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DESCRIPTION 
The HF500A-20 is a fixed-frequency, flyback, 
controller with current control mode and internal 
slope compensation. The device integrates a 
700V MOSFET and a full-featured controller for 
low-power, offline, flyback, switch-mode power 
supplies.   

At medium and heavy loads, the controller 
operates at a fixed frequency with frequency 
jittering (fJITTER). fJITTER helps dissipate energy 
generated by conducted noise, which reduces 
electromagnetic interference (EMI). At light 
loads, the controller maintains the peak current 
(IPEAK) at its present level 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. 

The HF500A-20 employs over-power line 
compensation to ensure that the overload 
protection point is independent of the input 
voltage (VIN). 

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

The HF500A-20 is available in a PDIP8-7B 
package.  

Maximum Power Output (1) POUT (W) 

230VAC (±15%) 
Adapter (2) 19 

Open Frame (3) 21 

85VAC to 265VAC 
Adapter (2) 14.5 

Open Frame (3) 17.5 

Notes: 

1) The junction temperature (TJ) limits the maximum output 
power. 

2) The maximum continuous power in a non-ventilated, enclosed 
adapter is measured at a 50°C ambient temperature.  

3) The maximum continuous power in an open-frame design is 
measured at a 50°C ambient temperature. 

FEATURES 

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

• 700V/2.6Ω Integrated MOSFET 

• Frequency Foldback Down to 25kHz at 
Light Loads 

• Burst Mode for Low Standby Power 
Consumption 

• Frequency Jittering (fJITTER) for Reduced 
Electromagnetic Interference (EMI)  

• Over-Power Compensation (OPC) 

• Internal High-Voltage Current Source 

• VCC Under-Voltage Lockout (UVLO) 
Protection with Hysteresis  

• Configurable VIN Brownout Protection and 
Input Over-Voltage Protection (OVP) 

• VCC Over-Voltage Protection (OVP) 

• Overload Protection (OLP) with 
Configurable Delay 

• Short-Circuit Protection (SCP) 

• Latch-Off Protection via the TIMER Pin 

• Configurable Soft Start (SS) 

• Thermal Shutdown with Auto-Restart and 
Hysteresis 

• Available in a PDIP8-7B Package 

APPLICATIONS 

• Home Appliance Power Supplies 

• Set-Top Boxes 

• Standby and Auxiliary Power 

• Adapters 

All MPS parts are lead-free, halogen-free, and adhere to the RoHS 
directive. For MPS green status, please visit the MPS website under 
Quality Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are 
trademarks of Monolithic Power Systems, Inc. or its subsidiaries. 
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TYPICAL APPLICATION 
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ORDERING INFORMATION 
Part Number Package Top Marking 

HF500AGP-20 PDIP8-7B See Below 

TOP MARKING 

 

 

MPS: MPS prefix 
YY: Year code 
WW: Week code 
H500A-20: Part number 
LLLLLLLL: Lot number 

PACKAGE REFERENCE 

TOP VIEW 

 

PDIP8-7B 
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PIN FUNCTIONS 

Pin # Name Description 

1 FB Feedback. A pull-down optocoupler controls the output voltage (VOUT) regulation. 

2 VCC 
IC power supply. If the VCC voltage (VCC) exceeds its over-voltage protection (OVP) 
threshold (VOVP), then VCC OVP is triggered. 

4 DRAIN 
Internal MOSFET drain. The DRAIN pin is the input for the high-voltage start-up current 
source. 

5 SOURCE Internal MOSFET source. The SOURCE pin is the input of the primary current-sense signal. 

6 GND Ground. 

7 B/O 

Brown-in, brownout, input OVP, and over-power compensation (OPC) detection. The 
B/O pin provides brown-in protection, brownout, input OVP, or OCP by detecting whether a 
fault has occurred. If VB/O exceeds the B/O protection function threshold (VB/O_PRO), then all 
protection functions are disabled. 

8 TIMER 
Soft start (SS), frequency jittering (fJITTER), and timer functions for over-load protection 
(OLP) and brownout protection. The TIMER pin provides external OVP and over-
temperature protection (OTP). Pull TIMER low to latch off the IC. 

ABSOLUTE MAXIMUM RATINGS (4) 
DRAIN breakdown voltage.......... -0.3V to +700V 
VCC to GND ................................. -0.3V to +30V 
FB, TIMER, SOURCE, and B/O to GND .............  
 ........................................................ -0.3V to +7V 
Continuous power dissipation (TA = 25°C) (5) 

 ................................................................. 1.19W 
Junction temperature (TJ) ......................... 150°C 
Lead temperature ..................................... 260°C 
Storage temperature  ............... -60°C to +150°C 

ESD Ratings 

Human body model (HBM) 
DRAIN………………………………………..1.8kV 
All other pins…………………………………..  4kV  
Charged-device model (CDM) 
All pins………………………………………… 2kV 
ESD capability for machine model 
All pins……………………………………….. 200V  

Recommended Operating Conditions (6) 

Operating junction temp (TJ) .... -40°C to +125°C 
Operating VCC range ........................... 9V to 24V 

Thermal Resistance (7)      θJA      θJC 

PDIP8-7B .............................. 105 ...... 45 ... °C/W 

Notes: 
4) Exceeding these ratings may damage the device. 
5) The maximum allowable power dissipation is a function of the 

maximum junction temperature TJ (MAX), the junction-to-
ambient thermal resistance θJA, and the ambient temperature 
TA. The maximum allowable continuous power dissipation at 
any ambient temperature is calculated by PD (MAX) = (TJ 
(MAX) - TA) / θJA. 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. 

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

7) Measured on a JESD51-7, 4-layer PCB. 
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ELECTRICAL CHARACTERISTICS  
VCC = 16V, TJ = -40°C to 125°C, typical values are tested at TJ = 25°C, unless otherwise noted. 

Parameter Symbol Conditions Min (8) Typ Max (8) Unit 

Start-Up Current Source (DRAIN) 

DRAIN supply current IDRAIN 
VCC = 0V, VDRAIN = 120V/400V 1.4 3.6 6.2 mA 

VCC = 11V, VDRAIN = 20V/400V 1.4 5 7.9 mA 

DRAIN leakage current IDRAIN_LKG VCC = 10V, VDRAIN = 400V  4.5 11.5 μA 

Breakdown voltage VBR TJ = 25°C 700   V 

Internal MOSFET (DRAIN) 

On-state resistance RDS_ON 
VCC = 10.5V, IDRAIN = 0.1A,  
TJ = 25°C  

 2.6 3.1 Ω 

Supply Voltage Management (VCC) 

VCC rising threshold (current 
source turns off) 

VCC_RISING_OFF  11 12 13 V 

VCC falling threshold 
(current source turns on) 

VCC_FALLING_ON  6 7 8 V 

VCC under-voltage lockout 
(UVLO) hysteresis  

VCC_UVLO_HYS VCC_RISING_OFF - VCC_FALLING_ON 4 4.8  V 

VCC protection recharge 
threshold 

VCC_PRO If any protection is triggered 4.7 5.3 5.9 V 

VCC latch threshold (latch-
off phase is complete) 

VCC_LATCH   2.5  V 

Internal IC consumption ICC VFB = 3V, VCC = 12V  0.9 1.2 mA 

Internal IC consumption 
during latch-off phase 

ICC_LATCH VCC = 12V, TJ = 25°C  700 900 μA 

VCC over-voltage protection 
threshold (OVP) 

VCC_OVP  25 27 29 V 

OVP blanking time tOVP_BLANK   60  μs 

Switching Frequency (fSW) 

Maximum switching 
frequency 

fSW_MAX VFB > 1.85V, TJ = 25°C 62 65 68 kHz 

Frequency jittering 
amplitude 

∆fJITTER VFB > 1.85V, TJ = 25°C ±4.5 ±6.5 ±8 % 

Frequency jittering entry VFB_JITTER    1.95 V 

Frequency jittering 
modulation period 

tJITTER CTIMER = 47nF  3.7  ms 

Input Brown-In/Brownout Protection and Input OVP (B/O) 

Brown-in threshold VB/O_IN VB/O increasing 0.94 1 1.06 V 

Brownout threshold VB/O_OUT VB/O decreasing 0.85 0.9 0.95 V 

Brown-in and brownout 
hysteresis 

VB/O_HYS  0.065 0.1 0.14 V 

B/O line cycle dropout timer tB/O CTIMER = 47nF 34 55  ms 

B/O input OVP threshold VB/O_OVP  4.2 4.5 4.8 V 

B/O input OVP timer tOVP_B/O   90  µs 

B/O protection function 
threshold 

VB/O_PRO  5.4 6 6.6 
V 

 

Clamp voltage VCLAMP  7   V 

B/O input impedance RB/O  1.2   MΩ 
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ELECTRICAL CHARACTERISTICS (continued) 
VCC = 16V, TJ = -40°C to 125°C, typical values are tested at TJ = 25°C, unless otherwise noted. 

Parameter Symbol Conditions Min (8) Typ Max (8) Unit 

Current Sense (SOURCE) 

Current limit voltage 
reference 

VILIMIT  0.93 1 1.07 V 

Short-circuit protection 
(SCP) threshold  

VSCP  1.3 1.5 1.7 V 

Current limit point during 
frequency foldback 

VFOLD VFB = 1.85V 0.63 0.68 0.73 V 

Current limit point during 
burst mode entry 

VILIM_BURST_ 

ENTRY 
VFB = 0.7V  0.1  V 

Current limit point during 
burst mode exit 

VILIM_BURST_ 

EXIT 
VFB = 0.8V  0.13  V 

Leading edge blanking time 
for VILIMIT 

tLEB1   330  ns 

Leading edge blanking time 
for VSCP 

tLEB2   260  ns 

Compensation ramp slope SRAMP  18 25 31 mV/μs 

Feedback (FB) 

FB internal pull-up resistor RFB TJ = 25°C 12 13.5 15 kΩ 

FB internal pull-up voltage VDD   4.3  V 

VFB to internal current 
setpoint division ratio 

KFB1 VFB = 2V 2.5 2.8 3.1  

VFB to current-set point 
division ratio 

KFB2 VFB = 3V 2.8 3.1 3.4  

VFB falling threshold (burst 
mode entry) 

VFB_FALLING_ 

BURST 
Entering burst mode 0.63 0.7 0.77 V 

VFB rising threshold (burst 
mode exit) 

VFB_RISING_ 

BURST 
Exiting burst mode 0.72 0.8 0.88 V 

Overload Protection (OLP) 

OLP entry threshold VOLP The IC enters OLP after tOLP  3.7  V 

OLP entry delay tOLP 
CTIMER = 47nF, VFB increasing to 
reach the OLP point 

32   ms 

Over-Power Compensation (OPC) 

Compensation voltage VCOMP 

VB/O = 1.1V, VFB = 2.5V, TJ = 25°C  0  mV 

VB/O = 1.3V, VFB = 2.5V, TJ = 25°C  19  mV 

VB/O = 2.9V, VFB = 2.5V, TJ = 25°C 153 200 247 mV 

VB/O = 3.5V, VFB = 2.5V, TJ = 25°C 205 270 335 mV 

VB/O > VB/O_PRO, TJ = 25°C  0  mV 

VFB below which 
compensation is removed 

VOPC_OFF  0.55   V 

VFB above which 
compensation is applied 

VOPC_ON    2.5 V 
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ELECTRICAL CHARACTERISTICS (continued) 
VCC = 16V, TJ = -40°C to 125°C, typical values are tested at TJ = 25°C, unless otherwise noted. 

Parameter Symbol Conditions Min (8) Typ Max (8) Unit 

Frequency Foldback 

VFB threshold during 
frequency foldback entry 

VFB_FOLD Entering frequency foldback  1.8  V 

Minimum fSW fSW_MIN TJ = 25°C 20.5 25 30 kHz 

VFB threshold during 
frequency foldback exit 

VFB_FF_EXIT Exiting frequency foldback  1  V 

Latch-Off Input (TIMER) 

Latch-off threshold  VTIMER_LATCH  0.7 1 1.5 V 

Blanking time during latch 
detection 

tLATCH   42  μs 

Thermal Shutdown 

Thermal shutdown TSD   150  °C 

Thermal shutdown 
hysteresis 

TSD_HYS   25  °C 

Notes: 

8) Guaranteed by characterization. 
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TYPICAL CHARACTERISTICS 

 DRAIN Leakage Current vs. 
Junction Temperature 
VDRAIN = 400V 

 

Breakdown Voltage vs. Junction 
Temperature 
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DRAIN Supply Current vs. 
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DRAIN Supply Current vs. 
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TYPICAL CHARACTERISTICS (continued) 

 
VCC OVP Threshold vs. Junction 
Temperature  
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TYPICAL CHARACTERISTICS (continued) 

 
B/O Protection Function Threshold 
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TYPICAL CHARACTERISTICS (continued) 

 
Current Limit Threshold vs. 
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TYPICAL PERFORMANCE CHARACTERISICS 
VIN = 230VAC, VOUT = 12V, IOUT = 1.5A, unless otherwise noted. 

 DRAIN Pin Voltage Stress  Output Ripple 
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TYPICAL PERFORMANCE CHARACTERISICS (continued) 

VIN = 230VAC, VOUT = 12V, IOUT = 1.5A, unless otherwise noted. 

 Brown-In  Brownout 
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CH3: VB/O 

CH4: VFB 
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FUNCTIONAL BLOCK DIAGRAM 
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Figure 1: Functional Block Diagram 
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OPERATION  
The HF500A-20 is a fixed-frequency, current-
mode controller with internal slope 
compensation that incorporates all the 
necessary functions to build a reliable switch-
mode power supply. At light loads, the 
controller maintains the peak current (IPEAK) at 
its present level and reduces the switching 
frequency (fSW) to 25kHz for excellent light-load 
efficiency. If the output voltage (VOUT) drops 
below a set level, then the controller enters 
burst mode. Frequency jittering (fJITTER) reduces 
electromagnetic interference (EMI).  

Fixed-Frequency with Frequency Jittering 

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

Timer
S

R
_

Q

Q
3.2V

2.8V

10uA

20uA

VDD

14pF

FB

 
Figure 2: Frequency Jittering Circuit 

A controlled current source (fixed when VFB > 
2V) charges the internal capacitor. Comparing 
the capacitor voltage to the TIMER pin voltage 
(VTIMER) determines fSW. fSW can be calculated 
with Equation (1): 

                   
6

SW

TIMER

1 10
f Hz

5.28 V / V 0.2


=

 +
 (1) 

fJITTER is set by varying VTIMER between 3.2V and
2.8V. The fJITTER modulation period (tJITTER) can 
be calculated with Equation (2): 

tJITTER = 8 x CTIMER / nF x 10-5s         (2) 

Figure 3 shows the fJITTER function. 

Time
tJITTER  

Switching 

Frequency

fSW_MAX

fSW_MAX x (1 + 

| fJITTER|)

fSW_MAX x (1 - 

| fJITTER|)

 
Figure 3: Frequency Jittering 

Frequency Foldback 

Frequency foldback improves efficiency under 
light-load conditions.  

As the load decreases, the system operates at 
the maximum fSW (fSW_MAX) and reduces the 
current limit (ILIMIT) reference to the ILIMIT point 
during frequency foldback (VFOLD) (typically 
0.68V). The controller maintains ILIMIT at this 
level, and reduces fSW to the minimum fSW 
(fSW_MIN) to reduce switching losses. If the load 
continues to decrease, then ILIMIT decreases 
with fSW_MIN to reduce audible noise. 

Figure 4 shows fSW vs. the feedback voltage 
(VFB), and IPEAK vs. VFB. 

 
Figure 4: fSW vs. VFB and IPEAK vs. VFB 

Current Mode Control and Slope 
Compensation 

VFB controls the primary IPEAK. If IPEAK reaches 
the level determined by VFB, then the MOSFET 
turns off. Internal slope compensation (25mV/µs) 
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. 

High-Voltage Start-Up Current Source 

During start-up, the internal high-voltage current 
source supplies power to the controller from 
DRAIN. The IC turns off the internal current 
source once the VCC pin voltage (VCC) reaches 
its rising threshold (VCC_RISING_OFF). 

If VCC drops below its falling threshold 
(VCC_FALLING_ON) (7V), then the current source 
starts up again. If VCC drops to its falling 
threshold when a protection is triggered 
(VCC_PRO) (5.3V), then current source turns on 
and recharges VCC. After start-up, the auxiliary 
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winding transformer supplies the IC once VOUT 
reaches its set voltage. 

Figure 5 shows the VCC under-voltage lockout 
(UVLO). 

VCC_RISING_OFF

VCC_FALLING_ON

On

Off

Auxiliary Winding 

Takes Over

Fault

Flag

VCC_PRO

Vcc

High-Voltage

Current Source

Switch

 
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 7V to 5.3V. 

Soft Start (SS) 

The HF500A-20 features configurable soft start 
(SS) via the TIMER capacitor (CTIMER). CTIMER 
can be charged between 1V and 1.75V using 
25% of the normal charge current. During start-
up, SS increases the IPEAK limit (ILIMIT_PEAK) and 
fSW slowly to reduce stress on the power 
components. fSW increases as ILIMIT_PEAK 
increases. Figure 6 shows the soft-start function. 

 
Figure 6: Soft Start (SS) 

CTIMER determines the soft-start time (tSS). tSS 
can be calculated with Equation (3): 

tSS = 0.3 x CTIMER / nF x 10-3s         (3)   

Burst Mode 

The HF500A-20 employs burst mode to 
minimize power dissipation under no-load or 
light-load conditions. As the load decreases, 
VFB decreases. If VFB drops below its falling 
threshold (VFB_FALLING_BURST) (0.7V), then the IC 
enters burst mode. The IC stops switching and 
VOUT drops, which causes VFB to increase. If VFB 
exceeds its rising threshold (VFB_RISING_BURST) 
(0.8V), the IC resumes starts switching. Burst 
mode alternately enables and disables the 
MOSFET’s switching, which reduces switching 
losses at no load or light loads. 

Overload Protection (OLP) via the TIMER Pin 

If fSW is fixed in a flyback converter, then the 
maximum VOUT is limited by IPEAK. If the output 
power exceeds the power limit, then VOUT drops 
below the set value. This reduces the current 
flowing through the primary and secondary 
optocoupler, which pulls VFB high (see Figure 7). 

Timer 

counter

18

3.7V

FB

OLP

TIMER
 
 

Figure 7: OLP Block 

If VFB exceeds the OLP entry voltage (VOLP) 
(3.7V), then the OLP timer (tOLP) starts counting. 
This is considered as an error flag. If the error 
flag is removed during tOLP, the timer resets. tOLP 
counting is implemented via the TIMER pin. 
The counter increments once VTIMER reaches 
3.2V. If the counter reaches 18, OLP is 
triggered. tOLP avoids triggering OLP during the 
start-up and short load transients. Figure 8 
shows the OLP function. 

TIMER

VQ

VFB

3.7V

Voltage 
Regulation

Overload Fault Occurs

OLP Is 
Triggered 

 
Figure 8: Overload Protection (OLP) 
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Over-Power Compensation (OPC) 

An internal offset current proportional to VIN is 
added to the current-sense voltage (VCS). VIN is 
sampled by B/O via a resistor divider. This 
allows for a more accurate output power limit 
across the entire VIN range by reducing the 
peak current at high input voltages. Figure 9 
shows the compensation current vs. VFB and 
VB/O.  

FB  

VOPC

VB/O

VB/O   1.1V

 
Figure 9: Compensation Current vs. VFB and VB/O 

The maximum OPC voltage (VOPC) can be 
calculated with Equation (4): 

 
OPC B/ OV 0.094 (V 1.1V)=  −  (4) 

Input Brown-In/Brownout Protection and 
Input Over-Voltage Protection (OVP)  

The HFC0502 features input brown-in/brownout 
protection and input over-voltage protection 
(OVP) via the B/O pin.  

If VB/O exceeds the brown-in threshold (VB/O_IN) 
(1V), then brown-in protection is triggered. If 
VB/O drops below the brownout threshold 
(VB/O_OUT) (0.9V), then the brownout timer (tB/O) 
starts counting. This is considered as an error 
flag. If tB/O reaches 55ms, brownout protection 
is triggered and the IC stops switching. If VB/O 
exceeds the B/O OVP threshold (VB/O_OVP) 
(4.5V) for 90µs, then OVP is triggered and the 
IC stops switching. 

If VB/O exceeds the B/O protection function 
threshold (VB/O_PRO), then both the brownout 
and OVP functions are disabled.  

Connect the B/O and VCC pins via resistor 
(RB/O) if the brown-in, brownout, and OVP 
functions are not used. Ensure that RB/O can 
keep VB/O above VB/O_PRO during normal 
operation.  

Short-Circuit Protection (SCP) 

The HF500A-20 features short-circuit protection 
(SCP). The IC senses the SOURCE pin voltage 
(VSOURCE) to determine whether a fault has 
occurred. If the VSOURCE reaches the SCP 
threshold (VSCP) (1.5V) after a reduced leading-
edge blanking time (tLEB2), 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 
(TJ). If TJ exceeds the thermal shutdown 
threshold (typically 150°C), then the controller 
shuts down. Once TJ 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 (VCC_OVP) (27V) for 90µs, then OVP is 
triggered. OVP typically occurs when the 
optocoupler fails, which results in the loss of 
VOUT regulation. 

TIMER Protections  

Pull TIMER below the latch-off threshold 
(VTIMER_LATCH) (1V) for the latch detection 
blanking time (tLATCH) (42µs) to latch off the IC. 
This function can be used for external OVP, 
OTP, and other TIMER protections. 

Leading-Edge Blanking (LEB) 

An internal leading-edge blanking (LEB) unit 
with two LEB times (tLEB1 and tLEB2) is used to 
avoid premature switching pulse termination 
due to parasitic capacitance. During the 
blanking time (tBLANK), the current comparator 
turns off. This means that the current 
comparator cannot turn the MOSFET off. Figure 
10 on page 18 shows the LEB function. 
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Figure 10: Leading-Edge Blanking 
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APPLICATION INFORMATION 
Selecting the VCC Capacitor 

The VCC capacitor (CVCC) is charged by the 
internal current source via the DRAIN pin once 
VIN is applied. VCC should exceed VCC_FALLING_ON 
until VOUT is high enough for the auxiliary 
winding to supply VCC. If VOUT is not high 
enough for the auxiliary winding to supply VCC, 
then the IC stops switching and VOUT cannot be 
set normally. For most applications, choose a 
CVCC between 10µF and 47µF. CVCC can be 
estimated with Equation (5): 

 CC RISE
VCC

CC_RISING_OFF CC_FALLING_ON

I t
C >

V - V



 

(5) 

Where ICC is the internal IC consumption and 
tRISE is the VOUT rise time. 

Primary-Side Inductor Design 
The HF500A-20 uses internal slope 
compensation to support CCM and a large duty 
cycle (>50%). Use KP to indicate the CCM 
depth, which is the ratio between the primary 
inductor ripple current (∆IL) and IPEAK (0 < KP ≤ 1) 
(see Figure 11). If KP is 1, then the HF500A-20 
operates in discontinuous conduction mode 
(DCM).  

 
Figure 11: Typical Primary Current Waveform 

A larger inductance creates a smaller KP, which 
reduces the RMS current; however, it increases 
the transformer size and switching loss 
consumption (especially when VIN is high). It is 
recommended that KP be between 0.6 and 0.8 
for the universal input range, and that it be 1 for 
a 230VAC input. 

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

 OUT OUT
IN

V I
P =

η



 
(6) 

 

Where IOUT is the rated output current, and  is 
the estimated efficiency between 0.75 and 0.85, 
depending on the VIN range and VOUT. 

The duty cycle (D) during CCM at the minimum 
VIN can be estimated with Equation (7): 

 OUT F

OUT F IN_MIN

(V + V ) N
D =

(V + V ) N+ V




 (7) 

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

The MOSFET on time (tON) can be calculated 
with Equation (8): 

 tON = D x tSW                                    (8) 

Where tSW is the dominant switching period. 

tSW can be calculated with Equation (9): 

                               tSW = 1 / fSW                                                                  (9) 

The average current (IAV) can be calculated with 
Equation (10):  

                               

IN
AV

IN_MIN

P
I

V
=                          (10) 

The peak current (IPEAK) can be calculated with 
Equation (11):  

     AV
PEAK

P

I
I

K
(1 ) D

2

=

− 

 (11) 

The ripple current (IRIPPLE) can be calculated 
with Equation (12): 

   RIPPLE P PEAKI K I=   (12) 

The valley current (IVALLEY) can be calculated 
with Equation (13): 

  VALLEY P PEAKI (1 K ) I= −   (13) 

The magnetic inductance of the transformer 
(Lm) can be calculated with Equation (14): 

 
IN_MIN ON

M

RIPPLE

V t
L

I


=  (14) 

  I RIPPLE 

I PEAK 

K P  = I RIPPLE    / IPEAK 

I AV 
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Consider the interlayer capacitance in 
transformer design. Reduce the interlayer 
capacitance to decrease current spikes as the 
MOSFET turns on. Excessive spikes increase 
switching loss, which can limit the output power 
under the high line input. If the system enters 
burst mode with a low ILIMIT, the LEB function 
may be triggered, causing the MOSFET to turn 
off prematurely (see Figure 12). In this 
condition, additional switching is generated to 
transfer energy. This additional switching 
should not be a concern if there is not a strict 
no-load loss requirement. 

 
Figure 12: Pre-Shutdown due to Excessive 

Current Spikes 

Current-Sense Resistor  

If the sense resistor voltage (VSENSE) and the 
slope compensation equal the current limit 
voltage reference (VPEAK), then the comparator 
goes high to reset the reset/set (RS) flip-flop, 
and the MOSFET turns off. The maximum 
current limit reference (VILIMIT) is 1V. The slope 
compensation (SRAMP) is about 25mV/µs. 
Considering the margin at full loads, VSENSE can 
be calculated with Equation (15): 

VSENSE = 95% x VILIMIT - SRAMP x tON    (15) 

Error! Reference source not found. 13 shows 
the IPEAK comparator logic. 

Figure 13: Peak Current Comparator Circuit 

Figure 14 shows the typical IPEAK comparator 
waveform. 

VPEAK

SRAMP x tON

tON

IPEAK x 

RSENSE

 
Figure 14: Peak Current Comparator Waveform  

The sense resistor (RSENSE) can be calculated 
with Equation (16): 

 SENSE
SENSE

PEAK

V
R

I
=  (16) 

Choose an RSENSE that has an appropriate 
power rating. The RSENSE power loss (P) can be 
calculated with Equation (17): 

( )
2

2PEAK VALLEY
SENSE PEAK VALLEY SENSE

I I 1
P I I D R

2 12

 + 
= + −    

   

 (17) 

Frequency Jittering Period  
fJITTER is an effective method to reduce EMI by 
dissipating energy on the IC. The nth-order 
harmonic noise bandwidth (BTn) can be 
calculated with Equation (18): 

Tn JITTER JITTERB n (2 f f )=   +      (18) 

Where fJITTER is the fJITTER amplitude. 

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

Equation 2 on page 15 describes the fJITTER 
period (tJITTER) in theory. A smaller fJITTER 
reduces EMI; however, the measurement 
bandwidth requires a larger fJITTER for the 
spectrum analyzer’s RBW to effectively reduce 
EMI. There is a trade-off between a smaller and 
larger fJITTER. fJITTER should be below the control 
loop gain crossover frequency to avoid 
disturbing VOUT regulation.  

Consider the practical application when 
selecting CTIMER. 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 
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applications, an fJITTER between 200Hz and 
400Hz is sufficient. 

Internal Ramp Compensation 

In peak current control mode, subharmonic 
oscillations can occur if the duty cycle exceeds 
50% in CCM. The HF500A-20 is equipped with 
internal ramp compensation to reduce 
subharmonic oscillations. α indicates the 
stability of the power system, which can be 
calculated with Equation (19): 

 

MAX IN_MIN

SENSE a

MAX M

IN_MIN

SENSE a

M

D V
R -m

(1-D ) L
=

V
R +m

L










 

(19) 

Where ma is the minimum internal slope value 
of the compensation ramp (18mV/µs), 

IN _ MIN

SENSE

m

V
R

L
  is the primary-side slew rate, and 

MAX IN _MIN

SENSE

MAX m

D V
R

(1 D ) L




− 
 is the secondary-side 

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

For stable operation, α should be below 1. 

Design Example 

Table 1 shows a design example of the 
HF500A-20 for power adapter applications. 

Table 1: Design Specification 

VIN 100VAC to 265VAC 

VOUT 12V 

IOUT 1.5A 
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PCB Layout Guidelines 

Efficient PCB layout is critical for stable 
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: 

1. Minimize the power stage loop area (the 
input capacitor, auxiliary winding, DRAIN, 
and SOURCE) and the voltage jump area 
(DRAIN and the secondary diode anode) to 
reduce EMI.  

2. DRAIN is a fused lead pin that reduces 
thermal radiation when copper is connected 
to it. Make a trade-off between EMI 
reduction and thermal performance if 
necessary. 

3. Minimize the snubber circuit loop and 
secondary loop area of the output diode and 
output filter to reduce EMI. 

4. To make the output diode act as a heat sink, 
place copper areas at the cathode terminal 
of the diode. 

5. Place the AC input far away from the 
switching nodes to reduce noise that 
bypassed the input filter. 

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

7. Make single-point connection at the 
negative terminal of the input filter capacitor 
for GND and bias winding return. 

 
Top Layer 

 
Bottom Layer 

Figure 15: Recommended PCB Layout 
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TYPICAL APPLICATION CIRCUIT 

 
Figure 16: Typical Application Circuit 



HF500A-20 – FIXED-FREQ FLYBACK CONTROLLER W/ CURRENT CONTROL MODE 

HF500A-20 Rev. 1.0 MonolithicPower.com 24 

11/30/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited. 
 © 2023 MPS. All Rights Reserved. 

CONTROL FLOWCHART 

Start

Internal High 

Voltage Current 

Source On

No

Soft Start

Monitor VFB

Switch Off

Normal
 

Operation

No

Shut Down the

Internal High Voltage 

Current Source

Yes No

Yes

No

VCC UVLO, brownout, VCC OVP, OLP and OTP with auto-restart. Only TIMER has latch off mode.

VCC drops to VCC_LATCH to latch off (usually by disconnecting the input).

Shut Down the 

Switching 

Pulse

No

Yes

Y

Yes

Yes

Yes

Disable Input B/O 
OPC and Input OVP

No

Yes

Yes

YesNo

No

No

No

Yes

OTP Flag = 1

TJ > TOTP?

Yes

VCC < 

VCC_LATCH?

Clear All Flags

No

OTP Flag

 = 1?

TIMER Flag = 1

Yes

TJ < TOTP - 

TOTP_HYS?

OTP Flag = 0

TIMER Flag

 = 1?

Yes

No

Yes

Yes

No

No

No

No

Shut Down the 

Switching 

Pulse

Yes

Disable Input B/O 

OPC, Input OVP

No

No

Yes

Yes

VCC < 

VCC_FALLING_ON?

VB/O > VDIS?

VB/O > VB/O_OVP?

VB/O > VB/O_IN?

VB/O > VDIS?

VB/O < VB/O_OUT 

for tB/O?

VFB > 

VFB_RISING_BURST?

VFB < 

VFB_FALLING_BURST?

VFB < VFB_OVP 

for tB/O?

VCC > 

VCC_OVP?

VSOURCE > 

VSCP?

VTIMER < 

VTIMER_LATCH?

VCC < 

VCC_PRO?
VCC < 

VCC_RISING_OFF?

 
Figure 17: Control Flowchart 
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PACKAGE INFORMATION 

PDIP8-7B 

PACKAGE OUTLINE DRAWING FOR PDIP8-7

MF-PO-D-0124, revision 0.0

NOTE:

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

  2) PACKAGE LENGTH AND WIDTH DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

  3) JEDEC REFERENCE IS MS-001.

  4) DRAWING IS NOT TO SCALE. 
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CARRIER INFORMATION 

Part Number 
Package 

Description 
Quantity/

Reel 
Quantity/

Tube 
Quantity/

Tray 
Reel 

Diameter 
Carrier Tape 

Width 
Carrier Tape  

Pitch 

HF500AGP-20 PDIP8-7B N/A 50 N/A N/A N/A N/A 
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