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sPMIC for Micro Converter Bias and Drivers

ISL1801

The ISL1801 is a power management IC (PMIC) optimized for
solar array micro converters and other systems operating from
a high voltage DC supply. The ISL1801 can be used in buck,
boost or buck-boost microconverter topologies in order to
maximize the energy harvest from a solar array. In addition to
the power stage and main controller, the ISL1801 includes the
bias regulators, gate drivers, current sense amplifier and
comparators needed for micro converters.

The ISL1801 integrates two switching regulators that can be
used to generate the driver and the micro-controller (MCU)
power supplies. In addition, it has a low offset, low drift
amplifier for current sensing, two comparators for overvoltage
and overcurrent protection plus a watchdog timer to reset the
MCU if necessary. This single IC solution offers high integration
and dramatically reduces the total number of components in
the microconverter system improving the system reliability and
reducing cost.

The first regulator takes input voltages ranging from 9V to 90V
from the solar panel and outputs a regulated supply for drivers
and the secondary regulator. The secondary regulator converts
the output of the first regulator to a programmable
micro-controller supply, typically 3.3V. A high voltage start-up
LDO provides the necessary bias voltage until the switching
regulator is operating.

The ISL1801 integrates two high-speed MOSFET drivers for
buck, flyback or boost converters configured as shown in the
application schematics. The Drive3 also has the integrated
peak current limiting capabilities.

The ISL1801 includes comprehensive start-up, shutdown and
fault logic to ensure reliable operation of micro converters in
solar applications.

Features

* 90V input buck switching regulator
- 120mA (minimum) output with OCP, OVP, OTP
- Integrated upper and lower MOSFETs

* 90V on-chip start-up 6.7V LDO

* Low voltage buck switching regulator
- 200mA (minimum) output with OCP, OVP
- Integrated upper and lower MOSFETs
- PGOOD output

* Low voltage bias LDO
- Input voltage range from 6V to 14V
- Regulated 5V output up to 20mA

* Dual high-speed gate driver
- 14V voltage rating
- 2A peak sourcing and 5A peak sinking current
- Peak current limit for DRIVE3

¢ Dedicated amplifier for accurate current sense

* Two comparators for general purpose protection

* Integrated watchdog timer

Applications

¢ Solar power optimizer

* Solar power micro-inverter
¢ Solar charge controller

* Telecom power supply
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CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
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Block Diagram
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FIGURE 2. ISL1801 BLOCK DIAGRAM
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Pin Configuration

ISL1801
(48 LD TSSOP)
TOP VIEW
ne1 ] O NC6
NC2 [z 1] PGND1
vcetl 31 NC5
AGND [T} VIN1
OCSET3 [ 1] NC4
NC3 [ T ] PHASE1
PHASE3 BOOT1
PGND3 TIMER
DRIVE3 [T | TON1
Pvccs3 FB1
BDRIVE [T ] PRELOAD
PGND4 [12T ] GND
PWM3 vCcCc5V
RPWM3 [ T35]VIN2
BCMD [15 1] BOOT2
BRESET PHASE2
WDI [ T32] PGND2
VDDREF [T37] TON2
LATCHRPT FB2
PGOOD2 CMP2+
AMPO 271 CMP2-
AMP- [221] CMP10
AMP+ CMP1-
SGND [ T25]1CMP1+
Pin Descriptions
PIN# PIN NAME DESCRIPTION
1,2,6, NC1, NC2, | NC pin.
44, 46, NC3, NC4,
48 NC5, NC6

3 vCcCc1i High voltage start-up LDO1 output and also the pin providing bias to the HV circuitry on the ISL1801. Place a 1uF ceramic
capacitor from this pin to ground as decoupling cap. Connect this pin to the output of the high voltage regulator. When the
output of the switching regulator is stable, the start-up LDO is disabled and the chip bias is supplied by the more efficient
switching regulator.

Note: As VCC1 is the power supply of the high voltage die, DO NOT connect it to any low impedance potential by any means.
This may damage the device.

4 AGND Analog ground pin for VCC1.

5 OCSET3 A resistor between this pin and ground set the peak current limit threshold for the power stage MOSFET at Phase3. The 0.01uF
capacitor can be used at this pin to filter any switching noise.

7 PHASE3 | The phase node pin of the power stage controlled by DRIVE3. This pin should be connected to the drain of the power MOSFET
through one resistor and diode which prevent the voltage at Phase3 pin from dropping below -0.6V. Refer to the typical
application schematics starting on page 24, for correct connections.

8 PGND3 The ground pin for the high-speed driver DRIVE3.

9 DRIVE3 The output of the high-speed driver.

10 PVCC3 The bias input pin for both the high-speed driver and the low speed driver. It is normally connected to Vgyt1. The PVCC3 also
powers LDO2 which provides the bias supply for all internal control circuits.

11 BDRIVE The output of the high-speed driver controlled by the BCMD signal.

12 PGND4 The ground pin for BDRIVE.

13 PWM3 The PWM input signal for DRIVE3.
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Pin Descriptions continuea

PIN# PIN NAME DESCRIPTION

14 RPWM3 The reset signal for both flip-flops in the LATCHRPT circuit and overcurrent-protection circuit of DRIVE3/PHASE3. The
RPWM3=0 will reset both flip-flops. Avoid running PWM3=1 with RPWM3=0 for a long time or at very high frequency, since
it may result in very high switching frequency at DRIVE3 in the overcurrent protection condition.

15 BCMD Logic input to control BDRIVE.

16 BRESET Logic input to reset the LATCHRPT flip-flop in the BDRIVE control circuit.

17 WDI Watchdog circuit clock input signal.

18 VDDREF Reference signal for output signals to the MCU. Connect this pin to Vo2, which provides a clamp voltage for all the output
pins (CMP10, AMPO) interfacing with the MCU.

19 LATCHRPT | Open drain output signal. When either comparator or Phase3 overcurrent protection is triggered, this pin is pulled LOW to
inform the MCU. The two internal flip-flops used to latch these faults can be reset by setting RWPM3=0.

20 PGOOD2 | Open drain output pin indicating power-good for the low voltage regulator. A logic low signal at the watchdog output will also
pull this pin LOW allowing it to reset the MCU in either fault condition.

21 AMPO Integrated amplifier output.

22 AMP- Integrated amplifier inverting input.

23 AMP+ Integrated amplifier non-inverting input.

24 SGND The ground pin of the sensitive control circuits biased by VCC5V. Connect this pin to a ground plane with minimum noise.

25 CMP1+ Comparator 1 non-inverting input.

26 CMP1- Comparator 1 inverting input.

27 CMP10 Comparator 1 output. This signal also triggers the flip-flop for the LATCHRPT signal.

28 CMP2- Comparator 2 inverting input.

29 CMP2+ Comparator 2 non-inverting input.

30 FB2 The feedback sense pin for the low voltage switching regulator. The output voltage is programmable by a resistor divider
feeding back the output voltage.

31 TON2 On time adjustment for the secondary (low voltage) switching regulator. Connect a resistor from this pin to the input voltage
of the low voltage regulator to adjust the on time and switching frequency.

32 PGND2 The ground pin of the low voltage switching regulator’s power stage. There are switching power current pulses coming out of
this pin. Place the ground pad of the input power stage decoupling cap as close to this pin as possible.

33 PHASE2 The phase node of the low voltage switching regulator. This pin should be connected to the output inductor.

34 BOOT2 The boot pin of the low voltage switching regulator. An external bootstrap capacitor is required. This pin provides bias voltage
to the high-side MOSFET driver. A bootstrap circuit is used to create a voltage suitable to drive the internal N-channel MOSFET.
The boot diode is included within the IC.

35 VIN2 Input of the low voltage switching regulator. This pin is connected to the drain of the internal high-side MOSFET.

36 VCC5V The output of the internal 5V LDO providing the bias supply for the IC. A 1uF ceramic decoupling capacitor should be placed
from this pin to ground.

37 GND The analog ground pin.

38 PRELOAD | Place a resistor from this pin to Voyr41 to provide the loading for the high voltage switching regulator. When this load can be
successfully driven, the low voltage switching regulator will be enabled. If the PV module output power is insufficient, the low
voltage switching regulator will not start.

39 FB1 The feedback sense pin for the high voltage switching regulator. The output voltage is programmable by a resistor divider
feeding back the output voltage.

40 TON1 On time adjustment for the high voltage switching regulator. Connect a resistor from this pin to the input voltage of the high
voltage regulator to adjust the on time and switching frequency.

41 TIMER Tie a resistor from VCC5V to this pin and a cap from this pin to ground. The RC time constant sets the time needed for both
start-up and watchdog timing. A minimum of 0.01pF should be connected to this pin to filter the switching noise from BOOT1.
The pull-up resistor should not be more than 200kQ to assure correct operation.
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Pin Descriptions continuea

PIN# PIN NAME DESCRIPTION
42 BOOT1

The boot pin of the high voltage switching regulator. An external bootstrap capacitor is required. This pin provides bias voltage

to the high-side MOSFET driver. A bootstrap circuit is used to create a voltage suitable to drive the internal N-channel MOSFET.
The boot diode is included within the IC.

43 PHASE1 | The phase node of the high voltage switching regulator, VR1. This pin should be connected to the output inductor.

45 VIN1 Input to both the high voltage switching regulator and the high voltage start-up LDO1. This pin connects the high voltage
supply to the drain of the internal high-side MOSFET.

47 PGND1 The ground pin of the high voltage switching regulator’s power stage. There are switching power current pulses coming out of

this pin. Place the VIN1 decoupling capacitor as close as possible to this pin.

Ordering Information

PART NUMBER PART Vin1 RANGE TEMP RANGE PACKAGE PKG.
(Notes 1, 2, 3) MARKING ()] (°C) (Pb-free) DWG. #
ISL1801IVZ ISL1801 IVZ 9to 90 -40 to +85 48 Ld TSSOP M48.240
ISL1801EVAL1ZA Evaluation Board
NOTES:
1. Add “T*” suffix for tape and reel. Please refer to TB347 for details on reel specifications.
2.

These Intersil Pb-free plastic packaged products employ special Pb-free material sets, molding compounds/die attach materials, and 100% matte tin
plate plus anneal (e3 termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soldering operations). Intersil
Pb-free products are MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J STD-020.

. For Moisture Sensitivity Level (MSL), please see device information page for ISL1801. For more information on MSL please see tech brief TB363.
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Absolute Maximum Ratings

Supply Voltage, VCC1, VBOOT1-VPHASEL. ................ -0.3Vto 16V
Voltage on VINL . ... ...t i iineens -0.3V to 100V
Voltage on BOOTL. . ... ..o iiiiiii it ii e inenns -0.3V to 116V
Voltage on PHASEL, PHASE3 . ..........cciviiiiiinnnns -0.3V to 100V
Voltage on VIN2, PRELOAD . . ......ciiiiiieiiinnnnnnnns -0.3Vto 16V
Voltage on PHASE2 ............ciiiiiiiiiiiiiiinnennns -0.3Vto 16V
Voltage on BOOT2. . ... ...ttt e i eaens -0.3V to 22.5V
BDRIVE, DRIVE3 Voltages . ...........ccvvvunenn. -0.3V to PVCC3 +0.3V
Supply Voltage, VCC5V. . . ..ot i i -0.3V to 6.5V
Voltage on All OtherPins. ...................... -0.3V to VCC5V +0.3V
LDO(VCC5V) Current (Continuous) . ...........covvvivinnnnnan.. 10mA
LDO(VCC1) Current (Continuous) ...........coviiiiininnnennnn. 10mA
ESD Rating

Human Body Model (Tested per JESD22-A114E)................ 2kV

Machine Model (Tested per JESD22-A115-A)................. 200V
Latch Up (Tested per JESD-78B; Class 2, Level A) .............. 100mA

Thermal Information

Thermal Resistance (Typical) 0ja (°C/W) 05 (°C/W)
48 Ld TSSOP Package (Notes 4,5) ... ... 58 16
Maximum Junction Temperature (Plastic Package) ............ +150°C
Storage Temperature Range. .................c.oouu.s -65°C to +150°C
Pb-Free Reflow Profile . . .......... .o it see TB493

Recommended Operating Conditions

Temperature Range . ..........ccoiiiiiiniiiinnnnnnn -40°Cto +85°C
Supply Voltage, VCCA. . ... it et i e 6V to 14V
Voltage on VINAPIin . .....coiviiiii it 9V to 90V
Voltage on BOOTAPIin . .....oviiiiiii it iannns 15V to 104V
Voltage on VIN2 Pin ...ttt i 6V to 14V
Voltage on BOOT2Pin ........covviiiiiiiiiii i 10.5V to 19.5V
Supply Voltage, VCCBV. ... ..ot i it i i i i eie et 4.5V to 5.5V

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such conditions may adversely impact product

reliability and result in failures not covered by warranty.

NOTES:

4. 0jp is measured with the component mounted on a high effective thermal conductivity test board in free air. See Tech Brief TB379 for details.

5. For 0, the “case temp” location is taken at the package top center.

High Voltage 10V Bias Regulator VR1 Electrical Specifications 1, - +25°c, vR1 = 10V, VR2 = 3.3V. Boldface
limits apply across the operating temperature range, -40°C to +85°C. (Notes 6, 7)

MIN TYP MAX
SYMBOL PARAMETER TEST CONDITIONS (Note 7) (Note 6) (Note 7) UNITS
V|n1 SUPPLY
VINL Input Voltage Range 9 90 \'
Shut-Down Current ViNL =9V to 90V 700 1000 MA
Operating Current Vin1 = 9V to 90V, PVCC3 = 0V, all inner 1.3 2 mA
circuits of the low voltage section are
disabled, and only LDO1 and some inner
circuits of the high voltage section are
running,.
VCC1 SUPPLY
VCC1 LDO Regulator Output 6.8 \"
Rising UV Threshold 5.2 5.9 6.6
UV Threshold Hysteresis 1 \"
REFERENCE AND SOFT-START
VeB1 Internal Reference Voltage 1.960 ‘ 2.000 ‘ 2.040 \'
POWER MOSFETS
ps(oN) | Upper Switch ON-Resistance lout = 50mA, BOOT1-PHASEL = 6V, 2.3 3.2 Q
test at wafer sort
ps(oN) | Lower Switch ON-Resistance loyt = 50mA, VCC1 = 10V, test at wafer 1.2 2 Q
sort
ON TIME GENERATOR
ton ViNg =10V, ron = 1M 2.75 3 3.25 us
ton ViNL =90V, ron = 1M 0.3 us
MINIMUM OFF TIME
tMINOFF ‘ 03 ‘ s
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High Voltage 10V Bias Regulator VR1 Electrical Specifications 1, - +25°c, vR1 = 10V, VR2 = 3.3V. Boldface
limits apply across the operating temperature range, -40°C to +85°C. (Notes 6, 7) (Continued)

MIN TYP MAX
SYMBOL PARAMETER TEST CONDITIONS (Note 7) (Note 6) (Note 7) UNITS
MINIMUM ON TIME
tmMINON 03 s
REGULATION AND RIPPLE
Output Voltage Ripple ViN1 = 40V, Vout = 10V, Fgyw = 100kHz, 100 mV
Loyt = 470uH, Cout = 22uF
OVERCURRENT PROTECTION
Overcurrent Protection Threshold Test on Wafer Sort and characterized on 120 185 250 mA
bench
OVERVOLTAGE PROTECTION
FB1 OVP Threshold 2.4 V'
THERMAL SHUTDOWN
Thermal Shut-down Temperature Rising Threshold 150 °C
Thermal Shut-down Hysteresis 30 °C

Low Voltage 3.3V Bias Regulator VR2 Electrical Specifications 1, -+25°c, vr1 = 10v, VR2 = 3.3v. Boldface
limits apply over the operating temperature range, -40°C to +85°C. (Notes 6, 7)

MIN TYP MAX
SYMBOL PARAMETER TEST CONDITIONS (Note 7) (Note 6) (Note 7) UNITS
Vin2 SUPPLY
Input Voltage Range 14 '
VCC5 SUPPLY
VCC5 LDO Output 5 "
Rising UV Threshold 4.760 5.000 5.190 Vv
Hysteresis 165 mV
REFERENCE AND SOFT-START
VEB2 Internal Reference Voltage 0.686 0.700 0.714 \'
Soft-Start Interval Current Limiting Threshold of VR2 1.5 ms
Ramps from 25% to 100%
POWER MOSFETs
ps(oN) | Upper Switch ON-Resistance lout = 200mA 1 2 Q
ps(oN) | Lower Switch ON-Resistance louT = 200mMA 1 2 Q
ON TIME GENERATOR (4 trim options)
ton ViN2 = 10V, rgn = 1M 950 1100 1250 ns
toN ViN2 =12V, rgN = 1M 800 ns
MINIMUM ON TIME
‘tMINON ‘ ‘ 150 ‘ ns
MINIMUM OFF TIME
‘tMINOFF ‘ ‘ 150 ‘ ns
REGULATION AND RIPPLE
Output Voltage Ripple Vin2 = 10V, VoyT2 = 3.3V, 30 mV
Fsw = 300kHz,
Lout = 47uH, Coyr = 22pF
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Low Voltage 3.3V Bias Regulator VR2 Electrical Specifications 1, -+25°c, vrR1 = 10V, VR2 = 3.3V. Boldface
limits apply over the operating temperature range, -40°C to +85°C. (Notes 6, 7)

MIN TYP MAX
SYMBOL PARAMETER TEST CONDITIONS (Note 7) (Note 6) (Note 7) UNITS

OVERCURRENT PROTECTION

‘ Overcurrent Protection Threshold ‘ 200 ‘ 245 ‘ 300 ‘ mA
OVERVOLTAGE PROTECTION

‘ FB2 OVP Threshold ‘ ‘ 0.775 ‘ ‘ Vv
PGOOD2 (OPEN DRAIN OUTPUT)

Power-Good Lower Threshold Fraction of Vgyt2 set point; 3us noise 83 20 95 %

filter
PGOOD2 Leakage Current VpyLLup = 3.3V 1 A
PGOOD2 Voltage Low Ipgoop2 = 4mA 0.5 v

Driver Electrical Specifications

Tp =+25°C, VR1 =10V, VR2 = 3.3V. Boldface limits apply over the operating temperature range,

-40°C to +85°C. (Notes 6, 7)
MIN TYP MAX
SYMBOL PARAMETER TEST CONDITIONS (Note 7) (Note 6) (Note 7) UNITS
PVCC3 SUPPLY
Shutdown Current PVCC3 =3V 0.85 11 mA
Operating Current PVCC3 = 10V, Drive3 = Bdrive = 1, 0r 0 1.75 3.2 mA
Operating Current PVCC3 =10V, Fg = 50kHz, 10nF load on 8 11 mA
Drive3
LOGIC INPUT PINS
Low Level Voltage Threshold PWM3, RPWM3, BCMD, BRESET, 0.7 \'
VDDRFE = 3.3V
High Level Voltage Threshold PWM3, RPWM3, BCMD, BRESET, 24 '
VDDRFE = 3.3V
Hysteresis 187 mV
Input Pull-Down Current 500 nA
DRIVE3 AND BDRIVE GATE DRIVER
Low Level Output Voltage IprivE = 100mA 50 250 mV
High Level Output Voltage IpRrIvVE =-100mA 9.25 9.8 v
Peak Pull-Down Current VDpRIVE = OV 5 A
Peak Pull-Up Current VpRIvE = 10V 2 A
Active Pull-Down Resistance Before POR | VCC1 = 10V 270 600 Q
OVERCURRENT PROTECTION OCSET3
OC Threshold Current Current from OCSET3 Pin 110 120 130 HA
0OC Comparator Input Offset 3 mV
DRIVE3 AND BDRIVE SWITCHING CHARACTERISTICS
tpHL Turn-Off Propagation Delay PWM Falling to DRIVE Falling 200 320 ns
tpLH Turn-On Propagation Delay PWM Rising to DRIVE Rising 150 300 ns
tre Output Rise Time (10% to 90%) C_=10nF 90 ns
tre Output Fall Time (90% to 10%) CL=10nF 50 ns
tpw Input Pulse Width that Changes the 300 ns
Output
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ISL1801

WatchDog Timer Electrical Specifications 1, -+25°c, VR1 = 10V, VR2 = 3.3V. Boldface limits apply over the operating
temperature range, -40°C to +85°C. (Notes 6, 7)

MIN TYP MAX
SYMBOL PARAMETER TEST CONDITIONS (Note 7) (Note 6) (Note 7) UNITS
INPUT PIN
WDI Rising Threshold WDI, VDDRFE = 3.3V, VCC5 = 5V 1.50 1.64 1.80 v
WDI Falling Threshold WDI, VDDRFE = 3.3V, VCC5 = 5V 1.40 1.56 1.70 Vv
WDI Hysteresis 80
Disable Mode Input Voltage Threshold WDI, VDDRFE = 3.3V, VCC5 = 5V 4.5 \'
Inner Pull-up Resistor Pull up to VCC5 37 50 61 kQ
Minimum Pulse Width WDI, VDDRFE = 3.3V, VCC5 = 5V 300 ns
TIME-OUT CHARACTERISTICS
Timer Rising Threshold VCC5 = 5V 4.5 \'
SWITCHING CHARACTERISTICS
Timer Reset Pulse Width 1.5 ms
Timer Leakage Current Timer = 5V 1.2 HA
Timer Voltage Low ITimer = 4MA 0.5 v
PGOOD2 Reset Pulse Width 1 ms

Current Sense Op amp Electrical Specifications 1, -+25°c, vr1 = 10V, VR2 = 3.3V. Boldface limits apply over the
operating temperature range, -40°C to +85°C. (Notes 6, 7)

MIN TYP MAX
SYMBOL PARAMETER TEST CONDITIONS (Note 7 (Note 6) (Note 7) UNITS
Input Offset Voltage -1000 uv
Input Bias Current 3 nA
Input Offset Current +1 nA
VeM_min | Minimum Common-Mode Voltage -0.1 \'
VeM_max | Maximum Common-Mode Voltage 2 v
CMRR Common-Mode Rejection Ratio Vem =-0.1Vto 2V 100 dB
PSRR Power Supply Rejection Ratio Vee = 3.3V to 5.5V, Voyr2 = 3.3V 100 dB
Large Signal Voltage Gain 220 V/mV
Maximum Output Voltage Swing Output low, R = 100kQ to Vg 53 mV
Output high, R = 100kQ to Vo 3.0 \'
VDDREF tied to 3.3V Vgyra2
Short-Circuit Output Source Current R =10Q to Vgm 30 mA
AC SPECIFICATIONS
Gain Bandwidth Product R =10kQ to Vgm 130 kHz
Input Noise Voltage Peak-to-Peak F = 0.1Hz to 10Hz 1.4 uVp.p
Input Noise Voltage Density fo = 1kHz 64 nV/VHz
Input Noise Current Density fo = 10kHz 0.19 pA/\/E
Slew Rate 100 V/ms
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ISL1801

Dual High-Speed Comparator Electrical Specifications 1, -+25°c, vr1 = 10V, VR2 = 3.3V. Boldface limits apply
over the operating temperature range, -40°C to +85°C. (Notes 6, 7)

MIN TYP MAX
SYMBOL PARAMETER TEST CONDITIONS (Note 7) (Note 6) (Note 7) UNITS
Input Offset Voltage -5.5 0 5.5 mV
Input Bias Current +1 pA
Input Offset Current +1 pA
VeM_min | Minimum Common-Mode Voltage -0.2 v
VeM_max | Maximum Common-Mode Voltage 33 v
CMRR Common-Mode Rejection Ratio Vewm =-0.2V to Voura 62 dB
Input Common-Mode Capacitance pF
Input Differential Capacitance 4 pF
Output High Voltage loyt =-0.3mA; VDDREF Tied to 3.3V 2.7 v
Vout2
Output Low Voltage lout = 0.3mA 175 300 mV
Short Circuit Current 1 mA
SWITCHING SPECIFICATIONS
Low-to-High Propagation Delay Time Input overdrive = 100mV 0.55 us
High-to-low Propagation Delay Time Input overdrive = 100mV 0.2 us
CMP1 Rise Time CL = 10pF, CMP1+ toggled from OV to 5 100 550 ns
v
CMP1 Fall Time CL = 10pF, CMP1+ toggled from 1V to 5 100 550 ns
ov
LATCHRPT (OPEN DRAIN OUTPUT)
LATCHRPT One-Shot Pulse Width Under pulse by pulse OC condition, 11 25 us
LATCHRPT pulled low for one-shot
period of each OC cycle
LATCHRPT Leakage Current VpyLLup = 3.3V 1 A
LATCHRPT Voltage Low ILATCHRPT = 4mA 0.5 v

Preload Electrical Specifications Ta = +25°C, VR1 =10V, VR2 = 3.3V. Boldface limits apply over the operating temperature range,

-40°C to +85°C. (Notes 6, 7)
MIN TYP MAX
SYMBOL PARAMETER TEST CONDITIONS (Note 7 (Note 6) (Note 7) UNITS
POWER MOSFET
'psON) | Switch 1 ON ON-Resistance Pull-up to VCC1 = 10V through 100Q 242 350 472 Q
resistor (Note 8)
'DS(ON) | Switch 2 ON ON-Resistance Pull-up to VCC1 = 10V through 100Q 20 120 165 Q
resistor (Note 8)
ps(oN) | Switch 3 ON ON-Resistance Pull-up to VCC1 = 10V through 100Q 40 56 76 Q
resistor (Note 8)
ps(oN) | Switch 4 ON ON-Resistance Pull-up to VCC1 = 10V through 100Q 8.7 11.4 14.8 Q
resistor (Note 8)
NOTES:

6. Compliance to datasheet values is assured by one or more methods: production test, characterization and/or design.

7. Parameters with MIN and/or MAX limits are 100% tested at +25°C, unless otherwise specified. Temperature limits established by characterization
and are not production tested.

8. Not production tested.
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ISL1801

Typical Performance Curves
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ISL1801

Typical Performance Curves continueq)
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ISL1801

Test Waveforms

v

.| i
ol

MO fy2h.0 B [ swama

e Ny 200 T 02 7Tama Single Seg

D Ny Teom ATH i niama 1o RLADK
Auto Wovember 30, 2011 11

Mopsic SOOMBS  2esipn

FIGURE 10. VR1 SOFT-START (FROM TOP TO BOTTOM: PHASE1, I_L1,
Vout1)

File  Edit
Tek  Stopped 29 Nov 11 14:00:5:
L B L B B B L B

r . ol

MeaniC1) 2994

Lo
rezolution

Low signal
armnplitucle

PP EPIITATE I Wik SR PP T

PEOODZ

e b b b by T b b b s
chl  zov By 1 105 5 DkSis 200psht
Ché 5.0V A Chl -~ 1.76%

Stapped Single Seq 1 hcys
T L S o B

Curs1 Pos
. a9y

Curs2 Pos

a.2%

W1 aav
Wz azy
4y 400.0mY

PRELOAD

e ey ey b by T b b b ey
ch1 20w 2] 1 2.0ms 5.0MSS 200t
& Chl o 7EEY

v

W ! T T
i —

W1
11111} 200mA load holds VouTz at OV until the inductor current is greater than 200mA:

.

Meg Wid(C4) 805 1ps

s VHAIC4) 6.9065

B 2oview 0 Ryr0om [ 576ms otpwdie 1055 Lenaipt

B sovien LW L Jor=n Praview  Single Sog

D @ s L WE - 0 acqs RSt
[ JpEre st Neovember 38, 2011 11:34.

FIGURE 11. VR2 SOFT-START WITH 200mA LOAD (FROM TOP TO
BOTTOM: PHASE2, I_L2, Voyr2)

File Edit
Preview Single Seq 1 Aoz 16 Dec 10 17:47:27
TTT T e T T

| B T 1

£ TO GENERATE A VERY SHORT-|
PAD DURATION FOR THIS PLOT 4

|

PGOODZ

o b v b b T P b b a s
Ch1 zov By Chz 20% M 2 0mz 5 OMSs 200Nzt
Chd S0v # Ch1 r 7EBY

Irig D

Seiy 1 ks 28 Mov 11 15:65:00

Yautl

Curs1 Pos
-13.96ms

Curs2 Pos

-40.0p5

-13 86ms

-40 Ops
13.92ms
71.84H:

704

444

: -2 .64V

- 1697

|

ST R

PRODDOZ

o b by b PRI EERPRRPEN Y il i A AP
chi  10¥ By Chz  50¥ I 4 Orns 6.25MSs  160neAn
Che  Z0V & ChZ v 15Y

FIGURE 15. NORMAL POWER-DOWN SEQUENCE

FN8259.1
July 24, 2014



http://www.intersil.com/en/support/support-faqs.html?p_page=ask.php&p_prods=679&p_icf_7=ISL1801

ISL1801

Test Waveforms ccontinuea)

Eile Edit Vertical Horizfacqg  Irig  Display Cursors  Measure  Masks  Math  MyScof Lkilities  Help

Run Samiple 7 01 Dec 11

FIGURE 16. OCSET3 THRESHOLD CROSSING TRIGGERS OCP

Submit Document Feedback 15 inters;jl FN8259.1
July 24,2014


http://www.intersil.com/en/support/support-faqs.html?p_page=ask.php&p_prods=679&p_icf_7=ISL1801

ISL1801

Summary of Operation

The ISL1801 is a versatile Solar Power Management IC (sPMIC).
It has two switching regulators, two LDOs, two general purpose
comparators, two power MOSFET drivers, a current sense OPAMP
and other logic functions. Figure 17 shows the main blocks in the
ISL1801.

The high voltage LDO1 can be directly connected to a high
voltage input power source up to 90V. The output can be used to
start-up the high voltage switching regulator VR1. Once the VR1's
output is greater than 6.7V, LDO1 is disabled to save power. The
second low voltage regulator, LDO2, can be connected to the
output of VR1 to generate the 5V supply required for the internal
control circuits including those that operate VR1 and VR2.

The first switching regulator, VR1, can be directly connected to an
input voltage up to 90V. The VR1 provides a regulated voltage for
the second switching regulator, VR2, and the two integrated
MOSFET drivers. The low voltage switching regulator, the VR2,
can be used to generate the regulated voltage for an MCU or
other external circuitry. The PGOOD2 signal is used to indicate
that VR2 output voltage is within the regulation window. The
output voltage of both VR1 and VR2 can be set through resistor
dividers at the FB1 and FB2 pins respectively. The switching
frequencies of VR1 and VR2 are determined by the resistors at
the TON1 and TON2 pins respectively.

There are two low-side drivers for the external power MOSFETs.
Both drivers are powered by the PVCC3 pin, which is normally
connected to the output of VR1.

The integrated amplifier has low offset and drift so, the MCU can
accurately sense the amplified module current.

Overcurrent and overvoltage conditions can be monitored by the
two general purpose high-speed comparators. Any detected fault
condition can be used to trigger an MCU interrupt.

The preload function is specially designed for solar applications.
It applies a resistive load to the input power source to verify that
it is sufficient for device operation. VR2, the MCU supply, will not
be enabled until the input power source has enough power. This
function can significantly reduce the power cycling of the MCU at
system start-up and shutdown.

The ISL1801 also includes a watchdog circuit to prevent the
software in the MCU from hanging in an unknown state. The MCU
can use the watchdog input (WDI) pin to periodically restart the
timer. The watchdog timeout is set by a resistor to VCC5V and a
capacitor to ground, both connected to the TIMER pin. If the RC
timer expires before an MCU reset on the WDI pin the PGOOD2
pin will be pulled low to reset the MCU.

H 1 PVCC3
H ISL1801 v TBDRIVER
BCMD, & : POWER
mcu-2MBy 1y > HIGH . MOSFET
H SPEED i DRIVER3 powER
meu-2M3y »| DRIVER MOSFET
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o r‘J
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FIGURE 17. ISL1801 SIMPLIFIED BLOCK DIAGRAM
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ISL1801

Detailed Operation

Dual Synchronous Buck Switching
Regulators With Constant On Time Control

There are two synchronous Buck switching regulators in the
ISL1801. The high voltage switching regulator, VR1, can be
connected to a power source up to 90V. The low voltage
switching regulator, VR2, supports input voltages up to 14V.
Typically, VR2 is connected to the output of VR1. Both switching
regulators include integrated MOSFETSs.

Both VR1 and VR2 employ a constant on time PWM control
architecture with input voltage feed-forward. The constant on
time PWM control architecture relies on the output ripple voltage
to provide the PWM ramp signal; thus the output filter capacitor's
ESR acts as a current feedback resistor. For some applications
with ceramic capacitors, the output voltage ripple is small due to
very low ESR. In order to achieve the stable operation for very low
voltage ripple applications, one internal ramp is generated and
added to the FB signal to emulate the output voltage ripple. The
high-side switch ON time is determined by a one-shot, which
period is inversely proportional to input voltage and directly
proportional to output voltage. Another one-shot sets a minimum
OFF time (300ns typical for VR1 and 150ns typical for VR2). The
ON time one-shot triggers when the following conditions are met;
the error comparator's output is high, the synchronous rectifier
current is below the current limit threshold, and the minimum
OFF time one-shot has timed out. The controller utilizes the valley
point of the output ripple to regulate and determine the OFF
time.

SWITCHING FREQUENCY OF VR1 AND VR2

Each PWM core includes a one-shot that sets the ON time for the
high-side switch of each voltage regulator. Each fast, low jitter,
adjustable one-shot includes circuitry that varies the ON time in
response to the input voltage and output voltage. This algorithm
results in a nearly constant switching frequency despite the lack
of a fixed-frequency clock generator.

The high-side switch ON time is inversely proportional to the
input voltage as measured by the TON1 and TON2 pins for VR1
and VR2 respectively. Both TON1 and TON2 pins are tied to an
internal voltage reference and the current flowing into these pins
is monitored to generate the ON time one-shot.

For high voltage VR4, the TON1 pin is tied to an internal 1V
reference and the width of the ON time one-shot is:

—11
27¢" " Ropy

Tont = Vo _1 (EQ. 1)

IN1

V|N1 is the input voltage for high voltage VR4, while Rgn4 is the
resistor from V|4 to the TON1 pin.
The switching frequency of VR1 is:
_ Vourt Vine =D
276" Rony - Ving

Fswi = (EQ. 2)

When V|y4 is much larger than 1V, the switching frequency of
VR1 is almost independent of its input voltage:
Vourt

Fswi~ 11

(EQ. 3)
27¢7 " Rop1

For a 10V output, the switching frequency of VR1 is about
370kHz with Rgn1 = 1MQ.

For low voltage VR2, the TON2 pin is tied to an internal 0.5V
reference and the width of the ON time one-shot is:

-1
105" - Ropa

(EQ. 4)
Vinz-05

Tont =
Vin2 is the input voltage for VR2, while Ry is the resistor from
VN2 to the TON2 pin.

The switching frequency of VR2 is:
Vout2 (Vin2=05)

(EQ. 5)

When V|y2 is much larger than 0.5V, the switching frequency of
VR2 is almost independent of its input voltage:
VouT2

I:SW2z —11
1.05e . RON2

(EQ. 6)
For a 3.3V output, the switching frequency of VR2 is about
314kHz with Rgn2 = 1MQ.

CURRENT LIMITING OF VR1 AND VR2

To prevent the output current from becoming too high, a new ON
time pulse can start only when the current through the
synchronous MOSFET is below the current limiting threshold. This
limits the valley of the output inductor current to a fixed value,
typically 140mA for VR1 and 200mA for VR2.

The maximum peak current through the output inductor is the
sum of the current limiting threshold and the current ripple
determined by the ON time, inductor value and the input/output
voltage.

DIODE EMULATION OPERATION

To improve the efficiency for light loads, the synchronous
MOSFET is turned off when its current drops to 0. This prevents
negative current through the output inductor emulating diode
operation.

With diode emulation operation under light load conditions, the
output voltage may drop slowly after the synchronous MOSFET
turns OFF. It may take a long time for the output voltage to drop
below the reference voltage to start a new switching cycle. This
will have the effect of reducing the switching frequency under
light load conditions.
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ISL1801

OVERVOLTAGE PROTECTION

The feedback voltage for VR1 and VR2 is continuously monitored
to prevent the output voltage from going too high.

When the VR1 output voltage feedback FB1 is higher than 120%
of VREF1, the Overvoltage Protection (OVP) is triggered. When
this condition occurs, the lower-side MOSFET of VR1 is turned on
immediately. At the same time, the preload current will be
applied to Vgyr4 to discharge the output. When the current
through the lower side MOSFET drops to O, turn off this MOSFET
to prevent the negative inductor current. the OVP is reset when
FB1 voltage drops to VREF1.

For low voltage VR2, OVP is triggered when the FB2 voltage is
above 0.775V. When this condition occurs, the lower
synchronous MOSFET of VR2 is turned on immediately. It is held
on until the FB2 voltage drops below 0.73V.

POWER-GOOD SIGNAL (PGOOD2)

Both VR1 and VR2 have their own power-good signals to indicate
that their output voltage is within the regulation window. Only the
VR2 power-good signal is externally available at the PGOOD2 pin.
VR1'’s power-good signal is used internally and is not available on
an external pin.

The PGOOD2 pin is a true open drain output. The power-good
comparator continuously monitors the feedback voltage FB2 for
an undervoltage condition. PGOOD2 is active low during
shutdown or when FB2 is below the threshold voltage. When the
FB2 voltage goes above 88% of its reference voltage

(0.88 * 0.73V = 0.64V), PGOOD?2 is released and the pin will be a
high impedance.

The PGOOD2 signal can be used to reset the MCU powered by the
output of VR2.

The watchdog timer will also pull PGOOD2 low when a timeout
occurs. Please refer to “WatchDog Timer” on page 20 for more
information.

Dual LDO Bias Supplies

There are two LDOs in the ISL1801 to manage start-up and
power internal control circuitry.

The high voltage LDO1 can be directly connected to an input power
source up to 90V. Its output is connected to the VCC1 pin and is
typically about 6.7V. VCC1 provides the bias voltage for the power
stage of high voltage regulator. Typically, the VCC1 pin should be
connected to Vgyt4, the output of high voltage regulator VR1.
Before VR4 starts to operate, LDO1 can charge up the capacitor at
VCC1 when it is tied to Voy11. When the Vgo11/VCC1 voltage
reaches 6.5V, VR1 starts to operate and will ramp Vg11/VCC1 to
a higher voltage. Once the VCC1 voltage is above 6.7V, LDO1 is
disabled. LDO1 limits its output current to 20mA.

There is a second low voltage LDO2 which can be connected to
inputs up to 14V. LDO2’s 5V output is connected to the VCC5V pin.
Typically, LDO2 is connected to the input voltage of low voltage
VR2 (typically VgyT1). LDO2 supplies power for internal circuitry
such as the current sense Op amp, logic circuits, comparators and
the VR2 control circuits. One 2.2uF capacitor is recommended at
the VCC5V pin. LDO2 limits its output current to 10mA.

Dual Low-Side MOSFET Drivers

The ISL1801 has two low-side drivers for power MOSFETs
connected to the DRIVE3 and BDRIVE pins. Their high output
current enables them to rapidly charge and discharge the gate
capacitance of power MOSFETs. Both drivers are powered by the
PVCC3 pin, and each driver has its own ground pin. PGND3 is the
ground connection for DRIVE3 and PGND4 is the ground
connection for BDRIVE. The gate drivers (DRIVE3 and BDRIVE)
are always pull-down to ground by internal 14kQ resistor.
Additional 250Q pull-down resistor is available only after the 5V
LDO VCC5V has come up higher than 3.2V.

DRIVE3 CONTROL LOGIC

DRIVE3 is controlled by the PWM3 signal. When PWM3 = 1, the
DRIVE3 output is connected to PVCC3 by its upper switch. When
PWM3 = 0, DRIVE3 is connected to PGND3 through its lower
switch. However there are other logic signals which influence the
state of DRIVE3.

Before Power On Reset (POR) DRIVES is forced low. When the
output of comparator 1 (CMP10) or comparator 2 (CMP20) is
high it triggers a flip-flop (FF1) setting the open drain latch report
(LATCHRPT) signal low. It also connects DRIVE3 to PGND3
immediately. The RPWM3 pin has to be forced low to reset this
condition. Since the set input of flip-flop FF1 overrides the reset
input, DRIVES3 is always held low when CMP10 or CMP20 is high
even when RPWM3 = 0.

DRIVE3 OVERCURRENT LIMITING

A comparator monitors the PHASE3 voltage when DRIVE3 is high
to detect a possible overcurrent condition. When this comparator
output is high, DRIVE3 is immediately connected to PGND3. This
action provides overcurrent protection (OCP) for the power stage
driven by DRIVE3. Figure 18 shows the block diagram of the
PHASE3 OCP function.

The PHASE3 overcurrent limiting level is defined by the OCSET3 pin.
A 120uA current is supplied by the OCSET3 pin. Placing a resistor
from the OCSET3 pin to PGND3 sets the overcurrent threshold
voltage. A capacitor may be placed in parallel with the OCSET3
resistor to filter noise and provide a more consistent OCP threshold.

When DRIVE3 = 1, the internal switch S3 is turned on feeding the
PHASES3 signal to the OCP comparator. The PHASE3 voltage is
equal to the product of the current 11 and the conduction
resistance rpg(on) of the power MOSFET Q1. When the PHASE3
pin voltage is higher than the OCSET3 pin voltage, the DRIVE3
OCP is triggered. The overcurrent limiting level is:

_ 120pA-R1

| =
0C3 = Troson (EQ.7)
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FIGURE 18. LOW-SIDE DRIVER LOGIC

Once the overcurrent protection is triggered flip-flop FF2 is set
forcing DRIVE3 low. RPWM3 or PWM3 must be pulled low to
reset an OCP event. Since the set input of flip-flop FF2 overrides
the reset input, DRIVE3 is always held low in an overcurrent
condition even if RWPM3 = 0.

The OCP flip-flop output also triggers a one-shot block to
generate a narrow pulse setting LATCHRPT low for 1ps.

For normal operation an OCP event terminates the DRIVE3 on state
early by forcing DRIVE3 to PGND3. The OCP event is reset by setting
PWM3 = 0. This allows DRIVE3 to be turned on by the following
PWMa3 = 1 pulse. However, special attention is needed for long-term
or continuous OCP operation. If the OCP is continuously triggered
with RPWM3 = 0 and PWM3 = 1, then a very high switching
frequency may occur on the DRIVE3 pin. Referring to Figure 18 the
following sequence of events will lead to this oscillation. When 11 is
larger than the preset OCP level, it may trigger OCP immediately
when DRIVE3 = 1. Once OCP is triggered, DRIVES is pulled low, and
S3 is turned off setting the OCP comparator output low. Since
RPWM3 = 0, the flip-flop FF2 is reset immediately. However, the 1us
one-shot will keep LATCHRPT low for at least 1ps forcing the DRIVE3
pin low for at least 1ps. After 1us DRIVES3 is forced high resulting in
another OCP. This operation repeats until PWM3 = 0, RPWM3 = 1 or
11 drops below the OCP threshold. This condition may result in a
100kHz switching frequency at DRIVE3.

BDRIVE CONTROL LOGIC

The BDRIVE pin is controlled by the BCMD signal. When

BCMD = 1, the BDRIVE output is connected to PVCC3 by its upper
switch. When BCMD = 0 the BDRIVE pin is connected to PGND4
through its lower switch.

When any fault condition occurs, the LATCHRPT signal is set low.
It will also set flip-flop FF3 and connect the BDRIVE pin to PGND4
until flip-flop FF3 is reset by setting BRESET = 1. BDRIVE is held
at PGND4 prior to POR. The BDRIVE logic is shown in Figure 19.

POR <

[]
i
T o :
n
VDDREF |y, i FF3 ;
Level Shift| Focin ) H

T PUCCI 02
I i

BCMD | T VDDREF 5 BDRIVE

5 Level Shift]
5

0.5VDDREF

b
FWCC3 » RSV

FIGURE 19. BDRIVE CONTROL LOGIC
When VDDREF is not applied during the start, the output of the
level shift block is undefined. In order to prevent BDRIVE turning
on by mistake, it's recommended adding some offset (~50mV)
on VDDREF pin to make the POR AND gate output low.

POR

PGOOD2
—_—

Dual High-Speed Comparator

The ISL1801 has two high-speed comparators for fault detection.
The output of either comparator can set the flip-flop FF1 to
indicate a fault at the open-drain LATCHRPT pin. The fault can be
cleared by setting RPWM3 = O to reset flip-flop FF1.

The two comparators are identical but only the output of
comparator 1 (CMP1) is available at the CMP10 pin. CMP10 is a
push-pull output and its output high level is clamped to VDDREF.
The fault detection logic is shown in Figure 20.

ONE
SHOT

G

ocP3

CMP2+

L-]' LATCHRPT

CMP2-

»

o> V
e
-
iy
iy

CMP1+

ISL1801

T
:
(]
;
:
RPWM3 &
T

FIGURE 20. FAULT DETECTION LOGIC
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Precision Amplifier

The ISL1801 includes a precision amplifier for current sensing.
This low offset and low temperature drift Op amp can be used to
accurately amplify the voltage drop across a known shunt
resistor to provide a current measurement for the MCU. Due to
the very low amplitude input signal, it is necessary to include
some capacitance as a noise filter. The typical application circuit
is shown in Figure 21. The current sense gain is set by the ratio of
R1/R2. Capacitor C1 implements a low-pass filter to reduce high
frequency noise effectively averaging the desired signal. C2 is
optional and can provide additional noise filtering if required.

c1
] L
1T
R1
+———W—
VDDREF ) T
- ISENSE
AMPO +
— 4
+

C1
PGND

L

FIGURE 21. PRECISION CURRENT SENSE AMPLIFIER

Preload Operation

During morning start-up, shading events or evening shutdown, PV
modules may not provide enough output power to run the micro
converter. When this happens it may result in a repetitive voltage
dropout at the VR2 output. When the VR2 output powers the
MCU, this may cause a system reset after each dropout. The
repetitive restart operation of MCU may impact on the system
reliability.

To avoid this issue, the ISL1801 includes the preload feature to
test the power source before enabling VR2. This test is performed
by gradually applying a preload current to the output of
VR1/Vgyr1. If the preloaded VR1 output voltage drops below the
preset threshold, the preload is removed immediately. After the
VR1 output voltage recovers, the preload test is repeated. If VR1
can support the preload current and maintain its output voltage
above the preset threshold for some time the input power source
has enough power for the system operation. The preload is then
removed, and VR2 is enabled and will perform a soft-start.

Figure 22 shows the ISL1801s preload circuit. The four MOSFETs
each have a different ON resistance that can be connected to the
preload pin. This allows the ISL1801 to increase the preload
current step-by-step, as shown in Figure 23. When the preload is
enabled, Q1 turns on for about 500us. During this time the
current applied to the VR1 output as shown by Equations::

VVR1
| =

VR1 = R

— (EQ. 8)
pL ¥ 'DS(ON)1

Next, Q2 turns on with Q1 and the preload current becomes:
V
VR1

|
RpL * (rpsony1 I Tosony2)

VR1 = (EQ. 9)

Next, Q3 turns on with Q1 and Q2; Finally all the MOSFETs are on
resulting in the minimum resistance from the PRELOAD pin to
GND:

VVR1

Rp * (rpsony1 Tosony2 I Tosonys I TDsonya)
(EQ. 10)

lyr1=

After all the MOSFET switches are on the TIMER pin is pulled to GND
for Ams and then released to ramp-up. If the VR1 output voltage
stays above the preset threshold until the TIMER pin ramps to 90%
of VCC5V, the preload is removed step-by-step, as shown in Figure
23. If the VR1 output drops below the preset threshold all the
switches are turned off immediately. The “Power-Up Sequence” on
page 22 provides additional details.

VR1
OUTPUT
1ISL1801
PRELOAD RPL
1
b
'DS(ON)1 I'DS(ON)2 'DS(ON)3 I'DS(ON)4
350 120 50 12
_| Q —| Q2 —| Qs _| Q4
FIGURE 22. PRELOAD SWITCHES
ENABLE
Ql  oFfF ON OFF
Q2 OFF ON OFF
Q3  OFF ON OFF
Q4  OFF ON OFF

to t1 t2 ft3 s ts5 tg t7

FIGURE 23. PRELOAD TIMING DIAGRAM

WatchDog Timer

The Watchdog Timer circuit in Figure 24 verifies correct MCU
operation by monitoring the WDI input pin. The MCU must
periodically toggle the WDI pin to prevent a timeout. If a timeout
occurs, the PGOOD2 pin will be pulsed low for 0.5ms providing a
signal that can reset the MCU. PGOOD2 will then remain high
until the next timeout or invalid voltage event.

The timeout interval is determined by the capacitor and resistor
connected to the TIMER pin. Any low-to-high or high-to-low
transition on the WDI pin forces the TIMER pin low for 1.5ms to
discharge the capacitor from the TIMER pin to ground. After the
1.5ms period the TIMER pin is released so the resistor can start
charging the capacitor. When the TIMER pin voltage reaches 90%
of the VCC5V supply voltage a time-out event is triggered.
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The WDI pin is pulled to VDDREF by an internal 40kQ resistor.
When the WDI pin is floating, the WDI voltage will be VDDREF.
The WDI signal is compared to two threshold voltages resulting in
the periodic discharge of the capacitor on the TIMER pin or
disabling the watchdog function.

The WDI pin voltage is compared to VDDREF/2 to determine if
there is any activity on the pin. Any rising or falling transition on
the WDI pin that crosses the VDDREF/2 threshold will generate a
one-shot pulse to pull the TIMER pin low for 1.5ms.

because soft-start is initiated by crossing the 90% of VDD5V
threshold and the watchdog timeout also depends on crossing
this threshold.

Figure 25 shows the typical operational waveforms of the
watch-dog timer circuit.

to: The VR1/Vpyr4 voltage ramps up to its threshold voltage;
WDI is pulled to VDDREF, which is OV; TIMER starts to
ramp-up.

t1: TIMER reaches the 90% threshold (0.9 * 5V = 4.5V) and
The WDI pin voltage is also compared to 90% of VCC5V. If the starts to initialize the ISL1801.
WDI pin is above 90% of VDD5V the watchdog feature will be . . .
disabled and the TIMER capacitor will not be discharged. to: {'\" preloads are sequentially applied, reset TIMER and hold
it low for 1.5ms.
If the WDI pin voltage stays at any constant voltage below the t3: 1.5ms timeout, TIMER starts to ramp up.
disable threshold the resistor from TIMER to VCC5V will charge
. . o g t4: TIMER voltage reaches 90% threshold, release all preloads
the capacitor. When the TIMER pin voltage reaches 90% of d ble VR2 soft-start
VCC5V a time-out event is triggered and PGOOD2 will be set low and enable sortstart.
for 0.5ms. ts: VR2 finishes soft-start and PGOOD2 goes high; reset TIMER
and hold for 1.5ms, then enable the watchdog function; MCU
Whenever WDI enters or exits its disable mode the TIMER pin is starts to run, WDI is floating at VDDREF, TIMER ramps up.
ulled low for 1.5ms.
P te: MCU sends out the first pulse and the WDI falling edge
(from high to low) resets TIMER for 1.5ms; then TIMER
1SL1801 ramps up.
TIME-OUT (_<—0-9*VCC5V VCC5V t7: TIMER is reset for 1.5ms by the WDI rising edge; then
VDDREF:, TIMER ramps up.
tg: TIMER is reset for 1.5ms by the WDI falling edge; then
> = TIMER
wol 40kz =R ONE TIMER ramps up.
— 7 sHoT — tg: TIMER is not reset in time and reaches 90% threshold level;
4 EN PGOOD?2 is pulled low for 1ms to reset MCU; and TIMER is
2R reset for 1.5ms.
t10: PGOOD2 goes back high to exit MCU reset.
o.9*vccsv—% t11: 1.5ms timeout, TIMER ramps up.
t1o: TIMER is reset for 1.5ms by the WDI rising edge; then
FIGURE 24. WATCHDOG TIMER LOGIC TIMER ramps up.
It is important to note that the maximum leakage current into t43: TIMER is not reset in time and reaches the 90% threshold
the TIMER pin is 1pA. This leakage current across the pull-up level; PGOOD2 is pulled low for 1ms to reset MCU; and
resistor will set the maximum voltage on the TIMER pin. In order TIMER is reset for 1.5ms.
to assure correct operation, the pull-up resistor from the TIMER t14: PGOOD2 goes back high to exit MCU reset; then TIMER
pin to VCC5V should never be more than 200kQ. The voltage drop ramps up.
for 1pA across 200kQ is 200mV, well below the 90% threshold
value of 5V - (5V * 90%) or 5V - 4.5V = 500mV. This is important
/ NS
Vour1
45V
WD 0.6*VDDREF
4.5V pu
TIMER » _/_/IL/ / AL// _/
PGOOD2
to t1 taty t4ts te t7 ts to tiotun ti2 tiz tiy tis tie tiz tis  tyo tao
FIGURE 25. WATCHDOG TIMER WAVEFORMS
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t15: WDI voltage changes from VDDREF to 0.6*VDDREF; Since t1g: TIMER is reset for 1.5ms by the WDI falling edge; then
it does not cross the VDDREF/2 threshold no falling edge TIMER ramps up.
signal is generated; TIMER continues ramping up. t19: TIMER is reset by the WDI rising edge; WDI is above
t16: TIMER is not reset in time, and reaches the 90% threshold 90%*VCC5V threshold level, watchdog function is disabled.
level; PGOOD2 is pulled low for 1ms to reset MCU; and TIMER ramps up and stays at its high state however it does
TIMER is reset for 1.5ms. not trigger a time-out.
t17: PGOOD2 goes back high to exit MCU reset; then TIMER tog: WDI drops below the 90%*VCC5V threshold level,
ramps up. watch-dog function is enabled; TIMER is reset for 1.5ms by
the WDI falling edge; then TIMER ramps up.
—
’-
-/——_—_
VIN1 —T
_//
PWM1
Vthz\ﬁ'-13
FB1
PVCC3 —
R
VR1 current
limiting level
ON
PRELOAD ON
Current | OFF
4.5V
TIMER 7
4.5V
VCC5V
POR
Pz (IMDNATDTAATIO
Vout2
PGOOD2
OPAMP,
COMPARATORS, Disabled
DRIVER3, sable Enabled
BDRIVE
PWM3 m"wwwwwwwwwm,m
to t4 t, t: t4 ts te t7 tz to tio
FIGURE 26. POWER-UP SEQUENCE
Power-Up Sequence limiting level starts to ramp up step-by-step; LDO1 continues

Before tq, the PV module does not output any voltage

to:

t1:

Panel output voltage V|N4 starts to ramp up; LDO1 is ON to
pull Voyt4 (=PVCC3) up; LDO2 runs in saturated condition
to pull VCC5V up.

When VCC5V reaches its power on reset (POR) level (4.5V),
the ISL1801 starts to operate and monitor the voltage at the
TIMER pin; after TIMER reaches its threshold (90% * VCC5),
the ISL1801 starts to initialize all internal circuits; then VR1
starts to run at the maximum duty cycle, and the VR1 current

to:
t3:

t4:

to output some current until PVCC3 reaches about 6.2V.
VR1 current limiting level ramps up to its final value.

FB1 reaches Vi3 (90% of its final value), the preload
switches are turned on in sequence to apply the preload
current to the VR1 output.

If the PV module does not have sufficient output power,
PVCC3 will drop to Vi (fixed at 7V) when the preload is
applied; this triggers the immediate removal of all preload
current followed by a 500us delay.
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ts: When PVCC3 goes above Vo again, slowly apply the
preload current to VR1 output.

tg: If PVCC3 stays above Vi, o after the maximum preload
current is applied the TIMER voltage is pulled to OV for
1.5ms and released; the external R-C causes the TIMER pin
voltage to ramp up.

t7: TIMER voltage reaches its 90% threshold; starts to remove
preload step-by-step; from now on, PVCC3 and FB1 are not
monitored for shut-down. Only VCC5V is monitored for
undervoltage lock out (UVLO).

VIN1

Pre_load

tg: Preload is removed; VR2 starts to ramp up.
tg: FB2 reaches 90% of its final value; PGOOD2 open-drain
switch is open to allow PGOOD2 to rise.
t10: PGOOD2 is high; all internal circuits, including driver,
OPAMP and comparators are enabled.

NOTE: VR1 current limiting level will ramp up step-by-step with a 25%
increase for each step. The preload will be applied only after the VR1
current limiting level reaches its final value and FB1 is above Vi3,

OFF

PWM1

PVCC3

Timer

LDO2

ON OFF

4.5V

VCC5V

POR

(TR

PWM2

Vout2

PGOOD2

OPAMP,
COMPARATOR

Enabled Disabled

DRIVER3/
BDRIVE

Enabled GND

U

tO t1

PWM3

I

GND Disabled

tz t3

FIGURE 27. POWER-DOWN SEQUENCE

Power-Down Sequence
Before tq, the system runs in normal mode:
to: PVCC3 drops below Vi o, both drivers’ outputs are pulled to

GND; MCU should stop sending PWM signal; both VR1 and
VR2 continue operating.

t1: PVCC3 returns above Viy0, both drivers are ready to run.

to: PVCC3 drops below Vi, o, both drivers’ outputs are pulled to
GND; both VR1 and VR2 continue operating.

t3: PVCC3 drops to a very low level and VCC5V drops below the
POR level (4.5V); the IC shuts down and all internal circuits
are disabled.

When VCC1 drops below 6V, the VR1 power stage stops
operating. The VR1 control circuit will still run until VCC5V drops
below the 90% * VCC5 (4.5V) POR threshold.
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Over-Temperature Protection When the VR1 output voltage feedback is higher than 120% of
VREF1, the PWM output will be tri-stated and at the same time
the PRELOAD current will be applied to Vgur4 to discharge the
output. When Vgyt4 is discharged and FB1 reaches VRgp4 the

OCP will turn off and normal PWM operation will resume.

Over-temperature protection (OTP) is placed on the HV die.
Temperature higher than +150° C (typical) will trip the OTP disabling
VR1, VR2 and the MOSFET drivers. When the temperature
decreases to +135°C (typical), the ISL1801 will restart.

When the VR2 output voltage feedback is higher than 120% of
Overvoltage Protection VREF2, the PWM output will be tri-stated. After Voyro falls so that

VR1 and VR2 include overvoltage protection (ovp): FB2 is equal to VREF2 the OCP will turn off and normal PWM
operation will resume.

Applications Information

Application Circuits

Lo

VINS AN R vouT+
>t
01._ Inverter /
. == g ~ Load
[
v
VIN- l A ] N4 VOUT-
GND
ISEN+ ISEN.
—net Nce 48—
—21Nec2 PeND1 PA—
$ | +—3vecer Nes (46—
T—241 AenD VINT 48 Vine
5 44 1
OCSET3 Nca 44— T
—5b1Nes3 PHASE1 [42 i AN, T o
42 T
71 pHASE3 BOOT1 |42 T
3 8 1 paND3 TIMER 41
v 9 40 2 3
— DRIVE3 TON1 >
47—?1—10 pvces FB1 |22
—1 1 gpRrIVE PRELOAD 28— |
c—2{peND4 enD PLl—y— 2
13 ] pwms veesy (36— l
14 | RPwM3 viN2 |22
15 ISL1801 34 L
16| BCVD Boot2 ¥ T
17 | BRESET PHASE2 |33 T £oon T vourz sav
15| wo! PeND2 22— T .
vout2 31 ARA <
ourz 1 | VDDREF Tonz L E
: LATCHRPT FB2
MCU vour2—ww— 2 29 1
PGOOD2 cmp2+ 22— b3
21 28
52 | AMPO cmp2- |28
'%mi'? AMP- cwp1o |21
ISEN- AN— ” AMP+ cMP1- |26
% S SGND cMP1+ |25
FIGURE 28. BOOST REGULATOR
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Application Circuits (continued)
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47—?17 PVCC3 FB1
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6% PGND4 GND Z—Jj b3
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FIGURE 29. FLY BACK REGULATOR
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Application Circuits (continued)
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—1 ] BpRIVE PRELOAD 38— |
12 ] pGND4 ono PL—y— 2
—131 pwms veesy (36— J
—:; RPWM3 |5 1801 vinz |35 +
e | BEMD Boom2[34 T
| BRESET PHASE2 |33 T £oen + VOuzz 33V
15 | Wo! PGND2 32— T\
vour2 | vDDREF ToNz (31w, 3
MCU - : LATCHRPT FB2 |30
1 :2 PGOOD2 cmp2+ |22 b3
55 | AmPO cmp2- [28 i
u&wir? AWP- cMp10 (21
ISEN- AA—Y 24 | AMP+ CMP1- |26
25
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FIGURE 30. SYNCHRONOUS BUCK REGULATOR WITH EXTERNAL HALF BRIDGE DRIVER
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Application Circuits (continued)
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FIGURE 31. BUCK-BOOST REGULATOR WITH EXTERNAL HALF BRIDGE DRIVERS

PC Board Layout Guidelines

Careful PC board layout is critical to achieve minimal switching
losses and clean, stable operation. This is especially true when
multiple converters are on the same PC board where one circuit
can affect the other. For specific layout example of the
ISL1801EVAL1ZA evaluation board please contact Intersil sales
support with your needs.

Mount all of the power components on the top side of the board
with their ground terminals flush against one another, if possible.
Follow these guidelines for good PC board layout:

* Isolate the power components on the top side from the
sensitive analog components on the bottom side with a ground
shield. Use a separate PGND plane under the Vo141 and Voyr2
sections (called PGND1 and PGND2). Avoid the introduction of
AC currents into the PGND1 and PGND2 ground planes. Run
the power plane ground currents on the top side only, if
possible.

* Use a star ground connection on the power plane to minimize

the crosstalk between Vgy141 and Vgyro-

Keep the high-current paths short, especially at the ground
terminals. This practice is essential for stable, jitter-free
operation.

Keep the power traces and load connections short. This practice
is essential for high efficiency. Using thick copper PC boards
(20z vs 10z) can enhance fullHoad efficiency by 1% or more.
Correctly routing PC board traces must be approached in terms
of fractions of centimeters, where a single mW of excess trace
resistance causes a measurable efficiency penalty.

PHASE3 and GND connections to the synchronous rectifiers for
current limiting must be made using Kelvin-sense connections
to guarantee the current-limit accuracy. This is best done by
routing power to the MOSFETs from outside using the top
copper layer, while connecting PHASE traces inside
(underneath) the MOSFETs.

When trade-offs in trace lengths must be made, it is preferable
to allow the inductor charging path to be made longer than the
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discharge path. For example, it is better to allow some extra
distance between the input capacitors and the high-side
MOSFET than to allow distance between the inductor and the
synchronous rectifier or between the inductor and the output
filter capacitor.

Ensure that the OUT connection to COUT is short and direct.
However, in some cases it may be desirable to deliberately
introduce some trace length between the OUT connector node
and the output filter capacitor.

Route high-speed switching nodes (BOOT, PHASE, DRIVE3 and
BDRIVE) away from sensitive analog areas (VDDREF, FB and
AMPz). Use PGND1 and PGND2 as an EMI shield to keep
radiated switching noise away from the IC's feedback divider
and analog bypass capacitors.

* Make all pin-strap control input connections to GND or VCC of
the device.

Layout Procedure

Place the power components first with ground terminals
adjacent. If possible, make all these connections on the top layer
with wide, copperfilled areas.

Mount the controller IC adjacent to the synchronous rectifier
MOSFETSs close to the hottest spot, preferably on the back side in
order to keep DRIVE3, GND, and the BDRIVE gate drive lines
short and wide. The DRIVE3 gate trace must be short and wide,
measuring 50 mils to 100 mils wide if the MOSFET is 1” from the
controller device.

Group the gate-drive components (BOOT capacitor, VIN bypass
capacitor) together near the controller device.

Make the DC/DC controller ground connections as follows:

1. Near the device, create a small analog ground plane.

2. Connect the small analog ground plane to GND and use the
plane for the ground connection for the VDDREF and VCC
bypass capacitors, FB dividers and ILIM resistors (if any).

3. Create another small ground island for PGND and use the
plane for the VIN bypass capacitor, placed very close to the
device.

4. Connect the GND and PGND planes together under device.

On the board's top-side (power planes), make a star ground to
minimize crosstalk between the two sides. The top-side star
ground is a star connection of the input capacitors and
synchronous rectifiers. Keep the resistance low between the star
ground and the source of the synchronous rectifiers for accurate
current limit. Connect the top-side star ground (used for MOSFET,
input, and output capacitors) to the small island with a single
short, wide connection (preferably just a via). Create PGND
islands on the layer just below the top-side layer to act as an EMI
shield if multiple layers are available (highly recommended).
Connect each of these individually to the star ground via, which
connects the top-side to the PGND plane. Add one more solid
ground plane under the device to act as an additional shield, and
also connect the solid ground plane to the star ground via.

Connect the output power planes directly to the output filter
capacitor positive and negative terminals with multiple vias.
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Revision History

The revision history provided is for informational purposes only and is believed to be accurate, but not warranted. Please go to web to make sure you
have the latest revision.

DATE REVISION CHANGE

July 24, 2014 FN8259.1 “Absolute Maximum Ratings” on page 7: changed BDRIVE, DRIVE3 Voltages from: -0.3V to VCC1+0.3V
BDRIVE, t0:-0.3V to PVCC3+0.3V.

Updated description of pin VCC1 on page 4.

Updated Electrical Spec Tables.

June 29, 2012 FN8259.0 Initial Release.

About Intersil

Intersil Corporation is a leading provider of innovative power management and precision analog solutions. The company's products
address some of the largest markets within the industrial and infrastructure, mobile computing and high-end consumer markets.

For the most updated datasheet, application notes, related documentation and related parts, please see the respective product
information page found at www.intersil.com.

You may report errors or suggestions for improving this datasheet by visiting www.intersil.com/ask.

Reliability reports are also available from our website at www.intersil.com/support

For additional products, see www.intersil.com/en/products.html

Intersil products are manufactured, assembled and tested utilizing ISO9001 quality systems as noted
in the quality certifications found at www.intersil.com/en/support/qualandreliability.html

Intersil products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design, software and/or specifications at any time
without notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be
accurate and reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see www.intersil.com
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Package Outline Drawing

M48.240
48 LEAD THIN SHRINK SMALL OUTLINE PACKAGE (TSSOP)
Rev 1, 11/10
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SCALE: (NONE)
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NOTES:
1. Alldimensions are in millimeters (angles in degrees).
2. Dimensioning & tolerances per ASME. Y14.5m-1994.

@ Datum plane H located at mold parting line and coincident
with lead where lead exits plastic body at bottom of parting line.

A At reference datum and does not include mold flash or protrusions,
and is measured at the bottom parting line. Mold flash or protrusions
shall not exceed 0.15mm on the package ends and 0.25mm between
the leads.

i The lead width dimension does not include dambar protrusion.
Allowable dambar protrusion shall be 0.08mm total in excess of
the lead width dimension at maximum material condition. Dambar
cannot be located on the lower radius or the foot. Minimum space
between protrusions and an adjacent lead should be 0.07mm.

6. This part is compliant with JEDEC specification MO-153 variation
ED except it is 0.1mm thinner.

7. Dimensions in () are for reference only.
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