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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
........................................ 0.3V to (VBsT + 0.3V)

DL, OUT, COMP, ILIMto GND...................... -0.3Vto (VL + 0.3V)
VL Output Current
VL Short Circuit to GND ... < 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)........... 727TmW
Operating Temperature Range ..........c.ccccooeenn. -40°C to +85°C

Junction Temperature....................
Storage Temperature Range
Lead Temperature (soldering, 10S) .....c..ccccovriiiiirnnnrne. +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

(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 | symeoL | CONDITIONS MIN TYP MAX | UNITS

GENERAL

Operating Input Voltage Range

(Note 1) VIN 45 28 v
VEB = 0, VouT = 4V, MAX1964 1.25 2.5

Quiescent Supply Current IIN VFB2 = VFR3 = VFR4 = 1.5V, mA
VEBs = -0.1V MAX1965 1.5 3.0

VL REGULATOR

Output Voltage VL 6V < VIN < 28V, 0.1mA < ILoAD <20mA 4.75 5.00 5.25 V

Line Regulation VIN = 6V to 28V 3.0 %

Undervoltage Lockout Trip Level VUVLO VL rising, 3% hysteresis (typ) 3.2 3.5 3.8 Vv

Minimum Bypass Capacitance CeyPMINY | 10mQ < ESR < 500mQ 1 uF

DC-DC CONTROLLER

Output Voltage (Preset Mode) VouTt FB = GND 3.272 3.34 3.355 Vv

Typical Output Voltage Range

(Adjustable Mode) (Note 2) Vour Veer 0.75xVIN v

FB Set Voltage (Adjustable Vser | FB=COMP 1221 1236  1.252 v

Mode)

FB Dual-Mode™ Threshold 50 100 150 mV

FB Input Leakage Current IFB VFg = 1.5V 0.01 100 nA

FB to COMP Transconductance gm FB = COMP, Icomp = £5pA 70 100 140 usS

g;ir;ent—Sense Amplifier Voltage ALM Vin - VLx = 250mV 4.46 49 544 VN

Current-Limit Threshold WWALLEY | ViLiM = 5.0V 190 250 310 mv

(Internal Mode)

Current-Limit Threshold WaALLEY | ViLiv = 2.5V 440 530 620 my

(External Mode)

Switching Frequency fosc 160 200 240 kHz

Dual Mode is a trademark of Maxim Integrated Products, Inc.
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ELECTRICAL CHARACTERISTICS
(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
Maximum Duty Cycle Dmax 77 82 90 %
Soft-Start Period tSOFT 1024 1/fosc
Soft-Start Step Size VREF/64 Y,
Eﬁrepgr:\(/jgup Sequence MAX 1964, FB rising, B2 turns on 1.145 v
DH Output Low Voltage ISINK = 10mA, measured from DH to LX 40 mV
DH Output High Voltage IsoURCE = 10mA, measured from BST to DH 40 mV
DL Output Low Voltage IsINK = T0mA, measured from DL to GND 20 mV
DL Output High Voltage ISOURCE = 10mA, measured fromDLto GND | VL - 0.1 Vv
DH On-Resistance High (DH to BST) and low (DH to LX) 15 4 Q

. High (DL to VL) 4.3 10

DL On-Resistance Q
Low (DL to GND) 0.7 2

Output Drive Current Sourcing or sinking, VpH or VpL = VL/2 0.5 A

LX, BST Leakage Current VBsT = Vix = VIN = 28V, VFg = 1.5V 0.04 10 A

POSITIVE ANALOG GAIN BLOCKS

\F/EEASGB& FB4 Regulation |VBB;:|£3: TBZB;‘ Trf/l/*(smk) 1226 124 1257 v

Eﬁrze Eﬁglvgr'u'o Sequence MAX1964, FB2 rising, B3 turns on 1.145 v

Eiisi%iéii?aaocgérror AVFB- ?)/.BSinA\:CE:QJSmXE(ﬁink?VY 27l = 13 22 mv

Eier?eafw Input Leakage IFe_ | VFB2 = VFB3 = VB4 = 1.5V 001 100 nA

Driver Sink Current IB_ Vreo =Vres= | VB2 = VBs = Ve = 25V 10 a mA
VFB4 = 1.188V Vg2 = Vg3 = Vps = 4.0V 24

NEGATIVE ANALOG GAIN BLOCK

FB5 Regulation Voltage E/S%E’UZZSUT -2V, Vour = 3.5V, Igs = TmA -20 5 +10 mv

FB5 to B5 Transconductance Error | AVERs5 Ves =0, Igs = 0.5mA to 5mA (source) -13 -20 mV

Feedback Input Leakage Current IFBs5 VFBs5 = -100mV 0.01 100 nA

Driver Source Current IB5 ;/ZB\? = 200mV, Vgs = Vour - 2.0V, Vour = 10 25 mA

POWER GOOD (POK)

OUT Trip Level (Preset Mode) FB = GND, falling edge, 3% hysteresis (typ)| 2.88 3.0 3.12 Vv

FB Trip Level (Adjustable Mode) Falling edge, 3% hysteresis (typ) 1.070 1.114 1.159 vV

FB2, FB3, FB4 Trip Level Falling edge, 3% hysteresis (typ) 1.070 1.114 1.159 \

FB5 Trip Level Rising edge, 35mV hysteresis (typ) 368 530 632 mV

POK Output Low Level ISINK = TmA 0.4 Vv

POK Output High Leakage Vpok = 5V 1 HA

MAXI N
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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
THERMAL PROTECTION (NOTE 3)
Thermal Shutdown Rising temperature 160 °C
Thermal Shutdown Hysteresis 15 °C
ELECTRICAL CHARACTERISTICS
(VIN = 12V, ILIM = FB = GND, VBsT - Vi.x = 5V, Ta =-40°C to +85°C, unless otherwise noted.) (Note 4)
PARAMETER ‘ SYMBOL | CONDITIONS | MIN TYP MAX UNITS
GENERAL
Operating Input Voltage Range ViN 45 o8 v
(Note 1)
VEB =0, VouTt = 4V, MAX1964 2.5
Quiescent Supply Current lIN VFB2 = VFB3 = VFB4 = 1.5V, mA
VFBs = -0.1V MAX1965 3.0
VL REGULATOR
Output Voltage VL 6V < VIN < 28V, 0.1mA < ILoaD <20mA 4.75 5.25 \Y
Line Regulation VIN = 6V to 28V 3.0 %
Undervoltage Lockout Trip Level VuvLO VL rising, 3% hysteresis (typ) 3.0 4.0 \
DC-DC CONTROLLER
Output Voltage (Preset Mode) VouT FB = GND 3.247 3.38 Vv
Feedback Set Voltage _
(Adjustable Mode) VSET FB = COMP 1.211 1.261 \
g:irr:ent—Sense Amplifier Voltage ALiM VIN - VLx = 250mV 412 5 68 VN
Current-Limit Threshold WALLEY | ViLm = 5.0V 150 350 mV
(Internal Mode)
Current-Limit Threshold
(External Mode) VVALLEY | ViLim = 2.5V 400 660 mV
Switching Frequency fosc 160 240 kHz
Maximum Duty Cycle Dmax 74 90 %
POSITIVE ANALOG GAIN BLOCKS
FB2, FB3, FB4 Regulation VB2 = VB3 = VB4 = 5V, . 1915 1965 v
Voltage IB2 = I3 = IB4 = 1MA (sink)
FB2, FB3, FB4 to B_ VB2 =VB3=VBa =5V, Ig2 =13 =14 =
Transconductance Error AVFB- 0.5mA to 5mA (sink) 28 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  TYP  MAX | uNITs
NEGATIVE ANALOG GAIN BLOCK
FB5 Regulation Voltage ?/5855: 1\;?:{5'05\:&9\/)0“ =35V, 25 +10 mv
FB5 to B5 Transconductance Error | AVFBs VBs = 0, Igs = 0.5mA to 5mA (source) -30 mV
POWER GOOD (POK)
OUT Trip Level (Preset Mode) FB = GND, falling edge, 3% hysteresis (typ)| 2.85 3.15 \
FB Trip Level (Adjustable Mode) Falling edge, 3% hysteresis (typ) 1.058 1.17 Vv
FB2, FB3, FB4 Trip Level Falling edge, 3% hysteresis (typ) 1.058 1.17 \
FB5 Trip Level Rising edge, 356mV hysteresis (typ) 325 675 mV

Note 1: Connect VL to IN for operation with VN < 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.

IRESERE

(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
(PRESET MODE) (PRESET MODE) (ADJUSTABLE MODE)
0 T g 3 s T |
L1 V=65V g g g —Viy=6.5V i g
90 // /f—--: \ § 332 § %0 I/ /” o g
AN - T——V—1 | | i 2
= KA (N = 331 = = i /<
S / AN S < %0 / / V=8V
5 I /1 N =8 = S LY Um !
2 / it S z et
2 / fo LIV =12V S 2 [/1/; L1l
i [T/ VT v=1ev S 32 s [/ WG
.,
o L AT o AL
[ / Vi =24V 328 /
Vour =33V / J Vour = +5.0V
50 i 897 50 AR
001 0.1 1 10 0 05 10 15 20 25 30 0.1 0.1 1 10
LOAD CURRENT (A) LOAD CURRENT (A) LOAD CURRENT (A)
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(Circuit of Figure 1, VIN = 12V, Vout = 3.3V, Ta = +25°C, unless otherwise noted.)

OUPUT VOLTAGE vs. LOAD CURRENT INTERNAL 5V LINEAR REGULATOR LOAD TRANSIENT
(ADJUSTABLE MODE) vs. LOAD CURRENT (STEP-DOWN CONVERTER)
505 - 505 - MAX1964/65 toc06
503 : s :
% \‘\ 5.0V I,I:I ) .'I:l. 3 ..|'..:..I-'.!i- W . ".I-...:I- '-I|!'. '.!|E-'.II. A
2501 501 — — !
= s ——
5 =
= s
2499 499
5 1A | pe———
© 3
497 497 B
0 nnmm——
49 495
0 05 10 15 20 0 5 10 15 2 25 3 H0us/div
LOAD CURRENT (A) LOAD CURRENT (mA) A Vour =5V, 100y
B. louT = 10mA TO 1A, 500mA/div
Vin=12V
SWITCHING WAVEFORMS SOFT-START MAX1964 STARTUP WAVEFORM
(STEP-DOWN CONVERTER) (STEP-DOWN CONVERTER) (VOLTAGE SEQUENCING)
MAX1964/65 toc07 MAX1964/65 toc08 MAX1964/65 toc09
5,00V Y - : A 5 A
495V A lr- 3 - M
95 . ;
i i ll...___
12v B
B B ; s
0 33V i et
c
1A
05A c ¢ N
40us/div 1ms/div 200us/div
A. Viour =5.0V, 50mV/div AV =5V, 5V/div A Vours =5V (ADJ), 2V/div
B. Vix, 10V/div _ B. Vigut1 = 5V (ADJ),2/div B. Vour2 = 1.8V, 1V/div
C. INDUGTOR CURRENT, 500mA/div C. INDUCTOR CURRENT, 1A/div C. VouTa = 3.3V, 2V/div
V=12V, Roury =5V Vi = STEPPED FROM 0 T0 12V, Ryt = 10 D. Vpox, 5V/div

Viy = STEPPED FROM 0 TO 12V, Royrt = 5
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(Circuit of Figure 1, VIN = 12V, Vout = 3.3V, Ta = +25°C, unless otherwise noted.)

MAX1965 STARTUP WAVEFORM
(VOLTAGE TRACKING)

IVAX1964/65 toc10

400us/div

A. Vouta =5.0V, 2V/div
B. Vouri =3.3V, 2V/div
C. VouT2 = 2.5V, 2V/div F. Vpok, 5V/div
Vi = STEPPED FROM 0 T0 12V,

Routt = 6.6Q

CIRCUIT OF FIGURE 6

POSITIVE LINEAR REGULATOR

OUTPUT VOLTAGE vs. SUPPLY VOLTAGE

(QLpo = 2N3905)
250

)
o~
3

loutz = TmA

T

louT2 = 100mA

OUTPUT VOLTAGE (V)
5

)
~
=

2.42

2 3 4 5 6 7 8

SUPPLY VOLTAGE (V)

MAXIMN

MAX1964/65 toc13

OO w >

D. Vour3=1.8V/div
E. Vours =-5.0V, 2V/div

BASE-DRIVE SINK CURRENT (mA)

PSRR (dB)

40
35
30
25
20
15
10

80
70
60
50
40
30
20

POSITIVE LINEAR REGULATOR BASE-

DRIVE CURRENT vs. BASE-DRIVE VOLTAGE

‘ g
Veg =1.0V é
// g
/ — |
/ Vrg_ = 0.96VRer

/ B2, B3 AND B4

(MAX1965) ONLY
0 2 4 6 8 10

BASE VOLTAGE (V)
POSITIVE LINEAR REGULATOR
POWER-SUPPLY REJECTION RATIO
(QLpo = 2N3905)
N §
\
\
N
| \
out2 = 50mA M
01 1 10 100 1000
FREQUENCY (kHz)

POSITIVE LINEAR REGULATOR
OUTPUT VOLTAGE vs. LOAD CURRENT
(Qupo = 2N3905)

250 o
248 E
=
":55 V‘S[‘JP(POS) =50V
§ 246 B \
5 Vsup(pos) = 3.3V \\
s \
S
244 \
242
0.01 0.1 1 10 100 1000
LOAD CURRENT (mA)
POSITIVE LINEAR REGULATOR
LOAD TRANSIENT
(QLpo = 2N3905)
MAX1964/65 toc15
100mA i T
A
0 o= I
2467V [ [ ——)
B
Srfap A A )
2457V
10us/div
A loutz = TmA TO 100mA, 50mA/div
B. Vourz = 2.5V, 5mV/div
CLDO(POS) =10uF CERAMIC, Vsup(pog) =33V
CIRCUIT OF FIGURE 1
7
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(Circuit of Figure 1, VIN = 12V, Vout = 3.3V, Ta = +25°C, unless otherwise noted.)

POSITIVE LINEAR REGUALTOR POSITIVE LINEAR REGULATOR POSITIVE LINEAR REGULATOR
OUTPUT VOLTAGE vs. LOAD CURRENT OUTPUT VOLTAGE vs. SUPPLY VOLTAGE POWER-SUPPLY REJECTION RATIO
Qpo = TIP30 =TIP30 Qrpo = TIP30
250 (QLoo ) . 250 (Qwoo ) . % (Qubo ) ]
: g 7 g
= 248 Vsup(pas) = 5.0V ||| = 248 lour2=1mA 60 \
w = L o
= I = - 1 1 g ¥ !
S 246 S 246 — — 1 = w \
= Vsup(pos) = 3.3V \ s louT2 = 100mA &
= \ 2
= = 30
3 3
2.44 2.44 20 ‘\
10 |-lout2 =150mA
” - o LU | |
0.01 0.1 1 10 100 1000 2 4 6 8 10 12 0.1 1 10 100 1000
LOAD CURRENT (mA) SUPPLY VOLTAGE (V) FREQUENCY (kHz)
POSITIVE LINEAR REGULATOR NEGATIVE LINEAR REGULATOR
LOAD TRANSIENT NEGATIVE LINEAR REGULATOR BASE- OUTPUT VOLTAGE vs. LOAD CURRENT
(QLpo = TIP30) DRIVE CURRENT vs. BASE-DRIVE VOLTAGE (Qrpo = TIP29)
MAXW%MSS‘O&TB 45 o 71200 _
VEgs = 250mV g ‘V‘SL‘J:"(‘AIHEG)L“Q\‘/H g
250mA . g 40 = § = Vours =5V %
= Vs E =
0 b= e A= 5 / = 1206 =
% 30 Vrgs =50mV — g
: / 2
L 25 pp—— o g g —
= [ R S 1212
Q2 A =
i , @ l// JERENE ISR A A z /
2473V [ S 5 L 5 7
| PE o il
sty o et e “2" 10 Vour=5.0V ‘
2.453V i _ < 5 - = = Vour=33v |
B5 (MAX1965) ONLY
0 ‘ ‘ -12.24
10us 0 2 4 6 8 10 001 01 110 100 1000
Vout - Vs (V) LOAD CURRENT (mA)

A. lpu2 = 10mA TO 250mA, 200mA/div
B. Vourz = 2.5V, 10mV/div
Cupo(pas) = 10uF CERAMIC, Vsyp(pos) = 3.3V

CIRCUIT OF FIGURE 1
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(Circuit of Figure 1, ViN = 12V, VouTt - 3.3V,

OUTPUT VOLTAGE (V)

Ta = +25°C, unless otherwise noted.)

NEGATIVE LINEAR REGULATOR
OUTPUT VOLTAGE vs. SUPPLY VOLTAGE
(Qupo = TIP29)

-12.00 S
-12.06 z
-12.12
ILpo(neg) = 100mA
-12.18 ‘ ‘
ILoo(Ne) = TMA

-12.24 ‘ ‘

-20 -18 -16 -14 -12 -10

SUPPLY VOLTAGE (V)

i 55 BF
I%F
" &5 -
MAX1964 MAX1965
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E—5 RABUET, BEEODYILANICT BICITPOKEVLOBIIERSABHL TR S0,

2 2 COMP WEHF, WERY NT—2&GNDICEEL THEIL—TEBELTTE 0,

3 3 ouT TEMEAEBE/NA AV E—F 2 EH A, RETHERDESREET 17O Y IIC
BTl F9(MAX1965),
FATINE—RIAAYFUILFIL—IDTA—RINYIAD, Tty hEhf=3.3V

4 4 FB HADIESIIGNDICEHE L TR E 0 IWMRESRZEONOFB, S5ICGNDICHERL T,
HAHEEE1.236V~0.75 x VNITEB LT TS 74— R/NWIDRESIST.236VTT,
F—TURLAVHAPNP RS U5 RSA/X(LFX21L—52), RETDMOSD

5 5 B2 RLANIIEHRSINTINE T, B2EAZLPNP/NZ T DX ZDR—ZT#HR L T
F)ZF7LFalL—5EFE/RLET,

FHAoT4 7OV TA4—RINYIANLF1L—52), IR EREE )T

6 6 FB2 LF¥a1L—5DEAEGNDOBICERE LT, HAOEEEFELTCFS Y, 71— R
INYOBESIT.24VTT,
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BIRZ L3I RDOFT T 7L MBS, ILIMZVLIZ#ES:
LieEZ250mVTd, 250mVD77 # )L MEIZHTW
BxsonOy oL yia)Rid, $¥IVL-1VTT,
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TATITDE ATV TIO A NO—=ZH A Y
FUOEBRBEL. VINAY— A 2—TILLET,

15

S96 LXVIN/VPI6 L XVIN



MAX1964/MAX1965

rSYvF2T/2— 2 X3H173/5817

FEI> FO—5

A= NP7V TRIZZTY TF oA NO—2MDIr kLY
REZFHUANY—DBEREBETDEHIC. VI
25— KNEIRA@HI) D7 L REEFTHRAIIILLEY)
9, VI NIY—FOEBIZ102400Y o540
(1024/fosc) T BBV 7 MR &5 — RDACHGAR Ty T
TBEANBEITET, VIMNII—IERETITDE.
HAISHNBEEEFTICBRELLFIL— 3 VRE
ISELET,

HAOBEED—47 2 ZA(MAX1964)

o7 Lo2pNT—7y T L=%, > hO—58
AI—=KNTPYTo—4 U REBILET, £9. VI b
A= H A F—=TIEn/IRRET. DC-DCRF v~
FOAVIN=IDINT—=T VT LET, ATV ITTI
OAVIN—IHFDRMMEDI2%I3ZE L T (Veg>1.145V)
VIRNRY—=MYRTIDE A MOA—=HBID
FUZ7LFalL—5&ND—7vLFd, BAD
JZFZLFIL—IDZDRMEDI2HICETDE
(VEgo>1.145V), 2D Z7LFa1L—5H /D —
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MOSFETIZZ —>74 > L CPOKEO—ICLE T, HAOD
IRTHENSDRMLF 1L —2 3 VEEDI2%%E
Bx. VIMNRY—RMDRTITDE. POKIF/NA A~
E—F 2 RIRBVET, OV IBEERENZEEFDICIE.
TIVTy THEIREgEEPOKASVLICEHRLF T, Z2<L<D
T —23 2 T100kQDOEIRBHIEMNTI, POK
EHERALEWNESIE. 72 RICER T DHRESIC
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BEANBEICSITERA Y FUIBKICELIVES
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INDUCTORS & TRANSFORMERS

Coilcraft

847-639-6400

847-639-1469

www.coilcraft.com

Coiltronics

561-241-7876

561-241-9339

www.coiltronics.com

ICE Components

800-729-2099

800-729-2099

www.icecomponents.com

Sumida USA 847-956-0666 847-956-0702 www.sumida.com
Toko 847-297-0070 847-699-1194 www.tokoam.com
CAPACITORS

AVX 803-946-0690 803-626-3123 WWW.avXCcorp.com
Kemet 408-986-0424 408-986-1442 www.kemet.com
Panasonic 847-468-5624 847-468-5815 WWW.panasonic.com
Sanyo 619-661-6835 619-661-1055 WWW.SECC.CO.jp
Taiyo Yuden 408-573-4150 408-573-4159 www.t-yuden.com
DIODES

Central Semiconductor

516-435-1110

516-435-1824

www.centralsemi.com

International Rectifier

310-322-3331

310-322-3332

www.irf.com

Nihon Inter

847-843-7500

847-843-2798

WWW.Niec.co.jp

On Semiconductor

602-303-5454

602-994-6430

www.onsemi.com

Zetex

516-543-7100

516-864-7630

www.zetex.com
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