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ABSOLUTE MAXIMUM RATINGS

IN, SHDN, TGND to GND .......oooviiiiiiiiiiieiice -0.3V to +6V
DRVN to GND -0.3V to (VsupN + 0.3V)
DRVP to GND ....-0.3V to (Vsupp + 0.3V)
PGND to GND ... +0.3V
RDY t0 GND ...ooooiiiiiiceccs e -0.3Vto +14V
LX, SUPP, SUPN t0 PGND ......cocooviiiiiiiieiieice -0.3Vto +14V

INTG, REF, FB, FBN, FBP to GND

-0.3Vto (VIN + 0.3V)

Continuous Power Dissipation (Ta = +70°C)
16-Pin TSSOP (derate 9.4mW/°C above +70°C)
Operating Temperature Range
MAX1748EUE/MAX8726EUE
Junction Temperature
Storage Temperature Range
Lead Temperature (soldering, 10s)

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 = +3.0V, SHDN = IN, Vsypp = VsupN = 10V, TGND = PGND = GND, CreF = 0.22uF, CINTG = 470pF, Ta = 0°C to +85°C, unless
otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input Supply Range VIN 2.7 55 Y
Input Undervoltage Threshold VuvLO VIN rising, 40mV hysteresis (typ) 2.2 2.4 2.6 V
IN Quiescent Supply Current lIN VFB = Vrep = 1.5V, VFaN = -0.2V 0.6 1 mA
SUPP Quiescent Current Isupp VEgp = 1.5V 0.4 0.8 mA
SUPN Quiescent Current ISUPN VEBN = -0.1V 0.4 0.8 mA
IN Shutdown Current VSHDN = 0, VIN = 5V 0.1 10 uA
SUPP Shutdown Current VSHDN = 0, Vsypp = 13V 0.1 10 pA
SUPN Shutdown Current VSHDN = 0, VsupN = 13V 0.1 10 pA
MAIN BOOST CONVERTER
Output Voltage Range VMAIN VIN 13 \
FB Regulation Voltage VFB Ta =0°C to +85°C 1235 1.248 1.261 Y
FB Input Bias Current IFB VEB = 1.25V, INTG = GND -50 +50 nA
Operating Frequency fosc 0.85 1 1.15 MHz
Oscillator Maximum Duty Cycle 78 85 90 %
Load Regulation IMAIN = 0 to 200mA, VmaIN = 10V 0.2 %
Line Regulation 0.1 %[V
Integrator Gm 320 pumho
LX Switch On-Resistance RLx©N) | ILx = 100mA 0.35 0.7 Q
LX Leakage Current ILx Vix =13V 0.01 20 pA
Phase | = soft-start (1.0ms) 0.275 0.380 0.500
o Phase Il = soft-start (1.0ms) 0.75
LX Current Limit ILX(MAX) A
Phase Il = soft-start (1.0ms) 112
Phase IV = fully on (after 3.0ms) 1.1 15 2.0
Maximum RMS LX Current 1 A
Soft-Start Period tss Power-up to the end of phase llI ?;?)78? S
FB Fault Trip Level 1.07 1.1 1.14 \
POSITIVE CHARGE PUMP
Vsupp Input Supply Range Vsupp 2.7 13.0 Vv
2 AXI/W
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = +3.0V, SHDN = IN, Vsypp = Vsupn = 10V, TGND = PGND = GND, CReF = 0.22uF, CINTG = 470pF, Ta = 0°C to +85°C, unless
otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
. 0.5x
Operating Frequency fosc Hz
FBP Regulation Voltage VEBP 1.20 1.25 1.30 V
FBP Input Bias Current IFBP VFgp = 1.5V -50 +50 nA
DRVP PCH On-Resistance 3 10 Q
. VEBp = 1.213V 15 4 Q
DRVP NCH On-Resistance
VEBp = 1.275V 20 kQ
FBP Power-Ready Trip Level Rising edge 1.091 1.125 1.159 vV
FBP Fault Trip Level Falling edge 1.1 vV
Maximum RMS DRVP Current 0.1 A
NEGATIVE CHARGE PUMP
VsupN Input Supply Range VsSUPN 2.7 13.0 V
. 0.5 x
Operating Frequency fosC Hz
FBN Regulation Voltage VEBN -50 0 +50 mV
FBN Input Bias Current IFBN VEBN = -0.05V -50 +50 nA
DRVN PCH On-Resistance 3 10 Q
DRVN NCH On-Resistance VeBN = 0.035V 19 4 2
VEBN = -0.025V 20 kQ
FBN Power-Ready Trip Level Rising edge 80 110 165 mV
FBN Fault Trip Level Falling edge 130 mV
Maximum RMS DRVN Current 0.1 A
REFERENCE
Reference Voltage VREF -2UA < IREF < +50pA 1.231 1.25 1.269 V
?E::;igf; Undervoltage VREF rising 09 105 1.2 v
LOGIC SIGNALS
SHDN Input Low Voltage 0.4V hysteresis (typ) 0.9 %
SHDN Input High Voltage 2.1
SHDN Input Current I SHDN 0.01 1 PA
RDY Output Low Voltage ISINK = 2mA 0.25 0.5 %
RDY Output High Voltage VRDY = 13V 0.01 1 HA

MAXIMN 3
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ELECTRICAL CHARACTERISTICS (continued)
(VIN = +3.0V, SHDN = IN, Vsypp = Vsupn = 10V, TGND = PGND = GND, CRreF = 0.22uF, CINTG = 470pF, Ta = -40°C to +85°C,

unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN MAX | UNITS
Input Supply Range VIN 2.7 55 \
Input Undervoltage Threshold VuvLo | VINrising, 40mV hysteresis (typ) 2.2 2.6 \
IN Quiescent Supply Current IIN VEB = VFBp = 1.5V, VFBN = -0.2V 1 mA
SUPP Quiescent Current Isupp VFBp = 1.5V 0.8 mA
SUPN Quiescent Current ISUPN VFBN = -0.1V 0.8 mA
IN Shutdown Current VSHDN = 0, VIN = 5V 10 pA
SUPP Shutdown Current VSHDN = 0, Vsupp = 13V 10 UA
SUPN Shutdown Current VSHDN = 0, VsupN = 13V 10 pA
MAIN BOOST CONVERTER
QOutput Voltage Range VMAIN VIN 13.0 Y
FB Regulation Voltage VFB 1.222 1.271 V
FB Input Bias Current IFB VEB = 1.25V, INTG = GND -50 +50 nA
Operating Frequency Fosc 0.75 1.25 MHz
Oscillator Maximum Duty Cycle 78 90 %
LX Switch On-Resistance RLxoN) | Ix = 100mA 0.7 Q
LX Leakage Current ILx Vix = 13V 20 pA
o Phase | = soft-start (1.0ms) 0.275 0.500

LX Current Limit [LX(MAX) A

Phase IV = fully on (after 3.0ms) 1.1 2.0
FB Fault Trip Level 1.07 1.14 \
POSITIVE CHARGE PUMP
SUPP Input Supply Range Vsupp 2.7 13.0 \
FBP Regulation Voltage VEBP 1.20 1.30 V
FBP Input Bias Current IFBP VrFBp = 1.5V -50 +50 nA
DRVP PCH On-Resistance 10 Q

) VEgp = 1.213V 4 Q

DRVP NCH On-Resistance

VEgp = 1.275V 20 kQ
FBP Power-Ready Trip Level Rising edge 1.091 1.159 \
NEGATIVE CHARGE PUMP
SUPN Input Supply Range VSUPN 2.7 13.0 Y
FBN Regulation Voltage VFBN -50 +50 mV
FBN Input Bias Current IFBN VEBN = -0.05V -50 +50 nA
DRVN PCH On-Resistance 10 Q

. VFBN = 0.035V 4 Q

DRVN NCH On-Resistance

VEBN = -0.025V 20 kQ
FBN Power-Ready Trip Level Rising edge 80 165 mV
REFERENCE
Reference Voltage VREF -2uA < IREF < +50pA 1.223 1.269 \
Reference Undervoltage VREF rising 0.9 1.2 Y

MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = +3.0V, SHDN = IN, Vsupp = Vsupn = 10V, TGND = PGND = GND, Crer = 0.22uF, CINTG = 470pF, Ta = -40°C to +85°C,
unless otherwise noted.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS | MIN MAX | UNITS
LOGIC SIGNALS
SHDN Input Low Voltage 0.45V hysteresis (typ) 0.9 v
SHDN Input High Voltage 2.1 V
SHDN Input Current ISHDN 1 bA
RDY Output Low Voltage ISINK = 2mA 0.5 v
RDY Output High Leakage VRDY = 13V 1 A

Note 1: Specifications from 0°C to -40°C are guaranteed by design, not production tested.

Vivain (V)

IR FIIE
(Circuit of Figure 5, VIN = 3.3V, Ta = +25°C, unless otherwise noted.)
MAIN STEP-UP CONVERTER MAIN STEP-UP CONVERTER
MAIN OUTPUT VOLTAGE EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
vs. LOAD CURRENT (BOOST ONLY) (BOOST ONLY)
10.04 - 100 o 100 g
10.02 | ) Viaain =10V g Yo=Y g
’ ViN=3.3V f 5 95 5 95 5
1000 Vin =50V 12 Vi =50V : - Yin=50v 5
| — _//1 g 0 . VIN=0. § 90 = IN = 9. 2
098 M& _ f\ \]\\ _ r \ T\\_
9.96 <8 N vy g 85 WN vy
994 2 w ik £ 8
2 2
9.92 £ 75 o7
9.90 - 70
9.88
9.86 65 65
9.84 60 60
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600 700 800
IMAIN (MA) IMAIN (MA) IMAIN (MA)
EFFICIENCY vs. LOAD CURRENT NEGATIVE CHARGE-PUMP OUTPUT NEGATIVE CHARGE-PUMP EFFICIENCY
(BOOST CONVERTER AND CHARGE PUMPS) VOLTAGE vs. LOAD CURRENT vs. LOAD CURRENT
90 s -4.60 o v
‘ ‘ g VNEG =BV =1 80 T T ]
S = 2 T— = S
85 / e Vvain =8V § 465 / § / \\’/SUPN 6V &
— g 2 70 S
% /// ] \10?\ N |5 470 5 / \ £
= // ™ A -475 Vsupn = 6V/ = Vsupy = 8V
: | / N rauEEn
> = >
2 / / = 480 5 /
g 70 f g / 2 50 Vypy = 10V__|
o > -485 S |
£ o / N Vel
-4.90 40
Vsypn =8V —
60 495 —
ViN=3.3V ) = | Vsypy =10V 30
55 VNEG = -5V WITH Ingg = 10mA -5.00 ‘ ‘
Vpos = 15V WITH Ipgs = 5mA o
50 5.05 2 Ve = -5V
0 50 100 150 200 250 300 350 400 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
IMAIN (MA) INEG (MA) INEG (MA)
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REBEEREGERES)

(Circuit of Figure 5, ViN = 3.3V, Ta = +25°C, unless otherwise noted.)

Vheg (V)

Vpos (V)

MAXIMUM NEGATIVE CHARGE-PUMP
OUTPUT VOLTAGE vs. SUPPLY VOLTAGE

N
\\\\\ INEG = 20mA
N
N
[~ INeg = TMA >\\\
|A‘.EG - 10mA \\\\

VNEG = -10mA

5 6 7 8 9 0 11 12
Vsupn (V)

MAX1748/8726 toc07

Vpos (V)

MAXIMUM POSITIVE CHARGE-PUMP OUTPUT

24
22

20
18
16
14
12
10

8

VOLTAGE vs. SUPPLY VOLTAGE

Vpos = 22V

MAX1748/8726 toc10

Ipps = 10mA

Ipos = TmA

Ipos = 20mA

5 6 7 8 9 10 1 12
Vsupp (V)

RIPPLE WAVEFORMS

MAX1748/8726 tocl

A A A S
VAV N
\Lf‘"’ N /T’AJ\‘\ - /{/ﬁ\u\?/ /:\\\w\/ war

Tus/div

Vivain = 10V, Iyain = 200mA,
VNEG = -5V, INEg = 10mA,
Vpos =15V, Ipgg = 10mA

SWITCHING FREQUENCY (MHz)

VAN
10mV/div

VNG
10mV/div

Vpos
10mV/div

15.3
162
15.1
15.0
14.9
14.8
147
14.6
14.5
14.4

1.20
1.15
1.10
1.05
1.00
0.95
0.90
0.85

0.80

POSITIVE CHARGE-PUMP OUTPUT
VOLTAGE vs. LOAD CURRENT

/4

MAX1748/8726 toc08

Ll
i

/]

Vsupn =12V

Vsupn =8V TSN

Vsypn =10V

0 2 4 6 8 10 12 14 16 18 20

IPos (MA)

SWITCHING FREQUENCY
vs. INPUT VOLTAGE

MEASURED FROM THE
FALLING EDGE OF LX

Vmain =10V
Imain = 100mA

MAX1748/8726 toc11

1

"

/

25 30 35 40

45 50 55

INPUT VOLTAGE (V)

LOAD-TRANSIENT RESPONSE

MAX1748/8726 tﬂgl_

100us/div

Vin=3.3V, Vain =10V,

Rwmain = 5002 TO 50€2 (20mA TO 200mA)

POSITIVE CHARGE-PUMP EFFICIENCY
vs. LOAD CURRENT

100 ‘ ‘ ‘ 3
Vupp = 8Y g
% Supp :
7 %
=
= &
= Vsypp =10V
2 70 —T [ | |
S T
& 0 / Vsypp = 12V
4
50
40
0 2 4 6 8 10 12 14 16 18 20
Ipos (MA)
REFERENCE VOLTAGE
vs. REFERENCE LOAD CURRENT
1.254 ~
Vin =33V 5
1252 2
\ %
= 1.250 ~—
=
1.248
1.246
1.244
0 5 10 15 20 25 30 35 40 45 50
IREF (uA)
LOAD-TRANSIENT RESPONSE
WITHOUT INTEGRATOR
MAX1748/B726‘0_(;1_
IMAIN Iman
200mA/div 200mA/div
ILx ILx ‘
500mA/div 500mA/div
Vi Vvamw
200mV/div 200mv/aiv

100us/div

Vin=3.3V, Vmain =10V, INTG = REF,
Rmain = 5002 TO 50€2 (20mA TO 200mA)
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S ==
FREMEREGRE)
(Circuit of Figure 5, VIN = 3.3V, Ta = +25°C, unless otherwise noted.)
MAIN BOOST STARTUP
MAIN BOOST STARTUP WAVEFORM WAVEFORM WITH LOAD
MAX1 748/8726’_02 — i - ‘M{\?(174B/B7.26 toc17
2v VSHDN Verion
J _ 2V/div 2V/div
0 : : ] ]

| Vi
5V/div

VAN
5V/div

i X

™ 500mA/div
ILx ]
500mA/div
1ms/div 1ms/div
Rmain = 1k, Viain = 10V Vimain = 10V, Ryain = 50Q (200mA)

MAX1748 POWER-UP SEQUENCING MAX8726 POWER-UP SEQUENCING

MAX1748/8726 toc1 MAX1748/8726 toc1
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5V/div : o :
__/._______/I‘——-__" Veos e Lo ] Veos
: 10V/div b A 10V/div
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Vmain =10V, Vg = -5V, Vpos = 15V Vmain =10V, Vngg = -5V, Vpos = 15V
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5 kB AA D T=ZARNLFLIL—=5DT A —RINY T A, BH1.248VICRELLETNE T,
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ViN=27VT0 5.5V —1tg

Vout=[1+(R1/R2)] x Vper
VRer = 1.25V
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