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ABSOLUTE MAXIMUM RATINGS

V+toGND ..o
Ve, VDDIOGND v
PGND to GND .......oooviiiiiiiiee
SHDN, PGOOD to GND .................

........................ -0.3V to +30V

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

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

OVP, ILIM, FB, FBS, CC, REF, D0-D4,

GNDS, TONto GND........cocoveee

SKIP to GND (Note 1)

............ -0.3Vto (Vcc + 0.3V)

-0.3V to (Vce + 0.3V)

LX A0 BST o -6V to +0.3V
REF Short Circuit to GND .......ooooiiiiiic Continuous
Continuous Power Dissipation (Ta = +70°C)

24-Pin QSOP (derate 9.5mW/°C above +70°C).......... 762mwW
Operating Temperature Range ...........c.ccccceeene. -40°C to +85°C

Junction Temperature...................
Storage Temperature Range

MAX1710/MAX1711

DLtOPGND......coooiiiiiiiicc -0.3V to (Vpp + 0.3V) Lead Temperature (soldering, 10secC)........... ................ +300°C
BSTHOGND ..o -0.3V to +36V
DHO LX oo, -0.3V to (BST + 0.3V)

Note 1: SKIP may be forced below -0.3V, temporarily exceeding the absolute maximum rating, for the purpose of debugging proto-
type breadboards using the no-fault test mode. Limit the current drawn to -5mA maximum.

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
(Circuit of Figure 1, VBaTT = 15V, Voc = Vpp = 5V, SKIP = GND, Ta = 0°C to +85°C, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNIT

Battery voltage, V+ 2 28
Input Voltage Range \

Vee, Vob 45 55

) DAC codes from 1.3V to 2V -1 1
DC Output Voltage Accuracy I\(/JBa/gTrTe;j'aSt?g;Oezr?o\? includes DAC codes from 0.925V o s %
to 1.275V

Load Regulation Error ILoaD = 0to 7A 9 mV
Remote Sense Voltage Error FB-FBS or GNDS-GND = 0 to 25mV mV
Line Regulation Error Vce = 4.5V to 5.5V, VBATT = 4.5V to 28V mV
FB Input Bias Current FB (MAX1710 only) or FBS -0.2 0.2 pA
FB Input Resistance (MAX1711) 130 180 240 kQ
GNDS Input Bias Current -1 1 pA
Soft-Start Ramp Time Rising edge of SHDN to full I_jm 1.7 ms

TON = GND (550kHz) 140 160 180

VBATT = 24V, ['TON = REF (400kHz) 175 200 225

FB =2V ns
TON = open (300kHz) 260 290 320

On-Time

(Note 2)
TON = Vcc (200kHz) 380 425 470

Minimum Off-Time (Note 2) 400 500 ns
Quiescent Supply Current (Vcc) | Measured at Ve, FB forced above the regulation point 600 950 UA
Quiescent Supply Current (Vpp) | Measured at Vpp, FB forced above the regulation point <1 5 pA
Quiescent Battery Supply Current| Measured at V+ 25 40 uA
Shutdown Supply Current (Vcg) | SHDN =0 <1 pA
Shutdown Supply Current (Vpp) | SHDN = 0 <1 5 PA
Shutdown Battery Supply PRTYNE

Current SHDN = 0, measured at V+ = 28V, Vcc = Vpp = 0 or 5V <1 5 pA
Reference Voltage Vce = 4.5V to 5.5V, no external REF load 1.98 2 2.02 V
Reference Load Regulation IREF = 0 to 50pA 0.01 Vv
REF Sink Current REF in regulation 10 pA
REF Fault Lockout Voltage Falling edge, hysteresis = 40mV 1.6 V

2 MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VBATT = 15V, Voc = Vpp = 5V, SKIP = GND, Ta = 0°C to +85°C, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNIT
. With respect to unloaded output voltage (MAX1710) 10.5 125 145 %
Overvoltage Trip Threshold
(MAX1711) 2.21 2.25 2.29 \
ggg;’o”age Fault Propagation | ep 1 ced 29 above trip threshold 15 us
Output Undervoltage Protection | With respect to unloaded output voltage (MAX1710) 65 70 75 %
Threshold (MAX1711) 0.76 0.8 0.84 \
%UT:EUT Undervoltage Protection | - SHEN signal going high 10 30 ms
Current-Limit Threshold .
(Positive Direction, Fixed) X to PGND, ILIM tied to Vcc 90 100 110 mV
_Limi RLim = 100kQ 40 50 60
Curr_ent lelt Threshol_d LX to PGND LIM iy
(Positive Direction, Adjustable) RLiM = 400kQ 170 200 230
Current-Limit Threshold LX to PGND, Ta = +25°C 150 120 80 | mv
(Negative Direction)
Current-le!t Threshold LX to PGND 3 mv
(Zero Crossing)
PGOOD Propagation Delay FB forced 2% below PGOOD trip threshold, falling edge 15 us
PGOOD Output Low Voltage ISINK = TmA 0.4 V
PGOOD Leakage Current High state, forced to 5.5V 1 uA
Thermal Shutdown Threshold Hysteresis = 10°C 150 °C
Vcc Undervoltage Lockout Rising edge, hysteresis = 20mV, 41 44 v
Threshold PWM disabled below this level ' '
DH Gate-Driver On-Resistance | BST-LX forced to 5V 5 Q
DL Gate-Driver On-Resistance )
(Pull-Up) DL, high state 5 Q
DL Gate-Driver On-Resistance DL, low state 05 17 o
(Pull-Down)
DH Gate-Driver Source/Sink DH forced to 2.5V, BST-LX forced to 5V 1 A
Current
DL Gate-Driver Sink Current DL forced to 2.5V 3 A
DL Gate-Driver Source Current | DL forced to 2.5V 1 A
) DL rising 35
Dead Time — ns
DH rising 26
SKIP Input Current Logic To enable no-fault mode, Ta = +25°C -1.5 -0.1 mA
Threshold
PGOOD Trip Threshold Melasured at FB with rlespegt to unloaded output voltage, 8 5 3 %
falling edge, hysteresis = 1%
Logic Input High Voltage D0-D4, SHDN, SKIP, OVP 2.4 \
Logic Input Low Voltage D0-D4, SHDN, SKIP, OVP 0.8 \
Logic Input Current SHDN, SKIP, OVP -1 1 pA
Logic Input Pull-Up Current D0-D4, each forced to GND 3 5 10 pA

MAXIMN

FLLZEXVIN/OLLIXVIN



MAX1710/MAX1711

oooooooonn
ooooooooooooooonononcrPul

ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VBATT = 15V, Voc = Vpp = 5V, SKIP = GND, Ta = 0°C to +85°C, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNIT
TON V¢ Level TON logic input high level Vce -0.4 Vv
TON Float Voltage TON logic input upper-mid-range level 3.15 3.85 Vv
TON Reference Level TON logic input lower-mid-range level 1.65 2.35 V
TON GND Level TON logic input low level 0.5 \
TON Logic Input Current TON only, forced to GND or Vcc -3 3 HA
ELECTRICAL CHARACTERISTICS
(Circuit of Figure 1, VaTT=15V, VCc = Vpp = 5V, SKIP = GND, TaA =-40°C to +85°C, unless otherwise noted.) (Note 3)
PARAMETER CONDITIONS MIN TYP MAX UNIT
Battery voltage, V+ 2 28
Input Voltage Range \
Vce, Vbbb 4.5 55
VBATT = 4.5V to 28\/, for all DAC codes from 1.32V to 2V -1.5 1.5 %
DC Output Voltage Accuracy D/A codes, includes load DAC codes from 0.925V to N
regulation error 1.275V 1.7 1.7 70
TON = GND (550kHz) 140 180
, VBATT = 24V, ['TON = REF (400kHz) 175 225
On-Time FB =2V ns
(Note 2) TON = open (300kHz) 260 320
TON = Vcc (200kHz) 380 470
Minimum Off-Time (Note 2) 500 ns
Quiescent Supply Current (Vcc) | Measured at Ve, FB forced above the regulation point 950 uA
Reference Voltage Vce = 4.5V to 5.5V, no external REF load 1.98 2.02 V
. With respect to unloaded output voltage (MAX1710) 10 15 %
Overvoltage Trip Threshold
(MAX1711) 2.20 2.30 \
Output Undervoltage With respect to unloaded output voltage (MAX1710) 65 75 %
Protection Threshold (MAX1711) 0.75 0.85 \
Current-Limit Threshold .
(Positive Direction, Fixed) LX to PGND, ILIM tied to Vcc 85 115 mV
Current-Limit Threshold RLim = 100kQ 35 65
(Positive Direction, Adjustable) LXto PGND RLiM = 400kQ 160 240 mv
Vce Undervoltage Lockout Rising edge, hysteresis = 20mV, PWM disabled below
) 4.1 4.4 \
Threshold this level
Logic Input High Voltage D0-D4, SHDN, SKIP, OVP 2.4 \
Logic Input Low Voltage DO0-D4, SHDN, SKIP, OVP 0.8 \
Logic Input Current SHDN, SKIP, OVP -1 1 uA
Logic Input Pull-Up Current D0-D4, each forced to GND 3 10 pA

MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, VBaTtT=15V, Ve = Vpp = 5V, SKIP = GND, Ta =-40°C to +85°C, unless otherwise noted.) (Note 3)

PARAMETER CONDITIONS MIN TYP MAX UNIT
PGOOD Trip Threshold I\/Ie.asured at FB with (espect to unloaded output voltage, 85 25 %
falling edge, hysteresis = 1%
PGOOD Output Low Voltage ISINK = TmMA 0.4 Vv
PGOOD Leakage Current High state, forced to 5.5V 1 bA

Note 2: On-Time and Off-Time specifications are measured from 50% point to 50% point at the DH pin with LX forced to OV, BST
forced to 5V, and a 250pF capacitor connected from DH to LX. Actual in-circuit times may differ due to MOSFET switching
speeds.

Note 3: Specifications from -40°C to 0°C are guaranteed but not production tested.

oooood
(7A CPU supply circuit of Figure 1, Ta = +25°C, unless otherwise noted.)
EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
(Vo = 2.0V, f = 300kHz) (Vo = 1.6V, f = 300kHz) (Vo = 1.3V, f = 300kHz)
100 = 100 3 100 3
Vi = 45V yr N ‘ Vin= 4.5V - Vin=45V -

Y/ Vi = ~ —N .
e / /(V|N=15\/7 70 / /

60 Vi =24V 60 / VN =24V 60
50 50 50

_ \/ — TN
90 — 90 Viy=7V S 90 N
80 f_ «\ 80 = / //\ [ / /A

70 ViN=15V 70

EFFICIENCY (%)
EFFICIENCY (%)
EFFICIENCY (%)

\\
N\

40 40 40
0.01 01 1 10 0.1 041 1 10 001 041 1 10
LOAD CURRENT (A) LOAD CURRENT (4) LOAD CURRENT (A)
EFFICIENCY vs. LOAD CURRENT FREQUENCY vs. LOAD CURRENT FREQUENCY vs. INPUT VOLTAGE
(Vo = 1.6V, f = 550kHz) (Vo =1.6V) (lo="7A)
100 s 350 8 320 -
Vi = 45V g g g
%0 |z 300 = | 318 £
" / /_\\ Vin = 15V, PWM MODE a6 | :
__ 250 \
B~ //—%/ ~ T | / / 5 M \“‘
= / S 200 }Vin=45V, SKIP MODE = 312 N
S S 5 N Vo=20v
= g 2 310 -
r 2 150 = Vo=16V \¢
5 = / / Vin-tv, sk mope | & 908 T
100 // 306 . \\
5 5 / 304 e
/ TON = OPEN 302 TON = OPEN
40 0 |
300
001 01 1 10 001 0.1 1 10 0o 5 10 15 20 2 3
LOAD GURRENT (4) LOAD CURRENT (4)

INPUT VOLTAGE (V)
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(7A CPU supply circuit of Figure 1, Ta = +25°C, unless otherwise noted.)
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(7A CPU supply circuit of Figure 1, Ta = +25°C, unless otherwise noted.)

MAXIMN

LOAD-TRANSIENT RESPONSE
(WITH INTEGRATOR)
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(7A CPU supply circuit of Figure 1, Ta = +25°C, unless otherwise noted.)

OUTPUT OVERLOAD WAVEFORM LOAD-TRANSIENT RESPONSE SHUTDOWN WAVEFORM
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01. MAX1710 FBO OO ODACO O U

2. MAX1711 FBO O 0O O DACO O U

D3 D2 D1 Do |, &ﬁ?ﬁw D4 | D3 | D2 | DI Do |, o?.LT’ZleJET(V)
0 0 0 0 2.00 0 0 0 0 0 2.00
0 0 0 1 1.95 0 0 0 0 1 1.95
0 0 1 0 1.90 0 0 0 1 0 1.90
0 0 1 1 1.85 0 0 0 1 1 1.85
0 1 0 0 1.80 0 0 1 0 0 1.80
0 1 0 1 1.75 0 0 1 0 1 1.75
0 1 1 0 1.70 0 0 1 1 0 1.70
0 1 1 1 1.65 0 0 1 1 1 1.65
1 0 0 0 1.60 0 1 0 0 0 1.60
1 0 0 1 1.55 0 1 0 0 1 1.55
1 0 1 0 1.50 0 1 0 1 0 1.50
1 0 1 1 1.45 0 1 0 1 1 1.45
1 1 0 0 1.40 0 1 1 0 0 1.40
1 1 0 1 1.35 0 1 1 0 1 1.35
1 1 1 0 1.30 0 1 1 1 0 1.30
1 1 1 1 1.25 0 1 1 1 1 Shutdown 3*
1 0 0 0 0 1.275
1 0 0 0 1 1.250
0000000000000 0000(TON) 1 0 0 1 0 1.005
PWMOOOODOO0ODODOOOOODOODODOOOOOOD L 0 0 L 1 1.200
000000000000 000D000000000 | 0 | 0 0 1.175
000000000000000000000000 1 0 1 0 1 1.150
000000000000000000000000 L 0 1 1 0 1.125
0000000000000 D000D0D000D00O0 1 0 1 1 1 1.100
00000v+000000000000000000 1 1 0 0 0 1.075
O0ODACODODODDOODOOONONONONONODDODDODOO 1 1 0 0 1 1.050
0000D0000000000000D00000000 1 1 0 1 0 1.025
00000000000000000D0D00D0O0000 1 1 0 1 1 1.000
0000000000000000000000200 1 1 1 0 0 0.975
0000000100000000000455kHz IFO O 1 1 1 0 1 0.950
00000000000000000D0O0000000 1 1 1 1 0 0.925
1000000000000000000000000 1 1 1 1 1 Shutdown 3*
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3. bggoooooon
SHDN | SKIP | OVP DL MODE COMMENTS

0 X High Shutdown1 | Low-power shutdown state. DL is forced to Vpp, enforcing OVP. Icc < 1pA typ.
0 X 1 Low Shutdown? Loy\(—power shutdovyn state. DL is forced to GND, disabling OVP. Icc < 1pA typ.

Exiting shutdown triggers a soft-start cycle.

Shutdown3 | DAC code = X1111 (see Table 2) DL is forced to PGND, DH is forced to LX. The
1 X X Low (MAX1711 | MAX1711 eventually goes into UVP fault mode as the load current discharges the
only) output.
Below Test mode with OVP, UVP, and thermal faults disabled and latches cleared.

1 GND X | Switching No Fault Otherwise normal operation, with automatic PWM/PFM switchover for pulse

skipping at light loads (Figure 6).

L OVP faults disabled and OVP latch cleared. Otherwise normal operation,
! X 1| Switching | No OVP | SKTB controlling PWM/PEM switchover.
Run (PWM) Low-noise operation with no automatic switchover. Fixed-frequency PWM action

1 Vce X | Switching Low Noise’ is forced regardless of load. Inductor current reverses at light load levels.

Icc draw = 750pA typ. Ipp draw = 15mA typ.

o Run Normal operation with automatic PWM/PFM switchover for pulse skipping at light

T ] GND | X ] Switching | oepiewm) | loads. e = 600UA typ. Ipp draw = load dependent.

Fault latch has been set by OVP, output UVLO, or thermal shutdown. Device will
1 X X High Fault remain in FAULT mode until Vcc power is cycled, SKIP is forced below ground,

or SHDN is toggled.

4. Jgooooooood

FREQUENCY TYPICAL

(kHz) APPLICATION COMMENT

200 4-cell Li+ notebook | Use for absolute best
CPU core efficiency.

300 4-cell Li+ notebook | Considered mainstream

CPU core by current standards.

3-cell Li+ notebook Useful in 4-cell systems

400 for lighter loads than the
CPU core CPU or where size is key.

) Good operating point for

550 +SV-input notebook compound buck designs

CPU core or desktop circuits.

Shutdown10 00D OO0O00O0O0O0Vee UvLOO OO
000000OoDLO0O0O0000000@3)000o
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oboobooomuvePOo

000000000000000000000000
0000000000000 00000000000
O00O0MAX1710000(FB)DDOOO0ODODODOO
00020msO00000070%000000PWMO
000000000VecODODOODODOOODOOSHDNO
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* DIM| MIN | MAX MIN Max

\ i A |06t [.068 [155 | 173
4@,,, E/e AL| 004 [.0098 [0102 | 0249
A2| 055 | o6t | 140 | 155
H f Y B o008 |ol2 |oa20 | 03l
f 0075 | 0098 | 0191 | 0249
SEE_VARIATIONS
N

—— X ——|

150 [457 [381 | 399

C

D

E

e 025 BSC 0.635 BSC
H | 230 244|584 6.20
h | 010 016 0.25 0.41
L

N

X

Y

o3

0l6 035 | 041 089
SEE VARIATIONS
SEE VARIATIONS

071 | 087 | 1803 [ 2209

° [ 8 [0 [
VARIATIONS:
B | | INCHES MILLIMETERS
e =—o h X 45° »‘ [~ MIN_ [ Max. | MIN | Max [N
# A2 Dli89 |19 | 480 | 498 [16]aA
[ ) m 1 s|.0020 | 0070 | 005 [oi18
L{ , f IC x|.107 (23 272 | 312
| /] D337 [.344 |8se | 874 |20[aB
‘ ‘ f N 7 [S|.0500 |.0550 | 1270 | 1397
D « le—F ‘ 0[337 [344 [sse [e74 |24ac]
Al L b= s|.0es0 [0300 | 0e35] ozee
[D].386 [.393 [980 [998 [2B]AD
NOTES: s[.oes0 [.0300 [0635] azee
X|.271 287 6.88 729

1. D & E DO NOT INCLUDE MOLD FLASH
OR PROTRUSIONS

2. MOLD FLASH OR PROTRUSIONS NOT TO -,
EXCEED .006” PER SIDE. /VI /J K I /VI
3. HEAT SLUG DIMENSIONS X AND Y APPLY ONLY PROPRIETARY (0 ORvATION
0 16 AND 28 LEAD POWER-QSOP PACKAGES. PACKAGE DUTLINE, GSOP, 1507, .025° LEAD PITCH
4. CONTROLLING DIMENSIONS: INCHES. APPROVAL OO CONTRIL NG, RV
21-0055 B | A
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