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General Description

Ideal for space critical applications, the LM4128 precision
voltage reference is available in the SOT-23 surface-mount
package. The LM4128’s advanced design eliminates the
need for an external stabilizing capacitor while ensuring sta-
bility with capacitive loads up to 10 pF, thus making the
LM4128 easy to use.

Series references provide lower power consumption than
shunt references, since they do not have to idle the maximum
possible load current under no load conditions. This advan-
tage, the low quiescent current (60 pA), and the low dropout
voltage (400 mV) make the LM4128 ideal for battery-powered
solutions.

The LM4128 is available in four grades (A, B, C, and D) for
greater flexibility. The best grade devices (A) have an initial
accuracy of 0.1% with guaranteed temperature coefficient of
75 ppm/°C or less, while the lowest grade parts (D) have an
initial accuracy of 1.0% and a tempco of 100 ppm/°C.

SOT-23 Precision Micropower Series Voltage Reference

November 2006

Features

Output voltage initial accuracy 0.1%

Low temperature coefficient 75 ppm/°C

Low Supply Current, 60 pA

Enable pin allowing a 3 pA shutdown mode

Up to 20 mA output current

Voltage options 1.8V, 2.048V, 2.5V, 3.0V, 3.3V, 4.096V
Custom voltage options available (1.8V to 4.096V)
V\\ range of Vggr + 400 mV to 5.5V @10 mA
Stable with low ESR ceramic capacitors

SOT23-5 Package

—40°C to 125°C junction temperature range

Applications

Instrumentation & Process Control
Test Equipment

Data Acquisition Systems

Base Stations

Servo Systems

Portable, Battery Powered Equipment
Automotive & Industrial

Precision Regulators

Battery Chargers
Communications

Medical Equipment

Typical Application Circuit
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*Note: The capacitor C is required and the capacitor C is optional.
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LM4128

Connection Diagram

Top View
NC 1O ] 5 VREF
GND 2 []
EN 3 [ 14 VIN

20211002

S0OT23-5 Package
NS Package Number MFO5A

Ordering Information

Input Output Voltage Accuracy at |LM4128 Supplied as 1000 units,| LM4128 Supplied as 3000 units, | Part Marking
25°C And Temperature Coefficient Tape and Reel Tape and Reel

0.1%, 75 ppm/°C (A grade) LM4128AMF-1.8 LM4128AMFX-1.8 R5AA
LM4128AMF-2.0 LM4128AMFX-2.0 R5BA

LM4128AMF-2.5 LM4128AMFX-2.5 R5CA

LM4128AMF-3.0 LM4128AMFX-3.0 R5DA

LM4128AMF-3.3 LM4128AMFX-3.3 R5EA

LM4128AMF-4.1 LM4128AMFX-4.1 R5FA

0.2%, 75 ppm/°C (B grade) LM4128BMF-1.8 LM4128BMFX-1.8 R5AB
LM4128BMF-2.0 LM4128BMFX-2.0 R5BB

LM4128BMF-2.5 LM4128BMFX-2.5 R5CB

LM4128BMF-3.0 LM4128BMFX-3.0 R5DB

LM4128BMF-3.3 LM4128BMFX-3.3 R5EB

LM4128BMF-4.1 LM4128BMFX-4.1 R5FB

0.5%, 100 ppm/°C (C grade) LM4128CMF-1.8 LM4128CMFX-1.8 R5AC
LM4128CMF-2.0 LM4128CMFX-2.0 R5BC

LM4128CMF-2.5 LM4128CMFX-2.5 R5CC

LM4128CMF-3.0 LM4128CMFX-3.0 R5DC

LM4128CMF-3.3 LM4128CMFX-3.3 R5EC

LM4128CMF-4.1 LM4128CMFX-4.1 R5FC

1.0%, 100 ppm/°C max (D grade) LM4128DMF-1.8 LM4128DMFX-1.8 R5AD
LM4128DMF-2.0 LM4128DMFX-2.0 R5BD

LM4128DMF-2.5 LM4128DMFX-2.5 R5CD

LM4128DMF-3.0 LM4128DMFX-3.0 R5DD

LM4128DMF-3.3 LM4128DMFX-3.3 R5ED

LM4128DMF-4.1 LM4128DMFX-4.1 R5FD

Pin Descriptions

Pin # Name Function
1 N/C No connect pin, leave floating
2 GND Ground
3 EN Enable pin
4 VIN Input supply
5 VREF Reference output
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Absolute Maximum Ratings (Note 1) S'“ffgfed (15sec) 220°C
If Military/Aerospace specified devices are required, Euraanugf)zztll\tjllgge(ll\lme 3 2 KV
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications. . .
, ) Operating Ratings
Maximum Voltage on any input -0.3to 6V ]
Output short circuit duration Indefinite Maximum Input Supply Voltage 5.5V
Power Dissipation (T, = 25°C) Maximum Enable Input Voltage ViN
(Note 2) 350 mW Maximum Load Current 20mA
Storage Temperature Range -65°C to 150°C Junction Temperature Range (T ) —40°Cot0
Lead Temperature (soldering, 10sec) 260°C +125°C
Vapor Phase (60 sec) 215°C

Electrical Characteristics LM4128-1.8 (VOUT = 1.8V) Limits in standard type are for T, = 25°C
only, and limits in boldface type apply over the junction temperature (T ) range of -40°C to +125°C unless otherwise specified.
Minimum and Maximum limits are guaranteed through test, design, or statistical correlation. Typical values represent the most
likely parametric norm at T, = 25°C, and are provided for reference purposes only. Unless otherwise specified V = 5V and

I oap = OA.
Symbol Parameter Conditions Min Typ Max Unit
(Note 4) [ (Note 5) | (Note 4)
Vieer Output Voltage Initial Accuracy
LM4128A-1.8 (A Grade - 0.1%) -0.1 +0.1 %
LM4128B-1.8 (B Grade - 0.2%) -0.2 +0.2
LM4128C-1.8 (C Grade - 0.5%) -0.5 +0.5
LM4128D-1.8 (D Grade - 1.0%) -1.0 +1.0
TCVgee/ °C (Note | Temperature Coefficient LM4128A-1.8 75
6) LM4128B-1.8 75
ppm/°C
LM4128C-1.8 100
LM4128D-1.8 100
lq Supply Current 60 100 MA
lo_sp Supply Current in Shutdown EN =0V 3 7 pA
AVge/AV )y Line Regulation Vger + 400 mV S V) S 5.5V 30 ppm/V
AVper/Al onp | Load Regulation 0mA < I, gap S 20 MA 25 120 ppm / mA
AVgee Long Term Stability (Note 7) 1000 Hrs 50 ppm
Thermal Hysteresis (Note 8) -40°C £ T, < +125°C 75
Vin - VRer Dropout Voltage (Note 9) lLoap = 10 mMA 200 400 mV
Vy Output Noise Voltage 0.1 Hzto 10 Hz 170 MVpp
lsc Short Circuit Current 75 mA
Vi Enable Pin Maximum Low Input Level 35 %V
Viu Enable Pin Minimum High Input Level 65 %V
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LM4128

Electrical Characteristics LM4128-2.0 (VOUT = 2048V) Limits in standard type are for T, = 25°

C only, and limits in boldface type apply over the junction temperature (T ) range of -40°C to +125°C unless otherwise specified.
Minimum and Maximum limits are guaranteed through test, design, or statistical correlation. Typical values represent the most
likely parametric norm at T; = 25°C, and are provided for reference purposes only. Unless otherwise specified V| = 5V and

lLoap = OA.
Symbol Parameter Conditions Min Typ Max Unit
(Note 4) [ (Note 5) | (Note 4)
VRer Output Voltage Initial Accuracy
LM4128A-2.0 (A Grade - 0.1%) -0.1 +0.1 %
LM4128B-2.0 (B Grade - 0.2%) -0.2 +0.2
LM4128C-2.0 (C Grade - 0.5%) -0.5 +0.5
LM4128D-2.0 (D Grade - 1.0%) -1.0 +1.0
TCVpgee/ °C (Note [ Temperature Coefficient LM4128A-2.0 75
6) LM4128B-2.0 75
ppm /°C
LM4128C-2.0 100
LM4128D-2.0 100
lq Supply Current 60 100 pA
la_sp Supply Current in Shutdown EN =0V 3 7 HA
AVgee/AV Line Regulation Vger + 400 mV £ V| £ 5.5V 30 ppm/V
AVpee/Al onp | L0ad Regulation 0 MA < | gap <20 MA 25 120 ppm / mA
AViper Long Term Stability (Note 7) 1000 Hrs 50 ppm
Thermal Hysteresis (Note 8) -40°C £ T, < +125°C 75
Vin - Vrer Dropout Voltage (Note 9) lLoap = 10 MA 175 400 mV
Vi Output Noise Voltage 0.1 Hzto 10 Hz 190 HVpp
lsc Short Circuit Current 75 mA
Vi Enable Pin Maximum Low Input Level 35 %V
Viu Enable Pin Minimum High Input Level 65 %V
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Electrical Characteristics LM4128-2.5 (VOUT = 25V) Limits in standard type are for T, = 25°C
only, and limits in boldface type apply over the junction temperature (T,) range of -40°C to +125°C unless otherwise specified.
Minimum and Maximum limits are guaranteed through test, design, or statistical correlation. Typical values represent the most
likely parametric norm at T; = 25°C, and are provided for reference purposes only. Unless otherwise specified V| = 5V and

lLoap = OA.
Symbol Parameter Conditions Min Typ Max Unit
(Note 4) [ (Note 5) | (Note 4)
VRer Output Voltage Initial Accuracy
LM4128A-2.5 (A Grade - 0.1%) -0.1 +0.1 %
LM4128B-2.5 (B Grade - 0.2%) -0.2 +0.2
LM4128C-2.5 (C Grade - 0.5%) -0.5 +0.5
LM4128D-2.5 (D Grade - 1.0%) -1.0 +1.0
TCVpgee/ °C (Note [ Temperature Coefficient LM4128A-2.5 75
6) LM4128B-2.5 75
ppm /°C
LM4128C-2.5 100
LM4128D-2.5 100
lq Supply Current 60 100 pA
la_sp Supply Current in Shutdown EN =0V 3 7 HA
AVgee/AV Line Regulation Vger + 400 mV £ V| £ 5.5V 50 ppm/V
AVgee/Al onp | L0ad Regulation 0 MA < | gap <20 MA 25 120 ppm / mA
AViper Long Term Stability (Note 7) 1000 Hrs 50 ppm
Thermal Hysteresis (Note 8) -40°C £ T, < +125°C 75
Vin - Vaer Dropout Voltage (Note 9) lLoap = 10 MA 175 400 mV
Vi Output Noise Voltage 0.1 Hzto 10 Hz 275 UVpp
lsc Short Circuit Current 75 mA
Vi Enable Pin Maximum Low Input Level 35 %V
Viu Enable Pin Minimum High Input Level 65 %V
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LM4128

Electrical Characteristics LM4128-3.0 (VOUT = 30V) Limits in standard type are for T, = 25°C
only, and limits in boldface type apply over the junction temperature (T,) range of -40°C to +125°C unless otherwise specified.
Minimum and Maximum limits are guaranteed through test, design, or statistical correlation. Typical values represent the most
likely parametric norm at T; = 25°C, and are provided for reference purposes only. Unless otherwise specified V| = 5V and

lLoap = OA.
Symbol Parameter Conditions Min Typ Max Unit
(Note 4) [ (Note 5) | (Note 4)
VRer Output Voltage Initial Accuracy
LM4128A-3.0 (A Grade - 0.1%) -0.1 +0.1 %
LM4128B-3.0 (B Grade - 0.2%) -0.2 +0.2
LM4128C-3.0 (C Grade - 0.5%) -0.5 +0.5
LM4128D-3.0 (D Grade - 1.0%) -1.0 +1.0
TCVpgee/ °C (Note [ Temperature Coefficient LM4128A-3.0 75
6) LM4128B-3.0 75
ppm /°C
LM4128C-3.0 100
LM4128D-3.0 100
lq Supply Current 60 100 pA
la_sp Supply Current in Shutdown EN =0V 3 7 HA
AVgee/AV,  |Line Regulation Vger + 400 mV SV < 5.5V 70 ppm/V
AVgee/Al opp | L0ad Regulation 0mMA < | oap S 20 MA 25 120 ppm / mA
AViper Long Term Stability (Note 7) 1000 Hrs 50 ppm
Thermal Hysteresis (Note 8) -40°C £ T, < +125°C 75
Vin - Vrer Dropout Voltage (Note 9) lLoap = 10 MA 175 400 mV
Vn Output Noise Voltage 0.1 Hzto 10 Hz 285 HVpp
lsc Short Circuit Current 75 mA
Vi Enable Pin Maximum Low Input Level 35 %V
Viu Enable Pin Minimum High Input Level 65 %V
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Electrical Characteristics LM4128-3.3 (VOUT = 33V) Limits in standard type are for T, = 25°C
only, and limits in boldface type apply over the junction temperature (T,) range of -40°C to +125°C unless otherwise specified.
Minimum and Maximum limits are guaranteed through test, design, or statistical correlation. Typical values represent the most
likely parametric norm at T; = 25°C, and are provided for reference purposes only. Unless otherwise specified V| = 5V and

lLoap = OA.
Symbol Parameter Conditions Min Typ Max Unit
(Note 4) [ (Note 5) | (Note 4)
VRer Output Voltage Initial Accuracy
LM4128A-3.3 (A Grade - 0.1%) -0.1 +0.1 %
LM4128B-3.3 (B Grade - 0.2%) -0.2 +0.2
LM4128C-3.3 (C Grade - 0.5%) -0.5 +0.5
LM4128D-3.3 (D Grade - 1.0%) -1.0 +1.0
TCVpgee/ °C (Note [ Temperature Coefficient LM4128A-3.3 75
6) LM4128B-3.3 75
ppm /°C
LM4128C-3.3 100
LM4128D-3.3 100
lq Supply Current 60 100 pA
la_sp Supply Current in Shutdown EN =0V 3 7 HA
AVgee/AV,  |Line Regulation Vger + 400 mV SV < 5.5V 85 ppm/V
AVgee/Al opp | L0ad Regulation 0 mMA < | oap S 20 MA 25 120 ppm / mA
AViper Long Term Stability (Note 7) 1000 Hrs 50 ppm
Thermal Hysteresis (Note 8) -40°C £ T, < +125°C 75
Vin - Vaer Dropout Voltage (Note 9) lLoap = 10 MA 175 400 mV
Vi Output Noise Voltage 0.1 Hzto 10 Hz 310 UVpp
lsc Short Circuit Current 75 mA
Vi Enable Pin Maximum Low Input Level 35 %V
Viu Enable Pin Minimum High Input Level 65 %V
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LM4128

Electrical Characteristics LM4128-4.1 (VOUT = 4096V) Limits in standard type are for T, = 25°
C only, and limits in boldface type apply over the junction temperature (T ) range of -40°C to +125°C unless otherwise specified.
Minimum and Maximum limits are guaranteed through test, design, or statistical correlation. Typical values represent the most
likely parametric norm at T; = 25°C, and are provided for reference purposes only. Unless otherwise specified V| = 5V and

lLoap = OA.
Symbol Parameter Conditions Min Typ Max Unit
(Note 4) [ (Note 5) | (Note 4)
VRer Output Voltage Initial Accuracy
LM4128A-4.1 (A Grade - 0.1%) -0.1 +0.1 %
LM4128B-4.1 (B Grade - 0.2%) -0.2 +0.2
LM4128C-4.1 (C Grade - 0.5%) -0.5 +0.5
LM4128D-4.1 (D Grade - 1.0%) -1.0 +1.0
TCVpgee/ °C (Note [ Temperature Coefficient LM4128A-4.1 75
6) LM4128B-4.1 75
ppm /°C
LM4128C-4.1 100
LM4128D-4.1 100
lq Supply Current 60 100 pA
la_sp Supply Current in Shutdown EN =0V 3 7 HA
AVgee/AV Line Regulation Vger + 400 mV £ V| £ 5.5V 100 ppm/V
AVpee/Al onp | L0ad Regulation 0 MA < | gap <20 MA 25 120 ppm / mA
AViper Long Term Stability (Note 7) 1000 Hrs 50 ppm
Thermal Hysteresis (Note 8) -40°C £ T, < +125°C 75
Vin - Vrer Dropout Voltage (Note 9) lLoap = 10 MA 175 400 mV
Vn Output Noise Voltage 0.1 Hzto 10 Hz 350 HVpp
lsc Short Circuit Current 75 mA
Vi Enable Pin Maximum Low Input Level 35 %V
Viu Enable Pin Minimum High Input Level 65 %V

Note 1: Absolute Maximum Ratings indicate limits beyond which damage may occur to the device. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications, see Electrical Characteristics.

Note 2: Without PCB copper enhancements. The maximum power dissipation must be de-rated at elevated temperatures and is limited by T j;x (maximum
junction temperature), 8 5 (junction to ambient thermal resistance) and T, (ambient temperature). The maximum power dissipation at any temperature is:
Poissmax = (Tymax - Ta) /8,4 up to the value listed in the Absolute Maximum Ratings. 8, , for SOT23-5 package is 220°C/W, T ax = 125°C.

Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin.

Note 4: Limits are 100% production tested at 25°C. Limits over the operating temperature range are guaranteed through correlation using Statistical Quality
Control.

Note 5: Typical numbers are at 25°C and represent the most likely parametric norm.

Note 6: Temperature coefficient is measured by the "Box" method; i.e., the maximum AVpg. is divided by the maximum AT.

Note 7: Long term stability is Vger @25°C measured during 1000 hrs.

Note 8: Thermal hysteresis is defined as the change in +25°C output voltage before and after cycling the device from (-40°C to 125°C).

Note 9: Dropout voltage is defined as the minimum input to output differential at which the output voltage drops by 0.5% below the value measured with a 5V
input.

Typical Performance Characteristics for 2.5V
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LM4128
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LM4128

Application Information

THEORY OF OPERATION

The foundation of any voltage reference is the band-gap cir-
cuit. While the reference in the LM4128 is developed from the
gate-source voltage of transistors in the IC, principles of the
band-gap circuit are easily understood using a bipolar exam-
ple. For a detailed analysis of the bipolar band-gap circuit,
please refer to Application Note AN-56.

SUPPLY AND ENABLE VOLTAGES

To ensure proper operation, Vg and V must be within a
specified range. An acceptable range of input voltages is

Vin > Vagr + 400 mV (I oap < 10 mA)

The enable pin uses an internal pull-up current source
(IpuL up E 2 pA) that may be left floating or triggered by an
external source. If the part is not enabled by an external
source, it may be connected to V. An acceptable range of
enable voltages is given by the enable transfer characteris-
tics. See the Electrical Characteristics section and Enable
Transfer Characteristics figure for more detail. Note, the part
will not operate correctly for Vg > V.

COMPONENT SELECTION

A small ceramic (X5R or X7R) capacitor on the input must be
used to ensure stable operation. The value of C,y must be
sized according to the output capacitor value. The value of
C\ must satisfy the relationship C,y 2 Cq 1. When no output
capacitor is used, C must have a minimum value of 0.1 pF.
Noise on the power-supply input may affect the output noise.
Larger input capacitor values (typically 4.7 pyF to 22 pF) may
help reduce noise on the output and significantly reduce over-
shoot during startup. Use of an additional optional bypass
capacitor between the input and ground may help further re-
duce noise on the output. With an input capacitor, the LM4128
will drive any combination of resistance and capacitance up
to Vgege/20 mA and 10 pF respectively.

The LM4128 is designed to operate with or without an output
capacitor and is stable with capacitive loads up to 10 pF.
Connecting a capacitor between the output and ground will
significantly improve the load transient response when
switching from a light load to a heavy load. The output ca-
pacitor should not be made arbitrarily large because it will
effect the turn-on time as well as line and load transients.

While a variety of capacitor chemistry types may be used, it
is typically advisable to use low esr ceramic capacitors. Such
capacitors provide a low impedance to high frequency sig-
nals, effectively bypassing them to ground. Bypass capacitors
should be mounted close to the part. Mounting bypass ca-
pacitors close to the part will help reduce the parasitic trace
components thereby improving performance.

SHORT CIRCUITED OUTPUT

The LM4128 features indefinite short circuit protection. This
protection limits the output current to 75 mA when the output
is shorted to ground.

TURN ON TIME

Turn on time is defined as the time taken for the output voltage
to rise to 90% of the preset value. The turn on time depends
on the load. The turn on time is typically 33.2 ps when driving
a 1pFload and 78.8 ps when driving a 10 pF load. Some users
may experience an extended turn on time (up to 10 ms) under
brown out conditions and low temperatures (-40°C).

THERMAL HYSTERESIS

Thermal hysteresis is defined as the change in output voltage
at 25°C after some deviation from 25°C. This is to say that
thermal hysteresis is the difference in output voltage between
two points in a given temperature profile. An illustrative tem-
perature profile is shown in Figure 1.

125°C

VREF1

25°C Time

VREF2

-40°C

20211038

FIGURE 1. lllustrative Temperature Profile

This may be expressed analytically as the following:

Veer - Vagra!

_ REF1 "REF2
Vivs = oy x10°mv
REF

Where

Viys = Thermal hysteresis expressed in ppm
Vger = Nominal preset output voltage

Vger1 = Vger before temperature fluctuation
Vger2 = Vger after temperature fluctuation.

The LM4128 features a low thermal hysteresis of 190 pV from
-40°C to 125°C.

TEMPERATURE COEFFICIENT

Temperature drift is defined as the maximum deviation in out-
put voltage over the operating temperature range. This devi-
ation over temperature may be illustrated as shown in Figure
2.

Voltage A
VREF_MAX
g
°
>
s
[=%
5
Temperature 2
(]
[=2]
c
©
£
o
VREF_MIN \J

A
\/

Temperature Range
20211039

FIGURE 2. lllustrative Temperature Coefficient Profile

Temperature coefficient may be expressed analytically as the
following:

. (VRer_max - VREF_MIN)
b= VRer X AT

x 10° ppm
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Tp = Temperature drift
Vger = Nominal preset output voltage

Veer v = Minimum  output voltage over operating
temperature range
VRer max = Maximum output voltage over operating

temperature range

AT = Operating temperature range.

The LM4128 features a low temperature drift of 75 ppm (max)
to 100 ppm (max), depending on the grade, from -40°C to
125°C.

LONG TERM STABILITY

Long-term stability refers to the fluctuation in output voltage
over a long period of time (1000 hours). The LM4128 features
a typical long-term stability of 50 ppm over 1000 hours. The
measurements are made using 5 units of each voltage option,
at a nominal input voltage (5V), with no load, at room tem-
perature.

EXPRESSION OF ELECTRICAL CHARACTERISTICS

Electrical characteristics are typically expressed in mV, ppm,
or a percentage of the nominal value. Depending on the ap-
plication, one expression may be more useful than the other.
To convert one quantity to the other one may apply the fol-
lowing:

ppm to mV error in output voltage:

VRer X PPMeggor

103 - VERROR

Where:
Vger is in volts (V) and Vegggog is in milli-volts (mV).
Bit error (1 bit) to voltage error (mV):

\Y
_REF 3 -
n X 10° = Vegeor

Vger is involts (V), Veggog is in milli-volts (mV), and n is the
number of bits.

mV to ppm error in output voltage:

\Y%
ERROR \ 403

V = PPMgrroR

REF

Where:
Vger i8 in volts (V) and Vggpog is in milli-volts (mV).
Voltage error (mV) to percentage error (percent):

\Y
ZERROR 0.1 = Percent_Error
VRer

Where:
Vger i8 in volts (V) and Vggppog is in milli-volts (mV).

PRINTED CIRCUIT BOARD and LAYOUT
CONSIDERATIONS

References in SOT packages are generally less prone to PC
board mounting than devices in Small Outline (SOIC) pack-
ages. To minimize the mechanical stress due to PC board
mounting that can cause the output voltage to shift from its
initial value, mount the reference on a low flex area of the PC
board, such as near the edge or a corner.

The part may be isolated mechanically by cutting a U shape
slot on the PCB for mounting the device. This approach also
provides some thermal isolation from the rest of the circuit.
Bypass capacitors must be mounted close to the part. Mount-
ing bypass capacitors close to the part will reduce the para-
sitic trace components thereby improving performance.
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Typical Application Circuits
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FIGURE 3. Voltage Reference with Complimentary Output
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FIGURE 4. Precision Voltage Reference with Force and Sense Output
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FIGURE 5. Programmable Current Source
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- (.075 ) b
[A}4—— 115003 ——— [ S OE-T0 I
[2.92£0.071 | }
| PKG SYMM |
075 | ¢ i
' [1.911 i H |
51 4| )
\ ‘ .
! (8] i
1 | | e
- : - I | | 102
[ | | | | | [2.591
i
. |
! i I o ‘ !
112+.006  f-—d— b ee—r o} 0632003 (5x .035 1 | ]
[2.8450.15] ‘ | [ {1.620.077 (0759, T+ T
i \ | Pl
; 1 f (5% 027 3 } |
I 1 ! [0.69) I
fe—t— (2% 0375
} ‘ ! 0.953]
! zi 3i LAND PATTERN RECOMMENDATION
i
2x [ 0375 «
0°953)
R 004 MIN TYP
10.11
[ \ R.004 MIN TrP [ 7
(0.11
038~ 048 €040 ) 1 0015
[10.97-1.221 [1.02] 00607015 TYP
| [oasgsg] b V) AL
004 10.17]C 1 T \
5x 0158:.0038~L—‘I SEATING
[0.4%0.096] tgogsig“&] (.025) PLANE
[#].008 10.21@][c[a®[BG ] TYp [0.635] ot4- 022 —1
[0.36-0.55]
Tvp

CONTROLLING DIMENSION IS INCH
VALUES IN [ ] ARE MILLIMETERS
DIMENSIONS IN () FOR REFERENCE ONLY

SOT23-5 Package
NS Package Number MFO5A

MFO5A (Rev C)

15

www.national.com

8CLYINT



Voltage Reference

Ies

Micropower Ser

Ision

LM4128 SOT-23 Prec

Notes

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL'S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
NATIONAL COMPONENTS, BUYERS SHOULD PROVIDE ADEQUATE DESIGN, TESTING AND OPERATING SAFEGUARDS.
EXCEPT AS PROVIDED IN NATIONAL’S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NATIONAL ASSUMES NO
LIABILITY WHATSOEVER, AND NATIONAL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO THE SALE
AND/OR USE OF NATIONAL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY
RIGHT.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF THE CHIEF EXECUTIVE OFFICER AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

National Semiconductor and the National Semiconductor logo are registered trademarks of National Semiconductor Corporation. All other
brand or product names may be trademarks or registered trademarks of their respective holders.

Copyright© 2007 National Semiconductor Corporation
For the most current product information visit us at www.national.com

National Semiconductor National Semiconductor Europe National Semiconductor Asia National Semiconductor Japan
Americas Customer Customer Support Center Pacific Customer Support Center Customer Support Center
Support Center Fax: +49 (0) 180-530-85-86 Email: ap.support@nsc.com Fax: 81-3-5639-7507

Email: Email: europe.support@nsc.com Email: jpn.feedback@nsc.com
new.feedback@nsc.com Deutsch Tel: +49 (0) 69 9508 6208 Tel: 81-3-5639-7560

Tel: 1-800-272-9959 English Tel: +49 (0) 870 24 0 2171

Francais Tel: +33 (0) 1 41 91 8790

www.national.com



	LM4128
	General Description
	Features
	Applications
	Typical Application Circuit
	Connection Diagram
	Ordering Information
	Pin Descriptions
	Absolute Maximum Ratings
	Operating Ratings
	Electrical Characteristics LM4128-1.8 (VOUT = 1.8V)
	Electrical Characteristics LM4128-2.0 (VOUT = 2.048V)
	Electrical Characteristics LM4128-2.5 (VOUT = 2.5V)
	Electrical Characteristics LM4128-3.0 (VOUT = 3.0V)
	Electrical Characteristics LM4128-3.3 (VOUT = 3.3V)
	Electrical Characteristics LM4128-4.1 (VOUT = 4.096V)
	Typical Performance Characteristics for 2.5V
	Application Information
	THEORY OF OPERATION
	SUPPLY AND ENABLE VOLTAGES
	COMPONENT SELECTION
	SHORT CIRCUITED OUTPUT
	TURN ON TIME
	THERMAL HYSTERESIS
	FIGURE 1. Illustrative Temperature Profile

	TEMPERATURE COEFFICIENT
	FIGURE 2. Illustrative Temperature Coefficient Profile

	LONG TERM STABILITY
	EXPRESSION OF ELECTRICAL CHARACTERISTICS
	PRINTED CIRCUIT BOARD and LAYOUT CONSIDERATIONS

	Typical Application Circuits
	FIGURE 3. Voltage Reference with Complimentary Output
	FIGURE 4. Precision Voltage Reference with Force and Sense Output
	FIGURE 5. Programmable Current Source

	Physical Dimensions


