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DATA SHEET

AAT2491

Dual N-Channel HVY Cascode-Clamp, Lateral TrenchDMOS Array

General Description

Features

The AAT2491 is a monolithically integrated dual N-channel
high-voltage cascode-clamp lateral TrenchDMOS array.
The dual-channel AAT2491 monolithically integrates
both current-sink (CS) and high-voltage cascode-clamp
(CC) power MOSFETs required for reliably driving a large
series string of LEDs as used in a variety of lighting and
display backlight applications.

The AAT2491's low-voltage current-sink (CS) device,
required for closed-loop current control in large panel
LED driver applications, is constructed using Skyworks'
robust lateral TrenchDMOS process featuring superior
hot carrier performance needed for reliable constant-
current operation. It has a low on resistance, typically
1.5Q, facilitating constant current operation over a wide
dynamic range. The low-voltage current-sink Lateral
TrenchDMOS process features a low threshold voltage
(Vesony) and can be driven directly from a 5V supply.

The high-voltage cascode-clamp TrenchDMOS device has
a drain-to-source voltage rating of 150V. With a 12V gate
drive, it exhibits a typical on-resistance of 5Q.

In high-voltage LED backlighting applications for TVs and
large-screen LCD panels, the AAT2491 TrenchDMOS
array allows control of two series strings of LEDs with up
to 40 LEDs per string. Each series connected TrenchDMOS
pair comprises a current sink device with its gate active-
ly driven by a backlight driver IC (such as the AAT2430A-1
or the AAT2405).

To facilitate direct temperature measurement of the
AAT2491 in a system, a series connected string of P-N
junction diodes is included with both anode and cathode
connections available separate from the supply.

The AAT2491 is available in a Pb-free, 16-pin SOP-EP
package with 1.27mm pin pitch.
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* Low-Voltage Current Sink TrenchDMOS
= Low Rpsony for Low Dropout Operation
* 1.5Q @ Vgs = 5V (typical)
* High-Voltage Cascode-Clamp TrenchDMOS
- BVDSS(MAX) = 150V
= Low Rpsony
* 5Q @ Vgs = 12V (typical)
* Up to 240mA per channel at TA = 25°C
® 16-pin SOP-EP, 1.27mm Pitch Package
® -40°C to +85°C Temperature Range

Applications

e LCD TV Panels

e LCD Monitors

e White LED Backlighting

e High-Voltage LED Lighting
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1. Simplified for clarity.
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Pin Descriptions

Dual N-Channel HVY Cascode-Clamp, Lateral TrenchDMOS Array

Pin # Symbol Function Description
1 CD1 I Voltage clamp MOSFET 1 drain.
5 cG I Voltage clamp MOSFET common gate drive. Bypass with 1nF ceramic ca-
pacitor to ground.
3 CD2 I Voltage clamp MOSFET 2 drain.
4 CS_D2 (0] Current sink MOSFET 2 sense.
5 OT_E I/0 Cathode connection to temperature PN diode.
6 OoT_B I/0 Anode connection to temperature PN diode.
7 CS_S2 (0] Current sink MOSFET 2 controlled current sink.
8,10, 12, 16 NC Not connected.
9 CS_G2 I Current sink MOSFET 2 gate drive.
11 GND GND General ground pin.
13 CS_D1 (6] Current sink MOSFET 1 sense.
14 CS_S1 (0] Current sink MOSFET 1 controlled current sink.
15 CS_G1 I Current sink MOSFET 1 gate drive.
EP EP GND Exposed paddle. Connect to PCB GND plane.
Pin Configuration
SOP-EP-16
(Top View)
cot[ 1 1O 16_|NC
CG| 2 15 |CS_G1
Cbh2| 3 14 |CS_S1
CsS_D2[ 4 | [ 13 ] Cs_D1
m
T
OT_E| 5 12 |NC
OT B[ 6 | | 11 JGND
CS_SZ I e E NC
NC| 8 9 |CS_G2
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Absolute Maximum Ratings'

Ta = 25°C unless otherwise noted.

Symbol Description Value Units
High Voltage Cascode MOSFET
Vo1, Vepz Voltage Clamp MOSFET Drain Voltage 150 to -0.3 v
Vs Voltage Clamp MOSFET Common Gate Driver Voltage 15 to -0.3
Low Voltage Current Sink MOSFET
Vs | Gate-Source Voltage | 15 to -0.3 | v
Both
I Continuous current @ T, = 150°C23, two channels in parallel* 480 mA
03a Thermal Resistance>® 52.0 °C/W
Py Maximum Power Dissipation®® 2.4 W
T, Maximum Junction Operating Temperature -40 to +150 oC
Tiean Maximum Soldering Temperature (at leads, 10 sec.) 300
Temperature Sense Diode String
V; | Diode Reverse Bias Voltage | 5.5 to -0.3 | v

-

. Stresses above those listed in Absolute Maximum Ratings may cause permanent damage to the device. Functional operation at conditions other than the operating conditions
specified is not implied.

. Based on long-term current density limitation.

. Both MOSFETS in parallel.

. The test condition is Vcg=Vcs 6x=12V, Vepi=Vp2=5Y, in the case when the Vcp, voltage is differ from 5V, the Ip(max) value can be obtained from Vcpy X Ip(max) =2.4W at T,=25°C

. The thermal data is extracted from a 2-layer FR4 board.

. The thermal resistance measured in accordance with EIA/JESD 51 series.

ounhwWwN
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Electrical Characteristics

T, = 25°C unless otherwise noted.

Symbol Description Conditions
High Voltage Cascode MOSFET
[ Ve = 12V, Ves 6 = Ves s = 0V,
BVpss Drain-Source Breakdown Voltage Iep = 10pA 150 v
Ve Operating CG Pin Voltage Range 5 12 13.2
. . VCG =10V, Vcs D= ov,
- 1 ’ _| i
Rops(ony Drain-Source ON Resistance Ip = 150mA 5 Q
Vee = Vep, Vcsfo = OV:

Vas(tn) Gate Threshold Voltage Ieo = 250uA 1.1 1.8 \
Tgss Gate Leakage Current Ve = 12V, Vop = Vs p = OV 100 nA
Ipss Drain-Source Leakage Current Vep = 100V, Vg = Ves p = OV 1 HA

VCD = 25V, VCS_D = OV,
Jfs Forward Transconductance Lo = 150mA 0.3 S
Low Voltage Current Sink MOSFET
Ves KCS_GX Recommended Operating Voltage 14 v
ange
. . VCSG=5V VCSS=OV
- 1 _ 12 _ 12

Rops(on) Drain-Source ON Resistance Iee p = 150mA 1.5 Q

Inon On-State Drain Currentt VCS—Gf oV, Ves s = 0V, 200 mA
VCS_D - 5V
Vcst = Vcst, Vcsfs = OV:

Vas(th Gate Threshold Voltage Iee p = 250pA 1.6 \
Tgss Gate Leakage Current Ves 6= 12V, Ves p = Ves s = OV 100 nA
Ipss Drain-Source Leakage Current Ves =E2V’ VCD_=100V 1 pA

VCS?G - VCS?S - OV
Vcs,D =5V, Vcs,s =0V,
Ots Forward Transconductance Ies o= 150mA 0.45 S
Temperature Sense Diode String
V¢ Forward Bias Voltage I = 300pA 3.08 V
; or _
AV, %ezltsaog;)rward Bias Voltage (VrF @150°C - V¢ I = 300pA 680 mv

1. Pulse test: Pulse width = 300ps.
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Typical Characteristics (High Voltage Cascode MOSFET)

Output Characteristics Transfer Characteristics
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Typical Characteristics (Low Voltage Cascode MOSFET)
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Typical Characteristics (Low Voltage Cascode MOSFET)

Source-Drain Diode Forward Voltage
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Typical Characteristics (Temperature Sense Diode String)
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Functional Block Diagram
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Functional Description

The AAT2491 is a dual cascode-clamp current sink
MOSFET used to both protect and control the current in
a series string of LEDs used in LCD backlighting applica-
tions. Replacing four discrete transistors, the AAT2491
comprises four lateral TrenchDMOS transistors in a popu-
lar SOP-EP-16 package with 1.27mm pin pitch.

The AAT2491 utilizes lateral TrenchDMOS transistors,
which are avalanche-rugged, robust power devices, fab-
ricated using Skyworks' patented ModularBCD process
technology to integrate the transistor array. Lateral

TrenchDMOS transistors exhibit hot carrier reliability
superior to conventional surface MOSFET devices. All
gate pins include ESD protection diodes but to avoid pos-
sible damage by a surge voltage on the high voltage
cascode-clamp MOSFET gate, it is recommended to put
a 1kQ, or greater, series resistor between the power sup-
ply and the gate pin. (In case of using resistor divider to
supply the voltage for the gate bias, the upper resistance
will work as a series resistance.) The CG pin is also
required to have a bypass capacitor (greater than or
equal to 1nF) to the ground.
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In high-voltage LED backlighting applications, the low
side TrenchDMOS devices of the AAT2491 are normally
used as part of a linear control and feedback circuit to
regulate the current in each series string of LEDs accord-
ing to the gate bias supplied by an LED driver integrated
circuit (such as the AAT2430A-1 or the AAT2405). Since
the source connections of the low side TrenchDMOS
devices are separate from ground, the device is compat-
ible with current sensing using either discrete sense
resistors or I-Precise™ current monitoring and gate drive
available in Skyworks' products, for improved accuracy.

The high-side cascode clamp TrenchDMOS devices are
used to protect an LED driver IC from the high voltages
present in HV LED backlighting systems. Such high volt-
ages, generally ranging from 50V up to 150V, are needed
for forward biasing LED strings having many series con-
nected LEDs. During operation, most of this high voltage
is dropped across the conducting LEDs and not across
the silicon transistors driving the LEDs. When the LEDs
are not conducting (or conducting low currents) or when
one or more LEDs become shorted, a disproportionate
amount of the voltage is impressed on the driver devic-
es. Without the cascode-clamp, the current sink transis-
tors may be permanently damaged.

Using cascode clamping, i.e. where a high voltage
MOSFET is operated as a voltage follower, the maximum
voltage impressed on any current sink device is safely
limited. In such an application, each cascode clamp

10

TrenchDMOS device has its gate biased to a fixed volt-
age Vgcampy With its drain connected to the LED string
and its source prewired in series with the current sink
device. As the drain voltage rises in normal operation,
the high-side transistor’s source voltage Vs follows until
the source voltage reaches a potential approximately
one V; (one threshold) below the fixed gate bias volt-
age, or Vgiamey — V. Above that potential, further drain
voltage increases will not drive the source voltage any
higher. For example if the gate is biased to 12V, the
source can be driven to a potential no higher than 10V,
thereby clamping the drain voltage of the low-side cur-
rent sink to within safe operation range. It is required to
put a 1nF bypass capacitor connected from CG pin to
ground.

The AAT2491 includes a series string of four P-N junction
diodes for monitoring die temperature. To facilitate sim-
ple, over-temperature monitoring, the diode string
should be forward biased by a constant current or a
resistor to approximately 300pA. The voltage of the con-
ducting diode string can easily be monitored with a com-
parator to determine if an over-temperature condition
has occurred, specifically where the diode voltage drops
below a pre-specified value. A characterization curve
comparing the diode string forward voltage to tempera-
ture is included for reference.
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Ordering Information

Package Marking?' Part Number (Tape and Reel)?2
SOP-EP-16 FAYW AAT24911 AN-T1

@ Skyworks Green™ products are compliant with
all applicable legislation and are halogen-free.
@ Foradditional information, refer to Skyworks
Definition of Green™, document number
SQ04-0074.

Package Information?

SOP-EP-16
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)
g SYMBOL | MIN NOM MAX
R w NI 1.35 1.52 1.70
' & Vi A A1 0.02 0.07 0.12
A2 1.35 1.45 1.55
e B ' =2 A o5 oo [0
i K % b 0.38 — 0.47
| | bi 0.37 0.40 0.43
£ I | & A\[b2 0.371 | — 0.44
I I Alc 0.20 — 0.25
| | Al 0.19 0.20 0.21
ittt il Sy | Alc2 0491 [ — 0.22
N D 9.86 9.96 10.06
A A D1 3.30 3.81 4.00
MW HEHNEE e EEIEm
E1 3.80 390 | 4.00
E2 1.78 2.29 2.50
Jb HEAT SLUG B B o T5985C
L 0.45 | 0.60 | 0.80
L1 T.04REF
2 0.25BSC
R 0.07 -
R1 0.07 -
h 0.30 0.40 0.50
0 0 - 8
01 6 & 10°
02 6 8 10
03 5 7 9
[ 5 7 9
BASE METAL
bl ——|| WITH PRE—PLATING
WITH PLATING NOTES:
M BASE METAL A\ T.ALL DIMENSIONS REFER TO JEDEC STANDARD MS—012 BC
Q@ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
l l A 2°D1 AND 'E2’ ARE VARIABLES DEPENDING ON DIE PAD SIZES.

SECTION B-B A 1
FOR PPF OPTION

|
|

SECTION B-B

All dimensions in millimeters.

. FAYW = Fab, Assembly, Year and Week code.

. Sample stock is generally held on part numbers listed in BOLD.

3. The leadless package family, which includes QFN, TQFN, DFN, TDFN and STDFN, has exposed copper (unplated) at the end of the lead terminals due to the manufacturing
process. A solder fillet at the exposed copper edge cannot be guaranteed and is not required to ensure a proper bottom solder connection.

N =
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Copyright © 2012 Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided by Skyworks as a
service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the information contained herein. Sky-
works may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to update the materials or information and shall have no
responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or information provided here-
under, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A PARTICULAR
PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY DISCLAIMED. SKYWORKS DOES
NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS SHALL NOT BE LIABLE FOR ANY DAMAGES, IN-
CLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION, LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM
THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury, death, physical or en-
vironmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any damages resulting from such improper
use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of products outside of pub-
lished parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for applications assistance, customer product
design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and names are for
identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are incorporated by reference.
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