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高精度アナログ・フロントエンド・アンプおよびペリフェラル、
MCCB - 電子トリップ・ユニット用

TI Designs
TI Designsは、システムをすばやく評価してカスタマイズす

るために必要な、手法、テスト、デザイン・ファイルなどの基
盤を提供し、開発期間の短縮に役立ちます。

デザイン・リソース
TIDA-00128	 デザイン・フォルダ
TINA Spice	 製品フォルダ
LM5017	 製品フォルダ
LM62BIM3	 製品フォルダ
CSD18537NKCS	 製品フォルダ
LM4041B	 製品フォルダ
TPS71533	 製品フォルダ
TPS55010	 製品フォルダ
ISO1176	 製品フォルダ
LM293	 製品フォルダ

デザインの特長
●	–10°C～+70°Cの範囲で周囲環境の影響を受けず、

世界各国に対応したグローバルな設計が可能
●	トリップ時間の再現性の向上
●	低電圧保護と過電流保護を備えた広入力DC-DC

コンバータ
●	CTの負荷および電力損失を低減したセルフパワー
（CT給電）電源

●	過駆動状態での位相反転を防ぐ堅牢な設計と、高
い静電気放電（ESD）保護（4kV HBM）

●	MCCB/ACBの要件に対応した–40°C～125°Cのデ
バイス動作温度

主なアプリケーション
●	MCCB - 電子トリップ・ユニット（電子リリース）
●	ACB - 電子トリップ・ユニット（電子リリース）
●	セルフパワー型の過電流/地絡リレー、数値リレー

この資料は、Texas Instruments Incorporated（TI）が英文で記述した資料
を、皆様のご理解の一助として頂くために日本テキサス･インスツルメンツ

（日本TI）が英文から和文へ翻訳して作成したものです。
資料によっては正規英語版資料の更新に対応していないものがあります。
日本TIによる和文資料は、あくまでもTI正規英語版をご理解頂くための補
助的参考資料としてご使用下さい。
製品のご検討およびご採用にあたりましては必ず正規英語版の最新資料を
ご確認下さい。
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1	 システム説明
こ配線用遮断器（MCCB） - TIでは、回路ブレーカに流れる電流の大きさに応じて動作する電子トリップ・ユニット（MCCB-ETU）

を設計しています。これらのトリップ・ユニットは、電流センサから電力が供給され、わずかな最小電流だけで動作できます。電子
トリップ・ユニットでは、デジタル・サンプリングを使用して、正弦波電流および非正弦波電流のRMS値を求めます。

ETUには、次のような利点があります。
　•	 正確なセンシング - ピックアップおよびトリップのタイミング
　•	 –10°C～70°Cで周囲環境からの影響なし
　•	 調整可能なIr（定格電流）による連続電流設定
　•	 ピックアップ（A）精度：±10%、遅延時間精度：0 ～ –20%
　•	 トリップに対するフォールト・ピックアップ電流入力範囲を0.2 ～ 10 × Irの範囲で調整可能

電流入力をセンスするためには、低コストのオペアンプを使用して信号調整を行います。

低コストのオペアンプには、いくつかの制限があります。
　1.	DC出力オフセットが高く、レール・ツー・レール出力が低いため、ADCの範囲が制限される。
　2.	ピックアップおよびトリップのタイミング特性が–10°C ～ +70°Cの範囲内で変動
　3.	短絡保護時の位相反転の問題により、ピックアップおよびトリップのタイミングの再現性が低下する
　4.	高い入力バイアス電流によって、入力CTに負荷がかかり、測定に非直線性が生じる
　5.	TIではトリップ・ユニットをブレーカ・ユニットの内部に配置しているため、トリップ・ユニットが高い電磁干渉にさらされ、外

部フィルタが必要となる
　6.	製造時に、より多くのテストが必要

このリファレンス・デザインでは、以下の長所を備えたアナログ・フロントエンド・アンプを提供します。
1. DCオフセットが低く、レール・ツー・レール出力電圧が高いため、精度が向上
2. –10°C～+70°Cの範囲内で高精度および高い再現性（ピックアップおよびトリップ時間の変動が低減）
3. 入力バイアス電流が低いため、電流トランスへの負荷が軽減
4. 飽和状態での位相反転効果が生じないため、再現性が向上
5. 電磁耐性（EMI）が向上
6. 1～5の改善点により、製造およびテストにかかる時間が短縮され、歩留まりも向上

MCCBアナログ・フロントエンド・アンプ・リファレンス・デザインは、MCCBの電子トリップ特性を簡単に評価できる評価用プラッ
トフォームとして開発されています。このリファレンス・デザインには、以下の機能が用意されています。
　•	 OPA4314高精度アンプに基づく、2つのゲイン段による電流入力測定
　•	 TI MOSFETベースのセルフパワー電源
　•	 FSD/リレー電源生成用のDC-DCコンバータ
　•	 絶縁型RS-485通信
　•	 ネジ式端子による簡単な接続
　•	 MCUインターフェイスによる迅速で容易な評価

このデザインの全体または一部を、過電流や地絡保護、その他の保護リレーなど、他のセルフパワーまたはデュアルパワー（セル
フパワーまたは24V補助入力による給電）アプリケーションで使用することもできます。

デザイン・ファイルには、PDF回路図、部品表（BOM）、PDFレイヤ・プロット、Altiumファイル、およびGerberファイルが含まれ
ています。
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2	 設計仕様

2.1	 低電源電圧（3.3VDC）の高精度オペアンプ

相入力：
	 R、Y、およびB入力に対する2つのゲイン。ADCへの出力

はジャンパで選択可能。
	 レール・ツー・レール動作
	 低い出力DCオフセット電圧（10mV未満）、高ゲイン

中性入力：
	 ADC入力に直接接続された中性入力に対して1つのゲイン。

注：	評価のために必要なゲインをユーザーが設定できます。
	 MCCB-ETUは、CT入力用に負荷抵抗を提供します。

2.2	 電源

生成される電源：	 > 12VDC： FSD/リレー駆動用
	 約16VDC： コンパレータ電源用
	 3.3VDC： オペアンプ、リファレンス、および温度センサ用
セルフパワー電源のレギュレーション：	 39VDC ±5%
補助入力の入力電源範囲：	 20～35VDC

2.3	 測定用リファレンス（1.65VDC、±0.25%）

エンジニアはジャンパを使用し、入力電流用のリファレンスとして0VまたはVCC/2を選択できます。VCC/2は高精度リファレン
スを使用して生成され、オペアンプを使用してバッファリングされます。選択されているリファレンスは、1.65V（公差0.1%）です。
想定される最大出力誤差は±0.25%未満です。

2.4	 温度センサ

温度センサは0°C ～ +90°Cの温度範囲に対応し、単一の+3.3V電源（25°Cで±3.0°Cの精度）で動作します。

2.5	 MOSFETスイッチ

MOSFETスイッチは、FSD/リレー出力の制御を行います。また、ゾーン選択出力（ZSO）、サーマル・メモリ、およびLED表示
にも使用できます。

2.6	 通信

Modbusプロトコルを実装するための絶縁型RS-485通信インターフェイスが搭載されています。フェールセーフ用抵抗および終端
抵抗を実装するオプションもあります。

2.7	 EMIフィルタ

内蔵のRF/EMI除去フィルタによってパフォーマンスが向上しています。

2.8	 MCUインターフェイス

電流入力および温度入力は、Tiva Cシリーズの32ビットMCUに送信されます。このMCUは、多重化入力の12ビットSAR ADCを
備えています。
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3	 ブロック図
MCCB-ETUアナログ・フロントエンド・リファレンス・デザインには、以下のブロックが含まれています。

　1.	オペアンプ、EMIフィルタ、リファレンス、温度センサ、電流入力
　2.	セルフパワー電源
　3.	絶縁型RS-485インターフェイス
　4.	リレー/FSD制御
　5.	Tiva CシリーズLaunchPadインターフェイス

3.1	 オペアンプ

高精度オペアンプにより、負荷抵抗に接続された電流入力を増幅します。3つの相入力オペアンプ・セクションが3相電流入力に対
して2つのゲインを提供し、単一ゲインの1つのセクションが中性電流入力を提供します。広い温度範囲にわたって正確な測定を行う
ために、高精度の安定したリファレンスが実装されています。CT入力の接続用にはネジ式端子が用意されています。高精度の温度
センサも搭載されています。

3.2	 セルフパワー電源

セルフパワー電源は、入力電流から出力電圧を生成します。3相入力電流によって、電子回路が機能するために必要な電力が生成されま
す。オプションで、ETUを補助24VDC入力で駆動することもできます。セルフパワー出力は、FSD/リレー動作用に12Vおよび3.3Vに変換
されます。MCUはDC-DCコンバータを使用して動作し、レギュレータ回路はDC-DCコンバータとレギュレータを使用して動作します。

3.3	 絶縁型RS-485インターフェイス

このMCCBアナログ・フロントエンド・アンプ・デザインは、測定したデータをRS-485経由で監視システムに送信できます。
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Characteristics Application’s OPA4314 LMV324 LMV824-N
Requirement

Iq Total (Max) (mA) Low 0.720 0.680 1.2 mA

Number of Channels 4 4 4 4

Rail-to-Rail VCC In/Out Out Out

Operating Temperature Range (C) (Package dependent exception exist) –40°C to 125°C –40°C to 125°C –40°C to 125°C –40°C to 125°C

Vos (Offset Voltage at 25°C) (Max) (mV) Min offset 2.5 7 3.5

Offset Drift (Typ) (µV/C) Min offset drift 1 5 1

Vn at 1 kHz (Typ) (nV/rtHz) Min noise 14 39 28

CMRR (Min) (dB)/PSRR Max 94/92 50/50 90/85

IBias (Max) (pA) Min 10 250000 150

Total Supply Voltage (Max) (+5 V = 5, ±5 V = 10) 3.3 5.5 5.5 5.5

Total Supply Voltage (Min) (+5 V = 5, ±5 V = 10) 2.7 1.8 2.7 2.5

Slew Rate (Typ) (V/µs) > 1 1.5 1 1.4

GBW (Typ) (MHz) >1 3 1 5

Pin/Package 14 TSSOP or 14TSSOP 14SOIC,14TSSOP 14SOIC,14TSSOP
SOIC

ESD-Human model- kV High 4 2 2

EMI filter Integrated Internal No No

Vo (Swing) Rail-to-Rail Vcc – 60 mV Vcc – 400 mV Vcc – 100 mV

Vcm (Input) Rail-to-Rail V–(–0.2 V) , V+ (+0.2 V ) V–(–0.2 V) , 1.9 V V–(–0.2 V) , 1.9 V

Phase reversal during input overdrive No reversal No TBD TBD

表 1. 各種オペアンプの重要な特性の比較

3.4	 リレー/FSD制御

MOSFETベースのスイッチによって、リレー/FSD制御を行います。リレーは12V電源によって制御されます。DC-DCコンバータの出力
は、プログラミング可能な抵抗によって15Vまたは18Vに調整できます。また、同じMOSFETスイッチを、ZSO、サーマル・メモリ、MCCB
のLED表示など、他のアプリケーションにも使用できます。

3.5	 Tiva CシリーズLaunchPadインターフェイス

このリファレンス・デザインでは、データの測定と転送にTiva Cシリーズの32ビットCPU LaunchPadを使用しています。データはUSBイン
ターフェイスによって、PCベースのGUIに転送されます。オペアンプの出力は、TM4C123Gの12ビットADCに接続されています。

4	 回路設計と部品選択
表1に、各種オペアンプの重要な特性の比較を示します。

表1に示す比較結果から、OPA4314は、MCCB-ETUに対して最適なコスト・パフォーマンスを提供することがわかります。
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4.1 Op Amp with Internal EMI Filter and Reference
This reference design uses OPA4314. The quad channel OPA4314 is offered in a TSSOP-14 package.
The robust design of the OPA314 devices provides unity-gain stability with capacitive loads of up to 300
pF, an integrated RF/EMI rejection filter, no phase reversal in overdrive conditions, and high electrostatic
discharge (ESD) protection (4-kV HBM).

Some of the critical features are:
• Wide supply range: 1.8 V to 5.5 V
• Low noise: 14 nV/MHz at 1 kHz
• Gain bandwidth: 3 MHz
• Low input bias current: 0.2 pA
• Low offset voltage: 0.5 mV
• Unity-gain stable
• Internal RF/EMI filter
• Extended temperature range: –40°C to +125°C

TI configures the op amp as a noninverting amplifier with two gains. The engineer configures the gains
with gain resistors. The op amp can take AC input and rectified half wave input. The input is configured
with the jumper setting shown in Figure 2 and is explained in Table 2.

Figure 2. OPA4314 Input Jumper Configuration

Table 2. Input Jumper Configuration for OPA4314

Jumper J13 is mounted Op amp accepts AC input
Jumper J12 is mounted Op amp accepts rectified input

1. The neutral input is always configured for AC input.
2. Do not mount both the jumpers together.
3. During DC offset measurement ensure that the Phase inputs and neutral inputs are looped separately

when the J12 is mounted.

The OPA4314 operational amplifier family incorporates an internal input low-pass filter that reduces the
amplifier response to EMI. This filter provides both common-mode and differential mode filtering. The filter
design has a cutoff frequency of approximately 80 MHz (–3 dB), with a roll-off of 20 dB per decade.

The reference design has LM4041-N/LM4041-N-Q1 precision micro power shunt voltage reference for
providing the level shifting when the PGA is configured for AC input.

Key Specifications (LM4041-N/LM4041-N-Q1 1.2) include:
• 0.1% output voltage tolerance
• 20-µV RMS output noise
• Low temperature coefficient of < 100 PPM/°C

Using the reference design parameters from the previous list along with the op amp guarantees the trip
accuracy over a wide temperature range.

A temperature sensor is provided for thermal overload trip and gain compensation functions, as required.
The temperature sensor is rated for 0°C to +90°C range.
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4.2 Self-Power Supply

4.2.1 Current Inputs
Figure 3 shows the current input schematics.

Figure 3. Current Inputs
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The board provides the ability to connect up to 4 current inputs. The current input can be AC or half-wave
rectified input. The design includes the ability to mount two 22R burdens. The reference design includes a
screw type terminal to connect the current input. Based on the secondary current and transformer
performance, the design engineer can change the burden resistor. A Rogowski coil cannot be connected
directly and the output from the integrator has to be applied at the current inputs. When the integrator
output is applied, burden resistors must be made as do not populate.

CAUTION
Do not leave the current terminal open and apply current during testing.

Ensure the current inputs are connected and the terminal screws are tightened
before applying current for testing.

Figure 4 illustrates the self-power supply schematic.

Figure 4. Self-Power Supply

The Self-Power section has provision for two inputs:
1. Half-wave rectified current inputs
2. Auxiliary DC voltage inputs

TI configures the Self-Power regulator to regulate the voltage at 39 V. The MCCB-ETU uses TI MOSFETs
to shunt the current above 39 V. Increased regulation voltage reduces power dissipation and facilitates
usage of lower VA current transformer. TI has a wide range of MOSFETs that can be selected for current
shunting based on the application and the configured regulation voltage.

The Self-Power supply generates output voltage from the input currents. The input to the self-power
generation circuit is half-wave rectified output from current transformers. The design engineer must
connect the rectifier diodes externally. Optionally, power the ETU by auxiliary 24-V input. The Zener diode
reference regulates the self-power to 39 V. If the output voltage exceeds 39 V, the comparator switches
the MOSFET on and the MOSFET shunts the input current. When the output voltage reduces, the
comparator switches the MOSFET off and the input current charges the output capacitor. The 39-V Self-
Power output is converted to 12 V and 3.3 V for FSD/relay operation and electronic circuit functioning
using DC-DC convertors and LDO. The advantage of the self-power circuit is to reduce CT loading.
The critical component in the Self-Power circuit is the shunt regulation MOSFET. A wide range of
MOSFETs are available and are listed in Table 3.
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Table 3. TI MOSFETs with Current Shunting

Product Description Product Link
60-V, N-Channel NexFET™ Power MOSFET CSD18537NKCS
60-V, N-Channel NexFET Power MOSFET CSD18534KCS
80-V, N-Channel NexFET Power MOSFET CSD19506KCS
80-V, 7.6-mΩ, N-Channel TO-220 NexFET Power MOSFET CSD19503KCS
100-V, N-Channel NexFET Power MOSFET CSD19535KCS
100-V, 6.4-mΩ, TO-220 NexFET Power MOSFET CSD19531KCS

The graph in Figure 5 indicates the power loss in a typical Self-Power supply.

Figure 5. Typical Power Consumption for Current/Lowest Operating Current

CAUTION
Do not leave the current terminal open and apply current for testing.

Ensure the current inputs are connected and the terminal screws are tightened
before applying current for testing.

By using LM5017, the clamping voltage can be increased as the device input is rated up to 100 V. The
MCCB-ETU analog front end reference design details shunt clamping, with LM5017 configured in
nonisolated output configuration.

4.3 Isolated RS-485 Communication Interface
The reference design provides an EMC-compliant isolated 1-Mbps, 3.3 V to 5 V RS-485 interface using an
ISO1176 transceiver and the TPS55010. This board provides signal and power isolation with reduced
board space and power consumption. The TPS55010 has a higher efficiency and better regulation
accuracy since its Fly-Buck™ topology uses primary side feedback that provides excellent regulation over
line and load. The TPS55010 provides 3.3 V to 5 V and isolation levels using off-the-shelf Fly-Buck
transformers. The transformer chosen here for the design has a 475-μH primary inductance and a
dielectric strength of 2500 VAC. The ISO1176 transceiver is an ideal device for long transmission lines
since the ground loop is broken to provide for operation with a much larger common mode voltage range.
The symmetrical isolation barrier provides 2500 VRMS of isolation between the line transceiver and the
logic level interface. The RS-485 bus is available on screw type terminals and connectors.

The RS-485 bus provides an external failsafe biasing that uses external resistor biasing to ensure failsafe
operation during an idle bus. If none of the drivers connected to the bus are active, the differential voltage
(VAB) approaches zero or in between ±250 mV, allowing the receivers to assume random output states.
To force the receiver outputs into a defined state, the design introduces failsafe biasing resistors with
terminating resistors of 120 Ω. The RS-485 bus is also protected against EFT, ESD, and surges with the
help of transient voltage suppressor diodes (SMCJ15CA, 1500-W series).
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4.4 FSD/Relay Control
TI has a wide range of MOSFETs that can be used for driving Relay, FSD, ZS0, or LEDs. TI provides a
wide range of MOSFETs with a tiny SON2x2 package. CSD17571Q2 is installed in the reference design.

Table 4. TI MOSFETs for Driving Relay, FSD, ZS0, or LEDs
Product Description Product Link

30-V, N-Channel NexFET Power MOSFETs CSD17571Q2

N-Channel Power MOSFET, CSD13202Q2, 12-V VDS, 9.3 mΩ, RDS(on) 4.5 (max) CSD13202Q2

20-V, N-Channel NexFET Power MOSFET CSD15571Q2

Automotive 30-V, N-Channel NexFET Power MOSFET CSD17313Q2Q1

30-V, N-Channel NexFET Power MOSFET CSD17313Q2

N-Channel, NexFET Power MOSFET CSD16301Q2

4.5 Tiva C Series LaunchPad Interface
The Tiva™ C Series LaunchPad (EK-TM4C123GXL) is a low-cost evaluation platform for ARM® Cortex™
M4F-based microcontrollers. The Tiva C Series LaunchPad design highlights the TM4C123GH6PMI
microcontroller USB 2.0 device interface, hibernation module, and motion control pulse-width modulator
(MC PWM) module. The Tiva C Series LaunchPad also features programmable user buttons and an RGB
LED for custom applications. The stackable headers of the Tiva C Series LaunchPad BoosterPack XL
interface demonstrate how easy it is to expand the functionality of the Tiva C Series LaunchPad when
interfacing to other peripherals on many existing BoosterPack add-on boards as well as future products.
Figure 6 shows a photo of the Tiva C Series LaunchPad.
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Figure 6. Tiva C Series LaunchPad

For details, refer to EK-TM4C123GXL.

Care must be taken while aligning the Tiva C Series LaunchPad with the reference design board.

Table 5. Mapping Tiva C Series LaunchPad and Reference Design Connectors

Tiva C Series LaunchPad connector Reference design connector
J1,J3 J1
J4,J2 J4
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5 Test Results
This section contains descriptions of Self-Power supply rail, offset variation over temperature, accuracy
testing results, and a summary of the test results.

5.1 Self-Power Supply Rail
Table 6 includes the self-power supply rail measured results.

Table 6. Self-Power Supply Rail Measured Results

Rails Measured
39 V 39.8 V
16 V 16.12 V
12 V 12.2 V
3.3 V 3.301 V

Vref (VCC/2) 1.6554 V

5.2 Offset Variation Over Temperature
The offset voltage of an op amp increases with an increase in temperature. The offset voltage is
measured by keeping the PCB in an oven and the temperature is varied, over time. The results are shown
in Table 7.

Table 7. Offset Variation Over Temperature Op-Amp DC Offset Drift (1) (2)

Amplifier Offset Drift Expected Op-Amp Drift –µV Offset Drift Expected Op-Amp Drift –µV
at -10⁰⁰C (µV) (Without Resistor Drift) at +55 ⁰⁰C (µV) (Without Resistor Drift)

OPA4314-1 300 270 -300 231

OPA4314-1 200 270 -100 231

LMV324-1 1600 1350 -1200 1155

LMV324-1 1500 1350 -1600 1155
(1) Reference to 25⁰C with 7.7 Gain
(2) The measured value is the total drift of the amplifier including op amp and the gain resistors.
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5.3 Accuracy Testing
This section contains test results including the test setup, measurement for high and low gain, and a
summary of the test results.

5.3.1 Test Setup
Figure 7 illustrates the TIDA-00128 test setup.

Figure 7. TIDA-00128 Test Setup

These test results are documented using the following parameters:
• The tests were performed with two different gains:

– High Gain — for low level signals, gain is set at 7.7.
– Low Gain — gain is reduced for higher current inputs so the op-amp output does not saturate, gain

is set to 2.
• Input Signal Frequency: 50 Hz.

NOTE: All the voltages mentioned in Figure 8 through Figure 12 are Root Mean Square Values (RMS).

Figure 8. Saturation Level of Op-Amp Outputs for Gain 2 and Gain 7.7

13TIDU224–April 2014 High Precision Analog Front End Amplifier and Peripherals for MCCB -
Electronic Trip UnitSubmit Documentation Feedback

Copyright © 2014, Texas Instruments Incorporated

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU224


±2.5 

±2.0 

±1.5 

±1.0 

±0.5 

0.0

0.5

1.0

1.5

2.0

35 45 55 65 75 85 95 105 115 125 135

E
rr

or
 (

m
V

) 
R

M
S

 

Input (mV) RMS 

Accuracy - Op Amp1

Accuracy - Op Amp2

C005 

±6 

±5 

±4 

±3 

±2 

±1 

0

35 65 95 125 155 185 215 245 275 305 335

E
rr

or
 (

m
V

) 
R

M
S

 

Input (mV) RMS 

Accuracy - Op Amp1

Accuracy - Op Amp2

C004 

OpAmp Saturated 

900

1000

1100

1200

1300

1400

1500

120 126 132 138 144 150 156 162 168 174 180

O
ut

pu
t 

(m
V

) 
R

M
S

 

Input (mV) RMS 

Op Amp1
Op Amp2
Calculated

C003 

Op Amp1 Saturates 
at 1191 mV 

Test Results www.ti.com

5.3.2 Measurement for High Gain
The graphs in Figure 9 through Figure 10 show the results for the OPA4314 op amp designated as Op
Amp1 and Op Amp2.

Figure 9. Saturation Level of Op-Amp Outputs (RMS)

Total error (RMS) due to ADC and op amp together is as plotted in Figure 10.

Figure 10. Total Error due to 12-bit Internal ADC and Op Amp

Figure 11. Error in mV RMS-Measured versus Theoretical Value
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5.3.3 Measurement for Low Gain
Figure 12 through Figure 14 show the results for the op amps within OPA4314 designated as Op Amp1
and Op Amp2. These results are all obtained at a low gain: 2.

Graph over entire range (RMS) with respect to input as compared to the calculated (ideal) curve.

Figure 12. Saturation Level of Op Amp Output (RMS)

Total error (RMS) due to ADC and op amp together is as plotted in Figure 13.

Figure 13. Total Error due to 12-bit Internal ADC and Op Amp
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Figure 14 illustrates the accuracy (error in mV RMS) measured versus calculated value: for the input
range before op amp saturates:

Figure 14. Error in mV RMS-Measured versus Theoretical Value

5.4 Results Summary
Table 8 presents a summary of accuracy and saturation level for the two op amps for different gain.

Table 8. Accuracy and Saturation Measurement Results Summary

Accuracy Saturation level
(Error Before Op-Amp Saturation)

Gain 2 Gain 7.7 Gain 2 Gain7.7
Op Amp1 ~5 mV RMS ~ +1.8 mV RMS 1184 mV RMS 1191 mV RMS
Op Amp2 ~5 mV RMS ~ –2.0 mV RMS 1185 mV RMS 1194 mV RMS
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6 Schematics
Figure 15 through Figure 21 represent the schematics for the high precision analog front end amplifier and peripherals for MCCB.

Figure 15. Schematics (1 of 7)
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Figure 16. Schematics (2 of 7)
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Figure 17. Schematics (3 of 7)
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Figure 18. Schematics (4 of 7)
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Figure 19. Schematics (5 of 7)
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Figure 20. Schematics (6 of 7)
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Figure 21. Schematics (7 of 7)
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7 Bill of Materials
The BOM for the high precision analog front end amplifier and peripherals for MCCB is listed in Table 9.

Table 9. Bill of Materials
Fitted Description Designator Manufacturer Part Number Quantity RoHS Package Reference

Fitted Printed Circuit Board !PCB1 Any TIDA-00128 1 O

Fitted CAP, CERM, 0.1 µF, 25 V, ±5%, X7R, 0603 C1, C2, C10, C11, C15, C20, C22, C23, C30, C31, C33, C34, AVX 06033C104JAT2A 14 Y 0603
C35, C43

Fitted CAP, CERM, 1000 pF, 1000 V, ±10%, X7R, 1206 C3, C12, C21 Yageo America CC1206KKX7RCBB10 3 Y 1206
2

Fitted CAP, CERM, 1 µF, 16 V, ±10%, X7R, 0603 C4, C7 TDK C1608X7R1C105K 2 Y 0603

Fitted CAP, CERM, 0.1 µF, 50 V, ±10%, X7R, 0603 C5, C8, C29 Kemet C0603C104K5RACTU 3 Y 0603

Fitted CAP, TA, 4.7 µF, 35 V, ±10%, 1.9 Ω, SMD C6 Vishay-Sprague 293D475X9035C2TE3 1 Y 6032-28

Fitted CAP, CERM, 22 µF, 16 V, ±10%, X5R, 1206 C9 MuRata GRM31CR61C226KE1 1 Y 1206
5L

Fitted CAP, TA, 47 µF, 35 V, ±10%, 0.3 Ω, SMD C13, C28 Kemet T495X476K035ATE30 2 Y 7343-43
0

Fitted CAP, CERM, 1 µF, 100 V, ±10%, X7R, 1206 C14 MuRata GRM31CR72A105KA0 1 Y 1206
1L

Fitted CAP, CERM, 0.1 µF, 100 V, ±10%, X7R, 0805 C16, C25 Kemet C0805C104K1RACTU 2 Y 0805

Fitted CAP, CERM, 0.01 µF, 25 V, ±5%, C0G/NP0, 0603 C17, C26, C47, C48, C49, C50 TDK C1608C0G1E103J 6 Y 0603

Fitted CAP, CERM, 3300 pF, 50 V, ±10%, X7R, 0603 C18 Kemet C0603C332K5RACTU 1 Y 0603

Fitted CAP, CERM, 1 µF, 25 V, ±10%, X5R, 0603 C19 TDK C1608X5R1E105K080 1 Y 0603
AC

Fitted CAP, CERM, 22 µF, 16 V, ±20%, X5R, 1206 C24 AVX 1206YD226MAT2A 1 Y 1206

Fitted CAP, AL, 100 µF, 100 V, ±20%, 0.12 Ω, TH C27 Rubycon 100YXJ100M10X20 1 Y 10 mm × 20 mm

Fitted CAP, CERM, 100 pF, 25 V, ±10%, X7R, 0603 C32, C36, C37, C38, C39, C40, C41, C42, C44, C45, C46 AVX 06033C101KAT2A 11 Y 0603

Fitted Diode, TVS 15 V 1500 W BIDIR 5% SMC D1, D3, D5 Littelfuse Inc SMCJ15CA 3 Y SMC

Fitted LED SmartLED Green 570NM D2 OSRAM LG L29K-G2J1-24-Z 1 0603

Fitted Diode, Zener, 5.1 V, 5 W, SMB D4 Micro Commercial Components SMBJ5338B-TP 1 Y SMB

Fitted Diode, Schottky, 20 V, 1A, SMA D6 Diodes Inc. B120-13-F 1 Y SMA

Fitted Diode, Zener, 39 V, 1 W, DO41 D7 Micro Commercial Co 1N4754A-TP 1 DO-41

Fitted Diode, Zener, 16 V, 1 W, DO41 D8 Micro Commercial Co 1N4745A-TP 1 DO-41

Fitted Diode, P-N, 1000 V, 1A, TH D9, D11 Fairchild Semiconductor 1N4007 2 Y DO-41

Fitted Diode, P-N, 1100 V, 1A, TH D10 Fairchild Semiconductor SB1100FSCT-ND 1 Y DO-41

Fitted Diode, Switching, 200 V, 0.2A, SOT-23 D12 Diodes Inc. BAS21-7-F 1 Y SOT-23

Fitted FERRITE CHIP 1000 OHM 300MA 0603 FB1 TDK Corporation MMZ1608B102C 1 Y 0603

Fitted Fiducial mark. There is nothing to buy or mount. FID1, FID2, FID3, FID4, FID5, FID6 N/A N/A 6 Fiducial

Fitted Machine Screw, Round, #4-40 × 1/4, Nylon, Philips panhead H1, H2, H4, H5 B&F Fastener Supply NY PMS 440 0025 PH 4 Y Screw

Fitted Mountin hole, NPTH Drill 3.2 mm H3 1

Fitted Standoff, Hex, 0.5"L #4-40 Nylon H6, H7, H8, H9 Keystone 1902C 4 Y Standoff

Fitted HEATSINK TO-220 W/PINS 1.5"TALL HS1 Aavid Thermalloy 513102B02500G 1 1.500 × 1.375in.

Fitted Header, Male 2 × 10-pin, 100mil spacing J1, J4 Sullins PEC10DAAN 2 0.100 inch × 10 × 2
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Table 9. Bill of Materials (continued)
Fitted Description Designator Manufacturer Part Number Quantity RoHS Package Reference

Fitted TERMINAL BLOCK 5.08MM VERT 2POS, TH J2, J3, J11, J14, J15, J16, J17 On-Shore Technology ED120/2DS 7 Y TERM_BLK, 2pos,
5.08 mm

Fitted Header, Male 2-pin, 100mil spacing, J5, J6, J7, J8, J9, J10, J12, J13 Sullins PEC02SAAN 8 0.100 inch × 2

Fitted Terminal Block, 3-pin, 15-A, 5.1 mm J18 OST ED120/3DS 1 0.60 × 0.35 inch

Fitted Inductor, Common Mode Filter SMD L1 TDK ACM2012-900-2P- 1 2.00 mm × 1.20 mm
T002

Fitted Inductor, 220 µH .30A SMD L2 Bourns SRR7032-221M 1 Y 7×7 mm

Fitted Inductor, Chip, 3.3 µH 770MA 1210 10% L3 EPCOS Inc B82422H1332K 1 1210

Fitted Thermal Transfer Printable Labels, 0.650" W × 0.200" H - LBL1 Brady THT-14-423-10 1 Y PCB Label 0.650"H ×
10,000 per roll 0.200"W

Fitted MOSFET, N-CH, 30 V, 22 A, SON 2×2 MM Q1 Texas Instruments CSD17571Q2 1 Y DQK

Fitted MOSFET, N-CH, 60 V, 50 A, TO-220AB Q2 Texas Instruments CSD18537NKCS 1 Y TO-220AB

Fitted RES, 100 Ω, 1%, 0.1 W, 0603 R1, R40, R67, R68, R69, R70, R71 Vishay-Dale CRCW0603100RFKEA 7 Y 0603

Fitted RES, 470 Ω, 1%, 0.125 W, 0805 R2, R9 Vishay-Dale CRCW0805470RFKEA 2 Y 0805

Fitted RES, 300 Ω, 5%, 0.1 W, 0603 R3, R39 Vishay-Dale CRCW0603300RJNEA 2 Y 0603

Fitted RES, 10 kΩ, 5%, 0.1 W, 0603 R4, R5, R7 Vishay-Dale CRCW060310K0JNEA 3 Y 0603

Fitted RES, 120 Ω, 5%, 0.125 W, 0805 R6 Vishay-Dale CRCW0805120RJNEA 1 Y 0805

Fitted RES, 10.0 Ω, 1%, 0.1 W, 0603 R8 Vishay-Dale CRCW060310R0FKEA 1 Y 0603

Fitted RES, 200 Ω, 1%, 0.1 W, 0603 R10 Vishay-Dale CRCW0603200RFKEA 1 Y 0603

Fitted RES, 63.4 kΩ, 1%, 0.1 W, 0603 R11 Vishay-Dale CRCW060363K4FKEA 1 Y 0603

Fitted RES, 121 kΩ, 0.1%, 0.125 W, 0805 R12 Yageo America RT0805BRD07121KL 1 Y 0805

Fitted RES, 10.0 kΩ, 1%, 0.1 W, 0603 R13, R22 Vishay-Dale CRCW060310K0FKEA 2 Y 0603

Fitted RES, 1.00 kΩ, 1%, 0.1 W, 0603 R14 Yageo America RC0603FR-071KL 1 Y 0603

Fitted RES, 9.76 kΩ, 1%, 0.1 W, 0603 R15 Vishay-Dale CRCW06039K76FKEA 1 Y 0603

Fitted RES, 53.6 kΩ, 0.1%, 0.125 W, 0805 R16 Susumu Co Ltd RG2012P-5362-B-T5 1 Y 0805

Fitted RES, 100 kΩ, 1%, 0.1 W, 0603 R17, R25 Vishay-Dale CRCW0603100KFKEA 2 Y 0603

Fitted RES, 21.5 kΩ, 1%, 0.1 W, 0603 R18 Vishay-Dale CRCW060321K5FKEA 1 Y 0603

Fitted RES, 30 kΩ, 5%, 0.1 W, 0603 R19, R63 Vishay-Dale CRCW060330K0JNEA 2 Y 0603

Fitted RES, 280 kΩ, 1%, 0.1 W, 0603 R20 Vishay-Dale CRCW0603280KFKEA 1 Y 0603

Fitted RES, 10.0 kΩ, 1%, 0.25 W, 1206 R21, R23, R29 Vishay-Dale CRCW120610K0FKEA 3 Y 1206

Fitted RES, 43.2 kΩ, 1%, 0.1 W, 0603 R24 Vishay-Dale CRCW060343K2FKEA 1 Y 0603

Fitted RES, 68 kΩ, 5%, 0.1 W, 0603 R26, R27, R28, R59 Vishay-Dale CRCW060368K0JNEA 4 Y 0603

Fitted RES, 1.00 MΩ, 1%, 0.1 W, 0603 R30 Vishay-Dale CRCW06031M00FKE 1 Y 0603
A

Fitted RES, 10 kΩ, 0.01%, 0.063 W, 0603 R31, R32, R33, R34, R35, R36, R37, R38, R55, R56, R57, Stackpole Electronics Inc RNCF0603TKY10K0 16 Y 0603
R58, R62, R64, R65, R66

Fitted RES, 1.00 kΩ, 1%, 0.25 W, 1206 R41, R42 Vishay-Dale CRCW12061K00FKEA 2 Y 1206

Fitted RES, 510 Ω, 0.1%, 0.1 W, 0603 R43 Susumu Co Ltd RG1608P-511-B-T5 1 Y 0603

Fitted RES, 27 kΩ, 5%, 0.1 W, 0603 R44, R45, R46 Yageo America RC0603JR-0727KL 3 Y 0603

Fitted RES, 22 Ω, 5%, 0.25 W, 1206 R47, R48, R49, R50, R51, R52, R53, R54 Vishay-Dale CRCW120622R0JNEA 8 Y 1206

Fitted RES, 47 kΩ, 5%, 0.125 W, 0805 R60 Panasonic ERJ-6GEYJ473V 1 Y 0805

Fitted RES, 470 Ω, 5%, 0.1 W, 0603 R61 Vishay-Dale CRCW0603470RJNEA 1 Y 0603
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Table 9. Bill of Materials (continued)
Fitted Description Designator Manufacturer Part Number Quantity RoHS Package Reference

Fitted Transformer 475 µH SMD T1 Wurth Electronics Midcom 760390015 1 Y 10.05 mm L × 6.73
mm W

Fitted Test Point, O.040 Hole TP1, TP2, TP3, TP4, TP5, TP6, TP7, TP8, TP9, TP10, TP11, STD STD 48
TP12, TP13, TP14, TP15, TP16, TP17, TP18, TP19, TP20,
TP21, TP22, TP23, TP24, TP25, TP26, TP27, TP28, TP29,
TP30, TP31, TP32, TP33, TP34, TP35, TP36, TP37, TP38,
TP39, TP40, TP41, TP42, TP43, TP44, TP45, TP46, TP47,
TP48

Fitted 2.7 V, 15.6 mV/°C, Temperature Sensor, 3-pin SOT-23 U1 National Semiconductor LM62BIM3 1 N MF03A

Fitted IC, ISOLATED RS-485 PROFIBUS TRANSCEIVER U2 TI ISO1176DW 1 SO-16

Fitted IC, 300-mA 40-V LOW-DROPOUT REGULATOR WITH 25- U3 TI TPS7A6533QKVURQ1 1 PFM
uA QUIESCENT CURRENT

Fitted 100 V, 600mA Constant On-Time Synchronous Buck U4 Texas Instruments LM5017MRE/NOPB 1 Y DDA0008B
Regulator, DDA0008B

Fitted IC, DC-DC Converter U5 TI TPS55010RTE 1 QFN-16

Fitted IC, Dual Differential Comparators, 2-36 Vin U6 TI LM293AD 1 SO-8

Fitted LOW-VOLTAGE RAIL-TO-RAIL OUTPUT OPERATIONAL U7, U8 Texas Instruments OPA4314AIPW 2 Y PW0014A
AMPLIFIERS, PW0014A

Fitted IC, Micropower Shunt Voltage Reference 100 ppm/°C, 45 U9 TI LM4041BIDBZ 1 SOT23
µA–12 mA, Adjustable

Not Fitted RES, 0 Ω, 5%, 0.1W, 0603 R72 Vishay-Dale CRCW06030000Z0EA 0 Y 0603
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8 PCB Layout
This design is implemented in 2 layers PCB. For optimal performance of this design follow standard PCB
layout guidelines: including providing decoupling capacitors close to all ICs and adequate power and
ground connections with large copper pours. Additional considerations must be made for providing robust
EMC and EMI immunity. All protection components should be placed as close to the output connectors as
possible to provide a controlled return path for transient currents that does not cross sensitive
components. For best performance, low impedance thick traces should be used along the protection
circuits. Pour copper where ever possible.

8.1 Layout Recommendations
In order to achieve a high performance, the following layout guidelines are recommended:
1. Ensure that protection elements such as TVS diodes and capacitors are placed as close to connectors

as possible.
2. Use large and wide traces to ensure a low-impedance path for high-energy transients.
3. Place the decoupling capacitors close to the supply pin of the IC.
4. Use multiple vias for power and ground for decoupling caps.
5. Place the reference capacitor close to the voltage reference.

9 Layout Prints
Figure 22 through Figure 29 illustrate the layout prints and some mechanical layout information for the
high precision analog front end amplifier and peripherals for MCCB.

Figure 22. Top Silk Screen
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Figure 23. Top Solder Mask

Figure 24. Top Layer
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Figure 25. Bottom Layer

Figure 26. Bottom Solder Mask
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Figure 27. Bottom Silk Screen

Figure 28. Drill Drawing
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Figure 29. Mechanical Dimensions

10 Altium Project
To download the Altium Project files for the board, see the design files at: www.ti.com/tool/TIDA-00128.

11 Gerber files
To download the Gerber files for the board, see the design files at: www.ti.com/tool/TIDA-00128.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate TI semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.
TI reference designs have been created using standard laboratory conditions and engineering practices. TI has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. TI may make
corrections, enhancements, improvements and other changes to its reference designs.
Buyers are authorized to use TI reference designs with the TI component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from TI under the patents or other intellectual property of TI.
TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.
TI reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESD46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent TI
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
Reproduction of significant portions of TI information in TI data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use of any TI components in
Buyer’s safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.
Only those TI components that TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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