MICROCHIP

MIC2860-2P

High Efficiency 2-Channel WLED Driver with PWM Control

Features

» High Efficiency (No Switching Losses)

*« PWM Frequency as Low as 250 Hz

* Input Voltage Range: 3.0V to 5.5V

* Linear Driver Dropout of 52 mV at 30.2 mA

* Matching Better than £0.5% (Typical)

» Current Accuracy Better than 1.0% (Typical)

* Available in Thin SOT-23 and SC-70 Packages

Applications

» Mobile Handsets

+ Digital Cameras

» Portable Media/MP3 Players

» Portable Navigation Devices (GPS)
« Portable Applications

General Description

The MIC2860-2P is a high efficiency white LED
(WLED) driver designed to drive two WLEDs and
greatly extend battery life for portable display
backlighting and keypad backlighting in low-cost
mobile devices. The MIC2860-2P architecture provides
the highest possible efficiency by eliminating switching
losses present in traditional charge pumps or inductive
boost circuits. It features a typical dropout of 52 mV at
30.2 mA per channel. This allows the WLEDs to be
driven directly from the battery, eliminating switching
noise and losses present with the use of boost circuitry.

The two channels have typical matching of < +0.5%,
which ensures uniform display illumination under all
conditions. The WLED'’s brightness is externally preset
by a resistor and dimmed using PWM interface
operating down to less than 1% duty cycle.

The MIC2860-2P is available in Thin SOT-23 and
SC-70 6-lead packages with a junction temperature
range of —40°C to +125°C.

Package Types
MIC2860-2P MIC2860-2P
6-Lead SC-70 (C6) 6-Lead Thin SOT-23 (D6)
(Top View) (Top View)
EN [1]]|® 6] D1 en [1]]® [6] o1
GND RSET GND RSET
VIN D2 VIN D2
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MIC2860-2P

Typical Application Circuit

LCD Display Backlight with Two WLEDs
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Functional Block Diagram
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MIC2860-2P

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

MaiN INPUE VORAGE (V]N)--+veevreereeimteeiteeii ettt sttt ettt ekttt b et e b e st e ne e st et e e nne e e s —-0.3V to +6V
ENabIe INPUL VOIAGE (VEN) «-+eereermrertteriiietieet ettt ettt ettt b ettt e eb e st et e e sen e e be e sanennee e -0.3Vto V|
LED Driver VORge (VD1 Do)« seererrereiriiieieiiisiieii ettt -0.3Vto V|
POWET DISSIPALION ....eeiiiiieieiie ettt e e ettt e e ettt e e s e b et e e e e e a e e e e e e et e e e e e anas Internally Limited
] D - T S 2 kV

Operating Ratings

SUPPIY VOIRAGE (VN - nreermrermreeitieett ettt ettt ettt et ae e bt et e bt e s et et e e eae e e b e e serenane et +3.0 to +5.5V
ENAbIE INPUL VOIAGE (VEN) -+t vreerrerrietieitiet ettt ettt ettt ettt h ettt bt e e en ettt e ae e nan e nbneeaneenes 0V to V|y
LED Driver VORGe (VD1 Do)« seervrrereriitiieieiiiiietii et bbb 0V to V|y

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.

T Notice: The device is not guaranteed to function outside its operating ratings.

ELECTRICAL CHARACTERISTICS

Electrical Characteristics: VIN = VEN =3.6V, ClN =1 UF, RSET =9.53 kQ; VD1, D2 = 0.6V; TJ = +25°C, bold values
valid for —40°C < T < +85°C; unless noted.

Parameter Symbol | Min. Typ. Max. | Units Conditions
Current Accuracy 2718 | 30.2 | 33.22 mA | Note 1
Matching — +0.5 +3 % Note 2
Where | gp = 90% of LED current
Dropout (VD1, DZ) VDROP — 52 125 mV seen at VDROPNOM = 0.6V, 100%
brightness level

Ground/Supply Bias Current IoND — 0.7 1.5 mA  |loyt =30.2 mA
Shutdown Current ISHDN — 0.01 1 MA | Current source leakage, Vgy = OV
PWM Dimming

— — 0.4 Logic low
Enable Input Voltage VeN \ —

1.4 — — Logic high
Enable Input Current lEN — 0.01 1 MA | Veny2 1.4V

. — 32 80 Shutdown to ON

Current Source Delay (50% — 15 ) us Standby to ON
Levels)

— 0.3 — ON to Standby

. . tR|SE —_— 0.7 —_— o o
Current Source Transient Time us 10% to 90%
traLL — 0.2 —

ON-to-Shutdown Time ton sD 4 5.8 10 ms | Vgy =0V

Note 1: As determined by the average current of all channels in use and all channels loaded.
2: The current through each LED meets the stated limits from the average current of all LEDs.

© 2022 Microchip Technology Inc. and its subsidiaries DS20006695A-page 3



MIC2860-2P

TEMPERATURE SPECIFICATIONS

Parameters ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Lead Temperature TLEAD — — +260 °C | Soldering, 10 sec.
Junction Temperature Range T, —40 — +125 °C |—
Storage Temperature Ts -65 — +150 °C |—
Package Thermal Resistances
Thermal Resistance, SC-70 6-Ld 0Ja — 256 — °CIW |—
Thermal Resistance, TSOT 6-Ld 0a — 177 — °C/W |—
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MIC2860-2P

2.0 TYPICAL PERFORMANCE CURVES

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
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MIC2860-2P
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Cycle.
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MIC2860-2P
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FIGURE 2-16: ON to Standby.
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FIGURE 2-13: LED Startup into 10% Duty
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FIGURE 2-14: Shutdown to ON.
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FIGURE 2-15: Standby to ON.

FIGURE 2-17: ON to Shutdown.
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MIC2860-2P

3.0 PIN DESCRIPTIONS

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

TABLE 3-1: PIN FUNCTION TABLE

Pin Number Pin Name Description

1 EN PWM Control Pin. This pin is used as a PWM input for dimming of WLEDs. Do not
leave floating.

2 GND Ground.

3 VIN Voltage Input. Connect at least 1 yF ceramic capacitor between VIN and GND.

4 D2 LED2 driver. Connect LED anode to VIN and cathode to this pin. Do not leave
floating.
An internal 1.27V reference sets the nominal maximum WLED current. Example,

5 RSET apply a 9.53 kQ resistor between RSET and GND to set LED current to 30.2 mA at
100% duty cycle.

6 D1 LED1 driver. Connect LED anode to VIN and cathode to this pin. Do not leave
floating.
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MIC2860-2P

40 FUNCTIONAL DESCRIPTION

The MIC2860-2P is a two channel WLED driver. The
WLED driver is designed to maintain proper current
regulation with LED current accuracy of 1% with a
typical matching between the 2 channels of £0.5%. The
WLEDs are driven independently from the input supply
and will maintain regulation with a dropout of 52 mV at
30.2 mA. The low dropout of the linear drivers allows
the WLEDs to be driven directly from the battery
voltage and eliminates the need for large and inefficient
charge pumps. The peak WLED current for each
channel is set via an external resistor. If dimming is
desired the MIC2860-2P can dim via a PWM signal.

4.1 Block Diagram

As shown in the Functional Block Diagram, the
MIC2860-2P consists of two current sinks with the peak
current determined by Rge. The linear drivers have a
designated control block for enabling and dimming of
the WLEDs. The MIC2860-2P is controlled by the PWM
control block that receives PWM signals for dimming.

42 VIN

The input supply (VIN) provides power to the linear
drivers and the control circuitry. The VIN operating
range is 3V to 5.5V. Due to wire inductance, a minimum
bypass capacitor of 1 yF should be placed close to
input (VIN) pin and the ground (GND) pin.

4.3 EN

The EN pin enables the linear drivers. It can also be
used for dimming with a PWM signal. See the PWM
Dimming Interface section for details. Do not leave
floating.

44  Rggr

The Rggt pin is used by connecting a Rgget resistor to
ground to set the peak current of the linear drivers. The
maximum LED current (EN = 100% Duty Cycle) set by
the RgeT resistor is shown in the table below:

TABLE 4-1: MAX. LED CURRENT VS. Rggt

RESISTOR VALUES
RseT ILeD

9.53 kQ 30.2 mA

11.5 kQ 25.0 mA

14.3 kQ 20.1 mA

15.8 kQ 18.2 mA

19.1 kQ 15.1 mA

28.7 kQ 10.0 mA

A plot of || gp versus Rggt is shown in Figure 4-1.
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0
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Rser (kQ)
FIGURE 4-1: Peak LED Current vs. Rger-
4.5 D1, D2

The D1 and D2 pins are the linear driver inputs for
WLED 1 and 2, respectively. Connect the anodes of the
WLEDSs to VIN and each cathode of the WLEDs to D1
and D2. When operating with a single WLED, D1 and
D2 should be connected to the WLED cathode to
parallel the outputs for improved dropout performance.
Paralleling these pins can also be done to drive a
higher current through a single WLED. Do not leave
these pins floating.

4.6 GND

The ground pin is the ground path for the linear drivers.
The current loop for the ground should be as small as
possible. The ground of the input capacitor should be
routed with low impedance traces to the GND pin and
made as short as possible.

© 2022 Microchip Technology Inc. and its subsidiaries
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MIC2860-2P

5.0 APPLICATION INFORMATION

5.1 PWM Dimming Interface

The MIC2860-2P can receive PWM signals from the
EN pin for WLED dimming. Dimming is generated by
pulsing the WLEDs on and off in synchronization with
the PWM signal. The MIC2860-2P incorporates an
internal shutdown delay to ensure that the internal
control circuitry remains active during PWM dimming
for optimum performance.

The lower PWM frequency range is recommended at
250 Hz due to the minimum standby to shutdown time
of 4 ms. Because the period of 250 Hz is 4 ms, a 1%
duty cycle would have an on time of 40 pys and an off
time of 3.96 ms. To support operation down to 1% duty
cycle, the maximum off time must not exceed 4 ms or
the drivers may go into the low I shutdown state.

With PWM frequencies higher than 500 Hz the tgisg
(0.7 ps) and tga . (0.2 ps) times will have a greater
effect on the accuracy of the outputs. An upper
frequency of 500 Hz is recommended to maintain
output accuracy with duty cycles down to 1%. For
systems that do not require a duty cycle below 1%, the
frequency of the PWM signal may be increased. For
example, with a minimum duty cycle of 10% (3.02 mA
with Rget = 9.53 kQ) the PWM frequency can be
increased to 10 kHz and still maintain accuracy.

5.2 Input Capacitor

The MIC2860-2P is a high performance, high
bandwidth device. Stability can be maintained using a
ceramic input capacitor of 1 yF. Low-ESR ceramic
capacitors provide optimal performance with a
minimum amount of space. Additional high frequency
capacitors, such as small valued NPO dielectric type
capacitors, help filter out high-frequency noise and are
good practice in any noise-sensitive circuit. X5R or
X7R dielectrics are recommended for the input
capacitor. Y5V dielectrics lose most of their
capacitance over temperature and are therefore, not
recommended.

DS20006695A-page 10
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MIC2860-2P

6.0 TYPICAL APPLICATION SCHEMATIC

U1 D1
MIC2860-2P = LED
J3D—1 EN D1 6
EN
R1
2 5 9.53kQ
_I_i GND RSET AN J_
—— . D2
- = ¥ LED
J1 l E 3 4
VIN
VIN m; D2
C1
I1pF/6.3V
TABLE 6-1: BILL OF MATERIALS
Item Part Number Manufacturer Description Qty.
C1 C1608X5R0J105K TDK 1 uF Ceramic Capacitor, 6.3V, X5R, Size 0603 1
R1 CRCWO06032052FT1 Vishay 9.53 kQ, 1%, Size 0603 1
MIC2860-2PYC6 . . 2-Channel PWM Linear WLED Driver, SC-70
U1 Microchip - - 1
MIC2860-2PYD6 2-Channel PWM Linear WLED Driver, SOT-23

© 2022 Microchip Technology Inc. and its subsidiaries DS20006695A-page 11



MIC2860-2P

7.0 PACKAGING INFORMATION

71 Package Marking Information

6-Lead SC-70* Example 6-Lead TSOT-23* Example
(Front) (Front)

° ° ° °
XXX 62P XXXX 602P

6-Lead SC-70* Example 6-Lead TSOT-23* Example
(Back) (Back)

NNN 545 NNN 70K

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.

e, A, V¥V Pin one index is identified by a dot, delta up, or delta down (triangle
mark).

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information. Package may or may not include
the corporate logo.

Underbar (_) symbol may not be to scale.

Note: If the full seven-character YYWWNNN code cannot fit on the package, the following truncated codes are
used based on the available marking space:
6 Characters = YWWNNN; 5 Characters = WWNNN; 4 Characters = WNNN; 3 Characters = NNN;
2 Characters = NN; 1 Character = N

DS20006695A-page 12 © 2022 Microchip Technology Inc. and its subsidiaries



MIC2860-2P

6-Lead SC-70 Package Outline and Recommended Land Pattern

TITLE
6 LEAD SC70 PACKAGE OUTLINE & RECOMMENDED LAND PATTERN

DRAWING # | SC70-6LD-PL-1 [ UNIT | MM

l— 1.80-2.25 —=

065 BSC 065 BSC

H

-

1
3 o b 2
s I\ |
=L ) = [ T
’ 0.80-1.00 0.80-1.10
¢ —H_0.15—0.30 0.00-0.10
TOP VIEW SIDE VIEW
065 TYP
~
00
PJ 038 0.42 g
- DDDi
END VIEW 1.30 TYP
RECOMMENDED
noTe LAND PATTERN

1. ALL DIMENSIONS ARE IN MILLIMETERS.

2. DIMENSIONS ARE INCLUSIVE 0OF PLATING.
3. DIMENSIONS ARE EXCLUSIVE 0OF MOLD FLASH & METAL BURR.

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging.
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MIC2860-2P

6-Lead Thin SOT-23 Package Outline and Recommended Land Pattern

TITLE

6 LEAD TSOT PACKAGE OUTLINE & RECOMMENDED LAND PATTERN

1.

2.

5.
6.

DRAWING # | TSOT-6LD-PL-1 UNIT | MM
2.90 BSC A
0.950 0.950
TYP. TYP.
Pin #1 ﬁ a
¢ Mlgrk'i; ] § :
1 ¢ \ g =
0.127 TYP.

IR "
8%%%4* 3

G PLCS)  1Op VIEW

NOTES ' 3, 6

g
]
>

0.00-0.10

T0P VIEW

NOTES 1+ 4, 6

NOTE:

Dimensions and tolerances are as per ANSI
Y14.5M, 1994.

Die is facing up for mold. Die is facing
down for trim/form, ie. reverse trim/form.

&Dimensions are exclusive of mold flash and gate burr.
4.

The footlength measuring is based on the
gauge plane method.

All specification comply to Jedec Spec MO193 Issue C.
All dimensions are in millimeters.

10° TYP.
(2 ples)
SEE DETAIL *A*

END VIEW

NOTES ' 2, 4, 6

10°TYP.

(2 ples)
S S Y
N 0.400°%1°
Cauge Plane
DETAIL "A”"

1.90 BSC

|
2.80+0.05
3.6310.05

1.00+0.02

l.-—‘; 0.66+0.02

RECOMMENDED LAND PATTERN

Note:

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

http://www.microchip.com/packaging.
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MIC2860-2P

APPENDIX A: REVISION HISTORY

Revision A (June 2022)

* Converted Micrel document MIC2860-2P to
Microchip data sheet DS20006695A.

* Minor text changes throughout.
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NOTES:
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MIC2860-2P

PRODUCT IDENTIFICATION SYSTEM

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

Part Number X XX -XX
Device Temp. Package Media Type
Range
Device: MIC2860-2P: High Efficiency 2-Channel WLED Driver
: with PWM Control
pomperatufe y = _40°Cto +125°C
ange:
Package: Ccé = 6-Lead SC-70
ge: D6 =  6-Lead Thin SOT-23
Media Type: TR = 3,000/Reel

Examples:

a) MIC2860-2PYC6-TR:

b) MIC2860-2PYD6-TR:

Note 1:

MIC2860-2P, —-40°C to +125°C
Temp. Range, 6-Lead SC-70,
3,000/Reel

MIC2860-2P, —40°C to +125°C
Temp. Range, 6-Lead TSOT-23,
3,000/Reel

Tape and Reel identifier only appears in the
catalog part number description. This identifier is
used for ordering purposes and is not printed on
the device package. Check with your Microchip
Sales Office for package availability with the Tape
and Reel option.

© 2022 Microchip Technology Inc. and its subsidiaries
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NOTES:
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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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