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ABSTRACT

A class - d amplifier is one which its fundamental component is a
pulse - width modulator. By using a sawtooth generator and voltage
comparator , a pulse - width modulator can be constructed.

A pulse - width madulator = will produce a train of pulses having
widths that are proportional to the level of the amplifier’s input signal.

The ‘output of pulse - width modulator is‘ used for driving the output
stage of the «class - d amplifier , causing it to switch on and off as the
pulses switch between high and low.

The principle advantage of a class - d amplifier is that it may have
a very high efficiency , approaching 100%.

The principle disadvantage are the need for a very good low pass
filter and the fact thaat high - speed switching of heavy currents generates
noise through electromagnetic coupling , called electromagnetic interference ,
or EMI

The purpose of this project is to use a “class - d power amplifier”

for driving the yoke - coil which used in a monitor.
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Muatinanoampres ) A1T8Y current gain (HUEMIIEIUTTNININTSURLATY (drain

current ,Id ) rTuns:Lm'Euvgmnw (input gate current , | )
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current gain drain current

input gate current
1) ) < J @ o’ ' [ - ra‘la °~
wiatn9lsAnin A1289 current gain delaldAanasliineindAty
' J o 4 .
A1989 tranconductance TILDUBAINKIUTENININIEUKLATE ( drain current )

o’ i 1 rA
AUAITDY AITNFNIANENLAN ( gate current )

tranconductan = drain current

gate voltage

’ ' J - I'A L @’
LWATWUITIANTDY tranconductance lﬂuﬂWW’li’lNLﬁlﬂﬁﬂﬂﬁﬂm
the transfer characteristics 989 n-channel WaT p-channel 283
MOSFETs uamamangyd 2.11  uargy 2.12 u&ma output characteristics 983 n-

channel enhancement MOSFETs WY NE1UN13NI91U 3 199R8

1. 81U cutoff i V <PV,
cuto region gs f

2. tinu pinch off region W38 saturation oo Via =2V -V
ds gs' -t

3. ©i1U linear region Vd < Vgs s Vt lutinu linear region AN
s

19N UAIATY WUSHUNLAN drain source voltage ( Vd ) 18R INNTTURLATUG |
S
LATANAILATUAT power transistor HNITNINIUNVLETTTI1UTD29 linear region

' - ” ' AJV ] 0 c} al A'
Tutinu saturation region ANTruAlasundainaassiduAtpanlaascinising

t
Woatantaslurieaa Vd warn1slfirnaaansiudaine s ludruilazinlylg
S

dselooiliiu voltage amplification

zlJLLLI'un’W steady-state FaNa deplition-type WAL enhancement-

type MOSFETs uamalugi 2.13 A1729 transconductance ( g, ) navunlng

A|d
g =——(V = constant

m Av ds
gs

ATADTHATUNIUNIIATY output
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r =R

0 ds
Av

R ds

ds Al

d
] 0 ' % al L %
mﬁ:ﬁmqamn 1 luginu pinch- off ( megaohms ) UATATNATUBEY

uln 9 1utiny linear region ( milliohms )

Vo
/b*/ i ”
Vo 0 v Nas =Ip

n-channel p-channel
(a) Depletion-type MOSFET

Vy
'D 0 o VGa
1) / /
L VGs —'D

n-channel p-channel
(b) Enhancement-type MOSFET

7u 2.11 transfer characteristic of MOSFETs

(a) depletion-type MOSFETs
(b) enhancement-type MOSFETs

Pinch-off region

Linear __, | &

Visa> Vasa> Vese> Vist }VT

VGu

VGsa

Vas2

VGu

Vos

zlJ 2.12 Output characteristics of enhancement-type MOSFETs
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I ) Io
Rps
- HD D(,
! . s N +
D o—AM——9
+ + -V
D —— Voo + - 0
— i -1 tg
D
Ry G o Vv Va Vas )
Ds ngBl
o—/WA-e ]
+ +
TVG TVG‘ s - = s
(a) Circuit diagram (b) Equivalent circuit

zlJ 2.13 Steady-state switching model of MOSFETs -
7 (ar) circuit diagram

(b) equivalent circuit

&§115u depletion-type MOSFETs A1789 gate ( w38 input ) aziiu
« : 2

uanusaaufilAudly enhancement-type MOSFETs AnanlWHan gate aziduuan
LYindu

power MOSFETs Tnudnfszidutiin enhancement mode atinalsi
MmN depletion-type MOSFETs arfudszlagiiuasdnufan1saanuyuundasadsn
P a va v ' . i < . J <o '
'm'luwmﬂgummmmsm logic-completible ac M§8 dc switch TIRTINADDYT U

logic supply ANAY LAY Vgs né’mﬂuquﬁ

2.6.2 switching characteristics
Lﬁﬂ1ﬁ§{mr‘u1m gate , enhancement-type MOSFETs L7152

Wa1swudu diodes 2 A7 FAAWUY parasitic capacitances MaNU source ( Cgs )

wary drain , C(jwswu%atmﬂfmﬁm npn (usaufauUY reverse bias RN drain
g

1179 source , C
ds
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= ot
=9 [ =1 1]
s Is

(a) Parasitic bipolar (a) Internal diode

EIJ 2.14 Parasitic model of enhancement-type MOSFETs
(a) parasitic bipolar

(b) internal diode

7u 2.15 Switching model of MOSFETs

71 2.142 wsnen3ssauyadaa parasitics bipola transistors W

FUTUNYU MOSFETs
A 1] o - a -« .
SAN LUAMNBNUAURALADST T8I transistor

L

a Y =l
F8n npn AzfuULariAn

ANTNBIUNIUATN baselU emitter 11BINNAN bulk resister 199TUA n WAT p
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(R) fgurmidnuan  Aiu MOSFETs 81afiansiaInaeasauyadauanaly
e
7 2.14b

1) s e . s ! & . .
Anparasitic capacitance TUBYNU their respective voltage

Q39497 switching 183 MOSFETsLLﬂmﬂugﬂ 2.16 Tmu waveforms

uarinatuanalugy 2.16

o .
turn-on delay . td(on) tuiaa 1 NMaan1s charge input

capacitance Sun4 threshold voltage level

Lise time tr idunanlunns  chargeing gate

91NTrAU threshold level § full-gate voltage e ilanaIn1sdunssusg

& : 4 o R . .
transistor 1¥11UdedaeuT 19w linear region

. & ;
turn-off delay time, td(off) tduda91987% input capacitance

faan1s14lunns discharge 810 over drive gate voltage V. 191guFiondia
. . ' L . A J ﬁ' A 3
pinch-off region R Vgs AAIAARINBUNAIT B Vd CITNAULNNT U,
fall-time tf iudasinanfisasldiile input
capacitance MNA5 discharge 31NT29 pinch off L‘Z‘f’lﬁ threshold voltage a1 Vgs

< Vt NSVUTELRDTN]E turn off

Ve
% -4
0 >t
1
; Vas | :
- q - = =
VGw——_T/—/'/_ —————— :\_\
Vi | oo s o | |
0 L -
dian It~
l4’1«>n) td(nfﬂ !

21] 2.16 Switching waveform and times.
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2.6.3 Gate drive

z 1 1
19a11un1s turn on 289 MOSFETs Tuagiudasiaailunis charge
Uszq289 input 3@ gate capacitance Taudaataanlunis turn off Uszamaalen
© ) . 4 } 4 J ©
Taunianasransas RC i1l Tnelduanaldlugy 2.17 (Wannns charge gate

. - | o a :
capacitance IWiSa7u N8 gate voltage turn-on ns:umwmu'lunw charging

199 capacitance Ao

v
| =

g

ey

S
. 4
LAZ AN steady-state 283ANATIHANN gate Ao

(5, %)

Vo =
7 (Bl Yoy
S 1 g
P a4 1y a v g
(S0 Rs ARATAIINAITUNTIULINGUTLDY gate drive source
o
Ro
G LBl
Gate signal 1 e
B i el P -
e
I I R,
| IVG | Rg
- [
| ]
S |

7U 2.17 Fast-turn-on gate circuit
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Switching Power Amplifier Usznaunlragaum 71 AU
v a

3.1 2R TATNAYYIURININABA

3.2 2945 pulse width modulator

3.3 71347 driver

3.4 7947 switching amplifier

3.6 1947 low pass filter

3.6 73945 feed back

v =
3.1 ')Mmmui’n;nvnmmummu

&
1]
i
J_—L R
= AN L
+ |l ¥ §
+
Y =
R 1
A%

31U 2.1 wamensasafedyyanusinivany

2357UUsEnauAaY op amp 2 AN mmmmw{mm']mmuaﬂu ( square

o o . ’ 9
wave ) NURTUYIUKININARYN (triangular wave) 1A

o ] o’ A

Tag op amp muannmaluanmmmﬂq comparator 7ad reference voltage
o v v
v 0 volt output nldeennisvidu square wave

o .J ' o - .
gau op amp RMINAAN Qnmﬂluﬂnnm:‘nﬂq integrator Thaay integrate

T R T o 1% dnw <
Fryyrauiindoufiidinn Aelu output Aldasidudymyimginivasy
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Amplitude 289 square wave AargnA vumlaudansn€iuras R1 / R2

a 4
Lmz‘nummmd’zym']mmuaﬂu

= s 3 o ' X
£2UANTNDNTDINTT oscillation Lﬂummun'\m'avlﬂu

Re

. v > & S a P
'lu project U W’ﬂﬂn'\?ﬂﬁ"Nﬁ’mmqmﬂ’lulWﬂﬂNﬂN'ﬂu’]ﬂ 7 Vpp Lacd

dﬂ. 4 ' Aﬂ } 4 )
A NG 800 kHz Avrne 7 A wanla aveglugl 3.2

-

2 s
U 3.2 aeasafnedyyrusinivfsuineanis

P v y = vl P vy v
uanainil avasaiedyyrusruivdonldiinnsesnuuuine W ladymyin
v v ' o & 4 ) - = v
gnaesmusiaants  linsiatadauainAfulasunlaceesgunsal  Reldnanu
v o~ [ o -~ - o [ " =
Fruntulfurilddesonlucess tiaidusadSuianiadiu amplitude warA21ud

Aanamalugyl 3.3



W
W

750 pF
Il

. 47 wn i
—E_ \ —AAWW e
—+
v
- Sghn 20 kn N
82 kn
AN

SR —— ” a
71 3.3 nvasainadprmusrnmdounidaluldiiusis

. 27 .
ARudy usruvaunfldgaangd 3.3 flauan 7 G wariipaud 300
o . P o a : 2
kHz T8¢ swing 97N 3.5 volt N3 -3.5 volt WALHAIAINNZIUTA switching
amplifier Apagluanymra9999a3 push-pull Taudll power transistor 2 FN&@&U
o o R S pu| b x Y al o a
furieu aeudyruiasly drive transistor  seiduaed®n Aen19TnUIN
b= ‘.’z d' o a‘ ©° o
LaTnIdnay insnzadundudgimsinmasunaciilyl compare Mudtyyne
- 4: L% = [ % ' =l = [ %
input 1 azmeaadisuneniu sruindyyim@nuoneeddyyand input U
fynurudnauaeafyyine  input RemeadfusE Ay (clamp) AAUSTYIN

a1nvauN IW&u150 compare NUKQYQIMS input 1ARINGBINIT

aa o o = P Y ks
EnisdfusrAunfuatnivasy Ustneaunie 2 funau
Al i & s
3.1.1 dfussAunduatwdsnauldagndnuan

o o’ § d IA
3.1.2 YFuszAunduaravdsnasllagnanau

o o o = X PP
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U 3.4 aaasunszAudygyruatnmdonlddnuan

- o B . <y . =
29asulduanni3a99 summing amplifier A8 input 283973370 2 €U

" 3 y
Useney doudyyimainivaunaineess gl 3.3 uar IWiAwe DC 16 volt

A8n15Auau a2lduann1s189 super position A® STUUNAA input TDILARTAA

* ©° ~ 7 o
WA2UN output NlANNIINAY

¢ £
n. input tlusINMAYN ATgNAINAIUNIN 20 k WA 1 k SANBURY
fasunisaalylil
RV
:
=t
R
!
AR
4.67
= ¥ Volt

A:l’ o = Sa ' o
output ANEIuU AziduAR UG NIMAENATNIUIALYIAAY 12 volt

9. input (JulWiRee -15 volt

")
Yis=mrs
R
2
srr; sl (8 U296 )
20

= 0.75 Volt



output a1 ngauil azidulW DC f1urm 6 volt
d . Y . v 44 e
11181 output TBINIABITTULNNTANAU arldARuaINIvBLNAgNUTY

seaulU@nuan Fawanalugyl 3.6

Sh 2
3V 3.5 dmyyrmarmvdsnignenssduld@nuan
n9asludruiidudniinnudnAgysaszuy tautaniz DC offset @ u750

wile i Tae ldanusrunaudfudqlsd dsnanalugy 3.4

PP A . Ay 7
3.1.2 nasdfusraunduarnivaunaullegidnay

15V

20KSL

1kn

i

E N b
s W

o g A
71 3.6 asasunsrAumduatuiunlyddnay
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n9as8 ldmdnnasiRoaiu dudasashenszdumrdus nvasnlldnuan s
v & . o X ' o o g
funseafidyyyrme input midulWidee DC natqAe avasiiaransrdumdu
4 , : - il
gruvdasnldinauszilonw  input DC +12 volt £aUNIRTRRTUNTTALARU
[} 3 ;A
aruivasnauldviesdnuan srilau input 1IulWidse DC -12 volt
CEDRELRDTT
. a 'Y
n.  input (ugumABN STQNAINAIUNIL 20 k WAT 1k @ANAU

AYuind ANENNIT

RfVZ
\\& 777
0 R
2
s =W EI¥
4.67
=4 -5 volt

goe X 4 2070 %\ o & it
output NlAs ngaudl azidunf U@ INIMRUNNNAY phase NU input
waziaulm 12 volt

9. input (HulWi&ae +15 volt

Ry

WS =
R

2

= g7 7156
20
= -0.75

output A ng€auil sxiduld DC H1urm - 6 volt
s Y . v o 44 .
(1911181 output TRINNEBITTULNITANAL azlAARus NmAnNAgnUiY

seavll@nay Asuanalugy 3.7
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A A o’
;U-3.7 fynyansrnimdunignensedulddnay

3...2 723999 Pulse Width Modulator

Uszneunaudausigg Al
¢ 2
1. 2948585198 U YIUEININREN
: P 2 o o ] P
2. 1443 voltage comparator T3 lT&mividTouineudy gy
, J = i
input MU &TYIms output TaaaAuuannisngn
¥ A 2 , , , o
- 81 yyrunileutdingn non inverting unnnady gy
v . . e X ERTE
ti121 inverting output RlAazivanulvuan
1% = | = . ) ' PR
- €y unileautdnea non inverting Waundndny i
k . A 4:5 | 2 ) o
L9121 inverting output NldaziiaiulWay
3 vy pr . Yl
W9z AR output NLARIN comparator ariilu pulse M swing Yi9@nuan
LATAU
, y 4 ,
1u project 219 tM319 Taidu open collector voltage comparator Wu
o P > o P o
comparator WTsuiRsudyoim input nuadusrvdan Tnonistleudoyyind
. y o . 3 o Y P P O e P
input ti1921 non inverting nistlaudyraunadiuTouineudule
[ o h %3 ar o P ° L % . .
ANEATYNan  insazdntleurnaduiu  srfinanalwasasludau  switching
amplifier Tav1911 (Haasnfyyne pulse width modulation BazifusaAiuAw
. =l o v
n15la199nszus 199 power transistor ABLTudYyIunazAuANIY  power

transistor switch on wia off



1. AdNBIeARLE NMADNTUR I input favunaldaoudoeiniu
PRTICT I FAunna&yans input atndey 7 v | .

2. amplitude TIARUGINIMALNFBININNGA amplitude 20394y yIed input
3. 1iie9s7n LM319 @1u170188Nn929 swing 189 output 1#  ne1afe

9

n1elu LM319 # €9u output avdl transistor siaagludnumuriagl 3.8

71 3.8 #2u output nawlu LM319

’ﬁ’mgﬂ 38 ﬁ‘n’l collector 289 transistor ABYN 7 I.Lﬁ:,’ﬁ?l"l emitter A®
27 1 799 LM319
- &ileul¥fian collector sflulruan uac® emitter 1u ground
output M1Aa% swing aan 0 dalvuan
- ﬁ'\ﬂﬂu'lﬁﬁ‘n”l collector 11u ground Lla:ﬁ emitter (duluan

., _
output Nldsz swing a1n 0 felvay

gU 3.9 2347 pulse width modulator M13nuan



Tugf 3.9 wamafanasld LmM319 1y comparator & mfuieuifiy

Fuyrusruivdsunisdnuan fu fyame input IAERaT1 1 89 ground UAT
’.’, ol k3 ' o o ‘o’r Px 1 2

output 1 7 Wu HA21umuniu 2.4 k sadulduan Al output Nléanan 7

AT swing a1nga9 0 Delruan dauamalugy 3.10

Vet
)

of L )

EIJ 3.10 dryrynoe pulse widthmodulation Nn3Tnuan

t15 v

1 3.11 193945 pulse width modulator n133nau
F) P
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Fygrmsnivdsuniadnuan du Sy input Tausesn 1 sslWay uaz
L 4 ¥ )

output 11 7 WU NA2INFIUNIY 2.4 k ABAU ground MUY output NIASINTA

7 A swing aandaa 0 D3 IWau Avuanslugyl 3.12
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3
© % D( > 1iwme
-154 d \
.\/QH_
[
o e r—
__(‘5 L . o e

g1l 3.12 fyyaw pulse width modulation n13Enau
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X vy & a

o i X 4 d -
nasgaunidnidinnunszugfuanan  wenasldlasd  power mosfet

=l al

2 ° } 4 =l « = « P [
Wainrson1uld Ae Anszusiisanalunisaisdalndained Negnialu
power mosfet Ianls
n9aslasioad  Aasazldvsiudaines 2 a2 Ainunszualdge  iwaazdn
= < s a < - - a <
naudaimainunszualdnn nrudaineienawalad (lessannishaaniszeann
= cd .
Undainainagnialu power mosfet agluaniar off
NIUTAINBTVNGBIAD  QNABDAYIUANNIUE T8I TABNNBUADALAALADT
e 2 qn Taun9aslasiaaiges power mosfet 4iim  p channel azA®I
ABALAALAATTDY npn transistor 11 lWuan  warmeTIARalaAIABTTRY  pnp
= - J L % [ o o’« al . '
transistor . adns1oud ine Wdyyrunadinnangiaduiinig swing aglutdi

gudnalnuan

Fangnalugdil 3,12

+15Vv

2N2222
o ——

ZN72907

|

UM 3.12 uame2essnanlasiaeiezes power mosfet wiim p
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2N2222

2N2907

—15V

JU% 3.13 usmenaasnanlasiaad power mosfet wflm n

A -« . '
'lugﬂw 3.13 T1NABRLAALABITBY  npn  transistor ATYNADAN
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- e o ol
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4
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S auianariieuliiusiaeld  Schottky diode block w@al¥nsruslua
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Lardalna s AATANTINA LAZTESNAINGA  threshold voltage azn11v
power mosfet agluaniir off wsaliviau

= v o o <
3. power mosfet mm:vm:hnue(ryzyﬂmwumwnqq
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5 ] a;c;
3.6 933INIAIHNIUAIINTAI

&rytyntu output MBANAINNIA switching amplifier argnuINIfatI1u

. .8 Aol 3
RINTBINTUAITNDAN HENAENIBUBIRYYIURINIVATNDBNINNRAYTYI U
. pa] & al o i P =
input TRandyuiua uvaunssiA2 1Nl 150 kHz uardymy o input AARIND
0 - 20 kHz AauneasnsaIlIuA NDAINeanLLLA2T TR f. ( cutoff
K ; . R

frequency ) fUszuim 20 kHz wariliesaaniinisnavunqa cut off Muuuau

v 2 oy ) o0 . =
UWaT sharp Mg 391d29asnseeakIuAINTAULL m - derive TIRTINITD

A uuiAtTesgUnsalang q Tdanaunisdesialuil

(m * R)
LN

" (a1416 + 1)
(o}

(e

(4m*3.1416*f )
c

L
2

m

Q=
{ (3.1416*f *R)

c

Aavun v f =20 kHz ', m=06 , R =28 Q  unur

(0.6*8)

b= =
(&1416*20*10 )

= 76.4 _MH

)

= 3
(4*&6*&1me*20*1o)

= 184 HLH
0.6

3
(31416*20*10 )

= ‘119 LLF
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\Y | -
f o o PO VOIO I1 I.2 '.=(' +,).15 Eff
(kHz) | (Volt) | (Amp) (Watt ) (Amp) | (Amp) L (%)
20 24.75 | 0.43 10.63 0.36 0.36 10.8 98.41
16 18.38 | 0.43 7.9 0.28 0.27 8.12 97.32

10 12.02 | 0.43 5.17 0.19 | 0.18 5.67 92.83
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National
Semiconductor
Corporation

LM6165/LM6265/LM6365
High Speed Operational Amplifier

General Description Features
The LME165 family of high-speed ampi“<-s exhibits an ex- B High slew rate
cellent speed-power product in delivering Vperusand 8 High GBW product
725 MHz GBW (stable to a gain of + 25 »~ only SmAof @ Low supply current
supply current. Further power savings a-Z a>plication CON- g Fast setthing
venience are possible by taking advanizz: =‘ the wide dy- g | o differentia! gan

[}

]

[ ]

]

namic range in operating supply voltage »- ch extends all Low difterential phase
the way down to + 5V.
: . Wide supply range

These amphfiers are built with Nationa!'s ~=a VIP™V (Verti-
cally integrated PNP) process which p-zz.zes fast PNP
transistors that are true complements 1z ~< already fast
NPN devices This advanced junction-isz 222 process de-
livers high speed performance without the =<3 for complex
and expensive dielectnic 1solation.

PRELIMINARY

300 V/us
725 MHz

5 mA

B0 ns 10 0.1%
<0.1%

<0.1*

4.75V to 32V

Stable with unlimited capacitive load
Well behaved, easy to apply

Typical AC Characteristics

Step Response; Ay = - 25 Gain & Phase; Ay = -+ 300

T mo9152-0

@auat® 2n 95 e SDar

wag |

TL/H/9152-2




Absolute Maximum Rating

|t Military/Aerospace specified devices are required, Storage Temp Range -65°Cto 150°C
contact the National Semiconductor Sales Office/ Operating Temperature Range (Note 2)
Distributors for avallabllity and specifications. LME165 —-55'Cto +125°C
s.pply Voltage (V= _ V™) 36V LM6265 -25'Cto +85°C
Oiterential Input Voltage (Note 8) 18V LME365 0°C1070°C
CM Input Voltage (V* = 07V)To(v- = 7V) Max Junction Temperature (Note 2) 150°C
Output Short Circuit to Gnd (Note 1) Continuous ESD Tolerance (Notes 8 & 9) 2700V
. ¢ad Temp (Soidering, 10 sec.) 260°C
DC Electrical Characteristics (Note 3)
LM6165 LM6265 LM6365
Tested | Design Tested | Design | Tested | Design
Parameter Conditl P Unit
. neifons Y o Umit | oumit | oumit | umie | Ui | bmr |
(Note 4) . (Note 5) I (Note 4) | (Note 5) | (Note 4) | (Note 5)
put Offset Voltage 1 3 i3 4 6 7 mv
4 ¢ max
nput Offset Voltage ¥
~verage Dnft 3 uv/eCc
"jut Bias Current 25 3 3 ] 5 ) HA
[ ] max
input Offset Current 150 350 350 600 1500 1900 na
i 800 max
irput Ottset Current s
£ erage Drift ' & nArE
mput Resistance Diferential 20 kil
input Capacitance 6.0 pF
Large Signal Vour = 210V, 105 058 7.5 8.0 5% 5.0 v/mv
Voltage Gain R = 2kl (Note 11) 8.0 i
) R = 10k 38
Input Common-Mode | Supply = 215V +140| +138 +139 | +13.8 | +138 [ +13.7 v
Voltage Range +13.8 min
1916 | =134 -13.4 -13.2 3.8 -13.2 v
-13.2 min
Supply = + 5V 40 39 8.9 3.8 3.8 3.7 v
(Note 6) 3.8 min
14 16 1.6 1.8 1.7 1.8 v
1.8 max
Common-Mode -10V's Vom s +1CV | 102 88 88 84 80 78 dB
Rejection Ratio X 82 min
Power Supply 210V = V=2 s =216V 104 88 88 84 80 78 dB
Rejection Ratio 82 min
Output Voltage i Supply = =15V +142| +135 -135 | +13.3 | +134 | -13.3 v
Swing andR_ = 2k ~13.3 min
-134| -130 -130 -12.8 -12.9 -12.8 v
-12.7 min
Supply = - 5Vand 4.2 35 35 3.3 3.4 3.3 v
R = 2k (Note 6) 3.3 min
13 1.7 1.7 1.9 1.8 1.9 v
2.0 max




DC Electrical Characteristics (Note 3) (Continued)

LM6165 LM6265 LM6E365
Tested Design Tested Design Tested Design
Parameter Conditions | Typ Limit Limit Limht Limit Limit Uimit Unitg
(Note 4) (Note 5) (Note 4) (Note 5) (Note 4) (Note 5)
Output Short Source 65 30 30 28 30 28 mA
Circuit Current 20 min
Sink 65 30 30 23 30 25 mA
20 min
Supply Current 5.0 6.5 6.5 6.7 6.8 e.9 mA
6.8 max

AC Electrical Characteristics (notes327)

LM6165 LM6265 LM6365
Tested | Design | Tested | Design | Tested | Design
Farsmpgter gfiiiions TP Ut | umit | umt | ume | ume | ome | U
(Note 4) | (Note 5) | (Note 4) | (Note 5) | (Note 4) | (Note 5)
Gain-Bandwidth € F = 20 MHz 7 43 575 575 478 500 400 MH
Product 400 : &
min
V+ = 25V 500
Slew Rate Ay = +25 (Note 10) 300 225 225 210 200 180
V/us
200
min
V+ = 325V 200
i h
Power Bandwidth Vout = 20 Vpp 45 MHz
Setting Time 10V Stept0 0.1%
0
Ay = -25 R =2k ® s
Phase Margin Ay = +25 45 Deg
Ditferential Gain NTSC, Ay = + 25 <0.1 %
Differential Phase | NTSC, Ay = +25 <0.1 Deg
Input Noise Voltage | F = 10 kHz 5 nV/VHz
Input Noise Current | F = 10 kHz 1.5 pA/VHz

Note 1: Continuous short-crcult operabor 8! elevated ambrent temperature can result in exceeding the maximum aliowed junction temperature of 150°C.

Note 2: The typica! juncton-to-ambrent therma! res:stance of the moided plastic DIP (N) is 105°C/Watt, the moided plastc SO (M) package is 155°C/Watt, the
cerdip (J) package is 125°C/Wattl and the TO-5 (H) package is 155°C/Watt Al numbe~s apply for packages soidered drecth intc 8 printed circult board

Note 3: Unless othe-wise specthec. af' kmits guaranteed for Ty = T, = 25°C with supply voltage = 2 15V, Ve = OV, 8nd R 2 100 kN Boldface Imits apply
ove’ the range listed under “Opersting Temperature Range™.

Note 4: Guaranteec and 100% productior. tested These hmits are used to calculste outgoing AQL levels

Note §: Guaranteed but not 100% producton tested These limits are not used to calculate outlgomng AOL levels

Note 6. For single supply operaton. the following condiions apply V<+ = 8V, V- = OV Voy = 25C. Vour = 25V Pin 1 & Pin 8 (Vog Adjust) are each
connected to Pin 4 (V- | o realize maximum output swing This connection will deg'ade Vos,

Note 7: C_ < 5 pF.

Note 8: In orde’ tc actweve optmum AC performance. the inpu! stage was designed without protectve clamps Exeeding the maximum dferentia’ input vohage
results in reverse breakdown of the base-emtier NCHON Of ONe Of the NPt ransistors anc probabdle degradation of the input pa-amete’s (especially Vg Iog and
Noise)

Note 9. The average voltage tha! the weakes! pin cOmMbinatidns (those involving Pin 2 or Pin 3) can withstand and sbli conform to the datashee! imits The test
crrcurt used consists of the human body mode! of 100 pF i senes with 15000,

Note 10: V), = 07V steg For V= = =25V, V|y = 0.2V step

Note 11: Voltage Garr 1s the tota’ output swing (20V) dvided by the nput signa’ requred 1o produce tha! swing
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' simplified Schematic & Pin Assignments
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Vos Adjust Circuit

65 3
No oo
ADJUST

TU/H/P152-3

Order Number LM6165J, LM6265J, LM6265N or LM6365N
See NS Package Number JOBA or NOBE

TL/H/9152-4




National
Semiconductor
Corporation

LM119/LM219/LM319 High Speed Dual Comparator

General Description

~he LM119 series are precision high speed dua! compara-
1ars fabricated on a single monolithic chip. They are de-
signed to operate over a wide range of supply voltages
Jown to a single 5V logic supply and ground Further, they
rave higher gain and lower input currents than devices like
e LM710. The uncommitted collector of the output stage
~akes the LM119 compatible with RTL, DTL and TTL as
well as capable of driving lamps and relays at currents up to
25 mA.

Features

8 Two independent comparators

8 Operales from a single 5V supply

@ Typically 80 ns response time at 2 15V

® Minimum fan-out of 2 each side

® Maximum input current of 1 pA over temperature

8 Inputs and outputs can be isolated from systerm ground
8 High common mode slew rate

Although designed primarily for applications requiring opera-
tion from digital logic supphes, the LM119 series are fully
specified for power supplies up to * 15V. It features faster
response than the LM111 at the expense of higher power
dissipation. However, the high speed, wide operating volt-
age range and low package count make the LM 119 much
more versatile than older devices like the LM711.

The LM119 is specified from —55°Cto + 125°C, the LM219
is specified from - 25'C to + 85°C, and the LM319 is speci-
fied from 0°C to + 70°C.

. Connection Diagrams
i Dual-In-Line-Package

|
1 — — 14
21— —13
i GND1 3 \ 12 OUTPUT 3
‘ SINPUT 1§ b 11V
SINPUT 1§ = L—10 -1NPUT 2
V- §—d b §  -INPUT 2
ouTPUYZ 1 { 8 GWD2
i TL/H/5705-4

Top View
Order Number LM118J, LM219J,
LM319J, LM319M or LM318N
See NS Package Number J14A, M14A or N14A

Metal Can Package

y TL/H/5705-7
| Case s connectectopn 5 (V')

Top View
Order Number LM119H

or LM319H
See NS Package Number H10C

Typical Applications®

Relay Driver

mPUTS

TL/H/5705-8
*Pinout 13 for meta! can package

Window Detector

T ouTPUT

Ve

Vour = SV for

Vi1 s Vin s Vur

Vout = O for

Vin S VT o VN 2 Vur

(e |

- 'runxs‘yos-e




Absolute Maximum Ratings w11s/219

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avallability and specifications.

(Note 7)

Total Supply Voltage

Output to Negative Supply Voltage

Ground to Negative Supply Voltage
Ground to Positive Supply Voltage

Ditferential Input Voltage

Input Voltage (Note 1)

ESD rating to be determined.

Electrical Characteristics otz m119/1m219

6V
36V
25V
18V
25V
15V

Power Dissipation (Note 2)
Output Short Circuit Duration

Operating Temperature Range LM119
LM219

Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

Soldenng Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

500 mw

10 sec
-55°Cto 125°C
-25°Cto 85°C
-65°Cto 150°C
260°C

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Rehability” for other methods of soldering sur-

face mount devices.

Parameter Conditions Min Typ Max Units

Input Otfset Voltage (Note 4) Ta=-25C_J¢< 5k 0.7 40 myV
Input Otfset Current (Note 4) Ta = 25C 30 75 nA
Input Bias Current Ta = 25C 150 500 nA
Voltage Gain Ta = 25°C (Ncte 6) 10 40 V/mv
Response Time (Note 5) Ta = 25C. Vg = 115V 80 ns
Saturation Voltage VINS —-5mV Igyr = 25mA

Ta=25C 0.75 15 v
Output Leakage Current ViNZ 5mV. Vo1 = 35V

Ta=25C 0.2 2 BA
Input Offset Voltage (Note 4) Rg < 5k i mV
Input Offset Current (Note 4) 100 nA
Input Bias Current 1000 nA
Input Voltage Range Vg = 115V -12 $13 +12 v

V* = SV V- =.0 1 3 v
Saturation Voltage vVt 245V,Vv- =0

VINS =6mV ignx < 32mA

Taz0C 0.23 0.4 v

Ta<0C 0.6 \'
Output Leakage Current VIN2 5mV, V== = 35V, 1 10 pA

V- = Vgnp = OV
Ditferential Input Voltage 15 v
Positive Supply Current Ta=25C. V- =5V V- =0 43 mA
Positive Supply Current Ta=25C Ve = =15V 8 115 mA
Negative Supply Current Ta = 25°C, Ve = =15V 3 45 mA

Note 1: For supph vohages less than = 15V the abso'ute maximu= rou’ votage s eq.a’ I e SO0%) vohage

Note 2. The maxmum juncton temperature of the LM118 15 150°C »=we ™a' o' the _M219 s 1122 For operatng at elevatecd temperatures. devices inthe 10-5
pachage must be deatec based on a thema! resistance of 150°C ‘% LACOr 12 amb»ent 0 45°C W pnchon tc case The therma’ resistance of the dual-in-kne

package 18 100°C/W, junchon tc ambeent

Note 3: These specrhcabons apphy for Vg = = 15V, and the Grouc or 8! ground. and - 55°C < T, < - 125°C. unless otherwise stated With the LM219.
howeve’. al' tempe-ature spechicabons are kmited to - 25°C < Ta « - 85°C The o%se’ votage c™se’ cumen! and buas curent specifications apply for any supply
votage trom a singile SV supphy up 10 2 15V supphes Dc not operaic ™e Jevice wit™ more tha~ 1€y o ground to Vg

Note 4: The o%se! vollages anc offse! cuments grve~ are the MAX U~ vBiLeS reQmec IC O-ve ™% DD wt~ 8 volt of either supply with 8 1 mA load Thus.
these paramete’s define an 8707 band anc take N0 account the wos z2se oMects o' vohape ga~ ac mput rmpedance.

Note 5: The response tme specrhed (see dehnbons) 15 for @ 10C v rou” ste; wrt™ £ mV overdve
Note 6: Output 13 pulied up 1o 15V through a 1 4 k1 ressstor.
Note 7. Refer to RETS119X for LM119H/883, LM1195-MIL LM118. 827 anc LM115.-MIL spectcabons




Absolute Maximum Ratings im31s

It Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
pDistributors for avallabllity and specifications.

Operating Temperature Range LM319 0°Cto 70°C
Storage Temperature Range -65°C10150'C
Lead Temperature (Soldering, 10 sec.) 260°C
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outiine Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Tota! Supply Voltage 36V
Output to Negative Supply Voltage 36V
Ground to Negative Supply Voltage 25V
Ground to Positive Supply Voltage 18V
Otterential Input Voltage 1 5v
input Voltage (Note 1) 115V
“ower Dissipation (Note 2) 500 mW
Dutput Short Circuit Duration 10 sec

 SD rating to be determined.

Electrical Characteristics (note 3) LM319

Parameter Conditions Min Typ Max Units
 Input Ofiset Voltage (Note 4) Ta = 25'C,Rg < 5k 20 8.0 mv

input Offset Current (Note 4) Ta = 25°C 80 200 nA
Input Bias Current Ta = 25°C 250 1000 nA
Voltage Gain Ta = 25°C (Note 6) 8 40 V/mV
Response Time (Note 5) Ta = 25°C,Vg = 115V 80 ns
Saturation Voltage VINs =10mV,loyT = 25 mA

Ta = 25°C 0.75 1.5 v
Output Leakage Current ViN 2 10mV, Voyt = 35V,

V- = VgNp = OV, Ta = 25°C 0.2 10 nA
Input Offset Voltage (Note 4) Rg = 5k 10 mV
Input Offset Current (Note 4) 300 nA
Input Bias Current 1200 nA
Input Voltage Range Vg = 215V 1 T3 v

Vit =5V, V- =0 1 3 v
Saturation Voltage V*t 2 45V,V- =0 03 0.4 v

VINS —10mV,Ignk < 3.2mA
Ditferential Input Voltage F5 v
Positive Supply Current Ta=25C,Vt = 8V,V- =0 43 mA
Positive Supply Current Ta = 25°C,Vg = 115V 8 125 mA
Negative Supply Cumrent Ta = 25°C,Vg = 115V 3 5 mA

Note 1. For supply voltages less than 2 15 the absoiute maximum nput voltage 15 equa’ to the supply voltage

Note 2. The maximum puncton lemperature of the LM319 13 B5°C For operating at elevated temperatres, devices in the TO-5 pachage mus! be derated basec on

& therma' resrstance of 150°C/W, junction to @

ambent

mbsent, or 45°C/W. unction to case The therma! resistance of the dual-in-hne package 18 100°C/W, punchon to

Note 3: These specrhcabons apply for Vg = 215V, and 0°C < T, < 70°C, uniess otherwise stated The offse’ voltage, offset current and bias current
specihicabons apply for any supply vollage from 8 single 5V supphy up 10 2 15V supphes Do not operate the device with more than 18V from ground to Vg
Note 4: The offse! voltages and offse! cuments grven are the maximum values requrec to drive the Output within a volt of eithe’ supph with a 1 mA load Thus,
these parametes define an 60/ band and take mnto account the wors! case offects of volage pan and input impedance
Note 5: The response time specthec s for 8 100 mV inpu! step with S mV overdnve.
Note 8: Output 15 puliec up to 15V through @ 1.4 kil ressstor.
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MAXIMUM RATINGS

2N2218A
it | B 2N2218A,2N2219,A*
Rsting Symbol | 2N2222 | 2N2222A | Unh 2N2222 A*
' (o‘u,(lol-EMi“Gf Voltage VCEO 30 0 Vdc y
6o ector Base Voltage VCcBO 60 7 Vdc 2N2218, A’2N2219,A
" |~ ner Base Voltage VEBO 50 60 Vdc CASE 79-04
(wiector Current — Continuous ic | 800 800 mAdc TO-39 (T0-205AD,
T STYLE 1 e
| 2N2219,A | 2N2222.A o '
1va Device Dissipation P | S /i !
1A 25C ! 08 04 Wartt ~ Bose

prrate_above 25°C | as7 228 mwW'C s // iy

1,12 Device Dissipation Pp | | 2%
1C | ot Y ) 12 Wars A'2N2222 A

Dr-ate above 25°C 17.1 BB e, VY O CASE 22-03
\urating and Storage Junction Ty Taig ! - 6510 - 200 (R o T0-18 (TO-206AA)

temperature Range ¢ 2 STYLE 1
THERMAL CHARACTERISTICS @

oA | GENERAL PURPOSE
Characteristic Symbol 2N2219,A  2N2222.A  Unh ! TRANSISTORS

“vrmal Resistance. Junction to Ambient RuJa 219 ' 837k ‘cw NPN SILICON
“ermal Resistance, Junction to Case RuJC 58 1458 cw *2N2219A and 2N2222A

ELECTRICAL CHARACTERISTICS (Ta

25 C uniess otherwise noted |

are Motorols designated
preferred devices.

Characteristic

Symbol | Min | Max | Unit

Off CHARACTERISTICS

( uitector Emitter Breakdown Voltage V(BRICEQ Vdc
(c 10 mAdc. ig - 0) Nor A Sutfix 30 o
A SuHix 40 - I
( ollector Base Breakdown Voltage V(BRICBO Vdc
1 10 uAdc, Ig - 0) No» A Suttin 60 —_
A Sutfix 75 —
tnutter-Base Breakdown Voltage V(BRIEBO Vdc
(g 10 wAdc. Ic = 0) Nor A Sutfix 50 s
A SuMix 60 —
Coliector Cutot Current ICEX —_ 10 nAdc
(Vg = 60 Vdc. VEgio#f) = 3.0 Vdc) A Sutfix
Colector Cutotf Current Iceo uAdc
(Veg = 50 Vde, Ig = 0) Non A Sutfix = 0.01
Veg = 60 Vdc. Ig = 0) A -Suttix ™~ 0.01
(Vcg - 50Vde, lg = 0.Tp = 150C) Nor A Sutfix o 10
(Veg - 60 Vdc. Ig = 0.Ta - 150C) A-Suthix . 10
Emitter Cutoff Current lEBO - 10 nAdc
_Vgg - 30Vdc. ic - 0 A Suttix
Base Cuto# Current IBL — 20 nAdc
(Veg = 60 Vdc. VEB(oH) © 3.0 vdc) A SuHix
ON CHARACTERISTICS
DC Current Gain heg =5
ic 0.1 mAdc. Vgg = 10 Vdc) 2N277BA 20 —
2N2I°9.A 2N2222.A 35 —
ic = 1.0 mAdc. Vgg = 10 Vde) 2N221BA 25 —_
IN2219.A 2N2222.A 50 -
(Ic = 10 mAdc. Vg = 10 Vdclit) 2N227BA 35 —
2N2219.A, 2N2222.A 75 —
{ic = 10 mAdc. Vcg = 10 Vdc. 2N2278A 15 -
Ta = -55CH1) IN2279.A 2N2222. A 35 —_
I = 150 mAdc. Vgg = 10 Vdel(1) 2N2218BA 40 120
2N2272,A 2N2222.A 100 300 .




ELECTRICAL CHARACTERISTICS (continued) (Tp = 25°C uniess otherwise noted.)

High Frequency Input Impedance
(Ic = 20 mAdc, VCg = 20 Vdc, f = 300 MHz)

2N2218A 2N2218A
IN2222A

Characteristic Symbol Min Max Unh
(Ic = 150 mAdc, Vgg = 1.0 Vde)(1) 2N2218A 20 -
IN2219.A. 2N2222.A 50 —
(ic = 500 mAdc, Vcg = 10 Vde)(1) 2N2219, 2N2222 30 =
2N2218A 25 -
2N2Z279A, 2N2222A 40 =
Collector-Emitter Saturation Voltage(1) VCE(sat) Vde
(Ic = 150 mAdc, Ig = 15 mAdc) Non-A Suffix — 04
A Suffix - 03
(Ic = 500 mAdc. Ig = 50 mAdc) Nor-A Suffix = 16
A Sutfix — 10
Base-Emitter Saturation Voltage(1) VBE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) Non A Scthix 06 13
ASuthin 06 12
(ic = 500 mAdc, Ig = 50 mAdc) Non & Suffix — 26
ASuHix — 20
SMALL-SIGNAL CHARACTERISTICS
Current Gain — Bandwidth Product(2) ty MHz
(Ic = 20 mAdc, Vg = 20Vdc, f = 100 MHz) Al Types. Except 250 -
2N2219A, 2N2222A 300 -
Output Capacitance(3) Cobo - 8O pF
(Veg = 10Vdc g = 0,1 = 1.0 MH2)
Input Capacitance(3) Cibo pF
(Vgg = 05Vdc, I = 0,1 = 1.0 MHz) Non-A Suthix 2 30
A Sutfix — 25
Input Impedance hie kohms
(Ic = 1.0mAdc, Vcg = 10 Vdc, f = 10 kHz)  2N2218A 10 35
2N2219A, 2N2222A 20 80
(ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N221BA 02 1.0
2N2218A, 2N2222A 025 1.25
Voltage Feedback Ratio hre x10 4
(Ic = 1.0 mAdc, VCg = 10Vdc, ! = 1.0 kHz)  2N2218A h ) 50
IN2219A, 2N2222A — 8.0
(ic = 10 mAdc, VCE = 10Vdc, ! = 1.0 kHz)  2N2218A = 25
2N2219A, 2N2222A = 4.0
Smali-Signal Current Gain hte -
(Ic = 1.0 mAdc, Vg = 10Vdc, f = 1.0 kHz)  2N2218A 30 150
2N2213A 2N2222A 50 300
(Ic = 10 mAdc, VCg = 10Vdc, f = 1.0 kHz)  IN2218A 50 300
IN2219A. 2N2222A 75 375
Output Admittance hoe pmhos
{ic = 1.0 mAdc, Ve = 10Vdc, ! = 10 kHz)  2N2218A 30 15
INZZ19A. 2N2222A 50 35
{ic = 10 mAdc, VCg = 10 Vdc, f = 1.0 kHz)  2N2278A 10 100
INZ7°9A 2N2222A 15 200
Collector Base Time Constant b C¢ - 150 ps
(Ig = 20 mAdc, VCp = 20Vdc, f = 31.8 MHz)  ASu*ix
Noise Figure NF - 40 dB
(ic = 100 wAdc, Vcg = 10 Vdc,
Rg = 1.0 kohm, f = 1.0 kHz) IN2222A
Rea! Part of Common-Emitter Re(h)e) - 60 Ohms

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%
(2) f7 is defined as the frequency at which lhte’ extrapolates to unity.

(3) 2N5581 and 2N5582 are Listed Ccp, and Cep, for these conditions and values.



gLECTRICAL CHARACTERISTICS (contnued) [Ta = 25°C unless otherwise noted.)

Characteristic ] Symbol l Min J Max l Unit
" gWITCHING CHARACTERISTICS
Detsy Time (Vee = 30 Ve, Vggofr) = - 0.5 Vdc, " — 10 ns
. = Ic = 150 mAdc gy = 15 mAdc) 1 — 25 —
Rise Time (Figure 12) J
' \.‘..;.;9 Time (Ve = 30 Vdc Ic = 150 mAdc, 1y — 225 ns
. Igy = lg2 = 15 mAdc) f _ 60 ne
12t Time (Figure 131 {
a tve Region Time Constant TA —_ 25 ns
e 150 mAdc, VCE = 30 Vdc) (See Figure 11 for 2N221BA, 2N2219A,
IN2221A, 2N2222A)

FIGURE 1 - NORMALIZED DC CURRENT GAIN
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FIGURE 2 - COLLECTORCHARACTERISTICSIN SATURATION REGION
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This grap+ shows the etfect of base current on collector current f,
v, 25 (curren® gan at the edge of saturation) 1s the current gain of the
vt \ + trans'stor at 1 vo!t and f3, (forced gain) 1s the ratioof I, /1, 1n acircunt
< i
- St EXANMPLE For type 2N2219. estimate a base current (I,) to insure
= i saturation at a temperature of 25°C and a collector current of
¢ e . 0 mA 150 mA
z \ - Orserve that at |, - 150 mA an overdrive factor of at least 2.5
3 \ i | 15 requ.rec to drive the transistor well into the saturationregion From
5 o . | 7' J Figure 1 it1s seen that h, @ 1 volt 1s approximately 0 62 of h, @ 10
% 150 ma volts Us'~g the guaranteed mimimum gain of 100 @ 150 mA and
= 10V. B 62 and substituting values in the overdrive equation,
g \ ' | ] we find
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V.VOLTAGE (VOLTS)

FIGURE 3 - "ON” VOLTAGES

Ay TEMPERATURE COEFFICIENT (mV/OC)

FIGURE 4 - TEMPERATURE COEFFICIENTS
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h PARAMETERS
VeE = 10 Vde, f - 10kHz, Ta - 25°C

1. COLLECTOR CURRENT (mA)

This group of graphs iustrates the relationship between hye and other “h™ parameters
for this series of transistors  To obtain these curves, 8 high gain and a low gain unit were
selected and the same un'ts were used 1o develop the correspondingly numbered curves

T T |
4 Ty« 250C l
12
1C
ce
ot
ce
N
! VCfian €Ig 1g° 10
clLitill B B EDEE0! ot
¢y 10 20 50 10 20 50 10 200 500
Ic COLLECTOR CURRENT ImA)
on each graph
FIGURE 5 — INPUT IMPEDANCE
"<l ImEali
\ i ™
= \J ! AW
i T | el ~me 'i
F N )¢ T
- gn 4 s i ] ——
= 1 l SQ \\ alli |
) ff
§ 34 \& A
é ) ) RS T
4 v i |
‘. IC \\ _“"[
s
(R . M0 =
3 o TR
¢S 1 + ) G S
! 1 B o0
el 1 4 i
(@] 02 0% 10 20 S0 10 20
le COLLECTOR CURRINT imAdc
FIGURE 7 — CURRENT GAIN
R s -
1 B [ erdl]
] T N
o - o -—
ol : s
1 gl f=y
= ~ | | ‘ /4
3 ,| — .|
3 19"/-i/ 5B Jl
s : <L 3 1
38 } =SS S :
o s S a e — —
/ B ) | | :
o IR 8 RSS!
™ T 1
Pl I vl
} i !
! T i i
k' J 13 | i §
(1 02 05 10 20 50 10 20

lc COLLECTOR CURRLNT imAdc)

h., VOLTAGE FEEDBACK RATIO ‘X 10-¢)

h,,. OUTPUT ADMITTANCE (;,mhos)

FIGURE 6 — VOLTAGE FEEDBACK RATIO
50 Y . —
THT
¥ 1\\ I l
20 QL LLEY
N T
) ! |
m\‘ \: | i '
N 3
A N S x
“rL\ ‘r\
50 143y 1
AN H
- E\j 5
20 1
Tinsswidne i
10 l ”li T~ 1i
01 02 05 10 20 50 10 x
I COLECTOR CURKENT imAdc)
FIGURE 8 — OUTPUT ADMITTANCE
200 -+
71 A
| 1N
100 4 4 4
; . =
5 H
20
"
10
50 SEEE i 3
01 02 o5 10 20 T ERE]

Ic COLLECTOR CURRENT ‘mAdc;



SWITCHING TIME CHARACTERISTICS

FIGURE 9 — TURN-ON TIME

FIGURE 10 — CHARGE DATA
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PNP SILICON ANNULAR HERMETIC TRANSISTORS
... designed for high-speed switching circuits, DC to VHF amplifier applica-

tions and complementary circuitry.
High DC Current Gain Specified — 0.1 to 500 mAdc

High Current-Gain — Bandwidth Product —
f7 = 200 MHz (Min) @ Ic = 50 mAdc

Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.4 Vdc (Max) @ Ic = 150 mAdc

2N2219, A, 2N2221, A, 2N2222, A

2N2904, A thru 2N2907, A Complement to NPN 2N2218, A,

2N2904,A 2N2905.A
CASE 79-04, STYLE 1

N
2N2904,A*
thru
2N2907,A*

3 Collecto

T0-39 (TO-205AD)

3

j . Bons
MAXIMUM RATINGS 7/
= Y Emate
Rating T Symbol | Non A Suffix | ASuthx | Unit ) // 7 '
Collector-Emitter Voltage VCEO 40 60 Vdc -
2N2906, A 2N2907 A
Collector-Base Voltage VcBo 60 Vdc CASE 22-03, STYLE 1
Emitter-Base Voltage VEBO 50 Vdc % % TO-18 (TO-206AA)
Collector Cutrent — Continuous Ic 600 mAdc
Wi TR GENERAL PURPOSE
2N2905A | 2N2907.A TRANSISTORS
Tota! Device Dissipation Pp PNP SILICON
w Tp = 25C 600 400 mW
*2N2905A and 2N2907A
Dgfoifl sbove 25 G K 2v4 i g are Motorola designated
Total Device Dissipation Pp preferred devices
@ Tc - 25C 30 12 Watts
Derate above 25 C 172 685 mwW C
Operating and Storage Junction T3 Tsg 6510 - 200 C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic T Symbol Mn‘l Unit
' IN2904A; | 2N2906A,
2N2905 A 2N2907.A
Thermal Reststance, Junction to RuJA 292 438 “CW
Ambient
Thermal Resistance, Junction to RuiC 58 146 ‘CW
Cese
ELECTRICAL CHARACTERISTICS (Tp : 25C unless otherwise noted )
[ Characteristic } Symbol | Min l Typ Max E Unit
OFF CHARACTERISTICS
-
Collector-Emirter Breakdown Voltage(1) V(BR)CEO Yovde i
(ic = - 10mAdc. Ig - 0) Non A Suffix 40 — = !
A Sutfix 60 — — !
+ —
Collector-Base Breakdown Voltage (Ic - - 10 wAdc. g - 0) V(BRICBO | 60 — - vde !
Eminter-Base Breakdown Voltage (Ig 10 wAdc. ic ~ 0) V(BRIEBO ! 50 — - vae |
Collector CutoH Current (VcE 30 Vdc. Vgg 0.5 Vdc) ICEX - — 50 , nAdc
Collector Cutoff Current IcBO nAdc !
(Vep = - 50 Vde. Ig = 0) Non A Suttix - - 002 | '
A Suthix - - 001 | !
{ ! |
| \
(Vcg = -50Vdc. Ig = 0.Ta = 150C)  Non A Sutfix = - 20 |
A Sutfix - - 10
Base Current (Vcg = - 30 Vdc. Vgg = - 05 Vdc) I8 = = 50 nadc |
ON CHARACTERISTICS
DC Current Gain hfg P—-
{ic = -01mAdc. Vg = - 10 Vdc) 2N2904, 2N2906 20 — -
2N2305, 2N2907 35 — — i
2N2904A, 2N2906A 40 - -
2N2905A, 2N2907A i 75 -_ — ! |
i contnued

(1) Pulse Test Pulse Width - 300 us. Duty Cycle - 20%



ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.)

i¢ CO_EC70% CURRINT (mA)

Characteristic [ symbot | min [ Ty
ON CHARACTERISTICS (continued)
DC Current Gain 25 _ —_
(ic = - 1.0 mAdc, Vg = - 10 Vdc) 2N2904, 2N2306 50 — —
2N2905, 2N2307 40 — —
2N2904A, 2N2306A 100 — —
2N2905A, 2N2307A
ic - - 10 mAdc, Vcg = - 10 Vdc) 2N2904, 2N2%06 35 — -
2N2905, 2N2907 7% - —
2N2904A, 2N2906A 40 = 2=
2N2905A, 2N2327A 100 = ==
!
(ic = -150mAdc. Vcg = 10 Vdai(1) 2N2904,A, 2N2906.A heg 40 — 120
2N2905.A, 2N2907.A 100 — 300
e 500 mAdc. VCE - - 10 Vdc)(1)  2N2904, 2N2996 20 - -
2N2905, 2N2907 30 — —
2N2904A, 2N2906A 40 - — |
2N2905A, 2N2907A 50 — = :
« o'lector-Emutter Saturation Vo'tagei1) VCE(sat) vdc |
(ic 150 mAdc. Ig - - 15 mAdc) = —_ -04 !
(Ic 500 mAdc, Ig = - 50 mAdc) — — - 1.6 |
Kase-Emitter Saturation Voltage VBE(sat) vde |
(ic = - 150mAdc, Ig - - 15 mAdc)(1) - - -13 |
(Ic = - 500 mAdc, Ig = - 50 mAdc)(1) S o -26 |
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product(2) H 200 — — MH2z !
(lc - -50mAdc, Vgg = - 20Vdc. f - 100 MHz) JI
Output Capacitance Cob - = 8.0 pF ]
Vg = -10Vdc. g - 0.t - 10MHz) |
Input Capacitance Cyp —_ - 30 pF i
(VEg = -20Vdc,Ic = 0,1 = 1.0 MHz) !
SWITCHING CHARACTERISTICS
_Turn-On Time (Vee = - 30 Vde, I = - 150 mAdc. ton - 26 a5 ns
Delay Time Igy = - 15 mAdc) td — 6.0 10
Rise Time (Figurec>®l 1y -— 20 40
 Tote-Of Ty (VeC = - 60 Vde, Ic = - 150 mAdc, tott - 70 100 ns
 Sto'age Time Igy - B2 = - 15 mAdc) 1 —_ 50 80
Fa'l Time (Figure 15b) ] —_ 20 30
! Puise Test Pulse Width - 300 us Duty Cycle - 2 0%
& 71 defined as the frequency 8° which 'hy, extrapolates to un‘ty
FIGURE 1 - NORMALIZED DC CURRENT GAIN
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FIGURE 13 - STORAGE TIME
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i COLLECTIOREC URRENT (AMP)

FIGURE 18 - ACTIVE REGION SAFE OPERATING AREAS
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= This graph shows the maximum IcV himits of the device
~ 9 C.YCE
e : both from the standpoint of thermal dissipation (at 25°C case
’“.‘—1 temperature). and secondary breakdown. For case temperatures
. X 1 other than 25°C, the thermal dissipation curve must be mod fied
- ARTES TN in accordance with the derating factor in the Maximum Ratings
+ > table.
T T ' \ 4 To avoid possible device failure, the collector load line must
-0l - o O l“a-’m l'__ w.d Sl L] | fall below the himits indicated by the applicable curve. Thus, for
007 - ,‘}; 5»,",;,,.\"5 = S G | certain operating conditions the device is thermally limited. and
= e =S for others it 13 imited by secondary breakdown
— A »
-0 — = = Thermad Lmmations 8 T 0 2930 i 2 | For pulse appiications, the maximum Ic-VCE product indicated
-003 Acphcasie Fur Rated BV CEQ . by the dc thermal limits can be exceeded Pulse thermal Limits
0n S —tT T = 11 . may be calculated by using the transient thermal resistance curve
2z -39 3T eag = x ¥ oF PR,
VeE COLLECTOR EMITTER VOLTAGE (VOLTS)
FIGURE 19 - THERMAL RESISTANCE
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