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Low-Cost, Low-Power, Low-Dropout,
SOT23-3 Voltage References

General Description

The MAX6001-MAX6005 family of SOT23, low-cost
series voltage references meets the cost advantage of
shunt references and offers the power-saving advantage
of series references, which traditionally cost more. Unlike
conventional shunt-mode (two-terminal) references that
must be biased at the load current and require an exter-
nal resistor, these devices eliminate the need for an
external resistor and offer a supply current that is virtually
independent of the supply voltage.

These micropower, low-dropout, low-cost devices are
ideal for high-volume, cost-sensitive 3V and 5V battery-
operated systems with wide variations in supply voltage
that require very low power dissipation. Additionally,
these devices are internally compensated and do not
require an external compensation capacitor, saving
valuable board area in space-critical applications.

Applications
Portable/Battery-Powered Equipment
Notebook Computers

Features

1% max Initial Accuracy

100ppm/°C max Temperature Coefficient
45pA max Quiescent Supply Current
0.8uA/V Supply Current Variation with V|N
+400pA Output Source and Sink Current
100mV Dropout at 400pA Load Current
0.12uV/pA Load Regulation

8uV/V Line Regulation

Stable with CLoap =0to 2.2nF

®* S & 6 O o o o o

Ordering Information

PIN- soT
PDAs, GPSs, and DMMs PART TEMP.RANGE b\ cKAGE TOP MARK
Cellular Phones MAXB6001EUR-T  -40°C to +85°C 3 SOT23-3  FZCW
Pagers MAX6002EUR-T  -40°C to +85°C 3 SOT23-3  FZCX
Hard-Disk Drives MAX6003EUR-T  -40°C to +85°C 3 SOT23-3  FZDK

. MAX6004EUR-T  -40°C to +85°C 3 SOT23-3  FZCY
Selector Guide MAX6005EUR-T  -40°C to +85°C 3 SOT23-3  FZCZ
OUTPUT
PART VOLTAGE (V) INPUT VOLTAGE (V)
MAX6001 1.250 2510126
MAX6002 2.500 (VouT + 200mV) to 12.6
MAX6003 3.000 (Vout + 200mV) to 12.6 Typical Operating Circuit
MAX6004 4.096 (VouT + 200mV) to 12.6
MAX6005 5.000 (VouT + 200mV) to 12.6
+SUPPLY INPUT (SEE SELECTOR GUIDE)
Pin Configuration "
out REFERENCE
NIV ouT
TOP VIEW frivos
L MAX6002
T MAX6003
MAXIN
WAX6002 MAX6005
MAX6003 E GND 6D T 2.20F MAX*
MAX6004
out [2|  waxeoos ﬂ e
SOT23-3
*CAPACITORS ARE OPTIONAL
MAXI/M Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.

For small orders, phone 1-800-835-8769.
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MAX6001-MAX6005

Low-Cost, Low-Power, Low-Dropout,
SOT23-3 Voltage References

ABSOLUTE MAXIMUM RATINGS
Voltages Referenced to GND

Continuous Power Dissipation (Ta = +70°C)

IN e -0.3Vto +13.5V SOT23-3 (derate 4.0mW/°C above +70°C).................. 320mw
OUT o -0.3Vto (VIN + 0.3V) Operating Temperature Range .........c.ccceeeveeenee. -40°C to +85°C
Output Short Circuit to GND or IN (V|N < 6V) ............ Continuous Storage Temperature Range ..........cccceevvvveeeene -65°C to +150°C
Output Short Circuit to GND or IN (VIN 2 6V) ....cccovevvenniens 60sec Lead Temperature (soldering, 10SEC) ........cccevverurerinenne +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—MAX6001

(VIN = +5V, louT =0, TA = TMIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER ‘ SYMBOL ’ CONDITIONS ‘ MIN TYP MAX | UNITS
OUTPUT
Output Voltage VouT Ta=+25°C 1.237 1.250 1.263 Vv
Output Voltage Temperature o
Coefficient (Note 2) TCVour 20 100 | ppm/°C
. . AVout/
Line Regulation ASIL,J\‘T 25V<ViNg12.6V 8 120 Y
. AVout/ | Sourcing: 0 < < 400pA 0.12 0.8
Load Regulation ouT — 9 ouT a UV/PA
Alout Sinking: -400pA < louT <0 0.15 1.0
- Short to GND 4
OUT Short-Circuit Current Isc mA
Short to IN 4
Temperature Hysteresis
(Note 3) 130 ppm
- AVour/ _ R ppm/
Long-Term Stability time 1,000 hours at Ta = +25°C 50 1,000hrs
DYNAMIC
. f=0.1Hz to 10Hz 25 uVp-p
Noise Voltage eouTt
f = 10Hz to 10kHz 65 UVRMS
. L AVout/
Ripple Rejection AVIN VIN = 5V £100mV, f = 120Hz 86 dB
Turn-On Settling Time tR To Vout = 0.1% of final value, Coyt = 50pF 30 us
Capacitive-Load Stability Range | Court (Note 4) 0 2.2 nF
INPUT
Supply Voltage Range VIN Guaranteed by line-regulation test 25 12.6 \Y
Quiescent Supply Current IIN 27 45 HA
Change in Supply Current IINVIN 25V<ViNs12.6V 0.8 2.6 HAN

MAXIMN



Low-Cost, Low-Power, Low-Dropout,
SOT23-3 Voltage References

ELECTRICAL CHARACTERISTICS—MAX6002

(VIN =45V, louT =0, TA = TMIN to TmAX, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER | sYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS
OUTPUT
Output Voltage VouT Ta = +25°C 2.475 2.500 2.525 \
Output Voltage Temperature o
Coefficient (Note 2) TCVour 20 100 | ppm/°C
AV /
Line Regulation A\C/’KT (VouT + 0.2V) < Vin < 12.6V 15 200 | pvwv
AV / | Sourcing: 0 < < 400pA 0.14 0.90
Load Regulation out — 9 ouT a UV/IPA
AlouT | Sinking: -400pA < louT < 0 0.18 1.10
Dropout Voltage VIN - _
(Note 5) Vout louT = 400pA 100 200 mvV
o Short to GND 4
OUT Short-Circuit Current Isc mA
Short to IN 4
Temperature Hysteresis AVout/
(Note 3) time 130 ppm
. AVout/ _ o ppm/
Long-Term Stability time 1,000 hours at Ta = +25°C 50 1,000hrs
DYNAMIC
. f=0.1Hz to 10Hz 60 uVp-p
Noise Voltage eouT
f=10Hz to 10kHz 125 HVRMS
. L AVouTt/
Ripple Rejection AVIN VIN = 5V £100mV, f = 120Hz 82 dB
Turn-On Settling Time tR To Vout = 0.1% of final value, Cout = 50pF 85 us
Capacitive-Load Stability Range | Cour (Note 4) 0 2.2 nF
INPUT
Supply Voltage Range VIN Guaranteed by line-regulation test Vout + 0.2 12.6 \
Quiescent Supply Current IIN 27 45 HA
Change in Supply Current IIN/VIN (Vout +0.2V) < VN £ 12.6V 0.8 2.6 ANV

MAXIMN 3
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Low-Cost, Low-Power, Low-Dropout,
SOT23-3 Voltage References

ELECTRICAL CHARACTERISTICS—MAX6003

(VIN = +5V, louT = 0, TA = TMIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

MAX6001-MAX6005

PARAMETER | SYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS
OUTPUT
Output Voltage VouTt Ta = +25°C 2.97 3.00 3.03 \%
Output Voltage Temperature o
Coefficient (Note 2) TCVour 20 100 | ppm/°C
) . AVout/
Line Regulation AVIN (Vout +0.2V) £ V|N < 12.6V 20 220 puviv
AVout/ | Sourcing: 0 < | < 400pA 0.14 0.90
Load Regulation out — 9 ouT H UV/PA
Alout | Sinking: -400pA < louT<0 0.18 1.10
Dropout Voltage VIN - _
(Note 5) Vout lout = 400pA 100 200 mV
N Short to GND 4
OUT Short-Circuit Current Isc mA
Short to IN 4
Temperature Hysteresis AVourt/
(Note 3) time 130 ppm
. AVout/ _ o ppm/
Long-Term Stability time 1,000 hours at Ta = +25°C 50 1,000hrs
DYNAMIC
_ f = 0.1Hz to 10Hz 75 uVp-p
Noise Voltage eouT
f=10Hz to 10kHz 150 UVRMS
AV /
Ripple Rejection A\C/)::,T ViN = 5V +100mV, f = 120Hz 80 dB
Turn-On Settling Time tr To Vout = 0.1% of final value, Cout = 50pF 100 us
Capacitive-Load Stability Range | Cout (Note 4) 0 2.2 nF
INPUT
Supply Voltage Range VIN Guaranteed by line-regulation test VouTt + 0.2 12.6 \Y
Quiescent Supply Current IIN 27 45 HA
Change in Supply Current In'VIN | (VouT +0.2V) < VN < 12.6V 0.8 2.6 HAINV
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Low-Cost, Low-Power, Low-Dropout,
SOT23-3 Voltage References

ELECTRICAL CHARACTERISTICS—MAX6004

(VIN =45V, louT =0, TA = TMIN to TmAX, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER | sYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS
OUTPUT
Output Voltage VouT Ta=+25°C 4.055 4.096 4.137 \%
Output Voltage Temperature o
Coefficient (Note 2) TCVour 20 100 | ppm/°C
AV /
Line Regulation A\C/):,J\]T (VouT + 0.2V) < Vi < 12.6V 25 240 | pviv
AV / | Sourcing: 0 <1 < 400pA 0.15 1.00
Load Regulation out — 9 ouT H pV/pPA
Alout | Sinking: -400pA < loyT < 0 0.20 1.20
Dropout Voltage VIN - —
(Note 5) Vout louT = 400pA 100 200 mvV
o Short to GND 4
OUT Short-Circuit Current Isc mA
Short to IN 4
Temperature Hysteresis AVourt/ )
(Note 3) time 1,000 hours at Tp = +25°C 130 ppm
. AVout/ _ o ppm/
Long-Term Stability time 1,000 hours at Tp = +25°C 50 1,000hrs
DYNAMIC
_ f = 0.1Hz to 10Hz 100 uVp-p
Noise Voltage eouT
f=10Hz to 10kHz 200 UVRMS
. L AVouTt/
Ripple Rejection AVIN VIN = 5V £100mV, f = 120Hz 77 dB
Turn-On Settling Time trR To Vout = 0.1% of final value, Couyt = 50pF 160 ps
Capacitive-Load Stability Range | CoOUT (Note 4) 0 2.2 nF
INPUT
Supply Voltage Range VIN Guaranteed by line-regulation test Vout + 0.2 12.6 \
Quiescent Supply Current IIN 27 45 pA
Change in Supply Current IIN/VIN (Vourt +0.2V) < VN £ 12.6V 0.8 2.6 HAN

MAXIMN 5
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Low-Cost, Low-Power, Low-Dropout,
SOT23-3 Voltage References

ELECTRICAL CHARACTERISTICS—MAX6005

(VIN = +5.5V, louT = 0, TA = TMIN to TmaX, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

MAX6001-MAX6005

PARAMETER ‘ SYMBOL ‘ CONDITIONS ’ MIN TYP MAX | UNITS
OUTPUT
Output Voltage Vourt Ta=+25°C 4950 5.000 5.050 \
Output Voltage Temperature o
Coefficient (Note 2) TCVour 20 100 | ppm/°C
AVout/
Line Regulation A\?IUNT (VouT + 0.2V) < Vin < 12.6V 25 240 | pvv
AV / | Sourcing: 0 <1 < 400pA 0.17 1.00
Load Regulation out — 9 ouT " UV/PA
Alout | Sinking: -400pA < louT< 0 0.24 1.20
Dropout Voltage VIN - _
(Note 5) Vour louT = 400pA 100 200 mV
o Short to GND 4
OUT Short-Circuit Current Isc mA
Short to IN 4
Temperature Hysteresis
(Note 3) 130 ppm
. AVout/ _ o ppm/
Long-Term Stability time 1,000 hours at Ta = +25°C 50 1,000hrs
DYNAMIC
. f=0.1Hz to 10Hz 120 uVp-p
Noise Voltage eourt
f =10Hz to 10kHz 240 UVRMS
. o AVout/
Ripple Rejection AVIN VIN =5V £100mV, f = 120Hz 72 dB
Turn-On Settling Time tR To Vout = 0.1% of final value, Cout = 50pF 220 us
Capacitive-Load Stability Range | Cour (Note 4) 0 2.2 nF
INPUT
Supply Voltage Range VIN Guaranteed by line-regulation test Vout + 0.2 12.6 \
Quiescent Supply Current IIN 27 45 HA
Change in Supply Current IN'VIN (Vout +0.2V) V)N <£12.6V 0.8 2.6 AN

Note 1: All devices are 100% production tested at Ta = +25°C and are guaranteed by design for Ta = TmIN to TmaX, as specified.
Note 2: Temperature coefficient is measured by the “box” method; i.e., the maximum AVouyr is divided by the maximum At.

Note 3: Thermal hysteresis is defined as the change in +25°C output voltage before and after cycling the device from Timin to TmaX-
Note 4: Not production tested. Guaranteed by design.

Note 5: Dropout voltage is the minimum input voltage at which VouTt changes < 0.2% from Vour at ViN = 5.0V (ViN = 5.5V for MAX6005).
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Low-Cost, Low-Power, Low-Dropout,

SOT23-3 Voltage References

(VIN = +5V for MAX6001-MAX6004, V|N = +5.5V for MAX6005; lout = 0; Ta = +25°C; unless otherwise noted.) (Note 6)

MAX6001
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MAXIMN
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Typical Operating Characteristics
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MAX6001-MAX6005

Low-Cost, Low-Power, Low-Dropout,
SOT23-3 Voltage References

Typical Operating Characteristics (continued)
(VIN = +5V for MAX6001-MAX6004, VN = +5.5V for MAX6005; louT = 0; Ta = +25°C; unless otherwise noted.) (Note 6)

MAX6001 MAX6005
POWER-SUPPLY REJECTION POWER-SUPPLY REJECTION SUPPLY CURRENT
vs. FREQUENCY vs. FREQUENCY vs. INPUT VOLTAGE
100 s 100 40 - - ‘ o
= e e e 35 | VALID OVER SPECIFIED 3
~ S g Vin (MIN) TO Vi (MAX) é
// M = 36 | FOREACH PART
10 10 L
= -
s s z ® "
£ E £ 5 ]
g 1 g 1 S ]
o [a —l
& % //
w /
0.1 0.1 24
2
0.01 0.01 20
100 1k 10k 100k 1M 10M 10 100 1k 10k 100k IM  10M 2 4 6 8 10 12 14
FREQUENCY (H2) FREQUENCY (Hz) INPUT VOLTAGE (V)
MAX6001 MAX6005
OUTPUT IMPEDANCE OUTPUT IMPEDANCE SUPPLY CURRENT
vs. FREQUENCY vs. FREQUENCY vs. TEMPERATURE
B e e g K FTTTITTTTITT T T T 40 g
/ % U I % é
S ARG RRRHL AL A AR R SR R a 100 T A = 3
% 100 % £ Viy =125V
S / 2 f = |
§ 10 |HH-HHE-H e L €10 ey Tt 3 30 Vin=7.5V
5 / 5 / - ‘
= £ S ViN=5.5V
=3 7]
(SR A4 AL ACCLAYf AR R, WAL © 1 H % SESLL RS MR ME MR P |
Y - Viy = 2.5V (MAX6001 ONLY)
0. Ll L OUn 00 (O O T R T . 20 ‘ ‘ ‘
001 01 1 10 1200 1k 10k 100k 1M 00L 01 1 10 100 1k 10k 100k 1M 40 20 0 20 40 60 80 100
FREQUENCY (Hz) FREQUENCY (Hz) TEMPERATURE (°C)
MAX6001 MAX6005 MAX6001
0.1Hz TO 10Hz OUTPUT NOISE 0.1Hz TO 10Hz OUTPUT NOISE TURN-ON TRANSIENT
ViN
A H h 1v/div
| |
; ! i
10 vour r“MWW\W J“‘WH‘A“MWJWM Vour L ’ﬂ A \ u
uV/div } i | IT oo il £ ) s o LT
20pv/div w H ’ \ {
|
‘ | ﬂ : | Vout
| ; H 1V/div
|
1sec/div 1sec/div 10ps/div
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Low-Cost, Low-Power, Low-Dropout,
SOT23-3 Voltage References

Typical Operating Characteristics (continued)

(VIN = +5V for MAX6001-MAX6004, VN = +5.5V for MAX6005; louT = 0; Ta = +25°C; unless otherwise noted.) (Note 6)

lout
40pA/div

Vout
20mV/div

lout
1mA/div

Vout
0.2V/div

Vi
200mV/div

Vout
100mV/div

MAXIMN

MAX6001
LOAD-TRANSIENT RESPONSE

MAX6001-19

10ps/div

lou = £25A, AC-COUPLED

MAX6001

LOAD-TRANSIENT RESPONSE

MAX6001-22
]

10ps/div
lout = £500pA, AC-COUPLED

MAX6005
LINE-TRANSIENT RESPONSE

2us/div
Vin = 5.5V £0.25V, AC-COUPLED

+25pA

- +500pA

-500pA

MAX6001-25

lout
50pA/div

Vout
50mV/div

lout
500pA/div

Vout
200mV/div

Note 6:

MAX6005
LOAD-TRANSIENT RESPONSE

20us/div
ViN = 5.5V, loyt = £25UA, AC-COUPLED

MAX6005
LOAD-TRANSIENT RESPONSE

20ps/div
Vin = 5.5V, loyt = 500pA, AC-COUPLED

MAX6001-20

ViN
2V/div

Vout
2V/div

MAX6001-23

ViN
200mV/div

Vout
100mV/div

MAX6005
TURN-ON TRANSIENT

10ps/div

MAX6001
LINE-TRANSIENT RESPONSE

2.5ps/div
Vi =5V £0.25V, AC-COUPLED

Many of the Typical Operating Characteristics of the MAX6001 family are
extremely similar. The extremes of these characteristics are found in the
MAX6001 (1.2V output) and MAX6005 (5.0V output) devices. The Typical
Operating Characteristics of the remainder of the MAX6001 family typically
lie between these two extremes and can be estimated based on their output

voltage.

MAX6001-21
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MAX6001-MAX6005

Low-Cost, Low-Power, Low-Dropout,
SOT23-3 Voltage References

Pin Description

PIN NAME FUNCTION
IN Supply Voltage Input
2 ouT Reference Voltage Output
GND Ground

Detailed Description

The MAX6001-MAX6005 bandgap references offer a
temperature coefficient of <100ppm/°C and initial accura-
cy of better than 1%. These devices can sink and source
up to 400pA with <200mV of dropout voltage, making
them attractive for use in low-voltage applications.

Applications Information

Output/Load Capacitance
Devices in this family do not require an output capaci-
tance for frequency stability. They are stable for capac-
itive loads from O to 2.2nF. However, in applications
where the load or the supply can experience step
changes, an output capacitor will reduce the amount of
overshoot (or undershoot) and assist the circuit’s tran-
sient response. Many applications do not need an
external capacitor, and this family can offer a signifi-
cant advantage in these applications when board
space is critical.

Supply Current
The quiescent supply current of these series-mode ref-
erences is a maximum of 45pA and is virtually indepen-
dent of the supply voltage, with only a 0.8uA/V variation
with supply voltage. Unlike shunt-mode references, the
load current of these series-mode references is drawn
from the supply voltage only when required, so supply
current is not wasted and efficiency is maximized over
the entire supply voltage range. This improved efficien-
cy can help reduce power dissipation and extend bat-
tery life.

When the supply voltage is below the minimum speci-
fied input voltage (as during turn-on), the devices can
draw up to 200pA beyond the nominal supply current.
The input voltage source must be capable of providing
this current to ensure reliable turn-on.

Output Voltage Hysteresis
Output voltage hysteresis is the change in the output
voltage at Ta = +25°C before and after the device is
cycled over its entire operating temperature range.
Hysteresis is caused by differential package stress
appearing across the bandgap core transistors. The
typical temperature hysteresis value is 130ppm.

Vs
L +2Vs

Vee V+ M
MAXIMN N

TS +REF OUTPUT

out
MAX681
GND V- MAXIMN

MAX6001
MAX6002
MAX6003
MAX6004
MAX6005

GND
®

1M, 0.1%

/NI
ICL7652

OUTPUT

-2Vs

1M, 0.1% § —_10nF

-REF OUTPUT

Figure 1. Positive and Negative References from Single +3V or +5V Supply
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Low-Cost, Low-Power, Low-Dropout,

SOT23-3 Voltage References

Turn-On Time
These devices typically turn on and settle to within
0.1% of their final value in 30us to 220us depending on
the device. The turn-on time can increase up to 1.5ms
with the device operating at the minimum dropout volt-
age and the maximum load.

Positive and Negative

Low-Power Voltage Reference

Figure 1 shows a typical method for developing a bipo-

lar reference. The circuit uses a MAX681 voltage dou-

bler/inverter charge-pump converter to power an

ICL7652, thus creating a positive as well as a negative
reference voltage.

MAXIMN

TRANSISTOR COUNT: 70

Chip Information
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MAX6001-MAX6005

Low-Cost, Low-Power, Low-Dropout,
SOT23-3 Voltage References

Package Information

SOTPO3L.EPS

NOTES:
1. D&E DO NOT INCLUDE MOLD FLASH, INCHES MILLIMETERS
2. MOLD FLASH OR PROTRUSIONS NOT TO

EXCEED .15mm <006 DIM| MIN MAX MIN MAX
3. CONTROLLING DIMENSION: MILLIMETER A 0.031 0.047 | 0.787| 1194

Al| 0001 | 0005 | 0.025] 0.127
Bﬁ ﬁ B | 0014 | 0022 | 0.356]| 0559
0.0034] 0.006 | 0.086 | 0152
0.105 | 0120 | 2.667| 3.048
0.047 | 0.055 | 1194 | 1.397
0.070 | 0.080 | 1.778 | 2.032
0.082 | 0.098 | 2.083| 2.489
0.004 | 0.012 | 0.102 | 0.305
0.017 | 0.022 | 0.432] 0559
0° g8° 0° g8°

]

QW |IT(m(Mmgo|O

|
‘ C
| | {2V X1 2V
L*[ e e —— p— | ? PROPRICTAT! INORATION
L

PACKAGE OUTLINE,SOT-23, 3L

APPROVAL

DOCUMENT CONTROL NO- REV

21-0051 C

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.
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