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Linear transformer driver (LTD)֯ pulse-powerᾼ ӣϱצ ầ

ᾼῶ Ȳѻ ╥ᵓӣ ₤ Ғ ᾼ ếӻ׀ Ȳѿ

ẞ֯ ᾼ═ в(ּפ 100-300 ns) Ӣ ᾼғ [1][3]ȴ

LTD ѻ ᾼ Ἐ╥ ₤ Ӣ Ȳ ᴿὑ Linear induction 

accelerator(LIA)ȳ Inductive voltage adder(IVA)ế Linear pulsed 

transformer(LPT)ȴ 

Linear transformer driverѻ ╥Ӧ ȳ ȳ Ὺ ֥ᴖכȴ

в ╥Ӧֵ brick ֥ᴖכȲḕϚ brick в ⁄╥иᵑӦẒ

ṳếϚ (open switch)Æ ᴖכȴӦὑ LTD ӣ֯

в ҏ ғ Ȳϭ֪Ɫ LTD ҏᾼ ғ ☼

╥ ӦḕϚ brick ҏᾼ ☼ ҒᴖכȲ֪֯ױḕϚ brick в

ᾼ switchᾼ ⇔Ӈ Ṝ ᶶȲИ ṿ LTD ֯ в

ҏ ☼ȴ 

ᾼװױ Biannual progress report ẞ J.R.Woodworthᾼ

[2]ѩ Ϡҳ Л֝ ᾼЏᵂ Ὠȴҫҵ ᾼ

Ȳиᵑᵓӣ BJTế IGBTᾼ Ὠ[4][5]ȴ
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Abstract 

The linear transformer driver (LTD) is a developing pulsed-power technology which 

shows promising for applications that require high-power, high-voltage, high current, 

and short output pulses(~100 ns). The LTD driver is an induction generator similar to 

the linear induction accelerator (LIA) , the inductive voltage adder (IVA) , and the linear 

pulsed transformer (LPT). 

Linear transformer driver consists of capacitors, switches and magnetic cores. It is 

composed by many bricks. Each brick has two capacitors and one switch connected in 

series. In order to generate high power and high current using LTD, switches have 

stringent demand on breakdown in very short time.   

J.R.Woodworthôs team has introduced behaviors of four different switches and will 

be discussed here. At the end, we will further introduce using BJT and IGBT to trigger 

switches. 
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Ϛ   

    ֯ Э ⇔ѝὙᾼῂ Ȳ Ẕ ᾼ ᵛ╥ ᾼ Ȳ֢  

Л ϩὑ ᾼᶾ ẃ ḟ ЛṜᾼ ȴӭ›ּ80% צפ 

ᾼБ ȲẔ ╥ӦоӰ ᴖẃȲ דכ ⇔ᾼ

ȴԛ῏ȲоӰ ᾼẃ ṳЛ╥ Л ᾼȲῶӱᶺ ṷ

оӰ ᾼ Ḗ ắẞ ᾼ ạȴᴖ ѡ Ⱨכ ᾼϢЀ  

Ȳ ═ ᾓἨ╥Ḇ ᾼӢ♄ ḖȲ ᾼ Ӈứ╥Ḇ ᾼȲ֪ױ

֯ ᾼӘ ╥ Ӕ ᾼȴ 

    ֽ ֥Ѡ ᾼׁשṅȲ ғ Ṇ (pulsed-power system) ӣ

֯ ᾼ ϱȲ֪ױῺדẃȲצ ҏϚ ᾼ ғ Ṇ

ᶾ Ɫ Linear transformer driver(LTD)ȲױṆ ᾼ ֯∟

ȴ 

 

 

 

 

 

 

 

 

 

 

 

 1-1-1 ֵ а(brick)ṳ ᴖכᾼ LTD Ṇ ȲḕϚ brick⁄ӦẒ ếϚ

ᴭ ᴖכȴ 
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    Ӑ ⅍ ṿӣ LTD ӢἬ ᾼ ☼ẃ  x-pinchȴṿӣ

Ϛ pulsed-power system  x-pinch ᾼ Ἐֽ  1-2-1 ἬӱȲҿ

ᴥ в ׀ (Energy Bank)Ȳ╥ Ӧֵ ṳ ᴖכ 

Ȳ  x-pinch П ᴭ Ϛ (switch)ȴ֯ Ẓ Ԓӣ ẁ

(high voltage power supply)Ϥ±100KVᾼ ẃ҉ Ȳ∕Ẕ

҉ ∟Ȳ ֯׀ в ȴ Ӧᶶ ֯׀

в ᾼ ẞ x-pinchȴ ᾼ ṿӣ ֯ ns ϯ

ṣ ᾼаԈⱢѻȴ 

 

 

 

 

 

 

 

1-2-1   pulsed-power system Ȳ Ӧ high voltage power supplyԒ energy 

bankвᾼ ҉ ҉ ∟Ȳԛ Ȳ ҏЄ ☼Ȳӣẃ

x-pinchȴ

switch 
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ϡ  аԈЮ  

ױ     ẞȲ LTD ᴖכᾼpulsed-power systemȲ

Ẕв ᾼаԈ ȲѿцаԈиᵑᾼЮכ ȴ 

ҫҵϚ Ȳѿϯᾼ ῶ╥ ֤צ ᾼ ȴ ᴥפ ᾼ

и╥╓ᶺ ҏᾼϚ ȷ֯ peakҏ ∟ẞ מּ

ᴥפ ( ∟ Ӣᾼ ☼) ◕ ⱢἋ (delay time)ȴ

ҫҵȲ֪ⱢḕϚװᾼ ᾼ Ϛצ ЛϚ Ȳᶺ

Ɫ jitterȴ 

 

 

 

 

 

 

 

 

 

2-1 ᴥפ ᾼ иⱢ Ȳּמᴥפ ᾼ иⱢ ∟ Ӣᾼ ☼ȴ

֯ ҏ ẞ פᴥמּ ◕ ⱢἋ ȴᴖḕϚװ

ᾼ ЛϚ Ȳᶺ Ɫ jitterȴ 

2-1 linear transformer driver s(LTD)  

 

    ᵓӣ LTD ᾼ pulsed-power systemѻכ ╥ᵓӣ ᴖכ

ᾼ Ғ ᾼ ếӻ׀ Ȳ ẞ֯ ᾼ═ в(ּפ 100-

300 ns) ҏ ᾼғ [1][3]ȴ 

    Linear Transformer Driversѻ ╥Ӧֵ ȳ ȳ Ὺ
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֥ᴖכȴᴖ Ϛᾼ LTD в Ӧֵ аṳ ֥ᴖכȲ ПⱢ brickȴ

ḕϚ  brick в ⁄иᵑӦẒ ếϚ (gas switch)Æ

ᴖכȲ ֽ 2-1-1Ἤӱ[2]ȴ 

 

 

 

 

 

 

 

 

 

 2-1-1 Linear Transformer Driversв Ϛ brickᾼ ȴḕϚ brickв

ӦẒ ếϚ ᴭ ᴖכȴ Ẓ ᾼ ᵓӣ ╟Ғð

100 kVᾼ Ȳ֪ױ Ӈ Ἥắ 200 KVᾼ ȷ trigger pin

ϤϚ Ȳṿ ȴ 

 

    Linear Transformer DriversⱢϠ ֯ ᾼ в Ӣ ғ

Ȳ ὑ ạ ᾼ −צ ᾼ Ḗȴӑ ᴖ

ᴞᴩ (pre-fire)ᾼ ᵅИᴩȴ (trigger pulse) ҏ

∟Ȳּפ 5-10 ns∟ (activated)Ȳױ ϭ ⱢἋ

(delay time)Ȳϭ֪Ɫḕװ ᾼἋ ЛϚứ֝דȲױ ϱᾼЛ

ứἤ Ɫ jitterȴ֪ ȲϚױ ֻᾼ Ӈ ẓ pre-fire ᵅѹ jitter

Њᾼ ἤȴ ӐϱȲᶺ ѿ A.A Kim ᾼ LTDẃ ᴩ[3]Ȳ

ᾼ ᶺ ֯ѿϯ ȴ 

    ᶺ ṿӣ Ɫ 40 nFᾼ Ȳ Ϛ brickМẒ ᴭ

∟Ȳ Ɫ 20 nFȴ Ԛצ 20 brickȲ LTD

Ɫ 0.4 uFȴ֪ Ɫ ╟Ғ ρππ+6ᾼ Ȳ ⱢEstored = #6= 
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8 kJȴ Ɫ 50 nHȲ⁄ LTD ҏ ☼ᾼ rise timeҠѿ ᴷⱢ

Trise Ø ςʌЍ,#  220 nsȲ ᾼ ҏ ☼ ╥ I  υ70 kAȲ

A.A Kim Ἤ ᾼ LTD[3] (ֽ 2-1-2Ἤӱ)֝דȴ 

    LTD ᾼ Ҡѿӣ  2-1-3 ᾼ ẃῶӱȴ Мᾼ

Cῶӱ LTD ȲLBῶӱ LTD в (Лᵶ ц Ὺ)ᾼ

ȲRSῶӱ LTD в ᾼ   ȲLLȳRL иᵑῶӱ ế  Ȳ 

LCȳRC иᵑῶӱ Ὺᾼ ế  ȴ
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 2-1-2 LTDв 20 bricks ȴ Ӧ 20 bricksṳ ᴖכȲẃṿ

ҏᾼ ☼ ҒכЄ ☼ȴѿ A.A Kim ᾼ LTD ⱢẂ(ֽ  2-1- 2 Ἤӱ) [2]Ȳ Ԛ

bricks ṳ  20 צ ȲḕϚ  brick ӦẒ  40 nF ᾼ ếϚ ᴭ Ȳ

Ẓ ᾼ ҉ ᴟð100 KVȲ ֪ױ switch ᾼЏᵂ Ӈ ᴟю Ἥắ 

200 KVȴױ  LTD Ҡѿ ҏ 0.5 MAȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2-1-3 LTD [1] 
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2-2Л֝ П ἤѩ  

    Linear transformer driverᾼ Ȳ֪Ɫ Ḗ֯ ᾼ в  20 

ṳ ᾼ brick ֝ ҏ ☼ Ғכ ☼ȲἬѿӇ ḖḕϚ  brick 

в ᾼ ֝ Ȳ֪ױȲ ὑ ᾼ Ḗ ȴ 

    J.R.Woodworthᾼ ѩ Ϡҳ Л֝ ᾼ ἤ[2]Ȳ  2-2-1Ȳ

 table 2-2-1 иᵑ╥ҳ ᾼ ѱế Ȳиᵑ֯ Ẓ ╟Ғ 

±100 kVȲẔ Ὠֽϯȴ 

 

 

 2-2-1ӦҿᴖҢиᵑⱢ HCEIȳSandiaȳKinetech ế L3 ᾼ ᴯ ᵂᾼ ȴ 

 

 

 

 

ῶ 2-2-1  ҳ Пᾬ  
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2-2-1 HCEI  

    HCEI פּ 16 cmȲ֪ⱢѐЉ ЄȲ֪ױ Ϸ Є(~115 

nH)Ȳ һ ╥в гצ (gap)Ȳ֪ⱢҬ ṿẔМϚ

∟Ȳ ϯᾼХ ᵛҠӴᵛ ᴖ Ȳ֪֯ױṿӣ Ȳ

ѩ ὔ ᴖ ȴ 

    Ẕ҃ᾼ ֪ⱢҬצẒ Ȳ֪ױ ѩ HCEI

Ḇ ᾼ ȲИ ṿ҃ ȴҫҵȲֽ 2-2-1-1ἬӱȲHCELҠ

Ȳװ10000 ᴖ› 50 Л−צ ứᾼἋ ȲצҠ

╥֪Ɫ ῶ ЛᶁлἬ ᾼȴכ Ở Ȳ ῶ Ґצ ᾼ֮Ѡ

ѩ ὔ ȲЄ иᾼ ☼ Ȳ ᶝכ Ғ Ȳ ῶ

Ґ ᾼ и оȲṿẔῶ ᾼӂ Ȳױ ᴞᶺ⌠ (self-

curing)ȴᴖ֯Ὅ װ1500~1400 Ȳ֪ⱢẔМϚ ϠȲ Ἃכ

ᾼЛ ứȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 2-2-1-1 HCEI ṿӣ Ễ  ȴϚ Ở֪Ɫ ῶ ЛᶁлȲ כ ᾼ›

ЄᾼЛ−צװ50 ứἤȴ֯ װ1500~1400 Ȳ⁄╥֪ⱢẔМϚ ϠȲᴖ

ᾼЛכ ứȴ



  

14 
 

2-2-2 Sandia  

   2-2-2-1 ╥ Sandia Ɫ ᾼ ӱȴⱢϠ ᵅױ ᾼ

Ȳ ᵧ ᶮȲ ᾼ ⇔Ɫ 9.2 cm ⇔Ɫ 10.2 cmȴ 2-2-

2-2Ɫױ ṿӣ Ễᾼ ὨȲ Ҡ═ ṿӣϮщȲӣϮ

ᴥ҅ῶЛ֝щᾼ ὨȴӂᶁἋ Ɫ 42 nsȲjitterⱢð5.7 nsȴ 

   Jitter ЄᾼẔМϚ ֪Ȳ╥֪ⱢצẒ ȴҫϚ Ҡ ╥֪

Ɫᵓӣ 80 KV ᾼЏᵂ ѿ ȴ 

 

  

 

 

 

 

 

 

 

 2-2-2-1 Sandia ȴϱϯẒ ᶮ ȲМ Ϛצ Ȳṿ

Ẓצ ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 2-2-2-2 Sandia ṿӣ Ễ ȴ



  

15 
 

2-2-3 Kinetic  

    2-2-3-1Ɫ Kinetic в ӱȴױ Ɫ᾿ x ⇔

ὑ 7.5 cm x 12 cmᾼ ▀ Ȳв Ẓ ╥ҠѿṼ Ḗ Ȳ

в ҳצ (trigger pin)ȴױ צ Њᾼ ц  ᾼṿ

ӣ ỄȲ֪ Ɫ Ϥ ᴖ Ẓ

ȲḕϚװᾼ ╥ ᾼȲṳỆứ ứᾼ

Ȳ֪ױ ц ᾼṿӣ ỄҠѿἋ ȴ 2-2-3-2Ɫױ

ṿӣ Ễᾼ ὨȲ Ҡ═ ṿӣҳщȲ 2-2-3-2ϱᾼҳ

ᴥ҅ῶЛ֝щᾼ ὨȴӂᶁἋ Ɫ 43.4 nsȲjitter 

Ɫð3.3 nsȲṳѹ צ 2 pre-fireṶԈȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-2-3-1 Kinetic в Ȳ ᴥᾼמּ иⱢ Ȳᴖ֯ ᾼϱϯҿҢ֢

Ϛќצ ȴ
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 2-2-3-2 Kinetic ṿӣ Ễ ȴṿӣ ỄҠ ҳщȲѹ ᾼ ứȴҳ

Л֝ ᴥῶӱЛ֝щ ᾼ Ȳᵀ╥ ╥ Л ᾼȴ 
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2-2-4 L3  

    2-2-4-1╥ L3 в ȴױ ᾿ Ɫ 14.6 cmȲ Ɫ 7.6 

cmȴ 2-2-4-2Ɫṿӣ Ễᾼ ὨȲҳ Л֝ ᴥᾼ ◕ῶӱЛ

֝щ ᾼ ȲӂᶁἋ Ɫ 45 nsȲjitterⱢð1.2 nsȴּ֯פ 1300

∟( ҳщ)Ἃ ᾼЛ ứȲ╥֪Ɫ ( trigger pins )

ᴖ  ᾼȴכ

 

 

 

 

 

 

 

 

 

 

2-2-4-1╥ L3 в Ȳҿ иҠѿכẞМ צ ᾼϚ Ȳῶ

╥ Ӣᾼ֮Ѡ Ѿ ֯ Ϛ ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

2-2-4-2 L3 ṿӣ Ễ Ȳҳ ᴥ҅ῶЛ֝щ ᾼ Ȳҳ Л֝ ᴥ

ῶӱЛ֝щ ᾼ Ȳᵀ╥ ╥ Л ᾼȴ ҳщּמᴥ ◕ᾼ иȲ

Ҡѿכҏẃ ᾼЛ ứȲ╥֪Ɫ Ἤ ȴ
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2-3 аԈ 

    ֽ›ѝἬ Ȳ֯ ᾼ ϱȲ ᵓӣ ẃ в

Ẓ ᾼ ȴ֯ ᾼ иȲⱢϠ ẞ ᶶᾼ

Ȳ ṿӣ ▒ ɎInsulated Gate Bipolar Transistor, IGBTɏȴ

֪Ɫ IGBT в ᾼ ᴿὑ І (bipolar junction 

transistor, BJT)ế  оᾬҙ ɎMetal-Oxide-

Semiconductor Field-Effect Transistor, MOSFETɏ ֥ᾼЏᵂ₤ Ȳ֪

ᶺױ ԒЮ BJTế MOSFETᾼЏᵂ₤ ȲԛЮ IGBTȴ 

2-3-1 І (bipolar junction transistor, BJ T) 

   Ṽ ᾼЛ֝ϯצ PNP₤ц NPN₤Ẓ ȲẔ ֽ 2-3-

1-1Ἤӱȴ PNP₤ᾼ BJT╥Ẓ P₤ҙ М ᶈϠϚ ᾼ N

₤ҙ ȷ ╥ NPN₤ҙ ⁄╥Ẓ N₤ҙ М ᶈϠϚ

ᾼ P₤ҙ ȴ֪ⱢױаԈМ╥Ӧϡ ἤᾼ І(p- ♂ế n-

І)Ԛ֝ ȲἬѿһ Ɫ Іȴ 2-3-1-1 BJTצϮ

иᵑⱢ EȳBȳCȲиᵑ҅ῶⱢ (emitter)ȳ (base)ȳ

(collector)ȴ ế ᾼғӣиᵑⱢ ếן ІἨ ♂Ȳ ⁄

╥ӣẃ ạ ế ᾼ ☼ЄЊȴ 

    ṿӣ NPN₤ᾼ BJT Ȳ - (B-E)Ɫ ֣ Ȳ -

(B-C)Ɫч֣ Ȳױ Џᵂ Ɫᵂӣה ȴӦὑ ᾼ

⇔ Єὑ Ȳѹ ⇔− ȴ ІҠѿ B-E ᴖᾃ

Ϥẞ Ȳꜙᴟ ᴖ Ϥ B-CᾼῈѽ ȲױῈѽ вП

Іᵮіᴟ ȴ֝ Ȳ ♂Ϸ  B-E ᵮі

ᴟ ȲἬѿ ☼(IE)ϷҔᵶ ᾃϤẞ ᾼ І☼ (InE) ц
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ᾃϤẞ ᾼ ♂☼ (IpE)ȴӦὑ ᾼ ⇔ Єὑ ȲἬѿ 

InEḻ IpE ȴᴟὑ PNP₤ BJTȲẔ ☼Ѡ֣ế NPN₤ BJT ☼Ѡ֣ד

чȲЏᵂ Ӽדчȴ 

     2-3-1-2 ╥ NPN ₤ BJT ᾼϮ Л֝Џᵂ :ה Ѧ ה

(Cutoff mode)ȳ ἤὍЄ ה (Amplification mode)ế ế ה

(Saturation mode)ȴ 

1. Ѧ ֽ:ה 2-3-1-3ἬӱȲ B-E ᵅὑ█Ϛ

פּ) 0.6V)ȲB ᾼ ☼ Ὼὑ 0Ȳ֪ ױ ᾎ ȴ 

2. ἤὍЄ NPN:ה ₤ᾼ ╥ ֣ ₤(VBE>0)ȴᶺ

Ӧ  2-3-1-3Ҡѿכẞ Єὑ 0.7V ȲIBᾼ Ở≡

ҒȲῶӱױ Ở Ȳ֪ױҠѿ Ӧ IBᾼ

ẃ ạ ᾼЏᵂ₤ ȴ  2-3-1-2Ҡѿ Ȳ IBᾼ

Ệứ Ȳᵛṿ VCEᾼ ЄȲICᾼ ṳЛ ПḂ ȴ ╥

VCEᾼ ỆứȲIBᾼ Ғ Ȳ⁄ Ἇϱ Ȳױ IC

ᾼ IBᾼ Ғᴖ Ғȴ 

3. ế VBE :ה ═֯ 0.7 V Ἠ  0.7 V Ϛ ȲVCE

Њὑ 0.3V Ȳ Ɫ ế ȴ֯ 2-3-1-2Ҡѿכẞ VCE

Ḃ ȲICצ≡ оȲױ ICế IB ḥצ ἤὍЄᾼ …Ȳ

☼ὍЄ ἤ ҷȴ
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 2-3-1-1ҿ Ɫ NPN₤ BJTȲҢ Ɫ PNP₤ BJTȴ 

 

 

 

 

 

 

 

 

 

 

  

 

 2-3-1-2 ᾼϮ Џᵂ Ȳה Ѧ ȳ(Cutoff mode)ה ἤὍЄ ה

(Amplification mode)ế ế  ȴ(Saturation mode)ה

 

 

 

 

 

 

 

 

 

 

 

 

 2-3-1-3  N₤ B-E (VBE)ế B ☼(IB)ᾼ …ȴҠѿכ

ẞ B-E (VBE)ᵅὑ 0.6 V ȲB ☼(IB) Ὼὑ 0ȴ 


























