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The NCP1370 is a PWM current mode controller témgesolated
flyback and non-isolated constant current topologies. The controller QUASI-RESONANT PWM

operates in a quasi—-resonant mode to provide Higieacy. Thanks CONTROLLER FOR
to a novel control method, the device is able to precisely regulate a
constant LED current from the primary side. This removes the need LED DRIVERS

for secondary side feedback circuitry, biasing anepto—coupler.
The device is highly integrated with a minimum n@mbf external

components. A robust suite of safety protection is built in to simplify g@z}gxﬁ

the design. This device supports analog/digital dimming and both

modescan be combined to enhance dimming precision. TBB1870 soIC-8 8l A A H

has a programmable peak current limit to optimizesigie & D surrx CP1370x

compatibility over a wide range of applications. The controller CASE 751 A":(W

features a standby mode with reduced current copisom T
1

Features

. . NCP1370 = Specific Device Code
® Quasi-resonant Peak Current—-mode Control Operation P

X = Device Option (A or B)

® Primary Side Sensing (no opto—coupler needed) A = Assembly Location
e Wide Vcc Range '\'( z\\’(\grer Lot
® Source 300 mA / Sink 500 mA Totem Pole Driver withV Gate W = Work Week

Clamp . = Pb-Free Package
® Precise LED Constant Current Regulatid? Typical
® | ine Feed-forward for Enhanced Regulation Accuracy PIN CONNECTIONS
e Low LED Current Ripple 1

LM o [0 o DIM

® 500 mV+1.2% Guaranteed Voltage Reference for Current - L i

Regulation cs oo L vee
e Programmable Cycle—by—-Cycle Peak Current Limit GND L DRV
® Low Vcc(on)Allowing to use a Standby Power Supply to Power th (Top View)

Device
® Analog or Digital Dimming
e Wide Temperature Range of —40 to + 425 ORDERING INFORMATION
* Robust Protection Features. PG A

+ LED Open Circuit Protection

+ Vcc Over Voltage Protection

+ Secondary Diode Short Protection

+ Output Short Circuit Protection

+ Shorted Current Sense Pin Fault Detection

+ Brown-out Typical Applications

+ Ve Under Voltage Lockout e TV Backlight

+ Thermal Shutdown e Lighting with Auxiliary Power Supply

o Pb—free, Halide—free MSL1 Product

This document contains information on a product under development. ON Semiconductor
reserves the right to change or discontinue this product without notice.
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Figure 1. Typical Application Schematic for NCP1370
Table 1. PRODUCTS TABLE
Block or Electrical Parameter NCP1370B NCP1370A
Brown-out blanking time tgolank) 100 ps 2ms
Blanking circuit for leakage inductance reset detection ON ON
Ve OVP Auto-recovery Latched
Switching cycles count before activating the output diode short circuit 4 cycles 4 cycles
protection: Vcg > VCS(StOp)
Output Diode Short Circuit protection Auto-recovery Latched
Adjustable OVP Auto-recovery timer 1 second 4 seconds
CS short circuit protection (impedance measurement before startup) ON OFF
High mains valley switching 3rd 2nd
(all HL valleys incremented by 1)
Propagation delay from ZCD to DRV high state tzcppewm) ON ON

Table 2. PIN FUNCTION DESCRIPTION

Pin N° | Pin Name Function Pin Description
1 ILIM Peak current limit and 2@ | This pin sets the cycle-by—-cycle peak current limit threshold and the threshold for
over current protection secondary diode short detection
2 ZCD Zero Crossing Detection Connected to the auxiliary winding, this pin detects the core reset event.
3 CS Current sense This pin monitors the primary peak current.
4 GND - The controller ground
5 DRV Driver output The driver’s output to an external MOSFET
6 VCC Supplies the controller This pin is connected to an external power supply.
7 VIN Brown-Out This pin observes the HV rail and protects the circuit in case of low main conditions.
Input voltage sensing This pin also sense the line voltage for the valley selection and the line feed-forward
Over Voltage Protection A Zener diode can also be used to pull-up the pin and stop the controller for
adjustable OVP protection
8 DIM Analog / PWM dimming This pin is used for analog or PWM dimming control. An analog signal than can
be varied between Vpen) and Vpimioo can be used to vary the current, or a
PWM signaﬁ with an amplitude greater than Vpm100-
This pin is also used for the OFF mode

WWW. onsemi.com
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Internal Circuit Architecture

NCP1370
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Figure 2. Internal Circuit Architecture
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Table 3. MAXIMUM RATINGS TABLE

NCP1370

Symbol Rating Value Unit
Veemax) Maximum Power Supply voltage, VCC pin, continuous voltage -0.3, +35 \%
lccvax) Maximum current for VCC pin Internally limited mA
VDRV(MAX) Maximum driver pin voltage, DRV pin, continuous voltage -0.3, Vpry (Note 1) \%
IDRV(MAX) Maximum current for DRV pin -500, +800 mA
VMAX Maximum voltage on low power pins (except pins DIM, DRV and VCC) -0.3, +5.5 \
IMAX Current range for low power pins (except pins DRV and VCC) -2,+5 mA
VpimM(MAX) Maximum voltage for DIM pin -0.3, +7 \Y
Roj-a Thermal Resistance Junction—to—Air 289 °C/IW
Tamax) Maximum Junction Temperature 150 °C
Operating Temperature Range —40 to +125 °C
Storage Temperature Range —60 to +150 °C
ESD Capability, HBM model (Note 2) 4 kv
ESD Capability, MM model (Note 2) 200 \%

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
1. VpRy is the DRV clamp voltage Vpry(highy When Vcc is higher than Vpryhigh)- Vbry is Vcc unless otherwise noted.
2. This device series contains ESD protection and exceeds the following tests: Human Body Model 4000 V per Mil-Std-883, Method 3015.
3. This device contains latch—up protection and exceeds 100 mA per JEDEC Standard JESD78

Table 4. ELECTRICAL CHARACTERISTICS (Unless otherwise noted: For typical values Tj = 25°C, Voc = 12 V)
For min/max values T3 = -40°C to +125°C, Max T3 = 150°C, Vcc = 12 V)

Description I Test Condition Symbol | Min | Typ | Max | Unit I
STARTUP AND SUPPLY CIRCUITS
Supply Voltage \%
Startup Threshold V¢ increasing Vee(on) 11 12 13
Minimum Operating Voltage V¢ decreasing Vee(off) 9 9.5 10
Hysteresis Vcc(on) — Vec(off) V¢ decreasing VeeHys) 1.8 - -
Internal logic reset equal to Vec(off) Vec(reset) 9 9.5 10
Over Voltage Protection Vecovp) 26 28 30 \%
VCC OVP threshold
Vce(off) Noise filter tvec(off) - 5 - us
Vec(reset) Noise filter tvcc(reset) - 20 -
Startup current Icc(start) - - 100 uA
Starting time from exiting OFF Mode to 1St DRV pulse tcc(start) - 250 us
Supply Current mA
Device Disabled/Fault Vee > Vee(of) lcc1 0.8 1.2 1.4
Device Enabled/No output load on pin 5 sw = 65 kHz lcc2 - 2.3 4.0
Device Switching (Fsy = 65 kHz) Cprv = 470 pF, lces - 2.7 5.0
Fsw = 65 kHz
Supply Current in OFF mode lcc(of 50 uA
CURRENT SENSE AND ILIM PIN
Reference current for maximum peak current limit threshold ILIM(REF) 190 200 210 uA
Minimum value for internal VILIMIT VpinILIM <05V VILIMIT(MIN) 0.5 \%
Maximum value for internal Vvt Pin ILIM open VILIMIT(MAX) 2.34 2.6 2.86 \%
Difference between internal V| 1 and ILIM pin voltage VpiniLm = 1.5V VILIMIT (offset) -30 30 mV
Ves(stop) at VpiniLiv = 1.5V VpiniLm = 1.5V Ves(stop)1 2037 | 21 |2163 | V
Leading Edge Blanking Duration for Vv (Tj = -40°C to tLeB 280 330 380 ns
125°C)
Minimum on-time (equal to t_ gg) ton(MIN) 280 330 380 ns
Propagation delay from current detection to gate off-state tium - 50 150 ns
Maximum on-time ton(MAX) 375 50 62.5 us

4. Guaranteed by design
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NCP1370

Table 4. ELECTRICAL CHARACTERISTICS (Unless otherwise noted: For typical values Ty = 25°C, Ve = 12 V)
For min/max values T3 = -40°C to +125°C, Max T3 = 150°C, Vcc = 12 V)

Description | Test Condition Symbol |Min |Typ |Max |Unit
CURRENT SENSE AND ILIM PIN
Minimum threshold value for immediate fault protection acti- VpiniLm <0.5V Ves(stop)MIN 0.7 \Y
vation
Minimum threshold value for immediate fault protection acti- Pin ILIM open Ves(stop)MAX 3.64 \
vation
Ratio between internal VCS(StOp) and internal ViumiT Kstopnumim 140 %
Leading Edge Blanking Duration for Vcsstop) tecs - 200 - ns
Current source for CS to GND short detection Ics(short) 400 500 600 uA
Timer for measuring CS to GND short tcs(short) 12 17 22 us
GATE DRIVE
Drive Resistance Q

DRV Sink Rsnk - 13 -

DRV Source Rsrc - 30 -

Drive current capability mA

DRV Sink (Note 4) IsNK - 500 -

DRV Source (Note 4) Isrc - 300 -

Rise Time (10 % to 90 %) Cpry = 470 pF tr - 40 - ns
Fall Time (90 % to 10 %) Cpry = 470 pF t¢ - 30 - ns
DRV Low Voltage Vee = Veeofy+0.2 V VDRV(low) 8 - - \%
CDRV =470 pF,
RDRV:33 kQ
DRV High Voltage Vec =30V VDRV(high) 10 12 14 \Y
CDRV =470 pF,
RDRV:33 kQ
ZERO VOLTAGE DETECTION CIRCUIT
ZCD threshold voltage Vzcp increasing VzeD(THI) 30 50 70 mV
ZCD threshold voltage (Note 4) Vzcp decreasing VzcD(THD) 20 40 60 mV
ZCD hysteresis (Note 4) Vzcp increasing VzCDHYS) 8 - - mV
Threshold voltage for output short circuit or aux. winding Vzep(short) 0.8 1 12 \Y
short circuit detection
Short circuit detection Timer Vzeb < Vzeb(shor) tovLD 70 90 110 ms
Auto-recovery timer duration trecovery 3 4 5 S
Input clamp voltage \%

High state Ipin1 = 3.0 MA Vzep(cH) - 8 -

Low state lpinz = —2.0 MA Vzep(cL) -0.9 -0.6 -0.3
Propagation Delay from valley detection to DRV high Vzcp decreasing tzcp(DEM) - - 480 ns
Delay from valley lockout output to DRV latch set Vzcp decreasing tLeBa 125 250 375 ns
Blanking delay after on—-time VRer > 100 mV tzcD(BLANKY) 1.2 1.6 2 us
Blanking delay after on—time at light load VRer <75 mV tzcD(BLANK2) 0.6 0.8 1 us
Timeout after last demag transition trimo 5 6.5 8 us
LINE FEED-FORWARD
VvIN 10 Ics(offsety CONVersion ratio KLFE 15 17 19 uANV
Offset current maximum value Vpinvin = 4.5V loffset(MAX) 67.5 76.5 85.5 uA
CONSTANT CURRENT CONTROL
Reference Voltage (after division by 2) (Tj = 25°C) VREF 495 500 505 mV
Reference Voltage (after division by 2) (Tj = 0°C to 85°C) VREE 492 500 508 mV
Reference Voltage (after division by 2) (Tj =—40°C to 125°C) VREE 488 500 512 mV

4. Guaranteed by design
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NCP1370

Table 4. ELECTRICAL CHARACTERISTICS (Unless otherwise noted: For typical values Ty = 25°C, Ve = 12 V)
For min/max values T3 = -40°C to +125°C, Max T3 = 150°C, Vcc = 12 V)

Description | Test Condition Symbol |Min |Typ |Max |Unit |

CONSTANT CURRENT CONTROL
Current sense lower threshold for detection of the leakage Ves(iow) 25 55 85 mV
inductance reset time
Blanking time for leakage inductance reset detection tcs(ow) 130 ns
VRer value below which the ZCD blanking time is divided by VRer decreases VREF(off) 75 mV
2 (light load)
VRer value above which ZCD blanking time is tzcpplank1) VREgF increases VREF(on) 100 mV
VALLEY SELECTION
Threshold for line range detection Vj, increasing Vyn increases VL 2.28 24 2.52 \Y
(15t to 2nd valley or 15t to 3" transition for Vggg > 0.375 V)
Threshold for line range detection V;, decreasing Vy N decreases Vi 2.18 2.3 2.42 \Y
(2nd to 18t valley or 15t to 3" transition for Vggg > 0.375 V)
Blanking time for line range detection tHL (blank) 15 25 35 ms
Valley thresholds (Vrgg = 500 mV) mV
1stto 2nd valley transition at LL and 2" to 3" valley HL VRer decreases VyLyi-2i2-3 | 350 | 373 | 396
(3" to 4th valley HL for version B) Vggg decreases
2nd to 15t valley transition at LL and 37 to 2"d valley HL VREer increases Vylyz-1/3-2 | 366 | 390 | 414
(4t to 3" valley HL for version B), Vggr incr.
2nd to 4t valley transition at LL and 3" to 5t valley HL VRee decreases VyLy2-4/3-5 231 248 265
(4t to 6! valley HL for version B), Vrgr decr.
4th to 2nd valley transition at LL and 5t to 3" valley HL VREer increases VyLysa-2i5-3 | 249 | 267 | 285
(6% to 4t valley HL for version B), Vggg incr.
4th to 7th valley transition at LL and 5t to 8t valley HL VRee decreases VyLY4-7/5-8 - 150 -
(6t to 9t valley HL for version B), Vg decr.
7t to 41 valley transition at LL and 8t to 51 valley HL VREer increases VyLy7-4/8-5 - 165 -
(9t to 6! valley HL for version B), Vggr incr.
7t to 11th valley transition at LL and 8t to 12t valley HL VRer decreases VLY 7-11/8-12 - 75 -
(9t to 13t valley HL for version B), Vrer decr.
11t to 7t valley transition at LL and 12t to 8t valley HL VREeF increases VLy11-7/12-8 - 100 -
(13t to 9t valley HL for version B), Vggg incr.
11t to 13t valley transition at LL and 12t to 15t valley HL Vger decreases  [Vyiyii-13i12-15| - 30 -
(13t to 16! valley HL for version B), Vrgr decr.
13t to 11t valley transition at LL and 15™ to 12t valley HL Vger increases  |Vyiyiz-1115-12| — 40 -
(16t to 13 valley HL for version B), Vggr incr.
Valley thresholds in percentage of VReg %
15t to 2"d valley transition at LL and 2nd to 3" valley HL VRer decreases VyLy1-2/2-3 70 74.5 79
(3'd to 4th valley HL for version B) Vrer decreases
2nd tg 15t valley transition at LL and 3'd to 2nd valley HL VRer increases VyLy2-1/3-2 73 78 83
(4t to 3" valley HL for version B), Vggr incr.
2nd to 4t valley transition at LL and 3" to 5t valley HL VRgee decreases VyLy2-4/3-5 46 49.5 53
(4th to 6th valley HL for version B), Vrer decr.
4t to 2nd valley transition at LL and 5t to 3" valley HL VRer increases VvLY4-2/5-3 50 53.5 57
(6% to 4t valley HL for version B), Vggg incr.
4th to 7th valley transition at LL and 5t to 8t valley HL VRee decreases VyLy4-7/5-8 - 30 -
(6t to 9th valley HL for version B), Vger decr.
7t to 4th valley transition at LL and 8t to 5% valley HL VRer increases VvLy7-4/8— - 33 -

y y REF VLY7-4/8-5
(9t to 6t valley HL for version B), Vggr incr.
7t to 11th valley transition at LL and 8t to 12t valley HL VRee decreases VLY 7-11/8-12 - 15 -
(9th to 13t valley HL for version B), Vreg decr.
11th to 7t valley transition at LL and 12t to 8th valley HL VRer increases VyLY11-7/12-8 - 20 -
(13t to 9t valley HL for version B), Vggg incr.
11t to 13t valley transition at LL and 12t to 15t valley HL Vger decreases  [Vyiyii-13i12-15| - 6 -
(13t to 16! valley HL for version B), Vrgr decr.
13t to 11t valley transition at LL and 15™ to 12t valley HL Vger increases  |Vyiyiz-1115-12|  — 8 -
(16t to 13 valley HL for version B), Vggr incr.

4. Guaranteed by design
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NCP1370

Table 4. ELECTRICAL CHARACTERISTICS (Unless otherwise noted: For typical values Ty = 25°C, Ve = 12 V)

For min/max values T3 = -40°C to +125°C, Max T3 = 150°C, Vcc = 12 V)
Description | Test Condition Symbol |Min |Typ |Max |Unit |

DIMMING SECTION

DIM pin voltage for zero output current (OFF voltage) Vp)v decreasing VDIMEN) 0.67 0.7 0.73 Y
VpimEN) comparator hysteresis Vpv increasing VEN(HYS) - 50 - mV
DIM pin voltage for maximum output current (T; = -40 to Vpim100 2.9 3 3.1 \%
125°C)

DIM pin voltage for maximum output current at T = 25°C Vpim100 2.94 3 3.06 \%
Dimming range VbiM(range) - 2.3 - \Y
Clamping voltage for DIM pin Vpim(cLP) - - \Y
Dimming pin pull-up current source IDIM(pullup) - 5 - uA
THERMAL SHUTDOWN

Thermal Shutdown (Note 4) Device switching TSHDN 130 150 170 °C

(Fsw around 65 kHz)

Thermal Shutdown Hysteresis (Note 4) TSHDN(HYS) - 50 - °C
BROWN-OUT AND OVP

Brown-Out ON level (IC start pulsing) VyN increasing VBO(on) 0.90 1 1.10 \%
Brown-Out OFF level (IC shuts down) Vyn decreasing VBO(off) 0.85 0.9 0.95 \%
BO comparators delay tBo(delay) - 30 - us
Brown-Out blanking time for version A tBO(blanky) 1.4 2 2.6 ms
Brown-Out blanking time for version B tBO(blank2) 50 100 150 us
Brown-out pin bias current IBO(bias) -250 - 250 nA
Clamped voltage (VIN pin left open) VIN pin open VVIN(clamp) 3.9 4.1 43 \Y
VIN pin Clamp series resistor RVIN(clamp) kQ
VIN pin detection level for OVP VN increasing Vovp 4.75 5 5.25 \%
Delay before OVP confirmation tovp(delay) 50 us
Adjustable OVP auto-recovery timer (version B) tovp(recovery1) S
Adjustable OVP auto-recovery timer (version A) tovp(recovery2) 4 S

4. Guaranteed by design
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NCP1370

Application Information

The NCP1370 is a LED driver for flyback and MOSFET is turned off for the rest of the switching

non-isolated buck—boost / SEPIC converters. It @mgnts cycle.

a current—-mode architecture quasi—-resonant art¢birgeto ¢ Winding Short—Circuit Protection (29 over current
prevent valley-jumping instability. A proprietarjreuitry protection level): an additional comparator with a short
ensures accurate regulation of the output current witheut LEB filter (tgco) senses the CS signal and stops the
need of a secondary side feedback. The circuit features controller if Vg reaches 140% of \Mimit ). For noise
powerful protections to ensure a robust LED drivesign immunity reasons, this comparator is enabled only

without the need of extra external components or  qyring the main LEB durationgg.

overdesign. e Output Short—circuit protection: If a very low

* Quasi-Resonance Curent-Mode Operation: voltage is applied on ZCD pin for 90 ms (nomintig
implementing quasi-resonance operation in peak controllers assume that the output or the ZCD pin i
current-mode control, the NCP1370 optimizes the shorted to ground and enters shutdown. After wgitin
efficiency by switching in the valley of the MOSFET for 4 seconds, the controller restarts switching.

drain—source voltage. Thanks to smart control
algorithm, the controller locks—out in a selectatlay
and remains locked until the input voltage or thepat
current set point significantly changes.

e Primary Side Constant Current Control: thanks to a
proprietary circuit, the controller accurately aotg the
output current without requiring a secondary side
feedback (no optocoupler needed). An output current
deviation belowt2% is typically obtained.

® V¢ Over Voltage Protection:if the voltage on VCC
pin exceeds an internal limit, the controller shddsn
and waits 4 seconds before restarting pulsing ivers
B) or stays latched (A version).

® Linear or PWM dimming: the DIM pin allows
implementing both analog and PWM dimming.

o OFF Mode: The IC enters in OFF mode after detecting
a fault and whenever the DIM pin voltage stays low
during more than 4 seconds.this mode, the IC is off
and has a reduced current consumption. This allows
simplifying the PCB design around the ON/OFF
opto—coupler.

® Floating or Short pin detection: The NCP1370
protections help passing safety tests. For instahee
circuit stops operating when the CS pin is grounated
when the GND pin is open.

e Adjustable peak current limit: the cycle-by-cycle Constant Current Control
maximum peak current limit and the second over Capitalizing on the constant current control technique
current protection level can be adjusted exterrially developed in the NCL3008X product, the NCP1370
connecting a resistor between ILIM pin and ground. accurately regulates the output current of a flyback
e Brown-Out: the controller includes a brown-out converter from its primary side. _
circuit which safely stops the controller in calse t By connecting the clamping capacitor of the flyback
input voltage is too low. The device will automatly converter to the sense resistor as shown in the typical
restart if the line recovers. application schematic (Figure 1), we have an image of the

drain current waveform and of the leakage induetanc
current waveform. Thus, by looking at the curremtse pin
waveform, the controller is able to detect the reset of the
transformer leakage inductance. Indeed, the leakage
. . . inductancdimits the output rectifier peak current as shown
ﬁ\égtr:llrct)rs]veiic?ir} s (version B) before attempting to in Figure 3 where it is shown thats\* I p pk < I pk-

9. Also, by monitoring the auxiliary winding voltage

® Cycle-by-cycle peak curent limit: when the current through the ZCD pin, we can detect the end of cotio
sense voltage exceeds pin ILIM voltage M, the of the secondary rectifier.

e Adjustable Over voltage protection: By connecting a
zener diode to the VIN pin, an adjustable overagst
protection can be implemented to protect againshop
LEDs. Upon detection, the controller waits 4 s

WWW. onsemi.com
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NCP1370
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Figure 3. Flyback Currents and Auxiliary Winding Vo  Itage in DCM

The constant current control block picks up the leakage VRer
inductor current, the end of conduction of the outpuifierct Rsense = 2Nsplout (eq. 2)
and controls the drain current to maintain the dutpurent . , L
constant. From (Equation 1), the first key point is that the output
We have: current is independent of the inductor value. Maegpthe
leakage inductance does not influence the output current
o= Vrer (eq. 1) value aghe reset time itaken intoaccount by the controller.
out ZNSpRsense
. Soft-Start
Where: ) ) At startup or after recovering from a fault, theye small
® VReris the output current internal reference internal soft-start of 20@s maximum.
® Ngpis the secondary to primary transformer turnorati In addition, during startup, as the output voltage is zero
Nsp=Ns/ Np volts, the demagnetization time is long and the constant
® RsensdS the current sense resistor current control block will slowly increase the peakrent

The output current value is set by choosing the sense©Wards its nominal value as the output voltage grows.
resistor: Figure 5 shows a soft-start simulation example for a 9 W

LED power supply.
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NCP1370
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Figure 4. Startup Simulation showing the Natural So  ft—start

Adjustable Cycle-by—Cycle Current Limit

The pin ILIM allows adjusting the threshold for maxim
peak current limit it and also the " over current Vv L by:
protection (OCP2) threshold Qéstop) Which helps CS(stop)!S gIVEN Dy

Viomr = Viom = lumrenRium (eq. 3)

The threshold for immediate short circuit protection

protecting against short circuit of the secondairyding or Vesstop) = 14 Viawir (eq. 4)

of the output diode. _ Practically, {_ywiT can be adjusted from 0.5 V to 2.6 V,
More precisely, the maximum peak current threshold yeaning \Es(stopyrange is from 0.7 V to 3.64 V.

ViLmiT is equal to the ILIM pin voltage ancc¥stopyvalue When the current sense voltage exceeds the internal

is derived from MimiT - By connegting a resistor between  tnreshold \ wit, the MOSFET is turned off for the rest of
ILIM and GND pins, the value of internal cycle-by—cycle the switching cycle. Figure 5 shows the schemdtitiv
current limit M ymiT is: pin.

WWW. onsemi.com
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Gain = VCS(stop)

VILIM(MIN)

— VILIM

- Figure 5. Block Diagram of ILIM Pin

The cycle—-by-cycle peak current limit thresh®ldmT
also set the maximum duty cycle for a given apfitice
The maximum duty cycle is given by:

Veer v

D =1- —_— (eq. 5)
MAX Viemr  Tsw

Where:
® t, is the valley duration
® Tgyis the switching period

For switching frequencies below 100 kHz, the tegfsty
can be neglected:

VREF

(eq. 6)
Viamir

Dyax =1 -

Ccs
LEB1 * PWMreset

Vceontrol f/——

Ipkmax

Winding and Output diode Short—Circuit Protection
(OCP2)

In parallel with the cycle-by—cycle sensing of @8 pin,
another comparator with a reduced LEg:§) and a higher
threshold (\és(stop) is able to sense winding short—circuit
and stop the controller. In version B, the contraleps the
DRV pulses after counting 4 cycles of¥> Vcsstopy The
controller attempts to re—start after waiting 4cag@s. In
version A, after counting 4 cycles olt¥> Vcsstopy the
controller stays latched.

The controller is unlatched by one of the 3 follogvavents:
® Ve < Vee(off

e Standby by Wim < Vpimen) during 4 seconds

® BO_NOK becomes high

After being unlatched, the controller goes into Oféde.

S
Q————=DRV vdd  uvLO aux
b ¥

R Vce VvCC

management

j I

4-stimer  VCCreset -

VILIMIT

LEB2 |+ CS_SToP 1 pulse
or

/ \—/ STOP \

- 4 pulses
N
VCS(stop)

TN

S OFF

Q
Q

R

4-s timer >—1
Qom Fault Management Block/

Figure 6. Winding Short Circuit Protection, Max. Pe  ak Current Limit Circuits
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NCP1370

PWM or Linear Dimming Detection
The pin DIM allows dimming the LED light. Analog
dimming or digital (PWM) dimming can be used.

If the power supply designer apply an analog signal

varying from \bmen) t0 Vpimioo to the DIM pin, the
outputcurrent will increase or decrease proportionalltht
voltage applied. For My = Vpimioo, the power supply
delivers the maximum output current.

If a voltage lower than Mm(en) is applied to the DIM pin,
the DRV pulses are disabled. Thus, for digital dingna
PWM signal with a low state value lower thapgMen) and
a high state value higher tham 100 should be applied.

The DIM pin is pulled up internally by a small current
sourceor resistor. Thus, if the pin is left open, thetcolter
is able to start.

Soft Stop during PWM Dimming

The NCP1370 features an internal soft-stop of |00
maximum in order to compensate the
decrease caused by the soft-start during

Practically, when ¥mnm < Vpmen), the controller
decreases the peak current from its current state to nearly
zero before stopping the DRV pulses.

This allows having a very good correlation betwéen
dimming duty—cycle and the output current value when
dimming atlow duty—cycle.

Also, it is important to note that for good correlation
between the dimming duty—cycle (which represent the
expected output current value relative to the nainialue)
and the actual measured output current, the higte st
durationof the dimming signal should not below 200us.

Figure 8 shows the drain source waveform during
soft—stop.

OFF Mode with DIM Pin

The OFF Mode is entered whenp) stays below
Vpimen) for 4 seconds. In this mode, IC consumption is
reduced todc(off) (below 50uA). The OFF mode is exited

output current only when \b becomes higher tharoyaen)+VeENHYS)
PWM dimming.

%IM

Analog dimming

PWM dimming

Deep PWM dimming

100%]1

out

3 V-1

I R R ———

0.7 V-4

Pi:mean(C1)|
637 mv
g

P2:mean(C2)
13170V,
P

. 53897V T
Ay 53247V Ay

Timebase -78.8us Trigger C4 DO
Stop 486V

e Negalive

-06.9844 us

1AX= -10.3109kHz

Figure 8. Soft-stop
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V¢ Over Voltage Protection goes through a complete sequence OFF MedeAULT
In order to protect itself against too high supply voltage, Mode (see Fault Management section for more informhptio
the controller features an over voltage protectirite \cc In the latched mode, tfentroller stops pulsing and waits

pin. When the ¥c voltage reaches thec¢ovp)threshold,  that one of the 3 following events occurs to relsetlatch:
the controller stops the DRV pulses and shutdown. ¢ Ve < Vecofh
Depending on the version, the controller goes in
auto—recoverymode (version B) or in latched mode
(version A).

In the auto-recovery mode, the controller waits 4 s an

e Standby by Wim < Vpimen) during 4 seconds
® BO_NOK becomes high
d When the OVP Latch is reset, the controller goes into OFF

tries to re—start. In order to restart pulsing, toatroller Mode.
A
Vee o a
AU T R S ‘S R
VCC(on ———————————— -E ————————————————— i ————————————————————
VCC(off) -------------------- 1 ---------------- R CGCTTEEEEEERREY
Vom 4 5 E
VDIM(lOO) ------------ ;'/ --------------- i | J --------------------
AV —— . R i—l ------------------------- SRCCEEEEEEEREERREERtS R
\ ] = s
STATE RESET OFF RUN 4-s Timer RUN
A >
N {FAULT ! OFF | FAULT
VDRV } CS impefance check ! i CS impedance check
Figure 9. V ¢ Over Voltage Protection Chronograms
Valley Selection The input voltage is sensed by the VIN pin. The internal

Quasi-Squarewave resonant systems have a wide logic selects the operating valley according to \fik
switching frequency excursion. The switching frequency voltage and DIM pin voltage.
increases whethe output load decreases or when the input By default, when the output current is not dimmidae,
voltage increases. The switching frequency of slystems controller operates in the first valley at low liaed in the
must be limited. second valley at high line for version A. For versB, the
The NCP1370 changes valley as the input voltage controller operates in the®valley at high line. Table 5
increases and as the output current set-point is varigdydur summarizes the valley selected by the controller as a
dimming. This limits the switching frequency excursion. function of the output current and the input voltage. The
Once a valley is selected, the controller stays locked in thenumbers in blue are the selected valleys for varBio
valley until the input voltage or the output cutreat—point
varies significantly.

WWW. onsemi.com
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Table 5. VALLEY SELECTION

VIN pin voltage for valley change
lout Value at which the lout Value at which the
controller changes valley Vuvin decreases controller changes valley
-
lout decreasin lout increasin
(lout 9) 0 lL— 23V —HL— 5BV (lout 9)
100% 1t ond (31t 100%

» 5% ond 3rd (4th) 8% _

& 50% 53% 2

8 4th 5th (Glh) =

5 30% 33% 3]

% 7th gth (glh) 8

= 15% 20% @

) 11th 12th (13th) o

6% 8%
0% 13th 15th (thh) 0%
0 -——LL-- 24V --HL-- 5V
Vy N increases
R ——
VIN pin voltage for valley change
Zero Crossing Detection Block At startup or in case of extremely damped free
The ZCD pin allows detecting when the drain—source oscillations, th&ZCD comparator may not be able to detect
voltage of the power MOSFET reaches a valley. the valleys. To avoid such a situation, the NCP¥8@€ures
A valley is detected when the voltage on pin 1se8s  a Time-Out circuit that generates pulses if theaags on

down the 55-mV internal threshold. ZCD pin stays below the 55-mV threshold for 65

In order to decrease the capacitor value needed on ZCD The Time-out also acts as a substitute clock fovaliey
pin to turn—on the MOSFET right in the valley or in some detection and simulates a missing valley in case of too
case remove it, a small delay (250 ns) is added internallydamped free oscillations (Figure 11).
before turning—on the MOSFET.

Tblank Time-Out

ZCD
‘ M + = Clock
) — Vzen(TH) 7 — |
[ oL

VZCD(short)

‘\‘_O_

+

Q — Aux_SCP

Qp—

R

4-s Timer /—‘

Figure 10. ZCD Block Schematic
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| I I
| I - 1
\ |\ o | \
\ Il - T \ Vzep
FAN FAN A AR AN Vazeoen)
11
T 1 1 1
The 3rd valley is | I /1 : :
high- - - -}———— \validated ,',,,:,,,,,,1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
1 I
| 1 1 rd
oW ——__ \ - I 3
The 2¥valley is detected ) : : : : (The 3rd valley is not detected\by |
By the ZCD comparator [ | L{the ZCD comp
high- - - = — ! R i
S N O g e N
high- - - -frmmm oo e e e -- ZCD
[ - ﬁ comp
|0W -——=- T T + 1\
— : Ti_me_Out adds a pulse to account for the TimeOut
_ I 1t [t |missing ¥ valley
h|gh___ L - 1 R R N P — T -
1 r 1 I
] | /B SN SRR t
1
low - - p---H_ LA ____ U _ S B T S o o i i e Clock
Figure 11. Time—out Chronograms
Output Short Circuit Protection Line Feed-Forward

Because of the time—out function, if the ZCD pin or the  Because of the propagation delays, the MOSFET is not
auxiliary winding is shorted, the controller will continue turned-off immediately when the current set-point is
switching leading to improper regulation of the LED reached. As a result, the primary peak currengisen than

current. expected and the output current increases. To compensate
Moreover during an output short circuit, the controller the peak current increase brought by the propagdétays,
will strive to maintain the constant current opienat a positive voltage proportional to the line voltag@dded

In order to avoid these scenarios, a secondary stags on the current sense signal. The amount of offdeg® can
counting when the ZCD voltage is below thec¥(short) be adjusted using theggresistor as shown in Figure 12.
threshold (Figure 10). If this timer reaches 90 ms, the
controller detecta fault and enters the auto—recovery fault i ) ]
mode: the controller stops pulsing and waits 4-s before The offset voltage is applied only during the MOSFET

going through a complete startup sequence. on-time. . _
This protection is disabled whem < Voimen)- This offset voltage is always applied over the |catge.

Vesoffseyy = Kirr Vpinvin Res (eq.7)

WWW. onsemi.com
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noise delay

S
. QI———— OVP2
Bulk rail

—— Vovp

Ol
T

_D| D 4-s Timer

(1-s Timer version B) J

Voo J‘
M T

@ I cs(offset) CS Rcs

Rsense

Clamp

Q_drv

) Blanking —— BO_NOK
time

Figure 12. Line Feed—-Forward, Adjustable OVP and Br  own-out Schematic

1V if BONOK high
0.9 V if BONOK low

Adjustable Over Voltage Protection 110Q typically, the circuit does not start pulsing and
A clamping circuit on VIN pin limits the voltage shutdown. The circuit attempts to restart aftertingi4
excursiorto 4.1 V (Figure 12). This level is high enough to  seconds. In practice, it is recommended to place a
allow good linearity of the line feedforward current for minimum of 2502 in series between the CS pin and
universal mains applications with an input voltage up to  the current sense resistor to take into accourisiiar
265V rms. component effect and electrical parameters toleranc
When the zener diode starts conducting, it injeatsent e Fault of GND pin connection
inside the clamping circuit and the voltage on VIN pin
increases. Wheny exceeds ¥yp during byp(delay) the
circuit detects an over voltage condition and stbpsDRV
pulses. The controller waits until the OVP timer
(tovp(recovery) has elapsed (4 s for version A, 1 s for
version B) and restarts switching.

If the GND pin is properly connected, the current
drawn from the positive terminal of the-¥ capacitor
flows out of the GND pin to return to the negative
terminal of the \&c capacitor. If the GND pin is not
connected, the circuit ESD diodes offer anothermret
path. The accidental non—connection of the GNDigin
Brown—out monitored by detecting that one of the ESD diode is

In order to protect the supply against a very low input ~conduction. Practically, the ESD diode of CS pin is
voltage, the NCP1370 features a brown-out circuit with a ~ monitored. If such a fault is detected for 260 the
fixed ON/OFF threshold (Figure 12). The controlier circuit stops generating DRV pulses.
allowed tostart if a voltage higher than 1 V is applied te th
Z:E zltr;;/asn?) jlfgtxso.cém\//vanLtehne t\ég\lgg ;g;i?ﬁ gdg;r;aizs Figure 13 and Figure 14 shows the state diagrartiseof
elapsed (BO_NOK high)When a brown-out condition is NCP1370.
detected, the circuit stops pulsing and goes into the OFFEE Mode
mode detailed in the “Fault Management Section”. At startup, as long as d¢ is not high enough, the
controller isreset. Its current consumption ésclstarty When
Ve > Vec(ony the controller goes in OFF mode and waits
for the enable signal @fm > Vbimeny))- In OFF mode, the
IC consumption is very low (5@A maximum).

Fault Management and Startup Sequence

Pin Connection Faults

® CS pin Short to ground
The circuit senses the CS pin impedance everyitime
starts—up. If the measured impedance does not éxcee

WWW. onsemi.com
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The OFF mode is exited only ifa¢ > Vcconyand \bim e An Output / Auxiliary winding Short circuit is deteed:

> VpimeN). The controller then goes in FAULT mode. “Aux_SCP high”

More generally, the OFF mode is entered upon the ¢ gecond OCP level triggered
following events: When the 4-s timer has elapsed, the controller goes in
® Vce < Vec(of OFF Mode.

e Brown-out edge
Adjustable OVP Management

® VP'M < Voim(en) after 4 seconds When the adjustable OVP on VIN pin is triggered, the
* Die over temperature (TSD) controllerstops the DRV pulses and starts the OVP2 Timer
® The 4-s auto-recovery timer has elapsed (4 s in version A, 1 s in version B).

When the OVP2 timer has elapsed, the controlles goe
FAULT mode and restart switching if no other faidt
detected.

FAULT Mode

In this mode, the controller measures CS pin impeea
If CS pin is not shorted the controller is allowedstart the
DRV pulses. If CS pin is shorted, the controllertst the 4 Latched Protection (V cc OVP, Output Diode Short
seconds timer. No DRV pulse is generated in thidano Circuit Protection in Version A)
When \ec > Vecove)or when the 2 OCP is triggered,

AR Mode ) _the DRV pulses stop and the controller is latched
In the auto-recovery mode, the 4 seconds timer is (Figure 14)

counting, DRV is not pulsing. The 4 seconds timer starts
counting when:

® Vpim < VDIM(EN)

® A short circuit on CS pin is detected

® Vce> Vec(ovp)

The Latch resets when one of the 3 following eveaotsirs:
® Vce < Vee(off

® Vpm < VpimeNn) during 4 seconds

® BO_NOK becomes high

3> RESET
r'y Timer ends (AR_end)
o e
low _
Y ] or Vee < Veepr
)[ OFF J<
BO_NOK edge y'y
or TSD_end BO_NOK edge VD|M > VD|M(EN)
or Vee < Vecofn or TSD_end and Ve > Ve
or Vee < Vecoof

Timer ends p

\ 4

| AR
FAULT mode ] >

\ J CS_short high l mode

or VCC_OVP high
CS OK or Vo < Voimen)

Vo > Vomeny and
all other faults low

RUN -
VCC_OVP high or Vpy < Vpmen)
or CS_stop or Aux_SCP

AN

With states: RESET - Controller is dead
OFF = Controller is in OFF Mode, Icc = lecpo (50 A max.)
FAULT Mode - No switching, lcc = lccy
RUN - Controller is switching
AR Mode - the 4-s auto+ecovery timer is counting, No switching
OVP2 Timer > The OVP2 Timer (4-s or 1-s) is counting, No DRV pulses

Figure 13. Fault State Diagram with Auto—recovery F  aults

WWW. onsemi.com
17




NCP1370

RESET
Vee < Veeem 0OF BO_NOK high
2 or Vo < Vpmeny during 4 s
Ve too Vgant POR
low
W Timer ends (AR_end) or BO_NOK edge
J or TSD_end or Ve < Vecpon
'L OFF <€
O_NOK edge ~ g
r TSD_end BO_NOK edge Vo > Vomen)
I Vee < Vecpf or TSD_end and V. > VCC(on)
or Ve < Vecion

—\ Timerends _ A4 CS_short high
ovee N rauit mode | Vou<Vonen | AR |LATCH—]

Timer [€ L ) “| mode
A_/ OVP2 AN
\ VCC_OVP high
K
€S0 Vo > Vomen and
all other faults low

v VY
OVP2 Vpom <V or Aux_SCP
( RUN ] DIM DIM(EN) _
| | VCC_OVP high or CS_stop
With states: RESET - Controller is dead
OFF = Controller is in OFF Mode, k¢ = lec(o (50 LA max.)
FAULT Mode - No switching, k¢ = lec;
RUN -> Controller is switching
AR Mode - the 4-s auto+ecovery timer is counting, No switching
OVP2 Timer > The OVP2 Timer (4-s or 1-s) is counting, No DRV pulses

Figure 14. Fault State Diagram with Latched Faults

ORDERING INFORMATION

Device Package Type Shipping T
NCP1370BDR2G SOIC-8 2500 / Tape & Reel
(Pb free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
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SOIC-8 NB
CASE 751-07
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I (Pb-Free) (Pb-Free)

I
I
— = Specific Device Code = Specific Device Code
0.275 | | 04125 XXXXX = Specific Device Cod XXXXXX = Specific Device Cod
’ | : A = Assembly Location A = Assembly Location
I
I

L = Wafer Lot Y = Year
Y = Year WwW = Work Week
I:l I:l ;
_‘_ -

= Work Week . = Pb-Free Package
‘.‘ 1.270 *This information is generic. Please refer to
0.024 024

SOLDERING FOOTPRINT*

= Pb-Free Package
0.050 device data sheet for actual part marking.
Pb-Free indicator, “G” or microdot “=”, may
mm ) or may not be present. Some products may

SCALE 6:1 (m not follow the Generic Marking.

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.

STYLES ON PAGE 2

DOCUMENT NUMBER: | 98ASB42564B Praed vetsons ars nonioled xept when skinped -CONTROLLED COPY- mred -
DESCRIPTION: | SOIC-8 NB PAGE 1 OF 2

onsemi and ONSEMI are trademarks of Semiconductor Components Industries, LLC dba onsemi or its subsidiaries in the United States and/or other countries. onsemi reserves
the right to make changes without further notice to any products herein. onsemi makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does onsemi assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation
special, consequential or incidental damages. onsemi does not convey any license under its patent rights nor the rights of others.

© Semiconductor Components Industries, LLC, 2019 www.onsemi.com



STYLE 1:
PIN1. EMITTER
COLLECTOR
COLLECTOR
EMITTER
EMITTER
BASE
BASE
EMITTER

PNOOrOP

STYLE 5:
PIN 1. DRAIN
DRAIN
DRAIN
DRAIN
GATE
GATE
SOURCE
SOURCE

eNOO RGN

STYLE 9:
PIN 1. EMITTER, COMMON
COLLECTOR, DIE #1
COLLECTOR, DIE #2
EMITTER, COMMON
EMITTER, COMMON
BASE, DIE #2
BASE, DIE #1
EMITTER, COMMON

eNOO RGN

STYLE 13:
PIN1. N.C.

2. SOURCE
3. SOURCE
4. GATE

5. DRAIN

6. DRAIN

7. DRAIN

8. DRAIN

STYLE
PIN 1
2

3

4

5

6

7

8

STYLE

PIN 1.

STYLE

PIN 1.

STYLE

PIN 1.

PNOOrOP

2
3
4.
5.
6
7
8

PNOO LGN

17:
. VcC
. V20uT
. V1oUuT
. TXE
. RXE
. VEE
. GND
. ACC

21:
CATHODE 1
CATHODE 2
CATHODE 3
CATHODE 4
CATHODE 5
COMMON ANODE
COMMON ANODE
CATHODE 6

25:

VIN
N/C
REXT
GND
10UT
10UT
10UT
10UT

29:

BASE, DIE #1
EMITTER, #1
BASE, #2
EMITTER, #2
COLLECTOR, #2
COLLECTOR, #2
COLLECTOR, #1
COLLECTOR, #1

SOIC-8 NB

CASE 751-07
ISSUE AK
STYLE 2: STYLE 3
PIN1. COLLECTOR, DIE, #1 PIN 1. DRAIN, DIE #1
2. COLLECTOR, #1 2. DRAIN, #1
3. COLLECTOR, #2 3. DRAIN, #2
4. COLLECTOR, #2 4. DRAIN, #2
5. BASE, #2 5. GATE, #2
6. EMITTER, #2 6. SOURCE, #2
7. BASE, #1 7. GATE, #1
8. EMITTER, #1 8. SOURCE, #
STYLE 6: STYLE 7
PIN1. SOURCE PIN1. INPUT
2. DRAIN 2. EXTERNAL BYPASS
3. DRAIN 3. THIRD STAGE SOURCE
4. SOURCE 4. GROUND
5. SOURCE 5. DRAIN
6. GATE 6. GATE3
7. GATE 7. SECOND STAGE Vd
8. SOURCE 8. FIRST STAGE Vd
STYLE 10: STYLE 11:
PIN1. GROUND PIN1. SOURCE 1
2. BIAS 1 2. GATE1
3. OUTPUT 3. SOURCE 2
4. GROUND 4. GATE2
5. GROUND 5. DRAIN 2
6. BIAS 2 6. DRAIN 2
7. INPUT 7. DRAIN 1
8. GROUND 8. DRAIN 1
STYLE 14: STYLE 15:
PIN1. N-SOURCE PIN1. ANODE 1
2. N-GATE 2. ANODE 1
3. P-SOURCE 3. ANODE 1
4. P-GATE 4. ANODE 1
5. P-DRAIN 5. CATHODE, COMMON
6. P-DRAIN 6. CATHODE, COMMON
7. N-DRAIN 7. CATHODE, COMMON
8. N-DRAIN 8. CATHODE, COMMON
STYLE 18: STYLE 19:
PIN1. ANODE PIN1. SOURCE 1
2. ANODE 2. GATE 1
3. SOURCE 3. SOURCE 2
4. GATE 4. GATE2
5. DRAIN 5. DRAIN 2
6. DRAIN 6. MIRROR 2
7. CATHODE 7. DRAIN 1
8. CATHODE 8. MIRROR 1
STYLE 22: STYLE 23:
PIN 1. 1/O LINE 1 PIN1. LINE1IN
2. COMMON CATHODE/NCC 2. COMMON ANODE/GND
3. COMMON CATHODE/NGCC 3. COMMON ANODE/GND
4. IOLINES3 4. LINE2IN
5. COMMON ANODE/GND 5. LINE 2 OUT
6. I/O LINE 4 6. COMMON ANODE/GND
7. JOLINES 7. COMMON ANODE/GND
8. COMMON ANODE/GND 8. LINE10UT
STYLE 26: STYLE 27
PIN1. GND PIN1. ILIMIT
2. dv/dt 2. OVLO
3. ENABLE 3. UVLO
4. 1LMIT 4. INPUT+
5. SOURCE 5. SOURCE
6. SOURCE 6. SOURCE
7. SOURCE 7. SOURCE
8. VCC 8. DRAIN
STYLE 30:
PIN1. DRAIN 1
2. DRAIN 1

3. GATE2

4. SOURCE 2

5. SOURCE 1/DRAIN 2
6. SOURCE 1/DRAIN 2
7. SOURCE 1/DRAIN 2
8. GATE 1

DATE 16 FEB 2011

STYLE 4:

PIN 1.

PNOOP O

ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
COMMON CATHODE

STYLE 8:

PIN 1.

eNOOrGN

COLLECTOR, DIE #1
BASE, #1

BASE, #2
COLLECTOR, #2
COLLECTOR, #2
EMITTER, #2
EMITTER, #1
COLLECTOR, #1

STYLE 12:

PIN 1.

PNOO LGN

SOURCE
SOURCE
SOURCE
GATE
DRAIN
DRAIN
DRAIN
DRAIN

STYLE 16:

PIN 1.

PNOO AP

EMITTER, DIE #1
BASE, DIE #1
EMITTER, DIE #2
BASE, DIE #2
COLLECTOR, DIE #2
COLLECTOR, DIE #2
COLLECTOR, DIE #1

COLLECTOR, DIE #1

STYLE 20:

PIN 1.

@NDGA BN

SOURCE (N
GATE (N)
SOURCE (P)
GATE (P)
DRAIN
DRAIN
DRAIN
DRAIN

STYLE 24:

PIN 1.

@NDOA BN

BASE

EMITTER
COLLECTOR/ANODE
COLLECTOR/ANODE
CATHODE

CATHODE
COLLECTOR/ANODE
COLLECTOR/ANODE

STYLE 28:

PIN 1.

2
3
4.
5.
6
7
8

SW_TO_GND
DASIC_OFF
DASIC_SW_DET
GND

V_MON
VBULK
VBULK

VIN
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