at
Figure 13 shows the re arator
logic and the subse e hen the
sum of the sensin | tor e and the

slope compensatdr r ac e he comparator
he RS thp- rop, and the DRV
n to turn off the MOSFET. The
rrent limit (Vimi, a5 measured by Vcs)
The slope compensator (Vsiope)

V/us. Given the margin, use 0.95xVimi as
é;eak at full load. The voltage on sensing resistor
is then:

is Q.9

Vsense =95%- \/Iimit - Vslope " Ton (13)
So the value of the sense resistor is
V.
Rsense = Isense (14)
peak
Select the current sense resistor with an

appropriate power rating based on the power
loss:

é’e

Ohe filtered sensed voltage won't reach the SCP

2
| +1 1 2
_ peak valle
Psense - {( 2 - j + 12 (Ipeak - Ivalley) ] D- Rsense

(15)
Low-Pass Filter on CS Pin

W

RSEHSE

pass Filter

Figure 1 @Pass Filter on CS Pin
ted to the CS pin with
ss filter for noise filtering
turns on and off, as shown in
%u series resistance (Rseries) Should
1kQ. The low-pass filters RxC
cgﬁ should not exceed 1/3 of the leading-

lanking period for SCP (LEB2, 270ns), or

A smal
Rserles f

point (1.5V) to trigger SCP if an output short
circuit occurs.

Jitter Period

Frequency jitter is an effective method to reduce
EMI by dissipating energy. The nth-order
harmonic noise bandwidth is

L =Nn-(2-Af +f...), where Af is the frequency

Jlttel‘
Jltter amplitude. If Bt exceeds the resolution
bandwidth (RBW) of the spectrum analyzer
(200Hz for noise frequency less than 150 kHz, 9
kHz for noise frequency between 150kHz to
30MHz), the spectrum analyzer receives less
noise energy.

The capacitor on the TIMER pin determines the
period of the frequency jitter. A 10pA current
source charges the capacitor; when the TIMER
voltage reaches 3.2V, another 10pA current

HFC0400 Rev. 1.02
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source discharges the capacitor to 2.8V. This
charging and discharging cycle repeats.

Equation (2) describes the jitter period In theory,
a smaller fiwer is more effective at EMI reduction.
However, the measurement bandwidth requires
that fiiwer Should be large compared to spectrum
analyzer RBW for effective EMI reduction. Also,
firer Should be less than the control-loop-gain
crossover frequency to avoid disturbing the
output voltage regulation. So for most
applications, select fjwer between 200Hz and
400Hz.

X-Cap Discharge Time

Figure 9 shows the X-cap discharger waveforms.
The maximum discharge time occurs at a high-
line input and under no-load because the energy
on X-cap dissipates but won’t transfer to the bulk
capacitor.

The maximum discharge delay time is

Tdelay =32 Tjitter (16)

When the high-voltage current source turns on, a
flows into HV. The current-source discharge

for the X-cap to drop to 37% of peak vol
be estimated by:

constant supply current (lhv, 1.6mA typic aII; 3

C, -63%:-2.: é? 7)
Where Cx is the X-ca @a ac(max) IS the
maximum AC-inpﬁ/ é

The first dl%a per IS 16XTjter, With

subsequ equal to 48xtjer. The sections
times ately eequals:

-16-7,

O lescharge
5 48- T jitter

Tdischarge -

jitter + 1 (18)

Rounding n determins the number of detecting
sections, as every section is 16XTjwer, the
detecting time is shown as fO||OW'

T =16-7

detect

(19)

jitter ’

As a result, the total discharge time is then.

Ttotal = Tdelay + Tdischarge + Tdetect (20)

The total discharge time is relative to Tjier. FOr
example, if Criver is 47nF and Ttjiwe=3.7ms, the X-
cap discharge margin is 1s due to X-cap value
deviations (around +10% typically), select an X-
cap less than 3.3pF.

Though the X-cap has been discharged, it may
still retain a high-voltage on the bulk capacitor.
For safety, make sure it is released before the

debugging the board.

PCB Layout Guide

PCB layout is important to achi iable
operation, good EMI performan d good
thermal performance. FoIIowt uidelines to

optimize performance.
1) Minimize the po

;e switching stage

loop area. T es the input loop (C1 -
T1 - Q1 13 — C1), the auxiliary
wmdmgl 4 R4 - C3 - T1), and

% D6-C10-Tland Tl -
@GND and control circuit should
be arpte and only connect at C1.

) %ectlng the Q1 heatsink to the primary

plane improves EMI.

) Place the control circuit capacitors (such as
those for FB, CS and VCC pins) close to IC to
decouple noise.

HFC0400 Rev. 1.02
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O + g'o/vo‘) ?m w Output2 Loop O D i E |
input Loop — ' 9 ¢ o fos\:':./\ /I . esign example

@ ;
- . °] output applications.
" - Table 1—Design Spec.
o S Vin 85 to 265VAC
° Vout1 5V
vouTL

lout1 3A

1] Auxiliary Winding Loop Outputl Loop louT2 1.5A ,
a) Top

b) Bottom

Figure 15: PCB Layout e ®

Typical Application Circuit
é « CyY3 R15 51/1206 C9
2.2nF/iAKV 470pF/1KV
7 '——Dl‘l L1 3.3uH
YN

Input: 85~265Vac

Monalifhic Power Syst | °
H}‘g«%:mu';; e \‘):Psgdr:ndenuﬁ* o L V 16V
T-EVHFC0400-S—-008 or Customer y
wn. ithicpower.com \‘nm In China o O ouT2
P

""‘uou'rz Below is a design example of HFC0400 for dual-

150( 1§0K 22nF/1KV
O vouT2
L F1  2A/250VAC RT1 5 H >|—| MBI|?3260150FCT
o % i +tcio  _ltcu | ciff
oor R o T 1000 Toazoue T 45 16V/1.5A
4.7nF/630V/
R18 10/1206 Q GND
oEarth '——|>|‘| = L2 15uH
¢ O vouT1
D7 A+, 1+ 1
SBR20ASOCT "‘1(;?)%;};"1(():01(&1} '\4301& 77&1}:7 SVI3A
N ov 1ov ov 25V
O O GND
RS 20K/1206 1\ R
Lm=870uH =
(|:|4 Np:Np_2 au;nNsl Ns2=57:9:36 T&g
I
0.1uF/25&; E u2
H PC817A § R22 g R23
< - 301K & NS
o N ks ) SR ”"
=13 ==C6 HFC0400
R8 47nF ls
NS % == C5 50V 1&7::@? cs Ve ]
NS R21 c18
50V %%;'} o om R9 20/0805 Q;MKD?GSF < 130K ZﬁnFISO
< ANN—|
TLVA3ZS/ L
% R24 % R25
R14 10K NS
NS 1%
=
Figure 16: Example of a Typical Application
HFC0400 Rev. 1.02 www.MonolithicPower.com 21
7/10/2018 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2018 MPS. All Rights Reserved.



mP " HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

NC

N6 Tape Margin Wall Margin Wall
PrlamryO Secondary 2mm 2mm
T
O 11,12 1T
N4 3T
AT
O
ne & © "8 Na 3T
5 2,10 17
Note: O Winding start
Teflon tube BObb|n e
a) Connection Diagram b) Windi l@

Table 2—Winding Order

indin am
Figure 17: Transformer Structure $
R2
v

Tape (T) . Margin Wall Terminal rgin”W. Q .
Winding PRI side Start—sEnd SEC séb ire Size (@) | Turns (T)
1 al
N1 2mm C Q mm 0.27mm*2 28
1 \a‘.
N6 2mm 2mm 0.3mm*1 20
3

\
N4 2mr@: ?,&—>9,10 2mm 0.33mm*12 3

1 <~
N3 &wm @‘ 11,12—>7,8 2mm 0.33mm*5 6

A \
5—>6 2mm 0.27mm*1 9

2 @“ 2mm 2—>1 2mm 0.27mm*2 29
&
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Start -
Internal High Voltage | Vcc Decrease
CurrentSourceON |~ A A to 5.3V ¢
A
Shut off the
» i i -
Shut Down > Swnehing < Y Latch off the
Internal High Voltage Y A Switching Pulse
Current Source oTP=
Logic Hi
Vee<g.ov >N
A
Y N
Thermal ¢
Monitor
N Y ?
7 .
N Monitor VTIMER after
VTIMER>1.0V
Y
——  Monitor V., g Soft Start P Monitor Vcc
imer recharg
17 times and

Monitor Veoume

Ves<0.32V 0.3V<Vp<30V @ : @

Continuous
Fault Monitor

% -
Y . L »_| Internal High Voltage
] Normal T Switch Off <= " \rrent Source ON
Switch Off Operation Fault=Logic High
Brown-out recharge 17

=Logic High times

< :
Oqfx

unplugged
from Line

: @O, brown-out, OTP & OLP is auto restart, OVP on VCC and Latch-off on TIMER are latch mode

Release from the latch condition, need to unplug from the main input .

Figure 18: Control Flow Chart
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EVOLUTION OF THE SIGNALS IN PRESENCE OF FAULTS

Regulation Unplug from Unplug from

Vee Re-pl
RS g o B A
. ya J
115y | ’I'\ !Ir\lll!\\l ;(IIA\\I;( T /N III\;‘I./I LI N
8.0V | /1Y N 1 /1Y) a1/ N\ 1/ i1 N /)
' l [ /AR AR VN Lo/
5.3V 1 | W | (| | [ | ) | | | |
/ II' ¥ v Il A I ' T / ] T L T L} T ] T L ¥ L
O A N I O R B B O O S O O I S O R R RN
M | ly P | Ly RN
0l LT Pl | Ly AN
| L | | | [ [ AN
Highvoltagel I| | | I | | | | | LR
ey | L1yl | N A L 1 RN |O
! [ | 1 I | | |
[ : | I |
oo 1| ! , I I | |
| |
Faunrizg | || A | || I 1 I [
)l Loyl | R [ T T I l (el
)l Lol R [ T T I FFT
III ) | 1 || mmnll 11 | | Tl |
N | | || AT 1 LIS, [
: Nomal  Brown-out Fault  Normal ovP Flau\l Normal OLP Fault Normal OTP Fault Normal X-cap Discharge l Normal >
iy IOperanm Olccu,ls Heml Operation Occurs Here Operation Occurs Here Operation Occurs Her' Operat IOCICWISHEFI I I Operation
A | Q |
HVon N I I NANNNNAANNNNNNNNANNANNNNNANNNNAN f A l | !I!/\I\I ANNANN
HVoe QA 1 ! JRYRITERYTRIEY [EIRTRIRYTEIAYI [T JEYAT l! !\L !l iy ITRYTRTATATAI
LA N
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PACKAGE INFORMATION
SOIC8-7A

- 31133{32383 > 0-024(0-61)—>‘ |<— —>| |<—0.050(1.27)
8 : 5 N S ! é
|:| ! |:| |:| ‘ ) 0.063(1.60) —H—JIH.H‘\@
! !
|

Q/ —0.213(5.40)

}
|
U o I 0.150(3.80) | 0.228(5.80) . 4
PIN1ID 1 0.157(4.00) | 0.244(6.20)
|
[

TOP VIEW

tl:lzl:l:l:ljj— y 2009075 =/ L,—/E ¥ 0.00750.19)

O \\-’/ T 0.0098(0.25)
0.050(1.27)
BSC

O
L \ “Oﬂl_%z@oseg

SEE DETAIL "A"

SIDE VIEW

NOTE:

1) CONTROL DIMENSION IS IN INCHES DIMENSION IN
BRACKET IS IN MILLIMETERS

2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH
PROTRUSIONS OR GATE BURRS

3) PACKAGE WIDTH DOES NOT INCLUDE INTERLEAD FLASH
OR PROTRUSIONS.

4) LEAD COPLANARITY(BOTTOM OF LEADS AFTER FORMING
SHALL BE0.004" INCHES MAX.

5) JEDEC REFERENCE IS MS-012.

DETAIL "A" 6) 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.

HFC0400 Rev. 1.02 www.MonolithicPower.com 25
7/10/2018 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2018 MPS. All Rights Reserved.



