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ﬂNational Semiconductor

LM4041

Precision Micropower Shunt Voltage Reference

General Description

Ideal for space critical applications, the LM4041 precision
voltage reference is available in the sub-miniature (3 mm x
1.3 mm) SOT-23 surface-mount package. The LM4041's
advanced design eliminates the need for an external stabi-
lizing capacitor while ensuring stability with any capacitive
load, thus making the LM4041 easy to use. Further reducing
design effort is the availability of a fixed (1.225V) and adjust-
able reverse breakdown voltage. The minimum operating
current is 60 uA for the LM4041-1.2 and the LM4041-ADJ.
Both versions have a maximum operating current of 12 mA.
The LM4041 utilizes fuse and zener-zap reverse breakdown
or refarence voltage trim during wafer sort to ensure that the
prime parts have an accuracy of better than +0.1%
(A grade) at 25°C. Bandgap reference temperature drift cur-
vature correction and low dynamic impedance ensure stable
reverse breakdown voltage accuracy over a wide range of
operating temperatures and currents.

Features

& Small packages: SOT-23, TO-92, and SO-8
B No output capacitor required

B Tolerates capacitive loads

B Reverse breakdown voltage options of 1.225V and
adjustable

m Contact National Semiconductor Analog Marketing for
parts with extended temperature range

Key Specifications (ma4041-1.2)

m Output voltage tolerance (A grade, 25°C) £0.1% (max)
B Low output noise (10 Hz to 10 kHz) 20 uVimg (typ)
R Wide operating current range 60 pA to 12 mA
B Industrial temperature range —40°C to +85°C
® Low temperature coefficient 100 ppm/°C (max)

Applications

Portable, Battery-Powered Equipment
Data Acquisition Systems
Instrumentation

Process Control

Energy Management

Product Testing

Automotive

Precision Audic Components

Connection Diagrams

S0T-23 SO-8
1 t . s
+g 30 e 3 NC LA NC — — +
2}: zlll [~ Ne Y - ne Ne 3 7 e
- + = 6
= ne Y S ne NC = = Ne
1.2V ADJ _ 4 S, e ) ERp
TL/H/11382-1 TL/H/11302-40
*This pin must be left floating or t.2v ADJ
connected to pin 3 TL/H/11392-2 TL/H/11382-31
Top View Top View
See NS Package Number M038 See NS Package Number MOSA
(JEDEC Registration TO-236AB)
TO-92
NC + - B + -
3 2 1 3 2 {
1.2v ADJ
TL/H/11382-3 TL/H/11382-32
Bottom View

See NS Package Number Z03A

POV



LM4041

Ordering Information

Reverse Breakdown
Voltage Tolerance at 25°C
and Average Reverse Breakdown
Voltage Temperature Coefficient

Package

M3 (SOT-23)

Z (TO-92)

M (S0-8)

+0.1%, 100 ppm/°C max (A grade)

LM4041AIM3-1.2

See NS Package
Number M03B

LM4041AIZ-1.2

See NS Package
Number Z03A

LM4041AIM-1.2

See NS Package
Number MOBA

+0.2%, 100 ppm/°C max (B grade)

LM4041BIM3-1.2

See NS Package
Number M03B8

LM40418BIZ-1.2

See NS Package
Number Z03A

LM4041BIM-1.2

See NS Package
Number MOBA

+0.5%, 100 ppm/*C max (C grade)

LM4041CIM3-1.2
LM4041CIM3-ADJ

LM4041CIZ-1.2,
LM4041CIZ-ADJ

LM4041CIM-1.2,
LM4041CIM-ADJ

See NS Package See NS Package See NS Package

Number M03B Number Z03A Number MOSA

+1.0%, 150 ppm/°C max (D grade) LM4041DIM3-1.2 LM4041DIZ-1.2, LM4041DIM-1.2,
LM4041DIM3-ADJ LM4041DIZ-ADJ LM4041DIM-ADJ
See NS Package See NS Package See NS Package

Number M03B Number Z0O3A Number MOBA

+2.0%, 150 ppm/°C max (E grads)

LM4041EIM3-1.2

See NS Package
Number MO3B

LM4041E1Z-1.2

See NS Package
Number Z03A

SOT-23 Package Marking Information

Only three fields of marking are possible on the SOT-23's small surface. This table gives the meaning of the three fields.

Part Marking Fleld Definition
R1A First Field:
R1B R = Reference
R1C Second Field:
R1D 1 = 1.225V Voltage Option
R1E A = Adjustable

Third Field:
RAC A-E = Initial Reverse Breakdown
RAD Voltage or Reference Voltage Tolerance

A= 1t01%,B = 1£02%,C= t05%,D= £1.0%,E= +20%




Absolute Maximum Ratings (ote 1)

it Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availabllity and specifications.

ESD Susceptibility
Human Body Model {(Note 3) 2 kv
Machine Model (Note 3) 200V
See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-

Reverse Current 20 mA
Forward Current 10 mA
Maximum Qutput Voltage
(LM4041-ADJ) 15V
Power Dissipation (Ta = 25°C) (Note 2)
M Package 540 mwW
M3 Package 306 mwW
Z Package 550 mwW
Storage Temperature -65°Cto + 150°C

Lead Temperature
M and M3 Packages

Vapor phase (60 seconds) +215°C
Infrared (15 seconds) +220°C
Z Package
Soldering (10 seconds) +260°C
LM4041-1.2

Electrical Characteristics

face mount devices.

Operating Ratings (otes 182

Temperature Range
(Tmin < TA £ Tmax)

Reverse Current

—40°C < Tp < +85°C

LM4041-1.2 60 uAto 12 mA

LM4041-ADJ 60 pAto 12 mA
Output Voltage Range

LM4041-ADJ 1.24V to 10V

Boldface limits apply for Tp = Ty = Tyn to Tigax; all other limits T4 = T, = 25°C. The grades A and B designate initial
Reverse Breakdown Voltage tolerances of +0.1% and +0.2%, respectively.

LM4041AIM | LM4041BIM
Typical LM4041AIM3 | LM4041BIM3 Units
Symbol Parameter Conditions yp LM4041AIZ | LM4041BIZ
(Note 4) (Limit)
Limits Limits
(Note 5) (Note 5)
VR Reverse Breakdown Voltage | Ig = 100 pA 1.225 v
Reverse Breakdown Voltage | Iy = 100 uA t+1.2 t24 mV (max)
Tolerance (Note 6) +9.2 +10.4 mV (max)
IRMIN Minimum Operating Current 45 nA
60 60 uA (max)
s (1] RA (max)
AVR/AT | Average Reverse Breakdown | Ig = 10 mA +20 ppm/°C
Voltage Temperature IR = 1mMA +15 + 100 +100 ppm/°C (max)
Coefficient Ir = 100 pA +15 ppm/°C
AVR/AlR | Reverse Breakdown Voltage | IgpiN < IR < 1mA 07 my
Change with Operating 1.5 15 mV (max)
Current Change 2.0 2.0 mV (max)
1mA <lg < 12mA 4.0 mv
6.0 6.0 mV (max)
8.0 8.0 mV (max)
2 Reverse Dynamic Impedance | |g = 1 mA,f = 120 Hz, 0.5 1]
lac = 0.1 1R 15 15 Q1 (max)
en Wideband Noise Ig = 100 A
10 Hz < f < 10 kHz 20 #Vrms
AVR Reverse Breakdown Voitage | t = 1000 hrs
Long Term Stability T = 25°C £0.1°C 120 ppm
Ir = 100 A
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LM4041

LM404 1 - 1 .2 {Continued)

Electrical Characteristics (continueq)
Boldface limits apply for Ta = Tg = TN to Tumaxg all other limits T = T; = 25°C. The grades C, D and E designate
initial Reverse Breakdown Voltage tolerances of +0.5%, +1.0% and *2.0%, respectively.

LM4041CIM | LM4041DIM | LM4041EIM3
Typical LM4041CIM3|LM4041DIM3| LM4041EIZ Units
Symbol Parameter Conditions (Nyopte 4 LM4041CIZ | LM4041DIZ (Limit)
Limits Limits Limits
(Note 5) {Note 5) (Note 5)

VR Reverse Breakdown Voltage |Ig = 100 pA 1.225 v
Reverse Breakdown Voltage |Ig = 100 A t6 12 +25 mV {max)
Tolerance (Note 6) +14 +24 +36 mV (max)

IRMIN Minimum Operating Current 45 pA

60 65 65 1A (max)
(1] 70 70 A (max)

AVR/AT |Average Reverse Breakdown |l = tOmA 120 ppm/°C
Voltage Temperature ln = 1mA +15 + 100 + 150 +180 |ppm/°C (max)
Coefficient Iq = 100 A +15 ppm/°C

AVR/Alg|Reverse Breakdown Voltage |lpminy < IR < 1 MA 0.7 mv
Change with Operating 15 20 2.0 mV (max)
Current Change 2.0 28 2.5 mV (max)

1mA <Ig < 12mA 2.5 mv
6.0 8.0 8.0 mV (max)
8.0 10.0 10.0 mV (max)
Zr Reverse Dynamic Impedance [lg = 1 mA, f = 120Hz| 0.5 n
lac = 0.11g 1.5 2.0 2.0 N(max)
eN Wideband Noise lg = 100 pA
10Hz < f < 10 kHz 2 #Vims

AVR Reverse Breakdown Voltage [t = 1000 hrs

Long Term Stability T = 25°C +0.1°C 120 ppm
Ir = 100 pA

LM4041-ADJ (Adjustable)

Electrical Characteristics
Boldface limits apply for Ty = Ty = TN to Tgax; all other limits T = 25°C unless otherwise specified (SOT-23, see Note
7)., InMIN < Ig = 12 mA, VRer < VouT < 10V. The grades C and D designates initial Reference Voltage Tolerances of +0.5% and
+ 1%, respectively for Voyt = 5V.

LM4041CIM LM4041DIM
Symbol Parameter Conditions Typical | LM4041CIM3 | LM4041DIM3 Units
(Note 4) LM4041CIZ LM4041DI1Z (Limit)
(Note 5) {Note 5)
VREF Reterence Voltage I = 100 pA, Voyt = 5V 1.233 v
Reference Voltage la = 100 pA, Voyt = 5V +6.2 112 mV {max)
Tolerance {Note 8) +t14 +24 mV {max)
IRMIN Minimum Operating Current 45 rA
60 65 pA (max)
[.1.] 70 A (max)
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LM4041-ADJ (Adjustable) continued)

Electrical Characteristics (continueq)

Boldface limits apply for T4 = Ty = Tpin to Tma)g all other limits T; = 25°C unless otherwise specified (SOT-23, see
Note 7), lrmin < Ir € 12 mA, VRer < VpyTt < 10V. The grades C and D designates initial Reference Voltage Tolerances of
+0.5% and * 1%, respectively for Voyt = 5V.

LM4041CIM | LM4041DIM
Typical | LM4041CIM3 | LM4041DIM3 Units
Symbol Parameter Conditions
y (Note 4) | LM4041CIZ | LM4041DIZ (Limit)
(Note 5) (Note 5)
AVRerp/Alg | Reference Voltage IRMIN < g < 1T mA 0.7 mV
Change with Operating SOT-23: Vgyt 2 1.6V (Note 7) 1.5 2.0 mV (max)
Current Change 2.0 2.5 mV (max)
1mA < lg < 12mA 2 mV
SOT-23: Vourt = 1.6V (Note 7)
4 6 mV (max)
[} -} mV {max)
AVRer/AVp | Reference Voltage Change | Ig = 1 mA -1.3 mvV/vV
with Output Voltage Change -20 -25 mVy/V (max)
-2.85 -3.0 mV/V (max)
IFB Feedback Current 60 nA
100 150 nA {max)
120 200 nA (max)
AVRer/AT | Average Reference Voltage | Voyt = 5V, Ig = 10mA 20 ppm/°C
Temperature Coefficient Ig = 1mA 15 + 400 + 180 ppm/°C (max)
(Note 8) In = 100 pA 15 ppm/°C
Zout Dynamic Qutput Impedance | Ig = 1 mA, f = 120 Hz,
lac = 0.11p
Vout = Vrer| 03 0
Vour = 10V 2 0
oN Widsband Noise ln = 100 uA  Vour = VRer 20 v
10Hz < f < 10kHz }¥rme
AVRee Reference Voltage Long t = 1000 hrs, Iy = 100 uA 120 m
Term Stability T = 26°C £0.1°C PP

Note 1: Absolute Maximum Ratings indicale limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limils. For guaranteed spacifications and test conditions, see the Electrical Charactaristics. The guarantsed
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test
conditions.

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictatad by T jmax (Maximum junction temperature), 8, (junction to
ambient thermal resistance), and T {ambient temperature). The maximum aliowable power dissipation at any temperature i8 PDmax = (Tymax — Ta)/8,a or the
number given in the Absolute Maximum Ratings, whichever is lower, For the LM4041, T ma, = 125°C, and the typical thermal resistance (8 ja), when board
mounted, is 185°C/W for the M package, 326°C/W for the SOT-23 package, and 180°C/W with 0.4" lead length and 170°C/W with 0.125" lead length for the
TO-92 package.

Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 ki resistor into each pin. The machine model is a 200 pF capacitor discharged
directly into each pin.

Note 4: Typicals are at T; = 25°C and represent most likely parametric norm.

Note 5: Limits are 100% production tested at 25°C. Limits over temperature are guaranteed through correlation using Statistical Quality Control (SQC) methods
The limits are used to calculate National's AOQL

Note 6: The boldface (over-temperature) limit for Reverse Breakdown Voitage Tolerance is defined as the room temperature Reverse Breakdown Voitage
Tolerance + [(AVR/ATHB5°C)(VR)]. AVR/AT is the VR temperature coetficient, 65°C is the temperature range from — 40°C to the reference point of 25°C, and Vg
is the reverse breakdown voltage. The total over-temperature tolerance for the different grades is shown below:

A-grade: £0.75% = 1$0.1% +100 ppm/°C ~ 65°C

B-grade: £+0.85% = $£02% *100 ppm/°C x 65°C

C-grade: £1.15% = £0.5% 1100 ppm/°C » 65°C

D-grade: t1.98% = £10% t 150 ppm/°C = 65°C

E-grade: +298% = +2.0% 1150 ppm/°C ~ 65°C

Therefore, as an example, the A-grade LM4041-1.2 has an over-temperature Reverse Breakdown Voltage tolerance of £1.2V x 0.75% = 8.2 mV.

Note 7. When Vgur = 1.6V, tha LM4041-ADJ in the SOT-23 package must operate at reduced ig. This is caused by the series resistance of the die attach
between the die (-} output and the package (-) output pin. See the Output Saturation (SOT-23 only) curve in the Typical Perfarmance Characteristics section.

Note 8. Reterence voitage and temperature coefficient will changa with output voitage. See Typical Performance Characteristics curves.
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LM4041

Typical Performance Characteristics
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Typical Performance Characteristics (continued)

FEEDBACK CURRENT (na) REFERENCE VOLTAGE (V)

IMPEDANCE (01)

Reference Voltage vs Output
Voitage and Temperature

1244 ] LM4041-aD
S 8soC
1.240 |25 C\~
400N
1.236
1.232
b -40°C
DS
SRS
1.228 ~
~
85°C 1
1.224
1.220
0 2 4 6 8 10

OUTPUT YOLTAGE (V)
TL/H/11382-11

Feedback Current vs Output
Voltage and Temperature

100
(Ma041-ADJ
80
~
\\Qs"c
T,=259C, ~40°C §
40
20
0
0 2 4 & 8 10

OUTPUT VOLTAGE (V)
TL/H/ 1139212

Output Impedance vs Frequency

e~y I " LM404 1-ADJ
N | 1,=259C
g = 1mh

AN F 311 -
N R—fra— Ay = 0.0

100
(3 g

10
P’ 4
” \q:wr
1 Y
Xe—
o1 AT T R
100 1k 10k 100k M

FREQUENCY (Hz)
TL/H/11392-13

OUTPUT SATURATION (V) REFERENCE VOLTAGE (V)

IMPEDANCE ()

Reference Voltage vs Temperature

and Output Voltage
24 e an
b=1mA gl
R |
1.240
I Your=YRer]
1.236
e
1.232 Vogr =5V
1.228
——]
Vour=10¥ —
1.224 =
1.220
-40-20 O 20 40 60 80 100
TEMPERATURE (°C)
TL/H/11382-10
QOutput Saturation

(SOT-23 Only)

LM4041-ADJ |
1.6 | Yapy = Vger # S mY

15

" -409¢C /’
| e 35°C
1.3 /,/

4 7 Y-250¢

0 2 4 3 8 10 12

OUTPUT CURRENT (ma)
TL/H/11382-33

Output Impedance vs Frequency

N LM4041-ADJ ¢ =0
N |y=250¢ Py
AN RUEILLT S, =
h Sg=0.1g 22,
‘\ 77

E _‘23 o =1 uf
— NQE 3317
‘E J 4 fB \\
8 Le [ .
C PN
PSS AT RN MR ATIT! AT
100 1k 10k 100k W

FREQUENCY (Hz)
TL/H/11392-14

7-41

8404,



LM4041

Typical Performance Characteristics (continued)

Reverse Characteri

stics
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Applications Information

The LM4041 is a precision micro-power curvature-corrected
bandgap shunt voltage reference. For space critical applica-
tions, the LM4041 is available in the sub-miniature SOT-23
surface-mount package. The LM4041 has been designed
for stabie operation without the need of an external capaci-
tor connected between the “+" pin and the “—" pin. If,
however, a bypass capacitor is used, the LM4041 remains
stable. Design effort is further reduced with the choice of
either a fixed 1.2V or an adjustable reverse breakdown volt-
age. The minimum operating current is 60 uA tor the
LM4041-1.2 and the LM4041-ADJ. Both versions have a
maximum operating current of 12 mA.

LM4041s using the SOT-23 package have pin 1 connected
as the (-) output through the package’s die attach interface.
Therefora, the LM4041-1.2's pin 1 must be left floating or
connected to pin 3 and the LM4041-ADJ's pin 1 is the (-)
output.

In a conventional shunt regulator application (Figure ), an
external series resistor (Rg) is connected between the sup-
ply voltage and the LM4041. Rg determines the current that
flows through the load (i) and the LM4041 (Iq). Since load
current and supply voitage may vary, Rg should be small
enough to supply at least the minimum acceptable (q to the
LM4041 even when the supply voltage is at its minimum and
the load current is at its maximum value. When the supply
voltage is at its maximum and I_ is at its minimum, Rg
should be large enough so that the current flowing through
the LM4041 is less than 12 mA.
Rg is determined by the supply voltage, (Vg), the load and
operating current, (I and Ig), and the LM4041's reverse
breakdown voltage, VR.
_Vs—Vr
It + lg
The LM4041-ADJ’s output voltage can be adjusted to any
value in the range of 1.24V through 10V. It is a function of
the internal reference voltage (Vree) and the ratio of the
external feedback resistors as shown in Figure 2. The out-
put is found using the equation
Vo = VRef' ( R2 + 1)
o] REF R1 M
where V is the desired output voltage. The actual value of
the internal Vrer is a function of Vp. The “‘corrected” VRer
is determined by
VRer' = Vo (AVRer/4aVQ) + Vy 2
where Vg is the desired output voltage. AVRer/AVQ is
found in the Electrical Characteristics and it typically
—1.3 mV/V and Vy is equal to 1.240V. Replace the value of
VRes' in equation (1) with the value found using equation

2).

Note that the actual output voltage can deviate from that
predicted using the typical AVReg/aVg in equation (2): for
C-grade parts, the worst-case AVRgr/AVg is —2.5 mV/V
and Vy = 1.248V. For D-grade parts, the worst-case
AVRer/AVpis —3.0 mV/V and Vy = 1.248V.

The following example shows the difference in output volt-
age resulting from the typical and worst case values of
AVRep/AVo. Let Vo = +9V. Using the typical value of
AVRer/AVp, Vgper is 1.228V. Choosing a value of
R1 = 10 k1, R2 = 63.272 kN. Using the worst case
AVRgrp/AVg for the C-grade and D-grade parts, the output
voltage is actually 8.965V and 8.946V, respectively. This re-
sults in possible errors as large as 0.39% for the C-grade
parts and 0.59% for the D-grade parts. Once again, resistor
values found using the typical value of AVRgr/AVo will
work in most cases, requiring no further adjustment.

Typical Applications

TL/H/11382-22

FIGURE 1. Shunt Regulator

¥s

LM4041-ADJ

TL/H/11392-34
FIGURE 2. Adjustable Shunt Regulator
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Typlcal Applications (continued)
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FIGURE 4. Voltage Levei Detector
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240k

L
240k

FIGURE 6. Fast Positive Clamp
2.4V + AVpy

LTSTURES STIWY IN4148
-
3
15V
A
Vv
+15y
Q.1 uf
Vi O=~AWAr -
R LM827
It
0.1 yFI
= -5y

TL/H/11382-20

FIGURE 7. Bidirectional Clamp * 2.4V

TL/H/11382-25

O Vour

TL/H/11392-24
FIGURE 3. Bounded amplifier reduces saturation-induced delays and can prevent succeeding stage damage.

Nominal clamping voltage is + Vg (LM4041's reverse breakdown voitage) + 2 diode V.

FIGURE 5. Voltage Level Detector
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"
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LED ON

TL/H/11382-23

TL/H/11382-26
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Typlcal Applications (continued)
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LM4041-ADJ
LM4041~ADJ

LM4041-ADJ

LM4041-ADJ

TL/H/11382-35
FIGURE 7. Bidirectional Adjustabie

TL/H/11392-38

FIGURE 8. Bidirectional Adjustable

Clamp t18Vto 2.4V Clamp +2.4Vto 16V

+BV
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\
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NC=] w2 "]-
umeswoLo= 28V 4 S x 12 ma =

+15¢

1A < gyt < 100 MA

1.24y
lout=—37

TL/H/11392-38

FIGURE 10. Current Source

TL/H/11302-37
FIGURE 9. Simple Floating Current Detector

0TO N mA
—_—

+%

e

"-C-'lj anzs

1.24v
'TMIE‘NDLD"I—‘-JJ mAZ2%

FIGURE 11. Precision Floating Current Detector
*D1 can be any LED, Vg = 1.5V t0 2.2V at 3 mA. D1 may act as an
indicator. D1 will be on if ItHResHOLD falls below the threshold current,
except with | = O,

TL/H/11392-39
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Typical Applications (continuea)
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FIGURE 12. Programmable Current Source

LM4041-1.2
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1.0v T0 12v
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TL/H/11392-27
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| LM4041-1.2
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FIGURE 13. Precision 1 uA to 1 mA Current Sources
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