19-3626; Rev 0; 3/05

High-Speed, Step-Down Controller with
Accurate Current Limit for Notebook Computers

General Description

The MAX8764 pulse-width modulation (PWM) controller
provides high efficiency, excellent transient response,
and high-DC output accuracy needed for stepping
down high-voltage batteries to generate low-voltage
CPU core or chipset/RAM supplies in notebook com-
puters.

Maxim’s proprietary Quick-PWM™ quick-response,
constant-on-time PWM control scheme handles wide
input/output voltage ratios with ease and provides
100ns “instant-on” response to load transients while
maintaining a relatively constant switching frequency.
Efficiency is enhanced by an ability to drive very large
synchronous-rectifier MOSFETs. Accurate current sens-
ing to ensure reliable overload protection is available
using an external current-sense resistor in series with
the synchronous rectifier. Alternatively, the synchronous
rectifier itself can be used for less-accurate current
sensing at the lowest possible power dissipation. A
high-output impedance in shutdown eliminates nega-
tive output voltages, saving the cost of a Schottky diode
on the output.

Single-stage buck conversion allows the MAX8764 to
directly step down high-voltage batteries for the highest
possible efficiency. Alternatively, two-stage conversion
(stepping down the 5V system supply instead of the
battery) at a higher switching frequency allows the mini-
mum possible physical size.

The MAX8764 is intended for CPU core, chipset,
DRAM, or other low-voltage supplies as low as 1V. It is
available in 20-pin QSOP and thin QFN packages and
includes both adjustable overvoltage and undervoltage
protection.

For a dual step-down PWM controller with accurate cur-
rent limit, refer to the MAX8743 data sheet. The
MAX1714/MAX1715 single/dual PWM controllers are
similar to the MAX8764, but do not use current-sense
resistors.

Applications

Notebook Computers

CPU Core Supplies

Chipset/RAM Supplies as Low as 1V
1.8V and 2.5V Supplies

Quick-PWM is a trademark of Maxim Integrated Products, Inc.

Pin Configurations appear at end of data sheet.

MAXI
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Features

Ultrahigh Efficiency

Accurate Current-Limit Option

Quick-PWM with 100ns Load-Step Response
1% VouT Accuracy Over Line and Load

1.8V/2.5V Fixed or 1V to 5.5V Adjustable Output
Range

2V to 28V Battery Input Range
200/300/450/600kHz Switching Frequency
Adjustable Overvoltage Protection
Adjustable Undervoltage Protection
1.7ms Digital Soft-Start

Drives Large Synchronous-Rectifier FETs
2V +1% Reference Output

Power-Good Window Comparator

Ordering Information

* & & o o

@ & & 6 O o o o

PART TEMP RANGE PIN-PACKAGE
MAX8764EEP -40°C to +85°C 20 QSOP
MAX8764EEP+ -40°C to +85°C 20 QSOP
MAX8764ETP -40°C to +85°C 20 Thin QFN
MAX8764ETP+ -40°C to +85°C 20 Thin QFN

+Denotes lead-free package.

Minimal Operating Circuit

BATTERY
4.5V 7028V
SVINPUT

Vee Vo
SHDN Vi
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um BT

DH QUTPUT
MAXIM 25y

MAX8764
REF LX

DL

PGOOD  CS

LATCH
ovp
FB

4 Hh

ouT

SKIP

(<)
=
o

i1

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX8764

High-Speed, Step-Down Controller with
Accurate Current Limit for Notebook Computers

ABSOLUTE MAXIMUM RATINGS

VA 10 GND o -0.3V to +28V REF Short Circuit to GND ......ooovviiiiiiiciieccc Continuous
Ve, VODtoO GND v -0.3V to +6V Continuous Power Dissipation (Ta = +70°C)
OUT, PGOOD, SHDN to GND........ -0.3V to +6V 20-Pin QSOP (derate 9.1mW/°C above +70°C)........... 727mW
FB, ILIM, LATCH, OVP, REF, SKIP, 20-Pin 5mm x 5mm Thin QFN (derate 20.0mW/°C

TON, UVP to GND -0.3V to (Ve + 0.3V) ADOVE +70°%C) ..ot 1.60W
BSTHOGND ...ooiiiiiiiiicceee e -0.3V to +34V Operating Temperature Range .......... -40°C to +85°C
CSHOGND ..o -6V to +30V Junction TemMPerature ..........ccoocvveiiiriiiiiiie e +150°C
DLto GND............ -0.3V to (Vpp + 0.3V) Storage Temperature Range............... -65°C to +150°C
DHto LX............... -0.3V to (BST + 0.3V) Lead Temperature (soldering, 10S) .......ccocevviiiiiiiiieenn. +300°C

LX IO BST o -6V to +0.3V

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, V+ = 15V, Vcc = Vpp = 5V, SKIP = LATCH = GND, Ta = 0°C to +85°C, unless otherwise noted. Typical values
are at Ta = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Battery voltage, V+ 2 28
Input Voltage Range Vv
Vce ., Vbb 45 5.5
FB = OUT 0.99 1.01
(E[r)rgrocu?;nu?a\/rglttc;rgzhfcschuorfcy> \S/;I; 4‘3\/ 1028V, [eg_ GND 2475 25 2525 v
(Note 1) - ree FB = Ve 1,782 1.8 1.818
Load Regulation Error lLoaD = 0to 3A, SKIP = Vcc 9 mV
Line Regulation Error Vcoc =4.5V105.5V, V+ = 4.5V to 28V 5 mV
FB Input Bias Current -0.1 +0.1 pA
Output Adjustment Range 1.0 55 \
) FB = GND 90 190 350
OUT Input Resistance - kQ
FB = V¢ or adjustable feedback mode 70 145 270
Soft-Start Ramp Time Rising edge of SHDN to full current limit 1.7 ms
TON = GND (600kHz) 140 160 180
, Ve =24V, TON = REF (450kHz) 175 200 205
On-Time Vout =2V ns
(Note 2) TON = unconnected (300kHz) 260 290 320
TON = Vcc (200kHz) 380 425 470
Minimum Off-Time (Note 2) 400 500 ns
Quiescent Supply Current (Vcc)  |FB forced above the regulation point 550 800 pA
Quiescent Supply Current (Vpp)  |FB forced above the regulation point <1 5 pA
Quiescent Supply Current (V+) 25 40 pA
Shutdown Supply Current (Vcc) | SHDN = GND <1 5 PA
Shutdown Supply Current (Vpp) | SHDN = GND <1 5 LA
Shutdown Supply Current (V+) SHDN = GND, V+ = 28V, Vcc = Vpp = 0 or 5V <1 5 pA
Reference Voltage Vce = 4.5V to 5.5V, no external REF load 1.98 2.00 2.02 )
Reference Load Regulation IREF = O to 50pA 0.01 \
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High-Speed, Step-Down Controller with
Accurate Current Limit for Notebook Computers

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, V+ = 15V, Vcc = Vpp = 5V, SKIP = LATCH = GND, Ta = 0°C to +85°C, unless otherwise noted. Typical values

are at Ta = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
REF Sink Current REF in regulation 10 pA
REF Fault Lockout Voltage Falling edge, hysteresis = 40mV 1.6 \
Overvoltage Trip Threshold With respect to error comparator threshold, no load 12 145 17 o
(Fixed-Threshold Mode) OVP = GND, rising edge, hysteresis = 1% ’ °
External feedback, measureld at FB with respe;t to .30 +30 mv
Vovp, 1V < Vovp < 1.8V, rising edge, hysteresis =1%
Overvoltage Comparator Offset
(Adjustable-Threshold Mode) Internal feedback, measured at OUT with respect to the
nominal OUT regulation voltage, 1V < Vovp < 1.8V, -3.5 +3.5 %
rising edge, hysteresis = 1%
OVP Input Leakage Current 1V < Vovyp < 1.8V -100 0 +100 nA
Overvoltage Fault FB forced 2% above trip threshold 1.5 us
Propagation Delay
Output Undervoltage Protection
Trip Threshold (Fixed-Threshold With respect to error comparator threshold, UVP = Vcc 65 70 75 %
Mode)
) External feedback, measured at FB with respect to 40 +40 my
Output Undervoltage Protection VUuvp, 0.4V < Vuyp < 1V
Trip Threshold (Adjustable-
Threshold Mode) Internal feedback, measured at OUT with respect to the 5 +5 %
nominal OUT regulation voltage, 0.4V < Vyvp < 1V °
UVP Input Leakage Current 0.4V < Vyyp < 1V -100 <1 +100 nA
Outpgt Ungervoltage Protection 1y rising edge of SHDN 10 30 ms
Blanking Time
PGOOD Trip Threshold (Lower) With respect to error comparator threshold, no load -12.5 -10 -8.0 %
PGOOD Trip Threshold (Upper) | With respect to error comparator threshold, no load 8.0 10 12,5 %
PGOOD Propagation Delay FB forced 2% beyond PGOOD trip threshold, falling 10 us
PGOOD Output Low Voltage ISINK = TMA 0.4 Vv
PGOOD Leakage Current High state, forced to 5.5V 1 HA
ILIM Adjustment Range 0.25 3.00 Vv
Current-Limit Threshold (Fixed) GND - V¢s, ILIM = Vce 90 100 110 mV
_Limi \ =0.5V 40 50 60
Current Limit Threshold GND - Ves ILIM "y
(Adjustable) ViLim = 2V 170 200 230
Current-Limit Threshold S o
(Negative Direction) GND - V¢s, SKIP = Ve, ILIM = Ve, Ta = +25°C 140 117 95 mV
Current-Limit Threshold =5
ND -V KIP = GND V
(Zero Crossing) G cs S G 8 m
Thermal Shutdown Threshold Hysteresis = 10°C +150 °C
Vcc Undervoltage Rising edge, hysteresis = 20mV, 41 44 v
Lockout Threshold PWM disabled below this level ’ '
MAXIV 3
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MAX8764

High-Speed, Step-Down Controller with
Accurate Current Limit for Notebook Computers

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

are at Ta = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
- MAX8764EEP 1.5 5
DH Gate-Driver On-Resistance BST - LXforced to 5V Q
(Note 4) MAX8764ETP 1.5 6
i MAX8764EEP 1.5 5
DL Gate-Driver On-Resistance DL, high state Q
(Note 4) MAX8764ETP 15 6
MAX8764EEP 0.5 1.7
DL Gate-Driver On-Resistance DL, low state Q
(Note 4) MAX8764ETP 0.5 2.7
DH Gate-Driver Source/Sink DH forced to 2.5V, BST-LX forced to 5V 1 A
Current
DL Gate-Driver Source Current DL forced to 2.5V 1 A
DL Gate-Driver Sink Current DL forced to 5V 3 A
) DL rising 35
Dead Time — ns
DH rising 26
Logic Input High Voltage LATCH, SHDN, SKIP 2.4 \
Logic Input Low Voltage LATCH, SHDN, SKIP 0.8 \
Logic Input Current LATCH, SHDN, SKIP -1 +1 pA
Dual Mode™ Threshold, Low OVP, UVP, FB 0.15 0.20 0.25 \Y
OVP, UVP Vee-1.5 Vcec-0.4
Dual Mode Threshold, High ce ce v
FB 1.9 2.0 2.1
TON Ve Level Vce -0.4 Vv
TON Float Voltage 3.15 3.85 \
TON Reference Level 1.65 2.35 \
TON GND Level 0.5 Vv
TON Input Current Forced to GND or Vcc -3 +3 pA
ILIM Input Leakage Current -100 0 +100 nA

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

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Battery voltage, V+ 2 28
Input Voltage Range \
Vce, VbD 4.5 55
V+ = 4.5V to 28V, FB = OUT 0.985 1.015
Error Comparator Threshold SKIP = Voo FB = GND 5 462 5538 v
(DC Output Voltage Accuracy)
(Note 1) FB = Vcc 1.773 1.827
TON = GND (600kHz) 140 180
_ Vi =24V, TON = REF (450kHz) 175 205
On-Time Vout = 2V ns
(Note 2) TON = Unconnected (300kHz) 260 320
TON = Vcc (200kHz) 380 470

Dual Mode is a trademark of Maxim Integrated Products, Inc.

4

MAXIN




High-Speed, Step-Down Controller with
Accurate Current Limit for Notebook Computers

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

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Minimum Off-Time (Note 2) 500 ns
Quiescent Supply Current (Vce) FB forced above the regulation point 800 pA
Quiescent Supply Current (Vpp) FB forced above the regulation point 5 uA
Quiescent Supply Current (V+) Measured at V+ 40 PA
Shutdown Supply Current (Vcc) | SHDN = GND 5 PA
Shutdown Supply Current (Vpp) | SHDN = GND 5 PA
Shutdown Supply Current (V+) SHDN = GND, V+ = 28V, Vcc = Vpp = 0 or 5V 5 pA
Reference Voltage Vce = 4.5V to 5.5V, no external REF load 1.98 2.02 V
Overvoltage Trip Threshold With respect to error comparator threshold, no load 12 17 %
(Fixed-Threshold Mode) OVP = GND, rising edge, hysteresis = 1%
External feedback, meaggred at FB with respect to .30 +30 my
Overvoltage Comparator Offset Vovp, 1V < Vovp 1.8V, rising edge, hysteresis = 1%
(Adjustable-Threshold Mode) Internal feedback, measured at OUT with respect to the o
nominal OUT regulation voltage, 1V < Voyp < 1.8V 35 +35 %
Output Undervoltage Protection .
TrippThreshold (Fixid Threshold \L’JV\'}E rzef/iecd to error comparator threshold, 65 70 75 %
Mode)
Ogtput Undervoltage Protection Measured at FB/OUT with respect to Vyyp; 0.4V < Vyyp 5 +5 %
Trip Threshold (Adjustable Mode) | < 1.0V
PGOOD Tip Threshold (Lower) | (" °5Pect 1o rror comparlor hreshald, roload | 5 5 75 |
PGOOD Trip Threshold (Upper) \(’)V'Lt; :?SSIESC;;Zsrfyrs‘t’é’r@g:rjt?;hreSho'd' no load 75 125 %
PGOOD Output Low Voltage ISINK = TMA 0.4 V
PGOOD Leakage Current High state, forced to 5.5V 1 pA
Current-Limit Threshold (Fixed) GND - V¢s, ILIM = Vce 85 115 mV
Current-Limit Threshold GND - Vcs, ViLim = 0.5V 35 65 Iy
(Adjustable) GND - V¢s, ViLim = 2V 160 240
Vce Undervoltage Rising edge, hysteresis = 20mV, 41 44 v
Lockout Threshold PWM disabled below this level
Logic Input High Voltage LATCH, SHDN, SKIP 2.4 \
Logic Input Low Voltage LATCH, SHDN, SKIP 0.8 \%
Logic Input Current LATCH, SHDN, SKIP -1 +1 pA

Note 1: When the inductor is in continuous conduction, the output voltage has a DC regulation level higher than the error compara-
tor threshold by 50% of the ripple. In discontinuous conduction (SKIP = GND, light load), the output voltage has a DC regu-

lation level higher than the trip level by approximately 1.5% due to slope compensation.

Note 2: On-time and off-time specifications are measured from 50% point to 50% point at the DH pin with LX = GND, VBsT = 5V,
and a 250pF capacitor connected from DH to LX. Actual in-circuit times may differ due to MOSFET switching speeds.

Note 3: Specifications to -40°C are guaranteed by design, not production tested.

Note 4: Production testing limitations due to package handling require relaxed maximum on-resistance specifications for the thin
QFN package. The MAX8764EEP and MAX8764ETP contain the same die and the thin QFN package imposes no additional

resistance in-circuit.

MAXIM
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MAX8764

High-Speed, Step-Down Controller with
Accurate Current Limit for Notebook Computers

Typical Operating Characteristics
(Circuit of Figure 1, VN = 15V, SKIP = LATCH = GND, TON = unconnected, Ta = +25°C, unless otherwise noted.)

EFFICIENCY vs. LOAD CURRENT FREQUENCY vs. LOAD CURRENT FREQUENCY vs. INPUT VOLTAGE
100 - 350 — 5 320 -
E Vi =7V, SKIP = Ve E £
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= el > 200 =
20 [/ Vin =12V z 2 30 — —
= / Vi =20V 3 150 I~ S 7 ™~
s 75 & 7 & N
100 /| Vi =7V, SKIP = GND ||
0 4 290 ILoap=1A |
65 50 "g_,: * —
= Vi =15V, SKIP = GND
60 0 == w 280
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LOAD CURRENT (A) LOAD CURRENT (A) INPUT VOLTAGE (V)
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290 0 0
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TEMPERATURE (°C) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
NORMALIZED OVERVOLTAGE OVERVOLTAGE TRIP THRESHOLD
CURRENT LIMIT vs. TEMPERATURE TRIP THRESHOLD vs. Voyp vs. TEMPERATURE
6 N 18 ‘ ‘ o 120 g
2 OVERVOLTAGE TRIP THRESHOLD £ H
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E < B g 118 =
. = 16 %
< 5 > &
= é = 116
= = £
£ =] & 114
oc = =
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5 12 =
= / £ 112
3 1.0 10
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SUPPLY CURRENT (mA)

High-Speed, Step-Down Controller with
Accurate Current Limit for Notebook Computers

(Circuit of Figure 1, VN = 15V, SKIP = LATCH = GND, TON = unconnected, Ta = +25°C, unless otherwise noted.)

NO-LOAD SUPPLY CURRENT
vs. INPUT VOLTAGE (PWM MODE)
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Typical Operating Characteristics (continued)
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MAX8764

High-Speed, Step-Down Controller with
Accurate Current Limit for Notebook Computers

Pin Description

PIN

QsoP

THIN
QFN

NAME

FUNCTION

18

CS

Current-Sense Input. Connect a low-value, current-sense resistor between CS and GND for accurate
current sensing. For lower power dissipation (less accurate) current sensing, connect CS to LX to
use the synchronous rectifier as the sense resistor. The PWM controller does not begin a cycle
unless the current sensed at CS is less than the current-limit threshold programmed at ILIM.

19

LATCH

Overvoltage Protection Latch Control Input. The synchronous rectifier MOSFET is always forced to
the ON state when an overvoltage fault is detected. If LATCH is low, the synchronous rectifier
remains on until either OVP is brought high, or Vcc is cycled below 1V. If LATCH is high, the fault
protections (UVP and OVP) are disabled.

20

Shutdown Control Input. Drive SHDN to GND to force the MAX1844 into shutdown. Drive or connect
to Ve for normal operation. A rising edge on SHDN clears the overvoltage and undervoltage
protection fault latches.

OvP

Overvoltage Protection Control Input. An overvoltage fault occurs if the internal or external feedback
voltage exceeds the voltage at OVP. Apply a voltage between 1V and 1.8V to set the overvoltage
limit between 100% and 180% of nominal output voltage. Connect to GND to assert the default
overvoltage limit at 114% of the nominal output voltage. Connect OVP or LATCH to Vg to disable
overvoltage fault detection and clear the overvoltage protection fault latch.

FB

Feedback Input. Connect to Ve for a 1.8V fixed output or to GND for a 2.5V fixed output. For an
adjustable output (1V to 5.5V), connect FB to a resistive divider from the output voltage. The FB
regulation level is 1V.

ouT

Output-Voltage Sense Connection. Connect directly to the junction of the external output filter
capacitors. OUT senses the output voltage to determine the on-time for the high-side switching
MOSFET. OUT also serves as the feedback input in fixed-output modes.

ILIM

Current-Limit Threshold Adjustment. The current-limit threshold at CS is 0.1 times the voltage at ILIM.
Connect ILIM to a resistive divider (typically from REF) to set the current-limit threshold between
25mV and 300mV (with 0.25V to 3V at ILIM). Connect to Ve to assert the 100mV default current-limit
threshold.

REF

2V Reference Voltage Output. Bypass to GND with a 0.22uF (min) bypass capacitor. Can supply
50pA for external loads. Reference turns off in shutdown.

UVvP

Undervoltage Protection Control Input. An undervoltage fault occurs if the internal or external
feedback voltage is less than the voltage at UVP. Apply a voltage between 0.4V and 1V to set the
undervoltage limit between 40% and 100% of the nominal output voltage. Connect to Vcc to assert
the default undervoltage limit of 70% of the nominal output voltage. Connect UVP to GND or LATCH
to Vcc to disable undervoltage fault detection and clear the undervoltage protection latch.

10

PGOOD

Power-Good, Open-Drain Output. PGOOD is low when the output voltage is more than 10% above or
below the normal regulation point or during soft-start. PGOOD is high impedance when the output is
in regulation and the soft-start circuit has terminated. PGOOD is low in shutdown.

11

GND

Analog and Power Ground

12

DL

Synchronous Rectifier Gate-Driver Output. Swings from GND to Vpp.

13

10

VbD

Supply Input for the DL Gate Drive. Connect to the system supply voltage, 4.5V to 5.5V. Bypass to
GND with a 1pF (min) ceramic capacitor.

MAXIN




High-Speed, Step-Down Controller with
Accurate Current Limit for Notebook Computers

Pin Description (continued)

PIN

THIN | NAME FUNCTION
QSOP QFN

Analog Supply Input. Connect to the system supply voltage, 4.5V to 5.5V, with a series 20Q resistor.

14 11 Ve . . : .
Bypass to GND with a 1pF (min) ceramic capacitor.
On-Time Selection-Control Input. This four-level logic input sets the nominal DH on-time. Connect to

15 12 TON GND, REF, Vcc, or leave TON unconnected to select the following nominal switching frequencies:
GND = 600kHz, REF = 450kHz, floating = 300kHz, and Vcc = 200kHz.

16 13 Vo Battery-Voltage Sense Connection. Connect to input power source. V+ is used only to set the PWM
one-shot timing.

17 14 SKIP Pulse-Skipping Control Input. Connect to V¢ for low-noise, forced-PWM mode. Connect to GND to
enable pulse-skipping operation.

18 15 BST Boost Flying-Capacitor Connection. Connect to an external capacitor and diode according to the
Standard Application Circuit (Figure 1). See the MOSFET Gate Drivers (DH, DL) section.
External Inductor Connection. Connect LX to the switched side of the inductor. LX serves as the

19 16 LX . . . .
lower supply rail for the DH high-side gate driver.

20 17 DH High-Side Gate-Driver Output. Swings from LX to BST.

Table 1. Component Selection for
Standard Applications

Table 2. Component Suppliers

VI9L8XVIN

Q1 High-Side MOSFET

Fairchild Semiconductor
1/2 FDS6982A

Q2 Low-Side MOSFET

Fairchild Semiconductor
1/2 FDS6982A

RSENSE

0.015Q +1%, 0.5W resistor
IRC LR2010-01-RO15F or
Dale WSL-2010-R0O15F

MAXIM

Standard Application Circuit

The standard application circuit (Figure 1) generates a
2.5V rail for general-purpose use in a notebook computer.

See Table 1 for component selections. Table 2 lists com-

ponent manufacturers.

SUPPLIER USA PHONE FACTORY FAX

COMPONENT 2.5V AT 4A Coilcraft 847-639-6400 1-847-639-1469

104F, 25V Dale-Vishay 203-452-5664 1-203-452-5670

C1 Input Capacitor Taiyo Yuden TMK432BJ106KM or Fairchild 408-822-2181 1-408-721-1635

TDK C4532X5R1E106M IRC 800-752-8708 1-828-264-7204

3304F, 6V Kemet 408-986-0424 1-408-986-1442

C2 Output Capacitor Kemet T510X477108MO0BAS or NIEC (Nihon) 805-867-2555" 81-3-3494-7414

Sanyo 6TPB330M Sanyo 619-661-6835 81-7-2070-1174

D1 Schottky Nihon EP10QY03 Sumida 847-956-0666 81-3-3607-5144

4.7uH Taiyo Yuden 408-573-4150 1-408-573-4159

L1 Inductor Coilcraft DO33116P-682 or TDK 847-390-4461 1-847-390-4405
Sumida CDRH124-4R7MC *Distributor




MAX8764

High-Speed, Step-Down Controller with
Accurate Current Limit for Notebook Computers

VIN
7VT0 20V
5V
c5 C6
BIAS SUPPLY 1
4.7}1F 200 3.3}1F C1
e\ ] }l 10uF
1] !L L+
D2 —
Vee Voo CMPSH-3
uvp
_ v
ON/OFF * BST
CONTROL —— 1 SAON DH
LOW-NOISE ——— &xp
CONTROL
MAXIN
MAX8764
LX
ILIM DL
cS
ovp
TON _
] LATCH
REF out —
c4
270k 0.22uF
GND v
130kQ2 R2
1 100kQ
— - POWER-GOOD
PGOOD INDICATOR
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Figure 1. Standard Application Circuit

Detailed Description

The MAX8764 buck controller is targeted for low-voltage
power supplies for notebook computers. Maxim’s propri-
etary Quick-PWM pulse-width modulator in the MAX8764
is specifically designed for handling fast load steps while
maintaining a relatively constant operating frequency
and inductor operating point over a wide range of input
voltages. The Quick-PWM architecture circumvents the
poor load-transient timing problems of fixed-frequency,
current-mode PWMs while also avoiding the problems
caused by widely varying switching frequencies in con-
ventional constant-on-time and constant-off-time PWM
schemes.
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5V Bias Supply (Vcc and Vpp)
The MAX8764 requires an external 5V bias supply in
addition to the battery. Typically, this 5V bias supply is
the notebook’s 95% efficient 5V system supply. Keeping
the bias supply external to the IC improves efficiency
and eliminates the cost associated with the 5V linear reg-
ulator that would otherwise be needed to supply the
PWM circuit and gate drivers. If stand-alone capability is
needed, the 5V supply can be generated with an exter-
nal linear regulator such as the MAX1615.

The battery and 5V bias inputs can be connected
together if the input source is a fixed 4.5V to 5.5V supply.
If the 5V bias supply is powered up prior to the

MAXIN
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Figure 2. MAX8764 Functional Diagram

battery supply, the enable signal (SHDN) must be
delayed until the battery voltage is present to ensure
startup. The 5V bias supply provides Vcc and gate-drive
power, so the maximum current drawn is:

IBIAS = IcC + f (QG1 + QG2) = 5mA to 30mA (typ)

where Icc is 550pA (typ), f is the switching frequency,
and Qg1 and Qg2 are the MOSFET data sheet total
gate-charge specification limits at Vgs = 5V.

MAXIM

Free-Running, Constant-On-Time PWM
Controller with Input Feed-Forward

The Quick-PWM control architecture is a pseudo-fixed-fre-
quency, constant-on-time, on-demand PWM with voltage
feed-forward (Figure 2). This architecture relies on the out-
put filter capacitor's ESR to act as a current-sense resistor,
so the output ripple voltage provides the PWM ramp sig-
nal. The control algorithm is simple: the high-side switch
on-time is determined solely by a one-shot whose pulse

11
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Table 3. Operating Mode Truth Table

SHDN | SKIP DL MODE COMMENTS
Shutdown, output UVP fault, .

0 X Low thermal shutdown, UVLO Low-power shutdown state. DL is forced to GND. Icc < 1A typ.
Low-noise operation with no automatic switchover. Fixed-frequency

1 Vce | Switching Run (PWM), low noise PWM action is forced regardless of load. Inductor current reverses at
light-load levels. Low noise. High Iq.

o Normal operation with automatic PWM/PFM switchover for pulse

! GND | Switching Run (PFM/PWM) skipping at light loads. Best light-load efficiency.

1 X High Fault Fault latch has bgen set by ovgrvoltage protection. Device remains in
FAULT mode until Vcc power is cycled.

Table 4. Frequency Selection Guidelines

FREQUENCY TYPICAL
(kHz) APPLICATION COMMENTS
200 . Use for absolute best
TON = Vee 4-cell Li+ notebook efficiency.
300 4-cell Li+ notebook Considered mainstream
TON = Floating by current standards.
Useful in 3-cell systems
450 . for lighter loads than the
TON = REF 3-cell Li+ notebook CPU core or where size is

key.

Good operating point for
compound buck designs
or desktop circuits.

600

TON = GND +5V input

width is inversely proportional to input voltage and directly
proportional to output voltage. Another one-shot sets a
minimum off-time (400ns typ). The on-time, one-shot is
triggered if the error comparator is low, the low-side switch
current is below the current-limit threshold, and the mini-
mum off-time, one-shot has timed out.

On-Time One-Shot (TON)
The heart of the PWM core is the one-shot that sets the
high-side switch on-time. This fast, low-jitter, adjustable
one-shot includes circuitry that varies the on-time in
response to battery and output voltage. The high-side
switch on-time is inversely proportional to the battery
voltage as measured by the V+ input, and proportional
to the output voltage. This algorithm results in a nearly
constant switching frequency despite the lack of a fixed-
frequency clock generator. The benefits of a constant
switching frequency are twofold: first, the frequency can
be selected to avoid noise-sensitive regions such as the
455kHz IF band; second, the inductor ripple-current
operating point remains relatively constant, resulting in

12

easy design methodology and predictable output volt-
age ripple. The on-time is given by:

On-Time = K (VouT + 0.075V) / VIN

where K (switching period) is set by the TON pin-strap
connection (Table 4), and 0.075V is an approximation to
accommodate for the expected drop across the low-side
MOSFET switch. One-shot timing error increases for the
shorter on-time settings due to fixed propagation delays;
it is approximately £12.5% at 600kHz and 450kHz, and
+10% at the two slower settings. This translates to
reduced switching-frequency accuracy at higher frequen-
cies (Table 5). Switching frequency increases as a func-
tion of load current due to the increasing drop across the
low-side MOSFET, which causes a faster inductor-current
discharge ramp. The on-times guaranteed in the
Electrical Characteristics are influenced by switching
delays in the external high-side power MOSFET.

Two external factors that influence switching-frequency
accuracy are resistive drops in the two conduction loops
(including inductor and PC board resistance) and the
dead-time effect. These effects are the largest contribu-
tors to the change of frequency with changing load cur-
rent. The dead-time effect increases the effective
on-time, reducing the switching frequency as one or
both dead times are added to the effective on-time. It
occurs only in PWM mode (SKIP = high) when the induc-
tor current reverses at light or negative load currents.
With reversed inductor current, the inductor’'s EMF caus-
es LX to go high earlier than normal, extending the on-
time by a period equal to the low-to-high dead time.

For loads above the critical conduction point, the actual
switching frequency is:

¢_ _Vour + Vbropf
ton(ViN + VDroP2)
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Figure 3. Pulse-Skipping/Discontinuous Crossover Point

where VDROP1 is the sum of the parasitic voltage drops
in the inductor discharge path, including synchronous
rectifier, inductor, and PC board resistances; VDROP2 is
the sum of the resistances in the charging path, and toN
is the on-time calculated by the MAX8764.

Automatic Pulse-Skipping Switchover
In skip mode (SKIP low), an inherent automatic
switchover to PFM takes place at light loads (Table 3).
This switchover is affected by a comparator that trun-
cates the low-side switch on-time at the inductor current’s
zero crossing. This mechanism causes the threshold
between pulse-skipping PFM and nonskipping PWM
operation to coincide with the boundary between continu-
ous and discontinuous inductor-current operation (also
known as the “critical conduction” point; see the
Continuous-to-Discontinuous Inductor Current vs. Input
Voltage graph in the Typical Operating Characteristics).
In low-duty-cycle applications, this threshold is relatively
constant, with only a minor dependence on battery
voltage.

KVout . Mn-Vourt
2L VN

where K is the on-time scale factor (Table 5). The load-
current level at which PFM/PWM crossover occurs,
ILOAD(SKIP), is equal to 1/2 the peak-to-peak ripple cur-
rent, which is a function of the inductor value (Figure 3).
For example, in the Standard Application Circuit with
K = 3.3us (Table 5), Vout = 2.5V, VN = 15V, and L =
6.8uH, switchover to pulse-skipping operation occurs at
ILoaD = 0.51A or about 1/8 full load. The crossover point
occurs at an even lower value if a swinging (soft-satura-
tion) inductor is used.

The switching waveforms may appear noisy and asyn-
chronous when light loading causes pulse-skipping
operation, but this is a normal operating condition that

ILOAD(SKIP) =

MAXIM

Figure 4. “Valley” Current-Limit Threshold Point

results in high light-load efficiency. Trade-offs in PFM
noise vs. light-load efficiency are made by varying the
inductor value. Generally, low inductor values produce a
broader efficiency vs. load curve, while higher values
result in higher full-load efficiency (assuming that the coil
resistance remains fixed) and less output voltage ripple.
Penalties for using higher inductor values include larger
physical size and degraded load-transient response
(especially at low-input voltage levels).

DC output accuracy specifications refer to the threshold
of the error comparator. When the inductor is in continu-
ous conduction, the output voltage has a DC regulation
level higher than the trip level by 50% of the ripple. In
discontinuous conduction (SKIP = GND, light load), the
output voltage has a DC regulation level higher than the
error-comparator threshold by approximately 1.5% due
to slope compensation.

Forced-PWM Mode (SKIP = High)
The low-noise, forced-PWM mode (SKIP = high) disables
the zero-crossing comparator, which controls the low-
side switch on-time. This causes the low-side gate-drive
waveform to become the complement of the high-side
gate-drive waveform. This in turn causes the inductor
current to reverse at light loads while DH maintains a
duty factor of VouT/VIN. The benefit of forced-PWM
mode is to keep the switching frequency fairly constant,
but it comes at a cost: the no-load battery current can be
10mA to 40mA, depending on the external MOSFETSs.

Forced-PWM mode is most useful for reducing audio-
frequency noise, improving load-transient response, pro-
viding sink-current capability for dynamic output voltage
adjustment, and improving the cross-regulation of
multiple-output applications that use a flyback trans-
former or coupled inductor.
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Current-Limit Circuit (ILIM)
The current-limit circuit employs a unique “valley” cur-
rent-sensing algorithm (Figure 4). If the magnitude of the
current-sense voltage at CS is above the current-limit
threshold, the PWM is not allowed to initiate a new cycle.
The actual peak current is greater than the current-limit
threshold by an amount equal to the inductor ripple cur-
rent. Therefore, the exact current-limit characteristic and
maximum load capability are a function of the sense
resistance, inductor value, and battery voltage.

There is also a negative current limit that prevents exces-
sive reverse inductor currents when VouT is sinking cur-
rent. The negative current-limit threshold is set to
approximately 120% of the positive current limit and
therefore tracks the positive current limit when ILIM is
adjusted.

The current-limit threshold is adjusted with an external
resistor-divider at ILIM. A 1pA (min) divider current is
recommended. The current-limit threshold adjustment
range is from 256mV to 300mV. In the adjustable mode,
the current-limit threshold voltage is precisely 1/10 the
voltage seen at ILIM. The threshold defaults to 100mV
when ILIM is connected to Vcc. The logic threshold for
switchover to the 100mV default value is approximately
Vce - 1V.

Carefully observe the PC board layout guidelines to
ensure that noise and DC errors do not corrupt the cur-
rent-sense signal seen by CS. Mount or place the IC
close to the low-side MOSFET and sense resistor with
short, direct traces, making a Kelvin sense connection to
the sense resistor.

In Figure 1, the Schottky diode (D1) provides a current
path parallel to the Q2/RSeNSE current path. Accurate
current sensing demands D1 to be off while Q2 con-
ducts. Avoid large current-sense voltages that, com-
bined with the voltages across Q2, would allow D1 to
conduct. If very large sense voltages are used, connect
D1 in parallel with Q2.

MOSFET Gate Drivers (DH, DL)
The DH and DL drivers are optimized for driving moder-
ate-sized high-side, and larger low-side power
MOSFETs. This is consistent with the low duty factor
seen in the notebook environment, where a large VBATT -
VouT differential exists. An adaptive dead-time circuit
monitors the DL output and prevents the high-side FET
from turning on until DL is fully off. There must be a low-
resistance, low-inductance path from the DL driver to the
MOSFET gate for the adaptive dead-time circuit to work
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Figure 5. Reducing the Switching-Node Rise Time

properly; otherwise, the sense circuitry in the MAX8764
interprets the MOSFET gate as “off” while there is actual-
ly still charge left on the gate. Use very short, wide traces
measuring no more than 20 squares (50 mils to 100 mils
wide if the MOSFET is 1in from the MAX8764).

The dead time at the other edge (DH turning off) is deter-
mined by a fixed 35ns (typ) internal delay.

The internal pulldown transistor that drives DL low is
robust, with a 0.5Q (typ) on-resistance. This helps pre-
vent DL from being pulled up during the fast rise time of
the inductor node, due to capacitive coupling from the
drain to the gate of the low-side synchronous-rectifier
MOSFET. However, for high-current applications, there
are still some combinations of high- and low-side FETs
that will cause excessive gate-drain coupling, which can
lead to efficiency-killing, EMI-producing, shoot-through
currents. This is often remedied by adding a resistor in
series with BST, which increases the turn-on time of the
high-side FET without degrading the turn-off time
(Figure 5).

POR, UVLO, and Soft-Start
Power-on reset (POR) occurs when Vcc rises above
approximately 2V, resetting the fault latch and soft-start
counter, and preparing the PWM for operation. Until Vcc
reaches 4.2V, Vcc undervoltage lockout (UVLO) circuitry
inhibits switching. DL is held low. When Vcc rises above
4.2V, an internal digital soft-start timer begins to ramp up
the maximum allowed current limit. The ramp occurs in
five steps: 20%, 40%, 60%, 80%, and 100%; 100% cur-
rent is available after 1.7ms £50%.
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Power-Good Output (PGOOD)
The PGOOD window comparator continuously monitors
the output. PGOQOD is actively held low in shutdown,
standby, and soft-start. After digital soft-start terminates,
PGOOD is released if the output is within 10% of the
nominal output voltage setting. Note that the PGOOD
window detector is completely independent of the over-
voltage and undervoltage protection fault detectors.

Output Overvoltage Protection
OVP controls the output overvoltage protection func-
tion. Connect OVP to Vcc or LATCH to Vcc to disable
overvoltage protection. If overvoltage protection is
enabled (OVP < 1.8V, LATCH = GND), the output is
continuously monitored. If the output exceeds the over-
voltage protection threshold, overvoltage protection is
triggered and the DL low-side gate-driver output is
forced high. This turns on the low-side MOSFET switch
to rapidly discharge the output capacitor and reduce
the output voltage.

If LATCH is high, the overvoltage protection is dis-
abled. If LATCH is low, the DL gate-driver output
remains high until OVP is driven to Vcc, or Vcc is
cycled below 1V. When the condition that caused the
overvoltage persists (such as a shorted high-side MOS-
FET), the battery fuse opens.

Note that forcing DL high causes the output voltage to
go slightly negative when energy has been previously
stored in the LC tank circuit (see the output overvoltage
waveforms in the Typical Operating Characteristics). If
the load cannot tolerate being forced to a negative volt-
age, it may be desirable to place a power Schottky
diode across the output to act as a reverse-polarity
clamp.

Output Undervoltage Protection
UVP controls the output undervoltage protection func-
tion. Connect UVP to GND or LATCH to Vcc to disable
undervoltage protection. The output undervoltage pro-
tection function is similar to foldback current limiting but
employs a timer and latch rather than a variable current
limit. If the output voltage is below the undervoltage pro-
tection threshold after the output undervoltage protection
blanking time has elapsed, the PWM is latched off, DL is
pulled low, and the controller does not restart until Vcc
power is cycled. SHDN is toggled, or UVP is pulled
below 0.4V.

Connect UVP to Vcc to enable the default undervoltage
trip threshold of 70% of nominal. To select a different
threshold, drive UVP to a voltage between 0.4V and 1V
for a threshold betw