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ABSTRACT

This project is a study of experiment to make the electric current symmetrical
components mesurement device. That used to measure current in balance or unbalance 3 phase
power system which separate to 3 components. That is positive component,negative component
and zero component. In this experiment will use resister to detect current in each phase. Then
use measurement instrument classified curent in each phase to be positive sequence , negative
sequence and zero sequence. For this idea method used the relative equation and symmetrical
components are main idea to study this/ project and also used electronic circuit to make this
method be success. i we compare between the value from experiment and value from
calculgtion must be fiexible because the-measurement instrument and devices such as resister

is not perfectly. At lastif we would like to approve this method to good efficiency the accurary

instruments and devices necessary to provide for this experiment.
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3. tr":mlsznauﬁﬁnqué (Zero-sequence component) ﬁ'ﬁﬂﬁ 24 (M) aviey

o 0 Usenoudls 3 Maesnllvuiaminu TnemelumaRoanu
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V, =Va,+V,+V,
Ve=Vu+Vp+Vy e 2.1
V. =V, ,+V,+V,

2.3 Tenlsisined (OPERATOR) :
diosnnitaesesdiszneumumiasveasetuuaznszue Ifhluszuy 3 mlaving
fu 1200 mansguinud@dou 2 §wau Sunaguussnnauasrasenpni §
Snuddeuiiuaauagudasinudideuvesvinagiia uazyy 0 udrduiedou
wadwiazuanaimee? vt uaesSuduiivnnyy O
snnuddenvemnaginuasyuiidonTe 0 1 dulentemmedinmpmmzed

R ,
Fuhuoiauegangy 0

+
o4

118 unetuTonlowmed j fiinsmpmanudiugy 90" uazTenlemaey -1 @
i Wnsyguawdhuag 180 wwdr wewtudilenlemmed j ildmsmpudugy + 90° -
#418 § x j ilu 180° uaz i ity -1 daudde I duvesTonlamasd j w1l8anmss
iz ludnua@eanu

Tao ludadadns o WuaeasTewemmediiinsmuidiugn 1200 wum

inusiddounany 0 dudTenlesmeimpuaimmass Az 2.5

a -a?
Y P RUE 1.4
“1,-a3 - > -1,-u3 :
|
|
|
N\ a
a2 -a '.
-)
) a Tenlesisined @) j Tewlefisiney

i 25 aosunsummaefveslenlofisines a uas
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gt 25 ()

a =1 Z£120 =1 (cos 120" + j sin 120°) = -0.5 + j 0.866 _

& =1 Z240" =1 (cos 240" + j sin 240°) = 0.5 - 10866\
) =1 L0 =1 Lo =

s =1 Z120°=a =-5+j0866

- -
a'-a =a-2=j 3 Augiln 2.6

a-a2=j\3

b=2cos 30" = 2xV3

=i\

o 2 o
717 26 - & M j Teuledimmediid 1V

az-a =-j‘/3

1+a = -a =-(05 - j0.866) = 0.5 + j0.866

’

5
1-a = 1-(-05-j0.866) =05 +j0866 = 1.732 £30°=j \3
v P
- V3 AgUn 2.7

— e
—_ _.___’_&

™\ 1-a=jV3a2

a2 -a

U7 27 1-adu j TenloFmmesden j V3 &

£240°
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? (-05 - j0.866) - 1 = - 1.5 - j0.866 = 1.732.£30 = j 3 L120°

"
1

—t
I

i V3 a daqull 28

az-1=j¥3a £z
1 a2 -4

1lfi 2.8 a° - 1y j Towlediimed fif1 j e

2.3.1 tr'mﬂunaumumwmlﬂm«aﬂﬁwmm (symmetrical component

A o o A o |
of unsymmetrical phaser) iite Wareandesfuaunisi 2.10 deifiouduguii 235 ezldan
Al
2 g -
V=2V, V, =2 val/
2
V,=a VAN V= ovel (0 N B (11D ~ AL 2.2

Vi =V V, =V,

' i < vo o
Lmumﬁumsﬁ 22 aaluaunish 2.1 ﬂﬁTﬁﬁNﬂ’lﬂMUﬂ\!N
V, =V,a+V,+V,
2
V, =a Vy+aV,+V, 2.3

2
V., =aV, +a V,+V,

c

o

@oureulmilugveannTnddail
Vv
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111 1 1 )
2 2 4 4
A=]1la a 1 2 dieguauiluin quiudhuey
1 a a2 1 a

o ¢a ’ ] 4 2 2 2
AMDITULUUUA (determinant) |A| = a+a+a-(a+ata)
. =3a- 3a2
2
|| =3@-a)
o
11321]11 26 a- a2 = j ‘13
A =3j ‘13

A Taurniped (cofactor)

Ay A, Ay e

A = a7 ALY ) El ©)..% 25
2
Ay Ap Ay 1 a a

1 v A
slaunimefinvgdinnnuazmfiduay

2 2 2
A, = a a =a4-a =a-a=j‘j3
2
a a
2
Ap= -|1 a e @ em=a-a=j\3
2
1 a
2 2
Ay = 1 a = a-a =j‘j3
1 a
; 2 2
' Ay = -f 1 1 = -(a-a) =a-a =j‘/3
a a

y
P/
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A, = 1'1 = a2-1=j'\13a

1 a2
— —_ \2

Ay = -| 1 1 = 1-a=ﬂza——
1 a

A, = 11 = a-a=j\3
8.2 a

A, = _F 1 1 = 1-a=j\,3a2
1 a

Ay, = ni 0 N A B
1 a2 d

' ol
unum'[mwlﬂmas' A axluaunish 2.5

IR
Tauvnimes A iVs Vs g st

i3 V3 jV3a

Taurnines A wnsmaTwe (cofactor A transpose) Wasulsiifluneduiiiazein

aoduinitiulsd

T‘\/s iva Vs
N TR L DR TS
i V3 jV3 \fsa_
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o ad a
DUNTTUAT nef (inverse matrix)

s
DN E
1 AT 1 AN
A = — = j‘l3
lal 33 |
s
1/ /1
_jJE 1
3jJ§ :
1
Yok
i )
R = 7 1
3
1

/

v, | 11
1
Val = - 1 a
3
| Ve BN
1 2
Vy = — (V,+aV+a V)
1 2
Vo = ~ (V,+aVy+aV)
1
Vo= 7 (V,+Vy+V)

i s
V3 Vs
j‘/3 j‘]Ba

............. 2.6
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st lsfmuannsom lumensesnszuaidiuduy luounisn 24

— — -1 — -
1, 11 1| {1,
L, | = |12 ||, 39
2
I 1 a a I,
- — = — — —
(1, ] 1,7 1]\
1 2
L | =¥/ = BbYE ¢ 84— — ..\ 2.10
3
2
| I | | 1 a a] (L

1
Ial = - (Il + aIb + a'ZIc)
3
1 2
I, = ;(1,+a1,,+ od) SWA\Ce /Bl ¢~ O 4
1
I, = ;(I,+Ib+l,)
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InEunsh 2.8 gwsouaaansTaed vesesdlssneumunas 14

#alit 2.9

an

0

Original Zero - sequence
vectors

o
71l 29 mITmlmsevesesiilsznoumag
/
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2.4 mﬁamﬁﬂzmmmmz (Measurment of Symmetrical Components)

Tunsaesmlszneummias musaialdlaeldindeellolun1sin dostrument or
meter)  MNTIATUINGT  Network) mﬁaujﬁ'ml?mmmnnszuﬁ (Current) 17aviAg
(Volltage) fdsam il Power) w3 q Tl Tﬁt{t‘flunni’mmus1mJ?mm~'i'rm"5u (Sequence
Ouantities) AN 9 110U 51?«uumﬂumﬁﬂs:}auﬁﬁumn, peflssnoudiduay, uay
saftlszneu ddugud |

dmiunteaflonldlums sty Télmaiuendnn1s3snnazaesi 19 lun1s3a
Tht Fortescue Chubb 1% Slepian M8499114 RD. Evans WAdnumdnnissendn uas'ld
muauuztﬁu1ﬁu§41uﬂ?tyty1ﬁwuﬁ'tdnf‘fﬂzﬂa'11ﬁﬁﬁn1sﬁ'anﬁnmw1zﬁ1ﬁ’f’:’ﬂ

YT Tanmauasnszua iy

24.1 n]ﬂ"ﬂﬂiu]mhnn‘lﬁﬂ (Measurement of Sequence voltage) Tﬂﬂilztwﬂ"fﬂ

(] o » @ ?
Hudusedusznaudiduda 9

- TaavimedAugud

- Taavimedaduuan

- Taavimedduau

24.1.1 Dlﬂﬂllﬁﬁlﬂiﬁ]ﬁ’uﬂﬂﬁ (Measurement of zero sequence voltage)
d o Q f
Taavinedriugue

/
Vao = %—(Va + Vb + V¢)

J o \ v 3 A o \d
suflumsiam Taomitlddunilslumurswmarnveasetuluidassle (One - third of

. & aa 'Y a o o
the sum of the three line - to - neutral voltage) §aiITMITANAWIT Asuemluzildi 2.10
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) Vo

Ui 210 FFEmsialiaimedwugud

: - a’ A 4 ar 1
. 3R 210 (), (© Hunsiadmitelumuvewas sy Tuudazme

n 210 @) d‘lumﬁ'nfhTaavfmszniwqaoiﬂs'mﬁ'uﬁmmu

(between the star point and neutral or ground)

/

v

(Measurement of Positive and Negative - Sequence Voltage)

Taarimedduuan
1
Ve = = (Va+ aVb+ 2 Vo)

Tranimediduay

1

1 2
Va, B-(Va+aVb+aVc)
] - A P Py
seituinnaumdeuuiinis@eruma (Phase shie) WMUATITOY 1, 2, o> Fuily
. v 4 4 : :
yuer (Phase angle) 0, 120 240 oern mwddy v lunsdouyumadn q Taonisiden

A4 4 " a
ATMNATUNIU (Resistanee) tNod@ouyumielyl 0 oam uasldidufiuaud (mpedanee)
4 ; .
nseuyue 120 wag 240 eer 293 i lunsda



/
P

a' a
b ] b
¢ c '
LA A lcq:!l S :
f M T —2 [ p— —3
RN GERILEE :}Mﬁ-'&},&l‘_{"f-ﬁl
— —{—
(2} Positive- Sequence {b) Negative-Sequence
Genernl Relntions
Ty = Zactin™ Zn = Zacio
e = Zgcmit Ze = Zaetioe®
Typieal Values
' Za=R Ze=R
Zn = 1(0.5 + j0.866) 7w = R(0.5 — j0.866)
Ze = R(0.5 — j0.866) Ze = R(0.5 4+ j0.86G6)
¢
Phase rotation a b ¢
for posilive-sequence voltage oy
{ b

797 2.11 AFmsialaiimedwuuanuevaudmiussuy 3 o 4 oo

nngefis1d
Im = [Ea/Za] -[Ebzb] - [Beize] ~ — — 2.12

A P ) [y d o w
wonls U'Um!mﬂllﬂilﬂ'liT'Jﬁ'Vllﬂi]ﬁ']ﬂ]JU')ﬂ

Va, = % (Va +aVb + a2Vc)

A v [ o - 1 A L o
&z 18 udunusveBuiuaud lundasaes M uesslunisia
7Zb = Zae
-j60
Ze Zae' 2.13

Cd8189
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[y o s w o o vy - e
uazﬁmsums'm'['mvfmﬂmﬂnauﬁ'lﬁﬂaﬂmﬂﬁmnu um1auﬁ1mu=xﬁ'h7

-j60
Zb = Zae
+j60
Zc = Zee 2.14
¢
.
N
a o
b b
< <
("“Iﬂ.' :":‘!:::::J TIENRNEN - '::::"l.J
‘,E) |d%z g, J ""}
7.l I, !fl ° chlfl I Ql') 'nl_é'la
(@) Posilive-Sequence (b)‘—;i'r—g:liv;.‘:cqucnce
Genernl NRelation
Zr; = GZa -~ Zn = (th
Typieal Values :
Zn = R(0.500 — j0.866) Zn = R(0.500 4- j0.866
Ze = R(0.560 4 70.866) Z¢ = R(0.500 — 5‘0.8(;6;
Phase rotation a b ¢ "
for positive-sequence voltagn . o

7171 2.12 A msiaharimedwuuanuasaudmivszuy 3 e 3 mo

/

2.4.2 myimfSmanisuy (Measurement of Sequence éurrent)
annsausnaiiamsialédidu

- pszuadwugud
- AFsuadIAuYIN

- AssuadIRvay

24.2.1 ﬂJﬁﬁﬂi&ﬂﬁﬁ.’]ﬁﬂ.ﬂHﬁ (Measurement of Zoro Sequence Current)
Tumsiaiiva1e3s Widen1d dweaslugii 2.13 TaeiEnisda du

msauuui igsiusmitalumuvewmaswnszualuudaslor] (one-third of the sum of
the line currents) S431If 2.13 (a), (), (o) uaE (6

sn3tnilausiunsiamnssualularifiinsea (the neutal or ground current) AINAAY
Tuglfl 2.13 ®). @
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Ia, = %—(Ia+Ib+Ic)

b I :
o v
() 2,
. g B,
—_ a o
1 b b
1 A (PE~y
@:ﬂ )
(l:) - (d)
[~} : a
Y b 1o b
=: g - .
A L
-.om:ce @ e
T o o lo
. "'KCt)., )
(e)

d’ - . e_ o
U 2.13 FTnsdanssuaddugud

4222 myianszuadduinuaznssuadiavay

(Measurement of Positive Negative Sequenec current)

9INATSUATIALLIN
1 2
Ia, = E(Ia-i-alb-i-a Ie)
nssuadIAuay

2
(a+alb+alc)

W | =

la, =
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4 : 4
Fuemldnnnssualuudazlal dine current) Taofima@eusyuie

] 2 4 ° w " -
Whuufioades 1, a, 2 Fenmuedagua o, 120, 240 eam awdwy Tnoldmdufuaudid

\ A
U1 Yvlumsideuyua

(=) (o)

Positive ~Sequence . Negotive-Sequence
o a
b b
[ c
" ”n
Sa Sy Se Sa Sp S¢
posnd, gl . vy oo
., >
Zlaly ; Iy b %Ie L2 r(}zb §Zc
2z 3
1488) at v 83} T 9505 ouminlysr § 9 ) Smm——" 2 |

‘Qr——J O
-t
General Relation
S’y eid” I S 8.
Zo +Sp  Zia+ Sa g

) 4 #12 _ﬁ‘.'._.,,-m' _ s _..‘_S'L_,.-HW‘
Zr. + Sc Zu + Su Zr + l’r Zn 'l" l.q-
Typieal Values
Sa . NRLS A AT
Ly 21 Awx ot
S Ceior % ¢ Keite
o FAIAS P 5P \ 1
Se D ~100° ___‘_S"__ = JCetioo
TS Ke . A Ke
e
I’hase rotation a b ¢ >__¢
for positive-sequence vallage / /

7UN 2.14 FEmsienszuadrduuinuavaulussuy 3 wla 4 o

angy I, =| S8 (la -] Sb |Ib-| Se |l

Za + Sa Zb + Sb Zc + Sc
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4 - ' A A ]
dlo Za, zb, zc dusuRusudluudasaie 1 lunsidowualuudasma
- o .y
Sa, Sb, S¢  (HuduRunudivuId Za, Zb, Zc MR

' a '
Ka, Kb, Ke (Husnsiivesnszualuudasia

{

N

9wl I, =Kala-Kblb-Keke =~ e 2.16

v
dwmsumsianszuadrduuiniu

Ka = K
Kb = -2k = Ke "
Ke = -2K = Ke ™ e 217

dmfumsanssuadiauay
dq ¥ o LY. ! s o« ot ' e ! & ol
AlmannisuazdsnsReafuResunindoua 8 ufiuaus lua v idmpedance branchs)
o 4 A o 4
7b uae Sb Ay Ze uay Sc ¥aiildnszualumen b uaz ¢ ﬁn‘maauqmﬂﬁm«’hnnu e
HoununisianIsiadAuuIn

[C) (b)
Positive-Sequence 0\ Negotive - Sequence 4
: e
'cric" /Zb ll“ “‘ Ze Zp l"’
el
In Iy
Cieneral Relation
Ze = —a*Zy 7y = —a?Z
Typical Values
Zy =R Z.=R
Z. = R(0.500 + jO.866) 7 = R(0.500 4 70.866)
c
Phasc rotation a b ¢ -
for positive-sequence vollage
b

7 215 FEmsianssuadrduuanuazay Tuszuy 3 e 3 o
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WINYY
1 a o 3 $ A
- TrensM¥aduiiuaud dudnimhnidewua

Y =

[ ... « 9 A
Warmdumususudnineimmihidouyuatly 120 eem
v = d 4
Wanudmutuanhdmesmhdewpumaly 240 sem
1 - oW 4 ) ¢ M a a Y ot wa M o
- fanudun sudnmed anhdimed wiedufiuauddesiigumninmiioniu
nadszmsuazaiiildesuandreiulald
[ 4 ] ° - A o °
- myrwfulasldunumdndunfeades midRrnugudunoatuunumani i
nasRaRanaIn 1441
¥ 1 4
gty uSganiiwufiduiies Tl Ensdndnlunismidide q Tasesldnan

= = L} ‘
gunseliazicesSiannseiindidnunu 9y #anes @eue 2esnITUINAgyYyIo



2.5 wIMlumIrIunIssiiotnosiiznsumunasveanszua i

A o -~ -~ -( y 1 1 «~ -
nseenuuvadunioialulf yaniinutjuwiunsesnuuuadinludiunsiaySunn

t 4
YBINTSUANINY

i a ¥ « =
N taznevmunanidluuus lunisfineenuuudmivamslumsfadfunavenszuaty
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v 4 . &
nnﬂmﬂumsaanuuumaqﬁu'[asma&mﬂuumswugmﬂmmﬁ'

N 2 .
quvesssisznovauasne iy uaaadluudenlaszunsulddegy

91NN

(From source)

117 216 pludenlaszunsudmiumsdalTinanszunluglesiszneumuns

L 'd
nueutasnssua

(CT)

—pt

{léslnan

(To load)

,

J90ITIMIUMIIA

(Circuit for

measument)

‘

uramalTnanszualilugles

Usznevauiing
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[ 4 o y P [] 4 o -l’
snudenlaezunsueiuionihivedazudenldnail

o 3 & ¥ . @ P o
2.5.1 uasanilsuaanazue fanzdegynauiuieasitezdn
. : v o 3 R v
aszeimhifiasssdunszualdiiszdudios  ienTmonnzmuasasant
] | 4
dmiugunsalin q Mundeduluduneudaly  Tavvandsglisztienszua

Taadudadmnunszuamsualgugi

¢ Sandaumanlasves @ K = nssuadmalgugd

nzuEAIURAgl

»
v v W

P 'Y et
Suiudnuazveensuai lradwas lvasonondh ety

assualvadh nsleulasnssiter nszualnasen
], ———p ,
ay (CD) )
Ia = “Ia/K

11 2.17 wermadTanminszuavadh Inasenvedi

3 o A 1 [ -
2.5.2 udenieesdniumIta FeesdesulTiname v
[ 3 4" -~ [ 4 L) : o
on @i seimhinsansdSuia i wiedanisuenyTua i dewnisesin
o " A .4 - y ® 3 4 o -~
dmduTuindessauTunassilsensuauuinsil seimhiuennssuafissindTunantiued
Uszneudduuin, esefilszneudduay, ssiilszney drvugquissnainiuuasiv
[:4 4: ° A o Y [} P ° [ o c’:
Tasluydenilszdrasuniasialfinadn q naumsildinsmanFunaniu

q Tasusnidlu
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nszuad1AuIN (Positive Sequenec Current)

A -

la; = %(Ia+a1b+a21c)

o o ' ° [ o [ Y 4’
IﬂUﬂ1ﬂﬂﬁ11ﬂ'liﬂ\'lﬂﬁ'l'l‘il'mﬂ\!lﬂuﬂflﬁﬂ1ﬂ08uﬂ71l1uﬂ1‘5’]ﬂ1ﬁ'ﬁ~‘lu

Iao
1
+
Ibo a 13— Ia
+
2
Ic o a

71/ 2.18 udenlaszunsy dmiumsIanssuadiduuan

nszuadinuay (Negative Seqvenee Current)
\.. 2
lay = 3 (Ia+a<Ib+alc) y

@ouduvdenlassunsu'ld

Ia o
"
2 +
Ibo a 1/3 p Ia,
+
Ic o a

o (4 o o o w
z:.ln 2.19 ‘Uﬁﬂfﬂﬂﬂ:llﬂﬂd fmsumsianssuaaauay
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m::utriﬁuqut’x’ (Zero Segvenee Current)

TIag = -31—(Ia+l"b+Ic)

-’ [~ 4 [ -l’
@ouduudenlassunsudail

Ia o-

+

..|.
Ibo . 13 —Pp I,
+

Ic o
717 2.20 udenlaezunsy dmivianssuadidugud

[ o o : v = O 4' AJ 9 J - [Y] d’
snuden laesunsudmsunsiadudalivdenninedes Fefureldnedl

2.5.8 uden@evsune (Shift Phase) + 1200+ 2400

ImCos (Wt) o Y —= [m Cos (Wt+120°)

ImCos (Wt) 2 - Im Cos (Wt+240°)

o 4
7171 221 vdenlaszunIn mmdeuyuma
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2.5.4 Udenn133IUTaEY 18l (Summing)

Iao .
I
4 x{lﬁwg

Ibo : » 13— (1 +1,4L)
+ 3

Ic o

=
71/ 222 udenlaszunsumssmdygal

2.5.5 udenuaanalIanssurssmlizneuaAs
& P~ ' o &
Felaseadunoluszdiunesiiennsouaawaitiu Ao1fiduee (rms) veq

YSnusamlsenoummnas Tasusnidiu nszuadduinnszuadnuay, nssuadidugud

2.6 auszneuilyhuasesiasemlsznsuasnasmalinih

2.6.1 ndeuasnszuainvh (Current Transformer)
y a & ' ° i P
wifoudasnszuaIwfmieSondu q 41 cr st wlosnssue IRl

: ; ; 2
e 9 Maadias nieonszilasnszyaInfhd g udld

26.1.1 Tnseafauazsrmsasnioutanszue i
mednvnarmdgugll vemdennanszun Tthdu kL e
oynsuiula Line) voeszuyIdfmioniss v ﬂszua‘lﬂﬁﬁ'i'11mw'1u1mmnﬂ;uqﬁ1‘f
Sunszualifhmunssih  SehiléTuegfuseesmsiameduvaaiayfsgivemde
wlaanszuaidihdfanszua I medmveatanfogliveandeudasnssuaInihesgn
fmualdmnzausiuniesiais Mfuaznsesdamue funnmed Fuines WAfa
aszua i iveatanszua Wil Cumrent Coil) voundesiamanil mity 5 A Fedrueu
25/5 A, 5/5A waz 2.5/5A Sudu uenviniiu nifeulasnszua i iddmualiinga
nszud Wi 1A nuaaanAegiiday
Fadunssua fhwemdeulanszuath s5a dmiunnidesnisuonaees
msialdeonnnszuuvesusundonliihiqen  eliAannutasadefuduniosiauas

yAaIng
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2.6.1.2 vanmsinU
e WuanianfogivesndeutnsnsunInfmedaiees usundew’d
ﬁﬁifzﬁ'mwsﬁfhtmﬁ'uqutf nnzidie Tifriedausundowfhanatounistuunaint 1o
v“fqusqmém‘ou'lﬂﬂi\'uhﬁmﬁjﬁﬁfhoﬁmn ® 0) Serunsoventdhflunuminvemdemlas
nrzue Wi iidulsasimindennn = o) ﬁ'»ufuwnnwaquﬂmﬁauuﬂmﬁn (Magnetro

i 4
Motive Force) 6 Tuaessinimanilsaviiugud
0,-0,=0

A [~ )
0, : usundouwimannvamaigugd 1; Ny

A . -5 -
6 : usundoumimaneinuanlandugil I, N,
I; Nj-I; Ny =0

Sl = No o= g sanidauveantieutasnszue v

’

nszue Ifh 1 nednvaatanAsglivemieiaimnszuaivih S & T

fu=k- naseziniy I; udnudiueTevemdeuasnszua Inihosdeedidunsauivdn

[ 3 : A L l* L] A o'
On  Saules q fiunumdn @ - 0, # 0) MeldiRanimiteniusuniow i q

A a a a 4
namaanAsgilveamieuanszud v Teesiinssua i 1, Haduld uae ¢y Tdonna

[ 4
AnnnnmsiveaduIUNMAn YA IAIETeY ;
0102 = On
A 1] 1]
unzusundsuutmanlunsutimdnvemdsudasnszua it uiiu

01- 02 =On
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1 J \J H
sinnamedlaesunsugl 1521 uaamadnues Guuaz O ex1dlu Gy e Py 1

ueautunuRenamvemdeutasnszualni :

fra = ¢; ¢ x100%
¢1 Iq7 f;"._.—\\ I,

|
R

IbNg -IjNy x 100%

TN . ]

Ny .Ip-I; x 100%

- n

Ny

a. -1 x 100%

5]

g1 2.23 ) Taseadreves T
" a) aamed lapzinsuune
4 1 o
usAfsuNNMAn
nidouasnsoue
moluunuman

I'l L4 1) o A
anmmtmsiemiag umaami‘lu 2 HURAD
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252 0| 18536 14
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Ipri Isec K
53 _0 | 0710 7.5
101 0 1 16 10
154 0 136 18| 11
196 0| 158 40| 12
254 0 | 1.82_-54 14

4 ol
MINN 3.3 UAANANTIINATOY A Aan 3

2040 234 |10a0
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41 mamagesd 1 ieuseduurasaiinuviiy
4.1.1 MINARBaT 1.1
(i¥eiihs Unity Power Factor Load -

i

N

\TﬂaTﬂmﬁda'lumiazlﬂﬂﬂﬁ'nnmzﬁ'qff
Phase A (i Pure Incandescent Load
Phase B (111 Pure Incandescent Load
Phase C i1} Pure Incandescent Load

?
— %

CRCRCR b
P

31N 4.2 A Unity Power factor load




Voltage of Phase Current of Phase Voltage drop Resistor Symmetrical component of current
Measurment Calulation
Van Vbn Ven Ia Ib Ic VRa VRb VRe Ial Itl2 In0 Ia1 Ia2 Ia0
10020 1002120 | 1002120 91020 | 93511 | 93L1224 4560 462117 4662126 462 0.12 0.1s 4a01Ly 013769 | 0.14721286
22040 20Z-119 | 2202123 14520 1382119 | 142123 73120 61/117 7142123 6.96 031 0.13 70822 020605 o132
25020 2502117 | 2502123 15420 14216 | 18L123 78270 703£-116 16123 742 039 0.18 7482227 038265 022534

AT 4.1 HaMITNRABIN 1.1

(42
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INMINN 4.1

Van = Phase Voltage of Phase A

Vbn = Phase Voltage of Phase B

Ven = Phase Voltage of Phase C

Ia = Phase Current of Phase A

Ib = Phase Current of Phase B

Ic = Phase Current of Phase C

VRa = Voltage drop Resistor of Phase A

VRb = Voltage drop Resistor of Phase B

VRe = Voltage drop Resistor of Phase C

Ia, = Positive Sequence Current

Ia, = Negative Sequence Current

Ia, = Zero Sequence Current
Hanenvie

. ] ) 4 4 4
fil Symmetrical Component of Current TumisuHan1sNAaDe FarngnAsagal

y
v &
A8 2 DNRSINII
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A ~ -\ [ ] [ 4 [y ¢ § e
I'Wﬂﬂjﬁ' JUMBLNUAIINNITIAVINIAT ﬂ\i?ﬂﬂ\iﬂﬂizﬂﬂﬂﬂﬁ“'miUﬂQﬂizllﬂTﬁUﬂ"lu'Jﬂl

Ia

b

I

(#le1 Symmetrical Compenent of Current Tat1¥¥oyaluussiaii 3 vesmsn 4.1\‘\
15420
13.8£-119
142123

Ic,

910 Positive Sequence Current

Ia,

1 2
3 (Ia + alb + a Ic)

; [15.420 + 1.£120)(13.8£-199) + (1.£240)(14 £ 123)]
; (22.44.£227)

748227
14964227 *++ (lumiiga 2u87) :

Negative Sequenec Current

T,

3@a+alb+al)

; [(15.4£0 + (1£240)(13.8£-119) + (1.£240)(14.£123)]
; (1.05.£-65

0.35£-65

0.7£-65 *+*
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Zero Sequence Current

Ia,

; (da +Ib +Ic)

‘; [(154£0 + 142Z-118% 15£123)]
1 °

3 0.6£534)

024534

04534 ***

o o A ' S 4 4 o &y
ﬁmsu'lumsmmmmaﬂ'msznm’lmmaznﬂﬁuumeemmﬂsm'muu"lu

y ] ]
auseiayuld dniudeyaildlunsdnnanndeyafiowiavenszuanams

¥ uaziewuiaveauInn1simas luuaavima

Ia,
Ia,
Ia,

nszuelu phase A

Ia

Ic

14.84/2.27
0.78.£-65
0.36.25.34
Ia, + Ia, + Ia, 2
14.84.42.27 + 0.78.£.-65 + 0.36.£5.34
15420 .

a21a1+ aIa2+Ia0
(1.£240) (14.84.2227) + (1.£120) (0.78.£-65) + 0.36.£5.34
13.82£-119

ala, +a21a2+1a0
(1.£120) (148.422.27) + (1£240) (0.782-65) + 0.36.£5.34
142123
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12 mmenesd 1.2
lﬁmﬂu lagging Power factor load
41.21 ﬂ'lf"lﬁﬂﬂ‘ﬁ‘; 1.2.1
\\'n‘i‘mi']u lagging Power faetor load 1 phase

i d
Tro Tnaaluusasinalidnuaizaatl

Phase A 111 Pure Incandescent lamp

~ -
D B B o
e

Phase B u‘lu Pure Resistor

resistor

.—
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inductor

Phase C r‘flu Pure Inductor
31N 4.3 Tagging Power factor load 1 phase



Voltage of Phase Current of Phase Voltage drop Resistor Symmetrical comporent of current
Measurment Calulation
Van Vbn Ven Ia Ib Ic VRa VRb VRe Ia, Ia, Ia, Ia, Ia, Ia,
100.£0 1002120 | 100£119 9/0 52119 | 56412 44220 24817-14 | 2893Z417 27 0.99 174 26124 104813 1 by VA%
2020 | 2021224 | 20124 | 13L0 142120, | 1343816 | 65040 | s54Lina | 6574314 497 250 284 485428 2812106 | 293Z45
2500 | 2501224 | 0124 | 1o | 129412 | 184314 b 107L0 | 6402 | 7584374 552 289 3.4 s48Z286 | 30108 | 321L48

3 a
ANITNN 42 Hanisnanoan 1.2.1

8L
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Taol3doyannussiai 3 veemsn 42
lal  10.96£-28.6
2 6042108
10 642245

Ia,

Ia,

meoxeive Symmetrical Compenent of Current ,

Ia,
»
\
\
\
\ Ia, - I
e——% =y O
~o Ia, \ Ia
~ \
So \
SN
™\ Ja

NSSUA Phase A
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NI Phase C
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- 4 . o
1531A512HM1 Symmetrical Compenent of Current #114doyalunssiaii 3 ves

A5 4.2
Ia =  14£0
b = X\12.94-124.4
e = 14.8234.7
Ic
Ia
b lﬂﬁlﬁfﬂgﬂﬂﬁﬂi’o’llﬂllulﬂﬁ

ASSUARIAVUIN
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!

psznadALgUd

o
511 4.5 msswMmanmxo3¥8 Symmetrical Component of Current
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4.122 mMInaasan 122
A
ity lagging Power faetor load 2 phase
_ TasInaalundazimafidnuazdail

k\
Phase A 11/ Pure Incandescent lamp

<%> (%D incandescent lamp

Phase B 1}u Inductor Series lamp

lamp series inductor



Phase C lﬂu Inductor Paraliel Resistor

resistor pararell inductor

jﬂﬁ 4.6 lagging Power factor load 2 phase



V
/

Voltage of Phase Current of Phase Voltage drop Resistor Symmetrical component of current
Measurment Calulation
Van Vbn Ven Ia Ib Ic VRa VRb VRe Ia, Ia, Ia, Ia, Ia, Ia,
10020 10021224 | 100£123 | 752684 | 912130 | 63L468 | 373£184° | 438£130° | 3.148Z468 328 108 143 326748 1162157 153281
2200 2021224 | 220123 14504 UL-123 | 1422504 | 7101L-504 | 674L123 7164504 6.27 1.97 248 626214 2082100 259746
25020 2501224 | 250123 152425 | 1462121 | 1622516 | 1852432 | 190217 | 8324516 7.05 208 258 708238 2062167 262355

1 a
AN NN 4.3 HANTINARDIN 1.2.2

€8
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4 A o 1 1 T W
42 minaaeafi2 weuswdulumadiar hinhiu
H -
4 .
dieflv Unity Power factor load

Voltage of Phase Current of Phase Voltage drop Resistor Symmetrical component of current
Measurment Calulation
Van Vbn Ven Ia Ib Ic VRa VRb VRe Ia, Ia, Ia, Ia, Ia, Ia,
25020 1502122 | 100£123 15420 | 1041224 | 924123 7840 sn/12 435./121 5.84 102 092 588203 108412 092712
25020 1502119 | soL1224 15420 | noZae | 6521224 71920 sulina | 322124 538 14 122 sA1L03 142225 12328
22020 2202116 1002123 14420 142-119 | 92541204 72940 6502120 4512119 6.14 076 052 61203 0846 082415
22020 1501224 | 80121 usZo | nala | s2Zinn 72920 5251224 40614 549 098 086 55304 102221 081222

A95199 4.4 HAMINAABAN 2.1

o8



422 MsnaasIn 2.2

tﬁmﬂu lagging Power factor load
4221 MINABIN 2.2.1

A
oy lagging Power factor load 1 phase

N >
Voltage of Phase Current of Phase Voltage drop Resistor Symmetrical component of cerrent
Measurment Calulation
Van Vbn Ven Ia Ib Ic VRa VRb VRe Ia, Ia, Ia, Ia, Ia, Ia,
2500 150Z122 | 100122 1420 8Lan4 | 6436 72520 39141224 | 2862396 4.02 173 244 4/ 2%4 1784583 25Z-113
25020 15021224 | s0l1224 1420 81234 3236 72840 38741221 149436 382 1.90 22 381785 194L44 227203
22/0 2071224 | 100£497 1820 11341224 6436 61120 5341224 | 2831436 427 197 2.18 aus14 20474 225228
22020 1502123 802121 1420 181224 s/36 67420 382123 23436 an 1.74 244 37Z132 1782566 | 226.2-156

15199 4.5 wanmisnAanan 2.2.1

L8



4222 MINARBIN 2.22

u"}mﬂu lagging Power factor load 2 phase

Voltage of Phase Current of Phase Voltage drop Resistor Symmetrical component of carrent
Measurment Calulation
Van Vbn Ven Ia Ib Ic VRa VRb VRc Ia, Ia, Ia, Ia, Ia, Ia,
25020 150£-121 | 100£1188 | 154468 | 116 | 66L547 | 1784489 | s30Za28 | 3132511 497 021 277 49740 016286 | 2832634
25020 1502126 50121 15£44 | 122926 | 33Zs61 | 785Lsa6 | s18Za26 | 16022475 450 0.67 299 45134 065213 309467
2020 | 20L1224 | 100£)888 | 162468 | 138L1224 | 65L504 | 7152468 | 65521224 | 31997511 505 054 29 504234 0342139 | 2997681
22020 150128 | s0/11s2 1382465 | 11224 | 532489 | 71122415 | s;2lams | 2487510 4.39 0.20 27 453236 026238 28/.12

AT 4.6 HaMINARBIT 2.2.2

88
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4.3 mMINAasan 8 isuTedufamame
P
43.1 MINAasI 3.1

u‘}mﬂu Unity Power factor load

Voltage of Phase Current of Phase Voltage drop Resistor Symmetrical component of carrent
Measurment Calulation
Van Vbn Ven Ia b Ic VRa VRb VRe Ia, Ia, Ia, Ia, Ia, Ia,
22070 220£-119 0 1420 142119 0 6920 665/122.4 ()} 449 231 2.17 4517118 234757 2182593
2020 ° 0 1420 0 0 120 0 [ 237 237 220 23320 23320 2330

i -
AN 4.7 HAMINANDMN 3.1

68



432 MINAABIT 3.2

tﬁmﬂu lagging Power factor load

43.2.1 Minaasy 3.2.1

//

4
dienilu lagging Power factor load 1 phase

Voltage of Phase Current of Phase Voltage drop Resistor Symmetrical component of carrent
Measurment Calulation
Van Vbn Ven Ia Ib Ic VRa VRb VRe Ia, Ia, Ia, Ia, Ia, Ia,
22020 20/1224 0 1420 1nZ124 0 68120 5151224 0 395 211 1.95 398/-1 2122459 198247
22020 0 0 1420 (] ) 6820 0 0 228 227 224 2210 2210 2210

{ |
AN 4.8 HANITNADBIN 3.2.1




4322 MInAasan 3.2.2

4
ieidlu lagging Power factor load 2 phase

Voltage of Phase Current of Phase Voltage drop Resistor Symmetrical component of carrent
Measurment Calulation
Van Vbn Ia Ib VRa VRb VRe Ia, Ia, Ia, Ia, Ia, Ia,
22020 2201224 1442446 | 14L1224 7122468 | 65241224 0 4.15 0.69 351 421226 065176 | 3597826
22020 ] 142468 - () 102/ 468 0 0 235 238 228 2347468 | 2342468 | 2342468

N

1519 4.9 HaMINAABIN 3.2.2

I6
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COMPONENT MEASUREMENT ntvns
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Axial-Lead
Standard Recovery Rectifiers

This data sheet provides information on subminiature size, axial lead mounted rectifiers

1N4001
thru
1N4007

1N4DO4 and 184007 sre Motorola
Preferred Devices

for general-purpose low—power applications.

Mechanical Characteristics

» Case: Epoxy, Molded

« Weight: 0.4 gram (approximately)

« Finish: All Externa! Surfaces Corrosion Resistant and Terminal Leads N
¥ are Readily Solderable

LEAD MOUNTED
RECTIFIERS
50-1000 VOLTS
DIFFUSED JUNCTION

* Lead and Mounting Surface Temperature for Soldering Purposes:

220°C Max. for 10 Seconds, 1/16” from case
* Shipped in plastic bags, 1000 per bag.
¢ Available Tape and Reeled, 5000 per reel, by adding a “RL" sutfix to
the part number
e Polarity: Cathode indicated by Polarity Band
o Marking: 1N4001, 1N4002, TN4003, TN4004, 1N40DS, 1NA006, 1N4007

CASE 59-03
D041
MAXIMUM RATINGS i
Rating Symbol | 1N4001 | 1N4002 |-1N4003 |.1N4004 | 1N40OS | 1N40OOG | 1N4007 | Unit
“Peak Repetitive Reverse Voltage VRRM 50 100 200 400 600 800 1000 Volis
Working Peak Reverse Voltage VRwWM
DC Blocking Voltage VR
“Non-Repetitive Peak Reverse Voltage VRSM 60 120 240 480 720 1000 1200 Voits
(haltwave, singie phase, 60 Hz)
"RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 Volts
“Average Rectifiea Forward Current o 1.0 Amp
(single phase, resistive load,
60 Hz, see Figure 8, Ty = 75°C)
“Non~Repetitive Peak Surge Current IgSM 30 (for 1°cycle) Amp
(surge applied &t rateo load
conditions, see Figure 2)
Operating and Storage Junction Ty -6510+175 °C
Termperature Range Tstg
ELECTRICAL CHARACTERISTICS®
Rating Symbol Typ Max Unit
Kaximum Instantaneous Forward Voltage Drop vE 0.93 1.1 Volts
(iF = 1.0 Amp, T = 25°C) Figure 1
Maximum Full-Cycle Average Forward Voltage Drop VF(AV) - i 0.8 Volts
{lo = 1.0 Amp, T = 75°C. 1 inch leads) .
Maximum Reverse Current (rated dc voltage) [P pA
(Ty=25°C) 0.05 10
(T = 100°C) 1.0 50
t*ammum Fuli-Cycle Average Reverse Current IR(AV) - 30 pA
lo=1.0 Amp, T = 75°C 1 1nch leads)

“nacates JEDEC Regrsieres Data
Protecrs OPvIceS @'y 140103 4 1RSOTI™ET 262 CROCES Tt Tuliute LSE 8nG bos! Ove 1all value
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HIGH-SPEED SILICON DIODES

Whiskerless diodes in subminiature DO-35 envelopes.
These diodes are primarily intended for fast logic applications.

QUICK REFERENCE DATA

W

Continuous reverse voltage . VR '
Repetitive peak reverse voltage VRRM
Repetitive peak forward current lERM

Forward voltage
1N4148: I = 10 mA
1N4446: I = 20 mA Vg
1N4448: g = 100 mA

Reverse recovery time when switched

from Ig = 10 mA to Ig = 60 mA;
Ry = 100 Q2; measured at Ig.= 1 mA

max.
max.
max.

7%V
75V
450 mA

1V

4 ns

MECHANICAL DATA
Fig. 1 SOD-27 (DO-35).

oss ! e ]flh il —= (0
rﬁoxrA U
[ | l ‘
l 25,4 ,l L 4,25 4, | 256 | 11,85
min | rlnor 1 min max
s rollj = 72668861
= — =
il cad \&§ |
TN4148; yellow brown yellow grey
1N4446: yellow yellow  yellow blue
1N4448: yellow yellow  yellow grey
(cathode)

Note:

Also available with type number rnarkings and cathode side indicated by
a coloured band.

€2 Products, available to CECC 50 001 021.

g

Dimensions in mm

.-//



RATINGS

Limiting values in accordance with the Absolute Maximum System (I1EC 134)

Continuous reverse voltage

Repetitive peak reverse voltage
Average rectified forward current

Forward current (d.c.)

Repetitive peak forward current
Non-repetitive peak forward current

t=1us
t=1s

Total power dissipation up to Typp = 25 °C

Derating factor
Storage temperature
Junction temperature

CHARACTERISTICS

Tj=25 OC unless otherwise specified

Forward voltages
TN4148: Ip = 10 mA
TN4446: Ip = 20 mA
TN4448: | = 100 mA

1N4448: Ip=  5mA

Reverse avalanche breakdown voltage

Ig = 100 A
IR= 6uA

Reverse currents
VR=20V

VR=20V;T;= 100 °C
VR=20V;T;j=1500°C

Diode capacitance
VR=0;f=1MHz

1N4448

.—//

VR
VRRM
IF(AV)
I

"IERM

1ESM
'FSm
Piot

Tstg

Tj

VF

V(BR)R
V(BRIR

max.
max.
max.
max.
max.

max.
max.

max.

75 V
75 V
150 mA
200 mA
450 mA

2000 mA
500 mA
500 mw
2,85 mw/K

~65 to + 200 °C

max.

<

200 ©C

1V

0,62 to 0,72 V

\Y%

A

100 vV
75 V

25 nA
3 uA
50 pA




E.5 OPERATIONAL AMPLIFIERS*

BJT (741)*

FREQUENCY-COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUIT

GENERAL DESCRIPTION — The uA741 is a high performance monolithic Operational Amplifier
constructed using the Fairchild Planar® epitaxial process. It is intended for 2 wide range of analog
applications. High common mode voltage range and absence of lateh-up tendencies make the pA741
ideal for use as a voliage foliower. The high gain and wide range of operating voltage provides superior
performance in integrator, summing amplifier, and general feedback applications. Electrical charac-
teristics of the uA741A and E are identical to MIL-M-38510/10101.

NO FREQUENCY COMPENSATION REQUIRED
SHORT CIRCUIT PROTECTION
OFFSET VOLTAGE NULL CAPABILITY

LOW POWER CONSUMPTION
NO LATCH.UP

ABSOLUTE MAXIMUM RATINGS
Supply Voltage
uA741A, uA741, UAT4IE
nA7481C
tnternal Power Dissipation {Note 1)
Metal Can
Molded and Hermetic DIP
Mini DIP
Flatpak
Citferential Input,Voltage
tnput Voltage (Note 2}
Storage Temperature Range
Metal Can, Hermetic DIP, anc Fiatpak
Mini DIP, Molded DIP
Operating Temperature Range
Military {uA741A, uA741)

LARGE COMMON MODE AND DIFFERENTIAL VOLTAGE RANGES

*22 V
218V

500 mwW
670 mW
310 mw
570 mwW
230V
+15 V

—65°C 10 +150°C
~55°C 10 4125°C

~85°C 10 +125°C

Commercial (uA741E, uA741C) 0°C10+70°C
Lead Temperature {Soldering)
Metal Can, Hermetic DIPs, ard Flatpak (60 s) 300°C
M.oided DIPs (10 5) 260°C
Output Short Circuit Duration {Note 3) Indefinite
8-LEAD MIN!DIP 10-LEAD FLATPAK
(TOP VIEW)
PACKAGE OUTLINES 6T °T PACKAGE OUTLINE 3F
PACKAGECODES T R
OFLSET Te 10
DR [ m— ae—
H ]
. ooy ; m———k
-~ :::D—L_—_'n ve
. - —l
0 €
: OFFSET
.- V-  e— Ry

ORDER INFORMATION

TYPE PART NO. TYPE
LAZ41C uA741TC | #ATSIA
»A741C HAT41RC ~A781

ORDER INFORMATION
PART NO.
pAI41AFM
uA741FM

Noies on following pages.

*Courtesy of Fairchild. For 741 circuit diagram see Fig. 5-25.

*Pilanar is a patented Fairchild process.

CONNECTION DIAGRAMS

8-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 58

Note: Pin 4 connected to case

ORDER INFORMATION

TYPE PART NO.
HAT741A #A741AHM
uA741 HA741HM
HAZ41E #AT41EHC
uA741C uA741HC
14-LEAD DIP
{TOP VIEW)

PACKAGE OUTLINE 6A, 9A

OFFSET
NULC

.

ORDER INFORMATION

TYPE
uAZ41A
pAT4

BA741E
HAT41C
wA741C

PART NO.
pA741ADM
HA741DM
pA741EDC
uA741DC
uA741PC
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E.5 OPERATIONAL AMPLIFIERS (continued)

} pA741
ELECTRICAL CHARACTERISTICS (Vg =215V, Ta = 25°C unless otherwise specnfiedf)\\
PARAMETERS (see definitions) CONDITIONS MIN TYP MAX UNITS
Input Otfset Voltage Rg < 10 kQ2 1.0 5.0 mV
{nput Otfser Current 20 200 nA
Input Bias Current 80 500 nA
input Resistance 03 2.0 M
Input Capacitance 1.4 pF
Offset Voltage Adjustment Range 215 mvV
Large Signal Voltage Gain Ry > 2k, VoyT ==10V = 50,000 200,000
Output Resistance 75 n
Output Short Circuit Current 25 mA
Supply Current 1.7 2.8 mA
Power Consumption 50 85 mw
oty Lot gy 2 < o .
Overshoot 5.0 %
Stew Rate Ry 2 2kf2 0.5 V/us
The following specifications apply for =55°C < Tp < +125°C:
Input Otfset Voltage Rg € 10 k2 - : 1.0 6.0 mvV
Input Offser Current Ta® ”25‘, - L it nA
Ta=—55°C 85 500 nA
] Ta=+125°C 0.03 0.5 uA
Fnput Bias Current Ta=—85C $ 0.3 15 A
tnput Yoltage Range =12 213 v
Common Mode Rejection Ratio Rg <10 k2 70 90 dB
Supply Voltage Rejection Ratio Rg < 10 kQ2 30 150 uVIV
Large Signal Voltage Gain R »2k0, Voyr =10V 25,000
Output Voltage Swing AL AR 4 =12 e v
Ry >2kQ =10 213 v
Supply Current Ta® H125°C L 15 2 mA
Tp=-55C 2.0 33 mA
Power Consumption Ta®+125°C MO 75 W
Ta=-55"C 60 100 mW

TYPICAL PERFORMANCE CURVES FOR pA741A AND pA741
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! MOTOROLA I . TLoGL

nSEMICONDUCTOR - TLOG2
TECHNICAL DATA | TLGG4

LOW POWER
JFET INPUT
OPERATIONAL AMPLIFIERS

LOW POWER JFET INPUT SILICON MONOLITHIC
OPERATIONAL AMPLIFIER INTEGRATED CIRCUITS

These JFET input operational amplifiers are designed for low
power applications. They feature high input impedance, low input

S
bias current and low input offset current. Advanced design tech- i's:m ‘:.51
niques allow for higher slew rates, gain bandwidth products and . B F W
output swing. The TLO61 device provides for the external null  ~ 1}
adjustment of input offset voltage. P SUFFIX
These devices are specified over the commercial, vehicular and PLASTIC PACKAGE CERAMIC PACKAGE
military temperature ranges. The commercial and vehicular . CASE 626 CASE 69/7
devices are available in Plastic dual in-line and SOIC packages. D SUFFIX
The military devices are available in Ceramic dual in-line 5 @ PLASTIC PACKAGE
packages. - 8 S CASE 751
® Low Supply Current — 200 pA/Amplifier y (S0O-8)
® Low Input Bias Current — 5.0 pA
) p. . P Offset Null (£] ts] NC
® High Gain Bandwidth — 2.0 MHz (G 5 vee
® High Slew Rdte — 6.0 V/us PR n-» 1) Output
® High Input Impedance — 1012 2 g ? Vee [ [5) Offsat Null_
® Large Qutput Voltage Swing — =14 V {Single, Top View)
® Output Short Circuit Protection )

Output 17 (5] Vee

> (7} Output 2
Inputs 1 [ .
o G 2 3] Inputs 2
Vee [T 0]

{Dual, Top View}

A S B
ORDERING INFORMATION . R R 1

? P Amp Tested N SUFFIX J SUFFIX
~—_Unction Device - - Temperature Range Package PLASTIC PACKAGE CERAMIC PACKAGE
TLOG1CD, ACD oto e 0.8 ASE 646 CASE 632
S TLOSICP, ACP Plastic DIP
1
na'e TLOGIVD ot +85C 50-8 . D SUFFIX
TLOBIVP Plastic DIP 2% PLASTIC PACKAGE
10 G CASE 751A
P~ | TLO6IMJG ~55t0 +125°C Ceramic DIP ~ 180-14)
TLOB2CD, ACD o 50-8
’ 01to +70°C Y
Dot TLOS2CP, ACP Flastic DIP output 16 L3 Output 4
TLO62VD _ " $0-8 :
TLOG2VP 4010 +85°C Plastic DIP Inputs 1 { } Inputs 4 \
| TLos2MJG - 55 to +126°C Ceramic DIP veer ‘
TLOBACD, ACD a0 S0-14 ‘ ’
Qusg TLOBACN, ACN Oto +70°C Plastic DIP inputs 2{ puts 3
&
3 TLoeavD - -85" §0-14 Qutput 2 — 'u Output 3
B TLOBAVN - 4010 +85C Plastic DIP P :
:\\ TLOBAMJ -5510 +126°C Ceramic DIP {Quad, Top View)

MOTOROLA LINEARINTERFACE DEVICES
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TLOS1, TLOG2, TL0OG4
MAXIMUM RATINGS
Rating Symbol Value Unit

Supply Voltage (from Ve to Veg) Vg + 36 \
Input Differential Voltage Range (Note 1} ViDR +30 \
Input Voltage Range {Notes 1 and 2) ViR =15 v
Output Short-Circuit Duration {Note 3) s Indefinite Seconds
Operating Junction Temperature (Note 3) Ty *C

Ceramic Package + 160

Plastic Package +150
Storage Temperature Range Tstg “C,

Ceramic Package ~ 65 to 1 160

Plastic Package ~ 6010 r150
NOTES: .

1. Dif i itages are at the i ting input { with respect to the mverting input teeminat,

2. THe magnitude of the in
3. Power dissip:

EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER}
==

put voltage must never exceed the magnitude of the supply or 15 volis, whichaver is’ less,
ation must be considered to ensure maximum junction temperature {T4) is not eaceeded (Sge Figure 1.)

~0 Vee

~0—<q N J2
Inplts _j R4
+0 - B AAN————AAA—O Cutpit
+
Qa3
Q1 Q2
R1 # R2
RS
b "N s o 4 < AN—S —O VEE

m-

.

*Null sdjustment pins for
TLOG1 only,

TLOGI. input offset voltage
null adjust circuit

o e o e oA Sana




TLOG61, TLO62, TLOG4

ELECTRICAL CHARACTERISTICS (Vee = +15V, Vg = ~15V, TA

= 0°C 1o +70°C, unless otherwise noted)

' TLOB1AC TLOG1C
TLO62AC TLOB2C,
TLOG4AC TLOG4C .
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg = 50 {), Vg = 0 V) Vio | mv
Ta = 25°C F 3.0 6.0 —_ 3.0 15
Ta = 0°Cto +70°C -~ —_ 7.5 — - 20
Average Temperature Coefficient for Offset Voltage AVio/aT — 10 — — 10 - uVirC
{Rg = 50 ), Vg = 0 V)
Input Offset Current (Vo = 0V, Vo =0V) o
Ta = 25°C . -_ 0.5 100 - 0.5 200 pA
TA = 0°C to 4 70°C o — 2.0 —_ — 2.0 nA
Input Bias Current (Vep = 0V, Vg = 0V) lig
Ta = 25°C - 3.0 200 —_ 3.0 200 pA
TA = 0°C to +70°C 2 — 7.0 — —_ 10 nA
Input Common Mode Voltage Range VicR — {+145f1+n5{ — |1145] +11 v
TA = 25°C ~115] <12 — -1 -12 _—
Large Signal Voltage Gain (R = 10 k0, Vo = =10V) Avor ) t] Vimv
Ta = 25°C 4.0 58 — 3.0 58 -
TA = 0°Cto +70°C 4.0 — —_ 3.0 T —
Output Volitage Swing (R = 10 k02, Vip = 1.0 V) v
Ta = 25°C Vo+ +10 | +14 | — | +10 ] +14 | —
vo- — |~ ] -0} — | -1a] <10 -
Ta = 0°C to +70°C Vo+ +10 | — — +10 | — —
vVo- o — | ~10] — — | -10
Common Mode Rejection CMR 80 84 - 70 84 - dB
Rs = 50 12, Vem = VicR min, Vo = 0V, Tp = 257C)
Power Supply Rejection . PSR 80 86 - 70 86 - dB
{Rs = 800, vem = 0V, Vg = 0, Tp = 25°C)
Power Supply Current {each amplilier) Ip — 200 250 —_ 200 250 puA
{No Load, Vg = 0V, Tp = 25°C)
Total Pow 1 Dissipation {each amplifier) Pp — 8.0 7.5 — 6.0 7.5 mw
{No Lead, Vg = 0V, To = 25°C) 3




TLOB1, TLO62, TLOS4

DC ELECTRICAL CHARACTERISTICS Veg = +15V,VEE = 15V, Ta = T}

ow 10 Thigh {Note 4}, unless otherwise noted)

TLO61M,V
TLOE2M,V TLOG4M,V
Characteristic Symbel | Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage (Rg = 50 2, Vg = 0 V) Vio ’ ’ mv
TA = 25°C — 3.0 6.0 — 3.0
TA = Tiow 10 Thigh -} =190 —| — | 15
Average Temperature Coefficient of Offset Voltage AVip AT nv=C
(Rg = 50§}, Vg = O V) — 1wl - =110 —~
Input Offset Current {(Vepm = 0V, Vg = 0 V) o
TA = 25°C - 5.0 | 100 N 50 | 100 pA
TA = Tiow 10 Thigh =12 — 1~ 2] n
Input Bias Current {Vepg = 0V, Vg = 0 V) []:3 ’
TA = 25°C —_ 30 260 — 35 200 pA
TA = Tiow 10 Thigh ~ | =180} — | —~1s0] na
Input Common Mode Voltage Range (Tp = 25°C) VicR — |4185/ 115 — [<148-118] V
~115) ~12| - 11.5 12 —
Large Signal Voltage Gain (R = 10 kf}, Vg = =10 V) AvoL {7 v my
TA = 25°C 4.0 68 - 4.0 58 —
TA = Tiow to Thigh 4.0 — — 40 -— -
Output Voltage Swing (Ry = 10 kf}, Vip = 1.0V) . \
Ta = 25°C Vo + 4101 414 — | +10] -4 ] —
Vo - — | -14] =10 -14] 10
TA = Tiow to Thigh Vo~ «10] — — <10} — —
Vo - — | —]-10 — | -0
Common Mode Rejection . CMR dB
{Rs = 50 ), Vem = V|cR min, Vg = OV, Tp = 25°C) 3 80 84 —_ 80 84 | —
Power Supply Rejection PSR 3 dB
(Rg = 5000, Vem = 0V, Vg = 0V, Tp = 25%C) 80 { 86 | — | 80 | 86 | —
Power Supply Current {cach Amplificr) . 153 pA
{No Load, Vo = 0V, Tp = 25°C) — 200 | 250 —_— 200 | 250
Total Power Dissipation {each Amplifier} Pp mw
{No Load, Vo = 0V, Tp = 25°C) . — 60 | 75 — 60 | 75
Note 4, TLOBXM Tiow = —55°C Thign = +125€C
TLOGXV Tigw = =-40°C Thigh = +85C e
AC ELECTRICAL CHARACTERISTICS (Voc = +15V, VEE = -15V, Ta = +25°C, unless otherwise noted) ~
Characteristic Symbol Min Typ Max Unit
Stew Rate (Vi = -10Vto +10V, RL = 10 k), C| = 100 pF, Ay = +1.0) SR 2.0 6.0 — V us
Rise Time (Vin = 20 mV, R = 10 kQ, CL = 100 pF, Ay = +1.0) tr — 01 — ns
Overshoot (Vin = 20 mV, Rl = 10 kf}, C| = 100 pF, Ay = +1.0) 0s — 10 - %
Settling Time ts us
(Ve = +15V,Vgg = -15V, Ay = - 1.0, To within 10 mv - 1.6 —
R = 10k}, Vo = 0V 10 +10 V step) To within 1.0 mV i - 2.2 —
Gain Bandwidth Product (f = 200 kHz) GBW — 2.0 — MHz
Equivalent lnput Noise (Rg = 100 ), f = 1.0 kHz} en —_ a7 — avi\ Rz
Input Resistance R; - 1012 — 4]
Channel Separation (f = 10 kHz) cs —_— 120 —_ dB
N
X
[

!

PR PR

- s

o s o oee s




TLO61, TLO6Z, TLOS4

TYPICAL PERFORMMANCE CURVES

FIGURE 1 — MAXIMUM POWER DISSIPATION versus
TEMPERATURE FOR PACKAGE VARIATIONS
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FIGURE 2 — OUTPUT VOLTAGE SWING
versus SUPPLY VOLTAGE
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TLO61, TLO62, TLOG4

FIGURE 7 — OPEN-LOOP VOLTAGE GAIN FIGURE 8 — SUPPLY CURRENT PER AMPLIFIER
AND PHASE versus FREQUENCY - versus SUPPLY VOLTAGE !
) l T 250
~ Ve = +15V—
3 £ \\ Veg = ~15V .
z N \ R = 1040 @ o 7
S q CL=0pF | & 3
1 e e, j=l -—
e \ N Tp = 55°C g 2
! I 8 - —ds 2 Z 150
=] \Gam 5 &
- 3
) I \ Phase | £ s
§ 0 @ %100
z > g £
g N & A Ta = 250
= 0 135 8 N—vg=o0v
g N | Ri =g
0 N Yig ol 1 |
. 01 W10 100 1K 10K T00K10M oM 0 20 40 60 8O 10 12 w6 1 H
f, FREQUENCY (Hz) Vee, Veg!, SUPPLY VOLTAGE VOLTS)
:
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TLO61, TLOG2, TLCG4

)

FIGURE 13 — POWER SUPPLY REJECTION
versus FREQUENCY -

FIGURE 14 — NORMALIZED GAIN BANDWIDTH PRODUCT,
SLEW RATE AND PHASE MARGIN versus TEMPERATURE
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MOTOROLA
g SEMICONDUCTOR mmm
TECHNICAL DATA

THREE-TERMINAL
NEGATIVE VOLTAGE REGULATORS

The MC7900 Series of fixed output negative voltage regulators
ate intended as complements to the popular MC7800 Series
devices. These negative regulators are available in the same
seven-voltage options as the MC7800 devices. In addition, one
extra voltage option commonly employed in MECL systems is
also available in the negative MC7900 Series.

Available in fixed output voltage options from - 5.0 to =24
volts, these regulators employ current fimiting, thermai shut-
down, and safe-area compensation — making them remarkably
rugged under most operating conditions. With adequate heat-
sinking they can deliver output currents in excess of 1.0 ampere.
0 No External Components Required
© Internal Thermal Overload Protection
© Inierna! Short-Circunt Current Limiting

. © Output Transistor Safe-Area Compensation
@ Available 1n 2% Voltage Tolerance (See Ordering Information)

RIC7S00
Series

THREE-TERMIMNAL
NEGATIVE FIXED
VOLTAGE REGULATORS

Gnd  Output

K SUFFIX
METAL PACKAGE
CASE 1

{Bottom View)

T SUFFIX
PLASTIC PACKAGE
CASE 221A

PIN 1 GROUND

2. INPUT - )
3. OUTPUT 142// {Heatsink surface
23 connected 1o
Fin2)

STANDARD APPLICATION

Input @& MC79XX Outpul

OJJuF
_I_______ |0yF

A commion ground is reqyired between the
input and the output voltages. The input voit.
ague must remain typically 2,0 V more negative
even during the high point on the input ripple
voltage.

XX = these two digits of the type number indi-
cate voitage,
¢ = Cipn is required if regulator is located an
appreciable distance .from power supply
fitter.
**=Co improves stabllity and transient re-
sponse.

SCHEMAT!IC DIAGRAM
Gna
2w 2 B
3
] 1x LY R1
3
i
A2
Vo
10
X o
) 20 0F
] H A
L{ 105 | 10N
Y !
24 A 201 200 N 240
1. 03
150
vi
— ORDERING INFOHRMATION
Qutput Voltage Tested Operating
Dovice Tolerance Junction Temp. Range Package
MC7axxck 4% Mctal Power®*
MC2axXxACK* 2% c 5C
Ty = 0Cito + 125"
MCraxxCT 4% J Plastic Power
MC79xxACT® 2%
MC79xxpT# 2% Ty = ~40Cto +125°C
XX indicates nominal volage.
*2% output vuitage tolerance available in .a, 12 and 15 voht devices.
**Metal power package available in 5, 12 and 15 volt devices.
#Automotive t Is @ range selecti are available with spacisl test conditions and
additional tests in 5, 12 and 15 volt devices Contact yous local Motorola sales office for
infarmaton,

DEVICL TYPE/NOMINAL OUTPUT VOLTAGE

MC7905 50Volts | ML7912 12 Voits
MC79052 52 Velts | MC7915 15 Vuolts
MC7906 60 Valts | MC7918 18 Volis
MC7908 80 Volrs | MC7924 24 Volts

MOTOROLA LINEARINTFRFACE DEVICES
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MC7300 Series

MAXIMUM RATINGS (Ta = +25°C unless otherwise noted } .
Rating Symbol Value Unit

Input Voltage [-50 V2 Vo 32 -18 V) v . -35 Vde
(24 V) -40
Power Dissipation
Plastc Package
Ta=+25°C Pp Internatly Limuied Watts
Derate above Tp = +25°C V/Rpga 154 mwseC
Tg = +25°C Pp Intarnally Limited Watls
Derate above Te = +85°C (See Figure 1) 1'Ryuc 200 mwWrseC
Metat Pachage , ‘
Ta=+25°C Pp Internally Limited Wats
Derate above Tp = +25°C 4 1 RgJA 222 mwW. e
Tg = +25°C 1 Pp Internafly Limited Watts
Derate above Tg: = +65°C 1 Byjc 182 mwW, °C
Storage Junction Temperature Range / Tsig ~65 10 +150 °C
Junction Temperature Range Ty ; O10+150 °C
THERMAL CHARACTERISTICS . / .
Charucteristic Symbo! Max Unit
Thermal Resistance. Junction to Ambient — Plastic Package Rysa 65 "Crw
— Me1al Package 45
Thermal Resistance. Junction tc Case — Plastuic Package Rygc 50 °C'w
— Metal Package 55
~

[}

MC7906C ELECTRICAL CHARACTERISTICS (Vi -10V, Ig = 500 mA, 07C < Tj< +125°C unless otherwise noted )

Charactoristic Symbol Min Typ Max Unit
Output Voltage (T4 = +25°C) Vo -48 -50 -52 Voc
Line Regulation (Note 1) Regyne mv
(Ty=+25°C. 10 = 100 mA)
-7.0 Vdc > V| > -25 Vdc — 70 50
-80Vde 2 V)= -12 Vde —_ 20 25
(Tg= +25°C. 10 = 500 mA}
~70Vdc 2 V) -25 Vde - 35 100
-8 0 Vdc 2 V) = -12 Vdc - 80 50
Load Regulation (T4 = +25°C) (Note 1) Regypad mVv
50mAgSIgp<1S5A — 11 100
250 mA< 1o € 750 mA R - 40 50
Output Voliage _ Vo -475 e -5 25 Vde
~70Vdc >V, 2-20Vde, 50mAS Ig< 10A P15 W
Input Bias Current (T3 = +25°C) B — 4.3 80 mA
Input Bias Current Change X Alg mA
-7.0 Vdec 2 Vy 22 -25 Vde . — —_ 13
SO0mASIgs 1.5A —_ -
Output Noise Voltage {Ta = +25°C, 10 Hz < 1< 100 kHz) €on - 40 — uv
Ripple Rejection (I = 20 mA, [ = 120 Hz) RR - 70 i _ dB
Dropout Voltage R Vi-Vo — 20 R Vde
o = 1.0A Ty = +25°C
Average Temperature Coellicuc\\ﬁ of Output Voltage AVp/aT —_ -1.0 — mv/eC
Ip=50mA 0°C< T +1253¢”
Note.

'
1 Load and line mgutauor'\ are specitied at constant junction temparature Changes in Vo due 10 hoating aflects must be taken into account separately
Pulse tesung w;ith low duty cycle s used *
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MC7900 Series

MC780SAC ELECTRICAL CHARACTERISTICS (Vi =-10V, g = 500 mA, 0°C < Ty < +125°C unless otherwise noted.)

Charactoristic Symbol Min Typ Max Unit
Output Voltage (T ) = +25°C) Vo -4.9 -50 -5.1 Vde
Line Regulation {Note 1) Regyne : mv
-80Vde2 Vi -12Vde: 1o = 1.0 A, Ty = 25°C LN - 2.0 25
-80Vdc 2 V|2 -12Vde. 1o 1.0 A ~— - 2.0 50
-1.5 Vde 2 Vj 2 -25 Vdc; lg = 500 mA - 7.0 50
-7.0Vde > Vi > -20 Vde, Ig = 1.0 A, T = +25°C — 6.0 50
Load Regulation (Note 1) Regioad mv
50mASInS 1.6 A, Ty=+25°C - 1" <100
250 mAS Ig € 750 mA - 40 50
50mASIgS1.0A o 9.0 100
Output Vohiage Vo -4 80 - -5.20 Vde
=7.5Vde 2 V)= -20 Vde, 5.0 mA < IDS10A PSISW
Input Bias Current lis — 44 8.0 mA
Input Biss Current Change Ahg mA
-7.5Vde 2 V2 -25 Vde > = — 13 -
50mASInS10A 3 -~ - 0.5
S0mA<Igg1.5A, T)=25C - - 05
Output Noise Voltage (T = »25°C, 10 Hz 5 { < 100 kHz) €on — 40 — pVv
Ripple Rejection {Ig = 20 mA, f = 120 Hz) RR — 70 - d8
Dropout Voltage VI-Vo - 20 - vde
1o =10A T = +25¢C
Average Temparature Coelficient of Output Vohage AV aT - -1.0 — mv/eC
_i0*50mA, 0°C5 T < +125°C

MC7905.2C ELECTRICAL CHARACTERISTICS (vj - -10 V, 19 = 500 inA, 0°C-2 1)+ +125°C unless otherwise noted }

Characteristic Symbol Min Typ Max Unit
Output Vottage (T = +25°C) i Vo -50 -52 -54 Vde
Line Regutation (Note 1) Regiine mv
{Ty= 425°C, 15 = 100 mA)
-7.2Vde > v 2 -25 Vde a5 80 52
-8OVde = V| > -12 Vde - 22 27
{Ty=+25°C, 15 = 500 mA) ;
-7.2Vde 2 v, » -25 Vde e/ 37 105
BOVde > v; > -12 vde — 8.5 52
Load Regutation (T = +25°C) (Note 1) Reginad mv
50mAgIgg 15 A - 12 105
250 mA < I € 750 mA - 45 52
Output Voltage Vo -4.95 — .545 vde
'7.2Vdc>V|;-20Vdc.5OmA';Io'xIOA.P‘é\SW .
Input Bras Current (T = +25°C) lig - 4.3 80 mA
Input Bias Current Change alg mA
~7.2Vde 2 V) 3 -26 Vde - - 13
50mAgiggisa . - - 05
Output Noise Voltage {TA=+25°C 10 Hz< 1 100 kH2) €on - 42 — "\
Ribple Rejection (1 =20 mA. [ = 120 Hz) AR — 68 — dg
Dropout Vortage . Vi-vo — 20 - - vdc
0= 10A,T) = +25°C o :
Average Temperature Coefficient of Output Voltage AVQ/aT - -10 = mv/eC
10=5.0mA, 0°C < T, < +125°C
Note: . -
! Load ang bne tegulation are ified ar ) temparature Changes in Vg due 1o heating effects must be taken into account separstaly,

‘ Pulse testing with low duty cycle is used,




IVIC7900 Series

MC7906C ELECTRICAL CHARACTERISTICS (Vj= ~11 V. Ig = 500 mA. 0°C < T < +125°C untess

otherwise noted.)

10=5.0mA,0°Cg Ty +125°C

Characteristic Symbol Min Typ Max Unit
Qutput Voltage (T = +25°C) Vo -5.75 -6.0 -6 25 Vde
Line Regulation (Note 1) Regyne mV
{Ty=+25°C, lg = 100 mA)
-8.0Vde V2 -25 Vde — 90 60
-9.0Vde = V| 2 -13 Vde - 30 30
(Ty=+25°C.1p = 500 mA)
-8 0 Vde 2 V| = -25 vde - 43 120
-9 0Vde 2 V)2 -13 Vde - 10 60
Load Regulation (T ) = +25°C}{Note 1) . Begtoag / mv
50mAKIg<1.5A - 13 12
250 mA < g < 750 mA - 50 Q
Output Voliage Vo -57 - -63 Vde
-8.0Vdc s Vi2 -21Vde. 50mASIoT 10A PLISW
Input Bras Current {T = +25°C) 8 = 43 ad mA
Input Bias Current Change Alig mA
-80Vdc 3 V| = -25 Vdc - 3 13,
S0mASIg<1.5A - - 05
Outout Noise Voltage (Tp = +25°C, 10 Hz < { ¥ 100 kHz) €on — 45 - wV
Ripple Rejection (1o = 20 mA, = 120 Hz) RR — G5 - ¢8
Dropout Voltage Vi-Vo - 20 - Vuc
o= 1.0A T) = +25°C
Average Temperature Coefficient of Output Voltage AVp 'aT - -1 0 - mV-3C

MC7908C ELECTRICAL CHARACTERISTICS (V| = -14 V. I = 500 mA,

0°C < Ty < «125%C unfess otherwise noted )

10=5.0mA, 0°C < T < +125°C

N

Cheracteristic Symbol Min Typ Max Unit
Output Vattage (T = +25°C) Vo -77 -80 -83 Vdc
Line Regulation {Note 1) Regpne mv
(T} =+25°C.1g = 100 mA)
~105Vde 2 V| = -25 Vdc - 12 €0
=11 Vde 2 Vj 2 -17 Vdc Xz 50 40
(Ty= +25°C, 19 = 500 mA)
-10 6 Vde 2 V) > - 25 Vdc - 50 160
-11 Vdec 2 Vj > -17 Vae - 22 80
Load Regulation {T j = +25°C) (Note 1) Regioad mv
50mASIgS15A -— 26 160
250 mA < lp < 750 mA ] - S0 80
Output Voliage Vo -76 -8.4 Vdc
-10.5Vde 2 V2 -23Vde, 50mA < Ig< 1.OA P 1SW i -
Input Bias Current (T = +25°C) ig - 43 80 mA
input Bias Current Change Alg n]A
-10.5 Vdc =2 V) 2 -25 Vde - — 1.0
50mASIo<I5A L. — - 05
Output Noise Voliage (Ta = +25°C, 10 Hz < 13 100 kHz) eon —_— 52 — uVv
Ripple Rejection {lg = 20 mA, f= 120 Hz) RR - .62 — [.1:}
Dropout Voitage Vi-Vo - 2.0 - Vde
o= 10A,T) = +25°C
Average Temparature Coefficient of Output Voltage AVg/aT - -1.0 —

mv/°C

Note:

Pulse testing with low duty cycle 1s used

1 Load and ine reguiation are specified a1 constant junction temperature Changas in Vo adue to heating elfects must b.\Ymren IN1o account separately

P T



MC7800 Series

MC7915C ELECTRICAL CHARACTERISTICS (V= -23 V, g = 500 mA, 0°C < Tj < +125°C unless otherwise noted.)

- Charactaristic Symbol Min Typ Mex Unit
Output Voltage (T3 = +25°C) Vo -14.4 -158 -15.6" Vde
Line Regulation {Note 1} . Regline mV -

{Ty=+25°C, Ig = 100 mA)
~17.5Vdc 2 V| 2 -30 Vde - 14 150
~20Vdc = V| 2 -26 Vdc - 6.0 75
{T)=+25°C, Ig = 500 mA}
-17.5Vdc 2 V| 2 -30 Vde —- 57 300
-20 Vde 2 Vj > -26 Vdc - 27 150
Load Regutation (T y = +25°€) (Note 1) \ Reayoad ’ mv
50mASIoS1SA 7 - 68 300 .
250 mA< Ig € 750 mA - 25 150
Output Voltage Vo -14 25 _ ~1575 Vdc
-17.6Vde2 V2 -30Vde, 50mA L Igs 10A P 15 W
Input Bias Current (1) = $26°C) ;) - 44 80 mA
Input Bias Current Change ) Alg mA
-17.5 Vde 2 vp 2 -30 Ve 1 - —_ 1.0
50mAgIg<15A7. / - — 05§
Output Noise Voltage (Ta = +25°C, 10 Hz << {3 100 kHz) eon - 20 -, uv
Ripple Rejection {Ig = 20 mA, f = 120 H2) RR — 60 - d8
Dropout Voltage Vi-Vo - 20 - Vde
10=10ATj= +25C
Average Temperature Coeflicient of Qutput Voltage AV ‘AT - -1.0 - mv. °C

10=50mA, 0°C < Tys +325°C

MC7915AC ELECTRICAL CHARACTERISTICS (V= -23 V. 1g = 500 mA, 0°C < T < +125°C unless otherwise noted )

Charactoristic Symbol Min Typ Max Unit
Output Voltage (Ty= +25°C) Vo -14.7 =15 -16.3 Vdc
Line Regutation (Note 1) Regline mv
-20Vde > V) 2 -26 Vde, Ig = 1 0 A, Ty = 25°C - 27 75
~20Vde > V|2 -26 Vde. Ig = 1 0 A, 3 57 150
-17.9 Vde > V) > -30 Vde: g = 500 mA - 57 150
| 17.5Vde> vy -30 Vde: Ig = 1.0 A, Ty = 25°C —. 57 150
Load Regutation {Note 1) Regioad mv
5.0mAgIgs 15A T =25C - 68 150
B0 mA < Ig < 750 mA - 25 75
5.0mAgio<1.0A - 40 150
Output Volage Vo -14.4 - -15.6 Vde
“17.9Vde > V2 -30 Vde, 5.0 mASIg < 10A PS15W
'°put Bias Current . 7] = 44 8.0 mA
nput Bias Current Change Alig mA
-17.6 Vdc > v; 2 -30 Vde . - - 0.8
5.0 mMASIgS 1.0A ' — — 0.5
50mA<igg 1.5 AT = 25°C . .= - 0.6
Output Noise Voltage (T = +25°C. 10 Hz < { < 100 kHz) eon — 90 — v
Ripple Rejection (Ig = 20 mA. f = 120 Hz) . RR — ' 60 — ~ dB
Oropout Voltage : Vi-Vo - 2.0 - Vde
10=10AT) = +25°C
AV”’PGG Temperature Coefficient of Output Voltage AVp/arT — -1.0 - mv/°C
L10=50mAQeCc< Ty +125°C

Note:

-
V. Load and line rnqk‘@n are specified at constani junction temperature. Changes in Vg due 10 hoating elfects must be taken into account separately.
Putge testing \lm(\ tow duty cycle 18 used.

. -



MC7300 Series

MC7812C ELECTRICAL CHARACTERISTICS (V= -19 V, 10 = 500 mA, 0°C < T3 < +125°C unless otherwise noted.)

) R—

Charactoristic Symbol Min Typ Max Unit
Output Voliage (T = +25°C} Vo -11.5 -12 -125 Vde
Line Regulation {Note 1) Regpyne : mv
{Ty=+25°C, Ig = 100 mA)
-14.5 Vde 2 V) > -30 Vde - 13 120
-16 Vde 2 V; » -22 Vde - 60 €0
(Ty=1425°C, 10 = 500 mA)
-14 5 Vde 2 V| = -30 Vde - 55 240
~16 Vde 2 V| 2 -22 Vdc d 24 120
Load Regulation (T 5= +25°C) (Note 1) Regioad mv
50mASIo<15A - 46 240
250 mA < Ig € 750 mA - 17 120 \
Output Voltage - Vo <114 — -12.6 Vdc
-145Vde z V|2 -27Vde, 50mASInS 1 0A PSI5W
lnput Bias Current (Ty'z +25°C) g - 44 80 mA
Input Bias Current Change Alig 7 mA
~14.5 Vdc > V; 3 -30 Vdc - - 1.0
S50mASIgSi5SA - — 05
Output Nosse Voliage (Tp = +25°C, 10 Hz << {15 100 kHzj eon - 75 - LV
Ripple Rejection (i = 20 mA, {= 120 Haz) RR —_ G1 - d8
Dropout Voltage Vi-Vop - 2.0 - Vdc
Io=10A, Ty = +25°C
Average Temperature Coefficient of Output Vohage AVprat - -10 —_ mv/eC

10=5.0mA, 0°Cg T K +125°C

MC7912AC ELECTRICAL CHARACTERISTICS (vj=-19V, 102 500 mA, 0°C < Ty < +125°C unless otherwise noted.)

Charactaristic Symbol Min Typ Max Unit

Output Voltage (T = +25°C) K Vo -11.75 -12 -1225 Vde

Line Regulation (Note 1} Regyne mv
16 Vdc 2 V| 2 -22 Vde, Ig = 1 0 A, Ty = 25°C -— 60 60
-16Vde 2 V2 -22 Vde, g = 1.0 A, —_ 24 120
-14.8 Vde 2 V| 2 -30 Vdc, ig = 500 mA —_ 24 120
~145Vde 2 Vi 2 -27Vdc. Igs 1.0 A, T = 25°C - . 13 120

Load Regulation {Note 1} Regjoad myv
S50mA<InS 1.8A T =25°C —_ 46 150
250 mA £ 1n < 750 mA - 17 75
S50mMASIpS1.0A — 35 150

Output Voltage Vo -115 - -125 Vde
-14.8Vdc2 V|2 -27Vde. 50 mAL IS 1.0A PLISW

Input Bigs Current g — 4.4 8.0 mA

Input Bias Currem Change T: mA
«15 Vdc 2 Vi =2 -30 Vdc - - 0.8
50mAgSIo<1.0A - - 05
50mASIoS 1.5A T =25°C — - 0.5

Output Notse Voltage (Tp = +25°C, 10 Hz < 1 € 100 kHz) €on —_ 75 - uV

Ripple Rejection (1g = 20 mA, { = 120 Hz) AR - 61 — dB

Dropout Voltage V)-Vo - 20 —_ Vdc
Iog = 1.0A, Ty = +25°C

Average Temperature Coefficient of Output Voltage AVprat — -1.0 - mv/eC
I0*5.0mA, 0°C < T) € +125°C

Note:
1. Load and line regui are ifed a1 h tempaerature. Changes in Vg due 10 heating effects must be taken into sccount separately

Pulse testing with low duty cycle s used
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MC7200 Series

MC7918C ELECTRI( AL CHARACTERISTICS (V;= -27 V. Ig = 500 mA, 0°C < T5< +125°C unless otherwise noted.}

o
Characteristic g

10=5.0mA, 0°C < Ty +125°C

Symbol Min Typ Max Unit
Output Voltage (T3 = +25°C) Vo -173 -18 -18.7 Vde
Line Regulation (Note 1) Regine mV
(Ty= +25°C, 1g = 100 mA}
<21 Vde 2 V} 2 -33 Vdc - 25 180
-24 Vdc 2 V| = -30 Vdc Ead 10 90
(Ty=+25°C, ig = 5CO mA}
-21Vde 2 V) = -33 Vdc - a0 36C
-24 Vdc 2 Vy > -30 Vdc —_ 50 180
Load Regulation (T j = +25°C) (Note 1) Regjgad mv
SOmAIg<15A -— 110 360
250 mA < Ig € 750 mA —_ 55 180
Output Voltage Vo 171 - -1889 Vde
<21 Vdes: V> -33Vde, 5.0 mA< g~ 10A PR 15W
Input Bias Current (T 3= «25°C) Wg - 45 80 mA
input Bias Current Change Mg mA
-21 Vde 2 Vy & -33 Vdc q =7 — 10
50mASIgS15A — - 05
Output Noise Voliage (Ta = +25°C, 10 Hz s 113 100 kHz) ean ~ 110 - RY
Ripple Rejection {lg = 20 mA, { = 120 Hz) RR LN 59 - a8
Dropout Voltage V|-V - 20 - Ve
o =1.0ATy= +25C
Average Temperature Coefhicient of Output Voliage avg AT - -10 - mv oC

MC7924C ELECTRICAL CHARACTERISTICS V- -33 V. 1p = 500 mA,

0 C < Ty< «1257°C unless otherwise noted )

10=5.0mA, 0°C< T < +125°C

Characteristic Symbol Min Typ Max Unit
| Output Voltage (T = +25°C) . Vo 23 -24 -25 Vde
Line Regulation (Note 1) Regune my
{Ty= «25%C, 19 = 100 mA)
-27 Vde = V) > -38 Vdc . 31 240
30 Vde > V) » -36 Vde = 14 120
(Ty=425¢°C, I = 500 mA) z
=27 Vdc 2 V) 2 -38 Vdc 3 118 480
-30 Vde > vy 2 - 36 Vde 3 70 240
Load Regutation (T = +25°C) (Note 1) Regload ) mv
50mASIgE 15A - 150 480
| 250 mA < 19 < 750 mA - 85 240
Output Voltage Vo -228 - -252 vde
|_-27Vde> V) > -38Vde. 50mA< 1o~ 10A P 15W ;
L Inout Bras Current (1) = +25°C) e - 46 80 mA
Inout Bias Current Change Aljg mA
27 Vde 2 V) > -38 Vde - - - 10
50mAgIp<15A — ~ 05
Outout Noise Voliage {Ta = +26°C, 10 Hz 5 1< 100 kHz) eon 170 - Y
| Riople Rejection (Ig = 20 mA, 1 = 120 Ha) RR — 56 — d8
Orapout Voltage R - 20 - vde
0= 104, = 425 -
Average Temperature Coelficient of Output Voltage AVp/aT - -10 - mv/eC

Note

1
- l';”d and line rogulation are specified at constant junclion tamperaiure
Ulse testing with fow duty cycle 15 used.

c

Changes Vg d

e to healing effects must be taken inio accoun! separately.




MC7900 Series

TYPICAL CHARACTERISTICS .
{TA = +25°C unless otherwise noted.)

FIGURE 1 -~ WORST CASE POWER DISSIPATION AS A
FUNCTION OF AMBIENT TEMPERATURE
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FIGURE 3 — PEAK OUTPUT CURRENT AS A FUNCTION OF
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FIGURE 2 — WORST CASE POWER DISSIPATION AS A
FUNCTION OF AMBIENT TEMPERATURE
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E3 FEATURES

© High Speed Operation: t54=7.5ns typ. (Cy =50pF)

¢ High Output Current: Fanout of 10 LSTTL Loads

o Wida Operating Voltage: Vec=2~6V

e Low Input Current: TuA max.

e Low Quiescent Supply Current:/cc (static) = 1u4A max. (Ta=25°C)

v

B PIN ARRANGEMENT

E@
[;_37
10

./

2
Y-
Y-

K Vee

T EEEHEE

GND| 7 W
(Top View)
{2 DC CHARACTERISTICS )

Item Symbol Test Conditions jo-25°C Qoo - +85°C Unit

Vee(V) min typ max min max

2.0 1.5 | — - 15] -
Vin 4.5 3.15 - — 1 3.15 - \Y

6.0 4.2 — - §.2 -

Input Voltage 20 Wi — 05 i 0.5
Vi 4.5 2% = 1.35 - | 1.35 v

6.0 = - 1.8 -1 1.8

2.0 1.9 2.0 - 1.9 -

4.5 Tow=—20uA 4.4 1 4.5 - 4.4 -
Vou 6.0 Via=Vin or Vi 591 6.0 - 5.9 - v

4.5 Tow=—4mA 4.18 —= — 1 4.13 —_

Output Voltage 6.0 Ton=—5.2mA 5.68 - — | 5.63 -

2.0 -] 0.0 0.1 - 0.1

4.5 JTor=20uA bl 0.0 0.1 - 0.1
Vor 6.0 ViemVig or Vi 7 0.0 0.1 - 0.1 v

4.5 Tov=—=4mA - ~ ] 0.26 -1 0.33

6.0 Jor~5.2mA — — | 0.26] —0.33
Input Current L. 6.0 | Vi=Vec or GND - = Jx0a] —{x1.0] pa
Quiescent Supply Current | Icc «| 6.0 ViemVec or GND, o= 0 pA - - 1.0 - 10 | A

B Ac CHARACTERISTICS (CL=50pF, Input t,=i;=~6ns)

Item Symbol Test Conditions Ta=25°C Tom—40-+85°C Unit

Veel(V) o - - min typ max min max

D 2.0 - - 90 - 115
e tein | 4.5 - 7 18 - 23 ns

. . 6.0 - - 15 - 20

Propagation Delay Time 50 — — % - 15
trie 4.5 - 8 18 - 23 ns

6.0 - - 15 - 20

i 2.0 |- -~ =] 5] =] ¢
Output Rise Time Iren | 4.5 — 5 15 - 19 | ns

6.0 - - 13 - 16

2.0 - - 75 - 95
Output Fali Time true | 4.5 - 5 15 - 19 | ns

6.0 - — 13 - 16
_i"_Pl" Capacitance Cia - - . — 5 10 o 10 pF

S
(
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MOTOROLA
Bzl SEMICONDUCTOR
TECHNICAL DATA

MC78MG0
Series

—

THREE-TERMINAL MEDIUM
CURRENT POSITIVE FIXED
VOLTAGE REGULATORS

THREE-TERMINAL MEDIUM CURRENT
FCSITIVE VOLTAGE REGULATORS

The MC78MO00 Series positive voltage regulators are identical
to the popular MC78C0 Series devices, except that they are spec-
ified for only half the output current. Like the MC7800 devices,
the MC781M00 three-terminal regulators are intended for local, on-

card voltage regulation. PIN 1 INPUT o suFFIx
Internal current limiting, thermal shutdown circuitry and safe- 2. CUTPUT (@7~ X

area compensation for the internal pass transistor combine to 3. GROUND y \I MET‘S;\;@S;‘AGE

make these devices remarkably rugged under most operating con- ! /

ditions. Maximum output current, with adequate heatsinking is A {Case connected

500 mA. 4 ! : to Pin 3)

® No External Components Required
® Internal Thermal Overload Protection

{Bottom View)

© e At

o Internal Short-Circuit Current Limiting /
o OQutput Transistor Safe-Area Compensation T SUFFIX
/ PLASTIC PACKAGE
CASE 221A
EQUIVALENT SCHEMATIC DIAGRAM
I ] it {ANl 3 Plastic Types)
1.0k $1.0k % PIN 1. INPUT
\ 210 : 2. GROUND
— T ] 3. OUTPUT
6.7 {Heatsink surface connccted to Pin 2)
v $16k J
. 100‘)
e &2
300 1.0k 205 J ) O /{
3.6 L & 7
X 3 2%y
3.0k 3
6.4 T Eeve DT SUFFIX DT-1 SUFFIX
k "K 56k p r‘ 13 PLASTIC PACKAGE PLASTIC PACKAGE
0.24 CASE 369A CASE 369
] {DPAK) (DPAK)
o _
S . 50 200 Output
26 40 . ORDERING INFORMATION
Kk 6.0k QF T g -3 Tested Operating
P ’ Device Junction Temp. Range | Package
MC78MXXCG* Metal
20k §$39k Can
T7 . P MC7BMXXCDT* K3 1;’5%” DrAK
MC7EMXXCDT " Plasic
6.0 28k MC7E8MXXCT Pawer
k i Gna- MCTEMXXBT # Ty- -40Cto | Plastic
+125C Power
XX Indhicates nominal voltage,
< * Avallable in 5, 8, 12 and 15 volt duvices.
L. temperature range selections are
TYPE NOJVOLTAGE available with special test conditions and
additional 1ests in 5, 8, 12 and 15 volt devices.
MC7BMO5B,C 5.0 Volts |  MC78M12R,C 12 Volts MC7BM208,C 20 Volts Contact your luca Motoroie eates ey
MC78M06B,C 6.0 Volts MC78M158.,C 15 Volts MC78M248.C 24 Volts wnformation.
MC73M08B,C 8.6 V'olts MC78M188,C 18 Volis

MOTOROLA LINEARINTERFACE DEVICES




MC78MO0O0 Series

MAXIMUM RATINGS (Tp = +25°C unless otherwise noted.)

. Rating Symbol Value Unit
input Voltage (5.0 V=18 V) Vi 35 Vdc
(20 V-24 V) 40
Power Dissipation (Package Limitation)
Plastic Package, T Suffix
Ta = 26°C Pp Internally timited
Derate above Tp = 25°C HIA 70 “CW
Te = 25°C Po Internally Limited
Derate above Tg = 110°C [3Te} 5.0 ‘cW
Metal Package
Ta = 25°C Pp Internally Limited
Derate above Tp = 25°C A 185 ‘CW
Te = 25°C Po Internally Limited
Derate above T¢ = B5°C (]9 25 cwW
Operating Junction Temperature Range MC78MXXC Ty 01to +150 *C
MC78MXXB ~4010 + 150
Storage Temperature Range Tag -651t0 +150 “C

MC78M05B,C ELECTRICAL CHARACTERISTICS (V) = 10V, Ig = 350 mA, 0'C<Tj< +125°C,Pp < 5.0 W unless otherwise

noted.)
Characteristic Symbol Min Typ Max Unit
Output Voltage (T3 = +25°C) Vo 4.8 5.0 5.2 Vdc
Line Regulation Regline — 3.0 50 mV
{Ty = 425°C, 7.0 Vde < Vj < 25 Vde, lg = 200 mAl
Load Regulation Pegicad mv
(Ty = +25°C, 5.0 mA s [ < 500 mA) - 20 100
{Ty = +25°C, 5.0 mA € Ig < 200 mA) — 10 50
Output Voltage Vo 4,75 — 5.25 Vde
(7.0 Vde = V; = 25 Vdc, 5.0 mA = g < 200 mA}
{7.0 Vdc¢ = V| = 20 Vdc, 5.0 mA = Ig = 350 mA)
Input Bias Current (T = +25°C) i — 3.2 6.0 mA
Quieszent Current Change ahg mA
{8.0 Vdc = V) < 25 Vdc, Ig = 200 mA} - - 0.8
{5.0 mA = 1 = 350 mA) — N 0.5
Output Noise Voltage (TA = +25°C, 10 Hz = { = 100 kHz) Vq — 40 — uv
Ripple Rejection (T, DT and DT-1 suffixes only) RR dB
g = 100 mA, f = 120 Hz, 8.0V = V| = 18 V) 62 — —_
{lo = 300 mA, { = 120 Hz, 8.0 < V< 18V, Tj = 25°C} 62 80 —
Dropout Voltage : *ViVo — 2.0 —_ Vde
Ty = +25°C)
Short Cireuit Current Limit (Tg = +25°C, V) = 35 V) Ios — 50 -— mA
Average Temperature Coefficient of Qutput Voltage AVQ/AT - =0.2 — mv/rC
lig = 5.0 mA} -
Peak Output Current 1o - 700 — mA
L Ty = 25°C)




MC78MO00 Series

MC78M06C ELECTRICAL CHARACTERISTICS {Vi = 11V, Ig = 350 mA, 0°C < Ty < 1 125°C, Pp » 5.0 W unless otherwise

noted.)
Charactoristic Symbo! Min Typ Max Unit
Output Voltage (Ty = +25°C) Vo 5.75 6.0 6.25 Vde
Line Regulation Regjine - 5.0 50 mvV
{Ty = +25°C, 8.0 Vde = V| « 25 Vdc, Ig = 200 mA}
Load Regulation Regload mV
(Ty = +25°C, 5.0 mA < Ig < 500 mA} - 20 120
{Tg = +25°C, 5,0 mA = g < 200 mA}) — 10 6O
Cutput Voltage Vo 5.7 - 6.3 Vde

{8.0 Vdc = V| = 25 Vdc. 5.0 mA = g = 200 mA)
(8.0 Vdc = V) = 21 Vde, 5.0 mA = Ig < 350 mA)

Input Bias Current (V) = +25°C} g —_— 3.2 6.0 mA
Quiescent Current Change Al mA
{9.0 Vdc = Vj = 25 Vdc, Ig = 200 mA) —- - 0.8
(5.0 mA = Ig = 350 mA) f — N 0.5
Output Noise Voltage {Tp = +25°C, 10 Hz = f == 100 kHz) Va — 45 — my
Ripple Rejection (T suffix only) RR . dB
{lo = 100 mA, f = 120Hz2, 9.0V < Vs 13 V) 59 — —_ ,
(lo = 300mA, { = 120Hz, 9.0V = V; « 18V, Tj = 25°C) 59 20 —_ .
Dropout Voltage Vi-Vo — zZ.0 — Vdc
(Ty = +25°C)
Short Circuit Current Limit (T3 = 4 25°C, V) = 35 V) los - 50 — mA
Average Temperature Coefficient of Outpul Voltage AVo'aT - =02 — mv/~C
{io = 5.0 mA)
Peak Output Current lo 7 700 — mA r
{Ty = 25°C)

MC78M08B,C ELECTRICAL CHARACTERISTICS (V| = 14V, Ig = 350 mA, 0°C < T « 4 126°C, Pp = 5.0 W unless otherwise

noted.)
Characteristic Symbol Min Typ Max Unit

Output Voltage (Ty = +25°C) . Vo 7.7 8.0 8.3 Vvde
Line Regulation Regline — 6.0 50 mVv

Ty = +25°C, 10,5 Vdc % V| = 25 Vde, Ig = 200 mA}
Load Regulation Regigad mv

Ty = +25°C, 5.0 mA < Ig < 500 mA) - 25 160 =

(Ty = +25°C, 5.0 mA < I < 200 mA) - 10 80
Output Voltage Vo 7.6 —_ 8.4 Vde

{10.5 Vdc = Vj & 25 Vde, 5.0 mA = 1g < 200 mA)
{10.5 Vde = Vj = 23 Vdc, 5.0 mA < Ig = 350 mA)

Input Bias Current (T) = +25C) ig — 3.2 6.0 mA
Quiescent Current Change . Alig mA -
(10.5 Vdc = V| = 25 Vdc, Ig = 200 mA} —_ —_ 0.8
(5.0 mA < | = 350 mA) - — 0.5
Qutput Noise Voltage (Tp = 4 25°C, 10 Hz = { < 100 kHz) Vi — 52 — BV
Ripple Rejection {T suffix only) RR ds8
(o = 100 mA, f = 120 Hz, 115V < V| s 21.5 V) 56 - —
{lo = 300 mA, f = 120Hz, 115V s V| € 215V, Ty = 25°C) . 56 . 80 —
Dropout Voltage Vi-Vo — 2.0 - Vdc
(Ty = +25°C)
Short Circuit Current Limit {Ty = +25°C, V) = 35 V) los - 50 —_ \MA
Average Temperature Coefficient of Output Voltage AVE/AT — 20.2 - W
{ig = 5.0 mA) i
Peak Output Current o - 700 = Ima

(Ty = 25°C) .




MC738M00 Series

MC78M12B,C ELECTRICAL CHARACTERISTICS (V] = 19V, Ig = 350 mA, 0°C < Ty < 4 125°C, Pp « 5.0 W unless otherwise

noted.)
Characteristic Symbol Min Typ FMax Unit
Output Voltage (T = +25°C) Vo 1.5 12 12.5 Vde
Line Regulation Realine — 8.0 50 mV
Ty = +25°C, 14.5 Vdc = V) < 30 Vde, lg = 200 mA)
Load Regulation Regioad mv
Ty = +25°%C, 5.0 mA = Ig = 500 mA) — 25 240
{T) = +25°C. 5.0 mA = Ig = 200 mA) - 10 120
Output Voltage Vo 114 — 12,6 Vde
{14.5 Vdc s Vj s 27 Vde, 5.0 mA % Ig = 350 mA) .
Input Bias Current (Tj = +257C) hg i 3.2 6.0 mA
Cuiescent Current Change ahg mA
{14.5 Vdc = V; = 30 Vdc, Ig = 200 mA) - - 0.8
{5.0 mA = g < 350 mA) — - 0.5
Output Noise Voltage (Tp = +25°C, 10 Hz s [ < 100 kHz) Vn — 75 — uv
Ripple Rejection (T, DT and DT-1 suffixes onlyl ., RA dB
lo = 100 mA, f = 120Hz2, 15V & V; s 25 V) 55 - —
{lo = 300 mA. f = 120 Hz, 15V = V; < 25V, Tj = 25°C} 55 80 —
Dropout Voltage V|-Vo — 2.0 — Vdc
(T) = 425°C)
Short Circuit Current Limit (Tj = +25°C, Vy = 35V) ios — 50 — mA
Average Temperature Coefficient of Output Voltage AVQ/aT - =03 - mvC
{io = 5.0 mA} -
Peak Output Current o — 700 — mA
(Ty = 25°C}

MC78M158,C ELECTRICAL CHARACTERISTICS (V| = 23V, 1g = 350 mA, 0°C < Ty < +125°C, P = 5.0 W

unless otherwise

—

noted.)
Characteristic Symbol Min Typ Max Unit
Output Voltage (T) = +25°C) Vo 14.4 15 15.6 Vde
Input Regulation Regline — 10 50 mv
{T) = +26°C, 17.5 Vdc = V| = 30 Vde, g = 200 mA)
Load Regulation Regload mv
Ty = +25°C, 5.0 mA = Ig & 500 mA) S 25 300
{Tg = +25°C, 5.0 mA = lg = 200 mA) - 10 150
Output Voltage Vo 14.25 —_ 16.75 Vdc
(17.5 Vde < V} = 30 Vdc, 5.0 mA s I & 350 mA)
Input Bias Current {Ty = +25°C} i B - 3.2 6.0 mA
Quiescent Current Change . Alig . mA
{12.5 Vde = V| = 30 Vdc, Ip = 200 mA) — — 0.8
(5.0 mA = Ig < 350 mA) . — — 05
_Outpul Noise Vollage {TA = +25°C, 10 Hz < { = 100 kHz) Vn —_ 90 — uv
" Ripple Rejection (T, DT and DT-1 suffixes only) RR dB
flo = 100 mA, f = 120 Hz, 185V = V; = 285 V) 54 b— —
{lg = 300mA, = 120Hz, 185V s V) s 285V, T = 25°C} 54 70 -
Dropout Voltage Vi-Vo — 2.0 — Vvde
(T = +25°C) .
F Short Circuit Current Limit (T = +25°C, Vi 35 V) 10s - 50 - mA
Average Temperature Coefficient of Output Vtmage AVQ/aT —_ +0.3 — mv/C
| __{lg = 5.0 mA)
Peak Output Current - o — 700 -— mA

{Ty = 25°C)




MiC78MI00 Series

MC78M18C ELECTRICAL CHARACTERISTICS Vi = 27V,1g = 350 mA, 0°C < Ty < +125°C, Pp = 5,0 W unles

s otherwise
noted.) .
Chasractaristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 12.3 18 18.7 Vde
Line Regulation Regline — 10 50 mV
(Ty = +25°C, 21 Vdc = V| « 33 Vdc, 10 = 200 mA)
Load Regulation Regload my
{Ty = +25C, 5.0 mA < Ig < 500 mA) ~ 30 360
Ty = +25°C. 6.0 mA < ig s 200 nA) — 10 180
Output Voltage . Vo 171 — 18.9 Vde
{21 Vde < V) < 33 Vdc, 5.0 mA < Ip = 350 mA)
Input Bias Current (Ty = 4 25°C) I —_ 3.2 6.5 mA
Quiescent Current Change Al mA
{21 Vde = V) < 33 Vdc, Ig = 200 mA) —_ —_ 0.8
(5.0 mA = g < 350 mA) — — 0.5
OQutput Noise Voltage (Ta = +25'C, 10 Hz « f = 100 kHz) Vn -— 100 —_ uv
Ripple Rejection (T suffix only) RR dB
(10 = 100 mA, f = 120 Hz, 22V sVis32V) 83 - -
flo = 300 mA, f = 120 Hz, 22V < V; = 32V, TJ = 25°C) 53 70 —_
Dropout Voltage VI-Vo — 2.0 - Vde
(Ty = +25°C)
Short Circuit Current Limit Ty = +25"C, V| = 35 V) los — 50 —_ mA .
Average Temperature Coeflicient of Output Voltage VAT —_ =0.3 —_ mvrC
{lo = 5.0 mA)
Peak Output Current o - 700 — mA
(T) = 25°C) _J

MC78M20C ELECTRICAL CHARACTERISTICS V] =29V,1g

= 350 mA, 0°C < Ty < +125°C, Pp = 5.0 W unless otherwise
noted.)
Characteristic Symbo! Min Typ Max Unit
Output Voltage (T = +25°C) Vo 19.2 20 20.8 Vde
Line Regulation Regjine — 10 50 mV
{Ty = +25°C, 23 Vdc = V| = 35 Vdc, Ig = 200 mAl
Load Regulation Regioad mv
{Ty = +25°C, 5.0 mA < Ig = 500 mA) = 30 400
(TJ = +25°C, 5.0 mA = Ig < 200 mA) * 10 200
Qutput Voltage Vo 19 — 21 Vde
{23 Vdc = V) < 35 Vdc, 5.0 mA = 10 & 350 mA) .
Input Bias Current (Ty = +25°C) hs — 3.2 6.5 mA
Quiescent Current Change Alig mA
(23 Vdc = Vj < 35iVdc, ig = 200 mA) — — 0.8
(5.0 mA = I = 350 mA} - — 0.5
Output Noise Voltage (T = 425°C, 10 Hz < < 100 kHz) Vn —_ 110 — nv
Ripple Rejection {T suffix only) RR dB
{lo = 100 mA, f = 120He, 24V < VI =34V} 52 e -
{lo = 300mA, f = 120 Hz, 24V < Vi34V, T = 25°C) 52 70 -
" Dropout Voltage Vi-Vg — 2.0 — vde
Ty = +25°C)
Short Circuit Current Limit (T) = +25°C, V)= 35V) los — 50 — mA
Average Temperature Coefficient of Qutput Voltage AVQ/AT — =0.5 — mvV<C
(lg £ 5.0 mA) |
Peak Output Current o - 700 — mA
(T = 25°C) -




MC78M00 Series

MC78M24C ELECTRICAL CHARACTERISTICS (V| = 33V, lg = 350 mA, 0°C << T) < 4 125°C, Pp < 5.0 W unless otherwise

noted.)
4 Characteristic Symbol Min Typ Max Unit
Output Voitage (T} = +25°C) Vo 23 24 25 Vde
I Line Regulation Regline — 10 50 mv

(Ty = +26°C, 27 Vde % Vj 5 38 Vdc. Ig = 200 mA)

Load Regulation : Reglgad mv
(Tg = +25°C, 5.0 mA = Ig = 500 mA) - 30 480
{Ty = 425°C, 5.0 mA = ig < 200 mA) — 10 240

Output Voltage Vo 22.8 - 25.2 Vde
(27 Vde = V| = 38 Vdc, 5.0 mA % Ig < 350 mA)

Input Bias Current (Ty = 4 25°C) 11:) —_ 3.2 7.0 mA

Quiescent Currens Change g mA
{27 Vde = V| = 38 Vdc, Ig = 200 mA) - —/ | o8
{5.0 mA s Ig & 350 mA) - - 0.5

Output Noise Voltage {TA = +25°C, 10 Hz = f « 100 kHz) v, - 170 N v

Ripnle Rejection {T suffix only) RR dB
{lg = 100 mA, { = 120 Hz, 28V = V| < 38 V) 50 - b
{lg = 300 mA, f = 120 H2, 28V = V| = 38V, Tj = 25°C) 50 70 —_

Dropout Velage ViVo -— 20 ) - Vde
{Ty = +25°C) J

Short Circuit Current Limit (T = +25°C) los —_ 50 - mA

Average Temperature Coefficient of Output Voltage AVQ'AT — =05 -— mv-~°C
(o = 5.0 mA)

Peak Output Cusrent fe — 700 — mA
{1y = 25°C)

. DEFINITIONS

Line Regulation — The change in output voltage for a
change in the input voltage. The measurement is made
under conditions of low dissipation or by using pulse
techniques such that the average chip temperature is
not significantly affected.

Load Regulation — The change in output voltage for a
change in load current at constant chip temperature,
Maximum Power Dissipation — The maximum total
device dissipation for which the regulator will operate
within specifications. :

Input Bias Current — That part of the input current that
is not delivered tc the load.

Output Noise Voltage -—— The rms ac voltage at the out-
put, with constant joad and no input ripple, measured
over a specified frequency range.

Long Term Stability — Output voltage stability under
accelerated life test conditions with the maximum rated
voltage listed in the devices’ electrical characteristics
and maximum power dissipation.

TYPICAL PERFORMANCE CURVES

FIGURE 1 — WOHRST CASE POWER DISSIPATION
versus AMBIENT TEMPERATURE
- TO-220AB (CASE 221A}

t = ——INRINITE HEAT
@ 50 g = 10°CW g SINK
£ —
s Uy = 20CW =g
§ 20 HS 4 e~ AN
g =t L N HEAT st — S )
210 N \
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£ 50 B . 1
] ] AW
3 NNHAY
021 0)¢ = 5°CW
- POIMAX) = 75W
Ml 1§ N\
5 50 % 100 125, 150

Ta, AMBIENT TEMPERATURE °C)

FIGURE 2 — WORST CASE POWER DISSIPATION
versus AMBIENT TEMPERATURE

(CASE 79)
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