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SWITCHING POWER SUPPLY

Wanchai Meesiri

\ Pradit Watcharapiboon Advisor
™87

Abstract

This thesis is occured from many story including theory
and performance. The story is switching power supply which it
was mentioned that detial in problem‘of regulator and high
efficiency power supply are required.

Theory and calculation of circuits are transformer
ferrite tranformer,. driver, switching transister , control
circuit rectifier and filter. Next this theory and effect of
experiment are more advantange to apply.
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1.5.3 Half Bridze Convertor

' v ' d
waridunlanulooda 10 luds 2 1nw hign power coavertor

L t
'Equﬁm'luiu%' | 2

+0— —
R S
1
VI
‘KQZ
. J:Q‘

X )
131/1 1.7 WM Basic half bridge converter

v v '
4 o

< M -
UHYDANANNINTUN  push - pull

Al

MIT half bridgse converter
v [} '

IOUINAY YBIM0MNIZNINY capacitor 7% charge LHUA vi/2 v
] . L] [ T

vy v . .
lvandly  transistor Tl9n. break _down  vollagenIN11 7283431nN0AT

[

(3



' /Z}~

] ' v v
=
W prlwary 'LN"\EN drive iN 2 ‘Hﬂ Vx'ﬂWDuﬂ push - pulH.;‘m pPrimery

Nﬂﬂﬂ‘)’l'ﬁuﬂ ha,lf bridge iN VLD

«5.4 Full Bridge Converter
v v

. Full Bridge ¥:Ui: naumu half bridge2 g “nw LR

transistor 4 03’ _mu ﬂﬂuiﬂﬂ 1.8
/

‘T®

{‘ﬂﬁ 1.8 Full Bridge Converter Circuit

v i 74
Tu937 Pull bridge 1 9 transistor vaeawwrandy 2

l ] l
#7 Ap Q1 Ny Q2 wig Q3 NU Q4 4992 turn on ’m‘Uﬂuﬁ”*l fTy cycle
'
voltage WLARGuUUAY twonsistor fa vI -nﬂ.uww push - pull 5
v

«
Lﬂuz VI 'N”?T Full Bridge u?:umwmL‘;ianan'mmwnr half
1

(I ]
bridge niqmn'n’llyt:?un‘mmu?\m transistor umuﬁ capacitor

S
} - N \
e
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yui 2

FPerrite Transgforiler

2.1 Ferrite core power transformer

v v : Wy
Tunareanuinlula  power output dqﬂquu L:‘ﬂﬂ'aauqmu
v ] '
\Ang uLuanﬂnmrauﬂ"q (saturation) niamaus o’ Lnﬂfauluunu
. : e w v
(core) malu‘aﬂam (winding) i Fodlunnsd wan o danly

v

VA s %
unuu.a:’"lrm'nq‘l‘nvlﬂm‘m M'nm”lq M %R A IRY] uwum:‘lmnumaﬂ (iron

: %4
core) 'ﬁxlelﬂUV"J 1 IUnwmumu'ﬂw A enf (electromotlve force)

VUANAD mmuaq,?auunu (core) UULTAAIUA rmmu“lmw

e = 10" am | volt
' dt
L
-«
lua
M : number of Turn
. 2 -
AL : cross sectional area of core (cm”)
2
B s the flux density in line per cm
ot : time (second)
v '
DVLTIMTAWI1 g 1y sinusoidal Tty
v
AN °
E = 10 %ws Ay ' Volt .
—— mF
2
‘”ﬁ
tua
E : induced voltage -
w : angulzr frequency
Bm : r’1a.x1.run flux den31ty (line -per cm )
. [}
L119UIMY | trensformer luumfaq,Luummmamﬂﬂ 177
v
v '

Ve 1mwnﬁwmummwujunuv sUT: mm;mnbnﬁmmumamumunu Ulfe
1 b]



. — T
NP IP = “sIs
. IPVP = I Vs
<
Lua '
NP 3 primzry truns

secondary truns

=
w
Y]

primary current

o

Is : secondary curren@

VP : prim:.r,)'r voltage

Va : secoadary voltage

v
a9 . - 12 % - .
wnlunIQUJUAUY  power transformer 2R tanlrzannmun
. v o1 v v ‘
Thudtn (materiel) tlud 1dengurnua s Rl wundneoaunu ot liw
' v -1' v - g v
«} - L % -
wasfiudvurfnaocunuivzaasuansofivznaluiing

(Ferrite core)
L 2 | ]

Y - v » [ ot ¢
Fixed Flux  Density ‘B, N B9 0UUNA W 1Tan I muna) wWd s s susng

paruneter Waz- primcry voltage ‘lﬂu
-8 ‘ .
10 "w Bm'A‘FNP =z VP Volt
' iz '
<
(1)
Bm ¢ meximum flux density  (line per cn12)

. : 4 2
Ag : cross sectional area of ferrite core (cm“)

v '
Tuwmssifvadicey ap sagwasunedniuinue snatimequng

] ]
1 . - -~ -,
mquuﬂ?:nnnﬂmuﬂiﬂu,ﬂ?JMGQﬂBQﬂhﬂdﬂmwqﬂ3unuuu:ﬁﬂa1ﬂmqquuau

t ¥y ' u :l

a"mr"ummﬁ‘na\m'nwmLLuum:ua (Fixed current density) OILIN

v

- aﬂi’ : o 17
LruunIzuavaen il gunlity Ip  Avuu

A J '
cu > I Anmp.,
d 2N = P
\iln P
J : current density
cu : cross sectionel area of cupper

b : number of turn
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v v

01 p, vu sinusoidal  3:pq1

N B = Bms in 't'a
v v

TAUANRNT (1:5) waz (1.6) tpanausl

BmJAFA' cu > P watts,

ZIZXI0° max
1V

) 2 ]
wnn1 B 10U square  wave FzwrludunaT (1.8) an Wauu iy

BmJAFAcu P vatts,

2
——---—-——82)<10 “ max /

} 74
TQTﬂUUﬂﬂuuUTuﬂﬂTﬁﬂqunulWﬂi1imug.UTuﬂﬂTmﬂQMﬂduﬂdV tNDy
v
uauMﬂmew.LDulﬂ Tmm flux density ~ gy  current density
v ] 1 ] ] [] v

a
F naqummm. mama'lmmum'nm flux density  {ngauarofiudu

L L ]
- -

] [}
E -
“lﬂmnmwnaummm SHIWM 3000 line per om? ua:mm:uﬂuul
v

v

11”11ﬂ“ﬂ1ﬂd?ﬂﬂ? Wdtau11lnﬂqﬂﬂmﬂﬂu dlﬂUﬂWUlﬂﬂVﬁﬂuﬁTu? W741u1ﬂ

l L ' !J

Qaqlﬂﬂﬂu?.LGUﬂQHﬁMuﬂﬁMNWWﬂﬂQ ferrite material tWTW‘ﬁ“Uu

v ] ¢ [}

ferrite material Wuﬂmﬁﬁw1d? WWTMWﬂBMﬂ?ﬂﬂQUﬂUMﬂ?ﬂQLuuﬂu

v
Tunrmmuﬂutmﬂrvx (Ferrite core) Inrdy duniglunu

“e

w:1mwmrqrytﬁu‘aﬂquuman (magnetic loss) 910 impedance
v

gaurronvup iy N
2. . = Jst + Ry

4!

LU ‘
Z : impedance
J : index of imaginary part = /-1
Ls s series loss ofinductance
R : series loss of resistance
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s eie
e i
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.
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Im
I Ls £———- 'V = I7Z
[
|
/"ém [
~ |
' "

P—~

IRs Real

l
l
‘{

|
|
L D

]
U 1.1 “An equivalent circuit of the impedance mignetic loss

- )
- iﬂw 1.2 Vector diagram of magnetic loas

v

. 4
LT zRzuuez lnan

Y

tan ém

loss angle
A 2
= /nyN AF
Te

permevility, of dir

D \\\\ .
o~ I:V/Y
4——E)F-

’
/
/
v
L
b

\

Henry <

(Henry per cm2)

permebility of ferrite material

numoer of turn

eifective length of the mzgnetic circuit
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nIUUY
. 2
tan om = WAUNK
B_Ple '
' W Mgl N4
R = * F N
P le tanom
2 .
J',Bm .=mBmAfleﬂ . -tan bm vatt,
Mo A
L
-
$10]
P : core loss

n

] .
- - 1 4
'lunm'uaq cupper loss UUAT ohmic loss gruTouny

Vv ]

\1?‘!?\‘}11Wl’:]lJ‘Zl"tNﬁi'nJMU’HLu}mT:LLﬂ (current density 3 J), .

vi

resis’civityf) WAzl THART2RINAIUAY J 4 (cmz) 11y lnan

7
Fl XSS Y
=1 v v v

£ 2
«f ¢
Y:W1187 pn iz Wyt uaunasaedle  high fre: uency

t ' v

} 74
ferrite transformer  dd3anasudnsnalul vzusaulnag

£

A
. /b
. P C 4 ' f a -»
. d
2 8 — P ‘
v 1 v
< - 2
MUMWUANNTAIUNUY  ferrite § LA, = ab (em™)
total area of the window ; - A, = cd (cm2)
v v v * '

4 o r . - ' -~ Y v
llﬂl’lll'ﬂﬂu'?ﬂﬂ'ﬂﬁx]‘v’l’dx}llﬂ\lflﬂ’lﬂf:lJ”lUl AW muvu Ty lﬂ

2
Acu = cd ( cm )

’ LA Ld
Py a 1 . . 2
UTurnTsaquny u.‘arlm S - Lob, (on?)

L. & 2 (c+d+2a) . (cmz)
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LuD
’ AF : cross sectionsl area of ferrite core
= L _A (cm?)
cu eucu
[} ~
P
HB
Lcu T cupper wire' length )
cu = 2 T (22 + ¢) (ca™)
; « . » bd dv
wazlunsfgay  trensfomer loss ¥ perameter §a117 sl

- v

awauananﬁ:nﬂ?uﬂvlunwraanuuumszWﬂﬂmuﬁﬂnaqnuauu
(transformer s:.ze) A REE u‘aummnmthﬁﬂﬂﬂ unumtm"lr

IWTERZUNANAIT (1.9) mmmmuu‘luﬂﬁ il

'(“’Bm‘mde > Pmax watt,
e AR
2 X 10 ¢/
Wae
2up” (e +d +2a)ab tanbm = P, vatt,
Mo10"CiL
uas '
2 .
2R (c+d+ 2 )ab tandn <\V'ig watt,
16 .
J Mo10" M -
\ia . |
oo :  maximum power require
JPm ;. core loss
Pgm : a guarantee core loss
- L L 4
Juuy
P N = gfu cd ﬂ (2a +o ) .. vatt,

v v '

1 ]
pe
Tnofl p ulmTunﬁfaanuuu aqv ﬂaquﬂwﬂqnawnrmmaq
guarantee design case

2
%fJ cd pgh watt,
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P : guarantee copper loss
'

ﬂﬁMﬁﬂﬂQnﬂTﬂﬂnMUULHﬂ?.1HWUWﬂﬂaquﬂu (core size) Uuz

aIhuaving (cupper size) ﬂ‘auﬂmnnmdﬂ‘lﬂuutrﬂ‘n weighting

g 4

factor tﬂuﬂvuVﬂﬂmm1twa1u luluiunfumaqulnaruuu geometric
' t
programaing Tﬂuuﬂwmﬁq K, Waz 72 Lﬂutaﬂuanua:ﬁﬂwnﬂnnuwuiq

ﬁdUﬁT?MﬁﬂdﬁﬁluaﬂultﬁLﬂuuumu1ﬂLﬁu

optimize 2 ‘= Klvcu + nZVF

Wairavriyan

W B_Jabed i
m . > RN watt,
2 X 10
v ‘v
Awyazlagg :
0, L .
2WB ' (2a+d +, c ) ab 'tanb’m LCPhA - watt,
M Mo '
2}5‘1,205. (2a +¢ )1 < By watt,
' \
-
tL3
K,I & K2 © = welghting factor

1ﬂUMLrwrmn

By W o, I , tanOm, Mo oand e

v v ¢
2.2 nareenuuuvuaulasunu tdaslsn (Ferrite Transformer Design)

@
N

-



llodel Aw(cmz) Ae(cmz) P(va) po(w)
“BL 22 0.72 0.42 31 5
ET 30 1,44 1.11 161 20~ 30
EL 40 "4.10 1.48 463 40~ 60
EL 50 4.78 2.30 1110 100150 .

AITIUAADNGUIALAY  power WY UNUUAREZ lLiodel

' ¢ ¢ ¢

. y <
2.2.1 ﬁﬁﬂUWQHﬂTﬁﬁUﬁmua:ﬂanuUUMTﬁuﬂﬂTLuﬂTuﬂuLﬂaiqim

t J v Al t

- af i % v - ’ -~
Aaul 1 aanwvuvuaudasuny et liulaglansaudd tnas 2 dane

ANHM:z  push - pull AYINGT
Vin = 12 VD¢
(I ] v
S0 A -
£ = 20%H, (rauditlalunarwaiugaansqu—-
T - ~
B = 1500 Gauss TadAnaT)
i 1
.Vou’c‘ = 5V (Fulx Density) ‘édﬁﬂﬁ 70% 184
(peak) " 5
I Ou—t =3 0.1 .A(peak) Fulx Denslty ﬂﬂu lflﬂﬂ'lf

(saturation)




L, 4 =4 . )
AMNUIUNITAWUINULAZDBN

23

Wiy

e etV
1o W1 podel  BBeUnu R Lrwifly

Po

P
v Q

Touny Er-22°

=B TI .
o 0

i

5%0,1
6.5 W,

Faila By =5 Ys flquan.

Ae = 0.42 cm
A = 0.72 cmal
W d' c v
2. MITWIUTBUTBIAIANDIWAITEN  primary  LH3In
v = 2~ oA Py 10 C
' in T L ] . ‘0 e" pC
(ila
V., = Voltage DC .
in A
4! | 3 v
-2 2 A0 g 1
1
‘B o, M1 flux Density
' . QPN o e
he = uilvuadnaesunuidasl
' v
‘Np o= TWIUTBYNIIAY
t
Waunadag
8 8
N = V.. 10 = 12 x 10
. i - 4
P T T, B. Xe 4% 20X TU7 X 15000, 42
. ‘ y - / i
20 primary  3:n2dWU 24 Tay
s 1

¥
3. WITIUIUTIUTDIAIANBIUAIAIA Secondary Ta3an
1N = no.v =24 X 5
8 »—Eirin 12
D
N = 10 Tau
S v

9N secondary

[} v
L. MA2UINTBIAIAY.E LA 9 Tﬂquwnﬂwrﬂqtua
1

y:AddVit 10 Jau
4

TAa1ARY JUINP D

v
-} v .
NTZUWANSINIUIAUY # gausTouuln
v

ABINITINT g

v v

o TR -
AUNBUan

Cut put oO.14L

[] 14 []
“y
tan AT LBanl g aqa i
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' Dy =D, = 0.23 ¢4 (mm)

Tadwrronunizualn 0,106 A
- udv ’
MINNATAUAEL T Yzd T Al

Np = 24 19y |

N = 10 Tay
S «
DP = DS = 0.23 ﬂ( (mm)
0.23¢qu 0.23¢x )
TY P 02—
o—.._._'_.._
0,23¢ x } 0.23¢x
nr—> S wr-3
[ 5 ©

] 1
<t

& ' A ¢
MUY 2 39014977 DONUUUNTAURDT LUATURULaT L )

S

=

.
&
8
<

E .c %* 15V, 334
0
xE;_

= DC 100 V.

T, D.' L,

in ]
£ = 20 ¥4
- 2
B = 1500 Gauass
Vo = 157, |

To -, = .B.SA.
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-~
AY

: . ¢ rd'-"’
1. W1 Model faqupuiWarlsuia:ly

PQ - EO . IO

15%3,3 ‘
49.5 .
(3anlauny ET - 40

t
4 o

FINAUIN A,

-
N

2

1.48 cm

A = cm2
W - 3.]0

. ' ¥
2. WvuuTsurataravasuneilen primary  lap3an

: 8

= . * . . ., 0
Vin 4o £oBe A o N w1

: . 8
Np ° = Vin . ‘108 = 100,410
4, £. B, Ae 4X20X 10"k 1500 x1.48
Np = 56..3 19U °
v { =] Y
Np 56 d Tay
90 primary 2:n03%U 56 Tay
= " v '
3. W1 Voltage #W9IN secondary (V) VABIYLBIAN B

1 ? L 7 v
Voltage WANRIONGA ~rectifier  uaz filter yapay v:lpan

»

V.-+I o+ r + line (drop) = 1.87,
£ (o] L‘
v =V, . L  =1.8(0C =1/2 80%)
o s T75
]
UWrUmn
15 = Vs ) g__Q - 1.8
\'s = 21V,
8

v

4o WMITWAUTAUYDIAIANEIUAINAI AL

N = N .V, = 56X21 = ‘11,76
S .E_v_-si 100
p
'Ns = 12 T3y

v

VINBITUAINUAIEA  secondary WAL 12 Tau
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[ B

5. m'nu'm‘aﬂvnwa\:ummq‘nﬂ prlmary (D) nauduABINTAY

'

NTZUWAVINTA  primary nau 972 m”lﬂ'-rm

IE\I (av) = VO . IO
¥y o2 '
Tmi(av) T00 x 0.9 .
[ ‘y - v .
wanvanarriesandenly D, = 0.550 ¢ (mn)

v

1]
6. WIIUINTBIRINUAIUAINIIAIUIN  secondary (D )] Tnuftira

v J v &

IM I =3.34 Lﬁaqwnmrwmﬂmaqum LI v2AR N bradnguan

D =3 1-44¢ (mm)
8 v
malfn D, = 0.55 (mm)x3 Ll
b 24 L 74
Mnmm*nnm a1 {nfad 2
unu Liat lsy EI = 40
P
D = Gg.55
5 (mm)
N = 12 19y
S
D ARSI 2 wie 0.55 (mm) x 3

: . 0.55¢x3
. 1272

g 0.55¢x3

- 0.55¢x1 ( 1252
59—~ %
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4

P ‘,
1BUIINM 3 31N99T BONUUUNTIULGDT LNDT
DCie v T D, L

E ’ ’ +* . -
D, Ci 5VI0A .

~

' ]
DC 95 V (Anh 95%)

<
t

™ _
£ =) 20 KHZ .
B = 1500 Causs
7 V = = 5 V
(o]
eyl
o ~ IO (A s A
1. LABNTUANTBIUNU LYET ] TWI1n
I',O =3 Eo 'Y IO
=~ 5x10
= 50y

v ' 1

v ' v
Tounusu gz 40 Fea1un1010 Power 1n 40-60 u

A’ 1.48 (cm2)
A 3.10 (cmz)
W v
2. WI3MUIUTBUYANEA  primery (N ) lA9n.
p

-8
P . A . . 0
VIn‘. = 40 fo B. ﬁ-e Np 1
N = Vin-‘lde = 99 )(198
P 1. f. B. A IX20=10° X 1500 % 1..48
N = 53 .4 TBY
D . ' '

TN primery V:ABIWU 53 TOU
L] ' ] '

P
5. WA voltage WIN secondary NBUTIUIUINYT rectifier

(] v
las filter voltage WanaTaunae rectifier Waz filter 1ma91n
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i = 1. V.
V’p + Io . T+ lme(drop) 5

wint v,
v
V. = V.. L 1.5 (x TMW[ﬂ?ﬂnViN/g )
° ¥
5 == V ] _2_9_ - 1‘5
: 8 25
Ys 2.

Lo MITWIUTBUNINDA secondary

N = N .V
S 2 - 8
P
N = X16.2 = 9.066 Tay-
g

1N gecondary AT 9 Toy
v

] ! v !

5. WIUINTDITAAIANIIAY Primery . paudunaiun Ini(ay) MU

0 Sy
Imi(av) Jp TR o
Vo
il = 0.585 A.
23 oY
[ ] v, . 1 4 4 -
- -4
anna T atanadung Lanl garnauan D = 0.550 ¢ (mm)
v v [} v

6. MITUINEGIANAIUAININAIY  secondary '1ﬂwwnﬁtfqimwnr:uﬂ

out put =104 . g,
Lﬁaqﬂqrwqaqﬁ vzaa9laainauan

D
8

2.3¢ (mm) wla

0.5 (mmyx12 tdu qururiiuwazwily

v

YIauNy

* ‘i v uv:
Mnnarauaua Ty A

v

lounu  EI - 40

{ = T

Ip 53 U

Dp = 0.550

Ny .= 9 78U
) = ‘2,5(mm) H?ﬁ'O.S (mm)x12 (duy

8
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0.5 12 v

[ QSSex 1, \
92—

532 — .

2.5 80T Transformer

<

' et v
lﬂuvTﬂUa‘ummﬁ'lmn“u ‘driver . 984 pulse transformer
1] L] v

NTAANAY  Impedence ddiullousyny vacwum  (dyyanas) AU v:nag
v

‘¥ '

V L3

iy wAluil equivalent capacitance . yay man equivalent
capacitanée TI4709 adjacent capacitance terminal capacitance
(TU 1-’+) ’ layer capacitance (J;'U 1.5) Uasr  capacitance

14
Tz u')wt’iumamwummmqmu primary .Was Secondary

[« 30

: gty re=Q 0 - - -
E Gt T C':E-o © O -ecu--
;‘ ::;:q ‘
| . g
L commm
: i RIREE o
! 2 0 0 0 ---eeeen
o , : ' Ci: BETR
O—— . , 3
\.
“l ' dv '
i;lJ"ﬂ, o Llﬁﬂ\m'l capacitance . J;lJW 1.5 WiAIMY capacitance
l L
v
Vllﬂﬂ‘lluf'%')'l\]'ﬂﬂ'1'3ﬂ T INgU

¢ [] v ]
awm I“U pulse transformer uu lﬁ‘ﬂ\l ’7'1 nna Ty tdualnlLnas5ay
t

Lﬂu’fuﬂﬂmymn (uazveluwina il dnus Tumﬂﬂqnmmm n *nu) A"

t 1 V 1 L]

equivalent capacitance &2uluy & auaunum capacitance  T:u14

?
97 primary  NUA secondary m capacitance TIUIN
v ] ' 1

- < s
primary Nl secondary ULlTHNYY  capacitance T2 Lduan
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-~
A

~

R ) T '
Tudilae manaﬁanq capacitance uqﬁv%ﬁﬂiﬁuuaﬁh
[} [ i1
adjacent capacitance (Cp) lABQ31ﬂ11MUﬂEHUﬂUﬂUWQ
[ (Y /
q

aunru 'V\INU.‘VI’ﬂ'MHﬁ’\ mumunaunumuwrau W ‘.mwau muu ﬂTP.s
v

t 4

v
Y]
U

109 pulse transformer 3 ﬁﬂwuauuwnvu 1ﬁuﬁrnWﬂA41ul
. d' v ‘ﬂ « < e
Terminal capacitance (Ct) HATUBUNAN Lud WU Ty tnuuny
] N} v (I ] (]

A7 capacitance r'm'wt’iuﬂ‘m WM  capacitance . 71:¢%714

] v

layer (cy) ifRuan tuauuauu qulﬂrqarwquuuwunauluMw ATl 1.6
- [} o : " v v v [ ]
ludruarodaiela  aoll n1u1n1uunwrwundUTUu1uqu d1U1 TOARAN c,
} 74 } 74 e
- N ¥ -

Ay lﬂ LATACUIUY  equivalent capacitance "7‘\1 AN LRV UARI

] v ]

capacitance TV LAURINT 2 UIINLA  primary IR éecondary

[ od

ﬂ4£u 1.7

.-----.."--.-

q.

' ] 1 ] ] [] v
10 1.6 udanen cl e TR 1.7 wanemn Cpg T LANTU
¥, ¥ L
-~ 4 . - - é -~
au s vnna rfun i lunduua T3WI49A primary AUYA secondary
» 4| . e ¢
NNy (driver 184 transformer Wukrutd tras ma

] v 1
w3 - . [y
x.mpedance v 7" fﬂTVl'ﬂ»M lea.k -inductance llﬂ'lu'aU'v:Hjuﬁ\J‘c‘j']f'\lg
" v

mnnm n"TWﬂ“ equivalent capacitance NATuay

v

Plﬂ leak induc:’cance\ WindAIY  equivalent ‘circuit
v
Tafary 1.8
v



- ' N : < .
(a) Basic Circuit (v} .equivalent Circuit WnInA7
. 1

v v,
wWave (a) Twiduniu primecy

v ] [} ]

< - .
Leak Inductance L1  0AWINHMY 1AL 0 vz idunasd an
v

174
< . - = — e
leak  Inductance Ll flRzvln i back swing LU LAY RLRTY

“ v
equivalent capacitance C {'Uﬂﬂu spike 784 T”U 1.9,1.10 uu

I.ﬁﬂ N leak irnductance

. [
v (b) '_!]rm—[r’—l_lf—_

.

ce




v ' v ] '

4 o
ﬁ'uutaq leak J.nductance Ll '?:Hju 0 DIUTAY LU UTIUN LManm

v

! ‘- . . . arn g
inhIINAIUY prlmary chlﬂ’A secondary- 100% ufﬂ.ummgumtm

] v J J

) . -
20 LHRuaAnaTY q,aqu1uawnﬂ1n WANNT coupling 1 100% d7ufl

t 4 T v t v " . 1
wivluez lu tauusaieanlu yuraiteanlufluueean tunanlug 4
v

v
1n 2 wan il

L e |} ' '

(1) \EUUTIRUAUTRIINNTEMINNINGIN  primazy 1

] v T

v ' "
secondary  Wa2 lULTauABALYINAIN  secondary  WATSUAUNALLAUWAY
v ‘ . N

203N ulay ' .
: v .‘vv t ] ] o
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C4 .
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Cl4
C15
C16
C17
Q1

Q2Ll.-

Q3
Q4
Q5
Q6
QT
IC1

c
Tu

2.2 K
33 K
56 K
10 K
22 X
3.3K
1K
15 K
2.2 K
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100 PF
0.0068
10/16
Refo ¢
100/25
g0\ 15
0.022
10/100
10/100
33/100
47/10
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0.1
1000/35
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2SA564
2501684
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25C1684
2501684
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PC339
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. FAIRCHILD ¢ uA139/239/339 « uA139A/239A/339A ¢ uA2901 ¢ uA3302

APPLICATION HINTS )

The uA139 series are high-gain, wide-bandwidth devices which, like most comparators, can easily
oscillate if the output jead is inadvertently allowed {o capacitively couple to the inpuls via
stray capacitance. This shows up only during the output voltags transition intervals as the compar-
ator changes states. Power supply bypassing Is nol required to solve this probiem. Standard PC

' board layout Is helplul as it reduces stray input-output coupling. Reducing the input resistors to
< 10 k{lreduces the feedback signal levels and finally, adding even a small amount {1.010 10 mV) of

} positive feedback (hysteresis)causes such arapid lransition that oscillations due to stray feedback
' are not possibie. Simply socketing the IC and atlaching resistors 1o the pins will cause
' Input-output oscillations duripg the small transition intervals unless hysteresis Is used. If the
input signal is a pulse waveform, with relatively fast rise and fall times, hysteresis is not required.

.

{ [
All pins of any unused comparators shouid be grounded. ,
i
1 .
The bias network of the pA139 series establishes a drain current which is independent of the mag-
nitude of the power supply voltage over the range of from 2 V'to 30 V.

1
It is usually unnecessary to use a bypass.capacitor across the power supply line.
~

The differential input voltage may be larger than V+ without damaging the device. Proleclion \
should be provided lo prevent the input voltages from going hegative more than -0.3 V (at 25°C;.
. An input clamp diode can be usod as shown in thg applications section.

The output of the 'uA139 series Is the uncommitted collector of a grounded-emitter npn oulput
transistor. Many collectors can be tied together to provide an output ORing function. An output
puli-up resistor can be connecled to any avallable power supply voltage within the permitted
supply voltage rangs and there Is no restriction on this voitage due 1o the magnitude ol the voltage
which is applied to the V+ terminal of the uA139 package. The outpul can also be used asa simptle
SPST swilch o ground {when a pull-up resistor is not used). The amount of current which the out-
put device can sink is limited by the drive available (which is independent of V*) and the fj of this
device. When the maximum current limit is reached (approximately 16 mA), the output transistor
will come out of saturation and the outpul voltage will nse very rapidly. The output saturation
voitage is limitqed by the approximately 60 (1 saturation resistance of the output transistor. The

¢ low offset voltage of the output transistor (1 MV} allows the output o clamp essentially to ground

i level for small load currents. '
t

. . TYPICAL APPLICATIONS (V+ =15 V)

' ' AND GATE [ ONE-SHOT MULTIVIBRATOR
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FAIRCHILD ¢ 4A139/239/339 ¢ uA139A/239A/339A ¢ 1A2901 e nA3302

t s -
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SUPPLY CURRENT

TYPICAL PERFORMANCE CHARACTERISTICS v
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FAIRCHILD e 4A139/239/339 ¢ A139A/239A/339A ¢ nA2901 ® uA3302

£2

ABSOLUTE MAXIMUM RATINGS

!
’
1
'

' uA139/uA239/uA339

HA139A/uA239A/uAII0A #A3302 '
! #A2901
1
* Supply Voltage, V+ 1 , 36Vor18V 28Vorti4v
Ditferential Inpul Voltage " KAV ! 28V
Input Voltage Range ~0.3 Vto +36 V ~0.3 Vio +28 V
Power Dissipation {Note 1) .
9A, BA / W : 1w
Output Short-Circuit to Gnd, (Note 2) Continuous Continuous
Input Current (Vin < -0.3 V), (Note 3) 50 mA 50 mA
Operating Temperature Range ,
uA339, uA33GA: 1, . 0°C to +70°C ) ,
nA239, pA239A, C ; -25°C to +85°C 't , .
#A139, uA139A" . P ~55°C to +125°C r—t .
uA2901, uA3302 . ! -40°C to +85°C ] \
Storage Temperalure Range -685°C to +150°C -65°C to +150°C
Pin Temperature {Soldering,
10 seconds) 'l : 300°C | 300°C
[ A A {
MOTES. ‘ Laat, .

4 Foe opgrating st high tlemperatures, Ihe uA339/uA338A, ,A2901 nA3302 must be derated based on a 125° C maximum junction temperature and a thermal

4 sessstance of 125°C/W which applies for the device soldered in & peinted circuit board, operating in & still #1¢ ambient. The #A139 and xA139A)
i amatbe deraled based on a 150° C maximum junciion lemperatura. The low bias dissipation and the “ON-OFF" chasacleristic of the outpuls keeps ihe -

t o gasipation very email «Pp S 100 mW,, provided the oulput iransistors are allowed 10 saturate.

3 $ron cucuits from the output lo V' can cause ve ing and ey | gesiruction. The maximum output currant Is approximately 20 A inde-

+ pendent of the magnilude of Y, ' .

3 Tha nput current will only exist when the voliage at eny of the inpul leads ia driven nagative. It is dua 10 the collector-base junction of the inpul PNP

) wahamiors beconing lorwara biased and thereby acling as Input diode clamps. in addition tiode action, there is also lateral NPN parasitic transistor

! acaom on ine IC chup. This transistor action can cause the outpul vollagas of Ihe comparators 10 9o 10 the V+ voltage level (or 0 ground lor alarge over-

) @sve.los ihe ums duralion thaj an inpul s driven nagative. This is not destructive and normal output states will reestablish when the Input voltage, which
aegeins, again calurns 10 a value greater than -0.3 V.

4 These specilications apply for Ve = 5.0V and -55°C S Ta s +125°C, unless otherwlise staled With the A29/,:A239A, sl p pecifi ns
e bautsd 10 -25°C S TA S 185°C, the uA339/4A339A temp pecii are limiled 10 0°C < TA £ +70°C, and the 4A2801, uA3302 temperature

' sangeis -40°C § Ta s t85°C.

8 The diraciion of 1he input current is out of the IC due to the PNP input stage. This cutrent is lally constant, independent of the state of the outpul so
no -.ading change exists on the relarence or Input tines.

8 Yhe input common-mode voltage os eithar inpul signal voitage should not be allowed to go negative by more than {).3 V. The upper end of the common-

, mode volalge range Is V* -1.5 V, but either or both inputs can go 10 +30 V withoul damage. .

T The tesponse uma spectired is 1or a 100 iV input step with 5 mV overdrive. For targer oveldriv) signals 300 ns can be obtained; ses typical perlormance
Characiensiics sechion.

§ Postive excursions of input vollage ‘may exceed the powsr supply level. As iong as 1he other voltage r ins within the -mode rangea, com-
paratar wilt provide & propers oulpul slate, qu low inpul voliage stale must nol ba less than -0.3 V or 0.3 V below Ihe magnitude of the negative power
supply. i used. | ’

$ A outpul swilch point, Vo = 1.4 V, Rs = 0{1 with V* lrom 5 V; and aver ths full input common-mode range 0 Vio V* 1.5 V),

% fornput signals tha| axceed Vce, only the overdriven comparator is alfected. With a § Y supply, Viy shouid be linited 10 25V max, and a hmiting resistor
810uld De u3ea Gn all lAputs thay mignt exceed ihe positive supply,

,
' '

i . . . ,

' .
f . o '
1 ' : :

.
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\ uA139/239/339 » 1A139A/239A/339A
o i uA2901 e uA3302

I
]

' |
‘ LOW-POWER, LOW OFFSET VOLTAGE QUAD COMPARATORS

FAIRCHILD LINEAR INTEGRATED CIRCUITS . ,

"1‘I

GENERAL DESCRIPTION — The pA'139 serlesf consists of four independent precislon
jollage comparators designed specitically ta operate from a single power supply.
Dperation trom split power supplies is also possible and the low power supply current
drain is independent ol the supply voltage range. Darlington connected PNP input

lage allows the inpul common-mode vollage to |nclude ground.

A

|
|

!
!
i
!
|

* SINGLE SUPPLY OPERATION — +2.0 V TO %38 V

|

]
W4

L

]

e DUAL SUPPLY OPERATION —-1.0V TO 18V

¢ ALLOW COMPARISON OF VOLTAGES NEAR GROUND POTENTIAL

¢ LOW CURRENT DRAIN — 800 uA TYP

» COMPATIBLE WITH ALL FORMS OF LOGIC
¢ LOW INPUT BIAS CURRENT —25 nA TYP
¢ LOW INPUT OFFSET CURRENT ~— 1§ nA- TYP

¢ LOW OFFSET VOLTAGE —~ 2 mV
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SCHEMATIC DIAGRAM
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CONNECTION DIAGRAM

4-PIN DIP | ,
1

PACKAGE OUTLINES 6A 8A
PACKAGE CODES D P
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|
ORDER INFORMATION

#A3202 #A3302PC
.o : i

. TYPE ' PART NO.
#A139A ‘uA139ADM
uA139 'uA139D0M
pnA239A uA239ADC
pnA239A |uA239APC
p#A239 #A239DC
pnA239 _wA239PC
uAJI0A "uA339ADC

,  pAJ3%A 'uA33I9APC

. HA33I9 #AJ3IBDC

t uA3I9 nA339PC

. #A2901 1A2901DC

! uA2801 #A2901PC

| nA3I02 #A3302D0C

i
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