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TOSHIBA 2SA1015(L)

TOSHIBA Transistor Srllcon PNP E|:_)|taxsal Je (PCT process)
2SA1015(L)

Audio Frequency Amplifier Applications

. L . . Unit: mm
Low Noise Amplifier Applications
5.1 MAX,
A
e High voltage and high current: Vggo ==50 V (min), g
Ic =-150 mA (max) <)
e Excellent hpg linearity: hrg (2) = 80 (typ.) at VCE =—6 V, Ic = -150 mA —t =
== =z
: hrg (Ic =—0.1 mA)/hFE (Ic = -2 mA) = 0.95 (typ.) s
~
e Low noise: NF = 0.2dB (typ.) (f = 1 kHz) e
e Complementary to 25C1815 (L) r:
) ) 1.27 1.27
Maximum Ratings (Ta = 25°C) 2 /
= E
- L= -] g
Characteristics Symbol Rating Unit =
123 -
Collector-base voltage Veso -50 v
Collector-emitter voltage VcEo -50 Y} 1. EMITTER
2. COLLECTOR
Emitter-base voltage VERO =5 \' 3. BASE
Collector current I -150 mA
Base current Ia -50 mA JEDEC Ui
Collector power dissipation Pc 400 mwW JEITA SC-43
Junction temperature Tj 125 ] TOSHIBA 2-5F1B
Storage temperature range Tstg —55~125 °C Weight: 0.21 g (typ.)
Electrical Characteristics (Ta = 25°C)
Characteristics Symbol Test Condition Min Typ. Max Unit
Collector cut-off current lceo Veg=-50V,lg=0 — — -0.1 pA
Emitter cut-off current lEBO VEg=-5V,Ic=0 - - -0.1 pA
NFE (1
m Vece=-6V,lc=-2mA 70 — 400
DC current gain (Note)
heE (2) Vee=-6V, Igc=-150 mA 25 80 -
Collector-emitter saturation voltage VCE (sat) Ig=-100 mA, Ig =-10 mA — -0.1 -0.3 \")
Base-emitter saturation voltage VBE (sat) Ic=-100 mA, Ig =-10 mA — — -1.1 Vv
Transition frequency fr Vee=-10V, g =-1mA 80 — — MHz
Collector output capacitance Cop ;’E? KA_HLO Vile=0 e 4 7 pF
R - ) Vep=-10V, Ig=1mA - -
Base intrinsic resistance bb f— 30 MHz 30 Q
Vece=—6V.Ilc=-0.1mA !
NF(M  |$=900 Hz, Rg = 10kQ TR
Noise figure = oV A dB
CE= sic=-U.1m -
NF@ |29 kHz, Rg = 10 kQ Gl @

Note: hfg (1) classification O:70~140, Y: 120~240, GR: 200~400

1 2003-03-27



TOSHIBA 25C1815

TOSHIBA TRANSISTOR~"“STLICON NPN EPITAXIAL TYPE (PCT PROCESS)

2SC1815

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER APPLICATIONS. A -

DRIVER STAGE AMPLIFIER APPLICATIONS.
o High Voltage and High Current
: Vero=50V (Min.), I¢=150mA (Max.) g
o  Excellent hgg Linearity B
: hFg(2)=100(Typ.) at Vgg =6V, Ic=150mA —E}rf
: hpg (I¢=0.1mA)/hFg (Ic=2mA)=0.95 (Typ.) +—z
e Low Noise : NF=1dB(Typ.) at f=1kHz s  Z
+  Complementary to 2SA1015 (O, Y, GR class) .
MAXIMUM RATINGS (Ta =25°C)
127 127
-
CHARACTERISTIC SYMBOL | RATING | UNIT 3 i =
= g =
Collector-Base Voltage VcBO 60 v s §
Collector-Emitter Voltage VCEO 50 v )
Emitter-Base Voltage VEBO 5 v 1. EMITTER
2. COLLECTOR
Collector Current Ip 150 mA 3 BASE
Base Current Ip 50 mA JEDEC TO-92
‘?ollec.tor 'l;ower Dissipation zc 400 rr:W EIAJ SC-43
unction Temperature 5 125 C TOSHIBA 2 5F1B
Storage Temperature Range Tste —55~125 °C Weight : 0.21g
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX. | UNIT
Collector Cut-off Current IcBO V=60V, Ig=0 — - 01 | zA
Emitter Cut-off Current IEBO VEB=5V, I¢=0 — - 0.1 | A

hFE(1)

Verp=6V, Ig=2mA 70 — 700

DC Current Gain (Note) e fc

hrr2) | V=86V, Ic=150mA 25 100 | —
Collector-Emitter Saturation
Valtage VCE(sat) | Ic=100mA, Ig=10mA — 0.1 | 0.25 v
Base-Emitter Saturation Voltage | VBE(sat) | Ic=100mA, Ig=10mA - — 1.0 \'
Transition Frequency fp Veg=10V, Io=1mA 80 — MHz
Collector Quput Capacitance Cob Vep=10V, Ig=0, f=1MHz | — 2.0 3.5 | pF

An » . , Veg=10V, Ig=—-1mA
Base Intrinsic Resistance Thh f= 30MHz - 50 - Q
. . Veg=6V, Ic=0.1mA
F — g

Noise Figure N f= 1kHz, Rg=10kQ 1.0 10 | dB

Note : hgg Classification 0 : 70~140 Y : 120~240 GR : 200~400 BL : 350~700

961001EAA2

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing
TOSHIBA products, to observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product could cause loss
of human life, bedily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set forth in the
TOSHIBA  Semiconductor Reliability Handbook.

1997-04-10 1/3



(6)

TJR ' 2o

%950%) Qé@\%lh‘

7

| 3um Diode
2% TR

% Sewcorolvets-

A A - PepR, Em
3

PNP. FED + _22‘( 2 Py FET
C:  NbN IXE, K mmrer
b: NPN  AxDy




* R 3 48 &7
COn-D‘H‘J

@ jW\ML} — ' k,oa&lch %Je ga\ﬁr\'cﬂ

%3 0%
W HW‘M&‘G‘” 0 TR 452 Iy WE.

A Mpn g5 B

RBoce OV 7AF (brooit)s THOFRR Ex

Ao Ghp Oy ) =Ho1a Bt

=
/
A s
ﬁ = € ¥e<)
Bace 0M [ﬁ‘ND 2 0 (3, Baceny %}:5\1{9\.)
(Comgll”
@PW”.
%N Collcatin #7439 OEF_E/

L ren type & Bose 3o med




{8 )

)

Vot 2

( JeaRgionzras

Uowr

Uoust
“S' TRB01 22

¢ :
il .
" 3 O b ;_p i o
o) g AN w -
i ) L 4
o _ \/a
H
0)
G I
— 5
® M




& &

TETRS .,

© Eei
@ celiest

OF¥z1 ey

( Ela @
4ol ©

i
D=

y!

x Trvm- scton lef% I\‘}I‘é

A A“'*‘a Meter = B rage 2 A% SR3r
2. Re R oy Bk 3B (/LRI

- By R, e & LfE Bez Ik 9

(uom)

ZERLr ﬁ = ]
A

g ) \;C&Im T Hrol QWS =

? O ®BWE z= : I T 24> AP A

® W& ZE . T IEN W -

3%(3.@ 3 CE ;8 qbn

O R Yotk (Rxio Rug)  C-ENE 5B
_ﬁz‘_}“a_“ (?C-)E"< »E*C.,

WV\’\/
B3ty

)] Bios E&% Aotk 32
© (Fkonn BGY: B D 39 )




( /@)

$0 TRy

o EEWN: RAER. 2R SRM
x 4w (vge W % 0k raoe QN

QRlrnon D UR Zman (% Ae - )
(& iz

- E(R) o Un SEm,

:ci'*l e Futter Blgns clecter
CPOPTR) ;

Roy L Exmsm.

T4 colector , T4 clhon
(Pne)

e ool AZONSI Tas%}

Ve (ﬁ‘:g) ND
ec

B4g)




V==

N R
L | %
Jo
IC*:\:Q‘IZ- /IB'FDC C o)
et |
g




( 2)

Tog
Ig-:o :
/

/ f.'; ““'. "‘ f f} / .
7T/

T508% € Somarion)

oTvE. 2%z ZB, Sns 025G

Uyt



(B)

" ”
G?W\M on }m itter

5 Amf)l'nher 1\,@; g []Q g

y

01520 B8z

“sen émeu&a‘ﬂu"
L2

Cn ’ C:. o Blod:ina C;\F\a.c'rl-or

" DC #ga%. AC TS Sagen.

- Bypess C’a\Pa&He‘-- i B A (W05 38)

Uc: & -El.. = \)B‘.-s
Rf‘tga

(* 801 OBuENE TRo) L)
£oy. o

* Ve b3y R
@
Oc Bios 3 BOROL Vi : Dgp—

2 ) b=

5 i

% WRE
| 4y




( /4)

* R a&»

A Ripn low UL/I»)

]

AW Row - /L\\‘al\ ( UC/L)
k’ I BOE!
: e
Aduit Video 3 2043 : ‘ /qu (RGoR) . Ny = \)e‘) ““J" (- w/ Vi)

By cszomy L"xb PRI AR T
hre

K gi (ﬁ?hcnﬂon)

| pre Auphfier ( A2 ) > 3B Noy Lau
'q Clﬁs E .ﬁ?ﬂ\— 'H&-EE\I i@ﬁﬂ




( /4)

»  Emiter - Jollow '

21z S

£ Wi Vs

X cec B BEne
3 O Hi¥E Z\
® buffer

Zz %o £an

= e —

bffer 2 & |

f

CD“ ector

e

e mpl fier

! CO\'MMOY\ i

@
”

‘‘‘‘‘

Vour = b3z
i R < High Coo of 713)
A R s Doy g

(=17, 2 = LO

o e

(/é\\) (R&oR) \)ej Low

(REOS 7= fu.

- 4:14

A\) CEFOE)

= \)e-y Za?k

t &

outpr X ( Rz 3@ Tkor o, I2E)
!

By R™ 5 EEmk

Tsv o )

X CW &= Em‘d’}‘ev .

{ 5%
C-c

—*ﬁn e TE (FERT)

)




Rige = Wbl iyl

Row = Weeblle flih

{* Avey etz (i)

Ali%) = SRS P @)

o %g (Aw\lcam)

Zhlz Aony W, > P R ER 0w 4an

407 =&




(@

¢ pult] - stage  lwplifier

- (E o CCo ERy .

e

Covepom ™ collector G]‘MM!!— chetfrer
* 06z BRe o UMR =

® A= iz he

O%se 0ES <4




(/8)

3 -
o/t ¢ F ¥

ce
Pz

Ua) Lou
e figh
Hiqh

Vv Lo

(S =

Hd {lovd
Low

| ﬂ Lowy
iR

3 £ £
il 2 £ ...“.,1;.,.”_ m
7 Sl 4 1 £
o ES
...II-\.\
(=11
K0 3 £

< & Rmn.M ¥ 4




¢ 19

*R o AW 4

~ Uoltoqe Divide %4

Rtw wooe.
) %
QTR 2 Sz
Fifre
-
T »

LS G

t QBstr &em  umo: }/7// Ao %5

o BEn - Aszs %o £n

o TR — NPN type § =01 £l




(2@ )

: L Tamer e i)

?\, 1n pwt L
e
@w

; h vatio R

% K o PERS

e
FED Kl

(,) 1e
fe i
ife ;Lfaeolbaok Tew

oe

% the \
L

FHlani

ZLW* Tl gt b




(2)

A

N

* ZF) BE o

CO wmmow

»
)
"

)
&

= /%

/.

collectov

O A Teas W

22ma

il

Samy,

3 -
349, TR Bz

g2y

, 33 oeRme (/p)

8 e

Szon A3z 2PEK




\

1
1
I

ﬁ?{%‘ﬁ C Cut oﬂ)}

BB Satwihion)

=
Sl W

ABB

Vez

(4=1




(23)

3 O
e 3 5
v DC b
)
S S8 =2 o
L A0, 963 .
3 wt 3 BEEn C Cowter)
- onmz
C Sog ow™ Ky
bt Ica% £8

; ‘u?" ST or
WO =
0“7 oﬂ)”-,x‘?}ﬂ\ J‘Q\H ) P




5 Ppac

% 0&33]7\)(1

mpnﬁﬂ:&.

o:rN IQF,_,‘.

H Bs
Yom —>

a8 SN,

Pc bas 2 BoFmy
@pr oy “?%ED\-

— ‘/' =
% Teo — @my DR N o S2mREE)
By 88 DhY o

< SeRY; s
R DcBR X




iz

A B ¥ B

Ve

Vs

Bz.

C(ar»’ B . Bﬁ %g‘l\.

oo
Es (&
ot
)
R

e om

o M

Yrz

EW0s: 8BS o ARy, (8% \oov.on ARG

1.0




(26)

xpghp
 ABs i
gy fwez P 1
e ‘TR, (wPN)
i U'vl 1 - UGMI' -
70 t e 4 TR-;
B8
Vin © ©
s ﬁ\Uﬂ\\_J
; = )
Cioss  Ditoraxan BEOR
i Cvossog)-ey D;.S“DWHO\A
| @3%e>
E ® \)Ob\*l, TR \ 0\ %gﬁ
; Ve — 1" “ L
TL (&= C&Mm-cﬁ“%- /r\)[ = I CCC,E;) “B

@) \)Mz : W,. o0 ZEgm ( WRg A23d)

\\M/RE (- ee, &%) T LO\J

% PErBE  po o B




(27)

Cn~ony
=2 Sodwn Gs

= Dico‘e %@

jﬁ’c
@_} greal 1 TR

18 Vo %88 %3 IR ovop 4R TR & B7RES
0vz TRMFL
R:z oz Ve %2s  Depim TR, o Bagg -0,z

SR




Crossover distortion - Wikipedia, the free encyclopedia Page 1 of 2

Crossover diStofaTon™ > s« odedicnble donation

From Wikipedia, the free encyclopedia

Crossover distortion is a type of distortion which is caused by switching between devices driving a load. It is most
commonly seen in complementary, or "push-pull”, Class-B amplifier stages, although it is occasionally seen in other types of
circuits as well.

The term crossover signifies the "crossing over" of the signal between devices, in this case,

from the upper transistor to the lower and vice-versa. 3
: i
Distortion mechanism - AV Vout.
: /fil?
The image shows a typical class-B emitter- : 5
Sieassvar dlkorin follower complementary output stage. vip
b Under no signal conditions, the output is Input-Output characteristic
2] /" exactly mid-way between the supplies (i.c., ofaClass-B
- Lt at 0V). When this is the case, the base- complementary emitter
| ] # . ! X follower stage.
LA i emitter bias of both the transistors is zero, so
r AN 7 they are in the cut-off region where the
" transistors are not conducting.
: Output \ o
Input k7  Consider a positive going swing: As long as the input is less than the
- required forward V.. drop (= 0.65V) of the upper NPN transistor, it will
Load ~ remain off or conduct very little - this is the same as a diode operation as
- far as the base circuit is concerned, and the output voltage does not follow
the input (the lower PNP transistor is still off because its base-emitter
diode is being reverse biased by the positive going input). The same

S applies for the lower transistor but for a negative going input. Thus,
Crossover distortion. between about £0.65V of input, the output voltage is not a true replica or
amplified version of the input, and we can see that as a "kink" in the
output waveform near 0V (or where one transistor stops conducting and the other starts). This kink is the most pronounced
form of crossover distortion, and it becomes more evident and intrusive when the output voltage swing is reduced.

Less pronounced forms of distortion may be observed in this circuit as well. An emitter-follower will have a voltage gain of
just under 1. In the circuit shown, the NPN emitter-follower and the PNP emitter-follower will generally have very slightly
different voltage gains, leading to slightly different gains above and below ground. Other more subtle forms of crossover
distortion, stemming from slight differences between the PNP and NPN devices, exist as well.

Possible Solutions

In the case of a class B/AB amplifier, crossover distortion can be reduced by using a slight forward bias in the base circuit
such that the transistors are idling at a small output current. The forward bias causes the circuit to operate in class-AB mode,
so both transistors are slightly on during crossover. This can reduce or eliminate the characteristic kink of crossover distortion,
although other types of crossover distortion will remain.

As with most kinds of distortion, another way in which crossover distortion can be reduced is through the use of feedback. By
comparing the output to the desired output, and adjusting the input to correct for any error, we can significantly reduce
distortion. This may be done with an operational amplifier, as shown below, or with a discrete circuit.

In the example shown, the operational amplifier is used to reduce the

distortion of a push-pull pair. Op-amps are differential voltage amplifiers
with very high gain (sometimes modeled as infinite gain). In an ideal model, the output of the opamp is held such that both
inputs of the op amp must be at exactly the same voltage. In this case, since the inverting input is directly connected to the
output, the voltage at the non-inverting input is always equal to the voltage at the output and inverting input, hence
eliminating distortion. With a more precise model of an operational amplifier (with non-infinite gain) distortion is reduced by
a factor equal to the gain of the op amp.

Most modern power amplifiers (including those used in hi-fi) employ both techniques, using both class-AB in their output
stages, and feedback, offering reasonable efficiency and good distortion figures.

See also: Electronic amplifier

http://en.wikipedia.org/wiki/Crossover distortion 2008-06-13
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Retrieved from "http://en.wikipedia.org/wiki/Crossover_distortion"
Categories: Electronic amplifiers | Electronics terms

Input[

T R il Nt
°f

A better push-pull amplifier

o W, W WL W W W

= This page was last modified on 19 November 2007, at 03:28.

= All text is available under the terms of the GNU Free Documentation License. (See Copyrights for details.)
Wikipedia® is a registered trademark of the Wikimedia Foundation, Inc., a U.S. registered 501(c)(3) tax-deductible
nonprofit charity.

http://en.wikipedia.org/wiki/Crossover_distortion 2008-06-13



Cam )

R FET

C&M'-wo.n 5 Em‘?\\ﬂ- Cowmnon So\wce
QBease Gete




(1) FET 2E2

Om
1A

Agmgs

s 2 HOIEEH(MOSE)0l UD, THAl 22 nIHES D pMEECZ L=
el 21(D:drain), AL A(S:source) & HOIE(G:gate)2 3 XH0ICH.
A3 8 EdQAHY &7

X
leh o
m
[wa)
()] ‘




(O dg2 Jictes LEHY S2= 87
lcCaY 85
Vos:tSg Ol - A AHOI2| FRY
(E= Chedl S Jeh
Ve H 0| E-4A AHDIZ) e <
(ES S8 A0S #eh - &
20

-1.0

— ) f i Vosl¥)
(a) BEH FETH JI5ts A2t {h) M2-F29| By
Bsd FET(nE HY) E4

gt 018 AHAXNY b= Vosll OCHK &S X

@ Vosdt #= M lo= VosOl BlellGtLE, VesIt Of
20 ESE VesOl 2o I A B3stc

(L} FET LHRUANS &T S5

D =& =(depletion layer) @ pnE 80Ul SE20| Jtoil M ALB= EH JH0lY Ns Xt

@ AM<Y(channel) : n8 BT X UHUHIAN ZSEH=ES Hst EES Vsl 2ol Xs &AIF Olsste
e
ZRE pndEHE S0 FHAE
28 AN HH
Z=0let FECH

o W o TTJ TFS JAF Y oelll 2ol
L lo|=5i0) BE 2 Bk 0| B5 28

EHE0let SEEE

by ZEEW
Voe 2t ZICH B E E280=2
HAZ D= E | ok voall

HI| 21Tk

ichv paldl RE I

Voadl HAH JEUE FOIERE &
A2l DIESEE Hlﬂf 20t o=
Vos M| W2l A S2HEHE B2 AFAH
EshEiC

(d) v padl 2 [[H

@ VasE e AL : Ves=0[V]IY M SEE2 Voslll 28 A0IAKXIB, VesE SIHAIZIEH 1 &
0] oigtst MUOIS2, Ves=0[VI¥ MEL ZESO0| HOHN 22 VesedXlete b= HOHEIH



3

[3] B¢ HOIEE™(MOSE) FETH =2 &

(Oh) LS Jtots Hl B2 ME : FHEHI A9 20| VosIt HEB 0/ACE HIQ VA0
2 Sy ®HE oIt ML,
loCale aR
VosiER Dl-4 A ADS) F et
(= S caol mey
Ve HOIE-4A AOI2 HSE
(E= Che3| HOIE B2 &

~a

i

i} . 0 5 o[V
(2) 29 HOIEE FETH Pl Al B iby H2-FHE2| ZHY|

MOSE FET

(Lh HE WA Ao 22 :

by et O
MOSZ FETS M4 UR 88X
@ VasE HSIAIZCZM Vpsll &S 2X 210 MES HIAH hE HOAHE £ QUCH
(4] 2280 S0HE
@ 248 : 2H JOIEE(MOSE)FET= AOIE &Y VesIt JtSHE M M2t 012 HAE MHEE &
oA St EF IpE 2= SH= N UASEB=z 240l el
@ ZE : VesE JIoHAl EA2S s HE0] LXK 20, VasE JIECZM HE0 SHEA

o0, VesE 3 S0 et JHE0| HOH oIt SIHotESE BtE 2E S0/t st



( 34)

X He#r.l exide

sewi condlncton

T

* FETE
BTz jﬁg’i
0185y costvel X

Prime m'z og |

% BJTs

e\ Tt |

FET2

RO B 5

) U\V\C‘HDV\

X BYY ¥ BTN

Fiaol

@

3 J;{-{—ed ‘Ranéi tor

Sowae

DELy, O S3¢ 2y

& 330 WhaEoR,




( 35 )

(20w 42 7230 324)

“op

Va2 o 1,3 cosrol

Oqs: 0“

SMas= -4V

/: Uﬁs=_"—k‘\/

. vbs C Dessiv — ECuice.
LA

Vas ovod T, n momth ¥ (FETE FetA) 7omol, 72504%)




(36 )

4 jﬁ;_{ E‘,r{ %g € JET  Trande, @Mders-t‘t)

Is
)
AFS
0% .ID - \jéis (<i) )
\/ : ==

TH Dea

DQ&. coffy = -_E.TV

Vas .
b Ij ( 1 ﬁ@g@)

* Vastothonma mns 2ann.




(27)

ﬁ\.n‘b’;fggl"z M}l;m

CDJ\' @m &

\ék-de%(\)w
%0 355 Dvraic B (Ip2

SiBez FoBL 4S9




(38)

SN2

A

( Qzgx Cgﬁsﬁ

Y2 TWiom T (ome smesn can)

2 Qu B (fr

JiETw Ghowo: pnbaez
BJT 8=2% e
Qe mmRd TR

g4 oy Zu 3th




(29)

-
.
/-
,
f

x TETg

< JFET
MOSTET

FET =,

OF, « I35 = %u);

1
=
1

: 4o Ny
X HC <4€ CFeT) 1

”

/i " " :
4 BIT. CED
L Eie oo SSoty @

&
2. Awmm 18R TS AR

3}% ReRe,  R5ER C BJT:  7Fhot, L)
"r# Pk . TR A
(Rfupuo) CRG'P'\)

5. OO (smws) o0 B2, Noise 00 B+

6 Tp (Z2amyom 934 B X,

‘7# (BJTsy) OF &, THAE b (AEHoWA 53

!
£ L2

g BITe wems | Fii: R

q. RElon 0% CFET)

0. BYTe ;s / FEI: swﬁd«‘»a ETv

zadne A

0

Q

T4

< T T3 vee zomn




( bo)

Ew'tter RM&N

T[L Cé‘,cg, g

TR B

FET Cs.(p, (4
Swme T, Gote i

"14‘11 AT o

OO DT | FET o On

e T N

BT




@ FETS BJTS| LEHXOl S&HID
s472 FET BJT
szl |20 MM SB O 2 243210100 Sl S=
ARSH o2 AR B2d AK
RIOISAL | MHIOfA HEHOI LA
uNE | M 2 EE
sxm=c | L2l B = Cf
&s =L} o
oiIsStiel= | = Ak
Qs =0 v}
® FETS &E

® 8L ES B

@ Ch=H2I00 Sdl S=

K01 2 K¢

@ BJTOl dHlol &=
X

@ L2858 Jis, &

@ BJTS &2

otLtel BHS A0 2f o A Bt
ot HOIES

JQ =)

LOEHAI =0tA &
g B0 G2 IC Ol

=
=
A A
=

® 2 Oz BNt 23 258 BSU2A
o =

@ Base ®FZ Collector

gos SEIIZ2 AEED

@ Active
Gate S0l 2Ol
@ 8

HF8E M

E==IB

=Nok= B2l AT UIT)

Meroll 2ol Sdel BFIF HHEez &
FEEATIZ A=

&st( u-P, HIZ22 E)

S&ol2= 2=4 AXO0ICHBJT).

SHO AXOICH.

ion @Y 2 Switching &2 822 Logic

ADJF FETO Hliol 2 X2t High Speed LogicHl A= Active EEE AIESHLE.

H



(42 )

X S

Substratl ( Bty
SHEST A

D
%@
Sounce

< N3

P
1
Sowrce

<y

X paye  Zx560

MAEQ, BrinoItk.

g]lz:" - DeP ‘e‘}iovu

%“‘33 . ;!ancemem.

#D . Me{w OXde Rimcondidor FET

3BR)

* Aw jLme

\\\ oy
\
éfm J"éul.smsc, cor Body)
;T T pam
* S0,
(ocza) fese < P ALY

— A- OMOSFET

< O gy

/O~ O MosreT.




(43 )

%+

N - howmel D - MOSEET o, &7

E
0! 'W\:, é_wla = A~ o O'on EEy.

n

e e

J pm -
1|
T&“& i

+ |+ 4+
OO 0
0
&

(

—]

— l iy
]

< By 2E>
Vas: €83 &

Tz HRE TRy TR Zodm
Tz ez P




( &%)

Ip

A
'/In:s

i \)é,s ‘ 1)1&5 (ott) 0

® Pmy;  D-MOSFET
\Ib
N
e <k l)écs

Jﬁg coft)




(4% )

L howcement MOSFET

G| e

: o, S < Ay

X prgole #, 7

Flerpey.
- of

=0
++>4+
=00 0o
S
?

Q@ 4

>3 yﬁu‘z £ MOSFET




5
al
!

Soures
g

-type _aaé‘.\gzr.:;z;:
By

Channal
region

Gate (G)

Seuzce (8]
T Oxide (5i100)

# N MOSFETS Z2&

Source (AA) : SHEA| &
Drain (Edi2!) : S

Gate (MIOIE) : Source® DrainAl0l0ll 22 o=

L, W : EBIXIAES 2tOICH

FETS S&= Z2ER=0L
- n+ (n-type) :
* p-type :
+ Body (BIC!) : SAIUBUHAE BHRX &= F=0ICH
P& MOSFETY d%= nlt pE& HZ HIRUHFYE =HEe
(P& MOSFET2 BHHZ M25iF=010F 8HC.)

E 22U 2 R0ISE, AR
= =

Helgt Hdletn 29

H3ZB(Hole)2 = HelU(Major Carrien)2 2

(BF

& IHElectron)E = N2l (Major CarrienE 2= 2

©| Sourcect

=

4X}= DrainstCt
=
=

&=, 0l

S
=

4

ol

e



2612

Drain (D)

> Silicon di Oxide
insulation

No channel

Source Substrate
= n-doped region

bstrate

> Metal contacts

B ccinnue - BN |

Cross section of an NMOS without channel formed: OFF state

T b
> Silicon di Oxide
insulation
- n-channel
) Source Substrate
Gate (G)

(55)

n-dopead region

“substrate

> WMetal contacts

Source (5)

Cross section of an NMOS with channel formed: ON state



(47 )

b 786Lok‘1 E 2‘

S
LT
@ N E- MOSH
J—D }\
-;T l)éu
Ve ciy
- MOSFET
® pm F-ros o
Uérs(-fh) - ;
QRBES  Zawee
: | |
= : "
Vg




(48 )

(O %> Oy

Ay

20080z s | BJT &n,
Feizd T I

Sy Weos  TowEl

8% A+
o 8| Qo 7/ Jomd  line (50

X A AFa08 ( Sawtond G o

;@ Me 58 ey 25C 1B ..

O * TRe, ®BYLyR

Wwook — 932 I (A4s EE)
Bloows 2% ¢ &.¢8.-)

\)0H03e Biay, Rlo| €0 CORE?) - JEE Zam.




(49 )

[
A brgop 2 S

i aég‘n ) Betsiey mpr - type R

} %El élé ?é‘, %@ Covwons Cblladw - CC

A5 -E""*eh = CE

| T Bage - B
j _ =3
| © &% 22 @ ses &1,VOE | Fuamow
Cfos dlisior
SN % A | ® OWoh sole A2 o D8 wdsS £42.
: zogz |
i z .
“SWPM;L

Ty Heg = e

, L TN
E o A
: 22 W oana

| N, Koo Wy, 2 20 W5 mage
"

n

(55] OE A\J =




( 40)

&
B
; (E Wa &2y
% ,-"/ _ Nee i '
| 7
| 'f 1 alinto [ oir
_‘.R Mol / i
"o san. _//
%rcc—rc ' #p”&"‘_f)"' - Befoie e mﬂ
R te O AERET
« CB., (Eg OUa #0%A.
v Oas B, hes C, cla, AD &=
)
(3o8p)
Ov (30bp) Cyoss Distorarion . On  Tidh.
v (GO% 3\‘]p T w@. ( BEq 0133 BN
BT 8 > mima = O

[ P Ol%z20  SWud




(%)

Pwm . pudse Wickh Mook (%2 4Viz)

oo T e T o N e
e il n

Laiy.

BAYES B En > 2Ea (B R B
17

oy

Fel o BIT aom 38

O\Zo) Zo\S O .4

==

BT &1 - & qojo0i meenn




