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MAX1709

4A, B/ 1 X, SEA*

XFv TPy IDC-DCIA/N—H

ABSOLUTE MAXIMUM RATINGS

ONA, ONB, OUT, SS/LIM, 3.3/5t0 GND ............... -0.3V to +6.0V
LXTOPGND ..o -0.3V to +6.0V
FB, CLK, REF to GND ....-0.3V to (Vout + 0.3V)

PGND t0 GND ..ot -0.3Vto +0.3V
Continuous Power Dissipation (Ta = +70°C)
16-Pin Narrow SO (derate 16.5mW/°C above +70°C).....1.3W
28-Pin TSSOP Exposed Pad
(derate 23.8mW/°C above +70°C)......ccccocvviiiiiiiiiiiinnn. 1.9W

28-Pin TSSOP Exposed Pad Junction-to-Exposed
Pad Thermal Resistance ... 1.2°C/W

Operating Temperature Range
Junction Temperature
Storage Temperature Range
Lead Temperature (soldering, 10s)

...-40°C to +85°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

(Vout = VoLk = +3.6V, ONA = ONB = FB = GND, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Tp = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
3.3/5=GND, Isw = 1A 3.26 3.34 3.42
Output Voltage VFB < 0.1V (Note 1) — Vv
3.3/5=0UT, Isw = 1A 4.92 5.05 5.17
Load Regulation Measured between 1A < Isw < 3A (Note 2) -0.25 -0.45 Yol A
FB Regulation Voltage Isw = 1A 1.215 1.240 1.265 \
FB Input Current VFB = +1.5V 1 200 nA
Output Voltage Adjust Range 2.5 55 \
Output Undervoltage Lockout (Note 3) 2.0 2.3 \
Frequency in Startup Mode Vout =1.5V 40 400 kHz
Minimum Startup Voltage louT< 1TmMA (Note 1), Ta = +25°C (Note 4) 0.9 1.1 \
Minimum Operating Voltage (Note 5) 0.7 vV
Soft-Start Pin Current Vss/Lim = 1V 3.2 4 5.0 uA
OUT Supply Current VEB = 1.5V (Note 6) 200 440 PA
OUT Leakage Current In _
Shutdown VONB = 3.6V 01 S WA
LX Leakage Current Vix = VONB = VouT = +5.5V 0.1 40 uA
n-ChanpeI Switch 20 40 mo
On-Resistance
o SS/LIM = open 7.5 9 12
n-Channel Current Limit A
SS/LIM = 150kQ to GND 35 5 6.5
) MAX1709EUI+ 10
RMS Switch Current ARMS
MAX1709ESE 6
Reference Voltage IREF=0 1.245 1.260 1.275 \
Reference Load Regulation -1UA < IREF < 50pA 4 10 mV
Reference Supply Rejection +2.5V < Vout < +5.5V 0.2 5 mV
ONA, ONB, 3.3/5, 1.2V < VouT < 5.5V 0-2x
) , ©.9/0, 1. ouT . VouT
Input Low Level (Note 7) \
CLK, 2.7V < VouT < 5.5V 0.2
Vout
I AXIMN
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ELECTRICAL CHARACTERISTICS (continued)
(VouT = VLK = +3.6V, ONA = ONB = FB = GND, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
, ONA, ONB, 3.3/5, 1.2V < VouT <5.5 0.8 x Vout
Input High Level V
CLK, 2.7 V< VouT < 5.5V 0.8 x Vout
Logic Input Current ONA, ONB, CLK, 3.3/5 1 A
Internal Oscillator Frequency 520 600 680 kHz
Maximum Duty Cycle 82 90 94 %
External Clock Frequency 350 1000 KHy
Range
CLK Pulse Width (Note 8) 100 ns
CLK Rise/Fall Time (Note 8) 50 ns
ELECTRICAL CHARACTERISTICS
(Vout = VoLk = +3.6V, ONA = ONB = FB = GND, Ta =-40°C to +85°C, unless otherwise noted.) (Note 9)
PARAMETER CONDITIONS MIN TYP MAX | UNITS
VFB < 0.1V, VN = +2.4V 3.3/5=GND, Isw = 1A 3.24 3.45
Output Voltage — \
(Note 1) 3.3/5 =0UT, Isw= 1A 4.9 5.2
FB Regulation Voltage Isw=1A 1.21 1.27 V
FB Input Current VFB = +1.5V 200 nA
Load Regulation Measured between 1A < Isw < 5A (Note 2) -0.45 %/A
Soft-Start Pin Current SS/LIM = 1V 3.2 5.2 pA
OUT Leakage Current in
V =3.6V A
Shutdown ONB = 3.8 ° H
OUT Supply Current VFB = 1.5V (Note 6) 400 pA
n-Channel Switch
On-Resistance 40 me
o SS/LIM = unconnected 7.5 15
n-Channel Current Limit \%
SS/LIM = 150kQ to GND 3.5 7
Reference Voltage IREF=0 1.24 1.28 Vv

MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)
(VouT = VLK = +3.6V, ONA = ONB = FB = GND, Ta = -40°C to +85°C, unless otherwise noted.) (Note 9)

PARAMETER CONDITIONS MIN TYP MAX UNITS
o AR 0.2x
ONA, ONB, 3.3/5, 1.2V < VouT < 5.5V Vv
Vout

Input Low Level (Note 7)
0.2 x

CLK, 2.7V < VouT< 5.5V
Vout

ONA. ONB, 33/5, 1.2V < VouT < 5.5V 0.8 x
Vourt

Input High Level V

CLK, VouT = 5.5V \?quT
Logic Input Current ONA, ONB, CLK, 3.3/5 1 pA
Internal Oscillator Frequency 500 700 kHz
Maximum Duty Cycle 80 95 %
Eztr?ér;al Clock Frequency 350 1000 KHz
CLK/SEL Pulse Width (Note 8) 100 ns
CLK/SEL Rise/Fall Time (Note 8) 50 ns

Note 1: Output voltage is specified at 1A switch current Isy, which is equivalent to approximately 1A X (VN / VourT) of load current.

Note 2: Load regulation is measured by forcing specified switch current and straight-line calculation of change in output voltage in
external feedback mode. Note that the equivalent load current is approximately Isw X (ViNn / VouT).

Note 3: Until undervoltage lockout is reached, the device remains in startup mode. Do not apply full load until this voltage is
reached.

Note 4: Startup is tested with Figure 1’s circuit. Output current is measured when both the input and output voltages are applied.

Note 5: Minimum operating voltage. The MAX1709 is bootstrapped and will operate down to a 0.7V input once started.

Note 6: Supply current is measured from the OUT pin to the output voltage (+3.3V). This correlates directly with actual input supply
current but is reduced in value according to the step-up ratio and efficiency.

Note 7: ONA and ONB inputs have approximately 0.15V hysteresis.

Note 8: Guaranteed by design, not production tested.

Note 9: Specifications to -40°C are guaranteed by design, not production tested.

4 MAXI N
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(Ta = +25°C, unless otherwise noted.)

EFFICIENCY EFFICIENCY EFFICIENCY vs. SWITCHING FREQUENCY
vs. OUTPUT CURRENT (Vour = 3.3V) vs. OUTPUT CURRENT (Voyr = 5V) (Vin = 3.3V, Vour = 5V, lgut = 2A)
[T 2 [ ;o
. Vin= 2.5V—___ LT § E " ViN=33V = N : 655 :
P P //_,_..- N Y = o — p 7 N = — E
N T Vin=1.2v \ _— s Viy=2.5V — 850 AN
S / \ S w0 A4 s N
=y / = = \
Z 50 & 50 I 845 AN
= S s
g I E 40 s S~
) L =] N
30 30 84.0 \
20 20
835
10 10
0 0 83.0
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 04 05 06 07 08 09 10
OUTPUT CURRENT (A) OUTPUT CURRENT (A) OPERATING FREQUENCY (MHz)
LOAD REGULATION LINE REGULATION NO-LOAD INPUT CURRENT
(Vin = 3.3V, Vgur =5V) (Vout =5V, lgur = 1A) vs. INPUT VOLTAGE
2 = 08 a 1000 — o
e s INPUT VOLTAGE &
: 06 £ INCREASING g
= = /’ =
=z 1 = 04 / = 10 A
< < € ——— E
= = £ 7 INPUT VOLTAGE J
2 = 02 // = ,l i = /X DECREASING
= 3 = Y |
> 0 S 0 5
E \ E / 'L_) 10 oA :'L, = :
= =-02 z A Vour=5V
2 = P = 'ERSE \‘\\
. \ -0.4 =
/ 1 e — —
\\ 06 Vour=33V T T —k==
2 -0.8 0.1 |
0 1 2 3 4 5 20 25 30 35 40 0 05 10 15 20 25 30 35
OUTPUT CURRENT (A) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
STARTUP VOLTAGE SWITCHING FREQUENCY
vs. LOAD CURRENT vs. TEMPERATURE NOISE vs. FREQUENCY
28 “8 1.0 B 30 -
26 ; u% g 2 2
24 H E: 05 E z
s 22 3 £ [ 2
& 20 a & 0 — >
= “ = \ = 15
3 18 S \ B
= T > -05 = 10
5 16 Vour=3.3V ‘8 2 \ p
= ] S
Z 14 QL b = N 2 5
P e R B i) 2 = 0 |
B | =3.
10 | = il o s Vour=3.3V | |
08 | ARG Vour =5V N ' B
o |Tas+85°C
0p LAz 1 20 0
0.001 0.01 0.1 1 10 40 15 10 35 60 85 0.1 1 10
LOAD CURRENT (A) TEMPERATURE (°C) FREQUENCY (MHz)
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(Circuit of Figure 1, Ta = +25°C, unless otherwise noted.)

CURRENT LIMIT (A)

SWITCH CURRENT LIMIT
vs. SS/LIM RESISTANCE
10 o
9 /‘ -
8 =
6
/
s /
//
4 /
3
2
5 100 150 200 250 300
SS/LIM RESISTANCE (k<2)
HEAVY SWITCHING WAVEFORM
(WITH LC FILTER)
MAX1709-13b
5V !
aigigl;

4A

2A

5V

4A
2A

4
2V

Tus/div
lour =2A
L =12.5nH (COILCRAFT A04T)
C=1uF
SHUTDOWN WITH SOFT-START
(Css = 0.1uF)
MAX1709-16
pssns L
| TS I
1ms/div
Css=0.1uF
Rour=5€Q
Vong = Vout

Vix
5V/div

Vout
100mV/div

It
2A/div

Vona
5V/div

1IN

2A/div

Vout
2V/div

CURRENT LIMIT (A)

o

—
o

—
o
[

o
o

©
[

©o
o

8.5

8.0

3.5V
3V

5V

6A
4A
2A

4
2V

SWITCH CURRENT LIMIT
vs. TEMPERATURE

ouT = 3-3V¥

10 35
TEMPERATURE (°C)

-15 60 85

LINE-TRANSIENT
RESPONSE

MAX1709-14

lour=1A

100us/div

SHUTDOWN WITH SOFT-START
(Css = 0.01uF)

MAX1709-17

pssns L
| !
V
1ms/div
Css=0.01uF
Rout=5Q
Vong = Vout

MAX1709-12

ViN

6A
Vout
somv/div A
2A
5V
Vona
5V/div 0
6A
4A
IIN
2A/div - 2A
0
Vout
2V/div
2V

0.5V/div - 5y

HEAVY SWITCHING WAVEFORM
MAX1709-13:
Vix
5V/div
Vout
100mV/div
IL
2A/div
lour =2A
Tus/div
LOAD-TRANSIENT
RESPONSE
MAX1709-15
lout
2A/div
Vout
100mV/div
IL
2A/div
20us/div
SHUTDOWN WITHOUT SOFT-START
MAX1709-18
L s
i [ 5V/div
| Sh
| \%
| Vout
2V/div
1ms/div
Css=0
Rour=5Q
Vong = Vout
M AKX/
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PRODUCTION INDUCTORS

CAPACITORS DIODES

Coilcraft DO3316P-102HC

Panasonic EEFUEOJ151R

Motorola MBRD1035CTL

Surface mount . )
Coiltronics UP2B-1R0

Sanyo 6TPC100M

STM-Microelectronics
STPS8L30B

x4, B A—N—

SUPPLIER PHONE FAX
Coilcraft 847-639-6400 847-639-1489
Coiltronics 561-241-7876 561-241-9339
Motorola 602-303-5454 602-994-6430
Panasonic 714-373-7939 714-373-7183
f/l-li—cl\/lr(-)electronics 617-259-0300 617-259-9442
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INSIEMAXT7TOORTEE L CTEIBHEEINDIEXL
TIH. FIZIEHAIBOTAF— R, T I51EED
DERE2MNELETTDIZHOICANEHEEBRIE,
MAX1709MDHEICEZENICEHhZa2ERBLTLE
YA

BERICBEITDIEURIIUTDES YT, { INDE
3.3VASNTAV/AAR I DERETDHFI T,
MAX1709T3.3VHh'55V/AAZ TRAET B EZTDHTE
TERIF, ZEAHICRBEELEDODT81I% T, HWENEXLID
R THET DI ENTEZT,
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DETAIL ‘A’
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MAX1709
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3 COMMON DIMENSIONS JEDEC VARIATIONS
3 MILLIMETERS INCHES uo-153| N [PkeCode MILLIMETERS INCHES
L MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX.
A - 110 - 0.043 ABT-1 |14 |UI4E-3 | D | 4.90 5.10 0193_|_o.201
Al 0.05 015 | 0002 | 0006 X | 280 3.10 0110 | o122
A2 0.85 095 | 0033 | 0037 ABT 16 |UI6E-3 | D | 490 5.0 0193 _|_o.201
b 0.19 0.30 0.007 0.012 X 260 3.10 0.102 0.122
bl 0.19 0.25 0.007 0.010 ACT 20 | U20E-1 D 6.40 6.60 0.252 0.260
c 0090 [ 020 [ 0004 | 0008 X1 380 420 | 0150 | 0165
o 0090 | 0135 | o004 | 0003 ACT 20 | U20E-4 | D |_6.40 660 | 0252 | 0.260
D SEE_VARIATIONS | SEE_VARIATIONS X1 450 490 | 0177 | 0193
|-: e | 45 | o1 | a7 AET 28 | U2BE-4 | D | 9.60 980 | 0378 | 0.386
- 55 Bc e Bsc X |_s.20 560 | 0205 | ozel
- 25 | es0 | oa4e [ 055 AET 28 | U2BE-5 | D | 960 980 | 0378 | 0.386
X |_6.50 690 | o256 | o272
L 0s0_| 070 0020 | 0028 AET 28 | U2BME-1| D | 9.60 980 | 0378 | 0.386
N SEE_VARIATIONS | SEE_VARIATIONS [ eso 250 | o256 [ oavz
Y 260 | 340 0102_| o122
@ oo | 8 oo [ e
VARIATIONS
:Efs% N [PkgCode MILLIMETERS INCHES
MIN. MAX. MIN. MAX.
ADT 24 |U24E-1 | D | 7.70 790 | 0303 | o031
X | 444 | 464 | 0475 | 0183
Y| 264 | 284 | 0104 | oa12
NOTES!

1. DIMENSIONS D AND E DO NOT INCLUDE FLASH.

2, MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm PER SIDE,
3. CONTROLLING DIMENSION: MILLIMETERS.

4, MEETS JEDEC OUTLINE MO-133. SEE JEDEC VARIATIONS TABLE.

(3}

. ‘N’ REFERS TO NUMBER OF LEADS.

. EXPOSED PAD FLUSH WITH BOTTOM OF PACKAGE WITHIN .002°

THE LEAD TIPS MUST LIE WITHIN A SPECIFIED ZONE. THIS TOLERANCE ZONE IS
DEFINED BY TWO PARALLEL PLANES. ONE PLANE IS THE SEATING PLANE, DATUM
[-C-]; THE OTHER PLANE IS AT THE SPECIFIED DISTANCE FROM [-C-1 IN THE
DIRECTION INDICATED.

MARKING SHOWN IS FOR PACKAGE ORIENTATION REFERENCE ONLY.

9. NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY.

10. ALL DIMENSIONS APPLY TO BOTH LEADED ¢-) AND PbFREE <+) PKG. CODES.

—DRAWING NOT TO SCALE—

AKXV

MTLE:
PACKAGE OUTLINE,
TSSOP 4.4mm BODY, EXPOSED PAD
[APPROVAL IDOCUMENT CONTROL NO. REV. 2
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 4A. B/ AX. BEE
25y TPy IDC-DCAI—F

NYTr— (1HE)
(COF—F— MIIBEINTND/ Ny T— AT, BFRARMEINTNDEIFIRY A, BHD/ VYo —JERIS.
japan.maxim-ic.com/packages = ZZ BT\, )

a
N /—r\», COMMON DIMENSIONS VARIATION A
Q Q Q Q Q Q INCHES MM INCHES MM
SYMBOL [SYMBOU|
MIN. | MAX. | MIN. | MAX. MIN. | MAX. | MIN, | MAX
A 053 | 069 | 135 | 175 D 189 | 197 | 480 | 5.00
E H Al | 004 | 010 [ 010 | 025 N 8
3 014 | 019 | 035 | 049 MS0L2 AA
Q c 007 | 010 | 019 | 025 PKG, |S8-2, S8-4, S8-5, S8-6F
AN \ X . | S8-7F, S8-8F, S8-10F
| 3 150 | 157 | 3.80 | 4.00 CODE |25 (1¥ Sooier
t L e 050 BSC 1.27 BSC
1 c—i=— 1 H 228 | 244 | 580 | 6.20
PIN 1 ID
L .016 .050 0.40 127 VARIATION B
TOP VIEW END VIEW @ 0° 8 0 8 INCHES MM
[SYMBOU
MIN. | MAX. | MIN. | MAX
D D | 337 | 344 | 855 | 875
N 14
] 1 ) ) * MSO012 AB
[ [ i A PKG. | S14-L S14-4, S14-5,
| | S14-6; S14M-4, S14M-5,
P ] CODE | 514M-6, S14M-7
e - Al
SIDE VIEW VARIATION C
INCHES MM
[SYMBOU
MIN. | MAX. | MIN. | MAX
NOTES: D 386 | 394 | 980 | 10.00
1. ALL DIMENSIONS ARE IN MILLIMETERS UNLESS OTHERWISE SPECIFIED. N 16
MS0L2 AC
2. MATERIAL MUST COMPLY WITH BANNED AND RESTRICTED SUBSTANCES SPEC # 10-0131. oG, [S16-1, S16-3, S16-5, S16-6
ChE [S16-8, S16-7F, S16-9F,
3. DIMENSIONS D AND E DO NOT INCLUDE MOLD PROTRUSION. S16-10F) S16M-3, S16M-6
ALLOWABLE MOLD PROTRUSION IS 015 MM (006> PER SIDE
4,
LEADS TO BE COPLANAR WITHIN 010mm <004, /VI/JXI/VI
S. MEETS JEDEC MS012 TILE:
. PACKAGE OUTLINE
. ALL DIMENSIONS APPLY TO BOTH LEADED ¢-> AND PWFREE ¢+) PKG. CODES. 8L, 14L, 16L SOIC 150 INCH
APPROVAL DOCUMENT CONTROL NO. REV. 1
—DRAWING NOT TO SCALE— 21-0041 C /1

VFEIL-DPNAVHEREHR™ T141-0032 RE#HBE/IIKKIEF1-6-4 KIF=1—7 1 458 20F  TEL: 03-6893-6600

MaximlidZ2ICMaximBE R ICHAFNZEEMADOREBOERICDNTC—tIEEZAaNIRET. BARFFSIEVAEHEEShTHEEA.
Maximl3RER P E L < BBRUMLHEEZZEET SEMNEZBRL I T,
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