MICROCHIP

AT9917

Automotive LED Driver IC with High Current Accuracy

Features

+ AEC-Q100 Automotive Reliability Qualified

» Switch Mode Controller for Boost, SEPIC and
Buck Converters

+ Closed-Loop Control of Output Current
* High PWM Dimming Ratio

 Internal 40V Linear Regulator

* Internal 3% Voltage Reference

» Constant Frequency Operation with
Programmable Slope Compensation

* Linear and PWM Dimming

* Programmabile Jitter to Reduce EMI
* +/-1AMOSFET Gate Driver

* Output Short-Circuit Protection

» Output Overvoltage Protection

* Programmable Hiccup Timer

+ Soft Start

» Temperature Foldback with External NTC
Resistor

Applications

» Automotive LED Driver Applications

General Description

The AT9917 is an advanced fixed frequency PWM IC
designed to control single-switch, Boost, Sepic and
Buck LED drivers in a Constant Current mode. The
controller uses a Peak Current-mode control scheme
with programmable slope compensation and includes
an internal transconductance amplifier to control the
output current with high accuracy. The IC includes a
+/-1A gate driver that makes the AT9917 suitable for
high-power applications. An internal 40V linear
regulator powers the IC, eliminating the need for a
separate power supply for the device. The IC provides
a Fault output, which can be used to disconnect the
LEDs in case of a Fault condition (such as an alternator
load dump in automobiles) using an external
disconnect FET. The AT9917 also provides a
TTL-compatible, low-frequency PWM dimming input
that can accept an external control signal with a duty
ratio of 0% to 100% and a frequency of up to several
kilohertz. Temperature foldback of the output current is
possible, using an external NTC resistor.

The AT9917-based LED driver is suited for automotive
LED driver applications. The AT9917-based LED lamp
drivers can achieve efficiencies in excess of 90% when
buck or boost topologies are used.

Package Type
24-lead TSSPOP
(Top View)
1 24
VINCOle VY 1 REF
AVDD 1 EN
PVDD —1NC
GATE C1NC
PGND 1 FDBK
GND 1 IREF
JTR O — COMP
RT 1SS
cs 1 PWMD
OVP ] OV FLT
T2 DIV
T O CINTC
See Table 2-1 for pin information.
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Typical Application
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AT9917

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingst

VIN O GND oot -0.5V to +45V
PVDD: AVDD 10 GND ..ottt -0.3V to +6V
GATE 10 GND.....ooooeiceee ettt sttt -0.3V to (PVpp+0.3V)

All other Pins to GND

Continuous Power Dissipation (Tp = +25°C)

Junction Temperature Range, T

................................................................................................................... -0.3V to (AVpp +0.3V)
.................................................................................................... 1000 mW
......................................................................................................... -40°C to +150°C

Storage Temperature RANGE, T ...oouiiiiiiiie ittt sr e naneen -65°C to +150°C

1 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 con-
ditions 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: Unless otherwise noted, specificationsareat Ty = 25°C. V| = 12V,PVpp = AVpp
EN = PWMD = AVDD, GATE = OPEN, CREF =01 HF, CAVDD = CPVDD =1 HF, RT =200 kQ, IT'] = IT2 =100 UA

Parameter ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘ Conditions
Input
Input DC Supply Voltage Range ViNDC 53 — 40 V | DC input voltage
Shutdown Mode Supply Current linDIS — — 100 pA  |EN =0.8V, PWMD = GND (Note 1)
Input Current when Enabled lINEN — — 2 mA IE\';IVIT/IEZ)\Q ((BSQ-II—DE(SEENI’)
Internal Regulator
VN = 6V - 40V, GATE OPEN,
Internally Regulated Voltage AVpp 4.65 5 5.35 V  |PWMD = GND, Ipp =0 mA-20 mA
(Note 1)
G\;Bgr%”h‘::gﬂ}gge Lockout AVppuvr |425| — | 485 | V |AVpprising (Note 1)
ﬁ\;gt%ggi‘iem”age Lockout AAVppuy | — | 250 | — | mV |AVpp faliing
Enable Input
Enable Input Low Voltage VENLO) — — 0.8 V  |Note 1
Enable Input High Voltage VENHI) 2 — — V |[Note 1
Pull-Down Resistor at EN Ren — 100 — kQ |—
Reference
REF Pin Voltage VREF 12101 1.250{1.290 | V |Iggr =0 mA (Note 1)
REF Pin Voltage when Disabled |  Vggrpis — 0 — mV |lrer =0 mA, EN = GND
\L/gla;caigF;egulatlon of Reference AVrer 0 . 2 MV |lngr = 0 mA - 1 mA
GATE
GATE Output Rise Time Trise — | 20 | 3 | ns SEAIEAT/[‘:’D”S PVpp = 5V
GATE Output Fall Time TeaLL — | 20 | 35 | ns |ComrE=4nF, _
Vin = AVpp = PVpp =5V
Maximum Duty Cycle Dmax 87 — 93 % |Note 1
PWM Dimming
PWMD Input Low Voltage Vewmpio) | — | — | 08 | V [Note1
Note 1: Specifications apply over the full operating ambient temperature range of -40°C < Tp < +125°C. Guaran-

teed by design and characterization.
2: Specifications are determined by characterization and are not 100% tested.
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AT9917

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise noted, specificationsareat Ty = 25°C.V|y = 12V,PVpp = AVpp
EN = PWMD = AVDD' GATE = OPEN, CREF =0.1 UF, CAVDD = CPVDD =1 UF, RT =200 kQ, |T1 = |T2 =100 |JA

Parameter Sym. Min. | Typ. | Max. | Unit Conditions
PWMD Input High Voltage VpwMD(HI) 2 — — V  |Note 1
PWMD Pull-Down Resistance RpwwmD — | 200 — kQ |—

Over Voltage Protection
Overvoltage Rising Trip Point  (Voyprising | 1.15 | 1.25 | 1.35 V | OVP rising (Note 1)

Overvoltage Hysteresis VovPHYST — 0125 — V | OVP falling

Current Sense

Leading Edge Blanking TBLANK.CS 100 — 250 ns |Note1

Delay to Output of Comparator |  Tpgiay1 — | — | 150 | ns |Veowmp=AVpp =PVpp =5V,

Vecs = 0mV - 400 mV step
Comparator Offset Voltage VOFFSET -10 | — 10 mV |Note 1
Internal Transconductance Op-amp

150 pF capacitance at COMP pin

Gainbandwidth Product GBW 1 — — | MHz
(Note 1)
Open-Loop DC Gain Ay 65 — — dB |COMP OPEN
Input Common Mode Range Vem -0.3 — 3 V |Note 1
Output Voltage Range Vcomp 0.7 — | AVpp| — |Note1
Transconductance Im — 950 — | AV |—
Input Offset Voltage VOFFSET -9 — 9 mV |Note 1
COMP Sink Current lcomp,SINK 0.2 — — mA | Vgg = 0.1V, Vcomp = 0V (Note 1)
COMP Source Current lcompsre | 0.2 | — — mA | Vgg =-0.1V, Veomp = AVpp (Note 1)
Input Bias Current IgiAS AMP — 0.5 1 nA |Note 1
Oscillator
. fosct 90 105 | 120 | kHz |Ry =1 MQ (Note 1)

Oscillator Frequency fosca | 427 | 505 | 583 | kHz | Ry = 200 kQ (Note 1)
Output Frequency Range fosc 100 — 800 | kHz |Note 1
Jitter

) — 50 — Hz CJTR= 100 nF
Jitter Frequency Firr — 500 — Hz [Cyrr=10nF
Change in the Switching AF w45 | — . KHz |—
Frequency
Hiccup Timer
Hiccup Charging Current lHiccup — 10 — MA | —
Voltage Swing for Hiccup Timer AV — 0.6 — vV |—
Temperature Foldback Circuit
NTC Source Current Range INTC — — 1 mA |Note 1
Irpek/InTc Current Gain NnTe — | 013 | — — |INTc=0.5mA
INTc/IT1 Current Gain Nt4 — 3 — — |INTc=0.5mA
INTc/IT2 Current Gain NTo — 6 — — |INTc=0.5mA
T1 and T2 Reference Voltage V11, V12 — 3.5 — vV |—
Output Short Circuit
Ampllfler Gain at IREF Pin GFAULT 1.8 2 2.2 — VIREF =400 mV

. ' \Y =400 mV,

Propagation Time Tb SHORT — — 250 ns V::RDE;K steps from OV - 1V,

for Short-Circuit Detection

VLT goes from high to low

Note 1: Specifications apply over the full operating ambient temperature range of -40°C < Tp < +125°C. Guaran-
teed by design and characterization.

2: Specifications are determined by characterization and are not 100% tested.

DS20005557B-page 4 © 2018-2022 Microchip Technology Inc. and its subsidiaries



AT9917

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise noted, specificationsareat T, = 25°C.V|y = 12V,PVpp = AVpp
EN = PWMD = AVDD' GATE = OPEN, CREF =0.1 UF, CAVDD = CPVDD =1 UF, RT =200 kQ, |T1 = |T2 =100 |JA

Parameter Sym. Min. | Typ. | Max. | Unit Conditions
Fault Output Rise Time TRISEFAULT | — — 300 ns | 330 pF capacitor at FLT pin
Fault Output Fall Time TEALLFAULT | — — 200 ns | 330 pF capacitor at FLT pin
(';/L'?AZUA”;];/EEQ‘* atthe Output Vi 250 | — | — | mV |Vjrer = OV (Note 1)
PWMD Blanking Time TeLaNkPwWMD | 200 | — 900 ns |Note1
Soft Start
Soft-Start Charging Current Iss.cHG 10 15 25 MA | —
Soft-Start Discharging Current Isspis 1.0 — — mA |Vgg=5V
Soft-Start Reset Voltage VssRsT — — 100 | mV |—
Slope Compensation
gir:]-Resstance of FET at CS Ronporercs | — i 200 0 |Note1

Note 1:

teed by design and characterization.
2: Specifications are determined by characterization and are not 100% tested.

TEMPERATURE SPECIFICATIONS

Specifications apply over the full operating ambient temperature range of -40°C < T < +125°C. Guaran-

Parameter ‘ Sym. | Min ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Operating Ambient Temperature Ta -40 — +125 °C |—
Maximum Junction Temperature T, — — +150 °C |—
Storage Temperature Ts -65 — +150 °C |—
Package Thermal Resistance
24-lead TSSOP | o | — | 125 | — | °cw |Note1

Note 1:

Mounted on an FR 4 board, 25 mm x 25 mm x 1.57 mm.
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AT9917

2.0 PIN DESCRIPTION

The details on the pins of AT9917 are listed in
Table 2-1. Refer to Package Type for the location of

pins.
TABLE 2-1: PIN FUNCTION TABLE
Pin Number Symbol Description
1 VIN This pin is the input of a 40V high-voltage regulator.
9 AV This is a power supply pin for all internal circuits. It must be bypassed with a low ESR
DD capacitor to GND (at least 0.1 F).
3 PV This is the power supply pin for the gate driver. It should be connected externally to
DD | AVpp and bypassed with a low ESR capacitor to PGND (at least 0.1 pF).

4 GATE This pin is the output of gate driver for an external logic level N-channel power
MOSFET.

5 PGND Ground return for the gate drive circuitry
Ground return for all the low-power analog internal circuitry. This pin must be connected

6 GND .
to the return path from the input.
This pin controls the jitter of the clock programmed by a capacitor connected at this pin.

7 JTR . . . ) :
This capacitor also determines the hiccup time.

8 RT This pin sets the frequency of the power circuit. A resistor between RT and GND
programs the circuit in Constant Frequency mode.
This pin is used to sense the source current of the external power FET. It includes a

9 CS built-in 100 ns (minimum) blanking time. Slope compensation is implemented by
connecting an RC network to this pin as shown in the Typical Application.
This pin is the comparator input of the overvoltage protection circuit for the converter.

10 OVP When the voltage at this pin exceeds 1.25V, the gate output of the AT9917 is turned off
and FLT goes low. Switching is enabled when the voltage at this pin goes below 1.125V.
This pin programs the temperature at which the driver is shut off due to

11 T2 Overtemperature condition for the LED when using an external NTC resistor at the NTC
pin.

12 T This pin programs the break temperature threshold which determines the start of the
current derating when using an external NTC resistor at the NTC pin.
Users may connect an external NTC resistor to this pin for temperature fold back of the

13 NTC output current and overtemperature shutdown. The NTC pin should be connected to
AVDD when output current thermal derating is not required.

14 DIV This pin programs the voltage input for the transconductance at NTC pin.
This pin is pulled to ground when there is an Output Short-circuit condition or Output
Overvoltage condition. This pin can be used to drive an external MOSFET in the case

15 FLT of boost converter configuration to disconnect the LED load from the power source. ltis
also controlled by the PWM dimming input to provide excellent PWM dimming
response.
When this pin is pulled to GND (or left open), switching of the AT9917 is disabled. When

16 PWMD . . . . - ;
an external TTL high level is applied to it, switching will resume.

17 ss Connecting a capacitor from this pin to GND programs the soft start time of the LED
driver.
This pin is the output of the error amplifier. Stable closed-loop control can be

18 COMP accomplished by connecting a compensation network between COMP and GND. This
pin is pulled internally to GND upon detection of a Fault condition and on startup.

19 IREF The voltage at this pin sets the output current level. The current reference voltage can
be set using a resistor divider from the REF pin to GND pin.
This pin provides output current feedback to the AT9917 by using a current sense

20 FDBK resistor. A resistor connected between the FDBK pin and the LED current sense
resistor can be used to reduce the current at elevated temperatures.

DS20005557B-page 6
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AT9917

TABLE 2-1: PIN FUNCTION TABLE
Pin Number Symbol Description
21,22 NC No connection

23 EN Pulling EN to GND causes the AT9917 to go into a low-current Standby mode. A
voltage greater than 2V enables the IC.
This pin provides accurate reference voltage. It must be bypassed with a 0.01 pF to

24 REF .
0.1 YF capacitor to GND.

© 2018-2022 Microchip Technology Inc. and its subsidiaries
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AT9917

3.0 DETAILED DESCRIPTION

3.1 Power Topology

The AT9917 is a closed-loop, Switch-mode LED driver
designed to control a buck, boost or SEPIC converter
in a Constant Frequency mode. The IC includes an
internal linear regulator, which operates from input
voltages from 6V to 40V. It also possesses features
typically required in LED drivers, such as open LED
protection, output short-circuit protection, linear and
PWM dimming, and accurate LED current control. In
addition, the device includes a thermal derating circuit
which can be used to reduce the LED current at high
temperatures to prevent a thermal runaway. A
high-current gate drive output enables the controller to
be used in high power converters.

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

The AT9917 can be powered directly from its Vg pin
that takes a voltage up to 40V. When a voltage is
applied to the V| pin, the AT9917 tries to maintain a
constant 5V (typical) at the AVpp pin. The regulator
also has a built-in undervoltage lockout which shuts off
the IC if the voltage at the AVpp pin falls below the
UVLO lower threshold. This linear regulator also
provides the power supply to the built-in gate driver.

The AVpp pin must be bypassed by a low ESR
capacitor (0.1 pF) to provide a low impedance path for
the high-frequency current of the output gate driver.
The PVpp pin is used to provide power to the gate
driver. It should also be bypassed with a low-ESR
capacitor (0.1 pyF) and should be shorted to the AVpp
pin.

The input current drawn from the external power supply
(or V| pin) is the sum of the 2 mA (maximum) current
drawn by the all the internal circuitry and the current
drawn by the gate driver. The current drawn by the gate
driver depends on the switching frequency and the gate
charge of the external FET. Refer to Equation 3-1.

EQUATION 3-1:

Iy = 2mA +QG fo

Where:

fs Switching frequency of the converter.

Qs

Gate charge of the external FET (can be
obtained from the FET data sheet).

The EN pin is a TTL-compatible input used to disable
the IC. Pulling the EN pin to GND shuts down the IC
and reduces the quiescent current drawn by the IC to
be less than 100 pA. If the enable function is not
required, the EN pin can be connected to AVpp.

3.3 Reference Voltage (REF)

The AT9917 provides a 1.25V reference voltage at the
REF pin. This voltage is used to derive the various
internal voltages required by the IC and set the LED
current externally. It should be bypassed with a
low-impedance capacitor (0.01 uF to 0.1 uF).

34 Timing Resistor (RT)

The switching frequency of the converter is set by
connecting a resistor between RT and GND. The
resistor value can be determined with Equation 3-2.

EQUATION 3-2:

1

Ro.= — 2+
T fox9.5pF

3.5 Current Sense (CS)

The CS input is used to sense the source current of the
switching FET. The CS input of the AT9917 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 15. This voltage is used as the reference for
the current sense comparators. Since the maximum
voltage of the COMP pin is AVpp, this voltage
determines the maximum reference current for the
current sense comparator and thus the maximum
inductor current.

The switch current sense resistor Rcg 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 of operation, no
slope compensation is necessary. In this case, the
current sense resistor is calculated with Equation 3-3.

EQUATION 3-3:

o~ Vop=08V
CS IS xIg,y

Where:

Isar = The maximum desired peak inductor current.

For Continuous Conduction mode converters operating
in Constant Frequency mode, slope compensation
becomes necessary to ensure stability of the Peak
Current mode controller when the operating duty cycle
is greater than 0.5. This factor must also be accounted
for when determining R¢g as discussed in Section 3.6
“Slope Compensation”.

DS20005557B-page 8
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3.6 Slope Compensation

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

As shown in Figure 3-1, slope compensation in AT9917
can be programmed by two external components. A
resistor from AVpp sets a current (which is almost
constant since the AVpp voltage is much larger than
the voltage at the CS pin). This current flows into the
capacitor and produces a ramp voltage across the
capacitor. 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 off, an internal pull-down FET
discharges the capacitor, so that the capacitor can be
charged up again to produce the same ramp voltage
across the capacitor at each time the GATE turns on in
each cycle

GATE— Res

FIGURE 3-1:

The 200Q maximum resistance of the internal FET will
prevent the voltage at the CS pin from going all the way
to zero. The minimum value of the voltage is computed
in Equation 3-4:

Slope Compensation.

EQUATION 3-4:

AVpp
Vs = g ¥ 2002

The slope compensation capacitor is chosen so that it
can be completely discharged by the internal
200Q (maximum) FET at the CS pin during the time the
FET is off. Assuming the worst case switch duty cycle
of 93%, Cg¢ is computed with Equation 3-5.

EQUATION 3-5:

Co = 0.07
SC 7 3 x20002 xf

Assuming that there is a down slope of DS (A/us) for
the inductor current, the switch current sense resistor
and the slope compensation resistor are calculated as
shown in Equation 3-6 and Equation 3-7, respectively.

EQUATION 3-6:
AV — 0.8V I
cs ~
13 DS x 10° x0.93 iy
2 st SAT
EQUATION 3-7:
2 XAV,
Rge = 5
DS x10 XCSC XRCS

3.7 Gate Driver Output (GATE, PGND)

The GATE output of the AT9917 is used to drive the
gate of the switching FET. The PGND pin should be
connected to the GND connection of the current sense
resistor. In addition, the two grounds of the IC, PGND
and GND, should be connected together at the input
GND connection to minimize noise.

3.8 FLT Output

The FLT pin is used to drive a disconnect FET while
operating in boost or SEPIC converter configuration. In
the case of boost converters, when there is a
short-circuit fault at the output, 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.

The disconnect switch also helps to disconnect the
output filter capacitors from the LED load in the boost
or SEPIC converter configuration during PWM
dimming without discharging the output filter
capacitors. This enables a very high PWM dimming
ratio.

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

The LED current in the AT9917 is controlled in a
closed-loop manner. The current reference voltage at
the IREF pin which sets the LED -current is
programmed using a resistor divider from the REF pin
to the GND pin. The current reference voltage can also
be set externally with a low-voltage source. This
reference voltage is compared to the voltage at the
FDBK pin, which senses the LED current through the
LED current sense resistor. The AT9917 includes a 1
MHz transconductance amplifier with a tri-state output,
which is used to close the feedback loops and provide
accurate current control. The compensation network is
connected from the COMP pin to the GND pin.

The output of the op-amp is buffered and connected to
the current sense comparator using a 14R:1R resistor
divider.

© 2018-2022 Microchip Technology Inc. and its subsidiaries
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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
when the PWMD signal has turned off the gate drive.
When the IC is enabled, the voltage on the integrating
capacitor almost instantaneously forces the converter
into a steady state.

3.10 Linear Dimming

Linear dimming can be accomplished by varying the
voltages at the IREF pin. Note that since the AT9917 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 in this device cannot accomplish true
zero-LED current. To get zero-LED current, PWM
dimming has to be used.

Due to the offset voltage of the short-circuit comparator
and the non-linearity of the X2 gain stage, pulling the
IREF pin very close to GND might cause the internal
short-circuit comparator to trigger and shut down the
IC. To overcome this, the output of the gain stage is
limited to 250 mV (minimum), allowing the IREF pin to
be pulled all the way to OV without triggering the
short-circuit comparator. Therefore, the minimum
voltage for a short-circuit detection is 250 mV.

311 PWM Dimming (PWMD)

PWM dimming in the AT9917 can be accomplished
using a TTL-compatible square wave source at the
PWMD pin.

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 GATE is
disabled, so the converter stops switching and the FLT
pin goes low, turning off the disconnect switch.

Note that disconnecting the LED load during PWM
dimming causes the energy stored in the inductor to be
dumped into the output capacitor. The filter capacitor
that is chosen should be large enough so that it can
absorb the inductor energy without a significant change
in voltage across it. If the capacitor voltage change is
significant, it would cause a turn-on spike in the
inductor current when PWMD goes high.

3.12 Jitter and Hiccup Timer (JTR)

The JTR pin is a multipurpose pin on the AT9917. It is
used to set the jitter frequency, wherein the switching
frequency swings between its limits. It is also used to
set the hiccup time for Fault conditions.

The value of the capacitor required for the jitter
frequency is derived with Equation 3-8.

EQUATION 3-8:

c _ SulF
JTR FJTR ( HZ)

Note that the jitter frequency must be chosen to be
significantly lower than the crossover frequency of the
closed-loop control. If not, the controller will not be able
to reject the jitter frequency, and the LED current will
have a current ripple at the jitter frequency.

The same capacitor is used to determine the hiccup
time. Equation 3-9 illustrates the computation for
hiccup time.

EQUATION 3-9:

C g X 0.6V
tH[CCUP = IO,uA

If the actual hiccup time is lower than desired, the
capacitor at the pin can be increased at the cost of a
lower jitter frequency.

3.13 Fault Conditions

The AT9917 is a robust controller which can protect the
LEDs and the LED driver in case of Fault conditions.
The device includes both open LED protection and
output short-circuit protection. In both cases, the
AT9917 shuts down and attempts to restart. The hiccup
time is programmed by the capacitor at the JTR pin.

When a Fault condition is detected, both GATE and
FLT outputs are disabled, while the COMP pins and
JTR pins are pulled to GND. Once the voltage at the
JTR pin falls below 0.1V and the Fault condition(s) has
disappeared, the capacitor at the JTR pin is released
and is charged slowly by a 10 pA current source. Once
the capacitor is charged to 0.7V, the COMP pins are
released and GATE and FLT pins are allowed to turn
on. If the hiccup time is long enough, it ensures that the
compensation networks are all completely discharged
and that the converters start at minimum duty cycle.

DS20005557B-page 10
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3.14 Short-Circuit Protection

When a 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 just resumes the normal output
regulation. This allows the LED driver to recover from
accidental shorts without having to reset the IC.

During Short-circuit conditions, there are two
conditions that determine the hiccup time.

The first is the time required to discharge the
compensation capacitors. Assuming a pole-zero R-C
network at the COMP pin (series combination of RZ
and CZ in parallel with CC), tcopmp is computed as
shown in Equation 3-10.

EQUATION 3-10:

tcomp = 3 XRZXCZ

In case the compensation networks are only type 1
(single capacitor), Equation 3-11 should be used.

EQUATION 3-11:
tcoyp = 3 x3002xC,

The second is the time required for the inductors to
completely discharge following a short circuit. This time
can be computed as demonstrated in Equation 3-12.

EQUATION 3-12:

7
tIND = Z /L XCO

Where:
L = Inputinductor of the power stage.
Co = Output capacitor of the power stage.

The hiccup time is then chosen as indicated in
Equation 3-13.

EQUATION 3-13:

tyrccup >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 as shown in Equation 3-14.

EQUATION 3-14:

2
Isar xRy(tp 11 pavrr t torr)

RS = :
HICCUP

Where:

Isa7 = Saturation current of the disconnect FET.
For AT9917, “tFALL,FAULT + tOFF” =450 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 Over Current condition and
shut down.

To prevent false trigger, there is a built-in 500 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
has completed its task, 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
computed as demonstrated in Equation 3-15.

EQUATION 3-15:

tperEct = tpwmp T traLL, Favrtr T topr = 950ns(max)

If short circuit occurs when the PWM dimming signal is
already high, the time to detect is calculated as shown
in Equation 3-16:

EQUATION 3-16:

tperECcT = tparr, rauLt T topr = 450ns(max)

© 2018-2022 Microchip Technology Inc. and its subsidiaries
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3.16 Overvoltage Protection

The AT9917 provides hysteretic overvoltage
protection, allowing the IC to recover in case the LED
load is momentarily disconnected.

When the load is disconnected from a boost converter,
the output voltage rises as the output capacitor starts
charging with the inductor's stored energy dump. When
the output voltage reaches the OVP rising threshold,
the AT9917 detects an Overvoltage condition and turns
off the converter. The converter is turned back on only
when the output voltage falls below the OVP falling
threshold, which is 10% lower than the rising threshold.
The OVP and recovery time duration is mostly dictated
by the R-C time constant of the output capacitor Cy and
the resistor network used to sense over voltage
(Rovp1 + Royp2). In case of a persistent Open Circuit
condition, this cycle repeats and maintains the output
voltage within a 10% band.

In most designs, the lower threshold voltage of the over
voltage protection (Voyp - 10%) at which the AT9917
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 device triggers
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.

3.17 Thermal Derating

The reference voltage used to set the LED current is
programmed using two resistors—R;4 and Ry, which
are connected as shown in Figure 3-2.

The output LED current I without thermal derating or
output LED current |1 with thermal derating enabled at
temperature below T4 in the thermal derating curve can
be calculated with Equation 3-17.

EQUATION 3-17:

[.=1 = VREF R,
o~ 1
Ry R, TR,
Where:
lo = Output LED current without thermal derating.
I; = Output LED current at temperature below T4 in

the thermal derating curve.
Vrer = Reference voltage at REF pin.
Rs = LED current sense resistor.

When thermal derating needs to be implemented, four
resistors are used to set the various points to obtain the
thermal derating curve shown in Figure 3-3.

- - - — - - - - - - —

AVDD

FIGURE 3-3:

When an external NTC resistor is connected as
illustrated in Figure 3-4, both temperatures T4 and T,
as well as the current |, can be accurately programmed
to optimize the light output of the LED lamp for safe
operation over the entire operating temperature range.

Thermal Derating Curve.

FIGURE 3-2:

Thermal derating is programmed using four
pins—NTC, DIV, T1 and T2. When no temperature
foldback is required, NTC and T1 should be connected
to AVpp, and DIV should be connected to GND. T2 still
requires a resistor to GND (10 kQ ~100 kQ). No pins
should be left floating as shown in Figure 3-2.

No Thermal Derating.

FIGURE 3-4: With Thermal Derating.

DS20005557B-page 12
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The ratio of the resistor divider R,/(R1 + Ry) programs
the voltage at the NTC pin. The voltage V14 at T1 pin is
approximately 3.5V. The current sourced by NTC pin
and T1 pin is mirrored out of FDBK pin in accordance
with Equation 3-18.

EQUATION 3-18:

4
Teppk = 3_0(INTC —3I7))
When:
Iyre>1Ir;
Where:

Iepe = Current sourced from pins FDBK.
Intc = Current sourced from pins NTC.

It4 = Current sourced from pins T1.

Temperature T4 is programmed by selecting R, as
demonstrated in Equation 3-19.

EQUATION 3-19:

R, = 3 xRyrecrr)
Where:

Rnte(rr) = The resistance of the NTC resistor at
temperature T;.

As illustrated in Equation 3-20, R4 can be computed
using the maximum current (<1 mA) that will flow
through the NTC resistor at temperature T».

EQUATION 3-20:

4 R
R, =+l x{ : }R2
1 R
NTC, MAX NTC(T2)

Where:

INTc,Max = The maximum NTC current,

Rnte(rz) = The resistance of the NTC resistor at
temperature T,.

Further reduction of the NTC resistance Rytc will
create a proportional offset of the current feedback
reference voltage at FDBK, and hence will cause a
drop in LED current. To program the desired LED
current |, at the temperature Ty, resistor R4 at FDBK
should be calculated as shown in Equation 3-21.

EQUATION 3-21:
(I,-1,) xRg x(R, +R,)

4 R }
Vi x=l—2 3
T 30{RNTC(T2)

4

Where:

Vrq = The voltage at the T1 pin
(VT1 = 35V)

Rnte(rg) = the resistance of the NTC resistor at
temperature T».

The overtemperature shutdown is ftriggered at
temperature T, when the current from the NTC pin
INTc > [3 X Iy +6 xI7p]. The voltage at T2 pin is
approximately equal to the voltage at T1 pin which is
3.5V. The turn-off of the converter at the desired
thermal shutdown temperature T, is programmed
using R3 connected from the T2 pin to GND pin. Refer
to Equation 3-22.

EQUATION 3-22:

6(R, +R,)

{LJ}
Ryrer)

The overtemperature recovery threshold is
independent of the current at the T, pin. AT9917
recovers from thermal shutdown at the break

temperature T4 when the current from the NTC pin
INTC < 371

R,

318 Soft Start (SS)

The soft-start feature controls the initial ramp-up of the
error voltage at the COMP pin. Connecting a single
soft-start capacitor between SS pin and GND pin can
program the soft-start time. Upon the first applying
voltage to the AVDD pin, a current source of typical
15 pA is supplied from the SS pin, gradually charging
the soft-start capacitor. The COMP pin voltage tracks
the SS pin voltage until regulation of the output current
is reached. When AVDD voltage falls below the
undervoltage lower threshold, the soft-start capacitor is
discharged rapidly by an internal MOSFET. The
soft-start time can be estimated by the Equation 3-23.

EQUATION 3-23:

_ Css *Vcomp
lss = 77
S8, CHG
Where:
Css = The capacitance of the soft-start capacitor.

Vecoump = The COMP pin voltage at normal regulation,
(VCOMP = 2.5V).

Iss,cHg = The soft-start charging current.

© 2018-2022 Microchip Technology Inc. and its subsidiaries
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4.0 PACKAGING INFORMATION

4.1 Package Marking Information

24-lead TSSOP
ikl

Example

iilininikiniiNiniils

XXXXXXXX
e3 YYWW

© NNN

AT9917TS
€3 2244
256

ERRERLELEY

EEEEEEEEELE

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)
wWw 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.
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24-Lead Thin Shrink Small Outline Package (QE) - 4.40 mm Body [TSSOP]
Supertex Legacy & Micrel Legacy Package

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging
D !
(DATUM A) —
L E1 [E]

|
(DATUM B) —\\i

_;77;_////73'_ ————— —_

TS
7
QQHHHWHHHHH atmes
o ~— 24Xb
- |~ [®]o.10@®[c[AB[D]
TOP VIEW

AT
—TJo.05[C — AT |
e | \ | |
SEATING R VA I 6 B | e —
PLANE X |
SIDE VIEW (&o.10[c] A«J
SEE DETAIL B

W ij
-

VIEW A-A

Microchip Technology Drawing C04-284A Sheet 1 of 2
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24-Lead Thin Shrink Small Outline Package (QE) - 4.40 mm Body [TSSOP]
Supertex Legacy & Micrel Legacy Package

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

L

- (L1) ——|

DETAIL B
Units MILLIMETERS

Dimension Limits|  MIN | NOoM [ MAX
Number of Leads N 24
Lead Pitch e 0.65 BSC
Overall Height A 0.85 - 1.20
Standoff A1 0.05 0.10 0.15
Molded Package Thickness A2 0.80 1.00 1.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle 0 oo | 4 | &
Overall Width E 6.40 BSC
Overall Length D 7.70 7.80 7.90
Molded Package Width E1 4.30 4.40 4.50
Lead Width b 0.19 - 0.30
Mold Draft Angle Top (o3 12° REF

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-284A Sheet 2 of 2
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24-Lead Thin Shrink Small Outline Package (QE) - 4.40 mm Body [TSSOP]
Supertex Legacy & Micrel Legacy Package

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

N
—ANuNnaNgngI

C
[ SILK SCREEN
I 4.‘ L, X1
[E~] |-
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM [ MAX
Contact Pitch E 0.65 BSC
Contact Pad Spacing C 5.80
Contact Pad Width (X24) X1 0.45
Contact Pad Length (X24) Y1 1.50
Contact Pad to Center Pad (X20) G1 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-2284A
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NOTES:
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APPENDIX A: REVISION HISTORY

Revision B (December 2022)

* Added Automotive Qualification to “Features”
and examples in “Product Identification Sys-
tem”.

» Updated Section 4.0, Packaging Information.
* Updated document layout.

Revision A (September 2018)
» Converted Supertex Doc #s DSFP-AT9917 to
Microchip DS20005557.

» Created a Detailed Description section and
included 3.18 “Soft Start (SS)”

* Minor edits for grammar.
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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.

Example:
PART NO. XX -X XXX
. J . g s a) AT9917TS-G: Automotive LED Driver IC with
Device ':)aptli(gr?g Environmental Qualification High Current Accuracy, 24-lead
TSSOP Package, 2500/Reel.
o ) . . . . b)  AT9917TS-GVAO: Automotive LED Driver IC with
Device: AT9917: Automotive LED Driver IC with High Current High Current Accuracy, 24-lead
Accuracy TSSOP Package, 2500/Reel,
Automotive Qualified.
Package: TS =  24-lead TSSOP
Environmental: G = Lead (Pb)-free/RoHS-compliant Package
Qualification*: VAO = Automotive AEC-Q100 Qualified.
(blank) = Standard Part.

*All currently available VAO variants are
shown in the examples.
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Note the following details of the code protection feature on Microchip products:

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

. Microchip believes that its family of products is secure when used in the intended manner, within operating specifications, and

under normal conditions.

. Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection features of
Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not
mean that we are guaranteeing the product is "unbreakable" Code protection is constantly evolving. Microchip is committed to
continuously improving the code protection features of our products.

This publication and the information herein may be used only
with Microchip products, including to design, test, and integrate
Microchip products with your application. Use of this informa-
tion in any other manner violates these terms. Information
regarding device applications is provided only for your conve-
nience and may be superseded by updates. It is your responsi-
bility to ensure that your application meets with your
specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at https:/
www.microchip.com/en-us/support/design-help/client-support-
services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FORA
PARTICULAR PURPOSE, OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL, OR CONSE-
QUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY
KIND WHATSOEVER RELATED TO THE INFORMATION OR
ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES
ARE FORESEEABLE. TO THE FULLEST EXTENT
ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
ORITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applica-
tions 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, implicitly or otherwise, under
any Microchip intellectual property rights unless otherwise
stated.

For information regarding Microchip’s Quality Management Systems,
please visit www.microchip.com/quality.
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