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ABSOLUTE MAXIMUM RATINGS

-0.3V to +30V
-20V to +0.3V
..... -0.3V to +6V
.................................................................. -6V to +0.3V
-0.3V to +36V
DHO LX oo -0.3V to (VBsT + 0.3V)
DL, OUT, COMP, ILIM to GND -0.3V to (VL + 0.3V)
VL Output CUITENT ..ot 50mA
VL Short Circuit to GND ..o <100ms

Continuous Power Dissipation (Ta = +70°C)
16-Pin QSOP (derate 8.3mW/°C above +70°C)........... 666MwW
20-Pin QSOP (derate 9.1mW/°C above +70°C)........... 727mW
Operating Temperature Range ..........c.ccccoovennn -40°C to +85°C
Junction Temperature............cooccooiiiiiiii +150°C
Storage Temperature Range................
Lead Temperature (soldering, 10S) .....cc.coccovriiiiiriinnnn. +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
(VN =12V, ILIM = FB = GND, VBsT - VL.x = 5V, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS MIN TYP  MAX | UNITS
GENERAL
Operating Input Voltage Range Vin 45 o8 v
(Note 1)
VFB =0, Vout = 4V, MAX1864 1.0 2
Quiescent Supply Current IIN VFB2 = VFB3 = VFB4 = 1.5V, mA
VEBs = -0.1V MAX1865 1.4 3
VL REGULATOR
Output Voltage VL 6V < VIN < 28V, 0.1mA < ILOAD < 20mA 4.75 5.00 5.25 \
Power-Supply Rejection PSRR VIN = 6V to 28V 3 %
Undervoltage Lockout Trip Level VuvLo VL rising, 3% hysteresis (typ) 3.2 35 3.8 \
Minimum Bypass Capacitance CeyPMINY | 10mQ < ESR < 500mQ 1 uF
DC-DC CONTROLLER
Output Voltage (Preset Mode) VouT FB = GND 3.272 3.314 3.355 V
Typical Output Voltage Range
(Adjustable Mode) (Note 2) Vour 1236 08xViN| Vv
FB Set Voltage _
(Adjustable Mode) VSET FB = COMP 1.221 1.236 1.252 \
FB Dual Mode™ Threshold 50 100 150 mV
FB Input Leakage Current IFB VEB = 1.5V 0.01 100 nA
FB to COMP Transconductance gm FB = COMP, Icomp = +5pA 70 100 140 uS
g:ir;ent-Sense Amplifier Voltage ALM ViN - Vi = 250mV 446 49 5 44 VN
Current-Limit Threshold
(Internal Mode) VVALLEY | ViLim = 5.0V 190 250 310 mvV
Current-Limit Threshold
(External Mode) VWVALLEY | ViLm = 2.5V 440 530 620 mV

Dual ModeldMaxim Integrated Products, Inc. DBIZETY,
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ELECTRICAL CHARACTERISTICS (continued)
(VIN =12V, ILIM = FB = GND, VBsT - VL.x = 5V, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Switching F ; MAX186_T 160 200 240 KH
witching Frequenc z
grred Y ose MAX186_U 80 100 120
Maximum Duty Cycle Dmax 77 82 90 %
Soft-Start Period tSOFT 1024 1/fosc
Soft-Start Steps VREF/64 v
DH Output Low Voltage ISINK = 1T0mA, measured from DH to LX 0.1 Y
DH Output High Voltage ISOURCE = 10mA, measured from BST to DH 0.1 V
DL Output Low Voltage IsINK = 1T0mA, measured from DL to GND 0.1 Vv
DL Output High Voltage ISOURCE = 10mA, measured from DL to GND | V|- 0.1 Vv
DH, DL On-Resistance 3 10 Q
Output Drive Current Sourcing or sinking, VpH or VpL = VL/2 0.5 A
LX, BST Leakage Current VBsT = Vix = VIN =28V, VFB = 1.5V 0.03 20 PA
POSITIVE ANALOG GAIN BLOCKS
FB2, FB3, FB4 Regulation VB2 = VB3 = VB4 = 5V, . 1296 1240 1 057 v
Voltage IB2 = I3 = IB4 = TMA (sink)
FB2, FB3, FB4 to B_ VB2 =VB3=VBs4 =5V, IB2 =IB3 =1B4 =
AV -1 -1.7 %
Transconductance FB- 0.5mA to 5mA (sink) 5 5
Feedback Input Leakage B _ _
Current IFB_ VFEB2 = VFB3 = VFB4 = 1.5V 0.01 100 nA
= = VB2 = VB3 = VB4 = 2.5V 10 23
Driver Sink Current IB_ VB2 = VFB3 B2 B3 B4 mA
VFB4 = 1.188V VB2 = VB3 = Vpa = 4.0V 26
NEGATIVE ANALOG GAIN BLOCK
FB5 Regulation Voltage VBs = Vour - 2V, Vour = 3.5V, Igs = TmA -20 -5 +10 mv
(source)
FB5 to B5 Transconductance AVFB5 VBs = 0, IBs = 0.5mA to 5mA (source) -13 -20 mV
Feedback Input Leakage _
Current IFB5 VFBs = -100mV 0.01 100 nA
Driver Source Current IB5 \3/':5%/5 = 200mV, VBs = Vour - 2.0V, Vour = 10 25 mA
POWER GOOD (POK)
OUT Trip Level (Preset Mode) FB = GND, falling edge, 1% hysteresis (typ) 2.88 3 3.12 \
FB Trip Level (Adjustable Mode) Falling edge, 1% hysteresis (typ) 1.070 1.114 1.159 \
FB2, FB3, FB4 Trip Level Falling edge, 1% hysteresis (typ) 1.070 1.114 1.159 Y
FB5 Trip Level Rising edge, 35mV hysteresis (typ) 368 500 632 mV
POK QOutput Low Level ISINK = TMA 0.4 V
POK Output High Leakage VpoK = 5V 1 PA
THERMAL PROTECTION (Note 3)
Thermal Shutdown Rising temperature 160 °C
Thermal Shutdown Hysteresis 15 °C
W AXIWV 3
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ELECTRICAL CHARACTERISTICS
(VN =12V, ILIM = FB = GND, VBsT - VLx = 5V, Ta = -40°C to +85°C, unless otherwise noted.) (Note 4)

PARAMETER | symBoL | CONDITIONS | miN MAX | UNITS
GENERAL
Operating Input Voltage Range
(Note 1) VIN 4.5 28 V
VB =0, Vout =4V, VFB2 | MAX1864 2
Quiescent Supply Current [N =VFB3 = VFR4 = 1.5V, mA
VEBs = -0.1V MAX1865 3
VL REGULATOR
Output Voltage VL BV < VIN < 28V, 0.1mA < ILoaD <20mA 4.75 5.25 \Y
Power-Supply Rejection PSRR VIN = 6V to 28V 3 %
Undervoltage Lockout Trip Level VUvLO VL rising, 3% hysteresis (typ) 3 4 \
DC-DC CONTROLLER
Output Voltage (Preset Mode) VouTt FB = GND 3.247 3.380 \
Feedback Set Voltage _
(Adjustable Mode) Vser | FB=COMP 1.211 1.261 v
g::;ent—Sense Amplifier Voltage ALiM ViN - VX = 250mV 412 5 68 VN
Current-Limit Threshold
(Internal Mode) VVALLEY | ViLim =5V 150 350 mV
Current-Limit Threshold
(External Mode) VVALLEY | ViLIM = 2.5V 400 660 mv
Switching F ¢ MAX186_T 160 240 kH
witching Frequenc z
g rrequency OS¢ MMax186_U 80 120
Maximum Duty Cycle Dmax 74 90 %
POSITIVE ANALOG GAIN BLOCKS
FB2, FB3, FB4 Regulation VB2 = \(Bg =VB4=5V,Ig2=1B3 =14 = 1215 1065 Vv
Voltage 1mA (sink)
FB2, FB3, FB4 to B_ VB2 = VB3 =VB4 =5V, Ig2 =IB3 =14 =
AV -2.2 %
Transconductance FB- 0.5mA to 5BmA (sink) ° *
NEGATIVE ANALOG GAIN BLOCK
FB5 Regulation Voltage VBs = Vourt - 2V, Vout = 3.5V, Igs = TmA 25 +10 mv
(source)
FB5 to B5 Transconductance AVFB5 VBs = 0, Igs = 0.5mA to 5mA (source) -30 mV
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ELECTRICAL CHARACTERISTICS (continued)
(VIN =12V, ILIM = FB = GND, VBsT - VL.x = 5V, Ta = -40°C to +85°C, unless otherwise noted.) (Note 4)

PARAMETER | symBoL | CONDITIONS | MmN MAX | UNITS
POWER GOOD (POK)
OUT Trip Level (Preset Mode) FB = GND, falling edge, 1% hysteresis (typ) 2.85 3.15 \
?AijTurlsFEaLbel’\e/el\l/lode) Falling edge, 1% hysteresis (typ) 1.058 117 \
FB2, FB3, FB4 Trip Level Falling edge, 1% hysteresis (typ) 1.058 117 \
FB5 Trip Level Rising edge, 35mV hysteresis (typ) 325 675 mV

Note 1: Connect VL to IN for operation with V|N < 5V.

Note 2: See Output Voltage Selection section.

Note 3: The internal 5V linear regulator (VL) powers the thermal shutdown block. Shorting VL to GND disables thermal shutdown.
Note 4: Specifications to -40°C are guaranteed by design, not production tested.

IREBEE

(Circuit of Figure 1, VIN = 12V, VouT = 3.3V, Ta = +25°C, unless otherwise noted.)

EFFICIENCY vs. LOAD CURRENT OUTPUT VOLTAGE vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
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(Circuit of Figure 1, ViN = 12V, Vout = 3.3V, Ta = +25°C, unless otherwise noted.)

OUPUT VOLTAGE vs. LOAD CURRENT
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(Circuit of Figure 1, ViN = 12V, VouT = 3.3V, Ta = +25°C, unless otherwise noted.)
POSITIVE LINEAR REGULATOR POSITIVE LINEAR REGULATOR POSITIVE LINEAR REGULATOR
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(Qupo = 2N3905) (QLpg = 2N3905) (QLoo = 2N3905)
2.50 s 250 5 80 -
£ ] N 5
. 2 _ o z 60 g
= = \
% V‘Sl‘JP(POS) =50V (E-': lOUT% =1mA g 50 \
4 246 mi S 246 T = 40 \
E Vsup(ros) = 3.3V \ é lout2 = 100mA I
5 5 30
o o \
2.44 \ 2.44 20
o o - LI
0.01 0.1 1 10 100 1000 2 3 4 5 6 7 8 01 1 10 100 1000
LOAD CURRENT (mA) SUPPLY VOLTAGE (V) FREQUENCY (kHz)
POSITIVE LINEAR REGULATOR
LOAD TRANSIENT POSITIVE LINEAR REGUALTOR POSITIVE LINEAR REGULATOR
(200 = 2W3905) OUTPUT VOLTAGE vs. LOAD CURRENT OUTPUT VOLTAGE vs. SUPPLY VOLTAGE
MAX1864/65 toc13 250 (Qwpo = TIP30) (Qpo = TIP30)
; : z 250 e
100mA e e s % §
A_ o v b T 248 :
= SUP(POS) = 5.0V =° lout2 = TmA
0 et § | || ] |
e g : ——
S 246 i S] —
: ; Vsup(pos) = 3.3V \ E 246 lgur2 = 100mA
2467V [t e F"“WW = &
| | 5 u 3
MAAMAANA i ' 24
2457V ;
2.42 2.42
10us/div 00t 01 1 10100 1000 2 4 6 8 01
A. lourz = 1A TO 100mA, 50mA/div LOAD CURRENT (mA) SUPPLY VOLTAGE (V)

B. Vourz =25V, 5mV/div
CLpo(pos) = 10uF CERAMIC, Vsyp(pos) = 3.3V

CIRCUIT OF FIGURE 1
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(Circuit of Figure 1, VIN = 12V, VouT = 3.3V, Ta = +25°C, unless otherwise noted.)
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BRRIIRAYFE—REEIAVYII R T O TOEE
ZLE T, 2OEKIE. EXEE— FPWMT—RERIIC
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TAOINDADICERBIBRAL Y3 REBZxDE.
MAX1864/MAX1865(3/\1 14 RMOSFETZ 7 /|
LEth. EBMOE—VDERIS. 1505V TIL
BRICELWATEITERBIBRAL 3L FLKWUKREL
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EHMNTBBEICIIEIE50miIl~100miNE=ERL T

MAXIN
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BlEESNAEWRY ., D> hA—ZF1x—7JIlehZx
HTho 1) VLABLEVOEEEO Y V7o XLy 3)L R
HBxD, 2) B 77 L2 ZAWZEDRMMEDIO% %
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1) J7}|/EE./)IL®:|: YR DEEZATREZWYET,

VWALLEY(LOW)
Rps(on)
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MAX1865 DL —h RSANDRIN ZERETED
FOICLFET, ElNExDE. XEE@EZRIT R
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TR Ddv/dth, N\TF—hZ2TIL7y 7Lz &
FTuoLTLEE 0,
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BREBYET, 12REB%KIF. FERORICRT DI,
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BE. O—5 4 EMOSFETIS. BEBKTHERIDLEE
ICIIEORIV MRSV FRFTIDT, RAVFT
BRIFNAYT A EMOSFETOA ICHEBZRITLE T,
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T— hEFBXIE RZANIK D THES N, MOSFET
EMEBELEI A, NYT—DDRBIAKICEDINT
BEERZEL. @HDOMOSFETASWVEBRIRE T
BADY U VREMRNICHEDLDICLE T,
INAH A EMOSFET (PNH)DEREDIZFEDHEESEHIL
ANBEOWEBRTE Y. O— -+ KMOSFET (Pn)
DEEBOHBEDHEBNIIERANEETEIIET,

V
Duty Cycle: D = —OuT
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PNHSWITCHING) = VIN'LOADfOSC(—llgAsss)

2
PnHconpucTioN) = ILoap” RpsonnHD
PNH(TOTAL) = PNHSWITCHING) +
PNH(CONDUCTION)

2
PNL = lLoap RosonnL(1 - D)

Z T IGATEWDH RS A4 /\DE—OHNEREH(TA
typ) T. 20nsidDH RS A /\EBMDIL LY /3T BFE
TYo RAVF T /A XERATDEMIZF ST T,
NATFA RIS YFORLAEO—TFA RRAYFD
V—2ZBIZ0WFDEZ Iy oA T Y EEMT 2H\
F7z13. DLEDHIZEIICIEF(47Q max)ZEBMML T,
AAYTFDI—2F /=2 FTFEBEEYLTLE
Z(V(E5).

EEEFRENFEINDERIT. RDBFERNEEE
EHET/N\1H 4 RMOSFETOBRXRBRERUEICKS
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AADaAVFUY
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ZABRICH L TRV =HICHREEINET, ZDE.
B MEDOHIZ, 2D(F/IF2DLUAE)DNED
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RHEAICOICVEROSVMEREZ R DIZHIC. RMSAD
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INDUCTORS AND TRANSFORMERS

Coilcraft 847-639-6400 847-639-1469 http://www.coilcraft.com
Coiltronics 561-241-7876 561-241-9339 http://www.coiltronics.com
Sumida USA 847-956-0666 847-956-0702 http://www.sumida.com
Toko 847-297-0070 847-699-1194 http://www.toko.co.jp
CAPACITORS

AVX 803-946-0690 803-626-3123 http://www.avxcorp.com
Kemet 408-986-0424 408-986-1442 http://www.kemet.com
Panasonic 847-468-5624 847-468-5815 http://www.panasonic.com
Sanyo 619-661-6835 619-661-1055 http://www.sanyo.com
Taiyo Yuden 408-573-4150 408-573-4159 http://www.t-yuden.com
DIODES

Central Semiconductor

516-435-1110

516-435-1824

http://www.centralsemi.com

International

310-322-3331

310-322-3332

http://www.irf.com

Nihon

847-843-7500

847-843-2798

http://www.niec.co.jp

On Semiconductor

602-303-5454

602-994-6430

http://www.onsemi.com

Zetex

516-543-7100

516-864-7630

http://www.zetex.com
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