MICROCHIP

HV9963

Closed-Loop LED Driver with Enhanced PWM Dimming

Features

Switch-mode Controller for Single-switch Drivers:

- Buck

- Boost

- Buck-boost

- SEPIC

High Output Current Accuracy

High PWM Dimming Ratio (>5000:1)
Internal 40V Linear Regulator
Internal +2% Voltage Reference
Constant Frequency Operation with Sync
Capability

Programmable Soft Start

10V Gate Drivers

Hiccup Mode Protection for both LED String
Short-Circuit and Open-Circuit conditions

Applications

RGB or White LED Backlighting
Battery-Powered LED Lamps
Other DC/DC LED Drivers

Package Type

General Description

The HV9963 is a Current-mode control LED driver IC
designed to control single-switch PWM converters
(buck, boost, buck-boost, or SEPIC) in a Constant
Frequency mode. The controller uses a Peak
Current-mode control scheme (with programmable
slope compensation) and includes an internal
transconductance amplifier to accurately control the
output current over all line and load conditions. Multiple
HV9963s can be synchronized with each other or with
an external clock using a SYNC pin. The IC also
provides a disconnect switch GATE drive output, which
can disconnect the LEDs using an external disconnect
FET in case of a Fault condition and help achieve high
PWM dimming ratio. The 10V external FET drivers
allow the use of standard level FETs. The low-voltage
5.0V AVpp is used to power the internal control logic
circuitry and also acts as a reference voltage to set the
output LED current level.

The HV9963 includes an enhanced PWM dimming
logic that enables very high PWM dimming ratios.

The HV9963 also provides a TTL-compatible,
low-frequency PWM dimming input that can accept an
external control signal with a duty ratio of 0% t0100%
and a frequency of up to a few tens of kilohertz.

Refer to Table 2-1 for pin information.

16-lead SOIC
(Top view)
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HV9963

Functional Block Diagram
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HV9963

Typical Application Circuit
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HV9963

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingst

VINTO GIND ettt et b et et e ket h e e e eE e ekt e e eae e b e e et et e araeeaee e —0.5V to +45V
PVDD 10 GIND ..ttt e et e e e e e —0.3V to +13V
GATE @Nnd FLT £0 GND.....uiiiitiiiiieeeit ettt sttt ettt et e st e s sbe et e eate et e eneeesae e e eenneeseeean —0.3V to PVpp +0.3V
AVDD 10 GND ...t e et h e ettt ettt ee et e e eh e e st e he et e e e e e as —-0.3V to +6V
TREF 0 GIND ..ottt ettt ettt et e h ettt et ekt s s et ekt et eh e eb e e et eh e e e b et ehbe et e e s —0.3V to +3.5V
All Other PinS t0 GND ......iiii ittt ettt et e e sb et ettt e et e sae e b e e e eene s —0.3V to AVpp +0.3V
Continuous Power Dissipation (TA= +25%C)....coiuiiiie ittt ettt et e e 1000 mwW
JUNCEION TEMPErature RANGE .....ccoiiiiiieieie ettt b e st eeeas —40°C to +150°C
Storage Temperature RANGE .......coouiii i et ettt e e s b ee —-65°C to +150°C

T Notice: Stresses above those listed under “Absolute 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.

ELECTRICAL CHARACTERISTICS

Electrical Specifications: Tp = 25°C, V|y = 24V, Cpypp = 1 MF, Cavpp = 1 MF, Cgate = 2 nF, Cg1 = 330 pF unless
otherwise specified.

Parameters Sym. Min. | Typ. Max. Units Conditions
INPUT
Input DC Supply Voltage Range ViNDC 8 — 40 V | DC input voltage
Shutdown Mode Supply Current liINsD — — 2 mA |PWMD = GND

INTERNAL REGULATOR FOR GATE DRIVERS

V|N =12V to 40V,

PVpp Internally Regulated Voltage PVbp 9.5 10 10.5 V  |Rr=44.2KkQ,
PWMD = AVpp
PVpp Undervoltage Lockout . .
Upper Threshold UVLORse 6.55 7.2 V | PVpp rising (Note 1)
PVpp Undervoltage Lockout .
HyStereSiS UVLOHYST —_ 500 —_ mV PVDD falllng
Minimum PVpp Voltage PVop.Min 8 | — — v V=9V Ry =44.2 kO,

PWMD = AVpp, (Note 1)

INTERNAL LOW-VOLTAGE REGULATOR

4.9 5 5.1 V | V)y=8Vto40V

485 . 51 Vv Vin=8Vto40V,
AVpp Internally Regulated Voltage AVpp ) ’ 0°C < Tp <+85°C

482 . 51 Vv VN =8V to 40V,

—40°C <Tp <+125°C

AVpp Undervoltage Lockout Upper

Threshold UVLORisea | 4.6 — 4.7 V | AVpp rising (Note 2)
AVpp Undervoltage Hysteresis UVLOpysta | — 600 — mV | AVpp falling (Note 2)
External Current Draw | AVDD EXT 0 — 500 pA

PWM DIMMING

PWMD Input Low Voltage Vewmnoy | — | — | 08 | VvV [(Note1)

Note 1: The specifications which apply over the full operating ambient temperature range at
—40°C < Tp < +125°C are guaranteed by design and characterization.

2: For design guidance only.
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HV9963

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: TA = 25°C, VlN = 24V, CPVDD =1 }JF, CAVDD =1 HF, CGATE =2 nF, CFLT =330 pF unless

otherwise specified.

Parameters Sym. Min. | Typ. Max. Units Conditions
PWMD Input High Voltage VpwMD(HI) 2 — — V | (Note 1)
PWMD Pull-Down Resistance RpwmbD 50 100 150 kQ | Vpwmp = 3.3V
GATE DRIVER
Gate Short-Circuit Current, Sourcing Isource 0.2 — — A |Vgate =0V
Gate Sinking Current Isink 0.4 — — A |Vgate = 10V
Gate Output Rise Time trISE — — 60 ns
Gate Output Fall Time tFALL — — 60 ns
OVERVOLTAGE PROTECTION
Overvoltage Rising Trip Point VoVPRISING 1.2 1.25 1.4 V | OVP rising (Note 1)
Overvoltage Hysteresis VovPHYST — | 0.125 — V | OVP falling
HICCUP TIMER
Charging Current lhcp+ 8.8 11 20 MA  |HCP=GND
Voltage Swing for Hiccup Timer AVycp — 2 — Vv
Discharging Current lHcp- 10 — — mA | Vycp =5V
SOFT START
Charging Current Iss+ 8.8 11 20 MA [SS=GND
Discharging Current Iss. 1 — — mA | Vgg =5V
SLOPE COMPENSATION
gtl\élgepsiistance of Discharge FET Rois.cs 100 300 600 Q |(Note1)
Current Sourced Out of CS Pin Isc 1.8 2 4 MA  |Ry =237 kQ
CURRENT SENSE
Leading Edge Blanking tBLANK.CS 100 — 300 ns |(Note 1)
Delay to Output of Comparator tDELAY1 — — 200 ns S\Z’:/ézvzeé\{%é S0 mv
I(r(;tgr,\r/]l%l E)e(s;l;;or Divider Ratio Rop — 100833 . — |(Note 2)
Comparator Offset Voltage VOFFSET -20 — +20 mV
INTERNAL TRANSCONDUCTANCE OPAMP
Gain Bandwidth Product GBW — | 1 — | Mz ;fggi/lc:‘;?:i(tzr;‘i‘: 2
Open-Loop DC Gain Ay 65 — — dB | Output open
Input Common Mode Range Vem -0.3 — 3 V | (Note 2)
Output Voltage Range Vo 0.7 — | AVpp—0.7 V | (Note 2)
Transconductance Im 1600 | 2000 2400 HANV
Input Offset Voltage Vosan) -3 — +3 mV | V|rer = 200 mV (Note 1)
COMP Sink Current lcompsink | 02 | — — mA | VFoBk = AVoD ViRer =

OV, VCOMP =0V (NOte 2)

Note 1:

—40°C < Tp < +125°C are guaranteed by design and characterization.

2: For design guidance only.

The specifications which apply over the full operating ambient temperature range at
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HV9963

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: TA = 25°C, VlN = 24V, CPVDD =1 }JF, CAVDD =1 HF, CGATE =2 nF, CFLT =330 pF unless

otherwise specified.

Parameters Sym. Min. | Typ. Max. Units Conditions

Vepek = 0V, Viger =3V,

COMP Source Current lcompsrC 0.2 — — mA | Veomp =AVpp-0.7V
(Note 2)

Input Bias Current IgiAS — 0.5 1 nA | (Note 2)

Discharging Current lcomppIs 1 — — mA  |Vcomp =5V

OSCILLATOR

) fosc1 88 100 112 kHz | Rt =237 kQ (Note 1)
Oscillator Frequency
fosco 460 | 520 580 kHz |Ry=44.2kQ (Note 1)

Oscillator Frequency Range fosc — — 600 kHz |(Note 2)

Maximum Duty Cycle Dmax 87 — 94 % | (Note 1)

Sync Input High VsvyNCH 2 — — V

SynC Input Low VSYNCL — — 0.8 V

Sync Output Current louTsyne — 25 — MA

Sync Input Current liINsYNC 0 — 200 MA

OUTPUT LED STRING SHORT-CIRCUIT

Gain for Short-Circuit Comparator Gsc 1.8 2 24 —

Voltage at IREF Pin to Disable the PWMD_= AVpp.

Short-Circuit Comparator Voisage | 119 1.25 1.31 V| Vepek =32V,
FLT is HIGH.

'\S"t'gg'e‘”m Output Voltage of the Gain Vomin 014 | 020 | 030 V | IREF = GND (Note 1)
PWMD = AVpp,
VlREF =400 mV,

Propagation Time for Short-Circuit ¢ L L 250 ns Vepek step from 0 mV to

Detection PD,OFF 900 mV, FLT goes from
high to low, No capaci-
tance at FLT pin

Fault Output Rise Time tFAULT RISE — — 500 ns

Fault OUtpUt Fall Time tFAULT,FALL — — 300 ns

Blanking Time tBLANK SC 400 — 800 ns |(Note 1)

Note 1:

2: For design guidance only.

TEMPERATURE SPECIFICATIONS

The specifications which apply over the full operating ambient temperature range at
—40°C < Tp < +125°C are guaranteed by design and characterization.

Parameters Sym. Min ‘ Typ ‘ Max. ‘ Units ‘ Conditions
TEMPERATURE RANGES
Operating Ambient Temperature Ta -40 — +125 °C
Maximum Junction Temperature TjABSMAX) — — +150 °C
Storage Temperature Ts —65 — +150 °C
PACKAGE THERMAL RESISTANCE
16-lead SOIC 0Ja — 83 — | cow |

DS20005594A-page 6
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HV9963

2.0 PIN DESCRIPTION

Table 2-1 shows the pin description details of HV9963.
Refer to Package Type for the location of pins.

TABLE 2-1: PIN DESCRIPTION TABLE
Pin Number Pin Name Description
This pin is the input of a 40V high-voltage regulator, and should not be left uncon-
1 VN nected. If a voltage at PVpp is being applied from an external power supply, the V
and PVpp pins should be shorted.
2 PV This pin is a regulated 10V supply for the two gate drivers, FLT and GATE. It must
DD be bypassed with a low ESR capacitor to GND (at least 1 puF).
3 GATE This is the GATE driver output for the switching FET.
4 GND This is the ground return for the entire low-power analog internal circuitry as well as
gate drivers. This pin must be connected to the return path from the input.
This pin is used to sense the source current of the external power FET. It includes a
5 (O] o - N
built-in 100 ns (minimum) blanking time.
This pin provides the hiccup timer in case of a fault. A capacitor at this pin programs
6 HCP ) ;
the hiccup time.
This pin sets the frequency of the power circuit. A resistor between RT and GND will
7 RT program the circuit in Constant Frequency mode. The switching frequency is syn-
chronized to the PWMD input. The oscillator will turn on once PWMD goes high.
This I/0 pin may be connected to the SYNC pin of other HV9963 circuits and will
8 SYNC . ) .
cause the oscillators to lock to the highest frequency oscillator.
This pin is used to provide soft start upon turn-on of the IC. A capacitor at this pin
9 SS .
programs the soft start time.
This is a power supply pin for all internal control circuits. This voltage is also used as
10 AVpp reference voltage both internally and externally. It must be bypassed with a low ESR
capacitor to GND (at least 0.1 pF).
This pin is used to drive an external disconnect FET which disconnects the load
11 FLT from the circuit during a Fault condition or during PWM dimming to achieve a very
high dimming ratio.
This pin provides the overvoltage protection for the converter. When the voltage at
12 ovP this pin exceeds 1.25V, the GATE output of the HV9963 is turned off and FLT goes
low. The hiccup timer starts when the voltage at the pin goes below 1.125V. Upon
completion of the hiccup timing, the IC attempts to restart.
13 PWMD When this pin is pulled to GND (or left open), switching of the HV9963 is disabled.
When an external TTL high level is applied to it, switching will resume.
14 COMP Stable closed-loop control can be accomplished by connecting a compensation net-
work between COMP and GND.
The voltage at this pin sets the output current level. The output current reference
15 IREF voltage can be set using a resistor divider from the AVpp pin. Connecting a voltage
greater than 1.25V at this pin will disable the short-circuit comparator.
16 FDBK This pin provides output current feedback voltage to the HV9963 using a current

sense resistor.

© 2019 Microchip Technology Inc.
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HV9963

3.0 DETAILED DESCRIPTION

31 Power Topology

The HV9963 is a Switch-mode LED driver designed to
control a buck, boost, or SEPIC converter in a Constant
Frequency mode. The IC includes internal linear
regulators, which enable it to operate at input voltages
from 9V to 40V. The IC includes features typically
required for LED drivers like open LED protection,
output LED string short-circuit protection, linear and
PWM dimming, and accurate LED current control. It
also includes logic to enable enhanced PWM dimming,
which allows dimming ratios in excess of 5000:1.

3.2 Power Supply to the IC (V|y, PVpp
and AVDD)

The HV9963 can be powered directly from its V| pin
that takes a voltage of up to 40V. There are two linear
regulators within the HV9963—a 10V linear regulator
(PVpp), which is used for the two FET drivers, and a 5V
linear regulator (AVpp), which supplies power to the
rest of the control logic. The IC also has a built-in
undervoltage lockout which shuts off the IC if the
voltage at either Vpp pin falls below its UVLO lower
threshold. Both Vpp pins must be bypassed by a
low-ESR capacitor (=0.1 uF) for proper operation.

The input current drawn from the external power supply
or V)y pin is the sum of the 1.5 mA (maximum) current
drawn by the all the internal circuitry and the current
drawn by the GATE drivers, which in turn depends on
the switching frequencies and the GATE charges of the
external FETs. See Equation 3-1:

EQUATION 3-1:

Iy = 15mAd+ (Qg1 o fo)+ (ng *fpwmp)

In the above equation, fg is the switching frequency of
the converter. fpyvp is the frequency of the applied
PWM dimming signal. Qg is the gate charge of the
external boost FET, and Qg is the gate charge of the
disconnect FET. (Both gate charges can be obtained
from the FET data sheets.)

The AVpp pin can also be used as a reference voltage
to set the LED current using a resistor divider to the
IREF pin.

3.3 Oscillator (RT)

The switching frequency of the converter is set by an
on-chip oscillator with a resistor connected between RT
pin and GND pin. The resistor value can be determined
as calculated in Equation 3-2:

EQUATION 3-2:

1
RT~(43PF‘f5) ~3220

The oscillator is also timed to the PWM dimming signal
to improve the PWM dimming performance. The
oscillator is turned off when PWMD is low. It is enabled
when PWMD goes high.

34 Synchronization (SYNC)

The SYNC pin is an input/output (I1/O) port to a
fault-tolerant peer-to-peer and/or master clock
synchronization circuit. For synchronization, the SYNC
pins of multiple HV9963-based converters can be
connected together and may also be attached to the
open drain output or the buffered output of a master
clock. When connected in this manner, the oscillators
will lock to the device with the highest operating
frequency. When synchronizing multiple ICs, it is
recommended that the same timing resistor value
(corresponding the switching frequency) be used in all
the HV9963 circuits.

On rare occasions, given the length of the connecting
lines for the SYNC pins, a resistor between SYNC and
GND may be required to damp any ringing due to
parasitic capacitance. It is recommended that the
resistor chosen be greater than 300 kQ.

When synchronized in this manner, a permanent High
or Low condition on the SYNC pin will result in a loss of
synchronization, but the HV9963-based converters will
continue to operate at their individually set operating
frequencies. Since loss of synchronization will not
result in total system failure, the SYNC pin is
considered fault tolerant.

3.5 Current Sense (CS)

The current sense input is used to sense the source
current of the switching FET. The CS input of the
HV9963 includes a built-in 100 ns (minimum) blanking
time to prevent spurious turn-off due to the initial
current spike when the FET turns on.

The IC includes an internal resistor divider network,
which steps down the voltage at the COMP pins by a
factor of 12 (11R:1R). This voltage is used as the
reference for the current sense comparator. Since the
maximum voltage of the COMP pin is AVpp—0.7V, this
voltage determines the maximum reference current for
the current sense comparator and thus the maximum
inductor current.

The switch current sense resistor Rgg should be
chosen so that the input inductor current is limited to
below the saturation current level of the input inductor.
For Discontinuous Conduction mode, no slope
compensation is necessary. In this case, the switch
current sense resistor is computed as shown in
Equation 3-3:

DS20005594A-page 8
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HV9963

EQUATION 3-3:

AVpp -0V

R
s 120 l,r

Where Iga7 is the maximum desired peak inductor
current

For Continuous Conduction mode converters operating
in the Constant Frequency mode, slope compensation
becomes necessary to ensure the stability of the Peak
Current mode controller if the operating duty cycle is
greater than 50%. This factor must also be accounted
for when determining the Rgs. See Section 3.6 “Slope
Compensation”.

3.6 Slope Compensation

Choosing a slope compensation that is one-half of the
down slope of the inductor current ensures that the
converter will be stable for all duty cycles.

Slope compensation in the HV9963 can be
programmed by one external capacitor Cgc between
the CS pin and resistor Rgg. (See Figure 3-1.) A
current proportional to the switching frequency is
sourced out of the CS pin. (See Equation 3-4.)

AVDD

+
GATE—] >
Q2 g Rcs
GND

FIGURE 3-1: Slope Compensation
Circuit.
EQUATION 3-4:
/
Isc = 214 * {077z

This current flows into the capacitor Cg¢ and produces
a ramp voltage across it. The voltage at the CS pin is
then the sum of the voltage across the capacitor and
the voltage across the current sense resistor, with the
voltage across the capacitor providing the required
slope compensation. When the GATE turns low, an
internal pull-down FET discharges the capacitor.

Assuming a down slope current slew rate of DS (A/us)
for the inductor current, the current sense resistor can
be computed as illustrated in Equation 3-5:

EQUATION 3-5:

AV, —07V 1
RCS - 12 *

DS 10°0.93 ol
2 .fS SAT

The slope compensation capacitor is chosen to provide
the necessary amount of slope compensation required
to maintain stability. Refer to Equation 3-6.

EQUATION 3-6:

[SC
Csc = e
D?S- 10% e Res

Note that sometimes excessive stray inductance in the
current sense path may cause the slope compensation
circuit to mistrigger. This section describes the cause of
the problem and the solution.

Figure 3-2 shows the detailed slope compensation
circuit with a parasitic inductance Lp between the
ground of the boost converter power stage and the
ground of the HV9963. Also shown is the drain
capacitance of the boost FET Q1, which is the total
capacitance at the drain node.

AVDD
Q1
i CDRAIN *
+ = Voran
GaTE—| R -
Q2 °
- VLP +
GND ~A
v R
FIGURE 3-2: Slope Compensation Circuit

with Parasitics.

When FET Q1 is switched off, the internal discharge
FET Q2 is turned on, and the capacitor Cgg is
discharged. Also, Cpran is charged to the output
voltage Vo. When the FET Q1 is turned on, the drain
node of the FET is pulled to ground (Q2 is turned off
just before Q1 is turned on). This causes the drain
capacitance to discharge through the FET Q1, resulting
in a current spike as shown in Figure 3-3. This current
spike causes a voltage to develop across the parasitic
inductance. As long as the current is increasing
through the inductance, the voltage developed across
the parasitic inductance is successfully blocked by the
body diode of Q2. However, during the falling edge of
the current spike, the voltage across the parasitic
inductance causes the body diode to become forward
biased. This conduction path through the body diode of

© 2019 Microchip Technology Inc.
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HV9963

Q2 causes pre-charge of Cg¢. The pre-charge voltage
can be fairly high since the current’s rate of fall is very
large.

DRAIN

/

LP

LP

FIGURE 3-3: Waveforms during Turn-on.
For example, a typical current spike usually lasts about
100 ns. Assuming a 3A peak current (this is the typical
value of the saturation current of the FET that can be
much higher) and equal distribution between the rise
and fall times, a 10 nH parasitic inductance causes a
pre-charge voltage, which is calculated in
Equation 3-7.

EQUATION 3-7:

34
VereE—crarge = 10nH e 50ns

= 600mV

As seen in the equation above, a very conservative
estimate of the pre-charge voltage is already larger
than the Steady state peak current sense voltage and
will cause the converter to falsely trip.

To prevent this, a resistor (typically 500Q to 800Q) can
be added in series with the capacitor Cg¢ as shown in
Figure 3-4. This resistor limits the charging current
from the parasitic inductance into the capacitor.
However, the resistor will also slow down the discharge
of the capacitor during the FET Q1 off-time, so the
switching frequency and the slope compensation
capacitor will limit the maximum external resistance.
Refer to Equation 3-8.

AVDD

FIGURE 3-4: Modified Slope
Compensation Circuit.

EQUATION 3-8:

Rpxr max = (%} * (%} *

3.7 FLT Output

The FLT pin is used to drive a disconnect FET when
HV9963 is configured as boost and SEPIC converters.
In the case of boost converters, when there is a
short-circuit fault at the output LED string, there is a
direct path from the input source to ground which can
cause high currents to flow. The disconnect switch is
used to interrupt this path and prevent damage to the
converter.

1
(Csc) - 600Q2

The disconnect switch also helps to disconnect the
output filter capacitors for the boost and SEPIC
converters from the LED load during PWM dimming.
The switch also enables a very high PWM dimming
ratio.

3.8 Control of the LED Current (IREF,
FDBK, and COMP)

The LED current in the HV9963 is controlled in a
closed-loop manner. The current reference which sets
the LED current at the IREF pin is set using a resistor
divider from the AVDD pin. It can also be set externally
with a low-voltage source. This reference voltage is
compared to the voltage from the LED current sense
resistor Rg at the FDBK pin by a transconductance
amplifier.

The LED current at full brightness is set with
Equation 3-9.

EQUATION 3-9:

~ Viggr

1
2
Ry

HV9963 includes a 1 MHz transconductance
operational amplifier with tristate output, which is used
to close the feedback loops and provide accurate
current control. The compensation network is
connected to the COMP pin.

The output of the op-amp is buffered and connected to
the current sense comparator using a 11R:1R resistor
divider.

The output of the op-amp is also controlled by the
signal applied to the PWMD pin. When PWMD is high,
the output of the op-amp is connected to the COMP
pin. When PWMD is low, the output is left open. This
enables the integrating capacitor to hold the charge
and the COMP pin voltage unchanged when the
PWMD signal has turned off the gate drive. When the

DS20005594A-page 10
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HV9963

PWMD is changed from low back to high again, the
voltage on the integrating capacitor will force the
converter into a Steady state almost instantaneously.

Note:  The absolute maximum voltage rating of
the IREF pin is 3.5V, and the voltage
applied at this pin should not exceed this
rating.

3.9  Soft Start (SS)

Soft start of the LED current can be achieved by
connecting a capacitor at the SS pin. The rate of rise of
SS pin voltage limits the LED current’s rate of rise.

Upon start-up, the capacitance at the COMP network is
being charged by the 200 pA sourcing current of the
transconductance amplifier. Without the soft start
function, this larger current would cause the COMP
voltage to increase faster than the boost converter's
response time, causing overshoots in the LED current
during start-up.

The SS pin is used to prevent these LED current
overshoots by limiting the COMP pin’s voltage rise rate.
A capacitor at the soft start pin programs the voltage
rise rate at the pin. The SS pin holds the COMP pin
voltage to 1V above the SS pin voltage and thereby
controls the COMP pin’s voltage rise rate. The COMP
pin is released once the COMP voltage reaches its
Steady state.

When the steady state voltage at the COMP pin voltage
(Vcomp(ss)) and the desired rise time of the LED
current (triseLep) have been determined, the
capacitance required at the SS pin can be computed as
specified in Equation 3-10:

EQUATION 3-10:

- Hpdetpise 1pp

VCOMP(SS) -

3.10 Linear Dimming

Linear dimming can be performed in the HV9963 by
varying the voltages at the IREF pin. Note that since the
HV9963 is a Peak Current mode controller, it has a
minimum on time for the GATE output. This minimum
on time will prevent the converter from completely
turning off even when the IREF pin is pulled to GND.
Thus, linear dimming cannot accomplish true zero-LED
current for the HV9963. To get zero-LED current, PWM
dimming has to be used.

Due to the offset voltage of the short-circuit comparator
as well as the non-linearity of the X2 gain stage, pulling
the IREF pin very close to GND might trigger the
internal short-circuit comparator and shut down the IC.
To overcome this, the output of the gain stage is limited
to 140 mV (minimum), allowing the IREF pin to be
pulled all the way to OV without triggering the
short-circuit comparator.

3411 PWM Dimming (PWMD)

PWM dimming in the HV9963 can be accomplished
using a TTL-compatible square wave voltage signal
source at the PWMD pin.

The HV9963 has an enhanced PWM dimming
capability, which allows PWM dimming to widths less
than one switching cycle with no drop in the LED
current.

The enhanced PWM dimming performance of the
HV9963 can be best explained by considering typical
boost converter circuits without this functionality. When
the PWM dimming pulse becomes very small (less than
one switching cycle for a DCM design or less than five
switching cycles for a CCM design), the boost
converter is turned off before the input current can
reach its Steady state value. This causes the input
power to drop, which is manifested in the output as a
drop in the LED current. Refer to Figure 3-5 and
Figure 3-6 for a CCM design.

PWMD
N i e it 1,(SS)
IINDUCTOR __________________ I'-(Ss)
o
FIGURE 3-5: PWM Dimming with
Dimming On-Time far greater than One
Switching Time Period.
\
PWMD I_I
_________________ I
ILED n O(SS)
IINDUCTOR _________________ I'-(Ss)
— .

FIGURE 3-6: PWM Dimming with
Dimming On-Time equal to One Switching Time
Period.

In the above figures, 15(SS) and [ (SS) refer to the
steady state values at PWMD duty = 100% for the
output current and inductor current, respectively. As
can be seen in Figure 3-6, the inductor current does not
rise enough to trip the CS comparator. This causes the
closed-loop amplifier to lose control of the LED current
and COMP voltage rises to AVpp.

In the HV9963, however, this problem can be
overcome by keeping the boost converter on, even
though PWMD has gone down to zero. The boost
converter may remain turned on until the inductor

© 2019 Microchip Technology Inc.
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current reaches the threshold in Steady state at 100%
PWM dimming duty cycle. This will ensure that enough
power is delivered to the output. Thus, the amplifier still
has control over the LED current, and the LED current
will be in regulation as shown in Figure 3-7.

PWMD I_I

A AN ---————— - 1.(SS)

INDUCTOR
— A — >

FIGURE 3-7: PWM Dimming with
Dimming On-Time equal to One Switching Time
Period with the HV9963.

When the PWM signal is high, the GATE and FLT pins
are enabled and the output of the transconductance
op-amp is connected to the external compensation
network. Thus, the internal amplifier controls the output
current. When the PWMD signal goes low, the output of
the transconductance amplifier is disconnected from
the compensation network. Thus, the integrating
capacitor maintains the voltage across it. The FLT pin
goes low, turning off the disconnect switch. However,
the GATE pin is kept enabled and the switching FET is
kept switching until the switch current sensed by the
current sense resistor Rqg at the CS pin reaches the
Steady state threshold at the undimmed full brightness
LED current output.

Note:  Disconnecting the LED load during PWM
dimming causes the energy stored in the
inductor to be dumped into the output
capacitor. The chosen filter capacitor
should be large enough, so it can absorb
the inductor energy without any significant
change of the voltage across it. If the
capacitor voltage change is significant, it
would cause a turn-on spike in the induc-

tor current when PWMD goes high.

3.12 Fault Conditions and Hiccup
Timer (OVP, HCP)

The HV9963 is a robust controller which can protect the
LEDs and the LED driver in case of Fault conditions.
The HV9963 includes both open LED protection and
output LED string short-circuit protection. In both
cases, the HV9963 shuts down and attempts to restart
after a hiccup time. The hiccup time is programmed by
the capacitor at the HCP pin.

When a Fault condition is detected, both GATE and
FLT outputs are disabled and the COMP, SS, and HCP
pins are pulled to GND. Once the voltage at the HCP
pin falls below 0.1V, and the Fault condition has

disappeared, the capacitor at the HCP pin is released
and is charged slowly by a 11 pA current source. Once
the capacitor is charged to 2.1V, the COMP and SS
pins are released and the GATE and FLT pins are
allowed to turn on. Then, the converter will go into a
Soft-start mode, ensuring a smooth recovery for the
LED current.

3.13 Hiccup Timer (HCP)

The value of the capacitor required for a given hiccup
time is calculated as seen in Equation 3-11 below:

EQUATION 3-11:

_ Npdetyccyp
HCP = Y

3.14 LED String Short-Circuit
Protection

When a LED String Short-circuit condition is detected
(output current becomes higher than twice the Steady
state current), the GATE and FLT outputs are pulled
low. As soon as the disconnect FET is turned off, the
output current goes to zero and the Short-circuit
condition disappears. At this time, the hiccup timer is
started. Once the timing is complete, the converter
attempts to restart. If the Fault condition still persists,
the converter shuts down and goes through the cycle
again. If the Fault condition is cleared (due to a
momentary output short) the converter will start
regulating the output current normally. This allows the
LED driver to recover from accidental shorts without
having to reset the IC.

During Short-circuit conditions, there are two factors
that determine the hiccup time. The first factor is the
time tcopmp required to discharge the compensation
capacitor. The COMP discharge time tcoump is
calculated as shown in Equation 3-12.

EQUATION 3-12:

For Type 1 compensation network which is a single
capacitor C¢ at the COMP pin,

tcoyp = 305000Q e C
For Type 2 compensation network which is a series

combination of Rz and Cz in parallel with C¢ at the
COMP pin,

tcomp = 3° Rz Cy

The second factor is the time typ required for the
inductor to discharge completely after the Short-circuit
condition has been cleared. The inductor discharge
time typ is computed as illustrated in Equation 3-13.

DS20005594A-page 12
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EQUATION 3-13:

I1
tivp = 7L 2 Co

Where L and Cq are input inductor and output capacitor
of the power stage, respectively

The hiccup time is then chosen as shown in
Equation 3-14.

EQUATION 3-14:

ticcup > Max(teoyp tnp)

Note that the power rating of the LED current sense
resistor has to be chosen properly if it has to survive a
persistent Fault condition. The power rating can be
determined using Equation 3-15.

EQUATION 3-15:

P
Isar® Rg® (tp yrrt tpp oFF)

RS2 p
HICCUP

Where Igar is the saturation current of the
disconnect FET. In the case of HV9963,

tFAULT + tPD,OFF is 550 ns (maximum)

3.15 False Triggering of the
Short-Circuit Comparator During
PWM Dimming

During PWM dimming, the parasitic capacitance of the
LED string might cause a spike in the output current
when the disconnect FET is turned on. If this spike is
detected by the short-circuit comparator, it will cause
the IC to falsely detect an Overcurrent condition and
shut down.

To prevent these false triggers in the HV9963, there is
a built-in 600 ns blanking network for the short-circuit
comparator. This blanking network is activated when
the PWMD input goes high. Thus, the short-circuit
comparator will not see the spike in the LED current
during the PWM dimming turn-on transition. Once the
blanking timer is completed, the short-circuit
comparator will start monitoring the output current.
Thus, the total delay time for detecting a short-circuit
will depend on the condition of the PWMD input.

If the output short-circuit exists before the PWM
dimming signal goes high, the total detection time is
determined as demonstrated in Equation 3-16.

EQUATION 3-16:

tpETECTI = !BLANK, SCF lpp, OFp = 1050ns(max)

If the short-circuit occurs when the PWM dimming
signal is already high, the time to detect is computed as
shown in Equation 3-17.

EQUATION 3-17:

!perECTI = lPD, OFF~ 250ns(Max)

3.16 Overvoltage Protection

The HV9963 provides hysteretic overvoltage protection
allowing the IC to recover in case the LED load is
disconnected momentarily.

When the load is disconnected in a boost converter, the
output voltage rises as the output capacitor starts
charging. When the output voltage reaches the OVP
rising threshold, the HV9963 detects an Overvoltage
condition and turns off the converter. The converter is
turned back on only when the output voltage falls below
the falling OVP threshold, which is 10% lower than the
rising threshold. This time is mostly dictated by the R-C
time constant of the output capacitor Cq and the
resistor network used to sense overvoltage (Roypq +
Rovpy)- In case of a persistent Open Circuit condition,
this cycle keeps repeating, maintaining the output
voltage within a 10% band of the OVP thresholds.

In most designs, the lower threshold voltage of the
overvoltage protection—10% below Voyprising at
which the HV9963 attempts to restart—will be more
than the LED string voltage. Thus, when the LED load
is reconnected to the output of the converter, the
voltage differential between the actual output voltage
and the LED string voltage will cause a spike in the
output current. This causes a short-circuit to be
detected, and the HV9963 will trigger short-circuit
protection. This behavior continues until the output
voltage becomes lower than the LED string voltage. At
which point, no Fault will be detected and normal
operation of the circuit will commence.

© 2019 Microchip Technology Inc.
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4.0 PACKAGING INFORMATION

4.1 Package Marking Information

16-lead SOIC Example
HAAHAHAAAA HAAHAHAAAA

XXXXXXXX® HV9963NG®

YYWWNNN . 1917963

HEHHHHES HEHHHHES

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 product code or customer-specific information. Package may or
not include the corporate logo.

DS20005594A-page 14 © 2019 Microchip Technology Inc.
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16-Lead SOIC (Narrow Body) Package Outline (NG)
9.90x3.90mm body, 1.75mm height (max), 1.27mm pitch

" D a\ 01
ililiRi N

N
Note 1 + E1E

beven o
pooobont 4

Top View
A
P |

'j‘ Seating

}
A1
Side View AJ View A-A

Note: For the most current package drawings, see the Microchip Packaging Specification at www.microchip.com/packaging.

Note:

This chamfer feature is optional. If it is not present, then 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.

D | E|Et | e | h | L |L1]|L2]8]e1
0.25 | 0.40 0° | 5°
Dimension 1.27 1.04 | 0.25
(mm) NOM - - - - 9.90 | 6.00 | 3.90 BSC - - REF | BSC
MAX | 1.75 | 0.25 | 1.65* | 0.51 | 10.00* | 6.20* | 4.00* 0.50 | 1.27 8° | 15°

JEDEC Registration MS-012, Variation AC, Issue E, Sept. 2005.
* This dimension is not specified in the JEDEC drawing.
Drawings are not to scale.

MIN | 1.35*| 0.10 | 1.25 | 0.31 | 9.80* | 5.80* | 3.80*

© 2019 Microchip Technology Inc. DS20005594A-page 15
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NOTES:
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APPENDIX A: REVISION HISTORY

Revision A (October 2019)

» Converted Supertex Doc# DSFP-HV9963 to
Microchip DS20005594A

» Changed the packaging quantity of the M901
media type from 1000/Reel to 2600/Reel

» Changed the packaging quantity of M934 media
type from 2500/Reel to 2600/Reel

* Made minor text changes throughout the docu-
ment

© 2019 Microchip Technology Inc. DS20005594A-page 17
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, contact your local Microchip representative or sales office.

Examples:
PARTNO. XX - X . X P
a) HV9963NG-G: Closed-loop LED Driver with
Device  Package Environmental Media Type Enhanced PWM  Dimming,
Options 16-lead SOIC  Package,
45/Tube
b) HV9963NG-G-M901: Closed-loop LED Driver with
Enhanced PWM Dimming,
. . . 16-lead SOIC  Package,
Device: HV9963 = Closed-loop LED Driver with Enhanced 2600/Reel
PWM Dimming ¢) HV9963NG-G-M934:  Closed-loop LED Driver with
Enhanced PWM Dimming,
Package: NG =  16-lead SOIC ;gggigeel SOIC  Package,
Environmental: G = Lead (Pb)-free/RoHS-compliant Package

Media Types: (blank) 45/Tube for an NG Package
M901 =  2600/Reel for an NG Package
M934 =  2600/Reel for an NG Package

Note: For media types M901 and M934, the base quantity for tape and reel
was standardized to 2600/reel. Both options will result in delivery of the
same number of parts/reel.
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