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PART TEMP. RANGE PIN-PACKAGE

MAX1778EUG -40°C to +85°C 24 TSSOP
MAX1880EUG -40°Cto +85°C 24 TSSOP
MAX1881EUG -40°C to +85°C 24 TSSOP
MAX1882EUG -40°C to +85°C 24 TSSOP
MAX1883EUP -40°C to +85°C 20 TSSOP
MAX1884EUP -40°C to +85°C 20 TSSOP
MAX1885EUP -40°C to +85°C 20 TSSOP
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ABSOLUTE MAXIMUM RATINGS

IN, SHDN, TGND, FLTSET t0 GND......cccceecvrrrrrirenne -0.3V to +6V BUFOUT, BUF+, BUF-to GND................ -0.3V to (Vsupg + 0.3V)
DRVN t0 GND .....eeeviiiiiiiieiierieeiee ..-0.3V to (VsupN + 0.3V) Continuous Power Dissipation (Ta = +70°C)

DRVP t0 GND......ooeiviiiiiiieiiiierec e -0.3V to (Vsupp + 0.3V) 20-Pin TSSOP (derate 10.9mW/°C above +70°C) ...... 879mwW
PGND t0 GND....ooiiiiiiiiteiiee et +0.3V 24-Pin TSSOP (derate 12.2mW/°C above +70°C) ...... 975mwW
RDY, SUPB to GND.................. ..-0.3Vto +14V Operating Temperature Range

LX, SUPP, SUPN t0 PGND .......cccociiiiiiiiiiiiniis -0.3V to +14V MAX1778EUG, MAX1883EUP ..............cocev.

SUPL t0 GND....ooviiiiiiiiieiiieee e -0.3V to +18V Junction Temperature...............
LDOOUT to GND .....ccoeeiiiiiiiieeees ...-0.3V to (VsupL + 0.3V) Storage Temperature Range
INTG, REF, FB, FBN, FBP to GND................ -0.3V to (VIN + 0.3V) Lead Temperature (soldering, 10s)

FBLto GND ............. -0.3V to the lower of (VsupL + 0.3V) or +6V

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, Vsupp = VsupN = VsupB = VsupL = 10V, LDOOUT = FBL, BUF- = BUFOUT, BUF+ = FLTSET = TGND =
PGND = GND, CRrer = 0.22uF, Cgur = 1pF, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Supply Range VIN 2.7 5.5 Vv
Input Undervoltage Threshold VuvLo VN rising, 40mV hysteresis (typ) 2.2 2.4 2.6 \Y
MAX1778/MAX1880/ 0.7 1
VB = Vigp MAX1883 (fosc = 1MHz)
IN Quiescent Supply Current N = 1.5V, VEBN MAX1881/MAX1882/ mA
=-0.2v MAX1884/MAX1885 0.6 1
(fosc = 500kHz)
MAX1778/MAX1880
0.4 0.7
(fosc = 1MHz)
SUPP Quiescent Current Isupp VEgp = 1.5V mA
MAX1881/MAX1882 0.3 05
(fosc = 500kHz) ’ '
MAX1778/MAX1880
4 N
) (fosc = 1MHz) 0 0
SUPN Quiescent Current IsupPN VEBN = -0.2V mA
MAX1881/MAX1882 0.3 05
(fosc = 500kHz) ’ '
IN Shutdown Current VSADN=0, VIN = 5V 0.1 10 HA
VSHDN = 0, Vsupp = 13V,
PP Sh A 1 A
SUPP Shutdown Current MAX1778/MAX1880/MAX1881/MAX1882 0 0 W
VSHDN = 0, VsupN = 13V,
SUPN Shutd C t 0.1 10 A
utdown turren MAX1778/MAX1880/MAX1881/MAX1882 K
VSHDN= 0, VsupL = 13V
SUPL Shutdown Current 0.1 10 A
MAX1778/MAX1881/MAX1883/MAX1884 "
SUPB Shutdown Current VSHDN = 0, VsupB = 13V 6 13 pA
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = +3.0V, SHDN = IN, Vsupp = VsupN = VsupB = VsupL = 10V, LDOOUT = FBL, BUF- = BUFOUT, BUF+ = FLTSET = TGND =
PGND = GND, Crer = 0.22uF, Cgur = 1uF, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP  MAX | UNITS
MAIN STEP-UP CONVERTER
Main Output Voltage Range VMAIN VIN 13 \
. Integrator enabled, CinTG = 1000pF 1.234 1.247 1.260
FB Regulation Voltage VFB - \Y
Integrator disabled (INTG = REF) 1.220 1.280
FB Input Bias Current IFB VEB = 1.25V, INTG = GND -50 +50 nA
. MAX1778/MAX1880/MAX1883 0.85 1 1.15 MHz
Operating Frequency fosc
MAX1881/MAX1882/MAX1884/MAX1885 425 500 575 kHz
Oscillator Maximum Duty 80 85 o1 %
Cycle
Integrator enabled, 001
= CINTG = 1000pF '
Load Regulation ILx Oio 200mA, %
VMAIN = 10V Integrator disabled 0.2
(INTG = REF) ’
Line Regulation 0.1 %IV
Integrator Transconductance 317 us
LX Switch On-Resistance RLxon)y | lLx = 100mA 0.35 0.7 Q
LX Leakage Current ILx Vix =13V 0.01 20 HA
Phase | = soft-start (1024/fosc) 0.275 0.38 0.5
o Phase Il = soft-start (1024/fosc) 0.75
LX Current Limit ILim A
Phase IIl = soft-start (1024/fosc) 1.12
Phase IV = fully-on (after 3072/fosc) 1.15 1.5 1.85
Maximum RMS LX Current 1 A
Soft-Start Period tss Power-up to the end of Phase Ill 3072 / fosc s
. Falling edge, FLTSET = GND 1.07 11 1.14
FB Fault Trip Level - \%
Falling edge, FLTSET = 1V 0.955 0.99 1.025
POSITIVE CHARGE PUMP (MAX1778/MAX1880/MAX1881/MAX1882 ONLY)
SUPP Input Supply Range Vsupp 2.7 13 \%
Operating Frequency fcHp 0.5 x fosc Hz
FBP Regulation Voltage VEBP 1.2 1.25 1.3 \
FBP Input Bias Current IEBP VEgp = 1.5V -50 +50 nA
DRVP PCH On-Resistance RPCH(ON) 5 10 Q
. VEgp = 1.2V 2 4 Q
DRVP NCH On-Resistance RNCH(ON)
Vegp = 1.3V 20 kQ
Maximum RMS DRVP Current 0.1 A
FBP Power-Ready Trip Level Rising edge 1.09 1.125 1.16 \
. Falling edge, FLTSET = GND 1.08 111 1.16
FBP Fault Trip Level - \
Falling edge, FLTSET = 1V 0.955 0.99 1.025

MAXIN 3
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = +3.0V, SHDN = IN, Vsupp = VsupN = VsupB = VsupL = 10V, LDOOUT = FBL, BUF- = BUFOUT, BUF+ = FLTSET = TGND =
PGND = GND, Crer = 0.22uF, Cgur = 1uF, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
NEGATIVE CHARGE PUMP (MAX1778/MAX1880/MAX1881/MAX1882 ONLY)
SUPN Input Supply Range VsupPN 2.7 13 Y
Operating Frequency fcHp 0.5 x fosc Hz
FBN Regulation Voltage VFBN -50 0 +50 mvV
FBN Input Bias Current IFBN VFBN =0 -50 +50 nA
DRVN PCH On-Resistance RPCH(ON) 5 10 Q
DRVN NCH On-Resistance RNGH(ON) [LFBN = +50mY 2 h ©
VEBN = -50mV 20 kQ
Maximum RMS DRVN Current 0.1 A
FBN Power-Ready Trip Level Falling edge 80 125 165 mV
FBN Fault Trip Level Rising edge 80 140 190 mvV
LOW-DROPOUT LINEAR REGULATOR (MAX1778/MAX1881/MAX1883/MAX1884 ONLY)
SUPL Input Supply Range VsupPL 4.5 15 \%
SUPL Undervoltage Lockout Rising edge, 50mV hysteresis (typ) 3.8 4 4.3 Vv
SUPL Quiescent Current IsupL ILpo = 100pA 120 220 HA
Dropout Voltage (Note 1) VDROP be%oulst;zttg)v :tEZ z ;?anA 17300 300 mV
FBL Regulation Voltage VEBL YLSD%PQ;&/\' LDO regulating at 9V, 1235 125 1265 | V

VsupL = 10V, LDO regulating at 9V,

LDO Load Regulation ILDO = 100p1A to 40mA 1.2 %
LDO Line Regulation YLSDL(’)Pi: r:X to 15V, FBL = LDOOUT, 0.02 | %N
FBL Input Bias Current IFBL VEBL = 1.25V -0.8 +0.8 MA
LDO Current Limit ILDOLIM VsupL = 10V, VLpoouT = 9V, VEgL = 1.2V 40 130 220 mA
VCOM BUFFER

SUPB Input Supply Range VsuprB 45 13 \
SUPB Quiescent Current IsupPB VsupB = 13V 420 850 HA
BUFOUT Leakage Current -10 +10 MA
Power-Supply Rejection Ratio PSRR Vsupg = 4.5V to 13V, Vcm = 2.25V 85 98 dB
g;:;fommon-Mode Voltage Vem Vos| < 10mV 12 8.8 v
Common-Mode Rejection Ratio CMRR Vcm = 1.2V to 8.8V 75 dB
Input Bias Current IBIAS Vcm = 5V -100 -10 +100 nA
Input Offset Current los Vcm =5V -100 +100 nA
Gain Bandwidth Product GBW CBUF = 1pF 13 kHz
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = +3.0V, SHDN = IN, Vsupp = VsupN = VsupB = VsupL = 10V, LDOOUT = FBL, BUF- = BUFOUT, BUF+ = FLTSET = TGND =
PGND = GND, Crer = 0.22uF, Cgur = 1uF, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

G8BTXVIN-08B8TXVIN/BLLTXVIN

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
IBUFOUT =0 4.99 5.01
Output Voltage VBUFouT | BUF+ = GND IBUFOUT = #bmMA 4.97 5.03 \
IBUFOUT = +45mA 4.93 5.07
VsupB = 4.5V to 13V, IBUFOUT = £5mMA -30 30
Input Offset Voltage Vos Vem =1.2Vto mv
(VsupB -1.2V) IBUFOUT = +45mA -70 70
Output Voltage Swing High VoH IBUFOUT = -45mA, AVos = 1V 9 9.6 \%
Output Voltage Swing Low VoL IBUFOUT = +45mA, AVos = 1V 0.4 1 \%
Peak Buffer Output Current +150 mA
™
BUF+ Dual Mode™ Threshold Falling edge, 20mV hysteresis (typ) 80 125 170 mV
Voltage
REFERENCE
Reference Voltage VREF -2UA < IRgr < 50pA 1.231 1.25 1.269 Vv
Reference Undervoltage
Threshold 0.9 1.05 1.2 v
LOGIC SIGNALS
SHDN Input Low Voltage 0.9 Y
SHDN Input High Voltage 2.1 \Y
SHDN Input Current ISHDN 0.01 1 WA
FLTSET Input Voltage Range 0.67 0.85x \
VREF VREF
FLTSET Threshold Voltage Rising edge, 25mV hysteresis (typ) 80 125 170 mV
FLTSET Input Current VELTSET = 1V 0.1 50 nA
RDY Output Low Voltage ISINK = 2mMA 0.25 0.5 \%
RDY Output High Leakage VRDY = 13V 0.01 1 pA
Thermal Shutdown Rising temperature 160 °C
Dual Mode is a registered trademark of Maxim Integrated Products, Inc.
AXIMW 5
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ELECTRICAL CHARACTERISTICS

(VIN = +3.0V, SHDN = IN, Vsupp = VsupN = VsupB = VsupL = 10V, LDOOUT = FBL, BUF- = BUFOUT, BUF+ = FLTSET = TGND =
PGND = GND, Crer = 0.22uF, Cgur = 1yF, Ta = -40°C to +85°C, unless otherwise noted.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS
Input Supply Range VIN 2.7 5.5 \
Input Undervoltage . .
Threshold VuvLo VIN Rising, 40mV hysteresis (typ) 2.2 2.6 \
MAX1778/MAX1880/ 1
IN Quiescent Supply " xigp—z L MAX1883 (fosc = 1MHz) A
Current VEBN = -0.2V MAX1881/MAX1882/MAX1834/ 1
MAX1885 (fosc = 500kHz)
MAX1778/MAX1880 0.7
) (fosc = 1MHz) ’
SUPP Quiescent Current Isupp VEgp = 1.5V mA
MAX1881/MAX1882 05
(fosc = 500kHz) ’
MAX1778/MAX1880 0.7
) (fosc = 1MHz) ’
SUPN Quiescent Current ISuPN VEBN = -0.2V mA
MAX1881/MAX1882 05
(fosc = 500kHz) ’
IN Shutdown Current VSHDN =0, VIN =5V 10 HA
VSHDN = 0, Vsupp = 13V,
SUPP Shutd C t 10 A
uidown t-urren MAX1778/MAX1880/MAX1881/MAX1882 a
VSHDN = 0, VsupN = 13V,
PN Sh 1 A
SUPN Shutdown Current MAX1778/MAX1880/MAX1881/MAX1882 0 W
VSHDN = 0, VsupL = 13V,
SUPL Shutdown Current 10 A
uidown tu MAX1778/MAX1881/MAX1883/MAX 1884 W
SUPB Shutdown Current VSHDN = 0, VsupB = 13V 13 HA
MAIN STEP-UP CONVERTER
Main Output Voltage Range VMAIN VIN 13 \
) Integrator enabled, CinTG = 1000pF 1.223 1.269
FB Regulation Voltage VEB - Vv
Integrator disabled (INTG = REF) 1.21 1.29
FB Input Bias Current IFB Vg = 1.25V, INTG = GND -50 +50 nA
. MAX1778/MAX1880/MAX1883 0.75 1.25 MHz
Operating Frequency Fosc
MAX1881/MAX1882/MAX1884/MAX1885 375 625 kHz
Oscillator Maximum Duty 79 91 %
Cycle
LX Switch On-Resistance RLx(0ON) ILx = 100mA 0.7 Q
LX Leakage Current ILx Vix =13V 20 HA
o Phase | = soft-start (1024/fosc) 0.275 0.525
LX Current Limit ILimM A
Phase IV = fully on (after 3072/fosc) 1.1 2.05
FB Fault Trip Level Falling edge, FLTSET = GND 1.07 1.14 Vv
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = +3.0V, SHDN = IN, Vsupp = VsupN = VsupB = VsupL = 10V, LDOOUT = FBL, BUF- = BUFOUT, BUF+ = FLTSET = TGND =
PGND = GND, Crer = 0.22uF, Cgur = 1yF, Ta = -40°C to +85°C, unless otherwise noted.) (Note 2)

PARAMETER | symBoL | CONDITIONS | MIN MAX | UNITS
POSITIVE CHARGE PUMP (MAX1778/MAX1880/MAX1881/MAX1882 ONLY)
SUPP Input Supply Range Vsupp 2.7 13 \
FBP Regulation Voltage VEBP 1.2 1.3 \
FBP Input Bias Current IFBP VEgp = 1.5V -50 +50 nA
DRVP PCH On-Resistance RPCH(ON) 10 Q
. VEgp = 1.2V 4 Q

DRVP NCH On-Resistance RNCH(ON)

Vegp = 1.3V 20 kQ
FBP Power-Ready Trip Level Rising edge 1.09 1.16 \
NEGATIVE CHARGE PUMP (MAX1778/MAX1880/MAX1881/MAX1882 ONLY)
SUPN Input Supply Range VSUPN 2.7 13 \Y
FBN Regulation Voltage VEBN -50 +50 mV
FBN Input Bias Current IFBN VEgN =0 -50 +50 nA
DRVN PCH On-Resistance RPCH(ON) 10 Q

. VEBN = +50mV 4 0

DRVN NCH On-Resistance RNCH(ON)

VEBN = -50mV 20 kQ
FBN Power-Ready Trip Level Falling edge 80 165 mV
LOW DROPOUT LINEAR REGULATOR (MAX1778/MAX1881/MAX1883/MAX1884 ONLY)
SUPL Input Supply Range VsupL 45 15 \
SUPL Undervoltage Lockout Rising edge, 50mV hysteresis (typ) 3.8 4.3 \
SUPL Quiescent Current IsupL ILbo = 100pA 240 HA
Dropout Voltage (Note 1) VDROP LDO regulating to 9V, ILpo = 40mA 330 mv
FBL Regulation Voltage VegL | VSUPL = 10V, LDO regulating to 9V, 1.222 1265 | V

ILpo = 15mA

VsupL = 10V, LDO regulating to 9V,

LDO Load Regulation ILDO = 100pA to 40mA 1.2 %
LDO Line Regulation Kiipl;:lgnfx to 15V, FBL = LDOOUT, 0.02 %IV
FBL Input Bias Current IFBL VEBL = 1.25V -1.2 +1.2 HA
LDO Current Limit ILDOLIM VsupL = 10V, VLpoouT =9V, VEgL = 1.2V 40 260 mA
VCOM BUFFER

SUPB Input Supply Range VsuprB 4.5 13 \
SUPB Quiescent Current IsupB VsupB = 13V 850 LA
BUFOUT Leakage Current -10 +10 HA
Input Common-Mode Voltage Vem |Vos| < 10mV 1.2 8.8 \Y

MAXIN 7
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = +3.0V, SHDN = IN, Vsupp = VsupN = VsupB = VsupL = 10V, LDOOUT = FBL, BUF- = BUFOUT, BUF+ = FLTSET = TGND =
PGND = GND, Crer = 0.22uF, Cgur = 1yF, Ta = -40°C to +85°C, unless otherwise noted.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS
Input Bias Current IBIAS Vcm =5V -500 +500 nA
Input Offset Current los Vcm =5V -500 +500 nA
IBUFOUT =0 4.988 5.012
Output Voltage VBUFouT | BUF+ =GND IBUEOUT = #5mA 4.97 5.03 V
IBUFOUT = #45mA 4.93 5.07
VsupB = 4.5V to 13V IBUFOUT = £5mMA -30 30
Input Offset Voltage Vos Vem = 1.2Vto mv
(VsupB - 1.2V) IBUFOUT = +45mA -70 70
Output Voltage Swing High VOoH IBUFOUT = -45mA, AVos = 1V 9 \%
Output Voltage Swing Low VoL IBUFOUT = +45mA, AVps = 1V 1 \
_I?rL]Jr Z:hl?)::jal\/l\(;l|(t);gee Falling edge, 20mV hysteresis (typ) 80 170 mVv
REFERENCE
Reference Voltage VREF -2UA < IRer < 50pA 1.223 1.269 \Y
Reference Undervoltage
Threshold ° 0.9 1.2 v
LOGIC SIGNALS
SHDN Input Low Voltage 0.9 Y,
SHDN Input High Voltage 2.1 Y
SHDN Input Current ISHDN 1 HA
FLTSET Input Voltage Range 0.74 xVRer  0.85 x VREF \Y
FLTSET Threshold Voltage Rising edge, 25mV hysteresis (typ) 80 170 mV
FLTSET Input Current VELTSET = 1V 50 nA
RDY Output Low Voltage ISINK = 2mA 0.5 \Y
RDY Output High Leakage VEDY = 13V 1 HA

Note 1: Dropout Voltage is defined as the VsupL - VLDoouT, When VsypL is 100mV below the set value of V| poouT.
Note 2: Specifications to -40°C are guaranteed by design, not production tested.
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gooooo
(Circuit of Figure 1, ViN = +3.3V, SHDN = IN, VMAIN = Vsupp = VsupN = Vsups = VsupL = 8V, BUF- = BUFOUT,
BUF+ = FLTSET = TGND = PGND = GND, Ta = +25°C.)
MAIN 8V OUTPUT VOLTAGE MAIN 8V OUTPUT EFFICIENCY MAIN 12V OUTPUT VOLTAGE
vs. LOAD CURRENT vs. LOAD CURRENT vs. LOAD CURRENT
8.12 3 100 7 3 1224 =
808 —ViN=3. z 90 — ] 121 :
ViN = 3.3V gy i 6
8.04 = = |
~ == g w0 VIN= 3.3V N 12.08 TRETY
s 5] s B
3 8.00 ViN =5V g 70 512.00
= g = Vin =5V
7.96 * 60 11.92
_ Vour =8V
CinTG = 470pF -
792 Reomp = 24kQ ] 50 | CRZEng _ i‘;'é?,: 11.84 FIGURE 8
Ccomp = 470pF CinTG = 470pF CiNTG = 470pF
! ! ! A X . | |
7.88 40 11.76
0 200 400 600 800 0 200 400 600 800 0 100 200 300 400 500 600
lout (MA) lout (MA) lout (MA)
MAIN 12V OUTPUT EFFICIENCY STEP UP CONVERTERS POSITIVE CHARGE-PUMP OUTPUT VOLTAGE
vs. LOAD CURRENT SWITCHING FREQUENCY vs. INPUT VOLTAGE vs. LOAD CURRENT
100 | | s 1.20 ‘ o 202 5
Ve sy E MAX1778 £ :
IN = E 1.15 5 5
% ~ — 1 = L~ 200 \‘ Vsupp = 10v-{=
N\ S 110 /// \ T —
= V=33V =
g 80 N % 105 // 108 QN
& 3 / =
g 70 g 1.00 g 3 Vsupp = 8V
S S g £ \
& 2 0.95 196 Vsupp = 7.5V
60 5
FIGURE 8 =
50 Vour =12V 5 0% 194 Vsupp =7V
CiNTG = 470pF 0.85 \<T
40 | | 0.80 192
0 100 200 300 400 500 600 25 30 35 40 45 50 55 0 5 10 15 20
lout (MA) Vin (V) Ipos (MA)
POSITIVE CHARGE-PUMP EFFICIENCY MAXIMUM POSITIVE CHARGE-PUMP NEGATIVE CHARGE-PUMP OUTPUT VOLTAGE
vs. LOAD CURRENT OUTPUT VOLTAGE vs. SUPPLY VOLTAGE vs. LOAD CURRENT
100 | | 5 40 o -4.90 / g
0 [—VsuPp=TV | vgupp=7.5v-{E % 7 | 492 g
/ — | — / f : l v 7v :
80 ] y—— 30 -4.94 |—Vsupn =6V S
5 /// SuPP Ipos = 1A 3/
5 10 S 2 | = -4.96
& — 8 /ylpos = 10mA g // f
g 60 // Vsupp = 10V_| = / > -4.98 v/ Vsupn = 8V—]
50 5 // 500 //
40 10 Y 502 |f
Vpos =20V
30 | 5 -5.04
0 5 10 15 20 2 4 6 8 10 12 14 0 10 20 30 40
IEG (MA) Vsupp (V) INEG (MA)
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(Circuit of Figure 1, ViN = +3.3V, SHDN = IN, VMAIN = Vsupp = VsupN = Vsups = VsupL = 8V, BUF- = BUFOUT,
BUF+ = FLTSET = TGND = PGND = GND, Ta = +25°C.)
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NEGATIVE CHARGE-PUMP EFFICIENCY
vs. LOAD CURRENT

Vnec =5V |2
z
Vsupn = 6V
I
/ Vsupn = 7V
/ VsupN =8V |
0 10 20 30 40
INgG (MA)

STEP-UP CONVERTER LOAD-TRANSIENT
RESPONSE

MAX1778 toc13

40ps/div
A. ImaN = 20mA to 200mA, 200mA/div
B. Vman = 8V, 100mV/div
C. INDUCTOR CURRENT, 1A/div
CinTG = 1000pF

6 INEG = 10mA
s
2
=
>

MAXIMUM NEGATIVE CHARGE-PUMP
OUTPUT VOLTAGE vs. SUPPLY VOLTAGE

) \\
AN

MAX1778 toc11

® INEG = 1MA \

N
S
o
©
=
o
=
)
=
=

Vsupn (V)

STEP-UP CONVERTER LOAD-TRANSIENT
RESPONSE WITHOUT INTEGRATOR

MAX1778 toc14

200mA

8.1v
8.0V [t
7.9v

1A

40ps/div
A. ImaN = 20mA to 200mA, 200mA/div
B. Vma = 8V, 100mV/div
C. INDUCTOR CURRENT, 1A/div
INTG = REF

Vrer (V)

1.27

1.26

1.24

1.23

0.5A

8.0v

7.9v

1A

0.5A

REFERENCE VOLTAGE
vs. REFERENCE LOAD CURRENT

MAX1778 toc12

0 20 40 60 80 100

IReF (HA)

STEP-UP CONVERTER LOAD-TRANSIENT
RESPONSE (1ps PULSES)

MAX1778 toc15

3 I VAN

et mintl i

4ps/div
A. Imain = 0 to 500mA, 500mA/div
B. Vma = 8V, 100mV/div
C. INDUCTOR CURRENT, 500mA/div
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(Circuit of Figure 1, VIN = +3.3V, SHDN = IN, VMAIN = Vsupp = VsupN = Vsuprs = VsupL = 8V, BUF- = BUFOUT,
BUF+ = FLTSET = TGND = PGND = GND, Ta = +25°C.)

RIPPLE VOLTAGE WAVEFORMS

MAX1778 tocl6

A L N el
[ VAN | T {18 IO 1 I O Y A i
L |

LIR R L

1ps/div
A Vain =8V, Imain = 200mA, 10mV/div
B. VNeG = -5V, INEG = 10mA, 20mV/div
C. Vpos = 20V, Ipos = 5mA, 20mV/div

POWER-UP SEQUENCE

MAX1778 toc19

2V
A
0 |
5V
B
0 | S
20V L ¢
10V ,J"" 0
0
'\-|.\_‘_‘_ .
-10v
2ms/div
A. Vsppn = 0 TO 2V, 2V/div
B. RDY, 5V/div

C. POSITIVE CHARGE PUMP = Vpog = 20V, Ry oap = 4kQ, 10V/div
D. STEP-UP CONVERTER: Vian = 8V, RLoap = 40Q, 10V/div

SRV g P e v E

200 J".IL ryf‘-l M'-L {.,.?I.""... f""r 1 Il..r-""-,r c

STEP-UP CONVERTER
SOFT-START (LIGHT LOAD)

MAX1778 toc17

2V e
A
0 ==
8V
6V B
Y
0.5A
[
0
1ms/div
A. Vshpn = 0 TO 2V, 2V/div
B. Vmain = 8V, 2V/div
C. INDUCTOR CURRENT, 500mA/div
RLoap =400Q
POWER-UP SEQUENCE
(CIRCUIT OF FIG.10)
MAXLT78 t0c20
N
2V A
0 Ty
20V wee—=t B
10V —_—C
0
0
N"‘N\-\h b
-5v

1ms/div
A. RDY, 2V/div
B. POSITIVE CHARGE PUMP, Vpos(sys) = 20V, 10V/div
C. STEP-UP CONVERTER: Vimai(sys) = 8V, 10V/div
D. NEGATIVE CHARGE PUMP, Vngg = -5V, -5V/div

E. NEGATIVE CHARGE PUMP: Vgg = -5V, RLoap = 500Q, 10V/div

STEP-UP CONVERTER
SOFT-START (HEAVY LOAD)

MAX1778 toc18

8V

6V III'_

IF"!-
av —
—
10A
05A i
Lo

pr———

1ms/div
A. VsipN = 0 TO 2V, 2V/div
B. Vman = 8V, 2V/div
C. INDUCTOR CURRENT, 500mA/div
RLoap = 20Q

POWER-UP INTO SHORT-CIRCUIT
(CIRCUIT OF FIG. 10)

MAX1778 toc21

4 L

2V

SV-_-_.‘F”.-.""_'--‘“-
0

10V

5V 11

100ps/div

A. RDY, 2V/div
B. GATE OF N-CH MOSFET, 5V/div

C. STEP-UP CONVERTER, VmaIN(START) = 8V, 5V/div

VMaIN(SYs) = GND

MAXIN
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(Circuit of Figure 1, VIN = +3.3V, SHDN = IN, VMAIN = Vsupp = VsupN = VsupB = VsupL = 8V, BUF- = BUFOUT,
BUF+ = FLTSET = TGND = PGND = GND, Ta = +25°C.)

LDO OUTPUT VOLTAGE LDO OUTPUT VOLTAGE
vs. LDO INPUT VOLTAGE vs. LDO OUTPUT CURRENT LDO OUTPUT VOLTAGE vs. TEMPERATURE
(INTERNAL LINEAR REGULATOR) (INTERNAL LINEAR REGULATOR) (INTERNAL LINEAR REGULATOR)
5.05 T 5 5.04 5 5.10 3
ILboout = 0 é é 5.08 g
5.00 [ g 502 g 5.06 E
5.00 = ILooour =0
495 _ L] 5.04 R —
< { ILooouT = 40mA < 4% . < 50
8 4.90 8 N 8 5.00
S S 49 = —
> = " 4,98 ILpoouT = 40mA —
485 194 4.96
4.94
4.80 4.92
4.92
475 4.90 4.90
4 6 8 10 12 0.01 01 1 10 100 -40 -15 10 35 60 85
VsupL (V) ILpoouT (MA) TEMPERATURE (°C)
DROPOUT VOLTAGE LDO SUPPLY CURRENT
vs. LDO LOAD CURRENT vs. LDO OUTPUT CURRENT
(INTERNAL LINEAR REGULATOR) (INTERNAL LINEAR REGULATOR)
200 T g 40 - g
Viboout = 5V H Vipoout =5V H
: 3 1
" : : /)
. 3
E - z N /
= = 2. 4
g 120 5 /
= 920
é 80 /// é )
2 2
1.0
40 v
05 //
0 0
0 10 20 30 40 0 10 20 30 40
ILpoout (MA) ILooout (MA)
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(Circuit of Figure 1, ViN = +3.3V, SHDN = IN, VMAIN = Vsupp = VsupN = Vsups = VsupL = 8V, BUF- = BUFOUT,
BUF+ = FLTSET = TGND = PGND = GND, Ta = +25°C.)

POWER-SUPPLY REJECTION RATIO REGION OF STABLE Cipoout ESR LOAD-TRANSIENT RESPONSE
vs. FREQUENCY vS. LOAD CURRENT (INTERNAL LINEAR REGULATOR)
100 R 100 . MAX1778 t0c29
g Cuooout = 1HF £
5 5 40mA
80 2 2 |
\\~\. 10 = 0 fe= —— [\
\\ @ \\\
= 60 S o N
= N\ w T~
- —
< 40 3 i
S i 500V . W B
STABLE REGION
01 | & |I
20 | Crpoout = 4.7uF s b
ILpoouT = 40mA 4.96V
L L] y y
0 0.01
1 10 100 1000 0 10 20 30 40 100ps/div
FREQUENCY (kHz) ILpoout (MA) A. ILpo = 100pA TO 40mA, 40mA/div
B. Vipo =5V, 20mV/div
VsupL = VLo + 500mV
LOAD-TRANSIENT RESPONSE NEAR INTERNAL LINEAR-REGULATOR INTERNAL LINEAR-REGULATOR
DROPOUT (INTERNAL LINEAR REGULATOR) RIPPLE REJECTION STARTUP
MAXL778 toc30 MAX1778 toc3L MAXLT78 toc32
40mA 2V A
5.0V hww A
0 === e A 0 = T
B
R o N e O W R Y I v -
L 1 1 !
5.00V | B 'IJ o '-fl "ll" 'q-ll '\l‘l 2V s r' -
f 10A 0 | ! ] c
T i i i : i i _.-""_-_
! osa |l b 1 {
| | | I 1 L] g -
494V i~ 0 o S e il it e o N ,-""d‘___
2V
100ps/div 10ps/div 400us/div
A. IL.po = 100pA TO 40mA, 40mA/div A. VLpoouT = 5V, ILpoouT = 40mA, 10mV/div A. Vsrpn =0 TO 2V, 2V/div
B. VLpo = 5V, 20mV/div B. Vimain = VsupL = 8V, 200mV/div B. VLpoouT = 5V, RLpoout = 125Q, 2V/div
VN =V po + 100mV C. Imain =0 TO 750mA, 500mA/div C. VMmaIN = 8V, Rmain = 40Q, 2V/div
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(Circuit of Figure 1, ViN = +3.3V, SHDN = IN, VMAIN = Vsupp = VsupN = Vsups = VsupL = 8V, BUF- = BUFOUT,
BUF+ = FLTSET = TGND = PGND = GND, Ta = +25°C.)

LINEAR-REGULATOR OUTPUT VOLTAGE LINEAR-REGULATOR OUTPUT VOLTAGE
vs. INPUT VOLTAGE vs. LOAD CURRENT EXTERNAL LINEAR-REGULATOR
(EXTERNAL LINEAR REGULATOR) (EXTERNAL LINEAR REGULATOR) LOAD-TRANSIENT RESPONSE
2I55 o 255 —Tm - MAX1778 toc35
£ FIGURE 7 ||| €
£ 5 250mA ——
253 z =
253 50MA  fss i |\
s 2.51 Ilpo=0 s 2.51
g — \ 2 2.55V \.‘-_
> ILpo = 750mA =
249 249 250V | B
245V /”_
247 247
FIGURE 7
245 ‘ 2.45
25 30 35 40 45 50 55 01 1 10 100 1000 100ps/div
Vin (V) ILpo (MA) A. ILpo = 50mA TO 250mA, 200mA/div
B. Vipo = 2.5V, 50mVidiv
FIGURE 7
EXTERNAL LINEAR-REGULATOR INPUT OFFSET VOLTAGE DEVIATION INPUT OFFSET VOLTAGE DEVIATION
RIPPLE REJECTION vs. COMMON-MODE VOLTAGE vs. BUFFER SUPPLY VOLTAGE
MAX1778 toc36 25 E 1'0 ‘ %
h I | 1l A H Vem =Vsups/2 |2
/| 1 2 g
2 VAV P IVNLAATY 15 Y :
[ Vsups = 4.5V
8.0V r“-"ll ol Ir-ﬂl B < 05 | Vsupg = 13V = 02
) (S ! S i
7.8V r-ll'v! b 'J Z —L] \. % —
3 — 3
1A -05 02
Y B T Y N
I | | -15 -0.6
0 S Nt I'-v- I‘-—-
25 -1.0
10ps/div 0 2 4 6 8 10 12 14 4 6 8 10 12 14
A Vipo = 2.5V, ILpo = 200mA, 10mV/div Vem (V) Vsups (V)

B. VmaIN = VsupL = 8V, 200mV/div
C. Imain = 0 TO 750mA, 500mA/div
FIGURE 7
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(Circuit of Figure 1, ViN = +3.3V, SHDN = IN, VMAIN = Vsupp = VsupN = Vsups = VsupL = 8V, BUF- = BUFOUT,
BUF+ = FLTSET = TGND = PGND = GND, Ta = +25°C.)

INPUT OFFSET VOLTAGE DEVIATION INPUT OFFSET VOLTAGE DEVIATION BUFFER INPUT BIAS CURRENT
vs. TEMPERATURE vs. TEMPERATURE vs. COMMON-MODE VOLTAGE
10 ; o 10 ; o 10 o
| Vsupg =13V H | Vsup =13V H | H
Vem = Vsups/ 2 5 Vem = Vsupg/ 2 5 Vsupg = 13V 5
06 : 06 : 8 \ :
~_N &
= 02 ~ = 02 ~ =< 6
21 0.2 / ?1 0.2 / = 4 [+ Vsus =%
| / - /
-0.6 -0.6 2
0 0 0
-40 -15 10 35 60 85 -40 -15 10 35 60 85 0 2 4 6 8 10 12 14
TEMPERATURE (°C) TEMPERATURE (°C) Ve (V)
BUFFER INPUT BIAS CURRENT BUFFER INPUT BIAS CURRENT BUFFER SUPPLY CURRENT
vs. BUFFER SUPPLY VOLTAGE vs. TEMPERATURE vs. COMMON-MODE VOLTAGE
10 3 12 ‘ 2 050 5
s s Vem=Vsups/ 2 | ‘ ‘ o
g 1 3 Vsupg = 13V g
: \ : 046 ; :
10 \
8 9 \\ — N
’2? g g 042 F——
2 2 8 \\ g \
- - N 038 | Vsupp =45V
6 ! ~
6
0.34
5
Vem = Vsups/ 2
4 - 4 0.30
4 6 8 10 12 14 -40 -15 10 35 60 85 0 2 4 6 8 10 12 14
Vsups (V) TEMPERATURE (°C) Vem (V)
BUFFER SUPPLY CURRENT NO-LOAD BUFFER SUPPLY CURRENT VCOM BUFFER
vs. BUFFER SUPPLY VOLTAGE vs. TEMPERATURE SMALL-SIGNAL RESPONSE
050 o lo : o MAX1778 tocd7
E Vsypg = 13V E
5 09 I Vow = Vups /2 5 405V |- e
0.46 z 08 z
4.00V
0.7
z 0w — z 05 3.05V e nc— f— A
2 038 < 04 405V — p—
03 , | I
03 0 4.00v | | || | B
. 0.1 3.95V —lI I"-——lI I‘-—
Vem = Vsups/ 2 '
0.30 . 0
4 6 8 10 12 14 -40 -15 10 35 60 85 4ps/div
Vsups (V) TEMPERATURE (°C) A. Vgurs = 3.95V TO 4.05V, 50mV/div

B. BUFOUT = BUF-, 50mV/div
Cgur = LWF, Vsypg = 8V
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(Circuit of Figure 1, ViN = +3.3V, SHDN = IN, VmAIN = Vsupp = VsupN = Vsups = VsupL = 8V, BUF- = BUFOUT,
BUF+ = FLTSET = TGND = PGND = GND, Ta = +25°C.)

4.50V
4.00V

3.50V

4.50vV

4.00v

3.50V

16

VCOM BUFFER
LARGE-SIGNAL RESPONSE

MAX1778 toc48

VCOM BUFFER
LOAD-TRANSIENT RESPONSE

VCOM BUFFER
LOAD-TRANSIENT RESPONSE

MAX1778 toc49

MAX1778 toc50

-

— 200mA - L] 500mA . a
A 0 —. | s I 0 -Ir 1 § = A
-200mA - -500mA 4
42v 1 45V
: A '\
o p— 40V [== ER 40V =y B
{ | I | L I'I- ]ur -IIL-' '.»"'r 1||/'-
I| |I 1 B 3.8V 3.5V
¥ [}
i o 80V r\__-.--‘n—-—--—\1 . B0V [ ., ™.

10ps/div

A. Vgur+ = 3.50V TO 450V, 0.5V/div
B. BUFOUT = BUF-, 0.5V/div

Cgur = 1{F, Vsypg = 8

av
A%

Y

2V

8.1v

7.8V

4ps/div

A. Igurout = 200mA PULSES, 200mA/div
B. BUFOUT = BUF-, 200mV/div

C. Vmain = 8V, 50mV/div
Vsupg = VmaN, BUF+=GND, Cpyr = 1uF

VCOM BUFFER STARTUP

MAX1778 toc51

4V

4

8.1V

7.8V

100us/div

A. RDY, 2V/div

B. BUFOUT = BUF-, Cgyr = 1pF, 2V/div

C. Vsupg = VMmain = 8V, Imain = 20mA, 200mV/div
BUF+=GND

4ps/div

A. Igyrout = 400mA PULSES, 500mA/div
B. BUFOUT = BUF-, 0.5V/div

C. Vmain = 8V, 100mV/div

Vsupg = Vmain, BUF+ = GND, Cgyr = 1uF

VCOM BUFFER STARTUP

MAX1778 toc51

100ps/div

A. RDY, 2V/div

B. BUFOUT = BUF-, Cpy = 1pF, 2V/div

C. Vsups = Vmain = 8V, Imain = 20mA, 200mV/div
BUF+=GND
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01. MAX1778/MAX1880/MAX18830 0 O O O (fosc=1MHz)

CIRCUIT #1 CIRCUIT #2 CIRCUIT #3 CIRCUIT #4 CIRCUIT #5
VIN 3.3V 3.3V 3.3V 5V 5V
VMAIN )Y 9V Y% 12v 12v
IMAIN(MAX) 100mA 200mA 200mA 220mA 220mA
VNEG -5V -5V -5V -5V -5V
INEG 2mA 5mA 5mA 5mA 5mA
Vpos 24V 24V 24V 24V 24V
Ipos 2mA 5mA 5mA 5mA 5mA
L 2.2uH 4.7uH 4.7uH 6.8uH 6.8uH
IPEAK >1A >1A >1A >1A >1A
Cout 4.7uF 10pF 20uF 10pF 20pF
R1 309kQ 309kQ 309kQ 429kQ 429kQ
R2 49.9kQ 49.9kQ 49.9kQ 49.9kQ 49.9kQ
Rcowmp None None 39kQ* None 20kQ*
Ccomp None None 100pF* None 200pF*

*Rcomp and Ccowmp are connected between the step-up converter’s output (Vmain) and FB.
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02. MAX1881/MAX1882/MAX1884/MAX18850 [0 U O U (fosc=500kHz)

CIRCUIT #6 CIRCUIT #7 CIRCUIT #8 CIRCUIT #9
VIN 3.3V 3.3V 3.3V 3.3V
VMAIN oV 9V Qv 9V
IMAIN(MAX) 100mA 100mA 200mA 200mA
VNEG -5V -5V -5V -5v
INEG 2mA 2mA 5mA 5mA
Vpos 24V 24V 24V 24V
IpoOs 2mA 2mA 5mA 5mA
L 4.7uH 10puH 10pH 10pH
IPEAK >1A >1A >1A >1A
Court 4.7uF 10pF 10pF 20pF
R1 309kQ 309kQ 309kQ 309kQ
R2 49.9kQ 49.9kQ 49.9kQ 49.9kQ
Rcomp None None None 20kQ*
Ccomp None None None 200pF*

*Rcomp and Ccomp are connected between the step-up converter’s output (VmaIN) and FB.

3. ooood

SUPPLIER PHONE FAX
INDUCTORS
Coilcraft 847-639-6400 847-639-1469
Coiltronics 561-241-7876 561-241-9339
Sumida USA 847-956-0666 847-956-0702
Toko 847-297-0070 847-699-1194
CAPACITORS
AVX 803-946-0690 803-626-3123
Kemet 408-986-0424 408-986-1442
sanyo 619-661-6835 619-661-1055
Taiyo Yuden 408-573-4150 408-573-4159
DIODES
gg;ﬁ?cl)n ductor 516-435-1110 516-435-1824
g‘;i;ﬁ?;onal 310-322-3331 310-322-3332
Motorola 602-303-5454 602-994-6430
Nihon 847-843-7500 847-843-2798
Zetex 516-543-7100 516-864-7630

28

oobooboobooobooooooo
MAX1778/MAX1880/MAX1881/MAX18820 00 00O
obO0oooOoOoooNODOOoOoMOSFETOOODOO
gbooboboooooboobobobooooobobo
oooObObOO00ooooooobobobooooooobooooo
gboobobopooobooboboboooooobobo
gbobobobooobodababoobouoooaoboaba
gboooooobd

O0oooOooooboooooGowlooooooon)
ooy Uggo
gbobooboboboobooboooobobod

gobobooobobon

Isupp = lpos(N+D)

gbobooooboboon

Isupp = lpos(N+D)

gbogooNOOooooboboooanb

MAX1778/MAX1880/MAX1881/MAX18820 0 0 O
000000000000000000000000
0000000000000000000000000
000000000000 000000000000
00@O0000000)0

MAXIMN




oooonnn

OOo0onoorTFT LCD DC-DCO b

gbobgoboboboboobobooboooooog
googao

Veos

n
POS Vsupp * VsuppN

goooooooogoo

n VNEG
NEG VSUPNN
Udb00VguepU OO ODOODOOODOOODOOOOoOooAd
(O 40O

ooooooo
OO((pos)UOFBPOOOOGNDOODOOODOOOO
000000000 000oooooo@oooooo
O000)YJUOOOOO(VNeg)DOFBNO OO OREFO
ooooo0oooooooooooooooooooo
R40R6050kQ O 100kQUOOO0O0OOOOOOOO
ooo0oOoO0oOoOoooooOoOoOoOoOooooooOoOoo
O00o00ooU00ooo0oooUooDoOoooOoooO
ooooO0O0oo0oooOoooooooooooooo
O000000000O0O0O00000oooOoOOOoOoO
OoO0oO0O0oO0oOooOoooOOo(LTSETOODOO
O0000000)Y000O0OVgeeOOODDOODOO
Oo0o00oOooooooosopADDCOCOOOOOOOQ
(Electrical CharacteristicsU D 0 0O 0)0D 000000
ooooOOoOooooooo

R3 = R4 [(VPos / VREF) - 1]
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NOTES: LEAD TIP DETAIL
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3. CONTROLLING DIMENSION: MILLIMETER /VI /J X I /VI
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, N’ REFERS TO NUMBER OF LEADS PROPRIETARY I GRHATIN
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