MICROCHIP

HV9805

Off-Line LED Driver with True DC Output Current

Features

Provides True DC Light and protects load from

line voltage transients
Driver topology includes:

- Boundary Conduction Mode (BCM) Boost
Converter with Power Factor Correction

a) High Power Factor (98% typical)
b) High Efficiency (90% typical)
- Linear Post-Regulator with Low Overhead
Voltage
a) Zero LED Current/Brightness Ripple
b) Overvoltage Protection for LEDs
¢) High Efficiency
d) 4% Reference Over Temperature
Simple Vpp Supply:
- No Auxiliary Winding Required
Boost Converter Cascode Switch:
- Internal Switch rated at 700 mA peak
- Supports up to 25W at 120V¢
- Supports up to 50W at 230V¢

Compatibility with SEPIC Topology for
Low Output Voltage Applications

Applications

LED Lamps
LED Lighting Fixtures

Network Topology Diagram

General Description

The HV9805 driver integrated circuit (IC) is targeted at
general LED lighting products, such as LED lamps and
LED lighting fixtures with a maximum power rating of
about 25W at 120V and about 50W at 230Vpc.

A two-stage topology provides true constant current
drive for the LED load while drawing mains power with
high power factor. The first stage, a boundary
conduction mode boost converter, transfers power
from the AC line to a second stage with high power
factor and high efficiency. The second stage, a linear
regulator arranged for operation with low overhead
voltage, transfers power from the first stage to the LED
load with true constant current and protects the LED
load from overvoltage that may pass from mains to the
output of the first stage.

The IC is particularly geared to drive a high voltage
LED load. An LED load arranged as a high-voltage load
is capable of offering cost advantages in terms of heat
management and optics.

The boost converter employs a cascode switch for
high-speed switching and convenient generation of the
Vpp supply. The control device of the cascode switch is
an integral part of the HV9805 and is rated at 700 mA
peak. Current for powering the Vpp supply is derived
by way of an internal connection to the cascode switch.

Applications with low output voltage can be
accommodated using the SEPIC topology.
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HV9805

Package Types
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HVS[4] [7]CRG
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Typical Application Circuit
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ResL = Resa

Rest = Resa + Rvac
Rcsa and Rya - See Block Diagram and Section 3.2.
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Block Diagram
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NOTES:
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HV9805

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings t

VDD« + v e e e e e -0.5V to +12V
VDRV .............................................................................. -0.5V to +20V
VCSL’ VCSH’ VBVS' VCRS' VCRG’ VHVS’ VHVR .............................................. -O5V to +55V
Junction Temperature Range . . .. ... ... -40°C to +125°C
Storage Temperature Range. . . .. ... ... -65°C to +150°C
Power Dissipation at 25°C . ... ... . 625 mW
ESD protection on all pins (HBM) . . .. ... . o 2 kv
ESD protection on all pins (MM) . . . ... . 150V

T Notice: Stresses above those listed under “Maximum Ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at those or any other conditions above those indicated in the
operational sections of this specification is not intended. Exposure to maximum rating conditions for extended periods
may affect device reliability.

DC AND AC CHARACTERISTICS

Electrical Specifications: Unless otherwise specified, all specifications apply at Vpp = 8.2V, Ty = T; = +25°C,
fSWl =100 kHz.
Boldface specifications apply over the ambient temperature (T = T ;) range of -40°C to +125°C.

Parameter ‘ Sym. ‘ Min. | Typ. | Max. ‘ Unit | Conditions
Vbp Supply (Vpp)
Enable Threshold Voltage VENA 7.2 7.5 7.8 \ Vpp rising
Disable Threshold Voltage Vbis 6.4 6.7 7.1 Vpp falling
Linear Regulator Resistance RRreG 0.42 — 1.2 kQ
Vpp Voltage Vpp 7.9 8.2 8.6 \
Switching Regulator Control Gain Kvbb — 3 — us/V | Vpp = 8.0V (Note 2)
Kvop = (ATon,vooreT)/(AVpp)
Supply Current, RUN State, Ibp 1 2.5 5 mA
Measured at DRV Pin
First Stage, Boost Regulator (DRV)
Control FET On-Resistance Rprv — 1 — Q Note 2
Overcurrent Comparator Threshold locp 0.75 — 2.75 A
Overcurrent Comparator Blanking Time TeLK — 330 — ns Note 2
Nominal On-Time Tonn — 2.7 — us Vuvr = 1.2V (Note 2)
Maximum On-Time ToNH 8 — 13
Maximum Off-Time TorH 80 — 110
Headroom Voltage Regulator (HVS, HVR)
Regulator Reference Voltage VRepnvr | 1.17 | 1.25 | 1.32 \
Run Comparator Threshold VRUN — 1.25 — Note 2
Regulator Output Voltage, Viuvr — 5.0 5.5
Maximum Level
Regulator Control Gain Khvr — 22 — ps/V | Vpyr = 1.0V (Note 2)
Khvr = (ATon, DRVFET)/(AVHVR)
Control Amplifier Transconductance Ghvr 55 75 95 HANV
Control Amplifier Sink Current ISNK,HVR 50 — 80 MA Vhvr = 2.5V, Vyyg = 2.25V
Control Amplifier Source Current Isrc,HVR 50 — 80 Vuvr = 2.5V, Vys = 0.25V

Note 1: Specification is obtained by characterization and is not 100% tested.
2: Specification is for design guidance only.
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HV9805

DC AND AC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise specified, all specifications apply at Vpp = 8.2V, Ty = T; = +25°C,

fswi = 100 kHz.

Boldface specifications apply over the ambient temperature (T, = T;) range of -40°C to +125°C.
Parameter ‘ Sym. ‘ Min. | Typ. | Max. ‘ Unit | Conditions

Current Sense Amplifier (CSL, CSH)

Sense Amplifier Transresistance Resa — 10 — mV/uA |Note 1

Sense Amplifier Input Current Range lcsa -100 — 100 MA Note 2

Valley Detection Propagation Delay TPyaL 50 120 200 ns Overdrive Current

(Icsh —lcsi) = -5 WA

Bus Voltage Comparators (BVS)

Undervoltage Upper Threshold Vuvwu 0.45 0.5 0.55 \% Vpys rising

Undervoltage Lower Threshold VuvL 0.36 0.4 0.46 Vgys falling

Overvoltage Upper Threshold Vowu 119 | 125 | 131 Vgys rising

Overvoltage Lower Threshold VoL 1.11 1.15 1.2 Vpys falling

Second Stage, Constant Current Regulator (CRS, CRG)

Regulator Reference Voltage VRerccr | 096 | 1.00 | 1.04 \

Soft-Start Reference Level Vssr — 20 — %VRer | Note 2

Gate Output Voltage, Maximum Level VcerG 4.5 — 55 \Y

Gate Output Current, Sinking IsNk.cCR 1 2 — mA | Verg = 4.0V

Gate Output Current, Sourcing Isrc,ccr 1 1.5 — VeRrg = 0V

Overtemperature Protection

Disable Threshold Tpis — 145 — °C Note 1

Enable Threshold TENA — 130 — °C Note 1

Note 1: Specification is obtained by characterization and is not 100% tested.

2. Specification is for design guidance only.

TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise specified, all voltages are referenced to the GND pin, Ty = T; = +25°C.
Boldface specifications apply over the full operating ambient temperature (T») range of -40°C to +125°C.

Parameters Sym. | Min. ‘ Typ. ‘ Max. | Units | Conditions
Temperature Ranges
Operating Ambient Temperature Ta -40 — +125 °C
Range
Storage Temperature Range Ta -65 — +150 °C
Maximum Junction Temperature T, -40 — +150 °C
Package Thermal Resistances
Thermal Resistance, 10L-MSOP | 6,4 | — [ 202 | — | cw |
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HV9805

2.0 TYPICAL PERFORMANCE CURVES

Note:

The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
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Note: Unless otherwise indicated, Vpp = 8.2V, Tp = +25°C, fgyy = 100 kHz.
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HV9805

Note: Unless otherwise indicated, Vpp = 8.2V, Ty = +25°C, fgyy = 100 kHz.
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HV9805

Note: Unless otherwise indicated, Vpp = 8.2V, Tp = +25°C, fgyy = 100 kHz.
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HV9805

Note: Unless otherwise indicated, Vpp = 8.2V, Ty = +25°C, fgyy = 100 kHz.
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HV9805

3.0 PINDESCRIPTION

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE

Pin | Symbol I/0 Description
1 Vbp — Pin for support of the Vpp supply

2 CSL I Non-inverting input pin of the current sense amplifier of the first stage
3 CSH I Inverting input pin of the current sense amplifier of the first stage
4 HVS I Input pin of the headroom voltage sense amplifier

5 HVR (0] Output pin of the headroom voltage regulator control amplifier

6 CRS | Input pin of the current sense amplifier of the second stage

7 CRG (0] Output pin of the constant current regulator control amplifier

8 BVS I Input pin of the bus voltage sense amplifier

9 GND — Ground pin

10 DRV (0] Drive pin for control of the boost converter switch

3.1 Vpp Supply Support Pin (Vpp)

The Vpp supply is not capable of sourcing a significant
current to external circuitry. A significant source of sup-
ply current can be created by means of an auxiliary
winding on the boost inductor.

Connect a 10 pyF ceramic capacitor between the Vpp
and GND pins to provide Vpp supply filtering and Vpp
supply holdup.

A sizable holdup capacitor is required to maintain an
adequate Vpp supply voltage near the zero crossings
of the AC line voltage, where the supply of current to
the Vpp supply circuit drops off significantly.

3.2 Input Pins of the First-Stage
Current Sense Amplifier (CSL,
CSH)

The Current Sense Amplifier senses the boost inductor
current for line current-waveform shaping and
detecting the drain voltage valley.

The sense amplifier is arranged as a differential
amplifier featuring unity gain and an output voltage
offset of 1.25V, as seen in Figure 4-3. The offset allows
a negative boost inductor sense voltage to be
processed as a positive voltage. Note that positive
boost inductor current produces negative sense
voltage at the current sense resistor R| gs.

The resistance of each gain setting resistor Rgga is
nominally 10 kQ. Two of the gain setting resistors are
provided internally to the HV9805, and two are
provided externally. Complete the differential amplifier
setup by adding two Rggp resistors of 10 kQ and of 1%
tolerance, as indicated in Figure 4-3.

To improve drain voltage valley detection, a second set
of resistors Ry and a capacitor Cys_ can be added to
the amplifier setup, as shown in the Typical Application

Circuit and Block Diagram. Detection signal amplitude
can be adjusted freely by the Cy5;, and Ry selection,
with larger values generating a larger detection signal
from the drain voltage swing. Starting values of 100Q
and 10pF for Rys_ and Cyp are suggested. Provide
detection resistors in both legs of the sense amplifier to
keep the amplifier setup balanced.

The combination of resistors Rys and Rgga at the
CSH pin can be replaced by a single resistor, Rggp.
Refer to the Typical Application Circuit and to the Block
Diagram for more details.

3.3 Input Pin of the Headroom Voltage
Sense Amplifier (HVS)

Connect the HVS pin to the drain of the constant
current regulator FET with a resistive divider.

The addition of a Zener diode at the HVS pin is required
to protect the HVS pin from an overvoltage condition at
shutdown of the LED driver. Overvoltage at the HVS pin
can occur as the bus capacitor remains charged for a
significant time after shutdown. The headroom voltage
rises significantly as the forward voltage drop across
the LED load drops towards zero. Consequently, the
voltage at the HVS pin rises as well, and may take the
voltage at the HVS pin above its absolute maximum
rating without an external Zener diode in place.

© 2015 Microchip Technology Inc.
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3.4 Output Pin of the Headroom
Voltage Regulator Control
Amplifier (HVR)

Connect a gain setting network between the HVR pin

and ground to set the response characteristic of the
headroom voltage regulator control amplifier.

3.5 Input Pin of the Second-Stage
Current Sense Amplifier (CRS)

The sense amplifier senses the LED load current for
the purpose of constant current regulation. Connect
this pin to the LED current sense resistor R¢gs.

3.6 Output Pin of the Constant
Current Regulator Control
Amplifier (CRG)

Connect to the gate of the constant current regulator
FET.

The control amplifier has a limited output voltage
capability. Use a low threshold FET for the pass
transistor of the current regulator.

3.7 Input Pin of the Bus Voltage Sense
Amplifier (BVS)

Bus voltage is sensed in order to detect an

undervoltage or overvoltage condition.

Connect this pin to the bus voltage node by way of a
resistive voltage divider.

Note:  The Rgy resistor should be rated for the
bus voltage. A typical approach is to split
Rgyt into a series connection of multiple
resistors with lower voltage rating.

3.8 Ground Pin (GND)
Ground pin.

3.9 Drive Pin for Control of the Boost
Converter Switch (DRV)

The conduction state of the boost converter switch is
controlled by source switching, as explained in more
detail in Section 4.11.1.2 “Boost Converter Switch”.
Connect the DRV pin to the source terminal of the
external FET. To protect the DRV pin from an
overvoltage condition during the switch turn-off
transition, connect a Zener diode to ground.

DS20005374A-page 12
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HV9805

4.0 FUNCTIONAL DESCRIPTION

4.1 Introduction

The HV9805 control IC provides true DC current drive
for LED lamps and fixtures with a simple two-stage
power supply topology, comprised of a boundary mode
boost converter and a linear constant current regulator.

The constant current regulator removes the influence
of bus voltage variation on the LED current and
protects the LED load from line voltage transients,
which may cause a transient increase in the bus
voltage.

The boost converter output voltage is regulated so as
to maintain a sufficient but small headroom voltage at
the pass transistor of the constant current regulator.
The small headroom voltage keeps pass transistor
power dissipation low and overall efficiency high.

The IC is targeted at designs operating at a single line
voltage, such as 120Vp¢ or 230V,c, and does not
support designs for the universal input voltage range.

4.2 Regulator Structure

Operation is supported by a number of feedback
regulators with various operating modes, a state
machine to control these modes and voltage
comparators to control the state machine.

The four regulators of the control IC are:

* Vpp regulator

* LED current regulator

* Headroom voltage regulator

* Line current waveform regulator

The state machine of the regulator logic features the
following states:

» IDLE state

» START state

* RUN state

The transition between states is controlled by the
following comparator flags:

* VDDLO, the Vpp undervoltage flag

» BUSUV, the bus voltage undervoltage flag

» BUSQV, the bus voltage overvoltage flag

* HVROK, the headroom voltage OK flag

» OTPHI, the overtemperature protection flag

4.3 Vpp Regulator

To power the internal circuits of the HV9805, the Vpp
regulator establishes a Vpp supply voltage of about 8V.

The Vpp regulator operates in one of two modes: a
low-efficiency linear mode for start-up of the Vpp
supply and a high-efficiency switching mode for regular
operation of the Vpp supply.

Referring to the Block Diagram, current for operation of
the Vpp supply flows from the boost inductor, the
external FET, the DRV pin, an internal diode and two
internal FETs.

When operating in linear mode, the first Vpp FET M
with series resistor is enabled to supply boost inductor
current to the Vpp supply. The resistor provides for
gradual charging of the Vpp capacitor and prevents
high frequency oscillation in the charging path.

When operating in switching mode, the second Vpp
FET M, is fully enabled in the first part of each boost
converter switching cycle to guide the linearly rising
boost inductor current toward the internal Vpp supply
and the Vpp capacitor. This first part is terminated by
the turn-on of the DRV FET, which guides the boost
inductor current to ground and effectively terminates
the supply of current to the Vpp supply.

The switching Vpp regulator section regulates the Vpp
supply voltage by adjusting the length of the first part of
the switching cycle, terminating the first part by the
turn-on of the DRV FET.

The regulator logic sets the regulator mode as follows:

* in the IDLE state: linear mode
* in the START state: switching mode
 in the RUN state: switching mode

© 2015 Microchip Technology Inc.
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4.4 LED Current Regulator

The LED current regulator regulates the LED current
I ep to a programmable level. The LED current can be
programmed with the aid of Equation 4-1.

EQUATION 4-1:

Vrer, ccr = Lep ¥Rers
Where:

VRerccr = Reference voltage for the LED
current regulator, see DC and AC
Characteristics table

ILep = LED current, see Typical Application
Circuit
Rcrs = Sense resistor for sensing the LED

current, see Typical Application
Circuit

The regulator adjusts the conductance of an external
pass FET by adjusting the CRG pin voltage, thereby
adjusting the gate to the source voltage of the FET.

The control amplifier of the LED current regulator has
high bandwidth and is internally compensated.

The regulating amplifier is provided with a two-level
reference (Vrgr): one at 200 mV, corresponding to
20% of the nominal LED current, and a second one at
1V, corresponding to 100% of the nominal LED current.
The lower level is provided for quick run up of the bus
voltage during the START state.

Feedback is provided by way of a current sense resis-
tor and the current sense voltage at the CRS pin.

The regulator logic controls the regulator mode as
follows:

+ IDLE state: 20% reference level (Vrgr = 200 mV)

» START state: 20% reference level (Vggr = 200 mV)

* RUN state: 100% reference level (Vggg = 1V)

Note 1:

3:

The maximum Vg voltage available for
control of the external pass FET is limited
to about 3.5V, a voltage which is
adequate for control of a logic level FET
but generally too low for control of a
standard gate FET. On the gate side of
the pass FET, the maximum CRG pin
voltage is about 4.5V with respect to
ground, while on the source side, the
voltage across the sense resistor is 1.0V
during regular operation.

The voltage rating of the pass transistor
need not be as high as the bus voltage.
The operating voltage at the drain of the
pass transistor is low during regular
operation. When the LED current
regulator turns off, the headroom voltage
rises towards the bus voltage. The bus
voltage will divide across the LED load
and the pass transistor according to the
impedance level of both devices, with
both devices carrying little current. A
voltage division will be established based
on the leakage characteristic of both
devices. The voltage across the pass
transistor can be lowered relatively easily
by adding a secondary leakage path in
parallel with the pass transistor. Note that
the feedback divider for the HVS signal
may function as an appropriate pull-down
load for control of the maximum drain
voltage.

As the headroom voltage rises after the
LED current regulator shutdown, the volt-
age at the HVS pin will rise as well. Zener
diode Zyyg clamps the HVS pin voltage
to a voltage within the absolute maximum
rating of the HVS pin.

DS20005374A-page 14
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4.5 Headroom Voltage Regulator

Headroom voltage at the LED current regulator is
controlled by the headroom voltage regulator.

Minimize the power dissipation of the LED current
regulator and therefore minimize the DC level of the
headroom voltage (Vypc), the dissipation being
calculated using Equation 4-2.

EQUATION 4-2:
Pbis = ILep * Vhbe
Where:

Ppis = Average power dissipation within the
LED current regulator during normal
operation, which includes the dissipation
in the pass transistor Mcrx and the
dissipation in the sense resistor Rcrg

Vupc = Desired DC level of the headroom
voltage, see Section 4.5.2.

The DC level of the boost converter output voltage, the
bus voltage, adjusts to the sum total of the DC level of
the headroom voltage and the operating voltage of the
LED load. The bus voltage adapts during regular
operation to any changes in the operating voltage of
the LED load.

4.5.1 THE REGULATION PROCESS

The headroom voltage regulator adjusts the DC level of
the headroom voltage by adjusting the on-time of the
boost converter switch.

The headroom voltage regulator includes an internal
control amplifier with external gain setting network, an
internally generated reference voltage and a feedback
voltage, provided at the HVS pin by an external resistor
divider connected at the drain of the LED current
regulator pass FET.

The regulation process can be described as follows:

1. A deviation of the headroom voltage from the
desired headroom voltage produces a current at
the output of the control amplifier in proportion to
the deviation.

2. The current produces a change in the output
voltage at the control amplifier output.

3. The change in voltage at the control amplifier
output produces a change in the boost converter
switch on-time.

4. The change in on-time produces a change in the
boost converter output current.

5. The change in the boost converter output cur-
rent produces a change in the bus voltage.

6. The change in the bus voltage then reduces the
deviation in headroom voltage.

The response characteristic of the control amplifier is
determined by the compensation network at the output
of the control amplifier.

In order to prevent distortion of the line current, It is
preferable to drive the boundary conduction mode
boost converter with a constant on-time during the
course of a line cycle. Accordingly, variations in on-time
due to headroom voltage variation within the line cycle
should be suppressed by tailoring the frequency
response characteristic of the control amplifier.

A particularly large headroom voltage variation at twice
the line frequency is present due to the pulsating nature
of power delivery from an AC line. The control amplifier
can be effectively compensated with a capacitor in the
1 yF to 10 yF range in series with a 0.1 kQ to 1 kQ
resistor. Larger capacitance leads to less on-time
variation and less line current distortion, but slows
down the response to line voltage changes. Larger
resistance leads to larger distortion of the line current
waveform due to a proportional change between the
headroom voltage ripple and the on-time, but results in
better damping of the transient response to a line
voltage or load voltage disturbance.

The headroom voltage is programmed to the desired
level using Equation 4-3.

EQUATION 4-3:

Vrer, hvr = Vhpe X Kpiv

K Rive
DIV 5 —ap
Rive * Ravr

Where:

VRrer, HvR = Reference voltage for the headroom
voltage regulator, see DC and AC
Characteristics table

Kpjy = Attenuation of the headroom voltage
divider
Ruyyt, = Top and bottom resistor of the

Ryvs  headroom voltage divider, see
Typical Application Circuit

The control amplifier produces the output voltage Vyyr
according to Equation 4-4.

© 2015 Microchip Technology Inc.

DS20005374A-page 15



HV9805

EQUATION 4-4:

AV = (Veer, v~ Vhvs)
I = AVx Gyyr
Vivr = X Zgain
Zeain = (Ruyyx + Chvx) I Cryyy
Vivs = Kpiv X Viega
Where:

Vyys = Headroom voltage regulator sense
voltage at the HVS pin, see Typical
Application Circuit

AV = Differential voltage at the input of the
headroom voltage regulator control
amplifier

| = Output current of the headroom voltage
regulator control amplifier

Gpyr = Transconductance of the headroom
voltage regulator control amplifier,
see DC and AC Characteristics table

Vyyr = Output voltage of the headroom
voltage regulator control amplifier

Zgan = Impedance of the gain setting network

Ruvx, = Resistance, capacitance of the gain
Chvx,  setting components, see Typical

Chvy  Application Circuit

The output voltage of the control amplifier provides the
on-time reference for the boost converter control
circuitry, according to Equation 4-5.

EQUATION 4-5:

Ton = Kivr* Vhvr

Where:
Ton = On-time reference signal for the boost
converter switch
Kyvr = Gain of the on-time modulator, see DC

and AC Characteristics table

452 REQUIRED HEADROOM VOLTAGE

The desired DC level of the headroom voltage is a
trade-off between the efficiency of the LED current
regulator and the size of the bus capacitor.

A smaller bus capacitor reduces cost, but leads to
larger headroom voltage ripple. The larger ripple
requires a larger DC level of the headroom voltage,
leading to higher dissipation within the LED current
regulator. The larger dissipation reduces efficiency, and
vice versa.

The desired DC level for the headroom voltage should
be greater than the sum of the peak bus voltage ripple
and the voltage which appears across the LED current
sense resistor (1V).

EQUATION 4-6:

Vipc > (AVgyst Vegrs)

Where:

AVgys = Peak ripple of the bus voltage Vs, for
Vgus see Typical Application Circuit

Vcrs = Current sense resistor voltage,
effectively equivalent to the Vrercor
during normal operation, see DC and
AC Characteristics table

The bus voltage ripple is generally dominated by a
quasi sinusoidal ripple component at twice mains
frequency (100 Hz or 120 Hz). This ripple component
originates from the pulsating nature of the AC power
delivery.

For example, suppose that the peak amplitude of the
bus voltage ripple amounts to 5V. Then, given an
additional voltage drop across the current sense
resistor of 1V, a headroom voltage of at least 6V is
required to keep the LED current regulator in regulation
throughout the mains line cycle.

The amplitude of the bus voltage ripple is directly
related to the size of the bus capacitor. The ripple
voltage can be estimated for a given value of the bus
capacitor as shown in Equation 4-7.

EQUATION 4-7:
1
N e~ xZp(ye= | x
BUS™LED " “BUS™ 'LED " 2x27xT\;ANns*CBUS
Where:
Zgys = Impedance seen at the output of the

boost converter
fuains = Mains frequency, 50 Hz or 60 Hz

Capacitance of the bus capacitor, see
Typical Application Circuit

Caus
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The boost converter produces an output current which,
in average, is equal to the LED current, but oscillates
between zero and twice this average at a rate of twice
the line frequency. Therefore, the DC level and the
peak ripple current amplitude of the LED current are
about equal.

The load of the boost converter is essentially a
capacitor in parallel with a current sink. The load
behaves more or less like a true integrator giving falling
gain of 20 dB per decade and 90° phase shift. For
stability of the control loop, the error amplifier should
not add another 90° of phase shift in the loop around
the crossover frequency. Therefore, a proportional gain
is generally required to give an adequate phase margin
around the crossover frequency. An integrating term at
lower frequency is required to give the loop high DC
accuracy.

The headroom voltage regulator operates in a number
of modes according to the state of the regulator logic:

* in the IDLE state:

- the output of the control amplifier is
grounded, resulting in zero on-time
command. The boost converter is effectively
off.

* in the START state:

- the output of the control amplifier is open and
an internal 10 pA source is enabled to allow
gradual charging of the external gain setting
network to an output voltage of about 1V.

* in the RUN state:

- the control amplifier is active, sourcing and
sinking current into the gain setting network
for closed-loop control of the headroom
voltage.

4.6 Line Current Waveform Regulator

The line current waveform regulator is provided to
minimize the harmonic distortion of the line current
waveform using a feedback control technique. The
regulator adjusts the on-time command signal
throughout the AC line cycle to minimize line current
distortion.

The only user configuration required is to provide
sufficient amplitude to the boost inductor current sense
signal, as provided to the boost inductor current sense
amplifier. The boost inductor waveform is sensed in the
return path of the bridge rectifier. Adjust the sense
resistor R gg for a peak amplitude of 1V or less.

The line current waveform regulator interprets the
on-time command signal as a reference for the line
current amplitude. A sampling unit within the line
current waveform regulator samples the rising boost
inductor current of each switching cycle at an instant
which is proportional to this on-time reference signal.
The sampled value is proportional to the line voltage
and, given that the line voltage is generally of
sinusoidal shape, the series of samples has a
sinusoidal envelope as well. Accordingly, a sinusoidal
reference for the line current waveform is constructed
by sampling the boost inductor current.

An error amplifier within the line current waveform
regulator compares the line current reference with an
averaged version of the true boost inductor current.
The average represents the line current as drawn from
the AC line. Discrepancy between the reference and
true current is accumulated by an internal control
amplifier and translated into an on-time correction
signal. The correction signal is added to the on-time
command signal as received from the headroom
voltage regulator.

In practice, a marked increase in on-time is required
near the zero-crossing of the line voltage.

© 2015 Microchip Technology Inc.
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4.7

Voltage Comparators

Operation of the regulator logic is supported by a
number of voltage comparators which check for the
conditions in Table 4-1.

TABLE 4-1: REGULATOR LOGIC OPERATION
Value
Condition Description
True False
VDDLO | Vpp supply in undervoltage condition | The Vpp voltage drops below | The Vpp voltage rises above

the disable threshold, Vp g
(6.75V nominal)

the enable threshold, Vgna
(7.5V nominal)

BVSUV | Bus voltage in undervoltage condition | The Vgyg voltage drops below | The Vgyg voltage rises above
the lower threshold, V iy the upper threshold, Vyyy
(0.4V nominal) (0.5V nominal)

BVSOV | Bus voltage in overvoltage condition | The Vgyg voltage rises above | The Vpyg voltage drops below
the upper threshold, Voyy the lower threshold, Vgoy
(1.25V nominal) (1.15V nominal)

HVSOK | Headroom voltage at nominal The Vs voltage rises above | The Vg voltage drops below

operating level the run threshold, Vryn the run threshold, Vryn
(1.25V nominal) (1.25V nominal)
4.8 Overtemperature Protection

Overtemperature causes the regulator logic to switch to
the IDLE state, where converter switching is inhibited.

TABLE 4-2: OVERTEMPERATURE PROTECTION
Value
Condition Description
True False
OTPHI — The junction temperature rises | The junction temperature falls

above the disable threshold,

Tpis (145°C nominal)

below the enable threshold,
Tena (130°C nominal)

DS20005374A-page 18
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4.9 The STOP Signal

The STOP signal indicates if a condition exists that
should inhibit regular driver operation.

The STOP signal is true whether any one of the
VDDLO, BVSUV and BVSOV signals are true or an
overtemperature of the die is detected. The STOP
signal is effectively an OR function of the three
comparator signals and the overtemperature protection
signal.

TABLE 4-3: STOP SIGNAL
Value
Condition Description
True False
STOP — VDDLO, BVSUV, BVSOV or |VDDLO, BVSUV, BVSOV
OTPHI is true and OTPHI are false

4.10 Regulator Logic State Diagram

Figure 4-1 shows a state diagram of the regulator logic.

IDLE
LIN®/20%@/0v®

STOP

START
SwiI™/20%2/1v®

HVSOK

STOP

RUN
swWiIM/100%?/REG®)

Note 1: Vpp Regulator Mode
2: LED Current Regulator Reference Level
3: Headroom Voltage Regulator Mode

FIGURE 4-1:
Diagram.

Regulator Logic State

The logic states and associated state transitions are
described in Sections 4.10.1 — 4.10.3.

4.101 IDLE STATE

The driver enters the IDLE state when power is first
applied.

The IDLE state is characterized as follows:

» Boost converter switching disabled; Vpp supply
operating in Linear mode.

* The LED current regulator reference is adjusted
to 20% of the nominal LED current.

» The control amplifier of the headroom voltage
regulator output is shorted to ground, thus
producing zero output voltage and an on-time
command signal equal to zero.

The logic remains in the IDLE state as long as the
STOP signal is true, due to undervoltage on the Vpp
supply or bus voltage or due to overvoltage on the bus
voltage. The STOP signal is false upon a cold start
because of Vpp supply undervoltage.

4.10.2 START STATE

The logic transitions to the START state when the
STOP signal goes false.

The START state enables smooth run up of the bus
voltage and remains in place until the headroom
voltage of the LED current regulator reaches the
nominal operating level, as indicated by HVSOK.

The START state is characterized as follows:

» Boost converter switching enabled; Vpp supply
operating in Switching mode.

» The LED current regulator reference is adjusted
to 20% of the nominal LED current.

» The control amplifier of the headroom voltage
regulator output is in a high impedance state and
an internal 10 pA current source is enabled for
gradual ramping of the amplifier output to a level
of 1V.

© 2015 Microchip Technology Inc.
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4.10.3 RUN STATE

The logic transitions to the RUN state once the
headroom voltage has built up to the normal operating
level or falls back to the IDLE state if the STOP signals
activates.

The RUN state enables regular operation of the LED
driver.

The RUN state is characterized as follows:

» Boost converter switching enabled; Vpp supply
operating in Switching mode.

* The LED current regulator reference is adjusted
to 100% of the nominal LED current.

* The control amplifier of the headroom voltage
regulator output is enabled and regulating the
boost converter switch on-time in closed-loop
mode.

The logic reverts to the IDLE state if the STOP signal is
true, indicating loss of Vpp, bus overvoltage or bus
undervoltage.

Note that HVSOK is ignored in the RUN state. Loss of
headroom voltage is no reason for immediate concern.
Maintaining the RUN state allows the headroom
voltage regulator to adjust the on-time, should the DC
level of the headroom voltage be less than desired. In
addition, HVSOK alternates between true and false
during regular operation, as the headroom voltage
alternates between being higher and lower than the
target headroom voltage.

4.11 Boost Converter Operation

The boost converter is operated in boundary
conduction mode with a nominally constant on-time.
Such an operating mode inherently produces a line
current with the same shape and phase as the line
voltage, thus resulting in high power factor operation.

Idealized waveforms are shown in Figure 4-2.
Boundary conduction mode refers to an operating
mode where the inductor current Iggt starts from zero
and ends at zero, over the course of a switching cycle,
thus tracing out a triangular waveform.

A
600~

500
400

300 7T
200
100

LINE VOLTAGE

LINE CURRENT

-100
-200
-300
-400
-500 [~

Line Voltage (V)

BOOST INDUCTOR CURRENT

GATE DRIVE

-600

FIGURE 4-2:

Idealized Boost Converter Waveforms 230 V¢, 50 Hz, 10W, 400 Vpc.
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The average value of a triangular-shaped current is by
nature half the peak amplitude. A low-pass filter and a
bridge rectifier shape the triangular boost inductor
current into a more or less ripple-free line current, with
an amplitude which is equal to half of the peak inductor
current.

Whereas the on-time period is constant, the off-time
period changes throughout the line cycle, with the
off-time becoming longer as the line voltage increases
toward the bus voltage. Accordingly, the switching
frequency varies over the line cycle, being lowest at
peak line voltage and highest near the zero crossing of
the line voltage.

4111 VALLEY SWITCHING

The driver incorporates valley switching
(quasi-resonant switching), a technique for reducing
switching loss at the turn-on event of the boost FET.

Valley switching adds a third part to the basic boost
inductor waveform where the drain voltage is allowed
to swing down towards ground, as shown in Figure 4-3.

S RCSA

1.25V

HV9805

Current
Resa  Sense

Amplifier

RLBS

Rcsa
|BSTT / Rosa

~625 mV

—l

Polarity
Detector
n Y Valley 4
I Strobe —>
Generator

Ist

Drain
Voltage VbrN
VRec
Boost 4
Inductor
Current

Current Sense
Amplifier Output

\ 4

X
Negative
Y Polarity Strobe l—
| b g
' |
Valley Strobe
4
J | 1,
|
FIGURE 4-3: Valley Switching Waveform Diagram.
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The three parts of the switching cycle, as shown in
Figure 4-3, are as follows:

* A —lggr rising linearly; Vpry near zero

* B —Iggr falling linearly; Vprn near Vgys

» C - IggT reversing; Vpgy falling towards ground

The reversal of the boost inductor current occurs
naturally after the boost inductor has returned to zero if
the switching FET is maintained in the off state. The
resonance is driven by capacitively stored energy at
the drain node. Figure 4-3 indicates the voltage
waveform which would result if the drain voltage
resonance is allowed to continue for more than one half
cycle.

The drain voltage falls either part way or all the way to
ground depending on the magnitude of the rectified
voltage and the bus voltage. The larger the difference
between the rectified line voltage and the bus voltage,
the larger the drain voltage swing.

The drain voltage swings partially to ground when the
rectified line voltage is closer to the bus voltage; the
drain voltage swings fully to ground when the rectified
line voltage is closer to ground. Either way, a gain in
efficiency is attained as the capacitively stored energy
at the drain node is returned in part or as a whole to the
line input capacitor.

4.11.11 Detection of the Valley

The detection of the valley involves the boost inductor
current sense amplifier, a voltage comparator and an
edge detector.

The current sense amplifier is arranged as a differential
amplifier which follows the boost inductor sense signal
with a gain of one and adds an offset voltage of about
1.25V (Rcsa = 10 kQ) to keep the amplifier output in
positive territory. Note that the boost inductor sense
signal itself is predominantly of negative polarity when
boost inductor current flows in the resistor in the
indicated direction. The offset of 1.25V allows sensing
of a negative voltage with 1.25V amplitude at sense
resistor node S, as shown in Figure 4-3.

The polarity comparator indicates when the boost
inductor current turns negative by comparing the output
of the sense amplifier with the 1.25V offset level.
Detection of negative polarity results in arming of the
valley strobe generator. A strobe is generated when the
boost inductor current turns back to positive polarity.

This detection technique requires that the amplitude of
the negative boost inductor current and thereby the
drain voltage swing exceed some minimum value (for
example, 25V).

For designs where the difference between the bus
voltage and the peak of the rectified line voltage is not
all that great, it is required to add a secondary signal to
aid the detection. The Block Diagram and the Typical
Application Circuit include the Cy capacitor and the
RyaL resistor. The Resistor Capacitor (RC) network
generates a signal which is the time derivative of the
drain voltage, thus being of the exact same shape and
phase as the boost inductor current swing during the
resonance interval. A diode clamping network may be
required to prevent overdrive of the sense amplifier
when the drain voltage makes fast transitions, such as
during turn-off of the boost converter switch.

4111.2 Boost Converter Switch

The driver employs source driving for control of the
conduction state of the boost converter FET.

This method is also known as cascode switching,
where a low-voltage FET is arranged in series with a
high voltage FET. The cascode switch configuration is
capable of fast and low loss switching and is
furthermore capable of providing a low loss source of
current for powering the Vpp supply.

The conduction state of a FET is determined by its
gate-to-source voltage. The gate of the external high
voltage FET is permanently biased for full conduction
by the external biasing network (Rgst, CgsT: ZgsT)- A
voltage of at least 15V should be provided at the gate
of the external high voltage FET in a HV9805
application.

The source voltage of the external high voltage FET is
controlled by the voltage at the DRV pin. In turn, the
voltage of the DRV pin is controlled by a number of
low-voltage FETs internal to the driver, namely the DRV
FET and two Vpp regulator FETs.
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411.1.3 External FET Conduction Modes

Ideally, the external high voltage FET is biased for the
Full Conduction mode during switching operation of the
boost converter.

Conduction of the DRV FET causes the voltage of the
DRV pin to be near ground potential, resulting in a
gate-to-source voltage of 15V, if the gate of the external
high-voltage FET is biased at 15V. Accordingly, the
gate-to-source voltage of the external high-voltage FET
is well in excess of the threshold voltage of a typical
high-voltage FET. Consequently, the external
high-voltage FET and the cascode switch as a whole
are conducting in the Full Conduction mode.

Conduction of the Vpp FET causes the DRV pin
voltage to be close to the sum of the Vpp voltage, one
diode forward voltage drop and the voltage drop across
the on-resistance of the FET. If the resulting
gate-to-source voltage for the external high voltage is
in excess of the threshold voltage of the high-voltage
FET, then the cascode switch, which consists of the
external high-voltage FET and the Vpp FET, conducts
in full mode during Vpp capacitor charging as well.

Under certain circumstances, a bias voltage greater
than 15V is required to attain full conduction of the
external FET and the Vpp FET at the gate of the
external high-voltage FET. When an external
high-voltage FET has a high threshold voltage or when
the LED driver is designed for a high power level, Vpp
charges with shorter charging times and higher current
levels. The higher current levels raise the voltage drop
across the on-resistance of the Vpp regulator FET and
raise the DRV pin voltage, reducing the gate-to-source
voltage of the external high-voltage FET.

41114 DRV Pin Voltage Clamp

The voltage at the DRV pin may exceed the absolute
maximum rating of the DRV pin voltage during the
turn-off transition, due to a fast rising drain voltage of
the external high-voltage FET and its parasitic
capacitance. As the drain voltage of the external FET
rises, so will the drain voltage of the internal FETs. The
extent is determined by the ratio of device
capacitances and is difficult to calculate.

It is advisable to provide a form of voltage clamping at
the DRV pin to clamp the drain voltage to a level below
the maximum voltage rating of the pin. The voltage
clamping can be arranged in a number of ways, such
as adding an external Zener diode between the DRV
pin and ground, adding a small capacitor at the DRV
pin to ground, or adding a diode from the DRV pin to the
Zener diode of the bias network of the external
high-voltage FET.

41115 Overcurrent Protection
of the DRV FET

The internal DRV FET is provided with cycle-by-cycle
overcurrent protection to protect the internal DRV FET.
The DRV FET is turned off upon detection of an
overcurrent condition. The overcurrent comparator
signal is blanked for a short time after the start of the
DRV FET conduction time to avoid nuisance tripping of
the overcurrent protection.

411.1.6 On-Time

On-time for the boost converter switch is provided as
the sum of two parts.

The headroom voltage regulator provides the first part
to the switch on-time, which is regulated with low
bandwidth to control the headroom voltage DC level.
This part of switch on-time, which is nearly constant
over an AC line cycle, results in a near sinusoidal line
current waveform when the boost converter operates in
the boundary conduction mode as discussed in
Section 4.11 “Boost Converter Operation”.

In practice, the constant switch on-time results in
significant line current distortion near the zero
crossings of the AC line voltage. A significant boost in
switch on-time is required near the line voltage zero
crossings to reduce this line current distortion.

The line current waveform regulator provides the
second part to the switch on-time, which is regulated
with high bandwidth to lower line current distortion.
The line current waveform regulator generates a
sinusoidal reference for the line current with an
amplitude which is controlled by the first part of switch
on-time. It then generates the second part of switch
on-time to reduce the line current distortion, which
minimizes the difference between the reference current
and average boost inductor current.

The on-time modulator of the boost converter is
designed for a nominal on-time (Toyn) Of 2.7 ps, for
more information see the DC and AC Characteristics
table. The nominal on-time was selected to correspond
to a switching frequency of around 70 kHz.

4.11.1.7 Maximum On-Time

The adjustment in on-time, as provided by the line
current waveform regulator, is particularly large around
the zero crossings of the line voltage. In order to
prevent excessive switch on-time values, an internal
timer is provided to limit on-time to the maximum
on-time specification Tony of around 10 ps.
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4.11.1.8 Maximum Off-Time

An internal timer limits maximum off-time to the
maximum off-time specification Topy of around 100 ps.
The timer triggers the start of the switching cycle if no
drain voltage valley is detected within the maximum
off-time period. This timer is instrumental in starting the
switching process upon the startup of the boost
converter, and restarting the process if valley detection
is lost due to insufficient drain voltage swing.

411.1.9 Boost Inductor Size

A starting value for the boost inductor Lggt can be
derived from the following set of equations:

EQUATION 4-8:

I:)AC = VAC, RMS X I AC, RMS

lAC,PEAK = «/é XlAC, RMS
VAC,PEAK = «/é XVAC, RMS

lswipeak = 2 XIac, peak

| _ Vac, peak X Tonn
SWIPEAK = T . _
BST

2
1 Vac,rvs* Ton, nom

resolving: Lggr =
2 Pac

Where:
Pac = Desired power capability of the
boost converter
Vacrvs = RMS line voltage
lacrvs = RMS line current
Vacpeak = Peakline voltage
lac,peEak = Peakline current
Iswipeak = Peak switch current

Tonn = Nominal on-time, see DC and
AC Characteristics table

The above starting value is generally too large and
should be adjusted downward for the following two
main reasons:

» to compensate for component losses
« the presence of valley switching.

The presence of valley switching causes an effective
loss of power capability, as the drain voltage resonance
does not contribute to the transfer of power. The effect
of valley switching is detailed in Section 5.2 “Practical
Power Rating of the BCM Boost Converter”.
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5.0 DESIGN GUIDANCE

5.1 Power Rating of the
Idealized BCM Boost Converter

The maximum power handling of the boost converter
depends on several factors including:

» the AC line voltage

« the current rating of the internal switch

« the presence of component losses

« the presence of valley switching.

Table 5-1 lists the power rating of a BCM boost
converter assuming:

» a peak switch current of 700 mA

» zero component losses

* no implementation of valley switching.

TABLE 5-1: POWER RATING OF THE BOUNDARY MODE BOOST CONVERTER (Note 1)
.Nominal Line \./ol.tage . RMS . Peak . Peak Power
Line Voltage Deviation Line Voltage Line Voltage Switch Current W)
(Vrms) (%) (Vrms) (Vpeak) (Apeak)
120 -15 102 144 0.7 253
0 120 170 29.7
+15 138 195 34.2
230 -15 196 276 48.4
0 230 325 56.9
-15 265 374 65.5

Note 1: Assuming zero component loss and absence of valley switching, as a function of AC line voltage.

5.2 Practical Power Rating
of the BCM Boost Converter

The maximum power level of an HV9805 boundary
mode boost converter design will be lower than the
levels listed in Table 5-1. This is due to the presence of
valley switching and is estimated to be 25W for 120V
design, and 50W for 230V, design.

A major loss of power capability is caused by the
presence of valley switching. Valley switching lowers
the attainable power rating because the third part of the
switching cycle does not contribute to the transfer of
power; in fact, it returns a small portion of the
transferred power back to the converter input, as is
evident by the negative boost inductor current.

Furthermore, power rating drops if operation at low line
is taken into consideration. As can be seen from
Table 5-1, the power rating of the BCM boost converter
drops from 29.7W to 25.3W when the line voltage has
a 15% decrease for a 120V design.

5.3 Choice of Bus Voltage and LED
Load Voltage

The drain voltage valley is detected by monitoring the
polarity reversals of the boost inductor current. A small
difference between the bus voltage and the rectified
line voltage can lead to an insufficient amplitude of the
resonating boost inductor current. Accordingly, a

certain minimum difference should be maintained
between the rectified line voltage and the output
voltage of the boost converter.

A minimum voltage for the LED string voltage of
210VDC is suggested for 120Vac applications and
420VDC for 230V, applications, where operation for
a high-line condition of +15% over nominal is assumed.

The need for a large differential between the (peak) line
voltage and the boost converter output voltage can be
reduced by adding the Cy5 and Ry, circuit at the
boost inductor current sense amplifier, as outlined in
Section 3.2 “Input Pins of the First-Stage Current
Sense Amplifier (CSL, CSH)".

5.4 Maximum Power Rating
of a SEPIC Driver

The power rating of the SEPIC converter is lower than
the power rating of the boost converter for a given peak
current rating of the converter switch. The switch in a
SEPIC configuration carries the output current as well
as the input current during switch on-time, thereby
lowering the input power capability.

Accordingly, the maximum power of a SEPIC design is
less than the maximum power rating of a boost design.
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NOTES:
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6.0 PACKAGING INFORMATION

6.1 Package Marking Information

10-Lead MSOP Example

XXXXXX
YWWN N N 502256

.0 . ®

Legend: XX...X Product Code or Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code
Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator ()
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information. Package may or may not include
the corporate logo.
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10-Lead MSOP Package Outline (MG)
3.00x3.00mm body, 1.10mm height (max), 0.50mm pitch
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Note: For the most current package drawings, see the Microchip Packaging Specification at www.microchip.com/packaging.

Note:

1. A Pin 1 identifier must be located in the index area indicated. The Pin 1 identifier can be: a molded mark/identifier; an embedded metal marker; or
a printed indicator.

Dimen- MIN | 0.75* | 0.00 | 0.75 | 0.17 | 2.80* | 4.65* | 2.80" 0.40 02 58
. 0.50 0.95 | 0.25
(1([):) NOM - - 0.85 - 3.00 | 4.90 | 3.00 BSC 0.60 REF | BSC - -
MAX | 1.10 | 0.15 | 0.95 | 0.33 | 3.20* | 5.15* | 3.20* 0.80 8° 15°

JEDEC Registration MO-187, Variation BA, Issue E, Dec. 2004.
* This dimension is not specified in the JEDEC drawing.
Drawings are not to scale.
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APPENDIX A: REVISION HISTORY

Revision A (February 2015)

+ Original Release of this Document.
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HV9805

PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X|)_( _|)$
Device  Package Environmental
Device: HV9805: Off-Line LED Driver
Package: MG = 10-Lead MSOP Package Outline (3.00x3.00 mm
body, 1.10 mm height (max), 0.50 mm pitch)
Environmental: G = Lead (Pb)-free/ROHS-compliant package

Examples:

a) HV9805MG-G: Off-Line LED Diriver,

10LD MSOP package

© 2015 Microchip Technology Inc.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
FlashFlex, flexPWR, JukeBlox, KEELOQ, KEELOQ logo, Kleer,
LANCheck, MediaLB, MOST, MOST logo, MPLAB,
OptolLyzer, PIC, PICSTART, PIC32 logo, RightTouch, SpyNIC,
SST, SST Logo, SuperFlash and UNI/O are registered
trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

The Embedded Control Solutions Company and mTouch are
registered trademarks of Microchip Technology Incorporated
in the U.S.A.

Analog-for-the-Digital Age, BodyCom, chipKIT, chipKIT logo,
CodeGuard, dsPICDEM, dsPICDEM.net, ECAN, In-Circuit
Serial Programming, ICSP, Inter-Chip Connectivity, KleerNet,
KleerNet logo, MiWi, MPASM, MPF, MPLAB Certified logo,
MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code
Generation, PICDEM, PICDEM.net, PICkit, PICtail,
RightTouch logo, REAL ICE, SQI, Serial Quad 1/0, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan,
WiperLock, Wireless DNA, and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

Silicon Storage Technology is a registered trademark of
Microchip Technology Inc. in other countries.

GestIC is a registered trademarks of Microchip Technology
Germany Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 2015, Microchip Technology Incorporated, Printed in the
U.S.A,, All Rights Reserved.

ISBN: 978-1-63277-075-2

Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company'’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.

© 2015 Microchip Technology Inc.
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MICROCHIP

Worldwide Sales and Service

AMERICAS
Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://www.microchip.com/
support

Web Address:
www.microchip.com
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