ROHM Datasheet

SEMICONDUCTOR

AC/DC Controller IC

CRM Totem Pole PFC Controller IC

BM85060FV

General Description Key Specifications

The BM85060FV is a critical conduction mode (CRM) B Operating Power Supply Voltage Range

power factor correction (PFC) controller IC designed to VCC Pin Voltage: 8.0 Vto 36 V (rated 40 V)
drive a bridgeless totem pole PFC topology. HV Pin Voltage: 80V to 600 V
Bridgeless totem pole PFC consists of two totem pole B Frequency Range: 25 kHz to 1 MHz
legs: a fast-switching leg driven at high switching B Operating Temperature Range: -40 °C to +125 °C
frequencies and a second leg operating at AC line
frequency. This topology eliminates the need for a diode
bridge, which is essential in conventional PFC circuits,
and significantly improves efficiency and power density.

Package
SSOP-B20

W (Typ) x D (Typ) x H (Max)
6.5 mm x 6.4 mm x 1.45 mm

Features
m Critical Conduction Mode (CRM) and Discontinuous
Conduction Mode (DCM) Operation
Burst Mode Operation at Very Light Loads
Brownout Detection
X Capacitor Discharge Function
High Voltage Startup
Dynamic Response Enhancer
Protections
»  Output Over Voltage Protection
(Fast Over Voltage, Second Over Voltage)
Output Under Voltage Protection (UVP)
Input Over Voltage Protection (VAC OVP)
Overload and Peak Current Limit Protection
(Peak Current Limit, Soft Over Current)
Inrush Current Limit
Open Loop Detection
Internal TSD
AC Voltage Sudden Change Detection
Negative Over Current Limiter

Applications

Power Supplies for 5G / Telecom

Power Supplies for Industrial Applications
Power Supplies for Gaming Consoles
Ultra-High Definition (UHD) Power Supplies
Commercial Power Supplies
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Pin Configuration

(TOP VIEW)
SLEEP [T | 20 JHV
FauLT 2| O) 9 NC
SRH[ 3] 18 INC
SRL[4] 17 ]vCcC
PWMH [ 5] | 16 | TEST
PWML[6 | | 15 ] VREG
ZCD [ 7] |14 1FB
GND 8] 13 ]COMP
AUX[9] [ 12 JLVSNS1
CS[10 | | 11 JLVSNS2
Pin Descriptions
Pin No. Pin Name I/0 Function
1 SLEEP | The pin is held high after VCC UVLO is released except SLEEP or burst mode
condition. When burst mode condition is satisfied, this pin is held low immediately.
2 FAULT O | Dedicated fault trigger pin.
3 SRH O | Control signal for high side Slow Leg device.
4 SRL O | Control signal for low side Slow Leg device.
5 PWMH O | PWM logic level output for control of high side Fast Leg switch.
6 PWML O | PWM logic level output for control of low side Fast Leg switch.
7 7cD | The pin senses the inductor downslope current and short-circuit current of
half-bridge.
8 GND - Ground connection
9 AUX | The pin is used to monitor the switch node resonance on the auxiliary winding
and enable valley turn—on during CRM.
10 cs | Connected to current sensing transformer.
Current limit is based on the signal on this pin.
Low voltage input for AC line voltage monitoring.
1 LVSNS2 I The LVSNS2 resistor divider should be connected to the neutral of the AC line
voltage.
Low voltage input for AC line voltage monitoring.
12 LVSNS1 I The LVSNS1 resistor divider should be connected to AC line side of the boost
inductor.
13 COMP I Connection pin to the loop compensation network.
14 FB I This pin senses the PFC output voltage for loop regulation.
15 VREG I Internal regulator output. Capacitor must be connected.
16 TEST I Test pin. This pin must be connected to ground.
17 VCC I Bias supply input
18 NC ) Not internally connected. Provision for clearance on the PCB to meet safety
requirements.
19 NC ) Not _internally connected. Provision for clearance on the PCB to meet safety
requirements.
20 HV I High voltage startup and X capacitor discharge function.
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Block Diagram
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Description of Blocks

1

Basic Operation of Totem Pole PFC

The Totem Pole PFC (TPPFC) circuit consists of two half-bridges, “Fast Leg” switches at the PWM frequency and “Slow
Leg” switches at the AC line frequency.

Fast Leg switches perform the role of switches and diodes in conventional boost-type PFC.

In other words, these switches adjust the output voltage and shape the input current to achieve high power factor and low
harmonic distortion.

Slow Leg switches perform the role of the diode bridge in a classical boost PFC.

Efficiency is improved by using low on-resistance active switches instead of diodes.

The TPPFC operates with bidirectional current flow in the inductor, and the command of the fast and Slow Leg switches
change depending on the polarity of the AC line cycle.

Operation of the TPPFC during the positive and negative half line cycles is shown in Figure 1.

positive AC line cycle:
During the positive AC line cycle the PWML signal is responsible for performing pulse width modulation or duty cycle
control of the converter.
PWML toggles high turning on the low side Fast Leg device, allowing current to charge and store energy in the inductor,
as shown (1) in Figure 1.
When the PWML signal toggles low the inductor current diverts through the high side Fast Leg switch, transferring
energy from the inductor to the load, as shown (2) in Figure 1.
In this half line cycle the high side Fast Leg device does not need to conduct for proper PFC operation, however the
PWMH signal can toggle high turn on the high side device, providing enhanced system efficiency at medium to high load
levels.
Throughout the positive half line cycle current is flowing left to right through the inductor and always returning to the
source through the low side Slow Leg device, hence the SRL signal can toggle high to turn on the low side Slow Leg
device for optimum converter efficiency.

negative AC line cycle:
During a negative AC line cycle, the following points change from a positive AC line cycle.
The roles of PWMH and PWML are interchanged.
The roles of SRH and SRL are interchanged. The direction of the inductor current is reversed.

In summary:
Positive Half Cycle Operation
Output PWM (d) signal to the PWML pin
Output SYNC (1-d) signal to the PWMH pin at medium to high load level
Output a high level to the SRL pin and a low level to the SRH pin

Negative Half Cycle Operation

Output SYNC (1-d) signal to the PWML pin at medium to high load level
Output PWM (d) signal to the PWMH pin

Output a low level to the SRL pin and a high level to the SRH pin

Positive Half Cycle Negative Half Cycle
Slow Leg FastLeg Slow Leg FastLeg
(1) J J ) 'J ?-
SRH_, m F‘WMH_, ﬂ SRH_, ﬁ PWMH_, g
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Figure 1. Cycle operation
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Description of Blocks - continued

2 High Voltage Startup, X capacitor discharge function
Figure 2 shows the IC has built-in starter circuit with an absolute maximum voltage of 650 V.
Two diode rectifiers and current limiting resistor must be placed between AC lines and the HV pin to use this function.
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Figure 2. Configuration of HV startup circuit

Figure 2 shows the operation of the startup circuit.

A protection circuit is built-in to prevent overheating of the startup circuit.

If the external circuit becomes short-circuited, the startup circuit will continue to operate for an extended period of time,
causing the startup circuit to overheat.

If tcHarGE_MmAx elapses after the startup circuit starts operating, this circuit automatically stops.

The startup circuit is restarted when tcHarce_ResTART is exceeded.

HV

Vuvio

Verez
vcc

Veret
Vuvioz

Vsc

Swi!ch\ngT

Charging
current
| | | — —
B

A

CcC D E

Figure 3. VCC startup charging operation

A: When the HV pin voltage is higher than Viv-starT (on), Starter circuit is enabled and initial current flow to the VCC pin.
B: VCC charging current will increase to higher level when the VCC pin voltage (Vcc) reaches Vsc.

C: IC stops charging when Vcc reaches VuvLor.

D: If the VCC pin voltage drops to Vcc < Va1 after starting with Vcc > Vuvio1, the VCC charging function starts again.
E: After charging the VCC pin again, charging is terminated when the VCC pin rises to Vcha2.
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Description of Blocks - continued
2 High Voltage Startup, X capacitor discharge function - continued
Figure 4 shows when IC detects the disconnection of AC input, X capacitor discharge function starts operation.
This function is achieved by repeatedly charging from the HV pin to the VCC pin and discharging from the VCC pin.
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Figure 4. Timing Chart of X Capacitor Discharge Function.

The AC input voltage is turned OFF.

After tacuvio (128 ms) from A, X capacitor discharge function is enabled.

VCC capacitor is discharged until VCC voltage reaches Vcha1.

When the VCC pin voltage becomes less than Vchat,

the VCC recharge operation starts and discharging starts from the HV pin.

When the VCC pin voltage becomes more than Vchaz,

the VCC recharge operation stops and VCC capacitor is discharged.

The Same as C.

The Same as D.

The Same as C.

The Same as D.

When the VCC pin voltage becomes less than Vcra1, the VCC recharge function operates.
However, the current supply to the VCC pin decreases and the VCC pin voltage continues to drop because of
the low HV pin voltage.

J: When the VCC pin voltage becomes less than VuvLoz, IC stops operation.

O 0o w>»

TIemm
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Description of Blocks - continued

3 Startup Sequence
Figure 5 shows startup sequence when AC voltage (Vac) is applied to circuit.
High voltage startup circuit is activated and Vcc begins to rise. Switching operation is initiated when the following four
conditions are met.

Brownout protection is cleared.

Vcc reaches VuvLot even once.

Detects 4 consecutive polarity edges that are within the expected AC line frequency range.
Polarity rising edge

oow>

AAAAANAAANAAANANANAN
VVVYVVVVVVVVVVVVVTVY

AN aaomo e

Vac

Polarity
(internal)

Vuviot

Veo (NSNS

Vrer.

——t—

PWM(d)

HV Charging Soft-start

Figure 5. Startup Sequence

Soft-start sequence starts after switching started. Internal Vrer signal gradually increases from 0 V.
This allows a gradual increase in Ves voltage and suppresses inrush current on the input side.
Soft-start period is 80 ms (Typ).
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Description of Blocks - continued

4 PWM generation
Figure 6 shows the structure of PWM generation circuit.
This IC operates with a constant on-time control algorithm and on-time of the main PWM switch is determined by the
compensation voltage, a ramp voltage and integrated functions.
FB pin monitors a divided voltage of the output voltage.
This voltage and Vrer voltage are connected to GmAMP.
GmAMP controls base signal of PWM on time.
The gain and phase characteristics of the GmAMP can be adjusted using the RC circuit network on the terminal (COMP)
and the internal gain switching function (DRE and Vin-Range control function).
Output of GMAMP is controlled by Digital Limiter. This function is used to realize AC zero cross control and SoftOVP.
The PWM reset timing (PWM_RST) is determined by comparing the two signals Vrame and Digital Limiter out.
VRrawp is a sawtooth wave for outputting PWM.
The waveform can be adjusted by Frequency control function (fuax, fuin), ZCD over-current control and feed forward
control of input voltage.
When COMP voltage rises, width of PWM_RST signal becomes shorter.
This means increase of on-time of PWM.
The PWM reset signal is input to the PWM generator.
In PWM generator, there are several functions for default PWM operation, zero current detection and circuit protection.

1
L

COMP Frequency control i
i ZCD over-current control ;

AUX detection

Input voltage i :
Feed forward ;

L PWM_OUT
PWM_RST -

1H

PWM
generator

gain
Selector

Digital Veomp_umITER

Limiter

PFC_Output

comparator

Vref 1
Selector Current protection

SYNC(1-d) detection

E— GmAmp (NOCL) (1-d) i

FB i i
i AC zerocross control i - |
I Soft OVP Peak current Limitter ’7
pioin}

- = [

L]

Figure 6. Structure of PWM generation circuit

5 AUX Detection
This IC uses an auxiliary winding that detects the valley of the ringing waveform of the drain voltage and turns on the
switching device at that timing.
Figure 7 shows block diagram and waveform of the AUX pin.

i i Polarity : High Polarity : Low
Polarity detection

y \
Vvot AUX

100 mV
¥ -

Control PWM reset
—
[ LOGIC

+

j PWM reset
Vo2

200 mV. —

Figure 7. Block diagram and waveform of AUX pin

The voltage waveform of the AUX pin becomes the opposite waveform depending on the input voltage polarity.

Two comparators are used to detect the troughs of the ringing waveform so that either of these two waveforms can detect
the troughs.

Comparator outputs are connected internal logic circuit, and this generates PWM reset signal to restart PWM on-time.
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Description of Blocks - continued

6

GmAMP

Figure 8 shows the FB pin monitors a divided point for resistance of the output voltage.

The ripple voltage of the AC frequency (50 Hz/60 Hz) overlaps with the FB pin.

GmAMP removes this ripple voltage. GmAMP compares Vrer (2.5 V Typ) with the removed voltage, GmAMP controls the
COMP voltage by difference between these two voltages.

When the COMP pin voltage rises, the ON width of the PWMH/PWML pin becomes wide.

Also, the error amplifier constant must be set so that the AC frequency does not overlap with the amplifier bandwidth.
Frequency characteristics should be confirmed with an actual board.

A typical trans-conductance gain is 25 pS.
Also, the trans-conductance at DRE switches to 150 pS (Typ) and at DCM switches to 16 pS (Typ) to adjust the loop gain.

PFC_Output

+
y Digital _VCOMPiLIMITER
FB Limiter

GmAMP

= = COMP

14
1

Figure 8. GmAMP Blo

Q

k Diagram

Dynamic Response Enhancer (DRE)

This IC has a function to suppress output undershoot.

When the FB pin voltage falls below ratio Rore_ Lo of Vrer, the control loop gain is increased to suppress output
undershoot.

This high gain continues until the FB pin voltage returns to ratio Rore_ni of VRer.

If an overcurrent is detected while the function is active, this function will be immediately disabled.

This state will persist for the duration of the same input voltage polarity.

When the input voltage polarity changes, this function will be re-enabled.
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Description of Blocks - continued

8

Light load operation (DCM)

Figure 9 shows transition between light load operation mode (DCM) and normal operation mode (CRM).

This transition occurs when output load becomes light load and the COMP voltage falls below Vocwm_tHz threshold.

In DCM, the interval during which the inductor current becomes 0 A (tniz) becomes longer and the switching frequency
gradually decreases.

tniz becomes longer in proportion to the difference between the COMP and Vbcm_tH2 voltage, the COMP-Voewm_tH2 voltage.
If ON pulse width are equal in DCM and CRM, entering DCM from CRM reduces the switching frequency and current
supply to the output capacitor, so the COMP voltage rises in the next AC half cycle and returns to CRM mode.

To prevent such CRM and DCM from alternating in the AC half cycle and worsening THD, the ON pulse width of DCM is
controlled to be thicker than that of CRM.

During the tniz interval, the Vps voltage resonates.

The next turn-on is initiated at the valley of the VDS resonance.

When the load current increases and the COMP voltage rise above the Vbcm_tH1 voltage, it enters CRM.

\

Voem_ i

Vbeum_TH2

COMP

A

thiz

Inductor
Current /\/\ /\/\
t

Operation CRM DCM CRM

Figure 9. Transition from CRM Mode to DCM Mode
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Description of Blocks - continued

9 Burst Mode Operation
Burst mode operation at light load is implemented to reduce Icc current.
Figure 10 shows when the load becomes light and the COMP voltage reaches Vciamp_tH, the error amplifier output COMP
pin clamps and the FB voltage increases, after the FB voltage reaches Vsortovp, the controller enters the sleep state.
The quiescent current in sleep state is reduced to lccs.
When the FB voltage reaches Vsurst_tH, the controller automatically returns from sleep state and starts PWM.

Vsortowp

VBURST.TH —

Veomr

PWM(d)

|

Figure 10. Burst mode operation
SLEEP pin is set low when the controller enters the sleep state.

This can help reduce power consumption of external gate drivers by disabling external IC or power supply.
Figure 11 shows typical connections when using this function.

5V

SLEEP
EN

L
1
LI

—

Gate driver or Regulator

Figure 11. Typical connections when using SLEEP function

SLEEP pin is open-drain connection, and this pin should be pulled up to appropriate voltage.

When controller enters to sleep state, the EN pin of gate-driver is set to Low and gate-driver’s power consumption can be
decreased.

When controller returns from sleep state, SLEEP pin set to high immediately to enable gate driver or regulator.
The PWM signal is output after twake (400 ys).
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Description of Blocks - continued

10 Zero Current Detection and synchronous PWM Drive Control
Figure 12 shows the zero current is detected by using the shunt resistor in series with the output capacitor to detect

commutation timing.
The inductor discharge current that flows to the load during the 1-D period of the switching cycle can be monitored by

using a series sensing element.

SDU& iq
%‘- Q2 J T ZCD waveform
JE] —

%ZTJ\

ZCD

Figure 12. Zero Current Detection via ZCD pin

Figure 13 shows synchronous PWM driving pulses are only enabled at higher loads when the ZCD voltage is above the
Vzeop_arm threshold.

The conditions to enable synchronous PWM drive are as follows.
1. Vune [absolute value of (Vivsnst - Vivsnsz)] voltage exceeds Vsync_sTarT
2.  ZCD voltage crosses the Vzcp_arm threshold

SYNC (1-D) pulses are enabled only at higher loads for efficiency improvement across all load conditions.
This avoids premature enabling of the SYNC (1-D) pulses and enhances efficiency.
This also prevents reverse currents during startup.

PWM(d)
Vzep ARM
ZCD
Vzep TRIG
Light Load
SYNC(1-d)
Vzco_arM ™~
ZCD
Vzco_1rRIG
dela
Heavy Load —
SYNC(1-d)

FEJI‘S 13. Synchronous PWM Drive Control

11 Line Range Detection
Since PFC must operate correctly over a wide input voltage range, the PFC controller must control and limit the operation
of external components as input voltage changes.
When Ve exceeds the High-Line threshold Vi, the IC transitions to High-Line mode.
When Vwune falls below the Low-Line threshold V.. in High-Line mode, the IC returns to Low-Line mode.
This mode-switch changes the parameters inside the IC.
This allows the control characteristics to be switched according to the input voltage.
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Description of Blocks - continued

12 PWM polarity control, AC Zero Crossing Management
Figure 14 shows PWM polarity control and AC zero crossing management is a feature that determines when to enable or
disable the various drive signals at the beginning and end of each half line cycle.
This feature is controlled by the LVSNS1 pin and the LVSNS2 pin.
IC detects difference between these 2 pins.
The polarity of PWM depends on the polarity of this difference.
When VLine voltage (absolute value of Vivsnst - Vivsns?) is positive, the PWML pin works as PWM (d) signal source and the
PWMH pin works as SYNC (1-d) signal.
When Ve is negative, the PWMH pin works as PWM (d) signal source and the PWML pin works as SYNC (1-d) signal.
The same can be applied for the SRL and SRH pins.
This change is controlled by Polarity signal generated internally from the LVSNS1 pin and the LVSNS2 pin.

Following 2 types of PWM control functions are implemented to avoid large current flow around AC zero crossing.

[ACZ SoftStart]
Function to gradually increase PWM pulse width from minimum value.
Slow Leg signals [SRL, SRH] will not be triggered until ACZ sequence finishes even if VLine reaches Vsr.
This function is triggered when Vune is larger than Vzcs and stops when following 2 conditions are detected.
(A) Vune is larger than Vsr.
(B) tac_sortstarT period timeout.

[ACZ SoftStop]
Function to gradually decrease PWM pulse width to minimum value.
This function is triggered when VLine is smaller than Vsr and stops when following 2 conditions are detected.
(A) Polarity change is detected.
(B) tac_sortstop period timeout.

Vac

AC Input

VUNi,/—\
A

Vsyne_+

Vsg +

Vzcs +

Polarit

L <K

(Interna J
SRL
SRH
tac_soFTsTART tac_soFtsToP
PANEY g
v | 0000000000000 I
Q,—J — v
ACZero ACZero t SYNC(1-d) operation t
SoftStart SoftStop Ac,so:FTsTAR? [AC_sOl FTS:TDF
PWMH 0 OO0
5 j i C—
SYNC(1-d) operation é—\éf)tzset;on Qgtzsig%
Figure 14. AC Zero Crossing Management
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Description of Blocks - continued

13 Over Current Protection
Over current protection is used to protect flowing large current into inductor or transistor.
This function can be achieved by following 2 methods.

[CS pin detection (cycle by cycle protection)]
Figure 15 shows the CS pin connected to current transformer and signal conditioning circuit.
This enables measuring the inductor current at both AC positive cycle and negative cycle.
When the CS pin voltage (Vcs) reaches to Vecs1_Lim_pos or Ves1_LiM_Neg, controller stops PWM (d) state to prevent large
current flow.
If the AC line voltage level is changed from Low-line level (100 Vac range) to High-line level (200 Vac range), threshold
of Ves1_Lim is decreased.

Vst LM Pos AR\ !

Vcs1 LM NEG
Figure 15. Cycle by Cycle Peak Current Limit Protection at the CS pin

[ZCD pin detection (peak current protection)]
Figure 16 shows the ZCD pin can detect the commutation current.
Internal control logic detects peak voltage and limits PWM on time when the ZCD pin voltage exceeds specified value
(Vzep_cLim).
When Vzcp exceeds Vzep_cuiv, limit level of digital limiter in PWM block is increased.
If Vzcp is lower than Vzep_cum at next switching, limit level is decreased.
If the AC line voltage level is changed from Low-line level (100 Vac range) to High-line level (200 Vac range), threshold
of Vzcp_cuim is decreased.

Vzco cum
ZCD
PWM(d) ON ON ON ON ON
Limit=0 Limit =1 Limit=2 Limit =1 Limit=2
Figure 16. Peak current limiter via the ZCD pin
www.rohm.com
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Description of Blocks - continued

14 Inductor Saturation Protection

Figure 17 shows the CS pin has second voltage threshold (Vcsz2 Lim_pos and Vesz_Lm_Neg) to prevent over current
destruction of semiconductors caused by inductor saturation current.

After the CS voltage reaches Vcs2_Lim_pos and Vesz_Lim_Nes, controller stops all PWM and becomes latch-off state.

15 Inrush Current Protection

Vcs2 LM pos

Vcsi LiM_Pos

7\ -

"
V.
Vcs1 LM NEG \ /

Vcs2 LIM_NEG \/

Figure 17. Inductor Saturation Protection

Figure 18 shows after power-on (when waiting for start-up), if the voltage at the ZCD pin is higher than VinrusH, switching

is not performed.

Inrush current

x

SD1 JE @ V_T

—x

Y Y Y 4

T

Q2

SDZJEE] —

U —

ZCD
Figure 18. Inrush Current Protection
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Description of Blocks - continued
16 Negative Over Current Limiter (NOCL)
Figure 19 shows if SD1 turns on while SD2 has a short-circuit fault, a short circuit occurs between output (+) and GND.

This is also the same to Q1 and Q2 Large current flows from the output capacitor (shoot through current).
To protect against this, NOCL function stops PWMs and SRL/SRH when negative voltage detects at the ZCD pin.

SD1J§ i!:l

LYY Y

&

SD Q2
= —

short-circuit fault % I

ZCD

Figure 19. Target current of NOCL function

The (a) in Figure 20 shows the ZCD pin voltage.

When shoot through current occurs and ZCD voltage decrease less than VnocL, IC stops both PWMs and SRL/SRH.
This fault may be temporary, but it can be permanent.

Permanent fault can cause destruction of switching devices.

To prevent destruction, this controller has latch-stop protection.

The (b) in Figure 20 shows latch-stop protection method.

When NOCL protection is activated 4 times in succession, internal fault flag is set and IC stop operation (Latch-stop).
This counter is reset in each AC zero crossing timing if counter is less than 4.

SRL/SRH

PWM(D)/SYNC(1-D) fault

(b) Latch protection in NOCL detection

Figure 20. NOCL function

(a) Abnormal current protection of NOCL function

17 UVP, BUV
IC has 2 levels of protection for output under voltage, UVP and BUV.

[UVP (Output Under Voltage Protection)]
UVP is detected when Vrs is lower than Vuve.
This protection prevents start-up in the event of short-circuit failure (when the feedback loop is open).
After UVP detected, both Fast Leg and Slow Legs are stopped.
Main reset is needed to reset UVP.

[BUV (Bulk Under Voltage)]
BUV is detected when Vrs is lower than Vsuv.
After BUV detected, both Fast Leg and Slow Legs are stopped.
After tsuv = 500 ms is passed since BUV flag is set, BUV is automatically reset.
DC-DC circuit is usually connected to output of PFC circuit.
Since the DCDC circuit also has a UVLO function, it is necessary to set the UVLO voltage of the DCDC circuit higher
than the BUV voltage so that the protection voltages do not overlap.
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Description of Blocks - continued

18 OVP (Output Over Voltage Protection)
Figure 21 shows IC has 3 levels of over voltage protection threshold to protect system and circuits.

[StaticOVP]
StaticOVP detects an open-circuit fault on the feedback pin or overvoltage, immediately stopping PWM pulses.
When Vs voltage exceeds ratio Rstaticove of Vrer, StaticOVP is triggered and PWM stops.
This fault cannot be reset until main reset occurs.

[FastOVP]
FastOVP detects a feedback pin anomaly and immediately stops the PWM pulses.
When Vs voltage exceeds ratio Rrastove of Vrer, FastOVP is triggered and PWM stops.
After FastOVP triggered and Vrs voltage decreases to ratio Roverecover of Vrer, FastOVP function is reset and PWM
will recover.

[SoftOVP]
SoftOVP detects feedback pin anomaly and slowly stops the PWM pulses.
This function is achieved by controlling Error amplifier output limiter Vcomp_LimiTER.
When Vs voltage exceeds ratio Rsortove of Vrer, following SoftOVP actions will start.
After SoftOVP triggered and Vrg voltage decreases to ratio Roverecover of VREF, SoftOVP function is reset and PWM
will recover.

RrastovPXVRer

Rsorrovp*VRer

I Rovprecover* VREF

SoftOVP flag ON

— 50 %
1100 ps v
| +—> 25 % / COMP_LIMITER
. 100 ps
+—>

Step 1: Vcomp_umiter drops to 75 % of the Veowme value for 100 ps.
Step 2: Vcome_umiter drops to 50 % of the Veowme value for 100 ps.
Step 3: Vcomp_umiter drops to 25 % of the Veowme value for 100 ps.
Step 4: Vcome_umiter drops to 0 until the SoftOVP fault is reset.

Figure 21. Soft OVP (Output Over Voltage Protection)
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19 VAC OVP (Input Over Voltage Protection)

If a higher than typical mains voltage is applied to this IC, the output voltage can easily rise to the FastOVP or StaticOVP.
To suppress this fault, a second overvoltage protection is implemented on the input side.

When Vune voltage exceeds 4 V (Typ), IC detects over voltage of input side and stops PWM operation.
After Vuine decreases 4V, this fault is reset and PWM will be restarted from AC zero cross timing.

20 Brownout (BO) and Line sag

Figure 22 shows the IC feature set includes line voltage Brownout (BO) and Line sag (SAG) detection.
Both BO and SAG are activated when Line voltage falls below Vso_stor.

When Vune > VBo_sTarT, the controller will return from the BO or SAG fault state.

[SAG function]
(1) Detect Condition

VLiNe is lower than Veo_stop for tsac (sLANK) OF more.

(2) Action

Soft stop operation is started.

(3) Release condition

VLNE is larger than Veo_sTarT.

[BO function]
(1) Detect Condition

VLN is lower than Vso_sTop for tso (sLank) OF more.

(2) Action

Disables the polarity detection circuit.

(3) Release condition

VLNE is larger than Veo_sTarT.

Vune

Veo_starT

VAR AR

LN\

Vso_stor

\

Veowmp_LmiTer

SRH

Polarity

< | ] Soft Stop ———

tsac (BLANK)

i E— VYT

Figure 22. Brownout (BO) and Line sag

Y

— Soft Start
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21 Line Frequency Fault

Figure 23 shows IC monitors whether the AC line frequency is within the mains frequency range (fLine (Lo) to fLinE (H1)).
If abnormal mains frequency is detected, following steps are operated.

[Step1]

If outside of the expected frequency range, stop Slow Leg.

PWM continues operation.

[Step2]

If 100 ms elapsed since abnormal mains frequency detected, both Fast Leg and Slow Leg is stopped.
IC will recover from this fault state if IC detects 4 consecutive polarity edges that are within the expected frequency

range (same as a startup).

The IC measures the time between every edge transition of the filtered polarity signal.

N AN A AN A
B VIV

Detected line frequency

within

outside

within

outside

PWI

M

—— 100ms —

Figure 23. Line Frequency Fault
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22 AC Line Voltage sudden change protection
Figure 24 shows FET failure conditions when the AC input voltage changes suddenly due to the application of lightning
surge voltage.
The sudden voltage change may cause large current to flow from and to the output capacitor via Slow Leg FET.
To prevent FET failure due to excessive current, controller must turn off the gate signals of Slow Leg and SYNC (1-D)
when this phenomenon occurs.
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(a) condition where input voltage polarity changes. (b) condition where input voltage polarity does not change.
Figure 24. FET failure conditions when Slow Leg FET is on.

Controller uses 2methods to detect this phenomenon.
In situations where the input voltage polarity changes, large voltage changes can be detected at the LVSNS1 and the
LVSN2 pin.

[Figure 25 (a)]
After detection, all gate signals are set low.
PWM gate signal is recovered after 200 ys from trigger timing, and Slow Leg gate signals (SRL/SRH) are recovered
from next AC zero crossing timing.
In situations where the input voltage polarity does not change, large voltage changes can be detected at the ZCD pin.

[Figure 25 (b)]
After detection, all gate signals are set low.
PWM gate signal is recovered after 200 ys from trigger timing, and Slow Leg gate signals (SRL/SRH) are recovered

A WAL AN ANANA

Vivenst = Vivsnsz \/ \/ U \/ \/ \/ Vuvsnst ~ Vivsnsz \_/ \/ \/ \/

[av/at]

ZCD(envelope)

SRL/SRH

PWM

200 ps

(a) condition where input voltage polarity changes. (b) condition where input voltage polarity does not change.

Figure 25. Detection method and timing chart (positive polarity only)
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23 Internal TSD
An internal thermal shutdown function is implemented to prevent the IC from being damaged under abnormally high

temperatures.
This fault is triggered when junction temperature (Tj) exceeds TSD detection temperature.

After triggered, IC stops Fast Leg and Slow Leg operation.
The fault is cleared when the temperature drops below Tsp-Tsp (Hys).

24 External fault control (FAULT pin)
The FAULT pin has comparator for detecting faults as shown in Figure 26.

VREG

l Startup
lrr

Wakeup
FAULT L
Vi To Fault Logic
T
Vove_rirt o trLT_pLv2
Vow sz — 0]

= circuit

Figure 26. Simplified diagram of FAULT pin function

Internal current source (IfLt) is implemented at the FAULT pin.

External TSD can be achieved by connecting thermistor to the FAULT pin.

Typical voltage to trigger external thermal fault is V1H_rL12.

After fault detected, comparator threshold changes to VtH_rLr1.

The FAULT pin voltage is normally 0 V during startup and upon wake-up from SLEEP state.
Under these conditions, an external temperature fault may be detected.

Therefore, this function is enabled after a circuit stabilization time twaxe_pLy following startup.
Clamp circuit must be connected in parallel with thermistor so that voltage does not exceed the OVP protection threshold.
It is recommended to connect filter capacitor to this pin.

This pin also can be used as OVP by adding detection circuit.

Typical voltage to trigger OVP is Vovp_rLT2.

After fault detected, comparator threshold changes to Vove_ri11.
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25 Fault summary
Following table shows protection features, the conditions needed to set or reset the fault, and the action of the IC for the

given fault.
Fault Set condition Reset condition Controller Action
- Begin soft stop sequence
Line SAG (VLine < Vo (ST.OP)) * VLINE > VBO (START) - PWM, SR drives disabled after soft stop
tsaG (BLANK) €Xpired - Cancels tsuy
(VuNE < VBo (sTOP)) + s . . N
Brownout {80 (BLANK) Expired VLINE > VBO (START) Disables the polarity detection circuit
. tLINE < tLINE (45) OF - SR drives disabled
Line Frequency1 > tLINE (65) tuNE (45) < tLNE < tLNees) | Starts 100 ms timer
Nprv_eEN = 4: tLINE (45) <
Line Frequency2 100 ms timer expired N < tL'NE(e.S) for . - PWM, SR drives disabled
4 consecutive polarity
toggles
UVP VEs < Vuvp VEs > Vuvp - PWM, SR drives disabled
BUV Veg <V taLy EXDIres - PWM, SR drives disabled
(Bulk Under Voltage) FB = VBV BUV EXP - Automatic restart after tsuv
- Begin SoftOVP sequence
SoftOVP VEs > VsorTovp VEs < VOVPRECOVER ) SPC\)/}It'\CA)VD;\éigLs:nbéees after
- SR remains active
FastOVP VFB > VFrasTovP VEB < VOVPRECOVER : g\ll?vtgrazrali\ﬁ\esc:zﬁ\?(laes immediately
StaticOVP VEs > VstaTICOVP Main Reset - PWM, SR drives disabled
VACOVP VLNE > Vacove VLNE < Vacovp - PWM, SR drives disabled
VccUVLO Vce < Vuvioz Vce > Vuviot - PWM, SR drives disabled
External Fault VrauLT < VTH_FLT2 VrauLT > VTH_FLT1 - PWM, SR drives disabled
CS OCP2 Ves > Ves LMz POS OF | 1oy Reset - PWM, SR drives disabled
Vcs < Ves_LimMz_NEG
NOCL latch NOCL detected Main Reset - PWM, SR drives disabled
3 times
TSD Tj>Tsp Tj < (Tsp - Tsb (Hys)) - PWM, SR drives disabled
- PWM, SR drives disabled
Double Fault1 ;Bsoc}?t([)i%?;g%ﬂeijnd Either fault is cleared - PWM, SR drives restart from
) next AC Zero Crossing after reset.
. - PWM and SR drives disabled
Double Fault2 ;Bsoc}?t([)kllrlge]i’zti]c?en dd Either fault is cleared - PWM and SR drives restart from
’ next AC Zero Crossing after reset.
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Absolute Maximum Ratings
Parameter Symbol Rating Unit
High Voltage Start-Up Circuit Input
Voltage Range, HV Pin Vhv max) -0.3 10 +650 v
Supply Input Voltage Range, .
VCG Pin Vvee 0.3 to +40 \Y
Internal Regulator Voltage Range,
VREG Pin VVREG -0.3t0+7.0 \%
Current Sensing Voltage Range, Vo, Vzco 0.9 10 Vires + 0.3 v
Other Input Voltage Range
LVSNS1, LVSNS2, FB, COMP, FAULT, |, Vivsiss, Vivensa Ve, Veour, 10316 Vomee + 0.3 v
SLEEP, SRH, SRL, AUX, PWMH, FAULT, iI/_EEP, S\,/RH, SRL, VAUX, . VREG :
PWML Pins PIMH, VWML
Maximum Junction Temperature Tjmax 150 °C
Storage Temperature Range Tstg -55 to +150 °C

Caution 1:

Caution 2:

Operating the IC over the absolute maximum ratings may damage the IC. The damage can either be a short circuit between pins or an open circuit
between pins and the internal circuitry. Therefore, it is important to consider circuit protection measures, such as adding a fuse, in case the IC is
operated over the absolute maximum ratings.

Should by any chance the maximum junction temperature rating be exceeded the rise in temperature of the chip may result in deterioration of the
properties of the chip. In case of exceeding this absolute maximum rating, design a PCB with thermal resistance taken into consideration by

increasing board size and copper area so as not to exceed the maximum junction temperature rating.

Thermal Resistance(ote 7)

Parameter Symbol Thermal Resistance (Typ) Unit
1g(Note 3) ‘ 252p(Note 4)
SSOP-B20
Junction to Ambient B 115.4 57.3 °C/W
Junction to Top Characterization Parameter(Vote 2) Wr 10 8 °C/W

(Note 1) Based on JESD51-2A (Still-Air).

(Note 2) The thermal characterization parameter to report the difference between junction temperature and the temperature at the top center of the outside

surface of the component package.
(Note 3) Using a PCB board based on JESD51-3.

Note 4) Using a PCB board based on JESD51-7.

Mtgﬁ:gﬁ;ﬁ’ggg d Material Board Size

Single FR-4 114.3 mm x 76.2 mm x 1.57 mmt
Top
Copper Pattern Thickness
Footprints and Traces 70 ym
Mtgﬁ:gﬁ;ﬁ’ggg d Material Board Size
4 Layers FR-4 114.3 mm x 76.2 mm x 1.6 mmt
Top 2 Internal Layers Bottom
Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness
Footprints and Traces 70 um 74.2 mm x 74.2 mm 35 um 74.2 mm x 74.2 mm 70 ym
Recommended Operating Conditions
Parameter Symbol Min Typ Max Unit

Supply Voltage for HV Vhv 80 - 600 \Y
Supply Voltage for VCC Vee 8 - 36 Y
Operating Temperature Topr -40 +25 +125 °C
VCC Capacitor Cvce - - 70 uF
VREG Output CapacitorNote 5) CvreG 1.0 2.2 - uF
VREG Output Load Capability IVREG - - 5 mA
Total X Capacitance Cxcap - - 4.7 uF

(Note 5) Ceramic capacitor is recommended. The capacitor value including temperature change, DC bias change, and aging change must be considered.
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Electrical Characteristics (Unless otherwise specified Viuv =320 V, Vcc =12V, Tj = -40 to +125 °C)

Parameter Symbol Min Typ Max | Unit Conditions
[Supply Circuits]
VCC UVLO Release Voltage VuvLo1 9.75 | 10.50 | 11.25 | V | Vccrising
VCC UVLO Detection Voltage VuvLoz2 5.9 6.5 71 V | Vcc falling
VCC Hysteresis Ve (Hys) - 4 - V | Vuwot - Vuvioz
(C’B‘g]?;‘;eg:acrt‘fsm lect - | 330 | 680 | WA |Vec=95V
(%UI':GCS;LE;EE’;“ leca - | 22 | 44 | mA | Non switching
%ﬂf;cl\j’;tdg;‘”e”t locs - | 150 | 350 | pA | Burst mode
VREG Voltage VREG1 480 | 500 | 525 \Y
VREG UVLO Release Voltage VREG_UvLO1 3.76 | 425 | 4.74 V | Vrec rising
VREG UVLO Detection Voltage VREG_UVLO2 3.503 | 3.630 | 3.757 | V | Vreo falling
[High Voltage Startup & X-Capacitor Discharge]
HV Minimum Operation Voltage VHV-START (ON) 30 - - \%
VCC Recharge Start Voltage VcHe1 8.5 9.5 10.5 V | Vcc falling
VCC Recharge Stop Voltage VcHe2 9.0 10.0 | 1.0 V | Vcc rising
Start Current 1 IsTART1 024 | 060 | 1.80 | mA |Vcc=0V
Start Current 2 IsTART2 3.0 6.5 120 | mA | Vecc=10V
OFF Current ISTART-OFF - 14 25 MA | HV current after Vuvion
Start Current Charging Voltage Vsc 0.8 1.8 2.8 V | Vcc voltage
VCC Charging Timer tcHARGE_MAX 240 300 360 ms
VCC Charging Restart Timer tcHARGE_ResTART | 360 450 540 ms
[AC Zero Crossing Management](Nete 6)
Threshold to Stop PWML/H 1 VzcB_STOP (HL) 60 140 220 mV | at High-Line
Threshold to Stop PWML/H 2 VzcB_STOP (LL) 60 140 220 mV | at Low-Line
Threshold to Start PWML/H 1 VZCB_START (HL) 120 200 280 mV | at High-Line
Threshold to Start PWML/H 2 VzCB_START (LL) 120 200 280 mV | at Low-Line
Threshold to Stop SRL/H 1 VSR_STOP (HL) 240 320 400 mV | at High-Line
Threshold to Stop SRL/H 2 VSR_STOP (LL) 240 320 400 mV | at Low-Line
Threshold to Start SRL/H 1 VSR_START (HL) 300 380 460 mV | at High-Line
Threshold to Start SRL/H 2 VSR_START (LL) 300 380 460 mV | at Low-Line
Threshold to Stop SYNC 1 VSYNG_STOP (HL) 300 380 460 mV | at High-Line
Threshold to Stop SYNC 2 VSYNC_STOP (LL) 300 380 460 mV | at Low-Line
Threshold to Start SYNC 1 Vsync_sTART (HL) | 360 440 520 mV | at High-Line
Threshold to Start SYNC 2 VSYNC_START (LL) 360 440 520 mV | at Low-Line
Zero Crossing Softstart Time tAC_SOFTSTART 154 192 230 V]
Zero Crossing Softstop Time tac_sorTsToP 164 202 240 V]
Polarity Detection Filter troL_FILTER 102 128 154 V]

(Note 6) The threshold voltage is the absolute value of the difference between Vivsns1 and Vivsnsz
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Electrical Characteristics (Unless otherwise specified Viv =320V, Vcc =12V, Tj = -40 to +125 °C) - continued

Parameter ‘ Symbol ‘ Min ‘ Typ ‘ Max ‘ Unit ‘ Conditions
[ZCD Pin Detection]
ZCD Arming Threshold 1 VzCD_ARM (HL) 70 100 130 mV | at High-Line
ZCD Arming Threshold 2 VzCD_ARM (LL) 70 100 130 mV | at Low-Line
ZCD Trigger Threshold 1 VzCD_TRIG (HL) 20 50 80 mV | at High-Line
ZCD Trigger Threshold 2 VzCD_TRIG (HL) 20 50 80 mV | at Low-Line
ZCD Current Limit Detection 1 Vzcb_cLiM (HL) 700 800 900 mV | at High-Line
ZCD Current Limit Detection 2 Vzep_cuM (LL) 1500 | 1600 | 1700 | mV | at Low-Line
Inrush Current Threshold VINRUSH 30 60 90 mV
Negative Over Current Threshold VNocL -790 | -700 | -610 | mV
[Brownout, Line Sag, Line Fault Detection]
U;Sesr?r%gr;dhsgownom Detection VBo_sTART 1.02 | 110 | 118 | V | [Vivsnst - Vivsnsl rising
t?vsesr?r%]g;iggownom Detection VBo_sTop 0.92 | 1.00 | 1.08 | V | |Vivsnst - Vivsnszl falling
Brownout Detection Hysteresis VBo_Hys 60 100 - mV | VBo_starT - VBo_sToP
Line Sag Detection Blanking Timer tSAG (BLANK) 20 25 30 | ms g/é\l’sgstg_s\éa’ss'“f&l) EX:EI—STOP'
Brownout Detection Blanking Timer tBO (BLANK) 520 650 780 ms
[Line Range Detection]
?;ﬁg:ﬂlgij Level Detection Vi 220 | 236 | 252 v %L(\)/S\I;i:: 'ra\gLsstﬂ rising,
w207 2z 237 v Mawer o il
-Il'-ior:gvetroFli-lltlg? Line Mode Selector tBLANK (HL) 200 | 300 | 400 | ps | IVivsnst - Vivsnszl > Vi
?ilriz:(l):ill_tz\:‘v Line Mode Selector tBLANK (LL) 20 25 30 ms | [Vivsnst - Vivsnszl < Vi
[AC Line Frequency Monitoring]
Line Frequency Upper Threshold fLINE (HI1) 66 72 78 Hz
Line Frequency Lower Threshold fLINE (LO) 37 41 45 Hz
[AUX Pin Detection]
Valley Detection Thresholds 1 Vvb1 50 100 160 mV
Valley Detection Thresholds 2 Vvb2 150 200 250 mV
Valley Detection Hysteresis VvD_Hys 50 100 - mV
[DCM And Burst Mode Control]
DCM-CRM Mode Threshold 1 VDCM_TH1 (HL) 590 650 710 mV | at High-Line
DCM-CRM Mode Threshold 2 VDCM_TH1 (LL) 640 700 760 mV | at Low-Line
CRM-DCM Mode Threshold 1 VDCM_TH2 (HL) 400 450 500 mV | at High-Line
CRM-DCM Mode Threshold 2 VDCM_TH2 (LL) 550 600 650 mV | at Low-Line
Burst Mode In Threshold 1 VCLAMP_TH (HL) 200 220 250 mV | at High-Line
Burst Mode In Threshold 2 VCLAMP_TH (LL) 200 220 250 | mV | at Low-Line
Burst Mode Out Threshold Ratio ReursT 922 | 95 | 98 | % ;B{J/F:Trizsi\;;URST—T”N REF:
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Electrical Characteristics(Unless otherwise specified Viv =320 V, Vcc =12V, Tj = -40 to +125 °C) - continued

Parameter

Symbol

‘ Min ‘ Typ ‘ Max ‘ Unit‘

Conditions

[Fast Leg DRIVE SIGNALS (PWML & PWMH)]

Source Resistance

Ron_oH1

- 15 32 Q

Sink Resistance

Ron_oL1

- 5 16 Q

[Slow Leg DRIVE SIGNALS (SRL & SRH)]

Source Resistance Ron_oH2 - 15 32 Q
Sink Resistance Ron_oL2 - 5 16 Q
[On-Time Modulation Circuit]
Maximum Frequency Clamp fmax 800 | 1000 | 1200 | kHz
Minimum Frequency Clamp fmiN 22 25 28 kHz
[GMAMP Circuit]
Feedback Voltage Reference VRer 245 | 250 | 2.55 \%
Error Amplifier Sink Current lcomp_siNk 1.3 2.6 4.2 MA
Error Amplifier Source Current lcomP_source -4.2 -2.6 -1.3 MA
[FB Pin Detection]
FB Input Bias Current Irs -0.5 0.0 +0.5 | pA
SoftOVP Threshold Ratio RsoFTovp 103 | 105 | 108 | % \Fj:;’j;f’; Vsorrove/Veer
FastOVP Threshold Ratio RrasTovp 105 | 108 | 111 | % CE‘B‘SJ;V[:’; Veastove/Vrer
OVPrecovery Threshold Ratio ROVPRECOVER 100 | 103 | 106 | % \ijff’zlﬁfr‘]’g“ = Voverecover/Vrer
StaticOVP Threshold Ratio Rstaricove 118 | 120 | 122 | % | smmcove = Vsmancove/Veer
VEs rising
Under Voltage Protection Ratio Ruve 10 12 14 % Ruve = ,VUVPNREF
Ves falling
BUV Threshold Ratio Reuv 77 | 80 | 83 | % | Rew=VeurVeer
Ves falling
DRE Detection Threshold Ratio Rore Lo 935 | 950 | 965 | % | oreto=Vore 1o/Vrer
- Ves falling
DRE Recovery Threshold Ratio RoRe Hi 965 980 | 995 | % | Rorer = Vore nlVrer
- VFrs rising
[ SLEEP Pin Detection]
SLEEP ON Resistance Ron_sLEep 12 25 55 Q
SLEEP Leak Current ILEAK_SLEEP -10 0 +10 MA
[FAULT Pin Detection]
Thermal FAULT Threshold 1 VTH_FLT1 855 900 945 | mV | VrauLr rising
Thermal FAULT Threshold 2 VTH_FLT2 418 440 462 mV | Vraucr falling
OVP FAULT Threshold 1 Vovp_FLT1 0.874 | 0.920 | 0.966 V | Vraurr falling
OVP FAULT Threshold 2 Vovp_FLT2 285 | 3.00 @ 3.15 V| Vraulr rising
Detection Filter Delay (Thermal) tFLT_DLY1 2 3 4 ms
Detection Filter Delay (OVP) tFLT_DLY2 2 3 4 ms
Startup/Wake Delay twAKE_DLY 4 5 6 ms

FAULT Source Current

leLr

47 50 53 MA
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Electrical Characteristics(Unless otherwise specified Viv =320 V, Vcc =12V, Tj = -40 to +125 °C) - continued

Parameter ‘ Symbol ‘ Min ‘ Typ ‘ Max ‘ Unit ‘ Conditions
[CS Pin Detection]
CBC Current Limit Detection 1 Ves1_LIM_POS (HL) 70 120 170 mV | at High-Line, AC = Positive
CBC Current Limit Detection 2 Ves1_Lm_NeG (HL) | =170 | -120 -70 mV | at High-Line, AC = Negative
CBC Current Limit Detection 3 Ves1_Lm_pos L) | 220 270 320 mV | at Low-Line, AC = Positive
CBC Current Limit Detection 4 Vest um Neg L) | -320 | -270 | -220 | mV | at Low-Line, AC = Negative
Current Protection Threshold 1 Vcs2_Lim_Pos 360 420 480 mV | AC = Positive
Current Protection Threshold 2 Ves2 LIM_NEG -480 | -420 | -360 | mV | AC = Negative
[Thermal Shutdown]
Thermal Shutdown Threshold Tsp - 175 - °C | Temperature rising
Thermal Shutdown Hysteresis TsD (Hys) - 25 - °C | Temperature falling
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Figure 30. VCC Recharge Voltage vs Temperature
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Typical Performance Curves
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Figure 29. VCC UVLO Voltage vs Temperature
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Typical Performance Curves - continued

(Reference Data)
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Figure 32. Maximum Frequency Clamp vs Temperature

Figure 31. Feedback Voltage Reference vs Temperature

(VCC =12 V)

(VCC =12V)
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Figure 34. Valley Detection Threshold vs Temperature

Figure 33. Minimum Frequency Clamp vs Temperature

(VCC =12 V)

(VCC =12 V)
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Typical Performance Curves - continued

(Reference Data)
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Figure 36. Error Amp Source Current vs Temperature
(VCC=12V)

Figure 35. Error Amp Sink Current vs Temperature
(vCC=12V)
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Figure 38. CRM-DCM Mode Threshold vs Temperature
(vCC=12V)

Figure 37. DCM-CRM Mode Threshold vs Temperature
(veC=12V)
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Typical Performance Curves - continued

(Reference Data)
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Figure 40. Burst Mode In Threshold 2 vs Temperature
(vCC =12V)

Figure 39. Burst Mode In Threshold 1 vs Temperature
(veC=12V)
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Figure 42. ZCD Arming Threshold 2 vs Temperature
(vCC=12V)

Figure 41. ZCD Arming Threshold 1 vs Temperature
(vCC=12V)
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Typical Performance Curves - continued

(Reference Data)
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Figure 44. ZCD Trigger Threshold 2 vs Temperature
(vCC=12V)

Figure 43. ZCD Trigger Threshold 1 vs Temperature
(vCC=12V)
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Figure 46. Low-Line Level Detection Threshold

Figure 45. High-Line Level Detection Threshold

vs Temperature
(vCC=12V)

vs Temperature

(VCC =12 V)
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(VCC =12 V)

Figure 50. ZCD Current Limit Detect 2 vs Temperature
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Typical Performance Curves - continued

BM85060FV

(VCC =12 V)

Figure 49. ZCD Current Limit Detect 1 vs Temperature
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Typical Performance Curves - continued

(Reference Data)
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Figure 52. Current Protect Threshold 2 vs Temperature
(VCC=12V)

Figure 51. Current Protect Threshold 1 vs Temperature
(VCC=12V)
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Figure 54. Negative Over Current Threshold vs Temperature
(vCC=12V)

Figure 53. Inrush Current Threshold vs Temperature
(vCC=12V)
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Typical Performance Curves - continued

(Reference Data)

||||||||||||||||||||||| <
[ _ _ _ _ _ _ [ -
[ [ [ [ [ [ [ _ o
71" ~-7 717" T1r—"—r——| &
_ _ _ _ _ _ _ _ o
F—————"—-—4-—t——t+——t——F——| S
[ [ [ [ [ [ [ [ —
et —— 4+ ——+————| 8 O
_ _ _ _ _ _ _ =
A v NP U = m
_ _ _ [ [ [ _ 2
L4 _1__1__L__|o%5
_ _ _ _ _ _ _ < g
[ [ [ [ [ [ [
e B B B B T——1r——r—— & 2°
_ _ _ _ _ _ _
F———-————4——f$}—-——+——t+——p—— ©
_ _ _ _ [ _ _ _
h—d—— -
_ _ _ _ _ _ _ _ '
_ _ _ _ _ _ _ _ m
o Te] o Y] o Tp) o Y] o
N - - o & 9 & « ©
~ — ~ -~ o o o o
[A] €018 O8A :ploysaiyL

JBMOT Uoljo8)e( Inoumolug puy bBeg aui
||||||||||||||||||||||| Q
[ _ _ _ _ _ [ [ -
[ [ [ [ [ [ _ _ o
7|J||J||4||4f|ﬂ||1||7|| o
_ _ _ _ _ _ _ _ o
F——l-————t——t—t—-——t—-——F—— 2
[ [ [ [ [ [ [ [ —
et —————— 8 ©
_ _ _ _ _ _ _ _ =
Y N | Y Iy I = m
_ _ _ [ [ [ _ 2
L 418§ __I__IL_L_|o3s
_ _ _ _ _ [ _ < g
[ [ [ [ [ [ [
i et Bt Bbl s T——r——r——&9°
_ _ _ _ _ _ _
F———-———-——4—-—f—-——+——t+———— ©
_ _ _ _ [ _ _ _
—— 8
_ _ _ _ _ _ _ _ !
_ _ _ _ _ _ _ _ m
[o0] O < N o [e0] [(o} < A
A A A - - S S o S

[A] 818 08 :pjoyseiy
Jaddn uonoslag inoumolg puy Beg auiq

Figure 56. Line Sag And Brownout Detection Lower

Figure 55. Line Sag And Brownout Detection Upper
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Figure 57. FAULT Source Current vs Temperature
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Application Example
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en CTout AUX
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- L1 SRL —) s
cy2 SRH—3 Gate Driver
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PWML—{ GateDriver
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502 R2 R4
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R14 = AUX
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R15 LVSNS1
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Figure 58. Application Example

1 Output Voltage Setting
The output voltage is determined by the feedback resistor connected to the FB pin.

_ (R10+R11) _ 7.8 MO _
Vour = (148 ) sy = (14 55027) x 25V = 3925V

where:
R1o + R4 is the upper resistance value of output feedback
R12//R13 is the lower combined resistance value of output feedback
Virgr is the Feedback Voltage Reference

2 Calculation of Inductance
Reference when Vout = 400 V and power = 330 W
L3 = 82 uH

If L is set to a larger value, THD will be lowered, but the part size will be larger.

3 Input voltage detection
The Brownout voltage is set so that switching begins when the voltage divider ratio is 1:100 and the input voltage exceed
approximately 80 Vac.
If the voltage divider resistor is too small, the voltage divider loss increases, worsening the no-load loss.
The recommended values are as follows:
1:100 = R3: (R2 + R3) = R5: (R4 + R5) = 100 k2 : 9.9 M

It is recommended to attach a filter capacitor to the LVSNS1 and the LVSNS2 to remove noise.

4 Compensator
Reference when power = 330 W, L3 = 82 yH and C3 = 300 uF

C5 = 2.2 uF,C6 = 0.047 uF,R17 = 68 k()

These parameters must be adjusted according to the inductance of L3 and capacitance of C3.

.rohm.
(\gv;v(\)lzrg Rr’T(])f-lol\r/]Iqu., Ltd. All rights reserved. 36/42 TSZ02201-0G8E0L600200-1-2
TSZ22111 « 15 « 001 09.Feb.2026 Rev.001


http://www.rohm.com/

BM85060FV

Datasheet

1/0 Equivalence Circuit

1 SLEEP 2 | FAULT 3 SRH 4 SRL
VREG VREG VREG
SLEEP FAULT {3 SRH i SRL
5 PWMH 6 PWML 7 ZCD 8 GND
VREG VREG
GND
PWMH PWML
9 AUX 1| LVSNS2 12 LVSNS1
VREG VREG VREG
AUX i LVSNS2 LVSNS1
13 COMP 15 VREG 16 | TEST
VREG VCC
COMP i VREG TEsT P [ VREG
17 | vCC 18| NC 19 NC 20 | HV
HV
VCC
No Connection No Connection —I
Internal
Circuit

Figure 59. 1/0

Equivalence Circuits
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Operational Notes

1.

Reverse Connection of Power Supply

Connecting the power supply in reverse polarity can damage the IC. Take precautions against reverse polarity when
connecting the power supply, such as mounting an external diode between the power supply and the IC’s power
supply pins.

Power Supply Lines

Design the PCB layout pattern to provide low impedance supply lines. Furthermore, connect a capacitor to ground at
all power supply pins. Consider the effect of temperature and aging on the capacitance value when using electrolytic
capacitors.

Ground Voltage
Except for pins the output and the input of which were designed to go below ground, ensure that no pins are at a
voltage below that of the ground pin at any time, even during transient condition.

Ground Wiring Pattern

When using both small-signal and large-current ground traces, the two ground traces should be routed separately but
connected to a single ground at the reference point of the application board to avoid fluctuations in the small-signal
ground caused by large currents. Also ensure that the ground traces of external components do not cause variations
on the ground voltage. The ground lines must be as short and thick as possible to reduce line impedance.

Recommended Operating Conditions

The function and operation of the IC are guaranteed within the range specified by the recommended operating
conditions. The characteristic values are guaranteed only under the conditions of each item specified by the electrical
characteristics.

Inrush Current

When power is first supplied to the IC, it is possible that the internal logic may be unstable and inrush current may flow
instantaneously due to the internal powering sequence and delays, especially if the IC has more than one power
supply. Therefore, give special consideration to power coupling capacitance, power wiring, width of ground wiring, and
routing of connections.

Testing on Application Boards

When testing the IC on an application board, connecting a capacitor directly to a low-impedance output pin may
subject the IC to stress. Always discharge capacitors completely after each process or step. The IC’s power supply
should always be turned off completely before connecting or removing it from the test setup during the inspection
process. To prevent damage from static discharge, ground the IC during assembly and use similar precautions during
transport and storage.

Inter-pin Short and Mounting Errors

Ensure that the direction and position are correct when mounting the IC on the PCB. Incorrect mounting may result in
damaging the IC. Avoid nearby pins being shorted to each other especially to ground, power supply and output pin.
Inter-pin shorts could be due to many reasons such as metal particles, water droplets (in very humid environment) and
unintentional solder bridge deposited in between pins during assembly to name a few.

Unused Input Pins

Input pins of an IC are often connected to the gate of a MOS transistor. The gate has extremely high impedance and
extremely low capacitance. If left unconnected, the electric field from the outside can easily charge it. The small
charge acquired in this way is enough to produce a significant effect on the conduction through the transistor and
cause unexpected operation of the IC. So unless otherwise specified, unused input pins should be connected to the
power supply or ground line.
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Operational Notes - continued

10. Regarding the Input Pin of the IC

1.

12

13.

This IC contains P+ isolation and P substrate layers between adjacent elements in order to keep them isolated. P-N
junctions are formed at the intersection of the P layers with the N layers of other elements, creating a parasitic diode or
transistor. For example (refer to figure below):

When GND > Pin A and GND > Pin B, the P-N junction operates as a parasitic diode.
When GND > Pin B, the P-N junction operates as a parasitic transistor.

Parasitic diodes inevitably occur in the structure of the IC. The operation of parasitic diodes can result in mutual
interference among circuits, operational faults, or physical damage. Therefore, conditions that cause these diodes to
operate, such as applying a voltage lower than the GND voltage to an input pin (and thus to the P substrate) should be

avoided.
Pin A Pin B Pin B
s ¢ e
Pin A E
¥ P 5 D 1 L1 5 P C!
P P ! P* NP, P*
N N N N A Parasitic N ™ N N w
x‘ _Tg_Elements ¥ x """ ‘ \ Parasitic
~ P Substrate h P Substrate ! Elements
J,— GND J,— GND GND = / — GND
Parasitic Parasitic N Region
Elements Elements close-by

Figure 60. Example of IC Structure

Ceramic Capacitor

When using a ceramic capacitor, determine a capacitance value considering the change of capacitance with
temperature and the decrease in nominal capacitance due to DC bias and others.

Thermal Shutdown Circuit (TSD)

This IC has a built-in thermal shutdown circuit that prevents heat damage to the IC. Normal operation should always
be within the IC’s maximum junction temperature rating. If however the rating is exceeded for a continued period, the
junction temperature (Tj) will rise which will activate the TSD circuit that will turn OFF power output pins. When the Tj
falls below the TSD threshold, the circuits are automatically restored to normal operation.

Note that the TSD circuit operates in a situation that exceeds the absolute maximum ratings and therefore, under no
circumstances, should the TSD circuit be used in a set design or for any purpose other than protecting the IC from
heat damage.

Over Current Protection Circuit (OCP)

This IC incorporates an integrated overcurrent protection circuit that is activated when the load is shorted. This
protection circuit is effective in preventing damage due to sudden and unexpected incidents. However, the IC should
not be used in applications characterized by continuous operation or transitioning of the protection circuit.
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Ordering Information

B M 8 5§ 0 6 0 F V|- E2
S — 1
Package Packaging and forming specification
FV: SSOP-B20 E2: Embossed tape and reel

Marking Diagram

SSOP-B20 (TOP VIEW)

Part Number Marking

&«
BM85060 LOT Number
/—

O

\

Pin 1 Mark
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Physical Dimension and Packing Information

 BRRAARARAE
e .
TEERLEEEE S

il \
o \ (UNIT : mm)
+ L PKG: SSOP—B20
- 0. 65 0. 22%0. 1 '‘—2]0. 1 Drawing No. ;EX154—5001
C; ‘ T
< Tape and Reel Information >
Tape Embossed carrier tape
Quantity 2500pcs
Direction of feed E2

The direction is the pin 1 of product is at the upper left when you hold
reel on the left hand and you pull out the tape on the right hand

= =
|| 0,0 0.0 0,0 0.0 O.,0 0,0 /]
: : ' ' /

/ E2 i TR E2 | TR E2 | TR E2 | TR E2 | TR E2 | TR /
TL i E1 TL i ET TL i ET TL | ET TL | Ef TL | E1 |
; : 5 : : ; L
) Direction of feed

Pocket Quadrants

A J

Reel
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Notice

Precaution on using ROHM Products
1. Our Products are designed and manufactured for application in ordinary electronic equipments (such as AV equipment,
OA equipment, telecommunication equipment, home electronic appliances, amusement equipment, etc.). If you
intend to use our Products in devices requiring extremely high reliability (such as medical equipment Note 1) transport
equipment, traffic equipment, aircraft/spacecraft, nuclear power controllers, fuel controllers, car equipment including car
accessories, safety devices, etc.) and whose malfunction or failure may cause loss of human life, bodily injury or
serious damage to property (“Specific Applications”), please consult with the ROHM sales representative in advance.
Unless otherwise agreed in writing by ROHM in advance, ROHM shall not be in any way responsible or liable for any
damages, expenses or losses incurred by you or third parties arising from the use of any ROHM'’s Products for Specific

Applications.
(Note1) Medical Equipment Classification of the Specific Applications
JAPAN USA EU CHINA
CLASSII CLASSIb
CLASSIV CLASSII CLASSII CLASSII

2. ROHM designs and manufactures its Products subject to strict quality control system. However, semiconductor
products can fail or malfunction at a certain rate. Please be sure to implement, at your own responsibilities, adequate
safety measures including but not limited to fail-safe design against the physical injury, damage to any property, which
a failure or malfunction of our Products may cause. The following are examples of safety measures:

[a] Installation of protection circuits or other protective devices to improve system safety
[b] Installation of redundant circuits to reduce the impact of single or multiple circuit failure

3. Our Products are designed and manufactured for use under standard conditions and not under any special or
extraordinary environments or conditions, as exemplified below. Accordingly, ROHM shall not be in any way
responsible or liable for any damages, expenses or losses arising from the use of any ROHM'’s Products under any
special or extraordinary environments or conditions. If you intend to use our Products under any special or
extraordinary environments or conditions (as exemplified below), your independent verification and confirmation of
product performance, reliability, etc, prior to use, must be necessary:

[a] Use of our Products in any types of liquid, including water, oils, chemicals, and organic solvents

[b] Use of our Products outdoors or in places where the Products are exposed to direct sunlight or dust

[c] Use of our Products in places where the Products are exposed to sea wind or corrosive gases, including Cl2,
H2S, NH3, SO2, and NO2

[d] Use of our Products in places where the Products are exposed to static electricity or electromagnetic waves

[e] Use of our Products in proximity to heat-producing components, plastic cords, or other flammable items

[f] Sealing or coating our Products with resin or other coating materials

[g] Use of our Products without cleaning residue of flux (Exclude cases where no-clean type fluxes is used.
However, recommend sufficiently about the residue.); or Washing our Products by using water or water-soluble
cleaning agents for cleaning residue after soldering

[h] Use of the Products in places subject to dew condensation

4. The Products are not subject to radiation-proof design.
5. Please verify and confirm characteristics of the final or mounted products in using the Products.

6. In particular, if a transient load (a large amount of load applied in a short period of time, such as pulse. is applied,
confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying power
exceeding normal rated power; exceeding the power rating under steady-state loading condition may negatively affect
product performance and reliability.

7. De-rate Power Dissipation depending on ambient temperature. When used in sealed area, confirm that it is the use in
the range that does not exceed the maximum junction temperature.

8. Confirm that operation temperature is within the specified range described in the product specification.

9. ROHM shall not be in any way responsible or liable for failure induced under deviant condition from what is defined in
this document.

Precaution for Mounting / Circuit board design
1. When a highly active halogenous (chlorine, bromine, etc.) flux is used, the residue of flux may negatively affect product
performance and reliability.

2. In principle, the reflow soldering method must be used on a surface-mount products, the flow soldering method must
be used on a through hole mount products. If the flow soldering method is preferred on a surface-mount products,
please consult with the ROHM representative in advance.

For details, please refer to ROHM Mounting specification
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Precautions Regarding Application Examples and External Circuits
1. If change is made to the constant of an external circuit, please allow a sufficient margin considering variations of the
characteristics of the Products and external components, including transient characteristics, as well as static
characteristics.

2. You agree that application examples, their constants, software, and associated data and information contained in this
document are presented only as guidance for Products use. Therefore, in case you use such information, you are
solely responsible for it and you must exercise your own independent verification and judgment in the use of such
information contained in this document. ROHM shall not be in any way responsible or liable for any damages,
expenses or losses incurred by you or third parties arising from the use of such information.

Precaution for Electrostatic
This Product is electrostatic sensitive product, which may be damaged due to electrostatic discharge. Please take proper
caution in your manufacturing process and storage so that voltage exceeding the Products maximum rating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human body / equipment / solder iron,
isolation from charged objects, setting of lonizer, friction prevention and temperature / humidity control).

Precaution for Storage / Transportation
1. Product performance and soldered connections may deteriorate if the Products are stored in the places where:
[a] the Products are exposed to sea winds or corrosive gases, including CI2, H2S, NH3, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by ROHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

2. Even under ROHM recommended storage condition, solderability of products out of recommended storage time period
may be degraded. It is strongly recommended to confirm solderability before using Products of which storage time is
exceeding the recommended storage time period.

3. Store / transport cartons in the correct direction, which is indicated on a carton with a symbol. Otherwise bent leads
may occur due to excessive stress applied when dropping of a carton.

4. Use Products within the specified time after opening a humidity barrier bag. Baking is required before using Products of
which storage time is exceeding the recommended storage time period.

Precaution for Product Label
A two-dimensional barcode printed on ROHM Products label is for ROHM’s internal use only.

Precaution for Disposition
When disposing Products please dispose them properly using an authorized industry waste company.

Precaution for Foreign Exchange and Foreign Trade act
Since concerned goods might be fallen under listed items of export control prescribed by Foreign exchange and Foreign
trade act, please consult with ROHM in case of export.

Precaution Regarding Intellectual Property Rights
1. All information and data including but not limited to application example contained in this document is for reference
only. ROHM does not warrant that foregoing information or data will not infringe any intellectual property rights or any
other rights of any third party regarding such information or data.

2. ROHM shall not have any obligations where the claims, actions or demands arising from the combination of the
Products with other articles such as components, circuits, systems or external equipment (including software).

3. No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third parties with respect to the Products or the information contained in this document. Provided, however, that ROHM
will not assert its intellectual property rights or other rights against you or your customers to the extent necessary to
manufacture or sell products containing the Products, subject to the terms and conditions herein.

Other Precaution
1. This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.

2. The Products may not be disassembled, converted, modified, reproduced or otherwise changed without prior written
consent of ROHM.

3. In no event shall you use in any way whatsoever the Products and the related technical information contained in the
Products or this document for any military purposes, including but not limited to, the development of mass-destruction
weapons.

4. The proper names of companies or products described in this document are trademarks or registered trademarks of
ROHM, its affiliated companies or third parties.
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General Precaution
1. All information contained in this document is current as of the issuing date and subject to change without any prior

notice. Before purchasing or using ROHM’s Products, please confirm the latest information with a ROHM sales
representative.

2. The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.
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General Precaution
1. Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of any
ROHM’s Products against warning, caution or note contained in this document.

2. All information contained in this document is current as of the issuing date and subject to change without any prior
notice. Before purchasing or using ROHM'’s Products, please confirm the latest information with a ROHM sales
representative.

3. The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.
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