HFC0502

Fixed-Frequency, Flyback Controller with
Low Standby Power Consumption for both

AC and DC Input Applications

DESCRIPTION

The HFCO0502 is a fixed-frequency, flyback,
current-mode controller with current control
mode and internal slope compensation. It is
designed for medium-power, offline, flyback,
switch-mode power supply applications. The
HFC0502 is a highly efficient, green-mode
controller. At light loads, the controller freezes
the peak current (lreak) and reduces the
switching frequency (fsw) to 25kHz for excellent
light-load efficiency. At very light loads, the
controller enters burst mode to achieve low
standby power consumption.

Frequency jittering (farter) helps dissipate
energy generated by conducted noise, which
reduces electromagnetic interference (EMI).
The HFC0502 employs over-power
compensation (OPC) to reduce the difference
between the over-power (OP) protection point
at the low line and the OP protection point at
the high line.

Full protection features include thermal
shutdown, Vcc under-voltage lockout (UVLO)
protection, overload protection (OLP), over-
voltage protection (OVP), and brownout
protection.

The HFCO0502 is available in an SOIC8-7A
package.

FEATURES

e Fixed Frequency, Current Mode Control,
and Internal Slope Compensation

e Frequency Foldback Down to 25kHz at
Light Loads

e Burst Mode for Low Standby Power
Consumption, Meets EuP Lot 6 Standards

e Frequency Jittering (fyrrer) for Reduced
Electromagnetic Interference (EMI)
Compatible with DC and AC Inputs

e Adjustable Over-Power Compensation
(OPC)

¢ Internal High-Voltage Current Source
Vcc Under-Voltage Lockout (UVLO)
Protection with Hysteresis

e Brownout Protection via the HV Pin

¢ Configurable Soft Start (SS)

e Overload Protection (OLP) with
Configurable Delay

e Short-Circuit Protection (SCP)

e Latch-Off Protections:
o Vcc Over-Voltage Protection (OVP)
o External OVP or Over-Temperature

Protection (OTP) via the TIMER Pin

e Thermal Shutdown with Auto-Restart and
Hysteresis

e Available in an SOIC8-7A Package

APPLICATIONS

e AC/DC Powered Appliances

¢ AC/DC Adapters for Notebooks Computers,
Tablets, and Smartphones

e Offline Battery Chargers

e Liquid Crystal Display (LCD) Televisions
and Monitors

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”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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m Ps HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

TYPICAL APPLICATION
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mP5 HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
HFC0502GS SOIC8-7A See Below 2

* For Tape & Reel, add suffix -Z (e.g. HFC0502GS-Z2).

TOP MARKING

HFC0502
LLLLLLLL
MPSYWW

HFC0502: Part number
LLLLLLLL: Lot number
MPS: MPS prefix

Y: Year code

WW: Week code

PACKAGE REFERENCE

TOP VIEW
TIMER | 1] O 8 | HV
FB | 2
CS |3 6 | VCC
GND | 4 5| DRV
SOIC8-7A
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mP5 HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

PIN FUNCTIONS

Pin # Name |Description
Timer. The TIMER pin provides overload protection (OLP) and brownout protection with
1 TIMER |soft start (SS), frequency jittering (farrer), and the timer functions. Pull TIMER low to turn
the controller off.
2 FB Feedback. Use a pull-down opto-coupler to control the output regulation.
Current sense. The CS pin senses the primary-side current during current-mode control
3 CS : .
for over-power compensation (OPC) adjustment.
4 GND Ground.
5 DRV Driver signal output.
6 VCC Power supply.
8 HyY High-voltage current source. The HV pin is a high-voltage current source that includes a
brownout function.

ABSOLUTE MAXIMUM RATINGS @

HV e -0.7V to +700V
VCC, VDRV 1o GND ..........cceeneennn. -0.3V to +30V
FB, TIMER, CSto GND.................. -0.3Vto +7V
Continuous power dissipation (Ta = 25°C) @......
......................................................... 1.3W
Junction temperature .........cccccevevveeevieennnn. 150°C
Lead temperature ..........ccccccccveeeennninnnnnnnes 260°C
Storage temperature ............... -60°C to +150°C
ESD Ratings

Human body model (HBM)

DRV e 3.5kV
HV 1.8kV
All Other PiNS ....coooiiiieeee e akV
Charged device model (CDM)

Al PINS oot e 2kV
ESD capability for machine model

AlLPINS i 400V

Recommended Operation Conditions ¢

Operating junction temp (T;).... -40°C to +125°C
Operating Ve range ......ocevvveveeeeeeenne 9V to 24V

Thermal Resistance @ 6;a 6ic

SOICB-TA. ... 9% ...... 45 ...

Notes:

1)
2)

3)

4)

Exceeding these ratings may damage the device.

The maximum allowable power dissipation is a function of the
maximum junction temperature T, (MAX), the junction-to-
ambient thermal resistance 6;,, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX) - Ta) / 6;a. Exceeding the maximum allowable power
dissipation can cause excessive die temperature, which may
cause the device to go into thermal shutdown. Internal
thermal shutdown circuitry protects the device from
permanent damage.

The device is not guaranteed to function outside of its
operating conditions.

Measured on JESD51-7, 4-layer PCB.
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mP5 HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

ELECTRICAL CHARACTERICS
Vce = 18V, T; = -40°C to 125°C, typical values are tested at T; = 25°C, unless otherwise noted.

Parameter ‘

Symbol

‘Conditions

[Min® ] Typ [Max ®]| Unit

Start-Up Current Source (HV)

HV supplv current | Vee =12V, Vuy = 400V 1.5 2.8 5 mA

PPy "' [Vec= 12V, Vv = 120V 15 | 27 | 5 | mA
Vv = 400V; Vcc increases to 18V,
HV leakage current | then decreases to 14V 1 16 25 KA
g Hv-Lee Vv = 200V; Vcc increases to 18V, 1 13 22 A
then decreases to 14V H

Breakdown voltage VBr Ty=25°C 700 790 \%

Supply Voltage (Vcc) Management

Vcc rising threshold

(current source turns off) VcC_RISING_OFF 12.5 15.5 18 \Y

i\éci;ift{i:lililtlgg)threshold (Ss Vce FaLLING ss | SSis initiated once Vhv > Vhv_su 10.5 12 13 \%

x;gtg:gg\ilg-m detection Vce siHys | Vec RISING_OFF - Vec_FALLING_SS 1.35 3.5 Vv

Vcc falling threshold

(current source turns on) VCC_FALLING_ON 7.3 8.5 9.6 \%

Vcc under-voltage lockout Vv Vv -V 5 7 Vv

(UVLO) hysteresis CC_UVLO_HYS CC_RISING_OFF CC_FALLING_ON

Vcc_ recharge _threshold Vee pro If_any protection with auto-restart is 49 55 6.2 Vv

during protections triggered

Vcc latch threshold (latch-

off phase is complete) Vec_ Latox 25 v

Internal IC consumption lcc Ves = 2V, CL = 1InF, Vcc = 12V 11 1.8 2.7 mA

Internal IC consumption _ — oo

during latch-off phase lcc_LaTcH Vce = Vec rising_ofr - 1V, Ty = 25°C 520 700 880 MA

Vcc over-voltage

protection threshold Vce ovp 24 26.5 | 28.5 \%

(OVP)

OVP blanking time tove 60 [V

Brownout

HV start-up threshold VHv_su Vhv increasing, Ty = 25°C 95 107 119 \%

HV shutdown threshold VHv_sb Vhv decreasing, To= 25°C 86 97 110 \%

Brownout hysteresis AVnv Ty =25°C 7.5 10 125 \%

HV line cycle dropout _

timer thv Crimer = 47nF 40 ms

Switching Frequency (fsw)

Switching frequency fsw Ves > 1.85V, Ty =25°C 62 65 68 kHz

I I 0,

Z;fgﬁ’tiggy Jittering Afsrer | Vrs > 1.85V, Ty = 25°C +47 | 465 | +8.3 fs xf

Frequency jittering entry VEB_JITTER 1.95 \%

Frequency jittering _

modulation period turTeER Criver = 47nF 3.7 ms

HFC0502 Rev. 1.0
4/21/2023
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mP5 HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

ELECTRICAL CHARACTERICS (continued)
Vce = 18V, T; = -40°C to 125°C, typical values are tested at T; = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘Conditions ‘ Min ©) ‘ Typ ‘Max (5)‘ Unit

Current Sense

Current limit voltage reference Viuwmr 0.92 1 1.08

Short-circuit protection (SCP)

threshold Vscp 1.3 1.47 1.63

Current limit point during _

frequency foldback VEoLbp Ves = 1.85V 0.63 | 0.68 | 0.73 Y

Current limit point during burst | ViLm_sursT_ Ve = 0.7V, entering burst mode 0.11 v

mode entry ENTRY

Current I!mlt point during burst | Vium_sursT_ Ve = 0.8V, exiting burst mode 0.15 v

mode exit EXIT

Leading edge blanking time for tieet 350 ns

Viuwmr

Leading edge blanking time for tLess 270 ns

Vscp

Compensation ramp slope SramP 18 25 32 |mVlus

Feedback (FB)

FB internal pull-up resistor Rrs Ts=25°C 12 135 15 kQ

FB internal pull-up voltage Vop 4.3 \%

Ves to internal current setpoint Kre1 Vrs = 2V 255 | 2.8 | 3.05

division ratio Krs2 Ves = 3V 2.8 3.1 3.4

Ves falling threshold (burst VEB_FALLING_ Entering burst mode 0.63 0.7 0.77 v

mode entry) BURST

VEs rising threshold (burst VEB RISING Exiting burst mode 0.72 0.8 0.88 v

mode exit) BURST

Overload Protection (OLP)

OLP entry voltage Vorp The IC enters OLP after toLp 3.7 \%
Cnimer = 47nF, Ves increasing to

OLP entry delay toLp reach the OLP point 40 ms

Over-Power Compensation (OPC)

Vv to lorc ratio Korc 0.45 MANV
Vuv = 120V, Ves = 2.5V 0 WA
Vuv = 155V, Ve = 2.5V 13

OCP current I

! ¢ |Viv = 310V, Vs = 2.5V 85

Vv =380V, Ves = 2.5V, Ty = 25°C| 90 119 148

Ves below which compensation .

is fully removed Vorc_orr | OPC compensation 0.55 \%

Ve above which .

compensation is fully applied Vorc_on |No OPC opmensation 2.2 \%

Frequency Foldback

Ves threshold during frequency .

foldback entry Ves_rop | Entering frequency foldback 1.8 Y

Minimum fsw fswmn | Ta=25°C 21 25 30 kHz

Ves threshold during frequency .

foldback exit Ves_rr_exit | EXiting frequency foldback 1 Y

HFC0502 Rev. 1.0
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mP5 HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

ELECTRICAL CHARACTERICS (continued)
Vce = 18V, T; = -40°C to 125°C, typical values are tested at T; = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘Conditions ‘ Min ©) ‘ Typ ‘Max (5)‘ Unit
Latch-Off Input (TIMER)
Latch-off threshold V/TIMER_LATCH 0.7 1 1.3 \%
Blanking time during
latch detection taTcH 12 HS
Driver Voltage (Vbrv)
DRV high voltage VHiGH CL =1nF, Vcc = 12V 10.3 \Y
DRV clamped voltage Vciamp CL = 1nF, Vcc = 24V 134 \Y
DRV low voltage Viow CL = 1nF, Vcc = 24V 16 mV
DRV rise time trisE CL=1nF, Vcc = 16V 13 ns
DRV fall time traLL CL=1nF, Vcc = 16V 23 ns
DRV pull-up resistance Rorv_pu CL=1nF, Vcc = 16V 8 Q
DRV pull-down _ _
resistance Rbrv_pD CL=1nF, Vcc = 16V 10
Thermal Shutdown
Thermal shutdown ©® Tsp 150 °C
Thermal shutdown °
hysteresis © T hs 25 c
Notes:
5) Guaranteed by characterization.
6) Guaranteed by design.
HFC0502 Rev. 1.0 MonolithicPower.com 7
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m Ps HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

TYPICAL CHARACTERISTICS

HV Supply Current vs. HV Leakage Current vs. _
Temperature Temperature Internal IC Consumption
VCC: V, VHV:4OOV VCC:l4V, VHV:400V VS. Tem perature
3.8 19 2.05
AY 18
3.6
A 17 et 2 1
L~ —|
3.4 L
16 > 1.95 vt
Z 32 I 15 L~ z //
= o P E 19
= N : 134 < 185
2.8 N = /
N 12 18
26 1 -
2.4 10 1.75
-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)
Breakdown Voltage vs. Vcc RISING_OFF VS. Vce FALLING SS VS.
Temperature Temperature Temperature
840 15.8 11.99
820 15.7 11.98
- 156 N « 11.97 /| \
800 s N 2 N
— TR N % 11.96 \
— d T 155 *
S 780 / o N ©'11.95 A\
% Q 154 N e \
& /| z 15 5
> 760 A ] \\ 3 11.04
g 183 N 9'11.93
740 >U 15.2 N >U \
- ‘\ 11.92 \
720 15.1 AN 11.91 \\
700 15 11.9
-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)
Vcc Brown-In Detection
Ve FALLING_ON VS. Hysteresis vs.
Temperature Vce ovp Vs. Temperature Temperature
8.45 26.38 3.8
p
N 26.36 / S 3.7
8.4 26.34 N
S N / 36
2 < 26.32 / s N
5,835 e 26314 % 35 S
3 ' >
g N 5 / - A
=] N o 26.28 5 34 N
7 83 N 2 / 3 )
3' \ 26.26 >o 3.3
= g5 N 26.24 N
\ / 32
26.22 \
8.2 26.2 3.1
-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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m Ps HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

TYPICAL CHARACTERISTICS (continued)

Ve FALLING_LATCH VS. HV Start-Up Threshold
Vce pro VS. Temperature Temperature vs. Temperature
5.52 35 108.5
108 ~
55 \\\ =y N
N S 25 — 107.5 \\
5.48 N < ] N
— T ~r— 107
S N S N\
hr N\ < S N
S 5.46 N 3 ~106.5 N
& N 2 15 2 N\
8 5.44 N 3 E 106 N
> N < >
\\ O 105.5 A\
O
5.42 N~ 08 105
54 0 104.5
-40-25-10 5 20 35 50 65 80 95 110125 -40-25-10 5 20 35 50 65 80 95 110125 -40-25-10 5 20 35 50 65 80 95 110125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
Frequency Jittering
HV Shutdown Threshold Switching Frequency vs. Amplitude vs.
vs. Temperature Temperature Temperature
98 65.5 6.612
—
975 . 65 ) — 661 /T TN\
| 64.5 = N\
97 / g / N\
- 64 “ 6.608
> ™ ° = / \
< 965 \ I 63.5 / é’/ / \
gl \\ < 63 2 6.606 \
= % N\ L 625 V) \
w
95.5 \ 62 / E 6.604 / \
95 61.5 "~ 6.602
61 /
945 60.5 6.6
-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 95 110125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
Minimum Switching Compensation Ramp
Frequency vs. Slope vs. Current Limit Point vs.
Temperature Temperature Temperature
275 25.6 1.02
27 25.4 L~ 1.018 \‘\
7 - 1.016 ™
L~ / : N
26.5 _~ 25.2 7 N,
— L~ m 1.014
N | = / S
T 26 7 S 25 / 2 1.012
Z E / s
S 255 . 248 2 1.01 N
| = =
z g > 1.008 \
<L 25 / 0 246 \
// 1.006 N
2451, 24.4f 1.004 \\
24 24.2 1.002
-40-25-10 5 20 35 50 65 80 95110125 -25-10 5 20 35 50 65 80 95 110125 -40-25-10 5 20 35 50 65 80 95110125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
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m Ps HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

TYPICAL CHARACTERISTICS (continued)

Short Circuit Protection

Leading Edge Blanking
Time for Viumr vs.

vs. Temperature Temperature
1.492 425
1.491 N 420
1.4954 AN 415\
1489 N 410
ey \ @ 405 \
S 1488 \ <~ 400 N\
% 1.487 N\ 2 395
>’ \ o 390 N
1.486 i N
. = 385
1.485 380 ~ o
1.484 N 375 —

1.483
-40-25-10 5 20 35 50 65 80 95110125

Mode Entry vs. Mode Exit vs.
Temperature Temperature
0.696 0.798
0.694 0.796
- ™ < 0.794 TN
S N S U N
2 0.692 ~ 2 N
5 £ 0.792 ‘\
€ 069 £ 579 N
@, \ 3, \\
© 0.688 N 2 0.788 S
2 N 2 0.786 N
& 0.686 N e U N
iy N £0.784 \\
> 0.684 N N
0.782 \
682
0.68 0.78 N
0.68 0.778
-40-25-10 5 20 35 50 65 80 95 110125 -40-25-10 5 20 35 50 65 80 95 110125
TEMPERATURE (°C) TEMPERATURE (°C)
FB Internal Pull-Up FB Internal Pull-Up
Resistor vs. Temperature 43Voltage vs. Temperature
16 :
15.5 A 420
// \\
15 y 4.28 \\
g 145
g S a2 N
m [a)]
c > 4.26 \~
135 — ' N
ad 4.25
13 '
125 4.24
“40-25-10 5 20 35 50 65 80 95 110125 -40-25-10 5 20 35 50 65 80 95 110125

TEMPERATURE (°C)

Ves Falling during Burst

TEMPERATURE (°C)

370
-40-25-10 5 20 35 50 65 80 95 110125

TEMPERATURE (°C)

Ves Rising during Burst

TEMPERATURE (°C)

t es scp (NS)

S 3.715

o
)

(]
>

Leading Edge Blanking
Time for Vsce vs.
Temperature

292

290

/
288 7

286 \ /|
284 \

282 \ V4

280

278
-40-25-10 5 20 35 50 65 80 95 110125
TEMPERATURE (°C)

Ves during OLP Entry
after Blanking Time vs.

Temperature
3.73

3.725 =

3.72

3.71 /

3.705

3.7

3.695

3.69
-40-25-10 5 20 35 50 65 80 95110125

TEMPERATURE (°C)

HFC0502 Rev. 1.0
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m Ps HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

TYPICAL PERFORMANCE CHARACTERISICS
Vin = 230Vac, Vout = 19V, lout = 2.35A, unless otherwise noted.

Start-Up Shutdown
230Vxc full load 230V full load Output Voltage Ripple
: . ey — : - | 7T :
a1
NN
\‘ :
100\6/35'\?“ VBUS L r = ST NNEE SN SRR “:::::: it b
Ve gt B oot et Voyrpl
svidiv. § 5 : Lo svidv. 7| ' L 100mvidy.
. L] V 3
y S svidu.
e . : .
100ms/div. 20ms/div. 10ps/div.

SCP Entry

SCP Recovery Start-Up through SCP

TRR

Vee : Voo bl
SV/div. B sV/div. B i
. Veged . || FB ;
1vrdiv. © 1vidi. ] vidiv, *
Vbs § Vps Vps : SR
100V/div. 1t 100V/div.[T} 'y 100Vv/div. OF R B B
loyt loyt N loyt
10A/div. 10A/div.IH E— E— 10A/div. !
400ms/div. 400ms/div. 400ms/div.
OLP Entry OLP Rescovery Start-Up through OLP
A6 NTONT V)
VFB VFB ..... : R -
2v/div. 2v/div. B 3 B Veg
Vel Vee BFF 2v/div. BT
5V/div. 5V/div. Vee
louT lout f1 sv/div. B :
2A/div. 2A/div. loyt
i oanin b
Vbs Vbs Vps | :
100vidiv. “f 100V/div. | 100V/div. o
400ms/div. 400ms/div. 400ms/div.
HFC0502 Rev. 1.0 MonolithicPower.com 11
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m Ps HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

TYPICAL PERFORMANCE CHARACTERISICS (continued)
Vin = 230Vac, Vout = 19V, lout = 2.35A, unless otherwise noted.

OVP OVP oTP
No load Full load No load
. .‘\I'.: .
Vbs . Vbs
200V/div. 200V/div.
Vee Ve Veg [T
10v/div. 10Vv/dw. 1vidiv. B
VEB b oot T Veg of v, .
1vidiv. : idi, sviav, B
3 : b Vps T
Vout gf : | Vout | 100vrd.
10v7dv. VRTRIN AR Tovidn Pl R ;
200ms/div. 200ms/div. 2s/div.
Conducted EMI
Brown-In 230V, L wire
. B B dBuv |2 1MHz Hz
HL104
SGL
1 PKho
CLRWR
2AV] 8 TDS
CLRWR 8o
Viv Vi
20V/div. 20V/div. 1
v ~— [ [ []]2¥s2a
cc V, ~ E 6DB
5V/div. 5V/Cﬁ\(l:. e
Vac Vac LM
100V/div. 100V/div.
Pl
Vprv Vbrv
10V/div. 10V/div. X
] ' ] 150kHz 30MHz
400ms/div. 400ms/div.
Conducted EMI
230Vpc, N wire
dBpV |12 1MHz Hz
B SGL
1 PK
CLRWR
2 AV TDS
CLRWR
] IEN55022Q
J i HH e 6DB
A ), "
N/.\ W Mvw/ L] MM\
L N
0
150kHz 30MHz
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m Ps HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

TYPICAL PERFORMANCE CHARACTERISICS (continued)
Vin = 230Vac, Vout = 19V, lout = 2.35A, unless otherwise noted.

Table 1: No-Load Power Consumption

Vin (Vac/HZ)

85/60

115/60

230/50

265/50

Pin (MW)

73.63

67.31

72.37

78.86

HFC0502 Rev. 1.0
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m Ps HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

FUNCTIONAL BLOCK DIAGRAM

Power “ .
Vcc Start-Up Unit |« HV
Management |
Brownout .
Detection
Y
*/ # HV Sample
OVP
-
. . Fault —»
Timer > > . .
1S _| Management Driver Signal N | DRV
t OLP Management /
Frequency — >
S Foldback H H
| Burst Mode
o Control
FB
vy
Peak Current Slo Overpower
> pe p
Compression Comparator Compensation Compensation
\
GND | > |- cs
Figure 1: Functional Block Diagram
HFC0502 Rev. 1.0 MonolithicPower.com 14
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mP5 HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

OPERATION

The HFCO0502 is a fixed-frequency, current-
mode controller  with internal slope
compensation incorporates all the necessary
functions to build a reliable switch-mode power
supply. At light loads, the controller maintains
the peak current (Ireak) at its present value and
reduces the switching frequency (fsw) to 25kHz
to minimize switching losses. If the output
voltage (Vour) drops below a set level, then the
controller enters burst mode. Frequency jittering
(farrer) reduces electromagnetic interference
(EMI).

The controller requires a minimal number of
readily available, standard external components.
Fixed-Frequency with Frequency Jittering

Frequency jittering (fyrrer) reduces EMI by
dissipating the energy across the fyrrer range.
Figure 2 shows a fyrrer Circuit.

FB _p T

14pF

VA VN
10pA

Vob
Timer @ +
¢% 3.2V> S Q

20pA
2.8V[; —
> R Q

Figure 2: Frequency Jittering Circuit

A controlled current source (fixed 2.72uA when
Ves = 2V) charges the internal 14pF capacitor.
Comparing the capacitor voltage to the TIMER
pin voltage (Vriver) determines fsw. fsw can be
calculated with Equation (1):

(o 1
W 14pF x V,yen /2. 72UA +0.2us

(1)

firrer is set by varying Vniver between 3.2V
and 2.8V. The fyrrer modulation period (tyrrer)
can be calculated with Equation (2):
2V -2.8V
Uyirrer = 2x CTIMER . (3 ° )
10pA

(2)

Figure 3 shows the fyrrer function.

fsw

69.3kHz

65kHz

60.4kHz

tirTer

Figure 3: Frequency Jittering

Frequency Foldback

Frequency foldback improves efficiency under
light-load conditions.

If the load decreases to a set level (1V < Vgg <
1.8V), then the controller maintains lpgax at its
present level (as measured by the CS pin)
(typically 0.7V), and fsw drops to 25kHz. This
reduces switching loss. If the load continues to
decrease, then lpeak decreases with the 25kHz
fixed frequency to reduce audible noise. Figure
4 shows fsw vs. the feedback voltage (Ves), as
well as lpeak VS. VEB.

Frequency A Frequency Peak
_ Jittering Current
65kHz — —
””” v
Burst P ,;;,/,: ,,,,,,,,,,,,,,,, 0.7V
- Fixed Faul
25kHz -~ [Frequencyl prequency
| "Fixed Foldback
Frequency
|
0.7/0.8V 1.0V 1.8V 3V FB

Figure 4: fsw vs. Vrs and lpeak VS. Vs

Current Mode
Compensation

Ves controls the primary lpeak. If lpeak reaches
the level determined by Vs, then the driver
signal output (DRV) turns off. Internal slope
compensation (25mV/us) allows the controller
to operate in continuous conduction mode
(CCM), with a wide input voltage (ViN) range.
Internal compensation reduces sub-harmonic
oscillations above 50% of the duty cycle.

Control and Slope

HFC0502 Rev. 1.0
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mP5 HFC0502 — FLYBACK CONTROLLER W/ LOW POWER CONSUMPTION AND FIXED fsw

High-Voltage Start-Up Current Source and
Brownout Detection

During start-up, the internal high-voltage current
source (HV) supplies power to the controller.
The IC detects the HV pin voltage (Vuv) once
Vcc reaches its rising threshold as the current
source shuts down (Vcc rising_oFF).

If Viv exceeds the HV start-up threshold (Vuy su)
before Vcc drops to its falling threshold to
initiate a SS (VCC_FALLING_SS) (12V), then the
controller starts up. If Vuy does not exceed
Vv su, then a brownout occurs and DRV is
pulled low. If Vcc drops to its falling threshold
when a protection is triggered (Vcc_pro) (5.3V),
then HV turns on and recharges Vcc.

After start-up, the auxiliary transformer winding
supplies the IC. The IC stops switching and the
current source turns on again once Vcc drops
below its threshold as the current source starts
up (Vcc_FALLING_ON)-

Figure 5 shows Vcc under-voltage lockout
(UVLO).

A Auxiliary Winding
Takes Over
Vce rising oFf = 15V

[N A TR N e 20 D ,FV,,,,,,,
= [ |
,,,,,,,,,,,,, NoZl oS/ TcerANG oN
[IY | =
|VCC7PRO | =8V

EEEY

T

Figure 5: Vcc UVLO

If a fault protection is triggered (e.g. overload
protection [OLP], short-circuit protection [SCP],
brownout, or over-temperature protection
[OTP]), then the lower Vcc UVLO threshold
drops from 8V to 5.3V.

Soft Start (SS)

The HFCO0502 features configurable external
soft start (SS) via the TIMER capacitor (Criver).
Crnmer can be charged between 1V and 1.75V
via 25% of the normal charge current. The Ipgak
limit (lumir_peak) increases from 0.25V to 1V

slowly, which also increases fsw slowly. Figure

6 shows the soft-start function.
A

TIMER Itiver = 10 / 4pA

175V

NAVARY

Limit
1V e el - — — — — — I

oA LML

Soft Start Duration

Figure 6: Soft Start

I
Current“ I I
|

Criver determines the soft-start time (tss). tss
can be calculated with Equation (3).

_ Cruer ¥ (1.75V -1V)
ss 10/4pA

Burst Mode

The HFC0502 employs burst mode to minimize
power dissipation under no-load or light-load
conditions. As the load decreases, Vrs
decreases. If Ves drops below its falling
threshold (Vrs_raunc_surst) (0.7V), then the IC
enters burst mode. The IC stops switching and
Vour drops, which causes Vg to increase. If Vs
exceeds its rising threshold (Vee risinc_sursT)
(0.8V), the IC resumes starts switching. Burst
mode alternately enables and disables
MOSFET switching, which reduces switching
losses at no load or light loads.

Adjustable
(OPC)

An offset current proportional to Vv is added to
current-sense voltage (Vcs). The amount of
compensation can be adjusted by choosing the
resistance in series with CS. This allows for a
more accurate output power limit across the
entire total Vv range. Figure 7 shows the
compensation current vs. Veg and Vay.

®3)

Over-Power  Compensation

lopc

Vopc orr Vopc on Ves

Figure 7: Compensation Current vs. Vrs and Vhv
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Figure 8 shows the compensation current vs.
VHv.

lopc A

lopc(aso)

lopc(a10)

lopc(iss)

lopc(120) >
120V 155V 310V 380V Vi

Figure 8: Compensation Current vs. HV Voltage

Over-Load Protection via the TIMER Pin

If fsw is fixed in a flyback converter, then the
maximum Vour should be limited by lpeak. If the
output power exceeds the power limit, then
Vour drops below the set value. This reduces
the current flowing through the optocoupler,
which pulls Vg high.

If Ves exceeds the OLP entry voltage (Voir)
(3.7V), then the OLP timer (toLp) starts. This is
considered an error flag. If the error flag is
removed during torp, then the timer resets. toip

counting is implemented through the TIMER pin.

The counter increments once Vmmer reaches
3.2V. If the counter reaches 18, then OLP is
triggered. top avoids triggering OLP during the
start-up and short load transients. Figure 9
shows the OLP function.

TIMER

Vq

Vs

L
Overload Fault Occurs

Voltage OLPIs
Regulation Triggered

Figure 9: Overload Protection

37V

Brownout Protection via the TIMER Pin

The brownout protection block is similar to the
OLP block. If Vuy drops below Vwy sp (98V),
then the brownout timer (tso) starts counting.
This is considered as an error flag. Once Vuy
exceeds the Vuv shutdown threshold (Vuv sp),
the timer resets. If the tso counter reaches 18,
brownout protection is triggered and the IC
stops switching.

Short-Circuit Protection (SCP)

The HFCO0502 features short-circuit protection
(SCP). If Vcs reaches the SCP threshold (Vscp)
(1.45V) after a reduced leading-edge blanking
time (tes2), then SCP is triggered. The IC
initiates an SS and resumes normal operation
once the short-circuit is removed.

Thermal Shutdown

Thermal shutdown protects the IC from
operating at exceedingly high temperatures by
internally monitoring the junction temperature
(Ty). If T; exceeds the thermal shutdown
threshold (typically 150°C), then the controller
shuts down. Once T, drops below 125°C, then
the IC initiates a SS to resume normal
operation. During thermal shutdown, the Vcc
UVLO falling threshold drops from 8V to 5.3V.

Vcc Over-Voltage Protection (OVP)

If Vcc exceeds the over-voltage protection (OVP)
threshold (Vove) (26.5V) for 60us, then OVP is
triggered. The controller latches until Vcc drops
below the Vcc latch threshold (Vec taten) (2.5V).
(e.g. when the user unplugs the power supply
from the main input and then plugs it in again).
OVP typically occurs when the optocoupler fails,
which results in the loss of Vour regulation.

TIMER Latch-Off Protection for OVP and
OTP

Pull TIMER below 1V for 12us to latch off the IC.
This function can be used for external OVP and
OTP.

Clamped Driver

If Vcc exceeds 16V, then DRV is clamped at
13.4V. This allows the use of any standard
MOSFET.

Leading-Edge Blanking

An internal leading-edge blanking (LEB) unit
with two LEB times (tLes: and ties2) is connected
between the CS pin and the current comparator
to avoid premature switching pulse termination
due to parasitic capacitance. During the
blanking time (tsLank), the current comparator is
disabled. This means that the current
comparator cannot turn the external MOSFET
off.

HFC0502 Rev. 1.0
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Figure 10 shows the LEB functions.

Vimir

—hot—1t gy = 350nS
— MMt erp = 270ns for SCP

Figure 10: Leading-Edge Blanking
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APPLICATION INFORMATION
Selecting the VCC Capacitor

The VCC capacitor (Cvcc) is charged by the HV
pin once Vi is applied. Vcc should exceed
VCC_FALLING_ON until Vout is hlgh enough for the
auxiliary winding to supply VCC. If Vour is not
high enough for the auxiliary winding to supply
VCC, then the IC stops switching and Vour
cannot be set normally. For most applications,
choose a Cycc that exceeds 10uF. Cycc can be
estimated with Equation (4):

ICC

X laise (4)
V,

CC_FALLING_ON

C

>
vee
V,

CC_RISING_OFF ~

Where Icc is the internal IC consumption current
and trise is the Vour rise time.

Figure 11 shows the start-up circuit.

A A

85VAC to 265VAC

N |
]

7 R1
TIMER[T TLHY
£l
cs HFC0502 vee
GND

4 S_TC:L
777

Figure 11: Start-Up Circuit

R1 and C1 determine the system’s start-up
delay (toeiay su). A larger R1 or C1 increases
tbELAY su.

A higher R1 decreases the internal HV current
(Inv), especially at low-inputs. Ensure that Iuv
exceeds lcc. It is recommended that R1 be
between 20kQ and 80kQ.

Primary-Side Inductor Design

The If the duty cycle exceeds 50%, then the
HFCO0502 can operate in CCM with internal
slope compensation. Set a ratio of (Kp) the
primary inductor ripple current (Al.) and lpgak to

IRIPPLE Kp = IrippLe/ IPEAK

I IpEAK

Figure 12: Typical Primary Current

A larger inductor creates a smaller Kp, which
reduces RMS current, but increases
transformer size. It is recommended that Kp be
between 0.6 and 0.8 for the universal input
range and between 0.8 to 1 for a 230Vc input.

The input power (Pin) at the minimum input can
be estimated with Equation (5):
P = Vour Xlour (5)
IN
n
Where lour is the rated output current, n is the
estimated efficiency between 75% and 85%,

depending on the Vi range and output
application.

The duty cycle (D) during CCM at the minimum
VN can be estimated with Equation (6):

- (Vour +Ve)xN (6)
(Vour +Ve)xN+ \/IN_MIN

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 (ton) can be
calculated with Equation (7):

ton=D X ts (7)
Where ts is the fyrrer dominant switching period.
ts can be calculated with Equation (8):
ti _f,,, = 65KHz ®)
S

The average current (lav) can be calculated with
Equation (9):

O0<Kp<1. For DCM, set Kp to 1. | Pu )
. . . Vi

Figure 12 shows the typical primary current Vin_ v

waveform.
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The peak current (Ipeak) can be calculated with
Equation (10):
I
lbeax = KA—V (10)

The ripple current (lrpre) can be calculated
with Equation (11):

| =Ko Xlopag (11)
The valley current (lvaLey) can be calculated

with Equation (12):

RIPPLE

= (1-Kp) xloeax (12)

IVALLEY

The magnetic inductance of the transformer
(Lm) can be calculated with Equation (13):

\Y/

IN_MIN X tON

L,, ==t —on (13)

IRIPPLE

Current-Sense Resistor

If the sensing resistor voltage (Vsense) and the
slope compensation equal Vpeak, then the
comparator goes high to reset the reset/set (RS)
flip-flop. DRV is pulled low to turn the MOSFET
off. The maximum current limit (Vyuwr) is 0.95V.
The slope compensation (Vsiope) is about
25mV/ps. At full loads, Veeak should equal 0.95
X Vuwmr. Then the Vsense can be calculated with
Equation (14):

Veense = 99%x Vi = Voiope X T (14)

Figure 13 shows the Ipeak comparator logic.

DRV, JI_’I_[L
[]'<]‘Q s _}FB

£\

+ Vimir
EIT]
| sire

Compensation

cs[ LEB

Figure 13: Peak Current Comparator Logic

Figure 14 shows the typical lpgax CcOmparator
waveform.

Veeak — — — —

¥VsLope X ton

IpEAK X
Rsense

ton

Figure 14: Peak Current Comparator Waveform

The sense resistor (Rsense) can be calculated
with Equation (15):

_ VSENSE (15)

RSENSE - I
PEAK

Choose and Rsense that has an appropriate
power rating. The Rsense power loss can be
calculated with Equation (16):

(16)

2
| +1 1 2
PSENSE = |:( PEAK 2VALLEY j + 12 (IPEAK - IVALLEY ) :|>< D X RSENSE

Low-Pass Filter on CS

A small capacitor connected to CS via Rseries
forms a low-pass filter for noise filtering as the
MOSFET turns on and off (see Figure 15).

E[ DRV

HFC0502

i

1
|
Rsense I

Low-Pass Filter
Figure 15: Low-Pass Filter on CS

The low-pass filter's RxC constant should not
exceed 1/3 of the leading-edge blanking period
for SCP (tes2, 270ns, typical), otherwise the
filtered sensed voltage cannot reach the SCP
point (1.45V) to trigger SCP if an output short
circuit occurs.

Over-Power Compensation (OPC)

The HFCO0502 has an OPC function via the CS
pin (OCP draws current from CS). OPC
minimizes the OLP difference caused by
different input voltages. The offset current is
proportional to the input peak voltage sensed
by HV. The CS compensation voltage (Vcowmp)
can be calculated with Equation (17):

HFC0502 Rev. 1.0
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VCOMP = RSERIES x Iopc (17)

Where Rseries is the OCP resistor, lopc is the
OPC current when Vpyv is 310V, and Vi is
220V c.

The compensation criteria is to have Ves be
similar to either the high line or low line under
full-load conditions.

Frequency Jittering Period

fyrrer is an effective method to reduce EMI by
dissipating energy on the IC. The nn-order
harmonic noise bandwidth (Bt,) can be
calculated with Equation (18):

B, =Nx(2x Afyreg + fyirrer) (18)

Where AfJ|TTER is the leTTER amplitude.

If Brn exceeds the resolution bandwidth (RBW)
of the spectrum analyzer, then the spectrum
analyzer receives less noise energy. )

Crnmer determines the fyrrer period. A 10pA
current source charges the capacitor. If Vriver
reaches 3.2V, then another 10pA current
source discharges Cniver to 2.8V. This charging
and discharging cycle repeats.

Equation 2 on page 16 describes the fyrrer
period (tyrrer) in theory. A smaller fyrrer
reduces EMI; however, the measurement
bandwidth requires a larger fyrrer for the
spectrum analyzer's RBW to effectively reduce
EMI. There is a trade-off between a smaller and
larger fyrrer. farrer Should be below the control
loop gain crossover frequency to avoid
disturbing Vour regulation.

Consider the practical application when
selecting Cnimer. TOO large a capacitor may
cause start-up failure at full loads due to a long
tss (see Equation 3 on page 16). Too small a

capacitor can cause a shortened timer period,
and the timer capability may overload, which
can cause logic problems. For most
applications, an fyrrer between 200Hz and
400Hz is sufficient.

Internal Ramp Compensation

When adopting peak current control,
subharmonic oscillations can occur if the duty
cycle exceeds 50% in CCM. The HFC0502 is
equipped with internal ramp compensation to
reduce subharmonic oscillations. Rsense can be
estimated with Equation (20):

Dax % Vin_uin o
o= (1-Dyax) XLy

\/
IN_MIN
L X RSENSE +m,

m

sense ~ My

(20)

Where m, is the minimum internal slope value
of the compensation ramp (18mV/us),
\/IN_MIN

L x RSENSE
m

is the primary-side slew rate, and

Duax X Vi o is the secondary-side
(1_ DMAX) x Lm SENSE

equivalent voltage sensed by slew rate of the
primary-side and equivalent secondary-side
voltage sensed by the CS resistor (Rcs)

respectively.
For stable operation, a should be below 1.

Design Example

Below is a design example of HFC0502 for
power adapter applications.

Table 2: Design Example

Vin 85Vac to 265Vac
Vour 19v
lout 2.35A

Note:

7) The spectrum analyzer's RBW is 200kHz for frequencies
below 150kHz, and 9kHz for frequencies between 150kHz to
30MHz).
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PCB Layout Guidelines

Efficient PCB
operation. A well-designed layout can also
reduce EMI and improve thermal performance.
For the best performance, refer to Figure 16
and follow the guidelines below:

layout is critical for stable

1. Minimize the power stage loop area, which

includes the input loop (C1 to T1 to Q1 to
R11/R12/R13 to C1), the auxiliary winding
loop (T1 to D4 to R4 to C3 to T1), and the
output loop (T1 to D6 to C10 to T1).

Separate the input loop ground and the
control circuit. Connect either the input
ground loop or the control circuit to C1. Do
not connect both to C1.

Connect the Q1 heat sink to the primary
ground plane to reduce EMI.

Place the control circuit decoupling
capacitors (e.g. Crs, Ccs and Cvcc) close to
IC to decouple noise.

53.0mm

<13.3mm—>

1o 00
£59 20
&+ L1 8.0mm
o 7, -
Vo 7
— >‘Vr
£ ° 52
S % E¢
> E
'L lo..do 9
£
o T
0 o—g [~ 5
ik 45| np
X2 _C‘
l'l'lea ol
;

Top Layer

mm0.EC

IR Sl —]

QPRI

DY O

Bottom Layer

Figure 16: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUIT

CY122nF

R1 R2

F1 150kQ  150kQ  22nF/630V FE
1206 1206 1206 1 ! .
250VI2A CN1
L L 1
1 o == Np Ns D6 MBR20150FCT| c10 cu
BDA DFOBS 150V/20A 680pF/25V ==47 - 19V/2.35,
Lx1 oxa Lx2 600V/1A T .u 2
TNANAS T == TVAAS T 1 2 ° 3 6.7
° 0.224F AN + R3 -
150uH/L.5A] 30mH/L5A SIS 00 D4 =
D— ¥ 1206 2 1l 4
N N SRGC1OMH
D3 R4 N_Aux R19
SRGC10MH 00 g 100
C3  47pF/25V
vy oyl | HT s
1kQ
C4 0.1yl
R5 20kQ/1206 H
UL N
Hmver Wy § fa Sk
Va 2{ z ) Sha
=0 o 4| Hrcoso2
470pF==" Ves cs vee al
C8 R8 20Q Q1 R18 c12
- i : o - ? I:}SMK087OF N 33kQ/1% 1!)IOnF
u3 g 1 |
CJ431,
« f R21
10kQ/1%
==
3 N4 ) N4: 0.25mm X 2P 30Ts
NP [ = p
NL o ¢ 2 0mn Ly one laye) |
Q== N3 . . OO@OOQOOO v [P ] N3_2: 0.5mm X 1P(T.LW.) 11Ts
4== ) ] 90900008109 [P ] N3_1: 0.5mm X 1P(T.LW) 11T
N{ N2 0000008 80es; MiETrrryny
Se= N2: 0.15mm X 2P Ts
PRI. SEC. N1: 0.25mm X 2P 30Ts
® Winding Start
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Connection Diagram Winding Diagram
Figure 18: Transformer Structure
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Table 3: Winding Order

Tape (T) Winding (Sg;:TOmEarl\d) Wire Size (o) Turns (T) Tube
1 N1 2to3 0.25mm x 2 30 Matches wire
1 N2 4t05 0.15mm x 2 7 Matches wire
Wind with tight
2 El 5to NC 0.1lmmx 12 tension across the -
entire bobbin evenly
2 N3 PtoN 0.5mmx 2 (T. 1. W) 11 -
Wind with tight
2 E2 5to NC 0.1mmx 2 tension across the -
entire bobbin evenly
1 N4 3to1l 0.25mm x 2 30 Matches wire
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CONTROL FLOW CHART

Internal High-Voltage
Current Source is On

Vcc Decreases

to 53V

A

Brownout = Logic
High

Yes

Timer
Recharges
18 Times

UVLO, brownout, OTP, and OLP have auto-restart. Vcc OVP and the TIMER latch-off input have latch mode.
To release a fault latch, unplug the main input.

Figure 19: Control Flow Chart
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PACKAGE INFORMATION

SOIC8-7A
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I:I I:I I:I ) 0.063(1.60) —H——:H—H —
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01574.00) [ 02446200 T T Trhmmo—e —0-213(5.40)
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0.010(0.25) =

SEE DETAIL "A"
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GAUGE PLANE
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45° NOTE:

1) CONTROL DIMENSIONS ARE IN INCHES. DIMENSIONS IN
THE BRACKETS ARE IN MILLIMETERS.

2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS, OR GATE BURR.

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

4) LEAD COPLANARITIES (BOTTOM OF THE LEADS AFTER
FORMING) SHALL BE 0.004 INCHES MAX.

5) JEDEC REFERENCE IS MS-012.

DETAIL "A" 6) DRAWING IS NOT TO SCALE.
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CARRIER INFORMATION

Reel
Diameter

/OOOOOOOO

Pinl —»1

1

1

1

Feed Direction

Part Number Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Tape | Carrier Tape
Description Reel Tube Tray Diameter Width Pitch
HFC0502GS-Z SOIC8-7A 2500 100 N/A 13in 12mm 8mm
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REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 4/21/2023 Initial Release -

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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