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Abstract — A Study on the characteristics of Ta/Ta,05/MnO, capacitor applied MnO, by means of pyrolysis of man-
ganese nitrate solution was carried out. Single phase of MnO, was obtained in the pyrolysis temperature range of 230 to
250 °C by TG/DSC analysis on manganese nitrate solution. Temperature of pyrolysis, concentration of manganese
nitrate solution and the number of pyrolysis were selected for the basic parameters of embodying MnQO, solid electrolyte
and then the effects of these parameters on the characteristics of capacitor were estimated. The characteristics of capac-
itor pyrolyzed radiationally was superior to that of capacitor pyrolyzed convectionally on the basis of these optimized
parameter conditions. It was verified that radiational pyrolysis formed smaller spherical MnO, particles than those of
convectional one relatively and these facts resulted in forming uniform and dense solid electrolyte layer into the
microporous sintered body of capacitor.
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tration of Manganese Nitrate Solution

LN B A3 ek, wheb] B AT 71 ThEE A Aol @4
Ao | AUl e % she o)kl A 3 SR

GBI O AP s slewae ols A FHow U,
CF: 4-#ﬁol ANNE] Rolell ol AAF T Tk olkglRl sl F0| B4 S e ST AL Al
Q7L AR ol 3 Aok AR AT iR AT AT A ANE 7FOR 7343 mmEER AR D Ale]=

- A 71F olakskazt e A SAdel dist i Szt

oINS Ak A A At Sow AN ek,
RS]S9 7)) AL Ao 7|35 L o ekE Aala
5 A WAUZ 242 Eoj2 she 3 A0 AAsI-

o
o AEA

2 8ok ARl AIENE EH4-6)C 2

3] Wk F2}0] A9 o]/\l-§} }F B} A7 Ao}
IRAE A A

*To whom correspondence should be addressed.
E-mail: kjg8787@hanmail.net

614

8= AlFelA 23,000 CV/g o1d0= wlAlg) gt ule} o]F 3}
Sl 2244 F3ul9] Al poreZ} TS theelal ERdsl| A HA
Zo}x]7] wiitel] o)F vk ui-oll dstal X'dstk o kst
Ydsh= Aol A7) 2A]o] vtEo#] QATh3, 7). ol2igk o4t

=

FUE 20 S (NAIMAY 24 BaHS 29510 &
FAE, QAT AGAE A2 AAe] SIHEAG

(equivalent series resistance : ESR), (3)AoIAAH FHEA 52

7AuAE O] 75 S el Heh3, 8-10]. 53] #H:2e] B

o=



Gl 1ol e A AsAE] EEAT 615

Ri

Re Lo
O—= Cf Rf

L

Fig. 1. Equivalent series resistance of capacitor ; R,; : insulation resistance,
R, : dielectric resistance, C; : capacitance of dielectric, R, :
resistance in electrolyte and L, : inductance of lead.
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€, is relative dielectric constance
A is the surface area of the used dielectric material
d is the thickness of the used dielectric material

Rpsr = Rprt Rppt Ry )
Ry is a sum of a resistance of the dielectric film
Ry is a sum of an intrinsic of the electrolyte

Ryyz is a sum of intrinsic resistance of the constructed parts

tand = 2nfCR 3)
f is the applied frequency

C is the capacitance at the applied frequency

R is the ESR at the applied frequency
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30,000 CV/g BFHF 9B (H.C. Starck)E AFUE 6 g/em®, &
A} 91 7] 4.1%3.3%1.7 mmEExA 2 x3z0]) A-5HA] FElE A
ek, 274 03 mm BFEE SlololE 2R} Adehiel Alste] o
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YA Ak A2 shusto] AWAE G Ak AlREIITHS,
11]. 50°C, 1wt% SR8 Abol|A smA2] HHFel 23l 30
VZHA] 224bel t 3t 7713818 oF=Aksh(anodizing)E A A 81
Ta,05 A 2bela]vhs FASISACHS].

olateltzte] AT AR 75 wi% AAPERE SEHE(Mn(NOy),-
xH,0 : HitachyZ AR-3F30m Aabdzte] dital2lel up o]
Az W ASAIE o] B4 vlwahr] flste] ol a) HAL
WS v)wste] AFEslc. diFd2l2 ARk Ol 2.2 (convection
oven)ye ARSI 0w FAPAL2- AL Nishinooll 2J5}e] AlQke
2119, 12, 13102 A Algtste] ARgSRATt. HAF a2 o
Fi= 270%x160%85 mm 7|2 AZSFL 10 mm FA9) 42 ¥
T Al sle] Walgiglom, sleE Awdll® wAlo] dAFgo= At
dsto] ARz wAE A3 7HdE o] Ee BAPEskEE A
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dEa7F &5% AAR= colloidal carbon(Hitachi) 2! silver paste
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impedance analyzer(Zahner)E A&-310] 10'~10° 3l ool A
9 Ao S AAIBIGIT

{
o

7voll th3t TG/DSC ¥4 Axk= Fig. 20 EAIS13AT} TG
Ak ARaE Bl Aabgike] sl #2100 °CE
1A ZHMn(NO,),-xH,0) 8] dok7h A7 5 =

< AA 180~230°C FelA MnONO; %
AY2dHkE-, 230~250 °C F A ollA] MnONO,olIA
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Fig. 2. TG and DSC curve of manganese nitrate.
Mn(NO;), = MnONO; + NO, 4)
MnONO; — MnO, + NO, 5)
Mn(NO,), - nH,0 - Mn(NO;), - MnONO; — MnO, (6)
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Fig. 3. X-ray diffraction pattern of manganese oxide pyrolyzed in the
closed dry radiational furnace.
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Fig. 4. Voltage versus re-anodized time curves of the pyrolyzed tanta-
lum pellets in the closed dry radiational furnace.
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Table 1. Characteristics of the tantalum solid capacitors after 3 times of pyrolysis with 30 wt % manganese nitrate solution over the temperature of
closed radiational pyrolysis

Pyrolysis temperature (°C)

Characteristics

200 220 240 260 280 300
Capacitance (LF) 120 Hz 49.9 53.0 493 524 50.0 51.3
1kHz 26.9 348 36.1 38.1 372 393
Dissipation factor (%) 120 Hz 27.8 21.5 18.0 17.2 16.0 14.5
1 kHz 54.1 523 39.3 40.2 422 40.9
Withstanding voltage (V) 35 35 3.5~4.0 3.5~4.0 35 3.0
Leakage current (LA) 250 407 300 833 1433 2440
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Fig. 5. Frequency characteristics of tantalum capacitor after 3 times of pyrolysis with 30 wt% manganese nitrate solution over the temperature of
closed dry radiational pyrolysis ; (a) Capacitance, (b) ESR, (c) Phase and (d) Nyquist.
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Table 2. Characteristics of the tantalum capacitors pyrolyzed in a radiational furnace over the number of pyrolysis cycle
Pyrolysis cycle Capacitance(uF) / Dissipation factor(%) at 120 Hz
(cycle) 10 wt(%) 20 wi(%) 30 wit(%) 40 wi(%) 50 wt(%) 60 wt(%)
1 0.2/9.7 0.6/19.8 2.1/21.3 4.4/24.7 9.7/27.2 7.2/14.0
2 0.6/38.3 8.8/34.1 15.7/32.0 18.1/18.1 24.5/9.6 14.6/28.5
3 4.7/52.9 28.9/22.1 49.3/18.2 34.1/15.8 29.9/8.1 15.6/33.7
5 19.3/40.0 49.1/15.0 64.0/13.3 49.8/10.0 33.5/6.7 -/-
7 46.9/22.9 76.6/7.4 73.1/6.8 50.3/6.0 34.0/3.7 -/-
9 63.5/17.4 87.8/6.1 81.3/5.7 52.4/5.6 33.5/3.9 -/-
11 81.9/13.4 90.5/5.8 83.6/5.5 50.9/5.7 -/- -/-
12 92.4/9.9 91.3/5.1 84.8/5.5 50.6/7.2 -/- -/-
13 84.3/9.4 90.1/6.3 80.4/9.8 -/- -/- -/-

Table 3. Leakage-current over the number of pyrolysis cycle in accordance with the concentration of manganese-nitrate solution at 0.6 A for 1 min

Number of Pyrolysis cycles (cycle)

Concentration (Wt%)
1 2 3 4 5 6 7 8
10 Applied voltage (V) 2 2 2 25 2.5 2.5 3 3
Leakage current (LA) 1,762 738 511 5,050 4,106 1,911 7,142 3,848
20 Applied voltage (V) 2 2.5 25 25 3 3 3 35
Leakage current (LA) 1,380 3,307 1,083 707 4,400 3,620 1,738 614
30 Applied voltage (V) 25 25 35 4.0 4.0 10 13 15
Leakage current ((LA) 1,236 1,032 300 250 1,584 1,185 649 45
40 Applied voltage (V) 3 35 15 20 22 24 25 26
Leakage current (1A) 2,538 5,471 339 87 10 15 29 44
50 Applied voltage (V) 20 24 26 27 27 28 28 29
Leakage current (LA) 86 47 5 52 37 45 35 53
60 Applied voltage (V) 22 25 29 - - - - -
Leakage current (LA) 3 2 6 - - - - -
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Fig. 7. SEM photos over the concentration of manganese nitrate of B2 7|FERAAE 7107 T o|aksP) Zo] A E oA E
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40 wi% EEollA] 33] AEHZ AT A9} 50 wi% BEE A
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9] 3 HdA ol QAN A AR THE T @ Al poreell thet TR F-& F7Fskar A el S/d¢] A= @
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SIS, 484, ESR, UAY, #EHF 52 BT T 24 2E-(forced convectional ovenyS AME-5FIL, —,A}O‘ﬂ—‘?‘—oﬂ“ 7
A7171 -?‘]3}1"1 Aol EETHA geket shE HEHoR Az Ao A4 BALARANZE ARSI Z9iAE o S}
Agato] AdAIE ] 542 BRIt 72F 240 9) A 8% -4 A= Fig. 8, SEM 4] A7= Fig. 90l vlwsiSich.
DL, FAEA 9 ESR SAS a1k 10 wi% 431, 20 wi% g Tl oEAS Avrd A B 10kHz o
3%], 30 wi% 33] & 1035 7|E2A o= Arstar of 7)o WA 7H] 90 pF o] %2 AL kS frAlshs vy HE &
oF W AT 542 gkl 40, 50 winl] sEE 3ER A& WSISAIRE AR A9 o 52 BEEAdE H &

Table 4. Characteristics of the tantalum solid capacitor pyrolyzed with the complex concentration of manganese nitrate solution in a radiational
furnace at 240 °C

Condition of Capacitance (1F) Dissipation factor (%) Withstanding voltage (V) Leakage current (LA)
Pyrolysis 120 Hz 1 kHz 120 Hz 1 kHz 0.6 A 0.6 A
A 91.6 87.3 6.7 40.8 3.0 121
B 95.0 925 53 29.0 4.0 159
C 97.5 953 4.5 245 9.0 482
D 98.0 96.2 3.8 21.6 145 453
E 97.8 95.7 39 20.8 14.0 823
F 97.0 95.0 4.0 22.7 16.5 663

10 wt% (4 times) + 20 wt% (3 times) + 30 wi% (3 times)

10 wt% (4 times) + 20 wt% (3 times) + 30 wt% (3 times) + 40 wt% (1 time)

10 wt% (4 times) + 20 wt% (3 times) + 30 wt% (3 times) + 40 wt% (2 times)

10 wt% (4 times) + 20 wi% (3 times) + 30 wt% (3 times) + 40 wt% (3 times)

10 wit% (4 times) + 20 wt% (3 times) + 30 wt% (3 times) + 40 wt% (2 times) + 50 wt% (1 time)
10 wit% (4 times) + 20 wt% (3 times) + 30 wt% (3 times) + 40 wt% (2 times) + 50 wt% (2 times)
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