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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

Fixed-frequency current-mode control with
built-in slope compensation
e Frequency foldback down to 25kHz at li
loads @
e Burst mode for low standby pow

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

Internal high-voltage ent source

VCC under—vo@alockout with hysteresis
(UVLO)

Brownﬁ&e ion on HV pin
. O%Ioa pr@\ with programmable

er down (auto-restart with
hyglergsis)
% -off for external over-voltage protection
VP) and over-temperature protection
OTP ) on TIMER pin
o 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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mP " HFC0400 — 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

o~

TOP VIEW @6\
TIMER [1] © 8] HV O

FB [2 @i
cs [3 (6] @
O

GND [ 4] RV
o>
(BQ (/O

ABSOLUTE MAXIMUM RATI O?ermal Resistance™ 6.a 6uc

HV Break Down Voltage............... SOIC8-7A. ..o 96 ...... 45...°C/W

Voo, DRV 1o GND......coovvvvvene,
FB, TIMER, CSto GND.......... ég Notes:
(2)

1) Exceeding these ratings may damage the device.

Continuous Power D|ss|p 2) The maximum allowable power dissipation is a function of the
1.3W maximum junction temperature T, (MAX), the junction-to-
-------------------------------------------------- amblent thermal res'stance eJA, and the ambient temperature
Junction Temperatu .................... 150°C Ta. The maximum allowable continuous power dissipation at
_______________________ 1 o any ambient temperature is calculated by Pp (MAX) = (T,
Thermal Shutdo Q‘ 5000 (MAX)-Ta)/04a. Exceeding the maximum allowable power
Thermal Shut ySter -------------------- 25°C dissipation will cause excessive die temperature, and the
Lead Tem (= S 260°C regulator will go into thermal shutdown. Internal thermal
Storage ?g‘p rature -60°C to +150°C shutdown circuitry protects the device from permanent
aperaiure .............. . damage.
ESD gapability Human Body Model (All Pins 3) The device is not guaranteed to function outside of its
EXCEPNHY) v, 4.0kV operating conditions.

ecommended Operation Conditions )
Operating Junction Temp (Ty).. -40°C to +125°C

Operating Vec range .....cccvvveeeeeeeeeenees 8V to 20V
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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 Iy Vee=6V;Vhv=400V 16 | 1.85| 241 mA
Leakage Current from HV IHv Vce=10V;Vuv=400V 15 25 MA
Break-Down Voltage Ver 700 \'
Supply Voltage Management (VCC) &
\F/{CC Current-Source Turn-Off Level, VGCorr 12 | 145 | 17 .‘é

ising A
VCC Threshold for HV Turn-On Detection, N/
Faling VCCss 95 | 115 a;\ v

, . VCCorr - @
VCC Hysteresis for HV Turn-On Detection VCCss 1.5 ~ \'%
VCC Current-Source Turn-On Level,
Falling VCCon Q 8.0 9.0 Vv
. VCCorr - N
VCC UVLO Hysteresis voor ‘6 N5 | 65 v
VCC Re-charge Level When Protection -4 :
Oceurs VCCrro 4 \ 5.3 5.9 Vv
VCC Decreasing Level When Latch-Off ((" 6\}
Phase Ends VCCuiaTcH n A\ 25 Y
Internal IC Consumption lec . 1 1.5 2 mA
C=y‘

Internal IC Consumption, Latch Off Phase Ic%@ C 520 | 585 | 650 MA
Voltage above Vcc Where the Controller
Latches Off (OVP) v 2 | 27|V
OVP Comparator Blanking Duration ov ATO% 26 V&S
Brown-out / Y“
HV Tum-On Threshold “W , Y HVon | Vav rising 95 | 108 | 120 | V
HV Turn-Off Threshold N‘ HVorr | Vi falling 90 [ 103 | 115 | V
Brown-Out Hysteresis ) Aw AHV 4 52 | 64 \
Timer Duration for(ﬁ ycle©fop-out THY Criver=47nF 50 ms
Oscillator 2
Oscillator Mcy fosc 60 65 | 69.5 | kHz
Frequency Nitter Amplitude, ) o
in i tage of fOSC A]ltter +6.7 Yo

eqdency Jitter Modulation Period Tjitter Crimer=47nF 3.7 ms

ent Sense

urrent Limit ViLm 0.9 | 0.95 1 V
Short-Circuit Protection Level Vscp 1.3 | 145 | 1.55 V
Leading-Edge Blanking for ViLiv TLEB1 350 ns
Leading-Edge Blanking for Vscp TLEB2 270 ns
Slope of the Compensation Ramp Sramp 20 25 30 | mV/us
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mP5°HFco4oo — 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 Rrs 12 14 16.5 kQ
Internal Pull-Up Voltage Vob 4.3 V
Vs to Internal Current Set-Point Division
. Krs 3.0 --
Ratio \
FB Level (Falling) at which the Controller V‘
Enters Burst Mode Vaua. 029 | 032 O'SF‘;) v
FB Level (Rising) at which the Controller e\
Exits Burst Mode Veurn 0.42 0"’?‘4\0 v
Over Load Protection </,
FB Level at which the Controller Enters OLP %4
. ; VoLp 4 \%
after Blanking Time 4
Time Duration When FB Reaches Protection ~ S&
Point, Before OLP TOLP Crimer=47nF /: ms
X/
Frequency Foldback . 5 Pl
Frequency Foldback FB Voltage Threshold, » \d
Upper Limit VFB(FoLD) Q. 6\c> 1.8 \Y
- L ( ) I o
Minimum Switching Frequency foscmin A P O 21 25 30 kHz
3
N
Erequen_cy_ Foldback FB Voltage Threshold, VFB(@ | QV 10 y
ower Limit pr \
V4
Latch-Off Input (Integration in TIMER @
put (Integ . . ) P N
The Threshold below which Controller is \(TI LM 0.9 1 11 Vv
Latched /
Blanking Duration on Latch Detw/ @‘{LATCH 12 MS
DRV Voltage f
¥ . CL=1nF Vcc=8.4V 6.7 v
Driver Voltage High Lev AOY Vhigh CL=AnF Veo=12V 103 Vv
Driver Voltage- Clamﬁ'l.m Ve A g Veiamp Ci=1nF, Vcc=24V 13.4 v
Driver Voltage, JOyW=eVel N Viow Ci=1nF, Vcc=24V 16 mV
Driver Voltage, %96 Time ™ C.=1nF, Vcc=16V 13 ns
Driver Vol -all Time TF CrL=1nF, Vcc=16V 23 ns
Drive%ll- Resistance Reul-up CL=1nF, Vcc=16V 8 Q
Drjveg PHIl-Down Resistance Repul-down CL=1nF, Vcc=16V 20 Q
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mP5°HFco4oo — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

PIN FUNCTIONS

Pin # Name |Description
1 TIMER Timer. This pin co_mbines the soft start, frequency jittering, and t.imer 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 CS 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@.‘
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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 —
£ 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 0 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 oa/S: Temperature
820 ia
14.30
800 ” 11.60
780 ] 14.20 ’ -
760 et S ™ s e g
> 14.10 . >
g 740 / e /LY | B 1150 //
& e S N o
> 720 v 3 O
7001 > 13 49 > 1145
: 7\
680 o s 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
8 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 3.0h<
5.40 \\ 112
S 535 % 28 N o M0 AN
< {:3
g 530 —— E 26 AN z :g: S N\
§ s2s N g N z 2\
> L 24 104 y 74
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
10! // (’ - s /
1oal_4— 63.0 ‘4 ; __ 648
S - g |/
2 02 N T 620 N < 3 646
& ‘\\\_f’\ < / ¢ ‘V, i
S 10 N] © i
= g 61.0 E 644
60. V4 I’ < 642 = 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 / 3 / = 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 —~ 8 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 N
2 ~~——~— / 2 y ™N ) 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 3550 65 80 95110125

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

TYPICAL PERFORMANCE CHARACTERISIC
V|N=230VAC, Vouti =5V, louT1 =3A, VOUT2=16V, louto=1 .5A, TA=25°C, unless otherwise noted.

Input Power Start Up Inut Power Shut Down Output1 Ripple
| 1 Vour ;| . ¥
i | SVidiv.
Vouri '
2Vidiv. p} ek b vourigl A A A AAANN /\/\/ﬁ
:')/\(/)Ilé-ll;lz i I \lu i P S0mVidi. \i \4’ V V V V V ‘ \JA\T
' U

i
SRR

200ms/div. 40ms/div. Ovzous/div.

Output2 Ripple SCP Entry A t

ViN =
2007, ° INCH
200V/div.
o

OQCP Recovery
| | W
I VDS | VDS 4 l
1 100Vv/div. [ e i i 100V/div. . .
VouT2 iR ii (ALY
20mvidne | | ENY .
- : Veg ' Ve
; > . cC
I 1ovid ‘9 7 3 fovidiv. | —
FB... - spom VFB pcs, s ot
v, 2 5Vidiv. 2|
&UV 9 3 Voura:
Idiys - 10V/div.”

20ps/div. SS‘Q 400ms/div. 400ms/div.

OLP, @ver Load OLP, 16V Over Load OVP
&, No Load
p -— — | >
pS VDS 4
_ : woovidiv. | f P
| Vour |
5V/div. 1
n W Vourt2
Vec! : Vo E 2 10V/div. 7}
10V/div. cC [
) = N 10V/div. o™ i o /
5v></;|":B-E Veg 3 .‘
V (o] :
S = 10100 il e e et]  1OVEAW.
400msi/div. 400ms/div. 20ms/div.
e S —
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mP " HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

TYPICAL PERFORMANCE CHARACTERISIC (continued)
Vin=230VAC, Vour1=5V, lout1=3A, Vour2=16V, lout2=1.5A, Ta=25°C, unless otherwise noted.

OVP OTP Entry OTP Recovery
Full Load
- '] x4
/o i Vps Vps
\ 100V/div. 100v/div. |
VouT1-f | S S
5V/div.
VQC - +
10V/div.
Vourz 7 4 0 ,
10V/div. /_\__* I 10V\/{:j i
: o e o s V. gh ey pirioion :
VFB i R & i)\' : Lvnn-uu.m
2Vidiv. [pTe——— 2VId|v I ' g
Vee Vout1 _| i Vour1 !
10V/div. ml 2Vidiv. * — : 2V/div.”
20ms/div. 4ms/div.

@ \) 400ms/div.

Brown-in Brown-out ( O-cap Discharge

V|N=T5VAC VIN=T2VAC E V|N—265VAC CX=0.22yF, No Load
Vprvi ; VbRV ! I E
10V/div. j 10V/div. : || /-
i ! + 4
Vee : ] Vee ! Vi, L 1
10V/div. V : Y 10V/div. Y N 100’5”‘(31?5 :

VEgR- i | | i

P e e @2 A i CECCAELEN L1

Viv : : ' Gt b 4 L e

50V/div. 2t - - —_—
400ms/div. y 400ms/div. 100ms/div.

Conducted EMI Conducted EMI
120L-Wire 120N-Wre ‘
110 1MHz 10MHz 110 1MHz OMHz
100 100
90 90
80 80
70}~ 70
80| 1——ENs50220 80| ENs5022Q
50|~ |ENs50224 50 |-F——t=— EN55022A
b, . | VLT A
40 J A » v 40 i Y e ey
30 v 30 WRSMAR)
|- 20 20
f = 10 10
— 0 0
100ms/div. 150kHz 30MHz 150kHz 30MHz
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mP " HFC0400 — FIXED-FREQUENCY FLYBACK CONTROLLER WITH ULTRA-LOW NO LOAD POWER CONSUMPTION

TYPICAL PERFORMANCE CHARACTERISIC (continued)
Vin=230VAC, Vour1=5V, lout1=3A, Vour2=16V, lout2=1.5A, Ta=25°C, unless otherwise noted.

Efficiency
90.0 |
89.0 230VAC/50Hz
§ 88.0
(uzj 87.0 = — | é
2 s O
L 860 —
i N\
85.0 115VAC/60Hz — 6
\Z
25 50 75 100 O
%LOAD
No Load Power Consumption /;
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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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 “ : ya
Vce Start Up Unit | HV
Management |
Brown-out Dv>
Detection‘
l\‘\
N =
ctj
7Y — O
OVP O
g Fault
Timer 8 : Managem ving Signal »| DRV
t OLP < Management
Frequency ‘n
+—»| Foldback hd
) »| BurstMode /<‘
Control
FB |—¢ @
@ Slope
’ Comparator Compensation
5 ¢
GND E - CS
&
; Figure 1: Functional Block Diagram
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mP5°HFco4oo — 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
jittering.

The HFC0400 implements frequency foldback at
light load condition to improve overall efficiency.

When the load decreases to a given level
(1.33V<VEe<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

14F{ " down to 25kHz which helps to reduce she
p

= switching loss. If the load continues to dec

PaVaN the peak current decreases at a 25
10UA ¢§ frequency to avoid audible noise. F;j hows
Timer b the frequency vs.Vrs and pea t (Vcs) vs.

_ Ves.
3.2V O
20uA ‘ - _ Frequenc Frequency Peak
j> R Q 65kHz | | I Jittering | Current
=y
.

A

0.67V
Figure 2: Frequency Jitter Circuit 25k
A controlled current sourced (fixed at 2.72pA O
when Vre=2V) chargers the internal 14pF Q
capacitor. Comparing the capacitor voltage . 1.33V FB
to the TIMER voltage estimates the SWitCW Fi Q: Frequency and Peak Current (Vcs) vs Ves

frequency as per equation (1). Vni . )
triangular wave that ranges bet a O:u"e"t'Mm.je Operation with Slope
and 3.2V with a charging/disch urr& Compensation
of 10pA. Figure 3 sho @h Ves controls the primary-peak current. When the
frequency jitter, Tjiwer, as peak current reaches the level determined by Vs,
g yl i P %@ DRV turns off. The controller can also be used in
continuous conduction mode (CCM) with a wide

f = Vs ) . .
S {4pF AT N7/0 @g/+0.2 S input voltage range because its internal
O @AER/ : (1) synchronous slope compensation (30mV/us)

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

: 69.3kHz

65kHz
60.4kHz

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
Titter ' condition as a brown-out to to lock the driver

Figure 3: Frequency Jitter
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output, causing Vcc to drop down to 5.3V and the A

high-voltage current source turns on to recharge TIMER lrer=10/4 LA bcctO\A
Vce. The auxiliary transformer winding supplies 175V — — — — — e — — T
the IC after the controller starts switching. If Vcc 1

falls below 8.0V, the switching pulse stops and W - ———-
the current source turns on again. Figure 5

shows the typical Vcc under-voltage lockout
waveform. limit

A

The auxiliary winding take s over

VCCore=14.5V

Soft start duration

Figure 6: Soft-S 6

I
I
Dterna | | Burst Mode
urrent
Source OFF} | The HFC0400 enter rst-mode operation to
N | minimize power ¥Wation at no load or light
%ﬁgr'{;? | ‘HHH load. As the lo reases, Vrs decreases. The
0y IC stops th itchi@idy cycle when Veg drops

HVon below owe (ﬁ\old, Veru—0.32V. The

out ag S to drop, which causes Vs to
. %{ nce Vrs exceeds Verun—0.46V,
o itchi rgdsumes. Ves then rises and falls
Figure 5: Vcc Under-Voltage Lockout O rep ly. Burst mode alternately enables and
The Vcc lower threshold UVLO drops from d s MOSFET switching, thereby reducing no
5.3V under fault ConditionS, such as OL s oad or ||ght load Switching losses.

brown-out, OVP, and OTP. . ]
« Timer-Based Over-Load Protection

Soft Start . o
In a flyback converter, a fixed switching
The peak current (contr§ b @ IMER  frequency results in a peak-current-limited
m 0

voltage) gradually increa 1V,as  maximum output power. When the output
does the switching (fregiten reduce the  demand exceeds the power limit, the output
stress on power ¢€oyMpON d to smoothly  yoltage drops below the set value. Then the
establish th@g plit voltdge as the TIMER  current flowing through primary and secondary
voltage in@g from 1V to 1.75V during start-  optocoupler falls and Ves is pulled high. The
up. Figu shows the typical soft-start  HFC0400 implements a timer-based OLP block
wi m. The TIMER capacitor determines the as per Figure 7.

S p duration as per equation (3).
e o G (178V-1V) FB +
Soft—start 10/4HA - OLP
3.7V Timer
- counter
VN Y 17
Q

TIMER

Figure 7: Overload Protection Block
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When FB exceeds 3.7V (considered an error),
the timer starts to count the Vq 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

va

[ AV2 Smp——— -k
v
Voltage regulation
here

Over loop takes place 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
HVorr (which is an error), the timer starts t
count the Vq rising edges. Once the HV voI
exceeds HVorr, the timer resets. When t

has counted to 17, brown-out prote

and the switching pulse stops. %

Short-Circuit Protection (Sﬁ&
The HFCO0400 has sh it
senses the CS volta
reaches 1.5V

on that
Chmg if Vcs
leading-edge
blanking (LE Q’on as the fault
disappear %wer supply resumes operation.
Therpgal Shutdown (TSD)

T6 Prevent from any lethal thermal damage,
400 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 HFC0400 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 p

constantly dissipate power whi
connected, and contribute
standby input power consu

Detect whether input

Rectified re-plug to AC line

<2'| AS | -

i FT
;}‘\7—'\/1’—413’

A o

Internal

I
'l I
' I
| |
Current l |
|

Y

I
I
S B

Source —

1

32TIMER16\TIMER 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 Vcc. Upon detecting an AC input, the
high-voltage current source remains off until Vcc

HFCO0400 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 é
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. OQ‘ 60

A VLimit Q
—m o T ep1=350ns eo @

HFCO0400 Rev. 1.02 www.MonolithicPower.com 17
7/10/2018 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2018 MPS. All Rights Reserved.



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

APPLICATION INFORMATION

VCC Capacitor Selection
A A
Input Py
85~265Vac
D1y P2 & &
R1 77

HFC0400 |vcc
3 6

GND

4 5 e

/l\C1
Figure 11: Start-Up Circuit

Figure 11 shows the start-up circuit. The values
of R1 and C1 determine the system start-up

delay time: a larger R1 or C1 increases the star\o

up delay. The V¢ duration (from Vccore to V
for brown-out detection should exceed

input period, equation (4) provides an te
value for the V¢c capacitor, whe

(noswitch

the internal consumption cIo and
Tnput 1S period of the ost
applications, chose a V, e that
exceeds 10uF.

CC)’]OSWItch nput ( 4)

—VCCq

OFF
g Inductor Design (Lm)

Kp=I ripple/lpeak

Iripple

|peak

Figure 12: Typical Primary-Current Waveform
The input power (Pin) at the minimum inp

be estimated as O
6\ (5)

P =

in

Where Vo is the outpu v@]e, lo is the rated
output current, n is estimated efficiency.
0.75 and 0.85 depending

Generally, nis b
on the input ra LE d output application.
ni

For CC [ put, the converter duty
cycle IS

Q €§ +V N+\'\/me ©)

F IS the secondary diode’s forward voltage,
N is the transformer turn ratio, and
Vinmin) is the minimum voltage on bulk capacitor.
The MOSFET turn-on time is

T, =D 1 (7)

Where 15 is the frequency jitter's dominant

switching period, 1 =f, =65kHz.

Ts

The average, peak, ripple and valley values of

Prim
é@jgﬂld—in slope compensation, HFC0400 the primary current are described as follows:
orts CCM when the duty cycle exceeds 50%. P
et a ratio (Kp) of the primary inductor’s ripple l,, = v = (8)
current amplitude vs. the peak current value to in(min)
0<Kp<1, where Kp=1 for DCM. Figure 12 shows I
the relevant waveforms. A larger inductor leads |peak = a (9)
to a smaller Kp leads, which can reduce RMS (1—&)-D
current but increase transformer size. An optimal 2
Kp value is between 0.6 and 0.8 for the universal
input range and 0.8 to 1 for a 230VAC input Iripple :Kp'lpeak (10)
range.
’ IvaIIey (1 K ) Ipeak (11)
HFC0400 Rev. 1.02 www.MonolithicPower.com 18
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The following equation estimates L as

L _ \/in(min) ’ ’Con

" I

(12)

ripples

Current-Sense Resistor

DRV[]_<]‘ 5

cs [—| LeB

Slope
compensation

a) Peak-Current-Comparator Circuit

Vpeak— —_—

Vsiope ‘&
I_ Vslope —on

*
Ipeak Rsense

0

b) Typical Waveform

at
re arator
hen the

e and the

Figure 13: Peak-Current

Figure 13 shows the
logic and the subse o
sum of the sensin | or

slope compensatgr r ac he comparator
he RS Iop, and the DRV
n to turn off the MOSFET. The
maximgam Burrent limit (Vimit, a5 measured by Vcs)
is QA93V. The slope compensator (Vsiope) IS

V/us. Given the margin, use 0.95xVimit as
éyeak at full load. The voltage on sensing resistor

is then:

Veense =99% Vi — Vslope “Ton (13)
So the value of the sense resistor is
Reense = % (14)
peak
Select the current sense resistor with an

appropriate power rating based on the power
loss:

Q/O

boeaic + L i 1 2
Pense = {(%J + E(Ipeak - Ivalley) ] ‘D-Regnse

(15)
Low-Pass Filter on CS Pin

pass Filter

@-Pass Filter on CS Pin
ted to the CS pin with
ss filter for noise filtering
turns on and off, as shown in
%M series resistance (Rseries) should
1kQ The low-pass filter's RxC
con t should not exceed 1/3 of the leading-
lanking period for SCP (LEB2, 270ns), or
he filtered sensed voltage won'’t reach the SCP

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
B, =n-(2-Af +f.), where Af is the frequency

jitter amplitude. If Bm, 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

Figure 1

A smal
Rserles f

HFCO0400 Rev. 1.02
7/10/2018

www.MonolithicPower.com 19
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2018 MPS. All Rights Reserved.



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

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

Equation (2) describes the jitter period In theory,
a smaller fier is more effective at EMI reduction.
However, the measurement bandwidth requires
that fiier Should be large compared to spectrum
analyzer RBW for effective EMI reduction. Also,
fiter 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

321 (16)

Tdelay jitter

When the high-voltage current source turns on, a
constant supply current (lhy, 1.6mA typlcall
flows into HV. The current-source discharge

for the X-cap to drop to 37% of peak voI

be estimated by: «

Cy-63% 2 . ?7)
Where Cx is the X-ca @a %() is the
maximum AC—inpt;@/ @

The first dl%ﬁ g per is  16xTjiter, With

equal to 48xTtjiwer. The sections

subsequ
times %ately eequals:
-16-1,
: R

jitter +1 (18)
ounding n determins the number of detecting

Tdischarge -

lescharge

481,

jitter

sections, as every section is 16xTjger, the
detecting time is shown as follow:
Tdetect 16- TJltter ’ (19)
As a result, the total discharge time is then.
Tiotal = Vdelay T Taischarge T Tdetect (20)

The total discharge time is relative to tjer. For
example, if Criver is 47nF and 7jiwer=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 performanéi'? d good
thermal performance. Follow t uidelines to

optimize performance.
1) Minimize the po

;ée switching stage

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

’%35%: op D6-C10-T1and T1 —

?GND and control circuit should

be and only connect at C1.

%ectmg 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.

HFCO0400 Rev. 1.02
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‘ W (oom[o] » Output2 Loop .
O input Loop — [T 6 8 70l ‘LF" =t T o Design Example
o | b o o ) .
i 4 ? 2 o .| Below is a design example of HFC0400 for dual-
RS = J= > | output applications.
o o °
= o g _ .
S 4 . Table 1—Design Spec.
g la’ﬁﬁ o[= . Vin 85 to 265VAC
¢ 2 ¥ ° Vourt 5V
o w o il ouT]
| = o loutt 3A
Mona e Powsr. Syt | MPS Confidential £
J E L =R @ Vour2 16V
[T 1] Auxiiary Winding Loop Output! Loop louT2 1.6A ,-

a) Top

Figure 15: PCB Layout e x

Typical Application Circuit

cYs3 R15 511206 C9
2.2nF/AKV 470pF KV
R16 51/120

»——[>l§| L1 3.aH
O vout2

Input: 85~265Vac @ 180K 150K 2npKV
(|)_ 51\/2N250VAC Q H>|—| MBF[1>26015(FCT
T 1+ C10 _*+c11 C12|
“T~ 1000uF “T~, = 1UF 16V/1.5A
GBU406 52 PR N2 . ?}S/esov v 2 2
R18 10/1206' Q GND
OEanh '——D"| T L2 15
t O vouT1
¢ D7 A+ At it 1
o seromnor| TLSUAR G T TR VoA
1oV 1ov 1ov 25V
ON IVEKUU?
R5  20K/1206 47URREY Al; O GND
c4 Lm=870uH = R19
ﬁgz ng J Np:Np_auxNs1:Ns2=57:9:36 K
s O1uF/2 PoRITA R22 2 R2
w7 NS TIMER H - — g 30.1K§ Ns3
NS Q2 1%
r\:s FB FB ;1 g: SZ) ﬁ%ﬂ
=13 == o6 HFC0400
RS 47nF l6
NS L cs 50V C7_L [ CSy cs S
NS 1nF gl R21 [
S0V | 28T . = R9 20/0805 } Q1 A4 432K 22nF/50V
6 SMKO0765F AN H
TL\LIESZS/ :
% R24 % R25
R14 10K NS
NS 1%
=
Figure 16: Example of a Typical Application
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NC

N6 Tape Margin Wall Margin Wall
PrlamryO Secondary 2mm 2mm
2T :
O 11,12 1T
N4 3T
1T
NE 6 O s N3 3T
5 210 1T
Note: O Winding start
Teflon tube BObbln e
a) Connection Diagram b) Wi

ndin am
Figure 17: Transformer Structure $

Table 2—Winding Order ‘Q/

Tape (T) o Margin Wall Terminal rgin Wa Q .
Winding PRI side Start—sEnd C si b ire Size () | Turns (T)

Q
N1 2mm 2Y Q(—zmm 0.27mm*2 28
“

! X
NG 2mm %’—wa omm 0.3mm*1 20
\ -
N4 2mr@( ?,&»9,10 2mm 0.33mm*12 3
1 N,
S ‘ :
N3 (& 6@ 11,12—>7,8 2mm 0.33mm*5 6

A Y >N
1 N2 /& 5—>6 2mm 0.27mm*1 9

2 @5“ 2mm 251 2mm 0.27mm*2 29
&
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FLOW CHART

Start -}

Internal High Voltage | Vce Decrease
Current SourceON |~ A A to 5.3V ¢
* A
Shut off the P
Shut Down v N > Swiching €——y Latch off the
Internal High Voltage Y A Switching Pulse
Current Source
—— ] v N :
Vce<8.0V
Y N
Thermal ¢
Monitor
N 8 4
J .
N Monitor VTIMER after
VTIMER>1.0V
Y
——  Monitor Vpyy & Soft Start P Monitor Vcc
¢’ “Timer recharg

Monitor Veomp

Vis<0.32V 0.3V<V¢<3.0V 0 : @
Y

Y

17 times and

Continuous
Fault Monitor

. L »_| Internal High Voltage
Switch Gff Current Source ON

] Normal
Switch Off Operation

Fault=Logic High

y

Brown-out recharge 17
=Logic High times
O g

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

"3 SR cocyrs Here 4 Courstios /™" ‘""“‘P'EZIL'I?Ln Operation Operation  ™ain input :‘:'i::';‘ng,;:‘
14.5V i i
115V | ’I'\ !II\I/I!\\I ;(I IA\\I;( LT AN TN LT IT N
i ! \
8.0V I /1Y N/ ] a1/ N\ 1/ i1 N /)
' l | [ Vi Ve NV g
sav L o] A AN { | Y1 | } } N J
/AQ—H—IH—IVF/
Dri Dri I
Driver I:I puses | | 1| | pluses | T S A A I [ (I I I O I [ B
M | ly P | Ly RN
I [l | | | | Il
Il Il [ | | | | R
\ \
Highvoltagel I| | | I | | | | | Tl
°""e"‘s°”’°1ll ol | T S AL A I (| (| I I I I Y B O
"ll | | | | I I I | | | |
II | || | [ | | |
oon | | | X [ | | |
Fault Flag | i' Frl | |1 N 1 I I
III 1ol | T L A B [ [ I N
III oyl T S AL A B [ [ [ I I
III ) | 1 || mmnll 11 | | T 1]l |
|l Il L | || I 1]l Iy . I _
T ; -
- |o';;Z.“:J. Brown-out Fault o0 oosurs Here onomon Gearsvere  Onomien gore Fault orna ] oap Discharge | onoren
N o i ? Frrerl ol
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PACKAGE INFORMATION
SOIC8-7A

. 0.189(480)
~ 0.197(500) °-°24(°-51>—" I‘— I->| |<—0-050(127)

: 5 5 . é
| |:| |:| Y 0.063(1.60) —H-—-J,H._H‘@
' )

&
0.213(5.40)

[T

|
I S || 0.1503.80) | 0228(5.80) . 4
PIN1ID~ l 0.157(4.00) | 0.244(6.20)
|
[

TOP VIEW

Q-
/tl:l:l:l:‘:lj\i ::—gségfﬁﬁg @O \eg = L:—/E ¥ o00075(0.19)

O N I T 0.0098(0.25)
0.050(1.27)
BSC

S —

SEE DETAIL "A"

SIDE VIEW

NOTE:

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

2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH

PROTRUSIONS OR GATE BURRS

0.010(0.25) gsc

- 3) PACKAGE WIDTH DOES NOT INCLUDE INTERLEAD FLASH
K — 0.016(0.41) OR PROTRUSIONS.

Yo 8 0.050(1.27) 4) LEAD COPLANARITY(BOTTOM OF LEADS AFTER FORMING

SHALL BE0.004" INCHES MAX.
e 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.
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