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ABSTRACT

This paper presents a desien method for a constant frequencv
(50 H;) 1inverter using power MOSFETs as power switching device.
The main advantages of using power MOSFET are verv high switching speed
and simplicity of switching control circuit.This inverter has small size
and light weight becuse of transfering at high frequency and using PWM

-

method.The prototype circuit has output power rating about 300 VA
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N /N, = [(¥ /12-V YV, V)]

in(min) CECunanbt)

t w3/ (T72)1 cesee(4.34)
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N, = [(V /2 -V 't /B .A_1¥10"

| An{min) CE(mud) ONC(max) (max)

ceee.(4.35)
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unuiWaTlis (Ferrite Core)
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B(-, CORE TYPE  Ag(em® ) Beytmm)  H(mm) 0, ()

,' LRS5O 0.17 6.7 2.1 .29

E R13LEIS7 0.33 9.3 3.2 36.32

~~~~~ E R13E343 0.36 10.0 3.2 47.50

] £ 812£250 0.58 10.1 4.9 55.12

[_@W.W%j ) E 782E272 0.80 173 47 55.88
TTTT T :{{]n ]?: E 375 1.05 16.5 6.6 73.41
E 21 1.14 17.9 6.0 86.36

E 783E608 1.78 26.3 7.1 92.96

EE Bobbin E 348E772 1.81 263 - 7.1 99.06

E 625 1.32 212 . 64 94.9

ESS 2.80 33.1 8.6 113.03

Bex E7S 2.42 26.2 8.1 119.38

B E CORE TYPE  Ay(em®)  Bedmm)  H(mm)  (, (mm)
crff
g ryh EC 35 0.97 21.5 4.8 50.04
EC 41 1.35 24.5 5.8 59.94
S 2 po o T EC 52 2.13 28.3 7.7 72.90
HHHHHH EC 70 4.77 41.5 1.7 95.0
EC Bobbin

CORE TYPE  Aw(em?) Bemm) Hcp(mm) €, (mm)
ETD 34 1.23 21.0 6.0 59.94
ETD 39 1.74 25.6 6.9 68.58
ETD 44 2.13 29.6 7.3 76.2
ETD 49 2.71 32.8 8.4 85.09

A, = hufidaswuaain

By = AMEMIUNURTLIAAIA TR

Hey = 3THS9MAAIINGIUDIUARIA
ETD “ v

Bobbin

AN URALIDIAIANDIUAINIWHHUNLNURD NSO

o -
ETP

<4 w 'Y
Iﬂﬂ 5.2 UHAYAIBAINUALAUIANIATS IUTAVUALUY

- 'S ’4
gmTuunuivaTiTeuyy EE,EC uas ETD
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alAnasuAvauynan  ( Enamelled Copper Wire)
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-

CORETYPE A, (m?) A, (cm®) V,(cm’) ¢, (mm)
SR I
ETD 34 0.971] 1.220 7.64 78.6
ETD 39 1.250 1.740 11.50 92.2
ETD 44 1.740 2.130 . 18.00 103.0
L —_— ——— ETD 49 2.110 2710 24.20 114.0
ETD
CORE TYPE A (em?) A, (em?) V, (em?) ¢, (mm)
EE 20/20/5 0.3 0.35 1.34 41.0
] L 30/30/7 0.59 0.78 4.00 66.9
I EE 42/42/15 1.82 1.78 17.6 97.0
. ELE 42742720 2.36 1.78 - 23.1 97.4
EL 42/54/720 2.36 2.40 28.8 122.0
“IEE 42/66/20 " 2.36 3.40 34.5 143.0
’:l EE 55/55/21 .54 2.50 43.7 123.0
EE 55/585/25 4.20 2.50 52.0 123.0
EE EL 65/66/27 5.32 . 3.93 78.2 147.0
CORE TYPE A (em) A, (cm’) V. (cm') £, (mm)
— El 19 0.249 0.517. 0.950 9.6
El 22/19 0.41 0.44 1.630 9.3
El 25/19 0.42 0.819 2.02 48,6
’ El 28/20 0.85 0.725 4.1 48.4
El 30/26 1.1 0.791 6.45 58.t
,El 35729 1.21 1.36 8.18 67.6
:'. El 40/35 . 1.48 1.08 11.3 76.9
- - El 50/42 2.30 1.7 21.8 94.8
EI El 60744 2.48 2.94 27.2 109.7
¥ d v o L, 4
A, = swerunmIeeunuLdaTiIe
A, = AUIRWUNERINUTRRIATRIUALLIY
- I's I's
v, = dsniasuasuauivatiise
- [ & I's &
c Jeasn11tandantuInanTuunuLWasTiTa

o 1 &, &
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Core Loss ~ Jore 3
_OSS (n) 3C8 Core 1oss
(mW/em') 100 KHz (mW/cm?) () 3C6A 100 KHz
1000 = =g 50 KHz =) R
3 =S N =S s 1000 H RS0 KHz
100° NIET ] 100° . o Ay munit]
.{3’8'\’ FA720 Kilz .g"“vg’ 77 HHA
Sl 7 ll(l)Kla" SASHY 7 /Zgﬁ?ﬁzi
R z
100 A 100 / AL / //'Q.K.f‘.l
7 e P
7 y 77 it / /II/I {‘ i
2 KHz 5 1
/ A ‘]l/llll:l /14 Y1/ /[ / 12%'7'
7 / // Tt / / / 11
10 I KHz - 10 My - /Cl KHz
Fawar A7 HE e
‘ I]l ) LU S 4 Ill ré ! 17’ II ’ill]
’ //, A [/ / (Nl /
1 )7 / /' y 1 / 7
1 ‘1000 3000 § " 100 71000 3000
B (Gauss) B (Gauss)

o ) . £ X -
zﬂn 5.6 udaqaﬁnﬁngt§a1uunutia§1wanae1uadwvﬁua 3C8(n)
4
uas 3C6A(H) (nNU1 = Ferroxcube)
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4
zﬂn 5.7 ()

B (Gauss)
4000
__&mm%uUMgﬂ_______um__;___;"mn____ﬁ
™~ §\\
3000 ‘\\\\\\\\\\\ ‘\\\\\\\\
= R
2000 < ;
L~ PUSH-PULL. :}>N<::§>~<<:_____?>\<__-__._”-__
0 \\ \\ \\\
. \\ \\ ™ !
\\\\\\\\\ L.
\ R
\\ \\ \ )
1000 . - < < :
900 .= FORWARD = |—— — — — s g S \
800 - N
4
700
6()0 1
500
400
{
300 -
10 15 20 30 40 50 60 70 80 90 100

AMUG f (kHz)

& £ -
suIKRuUAuLYATIIR = (1) UU 15/22/8, E 20/5
(2) UU 20/32/7, EE 25/7, EE 30/30/7

(3) UU 25/40/13/(4) UV 30715716
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B(Gauss)

"
zﬂn 5.7 (M)

4000

L — Saturation. Limit =
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A1TINN 5.1 UFQITUIRNTIATSIU AWG ua:zna:'mau ‘1 1BIRIANEIUANAIIUIAN

wed PATLLIE STHETS suamduiu Fuiiwiadn AMMURIY TRIRTINY
AWG Autnang (d) guu’nnmﬁn AUn@ ¥u# 100°C inn'qqn
(B.&S.) - 830124 (dy) (Rqo) (i)
fnch mm mm mm? Q/m . mm
44 0,00198 0,0503 0,06604 0,00199 11,180 0,071
43 0,00222 0,0564 0,07366 0,00250 8,899 0.079
4 0,00249 0,0633 0,08128 0.00314 7,073 0,087
41 0,00280 0,0711 0,09144 0,00397 5,594 0,098
40 0,00314 0.0798 0,1041 0.00500 4,448 . 0,111
39 0,00353 "0,0897 0,1143 0,00631 3,519 0,122
"38 0,00397 0,1008 0,1295 0,00799 2,783 0,138
37 0,00445 0.1130 0,1448 0,01003 2,215 0,154
6 0.00500 0.1270 0.1626 0.0127 1,754 0.172
35 0.0056 0,1422 0.1778 0,0159 1,398 0,188
34 0.0063 0.1600 0.1981 0,0201 1,105 0.209
3 0.0071 0.1803 0,2235 0.0255 0.8700 0,236
a 0,0080 0,2032 0,2489 - 0,0324 0.6853 0,261
31 0,0089 0,2261 0,2743 0,0401 0,5537 0,287
30 0,0100 0,2540 0,3048 0,0507 0,4386 0,319
29 0.0113 0,2870 0,3404 0,0647 0,3435 0,356
28 0,0126 0,3200 0,3759 0,0804 0,2762 0,393
27 0.0142 0,3607 0.4191 0,1022 02175 0,438
26 0.0159 0,4039 0,4699 0,128 0,1735 0.491
28 0,0179 0,4547 0,5232 0,162 0,1369 0,547
24 0,0201 0,5105 0,5817 0,205 0,10860 0,608
23 0,0226 0,5740 0,6502 0,259 0,08586 0,679
22 0,0253 0,6426 0,7214 0,324 0,06852 0,754
21 0,0285 0,7239 0,8052 0,412 0,05399 0,841
20 0,0320 0,8128 0,8966 0,519 0,04283 0,937
19 0,0359 0.9119 1,003 0,653 0,03403 1,048
18 0,0403 1,024 1,118 0,823 0,02700 1,168
17 0,0453 1,151 1,247 1.040 0,02137 1,303
16 0,0508 1,290 1,389 1,308 "0,01699 1,452
IS 005TL 1,450 . 1,557 1,652 0,01345 1,627
14 0,0641 1,628 1,737 2,082 0,010670 1.815
13 0,0720 1,829 1,943 2,627 0,008460 2,030
12 0,0808 2,052 2,172 3,308 0,006717 2,270
1 0,0907 2,304 2,431 4,168 0,005331 2,540
10 0,1019 2,588 2,720 5,261 0,004224 2,842
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4 o 1 g f os «4
nﬁan11nuqmugﬁ1§vﬁu§4qaﬁangu H i uan11nqung§§¢qanus1§q1utuaq 180 C
£y *» -~ ) - « arn 4 - -
qmnqugqqanaqnaa1a1uuuauﬂaqaq1uﬂ111nu 180 C TunivlQuURLWaRITNURBRNAAITAN
nuaqmngﬁﬁc?enaeuﬁauﬂacd3a3q131dLﬁu 85 C aquﬁaswnuqmngﬁﬂna (typical
arbienttemperature) maviniawiu
' < 4 - ad v P . - - e oV a
aarelTnaivwarINaaanaTunTannuatda nTaII TN MHa AR 1ININL AR
nawu?au§¢1unaava1ﬁun7&nnfﬁa1ca1 ﬁeﬁu;nﬂauquasﬁaqﬁwann?ﬁq1ﬁﬁa1u (flame
J -« 4 - L] - -
retardant) tuaﬁaqnun11qnia1dntnﬂauvu a1a81¢115astEaaqmduuanactnUauvu

Y <
uda9171unA1799n 5.3

J [ J -
R1790 5.2 nﬂ1aanqunaetnﬂau1uawuaa1ﬁnuqmuqﬁ (Thermal strength)

class of insulation typical ambient maximum operating
temperature in € temperature in €
0 40 90
A 40 : 105
B . 75 . 130
F 75 155
H ' 85 185
3
Hauuy

g- -~ - .Il o o - us
uauuun1aﬂnuawdanuaeﬁwuﬂ1nqnaa1u1n1ﬂutaavnun1mnavtnﬂauvu AYUURY
o~ © e - d. o & {] ¥ uow ﬁu d, 14
{1 TEMAIMNUIBAAAURD tuauaﬁaannuﬂu1aanu3ﬂt UUAUUUIIRBIL uvﬁqn1uaa1uuau
2 ar $ . uJu 1 L
uuuﬁa111udﬁu7uuﬁauua¢d3aiqa11n1ﬂﬁn1dqnﬁanuusn11ia1uag1un§u V-0, V-1nis
.ll ‘-\’u 04l

V-2 (818713574 IEC) Taana1ﬂ§u§nuauuuuﬂﬂs1§15anu1uuna7;wunaﬁaunnaq UL(UL

<

- ' v X & Y] P
94) 1fu Tdalunsu 94V-0, 94V-1 uas 94v-2 iude Tendurntiieg cduiaaafin
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A7719N 5.3 udaeaveuw«qmﬂuuanaqtnﬂauvu aﬂnaﬁ1wqtndauvunuqmduﬁﬁ1una1ﬂ

v 4 v < .
(flame retardant) 1aun i(ndauauiuas MY9 lﬁuﬂu (ny1: Four Pillars)

Hck- Tenslle | Elon- | Break. |Insulation
Product " ness | Length [ Adheslon | Strength [ gation | down class
Number Description (memp | (m) g1y | agrery | () {voitage ) Fenturen
(kV)
PVC WIRE Soft and flexible. good workability on
5X HARNESS TAPE 013} 20 08 5 200 s 8¢ automotive wiring harriess. Black color.
PVC WIRE Matl munface, binck color, High eloeantion and
e HANNESS TAPE , 013 0 0.5 5 200 2 0o maximum conformatnlity for wining harness
PVC ELECTRICAL | 0.13 S s E y flexibk . For wire
33046 | INSULATING TAPE g-:g ;g 0.5 g 200 ‘75 80 [ and cable insiation, bundiing and reinforcing,
. 0.20 P 8 assoried cotors for color coding of cables
PVC ELECTRICAL { 0.15 6 6 Flame retardant version 33946, moats Brtish
.5 80 )
I9946FR) insuLaTNG TaPE [020 | 20 | @ N Nz standard BS-3024.
Good conformability, no {lagging or
Rl bttt Ford IR TR A A S (R Pt bl
* y 33946. Meets UL & CSA standards
i mg- . 7 4 Good adh;sio};, ;l"'unc r:l;m'ml l:llnck cd;;:
Ve
aames | e 020 [ 20 [ os 8 |20 | e 80 | Same uses as 33046, Meets UL, Sembo,
2 0.25 10 10 Nemko, Demko standards,
PVC ELECTRICAL . Excellent adhesion even in cold weather, flame
3146 + INSULATING TAPE | 02 20 0.5 8 200 [ 80 rotardant, -Black color Meels Semko
standard.
. -
0.18 7 7 Fltamo d: cold and her rosis
PVC ELECTRICAL
33646 INSULATING TAPE 0.19 20 0.5 75 200 75 80 Black color. Same uses as 33946, Mcets UL
0.20 A 8 8 & CSA standards.
PVC ELECTRICAL | 0.15 6 200 6 Moots VOE 0340 type x|o Gemmr‘ standard .
3647 INSULATING 1APE | 0.20 aa 0.39 o 00 e 90 spocial tapa for olectrical instatiatione Bine
~ and grey colors at present.
SELF FUSING Bu(yl‘rubbev tape suitable for clectrical
SFO7 TAPE 0.50 0 - -—_ 600 14 80 insulation, cable splicing and terminating
Meets UL-510 standard.
SE “USIN B A" | Spbua.ushs 1 0 v retads
SFos ELF FUSING 0.76 0 — g 4 15 @0 Samo usos ns ST O7 Lit with Same retadant
TAPE proparty.
ACETATE Ther ing rubber adhesive, v i
ACO CLOTH TAPE 0.22 25 08 8.5 8 4 17 105 in the Construction oi'elcctrical equipments for
Insulaslon.
GLA ™ i ; : ioh
GLOSRS LASS CLO 0.19 55 10 50 5 3 180 Sificone adhesive. good solvent resistant, high
TAPE dielectric strenglh. Flame retardant.
Al .
{oLisw GLASS (_ZLO_TH‘ 019 s5~|. oa 50 Y o 188 AcM_I_c afhesive, good ageing characteristic,
TAPE solvenl fasistant.
GLASS CLOTH Rubber adhesive, edge-tear resl: e. good
GLIZN TAPE 0.19 5 1.2 50 s 25 130 conformabllity.
KAGO [KAPTON® TAPE 006 | 33 07 14 50 | 65 1go | Sticone adhosive, for high lemp masking
MYO | POLVESTER TAPE [0.065| 66 1.9 9 0 | s 120 | 0:025mm poiyestor film, rubbor adhesive. most
suitable lor use with greesed wiras.
MYt | PoLYESTER TAPE | 006 | 2° 06 a 80 4 130 | 9:025mm polyoster fim. acryfic adhesive. good
50 solvent resistant.
MYz | POLYESTER TAPE |0.033| 66 0.8 18 0| 8 130 | 005mm polyester fim. light dinleciric strength.
good solvent resistant,
MY9 % | POLYESTER TAPE {0.063] 66 08 9 80 4 10 | Acolic adhesive, sotvent ¢ - flame
retardant.
NOMEX® PAPER | 0.10 | s0 10 10 5 2 155 |E solvent sest fcal, thin,
NMi0 TAPE high diefectric strength.
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'y e < [
(3) t5annu1ana4unutuas17a11nzﬂn 5.8 (1) Tagaziaaniroua ETD 39

- < L} Vv -
ARl dTauinautdwsannua e

\ < o ] -1 va r'd I's
astInauluRlIag I RuItTaunuiwaTiTaa e ETD 34 uar EE 42/42/15 a1

- - . w0 4 - 2
FMIUTAURANEAAIA FUIARAIRIANDIUAY uasn')aszxnua‘maamﬂanuwtﬁu‘tﬂ
L |

<
A1719n 5.4

K
paluwTNIg N,

<4 < - <4 . o 48 o . o
AIUNUAAITUATITINN 5.4 NIRTTINN 5.7(n'la\a\nugm351umnsua17mtau'wmawm

. . W ! 4 .
§q1Ra1unaaaauas1u§an1aqqwugq&§a1unaﬁuun1u1aiqtuaqawnﬁa1nw)

dayaunuiwadlod ETD 34 ETD39  EE42/42/15  wiag
Ac 0.971 1.250 1.820 cm’
Aw 1.22 1.74 1.78 cm?
Ber 21.0 25.8 26.1 mm
by = B —-C, C = 8mm 13 17.8 18.1 mm
£, . 60x10™ 69% 107 91x10™ m
Her 6.0 6.9 8.05 ‘mm
ABp,. (903U 10.7) 1800 1800 1800 Gauss
N, = Jatmin lowmant gt 13,9 - 885 " 60.8
AB,,,-Ac
wendnnuseutiuaed N, = 1147 88 60
N,/2 : 37) 44 30
dyg = (17.1 by/N.D’ 0.4273 0.5172 0.5909 mm
4 (@137 10) 0.4039# 26) 0.5105 (4 24)  0.5740 (#23) mm
d, 0.4699 0.5817 0.6502 mm
tn L 0.491 0.608 0.679 mm
Rq. 0.1735 0.10860 0.08586 0/m
P = N/( b -1) 2.24 156 117
{min
P 3 2. 2 :
Hy = P(d,+i),i = 0.04mm 1.53 1.24 1.38 mfn
Fp = 1+l(—d-)“ 1.36 1.46 1.42
2\d,,
R, = FgRy, 0.2360 0.1586 0.1219 Q/m
P, = Cl3sNG R, C =2 1.0 0.60 0.43 w

=

N
¢ = l, =%
(RMS oNu T
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4 S d
A1779N 5.5 BALTRUANT N_

TurnyBIUNUINeslow ETD 34 ETD 39 EE 42/42/15 vy
N, = N,/16 7.13 5.5 3.75
Gandmansay N, 7 6 4 :
dig = (17.1 b/NMY 0.8596 1.00s 1.157 mm
d 0.8128(#20) 1.024(#18)  1.151(#17) mm
4, : 0.8966 1.118 1.247 mm
min 0.937 1.168 1.303 . wm
Ry 0.04283 0.02700 0.02137 “Q/m
P, = N/( b _ 1) 0.54 0.49 0.54

Wi undifidurean P = 1 fu

A

t = Pb,/(N+P) 1.625 2.54 3.6 mm

suwnarn ngitduly @usTluld P =.0.5 duunu

{ =0.5bu/(N+0.5) 0.867 .  1.370 201 Lar
d (Aff 1., < 0 07239 (H20)  1LISL(1T)  1.829 (N 13) mm
d, 0.8052 1.247 1.943 mm
Cein 0.841 1303 2,030 © mm
Ry _0.05399 0.02137 0.008460  Q/m
My = doti 08452 1287 1.983 mm
"2':"” .65 2.63 4.34 :

Fe (9703UA 10.32) 1.035 139 1. 13 2.17

R.. = Fg Ry, 0.0559 0.02671 0.01836 O/m
P. = Cli sNI. R, 3.73 1.76 1.08 W’

(’u\l§=an—r%'".C=l )
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A1919N 5.6 EAAUNNLWIAZY N_

suINusIUNUIWAG o6 ETD 34 ETD 39 EE 42/42/15 i

N, = N, 114 88 60
N2 57 44 30

1dan d < Ac.

Ac = V5.62/f = 0.335mm

d 0.3200(# 28)  0.3200 0.3200 mm
d, 0.3759 0.3759 0.3759 mm
Loein 0.393 0.393 0.393 mm
Py = N/{Ih—“— 1) 1.77 0.99 0.66

P 2 1 [

Hiyy = P(d, +1) 0.8318 0.4159 0.4159 mm

@1519% 10.7 ndonugadotazanugeaionuauasiaaia

uINYaTUNUIWadlssd ETD 34 ETD39 EE42/42/15 widay
ATGIatEATHIING N, 3.06 2880, w6 f) mm
ATIIFIUBAITAUANT N, ] 0.8 1.29 198 - mm
ANNGoaovARwun At N, 1.66 0.83 0.83 mm
AIGOIMIAR H,y = Hy + H +Hy 557 a6 ss7 mm
ANNFeTIMIaINURUIN = 0.440.440.4+40.4 1.6 1.6 g 1.6 mm
ATMGonasuDUTY He, 6.0 6.9 8.05 mm
AMugeRniaunusuiundoe-

Auraaratasinlauinuds -1.17 0.7 0.88 mm
idsougandvunsaatariona p.,, ERY 2.36 151 w
gungiiseondipuvasiifiniy at = 2P gy 316 19.7 °C

Ac-Aw
gaunpiiniauansnstine i (AT 4 25°G) 127 62.6 44.7 "¢
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5 NARTINTUUSIAY, NTzuduazgamgd

6 Madeiviazn riladygnanifind

nag

00 104z 80 10tz RECTIFIER 50 Hz P4 spEWvE] . or
ATTERY VARTABLE PULSEMIDTH TRANSFORMER AD FILTER BRIDGE FILTER
INVERTER INVERTER 220 Vrms
3 50 Hz
01' ce] . sx]s&lsﬁj.«[
DRIVE '
DRIVE CIRCUITS I Y CIRQUITS
N L]
g
VoL TAGE ROM ¢
CONTROL CIRCULT . SERSING sl S ror
. PATTERN

Uit 6.1 udnewSontaozunsuvosduitedined

1 MARBUL29S IROT

Tunsnaaevifonid 1eesy-—ya neuldedimed  Sewdnmsmentdudnet iy
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(6) armaadinw il e sentvnd Lp(ssUsﬁaqawnwﬂlg
(MY 0.1 mm)

L, = 411%2.3%42%1078/0.1

p
20 uH

b Lp faRawaiafinm  +20 %
Lp = 16- 24 uF

(7) aMIHINSEUAGNR

In(pk) = Ip + Ipax

Po T /20 Vi(min)Ton(max)*Vin(min)

"VCE(sat)Ton(max)/Lp
300%16.67%1076/2%0.8%9%6.67%10~6

+(9-1)*6.67%10-6/20%10~6

52 + 2.7

54.7 amp.

(8) amaniidm fiuusegionhm ¢, amiuussiunszuansaiffiude 100

Co

Io*Ton(max) /,Vfipple
0.9%6.67%10~6 / 100%10~3

60.03 uF

n

1uﬁ§astﬁanﬁwﬁ11ﬁuusthawﬁwnxﬂ1ﬁh 100 uF

(9) e nlyehm Losnuseiunsy (fertienndn100 wv

Tnudszuad1 ESR Yo ffviseqionhimidn 50 faditerty
Lo(min) = (Vo#Vq) * ESR/Vijippie

¥ (T*ton(max)*Vin(min)/vin(max)

(300-1)*50%10"3/100¢~3 (16.67-6.67%9/12)%10~6

1989%10~6 H

1.9 mH

T  fi8 AIIMNISNNIUYON LN L Iodued (v TuSurdl
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{:—o Ei40 o

1.8 mH
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SWG# 2>

il 6.3 udasiaiuiluaun Ps

2 MARILGUABYUL 187 1HoT

Wwinssanlies e TLa9s Satfiudweru Sagui fadredana pam 99n3993me
WI5192 13 error amp. 2 #1 1fiuiniuSeiioy dnadl  feedback n¥uNI9IN
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k*****************************************************

PROJECT DC 70 AC CONVERTER
6/FEBRUARY /1935
<***x*************************************************
ONST PI = %2,141592654#
CREEN 2
LS
ILL ‘DATA.DAT
PEN "DATA.DAT" FOR RANDOM AS #1 LEN =
IELD #1, 1 AS Max$ -
LOCATE 7, 20: PRINT ° USE RAM EQUAL 2KBYTE$2048 BYTE) —— ONLY —
LOCATE S, 20: INPUT “FREQUENCY SAWTOOTH = , Num#
DAT1# = 2048 / NuMm#
AT2# = 1/ (DAT1# / 2)

OCATE 23, 20: PRINT DAT1#; DAT2#
DRl 30

CD

I + ,087890625#
- 1> 180 THEN SCREEN 0: bLOSE #1: INPUT @$: GOTO SHow
JCATE 11, 20: PRINT “BYTE =": BYTE
\LUEL = (SIN(1 * (PI / l80))§
JUNT = COUNT + 1
- COUNT < (DAT1# / 2) THEN VALUE2
"~ COUNT = (DATl# /: ; THEN VALUE2 .99
- COUNT > (DAT1# / 2) THEN VALUE2 = VALUE2 - DAT2#

-~ VALUE] > VALUE2 THEN TEST = 1: TEST1$ = CHR$(80)

- VALUEL < VALUE2 THEN TEST = 0: TEST1$ = CHR$(0)
)CATE 1, 1: PRINT VALUEL; TAB(30); VALUE2; TAB(60); TEST

TEST HEN LSET Max$ = TesT1$: PUT #1, rec: LOCATE 11, 35: PRINT “
N LSET Max$ = Testl$: PUT #1, rec: LOCATE 11, 35: PRINT “

VALUEZ + DAT2#

innu

HEX$ (
TEQ (
DR = A +
TEST EN ADR1
TEST THEN ADR1
F EE = 4 THEN

EADR = EADR + ]

PSET (EADR ADR1), 106

0 >

|
5
T
0
T

n" IlUmllmll

1
$(5)
0 THE
$(0)

1
1 TH 100
0 150

ND IF

COUNT >= DAT1# THEN COUNT = 0
= EE + ]

P. UHTIL.I >= 18Q

)SE #

QEEN 0

N “DATA.DAT" FOR INPUT AS #1

=N+ ]
INE_TNPUT 41,

1
g 80 THEN N = 1: v = v + 1

NTIL EOF (1) p
SE #1 TiTunTunif8T198uq 0 PyK
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Juft 7.1 My m PWM 3 EPROM 2764

f.2 V/DIV , 1 mS/DIV

(n) (v)

quft 7.2 Suyfivn Lnua s i (Vgg) fi Converter v

(n) No-load uaz (m) Full-Load fi 5V/DIV, 10 uS/DIV
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(n) (v)
guﬁ 743 uIvHuANAYANY LASULRLBESE  (Vpg)  ¥BNNAE (NN fi
Converter Waz (n) No-Load (u) Full-Load #i 5 V/DIV, 20 uS/DIV

uar 5V/DIV ajuahdu

(n) ()

;uﬁ 7.4  uwsvHuanadanymlsunfvus (n) No-Load uar (u) Full-

Load #i 5V/DIV, 10 uS/DIV uag 10 V/DIV,10 uS/DIV



137

(n) (1)
guﬁ 7.5 wsvduanasnvvaniugloue (n) No-Load uaz (v) Full-Load

i 10 V/DIV,10 uS/DIV

;uﬁ 7.6  WSIHUNSTTUAASIAN 1B WNYRY Converter fi 10x10 V/DIV
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Full-Load fia #ninas wanaiw 100 1af
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MOTOROLA S
= SEMICONDUCTOR pem
TECHNICAL BATA

TL4384

SWITCHMODE ) SWITCHMODE

PULSE WIDTH MODULATION - PULSE WIDTH MODULATION
CONTROL CIRCUITS CONTROL CIRCUITS
The Tl494 is 8 fixed frequency, pulse width modulation control SILICON MONOLITHIC
circuit designed primarily for Switchmode power supply control. . INTEGRATED CIRCUITS -
This device features: ~ ST
® Complete Pulse Width Modulation Control Circuitry B BT
® On-Chip Oscillator With Master Or S!ave Operation — £
® On-Chip Error Amplifiers * - . .‘ Lo

& On-Chip 5 Volt Reference ) :
® Adjustable Dead-Time Control = e o

L. Uncommitted Output Transistors Rated to 500 mA Source Or
Sink

¥ Cutout Centrol For Push-Pull Or Single-Ended Operation

& Undervoltage Lockout
J SUFFRIX
CERAMIC PACKAGE
CASE 620
!
BVAEF Lv
Owitteror - g N SUFFIX
)z PLASTIC PACKAGE
CASE 628
a2
Grouneg E EE:
c1 E e - rz’“ ORDERING INFORMATION
Tempetature
ttop view) Device Range Package
TLAS4CN® " Plastic DIP
TLds4CJ 0110 +70°C | o rymic DIP
i Ik:::? 25710 4 B5°C Z':.s.‘::i? ‘(:IP
The T1484C is specified over the commercial operating range - -
of 0°C 10 70°C. The TL434] is specified over the industrial range TLa9AMS ~55710 4+ 125'C| Ceramic DIP
of - 25°C 10 85°C. The TL494M is specified over the full military
range of ~ 55C 10 125°C.

MOTOROLA LINEARINTERFACE DEVICES
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Description
The TL494 is a fixed-frequency pulse width modula-
tion control circuit, incorgouting the primary building
blocks required for the contrgl of a switching power
supply. (See Figure 1.} An internal-linear sawtooth oscil-
lator is frequency-programmable by two external com-
ponents, Rt and CT. The spproximate oscillator fre-
quency is determined by:

For more information refer 10 Figure 4.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Ct 1o either of two contro! signals. The NOR
gztes, which drive output transistors Q1 and Q2, are
enabled only when the {lip-fiop clock-input line is in its "
low state. This happens only during that portion of time
when the sawtooth voltage is greater than the control
signals. Therefore, an increase in control-signa! ampli-
tude causes » cerresponding linear decrease of output
pulse width. (fefer to the timing disgram shown in Fig-
ure 2.}

The control signals are exiernal inputs that can be fed
into the dead-time control, the etror_amplifier inputs,
of the feedback input. The dead-time control compar-
ator has an effective 120 mV input offset which lirits
the minimum output dead time to approximately the
first 4% of the sawtooth-cycle time. This would result
in a maximumm duty cycle on a given output of 96% with
the oulpui control grounded. and 48% with'it connected
10 the réference line. Additional dead time may be im--
posed on the outout by setting the dead lime-conlrol-_
input 10 » fixed voltage. ranging between 0to 3.3 V.

LThe pulse width modulator comparator p;'_g!iﬁ_es ]
eans for the error armiplifiers to adjust the ouiput pulse
width from the maximum percent on-time, established |’
by the dead time control input, down 10 zef0, as the
voltage at the feedback pin varies from 0.5 10 3.5 V. Both
error amplifiers have a common-mode input range from
=0.3V19 (Ve - 2V). and may be used to sense power-
supply output voltage and current, The error-amplifier
outputs are active high and are ORed together 3t the
non-inverting input of the puise-width modulstor com-
parator. With this configuration, the amplifies that de-
mands minimurm output on time, dominates contro! of

the loop. . -
When capacitor C7 is discharged, 8 positive pulse is
generated on the output of the dead-time comparator,
which clocks the pulse-sieering flip-flop and inhibits the
output transistors. Q1.and Q2. With the output-control
connected to the reference line, the pulse-steering flip-
fiop directs the modulated pulses 1o each of the two
oulput transistors alternalely for push-pull operation.
The output frequency is equal to half that of .he oscil-
lator. Output drive can also be taken from Q1 o1 Q2.
when single-ended op2ration with a maximum on-time
of less than 50% is required. This is desirable when the
output transformer has 8 ringback winding with a catch
diode used for snubbing. When higher output-drive cur-
rents are required for single-ended operation, Q1 and
Q2 may be connected in paraltel, and the output-mode
pin must be tied 10 ground to disable the flip-fiop. The

_ output frequency will now be equal 10 that of the *

oscillator.

The TL4AS4 has an internal 5 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of
=5.0% with a typics! therma! drift of less than 50 mV
over sn operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

Input \ fout /
’ﬁ] Ovutpunt Function Y fose
Control
Grounded Single-ended PW.M. o1 Q) and Q2. 1
At Vyef Push-pul! operation 0.5




TL4S4

MAXIMUM RATINGS (Full operating smbient temperature-tange applies untess otherwise noted)

Rating Symbol TLaS4C TLasel TLasaM Unit
Power Supply Voliage vee a2 42 42 \4
Collector Output Voltage ver. Vo2 42 42 42 v
Collecior Qutput Current (each transistor) (1) ich. Ic2 500 500 500 mA
Amplifier Input Vohage Range ViR -031042 - -031t0 42 ~0.310 42 v
Fower Dissipation & Ty « 45'°C Pp 1000 1000 foo0 mw
Operating Junction Temperature T
Plastic Package 125 125 - °c
Ceramic Package 150 150 150 *C
Operating Ambient Temperature Range Ta 01070 . - 2510 85 - 55 10 125 °C
Storage Temperaiure Range Targ : *
Plastic Package -5510125 ° ~5510 125 -
Ceramic Package N ~65 10 150 - 6510 150 - 65 10 150
NOTE 1. Manimum therma! limits must be observed.
THERMAL CHARACTERISTICS .- ’
Characteristics Symbol N Sutfix Plastic Package | J Suffix Ceramic Package | Unit
Thermat Resistance, Junclion to Ambient R.uA 80 100 ‘cw
Derating Ambient Temp e Ta 45 50 *C
RECOMMENDED OPERATING CONDITIONS
e TL454
ConditionValuve Symbol in o pri Unit
Power Supply Voltage Vee 7.0 15 . 40 v
Collécior Output Voltage -~ d | Ver. Ve A ] W0\ 40 - \J
Collector Output Current {each wransisior) ey le2 - — 200 mA
Amplifier Input Vohage Vin -03 - Vee - 20 v
Current Into Feedback Terminal W . -7 —_ 0.3 mA
Retference Output Current leef = -— —_ 10 mA
Timing Resistor Ry @ j @ @ Ll
Timing Capacitor [ S (6.0067) uf
Oscillator Frequency fose @ @ (LO') le‘_‘ )

ELECTRICAL CHARACTERISTICS {Vce = 15 V. C7 = 0.01 uF, RT = 12 ki unless otherwise noted.)

For typical values Ta = 25°C, for min mas values Tp is the operating smbient temperaiure range thai spplies unless otherwise

noted. .
Charectoristi )} — TiLasaC TLasAM uni
arscloristic mbol n
" Minj Typ 1 Max MinJ Typ J Max
REFERENCE SECTION
Reference Voliage Vrel a5 | 50 | 525 | a5 | s0 | 825 v
g = TUmMA) * N
Line Regulation Regtine - ‘2'0_ 25 —_ 2.0 25 mv
(Ve = 7.0Vio&0V) . .
Load Regulstion ReQioad - 0 15 |, — 3.0 15 mv
» (ig = 1.0 mA t0 10 mA)
Shon-Circuit Output Current Igc 15 35 75 15 35 7% mA
(Vyet = CV) :




ELECTRICAL CHARACTERISTICS (VeC = 15 V. Cy = 0.01 uf, Ry = 12 ki) unless otherwise noted.) CT
For typical valu€s Ta = 25°C, for min'max values Tp is the operating ambient fempersture range that spplies unless otherwise

noted.
. TLA4C, TLag4M
Characteristic Symbol - 4 Unit
Min ] Trp l Max Min J Typ ] Max
OUTPUT SECTION
Collecior Off-State Current ICtot) -— 2.0 100 — 20 100 nA
(Vec =~ 40V, Veg = a0 V:
Eminer OH-State Current 1e10t) —_ - - 100 _ -_ - 150 vy
(VcctdOV,Vc-lDV.VEIOV) ©
Collecior-Emitier Saturation Vohage (2} VSAT(C) - 11 13 —_ LR N | 15 v
Common-Emitter
(VE = OV.Ic = 200 mA)
Emitter-Follower VSAT(E) — 15 25 - 15 2.5 v
Ve = 15V, 1g = -200 mA)} 4
Output Control Pin Current loc — 10 - - 0 | — kA
Low Stwate
(Voc = 04 V)
High Siate focH <! 0.2 3% - 0.2 38 mA
Vo = Viet)
Output Vohtage Rise Time 1, —_ 100 200 — 100 200 ns
Common-Emitter (See Figure 13)
Emitter-Foliower (See Figure 14) — 100 200 -—_ 100 200 ns
Output Vokage Fall Time 1] —_ 25 100 -— 25 100 ns
Common-Emitter (See Figure 13}
Eminer-Foliower (See Figure 14) —_ 40 100 —_ ‘40 100 ns
- - & ol TLe4
h iSth ™
Misif g il A Min Typ ] ‘Max Unit
ERROR AMPLIFIER SECTIPNS -
tnput Otfset Voltage ‘;IO -~ ?_0‘ 10 my
VO (Pin3) = 25 VI —
input Otiser Current T} — . §_0_ 250 nA
VO (Pin 31 = 25 V) i : .
Input Biss Current I8 & - 01 -1.0 uA
VO (Pin3) = 25 V) i > -
Inpu1 Common-Mode Vohage Range " Vicr ' <03t - - v
(Vee = 40V, Tp = 25°C) Vee-20 .
Open-Loop Voltege Gain ( Avor 70 85 - dB
3Vo = 30V, Vg = 051035V, F
Ry » 2.0 k1)
Unity-Gain Crossover Frequency fc o 250 - Mz
Vo = 051038V, R = 2.C &th) —
Phase Margin st Unity-Gan om —_ €5 - deg.
(Vo = 051035V, R = 20k —
Common-Mode Rejection Ratio - CMRR 65 90 dB
(Vee = 40 V) —
Power Supply Rejection Ratio PSAR - Eo__ . -—_ d8
13Vee = 33V.Vo £ 2.5V, R + 2.0 4l
Output Sink Current o 03 0.7 - mA
Vo (Pin3) = 07V} il
Output Source Current Io- 20 40 .- mA
Vo (Pin = 35V)
temp. s close 10 temperatures o1 pon-blt.

NOTE 2' Low duty cycle pulse lechnigues sre used during test 10




ELECTRICAL CHARACTERISTICS (Vee = 15V, Cy = 0.01 uf, RT = 12 kf} unless otherwise noted.)

- TL494

For typical values Ta, = 25'C, for min‘max values T4 is the opersting ambient temperature range that applies unless otherwise

noted.
Cheracteristic Symbol! L = Unit
. Min J Trp Max
PWHN; COMPARATOR SECTION (Test Circuit Figure 12) )
input Threshold Voltage VTR = s 45 v
{Zeto duty cycle) ‘ —
Input Sink Current . - . 03 07 -~ mA
Vipin3) = 07 V) . -
DEAD-TIME CONTROL SECTION (Test Circuin Figure 12)
tnput Bias Current (Pin &) B (DT) —_ -2.0 -1 »A
(VPin 4} = 010 5.25V) : -
Msximum Duty Cycle, Each Output, Push-Pull Mode - DCmax ["3
Vpin ¢ = OV.Cy = 0.01 uf, Ry = 72k 45 48 50
(Vping = 0V, CT = 0.001 uF, Ry = 30 k1) ot a5 50
Ingut Threshold Vohage (Pin 4) VTH v
(Zero Duty Cycle) = 28 a3
(Maximum Duty Cycle} 0 L . —
OSCILLATOR SECTION
Frequency fosc - 40 - kHz
(CT = 0.001 uF, Ry = 30 k1) — 1
Standard Devintion of Frequency® alose — 3.0 - %
(CT = 0.001 uF, RT = 30 k) v
Frequency Change with Voltage Mosc (V) -— 0.1 -— %
(Vee = 7.0 V1040 V, Ta = 25°C) o
Frequency Change with Temperature =’ L SMosc (aT) /il Z 12 %
(3TA = Tiow to Thigh! 3 \
(CT = 0.01 uF, R = 12 &N) %
UNDERVOLTAGE LOCKOUT SECTION
| Turn-On Threshold (Ve Increasing. fref = 1.0 mA) 1 | v | 55 T e« 2.0 v ]
TOTAL DEVICE
Standby Supply Cusrent L Icc mA
(Pin 6 a1 Vo1, All Other Inputs and Outputs Open) -
(Ve = 15 V) & ‘88 10
(Vee = €0 V) - 7.0 15 -
Aversge Supply Current : - e —_ 2.0 — mA

Vipin 4] = 2.0 V) {See Figure 12}
(CT = 0.01 uf, RY = 121}, Ve = 15V)

-

° $15n02°0 Gevid1oon 15 & Mmeasure Of the SLOIEIKH! Bisinbution sbout the mean a3 Gersved trom the formuls, o
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. EXCESS PHASE [DEGAEES)

FHGURE £ — OSCILLATOR FREQUENCY .. . FIGURE § — OPEN-LOOP VOLTAGE GAIN AND PHASE
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__ FIGURE_10 — STANDBY SUPPLY CURRENT
versus SUPPLY VOLTAGE
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RGURE 20 — Ov-mmnmmv.‘isa\usm ..
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TEST. CONDIMIONS RESULTS
Line Regulstion Vin = W0Vio a0V H4mV 028%
- Load Regulation Vin= 28V.io~ 1mAto ' A 30 mV 0.06%
Output Ripple Vin = 28V.lo = 1.0A €5 mV PP PARD,
Shon Circuit Cutrent, Vin = 26V.F = 010 1.6 smps
Efficiency Vin= 28V,ip = 1A %




‘ MOTOROLA : MC145518

QUAD 2:CHANNEL
ANALOG MULTIPLEXER/DEMULTIPLEXER

The MC145518 is a digitaliy-controlled analog swiich, This device ifnple-

¥ ments a 4POT sofid state switch with low ON impedance and very low OFF L SUFFIX
Leakage cu “ent. Control of analog signals up o the complete supply voltage i CERfMlC
range can be achieved. CASE 620

® Triple Diode Protection on All Controt Inputs
® Supply Voitage Range = 3.0 Vdc to 18 Vdc

® Analog Voitage Range (Vpp ~ Vgg) = 3.010 18 V »
Note: VEg must be € Vgg

® Linearized Transfer Characteristics :f;:‘sfug
 Low Noise — 12 nV/\/Cydle, { & 1.0 kHz. typical CASE 648

® For Low Roy, Use The HC4051, HC4052, of HC4053 Higin-Speed
CMOS Devices /

® Switch Function is Break Before Make

. D SUFFIX
soic
MAXIMUM RATINGS* b CASE 7518

Symbol Parameter | Yalue Unit
Voo | OC Supply Voltage (Referenced to Vee. -0510 +18.0 \4
Vss *® Veg) -
Vin:.Vout| Input or Output Voitage (DC or Transient) ~0.5t Vpg +0.5 v ORDERING INFORMATION
(Relerenced to Vgg for Control Input & Vee s
for Switch 1¥0) ) MC14XXXBCR"™ Plastic
MC14XXXBCL Ceramic .
kn input Current (OC or Transient), per Conteol Pin =10 mA MC14XXX8D soIC
low Switch Through Current . =25 mA
Ta = -55°1t0 125°C for alt packages.
Po Power Dissipation, per Packaget 500 mw .
T, Storage Temperature ~6851t0 + 150 *C
T | Lead TYemp  (8-Second Soldering) 260 *c

‘MmMmMmmMMmbmdew.
{Temperature Derating: Plastic P and D/DW" Packages: - 7.0 mWAC From 65°C To 125°C 1
Ceramic “L" Packages: - 12 mW/°C From 100°C To 125°C

8 0—{ Cenuol . .
. . 1 16
w04 .
15 wi 2 15
. ?.: W? % M Control ON
) X0 ° : 0 WO X0 Y0 Z0 3 14
e ¢ 1 W1 X1 Y1 21 4 13 .
Switches 30— X1 Out/in T *
5 & 12
ta/Out 6 o YO Y—0s Voo = Pin 16
10 0 Y1 Vgs = Pin 8 6 1"
’ 1 O—f Z0 Z1—013 Vgg = Pin 7 b 10
1 r4]
2 8 Control "1 9

Note: Contral input relerenced to Vgs. Analog Inputs and Outputs reference to VEE. VEE ™Must be < Vss.




MC145518

__.ELECTRICAL CHARACTERISTICS

T e e ——f—esse | 25°C 125°C
Characteristic Symbol | Vpo Test Condltions: - = T—==.Unit |
Min [ Max | Min [ Typ # IMnx Min«l Max- K
SUPPLY REQUIREMENTS (Voltages Referenced to VEE)
I Power Supply-Voltag Npo-.—|_— _|Vopo - 30 = Vgg # 3.0 18 3.0 - 18 3.0 18 v
Range N —— S
Quiescent Current Per oo 5.0 |Controt Inputs: Viq = - 50| — 0.008 50 | — 150 | uA
Package 10 Vss o€ Vop. - 10 — 0.010 10 - 300
‘ 15 |SwitchtO:Veg syl — | 20 | — | 0015 | 20 | — | 600
< Vpp. and
AVswitch = 500 mv™"
Total Supply Current ID(A 50 |Ta = 25°C only (The rA
{Dynamic Plus Quiescent, ol 10 channel component, (0.07 uAKHZ)l + 10D
Per Package 15 (Vin = Vout¥Ron. is Typical (0.20 uAH2)l + 10O
not inctuded.) (0.36 pA’kHZ) + IpD
CONTROL INPUT (Voltages Referenced to Vss)
Low-Level Input Voitage viL 5.0 |Ron = per spec, - 15 | = 225 15 | — 1.5 A
10 |lott = perspec - 130 - 4.50 30 | — 3.0
15 — | 40 e 6.75 4.0 -— 4.0
High-Level Input Voltage ViH 5.0 | Ron = per spec, 35 | — | 38 275 - | 35 - v
10 |lott = per spec 70 | — 7.0 $.50 —_ 7.0 -
15 1M | — 1 8.25 — | it —
input Leakage Current Yin 15 | Vin = 00or Vpp — | =03{ ~— }=0.00001] =0.1} — =10 | A
Input Capacitance Cin —_ -— — —_ 5.0 75 — — pF
SWITCHES INNOUT AND COMMONS QUT/IN — W, X, Y, Z (Voitages Relerenced to VEE)
Recommended Peak-to- Vvo — | Channel On or Off 0 |Vpoo| © - Vpo| © Voo |Vpp
Peak Voltage Into or Out
of the Switch
Recommended Static or AVswitch | — | Channet On 0 |60} O —_ 600 O 300 | mv
Oynamic Voltage Across .
the Switch™" (Figure 3)
Output Offset Voltage Voo — | Vjn = 0V, No Load Ll Bt 10 - f - — | uVvV’
ON Resistance Ron 5.0 | MVswitch < S00mv*’, | — | 800 | — 250 1050 — | 1200 | 0
10 Vin = Vi or Vil - | 400 | — 120 500 | — 520
15 (Control), and Vi = | - 220 | — 80 280 | — 300
0 1o Vpp (Switch) :
AON Resistance Between ARgqn 50 - 170 | — 25 70 | — 135 | 2
Any Two Channels 10 ' -— 50 - 10 50 _ 95
In the Same Package 15 — | 45 — 10 45 — 65
Off-Channel Leakage lott 15 | Vin = Vit of Vi ~ |=100] — =0.05 |=100] — | =1000{ nA
Current (Figure 8) (Control} Channel o
Channel or Any One
Channel
Capacitance, Switch 1O Cio — | switch Off — 4 - | - 10 —_ - — | pF
Capacttance, Common Ot | Cop | — : - |~ = 17 — | — | — |pF
Capacitance, Feedthrough Cyo — | Pins Not Adjacent - — —_ 0.15 — — —_— oF
(Channel Off) — | Pins Adjacent - - - 0.47 - - —

#Data labeled “Typ" is not to be used for design purposes, but is intended as an indication of the iC's potential performance.

**For voltage drops across the switch (AVswitch) >600 mV (>300 mV at high temperature), excessive Vpp current may be drawn; i.e.
the current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected
uniess the Maximum Ratings are exceeded. (See first page of this data sheet.) .



MC14551B

ELECTRICAL CHARACTERISTICS (C_ =50 oF. Tp=25°C, Vgg <-Vgsg)

Voo~ VYee
Characteristic Symbol vde Min Typ # Max Unit
Propagation Delay Times tPLH: tPHL ns
-———Switch.tnput tq Switch Output (Ry_= 10 k@)

“IPLHCPHL = {0:17 ns/pF)-Cy+26.5.n8  _ SO T = 35—t 90— — fee L
tPLH: tPHL = (0.08 na/pF) C + 1t:ns 10 - 15 "40 N
tPLHs tPHL = (0.06 ns/pF) C +9.0 ns 15 - 12 20

Control input to Output (R = 10 kN) 1PLH. tPHL ns
—t——-Vgg=Vgg (Figute 4} ____. i 5.0 -— 350 875 °
- 10 = TI140 T 350 for s e
15 - 100 250
Second Harmoaic Distortion — 10 - 0.07 _— %
By =10 k), f=1 kHz, Vin=5 Vp-n
Bandwidth (Figure S) . Bw 10 — 17 -— MH2
AL= 1 k0. Vig= 1/2 (Vpp - VEE) pop.
20 Log Vourt . _4 dB, C_ =50 pF
Vin
Oft Channel Feedthrough Attenuation, Figure § — 10 -_ ~50 —_ d8
A= 1 K Vig= 1/2 (Vpp - VEE) pep.
fin =55 MHz
Channet Separation (Figure 6) — 10 - ~50 _ a8
Ry = 1 kY, Vip= 172 (Voo - Veg) p-pe ‘
fin=3 MHz
Crosstatk, Control input to Common O/, Figute 7 — 10 -_— 75 —_— mv

R1=1Kk0, A =10 kA,
Cantrol ty =1 =20 ns

#Oata labelied “Typ™ is not to be used for design purposes but 1s

in asan | of the IC's =

This device contains protection circuitry to guard against damage due
precautions must be taken to avoid applications of any voltage higher
ance clrcuit. For proper operation, Vi, and Vout should be constr.

controt inputs and VEg < (Vi or Vo) < Vpp for Switch 1/0.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vsgs. VEE. or Vpp). Unused outputs

must be left open.

to high static voltages or electric fields. However,
than maximum rated voltages to this high-imped-
ained to the range Vgg < (Vin or Vout) < Vpp for

B —
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FIGURE 1 ~ SWITCH CIRCUIT SCHEMATIC
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TEST CIRCUITS

“ " "FIGURE 4 - PROPAGATION DELAY TIMES,

FIGURE 3 — AV ACROSS SWITCH CONTROL YO OUTPUT
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FIGURE S — BANDWIOTH AND OFF-CHANNEL FEEDTHROUGH FIGURE 6 — CHANNEL SEPARATION
ATTENUATION (Adjscent Channels Used for Setup}
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RON. “ON" RESISTANCE 10HMS)

RON. "ON~ RESISTANCE (OHMS}

MC14551B

FIGURE 9 — CHANNEL RESISTANCE (RbND TEST CIRCUIT

TYPICAL RESISTANCE CHARACTERISTICS

FIGURE 10 — Vpp @ 2.5 V, Vgg @ ~7.5V
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APPLICATIONS INFORMATION

Figure A illustrates use. of the on-chip level con-

trol signal is used to directly controt a 9 Vp-p analog
signal. .
The digital control logic levels are determined by

age; the Vgg voltage is logic low. For the example,
Vpo = +5 V = logic high at the contro! inputs; vss
= GND = 0 V = logic low.

The maximum analog $ignal leve! is determined by
Vpo and Vgg. The Vpp voltage determines the maxi-
mum recommended peak above Vgg. The Vgg volt-
age determines the maximum swing below Vgg. For
the example, Vpp — Vgg = 5 volt maximum swing
above Vgs: Vgs -~ Vgg = 5 volt maximum swing

below Vgg. The example shows a =4.5 volt signal

~——verterdetailed-inFigure2-The OAtuss-volt-aigitarCorr-—__,wmcn_‘amestamon_'rnarglo‘araa‘c.lt‘peaic"vonage' T

transients above Vpp and/or below Vgg are antici-
pated on the analog channels, external diodes (Dy)
are recommended as shown in Figure B. These di-

—‘vlju-and'vss-:The‘VUU'vonage'rﬂrre—foglcﬁgh'von-“—udwme“s‘malr‘sig'n'aﬂyp‘es ‘ablg toabsorb the -~~~ ———-

maximum anticipated current surges during clipping.

The absolute maximum potential diflerence be-
tween Vpp and VEg is 18.0 volts. Most parameters
are specified up to 15 volts which is the recommended
maximum dilference between Vpp and Vgg.

Balanced supplies are not required. However, Vgg
must be greater than or equal to Vgg. For example,
Vpp = +10volts, Vgg = +5 volts, and Vgg = -3
valts is acceptable. See the t1able below.

FIGURE A -~ APPLICATION EXAMPLE

Yoo  Vss VEE
+4.5Vv
+5V ® Vp-p swiTcH
Analog Signal vo 9 Voo
COMMON -0 GND
on Analog Signal
Externat oy & : MC145518
-t0-5 V digita
CMPS Controt sV
Digitat Controt Signat .
Circuitry . A

L

FIGURE 8 — EXTERNAL SCHOTTKY OR GERMANIUM CLIPPING DIODES
H

Voo Voo
Dy B
Switch Common
o on
Dy R
Vee
POSSIBLE SUPPLY CONNECTIONS
Voo Vss Veg Control Inputs Maximum Analog Signal Range
In Volits in Volts in Voits Logic High/Logle Low In Volts
n Voits
+8 0 -8 +8/0 +81 -8 = 16 Vp o
-5 ] -12 +5/0 +51t0 —12 = 17 Vg,
+5 0 [} +5/0 +5100 =5Vpp
+5 o -5 +5/0 +510 -5 = 10Vp
-10 -5 +10/+5 +1010 —5 = ISVD_p




MOTOROLA

NPN PHOTOTRANSISTORS AND
PN INFRARED EMITTING DIODES

.. gallium arsenide LED optically coupled 10 silicon phototran-
sistors designed for applications requiring elactricat isolation,
high-current transfer ratios, small package size and iow cost; such
as interfacing and coupling systems, phase and Isedback controls,

solid-state relays and general

® High lsolation Voltuge —
Viso = 7500 V {Min)

# High Collector Output Current
@1 = 10 mA —
Ic = 5.0 mA (Typ) — ¢N25,A 4N26
2.0 mA (Typ) — 4N27,4N28

Peckage

P

Y F M, .f - Y [}
300 kHz (Tvp)
@ Fast Switching Times @ Ic = 10mA

® Economical, Compact, Dual-In-Line ® 4N25A is UL ﬂecognixed
File Numbef E54915

toft = 31 us (Typ) — 4N25,A.4N26

0

n = 0.87 ps (Typ} — 4N25.A.aN26
2.1 us (Typ) — 4N27,4N28

5.0 s (Typ) — dN27,4N28

*MAXIMUM RATINGS (T, 25°C untess othurwiss noted).

4N25, AN25A
4N26
4N27
4N28

OPTO
COUPLER/ISOLATOR

TRANSISTOR OUTPUT

[ Rating ] Symbot- T Vailue [ Uait j
INFRARED-EMITTING DIODE MAXIMUM RATINGS
Revarse Voltage VR 3.0 Volts
Forward Curreat — Continuous Ie 80 mA €1 (8) (4}
Forward Current — Peak T3 3.0 Amp I
Pulse Width = 300 us, 2.0% Duty Cycle - 8
Total Power Dissipation @ T = 25°C Pp 150 oW 1
Negtigible Power in Transistor v 7
Derste sbove 25°C - 2.0 aw/oc __jF I
PHOTOTRANSISTOR MAXIMUM RATINGS c L _‘l
{Cotiector-E mitter Voitage Vceo 30 Volts 1
Emitter-Collector Voitage Veco 7.0 Volts 3 P t
Collector-Base Voltage Vceo 70 Volts Fl ASH 4 ':
Total Device Dissipation @ ¥ 4 = 25°C o 150 W K.
Negligible Pawer in Diode . deizFo R
Dgrate sbove 25°C - 20 mW/AC )’
TOTAL DEVICE RATINGS 2 ) STYLE 1
Totel Device Dissipstion @ T = 25°C Po 250 mW PN ; ergggm
Equel Power Dissip in Each El - g Y 3 Ne
Derate sbove 26°C 3.3 mW/oC 4 EMITTER
Junction Temperature Range Ty | -55t +100 oc : COLLECTCR
|Storage Temperature Range Tstg. -85 to +160 1°¢ naaef
{soldering Temperature (10 ¢) g 260 °c 1. GIMENSIONS & AND 8 ARE DATUMS,

*Indicates JEDEC Registered Data.

Tal 2v¢
I —

; 4
t

PD1. AVERAGE FOWER DISSIPATION (ww)
s

FIGURE 1 - MAXIMUM POWER 'DISSIPATIOI‘:J

Figure 1 s based upon unhg T

° values in the equation

"Ty1-Ta s Rgya (Ppy ¢ Kg Pl
where
LAT] Juncuion Temperature {100°C)
Ta Ambient Tempetature

) Ry A tuncuion 1w A.ml»eul_llmun.‘l

- Resistance (500°C:w)
fp1 Power Dussipateon n One Chip
Pp2 Power Dissipation i Other Chup

. Ky Thermat Cou;rlmg Coetlicient

(20%}
* Example g

n “« ] ] 100 120
P02, AVERAGE rOwEN (IISSC'A.IIUN {mei}

19

m; With Ppy - 90 mW n the LED
@15 50°C, the wamntor
Po Ppghmust e tess than 50 anwy

2. [T] 1S SEATING PLANE.
3. POSITIONAL YOLERANCES FOR LEADS:

[¢l@013 o7 [Aadkw)]

4. DIMENSION L YO CENTER OF LEADS
WHEN FORMED PARALLEL.

5. DIMENSIONING AND TOLERANCING PER
ANSI Y14.8, 1973,

MILLIMETERS] _ INCHES |
DIM]_ MIN | MAX | Wi
Al 813 ] e
8 [ 6.10 [ 660
c ] 2827 so8
D[ 041 | 85i

07 1.8
G| 2BA8SC

2.64 | 3.81
1| 1628
W] 00 ] 50
W 03 ‘TQ K
(A NF

CASE 730A-01




4N25, 4N25A, 4N26, 4N27, 4N28

LED CHARACTERISTICS (T 4 = 267C untets otherwise noted!

Characteristic Symbol Min Typ Max Unit
*Reverse Leakage Current R - 0.005 100 HA
(VR =3.0V, R = 1.0 M ohms)
*Forward Voltage Ve, - 1.2 1.5 Volts
{Ig = 10mA) A
Capacitance c, - 40 - of
(Vg =0V, {=1.0MH2) )
PHOTOTRANSISTOR CHARACTERISTICS (Tp ~ 25°C and 1§ * 0 untaess otherwise noted}
*Collector-Emitter Dark Current 4N2S, A, AN26, AN27 Iceo = 35 50 nA
(Voe = 10V, Base Open) . 4N28 - - 100
“Collector-Base Dark Current ) : Iced - - 20 nA
{(Veg = 10V, Emitter Open) : f
“Collector-Base Breakdown Voltage | : V(BRICBO 70 - - Volts
(lc'!OOuA,IE'O) 9 2
*Coll Emitter Breakd Voltage V(BRICEO 30 - - Volts
{ic=1.0mA, ig=0 o
*Emitter-Collector Breakdown Voltage V{BRIECO 7.0 8.0 - Voits
(IE-100;4A,|3'0) ‘ -
DC Current Gain . heg - 325 - -
{Veg = 5.0V, Ig = 500 A} ]
COUPLED CHARACTERISTIES (T ~ 257C untess otherwise noted)
*Coltector Output Current {1} g 4N2S, A, 4N26 ic 20 50 - mA
(Veg = 10V, g =10mA, Ig = 0) an27,aN28 | | 1.0 20 -
1solstion Surge Voltage (2, 5) ' Viso Volts
{60 Hz Peak ac, 5 Seconds) » A 9 7500 -
{60 Hz Peak} J4N2S, A 2500 - -
. *4N26, 4AN27 - 1500 - -
“an28 | s00 - N
{60 Hz RMS for 1 Second) (3} *4N2SA 1775 - -
Isolation Resistance (2) \ - - 14! - Ohms
{V =500 V)
*Collector-Emitter Saturation 1RBE Veetsal) - 0.2 0.5 Volts
{lg=20 mA, Ig = 50 mA}) -
isoltation Capacitance (2) - n) L= 05 — pF
{V=01=10MHz)
Bandwidth {4) - - 300 - kHz
(1c = 2.0 mA, R = 100 ohms, Figure 11 (2) . .
SWITCHING CHARACTERISTICS {
Delay Time AN2S, A, AN2G 14 i 007 ns
tic=10mA, Veg w10V 2N?7.4N28 . - 0.10 -
Rise Time Figures 6 and 8} AN25, A, 4N26" Ay - 08 - us
AN27,4N28 = 2.0 -
Storage Time 4N25, A, AN26 1g - 4.0 - us
{lc=10mA, Vog = 10V 4N27,4N28 ” .20 -
Fall Time Figures 7 and 8) 4AN25, A, 4N26 1 - R0 - us
4N27,4N28 - 80 -

*indicates JEOEC Registered Data

{1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%,

(2} For this test LED pins 1 and 2 are common and phototransistor pins 4, 5 and G are common,
{3} RMS Volts, 60 Hz. For this test, pins 1, 2, and 3 are common and pins 4, S, nnd 6 are common,
(4) t¢ adjusted to vield Ic ~ 2.0 mA and ic ~ 2.0 mA p p a1 10 kHz,

{5) Isolation Surge Voltage, Vigo. Is an internal device diglectric breakdown umnq

DC CURRENT TRANSFER CHARACTERISTICS

FIGURE 2 ~ 4N25,A,4N26 - . . FIGURE 3 — 4N27,4N28
0 {7 - " ) 20y 80, N
T E WEFTER Yl LE] i1l

20 vee= 10V 4114 A 2 Vee* 10V A ]
z — -} 4 - // ‘J— = - A1 ‘,A I S W
- ° == = e # =3 ’;?‘ -E— 'o . _. =3

1——F g3 P o o - & =3 311K
Eso - ZALZ] Esofill=
H » Ty -559C g'”“
st s S 2ot |
T E S 1o
g £ g A
5 e 2 2 os
o 2 ] 1.1
S 02 PSS et -] 4 H s02 /) H{tH -
. 2
[ K] @! = 0.0 =38
[ZriSi=E=EEs! B ChE r —F 55
uosm ot 1 D ol % | 005 8 s 171 Lo
b T I T I G5 15 28 86 W0 0 & 10 0 60

15, FORWARD DIODE CURRENT {mA) 15. FORWARD DIODE CURRENT (mA)}



4N25, 4N25A, 4N26, 4N27, 4N28

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 4 — FORWARD CHARACTERISTICS
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FIGURE 6 — TURN-ON TIME
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FIGURE 6 — COLLECTOR SATURATION VOLTAGE
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4N25, 4N25A, 4N26, 4N27, 4N28

FIGURE 11 — FREQUENCY RESPONSE TEST CIRCUIT

FIGU.RE 10 ~ FREQUENCY RESPONSE
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TYPICAL APPLICATIONS.
:

FIGURE 12 ~ ISOLATED MTTL

FIGURE 13 —COMPUTER/PERIPHERAL INTERCONNECT

TO MOS (P.-CHANNEL) LEVEL TRANSLATOR
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FIGURE'15 — INTERFACE BETWEEN LOGIC AND LOAD
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‘4N2-5,'4N25A, 4N26, 4N27, 4N28

TYPICAL ELECTRICAL CHARACTER ISTICS

FIGURE 4 - FORWARD CHARACTERISTICS FIGURE 5 — COLLECTOR SATURATION VOLTAGE
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