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MAX6325/MAX6341/MAX6350

1ppm/°C, Low-Noise, +2.5V/+4.096V/+5V

General Description

The MAX6325/MAX6341/MAX6350 are low-noise, preci-
sion voltage references with extremely low, 0.5ppm/°C
typical temperature coefficients and excellent, £0.02%
initial accuracy. These devices feature buried-zener
technology for lowest noise performance. Load-regula-
tion specifications are guaranteed for source and sink
currents up to 15mA. Excellent line and load regulation
and low output impedance at high frequencies make
them ideal for high-resolution data-conversion systems
up to 16 bits.

The MAX6325 is set for a 2.5V output, the MAX6341 is
set for a 4.096V output, and the MAX6350 is set for a
5V output. All three provide for the option of external
trimming and noise reduction.

19-1203; Rev 1, 1/01 . .
Applications

High-Resolution Analog-to-Digital
and Digital-to-Analog Converters

High-Accuracy Reference Standard
High-Accuracy Industrial and Process Control
Digital Voltmeters

ATE Equipment

Precision Current Sources

Typical Operating Circuit

Voltage References

Features

4 Ultra Low, 1ppm/°C Max Tempco

Very Low, 1.5uVp-p Noise (0.1Hz to 10Hz)
(MAX6325)

+0.02% Initial Accuracy (MAX6350)

+15mA Output Source and Sink Current
Low, 18mW Power Consumption (MAX6325)
Industry-Standard Pinout

<&

Optional Noise Reduction and Voltage Trim
Excellent Transient Response

8-Pin SO Package Available

Low, 30ppm/1000hr Long-Term Stability
Stable for All Capacitive Loads

@ & & & O O o o o

Ordering Information

PART TEMP. RANGE IIN- TEl\II\IIIg)éO
' PACKAGE S

(ppm/°C)
MAX6325CPA  0°Cto +70°C 8 Plastic DIP 1.0
MAX6325CSA  0°Cto +70°C 8 SO 10
MAX6325EPA  -40°C to +85°C 8 Plastic DIP 1.5
MAX6325ESA  -40°C to +85°C 8 SO 15
MAX6325MJA  -55°C to +125°C 8 CERDIP 25

Ordering Information continued at end of data sheet.

Pin Configuration

8V T0 36V INPUT

REFERENCE OUT

out
MAX6325
20uF == MAX6341
—NR MAX6350  TRIM|—

GND T |
.
=

*OPTIONAL

TOP VIEW
R
1. [1] 8] 1.
w2l s [0S
or] M Do
GND [4] 5] TRIM
DIP/SO

.C. = INTERNALLY CONNECTED; DO NOT USE

For pricing, delivery, and ordering information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.
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MAX6325/MAX6341/MAX6350

1ppm/°C, Low-Noise, +2.5V/+4.096V/+5V
Voltage References

ABSOLUTE MAXIMUM RATINGS

(Voltages Referenced to GND) 8-Pin SO (derate 5.88mW/°C above +70°C)........c.......... 471mW
IN L -0.3V to 40V 8-Pin CERDIP (derate 8.00mW/°C above +70°C)........... 640mwW
OUT, TRIM .-0.3Vto 12V Operating Temperature Ranges

N e ...-0.3Vto 6V MAX63__C_A..... RPN 0°C to +70°C
OUT Short-Circuit to GND Duration (VN £ 12V)..........Continuous MAX63_ _E_A..... -40°C to +85°C
OUT Short-Circuit to GND Duration (VIN < 40V) ...cccccooviiiiinnnnn. 5s MAXG3_ _MJA ... ....-55°C to +125°C
OUT Short-Circuit to IN Duration (ViN £ 12V) ..o Continuous Storage Temperature Range ................ ...-65°C to +150°C
Continuous Power Dissipation (Ta = +70°C) Lead Temperature (soldering, 10S)........cccccvvviviviiiiiinnnnnn, +300°C

8-Pin Plastic DIP (derate 9.09mW/°C above +70°C) ...... 727TmW

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—MAX6325

(VIN = +10V, loyt = 0mA, Ta = TmIN to TMAX, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS TA MIN TYP MAX | UNITS
Input Voltage Range VIN C,E.M 8 36 \
Output Voltage Vourt MAX6325 +25°C 2499 2500 2501 \Y
MAX6325C_A C 0.5 1.0
gg‘te"f’fféi\é‘;'ttﬁggtgi?perawre TCVouT | MAX6325E_A E 075 15 |ppm/C
MAX6325MJA M 1.0 2.5
+25°C 10 18
C 30
8V <V|N<S 10V
E 35
) . AV M 45
Line Regulation (Note 2) A\C/)KIT/ 250 5 5 ppm/V
10V <V|N £ 36V c !
E 8
M 10
C 1 6
Sourcing: OmA < louT £ 15mA E 1 7
) AV M 3 15
Load Regulation (Note 2) AISLLJJI/ c " 5 ppm/mA
Sinking: -15mA < loyt £ 0mA E 1 7
M 10 30
Supply Current IN +25°C 18 27 mA
C,E;M 3.0
Trim-Adjustment Range AVout | (Figure 1) C,.EEM +15 +25 mV
Turn-On Settling Time toN To +0.01% of final value +25°C 5 us
) 0.1Hz <f<10Hz +25°C 1.5 uVp-p
Output Noise Voltage (Note 3) en
10Hz < f < 1kHz +25°C 1.3 2.8 | UVRMS
Temperature Hysteresis (Note 4) +25°C 20 ppm
Long-Term Stability AVouTt/ht +25°C 30 1%%3/”
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MAX6325/MAX6341/MAX6350

1ppm/°C, Low-Noise, +2.5V/+4.096V/+5V
Voltage References

ELECTRICAL CHARACTERISTICS—MAX6341

(VIN = +10V, lout = OmA, Ta = TmIN to TmAx, unless otherwise noted. Typical values are at T = +25°C.)

PARAMETER SYMBOL CONDITIONS Ta MIN TYP MAX | UNITS
Input Voltage Range VIN C,E.M 8 36 \
Output Voltage VouTt MAX6341 +25°C 4,095 4.096  4.097 \Y
MAX6341C_A C 0.5 1.0
ggtep?f?éi\e/sltt?ﬁst;e;r;pera’[ure TCVouT | MAX6341E_A E 075 15 |ppm/C
MAX6341MJA M 1.0 25
+25°C 10 18
8V <VNS 10V c %0
E 35
. . AV M 45
Line Regulation (Note 2) A\?K‘T/ 250 > 5 ppm/V
10V < V|N £ 36V c !
E 8
M 10
C 1 6
Sourcing: OmA < loyTt £ 15mA E 1 7
. AV M 3 9
Load Regulation (Note 2) AISLLJJI/ C " 5 ppm/mA
Sinking: -15mA < loyT £ 0mA E 1 7
M 7 18
+25°C 1.9 2.9
Supply Current lIN CEM 3o mA
Trim-Adjustment Range AVout | (Figure 1) C, E M +24 +40 mV
Turn-On Settling Time toN To £0.01% of final value +25°C 8 us
) 0.1Hz<f<10Hz +25°C 2.4 pVp-p
Output Noise Voltage (Note 3) en
10Hz < f < 1kHz +25°C 2.0 4.0 | uWRMS
Temperature Hysteresis (Note 4) +25°C 20 ppm
Long-Term Stability AVouTht +25°C 30 1%%3/”
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MAX6325/MAX6341/MAX6350

1ppm/°C, Low-Noise, +2.5V/+4.096V/+5V
Voltage References

ELECTRICAL CHARACTERISTICS—MAX6350

(VIN = +10V, lout = OmA, Ta = TmIN to TmAx, unless otherwise noted. Typical values are at Tp = +25°C.)

PARAMETER SYMBOL CONDITIONS TA MIN TYP MAX | UNITS
Input Voltage Range VIN C,E.M 8 36 \
Output Voltage Vourt MAX6350 +25°C 4999 5000  5.001 \
MAX6350C_A C 0.5 1.0
8;‘2?#;i\é;"tt"(j‘g;gi?perature TCVouT | MAXG350E_A E 075 15 |ppm/°C
MAXB350MJA M 1.0 25
+25°C 10 18
C 30
8V <V|N< 10V
E 35
) , AV M 45
Line Regulation (Note 2) A\C/)KIT/ +25°C 2 5 ppm/V
C 7
10V < VN <36V
E 8
M 10
C 1 6
Sourcing: OmA < loyt £ 15mA E 1 7
. AV M 2 9
Load Regulation (Note 2) Algbi/ C 3 6 ppm/mA
Sinking: -15mA < loyt £ 0mA E 1 7
M 6 15
+25°C 2.0 3.0
Supply Current N CEM 13 mA
Trim-Adjustment Range AVout | (Figure 1) C,.EEM +30 +50 mV
Turn-On Settling Time tON To +0.01% of final value +25°C 10 us
, 0.1Hz <f < 10Hz +25°C 3.0 uVp-p
Output Noise Voltage (Note 3) en
10Hz < f < 1kHz +25°C 25 5.0 | UVRMS
Temperature Hysteresis (Note 4) +25°C 20 ppm
Long-Term Stability AVouTh +25°C 30 1%%%1r<r

Note 1: Temperature coefficient is measured by the box method; i.e., the maximum AVourt is divided by AT x VouT.

Note 2: Line regulation (AVouT / (VoUT X AvIN)) and load regulation (AVouT / (VouT x AlouT)) are measured with pulses and do not
include output voltage changes due to die-temperature changes.

Note 3: Noise specifications are guaranteed by design.

Note 4: Temperature hysteresis is specified at Ta = +25°C by measuring VouT before and after changing temperature by +25°C,
using the plastic DIP package.
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MAX6325/MAX6341/MAX6350

1ppm/°C, Low-Noise, +2.5V/+4.096V/+5V
Voltage References

Typical Operating Characteristics

(VIN = +10V, loyt = OMA, Ta = +25°C, unless otherwise noted.)

MAX6350
NORMALIZED OUTPUT VOLTAGE
vs. TEMPERATURE

MAX6325 -01
400

375 0.7 280
15 300 0.6 240
’ 1.0 250 05 200
1.0 200 0.4 N 7 160
= / T =05 I\ /l - E =03 120 &
£05 A e ERul AN // - A // 0 £
= = — =
S I~ — , 8 3 N L1 3 Soi L~ 0 3
< Z <0 0z 3 0 1 0 3
-0.5 -100 -0.1 -40
05 -125 . )
1.0 -200 02 80
-0.3 -120
15 -300 -1.0 -250 -0.4 -160
55 -35 -15 5 25 45 65 85 105 125 55 35 -15 5 25 45 65 85 105 125 55 -35 -15 5 25 45 65 85 105 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
MAX6325 MAX6341
CHANGE IN OUTPUT VOLTAGE CHANGE IN OUTPUT VOLTAGE CHANGE IN OUTPUT VOLTAGE
vs. INPUT VOLTAGE vs. OUTPUT CURRENT vs. OUTPUT CURRENT
60 —- 200 . 300 — —
1 | 150 g &N Ta = +85°C g
50 v E S : 200 >
N, N,
10 // 100 \>“_\ Y
— /| 50 X 100 AN
£ 30 = = Ta = +25°C
g // T 0 [ TasoC Ta=+25°C | =
520 3 N g ?
s / z 50 N/ 3 N
=10 100 N -100 N
- D \\
\( BLY / o
0 450 . Tp = -40°C -
Ta = +85°C -200 SN
-10 l -200 ‘ \
-20 -250 -300
0 5 10 15 20 25 30 35 40 40 -30 20 -10 0 10 20 30 40 40 -30 20 -10 0 10 20 30 40
Vin (V) lout (MA) lout (MA)
MAX6350
CHANGE IN OUTPUT VOLTAGE
vs. OUTPUT CURRENT SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. TEMPERATURE
300 s 3.0 s 35 s
200 "s‘ z 2.8 g :
% g 26 MAX6350 z
100 723&77 ] E o4 g
= MAX6341 =
= o = | =
Z 0 |1/-ua0c Ta=+85°C T 22 |- MAX632 7 = o 25 MAX6350
5 - / < 20 -—'/! = 5 MAX6341 _——
%_100 \\' . g 18 — T S 90 /l;//
O T — = 7 —
oo | £ : " =
-200 = > 16 2 —
/
T +25°c\\ 14 15
- A=
300 \ 1o MTXBS‘ZS
-400 1.0 10
40 -30 20 10 0 10 20 30 40 0 5 10 15 20 25 30 35 40 55 35 -15 5 25 45 65 85 105 125
lout (MA) SUPPLY VOLTAGE (V) TEMPERATURE (°C)
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MAX6341
NORMALIZED OUTPUT VOLTAGE
vs. TEMPERATURE

MAXG325 -0:

MAX6325
NORMALIZED OUTPUT VOLTAGE
vs. TEMPERATURE
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MAX6325/MAX6341/MAX6350

1ppm/°C, Low-Noise, +2.5V/+4.096V/+5V
Voltage References

(VIN = +10V, lout = OmA, Ta = +25°C,

RIPPLE REJECTION (dB) OUTPUT NOISE DENSITY (nVA Hz)

Vour, 0.5uV/div

MAX6325
OUTPUT NOISE-VOLTAGE
DENSITY vs. FREQUENCY

50 [ 2
i ey
T —
A Y CR = OpF
35 \
\
30 \
25 X
20
N CnR = 1uF
15 M
10
5
0
10 100 1k 10k
FREQUENCY (Hz)
RIPPLE REJECTION
vs. FREQUENCY (Cxg = 1uF)
=TT
10 AX6325 A= TS z
\ = N
100 /,é R\
/ N
_ 1A /1 N
LA MAX6341 TRyl
90 = \
AX6350
80
FC T e e e I R L1 e e et
60
10 100 1k 10k
FREQUENCY (Hz)
MAX6325

0.1Hz to 10Hz NOISE

MAX6325-1

Cout = Cnp = OuF

1s/div

OUTPUT IMPEDANCE ()

Vour, TuV/div

OUTPUT NOISE DENSITY (nVA Hz)

MAX6341
OUTPUT NOISE-VOLTAGE
DENSITY vs. FREQUENCY

90
80

N
0 NI
60 \
\

50
40

MAX6325-11

d

30 CnR = 1uF
20

10 100 1k 10k
FREQUENCY (Hz)

OUTPUT IMPEDANCE vs. FREQUENCY
100

MAX6325-14

0.1 }lsink=5mA

isss ISOURCE = SmA

10 100 1k 10k 100k 1M
FREQUENCY (Hz)

0.01

MAX6341
0.1Hz to 10Hz NOISE

MAXE325-17

~ Cour=Cng=0uF

OUTPUT NOISE DENSITY (nVA Hz)

RIPPLE REJECTION (dB)

Vour, TuV/div

Typical Operating Characteristics (continued)

unless otherwise noted.)

MAX6350
OUTPUT NOISE-VOLTAGE
DENSITY vs. FREQUENCY

100
90 PN
80 A
70

60 \

50

40

30 Cnr=1uF 117
20

MAXG325-12

CnR = OuF

10 100 1k 10k
FREQUENCY (Hz)

RIPPLE REJECTION
vs. FREQUENCY (CNR = OuF)
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MAX6325/MAX6341/MAX6350

1ppm/°C, Low-Noise, +2.5V/+4.096V/+5V
Voltage References

Typical Operating Characteristics (continued)
(VIN = +10V, louT = OmA, Ta = +25°C, unless otherwise noted.)

LOAD-TRANSIENT RESPONSE (SOURCING)

MAX6325-1

LOAD-TRANSIENT RESPONSE (SINKING)

MAX6325-2(

OmA

: 10mA
A L—*—l—--—‘
-10mA = OmA

|
B
B .
2us/div 2us/div
A: lgut, 10mA/div (SOURCING) A: lout, 10mA/div (SINKING)
B: Vouyr, 500uV/div B: Vouyr, 500uV/div
MAX6325
LOAD-TRANSIENT RESPONSE TURN-ON AND TURN-OFF TRANSIENT RESPONSE
MAX6325-2 MAX6325-2:
N ﬁvw -10mA i A0V
s N +10mA A L] 0
O i |
B : /,, i
Vin=10V ] ! \
~CrR= ? B [ e
Cour = Cg = 0uF Do Cin = Cout = CnR = OuF
Tus/div 1us/div
A: lour (£10mA SOURCE AND SINK), 20mA/div, AC COUPLED A: Vi, 10V/div
B: Viour, 20mV/div, AC COUPLED B: Vour, 1V/div
MAX6341 MAX6350
TURN-ON AND TURN-OFF TRANSIENT RESPONSE TURN-ON AND TURN-OFF TRANSIENT RESPONSE
MIAX6325-2 MAXG3252,
I ,:,,_,,,,,,,fw,,,w‘ 0V +10V
R : SR I A 0
T
e |
/f‘ )
/. |
{
. , !
B | a s B
Cin=Cour = Cng = OuF Cin=Cout = Cnr = OuF
1us/div Tus/div
A: Vi, 10V/div A: Vi, 10V/div
B: Vour, 1V/div B: Vour, 1V/div
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MAX6325/MAX6341/MAX6350
1ppm/°C, Low-Noise, +2.5V/+4.096V/+5V

Voltage References

Pin Description

PIN NAME FUNCTION
1,7,8 I.C. Internally Connected. Do not use.
2 IN Positive Power-Supply Input
Noise Reduction. Optional capacitor
connection for wideband noise
3 NR ; .
reduction. Leave open if not used
(Figure 2).
4 GND Ground
External Trim Input. Allows +1%
5 TRIM output adjustment (Figure 1).
Leave open if not used.
6 OouT Voltage Reference Output

Detailed Description

Temperature Stability
The MAX6325/MAX6341/MAX6350 are highly stable,
low-noise voltage references that use a low-power tem-
perature-compensation scheme to achieve laboratory-
standard temperature stability. This produces a nearly
flat temperature curve, yet does not require the power
associated with heated references.

The output voltage can be trimmed a minimum of 0.6%
by connecting a 10kQ potentiometer between OUT and
GND, and connecting its tap to the TRIM pin, as shown
in Figure 1. The external trimming does not affect tem-
perature stability.

Noise Reduction
To augment wideband noise reduction, add a 1uF
capacitor to the NR pin (Figure 2). Larger values do not
improve noise appreciably (see Typical Operating
Characteristics).

Noise in the power-supply input can affect output
noise, but can be reduced by adding an optional
bypass capacitor to the IN pin and GND.

Bypassing
The MAX6325/MAX6341/MAX6350 are stable with
capacitive load values from OpF to 100uF, for all values
of load current. Adding an output bypass capacitor can
help reduce noise and output glitching caused by load
transients.

Applications Information

Negative Regulator
Figure 3 shows how both a +5V and -5V precision ref-
erence can be obtained from a single, unregulated +5V
supply. A MAX865 generates approximately +9V to
operate the MAX6350 reference and MAX400 inverting
amplifier. The +5V is inverted by the ultra-low offset
MAX400 op amp. Resistor R1 is optional, and may be
used to trim the +5V references. R2 and R4 should be
matched, both in absolute resistance and temperature
coefficient. R3 is optional, and is adjusted to set the -5V
reference.

8V T0 36V INPUT

W REFERENCE OUT
out
MAX6325
MAX6341
NR MAX6350 TRM |—» g 10kQ
GND

8V T0 36V INPUT

s

hd
IN

REFERENCE OUT
ouT F—

. MAX6325
— MAX6341
o MAXE3S0 o

L] a0 B
By

1uF

*OPTIONAL

Figure 1. Output Voltage Adjustment

Figure 2. Noise-Reduction Capacitor
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MAX6325/MAX6341/MAX6350

1ppm/°C, Low-Noise, +2.5V/+4.096V/+5V
Voltage References

45V INPUT
|
33— O e ? ?
3 REFERENCE OUT
T - IN ouT ® ® ® i
MAX865 kaRz
Q
] G2 c |+ MAX6350
3.3uF 2.2uF "—_|
C oo v - Ri 0.1uF
- NR TRIM i s T
. GND * o ke - =
C2 2.2uF c4 1t
1uF T W T | MAxdog
A A @ A d A d +
’s F+ _T_ L 4
2uF — = R4
100k O'WFI
“REFERENCE OUT

Figure 3. +5V and -5V References from a Single +5V Supply

__Ordering Information (continued)

PIN- MAX.

PART TEMP.RANGE o) cuage  TEMPCO

(ppm/°C)
MAX6341CPA  0°Cto +70°C 8 Plastic DIP 1.0
MAX6341CSA 0°Ct0 +70°C 8 SO 1.0
MAX6341EPA  -40°C to +85°C 8 Plastic DIP 15
MAX6341ESA  -40°C o +85°C 8 SO 15
MAX6341MJA  -55°C to +125°C 8 CERDIP 25
MAX6350CPA  0°Cto +70°C 8 Plastic DIP 1.0
MAX6350CSA 0°C to +70°C 8 SO 1.0
MAX6350EPA  -40°C to +85°C 8 Plastic DIP 15
MAX6350ESA  -40°C to +85°C 8 SO 15
MAX6350MJA  -55°C to +125°C 8 CERDIP 25

Maxim Integrated
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MAX6325/MAX6341/MAX6350

1ppm/°C, Low-Noise, +2.5V/+4.096V/+5V
Voltage References
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INCHES  [MILLIMETERS INCHES  [MILLIMETERS
MIN [MAX | MIN | MAX MIN [MAX | MIN [MAX | N [HS01d
A10.053]0.069] 1.35[1.75 D[0.189[0.197]4.80[5.00 (8 | A
A10.004 [0.010 | 010 [0.25| [D[0.337]0.344] 8.55/8.75|14] B
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e 0.050 127 \oTES.
E 0,150 |0.157 | 3.80(4.00 1. D&E DO NOT INCLUDE MOLD FLASH
H[022810244[580[620]  © YoBxEes s coves
h|0.010 |0.020 | 0.25]0.50 3. LEADS TO BE COPLANAR WITHIN
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Package Information
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MAX6325/MAX6341/MAX6350
1ppm/°C, Low-Noise, +2.5V/+4.096V/+5V

Voltage References

Package Information (continued)

ey s s S s S

INCHES MILLIMETERS INCHES MILLIMETERS

MIN | MAX | MIN | MAX MIN | MAX | MIN | MAX | N [CASE]
A|l-—-— 10200 ——— | 508 D| ——— [0405] ——- ]10.23 | 8 |P:D4
B | 0014)0023]036 |0.58 D -—— 10785 ——— 119,94 |14 |C:D]]
B1] 0.038]| 0.065]| 0.97 | 165 D -- 10840 —— |21.34 |16 |ED2
C 100080015020 |038 D -- 10960 —— [24.38|18 |ViD§
£ 102200310559 | 787 D -- [1.060 —— |26.92]20 |RD8
£1, 0290/ 0320] 737 | 813 D -- 11.280 —— [3251|24|LD9
e 0.100 2.54
L | 0125]0.200| 3.18 | 5.08 NOTES:
L1/ 0150} === 1000 | === 1. CONTROLLING DIMENSION: INCH
Q1 00510070l 038 178 2. ZgEgauleiNBSINCAAS}gEDvDELJT\ﬂiEEECDNFIGURATIDN #l
S|-—-- 10098 ——— | 249 3. N = NUMBER OF PINS
S110005| === | 013 | ==~

[, ][%;KAGE FAMILY DUTLINE: CDIP ‘300”] Y 21-0045 4
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Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied.
Maxim reserves the right to change the circuitry and specifications without notice at any time. The parametric values (min and max limits) shown in the Electrical
Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.
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