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Toshiba 1G32P is a hydrogen

5 " thyratorn for switching service
.

in rader modulators and in other
pulse applications.

It is suitable for producing pulse

outputs of 350 kW at an average

power level of 400 watts.
1G32P is identical to the elec-
trical characteristics of 1G35P/

M 4C35 except for dimensions.

GENERAL DATA

Minimum Bogie Maximum
ELECTRICAL:

Cathode: Oxide-Coated
‘ Heater Voltage ...ccievecaecs 5.7 6.3 6.6 A%
v Heater Current (Ef=6.3V)..... 5: 5 6.1 6.7 A
i_ Heating TIME ;. a6 m od wee s s 180 - - sec
A ; vAnpde Voltage Drop .oesssnmvsss - 70 150 \Y%
i ¢ Anode Delay Time .......0.... 1T - - 0.6 Us
*A! Anode Current Time Jitter ...... - 0.005 - Us

o MECHANICAL:
¢ INFRSNSIONS v on 505 o s sesnesinsssensenwnes Dee COutline Drawing
2 Overall Length .s:caesasnevnsdesssses s o B S (B B0 S : 14545 mm
; Max. . Diameter «.wiassss 45 mm
¢ve: Base Number:

Cap et eeereersseeeeesreess. Al4S, Medium (JEDEC No. Cl-5)
R Base ....... D16S-2, Medium Shell Small 4-pin (JEDEC No. A4-9)

Recommended Socket:
GAP. o3 5 s ans wise wis T Y- LT whia] $Pre] sBravilrs) (€] Ghis) he) s Toshiba VT -29057
Bas® 5 v 56 e eie woawosce s nw wis g &1 5%l &1 o] & ] oBee o bd bR . Toshiba VT-21025
Base Connections .eeseseecseoncossnsionssosn ... See Cutline Drawing
Cooling . cawpw s sp e we o oie @ W @38 B 5] 50067 o) i Sl SR, ) ee) BT e.e... Natural
Mounting PoSItioN. s oww sw s vm on s e s 6@ on se s v o8 s s 8w e 6@ &5 Any
Net Weight (ApproX.)}  .csesseses i LS 775, [ 59 SIYENITS] 1) STk Sl 5,0 B 130 ¢

The infocrmation contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of TOSHIBA or others.

e * The information contained herein may be changed without prior notice. It is therefore advisable to

contact TOSHIBA before proceeding with the design of equipment incorporating this product.
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1G32p

RATINGS

ABSOLUTE MAXIMUM:
Peak Anode Voltage:
Inverse (2 ................................... 8000 Vv
Forward( ) cossnwswssunus keanneasvin S0 epy % 8000 v
Anode Current:
Peak Current «ssswessasisaa a2 0 6T TN o) G S Sl et e § 90 A
Average CURTETl o wswew ve v os e sevs o ss o8 s s ssne 0l A
AVETaBing LiNe L.sscussssasvemasas sausssssss s s 1 cycle
Mifiimam. DO Supply Voltdge cusssosssmvessseans oss 2500 A%
Negative Grid Voltage (Before Conduction) «..eeeee-o. 200 Vv
Rate of Rise of Cathode Current ... vuueeoeweneoneonan 1000 A/us
Palase Rapetition Bate [PFE] scsssssssssanscinnwsmseon 2500 pps
Operation Factor T 2.0x107
Pulge DUFation .. cosvsisassnnsmsavasssasndansis s 6 us
Amblent TeMpeTalBI® .csnssusssssemsnnsenasassn -50 v 490 °C
TEEIERER 5 s o s 5 s 9 e 5 s e 3000 m
GRID DRIVE (*):
Peak Grid Voltage (Min.) ...ttt reneerenonncones 130 A%
Tirme of Rise (Max.) e secosscosssescnsssssesssesss 0.5 us
Grid Pulse Duration (Min. )(70.7% Amplitude) ...... 2 us
Grid Drive Circuit Impedance (Max.) ....ccv0.n. - 500 Q

TYPICAL OPERATION (Pulse Modulator):

DC' Anode Supply Voltage swsssssmseissisie s sommssee 8000 A%
Pulge Repetition Rafe (prr) wsscsawes s s sosmss e 2000 PPS
Palse Width <aiw smseab an @55 06 56 06 as @« e e oo &e g 66 0.5 us
Pulse Forming Network Impedance ...............00 47 Q
Toad Impedance cc.cococeiosonrasasosansnssscsasaes 47 Q
Peak Power Output «.cecoceeeriereneeonnnsconnnnss 340 kW
PC Afgde CIEneht = o548 58 860 6@ we e 5 55w 5y i e 30 wE 2w . 85 mA

Note (') In pulse operation, the peak inverse anode voltage exclusive
of a spike of 0.05 microsecond maximum duration should not
exceed 2500 volts during the first 25 microsecond after the
pulse.

(") Where the anode supply voltage is applied instantaneously, the
maximum value of the anode voltage shall not reach 7000 volts
in less than 0. 04 microsecond.

(®) prr (pulse repetition rate. pps)x epy (peak forward anode voltage.
V)x;ip (peak anode current A)

(*) Measurements are at the tube socket with the thyratron grid
disconnected.



L.

D

1G32P
'GENERAL OPERATIONAL RECOMMENDATION

High Voltage

Operating voltages for power tubes range from several hundred volts
to higher than 50, 000 volts. Since these voltage can be deadly, equip-

ment must be designed so that one can not come in contact with high

voltage.

High Temperature

Don't come in contact with the vacuum tubes, not only the period of the
operation but also immediately after the removal of all tube voltages,

because the temperature of the tube during the operation often exceeds

200 °C.
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1G32P

DIMENSIONAL OUTLINE

1G32p
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Toshiba 1G35P is a hydrogen
thyratorn for switching service in
radar modulators and in other pulse
applications.
It is suitable for producing pulse
outputs of 350kW at an averagé power
level of 400 watts. Very short
deionization time and precise trig-
gering permit the generation of -
short-duration ﬁulses at high repe-
tition frequencies and with negligible
time jitter. .
1G35P is interchangeable with the
4C35, 4C35A.

GENERAL

ELECTRICAL:

Cathode: Oxide-Coated

Heated VoltaPe . ucwvss v s ssmees
Heater Current (Ef=6.3V) ......
Heating Time ..........c0cc00u...
Anode Voltage Drop
Anode Delay Time
Anode Current Time

MECHANICAL:

.

HE T 7o o

Dimensions:
Overall Length ...............

Max. Diameter «:..csocooeecssess
Base Number:

Cap o i e e e e el W e e e e e B

Base wewe s swse D25PA-1,

with Bayonet

Recommended Socket:
Cap
Base ...

® e 8 8 e s 2 e s 0 v e 8 s e s e e s e e e

A A i L R A e S M o 5

TOSHIBA

S RIS SRR

HYDROGEN THYRATRON
1G35P/4c3s

DATA

Minimum Bogie  Maximum
ow. B 6.3 6.6 v
.. 5.5 6.1 6.7 A
.. 180 - - sec
. - 70 150 \'
ur | B = 0.6 Uus
. - 0.002 0.005 wus

See Outline Drawing
170 + 6 mm
65 mm

L I R Y
e s e s e o
e« s s 0 .

« v e D

A14S, Medium (JEDEC No. C1-5)

Large-Metal Shell Super-Jumbo 4-Pin

(JEDEC No.A4-18)

Toshiba VT -29056
Toshiba VT -21026

Base Conmnections s om e e eeome s o s ow om ba a6 o6 me s . See CQCutline Drawing
COOIBIIE wowssns i mio e nm e @i maos snns 5664 8 0E kS SR P ... Natural
MoUntifif PoSiflon. s« v s we m5m sm vn 45 516 Sosis o5& 3 55 86 56 560 as s Any
Net Weight (ADPPToX.) covssessnsnasissesssssusassn s sisss s BLD g

* The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by &

TOSHIBA for any infringements of patents or other rights of the third p

arties which may result from its use. Na license is granted by

implication or otherwise under any patent or patent rights of TOSHIBA or others.

* The information contained herein may be changed without prior notice.

contact TOSHIBA before proceeding with the design of equipment incorporating this product.

i TOSHIBA CORPORATION Emmm

It is therefore advisable to

NED-T 100 1982-05-14
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1G35P/ac3s

" RATINGS
ABSOLUTE MAXIMUM: )

Peak Anode Voltage: B
Inverse (1) ..................... R R s @ 8000 v
BT WAER [ ) 5 vanm mn s s nenhn e g n an o us 5% epy v 8000 \s

Anode Current:

Peak CUITEBE. @it ew e sormwnnasnsesesessssssssse 90 A
Averape CUurrenl L. cvevenssmwnms s on vmre seseswnss 0.1 A
Averaging Time ..ottt eisecetressscsnnoeacesos 1 cycle

Minimum DC Supply Voltage ....... 0ottt 2500 v

Negative Grid Voltage (Before Conduction) .......... 200 v

Rate of Rise of Cathode Current ...........c.cecuv... . 1000 Alus

Pulse Repetition Rate (Prr) .....ieiiiiiiininennenn.s 2500 pPps

Operation Factor B0 7 pn e L e 2.O><109

Pulse DuUration v ve e e eneeeeeeeeeeenesoeeeeeaneess 6 us

Ambient Temperature .......ciciieeecaceeeces -50 ~ +90 °C

ALEUAE 7. s v wn mosm om0 v wm s s s w S e me e e 3000 m

GRID DRIVE ("):

Peak Grid Voltage (Min.) ..i.iiiiiininrennennnnnenss 130 A%

Time of Bise (Mag.) Jassbidvsivussnnsnawsmsn s 0.5 us

Grid Pulse Duration (Min. )(70.7% Amplitude) ....... 2 us

Grid Drive Circuit Impedance (Max.) ccsvvwwonscanmas 1500 Q2

TYPICAL OPERATION (Pulse Modulator):

DC Anode Bupply Vollae . srsusevsvssonssnsvensns s 4000 v

Pulse Repetition Rate (prr) ...ccovieninenccanacenss 2250 PPSs

Pulse Width . «sw s s s 5655 5 66 58 65 656 968 & 69656 5 68 08 05 0.5 Us

Pulse Forming Network Impedance ...c.ccceeeeescne 50 Q

Toad Iopedance esvesessmrussvoranssrsssssmrn ne'ssve 46 Q

Grid Drive Voltage «cocsvscondrnssmwnsosssdsnsnss v wi 200

Peak Power Oulput ssescwsssssnsunsssssnsnssve vs se 310 kW

Average Power Output .........ciiiiiiiiiiiiiiiia, 350 w

DC Anode CUPPFEE s cusinininon e vd 8d6i5 o da s 54 96 95 94 mA

Time Jetter i ittt i it e it e it ittt s st e et 0.01 us

Note (1)

(")

In pulsed operation, the peak inverse anode voltage exclusive of

a spike of 0.05 microsecond maximum duration should not exceed

2500 volts during the first 25 microsecond after the pulse.

Where the anode supply voltage is applied instantaneously, the
maximum value of the anode voltage shall not reach 7000 volts
in less than 0.04 microsecond.

prr(pulse repetition rate. pps).\:epy (peak forward anode voltage.
V)< (peak anode current. A)

Measurements are at the tube socket with the thyratron grid dis-
connected.

) S d

r——



i

1G35P/ac3s
GENERAL OPERATIONAL RECOMMENDATION

High Voltage

Operating voltages for power tubes range from several hundred volts
to higher than 50,000 volts. Since these voltage can be deadly, equip-
ment must be designed so that one can not come in contact with high

voltage.

High Temperature

Don't come in contact with the vacuum tubes, not only the period of the
operation but also immediately after the removal of all tube voltages,
because the temperature of the tube during the operation often exceeds

200 °C.



1G35P/AC35A

Al4S

D25PA-1

DIMENSIONAL OUTLINE
1G35p/4C35A
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TOSHIBA HYDROGEN THYRATRON
1G45P/3c45

Toshiba 1G45P is a hydrogen

thyratorn for switching service in
radar modulators and in other pulse
applications. %

It is capable of switching a peak

power of 50 kW at an average

power level of 65 watts.
This tube is interchangeable

with the 3C45.-

®

GENERAL DATA

ELECTRICAL: Minimum Bogie Maximum
Cathode: Oxide-Coated
Heater Voltage «..veveecnenann. B 7 6.3 6.6 \4
Heater Current (Ef=6.3V)--.e.... 2.0 2.25 2.50 A
Heating Time «ccceecetenecen.. 120 - - sec
Anode Voltage Drop ««-sceeeeeeen. = » 60 150 v
,Anode Delay Time .«..ccceereceen. = - 0.6 us
Anode Current Time Jitter «..ec.... -~ 0.01 0.02 Us
MECHANICAL:
/\) Dimensions: et eeetetereesceseceaesaseaseeaess See QOutline Drawing
Overall Length «.c.civiieiecicinccenennecacnns 122 + 5 mm
Mask, DIiatiielter. ss srsemssamnes §s @ Em ew s seses ose e 40 mm

Base Number:

Cap ssssvsscsssnsansnnevanss A9S, Small Cap (JEDEC No.CIl-1)

Base ..... D16S-2, Medium Shell Small 4-pin (JEDEC No. A4-9)
Recommended Socket: - :

CHP sswesnessnmesvamsmunysnsssasnsssesysanes Loshiba ¥IL-29056

BABE o wewssanonws smassanwssessansssusnensess Soshibs VIT-B1025
Basge Connections w..sssszssssssussssssswsnses oo Outline Drawing
COOINE wamsnn sbe 2s 2@ 55 855 6m 5 w0 BEw s 56 e B se S wan nxmsms e INALGEAL
Mounting Position ....cccdieeecetecctetsctcacsscccscssocoens Any
Net Weight (APPTroX.) «ec.iececrccesoscosassssassscscassss 60 g

~
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'« The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of TOSHIBA or others.

* The information contained herein may be changed without prior natice. It is therefore advisable to

contact TOSHIBA before proceeding with the design of equipment incorporating this product. NaED-T100 1982—-05-14
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1G45P/3cas

RATINGS
ABSOLUTE MAXIMUM:
Peak Anode letage:
Irvemee [V ssissssiceesdpmranancnbss sl vl bnsheltus 3000 \%
Forward (2) .......................... P 5% epy ~ 3000 v
Anode Current:
Peak CUrrent i o ss ws 20586 6.5 55 85 €55 54 5 508 as o e el T ke T35 A
Sxerape CUypenl’ - ssiilisessasvsssensnwsmshs®snns 0.045 A
Averaping TIMIE = «5 5505 9525 52 585 2 oo o sis siwsssses s 1 cycle
Minimum DC- Supply Voltage ..ot viieiiiiverrenennss 800 v
Negative Grid Voltage (Before Conduction).«.......... 200 4
Rate of Rise of Cathode Current ««sssesevoeseccsas i 750 A/us
Puse Rapetition Rate (PTT) s swwswemameinman sisssmssseis 2500 pps
Operation Factor (3) i B s s S R 6 L S TR R e e e 0.3x10
Pulse Duration scssscececcscasassasannsssnss PR A 6 us
Ambient Temperature «c:scccecccscsccssncans -50 ~ +90 °C
RItibnde « o ss s smm s 0o B G0 507 58 B8 BE B OR SG B 6 HE SE S @6 e 3000 m
GRID DRIVE (*):
Peak Grid Voltage (Min.) = ssessssssssncasssonanssss 130 N
Time of Rise (Ma,x,) ............................... 0.5 Us
Grid Pulse Duration (Min.)(70.7% Amplitude) ...... . 2 Us
Grid Drive Circuit Impedance (Max.) «ceveecseccense 1500 Q
TYPICAL OPERATION (Pulse Modulator):
DC Anode Supply Voltage +.ccveiiiiieiiniiaiienann.. 1500 v
Pulse Repetition Rate (prr) .o eieeitiniereenans 2500 pPps
Pulse Width ss s ssme e um s mm s s 56 08 56 9 506 60 & 0.9 a o 5 8 0.5 us
Grid Dyive Voltape cscsissiscansiamsnsonssssmrnssny 200 v
Peak Power Output «rscvevsvvsomsssomnonamnnnwscsios 45 kW
Averape Power Culpul sweses vwssmsn as s sh sesssss sn oms 56 W
Note (') In pulse operation, the peak inverse anode voltage exclusive
of a spike of 0.05 microsecond maximum duration should not
exceed 1500 volts during the first 25 microsecond after the
pulse.

(?) Where the anode supply voltage is applied instantaneously, the
maximum value of the anode voltage shall not reach 3000 volts
in less than 0.04 microsecond.

%) prr(pulse repetition rate. pps)xepy (peak forward anode voltage.
V)xib(peak anode current.A)

(*) Measurements are at the tube socket with the thyratron grid

disconnected.

b i it Wb
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1G45P/_3c45
GENERAL OPERATIONAL RECOMMENDATION

High Voltage

Operating voltages for power tubes range from several hundred volts
to higher than 50,000 volts. Since these voltage can be deadly, equip-
ment must be designed so that one can not come in contact with high

voltage.

High Temperature

Don't come in contact with the vacuum tubes, not only the period of the
operation but also immediately after the removal of all tube voltages,
because the temperature of the tube during the operation often exceeds

200°C. .




1G45P/3C45

DIMENSIONAL OUTLINE
1G45P/3CA45
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TOSHIBA HYDROGEN THYRATRON
2G22P/sc22

Toshiba 2G22P is a hydrogen

thyratorn for switching service

in radar modulators and in other -

pulse applications. _ =~
It is capable of switching a peak

power c;f 2.5 MW at an average

power level of 1600 watts.

2G22P is interchangeable with

the 5C22.
®
GENERAL DATA
ELECTRICAL:
Cathode: Oxide-Coated Minimum Bogie Maximum
Heater Voltage voscvwsnas vo'ww ss, ., B9 6.3 6.7 v
Heater Current (Ef=6.3V)........ 9.6 10.6 11.6 A
Heating Time «covscsescsncnssoss 300 - - sec
., Anode Voltage Drop .......ciuiuennn - 100 175 v
Anode Delay Time - - 0.6 us
Anode Current Time Jitter - 0.002 0.005 us
P MECHANICAL: =
) DIHERSIONST =5 aws o8 @5 w65 668 e @ 6w o8 e &m0 See Outline Drawing
Overall Length «.cccv ittt 216 + 6 mm
Max. Diameter P T T LY 65 mm
Base Number:
Cap cssmenEEmEeviesssswss e see AlAS, Medium (JEDEC No. C€l1-5)
Base.. D25PA-1, Large-Metal-Shell Super-Jumbo 4-pin with Bayonet
(JEDEC No. A4-18)
Recommended Socket:
G s wh wio smmm me pis 5 8 mgwmuwewsnnsonnesesnsns Lophiba VI=29057
BAGE & 666 i sie wis 56 56 518 Sis v s s siie i 5 G wmownnwos Toshiba VT =21026
Base Connections «:escecececessscessssesssasss See Outline Drawing
Cooling ssssomvsswspenspsvsnpsasassesunnrarnssvossnsnsnss DNatural
Mounting Position Any
Net Weight -(Approx.) .......c.... o B R S S e WIS B B e 300 g
\\) - « The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by

TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of TOSHIBA or others.
* The information contained herein may be changed without prior notice. It is therefore advisable to

contact TOSHIBA before proceeding with the design of equipment incorporating this product.

NaED-T100 1982—05—14]
T TOSHIBA CORPORATION pmmmrre » —

PR,



2G22P/s5c22 : -
RATINGS

ABSOLUTE MAXIMUM:

Peak Anode Voltage: . d
Ingerse () - ¢ isisansxss e dnapies S R e g e i b 16,000 A%
Foramrd’ [ )" vsbsscste b iess ceeiiiennens 5% epy A 16,000 \4

Anode Current:

Pealt. GO Tetiliar ¢ uleime ne i are o e e s e s s s o8 e s s s 325 A
Average, CUBTEAL v ovenwm s nnsindials wunssnsossassses 0.2 A
Bveraping i TIIeE -« ene s sws s e on s sdsssssssmsesiss 1 cycle

Minimum DC Supply Voltage ....vitiiiieeeeneeanes 4,500 v

Negative 'Grid Voltage (Before Conduction) «.e.eevo.. . 200 v

Rate of Rise of Cathode Current .......c.eeveeaen dn 1,500 Alus

Pulse- Rapetitioi Rate (PTT) ‘sasesssnsnvsnsnsasns 5w n 1,000 pps

Operation Factor (%) ........ ¥ Ik e SR e TR N R 3.2x107

Pulser Daration: « s s 566 s e ee o e s we o s e e e 6 us

Ambient TemperatlUre  «..v.veeeeeeneoenacnnanas -50 v +90 °G

ATCIERABT 2700 S 0 Bk e, e 101 i we o atie e we s e (e e § e i w1 3,000 m

GRID DRIVE (1):

Peak Grid Voltage (Min. ) saaheives vl hos asase o on oss 150 '

Tirme of Rise (NMasts] 566 57 6.6 56 e lon 5 sm s gime s o0 siis s 0.5 us

Grid Pulse Duration (Min.)(70.7% Amplitude) ........ 2 Us

Grid Drive Gircuit Impedance. (Max:) «uxcusess oo in . 500 Q

TYPICAL OPERATION (Pulse Modulator):

DC Anode Supply Voltage iseuvissssassscsniconsnons 16, 000 A%
Pulse Repetition Rate [(prr} ssasssicicsogomsssasess 1, 000 pPps
Pulse' Width ..vvirrerrnnonnenennns T e e —— 1 us
Pulse Forming Network Impedante .ssewsssassasmss . 50 Q
Grid Diive Voltage ssussamnseenos e sesis s os se aa . 220 A%
Peak Power Ouipul s assesss a@sie s eivese sy e de o 1,280 kW
Averdpe Power OUEPUL 6w inw e e bewemsion s sas sre s s s 1,280 w
DC Artode; CUTEeml su 8 55 50 b s ee 508 wisw, siisis Sigraiie o g siie sliass 175 mA
Time Jitker woas s © S A SR B B SR e e R i e e s i 0.01 us

Note (') In pulsed operation, the peak inverse anode voltage exclusive
of a spike of 0.05 microsecond maximum duration should not
exceed 5000 volts during the first 25 microsecond after the
pulse.

(?) Where the anode supply voltage is applied instantaneously, the
maximum value of the anode voltage shall not reach 13,500 volts
in less than 0.04 microsecond.

() prr(puse repetition rate. pps)x (peak forward anode voltage.

V)xjp (peak anode current.A) pai

(%) Measurements are at the tube socket with the thyratron grid
disconnected.
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2G22P/sc22

GENERAL OPERATIONAL RECOMMENDATION
High Voltage

Operating voltages for power tubes range from several hundred volts
to higher than 50, 000 volts. Since these voltage can be deadly,
equipment must be designed so that one can not come in contact with

high voltage.

. X-RAY Radiation

High-vacuum tubes operating at voltage higher than 10 kilovolts produce
progressively more dangerous X-ray radiation as the voltage is increased.
X-ray shielding must be provided on all sides of tubes which operate
above 10 kilovolts, to provide adequate protection through the tube's

life. If there is any doubt as to the adequacy of shielding, an expert

in this field should be contacted to perform an X-ray survey of the

equipme nt.

. High Temperature

Don't come in contact with the vacuum tubes, not only the period of
the operation but also immediately after the removal of all tubes voltages

becuase the temperature of the tube during the operation often exceeds

200°C.

e 3 =



2G22P/5C22

DIMENSIONAL OUTLINE

2G22P/5C22
2: A148 o]
- )
w
D
—
O
o
O
—
(9]
$65 MAX
o
D25PA-1 | o
C UJ ]

H,R,K

Unit : mm

: Anode |

. Grid
: Cathode
: Heater

. Reservoir




Toshiba Mégnetron

2M21

I’:‘
e < 2M21
~The Toshiba 2M21 is a fixed frejuency continuous wive magnetrons..
designed to operate on. the commercial alternating wave anode
: Supply, in the 225 toc 2479 megacycle freguency range with.ahn
average Lower output of 050 wattc.
. The tubse is reguired liguid couvling and an external magnetie

field.
Ihe output fittine i

s designed for

o

ol

actangular

+ s + -
S P ALAE B

~ waveguidesor the heating cavity directly.

The tule is intended fur
“application. :

GENERAL DATA

électric;1 3
Frejuency
Heater voitage"
Heater current
Catinode preheating time
LUold heater resistance

“- Mechanical ¥

Pliysical dimensions
Base and
Mounting position

RP coupling
Magnetic field

Cooling >
et weil fht
Type oi cathode

electrical connection

TOKYO SHIBAURA ELECTRIC CO., LTD.

el .

use in microwave heating and cooking

2650 T 25 Mo
2.5 ¥
2 ’

See¢ outline drawing
See outline drawing
Gathode vertiecal

See attached drawing

External

T3 g
ul;uld

: | 7 e anryvisevy

- o DK dl‘t“*d‘\ >

Jxide unipotential

EMa2M21-1a

]

s el



TECHNICAL

-Toshiba Magnetron

DATA®

= 2M21
_ MAXIMUM RATINGS ;
3:?%, : Minimum Maximum
; Heater voltage (preheat) 8.6V 10.0 ¥
Cathode preheating time 180 sec T s
Heater voltage (operate) " See attached drawing
Peak anode voltage - QES KV
Peak anode current - 136 A
Average ancde curreant s - 295 mAdc
Average anode powcr input ~ 1900 W
Load VSWR - 4
Anode temperature (see outlxne drawing measurement poxnt)
e 10@ oy
Cathode'bushing tempera are (see oat&¢ne drawLng measurement
pon\*) - 3 300 ', C

x

Heater voltage (operate)
A Peak anode voltage
':AYQ?&SG anode current

" Average pover output

- Cooling quentity (water)

“Pulling factor (load VSR 2)
~ Magnetic field strength(magnet No. 4514—800)

' YOKYO SHIBAURA ELECTRIC CO., LTD.

o

TYPICAL OBERATION

: Cox%rz%xécﬁ%l AC
LS 8ﬂO'V =
3 6.3 kV ‘
275 mAdc
950 W
12 Mc.
1450 G
lymin ' |

—
EM-2M2]1-11




SE62A

Toshiba Magnetron

2M21

St ie |
ol

- Jeaisa  TECHNICAL DATA

2M21

Gperating Circuit

]:.64. ).1}1 :“-5

Electro magnet
#4514-800C

500 PF éZ—%L'5

\\}
m
L1
o : TOO
Heater power supply (AC) Ly
b : f AT
J§1 Gy
! ',/:L," /7;7
P S
fem o s
-~ Ano{e power =supply (AC) ! Ls
' <
o =000
|
R §- E
TR
4+ o— VIV I
Magnet power supply(LC) I‘
Ly :
Lo ¢
C] 4
Co * 95 PF
ol e 1564 TOKYO SHIBAURA ELECTRIC CO. LTD.
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Toshiba Magnetron

 Jeshiba  TECHNICAL DATA
, { > '

Heater voltage(operate) (V)

=
(@]

g

2M21

Heater voltage vs input power schedule

Freheating VOlta

ge

Maximum

inimum
B e ]

BN T

1000

1500 2000

Average anode input power (W)

TOKYO SHIBAURA ELECTRIC CO. LTD. EMa2K21- 0%
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Toshiba Magnetron

TECHNICAL DATA | am

T 2M21
Water flow vs Pressure
] (3?‘.".1‘,
: 150
. ’q :
‘)
/ 125
o
o 10 W !
e /
:g ™
w »
!
0
i 75
£
a,
13
od
3
C . - 50 /
& .
5
o
5
m >
25 //r
N
0 1 2 P DYy
Water flow (fVmin) !
" -9-190,  TOKYO SHIBAURA ELECTRIC CO. LTD.

‘la X 4
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"TECHNICAL DATA

Toshiba Magnetron

2M21

2M21

Heater Characteristics

Heater voltage (V)

5o o
[l <o l”v/fu

TOKYO SHIBAURA ELECTRIC CO. LTD.
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Toshipa Magnetron

2M21 4
Operating Characteristics :

(Performance chart)

Operating conditions
Heater voltage t 8.0V
Anode supply  * commer¢ial AC
Load VEWR ¢ less than 1.1

______ Average power output
\g"\ — Magnetic flux density* In parenthesis, there is shown value

of current through electro-magnet #4514-800.

——-—— Efficiency
8.0 I |

Peak anode voltage (kV)

e 4'50 50 100 150 200 250 300 350+ 400

Average anode current (mAdc)

L=G=1964

TOKYO SHIBAURA ELECTRIC CO. LTD. EM- 22126
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s Toshiba Magnetron @

' Zahlba - 'TECHNICAL DATA

2M21  Rieke Diagram
Operating conditions
Anode supply ¥ Commercial AC
Heater voltage * 8,0 V

Average anode current * 275 mAdc
At matched load

Peak anode voltage * 6.3 kV
Frequency * 2450 Mc
Phase reference plane * ax1ls of output antena

REFERENCE PLANE
TOWARD LOAD

0 REGION OF UNSTABLE
OPERATION

\ ////i/ 3
o ¥ P -
.;wo&V

0.25
; AVERAGE POWER
£ £ : e FREQUENGE
i == 1961 TOKYO SHIBAURA ELECTRIC CO. LTD. EMa2M21-2f
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 Jodba  TECHNICAL DATA | .7

2M21

“M21 Constant voltage characteristics

Operating conditions

Heater voltage ¢ 8.0 V

Anode supply * Commercial AC
Peak anode voltage 3 6.3 kV
Load VOwWlt * Less than 1.1

()
2000 o .
1800 o

<
1600 i
)
3
(o9
4+
3
(o]
% TR A e
(1))
z

-~ Q
(D v Y
- 1200 7
84
1
>
3

1000 P
e 800 [/
600500 250 300 350 400
Average anode current
( mAde)
4
5-25-196L  TOKYO SHIBAURA ELECTRIC CO. LTD. EM-2M2I-2g

h 5 8 S
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_ 2 Toghiba Magnetron

‘@u TECHNICAL DATA e

IM21. OUTLINE DRAWING
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2, Anode Temperature
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Toshiba Magnetron*

| Joshba TECHNICAL DATA | 2=

2M21 RF. OUTPUT COUPLER

 Anit mm
S'ZD'A
F ‘4PIa.ces \
RQ
l
|
| 2
b6 68" Hote
¥,y y “3
~ ﬂ~
|

oo S N . 5

3 ! 3

3 | e |

L7 | v
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o TOSHIBA MAGNETRON
2M53

The Toshiba 2M53 is a fixed frequency continuous wave
magnetron intended for use in microwave heating and
cooking appliances. The average power output is 800
watts in the frequency range from 2420 MHz to 2480 MHz.
This tube is an integral magnet type and requires forced
air cooling. The output is fed either into a rectangular
wave guide or into a heating oven directly.

In order to minimize the unwanted radiation and to avoid
the high voltage danger, the input part of the tube is

covered with a metal shield case.

Features

Short Preheating Time
An improved thoriated tungsten direct. heating filament requires only a few seconds of

preheating.

No Filament Voltage Reduction Necessary
Power supply can be made simple, no relay is necessary to reduce filament voltage when

operating.

Low Spurious Noise Radiation
As an integrated filter suppresses spurious noise radiation through filament leads, no external

filter circuit is necessary for oven.

Stable under the most severe load conditions
Within acceptable VSWR up to 4 at any phase, high power output with good heating uniformity

is ensured.

Long Life Expectancy
Selected materials with Toshiba’s long experience in vacuum tube production ensures long life

expectancy of more than 3000 hours.

12-1970 .

TOKYO SHIBAURA ELECTRIC CO., LTD.




TOSHIBA MAGNETRON
2M53

GENERAL DATA

Electrical :

FRCQUENCY  minsssmasisss wosissinissts o weams o S s s A e e 3R S 2 S S S e s A0 000 6 S s 2450+ 30 MHz

FIlament VOILAGE ... e 3.15 \%

FIIAMENE CUITENL . ouiieiuon ot vesmomssan s s suamon v swssn s ssmnss sios s vsas oo s saiomsss sos osse s vaes 13 A

Cathode preheating P weum s somssmmes s mmnoniyem s 58S im0 e e S S8 s S S S us s 8 sec.

Cold heater FESISLANCE ......it ittt e 0.03 Q
Mechanical :

Physical dimensions ..........cooiiiiiiii e See outline drawing

Base and, electnieall Comme G I ON s sms e msinss s e s s 15 s s s S S e See outline drawing

J\V/ (0100 1 Tl Y01y 15 o) « KO PP Any

RE COUPIIIG. e See attached drawing

Magnetic fleld. ... ..o Integral

OO I B ot 1 Tt o ST o b S e o s i A B S T R A Forced air

INCETHETE T vt oo s s i S e S e e A S T A o R e 2.0kg approx.

Type of CAthOe. ... oo Thoriated tungsten

direct heating

Minimum Maximnm

Filament voltage (preheat) ..........ccoooiiiiiiiiiiiiiiiiiiii e 310 3.3 Vv
Cathode: preheating time .o o somses sanmemn o vavsys & oaws s i os 56 5 moemss 5 s 5 - sec.
Peak anode voltage ... - 4.5 kV
AVETATEIN0IE CUFTEN sy v saemics iasanmss 6 5mEasE SRR SRR VT 50 E e SRy — 350 mAdc
ANOE POWET IMPUL .ottt e — 1400 \WY%
Liaads VISR cumsnssnisss s aisa s simsi smsmross s 6 a0 46 Q5 0Eae 0 Hoti-a 45 S SEA1.58 sostonn — 4

Anode remperature (See outline drawing measuring point) ................c........ - 150 e

TYPICAL OPERATION

Unsmoothed fullwave rectified current

EHAATENGN vt 5 50,00 et J ) s s s s i e A AL A A s et A Wi 2450 MHz
Filament voltage (OPEration) ...........c.oouuiiuiieiieiiuin ittt eiee e 3.15 V
Peak anode vOItAge (NOLE 1). ... iuiuuie ittt ettt aas 4 kV
ATETARE ANOUE CUTTETIN wswonswo vnumvsmas sun s st s s st st o o s AR aE 5 SEaesss sy 73 300 mA
Power outpit {niatched load) (INOtE B ssmsssssswsssmmnss qoummm 6 deswave sau s 566 (aenss sy eaessms 800 w
Magneticdield THRenSIT  suiwssmmmmmsse mmse s s s s S s sATs e S A St sae PKG

Cooling quantity anode (forced air) .......cooiiiiiiiii 1500 1/min.

Note 1 Anode power supply is single phase full wave rectified without filter.
Note 2 Power output for typical microwave oven is expected about 85 percent of the power output at matched load.

TOKYO SHIBAURA ELECTRIC CO., LTD.




TOSHIBA MAGNETRON

2M53

COOLING CHARACTERISTICS
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Operating Conditions
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Average Anode Current : 300mAdc
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PERFORMANCE CHART
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TOSHIBA MAGNETRON
2M53

4
OUTLINE DIMENTIONS
Unit mm
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oo TOSHIBA MAGNETRON

2M69

The Toshiba 2M69 is a compact sized low voltage CW
magnetron especially intended for use in microwave heat-
ing and cooking applications. It provides 1.5 kW of power
at the frequency of 2450 MHz. The tube has permanent
magnet and is cooled with forced air. Its cathode is a di-
rectly heated filament which enables short warm up time.
The input side of the tube is covered with a metal shield
in order to minimize unwanted radiation and to avoid high
voltage hazard. The output is of the probe type in a glass
dome and capable of directly driving a rectanglar wave-

guide or a heating oven.

Features

Short Preheating Time
An improved thoriated tungsten direct heating filament requires only a few seconds of

preheating.

No Filament Voltage Reduction Necessary
Power supply can be made simple, no relay is necessary to reduce filament voltage when

operating.

Low Anode Voltage
The lowest anode voltage (2.5kVpeak for 1.5kW magnetron) enables to use economical

transformer and rectifier.

Low Spurious Noise Radiation
As an integrated filter suppresses spurious noise radiation through filament leads, no external

filter circuit is necessary for oven.

Stable under the most severe load conditions
Within acceptable VSWR up to 4 at any phase, high power output with good heating uniformity

is ensured.

Long Life Expectancy
Selected materials with Toshiba’s long experience in vacuum tube production ensures long

life expectancy of more than 3000 hours.

12-1970

TOKYO SHIBAURA ELECTRIC CO., LTD.




TOSHIBA MAGNETRON
2M69

GENERAL DATA

Electrical :

rQUETICY e 2450 +£ 30 MHz
Filament voltage ... 5 A\
FIlament CUTTENT ... i e e 20 A
Cathode: preheating Ime .. cisaumis s s ommsms o5 s & st 5 (isa 5 Eae 5 sHeRsnss sHse s 5§ sec.

Mechanical :

Physical dimensions ... See outline drawing
Base and electrical CONNECtION. ... ...t See outline drawing
MOUNTING POSITION ..ttt e e Vertical

R COUPIIIG. e e Probe

Magnetic fleld. ... ..o Integral

COOLIME . e Forced air cooling
Nt WGt o 2.7 kg approx.
TyDE OF CATNOAE: 565 55 50 55,5555 oot v ammesnis sesmmimins mesisssnmss i scvemsES 28 EFEEIRES K8 FERIR 28 A TSRS STCTIEAS 2 Thoriated tungsten

direct heating

Minimum Maximnm

Filament voltage (preheal) e w somses o s s s o s sommmas fores e 4.7 5.3 Vv
Cathode preheating time ...........oouviiiiiiii e 5 - sec.
Péale AR00e-VOlARE s srvsammnsis sveuss o summses 1 (0ss 5 S07EHES SERSAEEE FEVIBEN S OTRiTe & — 2.75 kV
Average anode CUITENL. ... e 1100 mAdc
Peak anode GUITENT siwso s covssms o susmses o wmsmss 6 sses 5 ammet £ «seses o SS90 & imiesms & — 3 A
Anode POWET INDPUL  ..ovivii e — 2.8 kW
Load VSWER o — 4

Anode temperature (See outline drawing measuring point) ........................... — 150 °C

TYPICAL OPERATION

Unsmoothed fullwave rectified current

B eQUENCY oo 2450 MHz
Filament voltage (OPeration) ..............c.cooiiiiii e 5 Vv
Peak anode voltage (INOte 1)........iioiiii e 2.5 kV
Average anode CUTTENT ... ..o e 1000 mAdc
Power output (matched load) (Note 2)........oiuiiiiiii e 1500 A%
Cooling quantity anode (forced @ir) ..o 2500 l/min.

Note 1 Anode power supply is single phase full wave rectified D.C. without filter.
Note 2 Power output for typical microwave oven is expected about 85 percent of the power output at matched load.

TOKYO SHIBAURA ELECTRIC CO. LTD.




TOSHIBA MAGNETRON
2M69

COOLING CHARACTERISTICS
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TOSHIBA MAGNETRON
2M69

A4
OUTLINE DIMENTIONS
Unit mm
FORCED AIR INLET
) )
110DIA £2
ooo — —oog |
oo 0oao S :‘ ; ,
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. q p -
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. o 1 o
S Wy 4
< Il | >
s 1o, @
£ .
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o&- 1 IT h o
x 14
. y
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= DETATIL
2 1
N
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L &l 1
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g
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e e8 2
- © QN
m N T
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N
¥ wn
N
pe—50=+0.5
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TOKYO SHIBAURA ELECTRIC CO., LTD.

Printed in Japan

Consumer Products Export Division 2-1, 5 chome, Ginza, Chuo-ku, Tokyo



Toshiba Magnetzon

2M89

Foshiba  TECHNICAL DATA

2M89

The Toshiba 2M89 is a fixed frequency gontinuous wave magnetron,

designed to operate on the commercial alternating wave anode
supply, in the 2400 to 2500 Mc frequency range with an average

power output of 1400 watts.

The tube is required liquid cooling and an external magnetic

field.

The output fitting is designed for coupling to the rectangular

waveguide or cavity directly.

The tube is intended for use in microwave heatlng and cooking

application.

GENERAL DATA

Eleetricai ’
Frequency
Filament veoltage
Filament current
Cathode preheating time

Mechanical *
Fhysical dimensions
Base and electrical connection
Mounting position
RF coupling
Magnetic field
Cooling
Net weight
Type of cathode

b=l 1965

o.ci-1966  TOKYO SHIBAURA ELECTRIC CO., LTD.

2450 * S0 Me

See outline drawing: =

See outline drawing
Cathode vertical
See attached drawing
External

Liquia

550 g approx.

Thoriated tungsten, e

direct heating

. At
; o,
iAW o L&ut‘- ST

EM-2118941a



B . Y

Toshiba Magnetron

Fesba  TECHNICAL DATA

MAXIMUM RaATINGS

Minimum Maximum
Filament voltage 4.8 V 5.2 ¥
Cathode preheating time ' 8 sec -
Peak anode voltage - B
- Peak anode current - £ 5 A

average anode current - 350 mAdc
Load VSWR - 4
snode temperature (see outline drawing measurement point )

: 1005 ¢
Cathode bushing temperature (see outline drawing mggguqﬁgent point)

Commercial Unsmoothed
AC fullwave rectified

Frequency 2450 Mc 2450 Mc
Filament voltage (operating) 5 ¥ 5 .¥

FPeak danode voltage 6.5 KV ‘7.0 KV
Average anode current 300 madce 300 maAdc
average power output 1200 W 1400 W
Magnetic field intensitly 1650 G 1800 G
Cooling quantity (water) 1.7 ¥min 1.7 Q/m;n

Em24=1965

PR YT 2 TOKYO SHIBAURA ELECTRIC CO. LTD. EM-2M89-1b




Toshiba Magnetron .

TECHNICAL DATA

OPERATING CIRCUIT

Shield Case
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o b I |
il I |
N I £l m
s S 2 I
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s |
R | VL |
I |
+ @ - NNVWWA— l ,
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‘ (DC) T : |
Rt \ : I
RO S B - - o S B
gk S 1.0 PH Cl 3 SRR
Ly «onnn 1.0 ph C2 ..... 500 PE
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Unsmoothed fullwave rectified Anode

supply

bl 1965

27627966 TOKYO SHIBAURA ELECTRIC CO. LTD. Hi-289-1c
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SE‘GZ 5 Toshiba Magnet xN
Jodhiba  TECHNICAL DATA

2M89

Water flow vs, Pressure
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Toshiba Magnetron
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TOKYO SHRIBAURA ELECTRIC GO., LTD.

KAWASAKI JPAAN

E I A Type JBHP-

REGISTRATION DATA B wmay 30 1960

issved

T N R A S

Toshiba 3BHP- is a 3-inch, flat face,
single gun, electrostatic and focus
cathode-ray tube.

This tube features helical post ac-
celeration, very high deflection sen-
sitivities and half-heater-power.

This tube is particularly suitable for
miniaturized (transistorized) oscilloscope
in the low voltage operation and also
hiph speed & high precision observation

in the high voltage operation.

General :

Printed in Japon

Heater, for Unipotentiol Cathode :
Voltage (AC or DC)

.............................................................................. 6.3 volis
LT = 0.3 amp
Direct Interelectrode Capacitances ; Approximale
Cathode to all other elechrodes ... 4 f
Grid No. 1 to all other electrodes ... ... i 6yt
T 1.7 pepe f
D3 10 D4 o e 1.2 pege f

(1)
from JEDEC release #2962, Sept. 19, 1960
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KAWASAKI JAPAN
D1 10 alf other elechrodes ... .coouiiee i e 4.1 pp 't
D2 10 0l 01her BIECIOTES it e e 4.1 ppt
D3 to all other elechrodes ... .couii it e 30 pp
D4 10 all other elechrodes . ..ot i e e 3.1 ppe f
Helical-Post-Acceleralor Resistance ... i ettt et min. 30 megohms
Phosphor
Phosphor Number Pl p2 P4 P7 Pl
Fluorescent Color ...ooooiniiiinen, Green Greenish.yellow While Blue-white Biuve
Phosphorescent Color ... Green Greenish.yellow White Yellow Blue
Persistence .........ocooiiiiiiiiiiiii Medium  Long Medium Long Short
Focusing Method . oo Electrostatic
Deflection MetRod ... it e e e e e Electrostatic
Overall Length oo e 13587 £ 38"
Greatest Diameter of Bulb ... i e 3"+ A
Minimum Useful Sereen DIOmeIer ..o e e e 258"
L TET S -1 1 = 1= O .21
B ettt e e e e JEDEC No. B12.37
o T 14 AQ
Bulb Contact Adjustment
J-21 contact oligns with trace of D1-D2£10 degrees.
N-21 conlact on some side as pin No. 4.
Base Alignment
D3.D4 trace aligns with pin Ne. | and tube oxist 10 degrees.
Positive voltage on D1 defects beam approximately toward pin No. 4.
Positive vollage on D3 deflecis beam approximately toward pin No. 1.
Angle between D1-D2 ond D3.D4 troces ...........o oo 90 £ 2 degrees
Maximum Ratings (Design-center Values):
Post-Accelerator Voltage .. ... oo 7000 max. volts DC
Acceleralor Vollage ..o v e 2000 max. volts DC
tsolation Shield Yoltage ........ oo 2100 max. volts DC
Ratio Post-Accelerator vollage to Accelerator Voltage ..., 6 max.
Grid No. 3 (Focusing Electrode) Vollage .......oveeeeeeiiiii i 800 max. volts DC
Grid No. 1 Value .
Negotive-Bios Valtue ... ... e 200 max. volts DC



TOKYO SHIBAURA ELECTRIC CO., LTD.

KAWASAKI JAPAN

PO S v BIOS o o e e e e 0 max. volts DC

Positive-Peak VolUe oo e 2 maox. volts

Peck-Heoter-Cathode Voltage

Heater negalive with respect to cathode

During worm-up period not exceed 15 seconds .............coiiiiiiiiiiiiiian. 180 max. volis

After equipment warm-up period ... 125 max. volts

Heater positive with respect 10 cathode .. ... .o i it 125 max. volts
Peck Volioge between Accelerator ond any Deflection Electrode .................ocol. 500 max. volts
AcCRleralor N PuUL i e e e e, 6 mox. watls

Characteristics Range Valves for Equipment Design :

For any posi-accelerator voltage (Ecs) (Note 1)} betweea 1000 ond 7000 volts and accelerator voltage
(Eca) (Note 1) 500 and 2000 volts.

Isolotion Shield Valtage (Note 2) ..viiiiiiior i 95% to 105% of Eca volts
Focusing Electrode Voltoge ..........cccooiiiiiiiiiiiiii i, 14% 1o 26% of Eca volls

Grid No. 1 Voltage for visuol extinction

of undeflected focused SPOI ...ooiiiiiiii i —3.0% to —5.5% of Eca volts
Focusing Electrode current for any operating condition ...l —15 1> +10tomp

Deflection Factors (Note 5)

Post-occelerator voltage = Accelerator voltoge

D1 and D2 oo e e 30.2 to 46.3 volts DClinchfkilo volt of Eca
D3 and Dd e 12.7 to 22.9 volis DC/inch/kilo voll of Eca
Post-accelerator voltoge =6 Accelerator voltoge

Dl and D2 oo 65.2 1o 85.6 volts DCfinchfkilo volt of Eca
D3 and D4 oo 23.8 to 34.3 voits DCfinchfkilo volt of Eca

Useful Scan (Note 5)

Post-accelerator voltage = Accelerator voltage

Dl D i e full screen diometer

DD o e 234"

Pasi-occelerator voltage =6 Accelerator vollage

DD o e e 24"

K 185
Spot position (undeflected) (Note 4) ..o 10 max. millimeters



Toshiba TOUKY0 SHIBAURA ELECTRIC CO, LTD.

KAWASAKI JAPAN

®
—

Examples of Use of Design Ranges:

Post-Accelerator Voltage (Note 1) ... iiiis 3000 6000 volts
Isolation Shield Voltoge ... 475 to 525 250 ro 1050 volts
Accelerator voltoge (Note 3) ..oocoiiiiiiiiiiiiiniiiiiiainn, 500 1000 volts
Grid No. 3 Voltage (Focusing Electrode) ...l 70 to 130 140 to 250 volis
Grid No. 1 Vollage ......ocooiiiiiiii —15 to —27.5 -~ 3010 — 55 volts
Deflection Faciors
DV and D2 v 32.6 to 42.8 65.2 to 85.6 volts DCfinch
D3 and Dd oo 11.9 10 17.2 23.8 to 34.3 volis DC/inch
Useful Scom DI-D2 ...vvueieiiiiiiiiiaie i, 24" 244"
Useful Seon B3-D4 oooreiie it 1% 15"
Pattern Distortion (Note 6) v.ooiiiiiiiiie i 2 2 % maox.

Maximum Circuit Values :

Grid No. T Circuit Registante ......ooi it i e 1.5 max. megohms .

Resistance in any Deflection-Electrode Circuit (Note 4) ..........iiiiiviiiiiieiinnn .. 5 mox. megohms

NOTES: 1. For P11 ond P11 Screens, it is recommended tho! the post-accelerator voltage be not less
than 1000 volis and the occelerator voltage be not less than 500 volts. For P2, P4 and P7
screens, it is recommended that the post-accelerator voltoge be not less thon 2000 volts.

2. The isolution shield and the lower end of the helical-posi-accelerator are connected together
within the tube.
With the proper potential on this electrode combination, barrel and pin-cushion distortions
are minimized.

3.  Connect free deflecting electrode to onode.
It is recommended that the deflecting-electrode-circuit resistances be approximately equal.

5. In cases of the operation Ecs/Ece ratio of 1 to 6, Deflection factors charocieristics ond
Useful scan charoctenistics of following pages are availoble.

6. All portions of a roster pattern, adjusted so iis widest points just louch the sides of a
1.772” % 1.181" reciongle, will foll within the orea bounded by the 1.7727x1.181”
rectongle ond an inscribed 1.700” X 1.134” rectangle.
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KAWASAKI

3BHP-
b

AVERAGE CHARACTERISTICS

- |

IR R

T
HEATER WLTS=6.3V
Ec5=16000 VOLTS : Eca=1000VOLTS
————— Ec5 = 3000 VOLTS ; Eca = 00 VOLTS
GRID NO.G ADJUSTED TO GIVE FOCUS

YOLTS
T

L i——

GRID W01 VOLTS

GRID NO. ) VOLTS

(5)
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KAWASAKI JAPAN

3BHP- USEFUL SCAN CHARACTERISTICS
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(6)



TOKYO SHIBAURA ELECTRIC CO, LTD.

KAWASAKI JAPAN

3BHP- DEFLECTION FACTORS CHARACTERISTICS
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DIMENSIONAL OUTLINE OF 3BHP-

311i VIG 'f__—.‘
— 258 MIN—
SCREEN DIAMETER
FLAT FACE —,
(" Lo
29/32 1932
. j_. i - |-—o.04o“t 0.004"
N,
' RECESSED I T.
CAVITY CAP YEMIN Y32 MAX,
(Ji-21) /_]
DETAILS OF SPECIAL PIN
6 2952MAX,
82952t 952"
S | /
I - - D
\-—2”1 f/}6”_
~-0+—0O—Cp -
A A
. ' | >
<— ROSITION
ISOLATION SHIELD ' OF BASE PIN NO.5
k SECTION A-A’
__-MEDJUM-SHELL DIHEPTAL
. L 12 PIN (Bi2-37)

iy

BOTTOM VIEW OF BASE

PIN CONNECTIONS
PIN 1—Heater
CON’f\\I!ECTIONS PIN 2—Cathode

@’VC/HEUCAL POST PIN 3—Grid Na. 1
A ACCELERATOR PIN 4—NC
PIN 5—Grid No. 3 (Focusing Electrode)
ISOLATION DN TG
PIN 8—NC
SHIELD PIN 9—Accelerator (Grid No. 2, Grid
No 4)
PIN 10—NC
PIN 11—NC
PIN 12—NC
PIN 14—Heater

POST 7
ACCELERATOR

S

(8)
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Afl inquiries as to the data shoud be oddressed to Tokyo Shibaura Electric Co., Lid., Lamp
and Tube Manufacturing ond Soles Division, 72 Hortkawocho, Kawasaki, Kanagawa-ken, Japan.
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REGISTRATION DATA

L T0.

JBIP4

May 30 1960

Type

Date
issued

General:

Printed in Japan

Heoter for Unipolenticl Cathode :
Voltage (AC or DC)
Current

Direct Interelectrode Copacilances,; Approximaote
Grid No. ! to oll other elecirodes

Cathode fo all other electrodes

(1)

Toshiba 3BJP4 is o 3

inch, round

face, non-aluminized, electrostatic focus
view-finder

and magnetic deflection

cathode-ray tube, especially suitable

for transistorized camera use.
This tube features half-heater-power,
high light out put, high resolution and
adaptable with conventional 70 degrees

deflection yoke,

from JEDEC release #2962, Sept. 19, 1960
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KAWASAKI JAPAN

PO BROr e e P4
Fluorescent color . ... . i e white
Persistence ..... P medium

Focusing Method ..o e e e e e Electrosiatic

Deflection Method ... e e Electromagnelic

Deflection Angle (APProximale) .. ... oo e e 40 degrees

Eleciron GuUn .. oo i e Requires external single-field iontrop magnet

Overall Langth .. ..o e QU £ "

Greatest Digmeler ..o 37+ B

Minimum Useful Screen Digmeler ... ... oot i s 234"

BaSiNg o e e e 12 8D

BaSE JEDEC No. 812-43

Maximum Ratings (Design-center Valves):

Ultor Voltage ..o e 3000 mox. voits DC
L T - T G 6 max. watts
Grid No. 4 (Focusing electrode) Voltage .....cccooiviiiiiiiiiiiiii it 1500 mox. volts DC
Grid No. 2 Volloge ...o..oviiiii i 410 max. volts DC
Grid No. ! Voltage
Negative-bios volue ... 125 max. volts DC
Positive-bias value ... o i 0 max. volts DC
Positive-peak valUe ... ..o e e 2 max. volts

Heater to Cathode Voltage

Heater positive with respect to cathode ... ... ... .o i il 125 mox. volts
Heoter negative with respect to cothode ............. .. .. i, 125 mox. volts
Peck value during a warm-up period not exceed 15 second ; healer negotive ...... 410 max. volis

Characteristics Range Values for Equipment Design:
For any ultor voltage (Ecs) between 2500 ond 3000 volts
Grid No. 4 voltage for focus with ultor current of 200 A ... ... ... 30 to 48% of Ecs volts
Grid No. 1 voltage for visual extinclion

of undeflected focused spo! when circuit design ulilizes

grid No. 2 voltage (Ecz) of fixed value ..., 11 1o 26% of Eca volls
Grid No. 4 current for any operating conditing ................oociiii, 15 to 10 st amp

(2)
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KAWASAKI JAPAN

Examples of Use of Design Ranges:

Ultor vollage . ... . ool 2500 3000 volis DC
Grid No. 4 voltage (Focusing electrode) (Note 1} ....oooiiiiii .. 750~1200 900~ 1500 volts DC
Grid No. 2 vollage ... 200 300 volls DC
Grid No. T voltage (Nale 2) ..ot —22~ —5) —33~—77 volts
Field strength of iontrop magnet ............ciiiiiiiiiiiiiis 2 14 gousses

Maximum Circuit Values:

Grid Na. T circui? resistanCe ... .. i e 1.5 max. megohm
NOTES: 1. With the combined grid No. 1 bias and signal voltage adjusted to give en anode current

of 200 pA in 2.08" 2 1.6" picture size.

2. Visual extinction of undeflected focused spot.

(3)
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38JP4 AVERAGE CHARACTERISTICS

2000 ] 40
HEATER VOLTS=6.3 .
RASTER SIZE=2.08%16" /
GRID NO.4 VOLTS ADJUSTED TO GIVE FOGUS
Ecs=2500V0LTS ; Ecz=200VOLTS
—-— Ec5=3000 VOLTS ; Ec2-=300 VOLTS /
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DIMENSIONAL OQUTLINE

- FE Y -

— 234 -
MIN
SCREEN DIAMETER A

REFERENGE LINE

(NOTE)

S BOTTOM VIEW OF

Note:

] . %é’i— i/fﬁ”
NG

SMAL! - SHELL
\_ J 7 DUODECAL P
< i2PINIBIZ-43)

»
1
1

S —

Relvrence line is determined by position where hinged
gauge L5005 O3 —000" and 2 long will rest on PIN 1- Heater
bulb cone. PIN 2--Grid Na, 1

PIN 1 Cathode

PIN 4—Grid No. 4

PIN 5—NC

PIN 6—NC

PIN 7—NC

PIN 8—Ultor 1Grid No. 3.

Collector-

PIN 4. NC

PIN 10- Grid No. 2

PIN 11—-NC

PIN 12 -lleater

)

G~ (1/' %
H

(5)
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All inquiries as to the datc shoud be addressed lo Tokyo Shibaura Eleciric Co., Ltd., Lamp
ond Tube Moanufacturing and Soles Division, 72 Horikowacho, Kawasoki, Kanogawa-ken, Japon. .
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‘7acfluba E I A Te 3FWT, BFWI

REGISTRATION DATA Dt g 195

issued

Toshiba 3FW7, 6FW7 are 8 pin subminiature
i medium Mu dual triode with shield can having
indexing legs.
They are designed especially for use as mixer
; oscillator in VHF TV and FM tuners.
! The section 1 is intended to service as an
. oscillator and the section 2 as an mixer.
| The 3FW7 is like the 6FW7 except that it
i has 3.5-volt/600-Milliampere heater for use in
series string circuit.
GENERAL DATA
Electrical :
Heater, for unipotential cathode : 3FW7 bFW7
Voltage (AC of DC) tiiuiiiiiii i 35 6.3 volts
VT2 Y. T N SR PO 600 300 ma
Heater warm Up HMe... ..ot Approx. 11 — sec
Direct interelectrode capacitance (with shield caon) : Unit 1 Unit 2
Grid to plate: (g 10 B) it e 1.6 1.5 puf
fnput: @ 1o (Hk-sd) oo 2.6 3.0 put
Output: p to (hkdsd) oo 1.8 1.4 ppt
Mechanical :
1O T oL T T = B =T 111 £ L= o[ PN Any
Moximum overall Jengih . e 1.969"
MOtIMUM dIOME T ettt et e et et e e r et e e e e e 0.512”
T P S T3
2 22 O £8-9

Printed in Jopan

from JEDEC release #3940, Oct. 22, 1962
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Moximum Ratings (Design Maximum Values): (Fach Section)

Plate voltage {with cttoff bids) .....ooiiiririiiet e e e 300 volts
e I T- - T O PP SR 150 volts
Cathode CUrment . o e e 20 ma
Circuit Values: Grid circuit resistonce (each sechion) ......ooooiiriiiiiiiieniieieeiinnnss 0.5 megohms
Heater-cathode vollage
Heater negative with respect to cathode, DC  .....ooiiiiiiii it e 200 volls
Total, DC and peok ......coovvvii i i i 200  volts
Heater positive with respect to cathode, DC ..., i00  volis
Total, DC and peak . ... e e e 200  volts
Typical Operating Conditions and Characteristics :
Class Al Amplifier Unit 1 Unit 2
Plate volOGe ... e 20 0 volts
Grid voltOge ..o —1 —1 volts
Amplification factor .o .o s 36 36
Plate SIS aMee o i e i 6,000 3,800 ohms
TR COMTUCIONCE ettt it et e e 6,000 9,500 pmho
Plate QUITEN! L. ..t e e e e e 7.0 9.0 ma

(2)



(9adluba TOKYO SHIBAURA ELECTRIC CO., LTD.

KAWASAKI JAPAN

3FW7 , BFW?7
AVERAGE CHARACTERISTICS

UNIT No, |
20 [Ef= Rated ] ARy/n N
A Value |-/ / y AREVIEEY
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0 ; ; UNIT_NO,_2 f:RATED VALUE
/ / / /
3 / / /
£ el { / [ /
2 L s ANy
IR Y N A / /
al + ~ § > / /
E 2 ‘ + ; "OI
A AT w]L S /
3 1/ Ny /
° T e T T
S I/ /17 VN
1) Il » / ], / i 7/ ,

A A ! / i '___ |
v/ ARy Y AT AR A
~ e A 01 L 17 :

a 4 T [V | <\
Ai/“ : /1‘Ec =42\ “"r/
W / A=A AL 2 &l
~= | Ay A |~ AL
o L X AR e T LT
0 40 80 120 160 200

PLATE VOLTAGE (Eb}(V]

( 3



&oduba TOKYO SHIBAURA ELECTRIC CO., LTD.

KAWASAKI JAPAN

3IFW7, 6FW7
AVERAGE PLATE CHARACTERISTICS
UNIT No.2
20
1
| | I |
Ef<RATED VALUE RN |
/1] Il e
[ Il 4
(1] | E
| 1l 2
l I i2 -
- .X___)_l J l l-Z-
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GRID VOLTAGE (Ec) (V)
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AVERAGE CHARACTERISTICS
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7T T315000
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IFWT., 6FWT
AVERAGE CHARACTERISTICS
UNIT NO. |
L LD BRI I 30
Eb=RATED VALUE L[1 1] BEERE
A L 1 25
. - E
i 20 =
i_
2
- w
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1] i Ui [9) /
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AVERAGE CHARACTERISTICS
UNIT NO. |
NN E RN 12000
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3FW7  6FW7
DIMENSIONAL OQUTLINE

- 0512 MAX.-] UNIT  INGH
{ N
i
1969
MAX.
T 0 L
@0.25610008 0.1535~o.2:7
A
- 0002
0,017 00 T (BPIN)
— 043329
APPLY TO (@) ZONE

(6)
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3FW7  6FW7
SOCKET CONNECTIONS
BOTTOM VIEW

PIN | Unit 2 Piate
PIN2 Unit 2 Grid
PIN3 Unit2Cathode
PING Heater

PINS Heater

FIN & Unit 1 Plafe
PIN7 Unit Grid
PIN8 Unit! Cathode

(7))



All inquiries os to the dofo should be addressed to Tokyo Shiboura Electric Co., Lid., Lomp

and Tube Monufacturing ond Sales Division, 72 Horikawacho, Kowasaki, Kanagawa-ken, Japan.
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OS/UUDE E 1 A ry90 3FXT, BFXT
REGISTRATION DATA Date  Mar. 31 1962

issue

Toshiba 3FX7, 6FX7 are 8 pin subminiature,

with shield can having indexing lugs, medium

N Mu twin triode, with high transconductance,
AT ¥ low noise and low interelectrode capacitance,
BEYX) designed for use as a cascode amplifier in

high gain tuners for television receivers.

Toshiba 3FX7 is like Toshiba 6FX7 except

that it has a 3.5-volt/600-milliampere heater

FWZ.I ]

for use in series string circuit.

GENERAL DATA

Electrical :

Heater, for unipotentiol cothode : 6FX7 3FX7
Voltage {AC and DC) o 6.3 3.5 Voits
[T 1 20 P 300 4600 ma
Heater warm uUp HMe ..o i i e ia e — Approx. 11 sec.

Direct Interelectrode capacitonces (with shield can) Unit 1 Unit 2
Grid 1o plate: (G 10 P) oo e 2.05 1.45 ppt
Input: g to (h-tktistsd) oo — 3.1 ppt
lnput: 1K to (h+ig+is+sd) Grounded Grid ..., 5.5 — ppf
Output: p to (h+kdissd) .o — 1.05  ppf
Output: 1P to {h+Ig+is+sd) Grounded Grid ...........c...covi.e. 2.95 —  ppf
Piote to Cathode: p 10 k ..o i 0.16 —  pput
Heater to Cathode : h to k ......iiiiiiiiiiii i 2.3 2.5  puf

Printed in Jopon

from JEDEC release #3801, July 23, 1962
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HAWASAK| JAPAN

Mechanical :

OPerating POSHION ..ot vt e e e e e Any
Moximum overoll lenglh ... ... 1.772"
Maximum DIOMEBIOr ..o 0.512"
BUL D T3
BSE i e E8—9

Maximum Ratings (Design Maximum Values) :

Plate Supply Voltage with Cut off Bios ....o.oviui i e e 300 Volts

Plate Voltage | e 100 Volis
eoch section

Plate Dissipation) e, e e er e eaaans 1.7 Walis

Plate Dissipation (Unit T, Unit 2) ... e e e e 3.2 Walls

Cathode CUMTENt ..o e e 20 mo

Circuit Values : Grid Circuit Resistance (each sechion) ........ccoicviiveiiniiiaieiiaaannn.. 0.5 Megohms

Heater Cothode Voltage

Heater Negative with Respect to Cathode, DC . .......cooiiiiiiiio e 200 Volts
Total, DC and peak........ooviiii e e e 200 Volts
Heater Positive with Respect to Cathode, DC ... ....cooeieiiiii e 100 Volts
Total, DC 0nd PEAK. .. .o e e 200 Volts

Typical Operating Conditions and Characteristics :

Class Al Amplifier (each section)

Plate Vollage ..o 90 Volts
Grid Vollage oo e — 1 Volts
AMPlIIEaion FOCIOr ... .. ittt e e 36
Plate ResSiSIANCE. ...\ ittt e e e e e e 3800 Ohms
TronsCONdUCIANEE. . oov e e e 9500 ¢ mhos
Plate Current ... . e e e 2.0 mo
Grid Voltage, Approximate for 1b==T0 £ ..ovverii i e s —4 Volis

Cascode Amplifier (see typical operating circuit) :

Plate VoIlOGe.......oviiri i e e e 165 Volts
Grid Volage. ... e s —0.5 Volts



@7@9@M@° TOKYO SHIBAURA ELECTRIC CO., LTD.

KAWASAKI JAPAWN

TranscoNUCIONCE ..ottt et e e e 13000 p mhos
oo T V1o -1 Y A O 16.5 mo
Grid Voltage, Approximole for gm=150 zmhos ... ... ... . — 5 Volts

TYPICAL OPERATING CIRCUIT

O
e
*__.--_—’— .1 MEG OHMS
| 8
E¢=-0.5 VOLTS
|
o— 0.15 MEG OHMS

I

s

3FX7 .BFX7
AVERAGE CRARACTERISTICS
FOR EACH UNMIT Es =RATED VALUE
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3FX7 . BFX7
AVERAGE CHARACTERISTICS

FOR EACH UNIT
20

[ HEEERN 1
i E¢=RATED VALUE i ]I !] ] !
o 3
I o] =
/l /I / =
ST 2 =
lg'J-‘%\M&\-A/ kl g
TS, S
JiINAN ° L
1/ <
JANV/ i
/ AL,
AN
A AA A LALNA LS
// // // // //
//_l// L 0
-0 -8 ~8 -4 -2 n

GRID VOLTAGE ({Ec¢)(V)

3FEX7.8FX7
AVERAGE CHARACTERISTICS
FOR EACH UNIT
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IFXT . EFXT
AVERAGE CHARACTERISTICS
FOR EACH UNIT
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3FX7 . BEX7
AVERAGE PLATE CHARACTERISTICS

CASCODE CONNECTION
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3FX7 . 6FX7
AVERAGE CHARACTERISTICS

2 FOR CASCODE CONNECTION
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3FX7.6FX7
SOCKET CONNECTIONS
BOTTOM VIEW

. L2 Gri Grounded Cathod . . .
PIN 2: Unit 2 Grid fnput Section PIN 7: Unit 1 Grid
PIN 3: Unit 2 Cathode Internal Shield
PIN 4: lleater PIN 8: Unit 1 Cathode
PIN 5: Heater

Grounded Grid

PIN 1: Unit 2 Plate } PIN 6: Unit 1 Plate
Output Section

S8LK

(8)



TOKYOD SRIBAURA ELECTRIC CO., LTD.

KAWASAKI JAPAN

3FXT7 . 6FX7
DIMEMSIONAL OQUTLINE

=—-0.5i2 MAX -~ URNIT INCH

SEER

7.965
MAX,

! l_r
@ 0.258 £0.005 “M“ i 0 11535-«0.217
: Ae
L0017 X5 2B
L

APPLY TO @ ZONE
0£.354 MIN—

0.235¢ £0.007

(9)



All inquiries os fo the data should be oddressed to Tokyo Shibaura Electric Co., Ltd., Lamp
ond Tube Manufaciuring and Sales Division, 72 Horikawacho, Kawasaki, Kanagawa-ken, Japon.
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TOSHIBA HYDROGEN THYRATRON
3G49P/5949

Toshiba 3G49P /5949 is a hydrogen
thyratron \for switchiﬁg gservice in
rader modulator and other pulse ap-

- plications. It is capable of switching
a peak power of 6 MW at an average
power of 6 kW,

3G49P /5949 has a hydrogen
reservoir which assures freedom

from failure due to gas clean-up.

N The reservoir compensates for

the gas consumed during operation

and permits the user to adjust the
pressure within the tube to the
most suitable volume for the perti-

cular application.

1

GENERAL DATA

ELECTRICAL: Minimum Bogie Maximum
Py Cathode ; Indirectly Heated
) Tied to the Heater Midpoint
Heater Voltage 6.0 6.3 6.6 \Y%
Heater Current (Ef=6.3V) .......... 15 18.5 22 A
Reservoir Heater Voltage (1) ........ 3.0 - 5.5 A%
Reservoir Heater Current (Eres=4.5V).. Z = 5 A
Cathode and Reservoir Heating Time .... 900 - -
. Anede Voltafe DIoP vivesssesssswsns s - 150 250 \4
Anode Delay: TiME . vs wes ww wssoses o oo - - 1.0 Us
Anode Current Time Jitter ......... - 0. 005 0.01 us
—) . % The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by

TOSHIBA for any infringements of patents‘ or other rights of the third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of TOSHIBA or others.

* The information contained herein may be changed without prior notice. [t is therefore advisable to
contact TOSHIBA before proceeding with the design of equipment incorporating this product.

[NED-T100 1982-05-14

= TOSHIBA CORPORATION




3G49P/s949

MECHANICAL:
Dimensions: _ See Qutline Drawing
Overall Length 305¥13 mm
Maximum Diameter _ 84 mm

Base Number:

Cap Al4S (JEDEC No. Cl1-5)

Base E325-1 (Equivalent JEDEC No.A5-97)
Recommended Socket:

Cap Toshiba VT -29061

Base Toshiba VT -21031
Base Connections See Outline Drawing
Colling (?) Convection
Mounting Position Any
Net Weight (Approx.) 860 g

RATINGS

ABSOLUTE MAXIMUM:

Maximum Peak Anode Voltage (?);

Inverse 25,000 v
Forward 5% epy v 25,000 A4
Minimum Supply Voltage . 5, 000 v
Negative Grid Voltage (Before Conduction) 450 v
Maximum Anode Current:
Peak 500 A
Average 0.5 A
RMS (%) 15 A
Averaging Time leyele
Maximum Rate of Rise of Anode Current 2,500A/ s
Pulse Repetiting Rate (prr)(®) 2,000 pps
Operation Factor (°) 6.25%10
Pulse Duration 6 s
Ambient Temperature Limits -55 v 475 °C
Altitude 3,000 m
GRID DRIVE ("):
Grid Trigger Voltage (Peak) 550" 1,000 v
Maximum Rise Time 0.25 us
Minimum Grid Pulse Duration 2 WUs
Q

Grid Drive Circuit Impedance 50 ~ 200

]



Notes (1)

3G49P/s949

The optimum reservoir voltage for operation at maximum tube
voltage, maximum peak and average tube currents, and at a
repetition corresponding to the rated operation factor is inscrib-
ed on the base of the tube, and must be held within #5 percent.
Applications involving operation at other conditions will neces-

sitate the redetermination of the optimum reservoir voltage.

Cooling of anode lead by forced convection permissible, but there

shall be no air blast directly on the bulb.

Instantaneous starting is not recommended. However, in case
where it is necessary to apply anode voltage instantaneously, the
maximum permissible forward starting voltage is 18,000 volts
peak. The power-supply filter should be designed to limit the

rate of application of this voltage to 450,000 volts per second.

The minimum inverse anode voltage permissible is 5 percent of
the peak forward voltage and the maximum is 5000 volts during
the first 25 microseconds following the anode pulse exclusive of

a spike of 0.05 microsecond maximum duration.

The root mean square anode current shall be computed as the
square root of the product of peak current (ib) and the average

current (Ib), i.e.

Irms =vib %X 'Ib

prr (pusle repetiting rate) depends on both peak forward anode
voltage epy (V) and peak anode current ib (A). The figure given
above is an example of epy and ib against maximum ratings.
Actually, the design should be made within the limit of epy (V)

X prr (pps) x ib (A) <-Operation Factor



3G49P /5949

Notes (6) Operation factor =‘:epy (peak:forward anode voltage) X ib (peak

anode current) X prr (pulse repetition rate).

(7) Driver pulse measured at tube socket with the thyratronj grid

disconnected.

GENERAL OPERATIONAL RECOMMENDATION

1. High Voltage

Operating voltages for power tubes range from several hundred volts
to higher than 50,000 volts. Since these voltage can be deadly, ‘)
equipment must be designed so that one can not come in contact with

high voltage.

2. X-RAY Radiation

High-vacuum tubes operating at voltage higher than 10 kilovolts produce
progressively more dangerous X-ray radiation as the voltage is increased.
X-ray shielding must be provided on all sides of tubes which operate

above 10 kilovolts, to provide adequate protection through the tube's

life. If there is any doubt as to the adequacy of shielding, an expert

in this field should be contacted to perform an X-ray survey of the é’i)

equipme nt.

3. High Temperature

Don't come in contact with the vacuum tubes, not only the period of
the operation but also immediately after the removal of all tubes voltages

becuase the temperature of the tube during the operation often exceeds

200°C.

f“’\’l
A 4
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3G49P/5949

DIMENSIONAL OUTLINE

3G49p/5949
Unit : mm
Al14S
P: Anode
o~
0 L8]
. - G: Grid
+!
wn
i 2 K: Cathode
84 MAX H: Heater
HCT: Center of Heater
\\ /) R: Reservoir
E325-1
( T )
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TOSHIBA .HYDROGEN THYRATRON
4G48P /5948

2

Toshiba 4G48P /5948 is a hy-

drogen thy;ratron for éwitching
service in rader modulator and
other pulse applications. It is
capable of switching a peak power
of 12 MW at an average power of
12 kW.
4G48P /5948 has a hydrogen
reservoir which assures freedom
) from failure due to gas clean-up.
. The reservoir compensates for the

gas consumed during operation and

permits the user to adjust the pres-

sure within the tube to the most suit-

able value for the perticular application.

‘ GENERAL DATA
P ELECTRICAL: Minimum Bogie Maximum
) Cathode ; Indirectly Heated
Tied to the Heater Midpoint
) Heater Voltage .......civiieenn. 6.0 6.3 6.6 \%
Heater Current (Ef=6.3V) ........ 25 29 33 A
Reservoir Heater Voltage H S 2.5 - 5.5 v
Reservoir Heater Current ......... 3 - 6 A
(Eres=4.5V)
Cathode and Reservoir Heating Time .. 900 - -
Ancde Voltage Drop «:vises ssosssnses - 250 400 v
Anode Delay Time .......c.ec0eeeceees - = 1.0 Hs
Anode Current Time Jitter .......... - 0.005 0.01 LS
'> * The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by

TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of TOSHIBA or others.

* The information contained herein may be changed without prior notice. It is therefore advisable to
contact TOSHIBA before proceeding with the design of equipment incorporating this product.

NeED-T100 1982—05—14J

=l TOSHIBA CORPORATION




4G48P/5948

MECHANICAL:

IDRETEET R B Y an s b a8 % 58 55 Bm §F b wn s e ay B b ... See Cutline Drawing
Overall Length ... c0veviecencens #an b & Bl b 400 % 13 mm
Maximum Diameter Kk BB B S s s R Sy N SE S SR SR 154 mm

Base Number:

Clap 75 a0 s 068 915 0606 ® 58 9 5 66 o% 506 sre ere 55 0 Al14S (JEDEC No. Cl-5)
By S A A RIS v JE [ PP N S S O P See Outline Drawing

Recommended Socket:

T e g Al A B AN R Toshiba VT-29061

Base Connections
Colling (%)

........................................... . Convection
Mounting Posiloll siscsssassitsbessronsosssnnns Vertical, Base down
Net. 'Wielght' (APDROR: ) ™ o5 4% &5 5 8 6008 b S 0 o wis 5 59 ol wlrs o o le Bl o 2000 g

RATINGS
ABSOLUTE MAXIMUM:
Maximum Peak Anode Voltage (?);
INVETSE  eveernnes Ve &eE e e 25,000 vV
Forwasll sevastans ss Cssms nnpe senes sxes 0n s 5% epy ~ 25,000 \%
Minimurrl, SUPPlY . VOltagE, Tuww sn s s on s s nsssem os am oo s 5,000 v
Negative Grid Voltage (Before Conduction) ........... 650 A%
Maximum Anode Current:
POUME  cuasn twonsomen s wes swms snnws@ne sy ass vesE e 1,000 A
AVBTAZE csvs» o B P E S B e 8 S T TET T LE i A
BMS (®) wowsvsoas PR T ——— N 30 A
Averaging Time soes e 5 mcedilumnimree eTaTieY s T8 SYISURTS) VTS STGNELE (8 1 cycle
Maximum Rate of Rise of Anode Current ............ 5,000 A/us
Pulse Repetiting Rate (Prr)(®) .o ieeeninereneeenans 1,500 PpPs
Operation Factor DL 5o B e s WETHETSISE HW W 2E 59 5K 5 9x10
Pllee Durallonr cosseswesvassnsessnwssssss SEAEEESSBS 6 us
Ambient Temperature Limits .....ecceieieeennenns -90 v +75 5
M B 1 5 (o [ R R 6 E R R S & B e e e T 3,000 m
GRID DRIVE (7):
Grid Trigger Voltage (Peak) wwswos sasmwons s s -700 ~, 1,000 A%
Mazimum Rise THRE o us we ses cmus vimssse 5e e a5 565 06 s 0.35 us
Minimum Grid Pulse Durationh. sesssscssssssonsonsons 2 Us
Grid Drive Gircuit Impedance sssssssesesonssos s wes 50 ~ 200 Q

............................. See Outline Drawing
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Notes (1)

(4)

(3)

4G48P/59048

The optimum reservoir voltage for operation at maximum tube
voltage, maximum peak and average tube currents, and at a
repetition corresponding to the rated operation factor is in-
scribed on the base of the tube and must be held within *5
percent. Applications involving operation at other conditions
will necessitate the redetermination of the optimum reservoir

voltage.

Cooling anode lead by forced convection permissible, but

there shall be no air blast directly on the bulb.

Instantaneous starting is not recommended. However, in case
where it is necessary to apply anode voltage instantaneously,
the maximum permissible forward starting voltage is. 18,000
volts peak. The power-supply filter should be designed to
limit the rate of application of this voltage to 450,000 volts
per second.

The minimum inverse anode voltage permissible is 5 percent
of the peak forward voltage and the maximum is 5000 volts
during the first 25 microseconds following the anode pulse

exclusive of a spike of 0.05 microsecond maximum duration.

The root mean square anode current shall be computed as
the square root of the product of peak»cﬁrrent (ib) and the

average current (Ib), i.e.

Irms =Vvib X Ib

prr (pulse repetiting rate) depends on both peak forward anode
voltage epy (V) and peak anode current ib (A). The figure
given above in an example of epy and ib against maximum

ratings.



4GA48P/5948

"Actually, the design should be made within the limit of epy
(V) x prripps) x ib(A) £ Operation Factor.

(6) Operation factor = epy (peak forward anode voltage) x ib (peak

anode current) x prr (pulse repetition rate).

(7) Driver pulse measured at tube socket with the thyratron grid

disconnected.

GENERAL-OPERATIONAL RECOMMENDATION
1. High Voltage ol | ‘

Operating voltages for power tubes range from several hundred volts

to higher than 50,000 volts. ;. Since these voltage can be deadly,

equipment must be designed so that one can not come in contact with

high voltage.

2. X-RAY Radiation

High-vacuum tubes operating at voltage higher than 10 kilovolts produce
progressively more dangerous X-ray radiation as the voltage is increased.
X-ray shielding must be provided on all sides of tubes which operate
above 10 kilovolts, to provide adequate protectivon through the tube's

life.

If there is any doubt as to the-adequacy of shielding, an expert

in this field should be contacted to perform an X-ray survey of the

equipme nt.

. High Temperature

Don't come in contact with the vacuum tubes, not only the period of
the operation but also immediately after the removal of all tubes voltages

becuase the temperature of the tube during the operation often exceeds
Z00°C.

St A A
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4G48P/5948

DIMENSIONAL OUTLINE Unit : mm

4G48P /5948
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51| Color

- : G w

G | Green 5+0.25 10MAX]

H Yellow 73061 5.3;\%

K | Black 734-08|15.3MaX

R | Red 54025 10MAX

HR E?gc‘f(’iglfeeve 7340605.3MaX
Red with e 10MAX
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KAWASAKI JAPAN

Foshba E | A

REGISTRATION DATA Date pp 31 166

issued

Toshiba 6BR3, 12BR3, 178R3, and 25BR3
are 9 pin miniature heater cathode type
diode designed for use as damping diode
in horizontal deflection circuit of television
receivers.

As the cathode is connected to top cap

and is capable high output current, they
are especially convenient for design of

television receivers.

They also withstand high pulse voltage

between the heater and cathode and
high inverse pulse voltage between the
plate and cathode.

These characteristics make the tube especially suvitable horizental circuit in large
deflection type television receivers.

Except for heater ratings, the 12BR3, 17BR3 and 25BR3 cre identical to the 6BR3.
The 12BR3, 17BR3 and 25BR3 are controlled heater warm-up characteristic which makes

them suited for use in television receivers thot employ series connected heater.

GENERAL DATA

Electrical :
Heater, for unipctential cothode : 68R3 12BR3 T78R3 25BR3
Voltage (AC and DC) ..oiviiiiieiiiiii s 6.3 12.6 16.8 25.0 volfs
CURreNt o 1.2 0.60 0.45 0.30 Amperes
Heater warm up Hme........cocoeeiiiiiiinn. Approx. — 1 I 11 Seconds

Direct Inferelectrode Capacitances (without external shield) :

Heater 1o Cothode .. .. o i e e 3.0 J1778:

Cothode to Plate and Heater ... ..o o i 10.5 pepe f

Plate to Cathode and Heater . ... ... oo i i 8.5 peef
¢1)

Printed in Jopan

from JEDEC release #3940, Oct. 22, 1962



ﬁoduba‘ TOKYO SHIBAURA ELECTRIC CO., LTD.

KAWASAKI JAPAN

Mechanical ;

Operating Position................. e e e e e s i Any
Maximum Qverall Length. . . o i i e e e 3"
Maximum Seated Height ... .. i e e 34"
MOXIMUM DIGMEIEI. ... i\t i e et e e e e e "’
BUID . 1ttt T-6%
BaSE . e E9-1
F - o T [ - S O DTN C1.3

Maximum Ratings (Design Moximum Values) :

TV Domper service for operating in o 525 line, 30 frame sysiem.

Peak Inverse Plate Voltage™ .. i 5500 volts Mox.
Peak Plate Current o e 1200 ma Max.
DC Plate QuUIrent (oot e et e et e e e 200 ma Mox.
Plate DissiPOMON oottt et e ettt e e e e 8.5 Wotts Max.
Peck Heater to Cathode Voltege

Heater Negative with Respect to Cathode™™ ... .. ..., 5500 volts Max.
Heater Positive with Respect to Cathode™™ ™ ... ... . ... 300 vofts Max.
Bulb Temperoture (ot HoMest Point) ...oviiiiiiii i) 180 °C Max.

* The duration of the voltage pulse should not exceed 15% of one horizontal scanning cycle.
In 525.Line, 30-Frame system, 15% of one horizonial scanning cycle is 10 microseconds.
** The DC component must not exceed 900 volls.

*** The DC component must not exceed 100 volts.

Average Characteristics:

Tube Voltage Drop 1b=250mA DC ... .. i e 19 volts
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T

“— Smol!-Button Noval
9S-Pin Base
JEDEC NO. ES-I|

6BR3 128R3 i7BR3 25BR3

SOCKET CONNECTIONS
Bottom View

Pin | : Internal Connection
Pin2: Some as Pin |

Pin&: Same os Pin |
Pin 7: Same as Pin |
Pin 8: Same asfin |
Pin 9: Plote

Cap : Cathode

Pin3: Same os Pin |
Pin4: Heoter
Pin5: Heater

All inquiries as to the doto should be oddressed to Tokye Shibaura Efectric Co., Lid., Lamp

and Tube Manufacturing and Sales Division, 72 Horikawacho, Kawasaki, Kanagowa-ken, japan.
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TOSHIBA IMAGE ORTHICON CAMERA TUBE
TYPE 5820

The Toshiba tube type 5820 is a television camera tube suitable for both
studio and outdoor pickups. It is interchangeable with the RCA tube type 5820.
The Toshiba 5820 has several merits as follows:

(1) Toshiba 5820 can be used at higher temperatures, because it has
special target glass made by Toshiba.

(2) Less tendency for "Burning" contributes to longer service
hours.

(3) Higher resolution capability

| INTRODUGTION |

The Toshiba 5820 is a television camera tube suitable both for outdoor
pickups at low level of illumination as well as for studio pickups because of
its exceptionally high sensitivity and particular storage capacity.

A light flux of only 0.25 milli-lumen to the photocathode is sufficient to
make full use of the transfer characteristic of the tube. In spite of this
high sensitivity the 5820 shows no sign of instability.

The spectral sensitivity of the photocathode used in the 5820 is high
for blue and green, very good for yellow and good for red; in the infrared
region there is practically no sensitivity, thus preventing a colour-masking
by this part of this spectrum.

The secondary electron multiplier incorporated in the 5820 has an
average gain of 500 to 1000, giving signal currents of several micro-amperes;
these high output currents eliminate the need for a special low noise ampli-
fier in the camera and allow the use of a relatively low number of stages.

Under proper operating conditions., the 5820 has light transfer character-
istics which do not require the use of gamma-correction circuits to provide
normal tone rendition in black-and-white pictures on the picture tube screen.

| OPERATING PRINGIPIES

The 5820 has three sections—an image section, a scanning section, and
a maltiplier section

1.Image Section

The image section contains a semitransparent photocathodes on the inside
of faceplate, a grid to provide an electrostatic accelerating field, and a
target which contains of a thin glass disc with a fine mesh screen very
closely spaced to it on the photocathode side. Focusing is accomplished by
means of a magnetic field produced by an external coil, and by varying the
photocathode voltage.

Light from the scene to be televised is focused by an optical lens system
onto the photocathode from which photo-electrons are emitted proportionally
to the intensity of the optical image at any particular point. These photo-
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clectrons arc focused onto the target by the compined action of the electro—

vtutlc and longitudinal magnetic field, the latter being produced by an ex-
ternal coil. gecondary electrons produced by the incident photo-electrons

are collected by the fine mesh screen which is held at a definite small

positive potential with respect to the target. The potential excursion of

the target is thus limited, ensuring complete stability &t all light levels.

The secondary cemission at the target produces a pattern of positive charges

corresponding point to point with the light distribution of the original

scene. The thinncss of the target allows this charge pattern to be reproduccd

on its reversce side, 1.e. the scanned side.

Z.Scanning Section

The reverse side of the target is scanned by an elcctron beam emanating
from the electron gun in the scanning section. This gun comprises a thermi-
onic cethode. & control grid (Grid #1) and an accelerating grid (Grid #2).
The beam is focused at the target by magnetic field of the external focusing
coil and the electrostatic field of Grid #4.

The beam 1s aligned with the focusing magnetic field by means of a small
transverse magnetic field produced by an external coil located at the gun and
of the focusing coil.

Deflection of the beam is accomplished by transverse magnetic fields
produced hy external deflection coils.

The relative potential of the gun and associated clectrodes are such that
the beam approaches the target with substantially zero velocity. In arcas of
the target corresponding to the dark areus of the image, the beam is unable to

and and the beam is reflected towards the gun. In arcas corresponding to the
illuminated regions of the image, the target will be positively charged and
electrons will be deposited until the traget potential is restored to its
original value. That fraction of the beam not required for neutralisctinn of
the target charge pattern will return towards the gun. The return beam is
thus amplitude modulated. its intensity being inversely proportional to the
brightness of the original imege.

3.Multiplier Section

The electrons which fail to land on the target constitute the return beam
and are directed to the first dynode of a five stage electrostatically focused
multiplier. This utilizes the phenomenon of the sccondary emission tc amplify
signals composed of electron beam. The electrons in the beam impinging on the
first dynode surface produce many othcr clectrons, the number depcnding on
the cnergy of the impinging electrons. These secondary clectrons are then
dirccted to ths second dynode and knock out more new electrons. Grid # 3 facili-
tates a2 more complete correction by dynode #2 of the secondaries from dynode
#1. The multiplier proccss is repeated in each successive stage. with an ever-
increasing stream of electrons until those emitted from dynode #5 arc corrccted
by the znode and constitute the current utilized in the output circuit.

The multiplier section emplifies the modulated beam about 500 to 1000 times
The gain of the multiplier is sufficiently high so that the random noise of
the electron beam is hrought sbove that of the input stage of the videco ampli-
fier. It thus becomes the limiting noise in the usec of the tubc. The pressnce
of the multiplier also permits the use of an amplifier of fewer stoges.

It can be seen that when the beam moves from a less positive portion on
the target to a more positive portion, the signal output voltage across the
load resistor changos in the positive dirsction. MHence for highlight in the

scene, the grid of the first video amplifier stages swings in the pesitive
direction.
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| DaTA |
1.General Ratings
Heater, for Unipotential Cathode:

Voltage (4AC or DG) 6.3 volts =10 %
Current 0.6 ampere
Direct Intereclectrode Capacitance:
Anode to all other electrodes 12 pF
Photocathode, Semitransparent:
Response See Fig. 2
Rectangular Image (4x3 aspect ratio):
Ugeful size of 1.8" max. diagonal

Note: The size of the opticel image focused on the photo-
cathode should be adjusted so that its maximum di-
agonal does not exceed the specified value. The
corresponding electron image on the target should
have a size such that the corners of the rectangle
just touch the target ring.

Orientation of Proper orientation
is obtained when the vertical scan is essentially
paerallel to the plene passing through center of
faceplete and pin #7 of the shoulder base.

Focusing Method Magnetic

Deflection Method Magnetic

Overall length 15.20" +£0.25

Greatest Diameter of Bulb 3.00" +0.06

Shoulder Base Keyed Jumbo Annular
7-pin

End Rase Small-Shell Diheptal
1/-pin (JETEC #Bl4-45)

Operating Position Undermentioned

Weight (approx.) 11b 60z

Minimum Deflccting-Coil Inside Diameter 2-3/8"

Deflection-Coil Length 5"

Focusing-Coil Length 1ot

Alignment-Coil Length 15 /16"

Photocathode Distance Inside End of Focusing Coil 178

2. Maximum Ratings (Absolute values)

Photocathode:
Voltage =550 max. volts
I1lumination 50 max. ft-c
Operating Temperature:
OF any part of bulb < 55 max. C A*bf~b
Of bulb at large end of tube (Target section) 0 min."C

Temperature Difference:
Between target section and any part of bulb hotter than target

section. 5 max. °C
Grid-No.6 Voltage -550 max. volts
Traget Voltage:

Positive value 10 max. volts

Negative value 10 max. volts
Grid-No.5 Voltage 150 max. volts
Grid-No./ Voltage 300 max. volts



Grid No.3 Voltage 400 max. volts

Grid-No.2 & Dynode-No. 1 Voltage 350 max. volts
Grid-No.1 Voltage:
Negative bias value 125 max. volts
Positive bias value 0 max. volts
Peak Heater~Cathode Voltage:

Heater negative with respect to cathode 125 max. volts
Heater positive with respect to cathode 10 max. volts
Ancde-Supply Voltage 1350 max. volts
Voltage Per Multiplier Stage 350 max. volts

. Typical Operation and Characteristics

Image Focus (Photocathods) Voltage -400 to =540 volts
Accelerator (Grid-No. 6) Voltage
Approx. 75% of photocathode voltage
-300 to =405 volts

Target-Cutoff Voltage -3 to~+1 volts
Decelerator (Grid-No. 5) Voltage 0 to 125 volts
Beam Focus (Grid -No. 4) Voltage 140 to 180 volts
Maltiplier Focus (Grid-No. 3) Voltage 225 to 330 volts
Grid-No.?2 & Dynode-No. 1 Voltage 300 volts
Grid-No.l Voltage for Picture Cutoff -45 to =115 volts
Dynode-No. 2 Voltage 600 volts
Dynode-No. 3 Voltagze 800 volts
Dynode-No. 4 Voltage 100C volts
Dynode-No. 5 Voltage 1200 volts
Anode Voltage 1250 volts
Anode Currcnt (DC) 30 vamp
Signal-Output Current (Peak to peak) 3 to 24 vamp
Target Temperature Range (See Text) 40 te 50 ©¢
Ratio of Peak-to-Peak Highlight Video~Signal Current to RMS Noise
Current ( Approx. ) 35
Minimum Peak-to-Peak Blanking Voltage 5 volts
Field Strength a2t Center of Focusing Coil 75 gausses
Field Strength of Alignment Coil ( Approx.) 0 to 3 gausses

OPERATION |

Sequence of Adjustment

1. Insert tube camera and apply voltages as indicated under Typical Opera-
tion. Uncap the lens momentarily while adjusting the Grid #1 voltage
to give a small amount of beam current. This procedure will prevent
the mesh from being electrostatically pulled into contact with the glass
disc. Make certain that the deflection circuits are functioning proper-
ly to cause the electron heams to scan the target.

2. Set scan amplitude control at maximum.

3. Leave to warm up for 1/4 to 1/2 hour with the camera lens capped.

4. With the lens still capped and the target voltage set at approximately
2 volts negative, adiust the Grid #1 voltage until noise or a rough-
textured picture of Dynode #1 appears on the monitor. Then adjust the
alignment coil current so that the small white dynode spot does not
move when the beam-focus control (Grid #4) is varied, but simply goes
in and out of focus.

5. Uncap camera lens.



6. Increasc target voltage until information appears. Set voltage of target
approximately 2 volts above cutoff and adjust beam current to the lowest
value consistent with a satisfactory picture.

7. Decrease the scanning amplitude until the edge of the target ring just
disappear at the corner of the picture.

8. Adjust the lens to produce the best optical-focus, and the voltage on the
photocathode as well as the voltage on Grid # 4 to produce the sharpest
picture.

9. Adjust the Grid #5 voltage control to produce the picture that has the
most uniform shading from center to edge.

10. Adjust the Grid #3 voltage control to produce the maximum signal output.
11. Adjust image accelerator (Grid #6) for minimum S distortion.

12. A4djust gain for signal of correct amplitude.

13. Readjust beam, beam focus and image focus for the best picture.

| SPECTRAL RESPONSE

The spectral response of the 5820 1s not subject to appreciasble varia-
tion from tube to tube.
. The spectral response of the 5820 without correcting filter is shown
by curve 4 in Fig. 2. Curve B in the same figure, shows the spectral
response when a Wratten #6 filter is used with the 5820. This curve very
closely approaches that of the eye shown by the dotted curve C.

' TRANSFER CHARACTERISTICS |

The basic light transfer charactecristic of the 5820 is shown in Fig. 3.
This curve is representative only for small area highlights. For larger
area highlights, the bend or "knee" 1gs not quite as abrupt as shown in
Fig. 3.

The knee of the curve is explained by the fact that the charge accumu-
lated by the target can not exceed the charge which raises the voltage of
the target to the collector-mesh potential. A4s the result. when the 5820
is operated with highlights above the knee, not all of the secondary elec-
trons emitted by the target glass disc are collected by the adjacent mesh,
because it no longer muintains a positive accelerating field between itself
and the charged areas. These secondary electrons not collected fall back
on their original location or are randomly distributed over adjacent picture
areas. Since they land on these arces at a low velocity, they tend to dis-
charge the positive arecas and limit their charge buildup.

Operation with the highlights above the knee allows the image orthicon
to develop an electrial signal that, in conjunction with the light-output
characteristics of the TV receiver kinescope, presents a picture having
normal tone rendition.

In general, when operated with the camera lens stop opened one posi-
tion beyond point where the highlights of the scene reach the knee of ths
curve, the 5820 will produce a picture having very normal and pleasing tone
rendition, especially for studio pickup where light levels and contrast
range can be controlled.

For outdoor pickup where extreme scene brightness ranges are encountered,
it will be necessary to operate the 5820 with the lens stop opened so that
highlights fall further than one stop above the knee. This setting is
necessary in order that the extreme scene contrast can be compressed into

-



the rather narrow contrust range reproducing capebilitics of & telovision
system without loosing the informations contained in the low light arecas of
the scene. Operating the lens stop two positions above thz point where the
highlights of the scene reach the knee will normzlly suffice in outdoor
pickup operation. If the lens stop is opened further, cxcessive black flarec
around bright object will occur and random distrihution effects will produce
a distorted picture.

|OPERATING POSITION

The operating position of the 5820 should preferably be such that any
loose particles in the neck of the tube will not fall down and strike or
become lodged on the target. Therefore, it is recommended that the tube
never be operated in a vertical position with the diheptal-base end up nor
in any other position where the axis of the tube with basc up mckes an
angle of less than 200 with the vertical.

| OPERATING TEMPERATURE |

Aiming at higher resolution, the Toshiba 5820 has speciul target gless
made by Toshiba. therefore this ranze is 5°C higher than convcntional tube
types .

The operating temperature of any part of the glass bulb should never
exceed 55 C, and no part of the bulb at the large end of the tube (Target
section) should ever fall below 40°C during operation.

The temperature of the target iIs essentially thc same that of the
adjacent glass bulb and can, therefore be determined by mcasuring the tem-
perature of the glass bulb adiacent to the target.

For best results, it is recommended that the temperature of the cntire
bulb be held between 40T and 50°C. -

Operation at too low temperature will be characterized by the appearance
of a rapidly disappearing "sticking picture" of opposite polerity from the
original when the picturec is moved.

Operation at too high temperature will cause loss of resolution and
possibly permenent damage to the tube. Resolution is regained by waiting
for the temperature to drop below 50°C.

No part of the bulb should run more than 5°C hotter than the tarzet
section to prevent cesium migraticn to the target. Such migration will
result in loss of resoluticn and in probable parmanent demege to the tube.

Like other photosensitive devices employing cesium. ths 5220 may show
fluctuation in performance from time to time. Strict observance of the
above recommendations with respect to operation temperature will not com-
pletely eliminate these variations but will greetly improve the stebility
of the characteristics during the life of the tubsc.

R P

| RESOLUTION

The resolution of the 5220 is primerily limitsd by meznetic stray ficlds
from the scanning coils reaching as fer as the imagc section of the tube;
under the influence of these fields the points c¢f impact of th: photo-
electrons on the glass membrene perform minutc scanning moticns. This effoct,




mostly referred to as "cross talk", can be minimized by an efficient magnetic
shielding of the scanning coils.

A Second facter limiting the resolution is excessive conductivity of the
glass membrane: here one hes to distinguish between a surface conductivity
and the volume conductivity of the glass. A surface conductivity may be
caused by condensation of cesium on the glass membrane whenever the tube is
operated under conditions where parts of the glass envelope become more than
5°C hotter than the bulb in the viecinity of the target. The volume conduc-
tivity of the glass membrane depends very strongly on the temperature, in-
creasing by about 6% for every degree rise in temperature, thus leading to a
lateral charge spread at excessive temperatures.

' RECOMMENDATIONS AND WARNTNGS |

1.Recommendations

Allow the 5820 to warm up prior to operating.

Hold temperatures within the operating range.

Cap lens during standby operaticn.

Keep beam current as low as possible to secure higher signal-to-noise
ratio.

Make sure the beam is properly aligned.

Adjust target voltage exazctly 2 volts above cutoff.

Adjust illumination correctly.

Condition spare tubes by operating several hours once a month.
rnings

Do not force the tube into the shoulder socket.

Do not operate the tube without scanning.

Do not underscan the target.

Do not focus the tube on a stationary bright scene.

Do not carry a tube with the image section downwards.

Do not leave camera unattended without capping lens.
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TOSHIBA Image Orthicon 5820

For TV Camera

By Yoshiaki NAKAYAMA, Shoichi MIYASHIRO and Kaichiro ODAGAWA

OSHIBA has conducted various studies and in-

T vestigations into tubes for photo devices that

translate light energy into electrical energy, and pro-

duced television pickup tubes (iconoscopes, tecoscopes,

etc.) and is now manufacturing photo tubes, photo-

multipliers, image-converter tubes and image inten-

sifiers. Backed by these studies, researches have been

, conducted with success on image orthicon 5820 which
is the best television pickup tube at present.

Structure

The structure of the image orthicon consists of
three sections, i.e., the image, scanning and multiplier
sections as shown in Fig. 1.

The image section comprises the semitransparent
photocathode, accelerating electrode and target assem-
bly. The photocathode is made of Ag-Bi-O-Cs and its
spectral characteristic nearly equals that of the human
eye as shown in Fig. 2. The accelerating electrode
provides an accelerating electrostatic field and focuses
a distortionless image on the target. The target as-
sembly consists of a fine mesh of 750 lines per inch
and an extremely thin glass plate. This target assembly
makes the whole system a highly sensitive pickup
tube through its charge-multiplying and storage ac-
tion. The rise of an after image in the target glass
is at present generally considered to be the terminat-
ing factor of the life of the image orthicon. In other
countries, the life of the image orthicon is said to be
1,000 hr., whereas in Japan it has been considered to
be about 500 hr. This is due largely to the tempera-
ment of the people who are very critical about picture
quality—not only the spurious signal but also the after
image.

Matsuda Research Laboratory,

Tokyo Shibaura Electric Co., Lid.

As a result of various researches on the material
of the target glass, a material, having a proper resist-
ance value twice as high as any known heretofore,
has been successfully developed. Used at 40 to 50°C,
it is free from sticking. Its resolving power is high, and
its life has been increased by as much as 30 to 80%. It
is believed that the after image, as a whole, occupies
less than a few per cent of all factors considered
to cause the termination of the life. The main factors
are believed to be the excess of the target cut-off volt-
age over the limit of the image orthicon camera control
circuit as well as the black suppression of the tone.
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In the scanning section, an electron beam is
focused and deflected by the magnetic field, slowed
down to a low velocity by the decelerating electrode,
and scans the whole surface of the target. This scan-
ning beam neutralizes the positive signal charges on
the target, is modulated and driven back to the multi-
plier. In order to improve the signal-to-noise ratio,
researches have been made on the landing of the beam
onto the target, the velocity distribution of the electron
beam, etc.

The multiplier section amplifies the modulated re-
turn beam by about 1,000 times. Since the image is like-
1y to be marred by the crude texture of the first dynode
surface, a super dynode of fine structure is adopted to
improve the image quality. As to a dynode of pin-
wheel type, researches on the modes of potential-giving
and the surface condition of the Ag-Mg secondary
emitter have been conducted with satisfactory results.

The formation of ghosts or halos has also been
studied. To minimize the black border, the investiga-
tion of an image orthicon of anti-black-border type was
attempted, and it has been clarified that it can reduce
to a great extent the black border which is very un-
pleasant to the eye.

Since all parts and their materials such as the
face plate, target glass, Ag-Mg alloy, etc. have been
made and assembled by Toshiba itself under careful
control Toshiba image orthicon is assured of high and
uniform quality.

Resolution and Sticking Picture'”

The resolution of the image orthicon is mainly
determined by the lateral electric leakage of the target
glass. To reduce the lateral leakage, it is necessary
to reduce the thickness of the target glass and increase
the specific electric resistance within permissible
limits. The thickness of the target glass is reduced as
much as the mechanical strength can withstand, name-
ly, no more than a few microns.

If the electric resistance of the target glass be-
comes too high, the electric charges at both sides of
the glass plate do not neutralize in a short time. Under
this condition, focusing on a stationary bright figure
brings a gradual decrease in the output signal current,
and the panning of the image orthicon camera brings
forth a rapidly disappearing ‘“sticking picture” of op-
posite polarity. This picture appears when the target
glass of the image orthicon is used while it is still cold,
and can be prevented by increasing the temperature.
This sticking picture differs from the after image
which appears and stays for a considerable length of
time upon the termination of the life of the tube.

Therefore, it is advisable to keep the electric re-
sistance as high as possible within permissible limits.

The ratic of the sticking signal current of opposite
polarity (Zs) to the initial value of the image signal
current (/ix) can be expressed approximately by the
following equation (see Fig. 3):

Cn  ~T|Ty
I.v,/ . Oy
11'71 Cm _TJ"TU
1+ remant
q

where
Cn =the capacitance between the target glass and
the mesh of one picture element
Cy = the capacitance between both sides of the
target glass of one picture element
T = the time of one frame

(2)

Te =Ry Cy = %ﬁpl'\’x 10-"2sec

p indicates the specific electric resistance, K, the

dielectric constant of the target glass.

And the number of frames 2., which pass before
the sticking image becomes 1/e, can be represented
approximately as

1

1
. Gy
£y -+ log ( 1< 7Cg”/\
From the above equations we can learn the relation
between the magnitude of sticking and the electric
resistance as well as that between the decrement and
the electric resistance. These relations are given in
Fig. 4. Based on these calculations, Toshiba 5820 em-
ploys a target glass of high resistivity whose value is
about ten times larger than that calculated by H. B. De
Vore. It has excellent resolution characteristics as
shown in Figs. 5 and 6.

The photograph given in Fig. 6 was taken by
using the master monitor ST-1763B which employs
10SP4A and also the Toshiba image orthicon camera
DO-1330C. And for the coil assembly, the Toshiba
stock number FF-45884 was used.

Toshiba image orthicon 5820 enjoys not only ex-
cellent resolution as stated above, but also a superb
characteristic regarding to the after image that ap-
pears at the end of the life, thus making the life
longer.

face of target glass

2, Vg :Scanning section side

current on the target
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Fig. 5 The picture of the center of the master moni-
tor—

The resolving power of 700 TV lines is observed
at 45°C of the target glass temperature.

(Test pattern: RETMA resolution test chart)

Signal-to-Noise Ratio?

Since the image orthicon contains a high-gain
multiplier in itself, it is capable of supplying larger
output signal current than the pre-amplifier noise of
the camera. Therefore, it is necessary for the image
orthicon itself to have a better signal-to-noise ratio.
This noise is due mainly to the shot noise in the beam,
and so to improve the signal-to-noise ratio, it is of
utmost importance to increase the modulation of the
signal in the return beam. Consequently, the scanning
beam should be so adjusted as to give just enough
current to discharge the target positive charge cor-
responding to the highlight of the picture.

Calculations have made it clear that the reflection
coefficient of the scanning beam on the target glass
surface and the velocity distribution of the beam large-
ly affect the beam modulation. When the low velocity
electrons of the scanning beam impinge on the scan-
ning side of the target glass, a relatively large number
of electrons undergo elastic reflection. This reflection
can be reduced to a great extent by the evaporation
coating of some metal on the scanning side of the
target. The reflection coefficient was measured by the
use of the image orthicon. If, by feeding sufficient
light, the scanning beam current is reduced to 1/30 of
the ordinary current (i.e. approximately 1x10—9%A), it
is possible to keep the surface potential almost con-

TV line numbe djacent to target (°C)

Fig. 6 Amplitude response and effect of temperature
of the TOSHIBA 5820 (Test pattern: RETMA res-
olution test chart)

current to the magnitude of the landing beam current
on the target by varying the potential of the target
mesh. Fig. 7 gives the results of measurements taken
when metal (i.e. Ag, Au, Pt, Cu, Ge, etc.) was deposited
on the scanning side of the target glass. The reflection
coefficient stands at 0.7 to 0.9 with the glass alone,
while it is reduced to 0.3 to 0.5 when a metal is
deposited on the glass. And the figure clearly shows
that among other metals Ag is most suitable to reduce
the reflection coefficient without loss of resolution.

Fig. 8 shows the velocity distribution of the elec-
trons in the scanning beam along the axis of the tube.
Here the measurement was made by the use of a metal
plate instead of the glass target. The result coincides
approximately with Maxwell’s theoretical value cal-
culated from the cathode temperature. It stands at
about 0.1eV. It shows clearly that the characteristic
of the electron gun is good enough for the bheam
landing.

The return beam produces impact on the first dy-
node of fine and uniform texture forming a rectangular
raster whose diagonal measures approximately 8 mm.
The secondary electrons produced there are directed
to the second dynode by the persuader electrode Ge..
The observation of the electron trajectories, which
have been rendered visible by coating phosphor on

stant even at the time the electrons land on the target. 0.20
Under this condition, the relation between the refiec- 018
tion coefficient and the velocity of landing electrons /
can be determined by measuring the ratio of the beam 0.16 oV
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Fig. 7 Reflection of slow electrons on the glasses on
which various metals are deposited
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Fig. 8 Velocity distribution of
scanning beam electrons



each dynode, is shown in Fig. 9. When the potential
of Gy is about 280 volts, the electrons reach the
final dynode without much lateral deflection, resulting
in the maximum gain and the minimum multiplier
shading.

The multiplier dynode is made of an alloy of Ag-
Mg, which, before being placed into the tube, is treated
by heat in rarefied oxygen or water vapor to form an
MgO film of several hundred A. over the surface. It has
been found that, during this activation process, the
selective oxidization proceeds according to the para-
bolic rate law in the low pressure atmosphere of oxi-
dizing agent, and that the diffusion rate of Mg through
the oxide layer is determined.

Also concerning the characteristic of the Ag-Mg
emitter, various basic research data have been ob-
tained on the problem of the gain decay due to carbon
contamination induced by the electron bombardment(3)
as well as on the effects of cesium vapor, various gases,
heat treatment, light exposure, etc. on the gain.

Spurious Signals

Although the spurious signals of the image orthi-
con include the problems of defects and shading, these
will not be discussed in this article since various
detailed reports have already been made on them.
The writers will report here on newly-obtained infor-
mation concerning such spurious signals as ghosts,
haloes, black-border effects, etc.

Part of the secondary electrons emitted from the
target cause spurious signals which are unique to the
image orthicon. Although a brief explanation has
been made about these phenomena, the writers have
learnt that this explanation would not be sufficient.
Fig. 10 shows the televised picture of a sheet of black
paper with small holes illuminated from the back.
A strong contrast ghost image of the hole appears by
the side of each real image, being distributed in a
counterclockwise direction. These are the same ghost
images as those found in an ordinary broadcast pic-
ture. By varying the photocathode potential, the ghost
image can be made to move toward the true image as
seen in Fig. 11. Finally it unites with the real image
and disappears. It has also been found that by varying
the voltage of the photocathode or the accelerator, the
ghost image can be made to fade into a faint round
halo. We may call these ghosts and haloes “primary.”
Furthermore, at the outskirt of the photograph, faint
ghosts of a different type can be observed. These
“secondary” ghosts almost never change their positions
even when the electrode voltage is varied. In Fig. 10,
the region other than the black-border appears whitish
because of a fogging effect, although the region is dark
in the original scene. This kind of halo is called
“secondary.” On the basis of these factors, it may be
reasonable to conclude that the high-velocity electron
group gives rise to the relatively inconspicuous
“secondary” ghost, whereas, of the medium-velocity
electron group those electrons with a velocity that just
satisfies the focus condition causes the “primary” ghost
as well as the “primary” or round haloes, and the
“secondary” halo is caused by the remaining part of
the medium-velocity electron group.

The black-border effect is caused by part of the
low-velocity seccndary electrons emitted from the tar-
get, and renders the image scene unpleasant to the eye
as illustrated in Figs. 10 and 12. Shown in Fig. 13 is
the black-border width as it varies according to the
brightness ¢s of the bright spot and the brightness

(4)
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¢z of the background. It is to be noted that at

65 <%, the black-border is extraordinarily enlarged by
the halo effect. It has also been learned that the black-
border width is quickly saturated when the size of
the bright body is increased.

In order to minimize the black-border, the writers
have made experimental tubes(4), whose underlying
principle consists in the prevention of the electron
redistribution on the target glass by inserting into the
photocathode side of the target screen another mesh
screen with positive potential to collect the excess
secondary electrons. It has been found that there exist
optimum points of the potential and position of the
collector mesh as a result of theoretical considerations
supported by numerous experiments. Fig. 14 and the
chain line in Fig. 13 represent the remarkable results
obtained with one of the experimental tubes. Such
improvement in image quality is highly desirable for
picking up a scene of a wide contrast range and for
the color TV camera.
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Fig. 12 Example of black border effect in 5820
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Fig. 13 Magnitude of black border in the image or-.
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Summary
The characteristics of the tube are very satisfac-

tory, and may be summed up as follows:

(1)

(3)

(4)

The electric resistance of the target glass in use
is twice as high as that of a conventional one, and
the tube is superior in resolution, sticking and
longevity. These are supported by serious theoret-
ical and experimental studies. Fig. 15 shows one
of the results of life tests.

The signal-to-noise ratio is high. The beam land-
ing and the velocity distribution of the scanning
beam were measured by special methods.
Regarding to the multiplier, various researches
were made into the process of forming an MgO
film of some hundred A on the Ag-Mg alloy sur-
face. The electron path was also visually observed
to ascertain the potential on the dynode.

Research was done into spurious signals caused by
the “secondary” electrons emitted from the target.
They were closely observed and carefully studied.
Experimental anti-black-border image orthicons
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ig. 14 An example of picture taken by the experi-
mental anti-black-border image orthicon 5820
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ig. 15 Results of life tests of TOSHIBA image or-
thicon 5820

have been devised, and the black-border effect
considerably reduced, though with some loss of
sensitivity.
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