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Abstract

We fabricated electrolyte-insulator-semiconductor (EIS) devices using a solution process and measured the sensing properties of EIS
devices according to the thicknesses of sensing membrane. For high pH sensitivity and better stability properties, we used SiO2/HfOx

(OH) layer as a sensing membrane. In this work, HfOx sensing membranes were deposited on 5 nm thick SiO2 buffer layer by spin coater
with thicknesses of 15, 31, 42, 55 nm, respectively. As a result, we founded that the thickness of HfOx sensing membrane affects to
sensitivity and chemical stability of EIS device. Especially, the EIS device with 42 nm thick HfOx membrane showed superior sensing
ability in terms of pH-sensitivity, linearity, hysteresis voltage and drift rate characteristics than the other devices. In conclusion, we
confirmed that it is possible to improve the sensing ability and the chemical stability properties using optimized thickness of sensing
membrane and proper annealing process. 
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1. ≠–

÷Ÿ˙–‚˙Ãflfi‘°˚ÛˆÂ°≠««√£ÀÁ◊⁄

°¯‹Ó˙¥°Ø°Î—Á˜È«¸…Ãı°œÌ÷∏Á, Ã

°˚Û«·§ØÊ§Í˜˙∞∫π∫–fl°≠ŸÃ¿æ≠°Î

—¨∏°∞flœ‘ÃÁÓˆÌ÷Ÿ[1, 2]. ◊fl, EIS (Electrolyte

Insulator Semiconductor)¬ ¸ÿ˙ ”« Ã¬ Ûμ¶ ¯§œ¬

Î•˚Œ›μºæ≠Œ, ¶∂¯§Ã£‹œÌ�ˆ∑«Ø∫Ú°

° ÎÃœŸ¬ °°≠ π∫ ¨∏° ¯‡«Ì ÷Ÿ. «—, EIS ¬

ISFET(Ion Sensitive Field Effect Transistor)∏Œ« ˚ÎÃ Î

ÃœÁ ¤∫ “⁄ ©‚ ◊ flÌ— ∏∂, ◊ÆÌ ¸• ¿‰ ”μÕ

CMOS ̄ §˙«£Ø∫Ã¡Ÿ¬©Ø°ˆÂ°Èª°ˆÌ÷Ÿ

[3, 4]. ÷Ÿ°¬ÃØ—EIS æ≠« pH �ˆ…¬ª‚Û√∞‚ß

œ© Al2O3, HfO2, Er2O3, ZrO2 Ó« Ù∫ Ø¸ Ûˆ¶ °ˆ¬

high-k ∞˙ÈÃ �ˆ∑∏Œ ÁÎ«Ì ÷∏Á, ◊ fl HfO2¬ ´

Ø¸ÛˆŒ Œ— Ù∫ ‚¬ Ø∫∏Œ signal-to-noise ratio

(SNR)¶ ≥±√≥ ˆ ÷Ó π∫ ¨∏° ¯‡«Ì ÷¬ ∞˙ÃŸ

[5-8]. œ›˚∏Œ EIS “⁄«�ˆ∑∫ CVD, ALD, RF sputter

Õ∞∫¯¯ÂÒŒı¯ÃÃÁÓˆÁ [9-11], ÃØ—∫∑Êƒ

È∫Ïˆ—∑«Ø∫°μ“∏œÌÌ°«¯§ÂÒÕπ∫¶¤

ÒÎ◊√£ª ‰Œ—Ÿ¬‹°Ã÷Ÿ. ̊ Û≠, ÷Ÿ°¬¯§

˙§Ã£‹—Î◊¯§Ã™◊©¨¡∞√ÊƒÈÃ∞flœ‘¨

∏«Ì÷∏Á, Ã¬¶¤‹°¶∑‚ˆ÷ª”∏ΔœÛÎÈ˚

≠°ØÆœŸ¬Â°μ°ˆÌ÷Ÿ[12-15]. —Ì, Î◊¯§∏Œ

¸∫—∑«Œ≤°Î—�ˆØ∫««∏∫∫Δ˜Óˆ∏Ì«Ó

÷ˆ ∏Á, Ïˆ—�μÕ≠–˚»§∫ªÆ¬“⁄¶¶¤œ‚

ßÿ≠¬∑«Œ≤°Î—÷˚≠° ‰œŸ.

ª¨∏°≠¬¯¯ÂÒ¶ÃÎœˆ Ì£‹—Î◊ı¯¯

§(solution deposition)°«œ©HfOx�ˆ∑ªÆ¬EIS pH æ

≠¶¶¤œ¥∏Á, �ˆ∑«Œ≤°˚•�ˆØ∫ªÚ°œ©÷
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˚≠»Œ≤¶¶√œ¥Ÿ.

2. «ËÊ˝

2.1 EISæ≠«¶¤

HfOx�ˆ∑ªÆ¬ EIS pH æ≠«‹Èƒμ¶ Fig. 1°™

∏ª˙Ÿ. Ò˙◊Ã 1-20 ÿcm Œ (100) Ê‚« p-type Si ̨ Ã¤

¶‚«∏ŒÁÎœ¥∏Á•ÿ RCA º§ª«√œ¥Ÿ. HfOx∑

ªı¯œ‚°’≠, ‚«˙ high-k ̊ ˛∑ÁÃ«´›⁄Ûˆ˜

ÃŒŒ—ËÈØ∫«≠≠¶Êˆœ‚ßœ©œÊ˛«™“ªœ

¬ SiO2̨ ªRF ∫¤Õ¶ÃÎœ© 100 W«RF power ÕO2/Ar

(50/50 sccm) gas «–ß‚°≠ 5 nm Œ≤Œı¯œ¥Ÿ[16]. —

Ì, Î◊ı¯¯§ªß— HfOx ¸∏º¬ sol-gel Ê˝ªÃÎœ

© 2-methoxyethanol 20 mL° hafnium chloride (HfCl4,

99.9%)¶ 0.1 M «Ò≤ŒÎÿ√—¶¤œ¥∏Á, œÊ SiO2∑Ã

ı¯»‚«ß° spin coater ¶ÃÎœ© 6000 rpm °≠ 30  

ø»¢¢ 1∏, 2∏, 3∏, 4∏⁄√œ©�ˆ∑ªı¯œ¥Ÿ. 

⁄√Ωˆ°˚•HfOx«Œ≤Õ 3 ∏⁄√—∑«•ÈÛ¬¶

Fig. 2° ™∏ª˙Ÿ. ı¯» ∑« Î≈Õ ˆ–ª ¶≈œ‚ ßÿ

180oC °≠ 10 –ø»¸‚¿ÏªÃÎœ©≠≥Æ¶«√œ¥∏

Á, HfOx Î◊«≠–˚·’¬ªÙÃ‚ßÿ¤œ∫¶ÃÎœ©

ƒ”≠≥Æ(post deposition anneling) ̄ §ª 600oC °≠ 30 –

£ N2 gas –ß‚°≠ «√— ƒ, fi” ≠≥Æ(rapid thermal

annealing)¶ 850oC °≠ 30  £ «√œ¥Ÿ. Ãƒ e-beam

evaporator ¶ÁÎœ©‚«fiÈ° 300 nm Œ≤« Al ªı¯

œ¥∏Á, ËÈØ∫ª≥±√∞‚ßÿŸ√—¯¤œ∫¶ÃÎœ

© 450oC, N2 gas –ß‚°≠ 30 –£≠≥Æ¶«√œ¥Ÿ. ∂ˆ

∑∏Œ, pH Î◊«÷‘ªßœ© polydimethylsiloxane (PDMS)

Œ�ˆ¶¶¤œÌ«Æ‹¢¯º¶ÃÎœ© EIS �ˆ∑«ÛŒ

°Œ¯œ¥Ÿ.

2.2 ̄ §Ê˝

¶¤»“⁄« pH �ˆØ∫Ú°¬HP 4284A LCR meter Â

Ò¶ÃÎœ¥∏Á, 100 Hz «÷ƒˆ°≠¸–«Ø≠°˚•ø

–√œ∫ (C-V) Ø∫ª ¯§œ¥Ÿ. «Ë° ÁÎ— pH Î◊∫

phosphate buffer solution˙NaClª•’œ©¶¤»Î◊ªÁ

Îœ¥∏Á, ‚ÿ¸ÿ∫ Ag/AgClªÁÎœ¥Ÿ. �ˆØ∫∫ pH

Î◊° ˚• “⁄« �μÕ ±¸∫, pH Î◊« ‹‚ Ø≠Œ Œ—

“⁄«≈⁄∫Ú°Œ˜∫◊Æ√∫ˆÛ, œ™« pH Î◊fl°≠

“⁄«Â‚˚»§∫Ú°ŒÂÆ¡Æø˙¶Îœ©Ú°œ¥∏

Á, Á«Ë∫˚˙¸‚˚Œ‚Ωª«œ‚ßœ©œÛ⁄»°

≠«√œ¥Ÿ.

3. ·˙◊Ì˚

Fig. 3∫¢¢ 1~4 ∏⁄√» HfOx �ˆ∑ªÆ¬ EIS “⁄È

« pH°˚• C-VÓ±ª™∏ΩŸ. pH 3ŒÕ pH 10Óˆ pH Ø

≠°˚• C-V Ó±ÃÊ‚∫÷‘Ãøœ¬·˙¶ÆŒ“ˆ÷

Ÿ.

÷Î §¸ÎÆ™(Cmax)« 50% ° ÿÁœ¬ ¸–ª ‚ÿ ¸–

(VR)∏Œ§«œÌ pH Î◊°˚•VR«Ø≠flÃ¶ÏÏ∏“Ÿ.

◊ · ,̇ ∑« Œ≤° ı°“ˆœ “⁄« �μ «— ı°œ¥∏Á

œ§ Œ≤ ÃÛ°≠¬ ÃØ— ˆÛÃ ¤Δˆ¬ Õª ÆŒœ¥Ÿ.

Fig. 1. Schematic illustration of an EIS pH sensor.

Fig. 2. HfOx thickness by stack number. Inset: a AFM image of
the 3 stacked HfOx surface.
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Ã¬�ˆ∑«Œ≤°“⁄«�μ°μ‚ªÃ£Ÿ¬Õª«Ãœ

Á, Ù∫ �μ¶ Ú‚ ßÿ≠¬ ˚˝— Œ≤« �ˆ∑Ã  ‰‘ª

√Á—Ÿ. �ˆ∑«Œ≤°˚•“⁄«�μØ≠¶ Fig. 4°™∏

ª˙Ÿ. —Ì, pH Î◊«Ø≠°Îœ©‚ÿ¸–«Ø≠ÆÃœ

§—°¶™∏ª¬±¸∫∫ 99% ÃÛ∏ŒÁ“⁄°≠Ïˆœ

‘™∏μŸ. HfOx�ˆ∑ªÆ¬EIS “⁄«Œ≤°˚•�ˆ�

μ◊±¸∫ªTable 1°§Æœ¥Ÿ.

Fig. 5∫Î◊fl°ß˚«Óø¤œ¬æ≠“⁄«≠–›¿°

Î—Ã¬Ø∫ª¯§—˜∫◊Æ√∫ˆÛª™∏ª¬◊°¡Ã

Ÿ. ˜∫◊Æ√∫¸–∫‹‚£ø»«›π˚Œ pH Ø≠°«—

“⁄«≠≠ˆÛ◊≈⁄∫ªÚ°œ¬Ø∫∏Œ, ≥Ω pH 7 Î◊

°≠« ‚ÿ¸–˙∂ˆ∑ pH 7 Î◊°≠«‚ÿ¸–«˜ÃŒ

§«œ¥Ÿ. pH Î◊Á 2–«£›∏Œ 5∏ø¯§œ¥∏Á pH 7

-pH 10-pH 7-pH 4-pH 7 «¯≠Œ‚ÿ¸–«Ø≠¶ÏÏ∏

“Ÿ. ◊ · ,̇ �ˆ∑« Œ≤° ı°“ˆœ ˜∫◊Æ√∫ ¸–Ã

ı°œ¥∏Á, œ§Œ≤ÃÛ°≠¬“⁄«≠≠ˆÛÃ�“œ¬

ÕªÆŒœ¥Ÿ. Ã¬“⁄«≈⁄∫Ã�ˆ∑«Œ≤°«∏‘ª

«Ã—Ÿ. HfOx �ˆ∑ªÆ¬ EIS “⁄«Œ≤°˚•˜∫◊Æ

√∫¸–ªTable 1°§Æœ¥Ÿ.

Fig. 6¬‚ÿ¸–Ãœ§—Ûμ« pH Î◊»°≠√£°˚

ÛØ≠œ¬ÂÆ¡Æø˙¶¯§—◊°¡ÃŸ. Drift ø˙μ˜

∫◊Æ√∫ Ø∫˙ ∂˘°ˆŒ “⁄« »§∫ª Ú°œ¬ Ø∫Ã

Á, “⁄¶—æ˘« pH Î◊°Â√£ø»Î‚√∞È≠¯§fl

ª ß« ÷Î‚ÿ ¸–°≠÷“ ‚ÿ¸–« Ø≠Æ∏Œ§«»

Ÿ. ª«Ë°≠¬ pH 7 Î◊°≠— 12√£ø» 30– £›∏Œ

‚ÿ¸–«√£˚Ø≠flÃ¶ÏÏ∏“Ÿ. ◊· ,̇ �ˆ∑«Œ

≤°ı°‘°˚ÛÂÆ¡Æ≤μı°œ¥∏Á, œ§Œ≤ÃÛ°

≠¬ÂÆ¡Æ≤Ã≈«ı°œˆ ΩªÆŒœ¥Ÿ. Ã¬“⁄«

»§∫Ã�ˆ∑«Œ≤°«∏œÌ÷Ωª™∏ΩŸ. HfOx�ˆ∑

ªÆ¬ EIS “⁄«Œ≤°˚•ÂÆ¡ÆØ∫ª Table 1°§Æ

Fig. 4. Sensitivity of  EIS according to HfOx stack number.

Fig. 5. Hysteresis voltage of EIS with stacked HfOx sensing
membrane during the pH loops 7-10-7-4-7.

Fig. 3. C-V curves response of all the sensing membrane in
different pH buffer solutions; (a) 1 Stack, (b) 2 Stack, (c) 3
Stack, and (d) 4 Stack.

(a) (b)

(c) (d)

Table 1. pH sensing characteristics of  EIS according to
HfOx stack number

1 46.57 99.80 18.12 0.763
2 47.30 99.46 22.81 1.48
3 54.40 99.87 23.68 2.02
4 54.72 99.38 27.42 2.05

Stack Sensitivity
(mV/pH)

Linearity
(%)

Hysteresis
voltage (mV)

Drift rate
(mV/h)
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œ¥Ÿ. ̊ Û≠, EIS “⁄«�ˆ�μÕ±¸∫, ≈⁄∫◊»§∫

¯Èª æ’˚∏Œ Ì¡flª ß, 3∏ ⁄√° «ÿ 42 nm Œ≤«

HfOx ∑ª °ˆ¬ OH ˚˛∑Ã ÛÎ˚∏Œ Ù∫ �μÕ Ïˆ—

»§∫ª™∏øª«ËªÎœ©ÆŒœ¥Ÿ.

4. ·–

ª «Ë°≠¬ ˙ÒÎ, Ì∫…« ŸÃ¿ æ≠¶ ¶¤œ‚ ßÿ

Î◊¯§ªÃÎ—HfOx�ˆ∑ªÆ¬EIS “⁄¶¶¤œ¥∏Á,

�ˆ∑«Œ≤°˚• pH �ˆØ∫ªÚ°œ¥Ÿ. ◊· ,̇ �ˆ

∑« Œ≤° “⁄« �ˆ �μ◊ ≠–˚ »§∫° μ‚ªÃßª

ÆŒœ¥∏Á, ÷æ˚∏Œ 3∏⁄√°«œ© 42 nmŒ≤« HfOx

∑ªÆ¬ OH �ˆ∑°≠°ÂÏˆ—Ø∫« EIS “⁄¶¶¤“

ˆ÷˙Ÿ.  ª¨∏«· ,̇ ˙°≠◊ÎÆ˝Í°˚’—Î◊ı

¯¯§˙ıÌÙ∫�ˆ�μ¶ß—�ˆ∑«⁄√∂«◊Œ≤

«÷˚≠, ◊ÆÌ»§∫‚Ûªß—ƒ”≠≥Æ¯§«÷˚≠

¶Îœ©˙≈œÈ≠μÏˆ—Ø∫ª°ˆ¬ŸÃ¿æ≠«¶¤

Ã°…“Õ∏Œ‚Î»Ÿ.

�Á«¤

ÃÌÆ∫ 2012‚μ§Œ(≥∞˙–‚˙Œ)«Á¯∏Œfi’Œˆ

ØÊÁ˜ªŒ-≈‚˙∂’¸ ∫Âø¬Á˜« ˆ¯ª fiΔ ˆ‡»

¨∏” (2012K001352).
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