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ABSTRACT

THE PURPOSE OF THIS PROJECT ARE RESERCH AND IMPROVE SINGLE
PHASE STANDBY POWER SUPPLY WHICH HAS RATED 3KVA AND CAN BE BACKUP
FOR 15 MINUTES AT RATED.THE INVERTER GENERATED AC VOLTAGEL BY USE
P¥M TECHNIQUE AND HAS TRANSISTOR WORKING AS A SWITCHING DEVICE.
THE PWM TECHNIQUE CHOOSED IN THIS PROJECT IS CALL NATURAL. THRIS
TECHNIQUE DERIVE 3 LEVEL PWM AND HAVE A DOUBLE FREQUENCY OF
TRANSISTORS SWITCHING FREQUENCY.THIS RESULTS IN THE INVERTER OF
LOWER HARMONIC CONTENT.IN TRANSFER SWITCH PART IS ADDED FUNCTION
MODE TO 3 MODE. FIRST IS CALLED NORMAL MODE WHICH OPERATED AT
NORMAL LINE CONDITION, INVERTER ABSORB ENERGY FROM LINE TO
GENERATED PWM FOR LOAD. BACKHR,HODE IT OPERATED WHEN LINE OUTAGE.
THE STANDBY POWER SpBPfg WILL BE ABSORB STORAGE ENERGY FROM
BATTERY. BOTH gDBE/,USE DC LINK TECHNIQUE CAUSE LOAD RECEIVE
‘NEARLY SI&gSﬁfBAL AND CONTINUOS AC. IN THE LAST MODE IT CAN BE
CALL THE/bROTECTION MODE,THE EQUIPMENT WILL BE PROTECT ANOTHER
PARTS  OF LOAD, INVERTER OR LINE WHEN ABNORMAL CONDITION ARE OCCUR
SUCH AS OVER VOLTAGE, UNDER VOLTAGE, SHORT CIRCUIT CURRENT etc. AT
LAST OF THIS THESIS PROPOSE THE EXPERIMENT FROM{’PROTOTYPE
OPERATING,AND IT PRESENT ADVICE TO DEVELOPE INSTRUMENT IN THE
FUTURE.
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3.3 193TA1RY (POWER CIRCUIT)

¢ a ¢ ‘ a (o X a . o
I93FT8ULWALLIATIABT 1uﬂ1mmwﬁwuuauuu TANTMTALRBTAR
o lun 4 ( P - L]
4 AuIRanuL uQQQ1uuugau1aa TaaTudqggaduiudnTanssud I, ¥137107937
o~ (. o t ¢ dw ) 4 s
TULURTRINTINTH LRATAVASUARLAD La1nqnn1naanuwazag?uzﬂnadﬁauﬂﬁaut1w
A @ G - ‘du v a4 e d { ]
WAUURILANUUY 3 T¥alU ?quanumsﬁmm1m1na1eaqnuﬁmm1m3Unauﬁwau HR3zd
) - . ¢ 4 "] ) Vs s as a4 I's
A TIAUATAE LAYRINUNALI B TWR TINTauINA U 93 TA 1A INAI TEN I 100 Toan
~ v o . V) a v VU 4 ] 3&:» LY
WABIUNVTRAMNBLUANU TIARINIRRIYTENAA 220 TIaN  MASIINABIIUILBEY
¢ 4 4 do o 2 o d_ v ' o
Qﬁmtawnqnn1aammﬁmﬁwaut1wwauuaqtauuuu 3 JeaU N1aNIHIUINITNTANATINN
. 4 ‘¢ a o 4 ¢ 4 .
(Filter) Luaﬂiaeﬁmm1m1ﬁtawnqnnaanuwﬁanumsLﬁuﬁauﬂwau LR RERUSNS!
P o 4
1691418379 L duLAsImriwian
o (Y3 d 7 { I's
ﬂwﬂuann11§w05ua§u1a1ﬁ 1NATEIERL WBRL 28T L AaTIzuUR Y et
4 o e o o £
AT9(DC) At gL Uudngaluaiu(AaC)  TaslfnTuddLaavnady 4 a1tﬂuqunvm

o] L 1 g /4
B R ?qﬂwuﬂinuﬁaqTaﬂqEUn 3.12

QYA

LOAD
B1

L

o s a ¢ ¢
Zﬂn 3.12 UHANINITNTIRIDAIAULIATIRAY



-~ N I a ¢ ' | <
AMTUINITAIRNIBNIIRTE18UL WABL I8 TIRAT nudaq1uZUn 3.12 3%
v v f - N
uuqaan19tﬁuﬁ1uqaou an
[ a a
1)ﬁ1u1qaigaUTaauasw?aaiaTaa
1 - 4
YR MINITAULL YT
[} i 7]
I FEmmiaulay

. o
4) A MIIITNTANAIIND

o {
3.3.1) 9 TdluLuaT

o {f U 4 LYl [} ‘hl Ql c‘
1qﬂiﬁuULuaﬁtﬂuvqaianunﬁndwudwﬁm a1uuuq1unw1ﬁ1ﬁ?qﬂ11ungq
4 o A 4 , ¢ ‘ .
Luaqunnw7ﬁ1ﬁaeﬂ1wun§q1uﬂ1qu§qau§qasLﬁﬂd1ﬂﬁ11antaﬂ(sp1ke voltage)
{ . 2 o < w ot
n?anssuﬁd1ﬂn(sp1ke current) nﬂﬂﬁaa1wnﬂsluunaou7qnunaanﬁ(dv/dt)
U 0 4 § v
HRTARTINITIWNTAINTEUdRDL 28 (di/dt) Lwnganuaﬂwquwn 298733020
a ] d e o v < vaj » o s
LNARIINLRENN BRANT BT L RATAA 9T1I99 714 I9TANNITUIL BIIIITRUUL UBTHA
o4 od ‘ , ' 4 1 .
ABlWanIraaAimay dv/dt uay di/dt TANAMAEAY  WANI93TIELNNIILATAS
I P 1] : Hd o
nTMTALRATANASTNL IAATINL RENNE %qﬁﬂuﬁinuﬂaqn1wﬂwunﬂaaananaen1wu

e - <
Td1AaT (Safe Operating Area ; S04) 13aqzﬂn 3.13

Loa Ic

)

Current 1limit Power ““‘“"i,

/

-

‘= Pulse

Second break.dmm limit

—~ Voltege limit

P LLog Vce

4 ¥ 4 - ¢
sUn 3.13 uaaqzﬂn71qunﬂaaanana4n11u%ﬁtna1
3



-31-

. v v e X oa
ﬂﬂnzﬂdwuﬂsnuuqn1wwaan1aLﬂu 4 AL Al

1.) iaiwﬁagdqhnaqﬁnnTsud (peak current)

2.) Eniwﬁanaqwﬁquugmtgﬂ (Power discipation limit)

3.) 3ai17iATa4n TiNAEATIIFRY (second breakdown limit)

4.) BaifiapavWALTIAY (peak voltage limit)
[o4

1t
T 3
-

o
€

< 7% as ¢
ZUn 3.14 uﬁnqzu1411duutua1

o N (d ) [ |
N3N 3.14 193 7AMuL U TR d 9z UTENAUAIE 2 JIu AR Aoud
ﬁo 4 o w A (N a o .8 [ |
cludiiuiuaTupuauay  dmTulasfusanasuTeRwlnInL fudainfiadv/dt nasdiun
[¥3 ¢ - o 1 . & .
tﬁuauuLua1uuuagn1u§1n1uﬁaqnuﬁanaenvzuﬁ WML AUIR3ITe di/zdt RN
- (. v v o
NTIUTTLRATNIRIATIUUY

. o {
A1TNINUUASNTTBANUUUFRULUB TUUYIUIU

nﬂTﬁwqﬁunaQﬁKUtua%uuunuwunmzugnﬁﬁn1zuﬁ FUuATHTI91 287
aTEudan ¢ aaaqaéﬂctﬁuLRQLQu ﬁnaﬁ1wﬁwgﬁ%aun1Uﬁ§tnaé C, #L1a11aq
3En11AN

t
Vo= 1/C b, i (b dt (3.1)

0

uz‘l K| t o o I
AetiuLAanAT C_ 1Wathina 1 tudaaTani i iy V . (isuna 1/2



-32-

<
189 V) ntaan bt =t 3n
C, > It /ev_, (3.2)

4 - a d o I'e 1 [y ]
VLA MmaeIm b, ﬁﬂﬂﬁﬂlRBTEQHQQﬂﬂWTQU1=13uH13na11ﬂﬂ1n1au
o ' P a o s o o )
B ULTNEINIT V, LHENIRNATEIRUARLALT NI TUAE ARUNINATL NN

.~ ud L
ny v,  waamdzanu C_ wilalan
E__ = (1/2)cv? (3.3)

- . ¥ : 4

iewaqqquﬁauuﬂzgnaaws1u91wu§1unwu R, tﬂuﬂkugmL§a1u R_iNa

‘. o - y ™ e
NTIMTH LR TUINTELRANATY D1 F Lﬂuaawunnaqnv1a3ﬁﬁq nwaqgmtaz1u R, m

183110

P, = (1/2)¢ v, °f (3.4)

RS

v:;’l' Q’g (33 { [
AMUUAT C_ LWNAR waqawugmt§a1un11u%ﬁtnETQsaaaquaﬂ11u§mt53

S
P13

a « AT . v o d. o -
1“?‘1'1”5"““7“?.5!,“”3“ IUCLAFINUAR" Rs ﬁ']'fn"l“uqnaf,ﬂﬁn73uﬁﬂq7ﬂ73"l‘n"‘3

&

' { 4 gY a < 4 v v <
TMRH WNTIUTA LR T Lwaiuﬂutnaﬂ1§qqann11u%ﬁlaaﬁasnu1n a1 I tdunTs

) o o FS s ¢ o . - o
uﬁnuwnngann11uﬂﬁtaaqunu15 dm I, \unseudTmanTusae RN Tou AR v

w141 R_ TA3M E
R, > V/ (I -1) (3.5)

. [} 1 4!) 4 ) 1 4
TR R, ’lua”nmi’-wtﬁum Rs ﬂuﬂﬂﬂi{ﬂ mummnm{aaaq Rs "1

[Y] 4, 2 < a { ¢ "
1QQﬁn7sasLdaﬁnuﬂnﬁsuﬁuaﬂn§a§a T, . JaINTINAKLAAT TREATIL 1AM

(min)

o ' = ' I's 4
n13udﬁaan§naswqﬁaaﬁ71asLuu 3 tmpasinupauguaus R_C_

T,. > 3R_C, (3.8)

on

R >7T /3C_ (3.7)

3 on{min)



-33-

“ 4 . v A ow <4 Y '
UUAd Rs Qsﬂﬂ\,”ﬁquﬂﬂwanﬂznq‘[ﬂﬂﬁfﬂ'\ﬂlhz'iﬂﬂ*l CS nualuy19n19

dinTeud  F930dunnT

VL ~I) ¢R,CT /3C (3.8)

on{min) a

. . o (o 4
MITAMWIUNIAY €, uar R, T3 TduuiuaTTagnmuat 4autalun9is

3

¢ o ¥
uasqmduﬁﬁnaqn1ﬁuidtaa7 A

150 v
75 V

cd

30 A
120 A

It

3 us
3 KHz

BT e - o <
i

12 us

on (min)

off{min) 8 s

o d . v
MAUNIIN (3.2) 1At C_ la

N NS

8

>= 30%3%10 /150

2= 0.8 uF

-

o £y - : Iy
FUIALABNAT C_ = 0.6 4F ,630 TIan KazanguA1T (3.7)

]

V(I ~I) ¢ R_<T /3C_

on(min?

on(min)

o @ . v o s
Tagn T ﬁa7sazl1a1u1n13uﬁuaﬂnqa HAUTENIN 20 us

u3Q J v
RIUUIMIAT R_ IR

1 H



150/(120-30) < R_ < 1210 °/3(0.6%10°°)
1.6 ¢R ¢ 6.6

o 4 { a '
IMINATITAMD N1 INd 209N DXL ABT = 2 NTALBTR

ug as E Y 4
aquuwaeqwugmxaa1u R_ »1ta3nduniin

o
"

0.5%0.64F*[1501 #2%10°

Lag-1

v {4
13.5 788

o
n

rs

s ' =& 4 o X ® a u
IIMWATAINTITAIUIURIAY R uaznﬂavgmtaantnanu 9t aanly
's w
R, = 5 Tanu 20 a4
I - e a 4 s W 3
nInaaen A 9L di/dt 239N MTIRIRATIUINRITAIRY ILLUUIINTIY
' B4 s - I's { | Qi FaWwe Y] : -4
IRLABTANRIDRNI9ATENEUL WMBUL 18 TLRET  NNNTAIE TSN IBN AN YA TN a1ty
a o («ﬁ 3 o W JI.ﬂv o § R '
TudaauaauAnY  39idun178a di/dt uadsas Taantulttduna st wuduuiyas
0 © P £, ' [ R T N 4
amnTN ABINTTARINNITILARTULLUBTARNTURITIZUUTAN TG dizdt nnTou

( - - d L4 L ( - -
ia’mmmmLuaﬁaqnummenawana«mmuﬁa‘xammm

3.3.2)dumuanyas

4 o ¢ d a 4 fdadr ! & Y
LuaqunnuwauTqaulaﬂnqn naanuwﬂwnaux1aitaa1uﬂﬁaw%qtﬂuna
: 4 1 H f: - . 3
L A8UTE N1 TUNITA L NATA SPWH nTﬁﬂwgaﬁnuwﬁtaaan A1Man L uh a1 Fnia
o d_w S 'y Y FY Y] o e 4 v
wUR9ITUNITHUR SN TIAUNTARINALLIBTIRETUE  THIARIMUAARTIANLRIRILRBINT
4 4 P [ ' P 4
Aa 220 Tqantawnqn LATHATAINITIAIANTTNARDIUARITHLARI W TART 1 THa
a < q o 4 o a s (a ﬂl af
uan 1 n:au1qaulaﬂnqnnaanawnautaafzaa1ﬁat URT ras UTsNIMLWEY 90
do ' < ' 4 (o o < v
V .. NERTIHIUNITUBATERTIARUT1SUNUARUT N ILWAAN 0.7  UALNUTIARTURTY
¢ - | . { L
100 T9an nqutananLﬁaﬂwsgmtaauweﬁuuTuEUnaq§ﬂ1uaﬁﬁ naziaalunn
1 e Uxu( 1 ug t ) L T Y - - 4
TaMTULUBUARU ST M1 8TU AQUUNITAAAUUUNNAULRY IIWITTAMTIRUITIN
1A31NAITNARAN



-35-

N1TAANNULIMNALYA g

' (¥} 4 v
n11aanuuuuﬁauURq ﬂsaaﬁ1ﬂatﬁau1qaunanﬁsau1uuﬁauﬂa4ua:n1wu

¢ : ' ¢ { dao - o
B¥LRaTA2E TeNATUTENTE 10 LUBTLTUR TWHANNauUaAvINIA 3000 Gia

n19Amaun = 90V
nnqﬁwutaqﬁqn = 240 V___
Turn Ratio = 240/30 = 2.67

P v v w Ao 4 ﬂ de a S da ¢ ¢
tuaqaﬂnuvwauxnwuuauﬂaquanﬁmszﬂﬁaut % WALLRILANNNLUA T YuA
4 I's . ©
18vA L dugauNIn eI

E = 4.44 f BA(sD)
Teimuati f = 50 Hz
B=20.9T
sf = 0.95
nIMuR A= 0.011 RI19191URT
131 IRTAUTEIBAAIA
'NJ = E, /(4.44fBA(sf))
= 43.1 7au
N, = E, /(4.44fBA(sf))

105.3 9au

A19UaIN J = AIRINMIMUBTIANNTELE = 4 A/mm°



-368-

azla I. = 3000 VA/240 V
= 13.6 A

I, = I,(N_/N)
= 13.6(105.3/52.3)
= 27.4 A

40 . -
wunuuwaaunavaﬂsugu

a, = 27.4/4
= 6.845 mn_

tﬁudwguénaﬁe
d, = 2%/ a/¥
= 3.0 mnm
= 3.0/25.4
- 0.118 W7

s 2 4 Y ’ X
AeliulLl®ata SWG Luas 9 nuwatﬁuuwﬁuanaﬂa = 0.119 w1

3 4 YV e ey N
wunnmannawamﬁqnagu

a, = 13.8/4
= 3.4

Lﬁudﬁguénaﬂq
d, =2%J a/w

2.0 nm
2.0/25.4
0.078 %9

v ¥ u é (YR I X
avulcTdane SWG 1uag 14 nuwatﬁuuwﬂuanawu = 0.08 W

. 4
3.3.HIUINITNTANAUN




-37-

4 & a & ¢ ¢ a ¢ ¢
1u1qa1n1aqnvﬁun517uauﬂntaﬂnqn 1899 TEaUuLWaUL 18 TLRE T
40 4! . :
38177249370 T29A2 N2 814418 WUYIIITNTAYAINDAT (Low Pass Filter) 39
v 4 ¥y 4 - e ‘
dTenauRtg L Uay C aﬂuzﬂn NAULUANIINENAUAR SPWHM /171N 13InH1IND
a o » 2 4 1. & a 3!-;-» o 4 d
uaauauan1ﬁnua1uﬂqLuaauaﬁﬂ1uauﬂtauq AuAAUAUITENAN 80 TulY T
. ' o ' < do o o [ 3
ﬂsLﬂuawu1utn1naqaa11ﬁ1un11uaan§anauau 2N-1(N =aaT1d8un1%aa) Tasn
o < da d & a w o o+ o4 o X
vqa1n1aqﬂ11unazgn3un91ﬂunnaaaw (cut off) nF1TuauA auauawnganxnau

. Y d o <
MR IN19010A47 L was C U143 TN TANRIAUNINNIUNR L ANTA

Zy
Ireut o—t A —I_ o Outmut
vy i i %22 vp
o -0

d
gﬂn 3.15 U&@47937 Low Pass Filter

1 [ . . [ -/
ag19tIneuan L way C 189 Low Pass Filter ﬁuaaafzuuﬂwau
a I's 4 Qs i " Y] s 2 . -
LIWBULI8TIART TAENAY L nuIn A1 C uwaa’en1Ivn Voltage regulation 2ay
I'd - s 4. el ' ﬁ a I's s 4w <
Frauiaul1aTiaaTiug  uRLUUNITARTAARRAAUL18TLIRBT TasNnTdAT L 1AnY
' . v . [ a Ve
A7 C u1nq 3EN1In Voltage regulation a saLdun1TLRwNAITE TRaAINAY
a I's 's
auLI8TIRaAT
o | 4 [
11n1411n1a¢ﬂ1ﬂunuda01uzﬂ 3.15 AtanwuRuTIas L uaz C u1'lA
IINFUNT
Z = JwL (3.9

1/jucC (3.10)

3]
i

o < o~ a d Y]
Taan Vv, tﬂuuiaauauqa Z9UT¥nauAi8 Fundamental Voltage uae



-38-

s { a 1 '
¥R TENAUT 1 TUBUAR Y CRI tﬂutaﬁnun3341qa1nvaqn11un ﬁqawnfﬂ
e "]
AT LUUITIMITATAIAIIND ~n7nu1ntﬁuau Voltage Divider naaauauﬂwi

a d
HBUAN n RINFNANTT

Fens = Voer'Vien,
= Zyer/Zacnrtlycn,
= UL, Y, ..,
WIR f = UILZ Y, (3.11)

2 dda  a
IMAUNITIAY £ 3TLUUIVINRTATANAIINANA NTRAANULYTA LUNIE Y
v v - da o« o e u < )
4a7 3¢ regulation ne uTaam Voltage Fundamentaliwzyianuaanianand
1891

4
wian Voltage Fundamental

Z ¥ =0

1i(n) 2¢n)

- v
nmunﬁwuﬂinaaauau§ﬁ7uauﬂn n 1ﬂﬂﬂﬂﬂ HTB f < 1 i

n)

1Y) {
1na§ua tua n>1

1(n)Yz(n)

- 1 4 LY
AITRMUIUNIATY L Has C Tua9TnTava9:8n ﬁaqaﬂﬁaduﬂ11 (3.9,
4

(3 100ua%(3.11) twa?uYnaw L uar C nLuuwuauuavuaanﬂa(optlmum) a8
nautqaﬁtaaiaau1URauLawnwn nas nwusqaut7ﬁntaﬂunn

1un1qﬂauauavﬁﬁ L Tudusasnuanday nnatﬁudqunﬁqaaq1ﬁﬂ1niaq

das “v ¥ oo w . @ @ ") . . o {4 a

AIINDAE AVUUIIABIAIRINIAT L TundaulUay uazuIn1a1uIu6a8 Taad1inana

< -1 ﬁ 1 e e o I [
neﬂﬂ’aﬂqul uﬂ1ﬂ13ﬁﬂ17§ml351u7Q?1ﬂ7aQﬁ1quﬂ uagﬂqaﬂﬂ17§mlaﬂqu“uﬂ



-39-

a a YOt ) { a d a ¥ u I :
HURY  37ninAuA SPWH WHAWITANLATIENARUTEABUTITHAUANL NRTUTR  F9H9
NTTRAMIWMIAT L WAz C 1 30 mH uav 10 4F AMA1AY  TaalH93TnTay

4 o d 4 ¢ a4 4 4 . 4
nvﬂungunnkun cut-of f nF1TManAn 50 FulYl taunuA1ITuRNNIIN(3.11) 3¢

1879
£, = ll/(1+waL)
= l1/[1+(zw*50*30*10"3*21*50*10*10’“]
= 0.97
(%11
f = Il/[1+(an)(nwL)]

i

ll/[l+(50¥2ﬂ*50*30*10-3)(SO*ZK*SO*IO*IO-B)]

0.013

MR A1 f,, f TAE1HAT L = 30 mH WAz C = 10 4F -
) ) ) g . ' o
WA £, 131108 1 waw £ 1§110F 0 Twmwrmmawin  aeatnTasanui

Low pass filter 1ﬁuaﬁﬁunnuﬂ



-40-

3.4 N37R7UAN (CLOSE LOOP CONTROL)
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pot core dMIuunu pot core usNTHNUNITINEANRITRIERUAIM Tz 20-

4 o u T 3 ‘el . v od, 1 e
200 W LUANIINHLAULTIMNLMRNTYINARY  WANNITIZUN8AI N TAUNINAB AN
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ﬁvuunuzﬂauq?z1ﬁ1usznuu14ﬂun§en11u nniaanuuuuuauanad1un§cuana1n
LABNUALUAY HYRANBANUUUNITHVIARIARE

a o ' ¢ < . o4
2) LaanszaunvﬂuuuwuuutﬁuuiﬁuuLuan(Flux Density) CETA L RE
NI ) % A o - f, & ad I

310 catalog TaanTun1Iuunuivanaum’ dwu1uunutﬂa117nagn B__. A1
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3,000 tnd

3) éwuvmdwn1suﬁ§4qahﬁoﬁwuﬂzugﬁnaquﬁauﬂaq
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4) @UIUIUIANNRILIARIA (Bobbin) 10 BUI8 L WaIWaANT AN
3INgRT  Ae.Ac = 0.68P_ .D.10°/(£.B_ ) (5.5

4 4 @ f f} -3 4 fa (
iNa D aaawﬁ1ﬁunuﬂuuunaqn1zuﬁﬁuu1aLUuLﬂa1ﬁaﬂ1uaa(circular
. ;
. ) b 7 . |4 (Y] 1 : ]
nils/amp) T981 D t11xﬁugnﬂuuataq TR MUREAAATINAITAINGY 200 c.m/A
dxd a e ” - ] -
Ac aauundﬁn1uwunﬂa1anaquauuu(Bobbin)ﬁuuﬂatﬂunﬁ11elﬂua

184:1., a&‘n’ . By e 14.
LURT n11taanuuqyuwaﬂnaqunuuasuauuu(Bobb1n) UnasInaIdInIINa 1w
[ . 7 ) l ( !
1Aag819Uaa 50 LUATLTLA

d
BTN 2 UFRVABIATARIANIRTIZIU

Cu@aq
Diameter over capacily in
insulation (inches) Nominal Resistance milliamperes
W Wx Y circular per 1000 based on
AWC Min.  -Mazx. mil area ft 1000 c.m./A AWC

8 0.130 0.133 16510 0.6281 16510 8

9 . 0.116 0.119 13090 0.7925 13090 9
10 0.104 0.106 10380 0.9983 10380 10
11 0.0928 0.0948 8230 1.261 8226 11
12 0.0829 0.0847 6330 1.588 6529 12
13 0.0741 0.0737 5180 2.001 5184 13
14 0.0667 - 0.0632 4110 2.524 4109 14
53 0.0385 0.0609 3260 3.181 3260 15
16 0.0332 0.0545 2580 4.020 2581 16
17 0.0476 0.0488 2050 5.054 2052 17
18 0.0425 0.0437 1620 6.386 1624 18
19 0.0380 0.0391 1290 8.046 1289 19
20 0.0340 0.0351 1020 10.13 1024 20
21 0.0302 0.0314 812 12.77 812.3 21
22 0.0271 0.0281 . 640 16.20 640.1 22
23 0.0244 0.0253 99 20.30 510.8 23
24 0.0218 0.0227 404 25.67 404 24
25 0.0195 0.0203 320 32.37 320.4 25
26 0.0174 0.0182 253 41.02 252.8 26
27 0.0157 0.0164 202 51.44 201.6 27’
28 0.0141 0.0147 159 65.31 158.8 28
29 0.0127 0.0133 128 81.21 127.7 29
30 0.0113 0.0119 100 103.7 100 30
31 0.0101 0.0108 79.2 130.9 79.21 31
32 0.0091 0.0098 64 162 64 32
33 0.0081 0.0088 50.4 205.7 50.41 33
34 0.0072 0.0078 39.7 261.3 39.69 34

35 0:0064 0.0070 3l.4 330.7 = 31.36 35
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5) L5annuﬂauaséquqmiwuvuvauna4naa1anne§1uu§ugﬁ

B0H92819 1w Mn1TAmINuEE TR I = 1.19 A wasiTiinua
WA1 D = 400 c.n/A @il

TUINTAVIARIANIIAMLSHAN = DI = 400 * 1.19 = 476 c.m.
11310011197 2 uaaenuiamRarANIATIE  FeduanndaiiouantiaTeRuanas
\uat 23 AWG

AIBINAIWINTALDAIARIAN TG WU UAR

IIMFUNT
N, = 10°. V_ / K.f.B___.Ae *  (5.6)

D

. ' "
§) AvwlamiAn B 0n vV dyda
IINFUNT
B = 10°. v / K.£.N_.Ae (5.7)
max in(max) D
o
Taanawnawuvaaﬂuaaqa1n11nﬂ B L n13q131u catalog @avuny
e 4

wdatisn Lua1u1utnan17aua11uunu

7 Laannuﬂauaun1u1m11u1u1aunaqnaa1an1¢aﬂunnanu

31n1¢111ﬂn 5.2 niuuﬁlaﬂnunn1aaﬁn1a1aa113¢n1 uﬁuuuwatvu
uazuﬁauuaquunﬂnaﬂq aquunaauauaa AN TS uﬂaﬁua"niqnucnaqn1~uﬁ

. s 4 U e,

LaﬂnqnnaﬂaﬂﬂnuTnaa

ANy ﬂuwanacnaa1anﬁqaﬁuuiunu = D¥I_ = D¥I__ /2
iqx11a1u11nu13uwnnaqnaa1nnﬂanu1a1aaawﬁnaﬂﬁqu 2 iduLAgafiuge 5)

awnﬁkuﬁuwuﬂ

N, =N, . VIV (5.8)
K
Tagn V= 2.V .,
d
Lia V.. ﬂ/ u14nuta1nunn1aa1n1a1aaL1aen1 uﬁuuuwatqw

8) nfuﬂﬁauv1unuwunaa1aw1auauuu(Bobb1n) AIMTOWUIAR IR T B
wuantaly

o, (U (
5.3.4) nﬁnt1ﬂawﬂauasaa1931a1utaﬁnwn(Output Rectifier and Filter)

L 8L a4 . e “
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A1 M1laTaeatdaTid i1t 1aTaan1d dutaTanl e L aninn Teu g
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197 TrTanunTsU&L 7900 (Schottky diode)

- <4 P T | a . owod "
2. ALNUEAMUINMUIN 2 UTEATT A2 NMIMRINRUIINTEURIuATeuaTUA
. | . v 4 ' o o Y de a o N
A LLANUALNIMUANTRN 1 TE 18 T90 TR A L TAUTY uaﬂqﬁawaﬂuanﬂwuwﬁn1§n1Lﬂu
“ < . GV da Ve - [V (4 . 2
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Qutput mode control cc
130 o)
b 8
S Ry Flip-flop] ¢ —~O-¢
5 Oscillator Qf s
O Q 1
I e T Dead-time cK O
RT TCT comparator G 02 —-8—0
1l L 4 012V o
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10 62 3(5 156 Q16 7 14(5
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N 4
n11nwcwunaq1qavavuqu1aa1§1a§nua1 TL 494 3zUT2NauR782437
¢ . B 4 .
aadTiaLAnT nﬂnﬁnnﬁ?ﬁqﬁmmﬂmﬁuxaaa(Saw tooth waveform) IVLTIHIMNATH
. o4 ¥ o ' ] ¥y X [P ]
NIMBARIIND BAVENGINRTA Taaﬂ1a11unnaqammﬂmuasnuagnuaw R, Uaz C_ n31

8 UAL 5 RANARU  SIFUNTT

fooe = 1.1/(R_.C) (5.10)
?qﬁWQﬁmﬁutgaaaasgnﬁﬁuﬂLU?&Utﬁsuﬁnammqunqﬁq Tugu289 Dead-Time
Comparator  FegwnTniAaniivawly 2 wuy Aal¥dm Dead-Time Control
dT1ed a4 n7alfdau Error Amplifier ﬁiwqﬁmmﬂmawqaqn1a iqnuaa
nuanumvnavnﬂianﬂunaq1qq1nu1~nauaa TaERIN1T0UANAANL TN 2 nTARa

1) nTaN1¥d9u Dead-Time Control dT1efmnua 198 tunasdmiy
AT F e a TN Tiaun fusa¥a i (feedback)

2) nTAM1TdIuBay Error Amplifier #31e¥aqaninedeinuisimiy
iUt iuavaTnan silaunfunuy close loop T4TuTATIV AL e 1u
n1ETedanai1ed e LHat LT A auRudanneiiel A esa Ty

*waTinniuiaiunTiuldiaet Q, uaz Q, Tas Q, uar Q, 3xdduAy
19 Fnaurlina(Clock) nasWataau(flip flop) AA1AB3ALLN 0 (Low)
Lﬁaammwmﬂut3aaﬁ1s§udqni1§mmﬂm§1qﬁq

TnuanﬁTnﬂaﬂuuuuwu SLCIEE e TAUTUR N S 19 ma L HadA R T T L
50 11aditun ﬂaﬂ1u1aaqua 0-50 UadiTun uas ﬁqﬂunnaqﬁmm1mta1nunn1aav
uawtﬁuﬁ7qmuqnaq§mm1mﬂkunaaﬁ%taa<§mm1m saw tooth niafngauatiist)
RmTunaTiewluTmeed  n1uddieed Q, Wuar Q, IuH11aT TL 494 3unin
IuFRUTUNTaR T9 AT WAL ﬁﬁ?ﬁﬁmmﬁmtawﬁqnﬁaanuwﬂn1 8 uar 11 NAnpas
ATANUI NN

TR TR MMUNES TR axdantTndFuRatun1enaiaaiadts 100
VAT uR Aa ﬂ?uTﬁgaué 0-100 t1aTLTuR uay ﬂaﬂunnaqﬁmmﬂmtaﬁnwnn1a

asiifnLifiuAr wina sy aaagdian A wFunaTiiemluTuuan n1uddinas
Q, War @, 3ITHINIBIndauiY ﬁﬂ1nﬁmq1mnawnqnnaanu1nnw 8 War 11 A
Ansnz L ulauiy

N1T ON 2124 Q, WAz Q, ﬂsﬁuaéﬁuﬁmmﬁm output mode control

1 output mode control tiu High ﬁmmﬂmﬁ1uqu Q, uaz qusﬁuaéﬁuﬁmmﬂm
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189 clock uasFquw output mae filp flop 01 output mode controltiilu

Low 5wmwme1u9u Q, WAy Q, 1z nuaanuimqﬂmnaq clock \#8988191A87

2

nn1 dead time control 3s uu1aauaaaaﬂ1~uwm 0.12 Taan UTIRY
off set auu Y ﬂautnwnnw Non-inverting input 17841937 dead time con
trol ﬂquutuau14ﬂunn91au C, ﬁqn?1 0.12 Toan Comparator 3 1utawnun
Lﬂu High uaz nn1ﬁtna 117 oscillator C. ?"ﬂﬂﬂﬂiu?ua u1qaua1n11u1u
uauaunaqﬁmq1mawutnaaunnanannaﬂnwnnae comparator 3£iT91 Iy Low
Lﬁuan11nn1wuﬁﬁxaa1nsaanwu uauaaanmduunanﬂ%nﬁﬂaqn11u3dzaa1a~n1
qwuuuuﬁvﬁicnna11uﬁ1q ON 3zin1TdzaNlTe 11utuﬁ DMIN31E29 OFF 14
uwuwa(na"n11uu1~ﬂﬁaaa¢1a) n11u3ﬂtaa1asn1a1tﬁﬁau§a1qa1 ?qtﬁuﬁn&mz
nt111uﬁavn11

7437 PWM comparator lATun17sanuuulintuTauinaunTeAuAnATal
c, FeazTaufivuredu of fset 3n 0.7 Toan ﬁuuiqﬁutawﬁqnnaqqqnv error
amplifier ﬂslﬁuiﬁﬁnﬂ Non- inverting input 789 PWM comparator 3¢@a
nu1¢11aqn1uuﬁaqn 0.7 uaauauﬁ Laﬁnwnnaq error ampllfler WAay ﬁaau
u1aTaanaa§n1uag Lwanﬂaatﬁu OR gate uunao nﬂuaqtﬂa1nuu14aunnw 3
qsawuﬂinﬁuuauwaantaﬁnwnLﬁuxaavnua1unaq dead time control

ana1uuuentwuLnﬂu19a14QTL7ntaa HTIAU 5 Tvaﬁtﬁa1§dﬁu§ULﬁu

BTIAATYEY (1«?1ua1u17nﬁwan1uuﬂ1n 20 nA)nvaauaﬂa1uun1qa1n1auann1a
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National
Semiconductor

LM13600/LM13600A

General Description

The LM13600 series consists of two current controlled
transconductance amplifiers each with differential inputs
and & push-pull output. The two amplifiers share common
supplies but otherwise operate independently. Linearizing
diodes are provided at the inputs to reduce distortion and
allow higher input levels. The result is a 10 dB signal-to-
noise improvement referenced to 0.5 percent THD. Con-
trolled impedance buffers which are especially designed to
complement the dynamic range of the amplifiers are provid-
ed.

Features
B g, adjustable over 6 decades
s Excellent g, linearity

Dual Operational Transconductance Amplifiers
with Linearizing Diodes and Buffers

® Excsllent matching between amplifiers
m Linearizing diodes

m Controlled impedance buffers

& High output signal-to-noise ratio

& Wide supply range 2V to 22V

Applications

» Current-controlled amplifiers

m Current-controlled impedances
& Current-controlled filters

R’ Current-controlied oscillators
u Muttiplexers

‘W Timers

® Sample and hold circuits

Connection Diagram

Dual-In-Line and Small Outline Packages

Amp A

BIAS  DIODE  INPUT  INPUT BUFFER BUFFER
INPUT-  BIAS ) ) oUTPUT vt IKPUT  OUTPUT

1 15 " ha i2 " {10 [

+
+*

1 2 3 4 5 |n 7 ||
AMP  DIODE  INPUT  INPUT  OUTPUT V-  BUFFER  BUFFER
81AS BIAS (+) -} INPUT  OUTPUT
INPUT

TL/H/7580-2

Top View

Order Number LM13600M, LM13600N or LM13500AN
See NS Package Number M16A or N16A

3-713
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Absolute Maximum Ratings

if Military/Aerospace specified devices are required,
pleasa contact the National Semiconcuctor Sales
Otfica/Distributors tor availabillity and specifications.

Suppiy Voltage (Nota 1)

.M13600 36 Vpgor 18V

LM13600A 44 Vpg or +22V
Power Dissipation (Note 2) T4 = 25°C 570 mW
Ditferential input Voltage +5v
Diodse Bias Current {Ip) 2mA
Amplifier Bias Current (1agc) 2mA
QOutput Short Circuit Duration Continuous
Buffer Output Current (Note 3) 20 mA

Electrical Characteristics (Note 4)

0°Cto +70°C
+Vsto —Vg
—-85°Cto +150°C

QOperating Temperature Range
DC Input Yoltage
Storage Temperature Range

Soldering Information
Dual-in-Line Package -~

Soldering {10 seconds) 260°C
Small Outline Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

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

-
Parameter Conditions L 1s500 LM135004 Units
Min Typ Max Min Typ Max
Input Offset Voltage (Vos) 0.4 4 0.4 1 mv
Over Specified Temperature Range 2 mv
lagc = S5 pA 0.3 4 0.3 1 mv
Vos Including Dicdes Diode Bias Current (Ip) = 500 pA 0.5 5 0.5 2 my
Input Offset Change 5 1A < lagc < 500 pA 0.1 3 0.1 1 mV
Input Offset Current 0.1 0.6 0.1 0.8 pA
Input Bias Current . 04 5 04 5 pA
Over Spaclfied Temperature Range 1 8 1 7 pA
Forward )
Transconductance (gm) 4 6700 | 9600 | 13000 | 7700 | 9600 | 12000 | wmho
Over Specified Temperaturs Range 5400 4000 pmho
gm Tracking 0.3 0.3 dB
Peak Output Current AL = 0,lagc = SpA 5 3 5 7 pA
Ry = 0,!a8c = 500 uA 350 500 650 350 500 850 pA
R = 0, Over Specified Temp Range | 300 300 pA
Poak Qutput Voltage
Positive Ry = ©,5 pA < Izgc < 500 pA +12 | +14.2 +12 | +14.2 v
Negative Ry = 0,5 pA < lagg < 500 pA -12 | —144 —12 | —144 v
Supply Current lagc = 500 pA, Both Channels 28 26 mA
Vos Sensilivity )
Positive A Vpg/AV+ 20 150 20 150 | pV/V
Negative A Vog/AV~ 20 150 20 150 | pV/V
CMRR 80 110 80 110 ds
Common Mode Range +12 | +£13.5 +12 | +135 v
Crosstalk Referred to Input (Note 5)
B
20 Hz < f < 20 kHz 100 100 ¢ ~
Ditferential Input Current Iagc = 0, Input = 4V 0.02 100 0.02 10 nA
Leakage Currant lagc = O (Refer to Test Circuit) 0.2 100 0.2 5 nA
—

3-714
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Electrical Characteristics (ot 4) (Continued) =
N
=]
Parameter Conditions LM13600 LM13600A Units g
Min Typ Max Min Typ Max r
Input Resistance 10 | 2 10 | 2 | = |
* [
Open Loop Bandwidth 2 2 MHz | & .
Slew Rate Unity Gain Compensated 50 . 50 vips | B ‘
i
Buffer Input Current {Note 5), Except Iagc = O pA 0.2 04 | 0.2 0.4 pA
Peak Buffer Output Voltage | (Note 5) 10 1 10 Y
Note 1: For selections to a supply voltage above +22V, contact factory.
F Note 2: For operating at high temp , the device must be derated besed on a 150°C 2 Jjuneti P and a thermal resistance of 175°C/W !
J which applies for the device soldered in a printed circult board, operating in still alr. ¢
Note 3: Butfer output current should be limited 30 as to not exceed package dissipation.
Note 4: Thess specifications apply for Vg = 15V, T = 25°C, amplifier bias current (laBc) = 500 pA, pins 2 and 15 open unless otherwise specified. The inputs
1o tha butiers are grounded and outputs are open. !
Note §: These specifications apply for Vg = 215V, lagc = 500 pA, Rgyr = 5 k) connected from the butfer output to ~ Vg and the input of the butfer is ¥
4 d to the d amplifiet output. i
3 i
' | Schematic Diagram :
1 One Operational Transconductance Amplifier
] v, . : :
" |
yos yoé -
o8 { an | BuFFER
INPUT j |
710
a? —[ an 012
i 83 gurren '
I \ ouTPUT S i
DIODE BIAS '
2,1° I
4 03 ) L —oOUTPUT
-INPUT NPT | tn
an 3 |
AMP BIAS
nPUT
118 1 [:01
‘ as |
Yos !
v-A
s S & 4 ,
TL/H/7980-1 L
!
3-715 i
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Typical Performance Characteristics (Continued)
Distortion vs Ditferential
Input Voltage Voltage vs Ampiifier Bias Current Outpulﬂolunﬁvm
ot . 1 = 3 Vg- T8V P
g [RL=wkn w o[- HER =10k GEE < so0
* - .
E ojasctimAL g T Gl 2 %
= Vi - 0 Ei o Wi d ST & 400 )
2 2y T | i
B 1 > BT 40 S 300 -+ M
2 S = :
; J T gg -80 | ;\1 g 200 — :: c=im
E o1 $ o n t TS
H 5 s W9 100
*li" ST g - laBg = 1 A5
0.01 T IR & ool ll 0 |
1 10 100 1000 JuhA 1uA 10pA 1004A 1000uA 10 100 1K 10K 100K
DIFFERENTIAL INPUT VOLTAGE (mVpp) IagC AMPLIFIER BIAS CURRENT (WA FREQUENCY (Hz)
TL/H/7080-4
Unity Gain Follower
f
TL/H/7980-5
Leakage Current Test Circuit Differential Input Current Test Circuit

O+%V

TL/H/7980-7

TL/H/7880-6

3-717
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LM13600/LM13600A

Typical Performance Characteristics
Input Offset Voitage Input Offset Current Input Bias Current
5 . 10° 10
s 4 =15V ‘ = = £15
£ 3 ' i 3 ; : et
g I ecll E' 3 Ly S
| & : = z
-°‘ = -55 = 1511
S 3 : | 3 T [
2 © 1 | &
B3 & 3 o 2 -
- 4 I T +125°C = A
o 5 g | : I 5'. =
5 s ! 5 =
F T Fe o T+ -~
z 9 z il S Wiz
-3 “ 01 I 11 ] 1 . ? (i i I
JuA 1A 104A 100pA  1000uA JuA TpA 10pA 100pA  1000pA 01:A 1A 10pA  100uA 100004
AMPLIFIER BIAS CURRENT (150) AMPLIFIER BIAS CURRENT (I45¢) AMPLIFIER BIAS CURRENT (1a3¢)
Peak Output Voltage and
Peak Output Current Common Mode Range Leakage Current
10t 15 v 108
2 s 2 _ 145+ Vi =Vin=Voyr= 3
3 z2 18 C - S T 7 o R R W Y R
; 1 4 §“;“ 135 Vs't ] é 10*
= : == 3 ALOAD = )| = =
g ’15 ow TAI °c = 1 L
O 42 55°¢] >a g & 00 )
10 - 3 S 10
gg -13=HmVem —H AN T
: 53-11s mar—— e
="E :; -14 2w
Q : <3 OUT | [] o =
i -14.5 I 7
1 w2 1
duA A 10pA 100uA  1000zA A ThA 10A 1004A 10004A -B4°C-25°C §°C 26°C B°C 76°C 100°C 125°C
AMPLIFIER BIAS CURRENT (Izgc) AMPLIFIER BIAS CURRENT (15¢) AMBIENT TEMPERATURE (T,)
10¢ Input Leakage % Transconductance Input Resistance
o i 2" INSZ, 1 » iR
3 F125°C t 1 PEN [ PEN 3
Ell’ 1 10 ok ; 10
< ¥ ‘3 S
s T ' 8 = H =1
Eu' gw’ g 1 '
= e TSIV Zaps L
ot +
“ 10 0 g K :
g = | 4 g i
2, Bt #5, 10 i o , 1 :
12 3 4 5 8 7 Auh 1A 10uA 1004A 1000A OIpA 1uA 104A  1005A 1000uA
m::::.ecjgw; VOLTAGE AMPLIFIER BIAS CURRENT (I5g¢) AMPLIFIER BIAS CURRENT (I3¢)
2000 Amplifier Blas Current Input and Output Capacitance Output Resistance
1 17 P R 10*
% 1900 | i ‘ ki i . = =
w 1600 f——11i4-58° - ; TTift I i
§|m e - 5 ot Ts TN mas E 10°
212004 1";_ 1 “ 4 e = ;': =TT = g o=
> o~ o I 1
2!000 e i g § | ! & el
& 800 : S g
o= = | LI -
= = 2 ‘ sl s I
= a0 3 Il & n
ab il I ! 1 ! =2 =
S 200 t ' - T T
< ol " H 0 I | 1 l 'Tm"'l' |
AuA 1uA 10uA 1004A 1000pA JduA 1uA 10uA  100uA  1000uA OI:A 1WA 10uA  100uA 10004A
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Circuit Description

The differential transistor pair Q4 and Qs form a transcon-
ductance stage i that tha ratio of their collector currents is
defined by the differential input voltage according to the
transfer function:

kT Is
ViN=—In= {1
N=g e )

where Viy is the differential input voltage, kT/q is approxi-
mately 26 mV at 25°C and Is and i4 are the collector cur-
rents of transistors Qs and Q4 respectively. With the excep-
tion of Q3 and Qy3, all transistors and diodes are identical in
size. Transistors Qq and Qp with Diode Dy form a current
mirror which forces the sum of currents I and 15 to equal

lasci
l4 + 15 = lagc (2

where Iagc is the amplifier bias current applied to the gain
pin.

For small differential input voltages the ratio of I and Is
approaches unity and the Taylor series of the In function
can be approximated as:

kKT 15 KT l5-—14

—n= - — 3

q 4 q I &

lo= 1 = ABC

4 5 2 i
'ABCQ]_ L :

VIN[ okt |5l '(5)

Collector currents 4 and 15 are not very useful by them-
seives and it is necessary to subtract one current from the

QVS
G
- —p
o-ts g
2 2

is 03_! 02

other. The remaining transistors and diodes form three cur-
rent mirrors that produce an output current equal to |5 minus
14 thus:

Iasca
vm[ s ]= our - (5)

The term in brackets is then tha transconductance of the
amplifier and is proportional to Iagc. U

Linearizing Diodes

For differantial voltages greater than a few millivolts, Equa-
tion 3 becomes less valid and the transconductance be-
comes increasingly nonlinear. Figure 1 demonstrates how
the internal diodes can linearize the transfer function of the
amplifier. For convenience assume the diodes are biased
with current sources and the input signal is in the form of
current Ig. Since the sum of I4 and 15 Is Izgc and the difer-
ence is loyr, currents I4 and Is can be written as follows:

lasc _ loyt lasc | loutr
486 & "=~z TR\

Since the diodes and the input transistors have identical
geometries and are subject to similar voltages and tempera-
tures, the following is true:

lo lasc _ fout
+ 1 £ ot
KTo2 5 kT "2 "2

n
q !Q -1 9 'A@_C - '_"_"'
2 2 2
{ 21Asc) Io
op = T eN <=
lowt=Is ( o for |1g] a (6

TouT = Is-Ig ———Olgur + 2 Is (l_ﬁlrg)
o
t]1a 5]
as
} iasc
Vs

FIGURE 1. Linsarizing Diodes
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T it

National
Semiconductor

LM566C Voltage Controiled Oscillator

General Description

The LMS66CN is a general purpose voltage controlled oscil-
lator which may be used to generate square and triangular
waves, the frequency of which is a very linear function of a
control voltage. The frequency is also a function of an exter-
nal resistor and capacitor.

The LM566CN is specified for operation over the 0°C to
+70°C temperature range. g

Features
®» Wide supply voltage range: 10V to 24V
® Very linear modulation characteristics

= High temperature stability

m Excellent supply voltage rejection

m 10 to 1 frequency range with fixed capacitor

m Frequency programmable by means of current, voltage,
resistor or capacitor

Applications

@ FM modulation

m Signal generation

® Function generation

| Frequency shift keying
m Tone generation

Connection Diagram _

Dual-in-Line Package

N\

GND 1 =] p—=0 Ve

SCHMITT

~

TIMING ﬂAPACITpN
'

SQUARE WAVE
ouTPUT § TIMING RESISTOR
TRIANGLE 5 MODULATION
WAVE OUTPOT INPUT
TU/H/7854-2

Order Number LM566CN
See NS Package Number NOSE

Typical Application

1 kHz and 10 kHz TTL Compatible
Voltage Controlled Oscillator

L
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r/-\bsolute Maximum Ratings
It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Ottice/Distributors for avallability and specifications.

Power Supply Voltage 26V
Power Dissipation (Note 1) 1000 mw
Operating Temperature Range, LM566CN  0°C to +70°C
Lead Temperature (Soldering, 10 sec.) +260°C

Electrical Characteristics Voo = 12V, Ty = 25°C, AC Test Circuit

Parameter Conditions LM5e6C Units
Min Typ . Max
Maximum Operating RO = 2k
Frequency CO = 2.7 pF . ! MHz
VCO Free-Running Co = 1.5nF
Frequency Rp = 20k -30 0 +30 %
fo = 10kHz
Input Voltage Range Pin 5 3 Voo Ve
Average Temperature Coefficient
. /D
of Operating Frequency 200 ppm/*C
Supply Voltage Rejection 10-20v 0.1 2 %/V
input Impedance Pin § 0.5 1 MQ
VCO Sensitivity For Pin 5, From
. 3 o /'
8-10V, i = 10 kHz 6.0 6.6 7.2 kHz/v
FM Distortion +10% Deviation 0.2 1.5 %
Maximum Sweep Rate Y 1 MHz
Sweep Range : 10:1
Output Impedance
Pin3 50 1]
Pin 4 50 1}
Square Wave Output Level Ry s = 10k 50 54 Vp-p
Triangle Wave Qutput Level Ri2 = 10k 20 24 Vp-p
Square Wave Duty Cycle 40 50 60 %
Square Wave Rise Time 20 ns
Square Wave Fall Time 50 ns
Triangle Wave Linearity +1V Segment at o
0.5 %
% Vee
Note 1: The maximum junction temperature of the LMSG6CN is 150°C, For operation at el d junction temp Ires, { power dissipation must be

deratad based on a thermal resistance of 115°C/W, junction to ambient.

Applications Information

The LM566CN may be operated from either a single supply
as shown in this test circuit, or from a split (£) power sup-
ply. When operating from a split supply, the square wave
output (pin 3) is TTL compatible (2 mA current sink) with the
addition of a 4.7 k2 resistor from pin 3 o ground.

A 0.001 uF capacitor is connected between pins 5 and 6 to
prevent parasitic osciilations that may occur during VCO
switching.

_ 24(v * — Vi)

RoCoV+t

where
2K < Rg < 20K
and Vs is voltage between pin 5 and pin 1.

5-73
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Schematic Diagram
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Typical Performance Characteristics &
S
Operating Frequency as a Operating Frequency as a Normalized Frequency as a
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PK(PD,PE,KK)5

Power

various rectifier circuits

applica

Thyristor/Diode Module PKS5F series are designed for

tion,

® |1 1)55A, |1 us)86A, lrow 1750A

@ di/dt
® dv/dt

150 A//zs
500 V/us

PK

and power controls. For your circuit
following internal connections and wide voltage rat-

(Applications)
Various rectifiers
AC/DC motor drives
Heater controls
Light dimmers
Static switches

PE o KK @
< X2
- ol - - b3 -
- x Gt
>, x1

PK55F
Unit : mm
EMaximum Ratings
PK55F-40 PK55F-80 PK55F-120 PK55F-160
PD55F-40 PD55F-80 PD55F-120 PD55F-160 :
Symbol Item Unit
PE55F-40 PES55F-80 PE55F-120 PE55F-160
KK55F-40 KK55F-80 KK55F-120 KK55F-160
Vrem | * Repetitive Peak Reverse Voltage 400 800 1200 1600 vV
Vesw__ | * Non-Repetitive Peak Reverse Voltage 480 960 1300 1700 v
Vorm Repetitive Peak Off-State Voltage 400 800 1200 1600 v

Symbol Item Conditions Ratings | Unit
lrav) | * Average On-State Current Single phase, half wave, 180" conduction, Tc : 89°C 55 A
hiws) | % R.M.S On-State Current Single phase, half wave, 180° conductior, Te : 89°C 86 A
Irsw | * Surge On-State Current 1/, cycle, 50/60Hz, peak value, non-repetitive 1600/1750 | A

12t * 1%t Value for one cycle of surge current 12800 AZS
Pom Peak Gate Power Dissipation 10 w
Pcav) Average Gate Power Dissipation 3 w
lrem Peak Gate Current <. A
Vrem Peak Gate Voltage(Forwad) ! 10 v
Vrom Peak Gate Voltage (Reverse) 5 v
di/dt | Critical Rate of Rise of On-State Current le=100mA, Tj=25C, Vo= L/, Vo, dlc/dt=0.1A /s 150 Alus
Viso | * Isolation Breakdown Voltage(R.M.S) | A.C. Iminute 2500 v
Tj * Operating Junction Temperature -40~+125 °C
Tstg | * Storage Temperature -40~+125( °C
Mosnting Toraue ’__ (M5) | Recommended Value 25kgf-cm 22~28 bt
Terminal (M5)| Recommended Value 25kgf-cm % 22~28
Mass 170 g
B Electrical Characteristics :

Symbol Item Conditions Ratings | Unit
losm Repetitive Peak Off-State Current, max. at Vorw, single phase, half wave, Ti=125C 15 mA
lram | * Repetitive Peak Reverse Current, max. at Voaw, single phase, half wave, Tj=125°C 15 mA
Viu | ¥ Peak On-State Voltage, max. On-State Current 170A, Tj=25C Inst. measurement 1.40 v

le1/Ver Cate Trigger Current/Voltage, max. Tj=25C, h=1A, Vpo=6V 70/3 mA/V
Veo Non-Trigger Gate, Voltage, min. Ti=125%C, Vo= "' Vppu 0.25 v
tet Turn On Time, max h =554, I=100mA, Ti=25C, Vo= 1/ Vonu, dic/dt=0.1A/us 10 us

dv/dt Critical Rate of Rise of On-State Voltage, rjn.| Tj=125°C, Vp= 2/ Vorw, Exponential wave. 500 Vijus
Iy Holding Current, typ. Tj=25C ’ 50 mA
I Lutching Current, typ. Tj=25C ] 100 mA
Rth(j-c)ﬁ:;h_ermsal]r_r:;-d_anﬁcej;ax. Junction to case B I 05 ‘C/T'
* mark : Thyristor and Diodo part. No mark : Thyristor part

C-17

SanRex




-126~

Gate Characteristics
2

Output Current (A) Ambient Temperature ('C)

Ambient Temperature(C)

[T [ [TTT ’ 0 ;
Peak Forward Gate Voltege (10V)
lo' 1’ : T - A 5 Jr
— 4"”-)‘75 T o::::‘ 5 /
> 5 2422 o 7, 2
Bea — //, 0 3 % 2 1 c
& 7 o 1B 2 |
Q@ 2 /;// //-'A‘/’ "OA;,\ §H 5 10? /
- /) e e
5 - 3 6] =f
S o / D45 s 85 7
o SeeTe 35 s
- s < i Rl
L] 5 . 3= (]
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i ? /
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e LI 1 1] . i
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120, —~
S-’ PL one element l l
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3 5 75 2 QV—F{ 7N
C. 5 f
o o 110 A o =1
L - BO°-—— -
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» a=120 / E \\N
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= y (R —
o 4 Q
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o
2w 1]
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Average On-State Current (A) Average On-State Current (A)
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{ Ny L] 0.7 l
T BN g Ii
o AN s Il '
2 1000 NN % B ' ! ' ||l
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B6 ; Six pulse bridge connection
§ & W3; Three phase
Output Current W1 ; Bidirectional connection B2 Two pulse bridge comnection bidirectional connection
§1g — —~
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" Conduction Angle 130° - p Ah 08 T/W g @
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PK(PD,PE KKIZ0F

Power Thyristor/Diode Module PK70F series are designed for ULIE76102(M)

various rectifier circuits and power controls. For your circuit
application, following internal connections and wide voltage rat-
ings up to 1,600 V are available. High precision 25 mm (linch) s
width package and electrically isolated mounting base make your o g 135 :'."’ ‘
mechanical design easy. . "['45
(Applications) g
© |2 70A, lreus) | 10A, lrsw 1950A Various rectifiers
edi/dt 150 A/us AC/DC motor drives s =Ly
e dv/dt 500 V/us Heater controls "”"mm
Light dimmers BT TR
Static switches Ale| [ )44
PK —a PD : PE e XK @ FETRA T U STARIATR
% ™ jEL..__, B PR | E PK70F
& o ) 47 %k Unit : mm
[ZMaximum Ratings
PK70F-40 PK70F-80 PK70F-120 PK70F-160
PD70F-40 PD70F-80 PD70F-120 PD70F-160 3
Symbol Item Unit
PE70F-40 PE70F-80 PE70F-120 PE70F-160
; 3 KK70F-40 KK70F-80 KK70F-120 KK70F-160
i g% Veam | % Repetitive Peak Reverse Voltage 400 800 1200 1600 v
:; [ Vesm | * Non-Repetitive Peak Reverse Voltage 480 960 1300 1700 v
’i it Vorm Repetitive Peak Off-State Voltage 400 800 1200 1600 f| v
fif Symbol Item Conditions Ratings | Unit
| lrav) | * Average On-State Current Single phase, half wave, 180" conduction, Tc : 94°C 70 A
liems) | % R.M.S On-State Current Single phase, half wave, 180° conduction, Tc : 94°C 110 A
lisw | % Surge On-State Current 1/, cycle, 50/60Hz, peak value, non-repetitive 1800/1950| A
1t * |2t Value for one cycle of surge current* . 16200 A’S
Pem Peak Gate Power Dissipation 10 w
Paav) Average Gate Power Dissipation 3 w
lrom Peak Gate Current 3 A
Vecm Peak Gate Voltage (Forwad) 10 v
Vrom Peak Gate Voltage(Reverse) 5 v
di/dt Critical Rate of Rise of On-State Current | Ic=100mA, Tj=25C, Vo= /7 Voaw, dlc/dt=0.1A/s 150 Aus
Viso | * Isolation Breakdown Voltage (R.M.S) | A.C. Iminute ERE BT
Tj * Operating Junction Temperature . -40~+125| “C
Tstg | %* Storage Temperature -40~+125( °C
Siing Toraue (M5) | Recommended Value 25kgf-cm 22~28 gl
Terminal (M5)| Recommended Value 25kgf-cm 22~28
Mass : ; 170 g
EElectrical Characteristics 3
Symbol . Item Conditions Ratings | Unit
Iorm Repetitive Pezk Off-State Current, max. at Vorm, single phase, half wave, Tj=125C 15 mA
lsem | % Repetitive Pezk Reverse Current, max. 2t Vorw, single phase, half wave, Tj=125C 15 mA
Vim % Peak On-Stzte Voltage, max. On-State Current 220A, Tj=25°C Inst. measurement 1.40 v
le1/Ver | Gate Trigger Current/Voltage, max. | Tj=25C, lr=1A, Vo=6V 70/3 mA/V
Veo .| Non-Trigger Gate, Voltage, min. Ti=125C, Vo= "/ Vorm 0.25 v
tgt Turn On Time, max =70A, 1o=100mA, Tj=25C, Vo= 1/, Vo, dic/dt=0.1A/us 10 uS
dv/dt Criticel Rate of Rise of On-State Voltage, min.! Tj=125C, Vo= 2/; Voru, Exponential wave. 500 Vs
im Holding Current, typ. Tj=25C 50 mA
I Lutching Current, typ. Tj=25C 100 | mA
Rth{j-c) |%* Thermal Impedance, max. Juriction to case 033 ' t/w

% mark : Thyrislor and Diodo part No mark : Thyristor part
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; Gate Characteristics:
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g2 SEMICONDUCTOR R

TECHNICAL DATA

IRF840
IRF841
IRF842
IRF843

Temperature

Inductive Loads

N-CHANNEL ENHANCEMENT-MODE SILICON GATE
TMOS POWER FIELD EFFECT TRANSISTOR

These TMOS Power FETs are designed for high voltage, high
speed power switching applications such as switching regulators,
converters, solenoid and relay drivers.

® Silicon Gate for Fast Switching Speeds
® Low rpg(on) to Minimize On-Losses. Specified at Elevated

® Rugged — SOA is Power Dissipation Limited
@ Source-to-Drain Diode Characterized for Use With

Part Number | Vpgg 'DS(on) Ip
IRF840 500V 0.85 N 8B0A
IRF841 450V 0850 80A
IRF842 500V 1.100 70A
IRF843 450 v 1.10n 70A

D
™ 8
TVIOS
S
MAXIMUM RATINGS
Rati! Symbol ™ Unit
atin| ni
P { 840 841 842 843
Drain-Source Voltage Vpss 500 450 500 450 Vdc
Drain-Gate Voltage VDGR 500 450 500 450 Vde
(Rgs = 1.0 mQ)
Gate-Source Voltage VGs =20 Vde
Drain Current Adc
Continuous Ip 8.0 7.0
Pulsed Ibm 32 28
Total Power Dissipation Pp
@ Tc = 25°C 125 Watts
Derate above 25°C 1.0 Wre
Operating and Storage Ty Tsig - 55 to 150 °c
Temperature Range
THERMAL CHARACTERISTICS
Thermal Resistance ‘CwW
Junction to Case ReJc 1.0
Junction to Ambient RgJA 62.5
Maximum Lead Temp. for ;B 275 “c
Soldering Purposes, 178"
from Case for 5 Seconds

product on this data sheet

are given to facilitate “‘worst case” design.

See the MTPBN45 Designer’s Data Sheet for a complete set of design curves for the

The besigner's Data Sheet permits the design of most circuits entirely from the infor-
matior. presented. Limit curves — representing boundaries on device characteristics —

— B r‘— ¥ __CE:“‘
1% B
R ]

t [i: { &
T
-t | B

o [Tn | wax ] wax |
M | U 20
10.2¢ .
10| 019
‘s)ﬂ
0% | 0105 |
& 10 | 0185
X 4L 0022 |
i [T 0567
2 CRETN
N1 ¢ 0 L o0 |
1
]
& w‘_mt_‘
D= Tia T
= = Teo]
CASE 221A-04
TO-220AB

S TS TN

R Y 2R

MOTOROLA TMOS POWER MOSFET DATA
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IRF840-843

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

L Characteristic l Symbol [ Min ] Max l Unit j
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(BR)DSS - Vde
(VGs =0. 1p = 0.25 mA) IRF841, IRF843 450 =
IRF840, IRF842 500 -
Zero Gate Voltage Drain Current Ipss mAdc
(Vps = Rated Vpss. Vgs = 0) - 025
(Vps =08 Rated Vpss. Vgs = 0. Ty = 125°C) - 1.00
i Gate-Body Leakage Current, Forward IGSSF - 500 nAdc
(VGsF = 20 Vdc, Vps = 0)
Gate-Body Leakage Current, Reverse IGSSR - 500 nAdc
! (VGSR = 20 Vdc. Vpg = 0)

ON CHARACTERISTICS®

Gate Threshold Voltage VGS(h) 20 40 Vde
(Vps = VGs. Ip = 0.25 mA)

Static Drain-Source On-Resistance DS(on) Ohm
(VGs =10 Vdc. Ip = 4.0 Adc) IRF840, IRF841 - 085
IRF842, IRF843 - 10
On-State Drain Current (Vgs = 10 V) 1D(on) Adc
i (Vps = 6.8 Vdc) IRF840, IRFB41 80 - i
(Vps = 7.0 Vdc) IRF842, IRFB43 70 —
Forward Transconductance gFs mhos
(Vps =68V, Ip=40A) IRFB40, IRF841 40 £
‘ (Vps =70V, Ip=40A) IRF842, IRF843 40 -
i DYNAMIC CHARACTERISTICS
Input Capacitance \ C; - 1600 pF
|’ 4 (Vps =25V, Vgs = 0. i
| Output Capacitance f=1.0 MHz) Coss - 350
| Reverse Transfer Capacitance Css A 150
| SWITCHING CHARACTERISTICS®
| i Turn-On Delay Time td(on) — 35 ns
‘ Rise Time (VoD =200V, Ip = 4.0 Apk, tr - 15
! Turn-Off Delay Time Rgen = 4.7 Ohms) td(off) - 90
I Fall Time tf - 30
| Total Gate Charge Qg 40 (Typ) 60 nC
(VGs =10V, Vpg = 0.8 x
f Gate-Source Charge Rated Vpss. Ip = Rated Ip) Qgs 20 (Typ) -
' Gate-Drain Charge di 20 (Typ} —
| SOURCE DRAIN DIODE CHARACTERISTICS*
T
Forward On-Voltage & R Vsp - | 19m | va
Forward Turn-On Time Vgs = 0) ton Limited by stray inductance
Reverse Recovery Time trr 600 (Typ) f - I ns
INTERNAL PACKAGE INDUCTANCE (T0-220)
Internal Drain Inductance Lg nH
(Measured from the contact screw on tab to center of die) 3.5 (Typ) -_
(Measured from the drain lead 0.25" from package to center of die) 4.5 (Typ) —_
Internal Source Inductance Lg 7.5 (Typ) -
(Measured from the source lead 0.25" from package to source bond pad)

*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
(1) Add 0.1 V for IRF840 and IRF841.

S A
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MOTOROLA

1 SEMICONDUCTOR
TECHNICAL DATA

TL49%4

e

—

SWITCHMODE SWITCHMODE

PULSE WIDTH MODULATION PULSE WIDTH MODULATION
CONTROL CIRCUITS CONTROL CIRCUITS ;
! The TL494 is a fixed frequency, pulse width modulation controt SILICON MOMOLITHIC ‘
| circuit designed primarily for Switchmode power supply control. INTEGRATED CIRCUITS |

This device features:
® Complete Pulse Width Modulation Control Circuitry ]
® On-Chip Oscillator With Master Or Stave Operation

On-Chip Errar Amplifiers

On-Chip 5 Volit Reference

Adjustable Dead-Time Control

Uncommitted Output Transistors Rated to 500 mA Source Or
Sink

Output Centrol For Push-Pull Or Single-Ended Operation
Undervolitage Lockout

'\. J SUFFIX
CERAMIC PACKAGE
CASE 620

Non-inv q 16 |NOrtov
lnput input

Inv tnv
laput 2 Vee E]mnm

y Compen/
! WM Compl 3 "IVREF

Input

=01 Vv

{ oo o Ouwmut 1

Ti upu

im9) & _‘ E]Cﬂﬂno!

Conrrol

CTI 5 ”IVcc

| Oscillator N SUFFIX
PLASTIC PACKAGE
Ryl s c2
' (] L( ] CASE 648
Q2
Ground E EE?
ar
ct E 35' ORDERING INFORMATION
Temperature
(top view} Devica Range Package
TL434CN 5 o Plastic DIP
TLa94CJ 0t +70°C 1 ¢ amic DIP
Tt
Tcaa) ~28° 10 +85°C | Co%e D .
The TL494C is specified over the commercial operating range e !
of 0°C to 70°C. The TL494! is specified over the industrial range TL434MJ ~55°to +125°C | Ceramic DIP

of ~25°C to 85°C. The TL494M is specified over the full military
range of —55°C to 125°C.
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FIGURE 1 — BLOCK DIAGRAM
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FIGURE 2 — TIMING DIAGRAM
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TL494

Description

The TL494 is a fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
blocks required for the control of a switching power
supply. (See Figure 1.) Aninternal-linear sawtooth oscil-
lator is frequency-programmable by two external com-
ponents, RT and C1. The approximate oscillator fre-
quency is determined by:

f - 1.1
osc RrecCr
For more information fefer to Figure 4.

OQutput pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor C to either of two control signals. The NOR
gates, which drive output transistors Q1 and Q2, are
enabled only when the flip-flop 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-signal ampli-
tude causes a corresponding linear decrease of output
pulse width. (Refer to the timing diagram shown in Fig-
ure 2.)

The control signals are external inputs that can be fed
into the dead-time control, the error amplifier inputs,
or the feedback input. The dead-time control compar-
ator has an effective 120 mv in;:nut| offset which timits
the minimum output dead time to approximately the
first 4% of the sawtooth-cycle time. This would result
in a maximum duty cycle on a given output of 96% with
the output control grounded, and 48% with it connected
to the reference line. Additional dead time may be im-
posed on the output by setting the dead time-control
input to a fixed voltage, ranging between 0 to 3.3 V.

FIGURE 3 — FUNCTIONAL TABLE

The pulse width modulator COmMparator provides 4
means for the error amplifiers to adjust the output putse
width from the maximum percent on-time, establisheg
by the dead time control input, down to zero, as the
voitage at the feedback pin varies from 0.5 to 3.5V. Both
error amplifiers have a common-mode inputrange from
-03Vito (Vee - 2V), and may be used to sense power-
supply output voltage and current. The error-amplifier
Outputs are active high and are ORed together at the
non-inverting input of the pulse-width modulator com.
parator, With this configuration, the amplifier that de-
mands minimum output on time, dominates control of
the loop.

When capacitor Crt is discharged, a positive pulse 15
generated on the output of the dead-time comparator,
which clocks the pulse-steering Hip-flop and inhibits, the
output transistors, Q1 and Q2. With the output-contral
connected to the reference line. the pulse~sleerihg flip-
flop directs the modulated pulses to each of the wo
output transistors alternately for_push-pull operation,
The output frequency is equal to half that of the gscil-
lator. Qutput drive can also be taken from Q1 or Q2,
when single-ended operation with a maximum on-hime
of less than 50° is required. This is desirable when the
output transformer has a 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 parallel, and the output-mode
pin must be tied to ground to disable the flip-flop. The
output frequency will now be equal to that of the
oscillator,

The TL494 has an internal 5 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits, The referance has an internal accuracy of
*5.0% with a typical thermal drift of less than 50 mv
over an operating temperature range of 0 to 70°C.

Input foyt =
Output Qutput Function fose
Control
Grounded Single-ended PW.M. at Q1 and Q2 1 4
At Viof Push-pull operation 0.5

MOTOROLA LINEAR/INTERFACE DEVICES
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 pulse MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted)
lished Rating Symbol TL4S4C TLaS4I ! TLAM Unit
/asB":: Power Supply Voltage Vee 42 42 .42 \
.Bo
e from Collector Qutput Voliage Vel Vo2 42 . 42 42 \
Yower- Collector Output Current {each transistor) (1) Ic1. 12 500 500 N 500 mA
plifier Amplifier Input Voltage Range VIR . —-031t042 -0310 42 -0.310 42 \
a:(:": - Power Dissipation " T4 = 45°C o 1000 1000 000 mw
Ea! de- .| Operating Junction Temperature Ty .
trol of Plastic Package 125 125 = *c
Ceramic Package " 150 150 150 °C
ulse is Operating Ambient Temperature Range TA 01070 - 2510 85 -5510125 c |
arator, Storage Temperature Range Tsg °C
its the Plastic Package -5510 125 - 55 to 125 -
ontrol Ceramic Package - 6510 150 - 65 1o 150 -65 to 150
g fip- NOTE 1: Maximum thermal limits must be observed.
e two
ration. THERMAL CHARACTERISTICS
‘ osgi2|~ Characteristics X Symbot N Suffix Plastic Package | J Suffix Ceramic Package | Unit
or . - O
n-time Thermal Resistance, Junction to Ambient R,JA 80 100 *CW
en the Derating Ambient Temperature Ta 45 50 c
 catch - 5 N
e cut- RECOMMENDED OPERATING CONDITIONS . .
e Condition/Val| Symbol ki o Uni
-mode ondition/Value ymbol nit '
p. The Min Typ Max
of the Power Supply Voltage Vee 7.0 15 40 v
Collecior Output Vohage Ve Vez - 30 40 v
t:lte):s' Collector Output Current {each transistor) Ié1. Icz — A 200 mA
| bi
cy of Amoplifier Input Voltage Vin > 0.3 - Vee - 20 \
50 mV Current Into Feedback Terminal It - : o 0.3 mA
- Reference Output Current lret — — 10 mA
Timing Resistor Ry 1.8 30 500 ki)
Timing Capacitor cr 0.0047 0.001 10 v
Oscillator Frequency fosc 1.0 40 200 kHz
ELECTRICAL CHARACTERISTICS Ve = 15V, C1 = 0.01 yF, RT = 12 ki) unless otherwise noted.)
For typical values Ta = 25°C, for min max values Ta is the operating ambient temperature range that applies unless otherwise
* noted.
TL494C I TL&SAM
Characteristic Symbol " Unit
i Min I Typ l Max Min I Typ l Max
REFERENCE SECTION
Reference Voliage Vref 475 5.0 5.2% 475 50 5.2% \
(o = 1.0 mA) .
Line Regulation Regine - 2.0 25 - 20 25 mv
(Ve = 7.0V 40 V)
Load Regutation Regload — 30 15 — 3.0 15 mv
(ig0 = 1.0 mA 10 10 mA}
.Short-Circuit Output Current Isc 15 35 75 15 35 75 mA
{(Vief = 0 V)
‘
e
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TL494

ELECTRICAL CHARACTERISTICS (Voe = 15V, C1 = 0.01 uf, RT = 12 k(1 unless otherwise nated.)
For typical values T4 = 25°C, for min/fmax values Ty is the operating ambient temperature range that applies uniess otherwise

noted.
Charscteristi Symbol TL494C,) TLA94M
aracteristic mbo Uni
¥ Min [ Typ L Max Min I Typ l Max it
QUTPUT SECTION
Collector OH-State Current ICtotf) — 20 100 — 2.0 100 nA
{(Vee = 40V, Vgg = 40 V!
Emitter Off-State Current 1E{otf) = — 100 —_ — -150 A
(Vec =40V, Vg = 40V, Vg = 0V}
Collector-Emitter Saturation Voltage (2) VSATIC) — 1.1 13 — 1 1.5 \
Common-Emitter
(VE = 0V, Ig = 200 mA)
Emitter-Follower VSATIE) — 1.5 25 - 1.5 25 1% Y
(Ve = 15V, g = -200 mA)
Qutput Control Pin Current loce — 10 — — 10 — nA
Low State
{(Voc = 04 V)
High State locH —_ 02 3s - 0.2 35 mA
Voc = Veef)
Qutput Voltage Rise Time 1y — 100 200 - 100 200 ns
Common-Emitter (See Figure 13)
Emitter-Foltower {See Figure 14) — 100 200 - 100 200 ns
Output Voltage Fall Time 1 — 25 100 - 25 100 ns
Common-Emitter (See Figure 13}
Emitter-Follower (See Figure 14) ; — 40 100 - 40 100 ns
N Symbol TL494 U
Ch teristic mbo it
aracteris \1 i L Tve [ ) ni
ERROR AMPLIFIER SECTIONS
Input Offset Voltage Vio —_ 2.0 10 mV
Vo (Pin3) = 25 V)
Input Offset Current o - 5.0 250 nA
Vo (Pin3) = 25V)
input Bias Current g Y 0.1 -10 nA
Vo tpin3) = 25 V)
Input Common-Mode Voltage Range VICR -03t0 ~ - v
{Vee = 40V, Ty = 25°C) Vee-2.0
Open-Loop Voltage Gain AvoL 70 95 — dB
{AVg = 3.0V.VQg = 05t035V,
Ry = 2.0 k)
Unity-Gain Crossover Frequency fc — 350 — WHz
(Vg = 0.5t035V, R = 2.0 ki)
Phase Margin at Unity-Gain om - 65 - deg.
(Vo = 051035V, R = 2.0ki})
Common-Mode Rejection Ratio CMRR 65 90 dJ8
(Vee = 40 V) -
Power Supply Rejection Ratio PSRR —_ 100 - dB
{AVce = 33V, Vo = 25 V. R = 2.0 kil
Qutput Sink Current o 0.3 0.7 - mA
Vo (Pin3) = 0.7V
QOutput Source Current o~ 20 4.0 — mA
Vo (Pin3) = 35V
NOTE 2: Low duty cycla pulse technigues are used during test to maintain junction temperature as close to P es as

3-340
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- TL494
ELECTRICAL CHARACTERISTICS (Vce = 15V, C1 = 0.01 uF, RT = 12 kN2 unless otherwise noted.)
ise For typical values Tp = 25°C, for min/max values Ta is the operating ambient temperature range that applies unless otherwise
noted.
Characteristi Symbol Lo Unit
5 aracteristic
Unit b Min Tve | Max
PWM COMPARATOR SECTION (Test Circuit Figure 12) <
Input Threshold Voltage VIH - 35 45 s
nA (Zero duty cycle)
l
Input Sink Current - 0.3 0.7 - mA
kA V{pin 3) = 0.7V} .
3
DEAD-T#VE CONTROL SECTION (Test Circuit Figure 12)
v Input Bias Current (Pin 4) hs (DT) —_ -2.0 -10 pA
{(Vping) = 010 5.25 V)
v Maximum Duty Cycle, Each Output, Push-Pull Mode DCrmax %
{VPin 4 = 0V, CT = 0.01 uF, Ry = 12 k) 45 48 50
A (VPin 4 = OV, CT = 0.001 uF, RT = 30 kf2) - 45 50
m
input Threshold Voltage (Pin 4) VTH v
{Zero Duty Cycle) — 28 33
mA {Maximum Duty Cycle) 0 - —
OSCILLATOR SECTION
ns Frequency tosc - 40 - kHz
(Ct = 0.001 uf, Ry = 30 kf}) -
LI Standard Deviation of Frequency* oAgsc - 3.0 - %
ns {CT = 0.001 uF, Ry = 30 k()
ns Frequency Change with Voltage Afose (AV) — 0.1 - % !
(Vcc = 70V1040V, Tp = 25°C)
Frequency Change with Temperature \ Afosc (AT) —_ - 12 % 4
Jnit {ATA = Tiow,to Thign)
{CT = 0.01 uF, RT = 12 k)
UNDERVOLTAGE LOCKOUT SECTION ;
- ,j"n-On Threshold (Ve Increasing, fref = 1.0 mA) Vih I 55 ] 6.43 7.0 l v 1
TOTAL DEVICE
nA B Standby Supply Current Icc mA
{Pin 6 at Vye(, Ali Other Inputs and Outputs Open)
Vee = 15V) - 5.5 10
uh Ve = 40 V) - 7.0 18
Average Supply Current —-_ - 7.0 —_ mA
v {V(Pin 4) = 2.0 V) (See Figure 12) .
(Cy = 0.01 uf, RT = 12k, Voo = 15 V) .
dB
* Standard deviation is a measure of the statistical distribution about the mean as dernived leom the tormula, o
kHz
leg.
d8
d8
mA
mA s
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TL494 .
FIGURE 4 -— OSCILLATOR FREQUENCY FIGURE 5 — OPEN-LOCP VOLTAGE GAIN AND PHASE
versus TIMING RESISTANCE versus FREQUENCY
m o 1 T 1 1 ,20 <
1] N . . = 10 L
= — ] Vee = 15V 2 0 veg = 15V
F RICT ~ 0.001 ul R Se— Avg =0V
p 10X S % \\ AL = 20190 —10
g g w < 2
2 = I vou 0 g s
4 g y N 3
= K- 001 s ® < w2
= 10K D, = 8 50 N b
3 = Z ~ CR
g = ] w T \\ 100 &
(=] » N \ @
B I~ 120
2 t N = AN g
8 01 uf — P < w3
1.0K \R : \51 10 N 16 -
0 == = 0 P 180
10K 20K SOK WK 20K 50K 100K 200K 500K 1.0M 10 0 100 1.0 10K 100 1.0M
A7, TIMING RESISTANCE (11) 1, FREQUENCY (Hy)
FIGURE 6 — PERCENT DEAD-TIME versus FIGURE 7 — PERCENT DUTY CYCLE versus
OSCILLATOR FREQUENCY - DEAD-TIME CONTROL VOLTAGE
® 50
2 ' R L]
&
216 1 ;-? L] WL Vee = 18V —
- Cr = 0.001 uf 5 R 1 voc = Vet
g " . X 1Cr = 001 uf +—
¥ 2 N Ar=10k) | |
F o 2Cr = 0000 uF
E 1 v g I AT = 04—
L] .
3 0 =l Zn N
8.0 fd Y
g 80 3 o
17001 uf =
gw A g 10 N
5 20 <+t 1} &
* 0 :
50 10K 10K 100K 500K 0 10 20 30 35
tosc, OSCILLATOR FREQUENCY {Hz) Vpr. DEAD-TIME CONTROL VOLTAGE (V)
1
FIGURE 8 — EMITTER FOLLOWER CONFIGURATION FIGURE 9 — COMMON EMITTER CONFIGURATION
OUTPUT SATURATION VOLTAGE versus OUTPUT SATURATION VOLTAGE versus
EMITTER CURRENT COLLECTOR CURRENT
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