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MAX1687/MAX1688 1 Li
3 NiMH 2W
DC-DC RF
GSM
LAN
MAX1687/MAX1688
90%
3LA
(RF )
MAX1687/MAX1688
1MHz
2 1.25V
6V MAX1687
MAX1688
MAX1687/MAX1688 16
TSSOP( 1.1mm) 8 SoP
GSM
PC (PCMCIA)
TOP VIEW
N [1] [16] our
N [2] [15] our
i [3] a1 ve
ol
LM [CHG] [5 ] [12] PND
8 [6 | 11] PND
ReF [ 7] [10] AGND
ne. [8] 9] on
[ 1ARE FOR MAX1688 TSSOP
Pin Configurations continued at end of data sheet.

+

MAXIMN

a 450mA
2A 5V GSM
a 90%
g MOSFET
a
a 3pA
0 (MAX1687)
a (MAX1688)
a 1.25V 6V
a 2.7V 6V
(1 Li 3 NiMH)
1MHz
a DC-DC
O ( )
PART* TEMP. RANGE PIN-PACKAGE
MAX1687EUE -40°C to +85°C 16 TSSOP
MAX1687ESA -40°C to +85°C 8 SO
MAX1688EUE -40°C to +85°C 16 TSSOP
MAX1688ESA -40°C to +85°C 8 SO
*U.S. and foreign patents pending.
YY)
2o N Xt Lx2 UFy To6v
1Lli-lon |4 out
SN”\(AJE — MAXIMN
OR MAX1687
3 ALKALINE —— MAX1688 B
OFF _I_ o ON
0701V __|
CONTROL INPUT (LIM) JT—
— REF [CHG]
() ARE FOR MAX1687 J_— —

[ ]ARE FOR MAX1688
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MAX1687/MAX1688

GSM

DC-DC

ABSOLUTE MAXIMUM RATINGS

IN, ON, LX1, CHG, LIM, FB, OUT, REF to GND
LX210 GND ..o

IN, LX1 Average Current

Continuous Power Dissipation (Ta = +70°C)

TSSOP (derate 5.7mW/°C above +70°C)
SO (derate 5.88mW/°C above +70°C)

Operating Temperature Range
Storage Temperature Range
Lead Temperature (soldering, 10sec)

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 = VoN = +3V, Vium = 1V (MAX1687), VcHg = 1V (MAX1688), Vig = 1.5V, VouT = 6V, Ta = 0°C to +85°C, unless otherwise noted.

Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Voltage Range 2.7 6 V
Input Undervoltage Lockout IN rising, 1% hysteresis 2.4 2.5 2.6 vV
Output Voltage Range VREF 6 Vv
VEg = 1.5V 2 mA
Input Supply Current Shutdown, Vin = 4.2V, LX2 connected to LX1, 3 10 A
Vout =0, ON = GND
Shutdown Delay tDELAY 0.7 1.2 1.8 ms
Reference Voltage VREF IREF = 0 to 10pA 1.225 1.25 1.275 \
FB Set Voltage VFB rising, 2% hysteresis 1.212 1.250 1.288 V
FB Transconductance 9dmFB VEB = 1.125V, Vout = 3V (MAX1688) 0.18 0.2 0.22 mmho
IcHG Source Current VEB = 0, Vourt = 3V (MAX1688) 60 110 pA
Peak Current IpEAK VLM = VeHg = 1V 0.744 0.8 0.856 A
ViIM = VcHG = 0.65V 0.46 0.5 0.54
Ripple Current IRIPPLE | VLIM = VcHG = 1V 170 200 230 mA
Sense Resistor RSENSE 0.1 0.18 Q
ON Input Low Voltage ViL VIN =27V 0.6 \
. VIN = 6V 1.8
ON Input High Voltage VIH \
VIN = 4.2V 1.5
IFB VEg = 1.5V 0.05 0.2
Input Current lon Von=0or3V 0.02 01 PA
Ta = +25°C 0.02 0.1
ILim Vim =1V
Ta = 0°C to +85°C 2
N-Channel On-Resistance VIN =27V 0.4 0.8 Q
P-Channel On-Resistance VIN = 2.7V 0.3 0.7 Q
Precharge On-Resistance ViIN=4V,VFs =0, VouT=0 30 70 Q
LX2 Leakage Current VIN=Vixe =6V, Vour=Von=0 0.05 10 bA
2 W AXI/W




DC-DC
GSM

ELECTRICAL CHARACTERISTICS

(VIN = VoN = +3V, VLim = 1V (MAX1687), VcHe = 1V (MAX1688), VEB = 1.5V, VouT = 6V, Ta = -40°C to +85°C, unless otherwise
noted.) (Note 1)

889 L XVIN/L8ILXVIN

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input Voltage Range 2.7 6 \
Input Undervoltage Lockout IN rising, 1% hysteresis 2.35 2.65 \
Output Voltage Range VREF 6 vV
IIN VFB = 1.5V 5 mA

Input Supply Current Shutdown V|N = 4.2V, LX2 connected to LX1,

'SHON | Vour = 0, ON = GND 101 A
Shutdown Delay TDELAY 0.6 2 ms
Reference Voltage VREF IREF = 0 to 10pA 1.212 1.288 V
FB Set Voltage FB rising, 2% hysteresis 1.20 1.30 \
FB Transconductance gmFB VEB = 1.125V, Vout = 3V (MAX1688) 0.16 0.24 mmho
Peak Current IPEAK Vim = VerG = 1V 0.73 0.90 A

VLIM = VcHG = 0.65V 0.44 0.57
Ripple Current IRIPPLE | VLIM = VCHG = 1V 145 240 mA
Sense Resistor RSENSE 0.18 Q
ON Input Low Voltage VL VIN = 2.7V 0.6 V
. VIN =6V 1.8
ON Input High Voltage VIH vV
VIN = 4.2V 1.5

N-Channel On-Resistance VIN = 2.7V 0.8 Q
P-Channel On-Resistance VIN = 2.7V 0.7 Q
Precharge On-Resistance VIN=4V,VFs =0, VouT=0 70 Q

Note 1: Specifications to -40°C are guaranteed by design, not production tested.

(VIN = +3.3V, VouT =5V, VLim = 1V, Figures 6b and 7, Ta = +25°C, unless otherwise noted.)

EFFICIENCY vs. DC LOAD CURRENT EFFICIENCY vs. GSM BURST LOAD EFFICIENCY vs. LOAD CURRENT

(Vout = 5.5V) (Vour = 5.5V) (Vin = 2.7V, Vgut = 3.3V)
% - % —s 100 .
90 — ,4/ % 90 Vi =5V /,// § 95 §
8 Vin= S s 8 L~ ~F 9% :
7 >~
9 L~ < / — = >
& = &£ 85 /
= 80 ,/ = = 80 =33y ¢/ = P
e V=33 2 ' 2 A
- A g 2w -
) 1] o
E " / " A n-an £ s pad
L L o [/ ' //
V4 — 4 " 70
L 0w /
65 A Vin=6V 65 65
/ | | ’
60 60 60
0 50 100 150 200 250 300 350 0 500 1000 1500 2000 2500 3000 0 5 100 150 200 250 300 350

LOAD CURRENT (mA) LOAD CURRENT (mA) LOAD CURRENT (mA)

MAXIMN




MAX1687/MAX1688

S
GSM

DC-DC

¢ )

(VIN = +3.3V, VouT = 5V, Vi im = 1V, Figures 6b and 7, Ta = +25°C, unless otherwise noted.)

MAX1688 PEAK BATTERY CURRENT
vs. Reyg (1A GSM LOAD)

800 2 45
700 g
= / g 4.0
E 600 / z =
<C
= 1=
] = 35
& 500 =
3 z
> 400 S 30
= / s
= 300 - z
= S 25
><<x: D
5 200
100 20
0 15
15 20 2 30 35 40
ReHe (k)
REFERENCE VOLTAGE vs. TEMPERATURE
(Vin = 3.3V, Vout = 5V)
1.253 5
= 1.251 P
& /
= yd
o
o 1.249 /
= 4
= /
= 1247 /,
T
1.245
40 20 0 20 40 60 80 100
TEMPERATURE (°C)
MAX1688
Ipeak vs. Vout DROOP
800 —
750 &
700 / 5
650 7
/
= 600
E /
= 550
= 500
450 /
400 /
ReHg = 40.2k
350 |
300
100 150 200 250 300 350 400
Vout DROOP (mV)
4

NO-LOAD BATTERY INPUT CURRENT vs.
TEMPERATURE (Vour = 5V, Vum =1V)

ViN=6V

T

MAX1687/88 toc05

20 40 60
TEMPERATURE (°C)

80

1

1

FREQUENCY (kH2)

PEAK INDUCTOR CURRENT (mA)

100

200

000

800

600

400

200

800
700
600
500
400
300
200
100

0

REFERENCE VOLTAGE vs. REFERENCE
CURRENT (Vyy = 3.3V, Vour = 5V)
1.250

1.245

1.240

1.235
— 1.230
=
£51.225
=

1.220

1.215

1210
1.205 m
1.200

™~

ha

MAX1687/88 toc06

1 10 100 1000

IREF (uA)

SWITCHING FREQUENCY vs. INDUCTANCE
(Vin = 3.3V, Vour =5V,
ILoap = 100mA, Vm = 1V)

MAX1687/88 toc08

-

1 10
INDUCTANGE (uH)

100

MAX1688 PEAK INDUCTOR CURRENT
vs. Reng (1A GSM LOAD)

/

MAX1687/88 toc10

15 20 25 30 35 40
Rehe (k)

MAXIMV




DC-DC

GSM

¢ )

(VIN = +3.3V, VouT = 5V, VLM = 1V, Figures 6b and 7, Ta = +25°C, unless otherwise noted.)

500mA/div

100mV/div

500mA/div

500mA/div

200mV/div

2V/div

1V/div

MAXIMN

SWITCHING WAVEFORMS

MAX1687/88 toc10a

(FIXED I gap = 300mA)

E

MAX1688

500us/div

SWITCHING WAVEFORMS

(GSM PULSED LOAD 1A, Rchg = 18kQ)

MAX1687/88 tocl
r————

1ms/div

RcHe = 18k, L = 10uH

POWER-UP WAVEFORM

(RLoap = 15Q Cout = 2000y.F)

MAX1687/88 toc14

5ms/div

Iix

Vour

ILoAD

Vour

71 Von

- Vour

500mA/div

500mA/div |~

200mV/div

200mA/div

0A

1vdiv |-

200mA/div

MAX1688
SWITCHING WAVEFORMS
(GSM PULSED LOAD 1A, Rchg = 40.2k)

IMAX1687/88 toc1 1

ILoAD

Vout

1ms/div
ReHL = 40.2kQ, L = 10uH

INDUGTOR CURRENT

IMAX1687/88 toc13

2us/div

Von vs. BATTERY CURRENT

MAX1687/88 toc15

Vo

IBATTERY

10us/div

889 L XVIN/L8ILXVIN



MAX1687/MAX1688

GSM

DC-DC

MAX1687 MAX1688
SOP TSSOP SOP TSSOP
IN 47uF
1 1,2 1 1,2 IN GND
2 3,4 2 3,4 LX1 LX1 LX2
0 1v
3 5 — — LIM LIM 1.25V
CHG GND
— — 3 5 CHG
)
OUT GND
4 6 4 6 FB FB 1.25V
— 7 _ 7 REF 1.25V
— 8 — 8 N.C.
ON/OFF ON
ON
5 9 5 9 ON ON 1.2ms
( / )
3pA
6 — 6 — GND
— 10 — 10 AGND
— 11,12 — 11,12 PGND
7 13, 14 7 13, 14 X2 P MOSFET
8 15, 16 8 15, 16 ouT
MAX1688 MAX1687
MAX1687 MAX1688IC 1
GSM ¢ 1D
GSM
12% RF
RF MAX1687/MAX1688 DC-DC
MAX1687/MAX1688
DC-DC
MAX1687/MAX1688
MAX1687/MAX1688

MAXIMN



DC-DC
GSM

YN
LX1 LX2
AAN —— Vour
. e e T *
- ll P-SWITCH o I
I § P-SWITCH ——

ZERO
CROSSING
*— +

° - N-SWITCH
CONSTANT
HYSTERETIC _i
L {4+ INDUCTOR-CURRENT 3
CONTROL LOGIC
PEAK/

TROUGH REF
INDUCTOR-
CURRENT
DETECT
FB

IFVWA—e—A

. MAXIM :
(LIM) ! MAX1687 |
[CHG] : MAX1688 i
]
! TIMER |
L -0t A + - + - + -\
I
o |
! ! VPRECHARGE Vin Vin - Vbiobe |
I
b !
L4 ! Vout I
onN | |
() ARE FOR MAX1687
[ ]ARE FOR MAX1688 (ALSO DASHED LINES)
1.
MAX1687/MAX1688
& MAX1687/MAX1688
4 200mA(typ) ( 2) LM
(CHG) IPEAK
Ipeak - 200MA  Ippak
30Q PMOS (1 Q1
/
Vour=ViN-3V ON
VOUT = V|N -0.7V
ON 1.2ms(t
VouTt > VIN (tyP)
Vv 3uA(typ)
ouT

MAXIN 7
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DC-DC
GSM

MAX1687/MAX1688

| |
l l
IpEAK ILoAD |‘ |‘ |
SET BY | |
—  Vum(Vewe) ! !
Z HYSTERESIS Voo ! !
é BAND \V \
|
IPEAK - 200mA o | ‘
CONTROL INPUT l l |
| |
| |
TIME—»- TIME—»-
() ARE FOR MAX1688
2. 4. ON
Vour
ouT .
AN MAX1687/MAX1688 2
MAX1687 R1 ( 3) R2 10kQ 100kQ
MAX1688 R1
FB
R1=R2 (Vour - Vre)/VFB
R2 VB (
1.25V)
Vorrm -V - (MAX1687)
R1:R2(MB)
Vrg MAX1687 PC
3.
ON 1 Li
ON
RF
ON RF
(4
MAX1687/MAX1688 Li
MAX1687/
MAX1688 LIM OV 1V
( 2.7V 3.3V 5V 6V Vum = 0 0.25V
) 200mA ILIM

ILIM = VL|M(O.86A/V) - 0.06A
V|_|M:0.25V 1vVv

8 MAXIMN




DC-DC
GSM

a) b)
MAXIM MAXIMN
MAX1687 MAX1687
REFF—]LIM LIM
c) REF
MAXIM
RS VIAX1687 VLIM(CHg) = VReF %4%
R4
5.
Vi 1.25V Viim
1.25V Viim
DAC VRer
(TSSOP )
( 5) REF 10pA
Vim
Vim = (lLX(PEAK) + 0.06A)/0.86
I.xPeak) = [(Loap VouT)/Vin] + 0.1A
(
)
(MAX1688)
MAX1688
ON
MAX1688
CHG GND

MAXIN

(IBURST “Vour DGSI\/I)\ .
R = + 0.1
o LV o )J
IN(MIN) GSM
VINGMINY
Vbroor * 9Mchg * VRer T 9Mrg (1 - t0')

RcHe

IBURST
Dgsm GSM

\%IN

Vout
VREF =1.25V

Vbroor

gdMcHG = 0.8A/V

gMmeg =
200pA/NV
tol RcHe
IsursT=2.66A Vproop=0.36V V|N=+2.7V
VouTt= 3.6V ( 5%
)RCHG: 31.5kQ

RCHG 40.2kQ RCHG
18kQ

Switching Waveforms (GSM Pulsed Load 1A
Rchue=40.2kQ) Switching Waveforms (GSM
Pulsed Load 1A Rcy=18kQ)

f=Vn[T - (VinVoun) /(L IriPPLE)

f \IN Vout

L IRIPPLE
( 0.2A)

150kHz 1MHz ( Switching
Frequency vs. Inductance )
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MAX1687/MAX1688

DC-DC
GSM

( )
RF MAX1687 DAC
ESR ( 6a)
RF MAX1687
ON RF
( 6b) MAX1688
Dosm  'surst  asm
COUT = MAX1688
Voroop ~ 'surst * ESRoutput CAPACITOR)(1 - to') 6a 6b 7
Court IBURST
tasm Dasm
| V
to DROOP  \1AX1687/MAX1688
GSM tgsm= 4.62ms
+3.6V IBURsT= 2.66A(+5.5V
1.42A) 10%
5.2mF £+20% ouT FB
(ON  Vcc )
PGND
_ 1
VRrippLE = IriPPLE  ESR( )
MAX1687/MAX1688
lripPLE  O-2A(typ)
10uH
X1 LX2
1 LX2
" MAXIM Vour =5V
ouT OAAT12%
27V 10 BVm IN MAX1687 DUTY CYCLE
+ IN out
0.1uF 47uF
{ %k ~ o000uF
DAC I
OUTPUT LM FB 1
0701V =
on —on AGND
ofF— Ri
PGND 61.9
— ReF PGND =
6a. MAX1687 (GSM )

10

MAXIMN




DC-DC
GSM

10uH

LX1 Lx2
X1 s mAaxXim X2
ViN MAX1687 Vour =5V
27VTO 6V IN out 350mA
+ IN ouT
0.1uF 47uF R .
187k T
— REF* FB
ON —]ON AGND
ofF—
PGND R1
61.9k
% LIM PGND L
*TSSOP PACKAGE ONLY —
6b. MAX1687 ( )
10uH
- Y Y Y
LX1 LX2
LX1 Lx2
MAXIV Vour=5v
Vin AAT
IN MAX1688  OUT 2AAT12%
21106V DUTY CYCLE
+ IN out
0.1uF 47uF R
+
187k 2000uF
— CHG B
RoHe oN —] on AGND
402 § orF—
PGND R1
61.9k
1 — REF PGND L
7. MAX1688 (GSM )

MAXIN

11
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MAX1687/MAX1688

GSM

DC-DC

¢ )

TOP VIEW

N [1]

8] our
7] ve
6] GND
5] on

LX1 |Z MAXI/N
MAX1667
umcHe) [3]  MAX1688
FB 4
so

[ JARE FOR MAX1688

12

1.

COMPANY FAX PHONE
AVX 207-283-1941 207-282-5111
CoilCraft 708-639-6400 708-639-1469
Coiltronics 561-241-9339 561-241-7876
Murata-Erie 404-736-3030 404-736-1300
Sumida 81-3-3607-5428 708-956-0666

TRANSISTOR COUNT: 1920

100

|

T0P VIEW

i

|

o
o

imim i (imimim i

NOTES:

AN BN —

A \— SEATING
PLANE

DIMENSIONS D AND E DO NOT INCLUDE FLASH.
. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED .1S mm PER SIDE.
. CONTROLLING DIMENSION: MILLIMETER.
. MEETS JEDEC DUTLINE MO-153 VARIATIONS AB, AC, AD, AE, AF.

. DIMENSIONS X AND Y APPLY TO EXPOSED PAD (EP> VERSIONS ONLY.
. EXPOSED PAD FLUSH WITH BOTTOM OF PACKAGE WITHIN .002“.

%]
o
5 COMMON _DIMENSIONS 'C“LJ
X s [ MILLIMETERS INCHES o)
[ MIN MAX. | MIN. MAX. 2
Al — 10 .043 =2
” ” ” ” ﬂ ” Al 005 15 [ 002 | 006
A 085 95 | .033 037
] b 019 30 | .007 012
bl 0.9 25 | 007 010
| 0.090 20 | 0035 | .008
Y <l 009 | 0135 035 | 0053
D[SEE VARIATIONS [SEE VARIATIONS
£ 4.30 450 | 169 177
i e 0.65 BSC 026 BSC
_ H[ 629 650 | .246 .256
BEwA L1050 T o070 [ 000 [ 028
N[SEE_VARIATIONS [SEE_VARIATIONS
Y 85 315 124
BOTTOM VIEW | 0Q° 8° Q° 8°
[(JEDEC VARIATIONS
MO-153 | N MILLIMETERS INCHES
€ MIN. MAX. MIN MAX.
fe AB 14 4.90 S.10 193 .201
Y ¢ AC 16 4.90 5.10 193 .201
I (_JI /I N\ { AC-FP |16 490 5.10 198’ 201
j 2.85 315 11 124
AD 20D | 6.40 6.60 252 260
see—"  b— € AD-FP |20|D | 640 660 252 | .260
DETAILL “A X 4.00 4.34 157 171
ND V AE 24 7.70 7.90 .303 311
AF 28 9.60 2.80 378 | 386
AF-EP 9.60 9.80 .378 | .386
. X [ 535 5.65 211 222
I
WITH PLATIMG-\
LEAD TIP DETAIL
BASE METAL —1 _l'
/VI A X1 /i
PROPRICTARY INFORMATION
TITLE:
PACKAGE DUTLINE, TSSOP, 4.40nm BODY, 0.65m PITCH
APPROVAL TDOCUMENT CONTROL NO. REV 1
21-0066 C /l

MAXI N




