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Digital Camera Step-Down

General Description

The MAX1802 provides a complete power-supply solu-
tion for digital still cameras and video cameras by inte-
grating two high-efficiency step-down DC-DC converters
and three auxiliary step-up controllers. This complete
solution is targeted for applications that use either three
to four alkaline cells or two lithium-ion (Li+) cells.

The main step-down DC-DC controller accepts inputs
from 2.5V to 11V and regulates a resistor-adjustable out-
put from 2.7V to 5.5V. It uses a synchronous rectifier to
regulate the output with up to 94% efficiency. An
adjustable operating frequency (up to 1MHZz) facilitates
designs for optimum size, cost, and efficiency.

The core step-down DC-DC converter accepts inputs
from 2.7V to 5.5V and regulates a resistor-adjustable
output from 1.25V to 5.5V. It delivers 500mA with up to
94% efficiency.

The three auxiliary step-up controllers can be used to
power the digital camera’s CCD, LCD, and backlight.
The MAX1802 also features expandability by supplying
power, an oscillator signal, and a reference to the
MAX1801, a low-cost slave DC-DC controller that sup-
ports step-up, single-ended primary inductance con-
verter (SEPIC), and fly-back configurations.

The MAX1802 is available in a space-saving 32-pin
TQFP package (5mm x 5mm body), and the MAX1801
is available in an 8-pin SOT-23 package. An evaluation
kit (MAX1802EVKIT) featuring both devices is available
to expedite designs.

Applications

Digital Still Cameras
Digital Video Cameras
Hand-Held Devices
Internet Access Tablets
PDAs

DVD Players

Pin Configuration appears at end of data sheet.

MAXIM

Power Supply

Features

4 2.5V to 11V Input Voltage Range
4 Main DC-DC Controller
94% Efficiency
+2.7V to +5.5V Adjustable Output Voltage
Up to 100% Duty Cycle
Independent Shutdown
4 Core DC-DC Converter
94% Efficiency
Up to 500mA Load Efficiency
Output Voltage Adjustable Down to 1.25V
Independent Shutdown
4 Three Auxiliary DC-DC Controllers
Adjustable Maximum Duty Cycle
Independent Shutdown
4 Power, Oscillator, and Reference Outputs to Drive
External Slave Controllers (MAX1801)
Up to 1MHz Switching Frequency
3pA Supply Current in Shutdown Mode
Internal Soft-Start
Overload Protection for All DC-DC Converters
Compact 32-Pin TQFP Package

* & & o o

Ordering Information

PART TEMP. RANGE PIN-PACKAGE

MAX1802EHJ -40°C to +85°C 32 TQFP

Note: Refer to the separate data sheet for MAX1801EKA in an 8-
pin SOT.

Typical Operating Circuit

—» MAIN
e
INPUT MAXIV CORE
2VTOIVE yaxige | CCD
MASTER CCFL
—» TFT
0SC y y POWER y REF
MAXIMV
MAX1801 — MOTOR
SLAVE

Maxim Integrated Products 1

For price, delivery, and to place orders, please contact Maxim Distribution at 1-888-629-4642,

or visit Maxim’s website at www.maxim-ic.com.
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MAX1802

Digital Camera Step-Down
Power Supply

ABSOLUTE MAXIMUM RATINGS

VDDM, VH, ONM t0 GND .......cccooiiiiiiiiiie -0.3Vto +12V
..................... -0.3Vto +0.3V

PGNDM, PGND to GND .....

DL1, DL2, DL3, LXC to PGND
Continuous Power Dissipation (Ta = +70°C)

-0.3V to (VDDC + 0.3V)

VH IO VDDM Lo -6V to +0.3V 32-Pin TQFP (derate 11.1mW/°C above +70°C)........ 839mw
VL0 VDDM ..o, ..-12V 1o +0.3V Operating Temperature Range ..........c..ccccoevveens -40°C to +85°C
VL, ONC, ON1, FB_, DCON_t0 GND ........ccceoirenne -0.3V to +6V JUuNction TeMPErature ..........coovevieiiiiiiisieeec e +150°C
VDDC, REF, OSC, COMP_to GND .............. -0.3Vto (VL + 0.3V) Storage Temperature Range. .............. -65°C to +150°C
DHM, DLM to PGNDM..........c..oooiiin. -0.3V to (VDDM + 0.3V) Lead Temperature (soldering, 108) .........ccccccvevveiovenen.n. +300°C
LXM t0 PGNDM ..o -0.6V to (VDDM + 0.6V)

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

(Circuit of Figure 1, Vyppm = 6V, Vyppc = 3V, PGNDM = PGND = GND, DCON1 = REF, Vonm = 3V, VoNC = VON1 = VDCON2 =
Vbcons = 0, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | symBoL | CONDITIONS | MIN  TYP  MAX | UNITS

GENERAL
Input Voltage Range | VIN | | 2.5 11 | \
SUPPLY CURRENT
Shutdown Supply Current _
(from VDDM and VDDC) Vonm =0 3 20 HA
Main DC-DC Converter VFBm = 1.5V, Vyppc = 0 370 600 oA
Supply Current (from VDDM) VEBM = 1.5V, VWpDC = 3V 35 55
Main DC-DC Converter
Supply Current (from VDDC) VFem = 1.5V, Vvbpe =3V 270 450 WA
Main plus Core Supply Current _ 3 _
(from VDDC) VFBM = VFBC = 1.5V, VONC = 3V 410 700 HA
Main plus Auxiliary 1

VEBM = VFB1 = 1.5V, Von1 = 3V 47 7 A
Supply Current (from VDDC) FBM = VFB1 5V, Vont1 =3 0 50 v
Main plus Auxiliary 2 _ _ _
Supply Current (from VDDC) VFBM = VFB2 = 1.5V, VDCON2 = 3V 470 750 HA
Main plus Auxiliary 3 B _ B
Supply Current (from VDDC) VFBum = VFB3 = 1.5V, VDCONs = 3V 470 750 HA
Total Supply Current VreMm = VFBC = VFB1 = VFB2 = VFB3 = 1.5Y, 960 1700 UA
(from VDDC) VoNnc = VoN1 = VbcoN2 = VDCOoNg = 3V
VL REGULATOR
VL Output Voltage 6V < Vyppm < 11V, 0.1mA < ILoAD < 10mA 2.83 3.00 3.12 \Y
VL Supply Rejection 3.5V < Vyppwm < 11V, Vyppe = 0 3 %
VL Undervoltage Lockout . )
Threshold VL rising, 40mV hysteresis 2.25 2.40 2.50 vV
VL Switchover Voltage to VL rising, 100mV hysteresis 2.3 24 25 Vv
VvDDC
VL to VDDC Switch Resistance 7 Q
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Digital Camera Step-Down
Power Supply

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vyppm = 6V, Vyppc = 3V, PGNDM = PGND = GND, DCON1 = REF, Vonm = 3V, Vonc = VoN1 = Vpcone =

VbcoNs = 0, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
REFERENCE
Reference Output Voltage VREF IREF = 20pA 1.235 1.248 1.260 \
REF Load Regulation 10UA < |REF < 200pA 5 9 mV
REF Line Rejection 2.7V < VouT < 5.5V 1 5 mV
REF Undervoltage Lockout - .
Threshold REF rising, 20mV hysteresis 0.9 1 1.1 Vv
OSCILLATOR
OSC Discharge Trip Level OSC rising 1.225 1.250 1.275 \
OSC Input Bias Current Vosc = 1.1V 0.2 100 nA
OSC Discharge Resistance Vosc = 1.5V 30 100 Q
OSC Discharge Pulse Width 100 ns
LOGIC INPUTS (ONM, ONC, ON1)
Input Low Level ViL 0.4 \Y
Input High Level V ONM 1.8 V
nput Hi eve
Puimg H ONC, ON1 16
ONM: ViN=0or 11V;
Input Leakage Current ONC. ON1: Vin= 0 or 5V 0.01 1 A
MAIN DC-DC CONVERTER
Main Output Voltage Adjust
Range VouT 2.7 55 \
Main Idle Mode™ Threshold Vosc = 0.625V, measured between YDDM 8 20 32 mv
and LXM
Main Current-Sense Amplifier AvcsM | Measured between VDDM and LXM 8.4 93 102 | wv
Voltage Gain
Main N Channel Turn-Off Measured between LXM and PGNDM -26 -17 -8 mv
Threshold
l\/la.m Slope Compensation AvSwM 016 0.20 0.24 VN
Gain
MAIN ERROR AMPLIFIER
FBM Regulation Voltage Unity gain configuration, FBM = COMPM 1.233 1.248 1.263 \
FBM to COMPM Unity gain configuration, FBM = COMPM,
7 1 1
Transconductance GEA -5uA < ILoAD < SpA 0 00 60 uS
FBM Input Leakage Current VFBM = 1.35V 5 100 nA
COMPM Minimum Output _
Voltage VeEgm = 1.35V, COMPM open 0.3 Vv
\C;St'\;'gg' Maximum Output VeovPmax) | VEsM = 1.15V, COMPM open 200 214 227 v

Idle Mode is a trademark of Maxim Integrated Products.

MAXIMN
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MAX1802

Digital Camera Step-Down
Power Supply

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vyppm = 6V, Vyppc = 3V, PGNDM = PGND = GND, DCON1 = REF, Vonwm = 3V, Vone = VoN1 = VDCON2 =
VbcoNs =0, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | symBoL | CONDITIONS | MmN  TYP  MAX | UNITS

MAIN SOFT-START

Soft-Start Interval OSC falling edge 1024 0SC
cycles

MAIN DRIVERS (DHM, DLM)

Output Low Voltage ISINK = T0mA 0.11 V

Output High Voltage ISOURCE = 10mA VVOD?;V' ) %

Driver Resistance IDHM = 10mA, IpLm = T0MA 4 11 Q

. Sourcing or sinking,
Drive Current 400 mA
VbHMor Wi = VvDDM / 2

CORE DC-DC CONVERTER (Vonc = 3V)

Core Output Voltage Adjust

Range VouT 1.25 55 V

Core Idle Mode Threshold Vosc = 0.625V 70 190 320 mA

Core Current-Sense Amplifier

Transresistance Resc 0.7 1.0 1.3 VIA

Core Slope Compensation Gain Avswc 0.16 0.20 0.24 VIV

CORE ERROR AMPLIFIER (Vonc = 3V)

FBC Regulation Voltage Unity gain configuration, FBC = COMPC 1233 1248 1.263 Vv

FBC to COMPC Unity gain configuration, FBC = COMPC,

Transconductance GEA -5UA < ILoAD < BpA 70 100 160 uS

FBC Input Leakage Current VrBc = 1.35V 5 100 nA

COMPC Minimum Output B

Voltage VEBC = 1.35V, COMPC open 0.3 \Y

COMPC Maximum Output VeomPvmax) | VFBG = 1.15V, COMPC open 200 214 227 v

Voltage

CORE SOFT-START (Vonc = 3V)

Soft-Start Interval 1024 0SC
cycles

CORE POWER SWITCHES (Vonc = 3V)

LXC Leakage Current Vixc =0, 5.5V 0.01 20 A

R N-channel, | =0.75A 150 350
Switch On-Resistance DSN LXC mQ
Rpsp P-channel, I xc = 0.75A 180 400
P-Channel Current Limit Vosc = 0.625V 0.75 A
N-Channel Turn-Off Current 18 100 180 mA
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Digital Camera Step-Down
Power Supply

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vyppm = 6V, Vyppc = 3V, PGNDM = PGND = GND, DCON1 = REF, Vonwm = 3V, Vone = VoN1 = VDCON2 =
VbcoNs =0, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS

AUXILIARY DC-DC CONTROLLERS 1, 2, 3 (Von1 = Vcon_ = 3V)

INTERNAL CLOCK

OSC Clock Low Trip Level OSC falling edge 0.2 0.25 0.3 \

, , Vpcon_ = 0.625V 0.575 0625 0.675
OSC Clock High Trip Level )
VDcon_ = 1.25V to Vvi 1.00 1.05 1.10

Maximum Duty Cycle

Adjustment R;/ngé 40 9 %

Maximum Duty Cycle Vpcon_ = 0.625V 43 %

Default Maximum Duty Cycle Vpcon_ = 1.25V to VyL 76 %

DCON_ Input Leakage Current VDcoN_ =0V to 3V 0.01 1 PA

?ﬁgsﬁg l';‘pUt Sleep-Mode VDCON_ rising, 50mV hysteresis 035 04 045 v

AUXILIARY ERROR AMPLIFIER

FB_ Regulation Voltage Unity gain configuration, FB_ = COMP_ 1233 1248 1.263 \

el S e B

FB_ Input Leakage Current VFB_ = 1.35V 5 100 nA

AUXILIARY DRIVERS (DL1, DL2, DL3)

DL_ Driver Resistance Output high or low 4 11 Q

DL_ Drive Current Sourcing or sinking, VpL_ = Vvpbpc / 2 400 mA

AUXILIARY SOFT-START

Soft-Start Interval 1024 0SC
cycles

AUXILIARY SHORT-CIRCUIT PROTECTION

Fault Interval 1024 0SsC
cycles

MAXIMN 5
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MAX1802

Digital Camera Step-Down
Power Supply

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, Vyppm = 6V, Vyppc = 3V, PGNDM = PGND = GND, DCON1 = REF, Vonm = 3V, Vonc = VoN1 = VDCcoN2 =

Vpcons = 0, Ta = -40°C to +85°C, unless otherwise noted.) (Note 1)

PARAMETER | sYMBOL | CONDITIONS | MIN  TYP MAX | UNITS

GENERAL
Input Voltage Range | VIN | | 2.5 11 | \
SUPPLY CURRENT
Shutdown Supply Current _
(from VDDM and VDDC) Vonm =0 20 HA
Main DC-DC Converter VrBm = 1.5V, Vyppc = 0 600 A
Supply Current (from VDDM) VEBM = 1.5V, Vwppc = 3V 55
Main DC-DC Converter

V =15V, V =3V 4 A
Supply Current (from VDDC) FBM SV, Vvbpe =3 50 H
Main plus Core Supply Current _ _ _
(from VDDC) VEBM = VEBC = 1.5V, Vone = 3V 700 bA
Main plus Auxiliary 1 Supply _ _ _ _
Current (from VDDC) VFBM = VFB1 = 1.5V, VON1 = VDCON1 = 3V 750 UA
Main plus Auxiliary 2 Supply B _ B
Current (from VDDC) VFBM = VFB2 = 1.5V, VDCON2 = 3V 750 | pA
Main plus Auxiliary 3 Supply _ _ _
Current (from VDDC) VFBm = VFB3 = 1.5V, VDCONs = 3V 750 HA

VEBM = VFBC = VFB1 = VFB2 = VFB3 = 1.5V,
Total Supply Current VONC = VON1 = VDCON1 = VDCON2 = 1700 HA
(from VDDC) VDCONS = 3V
VL REGULATOR
VL Output Voltage (6)\/1 ;X\LDE'\OA:DE \1’OmA 2.83 3.12 \
VL Supply Rejection 3.5V < Vyppm < 11V, Vyppc =0 3 %
VL Undervoltage Lockout . .
Threshold VL rising, 40mV hysteresis 2.25 2.50 \
VL Switchover Voltage to VDDC VL rising, 100mV hysteresis 2.3 25 vV
VL to VDDC Switch Resistance 7 Q
REFERENCE
Reference Output Voltage VREF IREF = 20pA 1.230 1.262 \
REF Load Regulation 10pA < IREF < 200pA 9 mV
REF Line Rejection 2.7V < VouT < 5.5V 5 mV
REF Undervoltage Lockout . .
Threshold REF rising, 20mV hysteresis 0.9 1.1 Y
OSCILLATOR
OSC Discharge Trip Level OSC rising 1.225 1.275 Vv
OSC Input Bias Current Vosc = 1.1V 100 nA
OSC Discharge Resistance Vosc = 1.5V 100 Q
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Digital Camera Step-Down
Power Supply

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vyppm = 6V, Vyppc = 3V, PGNDM = PGND = GND, DCON1 = REF, Vonwm = 3V, Vone = VoN1 = VDCON2 =
Vpcons = 0, Ta = -40°C to +85°C, unless otherwise noted.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
LOGIC INPUTS (ONM, ONC, ON1)
Input Low Level ViL 0.4 \
Input High Level \Y ONM 1.8 \
nput Hi eve
PutTio " ONC, ON1 16
ONM: ViN=0or 11V;
Input Leakage Current ONC, ON1: ViN = 0 or 5V 1 A
MAIN DC-DC CONVERTER
Main Output Voltage Adjust Range VouT 2.7 55 V
. Vosc = 0.625V, measured between
Main Idle Mode Threshold VDDM and LXM 2 35 mV
Main Current-Sense Amplifier
Voltage Gain Avcsm Measured between VDDM and LXM 8.4 10.2 VIV
Main Zero-Crossing Threshold Measured between LXM and PGNDM -20 -8 mV
Main Slope Compensation Gain AvswM 0.16 0.24 VIV
MAIN ERROR AMPLIFIER
FBM Regulation Voltage Unity gain configuration, FBM = COMPM 1.230 1.265 \
FBM to COMPM Unity gain configuration, FBM = COMPM,
Transconductance GeA -5uA < ILoaD < BuA 70 160 uS
FBM Input Leakage Current VFeMm = 1.35V 100 nA
COMPM Minimum Output _
Voltage VM = 1.35V, COMPM open 0.3 Y
COMPM Maximum Qutput VcompPmMax)| Vrem = 1.15V, COMPM open 2.00 2.27 V
Voltage
MAIN DRIVERS (DHM, DLM)
Output Low Voltage ISINK = TOmA 0.11 V
Output High Voltage ISOURCE = 10mA V\()D?;V' i v
Driver Resistance IDHM = 10mA, IpLm = 10mA 11 Q
CORE DC-DC CONVERTER (Vonc = 3V)
Core Output Voltage Adjust
Range VouT 1.25 55 V
Core Idle Mode Threshold Vosc = 0.625V 40 360 mA
Core Current-Sense Amplifier
Transresistance Resc 0.7 13 VIA
Core Slope Compensation Gain AVSWC 0.16 0.24 VIV
CORE ERROR AMPLIFIER (Vonc = 3V)
FBC Regulation Voltage Unity gain configuration, FBC = COMPC 1.230 1.265 \
FBC to COMPC Unity gain configuration, FBC = COMPC,
Transconductance GEA -BuA < ILoAD < BUA 70 160 uS

MAXIMN 7
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MAX1802

Digital Camera Step-Down
Power Supply

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vyppm = 6V, Vyppc = 3V, PGNDM = PGND = GND, DCON1 = REF, Vonm = 3V, VONC = VON1 = VDCON2 =
VbcoNs = 0, Ta =-40°C to +85°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
FBC Input Leakage Current VEBC = 1.35V 100 nA
COMPC Minimum Output _
Voltage VEBC = 1.35V, COMPC open 0.3 V
COMPC Maximum Output Veompemax)| Vese = 1.15V, COMPC open 2.00 207 v
Voltage
CORE POWER SWITCHES (Vonc = 3V)
LXC Leakage Current Vixc =0, 5.5V 20 PA
R N-channel, | =0.75A 350
Switch On-Resistance DSN LXC mQ
Rpsp P-channel, ILxc = 0.75A 400
N-Channel Turn-Off Current 5 190 mA
AUXILIARY DC-DC CONTROLLERS 1, 2, 3 (VoN1 = VDcon_= 3V)
INTERNAL CLOCK
OSC Clock Low Trip Level OSC falling edge 0.2 0.3 vV
: ) VDCcoN_ = 0.625V 0.575 0.675 V
OSC Clock High Trip Level
VDpcoN_ = 1.25V to VyL 1.00 1.10
Maximum Duty Cycle o
Adjustment Range 40 90 %
DCON_ Input Leakage Current Vbcon_ = 0V to 3V 1 PA
DCONL_ Input Sleep-Mode L .
Threshold VDCONL_ rising, 50mV hysteresis 0.35 0.45 V
AUXILIARY ERROR AMPLIFIER
FB_ Regulation Voltage Unity gain configuration, FB_ = COMP_ 1.230 1.265 \%
FB_to COMP_ Unity gain configuration, FB_ = COMP_,
Transconductance GEA -5UA < ILOAD < SpA 70 160 bs
FB_ Input Leakage Current VEB_ = 1.35V 100 nA
AUXILIARY DRIVERS (DL1, DL2, DL3)
DL_ Driver Resistance | | Output high or low 11 Q

Note 1: Specifications to -40°C are guaranteed by design and not production tested.
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Digital Camera Step-Down
Power Supply

Typical Operating Characteristics

(Circuit of Figure 1, Vyppwm = 6V, Vvppc = 3.3V, Vonm = 3V, Vone = Von1 = VDcoN2 = VDCoNs = 0, Ta = +25°C, unless otherwise
noted.)

EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
(MAIN CONVERTER) (MAIN CONVERTER) (CORE CONVERTER)
100 T T TTT 5 100 HHH“ o 100 o
ViN=+5V Y < L g I E
90 tf g 90 ot g 90 T g
o [ - A i
/’ AT [Vin=+7.2V ) 80 ’M" Vi 80 . /"ir Py
U 11 LK \/ /1
(1) /// = LI 10 A o Vin=+11V . A A s Vi =+2.5V
s = = v = VA = paai i
Z 50 g 5 z 50 YA ‘
S = S //, Vin =+5V
5 40 i 40 = w0 [
30 30 30
20 20 20
" i it il
0 0 0
1 10 100 1000 10,000 1 10 100 1000 10,000 1 10 100 1000
LOAD CURRENT (mA) LOAD CURRENT (mA) LOAD CURRENT (mA)
EFFICIENCY vs. LOAD CURRENT DEFAULT MAXIMUM DUTY CYCLE
(CORE CONVERTER) MAXIMUM DUTY CYCLE vs. Vpcon_ vs. FREQUENCY
100 =77 g 100 S
90 f—Vin = +3.3V =] ;:'_=="" g / g = osc = E
80 el E oz w —F = w 2
- // 1 LE’ // % \\\
= o
< o AL Vi = 8V S 60 S 5 &
(&) > o
Z 50 3 v =
£ 40 S 4 =
5 y 2 EJR
30 = 7 z
= =]
20 20 £
10 Vour =+2.5V 4 =
0 | L] 0 0
1 10 100 1000 04 05 06 07 08 09 10 11 12 0 200 400 600 800 1000
LOAD CURRENT (mA) Vocon_ (V) FREQUENCY (kHz)
OSCILLATOR FREQUENCY SHUTDOWN CURRENT
vs. Rosc vs. INPUT VOLTAGE
1000 s 10 5
T LT
. | Cosc = 470pF || | |2 Z
T 800 \/ 11 &:P: 8
= Cosc = 220pF | ||| =
2 kT |1 = /
3 600 Cosc = 100pF H £ 6 g
2 For 3 /
o C =47pF 77
p \ \ 0SC p § /
S 400 S 4
= \ ) e v
= \ = yd
8 200 \ 9 y
‘\ \
N \\ /
0 0
1 10 100 1000 0 2 4 6 8 10 12
Rosc (k) INPUT VOLTAGE (V)

MAXIMN 9

cO8LXVIN



MAX1802

Digital Camera Step-Down
Power Supply

Typical Operating Characteristics (continued)

(Circuit of Figure 1, Vyppwm = 6V, Vvppc = 3.3V, Vonm = 3V, Vone = Von1 = VDcoN2 = VDCoNs = 0, Ta = +25°C, unless otherwise
noted.)

REFERENCE VOLTAGE REFERENCE VOLTAGE
vs. TEMPERATURE vs. REFERENCE CURRENT
1260 s 1253 s
H 1.252 g
S1255 \\ = \
% \ % 1.251 \
= \\ S \
& 1250 ~_ & 1250 <
= N = N
e 1249 ~
1245 =
1.248
1.240 1.247
-40  -20 0 20 40 60 80 0 50 100 150 200 250
TEMPERATURE (°C) REFERENCE CURRENT (uA)
FB_ TO COMP_ SMALL-SIGNAL
OPEN-LOOP FREQUENCY RESPONSE MAIN OUTPUT STARTUP RESPONSE
MAX1802 toc12
g — - Vonm
- N 5 _/ o 5V/div
u‘% o .....
2 \ Lo — VAN
5 40 \ [ AU S S S S 1 2v/div
= 30 \ TS SIPPIS PPN U I P
= T R lour
& B S S S 1 200mA/div
j‘ 20 N N z . . .
” 10 \\ S R
0 . I S —
1 10 100 1000 10,000 1ms/div
FREQUENCY (kHz)
AUXILIARY CONTROLLER
CORE OUTPUT STARTUP RESPONSE STARTUP RESPONSE
et MAXTS02 toct3 e, MAXI802 loct
S o S— Von_
. ' Vone 1 5v/div
EEEEEE s\div Vour
oV ST SNTIS SRR SRR S L ] 2V/div
........ .... VCORE
LT T avrdiv
" lout
Lt 1 100mA/div
s lout
.............................................. 1 200mavdiv
1ms/div 1ms/div
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(Circuit of Figure 1, Vyppm = 6V, Vyvppc = 3.3V,

noted.)

ov

ov

0A

MAXIMN

STARTUP SEQUENCE
““““““ e
- . ............... . ]
L ]
1ms/div
CORE OUTPUT

LOAD-TRANSIENT RESPONSE

MAX1802 toc17

500us/div

Digital Camera Step-Down
Power Supply

Typical Operating Characteristics (continued)
Vonm = 3V, VoNc = VoN1 = Vpcon2 = Vpcons = 0, Ta = +25°C, unless otherwise

Vonm
5V/div

VMAIN
2V/div

VcoRre
2V/div

Vour

AC-COUPLED

200mV/div

ILoAD

1 100mA/div

MAIN OUTPUT
LOAD-TRANSIENT RESPONSE

MAX1802 toc16

0A

Cour=100uF

400us/div

AUXILIARY OUTPUT
LOAD-TRANSIENT RESPONSE

MAX1802 toc18

400us/div

MAIN TRANSIENT RESPONSE

SUBJECT TO CORE TRANSIENT

0A

...................... MAXIB02 toct
Vour (MAIN)
kel S o] AC-COUPLED
T "1 20mvidiv
J ............................... F ILoAD (CORE)
‘ ! 100mA/div
Vour=2.5V

2.5ms/div

Vour
AC-COUPLED

100mV;/div

ILoAD

200mA/div

Vour
AC-COUPLED

100mV/div

1 lLoa
200mA/div

11

cO8LXVIN



MAX1802

Digital Camera Step-Down
Power Supply

Pin Description

PIN

NAME

FUNCTION

FBM

Main DC-DC Converter Feedback Input. Connect a feedback resistive voltage-divider from the output
to FBM to set the main output voltage. Regulation voltage is VRer (1.25V).

COMPM

Compensation for Main Controller. Output of main transconductance error amplifier. Connect a series
resistor and capacitor to GND to compensate the main control loop (see Compensation Design).

ONM

Main Converter Enable Input. High level turns on the main converter and VL regulator. Connect ONM
to VDDM to automatically start the converter. When the main converter is off, all other outputs are
disabled.

VH

Internal Bias Voltage. VH provides bias to the main controller. Bypass VH to VDDM with a 0.1uF or
greater ceramic capacitor.

VDDM

Battery Input. VDDM supplies power to the IC and also serves as a high-side current-sense input
for the main DC-DC controller. Connect VDDM as close as possible to the source of the external
P-channel switching MOSFET for the main controller.

DHM

External P-Channel MOSFET Gate-Drive Output for Main Controller. DHM swings between VDDM and
PGNDM with 400mA (typ) drive current. Connect DHM to the gate of the external P-channel switching
MOSFET for the main controller.

LXM

Main DC-DC Controller Current-Sense Input. Connect LXM to the drains of the external P- and N-
channel switching MOSFETSs for the main converter. LXM serves as the current-sense input for both
P- and N-channel switching MOSFETs. Connect LXM as close as possible to the drain of the external
P-channel switching MOSFET for the main controller.

DLM

External N-Channel MOSFET Gate-Drive Output for Main Controller. DLM swings between VDDM
and PGNDM with 400mA (typ) drive current. Connect DLM to the gate of the external N-channel
switching MOSFET for the main controller.

PGNDM

Power Ground for Main DC-DC Controller. PGNDM also serves as a low-side current-sense input for
the main DC-DC controller. Connect PGNDM as close as possible to the source of the external
N-channel switching MOSFET for the main controller.

10

0sC

Oscillator Control. Connect a timing capacitor from OSC to GND and a timing resistor from OSC to VL
to set the switching frequency between 100kHz and 1MHz (see Setting the Switching Frequency).

11

DCON1

Maximum Duty Cycle Control Input for Auxiliary Controller 1. Connect DCON1 to VL to set the default
maximum duty cycle. Connect a resistive voltage-divider from REF to DCON1 to set the maximum
duty cycle between 40% and 90%. Pull DCON1 below 300mV to turn the controller off.

12

DLA1

External MOSFET Gate Drive Output for Auxiliary Controller 1. DL1 swings between VDDC and PGND
with 400mA (typ) drive current. Connect DL1 to the gate of the external switching N-channel MOSFET
for auxiliary controller 1.

13

ONT1

Enable Input for Auxiliary Controller 1. Connect ON1 to VL to automatically start auxiliary controller 1.

14

COMP1

Compensation for Auxiliary Controller 1. Output of auxiliary controller 1 transconductance error
amplifier. Connect a series resistor and capacitor from COMP1 to GND to compensate the auxiliary
controller 1 control loop (see Compensation Design).

15

FB1

Feedback Input for Auxiliary Controller 1. Connect a feedback resistive voltage-divider from the
output of auxiliary controller 1 to FB1 to set the output voltage. Regulation voltage is VRer (1.25V).

16

FB2

Feedback Input for Auxiliary Controller 2. Connect a feedback resistive voltage-divider from the
output of auxiliary controller 2 to FB2 to set the output voltage. Regulation voltage is VRer (1.25V).

12
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Pin Description (continued)

PIN

NAME

FUNCTION

17

COMP2

Compensation for Auxiliary Controller 2. Output of auxiliary controller 2 transconductance error
amplifier. Connect a series resistor and capacitor from COMP2 to GND to compensate the auxiliary
controller 2 control loop (see Compensation Design).

18

DCON2

Maximum Duty Cycle Control Input for Auxiliary Controller 2. Connect DCON2 to VL to set the default
maximum duty cycle. Connect a resistive voltage-divider from REF to DCON2 to set the maximum
duty cycle between 40% and 90%. Pull DCON2 below 300mV to turn the controller off.

19

DL2

External MOSFET Gate Drive Output for Auxiliary Controller 2. DL2 swings between VDDC and PGND
with 400mA (typ) drive current. Connect DL2 to the gate of the external switching N-channel MOSFET
for auxiliary controller 2.

20

DL3

External MOSFET Gate Drive Output for Auxiliary Controller 3. DL3 swings between VDDC and PGND
with 400mA (typ) drive current. Connect DL3 to the gate of the external switching N-channel MOSFET
for auxiliary controller 3.

21

COMP3

Compensation for Auxiliary Controller 3. Output of auxiliary controller 3 transconductance error
amplifier. Connect a series resistor and capacitor from COMP3 to GND to compensate the auxiliary
controller 3 control loop (see Compensation Design).

22

FB3

Feedback Input for Auxiliary Controller 3. Connect a feedback resistive voltage-divider from the
output of auxiliary controller 3 to FB3 to set the output voltage. Regulation voltage is VRer (1.25V).

23

DCONS3

Maximum Duty Cycle Control Input for Auxiliary Controller 3. Connect DCON3 to VL to set the default
maximum duty cycle. Connect a resistive voltage-divider from REF to DCONS to set the maximum
duty cycle between 40% and 90%. Pull DCON3 below 300mV to turn the controller off.

24

ONC

Core Converter Enable Input. High level turns on the core converter. Connect ONC to VL to
automatically start the core converter.

25

PGND

Power Ground. Sources of internal N-channel MOSFET power switches. Connect PGND to GND as
close to the IC as possible.

26

LXC

Core Power Switching Node. Drains of the internal P- and N-channel MOSFET switches for the core
converter.

27

VvDDC

Core DC-DC Converter Power Input. VDDC is connected to the source of the internal P-channel
MOSFET power switch for the core converter. VDDC is limited to 5.5V. For battery voltages greater
than 5.5V, connect VDDC to the main output. Bypass VDDC to PGND with a 1uF or greater ceramic
capacitor.

28

VL

Internal Low-Voltage Bypass. The internal circuitry is powered from VL. An internal linear regulator
powers VL from VDDM when VDDC is less than 2.4V. When VDDC is greater than 2.4V, an internal
switch connects VL to VDDC. Bypass VL to GND with a 1.0uF or greater ceramic capacitor.

29

COMPC

Compensation for Core Converter. Output of core transconductance error amplifier. Connect a series
resistor and capacitor to GND to compensate the core control loop (see Compensation Design).

30

FBC

Core DC-DC Converter Feedback Input. Connect a feedback resistive voltage-divider from the core
output to FBC to set the output voltage. Regulation voltage is VRErF (1.25V).

31

REF

1.25V Reference Output. Bypass REF to GND with a 0.1uF or greater ceramic capacitor.

32

GND

Analog Ground

MAXIMN
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Detailed Description

The MAX1802 typical application circuit is shown in
Figure 1. It features two step-down DC-DC converters
(main and core), three auxiliary step-up DC-DC con-
trollers, and control capability for multiple external
MAX1801 slave DC-DC controllers. Together, these
provide a complete high-efficiency power-supply solu-
tion for digital still cameras. Figures 2 and 3 show the
MAX1802 functional block diagrams.

Master-Slave Configuration
The MAX1802 supports MAX1801 “slave” controllers
that obtain input power, a voltage reference, and an
oscillator signal directly from the MAX1802 “master”
DC-DC converter. The master-slave configuration
reduces system cost by eliminating redundant circuitry
and controlling the harmonic content of noise with syn-
chronized converter switching.

Main DC-DC Converter
The MAX1802 main step-down DC-DC converter gen-
erates a 2.7V to 5.5V output voltage from a 2.5V to 11V
battery input voltage. When the battery voltage is lower
than the main regulation voltage, the regulator goes
into dropout and the P-channel switch remains on. In
this condition, the output voltage is slightly lower than
the input voltage. The converter drives an external P-
channel MOSFET power switch and an external N-
channel MOSFET synchronous rectifier. The converter
operates in a low-noise, constant-frequency PWM cur-
rent mode to regulate the voltage across the load.
Switching harmonics generated by fixed-frequency
operation are consistent and easily filtered.

The external P-channel MOSFET switch turns on during
the first part of each cycle, allowing current to ramp up
in the inductor and store energy in a magnetic field
while supplying current to the load. During the second
part of each cycle, the P-channel MOSFET turns off and
the voltage across the inductor reverses, forcing cur-
rent through the external N-channel synchronous rectifi-
er to the output filter capacitor and load. As the energy
stored in the inductor is depleted, the current ramps
down. The synchronous rectifier turns off when the
inductor current approaches zero or at the beginning of
a new cycle, at which time the P-channel switch turns
on again.

The current-mode PWM converter uses the voltage at
COMPM to program the inductor current and regulate
the output voltage. The converter detects inductor cur-
rent by sensing the voltage across the source and

14

drain of the external P-channel MOSFET. The MAX1802
main output switches to Idle Mode at light loads to
improve efficiency by leaving the P-channel switch on
until the voltage across the MOSFET reaches the 20mV
Idle Mode threshold. The Idle Mode current is 20mV
divided by the MOSFET on-resistance. By forcing the
inductor current above the Idle Mode threshold, more
energy is supplied to the output capacitor than is
required by the load. The switch and synchronous rec-
tifiers then remain off until the output capacitor dis-
charges to the regulation voltage. This causes the
converter to operate at a lower effective switching fre-
quency at light loads, thus improving efficiency.

An internal comparator turns off the N-channel synchro-
nous rectifier as the inductor current drops near zero,
by measuring the voltage across the MOSFET. If the N-
channel MOSFET on-resistance is low (less than that of
the P-channel switch), it may cause the MOSFET to turn
off prematurely, degrading efficiency. This is especially
critical for high input voltage applications, such as with
2 series Li+ cells. In this case, use an N-channel MOS-
FET with greater on-resistance than the P-channel
switch, and/or place a Schottky recitifier across the N-
channel MOSFET gate-source.

The voltage at COMPM is typically clamped to
VCOMPM(MAX) = 2.14V, thereby limiting the inductor
current. The peak inductor current (I M) and the maxi-
mum average output current (IoUT(MAX)) are deter-
mined by the following equations:

VouTt Avswm )
VIN

VecomPMMAX) — VREF (1 +

lLim =
Avcsm Rpsp

V,
(1 - 7\? Ut j Vout
N

loutmax) = lLim -

where AyswM is the main slope compensation gain
(0.20V/V), Aycswm is the voltage gain of the main cur-
rent-sense amplifier (9.3V/V), Rpsp is the on-resistance
of the external P-channel MOSFET switch, and L is the
inductor value. Note that the current limit increases as
the input/output voltage ratio increases.
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Figure 1. Typical Application Circuit
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Figure 2. Simplified Block Diagram, Including Main and Core

Core DC-DC Converter
The MAX1802 core step-down DC-DC converter gener-
ates a 1.25V to 5.5V output voltage from the main con-
troller output. The core converter has the same
low-noise, constant-frequency PWM current-mode
architecture as the main controller. However, it uses an
internal P-channel MOSFET power switch and N-chan-
nel MOSFET synchronous rectifier to maximize efficien-
cy and reduce circuit size and external component
count. The core converter internally monitors the induc-
tor current for current-mode regulation of the output
voltage, as well as overload protection, automatic Idle
Mode switchover, and turning off the synchronous recti-
fier when the inductor current approaches zero. By
switching to Idle Mode at light loads and turning the
synchronous rectifier off at zero current, light-load effi-
ciency is improved. The core converter is inactive until
the main output has started.

The voltage at COMPC is typically clamped to
VCOMPC(MAX) = 2.14V, thereby limiting the inductor
current. The peak inductor current limit (ILiv) and the
maximum average output current (IQUT(MAX)) are
determined by the following equations:
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VOUTAVSWCJ
VIN

WDMWMMM—WEF®+

lLim =
Rcsc

v,
[1—§?IFJVOUT
IN

2fosc L

louT(MAX) = ILIM—

where Ayswc is the core slope compensation gain
(0.20V/V), Rcsc is the transresistance of the core cur-
rent-sense amplifier (1V/A), and L is the inductor value.
Note that the current limit increases as the input/output
ratio increases.

Auxiliary DC-DC Controllers
The MAX1802’s three auxiliary controllers operate in a
low-noise, fixed-frequency, PWM mode with output
power limited by the external components. The con-
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Figure 3. Auxiliary Controller Block Diagram

trollers regulate their output voltages by modulating the
pulse width of the drive signal for an external N-channel
MOSFET switch. The auxiliary controllers are inactive
until the main output has started.

Figure 3 shows a block diagram for a MAX1802 auxil-
iary PWM controller. The sawtooth oscillator signal at
OSC governs the internal timing. At the beginning of
each cycle, DL_ goes high to turn on the external MOS-
FET switch. The MOSFET switch turns off when the
internally level-shifted sawtooth rises above COMP_ or
when the maximum duty cycle is exceeded. The switch
remains off until the beginning of the next cycle. An
internal transconductance amplifier establishes an inte-
grated error voltage at COMP_, thereby increasing the
loop gain for improved regulation accuracy.

Power-Up Sequence
The MAX1802 is in the shutdown state with all circuitry
off when the ONM input is low (<1.3V). When ONM
goes high, an internal linear regulator generates 3V at
the VL output from the VDDM input to power internal
circuitry. As VL rises above the 2.4V undervoltage lock-
out threshold, the internal reference and oscillator
begin to function and the main DC-DC converter

MAXIMN

begins soft-start operation. The main DC-DC output
reaches full regulation voltage after 1024 soft-start
oscillator cycles. Once the main DC-DC converter com-
pletes soft-start, the core DC-DC converter and the
auxiliary DC-DC controllers are enabled.

As the voltage at VDDC rises above 2.4V, the internal
linear regulator turns off and an internal 3Q switch con-
nects VL directly to VDDC, which is typically connected
to the output of the main DC-DC converter.

The core DC-DC converter and the auxiliary DC-DC
controllers have independent on-off control and soft-
start. The main DC-DC converter shuts down with a low
input at ONM. The core DC-DC converter shuts down
with a low input at ONC. Turn auxiliary DC-DC convert-
er 1 off by driving either ON1 or DCON1 to GND. Turn
off auxiliary controller 2 or 3 by driving DCONZ2 or
DCON3 to GND.

Reference
The MAX1802 has an internal 1.248V, 1% reference.
Connect a 0.1yF bypass capacitor from REF to GND
within 0.2in (5mm) of the REF pin. REF can source up
to 200pA of external load current, and it is enabled
whenever ONM is high and VL is above the undervolt-

17
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age lockout threshold. The internal core converter, aux-
iliary controllers, and MAX1801 slave controllers each
sink up to 30pA REF current during startup. If multiple
MAX1801 controllers are turned on simultaneously,
ensure that the master voltage reference can provide
sufficient current, or buffer the reference with an appro-
priate unity-gain amplifier.

Oscillator
The oscillator uses a comparator, a 100ns one-shot,
and an internal N-channel MOSFET switch in conjunc-
tion with an external timing resistor and capacitor to
generate the oscillator signal at OSC (Figure 4). The
capacitor voltage exponentially approaches VL from
zero with a time constant given by the RoscCosc
product when the switch is open, and the comparator
output becomes high when the capacitor voltage
reaches VREF (1.25V). At that time, the one-shot acti-
vates the internal MOSFET switch to discharge the
capacitor within a 100ns interval, and the cycle
repeats. Note that the oscillation frequency changes as
VL changes during startup. The oscillation frequency is
constant while the VL voltage is constant.

Maximum Duty Cycle
The MAX1802’s three auxiliary controllers use the saw-
tooth oscillator signal generated at OSC, the voltage at
DCON_, and an internal comparator to limit their maxi-
mum duty cycles (see Setting the Maximum Duty
Cycle). Limiting the duty cycle can prevent saturation in
some magnetic components. A low maximum duty
cycle can also force the converter to operate in discon-
tinuous current mode, simplifying design stability at the
cost of a slight reduction in efficiency.

Soft-Start
All the MAX1802 converters feature a soft-start function
that limits inrush current and prevents excessive bat-
tery loading at startup by ramping the output voltage to
the regulation voltage. This is achieved by increasing
the internal reference inputs to the controller transcon-
ductance amplifiers from 0O to the 1.25V reference volt-
age over 1024 oscillator cycles when initial power is
applied or when the controller is enabled.

Overload Protection
The MAX1802’s three auxiliary controllers have fault
protection that prevents damage to transformer-cou-
pled or SEPIC circuits due to an output overload condi-
tion. When the output voltage drops out of regulation
for 1024 oscillator clock periods, the auxiliary controller
is disabled to prevent excessive output current. Restart
the controller by cycling the voltage at ON_ or DCON_
to GND and back to the on state. For a step-up appli-
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Figure 4. Oscillator

cation, short-circuit current is not limited, due to the DC
current path through the inductor and output rectifier to
the short circuit. If short-circuit protection is required in
a step-up configuration, use a protection device such
as a fuse to limit short-circuit current.

Design Procedure

Setting the Switching Frequency
Choose a switching frequency to optimize external
component size or circuit efficiency for the particular
MAX1802 application. Switching frequencies between
400kHz and 500kHz offer a good balance between
component size and circuit efficiency. Higher frequen-
cies allow smaller components, and lower frequencies
improve efficiency.

The switching frequency is set with an external timing
resistor (Rosc) and capacitor (Cosc). At the beginning
of a cycle, the timing capacitor charges through the
resistor until it reaches VRgF. The charge time t1 is:

t1 = -Rosc(Cosc+10pF) In [1 - (VREF / VVL)]

Once the voltage at OSC reaches VREF, it discharges
through an internal switch over time to = 200ns. The
oscillator frequency is fosc = 1/ (t1 + t2). Set fosc in
the range 100kHz < fosc £ 1TMHz. Choose Cosc
between 47pF and 470pF. Determine Rosc from the
relation:
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Rosc = (200ns - 1/fosc) / (Cosc + 10pF) x
In (1-VREF/VVL)

See the Typical Operating Characteristics for fosc vs.
Rosc using different values of Cosc. Due to duty cycle
limitation in the main controller, keep fosc < VMAIN /
(VVDDM(MAX) X 500ns).

Setting the Output Voltages
Set the MAX1802 output voltage of each converter by
connecting a resistive voltage-divider from the output
voltage to the corresponding FB_ input. The FB_ input
bias current is <100nA, so choose RL (the low-side
FB_-to-GND resistor) to be 100kQ. Choose RH (the
high-side output-to-FB_ resistor) according to the rela-
tion:

V

Setting the Maximum Duty Cycle
The oscillator signal at OSC and the voltage at DCON_
are used to generate the internal clock signals for the
three MAX1802 auxiliary controllers (CLK in Figure 3).
The internal clock’s falling edge occurs when Vosc
exceeds VDCONL_ (set by a resistive divider). The inter-
nal clock’s rising edge occurs when Vosc falls below
0.25V (Figure 5).

The adjustable maximum duty cycle range is 40% to
90% (see Maximum Duty Cycle vs. VDCON_ in the
Typical Operating Characteristics). The maximum duty
cycle defaults to 76% at 100kHz if VDcoN_ is at or
above the voltage at VRer (1.25V) (see Default
Maximum Duty Cycle vs. Frequency in the Typical
Operating Characteristics). The controller shuts down if
VDCoN_ is <0.3V.

Inductor Selection

Main and Core Step-Down Converters
MAX1802 main and core step-down converters offer
best efficiency when the inductor current is continuous.
For most designs, a reasonable inductor value (LIDEAL)
can be derived from the following equation, which sets
continuous peak-to-peak inductor current at 1/3 the DC
inductor current:

3(Mn - Vbsp) D(1-D)
louT fosc

LiDEAL = (
where D, the duty cycle, is given by:

D— _ Your +Vbsn
ViIN —Vpsp +Vbsn

MAXIMN

Power Supply

A Vosc (V)

_ W
Dmax = T+t

125
Vbcon_ -

025 -
0 -

< i —>

Figure 5. Auxiliary Controller Internal Clock Signal Generation

In these equations, Vpsp is the voltage drop across the
P-channel MOSFET switch, and VpsN is the voltage
drop across the N-channel MOSFET synchronous recti-
fier. Given LIDEAL, the consistent peak-to-peak inductor
current is 0.33 louT. The maximum inductor current is
1.17 loUT.

Inductance values smaller than LIDEAL can be used;
however, the maximum inductor current will rise as L is
reduced, and a larger output capacitance will be
required to maintain the same output ripple. For stable
operation, the minimum inductance is limited by the
internal slope compensation. The minimum inductor
values for main and core are given by:

__05 Vourt Rpsp
Dmax ) 0.013 fosc

LMIN(MAIN) = [1
and

_ 0-5J Vout
Dmax )0.13fosc

where Rpsp is the on-resistance of the P-channel MOS-
FET switch, and Dmax = VouT / VIN.

LMIN(CORE) = [1

Auxiliary Step-Up Controllers
The three MAX1802 auxiliary step-up controllers offer
best efficiency when the inductor current is continuous.
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Use discontinuous current when the step-up ratio
(VouT / VIN) is greater than 1/ (1 - DmMAX).

Continuous Inductor Current
A reasonable inductor value (LIDEAL) can be derived
from the following equation, which sets continuous
peak-to-peak inductor current at 1/3 the DC inductor
current:

3(\4 N(MAX) -VDSN) D(1-D)

louT fosc

LipEAL =

where D, the duty cycle, is given by:
VN

D=1- —————
Vout +Vb

In these equations, VDsN is the voltage drop across the

N-channel MOSFET switch, and Vp is the forward volt-

age drop across the rectifier. Given LIDEAL, the consis-

tent peak-to-peak inductor current is 0.33 lout / (1 - D).

The maximum inductor current is 1.17 lout / (1 - D).

Inductance values smaller than LIDEaAL can be used;
however, the maximum inductor current will rise as L is
reduced, and a larger output capacitance will be
required to maintain the same output ripple.

The inductor current will become discontinuous if louT
decreases by more than a factor of six from the value
used to determine LIDEAL.

Discontinuous Inductor Current
In the discontinuous mode, each MAX1802 auxiliary
controller regulates the output voltage by adjusting the
duty cycle to allow adequate power transfer to the load.
To ensure regulation under worst-case load conditions
(maximum louT), choose:

| — YourDwax
2loutfosc

The peak inductor current is VIN Dmax / (L fosc).

The inductor’s saturation current rating should meet or
exceed the calculated peak inductor current.

Input and Output Filter Capacitors
The input capacitor (C|N) reduces the current peaks
drawn from the battery or input power source. The
impedance of the input capacitor at the switching fre-
guency should be less than that of the input source so
that high-frequency switching currents do not pass
through the input source.
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The output capacitor is required to keep the output volt-
age ripple small and to ensure regulation control-loop
stability. The output capacitor must have low imped-
ance at the switching frequency. Tantalum and ceramic
capacitors are good choices. Tantalum capacitors typi-
cally have high capacitance and medium-to-low equiv-
alent series resistance (ESR) so that ESR dominates the
impedance at the switching frequency. In turn, the out-
put ripple is approximately:

VRIPPLE = IL(p-p) ESR

where IL(p-p) is the peak-to-peak inductor current.

Ceramic capacitors typically have lower ESR than tan-
talum capacitors, but with relatively small capacitance
that dominates the impedance at the switching fre-
quency. In turn, the output ripple is approximately:

VRIPPLE = IL(p-p) ZC

where I (p-p) is the peak-to-peak inductor current, and
Zc=1/(2mnfosc Cout).
See the Compensation Design section for a discussion

of the influence of output capacitance and ESR on reg-
ulation control-loop stability.

The capacitor voltage rating must exceed the maximum
applied capacitor voltage. For most tantalum capaci-
tors, manufacturers suggest derating the capacitor by
applying no more than 70% of the rated voltage to the
capacitor. Ceramic capacitors are typically used up to
the voltage rating of the capacitor. Consult the manu-
facturer’s specifications for proper capacitor derating.

MOSFET Selection
The MAX1802 main converter and auxiliary controllers
drive external logic-level P- and/or N-channel MOSFETs
as the circuit switching elements. The key selection
parameters are:

e On-resistance (RDS(ON))

e Maximum drain-to-source voltage (VDS(MAX))
* Total gate charge (Qg)

e Reverse transfer capacitance (CRss)

Because the main converter's external MOSFETs are
used for current sense, they directly determine the out-
put current capability and efficiency of the main con-
verter. It is important to select the appropriate external
MOSFETs for the main converter. The P-channel on-
resistance (Rpsp) at minimum input voltage (VvDDMm)
must be low enough so that the converter can produce
the desired output current as determined by the
lOUT(MAX) equation in the Main DC-DC Converter sec-
tion. The N-channel on-resistance (RpsN) determines
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the N-channel turn-off current (equal to 17mV/RDSN).
Choose RpsN value between Rpsp and 3Rpsp to keep
the N-channel turn-off current low for optimal efficiency.
If a lower RpsN is used, connect a Schottky diode from
PGNDM to LXM for better efficiency (see Diode
Selection).

For the main converter, the external gate drive swings
between the voltage at VDDM and GND. For the auxil-
iary controllers, the external gate drive swings between
the voltage at VDDC and GND. Use a MOSFET whose
on-resistance is specified at or below the minimum
gate drive voltage swing, and make sure that the maxi-
mum voltage swing does not exceed the maximum
gate-source voltage specification of the MOSFET. The
gate charge, Qg, includes all capacitance associated
with gate charging and helps to predict the transition
time required to drive the MOSFET between on and off
states. The power dissipated in the MOSFET is due to
RDs(0ON) and transition losses. The RDS(ON) loss is:

P1 =D IL2 RDS(ON)

where D is the duty cycle, IL is the average inductor
current, and RpS(ON) is the on-resistance of the MOS-
FET. The transition loss is approximately:

V. L fosct
P, ~ JSWING 3L osclr

where VswING is VouT for the auxiliary controllers or
VIN(MAX) for the main and core converters, IL is the
average inductor current, fosc is the converter switch-
ing frequency, and t1 is the transition time. The transi-
tion time is approximately Qg / G, where Qg is the total
gate charge, and |G is the gate drive current (0.4A typ).

The total power dissipation in the MOSFET is
PMOSFET = P1 + P2.

Diode Selection
The main and core converters use synchronous recti-
fiers and thus do not require a diode. However, if the
external N-channel synchronous rectifier has low on-
resistance (less than the P-channel on-resistance), the
high N-channel turn-off current results in lower efficien-
cy. In that case, connect a Schottky diode, rated for
maximum output current, from PGNDM to LXM to
improve efficiency.

The auxiliary controllers require external rectifiers. For
low-output-voltage applications, use a Schottky diode
to rectify the output voltage because of the diode’s low
forward voltage and fast recovery time. Schottky diodes
exhibit significant leakage current at high reverse volt-
ages and high temperatures. Thus, for high-voltage,
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high-temperature applications, use ultra-fast junction
rectifiers.

Compensation Design
Each DC-DC converter has an internal transconduc-
tance error amplifier whose output is used to compen-
sate the control loop. Typically, a series resistor and
capacitor are inserted from COMP_ to GND to form a
pole-zero pair. The external inductor, the output capac-
itor, the compensation resistor and capacitor, and for
the main converter, the external P-channel MOSFET,
govern control-loop stability. The inductor and output
capacitor are usually chosen in consideration of perfor-
mance, size, and cost, but the compensation resistor
and capacitor are chosen to optimize control-loop sta-
bility. The component values in the circuit of Figure 1
yield stable operation over a broad range of input/out-
put voltages and converter switching frequencies.
Follow the procedures below for optimal compensation.

In the following descriptions, Bode plots are used to
graphically describe the loop response of the convert-
ers over frequency. The Bode plot shows loop gain and
phase vs. frequency. A single pole results in a -20dB
per decade slope and a -90° phase shift, and a single
zero results in a +20dB per decade slope and a +90°
phase shift. The stability of the system can be deter-
mined by the phase margin (how far from 0° the loop
phase is when the response drops to 0dB) and gain
margin (how far below 0dB the gain is when the phase
reaches 0°). The system is stable for phase margins
>30°, and a phase margin of 45° is preferred. The gain
margin should be at least 10dB.

Main Converter
The main converter uses current mode to regulate the
output voltage by forcing the required current through
the inductor. Since the P-channel MOSFET operates
with constant drain-source on-resistance (Rpsp), the
voltage across the MOSFET is proportional to the
inductor current. The converter current-sense amplifier
measures the “on” MOSFET drain-source voltage to
determine the inductor current for regulation. The gain
through the current-sense amplifier (measured across
the MOSFET) is Avcsm = 9.3V/V. The voltage-divider
attenuates the loop gain by Avpv = VRer / VouT, and
the gain DC voltage of the error amplifier is AVEA =
2000V/V. The controller forces the peak inductor cur-
rent (IL) such that:

IL Rpsp Avcsm = VouT AvDv AVEA

or
IL = VouT AvDV AVEA / (Avcsm RDspP)
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and the output voltage is IouT RLOAD, which is equal to
IL RLoAD. Thus, the total DC loop gain is:

AvDC = RLOAD AvDV AVEA / (Avcsm RDsP)
or

Avbc = 215 VRer RLOAD / (VouT RDS(ON))
Because of the current-mode control, there is a single

pole in the loop response due to the output capacitor.
This pole is at the frequency (in Hz):

Po =1/(2r RLoaD CouT)

Note that as the load resistance increases, the pole
moves to a lower frequency. However, the DC loop
gain increases by the same amount since they are both
dependent on RLOAD. Thus, the crossover frequency
(frequency at which the loop gain drops to 0dB), which
is the product of the pole and the gain, remains at the
same frequency.

The compensation network creates a pole and zero at
the frequencies (in Hz):

Pc = GEA/ (4000m Cc) = 1/ (4x107 m Cg)
and
Zc=1/(2r Rc Cc)

and the ESR of the output filter capacitor causes a zero
in the loop response at the frequency (in Hz):

Z0o =1/(2r Cout ESR)
The DC gain and the poles and zeros are shown in the
Bode plot of Figure 6.

To achieve a stable circuit with the Bode plot of Figure
6, use the following procedure:

1) Determine the desired crossover frequency, either
1/3 of the zero due to the output capacitor ESR:

1

b=Z0/3=—
C O T BrCouUTESR

or 1/5 of the switching frequency:
fsw
fo =22

€775

whichever is lower.

2) Determine the pole frequency due to the output
capacitor and the load resistor:

’
Po=5—
2nR oapMiIN) CouT
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Figure 6. Current-Mode Step-Down Converter Bode Plot

or

__lLoabmax)
2nVout Cout

3) Determine the compensation resistor required to set
the desired crossover frequency:
Rc = 20MQfe
AvbcPo
or, by simplifying and using the typical VRer = 1.25V:
Rc = 468kQ/V VouTt CouT Rbsp fc
4) Determine the compensation capacitor to set the

proper error-amplifier pole and zero determined from
the above equations:

1
Co=—m
c 2nRcPo

Core Converter
Compensating the core converter is similar to the com-
pensation of the main converter described above. The
only difference is that the current is measured internal-
ly, and the gain (transresistance) of the current-sense
amplifier is Rcsc = 1.0V/A. The DC loop gain is:

Avpc = 2000 VREF RLoAD / VouT

MAXI N
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To achieve a stable circuit for the core converter, use
the following procedure:

1) Determine the desired crossover frequency, either
1/3 of the zero due to the output capacitor ESR:

fm = Zo__ 1
C 3 6nCoyTESR
or 1/5 of the switching frequency:

fsw
fn = W
C=75

whichever is lower.

2) Determine the pole frequency due to the output
capacitor and the load resistor:

’
Po=5=
2nR oapMiIN) CouT

or

__lLoapmax)
2mVout Cout

3) Determine the compensation resistor required to set
the desired crossover frequency:

_ 20MQfg

Rc=
AvpcPo

or, by simplifying and using the typical VRer = 1.25V:
Rc = 50kQ/V VouTt CouT fc

4) Determine the compensation capacitor to set the
proper error-amplifier pole and zero determined from
the above equations:

Com
ZT[cho

Auxiliary Controllers
The auxiliary controllers use voltage mode to regulate
their output voltages. The following explains how to
compensate the control system for optimal perfor-
mance. The compensation differs depending on
whether the inductor current is continuous or discontin-
uous.

MAXIMN
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Discontinuous Inductor Current
For discontinuous inductor current, the PWM controller
has a single pole. The pole frequency and DC gain of
the PWM controller are dependent on the operating
duty cycle, which is:

D = (2L fosc/Rg)1/2
where RE is the equivalent load resistance, or:
RE = VIN2 RLOAD / (VouT (VouT - VIN))

The frequency of single pole due to the PWM converter
is:

Po = (2 Vout - VIN) / (21t (VouT - VIN) RLoaD Cour)
and the DC gain of the PWM controller is:
Avo = 2 VouT (VouT - VIN) RLoAD / ((2 VouT - VIN) D)

Note that, as in the current-mode, step-down cases
above, as RLOAD is increased, the pole frequency
decreases and the DC gain increases proportionally.
Since the crossover frequency is the product of the
pole frequency and the DC gain, it remains indepen-
dent of the load.

As in the cases of the main and core converters, the gain
through the voltage-divider is Aypv = VREF / VouT, and
the DC gain of the error amplifier is Ayea = 2000V/V.
Thus, the DC loop gain is AyDC = AvDv AVEA AvO.

The compensation resistor-capacitor pair at COMP
cause a pole and zero at frequencies (in Hz):

Pc = Gea/ (4000m Cc) = 1/ (4x107 w Cg)
Zc=1/(@nRc Cc)

and the ESR of the output filter capacitor causes a zero
in the loop response at the frequency (in Hz): Zo =1/
(2t CouT ESR).

The DC gain and the poles and zeros are shown in the
Bode plot of Figure 7. To achieve a stable circuit with
the Bode plot of Figure 7, follow the procedure below:

1) Choose the Rc that is equivalent to the inverse of
the transconductance of the error amplifier, 1/Rc =
GEA = 100us, or Rc = 10kQ. This sets the high-fre-
quency voltage gain of the error amplifier to 0dB.

2) Determine the maximum output pole frequency:

2Vout ~ViN
2n(VouT — Vin)RLoabmiN CouT

Pomax) =

where RLOAD(MIN) = VOUT / lOUT(MAX).
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3) Place the compensation zero at the same frequency
as the maximum output pole frequency (in Hz):

v 2VouT —ViN
2nRcCc 2n(VouT —Vin)RLoaDMIN) CouT

Zc

Solving for CC:

Vout —ViN
RelouTvax) (2VouT — Vi)

Cc=CoutVour

Use values of Cc <10nF. If the above calculation deter-
mines that the capacitor should be >10nF, use Cc =
10nF, skip step 4, and go to step 5.

4) Determine the crossover frequency (in Hz):

o= VREF
nDCour

and to maintain at least 10dB gain margin, make sure

that the crossover frequency is <1/3 of the ESR zero

frequency, or 3fc £ Zop, or ESR <D /6 VREF.

If this is not the case, go to step 5 to reduce the error-

amplifier high-frequency gain to decrease the

crossover frequency.

5) The high-frequency gain may be reduced, thus
reducing the crossover frequency, as long as the
zero due to the compensation network remains at or
below the crossover frequency. In this case:

D

FSR« ——
GeaRc 6VRer

and
GeaRc VRer 1
fc = >
2nR¢ CC

nDCout

Choose Court, Rc, and Cc to satisfy both equations
simultaneously.

Continuous Inductor Current
For continuous inductor current, there are two condi-
tions that change, requiring different compensation.
The response of the control loop includes a right-half-
plane zero and a complex pole pair due to the inductor
and output capacitor. For stable operation, the con-
troller-loop gain must drop below unity (0dB) at a much
lower frequency than the right-half-plane zero frequen-
cy. The zero arising from the ESR of the output capaci-
tor is typically used to compensate the control circuit
by increasing the phase near the crossover frequency,
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Figure 7. Discontinuous-Current, Voltage-Mode, Step-Up
Controller Bode Plot

increasing the phase margin. If a low-value, low-ESR
output capacitor (such as a ceramic capacitor) is used,
the ESR-related zero occurs at too high a frequency
and does not increase the phase margin. In this case,
use a lower value inductor so that it operates with dis-
continuous current (see the Discontinuous Inductor
Current section).

For continuous inductor current, the gain of the voltage
divider is Aypv = VREF / VouT, and the DC gain of the
error amplifier is Ayga = 2000. The gain through the
PWM controller in continuous current is:

Vout”
Avo=+t——
VIN VREF

Thus, the total DC loop gain is: Aypc = 2000 VouT / VIN.

The complex pole pair due to the inductor and output
capacitor occurs at the frequency (in Hz):

Po = Vourt
2nViN yLCout

The pole and zero due to the compensation network at
COMP occur at the frequencies (in Hz):

Gea 1
C = =
(4000nCc)  4x10"nCe

y
Zp=——m
c 2nRcCc
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Figure 8. Continuous-Current, Voltage-Mode, Step-Up
Converter Bode Plot

The frequency (in Hz) of the zero due to the ESR of the
output capacitor is:
Zo= 1
2nCoyTESR

and the right-half-plane zero frequency (in Hz) is:

2
5o _(1-D)"Rioap

RHP onl
Figure 8 shows the Bode plot of the loop gain of this
control circuit.

To configure the compensation network for a stable
control loop, set the crossover frequency at that of the
zero due to the output capacitor ESR. Use the following
procedure:

1) Determine the frequency of the right-half-plane

zero:
2
5 _(1-D)"Rioap
RHP onl
2) Find the DC loop gain:
2000V,
Aypc = %
IN

3) Determine the frequency of the complex pole pair
due to the inductor and output capacitor:

fm = Vout

5=—Our
2 ViNyLCout

MAXIMN
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4) Since response is 2nd order (-40dB per decade)
between the complex pole pair and the ESR zero,
determine the desired amplitude at the complex
pole pair to force the crossover frequency equal to
the ESR zero frequency. Thus:

LVin®
A(Po)=(Zo/Po) = IN

CouTESR*Vour®

5) Determine the desired compensation pole. Since
the response between the compensation pole and
the complex pole pair is 1st order (-20dB per
decade), the ratio of the frequencies is equal to the
ratio of the amplitudes at those frequencies. Thus:

Po _ Abc
Pc A(Po)

Solving this equation for Cc:

cn e Vout(Cour)”* ESR?
Cc= 72
20MQ Viy (L)

6) Determine Rc for the compensation zero frequency
as equal to the complex pole-pair frequency:
Zc = Po.

Solving for Rc:

R = ViNyLCout

~ VoutCc
Applications Information

Using the MAX1801 with the MAX1802
Step-Down Master
The MAX1801 is a slave DC-DC controller that can be
used with the MAX1802 to generate additional output
voltages. The MAX1801 does not generate its own ref-
erence or oscillator. Instead it uses the reference and
oscillator from the MAX1802 step-down master convert-
er controller (Figure 1). MAX1801 controller operation
and design is similar to that of the MAX1802 auxiliary
controllers. For more details, refer to the MAX1801 data
sheet.

Using an Auxiliary Controller in an

SEPIC Configuration

Where the battery voltage may be above or below the
required output voltage, neither a step-up nor a step-
down converter is suitable; instead, use a step-up/step-
down converter. One type of step-up/step-down
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converter is the SEPIC, shown in Figure 9. Inductors L1
and L2 can be separate inductors or can be wound on
a single core and coupled like a transformer. Typically,
using a coupled inductor will improve efficiency since
some power is transferred through the coupling, so less
power passes through the coupling capacitor (C2).
Likewise, C2 should have low ESR to improve efficien-
cy. The ripple current rating must be greater than the
larger of the input and output currents. The MOSFET
(Q1) drain-source voltage rating and the rectifier (D1)
reverse-voltage rating must exceed the sum of the
input and output voltages. Other types of step-up/step-
down circuits are a flyback converter and a step-up
converter followed by a linear regulator.

Using an Auxiliary Controller for a
Multi-Output Flyback Circuit
Some applications require multiple voltages from a sin-
gle converter that features a flyback transformer.
Figure 10 shows a MAX1802 auxiliary controller in a
two-output flyback configuration. The controller drives
an external MOSFET that switches the transformer pri-
mary, and the two secondaries generate the outputs.
Only a single positive output voltage can be regulated
using the feedback resistive voltage-divider, so the
other voltages are set by the turns ratio of the trans-
former secondaries. The regulation of the other sec-
ondary voltages degrades due to transformer leakage
inductance and winding resistance. Voltage regulation
is best when the load current is limited to a small range.
Consult the transformer manufacturer for the proper
design for a given application.

Using a Charge Pump for Negative
Output Voltages
Negative output voltages can be produced without a
transformer using a charge-pump circuit with an auxil-
iary controller as shown in Figure 11. When MOSFET
Q1 turns off, the voltage at its drain rises to supply cur-
rent to VouT+. At the same time, C1 charges to the volt-
age at VouT+ through D1. When the MOSFET turns on,
C1 discharges through D3, thereby charging C3 to
VouT- minus the drop across D3 to create roughly the
same voltage as VouT+ at VouT- but with inverted
polarity. If different magnitudes are required for the
positive and negative voltages, a linear regulator can
be used at one of the outputs to achieve the desired
voltage.

Designing a PC Board
A good PC board layout is important to achieve optimal
performance from the MAX1802. Good design reduces
excessive conducted and/or radiated noise, both of
which are undesirable.
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Figure 9. Auxiliary Controller, SEPIC Configuration

Conductors carrying discontinuous currents should be
kept as short as possible. Conductors carrying high
currents should be made as wide as possible. A sepa-
rate low-noise ground plane containing the reference
and signal grounds should only connect to the power-
ground plane at one point to minimize the effects of
power-ground currents.

Keep the voltage feedback network very close to the
IC, preferably within 0.2in (5mm) of the FB_ pin. Nodes
with high dv/dt (switching nodes) should be kept as
small as possible and should stay away from high-
impedance nodes such as FB_and COMP_.

Refer to the MAX1802EVKIT evaluation kit manual for a
full PC board example.
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