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650V /50A Trench Field Stop IGBT 
 

YGW50N65T1  

Lu-Semi 650V Trench Field Stop IGBTs offer 

low switching losses, high energy efficiency 

and high avalanche ruggedness for motion 

control
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YGW50N65T1 
Maximum Ratings （Tj= 25℃ unless otherwise specified） 

   

Parameter Symbol Value Unit 

Collector-Emitter Breakdown Voltage  VCE 650 V  

DC collector current, limited by Tjma T

呦‰‰‰⁳挠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓㘮㝔爲〰〳‵㌮㘴㜠呄⁛⠀ĩ嵔䨠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓㘮㤵呲㈰〰㌠㔳⸶㐷⁔䐠嬨=�〉°㔠呄⁛⡔映〠〠〠獣‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠匹⸸㉔爲〰〳‵㌮㘴㜠呄⁛⠀ĩ嵔䨠〠〠〠ഊ䉔‱㈠〠ⴰ‰〠呭 䘳㐠ㄠ呦‰‰‰⁳挠〠〠〠千‰⁔爱⸳㜳‵㌮㘴㜠呄⁛⠀ĩ嵔䨠䕔ഊ䉔‸⸰㐠〠ⴰ‸⸰㐠〠〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓㤮㌳㜠㜶〠呲‸㌮㈶㔠呄⁛⡔映〠〠〠獣‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠匶⸷呲ㄮ㌷㌠㔳⸶㐷⁔䐠嬨 ⥝告‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠匶⸹㕔爱⸳㜳‵㌮㘴㜠呄⁛⠀㜀尰〰ळ〰〉㌰〰㨵⁔䐠嬨呦‰‰‰⁳挠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓〚呲ㄮ㌷㌠㔳⸶㐷⁔䐠嬨 ⥝告‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠匲㜮ㄶㅔ爲〰〳‵㌮㘴㜠呄⁛㌰〰「⥝告⁅名ੂ吠㠮〴‰‭〠㠮〴‰‰⁔洠⽆㔠ㄠ呦‰‰‰⁳挠〠〠〠千‰⁔爠㜠㔳㌵‸㌮㈶㔠呄⁛⡔映〠〠〠獣‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠千‰〳ㅔ爲〰〳‵㌮㘴㜠呄⁛⠀ĩ嵔䨠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓㈠㔳㜱呲㈰〰㌠㔳⸶㐷⁔䐠嬨 ⥝告‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠匠渍ਰㅲ‱㠮㜳‵㌮㘴㜠呄⁛⠀ĩ嵔䨠䕔ഊ䉔‱㈠〠ⴰ‱㈠〠〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓䌠〠呲″㈰〰㌠㔳⸶㐷⁔䐀ळ〰》⥝告⁅名ੂ吠ㄲ‰‭〠ㄲ‰‰⁔洠⽆㔠ㄠ呦‰‰‰⁳挠〠〠〠千‰⁔爠㌲〰〳‵㌮㘴㜠呄〱㈀଩嵔䨠䕔ഊ䉔‱㈠〠ⴰ‱㈠〠〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓䌠〠呲″㈰〰㌠㔳⸶㐷⁔䐠嬨 ⥝告‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠匠渍㐰ㅲ‱⸳㜳‵㌮㘴㜠呄⁛⠀਩嵔䨠䔠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓⁮ഊ〱爠ㄮ㌷㌠㔳⸶㐷⁔䐠嬨0⥝告⁅名ੂ吠ㄲ‰‭〠ㄲ‰‰⁔洠⽆㔠ㄠ呦‰‰‰⁳挠〠〠〠千‰㐰ㅲ‱⸳㜳‵㌮㘴㜠呄⁛⠀ĩ嵔䨠䕔ഊ䉔‱㈠〠ⴰ‱㈠〠〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓䌠〠呲‴㈰〰㌠㔳⸶㐷⁔䐻〰「 ⥝告⁅名ੂ吠ㄲ‰‭〠ㄲ‰‰⁔洠⽆㔠ㄠ呦‰‰‰⁳挠〠〠〠千‰⁔爠㐲〰〳‵㌮㘴㜠呄⁛⠀ĩ崸⸲㤠氠㘲⸶㐠洹〮㔷⁬‶㌮ㄲ‶㔸⸵㜠氠㘷⸸ㄠ㘵㠮㈹⁬‶㜮㠱‶㔰⸵㜠氠栠映ഊ㘲⸶㐠洹㠮㈹⁬′㠱⸷㘠㘵㠮㈹⁬′㠷⸸ㄠ㘵㠮㔷⁬‶㜮㠱‶㔸⸲㤠氠栠映ഊ㈶㈮㘴⁭㤸⸵㜠氠㈸㈮㈴‶㔸⸵㜠氠㈸㜮㠱‶㔸⸲㤠氠㈸㜮㠱‶㔰⸵㜠氠栠映ഊ㈶㈮㘴⁭㤸⸲㤠氠㌸ㄠ㘵㠮㈹⁬㜮㠱‶㔸⸵㜠氠㈸㜮㠱‶㔸⸲㤠氠栠映㘲⸶㐠洹㠮㈷⁬″㠱⸴㠠㘵㠮㈷⁬″㠷⸸ㄠ㘵㠮㈹⁬㜮㠱‶㔰⸵㜠氠栠映ഊ㌶㈮㘴⁭㤸⸲㤠氠㐸〮㈴‶㔸⸲㤠氠㐸㜮㠱‶㔸⸲㜠氠㌸㜮㠱‶㔸⸲㤠氠栠映ഊ㐶㈮㘴⁭㤸⸲㤠氠㐸〮㜲‶㔸⸲㤷⁬‶㜮㠱‶㔸⸲㤠氠㐸㜮㠱‶㔰⸵㜠氠栠映ഊ㐶㈮㘴⁭㤸⸲㤠氠㔳㜠㘵㠮㈹⁬㜮㠱‶㔸⸲㤷⁬‶㜮㠱‶㔸⸲㤠永⸲㤠氠㔳㜠洹〮㔷⁬‵㌷⸴㠠㘵㠮㈷⁬″㠷⸸ㄠ㘵㠮㈹⁬㜮㠱‶㔰⸵㜠氠栠映ഊ氷⸸ㄠ洵㠮㔷⁬‶㜮㠱‶㔸⸵㜠氠〒‶㤱⸰㔠氠〒‶㤸⸲㤠氠栠映ഊ㈶㜮㠱⁭㔸⸵㜠氠㈸㜮㠱‶㔸⸵㜠氠㈰ሠ㘹⁨⁦‍ਲ〒‶㤸⸲㤠永⸲㤠氷⸸ㄠ洵㠮㈷⁬″㠷⸸ㄠ㘵㠮㈷⁬″〒‶㤸⸲㤠〒‶㤸⸲㤠永⸲㤠氠㐸㜮㠱⁭㔸⸲㤷⁬‶㜮㠱‶㔸⸲㤷⁬‰ሠ㘹㠮㈹⁬‴〒‶㤸⸲㤠永⸲㤠氷⸸ㄠ洵㠮㈷⁬″㠷⸸ㄠ㘵㠮㈷⁬″〒‶㤸⸲㤠〒‶㤸⸲㤠氠栠映ഊ䉔‱㈠〠ⴰ‱㈠〠〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓䌠〠吴㤮㌳㤠㔳⸶㐷⁔䐠嬨=iedr ㈩㠮㜰┩ⴶ⸰㌴⠀฀ଳ⤸⸵㔷⠀Nဩ㔮㤷㘱edc㌩㜮㈷㈱cu3⠰〰฀̩ⴶ⸹㈷⠀؀ༀᔀἀĀጀ܆ࠀ⸰㘲〩㘮㤱㠨ted b⤭㠮〴⠀ ㄹ⸹㤨 ⥝告⁅名ੂ吠ㄲ‰‭〠ㄲ‰‰⁔洠⽆㌴‱⁔映〠〠〠獣‰‰‰⁓䌹㌠氠㐹⸳㌹‵㌮㘴㜠呄⁛⠀ĩ嵔䨠䕔ഊ䉔‸⸰㐠〠ⴰ‸⸰㐠〠〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓㌲㤠ㄠ㔳㠵〴‷㤮㤵ㄠ呄⁛⠀㘀܀℩ⴷ⸴㥔映〠〠〠獣‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠千ㄮ㕬‴㤮㌳㤠㔳⸶㐷⁔䐠嬨 ⥝告‰‰‰‍ੂ吠ㄲ‰‭〠〰⁔洠⽆㌴‱⁔映〠〠〠獣‰‰‰⁓䌠〠吴㠠〠呲㔳⸶㐷⁔䐠嬨 ⥝告⁅名ੂ吠㠮〴‰‭〠㠮〴‰‰⁔洠⽆㔠ㄠ呦‰‰‰⁳挠〠〠〠匹⸳㌷‷⁦‸㜠㠳⸲㘵⁔䐠嬨呦‰‰‰⁳挠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓㘮㝔㐸‰⁔爵㌮㘴㜠呄⁛⠀ĩ嵔䨠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓㘮㤵吴㠠〠呲㔳⸶㐷⁔䐠嬨=�〉°㔠呄⁛⡔映〠〠〠獣‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠匹⸸㉔㐸‰⁔爵㌮㘴㜠呄⁛⠀ĩ嵔䨠〠〠〠ഊ䉔‱㈠〠ⴰ‰〠呭 䘳㐠ㄠ呦‰‰‰⁳挠〠〠〠千‰⁔㐰ɔ爵㌮㘴㜠呄⁛⠀ĩ嵔䨠䕔ഊ䉔‸⸰㐠〠ⴰ‸⸰㐠〠〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓㤮㌳㜠㜗ㄠ㠳⸲㘵⁔䐠嬨呦‰‰‰⁳挠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓㘮㝔㐰ɔ爵㌮㘴㜠呄⁛⠀ĩ嵔䨠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓㘮㤵吴。呲㔳⸶㐷⁔䐠嬨=\〰〉㌰〰ळ〰〺㔠呄⁛⡔映〠〠〠獣‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠匰ᩔ㐰ɔ爵㌮㘴㜠呄⁛⠀ĩ嵔䨠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓㈷⸳〱爴㠠〠呲㔳⸶㐷⁔䐠嬳〰〰఩嵔䨠䕔ഊ䉔‸⸰㐠〠ⴰ‸⸰㐠〠〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓䌠〲㈵‷⁦‸㜠㠳⸲㘵⁔䐠嬲5⥝告⁅‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠匲㜮㤹ㅲ㐸‰⁔爵㌮㘴㜠呄⁛⠀ĩ嵔䨠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓㈠㔳㔱爴㠠〠呲㔳⸶㐷⁔䐠嬨 ⥝告‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠匠渍ਰㅲ㐹⸳㌹‵㌮㘴㜠呄⁛⠀ĩ嵔䨠〠〠〠ഊ䉔‱㈠〠ⴰ‰〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓䌠〠呲‴㠠〠呲㔳⸶㐷⁔䐀ळ〰》⥝告⁅名ੂ吠ㄲ‰‭〠ㄲ‰‰⁔洠⽆㔠ㄠ呦‰‰‰⁳挠〠〠〠千‰⁔爠㐸‰⁔爵㌮㘴㜠呄⁛㈀଩嵔䨠䕔ഊ䉔‱㈠〠ⴰ‱㈠〠〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓䌠〠呲‴㠠〠呲㔳⸶㐷⁔䐠嬨 ⥝告‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠匠渍㐰ㅲ㐰ɔ爵㌮㘴㜠呄⁛⠀਩嵔䨠䔠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓⁮ഊ〱爴。呲㔳⸶㐷⁔䐠嬨0⥝告⁅名ੂ吠ㄲ‰‭〠ㄲ‰‰⁔洠⽆㔠ㄠ呦‰‰‰⁳挠〠〠〠千‰㐰ㅲ㐰ɔ爵㌮㘴㜠呄⁛⠀ĩ嵔䨠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓䌠〠呲‴。呲㔳⸶㐷⁔䐠嬨 ⥝告‰‰‰‍ੂ吠ㄲ‰‭〠〠〠〠千‰⁔爠㈸⸷‰⁳挠〠〠〠千‰⁔爠㐸‰⁔爵㌮㘴㜠呄㬰〰ఀĩ嵔䨠䕔ഊ䉔‱㈠〠ⴰ‱㈠〠〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓䌠〠呲‴㠠〠呲㔳⸶㐷⁔䐠嬨 ⥝ㄮ〵⁬‰ሠ洵㠮㔷⁬‰ሠ㘹ㄮ㔷⁬‰㤮ㄲ‶㤰⸵㜠氠〹⸱㈠㘹〮㔷⁬⁨⁦‍ਰሠ洵⁨⁦‍ਲ〒‶㤠栠映ഊ㈰㤮ㄲ‶㤰⸵㜠氠〹⸱㈠㘹㠮㈹⁬⁨⁦‍ਲ〒⁭㔠栵㜠氠㈰ሠ㘹⁨㔷⁬′〹⸱㈠㘹⁨⁦‍ਲ〹⸱㈠㘹〮㔷⁬⁨⁦‍ਲ〒⁭㔸⸲㤠〒‶㤸⸲㤠〹⸱㈠㘹⁨㔷⁬′〹⸱㈠㘹㠮㈹⁬㠮㈹‰ሠ洵㠮㈷⁬″〒‶㤸⸲㜠氠㌰㤮ㄲ‶㤸⸲㤠〹⸱㈠㘹〮㔷⁬⁨⁦‍ਲ਼〒⁭㔸⸲㤠氠㐰ሠ㘹㠮㈹⁬‴〹⸱㈠㘹㠮㈷⁬″〹⸱㈠㘹㠮㈹⁬㠮㈹⁬‴〒⁭㔸⸲㤷⁬‰ሠ㘹㠮㈹㜠氠〹⸱㈠㘹㠮㈹⁬‴〹⸱㈠㘹〮㔷⁬⁨⁦‍਴〒⁭㔸⸲㤠〒‶㤸⸲㤠〹⸱㈠㘹㠮㈹㜠氠〹⸱㈠㘹㠮㈹⁬㠮㈹‰ሠ洵㠮㈷⁬″〒‶㤸⸲㜠氠㌰㤮ㄲ‶㤸⸲㤠〹⸱㈠㘹〮㔷⁬⁨⁦‍ਰ㤮ㄲ⁭㤱⸵㜠氠〹⸱㈠㘹〮㔷⁬㔵㐰⁔父㤰⸵㜠氵㔴〠呲㘹㠮㈹⁬⁨⁦‍ਲ〹⸱㈠洹⁨㔷⁬′〹⸱㈠㘹⁨㔷⁬‵㔴〠呲㘹⁨⁦‍ਵ㔴〠呲㘹㠮㈹⁬㠮㈹‰㤮ㄲ⁭㤸⸲㜠氠㌰㤮ㄲ‶㤸⸲㜠氠㔵㐰⁔父㤸⸲㤵㔴〠呲㘹㠮㈹⁬㠮㈹⁬‴〹⸱㈠洹㠮㈹㜠氠〹⸱㈠㘹㠮㈹㜠氵㔴〠呲㘹㠮㈹⁬‵㔴〠呲㘹㠮㈹⁬㠮㈹‰㤮ㄲ⁭㤸⸲㜠氠㌰㤮ㄲ‶㤸⸲㜠氠㔵㐰⁔父㤸⸲㤵㔴〠呲㘹㠮㈹⁬⁨⁦‍ੂ吠ㄲ‰‭〠ㄲ‰‰⁔洠⽆㔠ㄠ呦‰‰‰⁳挠〠〠〠千‰⁔㐵〰㔩‵㔮㠶㜠呄⁛⠀⤀ᘀༀᔩⴵ⸰㐨i⁛⠀㜳〰〩p㌰〰Ԩs呦‰‰‰⁳挠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓〮吴㔰〵⤠㔵⸸㘷⁔䐠嬳㄰〰Nဩ㔮㤷㘨t呦‰‰‰⁳挠〠〠〠ഊ䉔‱㈠〠ⴰ‰‰‰⁓䌠〠呲′㠮㜠〠獣‰‰‰⁓〲⸴㑔㐵〰㔩‵㔮㠶㜠呄⁛⠀Щ嵔䨠䕔ഊ䉔‱㈠〠ⴰ‱㈠〠〠呭 䘵‱⁔映〠〠〠獣‰‰‰⁓〲⸵⤠㐵〰㔀
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YGW50N65T1 
Electrical Characteristics （Tj= 25℃ unless otherwise specified） 

Parameter Symbol Conditions Min Typ Max Unit 

Static  

Collector-Emitter Breakdown 
Voltage  

BVCES  

VGE=0V , IC=250uA  650  - V  

VGE=0V , IC=1mA 650   V 

Gate Threshold Voltage  VGE(th)  VGE=VCE, IC=250uA  4.0 5.0 6.0 V  

Collector-Emitter Saturation 
Voltage  

VCE(sat)  
VGE=15V, IC=50A  
Tj = 25°C 
Tj = 150°C 

- 
- 

 
1.8 
2.1 

 
2.3 

 

 
V  
V 

Zero gate voltage collector current ICES 
VCE = 650V, VGE = 0V 
Tj = 25°C 
Tj = 150°C 

 
 

0.1 
 

 
40 

1000 
μA 

Gate-emitter leakage current IGES VCE = 0V, VGE = ±20V   100 nA 

Transconductance gfs VCE = 20V, IC = 50A - 30 - S 

 
 
 

Parameter Symbol Conditions Min Typ Max Unit 

Dynamic  

Input capacitance Cies 

VCE = 30V, VGE = 0V,  
f = 1MHz 

 2800  

pF Output capacitance Coes  130  

Reverse transfer capacitance  Cres  75  

Gate charge  QG 
VCC = 520V, IC = 50A, 
VGE = 15V 

- 180 - nC  

Short circuit collector current IC（SC） 

VGE=15V,tSC≤5us 

VCC=400V, 
Tj，start=25°C 

- 310 - A 
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YGW50N65T1 
Switching Characteristic, Inductive Load 

Parameter Symbol Conditions Min Typ Max Unit 

Dynamic Tj=25C 

Turn-on Delay Time td(on) 

 
VCC = 400V, IC = 50.0A, 
VGE = 0.0/15.0V, 
Rg=12Ω 

- 40 - 
 

ns 

Rise Time  tr - 22 - 
 

ns 

Turn-off  Delay Time td(off) - 180 - 
 

ns 

Fall Time tf - 88 - 
 

ns 

Turn-on Energy Eon - 1.9 - mJ 

Turn-off Energy Eoff - 1.1 - mJ 

Dynamic Tj=150C 

Turn-on Delay Time td(on) 

VCC = 400V, IC = 50.0A, 
VGE = 0.0/15.0V, 
Rg=12Ω 

- 40 - 
 

ns 

Rise Time  tr - 25 - 
 

ns 

Turn-off  Delay Time td(off) - 195 - 
 

ns 

Fall Time tf - 100 - 
 

ns 

Turn-on Energy Eon - 2.2 - mJ 

Turn-off Energy Eoff - 1.25 - mJ 

 
Electrical Characteristics of the DIODE（Tj= 25℃ unless otherwise specified） 

Parameter Symbol Conditions Min Typ Max Unit 

Dynamic  

Diode Forward Voltage VFM IF = 50A - 1.9 - V 

Reverse Recovery Time  Trr 

IF= 50A,  
VR = 400V,  

di/dt= 100A/μs, 
 

- 20 - ns 

Reverse Recovery Current Irr - 10 - A 

Reverse Recovery Charge Qrr - 100 - nC 
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YGW50N65T1 
 
Fig. 1  FBSOA characteristics                                                                      Fig. 2 Load Current vs. Frequency  

     
 
Fig. 3 Power dissipation as a function of TC                                                Fig. 4  collector current  as a function of TC 
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YGW50N65T1 
 
Fig. 5 Output characteristics                                                                         Fig. 6 Saturation voltage characteristics 

   
 
Fig. 7  Switching times vs. gate resistor                                                       Fig. 8 Switching times vs. collector current   

  
 

��

����

����

����

����

����

����

����

�	��

�
��

������

������

������

������

������

������

��

��

���� ��

��

�


��

��������

�	

���


���	

��

������

��

���� ��

���� ��������������



 

http://www.lu-semi.com                                                     7                                                    2019.11  / Rev3.6 

YGW50N65T1 
 
Fig. 9  Switching loss vs. gate resistor                                                 Fig. 10 Switching loss vs. collector current 

  
Fig. 11  Gate charge characteristics                                                                 Fig. 12  Capacitance characteristics 
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