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Low-Dropout, Constant-Current
Triple White LED Bias Supply

General Description

The MAX1916 low-dropout bias supply for white LEDs
is a high-performance alternative to the simple ballast
resistors used in conventional white LED designs. The
MAX1916 uses a single resistor to set the bias current
for three LEDs, which are matched to 0.3%. The
MAX1916 consumes only 40uA of supply current when
enabled and 0.05pA when disabled.

The MAX1916’s advantages over ballast resistors
include significantly better LED-to-LED bias matching,
much lower bias variation with supply voltage variation,
significantly lower dropout voltage, and in some appli-
cations, significantly improved efficiency. The MAX1916
requires a 200mV dropout at a 9mA load on each out-
put to match the LED brightness.

The MAX1916 is available in a space-saving 6-pin Thin
SOT23 package.

Features

Low 200mV Dropout at 9mA

Up to 60mA/LED Bias Current

0.3% LED Current Matching

Simple LED Brightness Control

Low 40pA Supply Current

Low 0.05pA Shutdown Current

2.5V to 5.5V Supply Voltage Range

Thermal Shutdown Protection

Tiny 6-Pin Thin SOT23 Package (1mm High)

® & & & O o o o o

Applications Ordering Information
Next-Generation Wireless Handsets PIN- TOP
. PART TEMP. RANGE
PDAs, Palmtops, and Handy Terminals PACKAGE MARK
Digital Cameras, Camcorders MAX1916EZT ~ -40°Cto +85°C  6ThinSOT23  AAAG
Battery-Powered Equipment
Typical Operating Circuit Pin Configuration
Vs TOP VIEW
VeTRL
en [1] 6] Lent
o & 2% MAXIMN
MAX191
SET LEDI LED2 LED3 anD [ 2] 916 5] Lep2
ON
Tlorr—wlen  MmaM
MAX1916 s 3] 7] s
GND
= THIN SOT23-6
MAXI/WV Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX1916

Low-Dropout, Constant-Current
Triple White LED Bias Supply

ABSOLUTE MAXIMUM RATINGS

EN, SET, LED1, LED2, LED3t0o GND .........cceeene. -0.3V to +6V Operating Temperature Range .............cccccoo... -40°C to +85°C
Continuous Power Dissipation (Ta = +70°C) Storage Temperature Range ........cc..cccceeevnene -65°C to +150°C
6-Pin Thin SOT23 (derate 9.1mW/°C above +70°C) ... 727mW Lead Temperature (soldering, 10S)........cccevviiiiieiiiiinns 300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VEN = 3.3V, VLED1 = VLED2 = VLED3 = 1V, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX [ UNITS
Operating Voltage Range VEN EN is the power-supply input 25 55 \
Undervoltage Lockout VOVLO VEN rising 2.2 2.47 \
Threshold Hysteresis 85 mV
SET Input Current Range ISET 5 260 UA
SET to LED_ Current Ratio ILED/ISET, ISET = 42uA 207 230 253 A/A
SET Bias Voltage VSET ISET = 42uA 1.154 1.215 1.276 \
SET Leakage Current EN = GND, Ta = -40°C to +25°C 0.01 1
in Shutdown VSgT = 3.3V Ta = -40°C to +85°C 5 WA
LED_-to-LED_ Current Matching ISET = 42uA 0.3 5 %
Maximum LED_ Sink Current ILED Each LED_ 60 mA

IseT = 22uA (Note 2) 100 180
LED_ Dropout Voltage ISET = 42uA (Note 3) 200 360 mV
ISeT = 84uA (Note 3) 230 410
V =V =
;Egguigﬁge Current VEEB; 55V EN - Ta = +25°C 0.01 1 WA
GND, each LED_
Input High Voltage ViH VEN > V|H for enable 2.5 y
Input Low Voltage ViL VEN < V| for disable 2.2
yEN = 2.5V to 5.5V, EN is the power-supply 40 100
EN Input Bias Current IEN input A
VEN = 0.4V Ta = +25°C 0.05 1
Thermal Shutdown Temperature 170 °C
Thermal Shutdown Hysteresis 10 °C

Note 1: Limits are 100% production tested at Ta = +25°C. Limits over the operating temperature range are guaranteed through
correlation using statistical quality control (SQC) methods.
Note 2: Dropout Voltage is defined as the LED_ to GND voltage at which current sink into LED_ drops 20% from the value at

VLED = 1V.

Note 3: Dropout Voltage is defined as the LED_ to GND voltage at which current sink into LED_ drops 10% from the value at

VLED = 1V.
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Low-Dropout, Constant-Current
Triple White LED Bias Supply

Typical Operating Characteristics
(VEN = 3.3V, VCTRL = 3.3V, RseT = 24.9kQ, V+ = 5V, TA = +25°C, unless otherwise noted.) (Circuit of Figure 1)

LED CURRENT vs. OUTPUT CURRENT LED CURRENT vs.
V+ BIAS VOLTAGE vs. VEn SUPPLY VOLTAGE TEMPERATURE
2% 5 5 20,0 2
20 : : 19.9 :
_ z _
E = ® E
= 15 LED3 = = 198
& \ = &
= LED? S 10 3 \\
o 10 i = o 197 —~
- LED1 2 -
5 5 196
UNMATCHED LEDS
0 : 0 195
2 3 4 5 6 20 25 30 35 40 45 50 55 60 40 45 10 35 60 85
Vs BIAS VOLTAGE (V) Ve SUPPLY VOLTAGE (V) TEMPERATURE (°C)
LED CURRENT LED CURRENT (I ep) LED DROPOUT VOLTAGE
vs. Rset vs. VCTRL vs. CURRENT
100 ‘ ‘ s 60 2 300 g
VerRL=5.0V : A o |
~ 7 2 / g 1 |t
N z 50 B g %0 - 2
z ~ VeraL=3.3V T / / 5 |
= \\ S E 40 / 2 200
E 0P RS £ 3 / £ 150
D S NS -
3 N N ) D/ 2
o A o / o
= — 725\/\\\ > = 20 / o "] < 100
CTRL=2. ~C ~ / / // A 2
N 10 ;4;5 — 50
VerRL =18V N %/// G
1 ‘ 0 0
10 100 15 20 25 30 35 40 45 50 55 0 5 10 15 20 25 30 35 40
Rser (kQ2) Vetae (V) LED CURRENT (mA)
A: RgeT = 10kQ2
B: Ry = 15kQ
C: RsET = 22kQ2
D: RseT = 33kQ2
E: ReT = 47kQ
F: ReeT = 68kQ

G: Rsgr = 100kQ

MAXIMN 3

916 L XVIN



MAX1916

Low-Dropout, Constant-Current
Triple White LED Bias Supply

Typical Operating Characteristics (continued)
(VEN = 3.3V, VcTRL = 3.3V, RsgT = 24.9kQ, V+ = 5V, TA = +25°C, unless otherwise noted.) (Circuit of Figure 1)

Ign SUPPLY CURRENT
vs. Ven SUPPLY VOLTAGE ENABLE AND SHUTDOWN RESPONSE
45 % MAX1916 toc08
40 g
= 3 T = VeN
El |_— 0 |— : e 2V/div
= 30
& | ]
5 25 i
= ¢ [
§ 20
S 5 20mA ILED
z . : ll\._____ 20mA/div
10 | |
5
0
20 25 30 35 40 45 50 55 60 40us/div
Ven SUPPLY VOLTAGE (V)
VerrL TRANSIENT RESPONSE V+ TRANSIENT RESPONSE
MAX1916 toc09 MAX1916 toc10
3V Al £\ W =
' £ e VeTRL et o] W
1V/div 1V/div
ARSI S . s
20mA P g, lLOEDA/d 20mA r LD
P I Sepmligmeticees]  10mA/div i
10mA " 10mA 10mA/div
10us/div 20us/div
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Low-Dropout, Constant-Current

Triple White LED Bias Supply

Pin Description

PIN NAME FUNCTION
Enable Input/Power Input. Drive high (> 2.5V) to enable; drive low (< 2.2V) to disable. When
1 EN disabled, SET, LED1, LED2, and LED3 are high impedance. When enabled, EN is the power input
for the MAX1916.
2 GND Ground
3 SET Bias Current Set Input. The current flowing into SET sets the bias current into each LED by
ILED_= 230 x ISeT. VSET is internally biased to 1.215V. SET is high impedance when EN is low.
LED 3 Cathode Connection. Current flowing into LED3 is 230 times the current flowing into SET.
4 LED3 o .
LED3 is high impedance when EN is low.
LED 2 Cathode Connection. Current flowing into LED2 is 230 times the current flowing into SET.
5 LED2 o .
LED2 is high impedance when EN is low.
LED 1 Cathode Connection. Current flowing into LED1 is 230 times the current flowing into SET.
6 LED1 o .
LED1 is high impedance when EN is low.

Lo

Rser

N VeTRL

V+

5Y KX K

EN

THERMAL LEDT

SHUTDOWN

230X

MAXIM
MAX1916

NGRS

Figure 1. MAX1916 Simplified Functional Diagram

Detailed Description

The MAX1916 provides constant-current bias supply
for white LED designs. The MAX1916 uses a single
resistor to set the bias current for up to three LEDs.
LED bias currents are matched to 0.3% by the
MAX1916’s unique current-matching architecture
(Figure 1). Supply current (IEN) is a low 40pA in normal
operation and 0.05pA when disabled.

The MAX1916 offers several advantages over using
ballast resistors, such as improved LED-to-LED bright-
ness matching, lower bias variation with supply voltage
changes, significantly lower dropout voltage, and in
some applications, significantly improved efficiency.

MAXIMN

The MAX1916 achieves a 200mV dropout with a 9mA
load on each output.

For circuits requiring only one or two LEDs, leave
unused LED outputs unconnected.

Enable Input
EN powers the input of the MAX1916. Drive EN high
(> 2.5V) to enable the device; drive EN low (< 2.2V) to
disable the device. When driven high, EN draws 40pA
to power the IC. Driving EN low forces LED1, LED2,
LED3, and SET into a high-impedance state.

916 IXVIN



MAX1916

Low-Dropout, Constant-Current
Triple White LED Bias Supply

Vi

O

T0 OTHER
EXISTING | VeTRL CIRCUITS
LDO
1 <
= YAV 5
SET LED1 LED2 LED3
ON
MAXIN
—|EN
O MAX1916
GND
1

Figure 2. Very Low-Cost, High-Efficiency Solution

DAC VeTRL

Vi

SN Iy

SET
ON

~ lorF—|EN

LED1 LED2 LED3

MNAXIMN
MAX1916

GND

L

Figure 3. Brightness Adjust Using DAC

VBATT

EXISTING |5.0V Ve TO OTHER
REGULATOR CIRCUITS
= e 25 2%
SET LED1 LED2 LED3
ON
MAXA/N
—1EN
Logr MAX1916
GND
1

Figure 4. Existing 5V Supply Circuit

Setting the Output Current
SET controls the LED bias current. Current flowing into
LED1, LED2, and LED3 is 230 times greater than the
current flowing into SET. Set the output current as fol-
lows:

5 = 230VcTRL ~VsET)

ILE
Rser

where VST = 1.215V, VCTRL is an external voltage
between 1.8V and 5.5V, and RsgT is the resistor con-
nected between VcTRL and SET (Figure 1).

Applications Information

1) Very Low-Cost, High-Efficiency Solution (Figure 2).
A battery (single Li+ or three NiMH cells) powers
the LEDs directly. This is the least expensive and
most efficient architecture. Due to the high forward
voltage of white LEDs (3.3V), the LED brightness
may dim slightly at the end of battery life. The
MAX1916’s current-regulating architecture and low
dropout greatly minimize this effect compared to
using simple ballast resistors. The enable function
of the MAX1916 turns on and off the LEDs. An exist-
ing low-dropout regulator is used as VCTRL.

2) Brightness Adjustment Using a DAC (Figure 3). A
DAC is used as VCTRL such that the LED brightness
may be dynamically adjusted to eliminate factory
calibration. A battery (single Li+ or three NiMH
cells) or a regulated power source drives the LEDs.

3) Existing 5V Supply (Figure 4). Use an existing sys-
tem regulator, such as the MAX684, to provide the
required LED voltage and provide power to other
circuits. Due to the high forward voltage of white
LEDs (3.3V), use a 3.6V to 5.5V regulated supply to
provide enough voltage headroom such that the
LEDs will maintain constant brightness for any bat-
tery voltage. Use the existing regulated supply as
VCTRL.

Chip Information

TRANSISTOR COUNT: 220
PROCESS: BiCMOS
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Low-Dropout, Constant-Current
Triple White LED Bias Supply

Package Information

“HOR A
T |
L

\ \ \
ex[@lois] 1
PIN 1

ad}

SEE DETAILA*

TOP VIEW END VIEW

NOTE: PIN 1 WILL BE IDENTIFIED BY
PIN 1 DOT & MARKING ORIENTATION.

12° REF.™|
F. o[@lano] A TYp.
| T |
A T i ]
PARTING LINE Il:j:l:l:j:l:lzlj Af T —
] ] |
7 T 0I0 R ‘
PLANE @ AL MIN A3 [=10.05[]
A l
D
SIDE_VIEW T ‘ SEATING PLANE
@ L -
BASE METAL: 0575 REF—~]
—T DETAIL *A”"
~ cl ©

gl i VI AKX VI

PROPRIETARY INFORMATION
(o>

TITLE:
PACKAGE OUTLINE, 6 LEAD THIN SOT23,

SECTION “B-B* ¢ LOW PROFILE )
21-0114 B |5
1. ALL DIMENSIONS ARE IN MILLIMETERS. SYMECES
nw g MIN NOM MAX
/2N AND "E1” ARE REFERENCE DATUM AND DO NOT A — — I
INCLUDE MOLD FLASH OR PROTRUSIONS, AND ARE :
MEASURED AT THE BOTTOM PARTING LINE. MOLD FLASH AL 005 0075 0.10
OR PROTRUSION SHALL NOT EXCEED 0.15mm ON "D a2 085 0.88 0.90
AND 0.25mm ON "E" PER SIDE. A3 050 BSC
A b 0.30 - 045
THE LEAD WIDTH DIMENSION DOES NOT INCLUDE DAMBAR = 025 03s 00
PROTRUSION. ~ ALLOWABLE DAMBAR PROTRUSION SHALL . . .
BE 0.07mm TOTAL IN EXCESS OF THE LEAD WIDTH c 015 - 0.20
DIMENSION AT MAXIMUM MATERIAL CONDITION. cl 012 0127 0.15
D 2.80 2.90 3.00
/A DATUM PLANE “H” LOCATED AT MOLD PARTING LINE AND E 575 BSC
COINCIDENT WITH LEAD, WHERE LEAD EXITS PLASTIC BODY = s [ w0 | 1es
AT THE BOTTOM OF PARTING LINE. . . .
L 030 | o040 | 050
/AN THE LEAD TIPS MUST LINE WITHIN A SPECIFIED TOLERANCE ZONE. el 1.90 BSC
THIS TOLERANCE ZONE IS DEFINED BY TWO PARALLEL LINES. ONE o 0.95 BSC
PLANE IS THE SEATING PLANE, DATUM [-C-]; AND THE OTHER P v [ + | PE
PLANE IS AT THE SPECIFIED DISTANCE FROM [-C-] IN THE 020
DIRECTION INDICATED.  FORMED LEADS SHALL BE PLANAR WITH eaa :

RESPECT TO ONE ANOTHER WITH 0.10mm AT SEATING PLANE.

6. THIS PART IS COMPLIANT WITH JEDEC SPECIFICATION
MO-193 EXCEPT FOR THE "e” DIMENSION WHICH IS 0.95mm
INSTEAD OF 1.00mm. THIS PART IS IN FULL COMPLIANCE TO »,

EIAJ SPECIFICATION SC-74. /VI /J K I /VI

TITLE
PACKAGE OUTLINE, 6 LEAD THIN SOT23,
¢ LOW PROFILE )

APPROVAL DOCUMENT GONTRDL N3,

21-0114

REV

B

A

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600 7

© 2001 Maxim Integrated Products Printed USA MAXIM s a registered trademark of Maxim Integrated Products.
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHoBsaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




