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Abstract

This project describes the design and construction of a cordless charger that

contains two primary circuits, transmitter and receiver. The transmitter has 3 signal

generator for driving 2 MOSFETS and transfer energy to transmitter coil. And the

receiver has a coil for induce electromagnetic field from transmitter and Rectifier for

converting electromagnetic field to DC that electronics device to use.
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UM 3.6 wnmauuuldmanewnsinduinauseuiien

b N-tumns coil

' a '

| e}
44 : 'y
2089 : h
X -—I-{ b -
0.31(aN)?
= 23@N" (3.5)

$ 7 6a+9h+10b
nl 2 ) I3 ul:'
JUN 3.7 anmawuuldunmaveunsvindulsnauvaiedu

0.3937(aN)?
s = it (uH) (3.6)

=l 5 o w & e
UM 3.8 wemauuuldmavenswihduraiuresduiiien
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Ly

a a ’

Ls = 0.008aN? [2.3031l0gy, (=) +02235 (22) + 0.726] (uH) (.7

< v o o 4 v W
3UN 3.9 wamauuuldmanesnsvindudivdeudna

U

v : ' h. '
__ 0.0276(CN)?
$ 7 1.908C+9b+10h (kH) (3.8)
o C=x+y+2h (3.9)

< 2/ o a o a v
U7 3.10 wemawuuliveunsindudivdeuiuin
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AAUAUNIUYBIAAINTUN N TUAARU I'scacy uogfiuiduriugudnans (d)

o 2 aAa 1% A o al &l . )
VBLEUAIN LLﬂ’Jﬂ?'}NW'}quuWNqaﬂﬂ‘ﬂLaua'}ﬂtuaﬂqﬁquqﬂﬂqquﬂg@ (Skin depth i 5) FNE‘L]

d

v

A

= = 2 oa v P [ o =
E‘U‘V] 3.11 ﬂ']'iLﬂﬂ?qllﬁl'?quuww'}‘ﬂ@%ﬂuﬁlﬂLSJE]‘V]’N']UWF]TI’!&JQQ\?

¥ oy v i | | v aa v
ﬂ'lLﬁUN']uﬂUE?ﬂﬁ”N (d) ﬂaﬁLﬁuﬁ']ﬂuaﬁJﬂ?'] AU RIATUAIUNIUNHIVDILEUEIA
| o o = . ' s
Wevihaunmudgs (Skin depth : 8) ArANuFUMUYBAmIAIUNIINT TR I's(AC)

ANUIIABALNTT

2
f!{"l d< 28, TS(AC) . prT (1 + (fg (;_6) ) (3]0)

wazddurnugudna (d) saaduainiinnii asavitvesn Ui uuiitivedy
o o < =l . | ar a
AIAWBYININUNAILDEEE (Skin  depth @ 8) AAud umIuYeYRaInluUNIINTELAAdU

Iscac) AMINAIANNTS

plr

01 d< 26; Ts(ac) = dc (3.11)
Ay = E(d2 —(d —-268)® (3.12)
el p  Aemwdumumestan = 1.724 X 1078 Qm (esuns)

lr  Aemnugmviamuavesage NIty 2N, (x + ¥)

Npee ADIMUIUTOUVRIVARIN

¥ e 2 A

< = o ! =~
Aye PoNuImivnvesdumniminalugua g
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1 & Hn § o o A " . o v
AAINATUWRRIMIAEeYUTiALRge (Skin depth @ O) anansAuadlian

fdunnge

(3.13)

a | o I
Tnen f Aermenuaildau
L fed1 Permeability Wiy gy
< | e (Y -7
Lo  fAef1 Permeability aaseinewihiy 4T X 107" h/

= 1

Wy  ABA Permeability w999 m7e9iiU 1

o ﬁi)ﬂlﬂﬂ’l'ﬁuﬂﬁﬂ@dfﬂﬁ] = 5.8 X 107 mho/m (vewn?)

o | e al - 3 = a a (Y]
3.6 msuaAwiulsEiumeds laeldlusunsy Pspice mnudideaiu

C T L 1o
{(f\} 1 {\-?149“*' __ii"'"': ‘{> gg — [ 1A 149uH -
( T é&== PR 1
C ( = T 76nF > 25
(n) ()

3.12 M39192935 C lnedsuamdts Tngldlusunsu Pspice

)
.
a  =n

100KH 2 JUOKHZ

(V)

g‘uﬁ 3.13 n7vn1sdnaeeanlusunsy Pspice
(n) naNsTeewo9asU 3.12(0) eiAn F=56.556K  Vout=24.999

(@) NIMN159188990929953U 3.12(9) ldiRn F=56.556K  Vout=61.950
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4.1 asNUuAinHanAaeIreInITTuNeaaLUY Full Bridee Tneldunadniledu

uuuﬁ'mé'uu UM 10x10

< : a a a = <
ANTNT 4.1.1 uanIrn WeTBUNY, Wiasiewiym wazUseanSam fianud 100 kHz

L (Rx) = 149uH RxCoil = 24 Turns 10%10 cm C (Resonance) = 30 nF
Vie= 12V
R \0ad Lin V out Pin P out %oeff
(Ohm) (A) (V) (W) (W) (%)
300 0.19 19.20 2.5416 1.2288 48.3475
150 0.13 11.24 1.8216 0.8422 46.2369
75 0.09 6.26 1.3416 0.5225 38.9461
50 0.07 4.37 1.1016 0.3819 34,6712
25 0.06 2.34 0.9816 0.2181 222177

=i I =y L3 =T = o
M1TNN 4.1.2 LEaR9AN WINIBIBUNN, W']'JL’JE]'SLB’l‘ﬁ?‘!VI wazUsransnaiw NAun 100 kHz

L (Rx) = 149uH

RxCoil = 24 Turns 10*10 cm

C (Resonance) = 30 nF

Vin= 60 V

R load lin V out P 5n P out %eff

(Ohm) (A) (V) (W) (W) (%)
300 0.89 97.50 53.6616 31.6875 59.05061
150 0.58 56.70 35.0616 21.4326 61.1284
75 0.37 31.65 224616 13.3563 59.4628
50 0.30 22.03 18.2616 9.7064 53.1520
25 0.21 11.82 12.8616 5.5884 43.4510




<l ! £a L3 a a o <
B9 4.1.3 LEARNAN WNIBIBUNY, ‘WTEL'JE]'%L@’WW!W wazUseansnn NAnun 120 kHz

L (Rx) = 149uH RxCoil = 24 Turns 10¥10 cm C (Resonance) = 22 nF
V= 12V
R toad lin V out Pin P out Yoeff
(Ohm) (A) V) (W) (W) (%)
300 0.14 16.63 1.9416 0.9218 47.4792
150 0.09 9.52 1.3416 0.6042 45.0359
75 0.07 Bi23 1.1016 0.3647 33.1068
50 0.06 363 0.9816 0.2635 26.8478
25 0.04 1.914 0.7416 0.1465 19.7594

l ' ca ™~ i <l
ATNN 4.1.4 UARIAT WIINDIDUNY, NIBTEMINY wazUseanSam AiAua120 kHz

L (Rx) = 149uH

RxCoil = 24 Turns 10*10 cm

C (Resonance) = 22 nF

Vin= 60V

R toad Lin Voout Pin P out %eff

(Ohm) A) (V) W) (W) (%)
300 0.63 83.70 38.0616 233523 61.3539
150 0.41 48.40 24.8616 15.6170 62.8160
75 0.27 26.49 16.4616 9.3562 56.8369
50 0.21 18.39 12.8616 6.7638 52.5894
25 0.15 9.790 9.2616 3.8337 41.3941




= ! a & a oo o
M15NN 4.1.5 WanIF1 WIIBFBUNY, Wesieviny wazUssaviam fenud 140 kHz

L (Rx) = 149uH

RxCoil = 24 Turns 10*10 cm

C (Resonance) = 15 nF

Vin= 12V

R t0ad Lin V out Pin P out %eff

(Ohm) (A) (V) (W) (W) (%)
300 0.11 1.5816 14.94 0.7440 47.0417
150 0.07 1.1016 8.37 0.4670 42.3970
19 0.05 0.8616 4.52 0.2724 31.6162
50 0.04 0.7416 S:1l 0.1936 26.1179
25 0.04 0.7416 1.63 0.1071 14.4539

nj ] =Y 3 I3 =) ai ni
AT NN 4.1.6 LaRIA wmaa‘i‘auv!‘w, NIIIBID NN wazUszansSniw NAue 140 kHz

L (Rx) = 149uH

RxCoil = 24 Turns 10*10 cm

C (Resonance) = 15 nF

Vin= 60V

R load Lin Voout Pin P out %eff

(Ohm) (A) (V) (W) (W) (%)
300 0.5 75.80 30.2616 19.152 63.2885
150 0.32 42.50 19.4616 12.041 61.8739
75 0.21 23.03 12.8616 7.0717 54,9834
50 0.16 15.88 9.8616 5.0434 51.1426
25 0.12 8.40 7.4616 2.8224 37.8256
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< i ca s ¢ a a o <
AT 4.1.7 uangan WTIIBIOUNY, WNIRIe Wi wazUsedvdnm Tiaus 160 kHz

L (Rx) = 149uH RxCoil = 24 Turns 10*10 cm C (Resonance) = 12.35 nF
Vii= 12V
R B Vout P P ot %eff
(Ohm) (A) (V) (W) (W) (%)
300 0.11 14.62 1.5816 0.7124 ‘ 45.0481
150 0.07 8.22 1.1016 0.4504 40.8910
s 0.05 4.45 0.8616 0.2640 30.6445
50 0.04 3.06 0.7416 0.1876 25.3019
25 0.03 1.61 0.6216 0.1047 16.8463

<l i a a < <
AN 4.1.8 wanarn e sduwm, WIS WINY UarUsyABamm el 160 kiz

L (Rx) = 149uH RxCoil = 24 Turmns 10*10 cm C (Resonance) = 12.35 nF
Vin= 60 V
R tong N V out P P ot %eff |
(Ohm) (A) % (W) (W) (%)
300 0.48 74.20 29.0616 18.3521 63.1490
150 0.31 41.70 18.8616 11.5926 61.4613
75 0.20 22.67 12.2616 6.8523 55.8849
50 0.16 15.54 9.8616 4.8298 48.9761
25 0.12 8.24 7.4616 2.7159 36.3984 N




P | fa s &
AITNN 4.1.9 wanaa wnna‘muvm, WW?L?B?L@WW?!W hayUse

L (Rx) = 149uH

RxCoil = 24 Turns 10*10 cm

29

ansaw finud 63.94 kHz

C (Resonance) = 25 nF

Vin= 12V
R toad Lin Voout Pin P out %eff —’
(Ohm) (A) V) (W) (W) (%)
No Load 0.02 16.67 * ® *
300 0.09 14.60 1.08 0.7105 65.7870
150 0.12 R iy 1.44 0.9874 68.5694
75 0.11 7.64 1.32 0.7782 58.9544
50 0.10 5.45 1.20 0.5941 49.5508
| 25 0.08 2.89 0.96 0.3341 34.8020

d 1 gy L3
A9 4.1.10 wamnsa W'TJL’QEI?E]UT!VI, W'TJL']@%LE]']WV!V] wagusy

kHz

L (Rx) = 149uH

RxCoil = 24 Turns 10%10 cm

a a «f <
ANSNIN AN 63.94

C (Resonance) = 25 nF

Vi= 60 V
R B V ot P, P %eff |
(Ohm) (A) % (w) (W) (%)

No Load 0.07 86.80 4.20 * *

300 0.44 77.60 26.40 20.0723 76.0314

150 0.58 63.10 34.80 26.5440 76.2758
7 0.49 39.30 29.40 20.5932 70.0449
50 0.41 27.80 24.60 15.4568 62.8325

0.30 14.60 18.00 8.5264 473689

B 25
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w e @ 2 = YY)
4.2 MINUUVNRNENIITVAEUBINITUNBAWALUY Full Bridge Nunainilesu

< v -
JUuuuAmae Tagld 2esuamd C

AN 6.2.1 LangA WIIDTIUNN, W1IIBSEWINY wasUszavsam AR 63.94 kHz
L (Rx) = 149uH RxCoil = 24 Turns 10*10 cm

C1 (Resonance) = 76nF C2 (Resonance) = 76nF

Vii= 12V
R toad lisy V out P P ot Yeff
(Ohm) (A) (V) (W) (W) (%)
No Load 0.30 13.80 3.60 * *

300 0.08 12.50 0.96 0.5208 54.2500
150 0.17 11.80 2.04 0.3282 16.0882
75 0.20 10.70 2.40 1.5265 63.6041
50 0.25 9.90 3.00 1.9602 65.3400
25 0.32 7.60 3.84 2.3104 60.1667

| ca ¢ ¢ a a al
i‘l'ﬁ'Nﬁ 4.2.2 Lanamn WWTIL'TJE}‘EBUV!VL W'TJL’JS'B’L@'WW!"{] LLﬁBﬂi&’aViﬁﬂ’lW ﬁﬂ'l'lllﬂ 63.94 kHz
L (Rx) = 149uH RxCoil = 24 Turns 10*10 cm

C1 (Resonance) = 76nF C2 (Resonance) = 76nF

Vin= 60 V
R i0ad Lin V out Pin P out Yoeff
(Ohm) (A) V) (W) (W) (%)
No Load 0.10 73.30 6.00 * N

300 0.38 66.30 22.80 14.6523 64.2645
150 0.62 63.30 37.20 26.7126 71.8080
75 1.02 58.50 61.20 45.6300 74.5588
50 152 54.00 79.20 58.3200 73.6363
25 1.60 40.80 96.00 66.5856 69.3600
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a o s " =~ YRy
4.3 MINVUNNNANITNAABUBIN1STUNRANALUY Full Bridge Munanilesu

FUuvuwdawden Tneld 2e9suamda C 7 vin = sov, Lide = 98.56 UH Ly

dwden way R, = 20 Ohm

P~ | fa ¢ ¢ a P =
M7 4.3.1 Uamaamn ‘W']?L'J?Ji@u%!w, W'T'JnﬂﬁLEI'TWW‘VI wagUsEanSA nAIUS 60 kHz

uazAunmesnMNINQ) = 2

R, o o L l'in V out Py - %eff
(Ohm) | (nF) (nF) (uH) (A) (V) (W) (W) (%)
45| 3300 1880 5874 | 037| 1550| 2220| 12.0125| 541104
67| 14501 1320| 8500 | 051| 1941| 3060| 188374 | 615602
90| 860| 850|11461| 054| 2018| 3240| 203616 | 628445

i i a 3 a = o
AT 4.3.2 uaner WL EBuNY, Wlefio Wiy uasUsyanEnT Rl 80 kiy

wazAHNRaSAMAM(Q) = 2

Ry G - L lin Voot P P out %eff
(Ohm) | (nF) (nF) | (uH) | (A) V) (W) (W) (%)
a5 - 3 - - : - - :
671 940 | 1150| 6927 | 045| 1842 27.00| 16.9648 | 628327
| 9] 720] 620| 8500 038| 1697| 2280| 14.3990 631537

- ' sa ¢ a o al
ATTNN 4.3.3 uanen wiesduwm, W1esleWiny wazUsedvSaw e 100 kHz

LLazﬁhLLana‘fﬂmmw(Q) =2

R, G G L Lin W it Pin P i %eff
©hm) | (F) | (F) | (@WH) | (A) (V) W) W) (%)
45 - - - - . - .
67| 40.0 | 807| 8500| 034| 1617 2040| 13.0734| 64.0855
20/ 550 520 6927 030| 1531| 1800| 11.7198| 651100
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J 1 - - ﬂJ d
A5 4.3.4 UandA1 W1esBuNY, WNIBTRWINY wazUszdnSaw NAud 60 kHz

wazAuHNWaIAMANQ) = 3

Ro G ) L s Ve P P aiit %eff
(©hm) | (nF) | (F) | (WH) | (A) (V) (W) (W) (%)
100 | 126.7 | 126.7| 85.00 0.50 19.15 30.00 | 183361 | 61.1204
124 | 88.0| 820 |114.61 0.51 19.55 30.60 | 19.1101 | 624514
175 63.7| 55014556 0.58 21.53 34.80 | 22.7484 | 65.3691

o ' a s = al <
AN 4.3.5 Lanaan wnr;@fauvgw, m’maﬂmﬁﬂw wazUseansnin NAud 80 kHz

wazANNnasAMAINQ) = 3

Ro £ C, L lin V out P P out eff
(©hm) | (nF) | (nF) | (uH) (A) (V) (W) (W) (%)
100 | 88.0| 1047| 69.27| 043| 1804| 2580| 16.2721| 63.0701
134 | 67.0| 620| 8500| 042| 1806| 2520| 163081 | 64.7150
175| 52.0| 420|114.61| 042| 1805| 2520 16.2901 | 64.6434

PN 1 ga (3 & & = o
A1V 4.3.6 LEMIAT WIIIDTDUNY, W}’JL’;as‘meww wazUsgansnIW 1Aun 100 kHz

uagAunmasAuAWQ) = 3

Ry &, e, L N Vee P P o %eff
©hm) | (WF)  |[(F) | (H) | (@A) (V) W) (W) (%)
100 79.7 76.0 | 58.74 0.31 15.23 18.60 11.5976 | 62.3529
134 a7.7 42.0 | 77.53 0.32 1577 19.20 12.4346 | 64.7638
175 36.7 34.7 | 98.47 0.38 17.27 22.80 149126 | 65.4063




<l | ca & ¢
AITNN 4.3.7 wanem WTJL'J@‘?@UWVI, WTJL'JE]?LE]'WW!W 15311

uazAunimesAuAM(Q) = 4

33

a a = a
UseanSam 911148 60 kHz

Ry & (o L B Vot |Pn | Pog %eff |
©hm) [(F) [P [wH @) W w w (%)
175| 1267| 840 11461| 041| 17.49| 24.60] 152950 | 621723
22| 80| 787/14856| 038| 1533| 2280| 11.7508| 515370
300 : - 2 : : - . :

= ! g = = <l
PNION 4.3.8 WA WMesBuy, wikedienin uarUsyaniam finnud 80 ki

uagAMNImaSAUAN(Q) = 4

R, G G L Lin V sii Pin P s %eff
©hm) [ (F) (P | wH) | @) (V) W) W) (%)
75| 620| 620| 8500| 040| 17.52| 24.00| 153475 63.9480
232| 520| 400|11461| 041| 17.80| o460 15.8420 | 64.3984
| 300 347| 30014856 | 051| 19.98 30.60 | 19.9600 | 65.2288

P 1 = g
#1979% 4.3.9 hamamn m’ana'z’auww, WTJL'??JSLE]'W‘]{T"II“W bhEy

wazAuHnmesAMAM(Q) = 4

UsednSam fimad 100 kHz

R, G | L I Ve | P, P o %eff |
(©hm) | (nF) | (nF) (uH) (A) V) (W) (W) (%)
75| 540| 37.0| 69.27| 027| 1430| 1620 102245| 631142
232| 370| 347| 9847| 036| 1689| 2160| 142636 660350
| 300] 297| 220|11461| 047| 1959| 2820] 19.1884| 680420




al ] a s '
AITNN 4.3.10 wamm W'TJL"JE]{E]UV!W, W']?L'JE]“JEE]']“/W{{W hagUsy

uagAuMnmesANAIMQ) = 5

34

a o o
8 NP8 60 kHz

R, & [& JL b [Ver  [Pu [Pow  |o%eff |
©hm) (A | (A | wH) | @ (V) (W) (W) (%)
260 | 1247 64.0 | 133.00 0.28 12.65 16.80 8.0011 | 47.6257
290 | 115.0 66.7 | 148.56 0.26 11.60 15.60 6.7280 | 43.1282
| 470 o B ] ] -
M5 4.3.11 wanadn wnnm‘ﬁuwm, wnnaimﬁww wagUsEAvSnw i 80 kH
uazFuvnmesAAIN(Q) = 5
R, g | L o | Vee  [Pn P %eff |
©hm) [(F) (P | wH) | @) (V) (W) (W) (%)
260 59.0 47.0 [ 98.47 0.39 17.25 ' 2340 | 148781 63.5817
290 37.0 34.7 | 148.56 0.50 19.79 ' 30.00 | 195822 | 65.2740
470 i : - - - . : :

A 1 E=Y
ANTIN 4.3.12 uamern wiaksesBuw, WesleWinn uasls

uazAUWNIIAMNNQ) = 5

z@n5n 1w fimud 100 kHz

'R, D n (Var |Pn P %eff
(Ohm) | (nF) (nF) (uH) (A) (V) (w) (W) (%)
260 470| 400| 8500| 033| 1604| 1980 | 128681] s4.9701
290 288| 267|11461| 039| 1763| 2340 155408 | 664139
470 218| 194]14856 | 045] 1882| 27.00] 17.709 | 65591




35

e Y] . o b oW
4.4 MINUUNNNANTTVAABIYBINITTUNRANALUY Full Bridee flumanailetu

sUnuuwUamdes Taeld 299suamds C 7 vin = 120V, Lijggy = 98.56 UH wuu

éi’imﬁ‘au Wy R; =20 Ohm

= 1 = I3 « o e < <
M1TNA 4.4.1 ueaern w1anesBunm, WD WNN UagUsednnm AAud 60 kH

hagAANABIANAINQ) = 2

Rz G G L lin Vi P M it oeff
(©hm) [ (hF) [ (F) [ (@uH) | (A) (V) W) (W) (%)
45| 330.0 | 188.0| 58.74 074 | 32.19 88.80 | 51.8098 | 58.3444
67| 1450 | 132.0| 85.00 1.01 3990 | 121.20 | 79.6005 | 65.6770
90| 86.0| 8501 114.61 1.08 41.10 | 129.60 | 84.4605| 65.1701

= | a P a a a =
AN 4.4.2 uanerl W1eTBuny, Weilewinm uarussdniam frwd 80 kHz

WaLAUNNABSAMAIN(Q) = 2

R, G G L. lin V s P in P o %eff
©hm) | (nF) | (hF) | (uH) |(A) V) (W) W) (%)
a5 . - - & - . . >
67| 940 1150 69.27 0.88 37.50 | 105.60 | 70.3125| 66.5838
L 90| 720| 620/ 85.00 0.75 34.95 90.00 | 61.0751 | 67.8612

< ' ca < a P o
ANTNN 4.4.3 LLdmnamn W’?']naﬁ@u%‘tw, W”I'JL']E]%L@'WW!VI wazUszansnin A4 100 kHz

wazAUNNmesAUAM(Q) = 2

Ry C, C L | V out By P out %eff
©hm) [(hF) | (WF) | (@H) | (A) V) W) (W) (%)
45 - : -| 095 389 | 114.00 | 75.6605 | 66.3689
67| 400| 80.7| 8500| 067 33.1| 8040 | 54.7805| 68.1350
90 | 550| 520 69.27 06| 3155| 7200 49.7701| 69.1252




= | ca 5 ¢
#1779 4.4.4 La@nsmn W'TJL']B?@H?\!VI, W'TlL']E]ﬁL@'WW!V] wavuse

uazAWHNMESANAM(Q) = 3

36

a a o al
ANSNIN NAWE 60 kHz

R, N I Vow | Po P %eff |
(Ohm) | (nF) (nF) (uH) (A) (V) (W) (W) (%)
100| 1267 1267 | 8500| 100| 3921] 12000| 76.8712] 640593
134) 880 820|11461| 102| 4000| 12240| 80.0000| 653595
| 175| 637| 550(14556| 1.19| 4400| 14280 96.8000 67.7871

= | Sa ¢ I3
A1TNY 4.4.5 Langm WIIDIDUNY, WIIDIMNY hazUsy

WaEAMNNADIANAN(Q) = 3

a = a
BN NAuD 80 kHz

R, G C L Lin V out P Pl %eff
©Ohm) [(F)  [(FA | wH | () V) W) (W) (%)
100) 880 104.7| 69.27 | 085| 3695| 10200| 682651 66.9266
134 670 620| 8500 084 37.17| 100.80 | 69.0804 68.5322
| 175] 520) 42011461 | 085| 3720| 10200] 691920 67.8353 |

o | sa ¢ ¢
#1919 4.4.6 Lansan W']'JL']E]?ETU?’!W, W"I’JL’JE]SL@'?WWW 153

uazAUNNmaInAM(Q) = 3

Usednsam feui 100 kHz

R, G e [t Tie Ve [Pn TP Toer
©hm) 10F) |6A W [ (v W |w (%)
100 79.7 76.0 | 58.74 0.60 31.20 72.00 48.6720 67.6000
134 a7.7 42.0 | 77.53 0.64 32.65 76.80 53.3011 69.4025
175 36.7 34.7 | 98.47 0.76 35.70 91.20 63.7245 69.8732
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o ! ga <« <
NI 4.4.7 Uansrn e duyy, WIRS WY UarUseAvSamm enud 60 kiz

wazFunmeiAunNQ) = 4

’EZ Cl CZ L I in v out P in P out %oeff
L(Ohm) (P [P | WH) | @) (V) (W) (W) (%)

1751 126.7| 84.0| 114.61 0.82 36.00 98.40 | 64.8000 | 65.8537
232 | 88.0| 78714856 0.74 30.95 88.80 | 47.8951 | 53.9360

] e A A

< ' a I3 a o <
PIFNN 4.4.8 UARsN WL DU, Waesie N uarUssAvann A 80 kHz

wazFunmeinuAIQ) = 4

Ry G | [L o Veuw |Py P o %eff 1
(Ohm) | (nF) (nF) | (uH) (A) V) (W) (W) (%)
175 ‘ 62.0 62.0, 8500 | 0.79| 3597| 9480 64.6920 | 682408
232 ' 520 | 40,0 ‘ 11461 | 083 ' 36.80 | 99.60 | 67.7120 | 679839
300 ' 3.7 | 300 ' 14856 | 1.03 ‘ 4110 | 12360 | 84.4605 | 683337

4 1 = - = d d
PN 4.4.9 Lanem wneiBum, wnnesiowinm warUsAvinm fins 100 kHz

wazFuWnneTAMAIN(Q) = 4

Ry a |lg L ln [Vex [Py P ot %eff

(Ohm) | (hF) (nF) | (uH) (A) (V) (W) W) (%)
175) 54ﬂ 37.0| 69.27| 053 2957 63.60‘ 43.?192‘ 68.7410
232‘ 37.0‘ 307 | 9847 073| 3485 87.60[ 60.?261‘ 69.3221
300( 29.7( 22011461 | 095| a0a0 114.00‘ 81.6080' ?15865]
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A9 4.4.10 wamaan WNKIBIBUNY, WIIIDUMNY UazUsy

wazAMMnmeAMAM(Q) = 5

38

a o &
ansnIw NAuD 60 kHz

R, a |l L 1 Vo | P4 P o %eff |
Ohm) [P | (nF) (uH) (A) V) (W) (W) (%)
260| 124.7)| 64.0|133.00 | 055| 2535| 6600] 321311 45.6835
290 | 1150 66.7(14856 | 050 2344| 6000| 27.4717| 457861
| an0 i - : - : : : :

d 1 &a = d IJ
PN 4.4.11 uanedn Whnesdum, wiefiening uasUsyAvBnm fiannud 80 kiz

uwasAUNNmOIAUA(Q) = 5

R, g 16 L B Von | Py P ot %eff |
(Ohm) | (nF) (nF) (uH) (A) (V) W) (W) (%)
20| 590| 47.0| 9847 077 3562| 9240| 634392 68,6572
290| 370 347|14856| 101| 4080 12120] 832320| 686733
| 470 - : ] ) - . : i

a‘ ] - I3 @ a ﬁ‘ ﬁ'
TN 4.4.12 uanirn w1aesauny, W03 WINT warUseAvEam fimud 100 kHz

wagAUMNmDIALAM(Q) = 5

R, T A i) - Vot | Pw P out %eff |
©hm) | (P | (F) | (uH) (A) (V) (W) (W) (%)

260 470 | 400 | 8500| 0.66| 3324]| 7920| 552449 | 697536
290 288 | 267 |11461| 080| 3649 9600| 665760 | 693500
470 21.8 | 19414856 | 090 3889 10800 | 756216 | 700200
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4.5 mynvuiinian1sveassesn1siuNeamaLUY Full Bridge unaanilady
= v P Py
FUwuuwUamasu Taely easuamds C 7 vin = 60V, Lot = 98.56 uH wuu

dwden, R, = 20 Ohm uas R, = 180 Ohm

- ] cfa ¥ a < P =
AT NN 4.5.1 hdmngan W']'JL:]E]'?@U?’!W, W’DL:'EJ'iLmﬁ?gw wagUseansaw NAAUE 60 KHz %

unnmaIAmAIMEY
G G L lin Vs Pin B st %eff
(nF) [ (nF) (uH) (A) (V) w) (W) (%)
64.0 52.0 | 148.56 0.56 20.83 33.60 | 21.6944 64.5668
88.0 78.7 | 114.61 0.52 19.83 31.20 19.6614 63.0174
1100 | 104.7 | 9847 0.53 19.94 31.80 19.8802 62.5163

P [ ca 5 ¢ a a ol = J
A1 4.5.2 UamaAn W'nl-?ﬂ?auw‘%, W']'}L'Jﬂitﬁﬂ“ﬂﬂ wazUseansnn YIA31U5 80 KHz '17]

uWAmBTAMIANEY
C, & L I Vo P. P ot %eff
(nF) (nF) (uH) (A) V) w) (W) (%)
47.0 38.8 | 114.61 0.42 18.26 2520 | 16.67138 66.1563
69.0 58.7 | 85.00 i3 17.05 2220 | 14.53513 65.4735
100.0 76.0 | 69.27 0.35 16.24 21.00 | 13.18688 62.7947

nl‘ i b= L3 o oa ] d 0‘
PNINN 4.5.3 UAMIA1 HTIBITTUNY, N850 UarUsEAVBAW Tinnud 100 Kiz 3

urnmeIAMAMANY
s 5 L " Vot P, P ot %eff
(nF) (nF) (uH) | (A) V) (W) (W) (%)
36.7 34.7 | 98.47 0.38 17.58 22.80 15.4528 67.7755
59.7 48.7 | 69.27 0.31 15.64 18.60 12.2305 65.7553
74.0 64.0 | 58.74 0.28 16.69 16.80 13.9278 82.9036
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w =2 s . = YY)
4.6 MINUUNNNANIINAADIVBINITVVNRAWALUU Full Bridge Nunaniesu
-l ) - i
sULvuwUnvaey Tngly 2993uav®e C 9 Vin = 120V, R, = 20 Ohm, Ly, =

98.56 UH LWUUAMABLAL R, = 180 Ohm

= ' fa s ¢ a = = <
AT 4.6.1 USAAIAT WNBITUNY, WNINBUDWINY Lagdsedniam NAud 60 KHz 71

wrinimasamunmengeg
¢, o L L Vo P, P ot Yeff
(nF) (nF) (uH) (A) (V) (W) W) (%)
64.0 52.0 | 148.56 1.10 42.40 132.00 89.8880 68.0910
88.0 787 | 114.61 1.04 40.70 124.80 82.8245 66.3658
110.0 | 104.7 | 9847 1.05 41.10 126.00 84.4605 67.0321

A 1 =3 .4 £=3 d ﬁJ al
MITNN 4.6.2 LEARIAN W’nna%’aumn, wwnammﬁvm wazUszansnn Aud 80 KHz 7

WNInaIAMNINGINE
gy G L i V out P B %eff
(hF) | (nF) | (H) | (&) (V) (W) ) (%)
47.0 38.8 | 114.61 0.84 37.89 100.80 71.7826 71.2129
69.0 58.7 | 85.00 0.75 35.64 90.00 63.5105 70.5672
100.0 76.0 | 69.27 0.70 34.24 84.00 58.6189 69.7844

< 1 a ¢ a a = i o
BTN 4.6.3 LEARIAN W'nna'%auww, m’maftmww‘m wagUseansain finnud 100 KHz #1

WHALABSAMATNANY
£, o L - Vot P P o O%eff
(F) | (F) [ uH) | A (V) (W) (W) (%)
36.7 34.7 | 9847 0.76 36.55 91.20 | 66.7951 | 73.2403
897 48.7 | 69.27 0.62 33.02 74.40 | 545160 | 73.2742
74.0 64.0 | 58.74 0.57 5102 68.40 | 48.4227 | 70.7934
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a as . al 1
4.7 MINTUNNNAN1MARBITBINISTUNANALUY Full Bridge 71 Inaman 20

Tevin,Aud 80 kHz uay @ Q=3

P ! fa L3 '3 )
19191 4.7.1 hanam WT]L?E]'SEJ‘H‘V!VF, W"I')L'JBELE]T’/]‘V\EV] wazUsednsnaw

Liieds = 98.56 UH WUUBIASYL

= 4w el ] YR
Vl'tiﬂmﬂﬁhsuuﬂ’l 114.86 uH Iﬂﬂﬂ'ﬁtﬂgEJUﬂ'mﬂﬁ']ﬂﬂﬁﬂﬁ

Cy=62nF C, =40 nF
Vin Lin V. st Pin P sk Eff
(V) (A) (V) (W) (W) (%)
60(DC) 1.18 323 70.8 52.1645 73.6787
120(DC) 235 65.0 282.0 211.2500 74.9114
110(AC) 2.56 70.7 332.8 249.9245 75.0975
AN 4.7.2 uanee W1eTBUNY, IR WINT wazUsednSam 7
InEsuiien 114.86 uH Tnemsdeuranainilds
Lisds = 645.29uH U0 12x12 $1W7U 50 50U manued 19 wuuwlmmden
Ci=94nF G =40 nF
Vin Lin Voout Pin P out Eff
(V) (A) (V) (W) (W) (%)
60(DC) 0.26 14.74 15.6 10.86338 69.6370
120(DC) 0.53 29.8 63.6 44.402 69.8144
110(AC) 0.63 35.6 81.9 63.368 77,3724




= ! a g (=)
PNTNN 4.7.3 UeAIA1 W0SBUYY, W1Ieslewiny uazUstdvinin

a 4 @ a al [l Yoo
NuaaInlasuilan 114.86 uH Tmsmimaauﬂ’mmmﬂﬁm

LEEIQEN - 570 UH

o e o
VUIA 14x14 71U 40 spu FIAUaT 19 wuulUawiasy
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Ci=62nF C, =40 nF
\% in I in v out i in P out Eﬁ —[
V) (A V) W) ) (%)
60(DC) 0.1 9.08 6 4.12232 68.7053
120(DC) 0.2 18.68 24 17.44712 72.6963
L 110(AC) 0.24 22.8 35.04 25.992 74.1780
< ' ca ¢ s &
A919N 4.7.4 hamnsm) W’]’JL’J@‘E@HWVI, W’]’JL’JB?LE)’]WT!VI LLﬁ%Uiﬁa‘V}ﬁﬂﬂw
fuaainiadusian 114.86 UH TnensiUasuAunaInileds
Lo = 110 uH 2UIA 14x14 994U 17 58U aaues 19 WUURUAwaey
Ci=52nF G, =40 nF
—
V in f in V out P in P out Eﬂc
V) (A) V) (W) (W) (%)
60(DC) 0.67 24.3 40.2 29,5245 73.4440
120(DC) 1.36 49.9 163.2 124.5005 76.2870
110(AQ) 1.55 56.6 212.35 160.178 75.4311

v e 'Y < o [
4.8 MINUUNNHANTVAABIYBINTTUNBANALUY Half Bridge 7 Inianen 20

Toviu,Aud 80 kHz way f Q=3

P | . ¢ &
A7 4.8.1 Uamamn WT]L']@{E]U'V!W, WTJL'J@{LEHWT!VI LLaSU'iﬂanﬁﬂ'lW

P Y @ e a 1 41
Wﬂﬂﬁ?ﬂa\jilﬂiﬂ'] 114.86 uH IE]EJﬂ’!‘iLUaEJum‘Uﬂa’mﬁhm

Lisge = 110 uH

° ¢ <
YU 14x14 91U 17 T8U §IALUDT 19 bLuULUALALY

C; =52nF C, =40 nF
Vo by V siit P P aut Eff
V) (A) (V) (W) (W) (%)
L 220(AC) 0.86 63.7 267.5692 202.8845 75.8250
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Uﬁsawﬁmw*zmaqnwmammJi LY mmnﬁ'[.ﬁ, ATMINIAUIUIVBIVUIAYBIVARINUTY

=

Q31 (Primary Coil ) uagunainnRsnil ( Secondary Coil ), JeoriesEmINTaaInUsugi

q U

a a = = %) & o 1 -l o v
wazumanvRegl suwddvaniennldveaeuuenanidmuindfinssTowuudivnaing

Viegdl axvhliesiduiusyaninmgetudnils 5-20 Wesidus uwromasdesidadarumn

3 = v i ¢ 2 a 3
WwasRuAm (Q) Wesnnandldwnninefauningeazlddrsuuwiaduesnisislowuuduny

v
o «

vibindnlunsvididnasauenaind mndurnmesamam finnaevildnssualna
Tuvamauas fufuussqiniuilian LOSS wna
t ! & L v v &
MNHANTINARDMMNANU NMTldugUuuureaasislauuud Tneld daufudsyg
1 ) [ v o 3 = < W i =l 4 o
UKL glarussduiiodinailanufsuwlaniosniasiBoulven uas dlevih
s ) <l = <l =
N1IVAaARLRULAe miﬂ‘suLﬂaaugﬂumwawmmmmﬂﬁt,waamﬂuuﬂﬂmaau, nswasu
173 LY e y ] o o a d
VUINVBAAURIAUEZNTUTUTWINYBIVARIA N1TAATIUIUTOUYBIVURRIRENES YilsirE s
& S D c%‘ el < a a & | & 1o y [
DMNANIAGUN WUIAA 80 Alaldvia Aunnmenmn vty 3 anaiailsdedien
ﬂ‘ o o o ° y o =l
Aumilennd 110 ulasnewd JuuuvwUnwasieuin 14x14 S1uau 17 50U vnmaiedud
' < o - < ° a1 0w
AAuWiEd 114.86 lulasieud JUsuusUawmasuguin 10x10 $1uau 23 S8 Slerias
MUY 150 watt anaesnts TaeAusiuBunniien 110 TaadAC Tagneasuuu Full
pe el 1 @ e 1 L2 3 al 1 o o L3
Bridge uag fifnussAudunmilen 220 T3adAC lag1993Uu Half Bridge SiAnidssueing
200 watt
o v v " o & | . -1
71 R2 Ind R2max vzldAn Efficiency Migetiu wagen Voltage regulation Mgt
4 2 P 1 P = a8 1 '3 al .
VIAAAUMIUNY Wud1 b 80 Alatdvia uazdunnwesaanw = 3 a1 Effidency

uaz Voltage regulation fifign
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International
IGR Rectifier

Data Sheet No. PD-6.011E

IR2110

HIGH AND LOW SIDE DRIVER

Features

W Floating channel designed for bootstrap operation
Fully operational to +500V
Tolerant to negative transient voltage
dV/dt immune
B Gate drive supply range from 10 to 20V
® Undervoltage lockout for both channels
W Separate logic supply range from 5 to 20V
Logic and power ground +5V offset
B CMOS Schmitt-triggered inputs with pull-down
® Cycle by cycle edge-triggered shutdown logic
B Matched propagation delay for both channels
® Outputs in phase with inputs

Description

The IR2110 is a high voltage, high speed power
MOSFET and IGBT driver with independent high and
low side referenced output channels. Proprietary
HVIC and latch immune CMOS technologies enable
ruggedized monolithic construction. Logic inputs are
compatible with standard CMOS or LSTTL outputs.
The output drivers feature a high pulse current buffer
stage designed for minimum driver cross-conduc-
tion. Propagation delays are matched to simplify
use in high frequency applications. The floating
channel can be used to drive an N-channel power
MOSFET or IGBT in the high side configuration
which operates up to 500 volts.

Typical Connection

Product Summary

VOFFSET 500V max.
lo+/- 2A 1 2A
Vout 10 - 20V

ton/off (typ.) 120 & 94 ns
Delay Matching 10 ns

Packages

Voo Vo Ve [
HINo——] HIN Vg [—=

SD o SD — &
LINo LIN Vee %
Vgg © Vgs COM
Voo o—| —4 ~, LO

CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL  B-25



IR2110

International
ISR Rectifier

Absolute Maximum Ratings
Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All voltage parameters are
absolute voltages referenced to COM. The Thermal Resistance and Power Dissipation ratings are measured under board
mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Parameter Value
Symbol Definition Min. Max. Units
VB High Side Floating SupplyVoltage 0.3 525
Vs High Side Floating Supply Offset\Voltage Vg-25 Vg +0.3
VHO High Side Floating OutputVoltage Vs-0.3 Vg+0.3
Vee Low Side Fixed SupplyVoltage -0.3 25 v
V0o Low Side OutputVoltage 0.3 Voo +0.3
Voo Logic SupplyVoltage -0.3 Vgg+25
Vss Logic Supply OffsetVoltage Vee-25 Voo +0.3
ViN Logic InputVoltage (HIN, LIN & SD) Vgg-0.3 Vpp+0.3
dVg/dt Allowable Offset SupplyVoltage Transient (Figure 2) — 50 Vins
Pp Package Power Dissipation @ Ta < +25°C (14 Lead DIP) e 1.6
(14 Lead DIPw/o Lead 4) — 15 W
(16 Lead DIP w/oLeads 5 & 6) — 1.6
(16 Lead SOIC) - 1.25
Rgua Thermal Resistance, Junction to Ambient (14 Lead DIP) — 75
(14 Lead DIPw/o Lead 4) —_— 85 CIW
(16 Lead DIP w/o Leads 5 & 6) — 75
(16 LeadSOIC) e 100
T JunctionTemperature — 150
Ts Storage Temperature -55 150 °C
T LeadTemperature (Soldering, 10 seconds) — 300

Recommended Operating Conditions
The Input/Output logic timing diagram is shown in Figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vgs offset ratings are tested with all supplies biased at 15V differential, Typical
ratings at other bias conditions are shown in Figures 36 and 37.

Parameter Value
Symbol Definition Min. Max. Units
Vg High Side Floating Supply AbsoluteVoltage Vg+10 Vg+20
Vg High Side Floating Supply OffsetVoltage Note 1 500
VHo High Side Floating OutputVoltage Vg Ve
Voo Low Side Fixed SupplyVoltage 10 20
Vio Low Side Output\Voltage 0 Veo &
Voo Logic SupplyVoltage Vgg +5 Vgg+20
Vsg Logic Supply OffsetVoltage 5 5
VIN Logic InputVoltage (HIN, LIN & SD) Vss Voo
Ta AmbientTemperature -40 125 °C

Note 1: Logic operational for Vs of -4 to +500V. Logic state held for Vg of -4V to -Vas.
B-26 CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL



International
TSR Rectifier

IR2110

Dynamic Electrical Characteristics

Veias (Vce, Vs, Vpp) = 15V, CL = 1000 pF, Ta = 25°C and Vgg = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

Parameter Value
Symbol Definition Figure | Min. | Typ. |Max.| Units | Test Conditions

ton Turn-On Propagation Delay T — 120 | 150 Vg =0V
toff Turn-Off Propagation Delay 8 o 94 125 Vg =500V
tsd Shutdown Propagation Delay 9 e 110 | 140 ns Vg = 500V

tr Turn-On Rise Time 10 — 25 35

tf Turn-Off Fall Time 11 —— 17 25
MT Delay Matching, HS & LS Turn-On/Off — — — 10 Figure 5

Static Electrical Characteristics

Veias (Vcc, Ves, Vbp) = 15V, Ta = 25°C and Vgg = COM unless otherwise specified. The Vin, VTH and ||y parameters
are referenced to Vgg and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and lp parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Parameter Value
Symbol Definition Figure | Min. | Typ. | Max. | Units | Test Conditions
ViH Logic “1” Input Voltage 12 9.5 — —
ViL Logic “0" Input Voltage 13 — e 6.0 v
VoH High Level Output Voltage, Vgias - Vo 14 — - 1.2 lo =0A
VoL Low Level Output Voltage, Vo 15 — —_ 0.1 lo = 0A
Lk Offset Supply Leakage Current 16 — —— 50 Vg = Vg = 500V
laBs Quiescent Vgg Supply Current 17 — 125 | 230 ViN =0V or Vpp
lace Quiescent Ve Supply Current 18 — 180 | 340 A VN =0V orVpp
labp Quiescent Vpp Supply Current 19 e 15 30 . ViN =0V orVpp
liN+ Logic “1" Input Bias Current 20 — 20 40 VN =Vbp
IiN- Logic “0" Input Bias Current 21 —_ — | 1.0 Vin = 0V
VBsuv+ | VBs Supply Undervoltage Positive Going 22 75 8.6 9.7
Threshold
VBSUV- VBs Supply Undervoltage Negative Going 23 7.0 8.2 9.4
Threshold v
Veecuv+ | Voo Supply Undervoltage Positive Going 24 74 8.5 9.6
Threshold
Veceouw Vce Supply Undervoltage Negative Going 25 7.0 8.2 94
Threshold
lo+ Output High Short Circuit Pulsed Current 26 2.0 25 — Vo=0V,ViN =VDD
% PW <10 us
lo- Output Low Short Circuit Pulsed Current 27 2.0 25 — Vo =15V, ViN= 0V
PW<10 ps

CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL
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IR2110 ISR Rectifier

Functional Block Diagram

| _________________________________________________ hl
| —3v,
|
|
Vop—> R @ !
! R : HO
: k- VooV, 5 '
HiNe—o-| 91 ] LEVEL l
| SHIFT PULSE Vg
: i GEN |
) I
I ==
T varY: ]
LIN }sf? LEVEL I Lo
: S SHIFT _] |
| = R Q |
|
vssﬁ coM
L 1
L Y
Lead Definitions
Lead
Symbol | Description
VpD Logic supply
HIN Logic input for high side gate driver output (HO), in phase
SD Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
VB High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vee Low side supply
LO Low side gate drive output
COM Low side return
Lead Assignments
=] Ho [B] = Ho [8)
[&] Ho [ 7] =] Ho [7] 3] ve [T] {io] v [T]
=] vop ve [6] (] voo va [€] ] voo vs [E] [iT] voo vs [6]
0] HIN vs [F] (o] HIN vs [5] [1z] 1N [Gz] HN —
] so 4] [ so i3] so [Z] so 1
(2] un vee [3] Gz un vee [3] [&] un vee [3] [1a] un vee [3]
[iz] vss coM [Z] (3] vss coMm [Z] [15] vss com (2] [5] vss com [Z]
14 ~__ ‘o |T] (i} o~ ‘o [T] i8] ~ o [T] (5] ~ Lo [1]
14 Lead DIP 14 Lead DIP w/o Lead 4 |16 Lead DIP w/o Leads 4 & 5| 16 Lead SOIC (Wide Body)
IR2110 IR2110-1 N IR2110-2 IR2110S
Part Number

B-28 CoNTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL



@ MOTOROLA

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit
designed primarily for SWITCHMODE power supply control.

® Complete Pulse Width Modulation Control Circuitry
® On-Chip Oscillator with Master or Slave Operation
® On—Chip Error Amplifiers

® On—Chip 5.0 V Reference

® Adjustable Deadtime Control

Order this document by TL494/D

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

® Uncommitted Output Transistors Rated to 500 mA Source or Sink D SUFFIX .
" v PLASTI
® Output Control for Push—Pull or Single-Ended Operation Hleties
® Undervoltage Lockout 1 (SO-18)
N SUFFIX
16 PLASTIC PACKAGE
" CASE 648
PIN CONNECTIONS
Noninv ~ Noni
in 1 16 oninv
MAXIMUM RATINGS (Full operating ambient temperature range applies, Infm [ b ﬁ a :npm
unless otherwise noted.) input L2 Vo 5] iput
Ratin Symbol | TL494C | TL494l | Unit Compen/PWN 50V
. ’ chr:p IannE 01y E Vref
Power Supply Voltage Vee 42 W Deadtime _“_,,:l> 73] Output
Control Control
Collector Output Voltage Ve, 42 \
Vez Cr E_ E Vee
Oscillator
Collector Output Current Ic1, Ica 500 mA Ry [6] 1] c2
(Each transistor) (Note 1) \—E
Ground E E E2
Amplifier Input Voltage Range VIR —0.3to +42 \
— ci [ o 9] et
Power Dissipation @ Tp <45°C Pp 1000 mwW
Thermal Resistance, RgJA 80 °CIwW (Top View)
Junction-to-Ambient
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55 to +125 °C ORDERING INFORMATION
Operating Ambient Temperature Range TA °C Operating
TL494C Oto+70 Device Temperature Range| Package
TL494]| —251t0 +85
i Tas4cD | SO-16
- - o A=0°to °
Derating Ambient Temperature Ta 45 Cc TL494CN Plastic
NOTE: 1. Maximum thermal limits must be observed. :
TL494IN Ta =-25°to +85°C Plastic
€ Motorola, Inc. 1996 Rev 1




TL494
RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vee 7.0 15 40 \4
Collector Output Voltage Ve, Vo2 - 30 40 \"
Collector Output Current (Each transistor) Ic1. Ic2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Ve —-20 v
Current Into Feedback Terminal I - - 0.3 mA
Reference Output Current Iref - - 10 mA
Timing Resistor Rt 1.8 30 500 kQ
Timing Capacitor Ct 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vg = 15V, CT = 0.01 uF, RT = 12 K, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.

L Characteristics Symbol [ Min ! Typ I Max | Unit |
REFERENCE SECTION

Reference Voltage (Ig = 1.0 mA) Vrief 4.75 5.0 5.25 \

Line Regulation (Vce =7.0Vito 40 V) Regjine - 2.0 25 mvV

Load Regulation (In = 1.0 mA to 10 mA) Reg|oad - 3.0 15 mV

Short Circuit Output Current (Vyef = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(off) - 2.0 100 PA
(Voc =40V, Ve =40V)

Emitter Off-State Current IE(off) - - -100 pA
Vec=40V,Vc =40V, VE=0V)

Collector-Emitter Saturation Voltage (Note 2) \'
Common-Emitter (Vg = 0V, Ig = 200 mA) Vsal(C) - 1.1 1.3
Emitter—Follower (V¢ = 15V, Ig = 200 mA) Vsal(E) - 1.5 2.5

Output Control Pin Current
Low State (Vpc <0.4 V) locL - 10 - pA
High State (VoG = Vref) IOCH - 0.2 3.5 mA

Output Voltage Rise Time ty ns
Common-Emitter (See Figure 12) - 100 200
Emitter—Follower (See Figure 13) - 100 200

Output Voltage Fall Time tf ns
Common-Emitter (See Figure 12) - 25 100
Emitter—Follower (See Figure 13) - 40 100

NOTE: 2. Low duty cycle pulse techniques are used during test to maintain junction lemperature as close to ambien! temperature as possible.

2 MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vcg = 15V, Cy = 0.01 pF, Rt = 12 k, unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Ty is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics ’ Symbol Min Typ Max l Unit I
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (Pin3)=2.5V) Vio - 2.0 10 mvV
Input Offset Current (VO (Pin 3) = 2.5 V) ho - 5.0 250 nA
Input Bias Current (Vp (Pin3)=25V) I8 - -0.1 -1.0 HA
Input Common Mode Voltage Range (Vo = 40V, Tp = 25°C) Vicr -0.3toVee-2.0 \
Open Loop Voltage Gain (AVp =3.0V, Vo =0.5V1t0 3.5V, R = 2.0 k) AyoL 70 95 - dB
Unity—Gain Crossover Frequency (Vg = 0.5V to 3.5V, R = 2.0 kQ) fo— - 350 - kHz
Phase Margin at Unity—Gain (Vo = 0.5 Vt0o 3.5 V, R = 2.0 kQ) Om - 65 - deg.
Common Mode Rejection Ratio (Vo =40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVee =33V, Vo = 2.5V, R = 2.0 kQ) PSRR - 100 - dB
Output Sink Current (Vo (pin 3) = 0.7 V) lo— 0.3 0.7 - mA
Output Source Current (Vo (pin 3) = 3.5 V) lo* 2.0 —4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH - 25 4.5 \%
Input Sink Current (V(pin 3)=07V) ll— 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpjh 4=0V 10 5.25V) B (DT) - -2.0 -10 PA
Maximum Duty Cycle, Each Output, Push—Pull Mode DCmax %
(VPin4 =0V, CT =0.01 pF, RT = 12 kQ) 45 48 50
(VPin4 =0V, CT = 0.001 puF, RT = 30 kQ) = 45 50
Input Threshold Voltage (Pin 4) Vi \
(Zero Duty Cycle) - 2.8 3.3
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (CT = 0.001 pF, RT = 30 k€2) fosc - 40 - kHz
Standard Deviation of Frequency* (C1 = 0.001 pF, RT = 30 k) ofpse - 3.0 - Yo
Frequency Change with Valtage (Ve = 7.0 V to 40 V, Ta = 25°C) Afgsge (AV) - 0.1 - %
Frequency Change with Temperature (ATa = Tigw to Thigh) Afasc (AT) - = 12 %
(CT=0.01 pF, RT =12 kQ)
UNDERVOLTAGE LOCKOUT SECTION
Tum-On Threshold (VG increasing, ref = 1.0 mA) Vin 5.5 6.43 70 | v ]
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vef, All other inputs and outputs open) lcc mA
(Vcc=15V) - 55 10
(Vcc=40V) - 7.0 15
Average Supply Current mA
(CT=0.01 pF, RT =12 kQ, V(Pin 4)=2.0V) - 7.0 -
(Ve =15 V) (See Figure 12)
* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o
3

MOTOROLA ANALOG IC DEVICE DATA



TL494

Figure 1. Representative Block Diagram

Qutput Control Vee
6|
< T
|
Rt 5 ) Flip- | o
Cr T | Deadtime Flop
= | Comparator — [ i
- | v = & 3 { N =
=y i X |7 [ 10
Deadtime |[ U-ITV ki :
| e
Control | H_ = | 12 -
-« & | =
: [y PWM T aov | Vec
| =  0.7mA Comparator uv + |
Lockout = Reference
| T Regulator !
| HL |
f 35V = |
| |
_____________________ i s s it i
3 16 14 7
o Gnd
Error Amp Feedback PWM Error Amp Ref. _i_
1 Comparator Input 2 Output -

This device contains 46 active transistors.
Figure 2. Timing Diagram
Capacitor CT
Feedback/PWM Cﬂmp.w / /_/ % :‘ 7777 74%-7<
Deadlime Contral —— V= £
s UL UUY U U UL
Clock Input
Flip-Flop
Q
Flip-Flop —|
Q
Output Q1 J l_ l_ |- I- I
Emitter | | I
Output Q2 |_ l_ I' I’ I '
Emitter _

Output
Control

N
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Figure 14. Error-Amplifier Sensing Techniques

Vref
Vo To Qutput
Voltage of
g System f
| Ermor
1 Amp
—o + -
Errar 3
Vipf €«———o0—— e Negative Output Voltage R1
: .
R j Positive Output Voltage 0= Yref "R, Vo
R4 To Output
= VO = Vref (1 "R ) Voltage of
2
System

Figure 15. Deadtime Control Circuit Figure 16. Soft—Start Circuit

Output B
Cantrol T T J_
R
v 1 c
Output ref 4 il Vref S
o—Q Dt a by 4
RT Cr
R
6 Ei = Rs
30k I 0.001

1 Higss

80
Max. % on Time, each output = 45— ( )
R2

Figure 17. Output Connections for Single—Ended and Push-Pull Configurations

ct cl
b———
> Qc 24V Ve < Vief | or——t—0
_\51 £t — gl 1.0 mA to 250 mA
Output o= Output o
Control 1.0mAto Control
Single~Ended 500 mA Loi Push-Pull
‘ c2 c?
/ -~ /"'_ 0
0<Voe <04V — — 1.0 mA to 250 mA
E2 E2
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FAIRCHILD
SEMICONDUCTOR ™M

CD4049UBC - CD4050BC

Hex Inverting Buffer ¢
Hex Non-Inverting Buffer

General Description

The CD4049UBC and CD4050BC hex buffers are mono-
lithic complementary MOS (CMOS) integrated circuits con-
structed with N- and P-channel enhancement mode
transistors. These devices feature logic level conversion
using only one supply voltage (Vpg). The input signal high
level (Vi) can exceed the Vpp supply voltage when these
devices are used for logic level conversions, These
devices are intended for use as hex buffers, CMOS to DTL/
TTL converters, or as CMOS current drivers, and at Vop =
5.0V, they can drive directly two DTL/TTL loads over the
full operating temperature range.

October 1987
Revised April 2002

Features

B Wide supply voltage range: 3.0V to 15V

M Direct drive to 2 TTL loads at 5.0V over full temperature
range

W High source and sink current capability

W Special input protection permits input voltages greater
than Vpp

Applications

* CMOS hex inverter/buffer

+ CMOS to DTUTTL hex converter

« CMOS current *sink” or “source" driver

* CMOS HIGH-to-LOW logic level converter

Ordering Code:

Order Number | Package Number Package Description
CD4049UBCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4049UBCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4050BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4050BCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Devices also available in Tape and Reel. Specify by appending the suffix letter “X" to the ordering code,

Connection Diagrams
Pin Assignments for DIP

CD4049UBC CD4050BC
NC L=F F NC K«E i=0 ] NC L=F F NC K=E E =D [}
L! lli 14 lu ]u 1 10 9 16 Ils 1" 13 12 11 10 9
1 ‘2 3 '& $ § 1 1 I [ I! 3 4 5 i 7 ]
Vop  6=RA A H=F B 1=T c Vsg Vop  GeA A H=8 ] i=c 4 Vss
Top View Top View
© 2002 Fairchild Semiconductor Corporation DS005971 www.fairchildsemi.com
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International
ISR Rectifier

SMPS MOSFET

PD - 94084A

IRFB17N50L

Afiplications HEXFET® Power MOSFET
e Switch Mode Power Supply (SMPS)
e Uninterruptible Power Supply VDSS RDS(on) typ- lD
e High Speed Power Switching 500V 0.28Q 16A
e ZVS and High Frequency Circuit
e PWM Inverters
Benefits
e Low Gate Charge Qg results in Simple Drive Requirement
e Improved Gate, Avalanche and Dynamic dv/dt Ruggedness
e Fully Characterized Capacitance and Avalanche Voltage .
and Current .
e Low Trr and Soft Diode Recovery
e High Performance Optimised Anti-parallel Diode TO-220AB
Absolute Maximum Ratings
Parameter Max. Units
p@ Tg=25°C Continuous Drain Current, Vgg @ 10V 16
Ip @ Tc =100°C | Continuous Drain Current, Vgs @ 10V 11 A
lom Pulsed Drain Current © 64
Pp @Tc = 25°C Power Dissipation 220 w
Linear Derating Factor 1.8 wrec
Vas Gate-to-Source Voltage + 30 \'%
dv/dt Peak Diode Recovery dv/dt @ 13 Vins
T Operating Junction and =55 to + 150
Tste Storage Temperature Range
Soldering Temperature, for 10 seconds 300 °C
(1.6mm from case )
Mounting Torque, 6-32 or M3 screw 10 Ibft.in(N.m)
Diode Characteristics .
Symbol Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current 16 MOSFET symbol o
(Body Diode) T A | showing the
Ism Pulsed Source Current 64 integral reverse %
{Body Diode) © R p-n junction diode. s
Vsp Diode Forward Voltage — | ——| 1.5 V | Ty=25°C, ls=16A,Vgs=0V @
] —— 1170 250 T,=25°C I = 16A
br RevBts RutovE ik ——220]330] " [T,=725°C difdt = 100Alis ®
— | 470 | 710 T,=25C
Qrr Reverse Recovery Charge — e nc T, =125°C
IrrM Reverse Recovery Current — | 73] M A
ey Forward Turn-On Time Intrinsic tum-on time is negligible (tum-on is dominated by Lg+Lp)

Typical SMPS Topologies
e Bridge Converters
www.irf.com

e All Zero Voltage Switching

3/28/01
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IGR Rectifier

Static @ T, = 25°C (unless otherwise specified)

Symbol Parameter Min. | Typ. | Max. Units| Conditions

Vigr)DSS Drain-to-Source Breakdown Voltage 500 | — | — V | Vas =0V, Ip = 250pA

AVerjnsg/ATy | Breakdown Voltage Temp. Coefficient | — | 0.6 | — [ V/°C| Reference to 25°C, Ip = 1mA®

Rps(on) Static Drain-to-Source On-Resistance | — [0.28[032 | Q | Vgs= 10V, p=8.9A ®

Vas(th) Gate Threshold Voltage 30 | — | 5.0 V | Vps=Vags, Ip = 250pA

; — { — | 50 UA | Vps =500V, Vgs = 0V
n-to-S kage Cu

loss Drair-to-Source Lea Bt — | — |20 | mA| Vbs =400V, Vgs =0V, T, = 125°C

| Gate-to-Source Forward Leakage — | — | 100 ok Vgs = 30V

G=8 Gate-to-Source Reverse Leakage — | — [ -100 Vgs = -30V

Dynamic @ T, = 25°C (unless otherwise specified)

Symbol Parameter Min.| Typ. | Max. | Units Conditions

Os Forward Transconductance " | —|— S | Vps =50V, Ip = 9.9A

Qg Total Gate Charge — | — | 130 Ip = 16A

Qqs Gate-to-Source Charge — | — | 33 nC | Vps =400V

Qgd Gate-to-Drain ("Miller") Charge — | — | 59 Vgs =10V @
| tagon) Turn-On Delay Time — | 21 | — Vpp = 250V

tr Rise Time — 1 81 |— | ps | ID=16A

ta(otr) Turn-Off Delay Time — | 50 | — Re =750

t Fall Time — | 28 | — Vgs=10V @

Ciss Input Capacitance — [ 2760 — Vgs = 0V

Coss Output Capacitance — | 325 | — Vps = 25V

Crss Reverse Transfer Capacitance — | 37 | — | pF | f=1.0MHz

Coss Output Capacitance — [ 3690 — Vgs = 0V, Vps=1.0V, f=1.0MHz

Coss Output Capacitance — | 84 | — Vgs = 0V, Vpg =400V, f=1.0MHz

Coss eff. Effective Output Capacitance — | 188 | — Vgs = 0V, Vpg = 0V to 400V ®
Avalanche Characteristics

Symbol Parameter Typ. Max. Units
Eas Single Pulse Avalanche Energy@ —_— 390 mJ
IAR Avalanche Cumrent® e 16 A
Ear Repetitive Avalanche Energy® — 22 md
Thermal Resistance

Symbol Parameter Typ. Max. Units
Rusc Junction-to-Case — 0.56

Racs Case-to-Sink, Flat, Greased Surface 0.50 e °C/wW
Rusa Junction-to-Ambient e 62

Notes:
@ Repetitive rating; pulse width limited by @ Pulse width < 300ps; duty cycle < 2%.

max. junction temperature.

@ Starting T, = 25°C, L = 3.0mH, Rg = 250Q,
IAS = 16A.

@ lsp < 16A, difdt < 347A/us, Vpp < V(BR)DSS!
Ty< 150°C

2 www.irf.com



