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ABSOLUTE MAXIMUM RATINGS
.............................................................. -0.3V to +36V

-0.3Vto +0.3V

................................................................ -0.3V to +6V
............................................................ -0.3V to +36V

DHto LX..... -0.3V to (BST + 0.3V)
LX 0 BST et -6V to +0.3V
SHDN to GND................. SRR -0.3V to (V+ + 0.3V)
SYNC, SS, REF, SECFB, SKIP, FB to GND...-0.3V to (VL + 0.3V)
DL O PGND ... -0.3V to (VL + 0.3V)
CSH, CSLtO GND ...oviiiiiiieiieeieeeeieee e -0.3V to +6V
VL Short Circuit t0 GND......cceevviiieiieeiiee e Momentary

REF Short Circuit to GND .........ccccoviveiiieeiieeeen Continuous
VL Output Current +50mA to -1mA
REF Output CUIrent........ccovvveeiiiiiiiieiiieee e +5mA to -1mA
Continuous Power Dissipation (Ta = +70°C)

SO (derate 8.70mW/°C above +70°C)

QSOP (derate 8.3mW/°C above +70°C)
Operating Temperature Range

MAX165_E_E
Storage Temperature Range
Lead Temperature (soldering, 10SeC) ........ccceeevivreeeennnnns +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
(V+ = +15V, GND = PGND = 0V, SYNC = REF, Iy = Irer = 0A, Ta = 0°C to +85°C, unless otherwise noted.)

PARAMETER ‘ CONDITIONS MIN TYP MAX UNITS
3.3V AND 5V STEP-DOWN CONTROLLERS
Input Supply Range 4.5 30 \
5V Output Voltage (CSL) 0 < (CSH - CSL) < 80mV, FB = VL, 6V < V+ < 30V, 4.85 5.06 525 Y
includes line and load regulation
3.3V Output Voltage (CSL) 0 < (CSH - CSL) < 80mV, FB = 0V, 4.5V < V+ < 30V, 3.20 3.34 3.46 y
includes line and load regulation
MAX1655 1 5.5
Nominal Adjustable Output External resistor divider \Y
Voltage Range MAX1652/MAX1653/ |, . -
MAX1654
MAX1655 0.97 1.00 1.03
Feedback Voltage CSH-CSL=0V, CSL =FB, MAX1652/MAX1653/ v
SKIP =0V, 4.5V < V+ < 30V
MAX 1654 2.43 2.50 2.57
, 0 < (CSH - CSL) < 80mV 2
Load Regulation %
25mV < (CSH - CSL) < 80mV 1.2
Line Regulation 6V < V+ < 30V 0.03 0.06 %IV
e CSH - CSL, positive 80 100 120
Current-Limit Voltage - mV
CSH - CSL, negative -50 -100 -160
SS Source Current Vss = 0V 2.5 4.0 6.5 HA
SS Fault Sink Current Vss = 4V 2.0 mA
FLYBACK/PWM CONTROLLER
. . Falling edge, rising edge, hysteresis = 22mV (MAX1652) 2.45 2.50 2.55
SECFB Regulation Setpoint — - - V
Rising edge, falling edge, hysteresis = 22mV (MAX1654) -0.05 0 0.05
INTERNAL REGULATOR AND REFERENCE
VL Output Voltage SHDN =2V, 0 < lyL < 25mA, 5.5V < V+ < 30V 4.7 5.0 5.3 V
VL Fault Lockout Voltage Rising edge, falling edge hysteresis = 50mV 3.8 3.9 4.0 \Y
VL/CSL Switchover Voltage Rising edge, falling edge hysteresis = 60mV 4.2 4.5 4.7 \Y
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ELECTRICAL CHARACTERISTICS (continued)
(V+ = +15V, GND = PGND = 0V, SYNC = REF, Iy = Irer = 0A, Ta = 0°C to +85°C, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Reference Output Voltage No external load (Note 1) 2.46 2.50 2.54 \
Reference Fault Lockout Voltage | Falling edge 2.0 2.4 Vv
Reference Load Regulation 0 < IRer < 100pA 15 mV
CSL, CSH Shutdown Leakage | SHDN = 0V, CSL = 5.5V, CSH = 5.5V, V+ = 0 or 30V,

Current VL =0V 01 1 WA
V+ Shutdown Current SHDN = 0V, V+ = 30V, CSL = 0 or 5.5V 3 7 HA
V+ Off-State Leakage Current FB = CSH = CSL = 5.5V, VL switched over to CSL 5 15 A
Dropout Power Consumption V+ = 4.5V, CSH = CSL = 4.0V (Note 2) 1 8 mw
Quiescent Power Consumption | CSH = CSL = 5.5V 1 2 mwW
OSCILLATOR AND INPUTS/OUTPUTS
Oscillator Frequency SYNC = REF 270 300 330 kHz
SYNC =0 or 5V 125 150 175
SYNC High Pulse Width 200 ns
SYNC Low Pulse Width 200 ns
SYNC Rise/Fall Time Guaranteed by design, not tested 200 ns
Oscillator Sync Range 190 340 kHz
Dropout-Mode Maximum Duty | SYNC = REF 97 98 %
Cycle SYNC =0or 5V 98 99
. SYNC VL-0.5
Input High Voltage — \Y
SHDN, SKIP 2.0
Input Low Voltage ﬂ_ 08 \Y;
SHDN, SKIP 0.5
SHDN, 0 or 30V 3.0
SECFB, 0 or 4V 0.1
Input Current SYNC, SKIP 1.0 PA
CSH, CSL, CSH = CSL <4V 70
FB, FB = REF +0.1
DL Sink/Source Current DL forced to 2V A
DH Sink/Source Current DH forced to 2V, BST - LX = 4.5V A
DL On-Resistance High or low 15 5 Q
DH On-Resistance High or low, BST - LX = 4.5V 1.5 5 Q

Note 1: Since the reference uses VL as its supply, V+ line-regulation error is insignificant.

Note 2: At very low input voltages, quiescent supply current may increase due to excessive PNP base current in the VL linear

regulator. This occurs if V+ falls below the preset VL regulation point (5V nominal).

MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)
(V+ = +15V, GND = PGND = 0V, SYNC = REF, Iy = IREF = 0A, Ta =-40°C to +85°C, unless otherwise noted.) (Note 3)

PARAMETER CONDITIONS MIN MAX ’ UNITS
3.3V and 5V STEP-DOWN CONTROLLERS
Input Supply Range 45 30 \
5V Output Voltage (CSL) 0 < (CSH_- CSL) < 70mV, FB = VL, 6V < V+ < 30V, 4.80 5.30 v
includes line and load regulation
3.3V Output Voltage (CSL) 0 < (CSH_- CSL) < 70mV, FB = VL, 4.5V < V+ < 30V, 3.16 3.50 v
includes line and load regulation
MAX1655 0.96 1.04
Feedback Voltage CSH - CSL = 0V, SV < V+ < 30V, \Y
g CSL = FB, SKIP = 0V MAX1652/MAX1653/ 240 260
MAX1654
Line Regulation 6V < V+ < 30V 0.06 %IV
o CSH - CSL, positive 70 130
Current-Limit Voltage - mV
CSH - CSL, negative -40 -160
FLYBACK/PWM CONTROLLER
. . Falling edge, hysteresis = 22mV (MAX1652) 2.40 2.60
SECFB Regulation Setpoint - - \%
Falling edge, hysteresis = 22mV (MAX1654) -0.08 0.08
INTERNAL REGULATOR AND REFERENCE
VL Output Voltage SHDN =2V, 0 < lyL < 25mA, 5.5V < V+ < 30V 4.7 5.3 \Y%
VL Fault Lockout Voltage Rising edge, hysteresis = 50mV 3.75 4.05 \Y
VL/CSL Switchover Voltage Rising edge, hysteresis = 60mV 4.2 4.7 \
Reference Output Voltage No external load (Note 1) 2.43 2.57 \
Reference Load Regulation 0 < IRer < 100pA 15 mV
V+ Shutdown Current SHDN = 0V, V+ = 30V, CSL =0 or 5.5V 10 UHA
V+ Off-State Leakage Current FB = CSH = CSL = 5.5V, VL switched over to CSL 15 HA
Quiescent Power Consumption 2 mw
OSCILLATOR AND INPUTS/OUTPUTS
) SYNC = REF 250 350
Oscillator Frequency kHz
SYNC =0or 5V 120 180
SYNC High Pulse Width 250 ns
SYNC Low Pulse Width 250 ns
Oscillator Sync Range 210 320 kHz
. SYNC = REF 97
Maximum Duty Cycle %
SYNC =0 or 5V 98
DL On-Resistance High or low 5 Q
DH On-Resistance High or low, BST - LX = 4.5V 5 Q

Note 3: Specifications from 0°C to -40°C are guaranteed by design, not production tested.
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(Circuit of Figure 1, SKIP = GND, Ta = +25°C, unless otherwise noted.)

EFFICIENCY vs. EFFICIENCY vs. EFFICIENCY vs.
LOAD CURRENT (3.3V/1A CIRCUIT) LOAD CURRENT (3.3V/2A CIRCUIT) LOAD CURRENT (3.3V/3A CIRCUIT)
100 3 100 5 100 2
sl _ | | [T
90 I s —1 | I 2 o V=6V L—— N\ g % i A :§ :
b /4/"—- O N j/ "§ ] Bl N
3 =\ [ = f \ =
S w0 / i A VAN € o /', i \ € o AT
> > y =
s LA Fia. WA Ry { [
S o o
£ 70 (/A £ 0 N g 70 / Ve =28V
. [Tl = 120 = L1 =120 = [
/ y v+=12v
60 / / 60 / / 60
| MAX1653 , MAX1653 || ’ MAX1653 |
5 f =300kHz f = 300kHz l f = 300kHz
5 M sy 5 - ook
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
LOAD CURRENT (A) LOAD CURRENT (A) LOAD CURRENT (A)
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(Circuit of Figure 1, SKIP = GND, Ta = +25°C, unless otherwise noted.)

EFFICIENCY vs. EFFICIENCY vs. EFFICIENCY vs.
LOAD CURRENT (3.3V/5A CIRCUIT) LOAD CURRENT (5V/3A CIRCUIT) LOAD CURRENT (1.8V/2.5A CIRCUIT)
100 s 100 s 100 —rrrrrmm 2
B ‘ ‘ ‘ H 3 V+ =6V i~ g MAX1655 £
V4= 6V HHETNE iy PNV E [ 1= 300kHz ju g
% i TN % == it : % V4= 6V :
1 o TN il / '—\\
g 80 ’ f,—' \ g " \ I /——‘ \ N/ g 4/)-— Lt // "\\\\
s f ) ) V4 = 28V 5 ¥ T T M \
& V4= 28V 2 f 3 © ) |
S ) 8 V= 12V g ( P
B0 NI/ B0 & 70 f V4 = 24V
/
y
60 60 60 71”” Lffﬁm I AR -
/ Ve 1Y MAX1653 MAX1653 || / v+ =1V
LT [T (= 300k = 300k / LI
50 1L Ll L LIl 50 1L L Ll 50
0.001 0.01 01 1 10 0.001 001 01 1 10 0.001 001 0.1 1 10
LOAD CURRENT (A) LOAD CURRENT (A) LOAD CURRENT (A)
IDLE-MODE SUPPLY CURRENT vs. PWM-MODE SUPPLY CURRENT vs. SHUTDOWN SUPPLY CURRENT
INPUT VOLTAGE (3.3V/3A CIRCUIT) INPUT VOLTAGE (3.3V/3A CIRCUIT) vs. INPUT VOLTAGE
10 —_ 30 T 5 10 T g
MAX1653 = £ MAX1653 H SHDN = 0V H
skip=0 % 25 | SKP=VL g g
NOLOAD _|Z f= 300kHz : 8 =
=z < NO LOAD <
E E 20 f
= =
o g E 6
3 3 b / 3
> > >
z = z 4
501 S 10 s | —]
w w w
— W /
5 2 4
001 0 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
REF LOAD-REGULATION ERROR VL LOAD-REGULATION ERROR MAX1652 MAXIMUM SECONDARY OUTPUT
vs. REF LOAD CURRENT vs. VL LOAD CURRENT CURRENT vs. SUPPLY VOLTAGE
30 < 50 2 4 1500 ‘ ‘ 5
E g = Vsec > 12,75V, s
/ E * ya B 45V OUTPUT > 4.75V, / g
< B / ER V4 £ £1200 | CIRCUIT OF FIGURE 9 /1 $
s £ 5 / g \ \ /
> >
2 = ) S 900 | +5vL0AD= 04 /
2 2 / £ / L
< 15 < 25 A (=) /
3 3 2 <
a 2 2 o 600
i3 o 7] /’
o 10 / 2 15 L = +5V LOAD = 3A
g g V% 2 /
- 10 < 300
5 —— 7 %
1 5 / =
0 Ve 0 0
0 50 100 150 200 250 300 350 400 0 10 20 30 40 50 60 70 80 0 5 10 15 20 25 3
LOAD CURRENT (1A) LOAD CURRENT (mA) SUPPLY VOLTAGE (V)
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(Circuit of Figure 1, SKIP = GND, Ta = +25°C, unless otherwise noted.)

DROPOUT VOLTAGE vs.
LOAD CURRENT (3.3V/3A CIRCUIT)

500 —_ =
OUTPUT SET FOR 5V (FB = V) :
Vour > 4.85V g
400 B
=
E
5 /
< 300 /
-
o
£ /
= -
2 200 f = 300kHz ) /
o ”
% }/’ q
||~ bt
100 >
T
0
0.01 0.1 1 10
LOAD CURRENT (A)
PULSE-WIDTH-MODULATION
MODE WAVEFORMS IDLE-MODE WAVEFORMS
MAX1652-1 MAX1652-14
OUTPUT 10mVv/div, OUTPUT A 50mV/div,
VOLTAGE AC VOLTAGE [ 1 ac
ToLTA Svfdiv X 5V/div
VOLTAGE
TIME (1us) TIME (2.5us)
Vin =6V, 3.3V/3A CIRCUIT ILoaD = 300mA, V|y = 10V, 3.3V/3A CIRCUIT
DROPOUT WAVEFORMS LOAD-TRANSIENT RESPONSE
MAX1652-15 MAX1652-16
OUTPUT | 100mv/div,
10mV/div, VOLTAGE C
OUTPUT AC
VOLTAGE
LX ; ; Sv/div
VOLTAGE 1 l
LOAD 2A/div
CURRENT
TIME (5us) TIME (10us)
Vin = 5.1V, NO LOAD, 3.3V/3A CIRCUIT, Vix = 15V, 3.3V/3A CIRCUIT

SET TO 5V OUTPUT (FB = VL)
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NOTE: KEEP CURRENT-SENSE |
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L 150kHz/300kHz
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COMPONENT 3.3Vat 1A 3.3V at 2A 5V/3.3V at 3A 3.3V at 5A 1.8V at 2.5A
Input Range | 4.75V to 28V 4.75V to 28V 4.75V to 28V 4.75V to 28V 4.75V to 22V
Frequency 300kHz 300kHz 300kHz 300kHz 150kHz

International Rectifier | International Rectifier International Rectifier
. . . . 1/2 IRF7303 or IRF7403 or Fairchild 1/2 IRF7303 or
3%?%}'5“6 'ﬂ‘;{gi‘;‘iﬁj‘ Rectifier | cairchild Fairchild Semiconductor Fairchild
Semiconductor Semiconductor FDS6680 Semiconductor
1/2 NDS8936 NDS 8410A 1/2 NDS8936
International Rectifier | International Rectifier International Rectifier
. . . 1/2 IRF7303 or IRF7403 or Fairchild 1/2 IRF7303 or
Q2 Low-Side | International Rectifier o L : A
MOSFET 1/2 IRF7101 Fairchild Fairchild Semiconductor Fairchild
Semiconductor Semiconductor FDS6680 Semiconductor
1/2 NDS8936 NDS 8410A 1/2 NDS8936
C1 Input 10pF, 35V 22F, 35V (2) 22pF, 35V (3) 22pF, 35V 10pF, 25V ceramic
Ca agitor AVX AVX AVX AVX Taiyo Yuden
P TPSD106M035R0300 | TPSE226M035R0300 | TPSE226M035R0300 | TPSE226M035R0300 | TMK325F106Z
470uF, 6V (for 3.3V) (3) 330pF, 10V 470yF, 4V
220pF, 10V Kemet Sprague Sprague
C2 Output 100F, 6.3V AVX T510X477MO06AS 594D337X0010R2T 594D477X0004R2T
Capacitor | AVX TPSC107MO06R | |- o£227MO10R0100 or or or
P or Sprague (2) 220pF, 10V (for 5V) | (2) 470uF, 6V 470uF, 6V
594D227X001002T AVX Kemet Kemet
TPSE227M010R011 T510X477MO06AS T510X477MO06AS
D1 Rectifier 1N5819 or Motorola 1N5819 or Motorola 1N5819 or Motorola 1N5821 or Motorola 1N5817 or Motorola
MBR0520L MBRS130LT3 MBRS130LT3 MBRS340T3 MBRS130LT3
70mQ 33mQ 25mQ 30mQ
R1 Sense 12mQ
Resistor Dale WSL-1206-R070F | Dale WSL-2010-R033F | Dale WSL-2010-R025F Dale WSL-2512-RO12F Dale WSL-2010-R0O30F
or IRC LR2010-01-R070| or IRC LR2010-01-R033| or IRC LR2010-01-R025 or IRC LR2010-01-R030
L1 Inductor | 33#H 15pH 10pH 4.7pH 15pH
Sumida CDR74B-330 | Sumida CDR105B-150 | Sumida CDRH125-100 | Sumida CDRH127-4R7 | Sumida CDRH125-150

gz2. 0oobon

MANUFACTURER USA PHONE &%ﬁ?éﬁé MANUFACTURER USA PHONE [@cﬁﬁ?éﬁé
AVX 803-946-0690 | [1] 803-626-3123 814-237-1431
Central Semiconductor | 516-435-1110 | [1] 516-435-1824 Murata 800-831-0172 | 1] 814-238-0490
Coilcraft 847-639-6400 | [1] 847-639-1469 NIEC 805-867-2555* | [81] 3-3494-7414
Caoiltronics 561-241-7876 | [1] 561-241-9339 Sanyo 619-661-6835 | [81] 7-2070-1174
Dale 605-668-4131 | [1] 605-665-1627 - 408-988-8000
Fairchild 408-822-2181 | [1] 408-721-1635 Siliconix 800-554-5565 | [1]408:970-3950
International Rectifier 310-322-3331 | [1] 310-322-3332 Sprague 603-224-1961 | [1] 603-224-1430
IRC 512-992-7900 | [1] 512-992-3377 Sumida 847-956-0666 | [81] 3-3607-5144
Kemet 408-986-0424 | [1] 408-986-1442 Taiyo Yuden 408-573-4150 | [1] 408-573-4159
Matsuo 714-969-2491 | [1] 714-960-6492 TDK 847-390-4461 | [1] 847-390-4405
Motorola 602-303-5454 | [1] 602-994-6430 Transpower Technologies | 702-831-0140 | [1] 702-831-3521

MAXIMN

* Distributor
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current = 3pA typ
Pulse-skipping;
Low supply current =
High Low <100/' Idle 300pAtyp at VIN =
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inductor current
. Pulse-skipping;
High Low Medium, Idle continuous inductor
<30%
current
High Constant-frequency
High Low gn. PWM PWM; continuous
>30% .
inductor current
Constant-frequency
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High | High X load; continuous
(PWM) |
inductor current
even at no load
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MEETS JEDEC MS012-XX AS SHOWN
IN ABOVE TABLE
N = NUMBER OF PINS

[

120 SAN GAIRLLL DR SUNYVALE CA 94086 FAX 0B 737 79
PROPRIETARY INFORMATION

/VI/J/(|[/V|}@ECKAGE FAMILY DUTLINE: SOIC 150}[%
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MAX1652-MAX1655
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DC-DCOOOOOO0O1600QSOPL OO

NOTES
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