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REF20xx 低低漂漂移移、、低低功功率率、、双双路路输输出出、、VREF 和和 VREF/2 电电压压基基准准

1 特特性性 3 说说明明

1• 两个输出：VREF 和 VREF/2，便于在单电源系统中 仅具有正向电源电压的应用通常需要使用一个在模数转
使用 换器 (ADC) 输入范围中间位置的附加稳定电压来偏置

• 优异的温度漂移性能： 输入双极信号。 REF20xx 提供了一个可供 ADC 使用

– -40℃ 至 125℃ 时为 8 ppm/°C（最大值） 的基准电压 (VREF) 和一个可用于偏置输入双极信号的

• 高初始精度：±0.05%（最大值） 高精度电压 (VBIAS)。
• 温度范围内的 VREF 和 VBIAS 跟踪：

REF20xx 在 VREF 和 VBIAS 输出端具有优异的温度漂移
– -40℃ 至 85℃ 时为 6 ppm/°C（最大值）

（最大 8 ppm/°C）特性和初始精度 (0.05%)，同时可
– -40℃ 至 125℃ 时为 7 ppm/°C（最大值）

保持静态工作电流低于 430µA。 此外，VREF 和 VBIAS• 微型封装：SOT23-5
输出端可在 –40°C 至 85°C 的温度范围内彼此跟踪，

• 低压降电压：10mV
精度达 6 ppm/°C（最大值）。 所有这些特性可提高信

• 高输出电流：±20mA
号链的精度并节省电路板空间，相比分立式解决方案而

• 低静态电流：360μA
言还能降低系统成本。 仅 10mV 的超低压降允许器件

• 线路调节：3 ppm/V
在极低输入电压条件下工作，这一特性在电池供电系统

• 负载调节：8 ppm/mA 中非常适用。

2 应应用用 VREF 和 VBIAS 电压具有同样出色的技术规范，而且灌

电流和拉电流能力同样强大。 这些器件具有优异的长• 数字信号处理:
期稳定性和低噪声级别，是高精度工业应用的理想选– 电源逆变器
择。– 电机控制

• 电流感测
器器件件信信息息(1)

• 工业过程控制
部部件件名名称称 封封装装 封封装装尺尺寸寸（（标标称称值值））

• 医疗设备 小外形尺寸晶体管REF20xx 2.90mm x 1.60mm(SOT) (5)• 数据采集系统

(1) 如需了解所有可用封装，请见数据表末尾的可订购产品附录。• 单电源系统

空白

空白
应应用用示示例例 VREF 和和 VBIAS 与与温温度度间间的的关关系系

1

PRODUCTION DATA information is current as of publication date. Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not necessarily include testing of all parameters.
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• 器件状态从混合状态更改为生产数据 ...................................................................................................................................... 1
• 删除了器件信息表中的脚注 2.................................................................................................................................................. 1
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• Added Thermal Information table ........................................................................................................................................... 4
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• 更改了产品预览数据表 ............................................................................................................................................................ 1
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5 Device Comparison Table

PRODUCT VREF VBIAS

REF2025 2.5 V 1.25 V
REF2030 3.0 V 1.5 V
REF2033 3.3 V 1.65 V
REF2041 4.096 V 2.048 V

6 Pin Configuration and Functions

DDC Package
SOT23-5

(Top View)

Pin Functions
PIN

DESCRIPTION
NO. NAME

1 VBIAS Bias voltage output (VREF / 2)
2 GND Ground
3 EN Enable (EN ≥ VIN – 0.7 V, device enabled)
4 VIN Input supply voltage
5 VREF Reference voltage output (VREF)

Copyright © 2014, Texas Instruments Incorporated 3
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT
VIN –0.3 6 V

Input voltage
EN –0.3 VIN + 0.3 V
Operating temperature range –55 150 °C

Temperature
Junction Temperature, Tj 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.

7.2 Handling Ratings
MIN MAX UNIT

Tstg Storage temperature range –65 170 °C
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all –4000 4000pins (1)

V(ESD) Electrostatic discharge V
Charged device model (CDM), per JEDEC specification –1500 1500JESD22-C101, all pins (2)

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VIN Supply input voltage range (IL = 0 mA, TA = 25°C) VREF + 0.02 (1) 5.5 V

(1) Please refer to Figure 28 in Typical Characteristics for minimum input voltage at different load currents and temperature

7.4 Thermal Information
REF20xx

THERMAL METRIC (1) DDC (SOT23) UNIT
5 PINS

RθJA Junction-to-ambient thermal resistance 193.6
RθJC(top) Junction-to-case (top) thermal resistance 40.2
RθJB Junction-to-board thermal resistance 34.5

°C/W
ψJT Junction-to-top characterization parameter 0.9
ψJB Junction-to-board characterization parameter 34.3
RθJC(bot) Junction-to-case (bottom) thermal resistance N/A

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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7.5 Electrical Characteristics
At TA = 25°C, IL = 0 mA, and VIN = 5 V, unless otherwise noted. Both VREF and VBIAS have the same specifications.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

ACCURACY AND DRIFT

Output voltage accuracy –0.05% 0.05%

Output voltage temperature coefficient (1) –40°C ≤ TA ≤ 125°C ±3 ±8 ppm/°C

–40°C ≤ TA ≤ 85°C ±1.5 ±6 ppm/°C
VREF and VBIAS tracking over temperature (2)

–40°C ≤ TA ≤ 125°C ±2 ±7 ppm/°C

LINE AND LOAD REGULATION

ΔVO(ΔVI) Line regulation VREF + 0.02 V ≤ VIN ≤ 5.5 V 3 35 ppm/V

0 mA ≤ IL ≤ 20 mA ,Sourcing 8 20 ppm/mAVREF + 0.6 V ≤ VIN ≤ 5.5 V
ΔVO(ΔIL) Load regulation

0 mA ≤ IL ≤ –20 mA,Sinking 8 20 ppm/mAVREF + 0.02 V ≤ VIN ≤ 5.5 V

POWER SUPPLY

360 430 µA
Active mode

–40°C ≤ TA ≤ 125°C 460 µA
ICC Supply current

3.3 5 µA
Shutdown mode

–40°C ≤ TA ≤ 125°C 9 µA

Device in shutdown mode (EN = 0) 0 0.7 V
Enable voltage

Device in active mode (EN = 1) VIN – 0.7 VIN V

10 20 mV
Dropout voltage

IL = 20 mA 600 mV

ISC Short-circuit current 50 mA

ton Turn-on time 0.1% settling, CL = 1 µF 500 µs

NOISE

Low-frequency noise (3) 0.1 Hz ≤ f ≤ 10 Hz 12 ppmPP

Output voltage noise density f = 100 Hz 0.25 ppm/√Hz

CAPACITIVE LOAD

Stable output capacitor range 0 10 µF

HYSTERESIS AND LONG TERM STABILITY

Long-term stability 0 to 1000 hours 60 ppm

Cycle 1 60 ppm
Output voltage hysteresis (4) 25°C, –40°C, 125°C, 25°C

Cycle 2 35 ppm

(1) Temperature drift is specified according to the box method. See the Feature Description section for more details.
(2) The VREF and VBIAS tracking over temperature specification is explained in more detail in the Feature Description section.
(3) The peak-to-peak noise measurement procedure is explained in more detail in the Noise Performance section.
(4) The thermal hysteresis measurement procedure is explained in more detail in the Thermal Hysteresis section.
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7.6 Typical Characteristics
At TA = 25°C, IL = 0 mA, VIN = 5-V power supply, CL = 0 µF, and 2.5-V output, unless otherwise noted.

–40°C ≤ TA ≤ 125°C

Figure 1. Initial Accuracy Distribution (VREF) Figure 2. Drift Distribution (VREF)

–40°C ≤ TA ≤ 125°C

Figure 3. Initial Accuracy Distribution (VBIAS) Figure 4. Drift Distribution (VBIAS)

–40°C ≤ TA ≤ 85°C

Figure 6. Distribution of VREF – 2 × VBIAS Drift TrackingFigure 5. VREF – 2 × VBIAS Distribution
Over Temperature
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Typical Characteristics (continued)
At TA = 25°C, IL = 0 mA, VIN = 5-V power supply, CL = 0 µF, and 2.5-V output, unless otherwise noted.

–40°C ≤ TA ≤ 125°C Refer to the Solder Heat Shift section for more information.

Figure 7. Distribution of VREF – 2 × VBIAS Drift Tracking Figure 8. Solder Heat Shift Distribution (VREF)
Over Temperature

Refer to the Solder Heat Shift section for more information.

Figure 9. Solder Heat Shift Distribution (VBIAS) Figure 10. Output Voltage Accuracy (VREF) vs Temperature

VREF output

Figure 11. VREF – 2 × VBIAS Tracking vs Temperature Figure 12. Output Voltage Change vs Load Current (VREF)
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Typical Characteristics (continued)
At TA = 25°C, IL = 0 mA, VIN = 5-V power supply, CL = 0 µF, and 2.5-V output, unless otherwise noted.

VREF output IL = 20 mAVBIAS output

Figure 14. Load Regulation Sourcing vs Temperature (VREF)Figure 13. Output Voltage Change vs Load Current (VBIAS)

VBIAS output IL = 20 mA VREF output IL = –20 mA

Figure 15. Load Regulation Sourcing vs Temperature (VBIAS) Figure 16. Load Regulation Sinking vs Temperature (VREF)

VBIAS output IL = –20 mA VREF output

Figure 17. Load Regulation Sinking vs Temperature (VBIAS) Figure 18. Line Regulation vs Temperature (VREF)

8 Copyright © 2014, Texas Instruments Incorporated

http://www.ti.com.cn/product/cn/ref2025?qgpn=ref2025
http://www.ti.com.cn/product/cn/ref2030?qgpn=ref2030
http://www.ti.com.cn/product/cn/ref2033?qgpn=ref2033
http://www.ti.com.cn/product/cn/ref2041?qgpn=ref2041
http://www.ti.com.cn


Time (500 µs/div) 

C006 

500 mV/div 

40 mV/div 

VIN - 0.25V 

VIN + 0.25V VIN + 0.25 V 

VREF  

Time (500 µs/div) 

C032 

+1 mA +1 mA 

- 1 mA 2 mA/div 

20 mV/div 
VREF  

20 

40 

60 

80 

100 

1 10 100  1k  10k  100k 

P
S

R
R

 (
dB

) 

Frequency (Hz) C027 

VREF 

VBIAS 

Time (500 µs/div) 

C006 

500 mV/div 

40 mV/div 

VIN - 0.25 V 

VIN + 0.25 V VIN + 0.25 V 

VREF  

2 

2.5 

3 

3.5 

4 

4.5 

5 

±75 ±50 ±25 0 25 50 75 100 125 150 

V
B

IA
S

 L
in

e 
R

eg
ul

at
io

n 
(p

pm
/V

) 

Temperature (�C) C018 

20 

40 

60 

80 

100 

1 10 100  1k  10k  100k 

P
S

R
R

 (
dB

) 

Frequency (Hz) C026 

VREF 

VBIAS 

REF2025, REF2030, REF2033, REF2041
www.ti.com.cn ZHCSCM7B –MAY 2014–REVISED JULY 2014

Typical Characteristics (continued)
At TA = 25°C, IL = 0 mA, VIN = 5-V power supply, CL = 0 µF, and 2.5-V output, unless otherwise noted.

VBIAS output CL = 0 µF

Figure 19. Line Regulation vs Temperature (VBIAS) Figure 20. Power-Supply Rejection Ratio vs Frequency

CL = 10 µF CL = 1 µF

Figure 21. Power-Supply Rejection Ratio vs Frequency Figure 22. Line Transient Response

CL = 10 µF CL = 1 µF IL = ±1-mA step

Figure 23. Line Transient Response Figure 24. Load Transient Response
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Typical Characteristics (continued)
At TA = 25°C, IL = 0 mA, VIN = 5-V power supply, CL = 0 µF, and 2.5-V output, unless otherwise noted.

CL = 10 µF IL = ±1-mA step CL = 1 µF IL = ±20-mA step

Figure 25. Load Transient Response Figure 26. Load Transient Response

CL = 10 µF IL = ±20-mA step

Figure 27. Load Transient Response Figure 28. Minimum Dropout Voltage vs Load Current

CL = 1 µF CL = 10 µF

Figure 29. Turn-On Settling Time Figure 30. Turn-On Settling Time

10 Copyright © 2014, Texas Instruments Incorporated

http://www.ti.com.cn/product/cn/ref2025?qgpn=ref2025
http://www.ti.com.cn/product/cn/ref2030?qgpn=ref2030
http://www.ti.com.cn/product/cn/ref2033?qgpn=ref2033
http://www.ti.com.cn/product/cn/ref2041?qgpn=ref2041
http://www.ti.com.cn


0.01 

0.1 

1 

1 10 100  1k  10k 

2
X
WS
X
W�1
R
LV
H
�6
S
H
FW
UD
O�'
H
Q
VL
W\
��
S
S
P
�¥
+
]�

 

Frequency (Hz) C030 

CL = 0 µF 

CL = 4.7 �F 

CL = 10 µF 

0.01 

0.1 

1 

10 

100 

0.01 0.1  1  10  100  1k  10k  100k 

O
ut

pu
t I

m
pe

da
nc

e 
(


) 

Frequency (Hz) C024 

CL = 0 �F 

CL = 1µF 

CL = 10 �F 

V
ol

ta
ge

 (
5 
�

V
/d

iv
) 

Time (1 s/div) 

C028 

V
ol

ta
ge

 (
5 
�

V
/d

iv
) 

Time (1 s/div) 

C029 

200 

250 

300 

350 

400 

450 

500 

±75 ±50 ±25 0 25 50 75 100 125 150 

Q
ui

es
ce

nt
 C

ur
re

nt
 (
�

A
) 

Temperature (�C) C006 

200 

250 

300 

350 

400 

450 

500 

2 3 4 5 6 

Q
ui

es
ce

nt
 C

ur
re

nt
 (
�

A
) 

Input Voltage (V) C007 

REF2025, REF2030, REF2033, REF2041
www.ti.com.cn ZHCSCM7B –MAY 2014–REVISED JULY 2014

Typical Characteristics (continued)
At TA = 25°C, IL = 0 mA, VIN = 5-V power supply, CL = 0 µF, and 2.5-V output, unless otherwise noted.

Figure 31. Quiescent Current vs Temperature Figure 32. Quiescent Current vs Input Voltage

VREF output VBIAS output

Figure 33. 0.1-Hz to 10-Hz Noise (VREF) Figure 34. 0.1-Hz to 10-Hz Noise (VBIAS)

VREF output

Figure 35. Output Voltage Noise Spectrum Figure 36. Output Impedance vs Frequency (VREF)
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Typical Characteristics (continued)
At TA = 25°C, IL = 0 mA, VIN = 5-V power supply, CL = 0 µF, and 2.5-V output, unless otherwise noted.

VBIAS output

Figure 37. Output Impedance vs Frequency (VBIAS) Figure 38. Thermal Hysteresis Distribution (VREF)

Figure 39. Thermal Hysteresis Distribution (VBIAS)
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8 Parameter Measurement Information

8.1 Solder Heat Shift
The materials used in the manufacture of the REF20xx have differing coefficients of thermal expansion, resulting
in stress on the device die when the part is heated. Mechanical and thermal stress on the device die can cause
the output voltages to shift, degrading the initial accuracy specifications of the product. Reflow soldering is a
common cause of this error.

In order to illustrate this effect, a total of 92 devices were soldered on four printed circuit boards [23 devices on
each printed circuit board (PCB)] using lead-free solder paste and the paste manufacturer suggested reflow
profile. The reflow profile is as shown in Figure 40. The printed circuit board is comprised of FR4 material. The
board thickness is 1.57 mm and the area is 171.54 mm × 165.1 mm.

The reference and bias output voltages are measured before and after the reflow process; the typical shift is
displayed in Figure 41 and Figure 42. Although all tested units exhibit very low shifts (< 0.01%), higher shifts are
also possible depending on the size, thickness, and material of the printed circuit board. An important note is that
the histograms display the typical shift for exposure to a single reflow profile. Exposure to multiple reflows, as is
common on PCBs with surface-mount components on both sides, causes additional shifts in the output bias
voltage. If the PCB is exposed to multiple reflows, the device should be soldered in the second pass to minimize
its exposure to thermal stress.

Figure 40. Reflow Profile

Figure 42. Solder Heat Shift Distribution, VBIAS (%)Figure 41. Solder Heat Shift Distribution, VREF (%)
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8.2 Thermal Hysteresis
Thermal hysteresis is measured with the REF20xx soldered to a PCB, similar to a real-world application. Thermal
hysteresis for the device is defined as the change in output voltage after operating the device at 25°C, cycling the
device through the specified temperature range, and returning to 25°C. Hysteresis can be expressed by
Equation 1:

where
• VHYST = thermal hysteresis (in units of ppm),
• VNOM = the specified output voltage,
• VPRE = output voltage measured at 25°C pre-temperature cycling, and
• VPOST = output voltage measured after the device has cycled from 25°C through the specified temperature

range of –40°C to 125°C and returns to 25°C. (1)

Typical thermal hysteresis distribution is as shown in Figure 43 and Figure 44.

Figure 43. Thermal Hysteresis Distribution (VREF) Figure 44. Thermal Hysteresis Distribution (VBIAS)
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8.3 Noise Performance
Typical 0.1-Hz to 10-Hz voltage noise can be seen in Figure 45 and Figure 46. Device noise increases with
output voltage and operating temperature. Additional filtering can be used to improve output noise levels,
although care should be taken to ensure the output impedance does not degrade ac performance. Peak-to-peak
noise measurement setup is shown in Figure 47.

Figure 45. 0.1-Hz to 10-Hz Noise (VREF) Figure 46. 0.1-Hz to 10-Hz Noise (VBIAS)

Figure 47. 0.1-Hz to 10-Hz Noise Measurement Setup
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9 Detailed Description

9.1 Overview
The REF20xx are a family of dual-output, VREF and VBIAS (VREF / 2) band-gap voltage references. The Functional
Block Diagram section provides a block diagram of the basic band-gap topology and the two buffers used to
derive the VREF and VBIAS outputs. Transistors Q1 and Q2 are biased such that the current density of Q1 is greater
than that of Q2. The difference of the two base emitter voltages (VBE1 – VBE2) has a positive temperature
coefficient and is forced across resistor R5. The voltage is amplified and added to the base emitter voltage of Q2,
which has a negative temperature coefficient. The resulting band-gap output voltage is almost independent of
temperature. Two independent buffers are used to generate VREF and VBIAS from the band-gap voltage. The
resistors R1, R2 and R3, R4 are sized such that VBIAS = VREF / 2.

e-Trim™ is a method of package-level trim for the initial accuracy and temperature coefficient of VREF and VBIAS,
implemented during the final steps of manufacturing after the plastic molding process. This method minimizes the
influence of inherent transistor mismatch, as well as errors induced during package molding. e-Trim is
implemented in the REF20xx to minimize the temperature drift and maximize the initial accuracy of both the VREF
and VBIAS outputs.

9.2 Functional Block Diagram

9.3 Feature Description

9.3.1 VREF and VBIAS Tracking
Most single-supply systems require an additional stable voltage in the middle of the analog-to-digital converter
(ADC) input range to bias input bipolar signals. The VREF and VBIAS outputs of the REF20xx are generated from
the same band-gap voltage as shown in the Functional Block Diagram section. Hence, both outputs track each
other over the full temperature range of –40°C to 125°C with an accuracy of 7 ppm/°C (max). The tracking
accuracy increases to 6 ppm/°C (max) when the temperature range is limited to –40°C to 85°C. The tracking
error is calculated using the box method, as described by Equation 2:

where
• (2)
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Feature Description (continued)
The tracking accuracy is as shown in Figure 48.

Figure 48. VREF and VBIAS Tracking vs Temperature

9.3.2 Low Temperature Drift
The REF20xx is designed for minimal drift error, which is defined as the change in output voltage over
temperature. The drift is calculated using the box method, as described by Equation 3:

(3)

9.3.3 Load Current
The REF20xx family is specified to deliver a current load of ±20 mA per output. Both the VREF and VBIAS outputs
of the device are protected from short circuits by limiting the output short-circuit current to 50 mA. The device
temperature increases according to Equation 4:

where
• TJ = junction temperature (°C),
• TA = ambient temperature (°C),
• PD = power dissipated (W), and
• RθJA = junction-to-ambient thermal resistance (°C/W) (4)

The REF20xx maximum junction temperature must not exceed the absolute maximum rating of 150°C.

9.4 Device Functional Modes
When the EN pin of the REF20xx is pulled high, the device is in active mode. The device should be in active
mode for normal operation. The REF20xx can be placed in a low-power mode by pulling the ENABLE pin low.
When in shutdown mode, the output of the device becomes high impedance and the quiescent current of the
device reduces to 5 µA in shutdown mode. See the Electrical Characteristics for logic high and logic low voltage
levels.
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10 Applications and Implementation

10.1 Application Information
The low-drift, bidirectional, single-supply, low-side, current-sensing solution, described in this section, can
accurately detect load currents from –2.5 A to 2.5 A. The linear range of the output is from 250 mV to 2.75 V.
Positive current is represented by output voltages from 1.5 V to 2.75 V, whereas negative current is represented
by output voltages from 250 mV to 1.5 V. The difference amplifier is the INA213 current-shunt monitor, whose
supply and reference voltages are supplied by the low-drift REF2030.

10.2 Typical Application

10.2.1 Low-Side, Current-Sensing Application

Figure 49. Low-Side, Current-Sensing Application

10.2.1.1 Design Requirements
The design requirements are as follows:
1. Supply voltage: 5.0 V
2. Load current: ±2.5 A
3. Output: 250 mV to 2.75 V
4. Maximum shunt voltage: ±25 mV
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Typical Application (continued)
10.2.1.2 Detailed Design Procedure
Low-side current sensing is desirable because the common-mode voltage is near ground. Therefore, the current-
sensing solution is independent of the bus voltage, VBUS. When sensing bidirectional currents, use a differential
amplifier with a reference pin. This procedure allows for the differentiation between positive and negative
currents by biasing the output stage such that it can respond to negative input voltages. There are a variety of
methods for supplying power (V+) and the reference voltage (VREF, or VBIAS) to the differential amplifier. For a
low-drift solution, use a monolithic reference that supplies both power and the reference voltage. Figure 50
shows the general circuit topology for a low-drift, low-side, bidirectional, current-sensing solution. This topology is
particularly useful when interfacing with an ADC; see Figure 49. Not only do VREF and VBIAS track over
temperature, but their matching is much better than alternate topologies. For a more detailed version of the
design procedure, refer to TIDU357.

Figure 50. Low-Drift, Low-side, Bidirectional, Current-Sensing Circuit Topology

The transfer function for the circuit given in Figure 50 is as shown in Equation 5:

(5)
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Typical Application (continued)
10.2.1.2.1 Shunt Resistor

As illustrated in Figure 50 , the value of VSHUNT is the ground potential for the system load. If the value of VSHUNT
is too large, issues may arise when interfacing with systems whose ground potential is actually 0 V. Also, a value
of VSHUNT that is too negative may violate the input common-mode voltage of the differential amplifier in addition
to potential interfacing issues. Therefore, limiting the voltage across the shunt resistor is important. Equation 6
can be used to calculate the maximum value of RSHUNT.

(6)

Given that the maximum shunt voltage is ±25 mV and the load current range is ±2.5 A, the maximum shunt
resistance is calculated as shown in Equation 7.

(7)

To minimize errors over temperature, select a low-drift shunt resistor. To minimize offset error, select a shunt
resistor with the lowest tolerance. For this design, the Y14870R01000B9W resistor is used.

10.2.1.2.2 Differential Amplifier

The differential amplifier used for this design should have the following features:
1. Single-supply (3 V),
2. Reference voltage input,
3. Low initial input offset voltage (VOS),
4. Low-drift,
5. Fixed gain, and
6. Low-side sensing (input common-mode range below ground).

For this design, a current-shunt monitor (INA213) is used. The INA21x family topology is shown in Figure 51. The
INA213B specifications can be found in the INA213 product data sheet.

Figure 51. INA21x Current-Shunt Monitor Topology

The INA213B is an excellent choice for this application because all the required features are included. In general,
instrumentation amplifiers (INAs) do not have the input common-mode swing to ground that is essential for this
application. In addition, INAs require external resistors to set their gain, which is not desirable for low-drift
applications. Difference amplifiers typically have larger input bias currents, which reduce solution accuracy at
small load currents. Difference amplifiers typically have a gain of 1 V/V. When the gain is adjustable, these
amplifiers use external resistors that are not conducive to low-drift applications.
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Typical Application (continued)
10.2.1.2.3 Voltage Reference

The voltage reference for this application should have the following features:
1. Dual output (3.0 V and 1.5 V),
2. Low drift, and
3. Low tracking errors between the two outputs.

For this design, the REF2030 is used. The REF20xx topology is as shown in the Functional Block Diagram
section.

The REF2030 is an excellent choice for this application because of its dual output. The temperature drift of
8 ppm/°C and initial accuracy of 0.05% make the errors resulting from the voltage reference minimal in this
application. In addition, there is minimal mismatch between the two outputs and both outputs track very well
across temperature, as shown in Figure 52 and Figure 53.

Figure 53. Distribution of VREF – 2 × VBIAS Drift TrackingFigure 52. VREF – 2 × VBIAS Distribution (At TA = 25°C)
Over Temperature

10.2.1.2.4 Results

Table 1 summarizes the measured results.

Table 1. Measured Results
ERROR UNCALIBRATED (%) CALIBRATED (%)

Error across the full load current range (25°C) ±0.0355 ±0.004
Error across the full load current range (–40°C to 125°C) ±0.0522 ±0.0606
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10.2.1.3 Application Curves
Performing a two-point calibration at 25°C removes the errors associated with offset voltage, gain error, and so
forth. Figure 54 to Figure 56 show the measured error at different conditions. For a more detailed description on
measurement procedure, calibration, and calculations, please refer to TIDU357.

Figure 54. Measured Transfer Function Figure 55. Uncalibrated Error vs Load Current

Figure 56. Calibrated Error vs Load Current
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11 Power-Supply Recommendations

The REF20xx family of references feature an extremely low-dropout voltage. These references can be operated
with a supply of only 20 mV above the output voltage. For loaded reference conditions, a typical dropout voltage
versus load is shown in the Figure 57. A supply bypass capacitor ranging between 0.1 µF to 10 µF is
recommended.

Figure 57. Dropout Voltage vs Load Current
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12 Layout

12.1 Layout Guidelines
Figure 58 illustrates an example of a PCB layout for a data acquisition system using the REF2030. Some key
considerations are:
• Connect low-ESR, 0.1-μF ceramic bypass capacitors at VIN, VREF, and VBIAS of the REF2030.
• Decouple other active devices in the system per the device specifications.
• Using a solid ground plane helps distribute heat and reduces electromagnetic interference (EMI) noise pickup.
• Place the external components as close to the device as possible. This configuration prevents parasitic errors

(such as the Seebeck effect) from occurring.
• Minimize trace length between the reference and bias connections to the INA and ADC to reduce noise

pickup.
• Do not run sensitive analog traces in parallel with digital traces. Avoid crossing digital and analog traces if

possible, and only make perpendicular crossings when absolutely necessary.

12.2 Layout Example

Figure 58. Layout Example
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13 器器件件和和文文档档支支持持

13.1 文文档档支支持持

13.1.1 相相关关文文档档　　

相关文档如下：

• INA213 数据表，SBOS437
• 《低漂移双向单电源低侧电流感应参考设计》，TIDU357

13.2 相相关关链链接接

以下表格列出了快速访问链接。 范围包括技术文档、支持与社区资源、工具和软件，并且可以快速访问样片或购买
链接。

Table 2. 相相关关链链接接

部部件件 产产品品文文件件夹夹 样样片片与与购购买买 技技术术文文档档 工工具具与与软软件件 支支持持与与社社区区

REF2025 请单击此处 请单击此处 请单击此处 请单击此处 请单击此处

REF2030 请单击此处 请单击此处 请单击此处 请单击此处 请单击此处

REF2033 请单击此处 请单击此处 请单击此处 请单击此处 请单击此处

REF2041 请单击此处 请单击此处 请单击此处 请单击此处 请单击此处

13.3 Trademarks
e-Trim is a trademark of Texas Instruments, Inc.
All other trademarks are the property of their respective owners.

13.4 Electrostatic Discharge Caution
These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

13.5 术术语语表表

SLYZ022 — TI 术语表。

这份术语表列出并解释术语、首字母缩略词和定义。

14 机机械械封封装装和和可可订订购购信信息息

以下页中包括机械封装和可订购信息。 这些信息是针对指定器件可提供的最新数据。 这些数据会在无通知且不对
本文档进行修订的情况下发生改变。 欲获得该数据表的浏览器版本，请查阅左侧的导航栏。
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead/Ball Finish
(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

REF2025AIDDCR ACTIVE SOT DDC 5 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 125 GACM

REF2025AIDDCT ACTIVE SOT DDC 5 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 125 GACM

REF2030AIDDCR ACTIVE SOT DDC 5 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 125 GADM

REF2030AIDDCT ACTIVE SOT DDC 5 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 125 GADM

REF2033AIDDCR ACTIVE SOT DDC 5 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 125 GAEM

REF2033AIDDCT ACTIVE SOT DDC 5 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 125 GAEM

REF2041AIDDCR ACTIVE SOT DDC 5 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 125 GAFM

REF2041AIDDCT ACTIVE SOT DDC 5 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 125 GAFM

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

 
(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD:  The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based  die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br)  and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 

http://www.ti.com/product/REF2025?CMP=conv-poasamples#samplebuy
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(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

 
(5) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

 
(6) Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 



TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

REF2025AIDDCR SOT DDC 5 3000 179.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3

REF2025AIDDCT SOT DDC 5 250 179.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3

REF2030AIDDCR SOT DDC 5 3000 179.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3

REF2033AIDDCR SOT DDC 5 3000 179.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3

REF2041AIDDCR SOT DDC 5 3000 179.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3

REF2041AIDDCT SOT DDC 5 250 179.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
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*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

REF2025AIDDCR SOT DDC 5 3000 195.0 200.0 45.0

REF2025AIDDCT SOT DDC 5 250 195.0 200.0 45.0

REF2030AIDDCR SOT DDC 5 3000 195.0 200.0 45.0

REF2033AIDDCR SOT DDC 5 3000 195.0 200.0 45.0

REF2041AIDDCR SOT DDC 5 3000 195.0 200.0 45.0

REF2041AIDDCT SOT DDC 5 250 195.0 200.0 45.0
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用测试或其它质量控制技术。除非适用法律做出了硬性规定，否则没有必要对每种组件的所有参数进行测试。

TI 对应用帮助或客户产品设计不承担任何义务。客户应对其使用 TI 组件的产品和应用自行负责。为尽量减小与客户产品和应 用相关的风险，
客户应提供充分的设计与操作安全措施。

TI 不对任何 TI 专利权、版权、屏蔽作品权或其它与使用了 TI 组件或服务的组合设备、机器或流程相关的 TI 知识产权中授予 的直接或隐含权
限作出任何保证或解释。TI 所发布的与第三方产品或服务有关的信息，不能构成从 TI 获得使用这些产品或服 务的许可、授权、或认可。使用
此类信息可能需要获得第三方的专利权或其它知识产权方面的许可，或是 TI 的专利权或其它 知识产权方面的许可。

对于 TI 的产品手册或数据表中 TI 信息的重要部分，仅在没有对内容进行任何篡改且带有相关授权、条件、限制和声明的情况 下才允许进行
复制。TI 对此类篡改过的文件不承担任何责任或义务。复制第三方的信息可能需要服从额外的限制条件。

在转售 TI 组件或服务时，如果对该组件或服务参数的陈述与 TI 标明的参数相比存在差异或虚假成分，则会失去相关 TI 组件 或服务的所有明
示或暗示授权，且这是不正当的、欺诈性商业行为。TI 对任何此类虚假陈述均不承担任何责任或义务。

客户认可并同意，尽管任何应用相关信息或支持仍可能由 TI 提供，但他们将独力负责满足与其产品及在其应用中使用 TI 产品 相关的所有法
律、法规和安全相关要求。客户声明并同意，他们具备制定与实施安全措施所需的全部专业技术和知识，可预见 故障的危险后果、监测故障
及其后果、降低有可能造成人身伤害的故障的发生机率并采取适当的补救措施。客户将全额赔偿因 在此类安全关键应用中使用任何 TI 组件而
对 TI 及其代理造成的任何损失。

在某些场合中，为了推进安全相关应用有可能对 TI 组件进行特别的促销。TI 的目标是利用此类组件帮助客户设计和创立其特 有的可满足适用
的功能安全性标准和要求的终端产品解决方案。尽管如此，此类组件仍然服从这些条款。

TI 组件未获得用于 FDA Class III（或类似的生命攸关医疗设备）的授权许可，除非各方授权官员已经达成了专门管控此类使 用的特别协议。

只有那些 TI 特别注明属于军用等级或“增强型塑料”的 TI 组件才是设计或专门用于军事/航空应用或环境的。购买者认可并同 意，对并非指定面
向军事或航空航天用途的 TI 组件进行军事或航空航天方面的应用，其风险由客户单独承担，并且由客户独 力负责满足与此类使用相关的所有
法律和法规要求。

TI 已明确指定符合 ISO/TS16949 要求的产品，这些产品主要用于汽车。在任何情况下，因使用非指定产品而无法达到 ISO/TS16949 要
求，TI不承担任何责任。

产产品品 应应用用

数字音频 www.ti.com.cn/audio 通信与电信 www.ti.com.cn/telecom
放大器和线性器件 www.ti.com.cn/amplifiers 计算机及周边 www.ti.com.cn/computer
数据转换器 www.ti.com.cn/dataconverters 消费电子 www.ti.com/consumer-apps
DLP® 产品 www.dlp.com 能源 www.ti.com/energy
DSP - 数字信号处理器 www.ti.com.cn/dsp 工业应用 www.ti.com.cn/industrial
时钟和计时器 www.ti.com.cn/clockandtimers 医疗电子 www.ti.com.cn/medical
接口 www.ti.com.cn/interface 安防应用 www.ti.com.cn/security
逻辑 www.ti.com.cn/logic 汽车电子 www.ti.com.cn/automotive
电源管理 www.ti.com.cn/power 视频和影像 www.ti.com.cn/video
微控制器 (MCU) www.ti.com.cn/microcontrollers
RFID 系统 www.ti.com.cn/rfidsys
OMAP应用处理器 www.ti.com/omap
无线连通性 www.ti.com.cn/wirelessconnectivity 德州仪器在线技术支持社区 www.deyisupport.com
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