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Tracking/Sequencing Triple/Quintuple
Power-Supply Controllers

General Description

The MAX1964/MAX1965 power-supply controllers are
designed to address cost-sensitive applications
demanding voltage sequencing/tracking, such as
cable modem consumer premise equipment (CPE),
xDSL CPE, and set-top boxes. Operating off a low-cost,
unregulated DC supply (such as a wall adapter output),
the MAX1964 generates three positive outputs and the
MAX1965 generates four positive outputs and one neg-
ative output to provide an inexpensive system power
supply.

The MAX1964 includes a current-mode synchronous
step-down controller and two positive regulator gain
blocks. The MAX1965 has one additional positive gain
block and one negative regulator gain block. The main
synchronous step-down controller generates a high-
current output that is preset to 3.3V or adjustable from
1.236V to 0.75 x V|N with an external resistive-divider.
The 200kHz operating frequency allows the use of low-
cost aluminum-electrolytic capacitors and low-cost
power magnetics. Additionally, the MAX1964/MAX1965
step-down controllers sense the voltage across the low-
side MOSFET’s on-resistance to efficiently provide the
current-limit signal, eliminating the need for costly cur-
rent-sense resistors.

The MAX1964/MAX1965 generate additional supply
rails at low cost. The positive regulator gain blocks use
an external PNP pass transistor to generate low voltage
rails directly from the main step-down converter (such
as 2.5V or 1.8V from the main 3.3V output) or higher
voltages using coupled windings from the step-down
converter (such as 5V, 12V, or 15V). The MAX1965's
negative gain block uses an external NPN pass transis-
tor in conjunction with a coupled winding to generate
-5V, -12V, or -15V.

All output voltages are externally adjustable, providing
maximum flexibility. During startup, the MAX1964 fea-
tures voltage sequencing and the MAX1965 features
voltage tracking. Both controllers provide a power-
good output that monitors all of the output voltages.

Applications
xDSL, Cable, and ISDN Modems
Set-Top Boxes

Wireless Local Loop

Typical Operating Circuit appears at end of data sheet.

MAXIMV

Features

4 4.5V to 28V Input Voltage Range

4 Master DC-DC Step-Down Converter:
Preset 3.3V or Adjustable (1.236V to 0.75 x VIN)
Output Voltage
Fixed Frequency (200kHz) PWM Controller
No Current-Sense Resistor
Adjustable Current Limit
95% Efficient
Soft-Start

4 Two (MAX1964)/Four (MAX1965) Analog Gain

Blocks:
Positive Analog Blocks Drive Low-Cost PNP
Pass Transistors to Build Positive Linear
Regulators
Negative Analog Block (MAX1965) Drives a
Low-Cost NPN Pass Transistor to Build a
Negative Linear Regulator

4 Power-Good Indicator
4 Voltage Sequencing (MAX1964) or Tracking
(MAX1965)

Ordering Information

PART TEMP. PIN- fosc
RANGE PACKAGE (kHz)
MAX1964TEEE  -40°C to +85°C 16 QSOP 200
MAX1965TEEP  -40°C to +85°C 20 QSOP 200
Pin Configurations
TOP VIEW

pok[1] eln ek [1] [20] IV

comp [2] [15] v cowp [2] [19] v
ot (3] s 4l et our [3] 18] ST

e[a] MAx1964  [13] oH e [4] ammam |17] o

B2 5] [12] Lx B[5] MAX1965  [16] Lx

re2 [6 ] [11]o.  re2 [6] [15] oL
B3 [7] [10] v B3 [7] [14] GnD
F3 [8] [o] M res [8] [13] 1L
16-Pin QSOP o4 [} 2] Fes

FB4 [10] [11] 85

20-Pin QSOP

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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MAX1964/MAX1965

Tracking/Sequencing Triple/Quintuple
Power-Supply Controllers

ABSOLUTE MAXIMUM RATINGS

IN, B2, B3, B4t0 GND.........coooviiiiiiiiiiiiie -0.3V to +30V Continuous Power Dissipation (Ta = +70°C)

BS 1O OUT oo ...-20V to +0.3V 16-Pin QSOP (derate 8.3mW/°C above +70°C)........... 666mwW
VL, POK, FB, FB2, FB3, FB4, FB5to GND................ -0.3V to +6V 20-Pin QSOP (derate 9.1mW/°C above +70°C)........... 727mW
LX O BST .o, ...-6V to +0.3V Operating Temperature Range ..............c.ccc.oe... -40°C to +85°C
BST 10 GND ..o -0.3V to +36V Junction Temperature ...........coceiviiiiiiiii e +150°C
DH1IO LX oo -0.3V to (VBsT + 0.3V) Storage Temperature Range .............. -65°C to +150°C
DL, OUT, COMP, ILIMto GND............c......... -0.3V to (VL + 0.3V) Lead Temperature (soldering, 10S) .........cccceevviiiiiinnnnn. +300°C
VL Output CUITENT ...t 50mA

VL Short Circuit to GND........oooviiiiiiiicceccee <100ms

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(VIN =12V, ILIM = FB = GND, VBsT - VL.x = 5V, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS MIN TYP  MAX | UNITS

GENERAL

Operating Input Voltage Range

(Note 1) VIN 4.5 28 Y
VEB = 0, VouT = 4V, MAX1964 1.25 25

Quiescent Supply Current IIN VFB2 = VFB3 = VFB4 = 1.5V, mA
VFBs =-0.1V MAX1965 1.5 3.0

VL REGULATOR

Output Voltage VL B6Y < VIN < 28V, 0.1mA < ILoAD <20mA 4.75 5.00 5.25 \Y

Line Regulation VIN = 6V to 28V 3.0 %

Undervoltage Lockout Trip Level VUvLO VL rising, 3% hysteresis (typ) 3.2 3.5 3.8 \

Minimum Bypass Capacitance CeyP(MIN) | 10mQ < ESR < 500mQ 1 uF

DC-DC CONTROLLER

Output Voltage (Preset Mode) VouT FB = GND 3.272 3.34 3.355 V

Typical Output Voltage Range

(Adjustable Mode) (Note 2) Vour VeeT 0.75 % ViN v

FB Set Voltage (Adjustable Vser | FB=cowmp 1201 1236 1252 v

Mode)

FB Dual-Mode™ Threshold 50 100 150 mV

FB Input Leakage Current IFB VEB = 1.5V 0.01 100 nA

FB to COMP Transconductance am FB = COMP, Icomp = t5uA 70 100 140 uS

g:ir;ent-Sense Amplifier Voltage ALIM VIN - Vi = 250mV 446 49 5 44 VN

Current-Limit Threshold waLley | Vil = 5.0V 190 250 310 Y

(Internal Mode)

Current-Limit Threshold

(External Mode) VVALLEY | Vium = 2.5V 440 530 620 mv

Switching Frequency fosc 160 200 240 kHz

Dual Mode is a trademark of Maxim Integrated Products, Inc.
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Tracking/Sequencing Triple/Quintuple
Power-Supply Controllers

ELECTRICAL CHARACTERISTICS
(VIN =12V, ILIM = FB = GND, VBsT - VL.x = 5V, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Maximum Duty Cycle Dmax 77 82 90 %
Soft-Start Period tSOFT 1024 1/fosc
Soft-Start Step Size VREF/64 V
_';Er:;fé el(;—Up Sequence MAX1964, FB rising, B2 turns on 1.145 v
DH Output Low Voltage Isink = 1T0mA, measured from DH to LX 40 mV
DH Output High Voltage ISOURCE = 10mA, measured from BST to DH 40 mV
DL Output Low Voltage IsINK = 10mA, measured from DL to GND 20 mV
DL Output High Voltage ISOURCE = 10mA, measured fromDLto GND | VL - 0.1 \Y
DH On-Resistance High (DH to BST) and low (DH to LX) 1.5 4 Q

. High (DL to VL) 4.3 10

DL On-Resistance Q
Low (DL to GND) 0.7 2

Output Drive Current Sourcing or sinking, VpH or VpL = VL/2 0.5 A

LX, BST Leakage Current VBsT = Vix = VIN = 28V, VFB = 1.5V 0.04 10 A

POSITIVE ANALOG GAIN BLOCKS

\F/ZilgFS& B4 Requiaton I\éizz I;/;?i IB\:B: 1m5X‘(sink) 1.226 1.24 1.257 v

?Eé?gjr_up Sequence MAX1964, FB2 rising, B3 turns on 1.145 %

Eiisziiazifaaocz_lirror AVFB- ?)/.E;QmA\{S%mXE(tink)BV’ o2 = o = o 13 22 mv

Ei‘frdeaf"k Input Leakage IFB_ | VrB2 = VFB3 = VPB4 = 1.5V 001 100 nA

Driver Sink Current Ig_ VFB2 = VFB3 = VB2 = VB3 = VB4 = 2.8V 10 2 mA
VFB4 =1.188V | Vgo = VB3 = VBa = 4.0V 24

NEGATIVE ANALOG GAIN BLOCK

FB5 Regulation Voltage z/sEc‘fu;;/)OUT -2V, Vour = 3.5V, Igs = 1mA 20 5 +10 mv

FBS5 to B5 Transconductance Error | AVFBs VBs =0, Igs = 0.5mA to 5mA (source) -13 -20 mV

Feedback Input Leakage Current IFB5 VFBs = -100mV 0.01 100 nA

Driver Source Current IB5 ;/FSBVE’ = 200mV, VBs = Vour - 2.0V, Vour = 10 25 mA

POWER GOOD (POK)

OUT Trip Level (Preset Mode) FB = GND, falling edge, 3% hysteresis (typ)| 2.88 3.0 3.12 \

FB Trip Level (Adjustable Mode) Falling edge, 3% hysteresis (typ) 1.070 1.114 1.159 Y

FB2, FB3, FB4 Trip Level Falling edge, 3% hysteresis (typ) 1.070 1.114 1.159 \

FB5 Trip Level Rising edge, 356mV hysteresis (typ) 368 530 632 mV

POK Output Low Level ISINK = TmA 0.4 \Y

POK Output High Leakage VpoK = 5V 1 A

MAXIMN
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MAX1964/MAX1965

Tracking/Sequencing Triple/Quintuple

Power-Supply Controllers

ELECTRICAL CHARACTERISTICS (continued)
(VIN =12V, ILIM = FB = GND, VBsT - VL.x = 5V, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER | symsoL | CONDITIONS MIN TYP MAX | UNITS
THERMAL PROTECTION (NOTE 3)
Thermal Shutdown Rising temperature 160 °C
Thermal Shutdown Hysteresis 15 °C
ELECTRICAL CHARACTERISTICS
(VIN = 12V, ILIM = FB = GND, VBsT - VLx = 5V, Ta = -40°C to +85°C, unless otherwise noted.) (Note 4)
PARAMETER | symoL | CONDITIONS | miN_ TYP  MAX | UNITS
GENERAL
Operating Input Voltage Range ViN 45 o8 v
(Note 1)
VEB = 0, VouTt = 4V, MAX1964 25
Quiescent Supply Current IIN VFB2 = VFB3 = VFR4 = 1.5V, mA
VrBs = -0.1V MAX1965 3.0
VL REGULATOR
Output Voltage VL 6V < VIN < 28V, 0.1mA < ILoaD <20mA 4.75 525 \
Line Regulation VIN = 6V to 28V 3.0 %
Undervoltage Lockout Trip Level VuvLO VL rising, 3% hysteresis (typ) 3.0 4.0 Y
DC-DC CONTROLLER
Output Voltage (Preset Mode) Vour FB = GND 3.247 3.38 Vv
Feedback Set Voltage B
(Adjustable Mode) VSET FB = COMP 1.211 1.261 \Y
gzirr:ent—Sense Amplifier Voltage ALM Vin - VLx = 250mV 419 568 VN
Current-Limit Threshold
(Internal Mode) VVALLEY | Vium = 5.0V 150 350 mv
Current-Limit Threshold VWALLEY | ViLim = 2.5V 400 660 mV
(External Mode)
Switching Frequency fosc 160 240 kHz
Maximum Duty Cycle DmAX 74 a0 %
POSITIVE ANALOG GAIN BLOCKS
FB2, FB3, FB4 Regulation VB2 = VB3 = VB4 = 5V, ' 1915 1965 v
Voltage IB2 = 183 = IB4 = TMA (sink)
FB2, FB3, FB4 to B_ VB2=VB3=VB4a=5V,Ig2=Ig3=1Bsg =
Transconductance Error AVFB- 0.5mA to 5mA (sink) 28 mv

MAXIN




Tracking/Sequencing Triple/Quintuple
Power-Supply Controllers

ELECTRICAL CHARACTERISTICS (continued)
(VN = 12V, ILIM = FB = GND, VBsT - VLx = 5V, Ta = -40°C to +85°C, unless otherwise noted.) (Note 4)

PARAMETER | symsoL | CONDITIONS | mN  TYP  mAX | uniTs
NEGATIVE ANALOG GAIN BLOCK
FB5 Regulation Voltage lvBB55:1\:SAUIS_Oi\r/C’;/)OUT =35V, -25 +10 mv
FB5 to B5 Transconductance Error | AVFBs VBs =0, IB5 = 0.5mA to 5mA (source) -30 mV
POWER GOOD (POK)
OUT Trip Level (Preset Mode) FB = GND, falling edge, 3% hysteresis (typ)| 2.85 3.156 \
FB Trip Level (Adjustable Mode) Falling edge, 3% hysteresis (typ) 1.058 117 \
FB2, FB3, FB4 Trip Level Falling edge, 3% hysteresis (typ) 1.058 1.17 \
FB5 Trip Level Rising edge, 35mV hysteresis (typ) 325 675 mV

Note 1: Connect VL to IN for operation with V|N < 5V.

Note 2: See Output Voltage Selection section.

Note 3: The internal 5V linear regulator (VL) powers the thermal shutdown block. Shorting VL to GND disables thermal shutdown.
Note 4: Specifications to -40°C are guaranteed by design, not production tested.

Typical Operating Characteristics
(Circuit of Figure 1, VIN = 12V, VouT = 3.3V, Ta = +25°C, unless otherwise noted.)

EFFICIENCY vs. LOAD CURRENT OUTPUT VOLTAGE vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
(PRESET MODE) (PRESET MODE) (ADJUSTABLE MODE)
100 - 3.33 o 100 o
[T g : g [T TTT] g
L | Viy=65V LU g g L Viy=65V RS 8
% T : - 332 [ : % gV % :
/‘ /: N = = . \\\\ = R : /1 A1 =
E g / / AN &* § 80 ,/ /‘ Viy =8V
s (/| Nn=sv 5 S / 111
& : 2330 = Viy=12V
S Ji Vin=12v c g / =
T 70 v, w/ 1 2 T 70 L
= / Viy=18V = 3.29 - / (/ \V\”\\‘\T\]SV
HHH e /‘\ FHH
60 / a3 60 [ Vin =24V
/ Vi =24V 328 /
Vour =33V / Vour = +5.0V
50 Y 397 50 AN
0.01 01 1 10 0 05 10 15 20 25 30 0.01 0.1 1 10
LOAD CURRENT (4) LOAD CURRENT (A) LOAD CURRENT (A)

MAXIMN 5
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MAX1964/MAX1965

Tracking/Sequencing Triple/Quintuple
Power-Supply Controllers

Typical Operating Characteristics (continued)
(Circuit of Figure 1, VIN = 12V, VouT = 3.3V, Ta = +25°C, unless otherwise noted.)

OUPUT VOLTAGE vs. LOAD CURRENT INTERNAL 5V LINEAR REGULATOR LOAD TRANSIENT
(ADJUSTABLE MODE) vs. LOAD CURRENT (STEP-DOWN CONVERTER)
505 - 505 - MAX1964/65 toc06
5.03 : 5.03 : .
§ \ \ 50V |.|:| .II. I,I'I ,I,I_I-III. :|:I ,I.I....I. |i.l. II'I | i .I.II. A
2501 5.01 — I
5 = —
3 =
= =
= 4.99 499
5 1A r Y
< a
497 497 B
0 I nn————
4.95 4.95
0 05 10 15 20 0 5 10 15 20 25 3 dops/div
LOAD CURRENT (A) LOAD CURRENT (mA) A Vout = 5V, 100mV/div
B. louT = 10mA TO 1A, 500mA/div
Vin=12V
SWITCHING WAVEFORMS SOFT-START MAX1964 STARTUP WAVEFORM
(STEP-DOWN CONVERTER) (STEP-DOWN CONVERTER) (VOLTAGE SEQUENCING)
MAX1964/65 toc07 MAX1964/65 toc0¢ MAX1964/65 toc09
o ’ " M A
4.95V 1.8V
a
12v | B
0 3.3V "
C
1A
054 ¢ D
40us/div 1ms/div 200ps/div
A.Vout = 5.0V, 50mV/div AV =5V, 5V/div A Vouri =5V (ADJ), 2V/div
B. Vi, 10V/div ) B. Voutt =5V (ADJ),2V/div B. Voure =1.8V, 1V/div
C. INDUCTOR CURRENT, 500mA/div C. INDUCTOR CURRENT, 1A/div C. Vourz=3.3V, 2V/div
Vin =12V, Royr1 = 5V Vi = STEPPED FROM 0 70 12V, Royt1 = 10Q2 D. Vpok, 5V/div

Viy = STEPPED FROM 0 TO 12V, Royr1 = 5
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Tracking/Sequencing Triple/Quintuple
Power-Supply Controllers

Typical Operating Characteristics (continued)
(Circuit of Figure 1, VIN = 12V, VouT = 3.3V, Ta = +25°C, unless otherwise noted.)

POSITIVE LINEAR REGULATOR

MAX1965 STARTUP WAVEFORM POSITIVE LINEAR REGULATOR BASE- OUTPUT VOLTAGE vs. LOAD CURRENT
(VOLTAGE TRACKING) DRIVE CURRENT vs. BASE-DRIVE VOLTAGE (QLpo = 2N3905)
MAX1964/65 toc10
40 I - 250 .
A Veg =10V 5 5
B = | 3
£ E 5
8 = %@ // E - 2.48 z
E 25 & v =50V
> < SUP(POS) = 9.
= 9 / | g 246
@ / Vrg_=0.96VRer ? Vsup(pos) = 3:3V[\\
= 15 =
E S / 3
Z & 10 244 \
5v { I = /
: F 5 B2, B3 AND B4
0
_ . (MAX1965) ONLY -
400us/div 0 2 4 6 8 10 001 0.1 1 10 100 1000
A Voura = 5.0V, 2V/div D. Voura = 1.8V/div BASE VOLTAGE (V) LOAD CURRENT (mA)
B. Vour1 = 3.3V, 2V/div E. Vouts =-5.0V, 2V/div
C. VouT2 = 2.5V, 2V/div F. Vpok, 5V/div
Vi = STEPPED FROM 0 TO 12V,
Rour1 = 6.6Q
CIRCUIT OF FIGURE 6
POSITIVE LINEAR REGULATOR POSITIVE LINEAR REGULATOR POSITIVE LINEAR REGULATOR
OUTPUT VOLTAGE vs. SUPPLY VOLTAGE POWER-SUPPLY REJECTION RATIO LOAD TRANSIENT
(QLpo = 2N3905) (QLpo = 2N3905) (QLpo = 2N3905)
250 . 80 - MAX1964/65 toc15
g 70 g 100mA e it
g N 2
g N 3 A
248 = 60 =
= \
% loyr2 = TmA g 50 \ 0= e
S 246 —— g 4 \
5 lout2 = 100mA @0
5 30 2467V [ [———
> \ B
24 2 \ PIFTREES LN
_ it A S ey
10 four " SO"iA 2457V
242 0
2 3 4 5 6 71 8 01 1 10 100 1000 10us/div
SUPPLY VOLTAGE (V) FREQUENCY (kHz) A loyrz = 1mATO 100mA, 50mA/div

B. Vourz = 2.5V, SmV/div
CLpo(pos) = 10uF CERAMIC, Vsup(pos) = 3.3V

CIRCUIT OF FIGURE 1

MAXIMN 7
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MAX1964/MAX1965

Tracking/Sequencing Triple/Quintuple
Power-Supply Controllers

(Circuit of Figure 1, VIN = 12V, VouT = 3.3V, Ta = +25°C, unless otherwise noted.)

2.50

OUTPUT VOLTAGE (V)
5 S

)
~
=

2.42

250mA

2473V

2.453V

POSITIVE LINEAR REGUALTOR
OUTPUT VOLTAGE vs. LOAD CURRENT
(Qupo = TIP30)

Vsup(pos) = 5.0V |
Ll

MAX1964/65 toc16

001 01 1 10
LOAD CURRENT (mA)

100 1000

POSITIVE LINEAR REGULATOR
LOAD TRANSIENT
(Qupo = TIP30)

MAX1964/65 toc19

e

10us

A. lout2 = 10mA TO 250mA, 200mA/div
B. Vouro = 2.5V, 10mV/div
CLDO(POS) =10uF CERAMIC, VSUP(POS) =33V

CIRCUIT OF FIGURE 1

POSITIVE LINEAR REGULATOR
OUTPUT VOLTAGE vs. SUPPLY VOLTAGE
(Qupo = TIP30)

250 =
g
= 248 lout2 = TmA
[NN)
=
S pip Hemer—T—"""
= lou2 = 100mA
&
5
S
244
242
2 4 6 8 10 12

SUPPLY VOLTAGE (V)

NEGATIVE LINEAR REGULATOR BASE-
DRIVE CURRENT vs. BASE-DRIVE VOLTAGE

45 -
Vgs = 250mV 2
g 40 §
-~ | =
s ¥ 7 g
= /
s 0 / Vrgs =50mV —}
o
w25 e e ol e
o -
SHP) /,/ Ve
2 /// [ N . S
Z 15 [HYC
<
g Vour =50V
. 5 - = = Vour=33vV |
B5 (MAX1965) ONLY
0 L L
0 2 4 6 8 10
Vour - Vas (V)

PSRR (dB)

OUTPUT VOLTAGE (V

80
70
60
50
40
30
20
10

0

-12.00

-12.06

N
S}

-12.18

-12.24

Typical Operating Characteristics (continued)

POSITIVE LINEAR REGULATOR
POWER-SUPPLY REJECTION RATIO
(Qupo = TIP30)

MAX1964/65 toc18

7

| lout2 = 150mA

LI |
1 10 100
FREQUENCY (kHz)

0.1 1000

NEGATIVE LINEAR REGULATOR
OUTPUT VOLTAGE vs. LOAD CURRENT
(Qupo = TIP29)

TTTITIT T T

| Vsup(neg) =15V
Vours =5V

MAX1964/65 toc21

001 01 1 10
LOAD CURRENT (mA)

100 1000
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Tracking/Sequencing Triple/Quintuple
Power-Supply Controllers

Typical Operating Characteristics (continued)
(Circuit of Figure 1, ViN = 12V, VouT - 3.3V, Ta = +25°C, unless otherwise noted.)

NEGATIVE LINEAR REGULATOR
OUTPUT VOLTAGE vs. SUPPLY VOLTAGE
(Qupo = TIP29)

-12.00 5
12,06 =
=
&
5
S 1212
5
= ILoo(NeG) = 100mA
3 ‘ ‘
1218 |

ILpo(NEG) = TMA
12.24 ‘ ‘

20 18 16 14 12 -0
SUPPLY VOLTAGE (V)
Pin Description
PIN
NAME FUNCTION

MAX1964 MAX1965

Open-Drain Power-Good Output. POK is low when any output voltage is more than
1 1 POK 10% below its regulation point. POK is high impedance when all the outputs are in
regulation. Connect a resistor between POK and VL for logic-level voltages.

Compensation Pin. Connect the compensation network to GND to compensate the

2 2 COMP
control loop.

Regulated Output Voltage High-Impedance Sense Input. Internally connected to a

8 3 out resistive-divider and negative gain block (MAX1965).

Dual-Mode Switching-Regulator Feedback Input. Connect to GND for the preset 3.3V
4 4 FB output. Connect to a resistive-divider from the output to FB to GND to adjust the output
voltage between 1.236V and 0.75 x V|N. The feedback set point is 1.236V.

Open-Drain Output PNP Transistor Driver (Regulator 2). Internally connected to the
5 5 B2 drain of a DMOS. B2 connects to the base of an external PNP pass transistor to form a
positive linear regulator.

Analog Gain Block Feedback Input (Regulator 2). Connect to a resistive-divider
6 6 FB2 between the positive linear regulator’s output and GND to adjust the output voltage.
The feedback set point is 1.24V.

MAXIMN 9
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MAX1964/MAX1965

Tracking/Sequencing Triple/Quintuple
Power-Supply Controllers

Pin Description (continued)

PIN

MAX1964

MAX1965

NAME

FUNCTION

B3

Open-Drain Output PNP Transistor Driver (Regulator 3). Internally connected to the
drain of a DMOS. B3 connects to the base of an external PNP pass transistor to form a
positive linear regulator.

FB3

Analog Gain Block Feedback Input (Regulator 3). Connect to a resistive-divider
between the positive linear regulator's output and GND to adjust the output voltage.
The feedback set point is 1.24V.

B4

Open-Drain Output PNP Transistor Driver (Regulator 4). Internally connected to the
drain of a DMOS. B4 connects to the base of an external PNP pass transistor to form a
positive linear regulator.

10

FB4

Analog Gain Block Feedback Input (Regulator 4). Connect to a resistive-divider
between the positive linear regulator’s output and GND to adjust the output voltage.
The feedback set point is 1.24V.

11

B5

Open-Drain Output NPN Transistor Driver (Regulator 5). Internally connected to the
drain of a P-channel MOSFET. B5 connects to the base of an external NPN pass
transistor to form a negative linear regulator.

12

FB5

Analog Gain Block Feedback Input (Regulator 5). Connect to a resistive-divider
between the negative linear regulator’s output and a positive reference voltage,
typically one of the positive linear regulator outputs, to adjust the output voltage. The
feedback set point is at GND.

13

ILIM

Dual-Mode Current-Limit Adjustment Input. Connect to VL for the default 250mV
current-limit threshold. In adjustable mode, the current-limit threshold voltage is 1/5 th
the voltage present at ILIM. Connect to a resistive-divider between VL and GND to
adjust Vv between 500mV and 2.5V. The logic threshold for switchover to the 250mV
default value is approximately VL - 1V.

10

14

GND

Ground

11

15

DL

Low-Side Gate-Driver Output. DL swings between GND and VL.

12

16

LX

Inductor Connection. Used for current-sense between IN and LX, and used for current-
limit between LX and GND.

13

17

DH

High-Side Gate-Driver Output. DH swings between LX and BST.

14

18

BST

Boost Flying Capacitor Connection. Connect BST to the external boost diode and
capacitor as shown in the Standard Application Circuit.

15

19

V0L

Internal 5V Linear Regulator Output. Supplies the IC and powers the DL low-side gate
driver and external boost diode and capacitor. Bypass with a 1uF or greater ceramic
capacitor to GND.

16

20

Input Supply Voltage. 4.5V to 28V. Bypass to GND with a 1uF or greater ceramic
capacitor close to the IC.

10
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Tracking/Sequencing Triple/Quintuple
Power-Supply Controllers

INPUT
D1 “ovT0 18V
CENTRAL CMPSH-3 o
| gn 470uF
IN BST |9
O — RaATE) ==~ | == INTERNATIONAL
TuF g; oH | ' RECTIFIER
‘ "1 IRF7101
s M
01uF | !
WL x f 0 —Y YT * >
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Figure 1. MAX1964 Standard Application Circuit

Detailed Description

The MAX1964/MAX1965 power-supply controllers pro-
vide system power for cable and xDSL modems. The
main step-down DC-DC controller operates in a cur-
rent-mode pulse-width-modulation (PWM) control
scheme to ease compensation requirements and pro-
vide excellent load and line transient response.

The MAX1964 includes two analog gain blocks to regu-
late two additional positive auxiliary output voltages,
and the MAX1965 includes four analog gain blocks to
regulate three additional positive and one negative aux-
iliary output voltages. The positive regulator gain blocks
can be used to generate low voltage rails directly from
the main step-down converter or higher voltages using
coupled windings from the step-down converter. The
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negative gain block can be used in conjunction with a
coupled winding to generate -5V, -12V, or -15V.

DC-DC Controller
The MAX1964/MAX1965 step-down converters use a
pulse-width-modulated (PWM) current-mode control
scheme (Figure 2). An internal transconductance ampli-
fier establishes an integrated error voltage at the COMP
pin. The heart of the current-mode PWM controller is an
open-loop comparator that compares the integrated
voltage-feedback signal against the amplified current-
sense signal plus the slope compensation ramp. At
each rising edge of the internal clock, the high-side
MOSFET turns on until the PWM comparator trips or the
maximum duty cycle is reached. During this on-time,
current ramps up through the inductor, sourcing current
to the output and storing energy in a magnetic field.
The current-mode feedback system regulates the peak
inductor current as a function of the output voltage error
signal. Since the average inductor current is nearly the
same as the peak inductor current (assuming that the
inductor value is relatively high to minimize ripple cur-
rent), the circuit acts as a switch-mode transconduc-
tance amplifier. It pushes the output LC filter pole,
normally found in a voltage-mode PWM, to a higher fre-
quency. To preserve inner-loop stability and eliminate
inductor stair casing, a slope-compensation ramp is
summed into the main PWM comparator.

During the second-half of the cycle, the high-side MOS-
FET turns off and the low-side N-Channel MOSFET
turns on. Now the inductor releases the stored energy
as its current ramps down, providing current to the out-
put. Therefore, the output capacitor stores charge when
the inductor current exceeds the load current, and dis-
charges when the inductor current is lower, smoothing
the voltage across the load. Under overload conditions
when the inductor current exceeds the selected cur-
rent-limit (see the Current Limit section), the high-side
MOSFET is not turned on at the rising edge of the clock
and the low-side MOSFET remains on to let the inductor
current ramp down.

The MAX1964/MAX1965 operate in a forced-PWM
mode, so even under light loads, the controller main-
tains a constant switching frequency to minimize cross-
regulation errors in applications that use a transformer.
So the low-side gate-drive waveform is the complement
of the high-side gate-drive waveform, which causes the
inductor current to reverse under light loads.

Current-Sense Amplifier
The one MAX1964/MAX1965’s one current-sense circuit
amplifies (Av = 4.9) the current-sense voltage
generated by the high-side MOSFET's on resistance
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(RDS(ON) x INDUCTOR). This amplified current-sense
signal and the internal slope compensation signal are
summed together (Vsum) and fed into the PWM com-
parator’s inverting input. The PWM comparator turns off
the high-side MOSFET when the Vsym exceeds the
integrated feedback voltage (Vcomp). Place the high-
side MOSFET no further than 5mm from the controller
and connect IN and LX to the MOSFET using Kelvin
sense connections to guarantee current-sense accura-
cy and improve stability.

Current-Limit Circuit
The current-limit circuit employs a unique “valley” cur-
rent-limiting algorithm that uses the low-side MOSFET'’s
on-resistance as a sensing element (Figure 3). If the
voltage across the low-side MOSFET (RDS(ON) x
[INDUCTOR) exceeds the current-limit threshold at the
beginning of a new oscillator cycle, the MAX1964/
MAX1965 will not turn on the high-side MOSFET. 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 low-
side MOSFET on-resistance, inductor value, input volt-
age, and output voltage. The reward for this uncertainty
is robust, lossless overcurrent limiting.

In adjustable mode, the current-limit threshold voltage is
approximately one-fifth the voltage seen at ILIM (IVALLEY
= 0.2 x V|LIm). Adjust the current-limit threshold by con-
necting a resistive-divider from VL to ILIM to GND. The
current-limit threshold can be set from 106mV to
530mV, which corresponds to ILIM input voltages of
500mV to 2.5V. This adjustable current limit accommo-
dates MOSFETs with a wide range of on-resistance
characteristics (see the Design Procedure section). The
current-limit threshold defaults to 250mV when ILIM is
connected to VL. The logic threshold for switchover to
the 250mV default value is approximately VL - 1V.

Carefully observe the PC board layout guidelines to
ensure that noise and DC errors don't corrupt the cur-
rent-sense signals seen by LX and GND. The IC must
be mounted close to the low-side MOSFET with short
(less than 5mm), direct traces making a Kelvin sense
connection.

Synchronous Rectifier Driver (DL)
Synchronous rectification reduces conduction losses in
the rectifier by replacing the normal Schottky catch
diode with a low-resistance MOSFET switch. The
MAX1964/MAX1965 also use the synchronous rectifier
to ensure proper startup of the boost gate-driver circuit
and to provide the current-limit signal.
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Figure 3. “Valley” Current-Limit Threshold Point

The DL low-side drive waveform is always the comple-
ment of the DH high-side drive waveform (with con-
trolled dead time to prevent cross-conduction or
“shoot-through”). A dead-time circuit monitors the DL
output and prevents the high-side FET from turning on
until DL is fully off. In order for the dead-time circuit to
work properly, there must be a low-resistance, low-
inductance path from the DL driver to the MOSFET
gate. Otherwise, the sense circuitry in the MAX1964/
MAX1965 will interpret the MOSFET gate as “off” when
gate charge actually remains. Use very short, wide
traces (50mils to 100mils wide if the MOSFET is 1 inch
from the device). The dead time at the other edge (DH
turning off) is determined by a fixed internal delay.

High-Side Gate-Drive Supply (BST)
Gate-drive voltage for the high-side N-channel switch is
generated by a flying-capacitor boost circuit (Figure 1).
The capacitor between BST and LX is alternately
charged from the VL supply and placed parallel to the
high-side MOSFET’s gate and source terminals.

On startup, the synchronous rectifier (low-side MOS-
FET) forces LX to ground and charges the boost
capacitor to 5V. On the second half-cycle, the switch-
mode power supply turns on the high-side MOSFET by
closing an internal switch between BST and DH. This
provides the necessary gate-to-source voltage to turn
on the high-side switch, an action that boosts the 5V
gate-drive signal above the input voltage.

Internal 5V Linear Regulator (VL)
All MAX1964/MAX1965 functions, except the current-
sense amplifier, are internally powered from the on-
chip, low-dropout 5V regulator. The maximum regulator
input voltage (VIN) is 28V. Bypass the regulator’s output
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(VL) with a ceramic capacitor of at least 1uF to GND.
The V|N-to-VL dropout voltage is typically 200mV, so
when V|N is less than 5.2V, VL is typically VIN - 200mV.

The internal linear regulator can source up to 20mA to
supply the IC, power the low-side gate driver, charge
the external boost capacitor, and supply small external
loads. When driving particularly large FETs, little or no
regulator current may be available for external loads.
For example, when switched at 200kHz, a large FET
with 40nC total gate charge requires 40nC x 200kHz, or
8mA.

Undervoltage Lockout
If VL drops below 3.5V, the MAX1964/MAX1965
assumes that the supply voltage is too low to make
valid decisions, so the undervoltage lockout (UVLO)
circuitry inhibits switching, forces POK low, and forces
the DL and DH gate drivers low. After VL rises above
3.5V, the controller powers up the outputs (see Startup
section).

Startup
Externally, the MAX1964/MAX1965 start switching when
VL rises above the 3.5V undervoltage lockout thresh-
old. However, the controller is not enabled unless all
four conditions are met: 1) VL exceeds the 3.5V under-
voltage lockout threshold, 2) the internal reference
exceeds 92% of its nominal value (VRer > 1.145V), 3)
the internal bias circuitry powers up, and 4) the thermal
limit is not exceeded. Once the MAX1964/MAX1965
assert the internal enable signal, the step-down con-
troller starts switching and enables soft-start.

The soft-start circuitry gradually ramps up to the refer-
ence voltage in order to control the rate of rise of the
step-down controller and reduce input surge currents
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during startup. The soft-start period is 1024 clock
cycles (1024/fosc), and the internal soft-start DAC
ramps up the voltage in 64 steps. The output reaches
regulation when soft-start is completed, regardless of
output capacitance and load.

Output Voltage Sequencing (MAX1964)
After the reference powers up, the controller begins a
startup sequence. First, the main DC-DC step-down
converter powers up with soft-start enabled. Once the
step-down converter reaches 92% of its nominal value
(VFB > 1.145V) and soft-start is completed, the con-
troller powers up the first positive linear regulator. Once
the first linear regulator reaches 92% of its nominal
value (VFB2 > 1.145V), the second linear regulator pow-
ers up. Once all three output voltages exceed 92% of
their nominal values, the active-high ready signal (POK)
goes high (see Power-Good Output section).

Output Voltage Tracking (MAX1965)
After the reference powers up, the controller simultane-
ously powers up all five output voltages. The main DC-
DC step-down converter powers up with soft-start
enabled while the linear regulators are fully activated.
However, the linear regulators’ inputs are typically con-
nected to or derived from the step-down converter out-
put voltage. Since the linear regulators are fully active,
the pass transistors immediately saturate, allowing
these output voltages to track the step-down convert-
er’s slow rising output voltage (see Typical Operating
Characteristics). Once all five output voltages exceed
92% of their nominal values, the active-high ready sig-
nal (POK) goes high (see Power-Good Output section).

Power-Good Output (POK)
POK is an open-drain output. The MOSFET turns on
and pulls POK low when any output falls below 90% of
its nominal regulation voltage. Once all of the outputs
exceed 92% of their nominal regulation voltages and
soft-start is completed, POK goes high impedance. To
obtain a logic voltage output, connect a pullup resistor
from POK to VL. A 100kQ resistor works well for most
applications. If unused, leave POK grounded or uncon-
nected.

Thermal overload Protection
Thermal overload protection limits total power dissipa-
tion in the MAX1964/MAX1965. When the junction tem-
perature exceeds Ty = +160°C, a thermal sensor shuts
down the device, forcing DL and DH low, allowing the
IC to cool. The thermal sensor turns the part on again
after the junction temperature cools by 15°C, resulting
in a pulsed output during continuous thermal overload
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conditions. If the VL output is short-circuited, thermal
overload protection is disabled.

During a thermal event, the main step-down converter
and the linear regulators are turned off, POK goes low,
and soft-start is reset.

Design Procedure

DC-DC Step-Down Converter

Output Voltage Selection
The step-down controller’s feedback input features dual
mode operation. Connect the output to OUT and con-
nect FB to GND for the preset 3.3V output voltage.
Alternatively, the MAX1964/MAX1965 output voltage
may be adjusted by connecting a voltage-divider from
the output to FB to GND (Figure 4). Select R2 in the
5kQ to 50kQ range. Calculate R1 with the following

equation:
Ri=R2 [—VOUT J-1
VseT

where VST = 1.236V and VouTt may range from 1.236V
to approximately 0.75 x V|N (up to 20V). If VouT > 5.5V,
connect OUT to GND (MAX1964) or to one of the posi-
tive linear regulators (MAX1965) with an output voltage
between 2V and 5V.

Inductor Value
Three key inductor parameters must be specified:
inductance value (L), peak current (IPEAK), and DC
resistance (Rpc). The following equation includes a
constant LIR, which is the ratio of inductor peak-to-peak
AC current to DC load current. A higher LIR value
allows smaller inductance, but results in higher losses
and higher output ripple. A good compromise between
size and losses is a 30% ripple-current to load-current
ratio (LIR = 0.3). The switching frequency, input volt-
age, output voltage, selected LIR determine the induc-
tor value as follows:

__ Vour(Mn-Vour)
VinfswlLoapmmax)LIR

where fsw is 200kHz. The exact inductor value is not
critical and can be adjusted in order to make trade-offs
among size, cost, and efficiency. Lower inductor values
minimize size and cost, but they also increase the out-
put ripple and reduce the efficiency due to higher peak
currents. On the other hand, higher inductor values
increase efficiency, but at some point resistive losses
due to extra turns of wire will exceed the benefit gained
from lower AC current levels.
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Figure 4. Adjustable Output Voltage

Find a low-loss inductor having the lowest possible DC
resistance that fits in the allotted dimensions. Ferrite
cores are often the best choice, although powdered
iron is inexpensive and can work well at 200kHz. The
chosen inductor’s saturation rating must exceed the
peak inductor current:

LIR

lPEAK =ILOADIMAX) +(7J|LOAD(