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ABSOLUTE MAXIMUM RATINGS

RDY, IN, BPVDD t0 GND.......cccoviiiiiiiiiiiiiciiiecie -0.3V to +6V
FB2-, PGND1, PGND2t0 GND ........cccooviiiiiiiiiiiiicci, +0.3V
LXLt0 PGNDI ....ccviiiiiiiiiiiiiici e -0.3V to +6V
BPVSS t0 GND ...t -3.3Vto +0.3V
BPVDD t0 BPVSS ....coiiiiiiiiiiiiiiciiice -0.3Vto +6V
BPDRV t0 BPVSS ....oooiiiiiiiiiiciiic -0.3V to (VepvDD + 0.3V)
LX2P tO INP oo -15V to +0.3V
LX2N 10 PGND2.......ccoiiiiiiiiiiiiiicic e -0.3V to +30V
SHDN, INP, FB1, FB2+, REF, PLLC,

BPCLK, FPLLt0 GND .....cccoviiiiiiiiiiic, -0.3Vto (ViN +0.3V)

RDY SiNK CUIMENT ..o 20mA
LX2P, LX2N Peak Switch Currents ...........cccoovevvervrnnenne +750mA
Continuous Power Dissipation (Ta = +70°C)

20-Pin TSSOP (derate 7TmW/°C above+70°C) .............. 559mwW
Operating Temperature Range..........cccocveerveeennen. 0°Cto +70°C
JuNCtion TEMPETAtUIe ......ccuvviiiiieiiiee e +150°C
Storage Temperature Range............ccccvvvvveeeens -65°C to +160°C
Lead Temperature (soldering, 10S€C) ........ccccevveervernnnnn. +300°C

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

ELECTRICAL CHARACTERISTICS

(VIN = ViNp = 3.3V, SHDN = IN, VepvpD = 4V, VBpvss = -1V, PGND1 = PGND2 = FPLL = GND, fgpcLk = 30kHz, Ta = 0°C to +70°C,

unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Input Supply Range VIN 2.8 55 \Y

_llf:rcéirhvgl(;age Lockout VUL 25 28 v

Quiescent Current 1o ?I/;BiTH\TPVFBZJ' = 1.3V, Vrg2- = -0.1V; 0.5 2 mA

Shutdown Current IsD SHDN = GND, Vin = 5.5V; IIN + IiNp 0.01 10 HA

DC-DC 1 (PWM MAIN OUTPUT)

Output Voltage Range VouT1 VIN 5.5 Y
FPLL = GND 32 x fBpcLK

Operating Frequency fop1 FPLL = REF 24 x fBpcLK Hz
FPLL = IN 16 x fBpCLK

FB1 Regulation Voltage VEB1 0<lx1<1.2A 1.2125 1.2500 1.275 Vv

FB1 Input Bias Current IFB1 VEB1 = 1.3V 100 nA

LX1 On Resistance RON(LX1) 0.25 0.5 Q

LX1 Leakage Current ILKG(LX1) | VX1 =6V 0.1 10 HA

LX1 Peak Current Limit ILIM(LX1) 1.2 1.5 1.8 A

Power-Ready Trip Level VTH_RDY | Rising edge, 2% hysteresis 1.091 1.125 1.159 V

DC-DC 2 (PFM)

Positive Output Voltage Range VouT2+ VIN 28 Vv

Negative Output Voltage Range | VouT2- -10 0 V
FPLL = GND 16 x fBpcLK

Maximum Operating Frequency | fop2(vax) | FPLL = REF 12 x fBpCLK Hz
FPLL = IN 8 X fBpCLK

MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = Vinp = 3.3V, SHDN = IN, VepvpD = 4V, VBpvss = -1V, PGND1 = PGND2 = FPLL = GND, fgpcLk = 30kHz, Ta = 0°C to +70°C,
unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
FB2+ Regulation Voltage VEB2+ 1.225 1.25 1.275 \
FB2- Regulation Voltage VER2- -15 0 15 mV
FB2+, FB2- Input Bias Current 'IFFB;;’ Veg2+ = 1.3V, Veg2. = -0.1V -100 100 | nA
LX2N, LX2P On-Resistance | RON(LX2N), 0.9 1.7 Q
RoN(Lx2P)
LX2N, LX2P Leakage Current 'ILL'f(‘é(L&ZZ’\;)) VLX2N = 28V, VLX2P = -10V 0.05 10 HA
FB2- Power-Ready Trip Level VTHRDY) | Falling edge, 40mV hysteresis 85 120 165 mV
FB2+ Power-Ready Trip Level | VTHRDY) | Rising edge, 40mV hysteresis 1.091 1.125 1.159 \%
BACKPLANE DRIVER
BPVpD Supply Range VBPVDD 2.5 5.5 Vv
BPVss Supply Range VBPVSS -3 0 v
gzxseo to BPVss Voltage VDD to VSS 25 55 v
BPVpp Shutdown Current IsHpN@BP) | SHDN = GND 0.1 10 HA
BPDRV On-Resistance RoN@PDRY) | Source and sink 0.35 0.7 Q
BPDRV Leakage Current ILkg(@BPDRV)| SHDN = GND -10 10 HA
BPVpp Supply Current liINnBPVDD) | VBPCLK = 0 or 3.3V 80 200 HA
BPCLK Input Low Voltage VIL(BPCLK) 0.3xVIN Vv
BPCLK Input High Voltage VIH(BPCLK) 0.7 X VIN \%
BPCLK Input Current lIN(BPCLK) 0.01 1 A
PLL
E’I\fo?ecl’;”ter Frequency fo PLLC = REF, BPCLK = GND 163 192 220 | MHz
— FPLL = GND 20 36
Ez%g Input Frequency fBPCLK ggﬁtﬁ = f(Z)SEQ FPLL = REF 27 48 kHz
CSHUNT = 2.2nF FPLL = IN 40 72
Reference Voltage VREF -2UA < IRer < 50pA 1.225 1.250 1.275 \%
Undervoltage Lockout VREF(UVLO) 0.90 1.05 1.20 \Y
LOGIC SIGNALS
SHDN Input Low Voltage VILSHDN) | (0.10 x V|N) typical hysteresis 0.3X VN Y
SHDN Input High Voltage VIH(SHDN) 0.7 X VIN %
SHDN Input Current lIN(SHDN) 0.01 1 HA
FPLL Input Current lIN(FPLL) FPLL = GND or IN 0.01 1 HA
RDY Output Low Voltage VOL(RDY) | ISINK =2mMA 0.05 0.4 \Y
RDY Output High Leakage ILKG(RDYOH)| VRDY = 5.5V 0.01 1 MA

Note 1: DC-DC 1 operates at one-half of the Vco frequency (fc / 2).
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(fBPcLK = 22.5kHz, FPLL = GND, L1 = 3.3pH, L2 = 4.7uH, Ta = +25°C, unless otherwise noted.)

DC-DC 1 EFFICIENCY vs. LOAD CURRENT DC-DC 2 EFFICIENCY vs. LOAD CURRENT
(Vour1 = +5V) (Vourz- = -5V)
100 T 5 100 ——rr
g Vour2+ UNLOADED ||8
90 |Vn=3V = g 90 oUT2+ é
—gi/ : 5
- 10 /,( 70 f—Yw=33v
S w0 LA S & N T
o 4 ViN=4.5V > =1
& 50 & 50 = i
o [} -
0 40 T 40 ViN=5V
i i
30 30
20 20
10 10
0 0
1 10 100 1000 1 10 100
LOAD CURRENT (mA) LOAD CURRENT (mA)
DC-DC 2 EFFICIENCY vs. LOAD CURRENT
(Vout2+ = +15V) Vout1 RIPPLE
100 o - 2
90 g 3
% Vin=5v : E
10 }
S — by _,._! L
g Vin =33V e « \f-'"_l\ f 10mVidiv
o 50 1
o I
£ 40 }
w I
30
20
10
Vout2- UNLOADED
1 10 100 500ns/div
LOAD CURRENT (mA) loue = 250mA, L = 3.3uH
Vout2+ RIPPLE VouT2- RIPPLE
Vour2 ! feediedd 100m Vourz- L o s
] ) . A P q
J W ) | div J y A A1 div
K y I i_l.-
2us/div 5us/div
Voutz+ = 15V, Vi = 3.3V, I 0ap = 9mMA, Voutz- =-5V, ViN = 3.3V, ILoap = 5mA,
Courz = 0.22uF, AC COUPLED Coutz- = 0.47uF, AC COUPLED
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(fBPcLK = 22.5kHz, FPLL = GND, L1 = 3.3pH, L2 = 4.7uH, Ta = +25°C, unless otherwise noted.)

VouT1 LINE-TRANSIENT RESPONSE

2ms/div

Vour1 =5V, ILoap = 250mA, Couyry = 20uF
A: Vour1, 50mV/div, AC COUPLED
B: Vi, 3V to 4V

Vourt2- LINE-TRANSIENT RESPONSE

Voute- =

1400
1200
1000
800
600

400

INTERNAL FET ON-RESISTANCE (m2)

200

MAXIMN

2ms/div

-5V, ILoap = 5mA, Cout- = 0.47uF
A: Voutz-, 200mV/div, AC COUPLED
B: V|y, 3V to 4V

INTERNAL FET ON-RESISTANCE
vs. TEMPERATURE

MAX1664 TOC 11
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BPDRV P-CHANNEL

N

-
| _—— —T
—T"" ¥~ BPDRV N-CHANNEL
4
P
LX1
0 10 20 30 40 50 60 70 80 90

TEMPERATURE (°C)

50mv/
div

500mV/
div

g
g
S
H

200mv/
div

500mVv/
div

RISE/FALL TIME (ns)

Vout2+ LINE-TRANSIENT RESPONSE

g
g
2
H

200mV/
div

500mV/
div

2ms/div

Vout2+ = 15V, ILoap = 5mA, Coutz+ = 0.22uF
A: Vout2+, 200mV/div, AC COUPLED
B: Vin, 3V to 4V

VouT1 LOAD-TRANSIENT RESPONSE

MAX1664 TOC10

div

100mA/
div
2ms/div
Vour1 =5V, Vin = 3.3V, Court = 20uF
A: Vout1, 50mV/div, AC COUPLED
B: louT1, 25MA TO 225mA, 100mA/div
BPDRV RISE AND FALL TIME
vs. LOAD CAPACITANCE
300 5
250 ,' E
200 /
RISE TIME / /
150
//
100 FALL TIMETTT]
/|
AL
50 4
/ T T
LA Croap FROM
=1 BPDRV TO GND
0 L1l L L Ll
0.001 0.01 01 1
LOAD CAPACITANCE (uF)
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(fBPcLK = 22.5kHz, FPLL = GND, L1 = 3.3pH, L2 = 4.7uH, Ta = +25°C, unless otherwise noted.)

BPDRV

BPCLK

BPCLK TO BPDRV FALLING DELAY

| 4

100ns/div
CrLoap = 10,000pF

NO-LOAD SUPPLY CURRENT
vs. INPUT VOLTAGE

18
16

14

N\

12

1.0

08

0.6

NO-LOAD SUPPLY CURRENT (mA)

0.4

INCLUDES ALL

0.2

EXTERNAL COMPONENT ]
CURRENTS

0 1 2 3 4 5 6

INPUT VOLTAGE (V)

DC-DC 1 SWITCHING WAVEFORMS

MAX1664 TOC17(:

Vixi

S e SRR L A, —1
| |
| |

x"'-._-"j-"h' ___.-'jf hl'x,_..-"j.\

5 =

500ns/div
louT1=300mA, L1 =3.3uH

MAX1664 TOC14

5V/div

2V/div

MAX1664 TOC15

5V/div

500mA/div

BPCLK

BPDRV

SHDN
VReF
Voutt

Vourz-

Vourz+
RDY

Vixan

Vixer

IL2

BPCLK TO BPDRV RISING DELAY

MAX1664 TOC14(a))

TR

100ns/div
CrLoap = 10,000pF

OUT-OF-SHUTDOWN SEQUENCE

MAX1664 TOC16(a)
—

2V/div

5V/div

.r\..- --.--J;- e VAT
| . pemmzsmimead OV/giv
_L'; o e 5V/div
nu-n-ul-.uu.r-.n-n-:.-u-._!-......... = 5v/div
T wovidiv

1

1 | |
| 5v/div

500us/div

DC-DC 2 SWITCHING WAVEFORMS
DISCONTINUOUS CONDUCTION

f

1 ] |:
||||||‘“""" | .|-|||L""'" |

e :|'II'-— S ||

e Ry e }
Ll I
f

1us/div
VN = 3.3V; Vour2+ = 15V/8mA, Vourz- = -5V/10mA

5V/div

5V/div

500mA/
div

NOTE: LX2N, LX2P PULSES ARE SYNCHED TO DC-DC 1
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1 sy | 000000000000000000000000000000000000000INO000O0000O
D00O00DOO0SHDNOOOOOODDIC0D000000000

) rRpy | 0000D00000000DC-DC100DC-DC203000000010%00000000000000
O0OONODOODOODOO0DO00000000000

3 FBI |0000000000D000D0O(DC-DC1)0001.25v00000000

4 REF | D000000000000000GNDOOO0.220F000000000000000REFI00S00A0ND0000000

5 GND | D0DO000O00OPGNDIOOPGND20000000000000000M00I00000I000000000000

6 IN | IC0DD000000000000+2.8V0+5.5v000

7 FB2- |00D000000D00000D0O00O(PC-DC2)0000v00000000

8 FB2+ |0D0D0000000D000D000OO00(PC-DC2)0001.25v00000000

9 PLLC |PLLOOOD4000000000000000000000000

10 BPVss | 000000000 DO0O0O00O0OPGNDIOODOODOONOOODOOONO0NON00N0OO

11 | BPDRV | 0000000000000

12 | BPVOD gggl][][II]DEIIZIDDEII][]EIIZII]DDC—DC1DV0UT1IZII]DDDDDDDDDDDDDDDDDD

13 | BPCLK |000000000000000000000000000000010000

14 INP | DC-DC20000000LX2P POOOOMOSFETOOOOD

15 LX2P | DO LX2P POOOOMOSFETO OO DD

16 LX2N | 0OLX2N NO OO OMOSFETO 0000

17 | PGND2 | 00000020PGNDIO0DD0OC0000O00LX2N NOODOOMOSFETOO OO0

18 | PGND1 |00000O010PGND2000000000000LXINNDDOOMOSFETO 000D

19 LX1 | DO0LX1NODODOOMOSFETOOOOO

20 FPLL | PLLOODOBPCLKOOODOOOOOOGNDOREFODINDOOODOODODOD10000
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FPLL fBPCLK fbc-De 1 fbc-DC 2 MAX fbc-De 1 fbc-Dc 2 MAX: N
(kHz) (kHz) (kHz) fBPCLK fBPCLK
IN 40to 72 640 to 1152 320to 576 16:1 8:1 32
REF 27 to 48 640 to 1152 320to 576 24:1 12:1 48
GND 20 to 36 640 to 1152 320to 576 32:1 16:1 64
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2. gggobe-bec 2000

INDUCTOR PEAK
VouTtz2+ | Vourtz- VIN fBPCLK L2 louT2+(MAX) lout2-(MAX) | fbc-DC 2(MAX) CURRENT*
V) V) V) (kHz) (HH) (mA) (mA) (kHz) (MA)
+15 -5 3.0 22.5 4.7 6 15 360 375
+15 -5 3.0 22.5 2.7 8 23 360 585
+15 -5 3.3 22.5 4.7 7 19 360 425
+15 -5 3.3 22.5 2.7 10 27 360 643
+15 -5 4.5 22.5 4.7 15 35 360 550
+15 -5 5.0 22.5 4.7 20 43 360 600
+20 -10 3.0 22.5 4.7 3 6 360 385
+20 -10 3.0 22.5 2.7 5 10 360 585
+20 -10 3.0 25.0 4.7 2 5 400 340
+20 -10 3.0 25.0 2.7 4 8 400 530
+20 -10 3.0 30.0 4.7 3 4 480 300
+20 -10 3.0 30.0 2.7 3 6 480 451
+20 -10 3.3 225 4.7 4 8 360 425
+20 -10 3.3 22.5 2.7 6 12 360 643
+20 -10 3.3 25.0 4.7 4 7 400 370
+20 -10 3.3 25.0 2.7 6 10 400 583
+20 -10 3.3 30.0 4.7 4 5 480 340
+20 -10 3.3 30.0 4.7 4 8 480 496
+20 -10 4.5 22.5 4.7 9 16 360 580
+20 -10 4.5 25.0 4.7 8 14 400 500
+20 -10 4.5 30.0 4.7 8 12 480 450
+20 -10 4.5 30.0 2.7 10 17 480 679
+20 -10 5.0 22.5 4.7 11 20 360 640
+20 -10 5.0 25.0 4.7 10 18 400 550
+20 -10 5.0 30.0 4.7 10 15 480 500

*O00X2PO00LX2NOOO0DOO0O0DOOODOOODOO750mAD OO
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VRIPPLE(PK-PK) = lpEAK X RESR +|OUT(C )
out

DC-DC1tgn =

1 (VOUTl + Vg - VIN)
foc-pc1 Vout1 + W
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PLLOO

oboooooobooboboobobo40b00O00OO0ODn
gooooooooouoooooooooogoood
bobooboboobooboobooboooooorPLLeo
REFOOODOOOOOOO

3. goooo

MANUFACTURER

PHONE FAX

INDUCTORS

Dale Inductors
Sumida USA
DIODES

(605) 668-4131
(847) 956-0666

(605) 665-1627
(847) 956-0702

Central Semiconductor | (516) 435-1110
(310) 322-3331

(602) 303-5454

(516) 435-1824
(310) 322-3232
(602) 994-6430

International Rectifier

Motorola
CERAMIC CAPACITORS

Marcon/United

(847) 696-2000 | (847) 696-9278

Chemicon
TDK (847) 390-4373 | (847) 390-4428
Taiyo Yuden (408) 573-4150 | (408) 573-4159

Vishay/Vitramon (203) 268-6261 | (203) 452-5670
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(AMLCD)[] [J

2]
o
———ny u
|=—mt— 1.00 X o
1.00 ot 2
2]
3 | WITH PLATING -\’V‘
I M \Y /‘ 9
_Qf/ 1.00 J’
MSCIE T LEAD TIP DETAIL
4 \
EXPOSED DIE PAD —
<20 LEAD OPTION ONLY)
N 5 COMMON D[MENSIEINS
s [MILLIMETERS INC
| MIN AX, | MIN MAX
10P VIEW T10M — &) 043
Al 005 15 | 002 | 006 |
A 085 95 | 033 | .037
[3) .19 0 007 .
(ol 0.9 25 | 007 00|
& <[ 009 0 | 0035 | .008
A [c 0030 135 | 0035 | .
A | D|SEE VARIATIONS [SEE VARIATIONS
! 'l ( 5 \ c 4.:3065 BSA.so .16%26 ng?
(Imlimia] — s "] 625 S0 236 T 25
L/ ¢ - | [ 050 70
| EATING SEE £ N |SEE_VARIATIONS SEE VAFIAT]EINS
b SEARE DETAIL -A° « 8° 0° 8°
SIDE_VIE END VIE JEDEC VARTATIONS
MO-153 | N MILLIME TERS INCHES
MIN._ | MAX. | MIN. | MAX.
9z AC 16 490 10 | 193 [ .20l
PARTING - AD___[20 40 60| 252 | 260
]_ LINE AD-EP| 20 .40 .60 R 260
4,00 | 434 | 57 | .i71
H .84 15 . 124
. AE |24 70 7.90 | 303 | 311
« AF 28 9.60 9.80 .378 .386
TAIL ‘A
VI AKX VI
1. DIMENSIONS D AND E DO NOT INCLUDE FLASH.
2. MOLD FLASH OR PROTRUSIONS NOT Tn EXCEED .15 mm PER SIDE. PROPRIETARY INFORMATION
3. CONTROLLING DIMENSION: MILLIMETE! TITEs
4. MEETS JEDEC OUTLINE MO-153 VAR]ATIEINS AB, AC, AD, AE. PACKAGESSDU'I#[';%CLSSDP' 4.40 mm BODY
S. DIMENSIONS X AND Y APPLY TO EXPOSED PAD CEP) VERSIONS ONLY. :
6. EXPOSED PAD FLUSH WITH BOTTOM OF PACKAGE WITHIN .002°. APPROVAL POCUMENT CONTROL N rev y
21-0066 A
/Ooooo N

- /
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