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_______________General Description
The MAX660 monolithic , charge-pump voltage inverter
converts a + 1 .5V to + 5 .5V input to a correspond ing
-1 . 5 V  t o  -5 . 5 V  o u t p u t .  U s i n g  o n l y  t w o  l o w- c o s t
capac itors, the charge pump ’s 100mA output rep laces
sw itch ing re gu la tors , e lim ina t ing induc tors and the ir
a sso c i a t e d  c os t ,  s i z e ,  a n d  E MI .  G re a t er th a n 90%
e ffic iency over most of its load-current range comb ined
with a typ ica l opera ting current of only 120µA provides
idea l performance for both ba ttery-powered and board-
leve l voltage conversion app lica tions. The MAX660 can
a lso doub le the output voltage of an input power supp ly
or b a t t ery ,  prov i d ing + 9 .35V a t 100mA from a  + 5V
input.
A frequency control (F C) p in se lec ts e ither 10kHz typ or
80kHz typ (40kHz min) opera tion to op timize capac itor
s iz e and qu iesc ent current. The osc illa tor fre quency
c an a lso b e  a d jus t e d w ith an ex t erna l c a p a c itor or
driven w ith an externa l c lock . The MAX660 is a p in-
compa tib le , high-current upgrade of the ICL7660.
The MAX660 is ava ilab le in both 8-p in DIP and sma ll-
outline packages in commerc ia l, extended , and military
tempera ture ranges.
For 50mA app lica tions, consider the MAX860/MAX861
p in-comp a t ib le d ev ic es (a lso ava ila b le in u ltra-sma ll
µMAX packages).

________________________Applications
Lap top Computers
Med ica l Instruments
Interface Power Supp lies
Hand-He ld Instruments
O pera tiona l-Amp lifier Power Supp lies

___________________________ Features
♦ Small Capacitors
♦ 0.65V Typ Loss at 100mA Load
♦ Low 120µA Operating Current
♦ 6.5Ω Typ Output Impedance
♦ Guaranteed ROUT < 15Ω for C1 = C2 = 10µF
♦ Pin-Compatible High-Current ICL7660 Upgrade
♦ Inverts or Doubles Input Supply Voltage
♦ Selectable Oscillator Frequency: 10kHz/80kHz
♦ 88% Typ Conversion Efficiency at 100mA
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_________Typical Operating Circuits
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__________________Pin Configuration

______________Ordering Information
PART TEMP. RANGE PIN-PACKAGE

MAX660CPA 0°C to +70°C 8 Plastic DIP
MAX660CSA 0°C to +70°C 8 SO
MAX660C/D 0°C to +70°C D ice*
MAX660EPA -40°C to +85°C 8 Plastic DIP
MAX660ESA -40°C to +85°C 8 SO

*Contac t fac tory for d ice spec ifica tions.
MAX660MJA -55°C to +125°C 8 C ERDIP

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800
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Supp ly Voltage (V+ to G ND , or G ND to O UT) ....................... +6V
LV Input Voltage ...............................(O UT - 0.3V) to (V+ + 0.3V)
F C and OSC Input Voltages........................The least nega tive of

(OUT - 0.3V) or (V+ - 6V) to (V+ + 0.3V)
O UT and V+ Continuous Output Current ..........................120mA
Output Short-C ircuit Dura tion to G ND (Note 1) ....................1sec
Continuous Power D issipa tion (TA = +70°C)

Plastic DIP (dera te 9.09mW/°C above + 70°C) ............727mW
SO (dera te 5.88mW/°C above +70°C) ..........................471mW
C ERDIP (dera te 8.00mW/°C above +70°C) ..................640mW

O pera ting Tempera ture Ranges
MAX660C_ _ ........................................................0°C to +70°C
MAX660E_ _ .....................................................-40°C to +85°C
MAX660MJA ...................................................-55°C to +125°C

Storage Tempera ture Range ............................... -65°to +160°C
Lead Tempera ture (soldering , 10sec) ........................... +300°C

ELECTRICAL CHARACTERISTICS
(V+ = 5V, C1 = C2 = 150µF , test c ircuit of F igure 1, F C = open, TA = TMIN to TMAX, unless otherwise noted .) (Note 2)

Stresses beyond those listed under “Absolute Maximum Ratings" may cause permanent damage to the device . These are stress ratings only, and functiona l
operation of the device at these or any other cond itions beyond those ind icated in the operationa l sections of the spec ifications is not imp lied . Exposure to
absolute maximum rating cond itions for extended periods may affect device re liab ility.

ABSOLUTE MAXIMUM RATINGS

Note 2: In the test c ircuit, capac itors C1 and C2 are 150µF , 0.2Ω maximum ESR, a luminum e lec trolytics.
C apac itors with higher ESR may reduce output voltage and e ffic iency.  See C apac itor Se lec tion sec tion.

Note 3: Spec ified output resistance is a comb ination of interna l switch resistance and capac itor ESR. See C apac itor Se lection section.
Note 4: The ESR of C1 = C2 ≤ 0.5Ω. Guaranteed by corre lation, not production tested .

Note 1: O UT may be shorted to G ND for 1sec without damage , but shorting O UT to V+ may damage the device and should be
avoided .  A lso, for temperatures above +85°C , O UT must not be shorted to G ND or V+ , even instantaneously, or device
damage may result.

Doub ler, LV = O UT

Inverter, LV = G ND

Inverter, LV = open

IL = 100mA to G ND

RL = 500Ω connec ted be tween O UT and G ND

F C = open

TA ≤ +85°C

RL = 1kΩ connec ted be tween V+ and O UT

F C = V+

TA ≤ +85°C , C1 = C2 = 150µF

TA ≤ +85°C , C1 = C2 = 10µF , FC = V+ (Note 4)

F C = open, LV = open

F C = V+ , LV = open

TA ≤ +85°C , O UT more nega tive than -4V

F C = open

TA > +85°C , O UT more nega tive than -3.8V

F C = V+

%99.00 99.96No loadVoltage-Conversion
E ffic iency

%

88

Power E ffic iency 92 96

96 98

±8
OSC Input Current µA

±1

kHz
40 80

Osc illa tor Frequency

2.5 5.5

1.5 5.5 V

3.0 5.5
RL = 1kΩO pera ting Supp ly Voltage

5 10

12

6.5 10.0 Ω

15

IL = 100mAOutput Resistance (Note 3)

mA
0.12 0.5

No loadSupp ly Current
1 3

100
mA

100
Output Current

UNITSMIN TYP MAXPARAMETER



M
A

X
6

6
0

CMOS Monolithic Voltage Converter

_________________________________________________________________________________________________ 3

100

60
0 20 60 100

EFFICIENCY vs. LOAD CURRENT

68

92

LOAD CURRENT (mA)

EF
FI

CI
EN

CY
 (%

)

40 80

84

76

M
AX

66
0-

2

V+ = 5.5V

V+ = 4.5V
V+ = 3.5V

V+ = 1.5V

V+ = 2.5V

400

0
1.5 2.5 4.5 5.5

SUPPLY CURRENT 
vs. SUPPLY VOLTAGE

100

300

SUPPLY VOLTAGE (V)

SU
PP

LY
 C

UR
RE

NT
 (µ

A)

3.5

200

 

350

250

150

50

2.0 3.0 4.0 5.0

LV = OUT

LV = GND

LV = OPEN

M
AX

66
0-

1 10

0.01
0.1 10 100

SUPPLY CURRENT 
vs. OSCILLATOR FREQUENCY

0.1

1

OSCILLATOR FREQUENCY (kHz)

SU
PP

LY
 C

UR
RE

NT
 (m

A)

1

M
AX

66
0-

4 -3.0

-5.0
0 20 60 100

OUTPUT VOLTAGE AND EFFICIENCY 
vs. LOAD CURRENT, V+ = 5V

-4.6

-3.4

LOAD CURRENT (mA)

OU
TP

UT
 V

OL
TA

GE
 (V

)

40 80

-3.8

-4.2

100

92

84

76

68

60

EF
FI

CI
EN

CY
 (%

)

ICL7660

ICL7660

MAX660

MAX660

VOUT

EFF.

M
AX

66
0-

6A

1.2

0
0 100

OUTPUT VOLTAGE DROP 
vs.  LOAD CURRENT

0.2

1.0

LOAD CURRENT (mA)

OU
TP

UT
 V

OL
TA

GE
 D

RO
P 

FR
OM

 S
UP

PL
Y 

(V
)

60

0.6

0.4

20 40 80

0.8

10 30 50 70 90

V+ = 4.5V

V+ = 5.5V

V+ = 3.5V

V+ = 2.5V

V+ = 1.5V

M
AX

66
0-

3

__________________________________________Typical Operating Characteristics
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F igure 1.  MAX660 Test C ircuit

A ll curves are genera ted using the test c ircuit of F igure 1
with V+ =5V , LV =  G ND , F C  =  op en , and TA = +25°C ,
un less otherw ise note d . The charg e-pump fre quency is
one-ha lf the osc illa tor fre quency . Tes t resu lts are a lso
va lid for doub ler mode with G ND = +5V, LV = O UT, and
O UT =  0V , un less otherw ise note d; however, the input
voltage is restric ted to +2.5V to +5.5V.
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V+ = 1.5V

_____________________________Typical Operating Characteristics (continued)
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______________________________________________________________Pin Description

NAME

Positive Voltage Output

Same as Inverter; however, do not over-
drive OSC in voltage-doub ling mode .

LV must be tied to O UT for a ll input
voltages.

Power-Supp ly Ground Input

Same as Inverter

Power-Supp ly Positive Voltage Input

Same as Inverter

Same as Inverter

Osc illa tor Control Input. OSC is connec ted to an interna l
15pF capac itor. An externa l capac itor can be added to slow
the osc illa tor. Take care to minimize stray capac itance .  An
externa l osc illa tor may a lso be connec ted to overdrive OSC .

Low-Voltage O pera tion Input. Tie LV to G ND when input
voltage is less than 3V. Above 3V, LV may be connec ted to
G ND or le ft open; when overdriving OSC , LV must be
connec ted to G ND .

Output, Nega tive Voltage

Charge-Pump C apac itor, Nega tive Termina l

Power-Supp ly Ground Input

Frequency Control for interna l osc illa tor, F C = open,
fOSC = 10kHz typ;  F C = V+ , fOSC = 80kHz typ (40kHz min),
F C has no e ffec t when OSC p in is driven externa lly.

PIN

V+

OSC

LV

O UT

C AP-

G ND

C AP+

F C

Power-Supp ly Positive Voltage Input8

7

6

5

4

3

Charge-Pump C apac itor, Positive Termina l2

1

120

100

0
2.2 104.7 22 47 100 220
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VIN = +4.5V, VOUT = -4V
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______________Detailed Description
The MAX660 c a p a c it ive charg e-pump c ircu it e ither
inv er t s or d ou b l e s t h e  in p u t  vo l t a g e  (s e e  Ty p i c a l
O p era t in g  C irc u i ts) .  F or h i g h e s t  p erform a n c e ,  low
e ffec tive series resistance (ESR) capac itors should be
used . See C apac itor Se lec tion sec tion for more de ta ils.
When using the inverting mode with a supp ly voltage
l ess than 3V ,  LV mus t b e  conne c t e d  to G N D .  Th is
bypasses the interna l regula tor c ircuitry and provides
b est p erformanc e in low-vo lta g e a p p lic a tions . When
using the inverter mode with a supp ly voltage above
3V, LV may be connec ted to G ND or le ft open. The part
is typ ica lly opera ted with LV grounded , but since LV
may be le ft open, the substitution of the MAX660 for the
ICL7660 is simp lified . LV must be grounded when over-
driving OSC (see Chang ing Osc illa tor Frequency sec-
tion). Connec t LV to O UT (for any supp ly voltage) when
using the doub ling mode .

__________Applications Information

Negative Voltage Converter
The most common app lica tion of the MAX660 is as a
charg e-pump vo lta g e inverter. The op era t ing c ircu it
uses on ly two ex t erna l c a p a c itors , C 1 and C 2 (se e
Typ ica l O pera ting C ircuits).
Even though its output is not a c tive ly re gu la te d , the
MAX660 is very insensitive to load current changes.  A
typ ic a l output sourc e res istanc e of 6 .5Ω me ans tha t
with an input of +5V the output vo lta g e is -5V und er
light load , and decreases only to -4.35V with a load of
100mA . Output source resistance vs. tempera ture and
sup p ly vo lt a g e are  shown in the Typ i c a l O p era t ing
Charac teristics graphs.
Output ripp le voltage is ca lcula ted by noting the output
curren t sup p l ie d is so le ly from c a p a c itor C 2 during

one-ha lf of the charge-pump cyc le . This introduces a
peak-to-peak ripp le of:

VRIPPLE =           IO UT + IO UT (ESRC2)
2(fPUMP) (C2)

For a  nom ina l fPUMP o f 5kH z  (one-ha lf the nom ina l
10kHz osc illa tor frequency) and C2 =  150µF with an
E SR o f  0 .2Ω ,  r i p p l e  is a p prox im a t e ly 90mV w i th a
100mA load current. If C2 is ra ised to 390µF , the ripp le
drops to 45mV.

Positive Voltage Doubler
The MAX660 opera tes in the voltage-doub ling mode as
shown in the Typ ic a l O p era ting C ircu it. The no-loa d
output is 2 x VIN .

Other Switched-Capacitor Converters
Please refer to Tab le 1, which shows Maxim’s charge-
pump offerings.

Changing Oscillator Frequency
Four modes control the MAX660’s c lock frequency, as
listed be low:

FC OSC Oscillator Frequency
O pen O pen 10kHz
F C = V+ O pen 80kHz
O pen or Externa l See Typ ica l O pera ting
F C = V+ C apac itor Charac teristics
O pen Externa l Externa l C lock Frequency

C lock

When F C and OSC are unconnec ted (open), the osc il-
la tor runs a t 10kHz typ ica lly. When F C is connec ted to
V+ , the charge and d ischarge current a t OSC changes
from 1 .0µA to 8 .0µA ,  thus incre as ing the  osc i l l a tor

MAX829 MAX861 MAX1044

Package SOT 23-5 SO-8,
µMAX

SO-8,
µMAX

O p . Current
(typ , mA) 0.15

0.3 at 13kHz ,
1.1 at 100kHz ,
2.5 at 250kHz

0.03

Output Ω
(typ) 20 12 6.5

Pump Ra te
(kHz) 35 13, 100, 150 5

Input (V) 1.25 to 5.5 1.5 to 5.5 1.5 to 10

ICL7662

SO-8

0.25

125

10

1.5 to 10

MAX660

SO-8

0.12 at 5kHz ,
1 at 40kHz

6.5

5, 40

1.5 to 5.5

MAX860

SO-8,
µMAX

0.2 at 6kHz ,
0.6 at 50kHz ,
1.4 at 130kHz

12

6, 50, 130

1.5 to 5.5

MAX828

SOT 23-5

0.06

20

12

1.25 to 5.5

ICL7660

SO-8,
µMAX

0.08

55

10

1.5 to 10

Table 1. Single-Output Charge Pumps
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frequency e ight times. In the third mode , the osc illa tor
fr e q u e n c y  i s  l ow ere d  b y  c onn e c t i n g  a  c a p a c i t or
be tween OSC and G ND . F C can still multip ly the fre-
quency by e ight times in th is mod e , but for a lower
r a n g e  o f  f r e q u e n c i e s  (s e e  T y p i c a l  O p e r a t i n g
Charac teristics).
In the inverter mode , OSC may a lso be overdriven by an
externa l c lock source tha t swings within 100mV of V+
and G ND . Any standard CMOS log ic output is suitab le
for driving OSC . When OSC is overdriven, F C has no
e ffe c t. A lso , LV must b e ground e d when overdriv ing
OSC . Do not overdrive OSC in voltage-doub ling mode .
Note: In a ll modes, the frequency of the signa l appear-
ing a t C AP+ and C AP- is one-ha lf tha t of the osc illa tor.
A lso, an undesirab le e ffec t of lowering the osc illa tor fre-
quency is tha t the e ffe c tive output res istanc e of the
charge pump increases. This can be compensa ted by
incre as ing the va lue of the charg e-pump c a p a c itors
(see C apac itor Se lec tion sec tion and Typ ica l O pera ting
Charac teristics).
In some app lica tions, the 5kHz output ripp le frequency
may be low enough to interfere with other c ircuitry. If
desired , the osc illa tor frequency can then be increased
through use of the F C p in or an externa l osc illa tor as
described above . The output ripp le frequency is one-
ha lf the se le c te d osc illa tor fre quency . Incre as ing the
c lock fre quency incre ases the MAX660 ’s qu iesc en t
current, but a lso a llows sma ller capac itance va lues to
be used for C1 and C2.

________________Capacitor Selection
Thre e fa c tors (in a d d ition to loa d current) a ffe c t the
MAX660 output voltage drop from its idea l va lue:

1)  MAX660 output resistance
2)  Pump (C1) and reservoir (C2) capac itor ESRs
3)  C1 and C2 capac itance

The voltage drop caused by MAX660 output resistance
i s  t h e  l o a d  c urr e n t  t i m e s  t h e  o u t p u t  r e s i s t a n c e .
Similarly, the loss in C2 is the load current times C2’s
ESR .  The  loss in C 1 ,  however,  is l arg er b e c ause it
hand les currents tha t are grea ter than the load current
during charge-pump opera tion. The voltage drop due
to C1 is there fore about four times C1’s ESR multip lied
by the load current. Consequently, a low (or high) ESR
capac itor has a much grea ter impac t on performance
for C1 than for C2.
G e n era l ly ,  a s th e  p um p fre q u e n c y o f  th e  M A X660
increases, the capac itance va lues required to ma inta in
comparab le ripp le and output resistance d iminish pro-
portionate ly. The curves of F igure 2 show the tota l c ircuit

output resistance for various capac itor va lues (the pump
and reservoir capac itors’ va lues are equa l) and osc illator
frequenc ies. These curves assume 0.25Ω capac itor ESR
and a 5.25Ω MAX660 output resistance , which is why
the flat portion of the curve shows a 6.5Ω (RO MAX660 +
4 (ESRC1) + ESRC2) effective output resistance .  Note:
R O =  5 . 25Ω is us e d ,  ra th er th a n th e  ty p i c a l  6 . 5Ω ,
because the typ ica l spec ification inc ludes the effect of
the ESRs of the capac itors in the test c ircuit.
In add ition to the curves in F igure 2, four bar graphs in
the Typ ica l O perating Characteristics show output cur-
rent for c a p a c itanc es rang ing from 0 .33µF to 220µF .
Output current is p lotted for inputs of 4.5V (5V-10%) and
3 .0V (3 .3V-10%), and a llow for 10% and 20% output
droop with each input voltage . As can be seen from the
gra p hs ,  th e  M A X660 6 . 5Ω s er i e s re s is t a n c e  l im i ts
increases in output current vs. capac itance for va lues
much above 47µF . Larger va lues may still b e use ful,
however, to reduce ripp le .
To re duc e  the ou t pu t ri p p l e  c ause d by the charg e
p um p ,  in cre a s e  th e  re s ervo ir c a p a c i tor C 2 a n d /or
reduce its ESR. A lso, the reservoir capac itor must have
low ESR if filtering high-frequency noise a t the output is
important.
Not a ll manufac turers guarantee capac itor ESR in the
range required by the MAX660.  In general, capacitor ESR
is inversely proportional to physical size, so larger capaci-
tance va lues and higher voltage ra tings tend to reduce
ESR. 
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The fo llow ing is a list of manufa c turers who prov id e
low-ESR e lec trolytic capac itors:

Cascading Devices
To produce larger nega tive multip lica tion of the initia l
su p p ly vo l t a g e ,  th e  M A X660 m a y b e  c a s c a d e d  a s
shown in F igure 3 . The resulting output resistance is
a p prox im a t e l y e q u a l  t o t h e  sum o f  t h e  i n d i v i d u a l
MAX660 RO UT va lues. The output voltage , where n is
an integer representing the number of devices cascad-
ed , is de fined by VO UT = -n (VIN).

Paralleling Devices
Para lle ling multip le MAX660s reduces the output resis-
tance . As illustra ted in F igure 4, each device requires
its own pump capac itor C1, but the reservoir capac itor
C 2 s erv e s a l l d e v i c e s .  Th e  v a lu e  o f  C 2 shou l d  b e
increased by a fac tor of n, where n is the number of
d ev ic es . F igure 4 shows the e qua tion for c a lcu la ting
output resistance .

3

4

2

C1n 3

4

8 8
2

5

C1

C2

C2n

+VIN

VOUT

VOUT = -nVIN

5

MAX660 
"n"
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F igure 3.  C ascad ing MAX660s to Increase Output Voltage
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F igure 4.  Para lle ling MAX660s to Reduce Output Resistance

Manufacturer/
Series Phone Fax Comments

AVX TPS Series (803) 946-0690 (803) 626-3123 Low-ESR
tantalum SMT

AVX TAG Series (803) 946-0690 (803) 626-3123 Low-cost
tantalum SMT

Matsuo 267 Series (714) 969-2491 (714) 960-6492 Low-cost
tantalum SMT

Sprague 595
Series (603) 224-1961 (603) 224-1430 Aluminum elec-

trolytic thru-hole

Sanyo MV-GX
Series (619) 661-6835 (619) 661-1055 Aluminum elec-

trolytic SMT

Sanyo CV-GX
Series (619) 661-6835 (619) 661-1055 Aluminum elec-

trolytic thru-hole

Nichicon PL
Series (847) 843-7500 (847) 843-2798 Low-ESR

tantalum SMT

United Chemi-Con
(Marcon) (847) 696-2000 (847) 696-9278 Ceramic SMT

TDK (847) 390-4373 (847) 390-4428 Ceramic SMT



Combined Positive Supply Multiplication
and Negative Voltage Conversion

This dua l func tion is illustra ted in F igure 5. In this c ir-
cu it ,  c a p a c itors C 1 and C 3 p erform the  pump and
reservo ir func tions resp e c tive ly for g enera tion of the
ne g a tive vo lta g e . C a p a c itors C2 and C4 are resp e c-
t ive ly pump and reservo ir for the mu lt ip lie d pos it ive
vo lta g e . Th is c ircu it configura tion , however, le a ds to
higher source impedances of the genera ted supp lies.
Th is is due  to the f in it e  imp e d anc e  o f the common
charge-pump driver.
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F igure 5.  Comb ined Positive Multip lier and Nega tive Converter
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lithium ba ttery and opera tes for 16 hours with a 40mA load .
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___________________Chip Topography

OUT

LV

OSC

V+FC

CAP+

GND

CAP-

0.120" 
(3.05mm)

0.073" 
(1.85mm)

TRANSISTOR C O UNT = 89
SUBSTRATE C O NNE CTED TO V+ .
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________________________________________________________Package Information

DIM  
A 
A1 
A2 
A3 
B 
B1 
C 

D1 
E 
E1 
e 

eA 
eB 
L

MIN 
– 

0.015 
0.125 
0.055 
0.016 
0.045 
0.008 
0.005 
0.300 
0.240 
0.100 
0.300 

– 
0.115

MAX 
0.200 

– 
0.175 
0.080 
0.022 
0.065 
0.012 
0.080 
0.325 
0.310 

– 
– 

0.400 
0.150

MIN 
– 

0.38 
3.18 
1.40 
0.41 
1.14 
0.20 
0.13 
7.62 
6.10 
2.54 
7.62 

– 
2.92

MAX 
5.08 

– 
4.45 
2.03 
0.56 
1.65 
0.30 
2.03 
8.26 
7.87 

– 
– 

10.16 
3.81

INCHES MILLIMETERS

Plastic DIP 
PLASTIC 

DUAL-IN-LINE 
PACKAGE 
(0.300 in.)

DIM  
D 
D 
D 
D 
D 
D

PKG.  
P 
P 
P 
P 
P 
N

MIN 
0.348 
0.735 
0.745 
0.885 
1.015 
1.14

MAX 
0.390 
0.765 
0.765 
0.915 
1.045 
1.265

MIN 
8.84 

18.67 
18.92 
22.48 
25.78 
28.96

MAX 
9.91 

19.43 
19.43 
23.24 
26.54 
32.13

INCHES MILLIMETERS
PINS

8 
14 
16 
18 
20 
24

C

A A2

E1D

E

eA
eB

A3

B1
B

0° - 15°A1L

D1

 

e

21-0043A

DIM  
A 
A1 
B 
C 
E 
e 
H 
L

MIN 
0.053 
0.004 
0.014 
0.007 
0.150 

 
0.228 
0.016

MAX 
0.069 
0.010 
0.019 
0.010 
0.157 

 
0.244 
0.050

MIN 
1.35 
0.10 
0.35 
0.19 
3.80 

 
5.80 
0.40

MAX 
1.75 
0.25 
0.49 
0.25 
4.00 

 
6.20 
1.27

INCHES MILLIMETERS

21-0041A

Narrow SO 
SMALL-OUTLINE 

PACKAGE 
(0.150 in.)

DIM  
D 
D 
D

MIN 
0.189 
0.337 
0.386

MAX 
0.197 
0.344 
0.394

MIN 
4.80 
8.55 
9.80

MAX 
5.00 
8.75 

10.00

INCHES MILLIMETERSPINS

8 
14 
16

1.270.050

L

0°-8°

HE

D

e

A

A1 C

0.101mm 
0.004in.

B



Maxim cannot assume responsib ility for use of any c ircuitry other than c ircuitry entire ly embod ied in a Maxim produc t. No c ircuit pa tent licenses are
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C

0°-15°

A D

B1
B

DIM  
A 
B 

B1 
C 
E 

E1 
e 
L 

L1 
Q 
S 

S1 
 

MIN 
– 

0.014 
0.038 
0.008 
0.220 
0.290 

 
0.125 
0.150 
0.015 

– 
0.005 

 

MAX 
0.200 
0.023 
0.065 
0.015 
0.310 
0.320 

 
0.200 

– 
0.070 
0.098 

– 
 

MIN 
– 

0.36 
0.97 
0.20 
5.59 
7.37 

 
3.18 
3.81 
0.38 

– 
0.13 

 

MAX 
5.08 
0.58 
1.65 
0.38 
7.87 
8.13 

 
5.08 

– 
1.78 
2.49 

– 
 

2.54 0.100 

Q
L

S1

e

CERDIP 
CERAMIC DUAL-IN-LINE 

PACKAGE 
(0.300 in.)

S

L1

E

E1

PINS  
8 
14 
16 
18 
20 
24

DIM  
D 
D 
D 
D 
D 
D

MIN 
– 
– 
– 
– 
– 
–

MAX 
0.405 
0.785 
0.840 
0.960 
1.060 
1.280

MIN 
– 
– 
– 
– 
– 
–

MAX 
10.29 
19.94 
21.34 
24.38 
26.92 
32.51

INCHES MILLIMETERS

INCHES MILLIMETERS

21-0045A


