Ananu3 pab6otbl
BbixoaHoro MOSFET-kackaga YM34

Anexkcanpp Tuwenko (Mockga)

B ctaTbe meTofOM MaTeMaTU4eCcKoro MojenupoBaHuUa UlleTcqa olueHKa
HEJIMHENHbIX UCKaXKeHU! U p,emnuHr-cpaKTopa ABYXTaKTHbIX BbIXOAHbIX
kackapgoB YM34 gnsa Pa3NINYHbIX TUMOB MOLLUHbIX NOJiIeBbIX TPAH3UCTOPOB.

CBA3aH JIN OFHO3HAYHO KO3 dHIm-
€HT HEJIMHEHMHBIX NCKAKEHUN YCUINTE-
JIS1 C KAY€CTBOM €TI0 3By4aHus1? B o6miem
CTy4Jae HET, 3TO CKAXKET JIF060H CIIeIra-
JIMCT IO 3BYKOTEXHHUKe. IIpuymH «OT-
CYTCTBHSA 3BYKa» MOXKET OBITH MHOTO,
OOBIYHO OHH CBA3AHBI C OIIMOKAMHU B
KOHCTPYKIIMH YCHUJIUTE/IA, HO X aHAJIN3
HE SABJIAETCA IIPEIMETOM JAaHHOH CTa-
ThU. MbI 3aMMEMCA MATEMATUYECKHUM
MOJICTUPOBAHUEM PAGOTHI BBIXOJHOTO
KACKa/lda Ha IIOJEBBIX TPAH3HUCTOPAX
(MOSFET), He nMest BO3MOKHOCTH Ol1e-
HUTb €ro «Ha CIyX». Cpa3dy OroBoOproCh:
MOZE/Ib HE YYUTBIBAET 3aBUCUMOCTb TO-
K4 CTOKA OT HAIIPSDKEHUA HAa HEM, Yac-
TOTHBIE CBOMICTBA TPAH3UCTOPOB U 3(-
(PEeKT TETIOBOM KOHBEPCHUH.

ITocTtaBuM cebGe HEMPOCTYIO 33a4y: B
HAIIEM yCHJINTEIE He OyaeT OTpHIIa-
TenbHOM 06paTHOM cBs3u (OOC), ¢ mo-
MOIIBIO  KOTOPOH  Pa3dpabOTYMKH
YMEHBIIAIOT KO3(p(PuiueHT oomux
rapMoHudeckux uckaxkenud (THD) u
YBEIUYUBAIOT AeMnUuHr-gakrop (DF).
3a u nporus OOC CJIOMAaHO HEMAIO
IIEPbEB, U MHE HE XOYETCA 3/1€Ch BCTY-

CKaxKy JIMIIb, YTO C MOEH TOYKH 3PEHUA
HenpasuiieH cam npuHoun OOC: criep-
Ba CIE/IATD IJIOXO, 4 IOTOM MCIIPABJIATD.
Jloru4Ho cpady (popMUPOBATH HA HAa-
IPy3KE€ BBICOKOKAYECTBEHHBIM CHUIHAJ,
Torga 1 OOC MOXXHO OTCEYb GPHUTBOM
OKKaMa KaK JIMIIHIOIO CYIIHOCTH L.
ByneM UCXOaUTh M3 CAECIYIOIMUX I10-

JIOKEHUI:

e yem THD mensbie, Tem sydmie. 3a1a-
JTUMCS HEJIBIO IOCTUYb 3HaYeHus THD
He 6ostee 0,1% (—60 aB) JyIst CUTHAIOB
C MaKCUMaJIbHBIM ypoBHEM (40 B), a
JUIA CUTHAJIOB ¢ ypoBHeMm —10 ab or
MakcHUMajJbHOro (14 B) nmoburbcsa
THD ne 60nee 0,01% (-80 aB);

e 4yem DF Brolie, T€M JIydiie. YCTAHOBUM
MUHHMaJIbHOE 3HayeHue DF = 30 ab.
Hutepec k MOSFET Kak K aKTUBHBIM

npubGopaM BBIXOJHOIO Kackaaa YM3Y

BO3HHUK B 70-€ TroAbl IMPOILIOrO CTOJIEe-

THSA B CBS3H C Pa3paGOTKOM MOIIHBIX

JIaTepanbHBIX (OOKOBBIX) TPAH3UCTO-

poB. Han6osee paclipoCTpaHEHHBIMHU B

T€ TOJABI OBUIN TPaH3UCTOPHI 2SK135,

2SJ39 ¢dupmser Hitachi. CoBpeMEHHBIM

AHAJIOTOM 3TOM JIETEHAAPHON APl AB-

IaTh B IIOJIEMUKY C €€ 3aIUTHHUKAMM. nA10TCa  Tpan3ucrtopel 2SK1058 wm
Koathchmumentbl nepepatounbix xapakrepuctuk MOSFET
Tun Mponssoputens Kanan A B uo
EC-10N Exicon N 0,962 1,402 0,621
EC-10P Exicon P 0,55 1,579 0,379
25K1529 Toshiba N 3,264 1,598 2,204
25J200 Toshiba P 3,162 1,609 2,202
BUZ900P Magnatec N 0,522 1,552 0,037
BUZ905P Magnatec P 0,331 1,696 0,033
25K1058 Hitachi N 0,329 1,654 0,035
28162 Hitachi P 0,368 1,481 0,067
IRFP240 IR N 0,969 2,857 3,607
IRFP9240 IR P 2,937 1,667 3,679

NMPOEKTUPOBAHVE U MOOEJIMPOBAHVE

2SJ162. KpoMe HHUX B PaCCMOTPEHHE
IOIAI KOMIUIEMEHTAPHbBIE 3BYKOBBIE
TPAH3UCTOPBI U JPYyIUX (PUPM — CM.
TabauIty. ICK/IIO4EHHEM B 9TOH Ta0IU-
L€ ABJAIOTCA UMITYJIbCHBIE TPAH3UCTO-
pbt IRFP240 u IRFP9240. IIpousBoau-
TeJIb HE IO3ULIIMOHHPYET UX KaK KOM-
IUIEMEHTAPHBIE 3BYKOBBIE, OJHAKO €CTh
CBeJieHHUA 06 MX yCIIENTHOM HMCIIOJIb30-
BaHUH B BBIXOJHBIX Kackajgax YM34Y c
OOC.

HcxogHOM A pacd€éToB ABIAECTCA
nepesaToYHas XapakTepUCTUKA — 3aBH-
CHMMOCTb TOKA CTOKA4 ITOJIEBBIX TPAH3H-
CTOPOB OT HAIIPSKEHHMs HA 3aTBOPE.
TeopeTnyeCcku 314 3aBUCUMOCTD JJOJIK-
Ha OBITH KBA/IPATUYHOH, HO HA IIPAKTH-
K€ OKa3bIBAETCH, YTO ITO JAJIEKO HE TAK.
ITONBITKY ANIIPOKCUMUPOBATH II€pea-
TOYHYIO XAPAKTEPUCTHUKY KBaJpPaATHY-
HOM (pyHKIIMEN HE aI0T IIPUEMIEMOTO
10 TOYHOCTH PE3Yy/IbTaTa.

He BaaBasch B TEOPHIO PaAGOTHI
MOSFET u He 3260TACh O PAa3MEPHOCTH
U (PU3NUECKOM CMBIC/IE KO dHUIIUEH-
TOB, IIPEJCTABHM 3aBUCHMOCTb TOKa
CTOKa I OT HANpsDKEHUsA 3aTBOP-UCTOK
Ug B BU/i€ (DyHKIIMH:

I=A (Ug - UO)",

rae: UO — moporosoe Hanpspkenue, Au B —
pacaérabie KO3 OUITNCHTBL

OKa3pIBAECTCA, TAKOE IIPEACTABICHUE
nepesaTovyHor (PyHKIHUU ITO3BOJISAET
IOJTYYHUTb JJOBOJIBHO TOYHOE COOTBETCT-
BHE PACYETHBIX KPHUBBIX TIpadukam
IepeaTOYHbIX XaPAKTEPUCTHK, IIPUBO-
JMMBIM IIPOU3BOJUTEIAMH TPAH3UCTO-
poB. Pe3ynsraThl pac4éToB KO dumu-
€HTOB ANIIPOKCHUMALIUN /I HECKOJb-
KHX TUIIOB TPAH3UCTOPOB IIPUBEJCHBI B
Tabiuie. Hanbosiee JOCTYIIHBIMH Ha
POCCHUICKOM PBIHKE SABJIAIOTCA TPAH3HU-
crops! ¢pupm Hitachi, Toshiba u IR, nio-
3TOMY JAJbHEHUIIHUE PACYETBI IIPOBO-
JATCA MMEHHO U1 HUX.

HenuHeHBbIE HCKAKECHHUSI WU JAEM-
NUHT-(pakTop BerxogHOro MOSFET-kac-
Ka/]a pACCYUTBIBAIOTCA JJISI CXEMBI KOM-

1y Oxkama : entia non sunt multiplicanda praeter necessitatem. B 00C106HOM nepesoode: CyuyHocmeti e cedyem YMHONCAMb CEePX HeoOXOOUMOCTIL.

Bpumea OKKama — 3mo npuHuun omoopa 2unomes u pPeutetiuil, Co21AcHO KOmopPOmy Hem HYHCObL UCROABb308AMb 00Jee CONCHbIe NOCMPOCHUS,

noKa He ucuepnansvt npocmaole.
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IUIEMEHTAPHOI'O UCTOKOBOI'O ITIOBTOPH-
Teasa (KUII), mpusenénHon Ha puc. 1.
s pacd€TOB BaXKHBI KOA(P(OUITHUEHTHI
A 1 B XapakTepUCTHUK TPAH3UCTOPOB, a4
noporosbiM HanpspkenueMm UO B Jajib-
HEHIIEeM MOXXKHO IIPEHEOGPEYb.

Hcrounuk Ui reHepHUpyeT CHUHYCOU-
JanbHOE BXOoAHOE Hanpspkenue KUILL
HUctounuku Ub1l u Ub2 3amaroT HA 32a-
TBOPAX HAYAJIbHOE HAIPsKEHHUE CMe-
IEHUsA, 0OECIIEYNBAIONIee TOK ITOKOS
Kackaza Ib:

)

1
Ub:(&)BJrIb-Rs

NA N

rge: N — 9UQIO TPAH3UCTOPOB B ILIEYE;
Rs — connpoTuBieHHE PE3UCTOPOB B HC-
TOKaXx.

Hcrounukn Um 06€CIEUYUBAIOT IIHU-
Tanne KHII, ero Harpyskom ABIAETCA
pesucrop Rl. Yucio TpaH3UCTOPOB B
1iede N MOKHO MEHATD, IIPH 3TOM B MC-
TOKE KaXKAOI'O TPAH3HUCTOPA OCTAETCA
pesucrop Rs, a cyMMapHBIN TOK ITOKOSA
Kackazga Ib ocraércsa HeM3MEeHHBIM.

Bxoanoy curnan Ui renepupyercs B
Bujic 16 OTCYETOB OTHOTO MIEPHO/IA CH-
HYCOH/IBI, €I0 aMILIUTYa MEHAETCA OT 1
70 Um. BeIXOHOE HANIPSDKEHUE KACKa-
na Uo aj11 KaKJI0oro OTCYETa BXOIHOTO
HanpspkeHusa Ui HAaXOAUTCA B pe3ybTa-
T€ pPEIIEHUA HEJIUHEHMHON CHUCTEMBI
YPaBHEHMI:

Ui+ Ubl - Ugl - Rs-11(Ugl) =Uo
Ui — Ub2 + Ug2 + Rs - 12(Ug2) = Uo
(I1(Ug1) —12(Ug2))RI- N =Uo

rae: Ugl, Ug2 — HanpssKeHUA 3aTBOP-
HMCTOK TPAH3UCTOPOB COOTBETCTBEHHO C
N- u P-kanasnom; 11(Ugl), 12(Ug2) — TO-
KU CTOKOB TPAH3UCTOPOB COOTBETCT-
BE€HHO C N- 1 P-kanajiom.

JIJ1s1 IOJIy4E€HHBIX OTCYETOB IEPHUOAA
BBIXOJHOT'O
BII®, a 3aTeM HaxogaTca Koaddwuiru-
€HT OONINX TAPMOHHYECKHX HCKaXKe-

CHUI'HAJIA BBIIIOJIHACTCA

HUI U1 OTHOCHUTEIbHbBIE YDOBHU IapMO-
HUK curHajaa. Kpome Toro, orHecs Bbl-
XOJJHOM CUTHAJI K PAa3HOCTH BXOJHOTO 1
BBIXO/JIHOT'O CHUTHAJIOB, IIOJYYd4€M JIEM-
nuHr-(axrop. Bce pacyéTHBIC BEIUYH-
HBI NIEPECUYUTHIBAIOTCS B JCIHOETB U
3aHOCSTCSI B JIBYMCPHBIM MAaCCHUB Sy,
rae:

i=0 — crpoka 3HaueHuii DF;

i=1 — crpoka 3Hayenui THD;

i = 2...8 — OTHOCHUTE/JbHbIE 3HAYECHHUA
2...8 TAQpMOHHMK CHUT'HAJIAd COOTBETCT-
BEHHO;

U — aMIuIuTyJa BXOZHOIO CHUTHAJIA B
BOJIBTAX.

Puc. 1. Cxema Bkntoyenna mownbix MOSFET B
BbIXOAHOM Kackape YM34

1 yno6CTBa BOCIIPHUATHS MOTYICH-
HbI€ PE3Yy/IbTAThI MOKHO BBIBECTH B BH-
Je rpacduka. 3a1aJUMCS COIIPOTHBIIC-
HHEeM Harpy3ku Rl = 8 Om 1 npucrtynum
K pacuéram. JKenaromue MOr'yT B3ATh HA
CcapTe )KypHaIa HallMCaHHbIe 1711 Math-
cad nporpammsl Approx u Distortion u
HE TOJIbKO IIOBTOPUTDH IPUBOJUMBIC B
CTaThe PACYETHI, HO U IIPOCYHUTATD C UX
TIIOMONIIBIO CBOM BAPUAHTBHL

TpaH3uctorbl 2SK1058
n 28J162

JTo6UTHCSI HEOOXOAUMOIO 3HAYCHUS
THD = —60 ab must KUIT Ha 9TUX TPAH3U-
CTOPAX yAA€TCs TP TOKe MOKos1 Ib=1,4 A
u N =4 (puc. 2).

Kak BUHO 13 pUC. 2, OCHOBHOM BKJIAJ]
B THD npakTu4ecky BO BCEM JUATIA30HE
BBIXOJJHOTO HAIIPSDKEHUS BHOCHUT 2-o
rapMOHHKa CTrHaja. Kak u3BecTHO,
4ETHBIE TAPMOHMKHU BO3HHMKAIOT H3-3a
HEUJEHTUYHOCTH TPAH3HUCTOPOB C P- u
N-kaHaj1OM. JIOTHYHO HONPOGOBATH
CKOMIIEHCHUPOBATh  HEHJIEHTHUYHOCTh
TPAaH3UCTOPOB UCTOKOBBIMHU PE3UCTOPA-
MU RS, HO B JAHHOM CJTydae 3TO HE Ja€T
HHUKAKOT'O ITOJIOKUTEIBHOTO PE3Y/IBTATA,
HA000pPOT, UCKA’KEHUS TOIBKO PACTyT. B
3Tom pexxnme gocruraerca DF = 30,8 ab.

MOXXHO HONPOOOBATh CHU3HUTH TOK
TIOKOS Kackaja 10 1 A, a camkenne THD
«KyIIUTh> YBEJIMYEHHUEM 4YHC/IA TPAH3U-
cropos B 1uieue 10 N =6 (puc. 3). Pesyib-
Tar THD = -61 gB, DF = 32 1B Bnosue
IIpUEMJIEMBIN. [JalbHENIIEee CHUKEHUE
TOKA IIOKOSI IPUBOJUT K YI'DOKAIOIMIEMY
POCTY 5-H TapMOHHUKH IIPU OOJIBIIHX
YPOBHSAX CHUTHalIa. B 060uX BapHaHTaX
BKJIIOUEHHS HE YJAETCA JOCTHYDb YPOB-
Hs THD = -80 nb 11 curaanza aMIuiuTy-
nowu 14 B.

TpAH3ucTOPbI 2SK1529
n 25J200

Vposenb THD = —65 aB, HEIOCTHIKH-
MbI# 1 12 Tpan3ucropos ot Hitachi,
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Puc. 2. Henuneiinbie nckaxenus KM na tpau-
3ucropax 2SK1058 n 28J162 (N =4, Ib = 1,4 A)
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Puc. 3. Henuneiinbie nckaxenus KM na tpau-
3ucropax 2SK1058 n 28J162 (N =6, Ib =1 A)
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Puc. 4. Henuneiinbie nckaxenus KM na tpau-
3ucropax 2SK1529 n 28J200 (N=1,1b =1 A)

OKAa3aJICsA 110 IIJIeYy ABYM TPAaH3HUCTOPAM
ot Toshiba nipu TOM K€ TOKE IOKOs, —
CcpaBHUTE pHUC. 3 U 4. XapaKTEPHO, 4TO
B JAHHOM CJIy4d€ OCHOBHOH BKJI4J B
THD BHOCHT 3-1 TapMOHMKA, [TIOCKOJIb-
Ky TPaH3UCTOPHI ¢ P- m N-kanamzamu
HJEHTUYHBL B 3TOM pexuMme nosyda-
eM D = 34 1B, a 1y1 cCUrHaaa aMIUIATY-
pon 14 B nonyyaem THD = -84 nb. B
caydae N = 4 IIpH TOM K€ TOKE IIOKOs
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NMPOEKTUPOBAHVE U MOOEJIMPOBAHME
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Puc. 5. Henuneiinbie uckaxxenus KUM na tpan-
aucropax IRFP240 n IRFP9240 (N=1, Ib =1 A)
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Puc. 6. HenuneiiHble MCKaXeHUs Kackaja Ha TpaH-
aucropax IRFP240 u IRFP9240 (N=4, b =1A,
Rs = 0,33 Om)
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Puc. 7. Henuneiinbie nckaxenus KUM na tpansu-
cropax IRFP240 n IRFP9240 (N = 2, Ib = 1,22 A)

IOJYYUM MaKCHUMaJIbHOE 3HAa4YE€HUE
THD = -72 n1b u DF = 42 gb. IT'paduku
JUI 3TOr'0 BapHaHTa IIPUBOJUTH HE
OyAy: BUJ KPHUBBIX OCTAETCS MPAKTH-
YECKHM HEM3MEHHBIM, OHH IPOCTO
«CIoJ3a10T> BHU3 Ha 7...8 n1b. Beeae-
HHE MCTOKOBBIX pPE3UCTOPOB HE
YMEHBIIIAET, 4 TOJbKO YBEJIHYHUBAET
THD.

Puc. 8. Koathchuument nepenaun KUN Ha tpansn-
cropax IRFP240 v IRFP9240 (N = 2) npu pasnuy-
HbIX TOKaX NOKOA:

(@) 1A, (6)1,22A, (B)15A

TpanaucTtoprbl IRFP240
n IRFP9240

DTHU TPAH3UCTOPDI HE ABJIAIOTCSA «3BY-
KOBBIMH», OHM IIPEJHA3HAYEHBI /I Pa-
GOTHI B KJIIOYEBOM PEXKHME B CXEMax
HMMITYJIbCHBIX CHJIOBBIX yCTPOMCTB. Tem
HE MEHEE, €CTh CBEICHHUA O TOM, UTO 3TH
TPAH3UCTOPHI YCIIEIIHO HCIIOJIb3YIOTCSA
JIS 3aMEHBI BBIXOJHBIX OUIIOISIPHBIX
TPAH3UCTOPOB IIPU aNrpene Cepuu-
HbIX YM3Y pasnnunbix pupM. OHH HIHU-
POKO PaCIPOCTPAHEHBI U HEAOPOTH —
3TH OOCTOSITENIBCTBA TAKXKE B ITOB3Y TO-
r0o, 9YTOGBI HCCIEAOBATH OCOOEHHOCTH
HMX UCIIO/JIb30BAHUA B BBIXOJHBIX KACKa-
gax YM3Y. IlepBoe «BKIIOYEHUE»>: I1O-
BTOPSAEM YCIOBHA IPEJBITYIIEIO IKCIIE-
PHUMEHTA M IOJIYy4de€M MAaKCHMAJIbHOE
spavyenue THD = -65 aBb, DF = 33 1B
(puc. 5). Kak u ciregoBaso OXKHU/AATh,
THD ¢opmupyercst 2-i rapMOHHKOH
CUTHAJIA, TPUYEM B OOTACTH MATBIX
YPOBHEH CHUIHAJIA HCKAKEHUA BBIIIE,
4eM y JPYyTruxX TPaH3UCTOPOB. BBegenue
HCTOKOBBIX PE3UCTOPOB Rs B aTOM pe-
SKHMe pa6GOThI IPUBOJUT TOJIBKO K POC-
Ty THD.

VBenuyeHue 4muciia TPaH3UCTOPOB B
1wiede 10 N =4 camwkaer THD Ha 4...7 b,
JeMIHUHT-(PAKTOP BeIpactraer no DF =
=39 nb. B 3TOM pexnMe BBEICHUE UCTO-
KOBBIX PE3UCTOPOB HOMHHAIOM 0,33 OM
MO3BOJIAET CHUMMETPHUPOBATH KACKaJ,
«YKPOTHTD» 2-10 TAPMOHUKY H CYIIICCTBEH-
HO cHU3UTH THD B 06G/IACTH MaJIBIX CHI-
HaIOB. Yoaérca moctuub THD = —80 nb
JUIsL CHTHAIA aMIutaTyoi 14 B (puc. 6).
Kak u cinegoBano OXUAATh, JEMIIMHI-
(aKTOpP KACKa/A HEMHOI'O YMEHBIIIAECT-
cs: DF =36 ab.

ToT (paxT, 9TO IPU GOIBIIOM U IIPH
MaJIOM TOKE IIOKOS TPAH3UCTOPOB PEAK-
uua KHIT Ha BBeJEHHUE UCTOKOBBIX pe-
3UCTOPOB DA3/JINYHA, HATAJKUBAET Ha

MBIC/Ib HAWUTH TOK, IIPU KOTOPOM CBOM-
CTBA KACKaJa IIPETEPIIEBAIOT H3MEHe-
HusA. OKa3anocsk, uto s napel IRFP240
n IRFP9240 cymecTByeT «BOIIIEOHAS>
TOYKA [PH TOKe IpumepHO 0,61 A, B KO-
Topoy THD kackasa pe3ko najgaer (CM.
puc. 7).

Becrio1e3HO UCKATh 3Ty TOYKY Y ApPY-
TUX Iap TPAH3UCTOPOB: €€ Tam HeT. ITo-
SIBJIEHUE 3TOH TOYKU OOYCIOBIECHO
YHUK/IBHBIM 3HadyeHuem B = 2,857 y
Tpan3ucropa IRFP240 (cm Ta6n: 1), a
TOYHee, coyeranueMm B < 2 y oanoro
TpaH3UCTOpPA Mapel U B > 2 y apyroro.
OKa3pIBAETCs, B 3TOM CJIydae rpaduk
K03 dHUITHEHTA TIEpeaAuH KacKaaa Me-
HSET HAKJIOH B 3aBUCHMOCTH OT HU3Me-
HEHUSA TOKA IIOKOA M IIpU OIpe-
JEeIEHHOM €ro 3HAYEHHUH MOXKET OCTa-
BATbCSA MOCTOSHHBIM BOTHU3H HYJ/IA, KAK
II0OKA3aHO Ha puC. 86. IMEHHO B 3TOM
peXuMe U IPOUCXOAUT 3HAYMTEIbHOE
CHMJKEHME MCKAKECHUM.

Sl He cydaiiHO CPABHHUBAIO IIOKA3aTe-
JIA CTENIEHHU XAPAKTEPUCTUK TPAH3U-
CTOPOB C UX TEOPETHYECKUM 3HAYECHH-
eM, paBHbIM 2. [leno B ToM, yro KHII ¢
TAKUMHU THIIOTETUYECKMMH TPAH3UCTO-
pamu paboTaer ... 6e3 HCKAKEHHUH BOO6-
me! Ilpasaa, 4O BBIXOAHOTO TOKA, PaB-
HOI'O YYETBEPEHHOMY TOKY IOKOsA. Bor
CJIy4ad IOXKAJIETh O PACXOKIEHUH TEO-
PHMH 1 IPAKTUKHA!

MoaBeEpém utorn

Kak u nipero1arajaoch, HU3KUE MCKa-
JKeHUs1 BBIXOJHOTro MOSFET-kackazma
JOCTUTAIOTCA HE TOJBKO YBEIUYEHUEM
TOKA IIOKOSI, HO B A€ CJIy9a€B U Iapal-
JIEJIbHBIM BKJIIOUYEHHUEM HECKOJIbKHX
TPAaH3UCTOPOB. IlapamnenuTs «3BYKO-
BBIC» ITOJIEBBIC TPAH3UCTOPBI HYKHO 6€3
HCTOKOBBIX PE3HUCTOPOB, NOCIEIHHE
TOJBKO YBEJIWYHMBAIOT HMCKAKEHUA U
CHIDKAIOT ICMIIUHT-(DAKTOP.

HcKaxkeHus, BHOCUMBIE TPAH3UCTO-
pamu 2SK1058 u 2SJ162 or Hitachi,
OIIPEAEIIAIOTCA B OCHOBHOM 2-1 TapMO-
HHKOU curHaia. CTporo roBops, 31a na-
pa He IO3BOJSIET JOOUTHCA MAJBIX HC-
KA)KeHUH JJIs1 CHTHAJIOB Hke 14 B, HO
BTOPAsA IAPMOHHMKA, 10 MHEHHMIO MHO-
IUX CyIIATeIeH, HE ABIAECTCA HEIIPUAT-
HOM M BHOCHUT B 3BYK TEILUIOTY. I 3TOT Ba-
pHAaHT ONPOGOBaJT HA IPAKTHUKE, MHE
3BYK IOHPABUJICH.

ITanpmMa mEPBEHCTBA JOCTAETCA TPAH-
3ucropam 2SK1529 u 2SJ200 ot To-
shiba. OHH HOEHTHUYHEBI, II03TOMY OC-
HOBHOM BK/JI3J B HCKA)KEHUSA CHUI'HAIA
BHOCHUT 3-a rapmonuka. KUII Ha atux
TPAH3UCTOPAX HMMEET HE TOJbKO HAHU-
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MEHBIIINE HCKAKCHHUS, HO U HAWUBBIC-
MU JEMITHHT-(PAKTOP.

IIppMeHEHHE HUMITYJIbCHBIX TPaH3HU-
cropos IRFP240 u IRFP9240 ot IR B BbI-
XOOHOM Kackajze YM3Y BO3MOYKHO, HO
HMeeT HEKOTOPHBIE OCOGEHHOCTH. DTH
TPAaH3HUCTOPbI HEOOXOAUMO HCIIOJIB30-
BaTb IIPU HEOOJBIIOM TOKE ITOKOS, JJIs
Yero BKJII0YATh 10 HECKOIBKO IITYK I1a-
pa/UIeIbHO, IPUUIEM 06513aTEIBHO C HC-
TOKOBBIMU pe3ucropamu. Eciu atu Tpe-
60OBaHUS BBIIIOJTHCHBI, TO KACKA]T MOXKET
IIOKA3aTh BIIOJIHE IIPHWIHYHBIEC PE3YJIb-
TATHI.

CT MMpa

HoBbI anroputm cxaTtus
ana HDTV

Jloc-Anamocckasn HauuoHanbHas naéopa-
Topus npu [enaptameHTe aHepretTukn CLLUA
paspaboTtana anroput™M, MO3BOMAIOLLNIA
CKUMaTb TENEBU3NOHHbBIN CUrHaN BbICOKOrO
paspewienuns (HDTV) B 06bI4HbIN TENEBU3U-
OHHbIV BeLLaTeNbHbIN KaHan CTaHOapTHOM
LwmpuHon 6 MI'y,.

O6LLepacnpoCTpPaHEHHbIN  aHanoroBbIv
TENEeBU30P MOXET NMPUHMMATb CTAHAAPTHbIE
TENEeBU3NOHHbIE KaHasbl, @ Npy NogKoYe-
HVM K HEMY LMOPOBON AEKOAMPYIOLLEN NPU-
CTaBKW NOSIBUTCS BO3MOXHOCTb MPOCMaTpu-
BaTb NpuHMMaembii HDTV-curian Ha gucen-
nesix ¢ paspeluexHnem 1280 r 720 nmkcenos
1 NMPOrpeCcCMBHOM Pa3BEPTKOMN.

MpenctaButenn naéoparopuv CpaBHUIU
HOBYIO TEXHOJIOTUIO C TEM, KaK B CBOE BpEMS
nepepaYn LBETHOrO TeNeBUAEHUS Oblnu
ajanTupoBaHbl Ans npuéma B CTapbIX
YEPHO-6€nbIX AnanasoHax. [pumeHsembin B
HacTosLLee BpeMs MeTof cxaTtua HDTV He-
COBMECTUM C COBPEMEHHBIMU TeNeBn3opa-
MW, MOCKOJIbKY M306paXKeHne CXMMaeTcs u
KOHBEPTUPYETCs B creuumanbHbi opmart,
KOTOpbI Ha OObIYHOM TENEeBU30pPE BbIMNS-
OUT «6EnbIM LLYMOM».

http://www.ci.ru/

HoBas TexHonorus
npou3sopncTea
KOMMbKOTEPHbIX MUKPOCXEM

B cOOTBETCTBMM C 3MNUPUHECKUM 3aKO-
Hom Mypa, KOfIM4eCcTBO 3NEMEHTOB B KOMIb-
IOTEPHbIX MMKPOCXeMax, a criefoBaTtesbHo,
M nx BbICTPOOENCTBME, BO3pacTaeT B ABa
pasa NpMMEpPHO Kaxable nontopa-asa roga.
OpHako, Mo MHEHWIO psfa y4eHbIX, 6e3 BHe-
LOPEHVS MPUHLMMNMANIBHO HOBLIX TEXHOSOMMIA
[aHHbIA 3aKOH YyXe B CrefyroLeM OecaTu-
NETUM MOXET NOTEPSATb aKTyaslbHOCTb U3-3a
hn3n4ecknx orpaHnyHeHnn. B komnaHum
Hewlett-Packard yTBepxxgatot, 4to paspabo-
Tanm MeToauKy W3roTOBMEHWUS MUKPOCXEM,

Pac4YéTnI MOKA3BIBAIOT PE3KOE CHIKE-
HHE UCKAKEHUM I 3TOM Mapbl TPAH-
3UCTOPOB IIPH ONPEAETEHHOM TOKE I10-
KOfA. MOXXHO, KOHEYHO, IPO6OBATH Pa-
00TaTh B 3TOM TOYKE, HO BO3HUKAET HE
TOJBKO 33]a4a IONACTh B Y3KyIO 0O06-
JIACTh OIITHMAJIBHOTO TOK4, HO U MOJ-
JIEP’KUBATH pa0OTy B HEH IIPU IPOrpeBe
TPAaH3UCTOPOB. Borpoc o Tom, Kyaa 6y-
JIET CMEMATHCS T4 TOYKA IIPH ITOBBIIIIE-
HHMHU TEMIIEPATYPHL, ] U COXPAHUTCS JIU
OHA BOOOIIE, HE HUCCIETOBAJICS.

B mesom pes3yabraT HUCCIEJOBAHUN

YTCLHHTCHbeIflz BITOJIHE JOCTHKHU MBI

ews of the World

Hanonepeknioyatenu Ans MUKpOCXEM CrEAYHLIEro
NOKOJIEHUSA

KoTOpasi MO3BONUT MPOANUTL AENCTBME 3a-
koHa Mypa no kpariHen mepe Ha 50 nert.

CyTb HOBOW TEXHONOrMM CBOOUTCSA K Crle-
nytowemy. Bmecto TpaH3UCTOPOB mccneno-
Batenu HP npepnaratoT ncnonb3oBaTbk Tak
Ha3blBaEMble «3alLénKn», COCTOsLME U3
TPEX HAHOMPOBOLHWKOB M OBYX MOMEKYNsp-
HbIX Nepekntoyarenei. [1sa n3 aTmx NnpoBoa-
HWKOB pacrosioXeHbl napannienbHo apyr
OpYry v pasMeLleHbl Hag TPETbMM Nog, npsi-
MbIM YrJIOM (CM. pucyHok). MNpu aTom mone-
KyNsipHble MepeksitoYaTenn crnyxart Aans co-
eVHEeHWs1 HAHOMPOBOAHMKOB APYr C APYrOM.
Mpuyém nepeknoyaTenn Bcerga HaxooaTcs
B Pa3nMyHbIX COCTOSHUAX: OOMH M3 HUX OT-
KPbIT, @ APYrov — 3akpbIT, WIKn HaobopOT.
OTM KOMBUHALMM 1 COOTBETCTBYIOT JTIOrnYe-
ckum O m 1.

Mo cnoBam y4éHbIX, TEXHONOIMSA TEOPETU-
Yecku MO3BONMUT co3haBaTb CBEPXObICTPO-
[eCTBYIOLLME MUKPOCXEMbI NSt KOMMbOTE-
pOB crnemylollero nokoneHus. [pyrum
[OCTOMHCTBOM METOOVKU SIBNSIETCSH OTHOCK-
TENbHO HWU3Kasi ce6ecToMMOCTb MPON3BOL-
CTBa YMMOB, [ANSi WU3rOTOBMEHUS KOTOPbIX
npegnonaraeTcs NPUMEHSATb CUCTEMY, HamMo-
MUWHAIOLLYIO CTPYWHYIO Neyartb.

MprMeyaTenbHO, YTO NaTeHT Ha Npegasio-
>KEHHYIO TEXHOMOruio OblS1 MoJSTyHeH Komna-
Huen Hewlett-Packard ewé B 2003 ropy,
0[HaKO [oKa3aTb XWU3HECNOCOBHOCTb METO-
VKW nccnefoBatensiM yaanoch TOSIbKO Cel-
yac. MnaHupyeTcs, 4TO NepBble rMOPUIOHbIE

BHOCUMBIE BBIXOJHBIM MOSFET-KacKa-
aoM uckaxkeHusa 0,01% 1ji1 CUTHaJI0B C
aMIutaTyAoun a0 14 B u 0,1% pna nmuko-
BBIX CUTHAJIOB C aMIUIATYOM 10 40 B.
JeMIIUHI-(PaKTOp MOJKET IIPEBBIIATD
100. &T0 03HaAUaeT, YTO AyAUO(PUIbHbBIE
YM3Y 6e3 06paTHOM CBSI3HU YK€ CETOTHSA
MOTYT OBITh PCAIM30BAHBI 6€3 OCOOBIX
TEXHHUYECKUX yXHUIIPeHUU. OcTaércs
TOJIBKO >KaaTh rnossiaeHus MOSFET co
CTPOI'O KBaJPATUYHONH XaAPAKTEPHUCTH-
KOMH, IIOC/JI€ 4Yero 3ajada CO3JaHHsA
YM3Y 6e3 UCKaKECHHH CTAHET IIPOCTO

CKy4YHOM. @

OCTU MMpa

MWKPOCXEMbI, COAEPXALLMEe U TPaH3UCTOPSI,
1N "HaHO3aLLENKN", MOABATCA Ha pblHKE B
MepBOi MOSIOBUHE CREdyLLEero AecsTune-
Tns. M3rotaBnmuBartbCa Takve 4uvnbl 6yayT,
npeanonoXuTesnibHo, Nno 32-HaHOMETPOBOW
TexHonornn. Kommepuuanusauus HOBOM
MeTOAMKM HameyeHa Ha 2020-e rr., coobLiua-
et CNET News.
http://science.compulenta.ru/

Pa3pa6oTtaH 5-A10MMOBbIN
KBagpaTHbin maccus CU
MoLHocTbo 1,4 KBT/28 knm

B deBpane komnanua Lamina Ceramics
of Westhampton (Heto-Ixepcu, CLLUA) 06b5-
BWna o0 co3gaHum maccuea 6enbix CUL, ap-
KOCTb KOTOpPOro B 14 pas npesBocXouT fip-
KOCTb Mpexpe [OeMOHCTPMPOBAaBLLIErocs
mMaccuBa 6enbix CU[. HoBbIi TBEpOOTENDb-
HbI Nprbop obnapaer APKOCTbIO 28 KM,
nmeetr opMy KBagpara CO CTOpOHOM 5
OIoNMOB 1 MoLLHOCTb 1,4 KBT. O6bsiBNeHne
0 CO3[aHVN HOBOro npubopa caenaHo cryc-
TS BCEro TpU Mecsiua rnocrne Toro, Kak 6bin
aHoHcupoBaH npedbigywmi RGB-oceTu-
Tenb. HoBbIi maccue copepxut 1120 CUO n
MMEET WCMpaBeHHYI0 LBETOBYIO Temnepa-
Typy 5500°K.

www.compoundsemi.com/news

IXYS npepnaraet gpavisepbl
ManomMoLLHbIX 6enbix CU
Komnanus IXYS (CaHta-Knapa, Kanu-
dopHusa, CLUA) Hayana npov3BOACTBO
apavisepa 6enbix CU[, npegHasHa4yeHHOro
[Nsi UICMOJb30BaHNSA B MEPEHOCHON annapa-
Type ¢ 6aTaperiHbiM HU3KOBOJBTHBIM NMUTa-
Huem. MX841 6bin padpaboTtaH cneynansHoO
ONns Toro, 4To6bl BKNtoYatb Ao 3 6enbix CA
rocrnefoBaTtenibHO MpU HanpskeHun nuta-
Husa ot 1,1 B. BeixogHas MOLLIHOCTb ApariBe-
pa no3BoJISieT WCMosib30BaTh B Mnpubopax
6ornee 20 nocnepoBartenbHo/napaniesnbHo
BKJTIO4EHHbIX 6enbix CU npu nutanmm 5 B.

www.compoundsemi.com/news
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As can be seen, the bias voltage will track the V¢ voltage of
Q, at a fixed ratio. The bias voltage will change with temper-
ature when Q, is mounted to the same heat sink as the output
devices. The thermal feedback and temperature compensa-
tion works as follows. For a given bias voltage, the output
stage's bias current will increased as the temperature in-
creases. However, since Q, is mounted along side the output
devices, its (Figure 4) Vg voltage will decrease with in-
creased temperature. This reduces the current through resis-
tors connected to Q,'s base, which results in a reduction of
bias voltage. This negative feedback produces a bias voltage
that changes in order to maintain a stable bias current in the
output stage.

DETERMINING OUTPUT STAGE BIAS CURRENT

For a Class AB amplifier design, bias current is chosen such
that crossover distortion is minimized while also keeping qui-
escent power dissipation low. Higher bias current reduces
harmonic distortion levels. At some point there is little reduc-
tion with increased bias current and resulting power dissipa-
tion. A tradeoff in the bias current level must be made between
THD performance and power dissipation.

MOSFET output stages typically need higher bias current
than BJT output stages for good performance in a Class AB
amplifier design. Using the Magnatec BUZ901/BUZ906 pair
and the resistor bias circuit shown in Figure 3, different bias
current levels are shown in the FFT versus Frequency graphs
and oscilloscope photos (Figures 5 - 10). For each graph the
output power level is 40W into an 8Q resistive load. The mea-
surement equipment is set to notch out the fundamental
frequency of the test signal. The fundamental is reduced by
more than -110dB relative to 0dB. 0dB is set equal to the volt-
age for 40W into 8Q. The first graph, Figure 5, has a bias
current of 50mA and shows a case of insufficient bias current.
The result is THD that is dominated by crossover distortion.
This is indicated by the high level and number of harmonics.
Figure 6 shows the residual harmonics on an oscilloscope
and clearly crossover distortion is dominant.
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FIGURE 5. 50mA Bias Current
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FIGURE 6. 50mA Bias Current

Increasing the bias current to 150mA reduces the magnitude
of the harmonics as shown in the FFT of Figure 7 and the
oscilloscope view in Figure 8.
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FIGURE 7. 150mA Bias Current
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FIGURE 8. 150mA Bias Current
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Figures 9 and 10 show the harmonic content when the bias
is pushed all the way to 500mA.
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FIGURE 9. 500mA Bias Current
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FIGURE 10. 500mA Bias Current

Figures 11 through 13 show the difference in harmonics with
bias levels of 100mA, 200mA and 300mA using the Magnatec
BUZ901/BUZ906 pair. Similar results using the same bias
current levels can be observed with any of the devices listed
in Table 1.
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FIGURE 11. 100mA Bias Current
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FIGURE 12. 200mA Bias Current
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FIGURE 13. 300mA Bias Current

Tables 2 - 4 list the resulting 1TkHz THD+N measurement at
40W into an 8Q load with a 22kHz measurement bandwidth.
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The tables show that bias currents above 200mA produce
only minor improvements in THD+N at a significant power
dissipation cost.

TABLE 2. Magnatec Bias Current and THD+N

Bias Current 1kHz THD+N at 40W/8Q
Single Channel, 22kHz BW

50mA 0.00129%
100mA 0.00104%
150mA 0.00085%
200mA 0.00068%
250mA 0.00064%
300mA 0.00062%

1A 0.00061%

TABLE 3. Renesas Bias Current and THD+N

1kHz THD+N at 40W/8Q

Bias Current
Single Channel, 22kHz BW

50mA 0.00129%
100mA 0.00098%
150mA 0.00081%
200mA 0.00074%
250mA 0.00070%
300mA 0.00068%

1A 0.00075%

TABLE 4. Toshiba Bias Current and THD+N

1kHz THD+N at 40W/8Q

Bias Current
Single Channel, 22kHz BW

50mA 0.00085%
100mA 0.00070%
150mA 0.00067%
200mA 0.00064%
250mA 0.00061%
300mA 0.00057%

1A 0.00055%

The graphs above and information in Tables 2- 4 indicate that
the a range of 100mA to 200mA of bias current in the output
stage produces low magnitude harmonics and manageable
power dissipation.

Because of the higher V; the IRFP240/IRFP9240 pair cannot
be biased correctly to eliminate crossover distortion and THD
performance will be affected. The maximum bias voltage ob-
tained was 7.1V with no resistor between the SINK and
SOURCE pins of the LM4702 (A 20kQ resistor may be used
with the bias voltage reduced to 7V). The bias current is 25mA
under these conditions. Figure 14 below shows the THD
residual on an oscilloscope indicating crossover distortion is
dominant.
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FIGURE 14. 40W Output and THD Residual

DETERMINING BIAS CIRCUIT DESIGN

Device characteristics and design goals determine whether
thermal tracking is needed for stable bias current over tem-
perature. To determine which devices need thermal tracking
and which do not, the Drain Current verses Gate - Source
voltage (I vs. Vgg) graph in the device datasheet can be
used. Device manufacturers typically have multiple plots on
the I - Vg graph for different case temperatures. The inter-
section point of the plots is where stable bias current can be
achieved at a fixed bias voltage and without thermal tracking.
At higher or lower Vgvoltages, the drain current will vary with
case temperature.

Inspection of the graphs for the Renesas 2SK1058/2SJ162
pair and the Magnatec BUZ901/BUZ906 pair shows that three
different case temperature plots all intersect at low drain cur-
rent (<0.5A). The Toshiba 2SK1530/2SJ201 pair and Inter-
national Rectifier IRFP240/IRFP9240 pair graphs have an
intersection of the three plots at a very high drain current
(>5A). In fact, the 25J201 does not appear to have an inter-
section point on the graph. From these graphs itis determined
that the Renesas and Magnatec pairs can be biased in the
100mA to 200mA range previously determined without the
need for thermal tracking. A simple bias resistor circuit will
give stable bias current over operating temperature.

The Toshiba 25K1530/2SJ201 pair will require the Vge mul-
tiplier circuit for thermal tracking with temperature compen-
sation to achieve stable bias current over temperature. A bias
level of 150mA in the output stage will be used for the
25K1530/2SJ201 pair.

The IRFP240/IRFP9240 would need thermal tracking if prop-
erly biased since the intersection point on the Iy - Vg is at
high current. The limitation in bias voltage with the LM4702
does not allow for proper bias.

It may be desirable to have higher bias current to reduce dis-
tortion harmonics, improve THD performance, affect sonic
qualities, or some other design criteria. High bias current lev-
els can be set with a simple resistor bias design. The tradeoff
for simplicity is more bias variation over case temperature.
The amount of variation can be determined using the device's
Ip - Vg graph. Depending on the device and design goal, the
amount of variation may be acceptable at a higher bias level.
For example, the Renesas 2SK1058/2SJ162 devices could
be biased at 250mA without temperature compensation. The
bias current will vary much more than if the bias is set at the
intersection point but the amount of variation may be accept-
able. If bias stability is not acceptable then additional circuitry
will be required for temperature compensation. Devices like
the Toshiba 2SK1530/2SJ201 pair are not well suited for a

www.national.com
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resistor bias (fixed bias voltage) scheme because the current
will significantly vary with case temperature. The effects of
bias instability on sonic performance is not investigated in this
application note.

BIAS STABILITY

The Bias Current versus Time graphs below were created by
running the output stage at 40W until steady state case and
heat sink temperature are reached. The input signal is turned
off (Time = 0) and the bias current recorded over time. It
should be noted that the graph units are not linear as indicat-
ed. Bias current is measured at 10 second intervals for the
first two minutes after the input signal was turned off then at
30 second intervals up to five minutes. One final measure-
ment is taken at 10 minutes. The time steps are one reason
for the different slopes on the time curve, more evident on the
higher bias graphs. There are two plots on each graph, one
indicating the quiescent steady state bias and the other indi-
cating the bias over time after producing 40W of output power.
There are several factors that affect the data such as 8 of
the package and heat sink size which contribute to thermal
delay. Device characteristics also affect the slopes of the time
curves.

Figure 15 is the Renesas 25K1058/2SJ162 pair operating at
a bias of 100mA for the output stage in quiescent steady state.
The power test shows a slightly higher bias when the devices
are hot indicating that increasing the quiescent steady state
bias would reduce variation caused by increased tempera-
ture. Figure 16 shows that at higher bias the slope of the curve
and location is are reversed. The power test shows lower bias
current when the devices are hot indicating which side of the
intersection point of the device's I5-V5g graph each bias cur-
rent setting is located. A bias current of 115mA will be used
for the Renesas 2SK1058/2SJ162 pair.
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FIGURE 15. 2SK1058/2SJ162 at 100mA Bias
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FIGURE 16. 25K1058/2SJ162 at 200mA Bias

The same tests and graphs for the Magnatec BUZ901/
BUZ906 are in Figures 17 and 18. Because the resolution of
the device's Ip-Vgg graph is limited the intersection point is
not distinguishable. Because of the difference in slope sign
on the time curves in Figures 17 and 18, the intersection point
is between the two bias settings and appears to be closer to
200mA than 100mA. This is determined by looking at how
close the bias current returns to the steady state level after
10 minutes. A bias current of 180mA will be used for the Mag-
natec BUZ901/BUZ906 pair.
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FIGURE 17. BUZ901/BUZ906 at 100mA Bias
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FIGURE 18. BUZ901/BUZ906 at 200mA Bias

A target bias current of 150mA is chosen for the Toshiba
25K1530/25J201 pair using the Ve multiplier circuit for ther-
mal compensation. The Vg multiplier circuit of Figure 4 has
more variation in bias voltage with temperature than needed
for the 2SK1530/28J201 pair. To reduce the amount of
change with temperature the circuit is modified as shown in
Figure 19.

| Source
-y

Output

LM4702 Stage

30023217

FIGURE 19. Modified Vgg Multiplier Bias Stage

Resistor Rg; is added to set a temperature independent volt-
age while the voltage created by the rest of the circuit will vary
with temperature (See Equation 3). The correct amount of
variation in bias voltage to maintain a target bias current of
150mA over operating temperature is found by using the re-
sistor bias circuit shown in Figure 3. The bias voltage is
measured with 150mA of bias current at initial power on when
the case temperature of the devices is low. The resistor value
is adjusted to maintain 150mA of bias current and the voltage
measured as the case temperature changes. Using the Vg
voltage change with temperature of 2mV/°C and the amount
of voltage change needed across the temperature range, the
correct ratio of Rg; and Rg, can be determined. The values
determined are Rgy = 1kQ, Rg, = 5009, Rgz = 390Q. Figure
20 below shows the bias current stability graph. The graph is
created the same as done for the other devices.
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FIGURE 20. 2SK1530/2SJ201 Bias Stability

Figure 20 shows the bias current is slightly over compensated
for temperature but sufficiently stable for the needs of this
note. Additional refinements to improve bias stability with
temperature were not performed.

The International Rectifier IRFP240/IRFP9240 devices are
not tested for bias stability with case temperature. With the
limitation in bias voltage using the LM4702, the bias voltage
is low enough that at the highest operating case temperature
the bias current is no more than 100mA in the output stage.
The side benefit of this bias current instability is distortion is
reduced as the amplifier heats up due to the increase in bias
current in the output stages and resulting reduction of
crossover distortion.

Output Stage

The output stage is a Source-Follower design. The output
stage consists of the gate resistors, R;, complementary
MOSFET devices, and a snubber circuit, Rgy and Cgy. The
output stage is shown in Figure 21. Only the gate resistor and
bias voltage level will be varied to determine effect on perfor-
mance for each of the different devices listed in Table 1. The
design is a single pair of complementary devices in the output
stage. This also eliminates the need for source degeneration
resistors. For a design with multiple pairs of complementary
devices in parallel, source resistors are recommended along
with V5 matching of devices.
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FIGURE 21. Source-Follower MOSFET Output Stage
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DETERMINING GATE RESISTOR VALUES

The gate resistors, Rgy and Rgp, are necessary for stability,
MOSFET devices will often oscillate without them. The value
is chosen for best THD performance across the power and
frequency range of operation while maintaining stability. The
values are determined by trial and error adjustment for each
set of devices. In general, the frequency pole location of the
low-pass filter created by the gate resistor and the device in-
put capacitance, C g, is chosen to be the near the same for
both the N-channel FET and P-channel FET. The pole loca-
tion is found using the formula,

f508 = 1/(21C,55Rgate) (H2)

The exact pole location is application and device dependent.

One method to determine the right gate resistor value is to
overdrive the amplifier with a square wave. The shape of the
rise and fall curves will indicate a correct value. Below are
oscilloscope pictures, Figures 22 and 23, showing how a
wrong value can affect the rise and fall curves. If the value is
too high then a "bump" appears in the rising or falling edge of
the output signal. If the value is too low the amplifier will os-
cillate. Both of the gate resistors affect the rising and falling
edges of the output signal requiring a middle point of adjust-
ment for smooth curves. The input signal is a 2V, 1kHz
square wave.

Tek Stop

INPUT

w®

OUTPUT

7

20,0V &
chz 100V &

M2.00ps A Ch3 £ 0.00V

7 May 2007

#41.00 % 11:06:30

30023226
FIGURE 22. Rise Curve with Incorrect Rg e Value

Tek Stop

OUTPUT

‘:

INPUT

200V s M2.004s A Ch3 X\ 0.00V
ch3 100V & 7 May 2007
£41.00% 11:05:41

30023224

FIGURE 23. Fall Curve with Incorrect R Value

Compare the output signals in Figures 24 and 25 where the
gate resistor values are set correctly with those found in Fig-
ures 22 and 23. The rising and falling edges are much
smoother and linear. In all cases, stability was maintained. If
the value of R  is too low (especially for the N-channel FET)
the amplifier will oscillate.

Tek Stop  Sm——— Ao———
B
INPUT
™ : d
OUTPUT
A

200V & M2.00s A Ch3 £ 0.00V

Ch3: 1.00V & 4 May 2007

841.00 % 16:58:46
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FIGURE 24. Rise Curve with Correct Rg,rg Value
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541.00% 16:590:17
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FIGURE 25. Fall Curve with Correct R, Value

DETERMINING SNUBBER CIRCUIT COMPONENT
VALUES

The Snubber circuit is composed of Rgy and Cgy. The com-
mon value of 0.1uF is chosen for Cgy and then a starting value
of 10Q is used for Rgy. The pole location created by the circuit
is found using Equation 4 below.

f.308 = 1/(2TRgNCgn) (HZ) (4)

If small, high frequency oscillation is observed on the output
then the snubber values need to be adjusted. Leave the value
of Rgy set to 10Q and increase the value of Cgy, until the os-
cillation ceases.
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FFT vs Frequency (Reading)
THD+N Performance Poyr = 40W/Channel, R, = 8Q
With the bias levels and circuits now determined, THD+N 2SK1058/2SJ162
performance can be measured and compared for the different 60
devices. In all cases, both channels of the LM4702 were on
and in phase driven from an Audio Precision System 1. This 70
presents the worse case measurement conditions for the dif- -80
ferent graphs. 00
RENESAS 2SK1058/2SJ162 PAIR @ -100
The 2SK1058/2SJ162 pair were biased at 115mA for the out- 5 -110
put stage. The 115mA bias current was very stable with o 40
changes in case temperature. A benefit of these Renesas -
devices is the integration of gate protection diodes eliminating -130 |
the need for external gate protection components. The gate 140 n’
resistor values were determined by overdriving with a square
wave and adjusting their value until the rising and falling -150 |
edges were as linear as possible while maintaining stability. -160
For these devices the gate resistors were 190Q - 210Q on the 10 100 1k 10k 20k
N-channel FET and 240Q - 330Q for the P-channel FET. The
FFT graphs used the Audio Precision System 1's Reading FREQUENCY (Hz)
function to remove the fundamental for better resolution. Note 30023250
the scale of the graphs start at -60dB. This is dB relative to .
the fundamental, or in other words, the fundamental peak is FFT vs Frequency (Reading)
equal to 0dB. The fundamental is notched out by the mea- Poyr = 100W/Channel, R, = 8Q
surement equipment reducingit's level to -110dB relative. The 25K1058/25J162
graphs show the distortion levels of the harmonics at 1W, -60
40W and 100W output power levels with a 1kHz test signal. -70
FFT vs Frequency (Reading) 80
Poyr = TW/Channel, R, = 8Q -90
2SK1058/2SJ162 & -100
60 =2
o -110
70 @ 120
-80 -
-130 i
-90
-140
o -100
T -150
o -110 160
E -120 ':w'i; | | 10 100 1k 10k 20k
130 FREQUENCY (Hz)
-140 30023242
-150
-160
10 100 1k 10k 20k
FREQUENCY (Hz)

30023246
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The THD+N vs. Frequency and THD+N vs. Output Power
graphs show that high performance is possible over the fre-
quency and power range of interest. The THD+N vs. Fre-
quency graph has a range of 0.0005% to 1% to increase
resolution. The 1% power level is 125.5W/Channel into an
8Q load.

THD+N vs Frequency
Pour/Channel, R, = 8Q, 80kHz BW
2SK1058/28J162
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THD+N vs Output Power/Channel
R_ = 8Q, 80kHz BW
2S5K1058/2SJ162
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- P i
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0.0005 ==
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The graph below compares different bandwidth settings on
the measurement equipment and the effect on a 1kHz plot
during an output power sweep. The difference between the
plots and the bandwidth setting shows the increase in THD
+N is noise (+N) and not harmonics (THD).

THD+N vs Output Power/Channel

R, = 80, 1kHz
2SK1058/2SJ162
2
1
03
~ 01
x
pd
T 0.030 N
g e
~ 0.010 Egﬁ 80kHz BW
X
0.003 =
[ 11T i
0.001 | 22kHz & 30KkHz BW il gt
0.0005 F—t—-H—t—t it T
10m  100m 1 10 100200

OUTPUT POWER / CHANNEL (W)
30023265

The frequency response at 100W/Channel is shown below.
The snubber circuit is removed for all frequency response
testing. The +/-3dB range is quite good. However, notice
there is a knee or point of inflection on the plot at approxi-
mately 68kHz where response begins to roll off quickly. This
point occurs when the slew rate limit is reached. The mea-
sured slew rate was 17V/us with the output stage directly
driven by the LM4702. Slew rate may also be calculated by
using the inflection point on the frequency response graph
and Slew Rate = [21T**V 5peax]/108 (V/us) where f is the fre-
quency of the inflection point on the frequency response
graph and Vpeak is the peak output voltage.

The low frequency roll off is a result of the high-pass filter
created with C; and R,. Increasing the values will move the low
frequency roll off even lower. Both channels are shown on the
graph but are indistinguishable at the resolution and size
shown.

Frequency Response
Poyr/Channel = 100W (0dB), R, = 8Q,
2SK1058/2SJ162

1.0

0.5

0.0

-0.5 ,/

-1.0
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-1.5
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FREQUENCY (Hz)

30023254
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SLOW RATE

The LM4702's output drive current (3mA minimum, 5.5mA
typical) limits the slew rate. MOSFET devices have significant
input capacitance making the amount of drive current an is-
sue. Slew rate can be increased using an intermediate driver
or buffer stage. To verify that the drive current is the limiting
factor for slew rate, a simple driver stage was added to the
output stage. This is shown in Figure 27. A supply voltage of
+/-40V was used instead of +/-55V because of the voltage
limitation of the BD139/BD140 devices (80V).

+Vee

—iH

1000 Qutput

100Q

i

-VEE

30023214

FIGURE 27. Output Stage with Driver Stage

One channel of the amplifier had the driver stage added while
the other channel used direct drive from the LM4702 for easy
comparison. The output stage in both channels was biased at
the same 115mA. The frequency response graph below com-
pares the two channels delivering 60W of output power into
8Q) resistive loads. As can be easily seen, the channel with
the driver stage has much higher bandwidth because of high-
er slew rate. The channel with a the driver stage has a slew
rate of 30V/us compared to 17Vps for the channel with direct
drive. Optimizations in the driver stage may result in better
performance. The apparent difference in the plots for the di-
rect drive channel to the previous direct drive 100W Frequen-
cy Response graph above is that the output power is only
60W. As the power level is increased a higher slew rate is
needed to maintain the same frequency response curve.

Frequency Response with Driver Stage
Poyr/Channel = 60W (0dB), R, = 8Q,
25K1058/2SJ162

1.0

0.5

0.0

-0.5 ,/

-1.0 Direct Drive

LEVEL (dB)

-1.5

10 100 1k 10k 50k 200k

FREQUENCY (Hz)
30023258
The oscilloscope picture in Figure 28 below compares the
rising edge of the direct drive with an output stage using a
driver stage.

Tek Stop |

e

\ OUTPUT

\ - DIRECT DRIVE

N OUTPUT WITH
~ DRIVER STAGE

Ch3| 1.00V & 2 May 2007

15:26:24

11[32.00 %
30023276

FIGURE 28. Rise Curve with Driver Stage

MAGNATEC BUZ901/BUZ906 PAIR

The same tests were performed using the BUZ901/BUZ906
pair in the output stage biased at 180mA. Bias current is very
stable with changes in case temperature at 180mA. The gate
resistor values were determined by overdriving with a square
wave and adjusting their value until the rising and falling
edges were as linear as possible while maintaining stability.
For these devices the gate resistors were 175Q - 220Q on the
N-channel FET and 450Q - 530Q2 for the P-channel FET. The
FFT graphs used the Audio Precision System 1's Reading
function to remove the fundamental for better resolution. The
graphs show the distortion levels of the harmonics at 1W,
40W and 100W output power levels with a 1kHz test signal.
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FFT vs Frequency (Reading)
Poyr = 1W/Channel, R, = 8Q,

The THD+N vs. Frequency and THD+N vs. Output Power
graphs show that high performance is possible over the fre-

BUZ901/BUZ906 quency and power range of interest. The THD+N vs. Fre-
-60 quency graph has a range of 0.0005% to 1% to increase
70 resolution. The 1% power level is 128W/Channel into an 8Q
load.
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The graph below compares different bandwidth settings on
the measurement equipment and the effect on a 1kHz plot
during an output power sweep. The difference between the
plots and the bandwidth setting shows the increase in THD
+N is noise (+N) and not harmonics (THD).

THD+N vs Output Power/Channel
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BUZ901/BUZ906
2
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00005 Lo 1o T AT
10m  100m 1 10 100200
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30023264
The frequency response at 100W/Channel is shown below.
The measured slew rate was 16.5V/us with the output stage
directly driven by the LM4702. Both channels are plotted on
the graph.

Frequency Response
Pour/Channel = 100W (0dB), R, = 8Q,
BUZ901/BUZ906
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SLEW RATE

The driver stage of Figure 27 was used to compare direct
drive of the output stage using the Magnatec BUZ901/906
pair. One channel of the amplifier had the driver stage added
while the other channel used direct drive from the LM4702 for
easy comparison. The output stage in both channels was bi-
ased to the same 180mA. The frequency response graph
below compares the two channels delivering 60W of output
power into 8Q resistive loads. The results are similar to those
achieved by the Renesas 2SK1058/2SJ162 devices with sig-
nificant improvement in frequency response with a driver
stage. The channel with a the driver stage has a slew rate of
32V/us compared to 16.6Vys for the channel with direct drive.

Frequency Response with Driver Stage
Poytr/Channel = 60W (0dB), R, = 8Q
BUZ901/BUZ906
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TOSHIBA 2SK1530/2SJ201 PAIR

Once again, The same test were performed with the graphs
below using the 2SK1530/2SJ201 pair in the output stage bi-
ased at 145mA. The Vg multiplier of Figure 19 was used for
bias and thermal compensation to obtain a stable bias current
over case temperature. The gate resistor values were deter-
mined by overdriving with a square wave and adjusting their
value until the rising and falling edges were as linear as pos-
sible while maintaining stability. For these devices the gate
resistors were 175Q on the N-channel FET and 5009 for the
P-channel FET. The FFT graphs used the Audio Precision
System 1's Reading function to remove the fundamental for
better resolution. The graphs show the distortion levels of the
harmonics at 1W, 40W and 100W output power levels with a
1kHz test signal.

FFT vs. Frequency (Reading)
Pour = 1W/Channel, R, = 8Q
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FFT vs. Frequency (Reading)
Poyr = 40W/Channel, R, = 8Q
25K1530/2SJ201

-100

-110
-120

-130
T

-140 \

LEVEL (dB)

-150

-160

10 100 1k 10k 20k

FREQUENCY (Hz)

30023252

FFT vs. Frequency (Reading)
Pout = 100W/Channel, R_ = 8Q
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AN-1645

The THD+N vs. Frequency and THD+N vs. Output Power
graphs show that high performance is possible over the fre-
quency and power range of interest. The THD+N vs. Fre-
quency graph has a range of 0.0005% to 1% to increase
resolution. The 1% power level is 155W/Channel into an 8Q
load.

THD+N vs Frequency
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2SK1530/2SJ201
1
0.3
0.1
S
= 0.030 100W
"
% 0.010
= — 1 Watt =
=
0.003 AV
il
0.001 rdl
o —=maa EH 40W
0.0005 I 8 I 1 — yaun
10 100 1k 10k 20k
FREQUENCY (Hz)
30023263
THD+N vs Output Power/Channel
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The graph below compares different bandwidth settings on
the measurement equipment and the effect on a 1kHz plot
during an output power sweep. The difference between the
plots and the bandwidth setting shows the increase in THD
+N is noise (+N) and not harmonics (THD).

THD+N vs Output Power/Channel
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The frequency response at 100W/Channel is shown below.
The measured slew rate was 12.5V/us with the output stage
directly driven by the LM4702.

Frequency Response
P our/Channel = 100W (0dB), R, = 8Q
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SLEW RATE

The driver stage of Figure 27 was used to compare direct
drive of the output stage using the Toshiba 25K1530/2SJ201
pair. One channel of the amplifier had the driver stage added
while the other channel used direct drive from the LM4702 for
easy comparison. The output stage in both channels is was
biased to the same 145mA. The frequency response graph
below compares the two channels delivering 60W of output
power into 8Q resistive loads. The results are similar to those
achieved by the other devices with significant improvement in
frequency response with a driver stage. The highest slew rate
was obtained with the Toshiba 2SK1530/2SJ201 pair using
the driver stage. At the same time, the lowest slew rate with
direct drive from the LM4702 was obtained with these de-
vices. The channel with a the driver stage has a slew rate of
37.5V/us compared to 12.5Vps for the channel with direct
drive.

Frequency Response with Driver Stage
Poyt = 60W/Channel (0dB), R, = 8Q,
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INTERNATIONAL RECTIFIER IRFP240/IRFP9240 PAIR

These devices have higher V;and therefore, do not meet the
bias current criteria of 100mA with a Vg of 3V or less. All
other design criteria are exceeded. The testing is included to
show what can be obtained with higher V; devices although
they are not optimal for use with the LM4702.

FFT vs Frequency (Reading)
Poyr = 1W/Channel, R_ = 8Q
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FFT vs Frequency (Reading)
Poyr = 40W/Channel, R, = 8Q
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The THD+N vs. Frequency and THD+N vs. Output Power
graphs show the performance over the frequency and power
range of interest. The THD+N vs. Frequency graph has a
range of 0.0005% to 1% to increase resolution. The 1% power
level is 147W/Channel into an 8Q load.
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The graph below compares different bandwidth settings on
the measurement equipment and the effect on a 1kHz plot
during an output power sweep. The difference between the
plots and the bandwidth setting shows the increase in THD
+N is noise (+N) and not harmonics (THD).
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The frequency response at 100W/Channel is shown below.
The measured slew rate was 14V/us with the output stage
directly driven by the LM4702.

Frequency Response
Poyt/Channel = 100W (0dB), R, = 8Q
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SLEW RATE

Adding a driver stage with the IRFP240/IRFP9240 would re-
duce the already low bias voltage by over 1V. It has been
shown with the other pairs of MOSFET devices that adding a
driver stage will significantly increase the slew rate. It follows
that adding a driver stage with the IRFP240/IRFP9240 de-
vices will result in a significant slew rate increase.
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Summary

Using the LM4702 and correctly chosen MOSFET devices, a
simple yet high performance amplifier can easily be realized.
While circuit modifications and additions can improve perfor-

mance the solution presented has a low part count and sim-
plicity is maintained. Table 5 below gives a snap shot look at
different data points using the same PCB with a supply volt-
age of +/-55V driving 8Q loads.

TABLE 5.

1kHz THD+N at 40W/

Direct Drive Slew

IRFP240 / IRFP9240

P P ° 0
Manufacturer / Devices |Bias Current|1% Output Power |10% Output Power Channel, 22kHz BW Rate
Renesas 25K1058 / 115mA 125.5W/Ch. 156W/Ch. 0.00082% 17V/s
250162
Magnatec BUZ901 /
. OW/Ch. 0.00088% .
BUPo06 180mA 128W/Ch 16 16.5V/pis
Toshiba 25K1530 /2SJ201 | 145mA 155W/Ch. 185W/Ch. 0.00071% 12.5V/ys
International Rectifier 25mA 147W/Ch. 182W/Ch. 0.00090% 14V/ps
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