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: 8.0V to 36V (rated 40V)
drive a bridgeless totem pole PFC topology. HV PinVoltage: 650 V (Max)
Bridgeless totem pole PFC consists of two totem pole B Frequency Range: 25kHz to TMHz
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 Package W(Typ) x D (Typ) x H (Max)
SSOP-B20 6.5 mm x 6.4 mm x 1.45 mm

bridge, which is essential in conventional PFC circuits,
and significantly improves efficiency and power density.

Features

m  Critical conduction Mode (CrM) and
Discontinuous Conduction Mode (DCM) Operation

B Burst Mode Operation at Very Light Loads
B Brownout Detection
B X Capacitor Discharge Function
B High Voltage Startup
B Dynamic Response Enhancer SSOP-B20
B Protections
» Output Over Voltage Protection Application
(()Fast OL\JIecrj Vo\l}alge, SIGDCOnd OveEL\J/\(;::t,?ge) ppI Power Supplies for 5G / Telecom
utput Under Voltage Protection ! 4 o
inpt v Vel Foecon 1AG OV R over PRI o Gt
verload and Peak Current Limit Protection : = .
(Peak Current Limit, Soft Over Current) m Ultra H|gh_ Definition (UHI?) Power Supplies
Inrush Current Limit B Commercial Power Supplies

Open Loop Detection

Internal TSD

AC Voltage Sudden Change/Detection
Negative Over Current Limiter

VVVVY VVY

Typical Application Circuit

it

L 1T 7T 171
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Figure 1. Typical Application Circuit

OProduct structure : Silicon integrated circuit OThis product has no designed protection against radioactive rays.
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Pin Configuration

Pin Description

PFCOK
FAULT
SRH
SRL
PWMH
PWML
ZCD
GND
AUX
cs

AHHNHAHARH

[20] HV

[18] NC
[17] vce
[16] NC
[15 ] VREG
[14] FB
[13] cOmP
[127] LVSNSI
[1T] LVSNS2

Figure 2. Pin Configuration

Pin No. Pin Name Function

The pin is held low when the PFC output voltage is out of regulation

1 PFCOK or during fault conditions. The pin becomes active when the PFC
output achieves regulation in nominal operation.

2 FAULT Dedicated fault trigger pin.

3 SRH Control signal for high side slow leg device.

4 SRL Control signalforlow side slow leg device.

5 PWMH PWM logic level output.for control of high side fast leg switch.

6 PWML 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.

11 LVSNS2 Low.voltage input for AC line voltage monitoring. LVSNS2 resistor
divider should be connected to the neutral of the AC line voltage.

12 LVSNS1 Low voltage input for AC line voltage monitoring. LVSNS1 resistor
divider should be connected to AC line side of the boost inductor.

13 COMP Connection pin to the loop compensation network.

14 FB This pin senses the PFC output voltage for loop regulation.

15 VREG Internal regulator output. Capacitor must be connected.

16 NC Not internal_ly connected. Provision for clearance on the PCB to meet
safety requirements.

17 VCC Bias supply input

18 NG Not internal_ly connected. Provision for clearance on the PCB to meet
safety requirements.

19 NG Not internally connected. Provision for clearance on the PCB to meet
safety requirements.

20 HV High voltage startup and X capacitor discharge function.
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Block Diagram
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Figure 3. Block Diagram
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BM85060FV Datasheet

Absolute Maximum Ratings

Parameter Symbol Rating Unit
High Voltage Start-Up Circuit Input
Voltage range, HV Pin Vhvimax) -0.310 +650 v
Supply Input Voltage range, VCC Pin Vvce -0.3 to +40 \%
Internal Regulator Voltage range, }
VREG Pin VVREG 0.3to+7.0 \%
Current sensing Voltage range,
CS Pin ZCD Pin V(Mmax) -0.6t0+7.0 \%
Pins - LVSNS1, LVSNS2, FB, COMP, Vivsnst, Vivsns2, Vrs, Vcowmp,
FAULT, PFCOK, SRH, SRL, AUX, VeauLt, Vercok, Vskip, Vzep, VsrH, -0.3t0 +7.0 \%
PWMH, PWML Voltage Vsri, Vaux, VewwvH, VPwmL
Junction Temperature Tjmax 150 °C
Storage Temperature Range Tstg -55 to +150 °C

Caution 1: 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.

Caution 2: Should by any chance the maximum junction temperature rating be exceeded thé 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

Parameter Symbol Thermal Resistance (Typ) Unit
1g(Note 3) ‘ 252p(Note 4
SSOP-B20
Junction to Ambient CNN 115.4 57.3 °C/W
Junction to Top Characterization Parameter(Vote 2 Yir 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 JESD51-5, 7..

Layer Number of Material Board Size
Measurement Board
Single FR-4 114.3mm x 76.2mm x 1.57mmt
Top
Copper Pattern Thickness
Footprints and Traces 70um
Layer Number of ! , Thermal Via (NoteS)
Measurement Board Matqggl Board Size Pitch Diameter
4 Layers FR-4 114.3mm x 76.2mm x 1.6mmt 1.20mm @0.30mm
Top 2 Internal Layers Bottom
Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness
Footprints and /Traces 70um 74.2mm x 74.2mm 35um 74.2mm x 74.2mm 70um

(Note 5) This thermal yia connect with the copper pattern of layers 1,2, and 4. The placement and dimensions obey a land pattern.

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply Voltage for HV Vhv 80 - 600 \Y
Supply Voltage for VCC Vce 8 - 36 \Y
Operating Temperature Torr -40 +25 +125 °C
VCC Capacitor Cvcc - - 70 uF
VREG output Capacitor (Vote?) Cvrec 1 2.2 - uF
Total X Capacitance Cxcap - - 4.7 uF

(Note 6) This parameter is for 10 A output. Not 100 % tested.
(Note 7) Ceramic capacitor is recommended. The capacitor value including temperature change, DC bias change, and aging change must be considered.
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BM85060FV Datasheet
Electrical Characteristics (Unless otherwise specified Viv= 320V, Vcc =12V, Tj = -40 to +125 °C)
Parameter Symbol Min Typ Max | Unit Conditions
SUPPLY CIRCUITS
VCC UVLO Release Voltage VuvLo1 9.75 | 105 | 11.25 | V | Vccrising
VCC UVLO Detection Voltage VuvLoz2 5.9 6.5 7.1 V | Vcc falling
VCC Hysteresis VeeHys) 4 - V | VuvLo1 - VuvLo2
Quiescent Current (Before Startup) lcct - 330 680 MA | Vcc = 9.5V
Quiescent Current (CrM operation) lcc2 - 2.2 4.4 mA | Non switching
Quiescent Current (Burst mode) lccs - 180 380 MA | Burst mode
VREG
VREG Voltage VREG1 4.8 5.0 5.2 V
VREG UVLO Release Voltage VREG_UVLO1 3.96 4.4 4.84 V | VReg rising
VREG UVLO Detection Voltage VREG_UVLO2 2.79 3.1 3.41 V.. | Vrec falling
High Voltage Startup & X capacitor discharger
g\éel\r/l;t}gu\% ltage VHV-START(ON) 30 - - V
VCC Recharge Start Voltage VcHe1 8.5 9.5 10.5 V | | VCC falling
VCC Recharge Stop Voltage VcHe2 9.0 100 | 11.0 V/ | VCCrising
Start Current 1 IsTART1 0.24 0.6 1.8 mA | Vce=0V
Start Current 2 IsTART2 3 6.5 12 mA | Vce=10V
OFF Current ISTART-OFF - 8 16 MA :'e\l/eggggnt after VCC UVLO
Start Current Charging Voltage Vsc 0.8 1.5 2.1 V | VCC voltage
VCC Charging Timer tvec_charge_max 240 300 360 ms
VCC Charging Restart Timer tvee_charge_restart 360 450 540 ms
AC ZERO CROSSING MANAGEMENT
PWM Zero Crossing Blanking Vzeex = | Vivsnst - Vivsnsal
Thresholds Detection
Threshold to start PWML / H VzcB_START(HLine) 120 200 280 mV | at High-Line
Pulses VzCB_START(LLine) 120 200 280 | mV | atlLow-Line
Vo= Vi -V
VSR_STOP(HLine) 240 320 400 | mV | at High-Line
Threshold to stop SRL/ H Pulses .
V SRISTOP(LLine) 240 320 400 mV | at Low-Line
V/SR_START(HLine) 300 380 460 mV | at High-Line
Threshold to start SRL / H Pulses ]
\/sR/START(LLine) 300 380 460 mV | at Low-Line
'Sl'trr,\elgtgll-g )DZ;[;%,[%?SSIng Blanking Vswne = | Vivsnst = Vivsnsal
Vsync_sTop(HLine) | 300 380 460 mV | at High-Line
Threshold to stop Sync Pulses .
Vsync_stop(LLine) | 300 380 460 mV | at Low-Line
VSYNC_START(HLine) | 360 440 520 mV | at High-Line
Threshold to start Sync Pulses )
VsyNc_sTART(LLine) | 360 440 520 mV | at Low-Line
Zero Crossing Softstart Time tAC_SOFTSTART 154 192 230 V&
Zero Crossing Softstop Time tac_soFTstop 154 192 230 V&
Polarity Detection Filter troL_FILTER 102 128 154 us
(\éDW\ZI\(I)V-ZTrI;n(q)ﬁWCo., Ltd. All rights reserved. 6/28 Oct.2024 Rev.006
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BM85060FV Datasheet
Parameter Symbol ‘ Min ‘ Typ ‘ Max ‘ Unit ‘ Conditions
ZCD pin Detection
ZCD Arming Threshold VzCD_HLine(ARM) 70 100 130 | mV | atHigh-Line
(Synchronous Drive Threshold) VzeDh_LLine(ARM) 70 100 | 130 | mV | at Low-Line
ZCD Trigger Threshold VzeD_HLine(TRIG) 25 50 75 mV | at High-Line
VzcD_LLine(TRIG) 25 50 75 mV | at Low-Line
Current Limit Detection VzcDLIM_HLine 700 800 900 | mV | at High-Line
VzebLim LLine 1500 | 1600 | 1700 | mV | atLow-Line
g?cl)’?esg%ﬂ for Inrush Current VINRUSH 20 50 80 mv
Negative Over Current Limiter
(NOCL) Threshold VNocL -845 | -768 | 691 | mV
BROWN-OUT, LINE SAG, LINE FAULT AND LINE RANGE DETECTIO
Li B -Out D i isi
U'Sge??r%?elioéown Out Detection VBO(START) 0.96 | 1.04 | 112 | "V . | Vivsnst - Vivsnszl rising
Line Sag and Brown-Out Detection
Lower T%reshold VBosTop) 086 | 094 | 1.02 V_ | | Vivsnst - Vivsnszl falling
Brown-Out Detection Hysteresis VBo(HYS) 60 100 - MV [ Vivsnst - Vivsnszl rising
Line Sag Detection Blanking Timer tsAG(blank) 20 25 30 ms | Vivsnst - Vivsnsz < Veogsror,,
Delay to Soft Stop Enable
_?_irrcr)]vejlp-Out Detection Blanking tBO(blank) 520 650 780 ms L’(\)/Iglrsi?jDi-s:bLl\sNSﬂ falling, Delay to
High-Line Level Detection ViLine 220 | 236 250 | v || Visnst - Vivsnsel rising
Threshold 200Vac range
Low-Line Level Detection Threshold Vitine 207 | 222 237 | v ||Vuenst - Vivswel falling
100Vac range
Low to High Line Mode Selector
A toankiing) | (200|800 | 400 | P || Vivenst - Vivenszl > Vine
High to Low Line Mode Selector
Tir?]er Filter tblank(LLine) 20 25 30 ms | | Vivsnst - Vivsnszl < ViLine
AC LINE FREQUENCY MONITORING
Line Frequency Upper Threshold flne(H) 64 72 80 Hz
Line Frequency Lower Threshold fLnedo) 36 41 46 Hz
VALLEY DETECTION CIRCUIT
V =12V,V =0V,
Valley Detection Thresholds in LVSNS.1 . Hsnsz
" . VD1 TH(rising) 150 | 200 | 250 | mV | Vaux rising (Arm)
Positive Half Line Cycle
Vot THing | 50 | 100 | 150 Vaux falling (Trigger)
Valley Detection Hysteresis in
Positive Half Line Cycle Vi s 50 100 ) mv
. . Vivsnst =0V, Vivsnsz = 1.2V,
Valley Detection Thresholds in Vb2, THising) 50 100 150 | mV | Vaux falling (Arm)
Negative Half Line Cycle
V/vD2_TH(talling) 150 | 200 | 250 Vaux rising (Trigger)
Valley Detection Hysteresis in
Negative Half Line Cycle V2 Hvs 50 100 B mV
www.rohm.com
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BM85060FV Datasheet
Parameter Symbol Min ‘ Typ ‘ Max ‘ Unit ‘ Conditions
DCM mode control and Burst mode control
DCM Mode Threshold 1 Vcowmp rising

VDCM_TH1_LLine 540 600 660 mV | at Low-Line
VDCM_TH1_HLine 540 600 660 at High-Line
DCM Mode Threshold 2 Vcowp falling
VDCM_TH2_LLine 500 550 600 mV | at Low-Line
VDCM_TH2_HLine 400 450 500 at High-Line
Burst Mode Threshold Vcowmp falling
VCLAMP TH_ LLine 160 180 200 mV | at Low-Line
VCLAMP TH HLine 160 180 200 at High-Line
Burst Threshold Ratio o .
(Vaurst 11/ Vier) RBuRsT 92 95 98 % | Vrs falling
FAST LEG DRIVE SIGNALS (PWML & PWMH)
Source Resistance Ron_oH - 15 32 Q
Sink Resistance Ron_oL - 5 12 Q
SLOW LEG DRIVE SIGNALS (SRL & SRH)
Source Resistance Ron_oH2 - 15 32 Q
Sink Resistance Ron_oL2 - 5 12 Q
ON TIME MODULATION CIRCUIT
Maximum Frequency Clamp FcLavp 800 | 1000-.1200 | kHz
Minimum Frequency Clamp Fmin 21 25 29 kHz
REGULATION BLOCK
Feedback Voltage Reference VRer 245 | 250 |».2.55 \%
Error Amplifier Sink Current lcomp_siNk 1.2 2.2 3.2 MA
Error Amplifier Source Current lcomP_source -3.2 -2.2 -1.2 MA
FB Input Bias Current Irs -0.5 0 0.5 MA
UNDERVOLTAGE & OVERVOLTAGE PROTECTION
Ratio (Soft OVP Threshold over -
Vree ) (Vsoftovp / Vger) Rsottove 108 105 108 % | Ves rising
Ratio (Fast OVP Threshold over o -
Veer ) (Vissove / Vaer) Rfastovp 105 108 111 % | Vs rising
Ratio (OVP recovery threshold over Roverocover 100 103 106 % | Ves falling
Vrer ) (Vovprecover ! VRer)
Ratio (Static OVP Threshold over R... o -
Vrer ) (Vstaticovp/ Vrer) staticOVR 18 120 122 % | Vrsrising
Undervoltage Protection Ratio (Vuve Rive 10 12 14 % | Vrs falling
/VREF)
BUV Threshold Ratio
o .
(Vauy / Veer) Reuv 77 80 83 % | Ves falling
PFCOK
PFCOK Threshold Ratio .
(Vercox ! Vier) Rprcok 96.5 98 99.5 % | Vrs rising
PFCOK ON Resistance Ron_prcok 1" 22 35 Q
PFCOK Leak Current ILEAK_PFCOK -0.5 0 0.5 MA
FAULT PROTECTION
FAULT Threshold 1 VTH_FLT1 800 900 | 1000 | mV | Veaur rising
FAULT Threshold 2 VTH_FLT2 350 400 450 mV | Veauwr falling
Detection Filter Delay tFLT DLY 22.5 30 375 Ms | VrauLr falling
FAULT Source Current IFLT 90 100 110 MA
www.rohm.com
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BM85060FV Datasheet

Parameter ‘ Symbol Min ‘ Typ ‘ Max ‘ Unit ‘ Conditions
Current Limit Protection - CS pin Detection
ﬁgﬁ&;gggg;ﬁ%ﬂon at VCS1_LIM_Pos(HLine) 32 64 96 mv in Positive Half Line Cycle
(Cycle by cycle protection) Vcs1_LIM_Neg(HLine) | -96 -64 -32 in Negative Half Line Cycle
ng_el_r;;élggtg:etitgﬁtlon at Ves1 LM _Pos(LLine) | 104 144 184 mv in Positive Half Line Cycle
(Cycle by cycle protection) Ves1_LM_Neg(tLine) | -184 | -144 | -104 in Negative Half Line Cycle
ﬁrgrlfli]itntlrpgulljte[t)eeﬁgggo? Vs2_LIM_Pos(HLine) 88 128 168 mv in Positive Half Line Cycle
(Latch protection) Ves2_LIM_Neg(HLine) | =168 | -128 | -88 in Negative Half Line Cycle
ngﬁ_?;élpéhﬁeégfetft?oﬁt Vcs2 LIM_Pos(LLine) | 238 288 338 mv in Positive Half Line Cycle
(Latch protection) Ves2_LiM_Neg(LLine) | -338 | -288 | -238 in Negative Half Line Cycle
THERMAL SHUTDOWN
Thermal Shutdown Threshold Tsp - 140 - °C | Temperature rising
Thermal Shutdown Hysteresis Tsp(HYS) - 25 - °C |Temperature falling
Dynamic response enhancer (DRE)
(Vo etpgion Threshold Ratio Roreto | 945 | 95 | 965 | % |\Wes falling
(Vo RReggyeny Threshold Ratio Rore ki 965 | 98 | 995 | %/ | Vs rising

www.rohm.com
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BM85060FV Datasheet

Function Explanation

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. “Slow Leg” switches
at the AC line frequency. The fast leg switches perform the role of the switch and the diode in a classical boost PFC, that is these
switches function to regulate the output voltage and shape the input current to provide high power factor and low harmonic
distortion. The slow leg switches perform the role of the diode bridge in a classical boost PFC. Active switch with low ON resistance
are utilized instead of diodes resulting in improved efficiency.

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 4Figure 4. Cycle operation.

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 4Figure 4. Cycle operation.

When the PWML signal toggles low the inductor current diverts through the high side fastleg switch, transferring energy from the
inductor to the load, as shown (2) in Figure 4Figure 4. Cycle operation.

In this half line cycle the high side fast leg device does not need to conduct for properPFC 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 froma 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 PWML pin
output SYNC(1-d) signal to PWMH pin | at medium to high load level
output high to SRL pin
output low to SRH pin
Negative Half Cycle Operation
output SYNC(1-d) signal to PWML pin at medium to.high load level
output PWM(d) signal to PWMH pin
output low to SRL pin
output high to SRH pin

Positive Half Cycle Negative Half Cycle
Slow Leg FastLeg Slow Leg Fast Leg

@ J J (©)) J 1

SRﬂﬁL P | SRﬂ;tL PWMMEJ'
W &N‘N\

SFME PWMQ:._-I—_‘ [j SFME PWMQE L}
2 ,_J J ,,,,,,,,, = 4) J ,,,,,,,,,,,,, J ,,,,,,,,,, -

SM"—H PWMutL SFM;tL Pwmu;ﬂ

T

SFME f PWMQE SFME PWMQE ‘

||
1T
o»or
||
1T
o»or

Figure 4. Cycle operation
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BM85060FV Datasheet

2. High Voltage Startup, X capacitor discharge function

Figure 5 shows the IC has built-in starter circuit which withstand voltage is 650V. Two diode rectifiers and current limiting resistor
must be placed between AC-lines and HV pin to use this function.

12288
® =— S =
vee
L
Vee charging current T
w High 0. O—
—  Voltage
starter 2 I
5
Ve sense o
wsnst ] P |2
2
L | 5
5
AC Line T
Monitor, =
Polarity Timer =717
detection SJCIC : :
Lvsnsz T | |
L
I I
I I
—L»{ |
I I
I I
I I
L__Y
Xeap discharger

Figure 5. Configuration.of HV startup circuit

When HV pin voltage is higher than Vyuv.starron), Starter circuit is.enabled andiinitial current flow to VCC pin (Point: A). VCC charging
current will increase to higher level when VCC pin voltage (Vec) reaches Vsc (Point: B). IC stops charging when Vcc reaches
VuvLo1 (Point: C).

If the VCC pin voltage drops to Vcc < Vche1 after starting with Vec > Vuvio1, the VCC charging function starts again (Point: D).
After charging the VCC pin again, charging is terminated when.the VCC pin rises to Vcre2 (Point: E). If external power supply
applies to VCC pin, HV pin stops charging. These operations are shown in Figure 6Figure 6. VCC startup charging operation.

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 tvec_charge_max €lapses after
the startup circuit starts operating, this circuit automatically stops: tvcc charge restart is restarted when tvee_charge restart is exceeded.

HV

VuvLot

V
VGC CHG2

VeHat
VivLoz

Vsc

Switching

Charging
current

A B Cc D E F

Figure 6. VCC startup charging operation
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BM85060FV Datasheet

Figure 7 shows when IC detect the disconnection of AC input, X capacitor discharge function starts operation. This function is
achieved by repeatedly charging from HV-pin to VCC-pin and discharging from VCC pin.

I tacuvio | I [ [ o
£ 2 L [ [ o
/\ /I I \:_;\I 5
I I I T 1 I o
. I I I [ Il
AC input voltage T T T — | — T 1
\/ I I I [ [ o
I I I [ [ o
I I I [ [ o
I I I 1Al [ o
I I I (I [ o
T T [ [ o
. I I I [ o
HV pin voltage /\/\/I | :\:_:\‘_,\l Lol
| | | | l | | 4 4
I I I o [ o
I I I [ o o
T I [ I o
I :\ I [ [ o
I v I I [ o o
Vee pin voltage ' oGz W !
| Voro -y l = N R
I Vuvioz -4 } foes--+ — } '\
T T T T 1 | T 1
I \I 1o [ o1
I I I I 11
| i i \'\
Vce pin current : :
I I
1 1
X capacitor I f I [ [ o
I 1 1 1 1 1 1 1
discharge function I ON
| | | Lo Lo Lo
VCC charging : : ON ON ON I_
I I |
I I I [ [ o
A B C D E F G HI1J

Figure 7. Timing Chart of X Capacitor Discharge Function.

A: The AC input voltage is turned OFF.

B: After tacuviLo (128 ms) from A, X capacitor discharge function is enabled. VCC capacitor is discharged until
VCC voltage reaches VcHai1.

C: When the VCC pin voltage becomes less than Vcha1, the VCC recharge operation starts and discharging
starts from HV pin.

D: When the VCC pin voltage bécomes more than Vche2, the VCC recharge operation stops and VCC
capacitor is discharged.

: The Same as C.
The Same as D.

/The Same as C.

I O T m

. The Same as D.

I: When the VCC pin voltage becomes less than Vcha1, 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.
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3. Startup Sequence
Figure 8 shows 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.

+ Brown-out protection is cleared..

* Vcc reaches Vyyior even once.

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

w WAANAANAAAANANA LA NN
A VVVYVVVTV VTV eV VY
Ves

Figure 8. Startup Sequence

Soft-start sequence starts after switching started./Anternal Vrer signal gradually increases from OV. This allows a gradual increase
in Vs voltage and suppresses inrush current on the input side. Soft-start period is 80ms typ.

4.  PWM generation

Figure 9 shows the IC operates with a constant on<time control algorithm. Figure 9. Structure of PWM generation circuitshows
structure of PWM generation circuit.

The 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 gmnAMP 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 soft-OVP. The PWM reset timing (PWM_RST) is
determined by comparing the two signals Vrawp and Digital Limiter out. Vramp is a sawtooth wave for outputting PWM. The
waveform can be adjusted by Frequency control function and ZCD over-current control. 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. Minimum on-time is 100ns.

www.rohm.com
© 2024 ROHM Co., Ltd. All rights reserved. 13 /28 Oct.2024 Rev.006
TSZ22111 « 15+ 001



Datasheet

1
L
Frequency control AUX
ZGD over—current control
COMP
1
T
I Vin range (H or L) DRE
- * * PWM_OUT
I I PWM_RST Y
— gain = PWM :|
Selector generator 4"
Digital Vcomp_\imiler A “
PFC_Output Vref ~ j Limiter
Selector ' comparator
2 t [ |

_ Currentprotection SYNC(1-d) detection

FB gmAmp (NOCL)

AC zerocross control

Peak current Limitter

I Soft OVP
ZCD

Figure 9. Structure of PWM generation circuit

5. AUX Detection
This IC uses an auxiliary winding and a quasi-resonant control method that detects the valley of the ringing waveform of the

drain voltage and turns on the switching device at that timing as shown in Figure 10.

PWM Condition | ON PWM Condition | ON

Vb2_TH(rising)

Vb 1_TH(rising) AUX

AUX

Vvb2_TH(falling)
Vvp1_T(falling)

CMPypi1_tH(rising) | | : CMPyp2_tH(rising l [
CMPyp1_tH(falling) | : | CMPyp2_tH(falling) | |
PWM On Trigger 5 ﬂ PWM On Trigger | |

AC Cycle = Positive AC Cycle = Negative

Figure 10. AUX Detection

6. GmAMP

Figure 11 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 this gap. When the COMP pin voltage rises, the ON width of the
PWMH/PWML pin becomes wide.

Also, you must set the error amplifier,constant so that the AC frequency does not overlap on the COMP pin. And, please confirm
it with an actual board.

A typical trans-conductance gain of 70uS typ.
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PFC_Output

g Digital Veomp_limiter
FB Limiter

gmAmp

I

COMP

3
1]

[
L

Figure 11. GmAMP Block Diagram

7. 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 isincreased to suppress output undershoot.
The high gain state continues until the FB pin voltage returns to ratio [Rore_wi] of Vrer.

8. Light load operation (DCM)

Figure 12 shows this controller enters light load operation mode. (DCM)when output load becomes light load and COMP voltage
falls below Vbocwm_TH2 threshold.

In DCM, the interval during which the inductor current becomes OA (tuiz).becomes longer and the switching frequency gradually
decreases.

tniz becomes longer in proportion to the difference between COMP and Vbcwm_tH2 voltage, COMP-Vpcwm_tHz voltage.

If ON pulse widths 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 Vbs voltage resonates.

The next ON is initiated at the timing of the trough.of the Vs resonance.

When the load current increases and the COMP voltage rises above the Vbcum TH1 voltage, it enters Cr.

\Y
Voewm_TH
\Y/
COMP DCM_TH2
t
A
Inductor tiz
Current /\/\ /\/\
t
\Y
Vbs
t
Operation CRM DCM CRM

Figure 12. Transition from CRM Mode to DCM Mode
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9. Burst Mode Operation

Burst mode operation at light load is implemented.

Figure 13 shows when the load becomes light and the COMP voltage reaches Vciavp_tH, the error amplifier output COMP pin
clamps and the FB voltage increases, after the FB voltage reaches Vsottovp, the controller enters the sleep state.

The quiescent current in sleep state is reduced to Iccs. When the FB voltage reaches Vsurst_tH, the controller automatically returns
from sleep state and starts PWM.

VsoﬂOVP

PWM(d)

Icc

Figure 13. Burst mode operation

10. Zero Current Detection and synchronous PWM Drive Control

Figure 14 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.

ZCD waveform AN

Figure 14. Zero Current Detection via ZCD pin

Figure 15 shows synchronous PWM driving pulses are only enabled at higher loads when the ZCD voltage is above the Vzcp (arm)
threshold. The conditions to enable synchronous PWM drive are as follows.

- ZCD voltage crosses the Vzcparw) threshold
- Vune[absolute value of (Vivsns1 — Vivsns2)] voltage exceeds Vsyne
- PFCOK is high
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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)
Light Load N v
7¢D ZCD(ARM)
Vzenaria) _
SYNC(1-d)
Heavy Load _ v ™
7D ZCD(ARM)
Vzeparia)
ela
>
SYNC(1-d)

Figure 15. 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'Viine exceeds the high line threshold Vhiine, the IC transitions to high line
mode. When Vuie falls below the low line threshold Vivine in high'line;mode, the IC returns to low line mode. This mode switching
switches the parameters inside the IC. This allows the control characteristics to be switched according to the input voltage.

12. PWM polarity control, AC Zero Crossing Management

Figure 16 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 LVSNS1 pin and LVSNS2
pin. IC detects difference between these 2 pins. The polarity of PWM depends on the polarity of this difference. When (Vivsnst —
Vivsnsz) is positive, PWML pin works as'PWM(d) signal source and PWMH pin works as SYNC(1-d) signal. When (Vivsnst —
Vwvsnsz) is negative, PWMH pin works as PWM(d)‘signal source and PWML pin works as SYNC(1-d) signal. The same can be
applied for SRL and SRH pins. This function change is controlled by Polarity signal generated internally from LVSNS1 pin and
LVSNS2 pin.

Following 2 types of PWM control/function is implemented to avoid large current flow around AC zero-crossing.

[ACZ SoftStart]

Function to gradually increase PWM pulse width from minimum value.

This function is triggered when Vuine (absolute value of Vivsnsi-Vivsns2) is larger than Vzes and stops when following 2 conditions
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 (absolute value of Vivsns1-Vivsns2) is smaller than Vsr and stops when following 2 conditions
detected.

(A) Polarity change is detected.
(B) tac_sorrstor period timeout.
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Viine ;
o “h‘h“‘\\::I:::EI:—‘““4¥*¥4_4444444_*4_47‘;4_%:::::::113
VSVNC -
Vsr
VZCB

Polari}y

(Internafy—=

Slow leg
SRL signals

SRH Signdls |
tac_sorTsToP
tac_soFTSTART(—>

forivg 0000000
signals ACZero ACZero

SoftStart SoftStop
iy e UMD
signals v

SYNC(1-d) operation

Figure 16. AC Zero Crossing Management
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13. Cycle-by-Cycle Peak Current Limit Protection

Cycle-by-cycle peak current limitation is used to protect flowing large current into inductor or transistor. This function can be
achieved by following 2 methods.

(a) CS pin detection (optional)
Figure 17 shows CS pin is connected to current transformer and signal conditioning circuit. This enables to measure the inductor
current at both AC positive cycle and negative cycle. When CS pin voltage (Vcs) reaches to Vcs1_Lim_pos O Vcsi1_LiM_Neg, controller
stops PWM(d) state to prevent large current flow. If the AC line voltage level is changed from Low-line level(100Vac range) to

High-line level(200Vac range), threshold of Vcs1_Lim is decreased.

A /

AN /\A

ZAAVARVAR YN

Figure 17. Cycle-by-Cycle Peak Current Limit Protection at CS pin

VGs1LM Pos

Ves1LM Neg

(b)  ZCD pin detection

Figure 18 shows ZCD pin can detect the commutation current. Internal control logic detects peak voltage and limits PWM on time
when ZCD pin voltage exceeds specified value (Vzcoum). When Vzcp exceeds Vzeoum, limit level of digital limiter in PWM block is
increased. If Vzcp is lower than Vzcouim at next switching, limit level is decreased.

If the AC line voltage level is changed from Low-line level (100Vac range) to High-line level (200Vac range), threshold of VzcoLim
is decreased.

Vzcoum
ZCD
PWM(d) ON ON ON ON ON
Limit = 0 Limit = 1 Limit = 2 Limit = 1 Limit = 2

Figure 18. Peak current limiter via ZCD pin

14. Inductor Saturation Protection (optional)

Figure 19 shows CS pin has second voltage threshold (Vcs2_um and -Vesz_Lim) to prevent over current destruction of
semiconductors caused by inductor saturation current.

Vesz.um

Vesium X 7/
7/ \ /
. \ .
~Vesi.um \ /
~Vesz.um

Figure 19. Inductor Saturation Protection

After CS voltage reaches to Vcsz2_Lim, controller stops all PWM and become latch-off state.
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15. Inrush Current Protection

Figure 20 shows after power-on (when waiting for start-up), if the voltage at the ZCD pin is higher than VinrusH, switching is not
performed.

e

Figure 20. Inrush Current Protection

16. Negative Over Current Limiter (NOCL)

Figure 21 shows if SD1 turns on while SD2 has a short-circuit fault, a short circuit occurs between output (+) and GND. This is
also same to Q1 and Q2. Large current flows from the output capacitor (shoot through current). To protect against this, this function
stops PWM and SRL / SRH when negative voltage detects at ZCD pin.

Shoot Thfough current

SDng Q1 ’_I

—

- |

SD2 Q2

ey !

zcD
Figure 21. Target current of NOCL function

Figure 22 shows when shoot through current occurs and. ZCD voltage decrease less than VnocL, IC stops PWMs and SRL / SRH.

ZCD

VNOCL -

SRL/SRH

PWM(D)/SYNC(1-D)

Figure 22. Abnormal current protection of NOCL function
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Figure 23 shows this function has latch-stop protection. When NOCL protection occurs several times and protection count reach
to 3 times, 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 3.

fault

Figure 23. Latch protection in NOCL detection

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 Ves is lower than Vuve. After detected, both fast leg and slow leg are stopped. Main reset is needed to reset
UVP.

[BUV (Bulk Under Voltage)]

BUV is detected when Ves is lower than Veve once after PFCOK is 'set. After detected, both fast leg and slow leg are stopped.
After tsuv=500ms is passed since BUV flag is set, BUV is automatically.reset.

18. OVP (Output Over Voltage Protection)
Figure 24 shows IC has 3 level of over voltage protection threshold to protect system and circuits.

(a) Static OVP

Static OVP detects a feedback pin anomaly and immediately stop the PWM pulses. When Ves voltage exceeds ratio [Rstaticovp] of
Vrer, static OVP is triggered and PWM stops. This fault cannot be reset until main reset occur.

(b) FastOVP
Fast OVP detects a feedback pin anomaly and immediately stop the PWM pulses. When Vrs voltage exceeds ratio [Rrastove] of

Vrer, fast OVP is triggered and PWM stops. After fastOVP triggered and Vrs voltage decreases to ratio [Roverecover] Of VREF,
fastOVP function is reset and PWM will recover:

(c) SoftOVP

Soft OVP detects feedback pin anomaly and slowly stops the PWM pulses. This function is achieved by controlling Error amplifier
output limiter [Vcomp_iimiter]. When Veg voltage exceeds ratio [Rsrove] Of VREF, following softOVP actions will start.

Step 1: Vcomp_limiter drops to75% of the Veomp Value for 100us.
Step 2: Veomp_limiter drops 10 50% of the Veomp value for 100us.
Step 3: Veomp_iimiter drops to 25% of the Veomp value for 100us.
Step 4: Veomp_iimiter drops to 0 until the Soft OVP fault is reset.

After softOVP triggered and Vs voltage decreases to ratio [Roverecover] of VREF, softOVP function is reset and PWM will recover.
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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 level. To

suppress this fault, a second overvoltage protection is implémented on the input side. When Vune voltage exceeds 4V typ; IC
detects over voltage of input side and stop PWM operation. After Vinedecreases 4V, this fault is reset and PWM will be restarted.

20. Brown-out (BO) and Line sag

Figure 24. soft OVP (Output Over Voltage Protection)

Figure 25 shows the IC feature set includes line voltage Brown-out (BO) and Line sag (SAG) detection. Both BO and SAG are
activated when Line voltage falls below Vsostor). When Vwne>Veo(starT), the controller will return from the BO or SAG fault state.

VAC

/\

/\
/)

Veo(sTarT)

v

\/

£ N/ \

LN/ \

LN\

R AR VARVARV

Vcompﬁ\lmner

i N I B

Polarity | | | |

<
<

A

Soft Stop ——»

tsac(@lank)

i tso(slank)

Figure 25. Brown-out (BO) and Line sag

A4

— Soft Start »
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[SAG function]

(1)Detect Condition

Vune is lower than Veo(stor) for tsagpiang OF more.
(2)Action

Soft stop operation is started.

(3)Release condition

VLNE is larger than Veo(starT).

[BO function]

(1)Detect Condition

Vune is lower than Veo(stop) state for taopiank) OF more.
(2)Action

Disables the polarity detection circuit.

(3)Release condition

VLiNE is larger than Veo(sTarT).

21. Line Frequency Fault

Figure 26 shows IC monitors whether the AC line frequency is within the mains frequency specification (funewoy t0 funeen). If
abnormal mains frequency detects, following steps are operated.

[Step1] If outside of the expected frequency range, stops slow leg. PWM continues operation.

[Step2] If 100ms elapsed since abnormal mains frequency detected, Both fast leg and slow leg is stopped.
IC will recovery 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.

Vac
Polarity
SRL
SRH
detected line frequency
outside within outside
PWM HE
«—— 100ms

Figure 26. Line Frequency Fault

22. AC Line Voltage sudden change protection

Figure 27 shows If the AC input voltage changes suddenly due to the application of lightning surge voltage, etc., the sudden
voltage change may cause current to flow back from the output side. To prevent FET failure due to excessive current, controller
turns off the gate signals of slow leg and SYNC(1-D) when dv / dt of input voltage exceeds a certain level or abnormal timing
change of polarity occurs.
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Without Sudden voltage change protection With Sudden voltage change protection

Y
dt

Vivsnst ~ Vivsnsz

;
;

[~
<

o
%

ACLine Current

SRL/SRH [ | ,—r ,,,,,,,,,,,,,,,,,,,,, :

G T e ———— 1

Figure 27. AC Line Voltage sudden change protection

23. Internal TSD

Detect Condition:
Junction temperature (Tj) exceeds TSD detection temperature (140°C)

Action:
stops fast leg and slow leg.
Polarity signal remains active.

Release condition:
Tj falls below the Tsp-Tsp(Hys) release temperature (115°C)

24. External fault control (FAULT pin)
FAULT pin has comparator for detecting faults as shown'in Figure 28.

VREG

l Iy

Viu_prn —O > triroy  ———To Fault Logic
- —o0—+

Vin_pr2 —0

FAULT

Rorp I
(O]

...........-...[].......................

Figure 28. Simplified diagram of FAULT pin function

External TSD can be achieved by connecting thermistor to fault pin. Internal current source (lrLt) is used for this function. This pin
also can be used as OVP by adding detection circuit.
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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.

Frequency 1

Fault Set condition Reset condition Controller Action
Line SAG (VLINE < VBO(STOP)) + Vine > VBO(START) - Begin soft stop sequence
tsac(plank) €Xpired - PWM and SR drives disabled after soft stop
- PFCOK pulled low (OFF Mode) after soft stop
-Cancels tgyv
Brownout (VLINE < VBO(STOP)) + Vine > VBO(START) - Disables the polarity detection circuit
tBQ(b|ank) expired - PFCOK pulled low (OFF Mode)
Line tune < tunews) OF > tunges) tunews) < tune < tunees) - SR drives disabled

- Starts 100ms:timer

Line 100ms timer expired NDRVﬁEN =4: tLINE(45) < - PWM and SR drives disabled
F"equency 2 tune < tLINE(ss) for 4 - PFCOK puIIed low (OFF Mode)
consecutive polarity
toggles
UVP VFB < VUVP VFB > VU\/p + VUVP(HYS) - PWM and SR drives disabled
- PECOK pulled low (OFF Mode)
Bulk Under PFCOK high & tauv expires - PWM and SR drives disabled
Voltage (Ves < Vewy) - PFCOK pulled low (OFF Mode)
(BUV) - Automatic restart after tgyy
Soft OVP Veg > Vsotove Vg < Voverecover - Begin soft OVP sequence
- PWM Drive disables after soft OVP sequence
- SR remains active
Fast OVP Veg > Viastove Ves < Voverecover - PWM Drive disables immediately
- SR remains active
Static OVP Veg > Vstaticove Main Reset - PWM and SR drives disabled
- PFCOK pulled low (OFF Mode)
VAC OVP VLINE > VACOVP VLINE < VACOVP - PWM and SR drives disabled
- PFCOK pulled low (OFF Mode)
Vcec UVLO Vee < Vuvioz Vee > Vuvior - PWM and SR drives disabled

- PFCOK pulled low (OFF Mode)

External Fault

Veaur < VTH_Fir2

Veaur > VTH_ Fut

- PWM and SR drives disabled
- PFCOK pulled low (OFF Mode)

CS OCP2 Ves > Vs umz_pos OF Main Reset - PWM and SR drives disabled
Ves < Ves Lm2 Neg - PFCOK pulled low (OFF Mode)

NOCL latch NOCL detected NnoeL_detect Main Reset - PWM and SR drives disabled
times - PFCOK pulled low (OFF Mode)

TSD Ty > Tsron Ty < (Tep - Tsngvs)) - PWM and SR drives disabled

- PFCOK pulled low (OFF Mode)
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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.

2. 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.

3. Ground Voltage
Ensure that no pins are at a voltage below that of the ground pin at any time, even during transient condition. However,
pins that drive inductive loads (e.g. motor driver outputs, DC-DC converter outputs).may.inevitably go below ground
due to back EMF or electromotive force. In such cases, the user should‘make sure that such voltages going below
ground will not cause the IC and the system to malfunction by examining carefully all relevant factors and conditions
such as motor characteristics, supply voltage, operating frequency and‘PCB.wiring to name'a few.

4.  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.

5.  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.

6. 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.

7. 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.

8. 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.

9. Unused Input Pins
Input pins of an.C.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 lis 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

11.

12.

13.

This monolithic 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.
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Figure 29. Example of Monolithic.IC Structure

Ceramic Capacitor

When using a ceramic capacitor, determine & 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 beused. 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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Notice

Precaution on using ROHM Products
1. If you intend to use our Products in devices requiring extremely high reliability (such as medical equipment (ot 1),
aircraft/spacecraft, nuclear power controllers, 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.

(Notel) 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 not designed 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 Clz,

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 notes, reference designs, 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 Clz, H2S, NHs, 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. 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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