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ABSOLUTE MAXIMUM RATINGS

IN O GN D -0.3V to +30V Operating Temperature Range ............c...ccc.co..... -40°C to +85°C
Vecto GND .-0.3Vto +13V Storage Temperature Range ....-65°C to +150°C
DIM/FB, COMP, UVLO/EN, CSto GND.................... -0.3V to +6V Junction Temperature .........cccccooeviiiiiiiiiiiiie e +150°C
NDRV t0 GND....oooviiiiiiiiiicc -0.3V to (Vce + 0.3V) Lead Temperature (soldering, 10S) ......c.ccccoovrviiiiiiiinenn. +300°C
Continuous Power Dissipation (Ta = +70°C)

8-Pin uMAX (derate 4.5mW/°C above +70°C).............. 362mwW

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

(VIN = +12V (MAX16801: V|N must first be brought up to +23.6V for startup), 10nF bypass capacitors at IN and Vcc, CnpRy = OpF,
VUVLO/EN = +1.4V, VpivyrB = +1.0V, COMP = unconnected, Vcs = 0V, 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
UNDERVOLTAGE LOCKOUT/STARTUP
Bootstrap UVLO Wake-Up Level VSUVR VIN rising (MAX16801 only) 19.68 21.6 23.60 vV
Bootstrap UVLO Shutdown Level VSUVF VN falling (MAX16801 only) 9.05 9.74 10.43 \
UVLO/EN Wake-Up Threshold VULR2 UVLO/EN rising 1.188 1.28 1.371 V
UVLO/EN Shutdown Threshold VULF2 UVLO/EN falling 1.168 1.23 1.291 \
UVLO/EN Input Current luvLo Ty =+125°C 25 nA
UVLO/EN Hysteresis 50 mV
oot ot B 5 0 | w
IN Voltage Range VIN 10.8 24 Vv
UVLOJEN Propagation Delay tEXTR UVLO/EN steps up from +1.1V to +1.4V 12 s
tEXTF UVLO/EN steps down from +1.4V to +1.1V 1.8
Bootstrap UVLO Propagation tBUVR | VIN steps up from +9V to +24V S
Delay tBUVF VN steps down from +24V to +9V He
INTERNAL SUPPLY
Vo Regulator Set Point Veesp VIN = +10.8V to +24V, sinking 1pA to 20mA 7 105 v
from Vce
IN Supply Current After Startup [N VIN = +24V 1.4 2.5 mA
Shutdown Supply Current UVLO/EN = low 90 pA
GATE DRIVER
Driver Output Impedance Ron(Low) | Measured at NDRV sinking, 100mA 2 4 o
RON(HIGH) | Measured at NDRV sourcing, 20mA 4 12
Driver Peak Sink Current 1 A
Driver Peak Source Current 0.65 A
PWM COMPARATOR
Comparator Offset Voltage VOpwMm | Vcowmp - Vs 1.15 1.38 1.70 Vv
CS Input Bias Current Ics Vcs = 0V -2 +2 pA
Comparator Propagation Delay tPWM Vgs = +0.1V 60 ns
Minimum On-Time tON(MIN) 150 ns
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ELECTRICAL CHARACTERISTICS (continued)

(ViN = +12V (MAX16801: V|N must first be brought up to +23.6V for startup), 10nF bypass capacitors at IN and Vcc, CNDRy = OpF,
VUVLO/EN = +1.4V, VpivyrB = +1.0V, COMP = unconnected, Vcs = 0V, 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

CURRENT-SENSE COMPARATOR

Current-Sense Trip Threshold Vs 262 291 320 mV

CS Input Bias Current lcs Vgs = 0V -2 +2 pA

Efﬁgg?g&? I?ZIL?tyt(l):rﬁng tPWM 50mV overdrive 60 ns

Switching Frequency fsw 230 262 290 kHz

Maximum Duty Cycle DMAX MAXiea0 A %0 205 %
MAX1680_B 75 76

IN CLAMP VOLTAGE

IN Clamp Voltage VINC 2mA sink current, MAX16801 only (Note 3) | 241 26.1 29.0 \

ERROR AMPLIFIER

Voltage Gain RLoaD = 100kQ 80 dB

Unity-Gain Bandwidth RLoAD = 100kQ, CLoAD = 200pF 2 MHz

Phase Margin RLoAD = 100kQ, CLoAD = 200pF 65 Degrees

DIM/FB Input Offset Voltage 3 mV
High 2.2 3.5

COMP Clamp Voltage Vv
Low 0.4 1.1

Source Current 0.5 mA

Sink Current 0.5 mA

Reference Voltage VREF (Note 2) 1.218 1.230 1.242 Vv

Input Bias Current 50 nA

COMP Short-Circuit Current 8 mA

THERMAL SHUTDOWN

Thermal-Shutdown Temperature 130 °C

Thermal Hysteresis 25 °C

DIGITAL SOFT-START

Soft-Start Duration 15,872 Ey'gg;

Reference Voltage Steps Durin

Soft-Start ’ i ° 31 Steps

Reference Voltage Step 40 mV

Note 1: All devices are 100% tested at Ta = +85°C. All limits over temperature are guaranteed by characterization.

Note 2: VReF is measured with DIM/FB connected to the COMP pin (see the Functional Diagram).

Note 3: The MAX16801 is intended for use in universal input offline drivers. The internal clamp circuit is used to prevent the boot-
strap capacitor (C1 in Figure 5) from charging to a voltage beyond the absolute maximum rating of the device when
UVLO/EN is low. The maximum current to IN (hence to clamp) when UVLO/EN is low (device in shutdown), must be exter-
nally limited to 2mA (max). Clamp currents higher than 2mA may result in clamp voltage higher than +30V, thus exceeding
the absolute maximum rating for IN. For the MAX16802, do not exceed the +24V maximum operating voltage of the device.

MAXIMN 3
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(VuvLO/EN = +1.4V, Vpimre = +1V, COMP = unconnected, Vcs = 0V, Ta = +25°C, unless otherwise noted.)
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(VuvLo/EN = +1.4V, Vpimre = +1V, COMP = unconnected, Vcs = 0V, Ta = +25°C, unless otherwise noted.)
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(VuvLo/EN = +1.4V, Vpimre = +1V, COMP = unconnected, Vcs = 0V, Ta = +25°C, unless otherwise noted.)
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(&5). ClIR~FFI%E = Lol nyid iy o E Tl T8
SR R, KRAECIK T/E3hnE, (HAEEVIEE R
S BLAR AL 2 H A DS R 2 P . R C1
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T A BETE 55 = 2840 b s 57 8 % (0 H T g PR3 it L Y8
HE VN FEEA9.TVELT . AR A UVLOR ST A RE S 30
CIFIC2 7 % A I FEL 2%

185 8 TE A F VR R R 5 R (RS VACHR A 31 FH B85 £k 2 7 )
B4 LED IR sh#s  Z 4+ /N T 500ms 19 S shist ], J5 3h
FLBEL R 1 A (] A 4 (L 1R T 75 1) e KU s (i B PO (B 22
RETOORA)VFIHCL. C2 78 HL T 75 A HLUR . 7 T30 10
500ms Ja BhEF ] P, 5% B LA C2 UM J0 8 FE LB +9.5V, 1M
CluhZR FEHL 5] +24V

B T MAX16801 P #54G 60ms (5K 3 shist ], CLAAZUE ik 2
e R HL T, DUfE 2 /DA X B A] P [ A A R FL IR .
PUF 2 i B 557 7 1 HL A1
lg =Qgtotx fsw
. (llN + |g) (tss)
VHysT

HA TR A 3E MAX16801 i P9 B L IR LI (1.4mA), Qgor

QLAY B AT, fowiEMAX16801 [ JF 3458 (262kHz) ,

VaysTAE H 268 UVLO#E [ HLFE(11.9V),  tgg & PN FR 4K 8 shit
[](60ms).-

il :
lg = (8nC)x(262kHz) = 2.1mA
(1.4mA +2.1mA)x (60ms)
Ci= =17.5uF
(12v)
FL 5 B R 8 1 SpF.
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e Cl > C2, MFELITAXIFHARL:

_ VSUVR x C1
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Hh Vi 2 WA B SN A B S, Veyyr2 B %
UVLOM R H (B KAE+23.6V), IgTarT 28 ShIIN_E A
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BN, A A BB /IME 8SVET, A

Rl =
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FLL PEL BUAR 1 120k Q.-
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BEER L, XA DAREIZ A A e .
ERBSITEW AT ROUTE SRR . %R E =25
A5k SR AL AE . TR T A ] Ik ) 58 = S 2H Y HL I
HH PR R SEIE EE SRR R P 2 A R [R] 9 BOR Bhid AR
CLAA22V I L 2+ 10V A fi LA LI [] s 00K T 60ms B
JABIETE] .

SCELE 2R 53— 07 15 AR IR A i b R i SR A 2 Ah R
=AML B Se 4, H6 0 E 8415 MOSFET S it
B FEFHS LY. AT, Friai A Em N2 T .

SR, XA AT, AR EEESIUNT 21, kR
JE i B SE AR T S R AR, B 5 — AR EE B
(). ANSREIAH, WLEDAK 5h L i 2 75 A IR 2SR 4T
WEAEOR . B, AR E S84 5 MOSFET S i (7] [7]
M, ARA .

ot = = 0.72mA

=119kQ

MNAXIMN
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BIS% T — AT MAXI6801 984N HB LED R shsgRy 1 octtit, AHRDRAIMHLLH.
JHRLRE . ABFESTIA KRR R R . iRz BB T PETMAXI6R01. RAMRIMPWMIT AT

e S TSI RO Y LED HL I 4 1. f 55 2 2% 5 flyback HB LEDIE 2128 . PWM {2 2555 #l
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)
— MAX16801
c3
|| COMP GND

§ R6 DIM/FB UVLO/EN

R5

-2

GND

5. B2z, JERGH. flyback LEDHKZ)#E, HA [ mFEfi A JE 59 JE

MAXIMN "

a/vY2c089LXVIN/E/V1089LXVIN



FFEEZELEDIREEHY
Bz, DC-DC PWME#|EE

ViN
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COMPE MAX16802B E NDRV I 1
R2§
R4
R3 * T VVV
DIMMING >\,
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;1
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1

MAX16801A/B/MAX16802A/B

&6, BA 51 T ) REHIMAX16802 flyback HB LEDI 548, i A HLJESE 10.8V E 24V

VIN
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° D1 C4
L’\/\/\/ UVLO/EN — gL ! W
DIM/FB Y
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MAX168028
COMP E 680. E NDRV I Q1 U
m Bat
.-
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Bz, DC-DC PWMEHI&S

OPTIONAL ONLY WHEN PWM DIMMING IS USED

v — Vec NDRV | E at &

UNIVERSAL|  BRIDGE 03 o< 1
ACINPUT | RECTIFIER N o 1.
/AKX
MAX16801B
cs
1= == §

”.”. DIM/FB UVLO/EN Rt
“PUM "
cs
| |

“WARNING: PWM DIMMING SIGNAL IS SHOWN AT THE PRIMARY SIDE.
USE AN OPTOCOUPLER FOR SAFETY ISOLATION OF THE PWM SIGNAL.

8. SN . B [ 2 lyback HB LEDIK )4, RHITATPWM It

+VIN

D | Vour
3 > m
- " . 5y OPTOLED N

A%L N NDRV | Em R8 §§

— "\NNN—— §§
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Vee Cs § Rt
I AXI /W “ :E 0
N VAKX R4 —|—

MAX16801
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u3 N
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B4, DC-DC PWME#ZE

MAX16801A/B/MAX16802A/B

b
THEEHEE
V
IN - - N Vee cC
IN
CLAMP
26.1V V REGULATOR
BOOTSTRAP UVLO**
REG_OK VL
DIGITAL [ | REFERENCE
SOFT-START 1.23V
UVLO/EN (INTERNAL 5.25V SUPPLY)
COMP
DIM/FB > ’ DRIVER
ERROR _ i> S NDRV
AMP Q
+ CPWM I R
s | Vopwm N [
™ *OSCILLATOR ®
138y 262kHz L V
THERMAL |
SHUTDOWN GND
Ves [+ - —
0.3V LM /N AXI/VI
% MAX16801 *MAX16801A/MAX16802A: 50% MAXIMUM DUTY CYCLE
+ MAX16802 MAX16801B/MAX16802B: 75% MAXIMUM DUTY CYCLE
**MAX16801 ONLY
1, =
prigilk 4] 5| A &
PART BOOTSTRAP \S/;ﬁzgz MAX DUTY TOP VIEW
uvLo W) CYCLE (%)
MAX16801A Yes 22 50 bvLoren [1] 8]
MAX16801B Yes 22 75 DIM/FB [2 | AAAXM [7] Ve
" MAX16801
MAX16802A No 10.8 50 cowp[3|  Max16802  [&]noRy
MAX16802B No 10.8* 75
) cs [4] 5] 6ND
*MAX168020%F P #8E 25 UVLO.
Voo I 5 F+7V (IN 5 I H +10.8VAT YR IF i ),
I H UVLO/ENT| B 2% 5 L A MAX 1680246 TAE. uMAX
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MAX16801, MAX16801A, MAX16801B, MAX16802, MAX16802A, MAX16802B #£kst,. DC-DC PWMEZ &%, T &+ ELEDIKSh# - Wik
ENGLISH * fifAtic o HARE o 330
... logn|Regser
MAXIW I —

INMOVATION DELIVERED® . [N
LN SR CiiRes

AT AR e it PRI Hr R N AT FHIMaxim

Maxim > 7 > V7R R T > MAX16801, MAX16801A, ...
Maxim > ;=i > BRI H > MAX16801, MAX16801A, ...

MAX16801, MAX16801A, MAX16801B, MAX16802, MAX16802A, MAX16802B
Bk, DC-DC PWMEEIE, M 8w ELEDIK ¢

HATE TR &R I LEDIRB s %

[weE | [ BAock | [ e | [ ©) | [ FEnE |

RUL: A7

MAX16801A/B/MAX16802A/B i+ £ (HB) LED IR sz fil##1C & A 15 i 94 A L il LED 3K 5y B ek

SRR 4 ML T P R T S 7 . MAX L6801 25 1% P - F SERMHRTR

A (85VAC £ 265VAC T iU E i A) LEDIKENZE, MAX168023# A T4 A i :

J%(10.8VDC #24VDC) LEDIKZN%S » ;@‘c ET% Rev. 2 (PDF, 212K8)
3¢ TH M4k Rev. 2 (PDF, 700kB)

it B E I TTLED HUE , TR AR b R ROR A LA SRS B 196 H R E . I (AP WM SE R 1
T RSB BE 5% BE R T Y

MAX16801/MAX16802 H 7% A R HEGUE (UVLO)REIE, AT E I A A S L, FE AT IR AL R I IE 3 TAF . MAX16801 A7 K
[ ) P30 9 48 A0 Bl FL AT fRTAL T BIZRLED SRS A 951 . MAX16802% A XA IS H 28 HLll , P E 1%+ 12V HE o

PR 9 262kHz [ 18 FF AT SR VPSR R SO RIS o, I SEIL SR St L AILED K E)
o MAX16801A/MAX16802A 5k 25t H50% , MAX16801B/MAX16802B 1 #5 K 1525 L N 75% » X LLH{4: 14 % FH8 5 I uMAX®Ef
He A TAEAE-40°C E+85°CIRJETEE A .

A TG . MAX16802BEVKIT

KT JS Mg

o if#&bucks boost. flyback. SEPICHIHEH#i+h o WS IN]

o [EIIBBOWEL E & A A HH L o ALAHT SR BRI

o B A LT . 85VAC A 265VAC i HiH (MAX16801) o B#ADC-DC LEDYKBh#F
o ING|HE#2H110.8VE24V H i A IK5(MAX16802) « RGBHY:, HTLCD TVAIEHLE
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o PWMal et 5 B Y
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Key Specifications: High Brightness LED Drivers

Device|Device Application ILep per LED .PWM PWM
String Freq. Dimming | . . .
o ViN | VIN ViN = Channel ", /.= Internal (kHz)| Freq Dimming Ev Price
Topology | (V) V) V) (A) ' Pwr. ‘ Ratio
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MAX16801, MAX16801A, MAX16801B, MAX16802, MAX16802A, MAX16802B Ei£kil. DC-DC PWMEz s, HT &= 2 LEDIKZ%: - HEid

kHz i
Number Channels (V) R (kH2) Kit -
max | min max max | max max | max max ee
Notes
Boost/SEPIC $0.66
MAX16801 Flyback 400 No @1k
BoosySEPIC| 24 | 108 —1 | 3 | 250 No |262| 2 3000 066
MAX16802 Buck 24 Yes $@.1k
Flyback
#FFiFHigh Brightness LED Drivers (23)
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10.8V0C T0 2490C
i
EMABLE —] UvLGEN N I l *L:D?
ik : "
- —{ OBAFR VG o1 b
MAXIN “
MAX 165028 |
COMP M |
|— o5 GND
0—= ==
w0 L]
T 1R

FHZE = i
MAX16802BEVKIT MAX16802BiT ik
P MEH Bk

o A High Brightness LED Drivers (257= i)
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BOARENRTTZA ™ i 2

o N TRENNH Bhi R, FATAEH S

o 2R

o N A
Wk | BRI WS B
WA Bkt ks 5L
PS5l N AHZID it
57 F/ 45 AL AR LTI
SKAE bR B FHEE R
GES CIEACE 8 TR E
TR TEAR A/
LT

Z:7% ik 19-3880 Rev. 2; 2010-04-01

AVUEJE K HE i 2010-04-01
WA (58 42 Rl HHZ A BT 3EAR RIRAR T & FAUBLSR B

© 2010 Maxim Integrated Products A4

http://china.maxim-ic.com/datasheet/index.mvp/id/5001[2010-8-12 8:16:37]



https://shop.maxim-ic.com/storefront/priceavailable.do?event=PartSearch&menuitem=PriceAndAvailability&Partnumber=MAX16801
https://shop.maxim-ic.com/storefront/priceavailable.do?event=PartSearch&menuitem=PriceAndAvailability&Partnumber=MAX16801
https://shop.maxim-ic.com/storefront/priceavailable.do?event=PartSearch&menuitem=PriceAndAvailability&Partnumber=MAX16802
https://shop.maxim-ic.com/storefront/priceavailable.do?event=PartSearch&menuitem=PriceAndAvailability&Partnumber=MAX16802
http://para.maxim-ic.com/cn/results.mvp?fam=hbled
http://para.maxim-ic.com/cn/results.mvp?fam=hbled
http://para.maxim-ic.com/cn/results.mvp?q=hbled&an_1=Family&av_1=High%20Brightness%20LED%20Drivers
http://china.maxim-ic.com/view_press_release.cfm/release_id/1170
https://support.maxim-ic.com/cn/psa/dfwyn.mvp?loc=http%3A%2F%2Fchina.maxim-ic.com%2Fdatasheet%2Findex.mvp%2Fid%2F5001
http://para.maxim-ic.com/cn/
http://support.maxim-ic.com/cn/
http://china.maxim-ic.com/datasheet/index.mvp/id/5001/t/do
http://china.maxim-ic.com/datasheet/index.mvp/id/5001/t/or
http://china.maxim-ic.com/datasheet/index.mvp/id/5001/t/do#%E6%95%B0%E6%8D%AE%E8%B5%84%E6%96%99
http://china.maxim-ic.com/datasheet/index.mvp/id/5001/t/do#%E5%BA%94%E7%94%A8%E7%AC%94%E8%AE%B0
http://china.maxim-ic.com/datasheet/index.mvp/id/5001/t/do#%E8%AF%84%E4%BC%B0%E6%9D%BF
http://china.maxim-ic.com/datasheet/index.mvp/id/5001/t/do#%E5%8F%AF%E9%9D%A0%E6%80%A7%E6%8A%A5%E5%91%8A
http://china.maxim-ic.com/datasheet/index.mvp/id/5001/t/or#f
http://china.maxim-ic.com/datasheet/index.mvp/id/5001/t/or#f
http://china.maxim-ic.com/datasheet/index.mvp/id/5001/t/or#f
http://china.maxim-ic.com/datasheet/index.mvp/id/5001/t/or#f
http://china.maxim-ic.com/datasheet/index.mvp/id/5001/t/or#f
https://support.maxim-ic.com/cn/
http://china.maxim-ic.com/misc/need_javascript.htm
http://china.maxim-ic.com/misc/need_javascript.htm
http://china.maxim-ic.com/legal/privacy.cfm
http://china.maxim-ic.com/legal/

MAXIMN

MAX16802B i &tk

MAX16802B PEAti Al (EV kit) I >k 1 7~ 2 T MAX16802B i ¢ 10.8VE3OVEREEETEE

R . KM LEDIK sh#s . PFh A r] $E L FE 2 1Y o BRI

7S0mA K LT, TR 10.8V 30V R EZ [, T s

,T/E{EIE—{F@E]%_4OOC§:+8SOC ‘ 12V§ﬁHjH?IlEEUILEIlj:‘.750mA

MAX 68028 ¥ (5 FUR PRI R T e s gl gy st - & SR PWMR RIS

FIFBERL A LIRS PWM A (S SEEHILED S . iir ¢ BRI EIX80%

A B UVLOTIAE, TEM A LU I B 6T o BB ERESE

BU, JF AT DLZELED F B 0P S BUE B TR R o sy prma

MAX 168028 i B 2 5% 4 T2 32 17 Mk ) L B A

T o R ORI, AT AT RE I

FEERRER, M RT IR B T M B 1 O BT . e

B AR AR, DL S T REAO A 0775 . EMEH

PART TEMP RANGE IC PACKAGE

MAX16802BEVKIT -40°C to +85°C 8 pMAX®

UMAX 4 Maxim Integrated Products, Inc.(J7EM BI#R -

TS *R
DESIGNATION | QTY DESCRIPTION DESIGNATION | QTY DESCRIPTION
4.7uF, 50V X7R ceramic capacitors L1 1 |47uH, 4.2A peak SMD inductor
C1,62,C5.C6 | 4 1 rata GRM32ER71H475KABSL Coilcraft DO3308P-472ML
. 60V, 3.2A n-channel MOSFET
gggjéifoor\sl X7R SMD ceramic Q1 1 Vishay Si3458DV
C3,C4,C7 3 Murata GRM188R71H104KA93D or R1 1 392kQ +1%, 1/8W resistor (0603)
TDK C1608X7R1H104K R2 1 11kQ +1%, 1/8W resistor (0603)
470pF, 50V X7R ceramic capacitor R3 1| 499kQ 1%, 1/8W resistor (0603)
Cc8 1 Murata GRM188R71H471KAQ1D or R4 1 73.2kQ +1%, 1/8W resistor (0603)
TDK C1608X7R1H47 1K RS, R7 2 | 1kQ £1%, 1/8W resistors (0603)
1nF, 50V X7R ceramic capacitor S -
co 1 | Murata GRM188R71H102KA01D or Re 1_|3300 110/"’ 1/4W resistor (1206)
TDK C1608X7R1H102K R8 1 220Q £1%, 1/8W reSllSJ[Or (0603)
D1 ] 22\/’ 1.5W zener diode R9 1 0.10Q 11%, 1/2W resistor (1206)
Vishay SMZG3797B Susumu RL1632R-R100-F
60V, 1A Schottky diode R10 1 1Q +5%, 1/8W resistor (0603)
D2 1 | Central Semiconductor CMSH1-60M U1 1 MAX16802B (8-pin uUMAX)
or Diodes Inc. B160 VIN, VLED, ] ]
20V, small-signal Schottky diode PWM_IN, 4 0.1in, 2-pin male connectors
D3 1 Vishay SD103CWS or LIN_IN (through hole)
Diodes Inc. SD103CWS _ 1 MAX16802B PC board
0.1in, 2-pin hole headers
1,J2 2 ’
J1. (through hole)
AKX/ Maxim Integrated Products 1

AL SR Maxim 1E 3038 SCHFOBHITIE S, Maxim AS X Bl A7 78 19 25 R a ph e 7 AR I B R 3R . T IR R v SO R T BB A 7E SR 4
BHEEEE R, WITFRBIATATIE A ER I, 1E2 % Maxdm B AL F) FE SRR .
ZNEBEHERFEIHRNEEZR, FiFEMaximBETT: www.maxim-ic.com.cn.
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FE(ER : MAX16802B

MAX16802B iF1& R

1RIENT
MAX16802B PF-f A J2: 5¢ 4 %4 Bt H- 28 18 Mt i e B bl . 4%
MRAE BRI TIEREN . EXRMEEZEZE, |
EEERE.

DB ERBIROFROVIE S, 1A)EREZR+VINHIGND.

2) W B IR R SR I A% FTLED PE 4 (SR 47382, 750mA IE [f)
B T B P29 12V) % 8 £ + VLED #1-VLED i 5 BHAR
#+VLED, P 4%-VLED.

3) HEE PR T A2 DAAE (] 22 R

4) FTIFELIE, FFKedm AR ER N 10.8V L L. s
¥ 48 K B LED BE 41 1F [0 & LR, FR R ALK 29750mA
FAE R LED XL . # i AR ER E30V, Tk
P Y7 70 A YR L S Y PR P A 1 B

S) Wi g AR T1, FHAEPWM_IN E gk PWM A5 5O % 4
200Hz, IEE NO0ZE2V). MOFE100%ek 38 525, LED
R AL, A N 100% 35 2 0% . 4 PWMAE
SN 0%, LEDZE K 100%.

6) T HBWI 2. 8 — A48 H EIRZLIN_IN,
EOR 1.6V a Y i E. LED = EWKTE100% 5 0%
AR L . i ALIN_INHLE OV, LEDAEE K100%.

S TENABMBE2LITMRLER.

#2485 B
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MAX16802B Evaluation Kit

General Description

The MAX16802B evaluation kit (EV kit) demonstrates a
current-controlled, high-output-current LED driver
based on the MAX16802B. This EV kit is capable of
supplying stable output currents of up to 750mA, can
run at supply voltages between 10.8V and 30V, and can
operate at temperatures ranging from -40°C to +85°C.

The MAX16802B EV kit features two different types of
dimming controls using either a linear input voltage or a
PWM input signal to control the LED brightness. This EV
kit also has a UVLO feature to turn off the EV kit opera-
tion during low input supply voltage and an overvoltage
protection to protect the EV kit under an open-LED con-
dition. The MAX16802B EV kit is a fully assembled and
tested board.

Warning: Under severe fault or failure conditions, this
EV kit may dissipate large amounts of power, which
could result in the mechanical ejection of a component
or of component debris at high velocity. Operate this
EV kit with care to avoid possible personal injury.

Features

4 10.8V to 30V Wide Supply Voltage Range
4 Current-Controlled Output
4 Up to 750mA LED Current at 12V Output
4 Linear and PWM Dimming Control
4 Over 80% Efficiency at Full Load
4 Supply Undervoltage Lockout
4 Output Overvoltage Protection

Ordering Information

PART TEMP RANGE IC PACKAGE
MAX16802BEVKIT -40°C to +85°C 8 UMAX®

UMAX is a registered trademark of Maxim Integrated Products, Inc.

Component List

DESIGNATION | QTY DESCRIPTION DESIGNATION | QTY DESCRIPTION
4.7uF, 50V X7R ceramic capacitors L1 1 |47HH, 4.2A peak SMD inductor
C1,02,C8.C6 | 4 1) rata GRM32ERT1HAT5KABSL Coilcraft DO3308P-472ML
) 60V, 3.2A n-channel MOSFET
Sggfc,ifo(i\s/ X7R SMD ceramic Q1 1 Vishay Si3458DV
C3, C4,C7 3 Murata GRM188R71H104KA93D or R1 1 392kQ +1%, 1/8W resistor (0603)
TDK C1608X7R1H104K R2 1 11kQ £1%, 1/8W resistor (0603)
470pF, 50V X7R ceramic capacitor R3 1 | 499kQ +1%, 1/8W resistor (0603)
Cc8 1 Murata GRM188R71H471KA01D or R4 1 73.2kQ £1%, 1/8W resistor (0603)
TDK C1608X7R1H471K R5, R7 2 | 1kQ +1%, 1/8W resistors (0603)
1nF, 50V X7R ceramic capacitor o -
Cco 1 | Murata GRM188R71H102KAO1D or Re 1 _[3300 ﬁf’ 1/4W resistor (1206)
TDK C1608X7R1H102K R8 1 220Q +1%, 1/8W re8|§tor (0603)
D1 ’ 22V, 1.5W zener diode R9 1 0.10Q £1%, 1/2W resistor (1206)
60V, 1A Schottky diode R10 1 1Q +5%, 1/8W resistor (0603)
D2 1 | Central Semiconductor CMSH1-60M U1 1 | MAX16802B (8-pin uMAX)
or Diodes Inc. B160 VIN, VLED, ] .
20V, small-signal Schottky diode PWM_IN, 4 0.1in, 2-pin male connectors
D3 1| vishay SD103CWS or LINLIN (through hole)
Diodes Inc. SD103CWS — 1| MAX16802B PC board
0.1in, 2-pin hole headers
J1.02 2 (through hole)
AKX/ 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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MAX16802B Evaluation Kit

Quick Start

The MAX16802B EV kit is fully assembled and tested.
Follow these steps to verify operation. Do not turn on
the power supply until all connections are completed.

1) Connect a DC power supply (0 to 30V or above, 1A)
to +VIN and GND.

2) Connect a voltmeter or oscilloscope and the LED
array (connected in series to drop about 12V at
750mA forward current) to +VLED and -VLED with
anode connected to +VLED and cathode to -VLED.

3) Close the jumpers J1 and J2 to disable dimming.

4) Turn on the power supply and increase the input
voltage to above 10.8V. The output voltage increas-
es to forward bias the LED array and delivers
approximately 750mA regulated average LED cur-
rent. Increase the supply further up to 30V and the
output average current will be regulated throughout
the range.

5) Open shunt J1 and apply a PWM signal to PWM_IN
with a frequency of 200Hz and 0 to 2V amplitude.
Vary the duty cycle from 0 to 100% and the LED
brightness varies from 100% to 0%. When the PWM
duty cycle is 0%, the LED brightness is 100%.

6) Close J1, and then open J2. Connect a variable volt-
age source to LIN_IN and vary the voltage between
0 and 1.6V. The LED brightness varies from 100% to
0%. When the voltage input at LIN_IN is 0V, the LED
brightness is 100%.

Caution: Avoid powering up the EV kit without con-
necting load.

Detailed Description

The MAX16802B evaluation kit is a current-controlled,
high-output-current LED driver capable of supplying
constant currents up to 750mA, irrespective of supply
voltage variations.

This EV kit is based on a discontinuous current mode
(DCM) buck-boost converter operating at 262kHz to
deliver a finite amount of energy to the output every
cycle. The amount of this energy depends primarily on
the value of the inductor and the user-programmable
peak inductor current and does not depend on the sup-
ply voltage. Due to this configuration, the power output
of the EV kit, and thus the output current supplied to the
LED at a given LED operating voltage, becomes inde-
pendent of the supply voltage.

This EV kit is designed to drive LED loads capable of
taking up to 750mA of maximum current at a 12V operat-
ing voltage. If an LED load with lower operating voltage
is used, then the maximum output current will increase
by the same ratio to maintain the output power constant.
To drive an LED array with a different operating voltage,
the value of the current-sense resistor needs to be
adjusted. Calculation of the current-sense resistor for a
different output operating voltage is explained in later
sections.

Input Supply UVLO
Input supply UVLO is implemented by using a resistor
network that combines R3 and R4, which senses the
input supply voltage and uses the EN pin to turn on the
circuit when the input supply voltage goes above
10.8V. The wake-up threshold of EN is 1.23V when the
voltage at EN is rising, and it has a hysteresis of 50mV.
Once the device is turned on, due to the hysteresis, the
device turns off only if the input supply voltage goes
below 10.4V.

The UVLO threshold can be adjusted by varying R1 or
R2 using the equation below:
Ra=( JVLO _1).py
1.23

where VyvLo is the desired UVLO threshold. To main-
tain threshold accuracy, keep the value of R4 less than
100kQ.

Component Suppliers

SUPPLIER PHONE FAX WEBSITE
Central Semiconductor 631-435-1110 631-435-3388 www.centralsemi.com
Coilcraft 847-639-6400 847-639-1469 www.coilcraft.com
Diodes Inc. 805-446-4800 805-446-4850 www.diodes.com
Murata 770-436-1300 770-436-3030 www.murata.com
Susumu Co Ltd. 208-328-0307 208-328-0308 WWW.SUSUMU-USa.com
TDK 847-390-4373 847-390-4428 www.component.tdk.com
Vishay 402-563-6866 402-563-6296 www.vishay.com

Note: Indicate you are using the MAX16802B when contacting these manufacturers.
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MAX16802B Evaluation Kit

Output Overvoltage Protection
The maximum voltage at the positive pin of VLED with
respect to GND is limited to 45V by a feedback network
formed by R1 and R2, which is connected to the FB pin
of the MAX16802B. If the EV kit is turned on with no load
or if the LED connection opens, the voltage at the posi-
tive pin of VLED may rise to unsafe levels. This condition
is sensed by the internal error amplifier, which reduces
the peak inductor current to limit the voltage at the posi-
tive pin of VLED to 45V. Even if this protection is present,
it is recommended to connect the specified load before
powering up the EV kit.

PWM Dimming
The PWM dimming is for controlling the LED brightness
by adjusting the duty cycle of the PWM input signal
connected to the PWM_IN input. A HIGH at PWM_IN
input turns off the LED current and LOW turns on the
LED current. Connect a signal with peak amplitude
between 1.5V to 5.0V and with frequency between
100Hz to 1000Hz and vary the duty cycle to adjust the
LED brightness. Frequencies lower than 100Hz can
introduce flickering in the light output. LED brightness
reduces when duty cycle is increased and vice-versa.
When the PWM duty cycle is 0%, the LED brightness
will be 100%.

Linear Dimming
The linear dimming is for controlling the LED brightness
by varying the amplitude of the voltage connected to
the LIN_IN input. The voltage at the LIN_IN input modu-
lates the current-sense signal and makes the MOSFET
trip at a different current level. This process, in turn,
changes the output current and thus controls the LED
brightness. Since the LED is continuously on at all
brightness levels, flickering effect is not present with
linear dimming. Vary the LIN_IN voltage between 0 and
1.6V to adjust LED brightness from 100% to 0%. LED
brightness reduces when the voltage at LIN_IN is
increased and vice-versa. When the voltage at LIN_IN
is OV the LED brightness is 100%.

Adjusting the Output Power
To change the maximum output power of the EV kit
from 12V at 750mA to a different level, adjust the value
of the current-sense resistor, R9, using the following
equations. Note that the maximum output current of the
EV kit is limited to 750mA, the maximum output voltage
is limited to 15V, and the maximum output power is lim-
ited to 8.25W.

Initially calculate the approximate optimum ON duty
cycle required at the minimum input voltage:

MAXIM

VLED +VD
ViNmIN + VLED + VD

where VINMIN is the minimum input supply voltage,
VLED is the LED operating voltage, ILED is the desired
LED current and Vp is the forward voltage of D2.

Calculate the approximate required peak inductor current:

Don =

b = kf X2><||_ED
P 1 Don
where kf is a noncritical “fudge factor” set equal to 1.1
for this circuit.
Calculate the approximate required inductor value and
choose the closest standard value smaller than the cal-
culated value:
| = Don xMNmin
fsw xIp
where L is the inductance value of inductor L1, and fsw
is the switching frequency equal to 262kHz.

Power transferred to the output circuit by the flyback
process is:

HN:%xLxm2ng

Power consumed by the output circuit is:

Pout =VLED X ILED +VD X ILED

Conservation of power requires that the above two
equations can be equated and solved for a more pre-
cise value of the required peak inductor current.
b~ |[2x(VLED +VD)XILED
P =
fow xL

Set the value of the current-sense resistor, R9, based
on the IPEAK value using the following equation:

 0.292x(R8+R7)
lpEAK XR7

R9

where 0.292V is the current-sense trip threshold volt-
age. R7 and R8 form a voltage-divider, which scales
down the voltage across the current-sense resistor
before reaching the current-sense pin of the device.

Jumper Selection
Keep jumper J1 closed when PWM dimming is not
used. Keep jumper J2 closed when linear dimming is
not used.

8cO089IXVIN -sd9jenjeay
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MAX16802B Evaluation Kit
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Figure 1. MAX16802B EV Kit Schematic
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Figure 2. MAX16802B EV Kit Component Placement Guide— Figure 3. MAX16802B EV Kit PC Board Layout—Component
Component Side Side

Figure 4. MAX16802B EV Kit PC Board Layout—Solder Side

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 5
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Offline and DC-DC PWM Controllers for
High-Brightness LED Drivers

General Description Features

The MAX16801A/B/MAX16802A/B high-brightness (HB)
LED driver-control ICs contain all the circuitry required
for the design of wide-input-voltage-range LED drivers
for general lighting and display applications. The
MAX16801 is well suited for universal input (rectified
85VAC to 265VAC) LED drivers, while the MAX16802 is
intended for low-input-voltage (10.8VDC to 24VDC) LED
drivers.

When the LED current needs to be tightly regulated, an
additional on-board error amplifier with 1% accurate ref-
erence can be utilized. A wide dimming range can be
implemented by using low-frequency PWM dimming.

The MAX16801/MAX16802 feature an input undervoltage
lockout (UVLO) for programming the input-supply start
voltage, and to ensure proper operation during brownout
conditions. The MAX16801 has an internal-bootstrap
undervoltage lockout circuit with a large hysteresis that
simplifies offline LED driver designs. The MAX16802 does
not have this internal bootstrap circuit and can be biased
directly from a +12V rail.

The 262kHz fixed switching frequency is internally
trimmed, allowing for optimization of the magnetic and fil-
ter components, resulting in a compact, cost-effective
LED driver. The MAX16801A/MAX16802A are offered with
50% maximum duty cycle. The MAX16801B/MAX16802B
are offered with 75% maximum duty cycle. These devices
are available in an 8-pin UMAX® package and operate

Suitable for Buck, Boost, Flyback, SEPIC, and
Other Topologies

Up to 50W or Higher Output Power

Universal Offline Input Voltage Range: Rectified
85VAC to 265VAC (MAX16801)

IN Pin Directly Driven From 10.8VDC to 24VDC
Input (MAX16802)

Internal Error Amplifier with 1% Accurate
Reference for Precise LED Current Regulation

PWM or Linear Dimming

Fixed Switching Frequency of 262kHz +12%
Thermal Shutdown

Digital Soft-Start

Programmable Input Startup Voltage

Internal Bootstrap UVLO with Large Hysteresis
(MAX16801)

45pA (typ) Startup Supply Current, 1.4mA (typ)
Operating Supply Current

50% (MAX16801A/MAX16802A) or 75%
(MAX16801B/MAX16802B) Maximum Duty Cycle

Available in a Tiny 8-Pin uyMAX Package

Ordering Information

over the -40°C to +85°C temperature range. AR TEMP PIN-
App lications RANGE PACKAGE
) . MAX16801AEUA -40°C to +85°C 8 uUMAX
Offline and DC-DC LED ~ Commercial and = —— L
RGB Back Light for LCD  Decorative and MAX16802AEUA+ A0 1o 4850 8 WMAX
TVs and Monitors Architectural Lighting MAX16802BEUA+ -40°C to +85°C 8 HMAX

UMAX is a registered trademark of Maxim Integrated Products, Inc.

+Denotes lead-free package.

Typical Operating Circuit

10.8VDC T0 24VDC

K&

ENABLE —] UVLO/EN IN

J_Ll_l— — DIM/FB

P MAXIMVI
MAX16802B

Vee

NDRV

LEDs

&

!

COMmP

r CS GND |—

GND

C1 =

T

2—=

1

Warning: The MAX16801/MAX16802 are designed to work with high voltages. Exercise caution.
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For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642,
or visit Maxim’s website at www.maxim-ic.com.




MAX16801A/B/MAX16802A/B

Offline and DC-DC PWM Controllers for
High-Brightness LED Drivers

ABSOLUTE MAXIMUM RATINGS

INTOGND. -0.3V to +30V Operating Temperature Range
VCCtOGND -0.3V to +13V Storage Temperature Range
DIM/FB, COMP, UVLO, CSto GND..........ccceevvirns -0.3V to +6V Junction Temperature ...........ccooveiiviiiiiiicec
NDRVtO GND ..o, -0.3Vto (Ve + 0.3V) Lead Temperature (soldering, 10s)
Continuous Power Dissipation (Ta = +70°C)
8-Pin uMAX (derate 4.5mW/°C above +70°C).............. 362mw

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

(VIN = +12V (MAX16801: V|N must first be brought up to +23.6V for startup), 10nF bypass capacitors at IN and Vcc, CNDRy = OuF,
VuvLo = +1.4V, Vpimrs = +1.0V, COMP = unconnected, Vcs = 0V, 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
UNDERVOLTAGE LOCKOUT/STARTUP
Bootstrap UVLO Wake-Up Level VSUVR VIN rising (MAX16801 only) 19.68 21.6 23.60 \
Bootstrap UVLO Shutdown Level VSUVF VN falling (MAX16801 only) 9.05 9.74 10.43 Y
UVLO/EN Wake-Up Threshold VULR2 UVLO/EN rising 1.188 1.28 1.371 Vv
UVLO/EN Shutdown Threshold VULF2 UVLO/EN falling 1.168 1.23 1.291 V
UVLO/EN Input Current luvLO Ty =+125°C 25 nA
UVLO/EN Hysteresis 50 mV
pemn, |y 1 o veni 6w |
IN Voltage Range VIN 10.8 24 \
UVLOJEN Propagation Delay tEXTR UVLO/EN steps up from +1.1V to +1.4V 12 us
tEXTF UVLO/EN steps down from +1.4V to +1.1V 1.8
Bootstrap UVLO Propagation tBUVR | VIN steps up from +9V to +24V 5
Delay tBUVF V|N steps down from +24V to +9V 1 HS
INTERNAL SUPPLY
Voe Regulator Set Point Veesp VIN = +10.8V to +24V, sinking 1pA to 20mA 7 105 v
from Vce
IN Supply Current After Startup IIN VIN = +24V 1.4 2.5 mA
Shutdown Supply Current UVLO/EN = low 90 PA
GATE DRIVER
) RonN(Low) | Measured at NDRV sinking, 100mA 2 4
Driver Output Impedance - Q
RON(HIGH) | Measured at NDRV sourcing, 20mA 4 12
Driver Peak Sink Current 1 A
Driver Peak Source Current 0.65 A
PWM COMPARATOR
Comparator Offset Voltage VOpwM | Vcomp - Vs 1.15 1.38 1.70 V
CS Input Bias Current Ics Vcs = 0V -2 +2 pA
Comparator Propagation Delay tPWM Ves = +0.1V 60 ns
Minimum On-Time tON(MIN) 150 ns
2 N AXIV




Offline and DC-DC PWM Controllers for
High-Brightness LED Drivers

ELECTRICAL CHARACTERISTICS (continued)

(VIN = +12V (MAX16801: V|N must first be brought up to +23.6V for startup), 10nF bypass capacitors at IN and Vcc, CNDRy = OuF,
VuvLo = +1.4V, Vpimre = +1.0V, COMP = unconnected, Vcs = 0V, 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
CURRENT-SENSE COMPARATOR
Current-Sense Trip Threshold Vcs 262 291 320 mV
CS Input Bias Current Ics Vgs =0V -2 +2 LA
e Il o v
Switching Frequency fow 230 262 290 kHz
Maximum Duty Cycle DMAX MAX1680_A =0 50:5 %
MAX1680_B 75 76
IN CLAMP VOLTAGE
IN Clamp Voltage VINC 2mA sink current, MAX16801 only (Note 3) | 24.1 26.1 29.0 V
ERROR AMPLIFIER
Voltage Gain RLoAD = 100kQ 80 dB
Unity-Gain Bandwidth RLoAD = 100kQ, CLoAD = 200pF 2 MHz
Phase Margin RLoAD = 100kQ, CLoaD = 200pF 65 Degrees
DIM/FB Input Offset Voltage 3 mV
High 2.2 35
COMP Clamp Voltage \
Low 0.4 1.1
Source Current 0.5 mA
Sink Current 0.5 mA
Reference Voltage VREF (Note 2) 1.218 1.230 1.242 \
Input Bias Current 50 nA
COMP Short-Circuit Current 8 mA
THERMAL SHUTDOWN
Thermal-Shutdown Temperature 130 °C
Thermal Hysteresis 25 °C
DIGITAL SOFT-START
Soft-Start Duration 15,872 Clock
cycles
Reference Voltage Steps Durin
Soft-Start ° i ° 81 Steps
Reference Voltage Step 40 mV

Note 1: All devices are 100% tested at Ta = +85°C. All limits over temperature are guaranteed by characterization.

Note 2: VReF is measured with DIM/FB connected to the COMP pin (see the Functional Diagram).

Note 3: The MAX16801 is intended for use in universal input offline drivers. The internal clamp circuit is used to prevent the boot-
strap capacitor (C1 in Figure 5) from charging to a voltage beyond the absolute maximum rating of the device when
EN/UVLO is low. The maximum current to IN (hence to clamp) when UVLO is low (device in shutdown), must be externally
limited to 2mA (max). Clamp currents higher than 2mA may result in clamp voltage higher than +30V, thus exceeding the
absolute maximum rating for IN. For the MAX16802, do not exceed the +24V maximum operating voltage of the device.

MAXI 3
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MAX16801A/B/MAX16802A/B

UVLO/EN (V)

Offline and DC-DC PWM Controllers for
High-Brightness LED Drivers

(VUVLOJEN = +1.4V, VFg = +1V, COMP =
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Typical Operating Characteristics
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Offline and DC-DC PWM Controllers for
High-Brightness LED Drivers

Typical Operating Characteristics (continued)
(VUVLO/EN = +1.4V, VFg = +1V, COMP = unconnected, Vcs = 0V, Ta = +25°C, unless otherwise noted.)
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MAX16801A/B/MAX16802A/B

Offline and DC-DC PWM Controllers for
High-Brightness LED Drivers

Typical Operating Characteristics (continued)

(VUVLO/EN = +1.4V, VFg = +1V, COMP = unconnected, Vcs = OV, Ta = +25°C, unless otherwise noted.)

NDRV OUTPUT IMPEDANCE
vs. TEMPERATURE

ERROR-AMPLIFIER OPEN-LOOP GAIN

5.0 T ES
Vin =24V E
48 I SOURCING 20mA &
46 S
44 &
d @
a 42 // =) %
Z 40 // = =
= P 3 2
38 7 £
36 // .
34 /
32 /‘
3.0 L
-0 -20 0 20 40 60 80 10100 M 10M 100M
TEMPERATURE (°C) FREQUENCY (Hz)
Pin Description
PIN NAME FUNCTION
’ UVLOJEN Externally Programmable Undervoltage Lockout. UVLO programs the input start voltage. Connect
UVLO to GND to disable the device.
2 DIM/FB Low-Frequency PWM Dimming Input/Error-Amplifier Inverting Input
3 COMP Error-Amplifier Output. Connect the compensation components between DIM/FB and COMP in high-
accuracy LED current regulation.
4 cs Current-Sense Connection for Current Regulation. Connect to high side of sense resistor. An RC filter
may be necessary to eliminate leading-edge spikes.
5 GND Power-Supply Ground
NDRV External n-Channel MOSFET Gate Connection
7 Vce Gate-Drive Supply. Internally regulated down from IN. Decouple with a 10nF or larger capacitor to GND.
IC Supply. Decouple with a 10nF or larger capacitor to GND. For bootstrapped operation (MAX16801),
8 IN connect a startup resistor from the input supply line to IN. Connect the bias winding supply to this point
(see Figure 5). For the MAX16802, connect IN directly to a +10.8V to +24V supply.

Detailed Description

The MAX16801/MAX16802 family of devices is intend-
ed for constant current drive of high-brightness (HB)
LEDs used in general lighting and display applications.
They are specifically designed for use in isolated and
nonisolated circuit topologies such as buck, boost, fly-
back, and SEPIC, operating in continuous or discontin-
uous mode. Current mode control is implemented with
an internally trimmed, fixed 262kHz switching frequen-
cy. A bootstrap UVLO with a large hysteresis (11.9V),
very low startup current, and low operating current

6

result in an efficient universal-input LED driver. In addi-
tion to the internal bootstrap UVLO, these devices also
offer programmable input startup voltage programmed
through the UVLO/EN pin. The MAX16801 is well suited
for universal AC input (rectified 85VAC to 265VAC) dri-
vers. The MAX16802 is well suited for low input voltage
(10.8VDC to 24VDC) applications.

The MAX16801/MAX16802 regulate the LED current by
monitoring current through the external MOSFET cycle
by cycle.

MAXIW




Offline and DC-DC PWM Controllers for
High-Brightness LED Drivers

When in the bootstrapped mode with a transformer
(Figure 5), the circuit is protected against most output
short-circuit faults when the tertiary voltage drops
below +10V, causing the UVLO to turn off the gate
drive of the external MOSFET. This re-initiates a startup
sequence with soft-start.

When the LED current needs to be tightly regulated, an
internal error amplifier with 1% accurate reference can
be used (Figure 9). This additional feedback minimizes
the impact of passive circuit component variations and
tolerances, and can be implemented with a minimum
number of additional external components.

A wide dimming range can be implemented using a
low-frequency PWM dimming signal fed directly to the
DIM/FB pin.

LED driver circuits designed with the MAX16801 use a
high-value startup resistor R1 that charges a reservoir
capacitor C1 (Figure 5 or Figure 9). During this initial
period, while the voltage is less than the internal boot-
strap UVLO threshold, the device typically consumes
only 45uA of quiescent current. This low startup current
and the large bootstrap UVLO hysteresis help minimize

the power dissipation across R1, even at the high end
of the universal AC input voltage.

An internal shutdown circuit protects the device when-
ever the junction temperature exceeds +130°C (typ).

Dimming
Linear dimming can be implemented by creating a
summing node at CS, as shown in Figures 6 and 7.

Low-frequency PWM (chopped-current) dimming is
possible by applying an inverted-logic PWM signal to
the DIM/FB pin of the IC (Figure 8). This might be a pre-
ferred way of dimming in situations where it is critical to
retain the light spectrum unchanged. It is accom-
plished by keeping constant the amplitude of the
chopped LED current.

MAX16801/MAX16802 Biasing
Implement bootstrapping from the transformer when it
is present (Figure 5). Biasing can also be realized
directly from the LEDs in non-isolated topologies
(Figure 1).

Bias the MAX16802 directly from the input voltage of
10.8VDC to 24VDC. The MAX16802 can also be used

R1

AC BRIDGE MAX16801B

IN RECTIFIER

comp

—C3

+
01 = C2

DIM/FB

Vee NDRV

N MAXIM GO

(&

UVLO/EN

2

R2
A/\/\/—¢ o

4{ }—qb—/ VVV/—e
p |

R

i TOTAL LED VOLTAGE:
11V 7023V

&

H o l
D3
[\
Ll

Figure 1. Biasing the IC using LEDs in Nonisolated Flyback Driver
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MAX16801A/B/MAX16802A/B

Offline and DC-DC PWM Controllers for
High-Brightness LED Drivers

M AXI/V
D MAX16802A

@

NI/
MAX16602A

Figure 2. (a) Resistor-Zener and (b) Transistor-Zener-Resistor Bias Arrangements

in applications with higher input DC voltages by imple-
menting resistor-Zener bias (Figure 2a) or transistor-
Zener-resistor bias (Figure 2b).

MAX16801/MAX16802 Undervoltage
Lockout
The MAX16801/MAX16802 have an input voltage
UVLO/EN pin. The threshold of this UVLO is +1.28V.
Before any operation can commence, the voltage on
this pin has to exceed +1.28V. The UVLO circuit keeps
the CPWM comparator, ILIM comparator, oscillator,
and output driver in shutdown to reduce current con-
sumption (see the Functional Diagram). Use this UVLO
function to program the input start voltage. Calculate
the divider resistor values, R2 and R3 (Figure 5), by
using the following formulas:

3= VuLR2 X VIN
500 x Iy o(MN-VuLR2)

The value of R3 is calculated to minimize the voltage-
drop error across R2 as a result of the input bias cur-
rent of the UVLO/EN pin. VULR2 = +1.28V, IyvLO =
50nA (max), VIN is the value of the input-supply voltage
where the power supply must start.

Vin = Vi
o IN-WILR2 | g
VULR2

where IyvLO is the UVLO/EN pin input current, and
VULR2 is the UVLO/EN wake-up threshold.

MAX16801 Bootstrap Undervoltage
Lockout
In addition to the externally programmable UVLO func-
tion offered in both the MAX16801/MAX16802, the
MAX16801 has an additional internal bootstrap UVLO
that is very useful when designing high-voltage LED
drivers (see the Functional Diagram). This allows the
device to bootstrap itself during initial power-up. The
MAX16801 attempts to start when V|N exceeds the
bootstrap UVLO threshold of +23.6V. During startup,
the UVLO circuit keeps the CPWM comparator, ILIM
comparator, oscillator, and output driver shut down to
reduce current consumption. Once V|N reaches
+23.6V, the UVLO circuit turns on both the CPWM and
ILIM comparators, as well as the oscillator, and allows
the output driver to switch. If V|N drops below +9.7V,
the UVLO circuit will shut down the CPWM comparator,
ILIM comparator, oscillator, and output driver thereby
returning the MAX16801 to the startup mode.

MAX16801 Startup Operation
In isolated LED driver applications, VIN can be derived
from a tertiary winding of a transformer. However, at
startup there is no energy delivered through the trans-
former. Therefore, a special bootstrap sequence is
required. Figure 3 shows the voltages on IN and Vcc
during startup. Initially, both VIN and Vcc are OV. After
the line voltage is applied, C1 charges through the
startup resistor R1 to an intermediate voltage. At this
point, the internal regulator begins charging C2 (see
Figure 5). The MAX16801 uses only 45pA of the current
supplied by R1, and the remaining input current
charges C1 and C2. The charging of C2 stops when
the Vcc voltage reaches approximately +9.5V, while
the voltage across C1 continues rising until it reaches

MAXIW




Offline and DC-DC PWM Controllers for
High-Brightness LED Drivers

o
- ] 2vidiv

1 MAX16801
Vin PIN
5V/div

100ms/div

Figure 3. Vin and Vicc During Startup when Using the
MAX16801 in Bootstrapped Mode

the wake-up level of +23.6V. Once V|N exceeds the
bootstrap UVLO threshold, NDRV begins switching the
MOSFET and transfers energy to the secondary and
tertiary outputs. If the voltage on the tertiary output
builds to a value higher than +9.7V (the bootstrap
UVLO lower threshold), then startup has been accom-
plished and sustained operation commences.

If VIN drops below +9.7V before startup is complete,
the device goes back to low-current UVLO. In this
case, increase C1 in order to store enough energy to
allow for the voltage at the tertiary winding to build up.

100mA/div

10ms/div

Figure 4. Typical Current Soft-Start During Initial Startup

MAXI

Soft-Start

The MAX16801/MAX16802 soft-start feature allows the
LED current to ramp up in a controlled manner. Soft-
start begins after UVLO deasserts. The voltage applied
to the noninverting node of the amplifier ramps from 0
to +1.23V over a 60ms soft-start timeout period. Figure
4 shows a typical 0.5A output current during startup.
Note the staircase increase of the LED current. This is a
result of the digital soft-starting technique used. Unlike
other devices, the reference voltage to the internal
amplifier is soft-started. This method results in superior
control of the LED current.

n-Channel MOSFET Switch Driver
The NDRYV pin drives an external n-channel MOSFET.
The NDRV output is supplied by the internal regulator
(Vce), which is internally set to approximately +9.5V.
For the universal input voltage and applications with a
transformer, the MOSFET used must be able to with-
stand the DC level of the high-line input voltage plus
the reflected voltage at the primary of the transformer.
For most offline applications that use the discontinuous
flyback topology, this requires a MOSFET rated at
600V. NDRV can source/sink in excess of the
650mA/1000mA peak current. Select a MOSFET that
yields acceptable conduction and switching losses.

Internal Error Amplifier
The MAX16801/MAX16802 include an internal error
amplifier that can be used to regulate the LED current
very accurately. For example, see the nonisolated
power supply in Figure 5. Calculate the LED current
using the following equation:

ILED _ Vaee
R7

where VREF = +1.23V. The amplifier’'s noninverting
input is internally connected to a digital soft-start circuit
that gradually increases the reference voltage during
startup and is applied to this pin. This forces the LED
current to come up in an orderly and well-defined man-
ner under all conditions.

a/Vc089 1L XVIN/a/V 1089 L XVIN
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Offline and DC-DC PWM Controllers for
High-Brightness LED Drivers

Applications Information

Startup Time Considerations for High-
Brightness LED Drivers Using MAX16801
The IN bypass capacitor C1 supplies current immedi-
ately after wake-up (Figure 5). The size of C1 and the
connection configuration of the tertiary winding deter-
mine the number of cycles available for startup. Large
values of C1 increase the startup time but also supply
gate charge for more cycles during initial startup. If the
value of C1 is too small, V|N drops below +9.7V
because NDRV does not have enough time to switch
and build up sufficient voltage across the tertiary wind-
ing that powers the device. The device goes back into
UVLO and does not start. Use low-leakage capacitors
for C1 and C2.

Assuming that offline LED drivers keep typical startup
times to less than 500ms even in low-line conditions
(85VAC input for universal offline applications), size the
startup resistor R1 to supply both the maximum startup
bias of the device (90uA, worst case) and the charging
current for C1 and C2. The bypass capacitor C2 must
charge to +9.5V and C1 to +24V, all within the desired
time period of 500ms.

Because of the internal 60ms soft-start time of the
MAX16801, C1 must store enough charge to deliver
current to the device for at least this much time. To cal-
culate the approximate amount of capacitance
required, use the following formula:

lg =Qgtot X fsw

In+ o) (t
C1:(|N o) (tss)

VHysT
where IIN is the MAX16801’s internal supply current
after startup (1.4mA), Qgtot is the total gate charge for
Q1, fsw is the MAX16801’'s switching frequency

(262kHz), VHYST is the bootstrap UVLO hysteresis
(11.9V) and tss is the internal soft-start time (60ms).

For example:

lg = (8nC)x(262kHz) = 2.1mA
_ (1.4mA +2.1mA)x(60ms)

Ci= i) =17.5uF

Choose the 15pF standard value.
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Assuming C1 > C2, calculate the value of R1 as follows:
_ Vsuyvr xC1
(500ms)

VinmiNg = VSUVR
lc1 + ISTART

Rl =

where VIN(MIN) is the minimum input supply voltage for
the application, VsuvR is the bootstrap UVLO wake-up
level (+23.6V, max), and ISTART is the IN supply current
at startup (90uA, max).

For example, for the minimum AC input of 85V:

24V) x (154F
o = AVXOSHE) o on
(500ms)
Ri= 120V = 28V _ jyg00
(0.72mA + (90pA))

Choose the 120kQ standard value.

Choose a higher value for R1 than the one calculated
above if longer startup time can be tolerated in order to
minimize power loss on this resistor.

The above startup method is applicable to a circuit sim-
ilar to the one shown in Figure 5. In this circuit, the ter-
tiary winding has the same phase as the output
windings. Thus, the voltage on the tertiary winding at
any given time is proportional to the output voltage and
goes through the same soft-start period as the output
voltage. The minimum discharge voltage of C1 from
+22V to +10V must be greater than the soft-start time of
60ms.

Another method of bootstrapping the circuit is to have a
separate bias winding than the one used for regulating
the output voltage and to connect the bias winding so
that it is in phase with the MOSFET ON time (see Figure
9). In this case, the amount of capacitance required is
much smaller.

However, in this mode, the input voltage range has to
be less than 2:1. Another consideration is whether the
bias winding is in phase with the output. If so, the LED
driver circuit hiccups and soft-starts under output short-
circuit conditions. However, this property is lost if the
bias winding is in phase with the MOSFET ON time.
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Application Circuits
Figure 5 shows an offline application of an HB LED dri-
ver using the MAX16801. The use of transformer T1
allows significant design flexibility. Use the internal
error amplifier for a very accurate LED current control.

Figure 6 shows a discontinuous flyback LED driver with
linear dimming capability. The total LED voltage can be
lower or higher than the input voltage.

Figure 7 shows a continuous-conduction-mode HB LED
buck driver with linear dimming and just a few external
components.

Figure 8 shows an offline isolated flyback HB LED dri-
ver with low-frequency PWM using MAX16801. The
PWM signal needs to be inverted (see the Functional
Diagram). Transformer T1 provides full safety isolation
and operation from universal AC line (85VAC to
265VAC).

]
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Figure 5. Offline, Nonisolated, Flyback LED Driver with Programmable Input-Supply Start Voltage
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Figure 6. MAX16802 Flyback HB LED Driver with Dimming Capability, 10.8V to 24V Input Voltage Range
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Figure 7. MAX16802 Buck HB LED Driver with Dimming Capability, 10.8V to 24V Input Voltage Range
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OPTIONAL ONLY WHEN PWM DIMMING IS USED
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Figure 8. Universal AC Input, Offline, Isolated Flyback HB LED Driver with Low-Frequency PWM Dimming
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Figure 9. Universal Input, Offline, High-Accuracy Current Regulation in an Isolated Flyback HB LED Driver
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Functional Diagram

v,
IN _ " Voo cc
IN
CLAMP
26V 7 REGULATOR
BOOTSTRAP UVLO**
REG_OK Vi
DIGITAL  [~| REFERENCE
SOFT-START 1.23V
UVLO (INTERNAL 5.25V SUPPLY)
COMP
FB _ - DRIVER
AMP Q
+ CPWM 1o R
CS L Vopwm i
L *0SCILLATOR ®
1.38V fo) V4
THERMAL ||
N SHUTDOWN GND
Ves _[+ .
0.3V i mMAaAXIM
% MAX16801 “MAX16801A/MAX16802A: 50% MAXIMUM DUTY CYCLE
+ MAX16802  MAX16801B/MAX168028: 75% MAXIMUM DUTY CYCLE
**MAX16801 ONLY
Selector Guide Pin Configuration
PART BOOTSTRAP \S,gﬁ;g'; MAX DUTY TOP VIEW
uvLo V) CYCLE (%)
MAX16801A Yes 22 50 bwLoeN [1] ]
MAX16801B Yes 22 75 DINFB [2 | AMAAXLAM [ 7] Ve
- MAX16801
MAX16802A No 10.8 50 COMP E MAX16802 El NDRV
MAX16802B No 10.8* 75
) cs[4] [5]6ND
*The MAX16802 does not have an internal bootstrap UVLO.
The MAX16802 starts operation as long as the Vcc pin is high-
er than +7V, (the guaranteed‘oqtpu't with an IN pin voltage of UMAX
+10.8V), and the UVLO/EN pin is high.
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Package Information
For the latest package outline information and land patterns, go to www.maxim-ic.com/packages. Note that a “+”, “#”, or “-” in the
package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to the
package regardless of RoHS status.

PACKAGE TYPE PACKAGE CODE DOCUMENT NO.
8 pMAX — 21-0036

MAXI 15

a/Vc089 1L XVIN/a/V 1089 L XVIN


http:/pdfserv.maxim-ic.com/package_dwgs/21-0036.PDF
http:/www.maxim-ic.com/packages

MAX16801A/B/MAX16802A/B

Offline and DC-DC PWM Controllers for
High-Brightness LED Drivers

Revision History

REVISION REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 10/05 Initial release —

1 1/06 MAX16802AEUA+ parts are available 1
2 110 Corrected formulas, updated subscripts, and removed package outline 1,2,3,6-14

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.
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