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EJX FPDARDC-DCI 7 EiFfd.
SEHNIND =V HR—=X2 BIC

ABSOLUTE MAXIMUM RATINGS

IN, PV, ENSD, ENC1, ENC2, ENL, RS, SDIG,

LB, DBItO GND ... -0.3V to +6V
LXLtO GND .o cone..-0.3V 10 +30V
MAIN, COR1, COR2, REF, LFB, CV, ENM, LBO, DBO,

LXC, SW to GND -0.3Vto (VIN + 0.3V)
-0.3V to +0.3V
-0.3V to +0.3V
.......................................................... 300MARMS

....................................................... 300mARMS

Current INto LXC ..o 400mARMS
Output Short-Circuit Duration...........c.ccoocvvevivoniennnn. Continuous
Continuous Power Dissipation (Ta = +70°C)

24-Pin Thin QFN Package

(derate 20.8mW/°C above +70°C).........ccccveeiiiiiiiieee, 1.67W
Operating Temperature Range -40°C to +85°C

Junction Temperature............cccccooviiiiiiiiiiiii +150°C
Storage Temperature Range ............ccoceeevnenn. -65°C to +150°C
Lead Temperature (soldering, 10S) .....cc.cocooviviiiiirninnne. +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

(VIN = Vpv = VENSD = VENC2 = VENL = VENM = VENC1 = VDBI = VLBI = Vgv = 4.0V, Ta = 0°C to +85°C, unless otherwise noted.

Typical values are at Ta = +25°C.)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS
GENERAL
IN, PV Voltage Range 3.1 55 \Y
VIN Complete Shutdown VpBI = VIN, VIN falling 2.950 3.0 3.050 v
Threshold VpB| = VIN, VIN rising 3.135 3.3 3.525
VpBl Complete Shutdown Vpa| falling 1.234 1.25 1.263 v
Threshold Vpg| rising 1.306 1.375 1.478
- VLB rising 1.234 1.25 1.263
V1 B| LBO Threshold - V
VLBl falling 1.103 1.125 1.140
N VLBl = VIN, VIN fallin 3.262 3.33 3.366
Vin TBO Threshold LBI = TN, TIN aTing v
VLBl = VIN, VIN rising 3.625 3.7 3.744
Preset mode, V|N = 2.9V V(;NS_
DBI Input Dual Mode™ Threshold : %
ADJ mode, Vi = 2.9V V1'N2'
Preset mode, V|N = 3.2V VIN -
LBI Input Dual-Mode Threshold 03
. \
with Respect to IN VIN -
ADJ mode, V|N = 3.2V 10
DBI Complete Shutdown Input Vi falling 30 55 v
Program Range
DBI Input Bias Current Vpel = 1.25V -50 +50 nA
LBI Input Bias Current V| = 1.25V -50 +50 nA
Shutdown (DBI remains on, REF off), ViN = Vpy = VDBI =
2 10
ViB| = 2.7V
IN, PV Operating Current pA
All off (REF on) 30 55
All on; LXL, LXC not switching 130 180
Main on, no load 46 75
IN Operating Current Main on, no load, COR1 on, LXC not switching 80 110 HA
All on except LCD, VENL = 0V, LXL, LXC not switching 115 160

Dual ModeldMaxim Integrated Products, Inc. DEIZET Y,

MAXIMN




EJX FPDAREDC-DCO 7 EiEfd.
SEIIND =V A=K RIC

ELECTRICAL CHARACTERISTICS (continued)

(VIN = Vpy = VENSD = VENC2 = VENL = VENM = VENC1 = VDBI = VLBl = Vcv = 4.0V, Ta = 0°C to +85°C, unless otherwise noted.
Typical values are at Ta = +25°C.)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS
LDOs
MAIN, SDIG Soft-Start Time 300 600 1200 us
MAIN Output Voltage ILoAD = 100pA to 300mA, VN = 3.6V to 5.5V 3.218 3.3 3.383 \Y
MAIN Current Limit 550 800 1200 mA
ILoAD = TMA 1
MAIN Dropout Voltage ILoAD = 300mA 210 330 mV
ILoAD = 500mA 350 595
SDIG Output Voltage ILoAD = 100pA to 200mA, VN = 3.6V to 5.5V 3.218 3.3 3.383 \Y
SDIG Current Limit 525 718 900 mA
ILoAD = TMA 0.75
SDIG Dropout Voltage ILoAD = 200mA 170 300 mV
ILoAD = 500mA 525 1010
SDIG Reverse Leakage Current Vspig = 5.5V, VENSD = VIN = OV 7 15 PA
COR2 Qutput Voltage ILoAD = 100pA to 50mA, VIN = 3.6V to 5.5V 1.755 1.8 1.845 \Y
COR2 Current Limit 65 98 150 mA
COR1 PWM BUCK
CV = high 1.259 1.3 1.340
COR1 Output Voltage Accuracy \
CV = low 0.972 1 1.023
) ILxc = -180mA 0.70 1.34
P-Channel On-Resistance Q
ILxc = -180mA, Vpy = 3.1V 0.8 1.58
N-Channel On-Resistance ILxG = 180mA 0-25 046 Q
ILxc = 180mA, Vpy = 3.1V 0.30 0.53

P-Channel Current-Limit 050 075 -0.925 A

Threshold

N-Channel Current-Limit

Threshold -0.50 -0.72 -0.92 A
It 0.1

Minimum On- and Off-Times ON(MIN) us
tOFF(MIN) 0.1

LXC Leakage Current Vixc =0V, VENCc1 = OV -10 +0.1 +10 uA

REF AND RESET OUTPUT

REF Voltage Accuracy IREF = 0.1pA 1.236 1.25 1.264 \

REF Line Regulation 3.1V < VIN < 5.5V, IREF = 0.1pA 0.1 3 mV

REF Load Regulation 0.1pA < IReF < 10pA 1 3 mV

giilr?gassert Threshold for COR1 (Note 1) 88.00 92 93.95 %

MAXIMN 3
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EJX FPDARDC-DCI 7 EiFfd.

SEININD =V HR—=SX2 FMIC

ELECTRICAL CHARACTERISTICS (continued)

(VIN = Vpy = VENSD = VENC2 = VENL = VENM = VENC1 = VDBI = VLBl = Vcv = 4.0V, Ta = 0°C to +85°C, unless otherwise noted.

Typical values are at Ta = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
RS Assert Threshold 80 %
RS Deassert Delay 10 20 30 ms
RS Assert Delay 50mV overdrive 5 us
LCD
LXL Voltage Range 28 \
LXL Current Limit L1 =10uH 195 235 275 mA
LXL On-Resistance 1.7 Q
LXL Leakage Current VixL = 28V 0.2 2 uA
Maximum LXL On-Time 2 3 4 us
o ) VLFB > 1.1V 0.8 1 1.2
Minimum LXL Off-Time us
VLFB < 0.8V (soft-start) 3.9 5 6.0
LFB Feedback Threshold 1.229 1.25 1.270 Y
LFB Input Bias Current VLFB = 1.3V 5 50 nA
SW Off-Leakage Current Vsw = 0V, Vpy = 5.5V, VENL = OV 0.01 1 uA
SW PMOS On-Resistance 1 1.5 Q
SW PMOS Peak Current Limit 700 mA
SW PMOS Average Current Limit 300 mA
Soft-Start Time Csw = 1uF 0.13 ms
LOGIC
EN_, CV Input Low Level VIN = 3.1V to 5.5V 0.35 V
EN_, CV Input High Level VIN = 3.1V t0 5.5V 1.4 \Y
EN_, CV Input Leakage Current 0.01 1 PA
RS, LBO, DBO Output Low Level | Sinking 1mA, ViN = 2.5V 0.02 0.1 v
DBO Output Low Level Sinking 100uA, V|N = 1.0V 0.02 0.1 %
Eeséll(_azz, DBO Output High VOUT = 5.5V, Vi = 5.5V ’ UA
THERMAL PROTECTION
Thermal-Shutdown Temperature | Rising temperature +160 °C
Thermal-Shutdown Hysteresis 15 °C

MAXI N




EJX FPDAREDC-DCO 7 EiEfd.
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ELECTRICAL CHARACTERISTICS

(VIN = Vpv = VENSD = VENC2 = VENL = VENM = VENC1 = VDBl = V1Bl = 4.0V, TA = -40°C to +85°C, unless otherwise noted.) (Note 2)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS
GENERAL
IN, PV Voltage Range 3.1 5.5 \
ViN Complete Shutdown VpBI = VIN, VIN falling 2.93 3.06 y
Threshold VpaI = VIN, VN rising 3.135 3.5625
Vpg| Complete Shutdown Vpgl falling 1.228 1.264 N
Threshold VDB rising 1.306 1.478
I VLB rising 1.228 1.264
VLBl LBO Threshold - \
VB falling 1.103 1.140
- VLBl = VIN, VIN fallin 3.248 3.366
Vin TBO Threshold LBI = YIN. YN FTIN9 v
VLBl = VIN, VINrising 3.609 3.744
Preset mode, ViN = 2.9V VéNS'
DBI Input Dual-Mode Threshold ' ¥ \
_ IN -
ADJ mode, VIN = 2.9V 105
Preset mode, V|N = 3.2V VIN -
LBI Input Dual-Mode Threshold 0.3
. v
with Respect to IN VN -
ADJ mode, V|N = 3.2V
1.25
DBl Complete Shutdown Input Vi falling 30 55 v
Program Range
DBI Input Bias Current Vpg| = 1.25V -50 +50 nA
LBI Input Bias Current Vig| = 1.25V -50 +50 nA
Shutdown (DBI remains on, REF off), VIN = Vpy = VDBl =
10
VigI =27V
IN, PV Operating Current pA
All off (REF on) 55
All on, LXL, LXC not switching 180
Main on, no load 75
) Main on, no load, COR1 on, LXC not switching 110
IN Operating Current pA
All on except LCD, VENL = 0V, LXL and LXC not 160
switching
LDOs
MAIN, SDIG Soft-Start Time Ramp ILIM from 0% to 100% 300 1200 us
MAIN Output Voltage ILoAD = 100pA to 300mA, VN = 3.6V to 5.5V 3.209 3.383 \Y
MAIN Current Limit 550 1230 mA
| = 300mA 330
MAIN Dropout Voltage LOAD mV
[LOAD = 500mA 595

MAXIN
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EJX FPDARDC-DCI 7 EiFfd.

SEININD =V HR—=SX2 FMIC

ELECTRICAL CHARACTERISTICS (continued)

(VIN = Vpv = VENSD = VENC2 = VENL = VENM = VENC1 = VDBl = V1Bl = 4.0V, TA = -40°C to +85°C, unless otherwise noted.) (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
SDIG Output Voltage ILoAD = 100pA to 200mA, V|N = 3.6V to 5.5V 3.212 3.383 \
SDIG Current Limit 485 900 mA
| = 200mA 300
SDIG Dropout Voltage LOAD mV
ILOAD = 500mA 1250
SDIG Reverse Leakage Current Vspig = 5.5V, VENSD = VIN = OV 15 pA
COR2 Output Voltage ILoAD = 100pA to 50mA, V|N = 3.6V to 5.5V 1.750 1.845 \
COR2 Current Limit 65 150 mA
COR1 PWM BUCK
CV = high 1.255 1.340
COR1 Output Voltage Accuracy \
CV = low 0.969 1.023
) ILxc = -180mA 1.34
P-Channel On-Resistance Q
ILxc = -180mA, Vpy = 3.1V 1.58
) ILxc = 180mA 0.46
N-Channel On-Resistance Q
ILxc = 180mA, Vpy = 3.1V 0.53
P-Channel Current-Limit
Threshold -0.500 -0.925 A
N-Channel Current-Limit
Threshold -0.46 092 A
LXC Leakage Current Vpy = 5.5V, Vixc = 0V or Vpy, VENC1 = OV -10 +10 pA
REF AND RESET OUTPUT
REF Voltage Accuracy IREF = 0.1pA 1.229 1.264 vV
REF Line Regulation 3.1V <V <55V, IRgr = 0.1pA 3 mV
REF Load Regulation 0.1pA < IRer < 10pA 3 mV
RlS.Deassert Threshold for COR1 (Note 1) 88.00 93.95 %
Rising
RS Deassert Delay 10 30 ms
LCD
LXL Voltage Range 28 V
LXL Current Limit L1 =10uH 180 280 mA
LXL Leakage Current VixL = 28V 2 pA
Maximum LXL On-Time 2 4 us
- . VLFB > 1.1V 0.8 1.2
Minimum LXL Off-Time ps
VLFB < 0.8V (soft-start) 3.9 6.0
LFB Feedback Threshold 1.233 1.270 Vv
LFB Input Bias Current ViLFB = 1.3V 50 nA
SW Off-Leakage Current Vsw = 0V, Vpy = 5.5V, VENL = OV 1 pA
SW PMOS On-Resistance 15 Q

MAXI N
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = Vpv = VENSD = VENC2 = VENL = VENM = VENC1 = VDBl = V1Bl = 4.0V, TA = -40°C to +85°C, unless otherwise noted.) (Note 2)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS

LOGIC

EN_, CV Input Low Level VIN =3.1Vto 5.5V 0.3 \
EN_, CV Input High Level VIN = 3.1V t0 5.5V 1.4 V
EN_, CV Input Leakage Current 1 pA
RS, LBO, DBO Output Low Level | Sinking 1mA, V|N = 2.5V 0.1 %
DBO Output Low Level Sinking 100pA, VIN = 1.0V 0.1 \
ﬁesé;i—fg% DBO Output High VOUT = 5.5V, Vi = 5.5V 1 UA

Note 1: The reset trip point tracks the COR1 voltage. For example, a minimum reset spec does not occur with a maximum COR1
spec, and a minimum COR1 spec does not occur with a maximum reset spec.
Note 2: Specifications to -40°C are guaranteed by design, not production tested.

EEE IS
(Circuit of Figure 2, VIN = 4V, Ta = +25°C, unless otherwise noted.)
MAIN DROPOUT VOLTAGE SDIG DROPOUT VOLTAGE MAIN OUTPUT VOLTAGE
vs. LOAD CURRENT vs. LOAD CURRENT vs. LOAD CURRENT
500 [ 800 s 35000 g
450 A 700 A s g
400 / = E
= 350 = o0 // < 3000
2 300 2 500 & 27500
S / ’ = 3
= V4 = S 25000
3 200 3 5
5 3 300 74 5 2.2500
£ 150 v = / °
100 /| 20 // 20000
50 ) 100 - 1.7500
0 0 15000
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600 700 800 900

LOAD CURRENT (mA) LOAD CURRENT (mA) LOAD CURRENT (mA)
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(Circuit of Figure 2, VIN = 4V, Ta = +25°C, unless otherwise noted.)
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vs. LOAD CURRENT

MAX8594 toc04
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REEEREGEE)

(Circuit of Figure 2, VIN = 4V, Ta = +25°C, unless otherwise noted.)

RS AND OUTPUT TIMING LCD EFFICIENCY vs. LOAD CURRENT

MAX8594 toc10
90

‘ 85

Vi MN gV/div 80 /;- — 4

Vigp =15V ——

1AX8594 toc11

T
| \ 2V e | EENAT!
>
VAN 2 |
: : ‘ ‘ [
Vi3 P vmmmieen] 5V 60
. 1V/div %
0
VeoRt 5
|
20ms/div 0 1 2 3 4 5
LOAD CURRENT (mA)
LCD OUTPUT VOLTAGE LCD OUTPUT VOLTAGE
vs. LOAD CURRENT vs. INPUT VOLTAGE
18.20 o 18.04 o
18.00 g 18.03 g
v '\\ E z
S 1780 \\ < 1802
%J 1760 \ & 1801
= \ < 18.00
S 1740 =
5 \ & 17.99
=2
S 1720 °
\ 17.98
17.00 1797
16.80 17.96
0 2 4 6 8 10 12 35 40 45 50 55
LOAD CURRENT (mA) INPUT VOLTAGE (V)
LCD SWITCHING WAVEFORMS SDIG RESPONSE TO ENSD
MAX8594 toc14 MAX8594 toc15
T U 1 v ‘ ‘ ‘ ‘
Vin 1 20mvrdiv : ‘ —
AC-COUPLED q 2vidiv
50mV/div Vensp ' 3
VieD AC-COUPLED
Vix 20V/div
1V/div
ILx 200mA/div Vspig
© lLoap=100mA
4us/div 200ps/div
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REEEREGEE)

(Circuit of Figure 2, VIN = 4V, Ta = +25°C, unless otherwise noted.)

LCD RESPONSE TO ENL MAIN RESPONSE TO ENM
MAX8594 toc16 MAX8594 toc17
]
- V/di - 4 2vdw
VENL ..___J : * ! Venm : .Lm

LCDBOOST

“ SOFT-START *i e
SW ;
TURNlON 5V/div W/diy
Vico VAN
* ILoAD = 100mA
400us/div 200ps/div
COR1 RESPONSE TO ENC1 RS AND COR1 RESPONSE TO ENC1
- e - - . MAX8594 toc18 MAX8594 toc19
RLoap = 10Q RLoap=10Q-

2V/div

VENCH .J : 1 oviiv
“““““““““““““““““““““ ; VENC1

I B

-
0 VRS --—--.—-.—j——-_m—‘]-‘.—_ 5V/div

VcoRt 500mV/div VeoRr1 1V/div
" ILxe ‘ ‘ , ‘ ‘ 200mA/div
40ps/div 10ms/div
FOR RS RESPONSE, SEE RS AND
COR1T RESPONSE TO ENC1.
COR1 EFFICIENCY vs. LOAD CURRENT
COR2 RESPONSE TO ENC2 WITH 1V OUTPUT
MAX8594 toc20
90 g
85 o = N 2
m d v % ,:’___ T [ L g
VENG2 VI A \ Al
B /) ViN=5VIlL ] H
el (1 Viy =4V
: <"‘:_; Vin=3.6V
£ 60
55
: : 1V/di
Veore \\._. fav %0
‘ ‘ : ‘ : 45
40
200us/div 01 1 10 100 1000
LOAD CURRENT (mA)
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REEEREEE)

(Circuit of Figure 2, VIN = 4V, Ta = +25°C, unless otherwise noted.)

COR1 EFFICIENCY vs. LOAD CURRENT

WITH 1.3V OUTPUT LIGHT-LOAD SWITCHING COR1
90 N MAX8594 toc23
L ‘ ‘ L % ILoAD = 20mA

85 /' By — g P Ll

80 ;;,z:, L LT RN TS Vi e FL“ : Fuw . q LA 5u/div
. / \ S I
S nl B Veort b e T prenermmns. P s0mudiv
o 'w. B 'f Maiare, ' i . ~
& 65 | ViN=36V ERaa T o AR o aaaa AC-COUPLED
E 60

55

5 : RN e

lLxe [\ f\ J,\“__,, 200mA/div
45 T R
40 EEm— E——
0.1 1 10 100 1000 Tus/div
LOAD CURRENT (mA)
HEAVY-LOAD SWITCHING COR1 COR1 RESPONSE TO CV
MAX8594 toc24 MAX8594 toc25
‘ P © 1LoAD = 200mA

e . . . -l | d v : . . S AU . oy
H : f . : Voot w%

VOORT [Pt e oo™ e 50mV/div ) '
1 RTINS VO D3 VO VOOV WOV IOA AC-COUPLED SUUSE DU VUUITTUUN VU SUU JUSUE SO T S

I \/\/’\/\ 200mA/div o o
L e AT VEV s V/div

200ns/div 40us/div
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APPROVAL 'IOCUMENT CONTROL. NO. REV.
| 21-0139 | c |%
COMMON DIMENSIONS EXPOSED PAD VARIATIONS

PKG 12L_4x4 161 4x4 201 4x4 24L 4x4 G, 2 2 0N
ReF,_| v [0 | e[ Wi | o [ | v | wom, | v v [ won [ | |cates [ | o ] vax. | v, | o | e, [ Actove
A 070 [0.75 | 080|070 [0.75 | 080 | 0.70 [073 | 080 | 070 | 0.75 | 0.60 | Tiea4-e | 195 | 210 [e23| 195 | w0 |ees| no
s | 00002 |005] a0 [oce [00s | 0o [002 [ 005| a0 [ a0z |o0s T1244-3 | 195 | 240 [225] 195 | 210 | 225[ YES
2 020 REF 020 REF 0.20 REF 020 REF Tiz44-4_| 195 | 210 [e25] 195 | 210 [ees| Mo
b |o02s]030 | 035|025 [030 [ 035 | 020025 [ 30| 018 [oes [ oz Ti644-2 | 195 | 210 |225] 195 | 210 |22s| NO
D | 290400 | 410 [350 [400 | 420 [ 390] 400 | 410390 | 400 | 410 Ti1644-3 [ 195 | 210 [e2s[ 195 [ 210 [ees| ves
£ |390 400 | 410 [3.50 400 | 410 | 390] 400 | 410|390 | 400 | 410 TI644-4 | 195 [ 210 [e25| 195 [ 210 [225] No
A 0.80 BSC. 0.65 BSC. 050 B5C. 050 BSC TBO44t | 195 | 210 [ees| 195 | 2w [ees| N
w Joas| - | - Joas| - | - oas| - | - |eas| - | - T20442 | 195 | 240 |225] 195 | 210 | 25| YES
L | 045]055 | 065045 | 0.55 | 045 | 0.45] 055 | 065] 030 | 0.40 | 050 Teo44—3 | 195 | 240 [225] 195 | 210 [225] NO
N 2 16 20 24 Tea44-1 | 243 | 260 | 263 | 243 | 260 | 263| MO
ND 3 + s 3 Te44-2_| 195 | 210 [ 225 ] 195 | 210 [ eS| YES
NE 3 4 s 3 T2444-3_| 245 | 260 263 | 245 | 260|263 | vES
N WGGH WGGC WGGD-1 V&GD-2 Te444-4_| B4S | 260 | 63| 245 | 60| 63| NO
NOTES:

1. DIMENSIONING & TOLERANCING CONFORM TO ASME Y14.5M-1994,
2. AL DIMENSKNS ARE IN MILLIMETERS. ANGLES ARE IN DEGREES.
3. N IS THE TOTAL NUNMBER OF TERMINALS.

& THE TERNINAL #1 ImFIER lND TERMINAL NUMBERING CONVENTION SHALL CONFORM_TO
JESD 95-1 SPP-012. TERMINAL #1 IDENTIFIER ARE OPTIONAL, BUT MUST BE LOCATED WITHIN
THE ZONE INDKCATED. ﬂE THWINIL #1 IDENTIFIER MAY BE ETHER A MOLD OR MARKED FEATURE.

& DIMENSION b APPLIES TO METALLIZED TERMINAL AND IS MEASURED BETWEEN 0.25 mm AND 0.30 mm
FROM TERMNAL TIP.

A ND AND NE REFER TO THE NUMBER OF TERMINALS ON EACH D AND E SIDE RESPECTIVELY.

7. DEPOPULATION IS POSSBLE IN A SYMMETRICAL FASHION.
& COPLANARITY APPLIES TO THE EXPOSED HEAT SINK SLUG AS WELL AS THE TERMINALS. @M /VI /JXI/VI
9. DRAWING CONFORMS TO JEDEC M0220, EXCEPT FOR T2444-1, T2444—3 AND T2444—4. TATREIY DECINTIN

T PACKAGE OUTLINE
12,16, 20, 24L THIN QFN, 4x4x0.8mm
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