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5 Pin Configuration and Functions

DBZ Package
1.2-V, 3-Pin SOT-23

DBZ Package
Adjustable, 3-Pin SOT-23

Top View Top View
|1: 1
+ FB—
3* 3
| L
2 2
- E 4 —
1.2V ADJ
* This pin must be left floating or connected
to pin 2.
Pin Functions
PIN
110 DESCRIPTION
NAME 1.2V ADJ
Anode 2 3 (@) Shunt Current/Voltage input
Cathode 1 2 110 Common pin, normally connected to ground
NC 3 - - Must float or connect to anode
FB - 1 | Threshold relative to cathode
6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
Reverse current 20 mA
Forward current 10 mA
Maximum output voltage (LM4051-ADJ) 15 \%
Power dissipation (T = 25°C)® M3 package 280 mw
Vapor phase (60 seconds) 215
Lead temperature M3 packages °C
Infrared (15 seconds) 220
Storage temperature, Tgyg —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The maximum power dissipation must be derated at elevated temperatures and is dictated by T;max (Maximum junction temperature),

034 (junction to ambient thermal resistance), and T, (ambient temperature). The maximum allowable power dissipation at any

temperature is Ppmax= (Timax ~Ta )/ 034 Or the number given in the Absolute Maximum Ratings, whichever is lower. For the LM4051-N,
Timax = 125°C, and the typical thermal resistance (0;4), when board mounted, is 280°C/W for the SOT-23 package.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-0011)®) +2000
Vesp)  Electrostatic discharge - 3 \%
Machine model (MM)®©) 200

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) The human body model is a 100-pF capacitor discharged through a 1.5-kQ resistor into each pin.
(3) The machine model is a 200-pF capacitor discharged directly into each pin.

Copyright © 2000-2018, Texas Instruments Incorporated




LM4051-N

ZHCSIUOD —FEBRUARY 2000—REVISED SEPTEMBER 2018

13 TEXAS

INSTRUMENTS

www.ti.com.cn

6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Temperature (To € Ta € Tra) Industrial temperature -40 85 oc
Extended temperature -40 125
LM4051-1.2 0.06 12
Reverse current mA
LM4051-ADJ 0.06 12
Output voltage LM4051-ADJ 1.24 10 Y
6.4 Thermal Information
LM4051-ADJ,
THERMAL METRIC® =L UNIT
DBz
3 PINS
Rosa Junction-to-ambient thermal resistance 214.7 °CIW
RoJc(top) Junction-to-case (top) thermal resistance 76.4 °CIW
Ross Junction-to-board thermal resistance 41.3 °CIW
LAL Junction-to-top characterization parameter 2.0 °CIW
LAL:! Junction-to-board characterization parameter 40.9 °CIW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

6.5 LM4051-1.2 Electrical Characteristics

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Reverse Breakdown _
Voltage Ir = 100 pA 1.225 v
LM4051AIM3® $1.2
Ig = 100 pA LM4051BIM3 LM4051BEM3 @ +2.4
LM4051CIM3®@ +6
VR @ @
Reverse Breakdown ) LM4051AIM3 +5.2 mv
Voltage Tolerance® IndEstna_I Temp.Range '\ ocimivs @ +6.40
Ta=T;=Tun t0 Tuax 5 T
LM4051CIM3®@ +10.10
Extended Temp. Range @ @
LM4051BEM3 +8.6
Ta=T;3=Tun t0 Tmax
T;=25°C 39
Industrial Temp. R HA
Minimum Operating n ES rla_ emp. range 65
IrRMIN Current Ta=T;=Tuin t0 Tuax
Extended Temp. Range 70
Ta=T;=Tun 0 Tumax

(1) This overtemperature limit for Reverse Breakdown Voltage Tolerance is defined as the room temperature Reverse Breakdown Voltage
Tolerance * [(AVR/AT)(maxAT)(VR)]. Where, AVR/AT is the VR temperature coefficient, maxAT is the maximum difference in
temperature from the reference point of 25°C to TMAX or TMIN, and VR is the reverse breakdown voltage. The total overtemperature

tolerance for the different grades in the industrial temperature range where maxAT=65 C is shown below:

(a) A-grade:  0.425% = + 0.1% * 50 ppm/°C x 65°C
(b) B-grade: + 0.525% =+ 0.2% + 50 ppm/°C x 65°C
(c) C-grade: + 0.825% =+ 0.5% + 50 ppm/°C x 65°C
Therefore, as an example, the A-grade LM4051-1.2 has an over-temperature Reverse Breakdown Voltage tolerance of + 1.2V x 0.425%

=+52mV.

(2) 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.

Copyright © 2000-2018, Texas Instruments Incorporated
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LM4051-1.2 Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Ir =10 mA +20
Average Reverse " —1mA 15
=1m x
AVR/AT Er(:?kd?v;/anoltage R - ppm/C
empera u(le) Ig = 100 pA T;=25°C +15
Coefficient _ . o 1
AT=-40Cto 125C Ta =Ty = T 10 Tax 50
T;=25°C 0.3
Industrial Temp. Range 11@
< < = =
Reverse Breakdown lrmin < 1r < 1 MA Ta =Ty = T 10 Twax
Voltage Change with Extended Temp. Range e
AVR/AlR Operating Current Ta=Ty=Twn t0 Tyax 15 mv
Change T,=25°C 18
Industrial Temp. Range 60
1mAS|R512 mA TA:TJ:TMlN to TMAX
Extended Temp. Range g
Ta=T5=Twin 10 Tumax
Zr Reverse Dynamic Ir =1 mA, f =120 Hz 0.5 Q
Impedance
. . Ir = 100 pA
en Wideband Noise 10 Hz < f < 10 kHz 20 pvrms
Reverse Breakdown
AVR Voltage Long Term t=1000 hrs, T=25C+0.17C, Ig =100 pA 120 ppm
Stability ®
Vuyst  Thermal Hysteresis® | AT =-40Cto 125°C 0.36 mv/v
(3) Long-term stability is Vg at 25%C measured during 1000 hrs.
(4) Thermal hysteresis is defined as the difference in voltage measured at +25 'C after cycling to temperature —40 ‘C and the 25C
measurement after cycling to temperature +125C.
6.6 LMA4051-ADJ Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Reference Voltage Ir =100 pA, Voyt =5V 1.212 \Y
LM4051AIM3® £1.2
Ir = 100 pA, Vour =5V | LM4051BIM3® 2.4
VRer | Reference Voltage LM4051CIM3®) +6
| weE) 3 mv
Tolerance ' LM4051AIM3® +5.2
Indgstrla_l Temp. Range LM4051BIM3@ +6.4
Ta =Ty =Twn t0 Tuax 3
LM4051CIM3®) +10.1

(1) This overtemperature limit for Reverse Breakdown Voltage Tolerance is defined as the room temperature Reverse Breakdown Voltage
Tolerance + [(AVr/AT)(maxAT)(Vg)]. Where, AVR/AT is the Vg temperature coefficient, maxAT is the maximum difference in temperature
from the reference point of 25°C to Tyax Or Tymin, @nd Vg is the reverse breakdown voltage. The total overtemperature tolerance for the

different grades in the industrial temperature range where maxAT = 65 C is shown below:

(a) A-grade: + 0.425% = + 0.1% + 50 ppm/°C x 65°C
(b) B-grade: + 0.525% = + 0.2% + 50 ppm/°C x 65°C
(c) C-grade: + 0.825% =+ 0.5% + 50 ppm/°C x 65°C
Therefore, as an example, the A-grade LM4051-1.2 has an overtemperature Reverse Breakdown Voltage tolerance of + 1.2 V x 0.425%

=+52mV.

(2) Reference voltage and temperature coefficient will change with output voltage. See Typical Characteristics curves.
(3) Limits are 100% production tested at 25 'C. Limits over temperature are ensured through correlation using Statistical Quality Control
(SQC) methods. The limits are used to calculate National's AOQL.

Copyright © 2000-2018, Texas Instruments Incorporated
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LM4051-ADJ Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
LM4051AIM3 ™ 36
LM4051BIM3®) 36
| Minimum Operating LM4051CIM3) 36 A
RMIN' Current LM4051AIM3®) 60| "
IndEstna_I Temp. Range LM4051BIM3@ 60
Ta=T5=Twn 10 Tumax 3
LM4051CIM3 @ 65
I <l <1mA T, = 25°C 03
RMIN=IR=1m -
(5) Industrial Temp. Range 1 mv
AV Reference Voltage Vour216V Ta=T;= Ty 10 Tuax 1.1®
/AIREF Change with Operating ——— o6
R = © .
Current Change 1MASIg <12 mA J :
Vour 2 1.6 v® Industrial Temp. Range 6®
Ta=T5=Twin 10 Tuax
AV Reference Voltage T;=25°C -1.69
REF Change with Output Ilr=0.1mA Industrial Temp. Range mv
/&Vo  Voltage Change —2.80)
Ta=T5=Twin 10 Tuax
Ieg Feedback Current 70 130 nA
T;=25°C 20
Ir = 10 MA | |ndustrial Temp. Range 150D
Ta=T5=Twin 10 Tumax
AVier Average Reference Vour = 2.5V T;=25°C 15
IAT \C/glé?f?geﬁ?’\ﬁ’;gge AT = —40C to +125°C  |R=1MA !Pdus:_rlal '_Il'_empt. R_’range 5o | PPMIC
A= 13=Tmin 10 Tmax
T;=25°C 15
Ir =100 pA | Industrial Temp. Range 450
Ta=T;5=Twin 0 Tuax
7 Dynamic Output g =1 mA, f=120 Hz, Vout = VRrer 0.3 o
OUT  |mpedance Iac = 0.1 15 Vour =10V P
en Wideband Noise Ir = 100 pA, Vout = VRer, 10 Hz £ f <10 kHz 20 uvrms
Reference Voltage Long |, _ _ o o
AVREF Torm Stabilty® t=1000 hrs, Ig = 100 uA, T=25C + 0.1°C 120 ppm
Vuyst Thermal Hysteresis(” AT = -40C to +125°C 0.3 mv/v

(4) 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.
(5) When Vgout < 1.6 V, the LM4051-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 curve in the Typical Characteristics
section.
(6) Long-term stability is Vg at 25°C measured during 1000 hrs.
(7) Thermal hysteresis is defined as the difference in voltage measured at +25 ‘C after cycling to temperature —40 C and the 25°C
measurement after cycling to temperature +125C.

Copyright © 2000-2018, Texas Instruments Incorporated
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6.7 Typical Characteristics
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Typical Characteristics (continued)
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Figure 7. Reference Voltage vs Temperature and Output
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Typical Characteristics (continued)
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Figure 13. Large Signal Response
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8 Detailed Description

8.1 Overview

The LM4051-N is a precision voltage reference available in SOT-23 surface mount package. The LM4051-N is
available in a 1.225 V fixed-option as well as an adjustable voltage option. The LM4051-N comes in three
different tolerance grades (A, B, and C). The best grade devices (A) have an initial accuracy of 0.1%, while the
B-grade have 0.2% and the C-grade 0.5%, all with a temperature coefficient of 50 ppm/°C guaranteed from
-40°C to 125°C.

8.2 Functional Block Diagram

: o

>
>
+
L -
>
>
>
>

<
<

o&—A

v
AAA

r

<

—1— re*0—4

*%
% . _ O -

*LM4051-ADJ only
**LM4051-1.2 only

8.3 Feature Description

The LM4051-N device is effectively a precision Zener diode. The part requires a small quiescent current for
regulation, and regulates the output voltage by shunting more or less current to ground, depending on input
voltage and load. The only external component requirement is a resistor between the cathode and the input
voltage to set the input current. An external capacitor can be used on the input or output, but is not required.

For the adjustable verson, feedback is applied from the Cathode and Reference pins, the LM4051-N behaves as
a Zener diode, regulating to a constant voltage dependent on current being supplied into the cathode. This is due
to the internal amplifier and reference entering the proper operating regions. The same amount of current needed
in the above feedback situation must be applied to this device in open loop, servo or error amplifying
implementations in order for it to be in the proper linear region giving the LM4051-N enough gain.

8.4 Device Functional Modes

8.4.1 LM4051-N-12V

The LM4051-N - 1.2V device is a fixed output voltage part, where the feedback is internal. Therefore, the part
can only operate is a closed loop mode and the output voltage cannot be adjusted. The output voltage will
remain in regulation as long as IR is between IRMIN. Proper selection of the external resistor for input voltage
range and load current range will ensure these conditions are met.

8.4.2 LM4051-N - ADJ

The majority of applications involving LM4051-N uses closed loop operation to regulate a fixed voltage or current.
The feedback enables this device to behave as an error amplifier, computing a portion of the output voltage and
adjusting it to maintain the desired regulation. This is done by relating the output voltage back to the reference
pin in a manner to make it equal to the internal reference voltage, which can be accomplished via resistive or
direct feedback.

10 Copyright © 2000-2018, Texas Instruments Incorporated
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The LM4051-N is a precision micro-power curvature-corrected bandgap shunt voltage reference. For space
critical applications, the LM4051-N is available in the sub-miniature SOT-23 surface-mount package. The
LM4051-N has been designed for stable operation without the need of an external capacitor connected between
the “+” pin and the “~" pin. If, however, a bypass capacitor is used, the LM4051-N remains stable. Design effort
is further reduced with the choice of either a fixed 1.2-V or an adjustable reverse breakdown voltage. The
minimum operating current is 60 pA for the LM4051-1.2 and the LM4051-ADJ. Both versions have a maximum
operating current of 12 mA.

LM4051-N's using the SOT-23 package have pin 3 connected as the (-) output through the package’s die attach
interface. Therefore, the LM4051-1.2’s pin 3 must be left floating or connected to pin 2 and the LM4051-ADJ’s
pin 3 is the (=) output.

The typical thermal hysteresis specification is defined as the change in +25 C voltage measured after thermal
cycling. The device is thermal cycled to temperature —40 'C and then measured at 25 C. Next the device is
thermal cycled to temperature +125 ‘C and again measured at 25 C. The resulting Voyr delta shift between the
25 C measurements is thermal hysteresis. Thermal hysteresis is common in precision references and is induced
by thermal-mechanical package stress. Changes in environmental storage temperature, operating temperature
and board mounting temperature are all factors that can contribute to thermal hysteresis.

In a conventional shunt regulator application (Figure 18), an external series resistor (Rg) is connected between
the supply voltage and the LM4051-N. Rg determines the current that flows through the load (l)) and the
LM4051-N (Ig). Since load current and supply voltage may vary, Rg should be small enough to supply at least
the minimum acceptable I to the LM4051-N 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 |, is at its minimum, Rg should
be large enough so that the current flowing through the LM4051-N is less than 12 mA.

Rs should be selected based on the supply voltage, (Vs), the desired load and operating current, (I_ and lg), and
the LM4051-N's reverse breakdown voltage, V.

_VS_VR

L+,

@

The LM4051-ADJ’'s output voltage can be adjusted to any value in the range of 1.24 V through 10 V. It is a
function of the internal reference voltage (Vgee) and the ratio of the external feedback resistors as shown in
Figure 20. The output voltage is found using Equation 2:

Vo = Veee[R2/R1)+1]

where
e Vg is the output voltage 2)
_ Vs — VR
= ——R_
I +1,+1
LTlg T lr (3
The actual value of the internal Vgee is a function of V. The corrected Vger is determined by Equation 4:
Veer = Vo(AVier /AV)+ Vy
where
e Vy=122V (4)

Copyright © 2000-2018, Texas Instruments Incorporated 11
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Application Information (continued)

AVRer/AVq is found in the LM4051-ADJ Electrical Characteristics and is typically =1.55 mV/V. You can get a
more accurate indication of the output voltage by replacing the value of Vggr in Equation 2 with the value found
using Equation 4.

9.2 Typical Applications

9.2.1 Shunt Regulator

Figure 18. Shunt Regulator

9.2.1.1 Design Requirements

Vin > Vour

Select Rg such that:

lrmin < Ir < lrmax Where Igpax = 12 mA

See LM4051-1.2 Electrical Characteristics for minimum operating current for each voltage option and grade.

9.2.1.2 Detailed Design Procedure

The resistor Rg must be selected such that current, Iz, will remain in the operational region of the part for the
entire V|y range and load current range. The two extremes to consider are V| at its maximum, and the load at its
minimum, where Rg must be large enough to main Iz < Igmax. FOr most desigins, 0.1 mA < Iz< 1 mA is a good
starting point.

Use cross and cross to set Rg between Rs yn and Rs_ yax-
Vin_max — Vour

Rs min =
- lLoap min IR MAx (5)

VIN_MIN B VOUT

Rs max = I I
LoAD_MAX TIR_MIN (6)

12 Copyright © 2000-2018, Texas Instruments Incorporated
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Typical Applications (continued)
9.2.1.3 Application Curves

100

80

60

40

20 /

REVERSE CURRENT (uA)

Typical
T,=25°C
LM4051-1.2

0 0.4 0.8 1.2 1.6 2.0

REVERSE VOLTAGE (V)
Figure 19. Reverse Characteristics and Minimum Operating Current

9.2.2 Adjustable Shunt Regulator

LM4051-ADJ

Figure 20. Adjustable Shunt Regulator

9.2.2.1 Design Requirements

Vin > Vour

Select Rg such that:

lrmin < Ir < lrmax Where Igpax = 12 mA

See LM4051-ADJ Electrical Characteristics for minimum operating current for each voltage option and grade.

9.2.2.2 Detailed Design Procedure

In order to program the cathode voltage to a regulated voltage a resistive bridge must be shunted between the
cathode and anode pins with the mid point tied to the reference pin. This can be seen in Figure 20, with R1 & R2
being the resistive bridge. The cathode/output voltage in the shunt regulator configuration can be approximated
by the equation shown in Equation 7. The cathode voltage can be more accurately determined by taking in to
account the cathode current shown in equation Equation 8.

VO = (]_+E-J XViee
R2
(7)

R1
Vo = (l+_2jx(VREF_I REFS R ])
(8

Copyright © 2000-2018, Texas Instruments Incorporated 13
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Typical Applications (continued)

In order for this equation to be valid, LM4051-ADJ must be fully biased so that it has enough open loop gain to
mitigate any gain error. This can be done be meeting the Iz, denoted in LM4051-ADJ Electrical Characteristics.

9.3 System Examples

+15V

IN4 148 ‘%‘“0 IN4148
l !
g 1<
369840
-
LM4051—ADJ/_A—E%
3 50k0
p
>
IN4148 15K0 IN4148
-15v
AAA
A\AAJ
+13V R
0.1 uF @
Vin O— WA - 5\
Rin LF411
iy g
0.1 uf
.
= O

-15v

O Vour

Figure 21. Bounded Amplifier Reduces Saturation-induced Delays and Can Prevent Succeeding Stage
Damage. Nominal Clamping Voltage is +V5 (LM4051-N's Reverse Breakdown Voltage) +2 Diode Vg .

LM4051-ADJ

D1

-5V

LM4051-ADJ

Figure 23. Voltage Level Detector
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System Examples (continued)
Ry LEDON
330
-5V
Figure 24.
LM4051-ADJ
Figure 25. Bidirectional Clamp + 2.4V
50 A
02
IN914
R3
240k
LM4051-ADJ
S R4
S 240k
Figure 26. Bidirectional Adjustable Clamp + 18V to + 2.4V
Copyright © 2000-2018, Texas Instruments Incorporated 15
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System Examples (continued)

» Vour

D2
IN457

LM4051-ADJ

LM4051-ADJ

L

Figure 27. Bidirectional Adjustable Clamp * 2.4V to + 6V

07020 mA
—_—
+5V
+
+2%
1N4002 k LM4051-ADJ
02 4 _ > j2
3 470k
D1+ 115
N.C.
2 * 5
o-& \ — cMos
\
3

'l
NE.=1 anzs —_I_
1.24¢ § uA —

ITHRESHOLD = "¢+ s GaiN ~ o2 ™

Figure 28. Simple Floating Current Detector

+15V

R1
+
F8
LM4051-ADJ
F 2N2905
120k

1xA < lgyT < 100 mA

*D1 can be any LED, Vg = 1.5V to 2.2V at 3 mA. D1 may act as an indicator. D1 will be on if ltyresHoLp falls below
the threshold current, except with | = O.

Figure 29. Current Source
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System Examples (continued)

07020 mA
—
+5V
LM4051-ADJ
02 ¢ >
R3
LR R, 3 R
B2
22k
1 A 6
D" *
2 5
o—e \ cmos
0}
\ . > R4
3 10M
N.C. aN2g

1.24V
ITHRESHOLD =—p—= 3.TmA£2%

Figure 30. Precision Floating Current Detector

LM4051-1.2
h|
1<
R1 |
20k0 —
2 g —
[ 1/2 i
— 3| LMCc6062 P
+
4
| *
ouT R2
-1.0V T0 -12V * AN
- 15V

Figure 31. Precision 1 pA to 1 mA Current Source

12V

LM4051-1.2

R1
20kQ

—

[
ouT

-

1.0V 70 12V

7 3 Ahh
Figure 32. Precision 1 pA to 1 mA Current Source
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10 Power Supply Recommendations

While a bypass capacitor is not required on the input voltage line, TI recommends reducing noise on the input
which could affect the output. A 0.1-uF ceramic capacitor or larger is recommended.

In order to not exceed the maximum cathode current, be sure that the supply current is limited. For applications
shunting high currents, pay attention to the cathode and anode trace lengths, adjusting the width of the traces to
have proper current density.

11 Layout

11.1 Layout Guidelines

Bypass capacitors should be placed as close to the device as possible. Current-carrying traces need to have
widths appropriate for the amount of current they are carrying. Place Rg as close as possible to the cathode.
Although not as critical, keep feedback resistor close to the device whenever possible.

11.2 Layout Example

Rg physically close to device cathode

—>
RS
*——"\\\—T® ®
Cn—= — Cour
@ @ @
—> «—

Cin phyS|ca_IIy Cout phyS|c_aIIy
close to device close to device
Figure 33. Layout Diagram

Rg physically close to device cathode
_—
Rs
———9 & ¢
%R1
Cin—== d-‘
-
_* ——Cout
—1 %R2 "
—0 & & 8—
C)n physically close to device Court physically close to device

Figure 34. Feedback Resistors Layout Diagram
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