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ABSOLUTE MAXIMUM RATINGS

IN, EN, CS+, CS-t0 GND .......ocoooviiiiiiiiii -0.3Vto +14V
BST,DHto LX ..o ....-0.3V to +6V
BST 10 GND ..o -0.3V to +20V
DL, COMP, ILIM2, SS, SYNCO,

FSYNC to GND .....coooiiiiiiiiiii, -0.3Vto (VyL + 0.3V)
VL, FB, POK, ILIM1, ILIM, MODE to GND................. -0.3Vto +6V
PGND t0 GND ..ot -0.3Vto +0.3V

Continuous Power Dissipation (Ta = +70°C)
16-Pin QSOP (derate 8.3mW/°C above +70°C) ....... 666.7mW
20-Pin QSOP (derate 9.1mW/°C above +70°C) ....... 727.3mW
Operating Temperature Range ..............ccccccovn. -40°C to +85°C
Junction Temperature ....................
Storage Temperature Range .
Lead Temperature (soldering, 10S) .......ccccoocvvvviiiiininnnn. +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 = 13.2V, VBsT - VLx = BV, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Operating Input Voltage Range VL connected to IN for V|N < 5.5V 3.0 13.2 \
Quiescent Supply Current VFB = 0.9V, no switching 2 3 mA
EN = GND, MODE = GND, IN not connected to VL 10
Shutdown Supply Current HA
EN = GND, VL = IN, MODE = GND 20

VL Undervoltage-Lockout Trip Level VyL rising, typical hysteresis is 80mV 2.52 2.7 2.88 \
Output Voltage Adjust Range (VouT) (Note 1) 0.8 \
VL Output Voltage 55V < VN < 13.2V, TmA < lyL < 75mA 4.5 5 55 V
VL Output Current 75 mA
VOLTAGE REFERENCE
SS Shutdown Resistance From SS to GND, VEN = OV 20 100 Q
SS Soft-Start Current VREF = 0.625V 14 24 34 pA
Soft-Start Ramp Time Qutput from 0% to 100%, CreF = 0.01pF to 1uF 33 ms/uF
ERROR AMPLIFIER
FB Regulation Voltage 0.792 0.8 0.808 vV
Transconductance 70 110 160 uS
COMP Shutdown Resistance From COMP to GND, VEN = OV 20 100 Q
FB Input Leakage Current VEB = 0.9V 5 100 nA
FB Input Common-Mode Range -0.1 +0.9 \
CURRENT-SENSE AMPLIFIER

ViLmi = OV 8.8 11 13.2
Voltage Gain Vout = 0to 13V Vi = (1/8)Vw 48 6 ’2 VIV

ViLimi = (2/3)VvL 3.2 4 4.8

ViLiM1 = VL 2.4 3 3.6
CURRENT LIMIT
ILIM2 Output Current (MAX8544 Only) RiLimM2 = 50kQ2 to 200kQ 4.5 5 55 HA
ILIM1 Input Current ViLim1 = OV or Vyi -1 +1 pA

MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = 13.2V, VBsT - VLx = 5V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Ves+ - Ves-, ViLimt = 0V 38.5 50 56.5
Ves+ - Ves-, ViLim1 = (1/3)VvL 85 100 115
Vess - Ves-, ViLimt = (2/3)VyL 127.5 150 1725
V -Ves-, V =V 170 200 230
Current-Limit Threshold S+~ 7CS:, TILM = TVL mv
ViX - VPGND, RiLiM2 = 50kQ (MAX8544 only) -42.5 -50 -57.5
VX - VPGND, RiLIM2 = 200kQ2 (MAX8544 only) -160 -200 -240
VLX - VPGND, VFB = 0.8V (MAX8543 only) -110 -130 -150
VLx - VPGND, VFB = OV (MAX8543 only) -20 -30 -40
Negative Current-Limit Threshold % of positive-direction current limit VL.x - VPGND -25 -50 -85 %
CS+, CS- Input Current Vcs+ = Vos-=0or 5V -40 +40 pA
CS+, CS- Input Common-Mode Range 0 13.2 \
OSCILLATOR
R = 18.2kQ 800 1000 1200
Switching Frequency FSYNC kHz
RrsyNC = 158kQ 200
Minimum Off-Time Measured at DH 150 220 270 ns
Minimum On-Time Measured at DH 90 145 ns
FSYNC Synchronization Range 160 1200 kHz
FSYNC Input High Pulse Width 100 ns
FSYNC Input Low Pulse Width 100 ns
FSYNC Rise/Fall Time 100 ns
SYNCO Phase Shift from DH Rising RFSYNC = 18.2kQ2, free-running mode, 165 180 195 |Degrees
at maximum duty cycle
SYNCO Output Low Level Isynco = 5mA 0.4 \
SYNCO Output High Level ISYNCO = 5mA VyL - 1V \
MOSFET DRIVERS
VBST - Vi) = 5V 1 2.5
DH On-Resistance, High State (VBsT - Vix) Q
(VBsT - VILx) = 3V 1.2
V - VLX) = 5V 1 2.5
DH On-Resistance, Low State (VBsT - Vix) Q
(VBST - Vix) = 8V 1.2
. ) VyL =5V 1 25
DL On-Resistance, High State Q
VyL = 3V 1.2
. VyL =5V 0.6 1.7
DL On-Resistance, Low State Q
VyL = 3V 0.8
i Low-side off to high-side on 55
Break-Before-Make Dead Time - - - ns
High-side off to low-side on 40
LX, BST, IN Leakage Current VBsT = 18.7V, Vi x = 13.2V, V|N = 13.2V 5 pA
THERMAL PROTECTION
Thermal Shutdown Rising temperature +160 °C
Thermal-Shutdown Hysteresis 15 °C
M AXIW 3
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = 13.2V, VBsT - VLx = 5V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS

POK

VFB rising, percent of VouT,

Power-OK Threshol 1 4 %
ower-O reshold typical hysteresis is 3% 88 o 9 5
POK Output Voltage, Low VEB = 0.6V, Ipok = 2mA 25 200 mV
POK Leakage Current, High Vpok = 5.5V 0.001 1 pA

OVERVOLTAGE PROTECTION (OVP)

Rising edge compared to regulation set point;

. +110 +115 +120 %
triggers after one or two clock cycles

Output Overvoltage Fault-Trip level

MODE CONTROL

MAX8543/MAX8544

MODE Logic-Level Low 3V =VyL =55V 0.4 V

MODE Logic-Level High 3V =W <55V 1.8 \
v =0V -1 +1

MODE Input Current MODE pA
MODE = VL 5 10

SHUTDOWN CONTROL

EN Logic-Level Low 3V <=VyL=<55V 0.45 V

EN Logic-Level High 3V =VyL=<55V 2 V
VEN =0 or 5.5V -1 +4

EN Input Current pA
VEN = 13.2V 1.5 6

ELECTRICAL CHARACTERISTICS
(VIN = 13.2V, VBsT - VX = 5V, Ta =-40°C to +85°C, unless otherwise noted.) (Note 2)

PARAMETER CONDITIONS MIN MAX | UNITS
Operating Input Voltage Range VL connected to IN for V|Ny < 5.5V 3.0 13.2 \
Quiescent Supply Current VFB = 0.9V, no switching 3 mA
EN = GND, MODE = GND, IN not connected to VL 10
Shutdown Supply Current HA
EN = GND, VL = IN, MODE = GND 20
VL Undervoltage-Lockout Trip Level VyL rising, typical hysteresis is 80mV 2.52 2.88 \
Output Voltage Adjust Range (VouT) (Note 1) 0.8 \
VL Output Voltage 55V < VN < 13.2V, TmA < lyL < 75mA 45 55 V
VL Output Current 75 mA
VOLTAGE REFERENCE
SS Shutdown Resistance From SS to GND, VEN = OV 100 Q
SS Soft-Start Current VREF = 0.625V 14 34 pA
ERROR AMPLIFIER
FB Regulation Voltage 0.788 0.808 \
Transconductance 70 160 uS
COMP Shutdown Resistance From COMP to GND, VEN = OV 100 Q
FB Input Leakage Current VEB = 0.9V 100 nA
FB Input Common-Mode Range -0.1 +0.9 \

4 MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)
(VIN = 13.2V, VBsT - VL = 5V, Ta =-40°C to +85°C, unless otherwise noted.) (Note 2)

PARAMETER | CONDITIONS MIN MAX | UNITS
CURRENT-SENSE AMPLIFIER
ViLimi = 0V 8.8 13.2
Voltage Gain VouT = 0 to 13V Vit = (3Vv | 48 L BV
ViLiM1 = (2/3)VvL 3.2 48
Viumi = Vv 2.4 3.6
CURRENT LIMIT
ILIM2 Output Current (MAX8544 Only) RiLimM2 = 50kQ to 200kQ 4.2 55 pA
ILIM1 Input Current ViLimM1 = OV or Vyi -1 +1 pA
Ves+ - Ves-, ViLimt = 0V 38.5 56.5
Ves+ - Ves- Vilimt = (1/8)WwL 85 115
Vess+ - Ves-, ViLimt = (2/3)VyL 1275 172.5
Current-Limit Threshold Vesy - Ves-, Vitimt = Vvl 170 230 iy
VX - VPGND, RiLIM2 = 50kQ (MAX8544 only) -40 -60
VX - VPGND, RiLiM2 = 200kQ2 (MAX8544 only) -160 -240
VX - VPGND, VFB = 0.8V (MAX8543 only) -110 -150
VX - VPGND, VFB = OV (MAX8543 only) -20 -40
Negative Current-Limit Threshold % of positive-direction current limit VL.x - VPGND -25 -85 %
CS+, CS- Input Current Vcst = Ves- = 0V or 5V -40 +40 LA
CS+, CS- Input Common-Mode Range 0 13.2 \
OSCILLATOR
Switching Frequency RFsyNC = 18.2kQ 800 1200 kHz
Minimum Off-Time Measured at DH 150 270 ns
Minimum On-Time Measured at DH 140 ns
FSYNC Synchronization Range 160 1200 kHz
FSYNC Input High Pulse Width 100 ns
FSYNC Input Low Pulse Width 100 ns
FSYNC Rise/Fall Time 100 ns
SYNCO Phase Shift from DH Rising RFSYNC = 18.2kQ 165 195 Degrees
SYNCO Output Low Level IsYyNCO = 5mA 0.4 Vv
SYNCO Output High Level ISYNCO = 5mA VyL - 1V Vv
MOSFET DRIVERS
DH On-Resistance, High State (VBsT - VLX) = 5V 2.5 Q
DH On-Resistance, Low State (VBsT - VLX) = 5V 2.5 Q
DL On-Resistance, High State VyL =5V 25 Q
DL On-Resistance, Low State VyL =5V 1.7 Q
LX, BST, IN Leakage Current VBsT = 18.7V, ViLx = 13.2V, V|N = 13.2V 5 bA
M AXIW 5
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ELECTRICAL CHARACTERISTICS (continued)
(VIN = 13.2V, VBsT - VL = 5V, Ta =-40°C to +85°C, unless otherwise noted.) (Note 2)

MAX8543/MAX8544

PARAMETER | CONDITIONS | MIN MAX | UNITS

POK
VEB rising, percent of VouT,

Power-OK Threshold X o 88 94 %
typical hysteresis is 3%

POK Output Voltage, Low VFB = 0.6V, IpoK = 2mA 200 mV

POK Leakage Current, High Vpok = 5.5V 1 HA

OVERVOLTAGE PROTECTION (OVP)

Output Overvoltage Fault-Trip level Rising edge compared to regulation set point; +110 20 | %
triggers after one or two clock cycles

MODE CONTROL

MODE Logic-Level Low 3V =VyL =55V 0.4 V

MODE Logic-Level High 3V=VWL=55V 1.8 \Y
\Y =0V -1 +1

MODE Input Current MODE pA
MODE = VL 10

SHUTDOWN CONTROL

EN Logic-Level Low 3V =VyL <55V 0.45 V

EN Logic-Level High 3V=VWL=55V 2 \Y
VEN = 0V or 5.5V -1 +4

EN Input Current pA
VEN = 13.2V 6

Note 1: Maximum output voltage is limited by maximum duty cycle and external components.
Note 2: Specifications to -40°C are guaranteed by design and not production tested.

6 MAXIMN
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(Ta = +25°C, unless otherwise noted.)

EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
WITH 12V INPUT WITH 3.3V INPUT LOAD REGULATION WITH 12V INPUT
100 T . 100 . 255 2
% e 2 % E 254 5
V=S ) D
80 { e 80 A Vo 05 253
/ /| /g\ N =
1 y 0 A —HH S 252
& A/ Vour =25V = / /// Vourr=1.8V S
= 6 / = 6 our=1. 2 251
S /i = 77\ | Il =
& 50 7 T 50 // e S 250
E 8 ouT= 1. >
£ 40 //// Vour=1.8V £ 40 7 % 2.49
30 V 30 S 48
20 [ 20 2.47
10 10 2.46
fs = 600kHz fs = 500kHz
0 —_— 0 A 2.45
0.1 1 10 100 0.1 1 10 100 0 3 6 9 12 15
LOAD CURRENT (A) LOAD CURRENT (A) LOAD CURRENT (A)
LINE REGULATION WITH 12V INPUT LINE REGULATION OSCILLATOR FREQUENCY
AND 2.5V OUTPUT 3.0V T0 3.6V INPUT vs. INPUT VOLTAGE
2510 5 254 s 600 .
2.508 g g 580 2
= = — 2
2506 252 NO LOAD :E 0
< 2504 T S = 540 Ta=+85 0\7
= 250 J = 15ALOAD 2 20 Z
S 2500 S 248 fs = 360Ktz E 500 fm ;’
= = o o
T 2498 = 15A LOAD S 480 Ta=+25°C |
= 15A LOAD £,k fo = 500KHz = Ta=-40°C
S 249 7 3 < = 460
2494 ” 8 o
2.492 420 R6 = 53.6k2
2.490 2.4 400 ;
108 1.4 12.0 126 132 30 31 32 33 34 35 36 30 35 40 45 50 55
INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
OSCILLATOR FREQUENCY
vs. INPUT VOLTAGE
700 5
680 g
= 660 E
> 640
=
) Ta=+85°C
= o N
& 600 e
=) Vol
= A >
= 560 T S Ta=+25°C
3 A=-40°C
S 540
520 R6 = 42.2kQ
500 ‘
55 75 95 15 135
INPUT VOLTAGE (V)
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REBERE(RS)

(Ta = +25°C, unless otherwise noted.)

MAX8544 STEP-LOAD RESPONSE MAX8544 STEP-LOAD RESPONSE
7.5A T0 15A T0 7.5A (5Alus) 1.5A T0 15A T0 1.5A (5A/us)
MAX8543 toc08 MAX8543 toc09
o 50mV/div 5 N o] 100mV/div
Vour f AC-COUPLED Vour -Wwwx‘;ywwﬂwmw AC-COUPLED
lout | | swav our || Y s
““““““““““““““““““““““““““““““““ 0 0
10us/div 10us/div
MAX8544 POWER-UP WAVEFORMS MAX8544 POWER-DOWN WAVEFORMS
MAX8543 toc10 MAX8543 toc11
e e T e T
: VIN oo :
VN P g 5V/div o 5V/div
L bt . VoUT permmmsrmtmees
Vour // S
el _— N/div Veok ; 2V/div
5V/div e 2V
10A/div 10A/div
. —— 1, - 0
2ms/div 2ms/div
MAX8543 POWER-UP WAVEFORMS MAX8543 POWER-DOWN WAVEFORMS
MAX8543 toc12 MAX8543 toc13
X . T} , \
V‘N/”.‘f_‘ R R W NG
ST S SR O JODUINUU I S i 2V/div
o B iy ot | S
N . B B . 4 N
Vout - = o ,/ 5 Vout i S e 1V/div
i : W 10n/div 10A/div
I | 0 [ S TP 0
2ms/div 2ms/div
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REBEREEE)

(Ta = +25°C, unless otherwise noted.)

MAX8544 ENABLE WAVEFORMS FSYNC AND SYNCO WAVEFORMS

MAX8543 toc14 MAX3543 toc1s
I VOUT i —— Wiy
| sviaiv TR 3 o
‘ ok _JU : | 1oy
i b '\H'ﬁh'\hﬁﬁhh
o e (HIERIANT
' 5V/div ST S
VsyNco : 5V/div
10MVdiv i U u U UL UJUUU UUUU
omsdiv 2us/div
OVERVOLTAGE PROTECTION
SHORT CIRCUIT AND RECOVERY WITH1SALOAD
MAXBJ43 \0016 - — ~ - - — -
_ - v :
- 10V/div -
12V 1
W/div i . 7 . 1V/div
"-‘“ :.:...::.'. : ov

10A/div 10V/div
. ov
0 5V ‘
10A/div 5V/div
n I P ———— 10 . . -
1ms/div 40us/div
PREBIASED STARTUP

(OUTPUT PREBIASED AT 1 5V)

AX8543 mma

w | o 5V/div
2.5V

v
our 500mV/div

Vix f  10v/div

Vou | B

1ms/div
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REBEREEE)

(Ta = +25°C, unless otherwise noted.)

BODE PLOT, 600kHz, 15A LOAD

BODE PLOT, 600kHz, NO LOAD

TTTTT r’\ﬁ‘AXBS":“DC‘ TTTTT ) Qﬂ‘-ﬂz—u
%!l SWEEP TIME | SWEEP TIME
0 10.000s 10.0008
"n\ \"l.
N
B N
0dB -r -=-4--t 1 90° 0B f=+-tttrit-—r=-rINE 1 900
o J \\ 30°/div I NN 30°/div
. i A
100B/div : 100B/div W
1kHz 10kHz 100kHz MHz 1kHz 10kHz 100kHz MHz
iim ¥ 55 AR
[
il &5 B s
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Vin=(108VT0 13.2V)

A
c1zl W
I ;9 S ILIMA C1
ey L] e |
Yy 1 o | R S
Oﬂ_ ANV FSYNC ss7 |18 . N | = o c4B c4c
OFF 6 —03 ? I
> EN 17 |
o 1 ﬁ
: 5
s 0 maxm i Vour =250
= I maxssa4eeP (x 28 VY - o -
14 + |+
c7 Y " ? c\;L N3 ] ém cBA 6B
q B ] | c9 ;9 ;;
DL N4
8 g | ’_i —|
— AW 1 comp '
PN |2
R2 €
RS == C10
A Va %
8
CS+ ®
i 45
10 Fviooe . I —- on
RS
| LAAA, owe svico 12 SYNC OUT
I
R R1§
<o " pok
POK

1.

12
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F1. BE1OHERR

DESIGNATION QTY DESCRIPTION
C1 ’ 1uF £20%, 16V X5R ceramic capacitor (0603)
Panasonic ECJ1VB1C105M or equivalent
co ’ 10uF £20%, 6.3V X5R ceramic capacitor (0805)
Panasonic ECJ2FB0OJ106M or Taiyo Yuden JMK212BJ106MG
c3 ’ 0.1uF £10%, 50V X7R ceramic capacitor (0603)
TDK C1608X7R1H104KT or equivalent
10uF £20%, 16V X5R ceramic capacitors (1206)
C4A, 4B, C4C 2 Panasonic ECJ3YB1C106M or equivalent
c5 ’ 0.22uF +10%, 10V X7R ceramic capacitor (0603)
Taiyo Yuden LMK107BJ224KA or equivalent
180uF, 4V aluminum poly SPCAPs
CéA, C68B 2 Panasonic EEFUE0OG181XR
C7 1 10pF, 50V COG ceramic capacitor (0603)
Ccs8 1 220pF £10%, 50V X7R ceramic capacitor (0603)
C9, C10 2 0.47uF £10% X7R ceramic capacitors (0603)
C11 1 100pF, 50V COG ceramic capacitor (0603)
c12 ’ 470uF +20%, 16V aluminum electrolytic capacitor
Rubycon 16MBZ470M
D1 ’ 100mA, 30V Schottky diode (SOT-323)
Central CMSSH-3
D2 ’ 250mA, 100V switching diode (SOT23)
Central CMPD914
L1 ’ 0.82uH, 33A, 1.6mQ inductor
Vishay IHLP-5050FD-01 0.82uH
N-channel MOSFETs
N1, N2 2 IRF IRF7821
N-channel MOSFETs
N3, N4 2 IRF IRF7832
R1 1 17.4kQ £1% resistor (0603)
R2 1 8.06kQ +1% resistor (0603)
R3 1 220kQ +5% resistor (0603)
R4, R5 2 1.3kQ +5% resistors (0603)
R6 1 42.2kQ +1% resistor (0603)
R7 1 90.9kQ +1% resistor (0603)
R8 1 9.31kQ 1% resistor (0603)
R9 1 100kQ +5% resistor (0603)
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F2. E20DHEER R

DESIGNATION QTY DESCRIPTION
c1 1 1uF £10%, 16V X5R ceramic capacitor (0603)
Panasonic ECJ1VB1C105K or equivalent
co 1 10uF £20%, 6.3V X5R ceramic capacitor (0805)
Panasonic ECJ2FB0J106M or Taiyo Yuden JMK212BJ106MG
c3 1 0.1uF £10%, 50V X7R ceramic capacitor (0603)
TDK C1608X7R1H104KT or equivalent
C4A, C4B, C4C, 4 10uF £20%, 16V X5R ceramic capacitors (1206)
C4D Panasonic ECJ3YB1C106M or equivalent
c5 1 0.22uF +10%, 10V X7R ceramic capacitor (0603)
Taiyo Yuden LMK107BJ224KA or equivalent
180uF, 4V, 10mQ aluminum poly SPCAPs
C6A, C68B 2 Panasonic EEFUEOG181XR
C7 1 12pF, 50V COG ceramic capacitor (0603)
C8 1 220pF £10%, 50V X7R ceramic capacitor (0603)
C9, C10 2 0.47uF £10% X7R ceramic capacitors (0603)
C11 1 100pF, 50V COG ceramic capacitor (0603)
c12 1 470uF +20%, 6.3V POSCAP
Sanyo 6PB470M
D1 1 100mA, 30V Schottky diode (SOT-323)
Central CMSSH-3
D2 1 250mA, 100V switching diode (SOT23)
Central CMPD914
L1 1 0.33pH, 16A, 2mQ inductor (13 x 10 x 6.35)
Coilcraft DO3316P-331HC
N-channel MOSFETs
N1, N2 2 Vishay Si4866DY
N-channel MOSFETs
N3, N4 2 Vishay Si4866DY
R1 1 17.4kQ £1% resistor (0603)
R2 1 8.06kQ +1% resistor (0603)
R3 1 150kQ +5% resistor (0603)
R4, R5 2 680Q +5% resistors (0603)
R6 1 53.6kQ +1% resistor (0603)
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NOTES:
1. D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. <
2>, MOLD FLASH OR PROTRUSIONS NOT TO EXCEED .006” PER SIDE. Q@okhéQ/V'/JK'/y'

3>, CONTROLLING DIMENSIONS: INCHES. PROPRIETARY INFORMATION

4>, MEETS JEDEC MO137. Tme
PACKAGE OUTLINE, QSOP .150", .025" LEAD PITCH
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