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微磁技術實驗室–研究主題 
磁強計 (magnetometers) 

 超導量子干涉元件 (Superconducting Quantum Interference Devices, SQUID) 

 巨磁阻 (giant magnetoresistance, GMR) 

 通量閘 (fluxgate) 

渦電流偵測器 (eddy-current detectors) 

低頻(10 Hz~10 kHz)：渦電流缺陷偵測器 

高頻(10 kHz~10 MHz)：非接觸式距離偵測器 

磁感測器應用 

心臟磁場量測：SQUID 

磁場圖掃描、磁源電流逆算：GMR  

硬幣辨識：高頻渦電流偵測器  

結語 
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微磁技術實驗室–主要儀器 

磁控濺鍍、離子束蝕刻系統 

頻譜分析儀 電路板彫刻機 

二維磁場掃描系統 
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磁控濺鍍、離子束蝕刻系統 

規格： 

(1)磁控濺鍍 

 •交、直流磁控濺鍍電源 

 •雙濺鍍槍(2”) 

 •溫控加熱器(800ºC, PID) 

 

(2)離子束蝕刻 

 •離子槍(3 cm, Ar) 

 •可旋轉蝕刻台(360º) 

用途： 

 •成長YBCO磊晶薄膜 

 •銀薄膜製作 

 •氬離子束蝕刻 

 •晶片退火(O2, N2, Ar) 
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微磁技術實驗室–其它儀器設備 

 •晶片(鋁線)銲線機(wire bonder) – 在無塵室內 

 •任意波形產生器(arbitrary wave form generator) 

 •微波訊號產生器(microwave signal generator) 

 •鎖相放大器(lock-in amplifier) 

 •可程式濾波放大器(programmable filter, DC~1 MHz) 

 •射頻放大器(radio-frequency amplifier, DC~350 MHz) 

 •光遮斷器(optical chopper) 

 •數位儲存示波器(digital storage oscilloscope) 

 •六位半多功能電表(multimeter, 6½  digits) 

 •阻抗量測儀(LCR meter)  

 •三軸通量閘 (triaxial fluxgate, 10–4 T~ 10–10 T)  
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微磁技術實驗室–研究主題 
磁強計 (magnetometers) 

 超導量子干涉元件 (Superconducting Quantum Interference Devices, SQUID) 

 巨磁阻 (giant magnetoresistance, GMR) 

 通量閘 (fluxgate) 

渦電流偵測器 (eddy-current detectors) 

低頻(10 Hz~10 kHz)：渦電流缺陷偵測器 

高頻(10 kHz~10 MHz)：非接觸式距離偵測器 

磁感測器應用 

心臟磁場量測：SQUID 

磁場圖掃描、磁源電流逆算：GMR  

硬幣辨識：高頻渦電流偵測器  

結語 
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(霍爾效應)  

Giant magneto-impedance  

(GMI, 巨磁感) 

Giant magneto-resistance 

(GMR, 巨磁阻) 

Anisotropic magneto-resistance 
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Fluxgate* 

(通量閘) 
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超導材料 

傳統超導體 (金屬) 

  Al (1.2 K), Sn(3.7 K), Pb (7.2 K), Nb (9.3 K) 

  Nb3Sn (18 K), Nb3Ge (23 K) 

R 

T TC 

臨界溫度 

R = 0 

R > 0 

高溫超導體 (陶瓷) 

   La1.8Sr0.2CuO4 (40 K) 

   YBa2Cu3O7-y (92 K) 

   (Tl0.5Pb0.5)Ba2Ca2Cu3O10-y (125 K) 

   HgSr2Ca2Cu3O10-y (150 K) 

   MgB2 (40 K) 
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High-Tc YBa2Cu3O7-x (YBCO) Josephson junctions  

Coherence lengths ~ 3 nm in the a-b plane 

                              ~ 0.4 nm along the c-axis 
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Junction area  

= 2 m  0.15 m  

= 0.3 m2 

Bi-crystal Josephson junction 

c-axis 

約瑟夫森接面 
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超導量子干涉元件 (SQUID) 

SQUID = Superconducting QUantum Interference Device 

               超導                      量子 

約瑟夫森接面 
Josephson Junctions 

IB 
V 

超導體 
Superconductor 

基板 
Substrate 

國科會計畫 
NSC98-2112-M-151-002-MY3 
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  Flux-locked loop for dc SQUID 

 Vout  ext :        Vout= (Rf /Mf) ext 

 
Phase 
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SQUID 磁場測量系統 

SQUID 

驅動電路 

SQUID 

液態氮 (77 K) 

低溫杜耳瓶(玻璃纖維) 

Vout  B 

待測物 
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J. T. Jeng et al., IEEE Trans. Appl. Supercond. 17, 691 – 694 (2007). 

Superconducting Quantum Interference Grating (SQIG) 
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(YBa2Cu3O7-x on a 12/12 SrTiO3 bicrystal substrate) 

 SQIG  

 11 Josephson junctions in 

parallel (2 m in width)  

 Aeff  0.0083 mm2 

 SQUID  

 two Josephson junctions in 

parallel (2 m in width)  

 Aeff  0.0015 mm2 

60 m 
60 m

11-junction 

SQIG

11-junction 

SQIG

SQUID

J. T. Jeng et al., IEEE Trans. Appl. Supercond. 17, 691 – 694 (2007). 

SQIG and SQUID with bicrystal junctions 

bicrystal boundary 
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巨磁阻 (giant magneto resistance, GMR) 元件 

Jim Daughton, "Spin-Dependent Sensors", 

Proc. IEEE, 91, 681, (2003) 

I 
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Axis of sensitivity 

V+ (supply) 

V- (ground) 

Out - 

Out + 

5.0 mm 

GMR sensor from Nonvolatile Electronics, http://www.nve.com/ 

1.4 mm 

Vs 

VGMR 

GMR磁場感測元件 
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GMR磁強計之磁場回授電路 
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有磁場回授之GMR磁強計的特性 

Sensor 

# 

VB  

(V/mT) 

SB
1/2 @1 kHz  

(nT/Hz1/2) 

GMR 1 2.800.025 1.5 

GMR 2 2.830.028 1.8 

GMR 3 2.940.013 2.7 
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雙電橋巨磁阻感測器 (dual-bridge GMR sensor) 
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磁穿隧接面(magnetic tunneling junction, MTJ) 

上
電
極 

下
電
極 

Si substrate 

Ti  (seed layer) 

Ag  (wiring) 
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AlOx 
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上電極 

下電極 MTJ 

MTJ 



26 

通量閘(fluxgate) 

環型(跑道型) 

感測方向 

棒型 正交型 

sensing direction 

Orthogonal  
(wire core) Parallel  

(racetrack) 
Parallel  
(rod core) 
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通量閘(fluxgate)原理 
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通量閘驅動電路：二次諧波偵測 

PA





IA

功率放大器

移相器

混波器

振盪器
Vf

Rf

積分器通量閘

拾波線圈

倍頻器

回授線圈

儀表放大器

磁芯

感測方向

PA

功率放大器

Vs
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微通量閘 (microfluxgates) 

繞線型微通量閘[1] 晶片型微通量閘[2] 

(TSMC CMOS-MEMS 0.35µm) 

[1] J.T. Jeng, J.H. Chen, and C.C. Lu, IEEE Transactions on Magnetics. 48, pp.3696-3699 (2012) 
[2] C.C. Lu, Y.T. Liu, F.Y. Jhao, and J.T. Jeng, Sensors and Actuators A  179, pp. 39-43 (2012). 

1 mm 
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微通量閘特性(characteristics of microfluxgates) 
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通量閘應用: 主動式磁屏蔽(Active Magnetic Shielding) 
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微磁技術實驗室–研究主題 
磁強計 (magnetometers) 

 超導量子干涉元件 (Superconducting Quantum Interference Devices, SQUID) 

 巨磁阻 (giant magnetoresistance, GMR) 

 通量閘 (fluxgate) 

渦電流偵測器 (eddy-current detectors) 

低頻(10 Hz~10 kHz)：渦電流缺陷偵測器 

高頻(10 kHz~10 MHz)：非接觸式距離偵測器 

磁感測器應用 

心臟磁場量測：SQUID 

磁場圖掃描、磁源電流逆算：GMR  

硬幣辨識：高頻渦電流偵測器  

結語 
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利用「低頻 」渦電流探頭偵測裂隙深度 
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GMR-based Eddy-Current Probe 

GMR magnetometer 
Feedback coil 

exciter 
Scan direction 

Axis of 
sensitivity 

Aluminum sheets 



35 

Defect signal of a hidden crack in layered 

aluminum sheets 
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渦電流位移感測器 
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渦電流位移偵測器(目標物: SS304 φ100 mm×19 mm) 
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微磁技術實驗室–研究主題 
磁強計 (magnetometers) 

 超導量子干涉元件 (Superconducting Quantum Interference Devices, SQUID) 

 巨磁阻 (giant magnetoresistance, GMR) 

 通量閘 (fluxgate) 

渦電流偵測器 (eddy-current detectors) 

低頻(10 Hz~10 kHz)：渦電流缺陷偵測器 

高頻(10 kHz~10 MHz)：非接觸式距離偵測器 

磁感測器應用 

心臟磁場量測：SQUID 

磁場圖掃描、磁源電流逆算：GMR  

硬幣辨識：高頻渦電流偵測器  

結語 
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Motion tracking (fluxgate) 

Aviation navigation (fluxgate) 

Electronic compass (fluxgate) 

Current sensing (Hall, GMR) 

Rotation sensing (Hall, GMR) 

Vehicle detection (AMR, GMR, fluxgate) 

Audio sensor (GMR) 

Eddy-current probe (GMR, fluxgate, SQUID) 

Micro-magnetic imaging (Hall , GMR, SQUID) 

Geophysical applications (fluxgate, SQUID) 

Active Magnetic Shielding (fluxgate, SQUID) 

Active biomagnetic fields (SQUID):  
   MagnetoCardioGram (MCG, 心磁圖) 

   MagnetoEncephaloGram (MEG, 腦磁圖)  

Low-field magnetic resonance imaging (SQUID) 

磁感測器的應用範圍 
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Magnetocardiogram (MCG, 心磁圖) in an unshielded environment 

IEEE Tran. Appl. Supercond. 13, 360 (2003) 
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IEEE Tran. Appl. Supercond. 13, 381 (2003) 

MCG & ECG of a rat’s heart (in a shielded environment) 
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Current  injection 

Feedback 

Error signal 

Feedback  

circuit 

Vout 

Printed circuit  
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Magnetic 
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磁場圖掃描、磁源電流逆算 (GMR, fluxgate, & SQUID) 
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渦電流偵測器的應用 

工件品質檢測 硬幣辦識 動態位移 

振動、偏心率 形變檢測 厚度量測 
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結語 

三種磁強計比較 

 靈敏度：SQUID > fluxgate > GMR 

 頻寬： SQUID > GMR > fluxgate  

 功率消耗： fluxgate > GMR > SQUID 

研究領域特性： 

基礎研究(論文發表)：SQUID, fluxgate, GMR, MTJ 

應用研究(產學合作)：eddy-current, coin validation 

未來有無限的可能性，唯一的限制在於想像力 


