7\

XR46083

MAXLINEAR Three Terminal Current Controller
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Description

The XR46083 is a Three Terminal Current Controller (TTCC) for
regulating the current flowing through an LED string.

The application of the XR46083 is configured in parallel with an LED
string. The XR46083 can work as voltage controlled current source,
current regulator, or cut-off. It is suitable for the applications adopting
periodical AC voltage source.

The layout is very flexible allowing for PCB designs in any conceivable
shape. Whether high bay, downlights, or unique architectural shapes
the XR46083 can provide an excellent LED lighting solution.

Typical Application
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Figure 1. Typical Application
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All solid state components

No electrolytic capacitor required
Compact size to minimize mechanical
cost

Driver-on-board and chip-on-board
available which minimize process flow
and assembly cost

High PF and low THD performance
High efficiency achieved

Flexible PCB layout style

Wide range of LED forward voltage
selection

Distributed heat to several chips
TRIAC dimmable

= Chip
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88V input sustaining voltage
< 3V dropout voltage for up to 150mA
regulating current

APPLICATIONS
= LED Lighting Applications
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Downlight
High bay
Specialty
Architectural

Figure 2. Typical Performance
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XR46083

Absolute Maximum Ratings

Stresses beyond the limits listed below may cause
permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect
device reliability and lifetime.

Sustaining voltage Ato K ......ooooieiiciiiiiee -0.3V to 88V
Sustaining voltage CS, MS1, MS2 to K.............. -0.3Vto 1V
Regulating current ... 150mA
Maximum operating junction temperature, T............ 165°C
Storage temperature range ..........cccceeeeeneen. -55°C to 150°C
Lead temperature (soldering, 10 seconds)................ 260°C
NOTE:

1. All voltages are with respect to Ground. Currents are positive into, negative out of
the specified terminal.

2. All parameters having Min/Max specifications are guaranteed. Typical values are
for reference purpose only.

3. Unless otherwise noted, all tests are pulsed tests at the specified temperature,
therefore: Ty=Tg = Ta.

Operating Conditions
Regulating current (with adequate heat sinking)®,

LA e eeeeeee e e e e e et ettt a e e e e e e e e e e e e e e aaaeaaa 130mA
Input VOIRAGE™, VAK «verveeeeeeeeaiiee e 3V to 80V
Maximum junction temperature, Tj.......ccccoevveeernnnnnn 150°C

Operating free-air temperature range, Ta....-40°C to 100°C

NOTE:
1. Due to thermal dissipation consideration, the maximum LED Vf in parallel should
decrease with the regulating current.
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XR46083

Electrical Characteristics
Unless otherwise noted, typical values are at Ta = 25°C.

Symbol Parameter Conditions
Option C1 38.4 40 41.6
Option C2 63.4 66 68.6
Vak =5V, Option C3 49.9 52 54.1
IpEAKO Peak regulating current®® | Mode 0 mA
(MS1/MS2 connected to K) | Option D1 76.8 80 83.2
Option D2 124.8 130 135.2
Option D3 99.8 104 108.2
IpEAKO/! Mode 0 100
PEAKOTIPEAKO (MS1/MS2 connected to K)
. Mode 1
IF’EAK1/IPEAKO . All OpthﬂS 75 80 85
Currer_1t re11t|o of mode (C1/C2/C3/D1/D2/D3) (MS1 open, MS2 connected to K) %
selection®
- Vak =5V Mode 2 50 55 60
PEAKZIPEAKO (MS2 open, MS1 connected to K)
Ipeaka/IPEAKO Mode 3 (MS1/ MS2 open) 32 35 38
AlLR/IPEAKY Regulating current line Option C1/C2/C3/D1/D2/D3, Mode 1 to 3, Vak = 5V and 40V +1 +2 y
— 1 (3) (]
(x=0t03) | regulation Option C1/C2/C3/D1/D2/D3, Mode 0, Vax = 5V and 40V -4 -8 -15
. Option ADJ, Mode 0, Vak = 5V, with 1KQ external resistor
Vcs CS pin voltage between CS and K 0.26 0.27 0.28 \%
Option ADJ, Mode 1 to 3, Vak = 5V and 40V with 1KQ external
. +1 +2
AV CS pin voltage line resistor between CS and K y
Lr/Vcs : %
regulation® Option ADJ, Mode 0, Vak = 5V and 40V with 1KQ external
. -4 -8 -15
resistor between CS and K
Vbropr Dropout voltage® Mode 0 (MS1/ MS2 connected to K) 2.8 3.8 \
Trp Thermal prot;acnon trip When T, is h|gher. than Ttp, the peak regulating current 120 130 °c
temperature® decreases to Itp linearly.
ITp/lPEAKX Thermgl protection mode T,=175°C 50 %
(x=0t1o0 3) regulating current
NOTES:

1. For ADJ option, the regulating current is determined by an external resistor, RexT, connected between the CS pin and
the K pin. The mode selection function will not change the current ratio of option ADJ. To activate the line regulation
function, the chip (U3) connected in series with the LED string should be set in Mode 0 (MS1 and MS2 connected
to pin K). The regulating current will be: Ipgak = 0.27/Rext

And the maximum regulating current of second step (ex: U2 in Mode 1) should not exceed 80% of the top level
(ex: U3 in Mode 0), otherwise the circuit operation might become abnormal when OTP function is activated. It is strongly
recommended to set at 75%.
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XR46083

Electrical Characteristics (Continued)
NOTES: (Continued)

2. The user can add an external resistor Rext between the CS pin and the K pin of U3 (Mode 0, serial connected to the
LED string) to increase the regulating current of option C1, C2, C3, D1, D2 and D3, as shown in below. For U1 ~ U2
(Mode 1 ~ Mode 3, parallel connected to the LED string), adding an external resistor Rgxt between the CS pin and the
K pin may cause abnormal operation and chip damage.

For option C1/ C2/ C3, the regulating current variation Alpgax/lpeak = 6-25/RexT-
For option D1/ D2/ D3, the regulating current variation Alpgak/lpeak = 3.13/RexT.

Table 1. U3 (Mode 0) Regulating Current

LED
P 57 - -
Without External With 100Q External
I Resistor Resistor
> 3 8 Option C1 40 425
~
MXL ’ Option C2 66 70.1
N7 3 REXT
XR46083 { Option C3 52 55.3
~ % % Option D1 80 825
Option D2 132 136.1
Option D3 104 107.3

Figure 3. External Resistor to Increase Regulating Current

3. The Regulating Current Line Regulation is defined as:
For Mode 1~3: IAK (Vak = 40v) — |AK (vak = 5V)

Al R/lPEAKX = IAK (Ve = 5Y) , Xx=1~3
AK =
For Mode 0: IAK (Var = 40V) — lAK (Vaw = 5V
AlLp/lpgao = 2 YAK Ik (v) 5\/() AK= )
AK =

4. The CS Pin Voltage Line Regulation is defined as:

Y V _ -V -
For Mode 1~3: AV r/NVcs = CS (VAK\; 40V) CS (Vak =5V)
CS (Vak =5V)

For Mode 0: Vs (vak = 40v) — Vs (vak =5V
AV r/Ncs = ( AKV ) (VAK = 5V)
CS (Vak =5V)
5. Dropout voltage = Vak @ 90% x (Ipeako @ Vak = 5V)

6. When T, > T1p, the peak regulating current decreases linearly to around 50% at 175°C.
IAK

IPEAKX

Ip -

Trp T1sp T

(130°C) (175°C)

Figure 4. Peak Regulating Current vs. T,
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XR46083

Pin Configuration

Thermal
CS| 17 ey 6| MST cs e wst
...... 10T
NG| 2 7i i Thermal @ i7'57| ms2
R T o [
AL et T - -
A K MS2
2mm x 2mm TDFN-6 SOT-89-5

Pin Functions

Pin Number

Pin Name  Description

SOT-89-5
1 5 CS Current sense pin. Connected to negative end of LED string.
3 1 A Regulating current input pin. Connected to positive end of LED string.
4 2 K Regulating current output pin. This is effectively a ground pin.
5 3 MS2 Mode selection pin 2. Floating or connecting to pin K only.
6 4 MSH1 Mode selection pin 1. Floating or connecting to pin K only.
2 - NC No Connection

Exposed Thermal Pad

Exposed thermal pad of the chip. Use this pin to enhance the power dissipation ability.
The thermal conductivity will be improved if a copper foil on PCB is soldered with the thermal pad.
It is recommended to connect the thermal pad to pin K.
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XR46083

Functional Block Diagram
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Figure 5. Functional Block Diagram
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Figure 6. Cx/Dx Options Figure 7. ADJ Option
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XR46083

Applications Information

220V c/10W LED Light Engine

m 3 steps, PF =0.98, THD = 16%
® To pass 1KV surge test, Q1 can be changed to 800V NMOS

ILED ILED
—- —
o—S + o—S + °
Yac " i@i LED1 Vac ; in‘« LEDT
~ BL Lo 134V _ BL Lo 134V
o—S —5
90KQ & X 60mA 90KA ¢ ¥Q 60mA
BD . BD
W LED2 iﬁ LED2
=28 o, &7 uf=e8 .
" XR46083-C2| "N 60mA o | xRasos3-AD| *X 60mA
71 & Mode 2 R 71 2R
270KQ§ ( =22 270Ko§ x== R1
>
[ | 7,50
>
Rzo < _— Rz2 < s
270Ko§ Y LED3 270KQ§ ‘3 LED3
t |28 ! 67V t n|<e8 ! 67V
XR46083-C2| A 60mA XR46083-ADS | . _ 3 60mA
Mode )| _ 22 «22
R2
5.10
.—| Q1 XR46000 ,—“: Q1 XR46000
| 1A/ 600 NMOS 1A/ 600 NMOS
70 % 7 3
20y M u3|=238 oy A REE
XR46083-C2| XR46083-ADJ |
(Mode 0) | 2 2 <E2 R3
3.90
Figure 8. C2 Option Figure 9. ADJ Option
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XR46083

Applications Information (Continued)

10W LED Light Engine

m 3 steps, PF =0.98, THD = 16%
® To pass 1KV surge test, Q1 can be changed to 800V NMOS

ILED
—
s + ’
Vac | . i@i LED1
— BL H 72V
15 47K 8 A 120mA
BD )
A LED2
u|<28 o, SO
.. XR46083-D2| "X 120mA
71 Mode 2)| 2 @
180KQ§ ( =22
| I
Rz2 < |
180KQ§ e —_— Y} LED3
( u2 =3 : 36V
XR46083-D2| Y 120mA
(Mode 1) - g g
.—”: Q1 XR46000
1A/ 600 NMOS
D ¢
1oy A& 3|28
XR46083-D2 [
(Mode 0) L L2

Figure 10. D2 Option
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Figure 11. ADJ Option
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XR46083

Applications Information (Continued)

7W Low Cost LED Light Engine
m 2 steps, PF = 0.95, THD = 28%

ILED ILED
—_ LB
o—S + * —S +
v RBL1 v *
AC - 68K *Q LED1 A - ReL AT
o—S — ; v 200V o—5 — 68K Q v o8V
RBL2 "\ 50mA "\ 90mA
BD 68KQ 2 BD
3 LED2 Y LED?
Rz1 ¢ H RZ1 < < O W '
270KQ§ n|<28 o b8y 180KQ§ =238 “ 36V
> XR46083-ADJ| Y 50mA , XR46083-ADJ| . _ W 90mA
S22 . «22 o
Rzo ¢ Rzo 3.90
275&0 3) 750 180KQ
4“: Q1 XR46000 |: Q1 XR46000
1A/ 600 NMOS 1A/ 600 NMOS
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24 R2 XR46083-ADJ
XR46083-ADJ o = 3.00
o — 5.60 »n »
g2 ==
111 11
Figure 12. 220V g, ADJ Option Figure 13. 120Vag, ADJ Option
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XR46083

Applications Information (Continued)

Low Flicker Solutions
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XR46083

Mechanical Dimensions

PINL ID AREA

TDFNG6 2x2
D
PIN1 ID AREA L
| 6 o[ /O
</
I\ — | L |dc
w
= -l
3 4 )
Kk
TOP VIEW BOTTOM VIEW
<
< @
SIDE VIEW
DIM
MIN | NOM | MAX
SYMBOL
A 0.700 [ 0.750 | 0.800
Al 0000 - 0.050
A2 0.203Ref
b 0.200 [ 0.250 | 0.300
D 2.00 BSC
E 2.00 BSC
e 0.650 BSC
DI 0.600 [ 0.700 | 0.800
ET 1.100 | 1.200 | 1.300
L 0.274 | 0.350 | 0.426
K 0.200 | - -
N 6

TERMINAL DETAILS

— ALL DIMENSIONS ARE IN MILLIMETERS, ANGLES ARE IN DEGREES.
- DIMENSIONS AND TOLERANCE PER JEDEC MO-229.

Drawing No.: POD-00000072

Revision: B
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XR46083

Recommended Land Pattern and Stencil

TDFNG6 2x2
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TYPICAL RECOMMENDED STENCIL
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Drawing No.: POD-00000072

Revision: B
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XR46083

Mechanical Dimensions (Continued)

SOT-89-5

D

- )] —| F

6]
i L T
(]
— bl
1
kea‘ —»F#«b
- o]
BOTTOM VIEW
TOP VIEW
T r
SIDE VIEW y
DIM

SYMBD MIN. NOM. MAX.
A 1.40 1.50 1.60
o 0.32 0.42 0.52
ol 0.36 0.46 0.56
C 0.35 0.40 0.44
D 4.40 4.50 4.60
E 2.30 2.45 2.60
D1 1.55REF
El 394 4.15 4.25
e 1.50TYP
el 2.90 3.00 3.10
L 0.90 1.00 1.20
F 1.73REF
H 2.38REF
G 1.75REF
1 0.32REF

TERMINAL DETAILS
NOTE : ALL DIMENSIONS ARE IN MILLIMETERS, ANGLES ARE IN DEGREES,

Drawing No.: POD-00000097

Revision: B
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XR46083

Recommended Land Pattern and Stencil

SOT-89-5
1.90

O‘70><4+——1 -

1.35x4

4,80
2.50
2.20

3.60

0.70
"—" 45°

| 1.50
3.00
3.70

TYPICAL RECOMMENDED LAND PATTERN

0.41x5—= =

‘ 1.04 %
Tcs

0.78

‘ 1.00x5

\D
o
o

3
Mo
2.85
4,85

3.41

TYPICAL RECOMMENDED STENCIL

NOTE + ALL DIMENSIONS ARE IN MILLIMETERS, ANGLES ARE IN DEGREES.

Drawing No.: POD-00000097

Revision: B
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XR46083

Ordering Information®

Operating Temperature Range Lead-Free Package Package Method
XR46083EHTR-ADJ -40°C =< Ty < 150°C Yes® TDFN6 2x2 Reel
XR46083ESFTR-ADJ -40°C =< Ty < 150°C Yes® SOT-89-5 Reel
NOTE:

1. Refer to www.exar.com/XR46083 for most up-to-date Ordering Information.
2. Visit www.exar.com for more information on Environmental Rating.

Revision History

Revision Date Description
1A Aug 2016 Initial release
1B Oct 2016 Update Typical Application, Package Descriptions, and Ordering Information table.
1C Aug 2018 Update to MaxLinear logo. Update format and Ordering Information.

M AXLINE AR Corporate Headquarters: High Performance Analog:
5966 La Place Court 1060 Rincon Circle

\/ Suite 100 San Jose, CA 95131
Carlsbad, CA 92008 Tel.: +1 (669) 265-6100
Tel.:+1 (760) 692-0711 Fax: +1 (669) 265-6101
Fax: +1 (760) 444-8598 Www.exar.com

www.maxlinear.com

The content of this document is furnished for informational use only, is subject to change without notice, and should not be construed as a commitment by MaxLinear, Inc.. MaxLinear, Inc. assumes
no responsibility or liability for any errors or inaccuracies that may appear in the informational content contained in this guide. Complying with all applicable copyright laws is the responsibility of the
user. Without limiting the rights under copyright, no part of this document may be reproduced into, stored in, or introduced into a retrieval system, or transmitted in any form or by any means (electronic,
mechanical, photocopying, recording, or otherwise), or for any purpose, without the express written permission of MaxLinear, Inc.

Maxlinear, Inc. does not recommend the use of any of its products in life support applications where the failure or malfunction of the product can reasonably be expected to cause failure of the life support
system or to significantly affect its safety or effectiveness. Products are not authorized for use in such applications unless MaxLinear, Inc. receives, in writing, assurances to its satisfaction that: (a) the
risk of injury or damage has been minimized; (b) the user assumes all such risks; (c) potential liability of MaxLinear, Inc. is adequately protected under the circumstances.

MaxLinear, Inc. may have patents, patent applications, trademarks, copyrights, or other intellectual property rights covering subject matter in this document. Except as expressly provided in any written
license agreement from MaxLinear, Inc., the furnishing of this document does not give you any license to these patents, trademarks, copyrights, or other intellectual property.

Company and product names may be registered trademarks or trademarks of the respective owners with which they are associated.

© 2016 - 2018 MaxLinear, Inc. All rights reserved
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