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Influence of Core Material on the Emission and Life of Tubes
with Oxide-Coated Cathode
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Fig. 1. Inﬂuence of Reducing Impurities, Such
as Mg and Si in the Sleeve, upon the Initial
Value of the Emission and Mutual Con-
ductance (Test Triode)
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Table 1. ASTM Specification B239-49T for Circular Cross-Section Nickel Cathode Sleeves
B (%) | ‘ _
e Cu Fe Mn & Mg Si S T3
K - I I
Grade 1 - 0.20 max ' 0.20 max 0.20 max 0.08 max 0.01~0.10 0.12~0.20 | 0.008 max 0.02 max
" 4 | 0.04 max | 0.05 max | 0.05 max | G ' It 0.005 max 0.01 max
" 3 ~0.20 max 0.20 max | 0.20 max " N.S. 0.15~0.25 | 0.008 max N.S.
Z 4 0.04 max | 0.05~0.10 0.10 max " 0.01 max z - 0.005 max Z
4 3 I - I I " 0.05~0.15 0.05~0.15 | Z "
' 6 " - 0.05 max 0.02 max t 0.01 max 0.15~0.25 Z 4
" 11 0.20 max | 0.20 max 0.20 max | 't 0.01~0.10 0.01~0.05 | 0.008 max 0
7 21 0.04 max 0.05 max 0.02 max | 0.05 max 0.01 max 0.01 max | 0.005 max I
() N.S.=Not Specified
% 2 % 740 AlRBEAEGSE (ASTM B239-49T) 0B i 113 ©
Table 2 Tentative Rating of Cathode Alloys for Performance Characteristics
e i P b v \ ST
Stk s I 42 o Ty 1 s 1 Activation Sublimation D.C. Emission I:]?Sgéfa‘;(’;e Gm Life
Grade 1 | 3 3 3 3 _
I 2 | J] ] 3 1"
' 3 | 2 , 2 o |
" 4 4 9 1 4 Si GROZ\NHD
I 5 1 4 1 2 | aeEEy s
fr 6 ! 5 2 1 4 7 .L‘_.\L O
% 11 | 6 3 5 2 |
" 21 | 7 1 6 1 |
(E) BrofRund OREHED R
g 3 & 7 o4 0 A W O WOBE W M X % & B o K O
Table 3. Specified and Typical Analysis of Commercial U.S. Cathode Alloys
T B 2% Cu Fe Mn Mg Si | Ti C
2R S spec. ave. spec. I ave. | spec. ave. spec. ave. spec. ave. spec. | ave. spec.
3099 | 0.04 | 0.018] 0.05 ‘ 0.055 | 0.02 | 0.020| 0.0 | 0.010 0.15~0.25 0.190 ©0.004 |
499-999 S w0013 4 0017 » | 0.001 | 0.004 0.0 | 0.008 | 0.001 |0.02 max
999 | f . 0.015 0.05~0.10, 0.078 | 0.10 @ 0.056 7 . 0.009 ;0.15«0.25' 0.182 | 0.004 i0.023
699 | & 2 | v 0.07 | | 0.03 0.05~0.15 0.13 0.05~0.15 0.08 | 2
799 ' 7 | | 1" ' 0.05 0.01~0.10 |0.12m0,20 0.02
220 0.20 = 0.02 | 0.20 | 0.06 | 0.20 | 0.10 | | 0.035 0.01~0.05 0.035 0.023 |
225 | v 0.04 | w015  0.05 0.15~0.25 0.22 0.033 |
g 4 % 7 AV A i WE®RAIXEKSEOH % o % i3
Table 4. Performance Characteristics of U. S. Commercial Cathode Alloys
whew — D THE  Acivation Sublimation ~ D.C. Emission ~ Interface G Life
C . 399 4 - B .| 4 . 4
499-999 7 1 | 7 | 1
299 4 2 i 4 4 Si &ED%\H D
699 ; 1 | 5 | 1 ? )
799 | 2 | 3 | 3 3 R
220 ‘ 6 " 6 | 2
225 | 2 | " 2 : 4

) BFOE b OB R

Cu, Fe, Mn 7¢ & OAK O3 H A FEPELLF (0.20 L4
) THLIUIEEREMEC 2 0 B L\, 1ok 21T
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Mn) O LMK G B O PRI, % 5\ XELLG

&z Al
DYFE:

Grade 1 & 2 (X[EM O IEMALIERNE KA g\ A3, (Cu X3 HER L uﬁéﬁééhéf%é 7y, PERD T
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THY, IEFCKRSIEDNHSH, Grade 4 & 6 % 399 Bio

5N OWTHFEERRE 2302 b DI VLD RERF AT R DE 2 HE A LT
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Table 5. Composition of U.S. Commercial Cathode Alloys
W Cu+Fe+Mn Mg+ Si Mg+ _21 ‘ Mg ‘ 31
ik oy % M 9% R A |- S A S W
Grade 1 | 0.60 max 0.13~0.30 1 0.07~0.20 2 | 2 4
2 i 0,14 I " " 2 " "
3 | 0.60 0.15~0. 25%* " 0.08~0. 13+ 27 ? 5
4 | 0.24 1 0.16~0.26 2 0.08~0.13 3 1 .
5 | v 0.10~0.30 1 0.08~0.23 1 3 3
6 | 0.11 . 0.16~0.26 2 0.09~0.13 3 1 5
11 0.60 0.02~0.15 3 0.02~0.13 4 2 2
21 ‘ 0.11 » 0.02 max 4 0.02 max 5} 1 1
(IE) * OBV 1~5 & Lize * 000 1~5 L Lz, ** Si fokhe it
g6 & 7 2v hmERINEGRSEOR S (3 &)
Table 6. Composition of U.S. Commercial Cathode Alloys
| | i .
DAt Cu+Fe+Mn ! Mg+ Si | hnﬁu? . Mg Si
G | % % g % TR A B O A (O VA
399 | 0.093 0.20 2 0.10 4 2 5
499-999 | 0.031 | 0.012 5 0.008 | 6 | ] 1
599 | 0.149 | 0.191 3 0.10 | 4 2 5
699 | 0.16 0.21 2 0.17 1 5 3
799 | 0.165 0.21 " 0.12 | 3 | 3 4
220 0.18 | 0.07 4 0.05 5 | 3 2
225 0.21 | 0.27 1 0.16 2 4 6
) * BOZWIRCHE 2o T, ™ ZOPuIC S &2l .
e AY) — 7 HhORICHARMME =3 vy a vEBIOHEGOBE GRESHBRY)
Table 7 Relation between Initial Value of Emission Characteristics or Life
and Reducing Impurities in the Nickel Sleeve (Test Triode)
T Mn+Fe | Mg+ E;;] Mg ‘ S1 ! Emo (HO) | Lgg (A) | Tppy (BA) | gy Aifir ‘ Ly Affio
RO 4 h % | % (%) f %) | Ep=oN | Ep=6V | Ey=6N¥ (h) | (W)
350 0.05 | 0.10 0.08 | 0.4 | 530 | 0.3 2.0 700 | 1,000
3-10 0.08 0.09 | 0.04 0.10 550 0.30 2.0 1,000 600
3-30 0.15 0.075 | 0.05 0.5 | 510  0.28 4.8 580 800
3-20 0.19 0.05 | 0.04 | 0.02 | 495 | 0.30 0.40 350 1,100
3-70 0.17 0.045 | 0.03 | 003 | 475 ‘ 0.30 0.5 280 1,000
3-60 0.06 | 0.03  <0.01 0.04 560 0.28 0.5 | 100 1,300
3-40 0.04 | 0.025 | 0.0l | 0.03 | 445 0.17 | 0.46 | 1,500 1,500
GB) (1) BTHAMBE LT Al L0 W D E R T D8, uiLBEﬁMVLtm*mWWHYﬁumﬁhdtﬁﬂﬂjh
(2) FefpalRaed © iy 1,100°K, PEGEIE 100V, -5 0
a4 8 & AY — 7Dt C i E = v ra v IO aolEk  (CZ-501D)
Table 8. Relation between Reducing Impurities in the Nickel Sleeve and Initial
Value of Emission Characteristics or Life (CZ-501D)
\ AV -TORH % | BN AR ETpe— T
7Y F L B ‘ o | I¢, (mA) g (L5) | | 0 h 160 h
Cu+Fe+M M o ] « 0 ) ,
No. ! R . irlf 1.0A) | 4,=094) | ™| (ua (LA)
N-1 | 0.05 = 0.05 0.29 83 2,250 | 0 0.0 0.05
2 | 0.08 — ) 008 0.25 105 2,650 | 800 0.0 0.30
3 0.12 e ~0.1 0.21 45 2,690 2,000 0.0 0.0
4 0.07 <0.01 0.03 0.18 113 2,970 | 1,800 0.0 | 0.30
5 0.06 ‘ <0.01 0.03 0.16 100 | 3,050 | 7,400 | 0.0 |  0.03
6 0.16 <001 015 | 0.1 58 | 2,270 6,000 | 0.0 0.0
7 0.02 | == I =03 . 0.06 140 3,000 ‘ 24,000 0.0 ‘ 0.0
8 0.04 0.06 0.0 - 0.03 \\ 42 2,900 | 24,000 0.0 |  0.03
(i) (D) ArvalBRRft BEMfiEesy 870°C, 2 o o> T Wil FE R s it
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Fig. 2. Inﬂuence of Reducing Impurities,

such as Mg and S, in the Sleevei upon
the Life (Test Triode)

2000 r
~
>
il
2000+ &
E S
o =y
3
1000 5
CHE — 6T
o Life
® s

0 002 Qo4 006 Q08 Qb Q12 0K OF
Mg (%)

AR Ay —7hoOMghi=3yva Dy
Wi s X o Am oMk (6H6-GT)

Eig. 4. Influence of Amounts of Mg in the
Sleeve upon the Initial Value of Emission
and Life (6H6-GT)
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Fig. 3. Influence of Amounts of Si in the
Sleeve upon the Initial Value of Mutual
Conductance and Life (CZ-501D)
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Fig. 5. Influence of Amounts of Si in the

Sleeve upon the Initial Value of Emis-
sion and Life (6H6-GT)
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Table 9. Relation between Reducing Impurities in the Nickel Sleeve and
Initial Value of Emission Characteristics or Life (6H6-GT)
| | I '
e ; Si | : |
gwe | | ““‘} Mg | St | Mg+t | Iy (A) Ly mA) | % G B
- | - i | = | i — 4 — | j - f‘ A b N
o % o ! o | 9 ‘ o ‘ W Er =6V E =5V | (hr) (”[ﬂf"} (MEGz) # ¥t
-1 | 0.00 | 0.09 | 0.12 | 0.15 | 0.09 | 0.195| 2 0.21 | 10.4 2,340 | 2 | 2 Ni
2 | n» | 0.06 | 013 | » | 0.12 | 0.2 1 0.16 9.0 1,450 3 4 Mo
3 " 0.11 | 0.03 | 0.03 | 0.02 | 0.04 4 0.34 | 17.0 2,750 1 1 Fe
4 " 0.07 | 0.01 | 0.07 | 0.06 | 0.10 3 0,260 |11, 19 910 2 5 | Ni 23YF Fe
5 " 0.05 | 0.12 | 0.12 | 0.14 | 0.19 2 o402 . 187 1,700 3 3 | Ni 2v% Fe

() () BESMHELT AL 2549 0.01% GEATVS, (D) HwRBA& E,=8.0V, Eb=10V

10 % HeRBRETHEO A ) — 7 hoRHY & R0 lE  (CZ-501D)
Table 10. Relation between Impurities in the Sleeve after Life Test and
Life Characteristics (CZ-501D)

%{ | S 7"«?:m AR THEDOAY — ﬂj@jﬁ?ﬂ‘%% | = g i g T Iy % R
7 Ba ‘ Sr | Ca \ Si* ! Al* Mg ‘ Mn (rA) (h) (h) (h)
5 . | - | . DR Lo |
41 Ni e I e e S o S B S o - |+++++- (f-%) 15.1 1,430 | 2,600 3,000

| | I
f i i _ il : | ir
46 ' t1 4+ 44 +: 4 + + 4 + 44+ | 9.9 1,640 2,500 2,500
Fi f Pt I | + | | -—l— i
| , ++ 4- | =
47 } / | 4+ oo +4 | ++ (+) + 3 (++4) 10.6 2,240 2,500 2,500
34 iPt o | N STRTINE Sy (R TS S B T S S (e ot TS 44 5.8 2,230 1,670 "
86 | > T T | L A (R | tr 0.2 1 200 200
| Pt 44 | 4+ | % | (ﬂ | + | () 7 00 0
| ot | e B | A+
8 | " e ot \ ttt++ | (+) | oy s 0 40 .

{f-}:) (1,} }fﬁfﬂt%géﬁi If 1 111, CGD{L@FEEML-&i';EBE%iHﬁH LI rg
(2) ® a"?j'ﬂm}ﬂ@ ?FﬁfL_GiX ) '—-7?”5 B@f{___%—h‘ﬁ"o fc-@fL‘piz ) —F rhd E@ﬂi ‘)fl‘-;—;_
o SRR ORAME RS () OERFRS VY F=ivvay,
(3) Pt RV —78R: AMOBMAHIEE T2 MM L dfifEacicot X5 Thb,

COXSICAY =T HOBIEHERM & = 3 v o a v (1) REFE

YA i & OBIRILT LTl <, BRSPS SR ] FL2445 o WPl TR AR X il s ®. a0
X DOTE MDOFRERIZILS _&%&5m — A AP B AU DS DT N TIRERT %, MRER EOAF
ROBHHZ LIZTEREDTIWV LS Ho REAY — P A Fidkek ORI LI H —€ETAF A FEH XL H
7m@ﬁmm$ﬁ%ﬁxu~f@¥Mﬂﬂw,%éwm L, APk U7c728MKPCot 5 ik a Binlfga Lic), 7

PP = -V IHPRICEREL 72D, HERINTL 2k (X5 IS 5 T IIKREFR 2RI L TR L 7ehs, 43060
9 "J‘F CERAY =7 LAY O TN I 1) 5 [k PRI IR D[Rl 25 2 iR DI T2 > D 7o D TR TLRFRIC

LD MEX ZE 2 B L O 2B XIWENATTL S EBILIEWZ 2ic9 5,
Ny, b u-:]:é‘?fa%@ﬂf%%whﬁ'f 55 (2) SRERRER

FAAY — T (O 4D 2 12555 OHERFERIT O
(1) EEERO DD TONL 5, flikds L OB CIEDTcA Y =77k =
MRALAIE PSR, & 2 IR BN ERR I iR IR I 7 v OV THEDICA Y — 7 & D IR O TR TG
L O TRt s o Ba, St & 5\ id Ca 2L AE IR WCRER U 7chs, il EERY 770°C ¢ 2,000 e fE] B {1 X 4
I HREc U720, B A WL b a5 & 3Lk rh o R I A ) — 7T b LA Ba, Sr @1ti% Ni, Fe, Cu
S B L Tusiodd 4 rh s e b & 2 2 583 5 1l ik DIFNZ D T otz . T DF5 R T —)Ia NI, Fe, Cu D i H i
MAREI, DX G IR R O IR SR 240 PR LN E WS IREETFE L, dHAHAAAY
IR TS & Ba, Sr 25X Ca 2sfri s sl — 7 Ba, Sr DRk O R RL E 2 Hivh HS, Ni,Fe,

MRS L, ZDX57eBE2DL LI ICnbrd: (R CuMfBHc4 5279 v F = 3 v g vl pgeiii.go
T B H] D Wil EiE A2 RN L7c) & v TR G mrh T2 e EbBE LT, bbb~ Ba, Sr ©
®D Ba, Sr g ot RAAR, =3I vvavind PREX IR D 724 - ClE N Ch b, FhREE & &0
E DERZ IO TUTRLDORELZHEGE L X 5, 7oL D ZM7e X 5 Chsb, X o iyt b
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SRS D TR T 5HEY G2 T b, J7chbh Th7e K2 tro7c, BIORN LT OGS TH LM, #F
Ni TIXHEBEGY S L & § O %ild e QR CHE mRRBIcRilxhs 2y — 7o Ba, Sr L EIER

w35 X5 PR GO RIEL & ichorz), Fe RlD R\ F, z}:ﬂ: Ni X b Pt O)fipie\, AV —7H
X Cu TREAPEIEILGHL L E 4 0O ildidico i Si Al DZ\WiE Ba ° Sr 44\ 5 ThHLAHELSL
7o 2FW Ni, Pt 84 Ni X0 Pt R Y —7FCo\n FNEFoFHh Lz it wwzicw, (BI0ROF R TIL

11 % R THRO A ) — 7o) L ZLIRBE ORGSO R  GRIEZmE)
Table 11. Relation between Impurities in the Sleeve after Life Test and Composition
of Ba-Sr-Ca Carbonates (Test Triode)

I pERMORAL | - BV TR W e e | rome |8 B
% | ey Ba | Sr | Ca | si | AL [ mMa |TMTTSTRORER
. — — - |— ' = | (h) (h) (h)
| Ba | Sr | Ca | gt | ke | chue | sk | ok | e W | bl | W
3-20 40 35 | 25 - tr | <+ | 0.02 | 0.07 | ~1.0 | ~0.4 | 0.09 | 0.09 ‘ 350 | 1,100 | 1,100
30 | 3 | 30 | 35 + | < ‘ 4+ 0.05 | 0.07  ~1.0 | ~0.3 | 0.03 | 0.09 580 | 800 | 700
0 | 31 27 2 | +45| + 4+ 0.3 011 ~0.4 | 013 0.0 | 0.03 | 1,500 | 1,50 | 1,500
50 28 | 26 6 | ++ + | + | 0.04 | 0.07 0.03 0.05| » | » | 700 | 1,000 \‘ 1,100
60 | 26 | 2 | 51 |+++ + | +  0.04 008 ~05 ~03 | ~ | 002 | 10 | 1,300 1,500
70 24 | 2 | 55 | + tr | <+ 0.3 0.8 >1.0% =1.0%+ 0.05 | 0.06 280 | 1,000 | 1,100

@) (1) HeRBgdt BEEREY 1,100°K, BEGEE 100V, KFEE 0V,
(2) * v ZDT A3 FHMEE LTI b R A F D DRI DTHS 5 o

w12k HeRRK& rRo Ay - Fho e Ba, St UK OR G OB GRS
Table 12. Relation between Impurities in the Sleeve after Life Test and Composition of Ba-Sr
Carbonates (Test Triode)

5 O S S Hi Ba Sr Mg Si Al Mn B G 1 o .}-i‘: i
Ba Sr (h) (h)
38-3 1000 4+ tr l ERW) | iy |+ R 2,500 | 740
16-1 60 10 : 4 | + ! fobs | ek | (+++) i E:_JS | 1,100 1,100
19-8 30 | 70 ++ } it \ 44+ =+ |+ | j j Ly 2,300 80
37-1 0 | | — | ' | 4+ | ey | T « Loy 550 0
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Table 13. Spectro-Analysis of Sleeve, Oxide Coating and Anode Material after
Life Test (CZ-501D)
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Table 14. Initial Value of Emission Characteristics and Life of CZ-501D
Tubes for Studying Migration Effect of Impurities in the Sleeve
R B B | gpe o) | Ig, (A) Tor (RA) | g Fife (b)) | Ig % (R) | 4 R B %
51 ‘ 3.24 | 0.9 6.0 380 | 560 | I,=11A, ZOMiXE#KEE
72 | 3.08 0.8 0.4 | 160 300 "
46 | 3.67 | 1.4 9.9 | 1,640 2,500 1,=1.1A O*
88 3.5 0.8 0.28 | 0 10 y
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Table 15. Electron-Diffraction Analysis of Sleeve Surface after Life Test (CZ-501D)
No. 38 | No. 41 No. 46 No. 64 No. 88 | No. 89
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(A) (A) (A) (A) (A) (A)
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Table 16. Spectro-Analysis of CZ-501D Tube’s Sleeve for Studying
Interface by Electron-Diffraction Method
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Table 17. Emission and Life of CZ-501D Tubes for Studying
Interface by Electron-Diffraction Method
: . g 1 ~I o FFW Ig #ér | BhYERRT () .
; E=X - | L mo So cI m S - ¥ (2
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Table 18. Emission Characteristics of Diode Having Sleeve of Test Triode after

Life Test
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