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ABSTACT

This project is principle of the photovoltaic stand alone system which use Solar Cells 55 w ; 2
Panel to produce the electrical energy ,the DC energy from Solar Cells will charge to battery with
charging circuit and convert to AC by pass inverter circuit that use pulse width modulation and full-bridge
converter technique to change DC to AC energy , for supply to AC mini-load 1 phase 50 Hz 220 Volt

load 1s 50 Watt 10 hours contineous.
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Parts Materialy
Charged Discharged

Active matterial on positive Lead dioxide Lead sulphate
electrode
Active matterial on negative Lead Lead sulphate
electrode
Electrolyte Sulphuric acid Acid slightly weaker
Electrode support Lead
Container Hard rubber with bitumen
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Voltage characteristics Voltage at 20 ‘E
VSinglc cell Six-cell battery

Nominal 7 12
V,, maximum 2.892.3 14.0-15.0
V., float 2923 13.0-14.0
Vv, at full charger . & 12.5-13.0
Charge of voltage characteristics 0.05 V per 10 °C rise 0.33 V per 10 °C rise
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Units of daily insolation

Conversion factor to peak

hours at 1000 W/ m’

eet

Abbreviation Name in full

Peak- Hour Peak-hour at an irradiance of 1
1000 W/m’

Langley Calorie per square centimetre 0.0116

Cal/cm’ Caloric per squarc centimetre 0.0116

Wh/m’ Watt-hour per square metre 0.001

KWh/m’ Kilowatt-hour per square metre 1

W /m’ averaged over - |Walt per square metre averaged 0.024

24 hour over 24 hour

K /m’ Kilojoule per square metre 0.000278

MJ/m’ Megajoule per square metre 0.278

Btu/ fi British thermal unit per square 0.0428
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4.1 msmagpuIIdLIEagaauiRnmsvsuTaduaeiiod
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Taghinrsnaneyaasady
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gilnstininaney

1 UHUYaALAIINAIVLIA 55 watt §11421 2 LK
ga
2. Thadimes Maszuaass

3. weuiliimes lnssuaas

4. ppemdumy
sinsnenss
| —~(a)
| (x) Load
i SOLAR ! \\r// a
AN 2. — ) __j |

g9 4.1 mems‘nﬂamnuc?uuaﬂmmﬁuﬁammwaﬁummﬁﬂé

FEmsnenany
o2
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4.1.1 Namimamusaﬂwm 2 A9 IM0T NI Uﬂii&"Uﬁﬁ‘V]ﬁﬂ’N%iﬂﬂﬁWﬁN g

1A V open circuit (V) " 1 short circuit (A)

8.30 19.32 o 2D
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1M V open circuit (V) [ short circuit (A)

9.30 18.8 4.5

10.00 18.6 5.2

10.30 18.5 54

11.00 18.4 5.8

11.30 18.3 5.4

12.00 18.17 5.2

12.30 18.4 4.7

13.00 18.5 4.6

13.30 18.2 4.5

14.00 18.5 4.8

14,.307 178 1.5

15.00 18.2 1.4

15.30 18.1 0.9

AT 4.1 wﬁmmﬁa‘aﬁimﬁu‘-‘um:—;ﬂma%ma:—;m;-;ualumm;—;ﬁ5ﬂﬁaﬁsﬁmwha g
4.1.2 Wﬁﬁ?i?ﬁﬁﬁﬁiiiiﬁﬁlﬁiiﬁiﬂiiﬁiﬁ'zﬁﬂiﬂéﬁu%ii‘ilﬁ\’?‘l"ﬂ'ﬂﬁg"fd‘f"ﬂuﬁ’ﬂ 12.00 .
GREM R V (V) 1(A) GREM R V (V) 1(A)

1 28 17.2 0.6 19 3.8 14.0 3.6
) 24 17.1 0.6 20 3.6 13.8 3.8
3 20 17.0 0.7 21 3.4 13.6 4.0
4 18 17.0 0.8 22 3.2 13.3 42
5 16 16.9 0.9 23 3 127 4.3
6 14 16.9 1.0 24 2.8 12.3 4.5
7 12 16.7 1.1 25 2.6 11.8 4.7
8 10 16.6 13 26 | 24 112 | 4.8
9 9 16.5 1.4 27 2.2 10.4 49
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A R vV (V) 1(A) aau R V (V) 1(A)
10 R 16.4 1.5 28 2 9.8 5.0
11 7 16.3 1.7 29 1.8 8.9 5.1
12 6 16.1 1.8 30 1.6 8.0 5.1
13 5 15.9 2.0 31 1.4 6.9 5.1
14 48 15.9 2.0 32 12 59 5.1
15 4.6 15.8 2.1 33 | 5.1 52
16 4.4 15.8 ) 34 0.8 4.1 52
17 42 15.8 2.2 35 0.6 3.0 5.2
18 4 15:7 X6 36 0.4 1.9 52

AT 4.2 Wfiﬂ"ﬁ“’i‘ﬁﬁ@Qii‘i\?ﬁﬁ&iﬁﬁiﬂ‘JA‘J&A’ﬂ'zﬁﬂ!ﬂa‘(’iuﬁﬂ?’!ﬁﬂﬁﬁ'lliﬁ'1uﬂ1u&’éﬁ"i 12.060 1.
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HAMINARDY
R V,(V) 1(A) V(W) | 1,44 | P(W) | P (W) Effﬁ
8.30 13.2 3.6 12.1 3.5 47.52 42.35 0.89
9.30 13.4 3.8 12.3 3.7 50.92 45.51 0.89
10.30 13.8 4.75 12.6 4.6 65.55 57.96 0.88
11.30 14 5 12.7 45 70 57.15 0.82
12.30 13.9 4.6 12.8 4.5 63.94 57.6 0.90
13.30 14.2 5.1 12.85 4.5 72.42 57.82 0.80
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na v, I, v, I, P.(W) | P (W) | Eff
14.30 14 45 12.9 4.4 63 56.76 0.90
15.30 13.05 1.5 12.7 1.4 19.58 17.78 0.91
16.30 12.75 0.75 12.6 0.6 9.56 7.56 0.79
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5 Sufneusesunas AuINATIIRAE WHYIAA Storage Scope

6. nlasuTnanaanuduniiude 3 nazdudinawde 4 uag 5

7. fAnnutlszansn ey Inverter

8. AU Voltage Regulation Y93 Inverter

ARN1SNABDY

INPUT OUTPUT Eff |%Voltage

Voltage | Current |Power I/P| Voltage | Current Power O/P Regulation
12 0.7 8.4 9.26 0.75 6.95 86.68 14.73
12 0.9 10.8 9.07 1.02 9.25 85.66 16.48
12 3.17 38.04 7.8 33 25.74 67.6 28.37
12 3.55 42.6 7.55 3.7 27.97 65.6 30.67
12 49 58.8 7.4 5.05 37.37 63.55 32.04
12 5.7 68.4 7.25 5.8 43.27 63.25 33.49
12 7.6 91.2 6.78 8.1 54.91 1 6021 37.74
12 11.1 133.2 5.9 10.7 63.13 47.39 45.82
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= v o J g ol | o o
319 4.9 [ unEaIanNAUIUT Voltage Regulation ABRIAIATUIBINWN VDS Inverter

P < R A a = A o o v 4
ﬂWﬂg‘]J‘VI 4.8 ﬁlxlﬁuhlﬂ'ﬂﬂﬁfﬂ‘ﬂ'ﬁﬂ'lwslmﬁ Inverter 9CHATAATUNDNITNATIUIBINYN
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3. Displacement Factor Meter
4. Storage Scope
5. me'l
6. ANUAIUMIUVUIA 0.1 Q

7. waamm"lﬁ’mum 25 Watt 914U 2 viaen

j1uaninInansg

il 12/380
@1 % oH 1
BATT \_/ INV % E@

CH 2 0.1ohm

= J s '
314 4.10 2993mINAne s IINs U ALe S Ve Tz uD T8 i
1TN15NAADY
1. §193903013NAADIANTUN 4.10
2. 98 displacement factor
9 [ o a
3. 149 Storage Scope SAvUIAES Tdin
4. UM distortion factor 1a81% program ¥I8A 11U
o 4 4

5. MUIUNUNIBTUNAINB TN

PF. = displacement factor X distortion factor

HAN1INA0DY

21NN5IARIY displacement factor meter ldar=1.00
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/(kHz) AP (dB)
1.04 127
2.89 -10.8
2.93 -15
2.94 9.2
2.97 -16.1
2.98 -8.9
2.99 42
3.00 -16.7
3.03 -16.5
3.04 9.4
3.08 -16.8
3.09 -11.8
4.02 -16.3
4.03 8.6

A135719% 4.5 anTaanga AP 1a D 9
° 9 L) .
AL RE AT LIR L TN Program 92 1@ distortion factor =0.67

a 4
ARIICUATNITNATBN

v °

s s v Y R
21nATNARE IS A vesszuuie I mandedddnisinuuuuiiies
o ¢ 2 & vl w ¢ 0 Ya ov a 4 o o4
vindyateninnvesszuniidnyuy hifudyyend  hliidees Tuidnvuaaiuig
¥ o . . & [ Y I's
o411 %THD 1ftesnmm distortion factor 4ldvinnisianingddayanueiynday
Storage Scope &1 11 Tusunsuez'1 distortion factor pBANT NA M uaniienm

7 J v s s A
namﬂﬂmawmizuua@nm %z”lmwnmmﬂﬂmaimnmﬂu 0.67



Stopped q 1999/03/26 20:21:.06
CH1=10mV : - . : : : ¢ 10ms/div

------ Lo (10ms /div) -

: 2 i ] M

T : f
i CH1=10dBV: : ; :
F‘](‘T)'EMSO;'I]'[]HZ ..... i \ MBV.WE ......... e Fos g T s 3
F2(1) 1 2.990kHzZ  ° f gaByY b TN

=2 1V
i
=
—

=Filter= =0Offsel= =Record Length= =Trigger=
Smoothing : ON  CH1 : 0.0000V Main 10K Mode : AUTO
BYY :© FULL CH2 ov Zoom : 100 Type : EDGE CH1 £
Delay 0.0ns

Hold Off :  MINIMUM

- @ J A 4 a d?
3191 4.11 werasdyanaes ludnnmnayy

45 MsnageUMAMANTATINVRIsZUV Y ]Y

4 a a o 4
9a13zaAMInaaed sz @nEnIwsanaz 12ad0 90NN T U849 Y
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Inverter

Storage Scope
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JUiaAINIINARDY

12/380

BATT INV

CH 20.20hm

U4 4.12 3uaasnmsneaesmauautanuvesszuu e i

3511INAADY

Al d‘
AB2903ANNTUN 4.12

Wasudrwauvasamr1dain 25 w ldeuds 100 w

2.
@ [ @ VU 9
3. IAMINTSHANASHTIAY IWATe aude 2
9 & W [ 1 ) J 9
4. 19 Storage Scope VAW IRUATEN I Mannasaw 1diaz R (0.2 Tery ) @13 2
5. dannunszuadiy Ildgy
6. MUINMYTSANTIINUDITZLL
7. SIUIUNT % Voltage Regulation
HAN1TNANDY
Load Input Output Pi/p P o/p %Vreg Eff
(Watt) in in Vout Iout (Wﬂtt) (Watt) (%)
0 (No load) 12.3 0.8 360.2 0 9.84 0 0 -
25 12.1 4 216 0.11 48.4 15.92 40.00 32.89
50 12.1 6.4 180.7 0.20 77.44 24.21 49.81 31.26
75 12.1 7.9 138.7 0.25 95.59 253 61.47 26.47
100 12 9.3 116.5 0.32 111.6 26.98 67.64 24.18

A3 4.6 manuanIranInage UM aNianuvesszuusie I

AUATIERHANITNARDS
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Stopped h 1999/03/26 19:19:20
CH1= © | CH2=500v : : . Bms/div
DC DG 100:1 : : : © (Smsydiv)

: ; ‘ : : NORM:200kS /s

=Tragel= P-P  1.020v Rms  39:11mV
g Freq 476.2Hz : % :
=Tra¢e?= P-P  460.0Y 0. : Rms  180.7V

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing ¢ OFF CH1 :  0.000V Main : 10K Mode : AUTO
BW : FULL CH2 : ov Zoom : 100 Type : EDGE CH2 £
Delay : 0.0ns

Hold Off :  MINIMUM

310 4.13 HAAINIINARDINIANANITAVDIDUNDTIND T UUZAD IHAAYLIA 50 Watt

319 4.14 3Un31M33 1319 Voltage Regulation 1z Tviaa



58

Eff-Load
35 ' ' ' | | |
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. e,
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& DR |
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20/ |
S
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15| |
10} _
s b
0 . : ' l : ‘ ‘
20 30 40 50 60 70 - \ “
Load(Watt)

511 4.15 gilassznang Ysganiaaw uazlnan

o e o o
1IAHANITNARBY IAtdAs L dyanaeIMWnuINg 50 Watt M5 Tnanuua 25 Wars,
1 ] < [ @

75 Watt 182 100 Watt @18139871 1a01nmanuan n 910310 4.13 CH1 axilumsiauseau

' Y A . 7 o o 7
asouaNudIumY 0.1 Q e ldmnsziaeinm taz cH 2 dunsTaus e minmues
32U 1azangli 4.14 UaaegLlnTlsendne Voliage Regulation HagTnaan1d1e 4 #9910

P - 1 a a 1 3 o ' . a
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5. Storage Scope
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6. waa@”lvdmum 25 Watt 91494 2 11099

s1itaaInIINaney

i 12/380
@) .
A,
BATT INV =)
1
‘ GND
CH 2O.1ohm

Ei 1
517 4.16 gUuaansnanesdelvan
ad
1TN13NA0DY

1. 03395031 Load maeawnld 25 w2 waea deaaiudimniuanies (0.1Q)
e daanszia
[ U o/ 9 u'/
2. JamnTziauazusesauaiu Iiasann 9 193109
[ U [ 1 9 o 9 Y [ 9 v W 1
3. JAAMTIRUANATOUANUAIUNIY 0.1Q UAZUTIAUNMEA U IHaaunTouALIAn
5381 1a s

4. sruanmnszia i Inalulsasned ilady

|4
[ =% ___
R
5. MUY TEaNTNINUBITTUY
V.l.cos@
E — ac ac
](f Vdc[dc

6. AIUIUNT %Voltage Regulation 910

:VNL_VFI

Vi v

7. asduaziinnzinanisnanes



AONITNADBN

AINAAID18 1MAA 25 Watt 10 52 Tug

60

Faluadt | v, | L@ [v.w | L@ | p,w) | P(w) | Bff %V,
1 12.3 4 246 | 011 | 492 | 1813 | 36.85 | 3167
2 1225 | 3.9 | 2441 | 011 | 4778 | 17.99 | 37.65 | 32.19
3 1225 | 3.8 | 2415 | 011 | 4645 | 17.80 | 3832 | 3292
4 122 | 375 | 2392 | 011 | 4575 | 17.63 | 38.53 | 33.56
5 12.15 | 3.65 | 2385 | 011 | 4434 | 1758 | 39.64 | 33.75
6 12.1 3.6 | 2376 | 011 | 4356 | 17.51 | 4020 | 34.00
7 12 3551 2364 | 010 | 426 | 1584 | 37.18 | 3433
8 12 RS Vi LIRS 42 1578 | 37.57 | 34.58
9 oS o pwid WD [ b0 DN o | W7 \\42.01 | 34.72
10 11.95/ | ;3457 |/234,9° 1 10.10 7| /4123 | 15.74- || 38.17 | 3475

A1519% 4.7 UAALHAN1INAR9918 T aanaoa 1Wuu1a 25 Watt 10 92119

MINAB09918 Tan 50 Watt 10 %2 1349

2 Tuaf Voo ) | 1) [V (V) [ T &) [ PW) | Pu(W) | Eff | %V,
1 12.1 6.5 | 1805 | 021 | 7865 | 2540 | 3229 | 49.86
2 12.05 | 645 | 1781 | 022 | 7772 { 2625 | 33.78 | 50.53
3 12 6.4 175 | 021 768 | 24.62 | 32.06 | 51.39
4 11.9 | 635 | 1729 | 021 | 7557 | 2433 | 3219 | 51.97
5 11.8 | 63 | 1724 | 020 | 7434. [ 23.10 | 31.08 | 52.11
6 175 | 62 | 1711 | 021 | 7285 | 24.07 | 33.05 | 5247
7 11.65 | 61 | 1652 | 02 | 7106 | 2214 | 31.15 | 54.11
8 1.6 | 6.05 | 1647 | 021 | 7018 | 23.17 | 33.02 | 54.25
9 11.5 6 162.8 | 0.20 69 21.82 | 31.62 | 54.78
10 1145 | 59 | 1592 | 020 | 67.55 | 2133 | 3158 | 55.78

A15199 4.8 LAAIHAN1INARBI918 Inaanasa IWvu1a 50 Watt 10 $2 114
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Stopped 3 1999/03/27 13:32:44
CH1=500Y : CH2=50mV : 10ms /div

AC 100:1 © DG 11 ©(10ms/div)

: f NORM:100KS /s

=Trace2=

=Tracel= Rms

Rms

req 71-{1. Hz

Freq 2.500KkHz

=Filter=

Smaothing : ON - CH1 :
CH2 :

BW : FULL

RNl

=0ffsel=

0.0000v

=Record Length=

Main 10K
Zoom : 100

=Trigger=
Mode : AUTO
Type ! EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

4.17 1AAIMITNAADIDIY THAAVUIA 50 Watt 52 119 1
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= 7 A
117 4.18 JuansnszuaemMuNIaZNANNE TMAAYIIA 25 Watt

P d A
31U 4.19 sduaasnszumemMYNIAzA NN THaRuIA 50 Watt
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{ 1Y o U
719 4.20 giludagusedueunIn DavAE 918 THAAYLNA 25 Watt
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7191 4.22 Juluaas Voltage Regulation 421987101910 THaAvHIA 25 Watt

319 4.23 31udA4 Voltage Regulation 1182128191918 THaAu11A 50 Watt
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Eff-Hours at Load 25 W
45 T T T T T

40+ e — \\ .
PR e au * \~+ --/ o
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E
35

30 .

25¢ 2]

Eff

20+ i

15+ 4

10+ E

0 1 1 L 1 1 k L 1
1 2 3 4 5 6 7 8 9 10

Hours

310 4.24 giluaaslszAnTmmuazna e Tuanvuuia 25 Wat

Eff-Hours at Load 50 W
35 T T T T T L T j §

30} .

251 4

20+ 4

Eff

15} 1

d' _ _\ d' 1
719 4.25 suluaasdse@nnmuazinainoie Tvaavina 50 Watt
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1INHANITNARET IATINITNAARITI8 THauLIA 25 Watt tag 50 Watt Tagldengili
5 d @ 1 4 1 o [ @ L\
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P [~ ' . A
71N 4.22 az 4.23 1luglnalsznIn Voltage Regulation Hazina1g Inaauuia
o o [~ [ [ .
25 1Az 50 Watt awddy asmiudnlumssieTnanuiin 50 Watt 9231 Voltage Regulation 4
Al y é { 1 N T 4 a =Y
A1 TumsseTraauuna 25 Watt Famgiie Voltage Regulation Hagailoanindseantnm

' 9) Ik W v P
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1999 /01727 18:59:41
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T (2ms¥div]
JONRMISO0KS /S

=Filter= =0Offset= =Record Length= =Trigger=
Smiocothing - OFF CHIT - O.00V rMain o 0K rMode @ AUTC
BW © FULL CHZ : 0.00V Zoom 10K Type : EDGE CH2 &
Delay ° 0.0ns
Hoid OFF : PMINIMURM
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=Trace2= P—P 5.200V Max 5.200V Min 0.go0o0v
......... © Avg 2.019v [ Freq 3.125kHz: b
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CHT © G.GOV haiin IGK mMode : RUTO
BW @ FULL CHZ : 0.00V Zoom : 10K Type : EDGE CHZ 4
Delay : g.0ns

Hoid OffF = RMINIMUM
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MORM 10084S /s
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: Min | G,,G_Oav
Min —?ﬂﬂ.ﬂmv
=Filter= =0Offset= =Record Length= =Trigger=
sSmgoothing : OFF  CHT 0.00v Main D 10 mMode 1 AUTO
B FULL CHZ : G.GoV Zoom oK Type @ EDGE CHZ &
Delay : 0.0ns
Hold Off RATNIRAURA
I ~ﬂ'..a,,«9’,."l‘.‘.~
JUHAANNITHUININTAIY 1B 4538
Stopped q 1980/02/02 14:08:53
CH i=5V CH2=5V - : S50us /div
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] b
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=Filter= =0Offset= =Record Length=
smoothing : OFF CH1 0.00v Main I 10K
FULL CHz : 0.00Vv Zoom : 10K

B¥Y @

=Trigger=
I AUTO
EDGE CH2 A4
0.0ns
MINIMUM
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Delay

Hold Off :
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Stopped q
<—>2ms £ aiv
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=Trace2= P-P 20:00v 5 17:60v Min —2.400V

=Filter= =0fisel= =Record Lengih= =Trigger=
Smoothing : OFF CH1 ! 0.0 Main 10K Mode : AUTO
BW [ FULL CHZ2 0.0V Zoom 10K Type : EDGE CHZ2 4

Delay : 0.0ns
Hold OFF @ RMINIMUM

o 9 Ay ¥ vl a
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sl

: (5msydiv)
R NORM:200kS /s

Sms /div
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: Freq 2.500kHz 1 : :
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K KMode I AUTO
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Delay : 0.0ns
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wa a J YA
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=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0000v Main : 10K Mode : AUTO
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Delay : 0.0ns
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: : : : :
; + 5 = Py
| | |
T ! i LA l
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=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.000V kMain : 10K Mode I AUTO
BW © FULL CH2 : ov Zoom 100 Type : EDGE CH2 &
Delay : 0.0ns
Hold Off : MINIMUM

wa a o o 1
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Smoothing : OFF CH1 : 0.000v Main : 10K Mode @ AUTO
BW © FULL CH2 : ov Zoom : 100 Type : EDGE CH2 A&
Delay : 0.0ns

Hold Off : MINIMUM

sdudasnsneaesmnuauiAvesdunesinesynzan INAAULNA 75 Watt
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Stopped
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DC 1:1

C
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10fs 7div
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NORM[100KS /s |

Smoothing :

BwW

=Filter=
OFF
FULL

=0Offset=
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=Record Length=
Main : 10K
Zoom : 100

=Trigger=
Mode : AUTO
Type : EDGE CH2 &

Delay : 0.0ns
Hold Off : MINIMURM

silugaiminanssmquauindunesinesunzan Tian 100 Watt
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Stopped g 1999 /03/27 13:32:44
CH1=500V CH2=50mV 22 10ms /div
AC 100:1 DC 1:1 I © (10ms/div)

: : NORM 100kS/s

.|ﬁ

180.

racel= v € z
=Trace2= Rms 21;13mYy ~ Freq 2. 500k§—!z§ _________________
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing ON CH T r===1p.= Main : 10K Mode : AUTO
BW [ FULL CH2 : 0.0000vV Zoom : 100 Type : EDGE CH1 A4
Delay : 0.0ns
Hold Off FMINIMUM
! o =
sUuaainInaaedats Tanuua 50 Watt 531049 1
Stopped 1999/03 /27 14:31:03
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=Tracel= Rmfs
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=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON CH1 ! —=====- Main : 10K Mode : AUTO
BW @ FULL CH2 : 0.0000V Zoom : 100 Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM
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&

Stopped g 1999/03/27 15:36:24
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AC 100:1 DC 1:1 3 ¢ (10ms/div)

: : 3 NORM:T00KS /s
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=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing : ON CH1 ! —2==--% Main : 10K Mode : AUTO
BW : FULL CH2 : 0.0000Vv Zoom : 100 Type : EDGE CH1 £
Delay. : 0.0ns
Hold OFffF : MINIMURM
' o <
sduaaImInaaeI9Ig InaauIa 50 Watt 531099 3
Stopped 1989/03/27 16:35:45
CH1=500v CH2=50mV 10ms/div
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: ; NORM:100KS /s
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=Filter= =Offset= =Record Length= =Trigger=
Smoothing ON CH1 ! —————==— Main : 10K Mode : AUTO
BYY : FULL CH2 : 0.0000v Zoom : 100 Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

sUnaImInanedais Tvaauiig 50 Watt 52 1ush 4
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Stopped q
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NORM:100KS /s
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=Filter= =Offset= =Record Length=
Smoothing : ON CHil )7 [F—H-=er= Main : 10K
BW : FULL CH2 : 0.0000V Zoom : 100

=Trigger=
Mode : AUTO
Type : EDGE CH1 A4

Delay : 0.0ns
Hold Off : KMINIMUR

7Y UaAINIINANBI01Y THOAVLIA 50 Watt 52 1349 5
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=Trace2z2=
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=Filter= =0Offset= =Record Length=
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=Trigger=
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Type : EDGE CH1 4
Delay : 0.0ns
Hold Off : MINIMUM
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Stopped
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=Filter= =Offset= =Record Length= =Trigger=
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Delay : 0.0ns
Hold Off : MINIMURM
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=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : ON CH1 [ ——————=— Main : 10K Mode I AUTO
BW © FULL CH2 : 0.0000V Zoom : 100 Type : EDGE CH1 &
Delay : 0.0ns

Hold Off : MINIMUM

siuaasMInAaeInIgInanvIa 50 Watt 421349 8
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=Filter= =0Offset= =Record Length= =Trigger=
Smoothing ON CHL o3 % — =< Main : 10K Mode @ AUTO
BW : FULL CH2 : 0.0000vV Zoom : 100 Type : EDGE CH1 &
Delay : 0.0ns
Hold OfF : MINIMURM
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Stopped ¥ 1999/03/27 22:34:05
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=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : ON CH1 ! —=————-— Main : 10K Mode : AUTO
BW © FULL CH2 : 0.0000v Zoom : 100 Type : EDGE CH1 &
Delay : 0.0ns
Hold OffF : MINIMUM

sildaIn1InaaeInIe TvaavuIa 50 Watt 52130991 10
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~ MOTOROLA

Order this document

SEMICONDUCTQR TECHNICAL DATA by MGYICNEOD/D
[Desianers™ Data Sheet . .
= MarTaoONGOD

==

insulated Gate Bipoiar Transisior
with Anti-Paralie! Dicde

N—Channel Enhancement—Mode Silicon Gate IGBT & DIODE IN TO-254

30 A @ 90°C

50 A 2 25°C

600 VOLTS
SHORT CIRCUIT RATED

Motorcla Preferred Device

This Insulated Gate Bipolar Transistor (iIGBT) is co—packaged
with a soft recovery uitra—fast rectifier and uses an advanced
termination scheme to provide an enhanced and reliable high
voltage—biocking capability. Short circuit rated IGBT’s are specifi-
cally suited for applications requiring a gquaranteed short circuit
withstand time such as Motor Control Drives. Fast switching
characteristics result in efficient operations at high frequencies.
Co—packaged IGBT's save space, reduce assembly time and cost.

« Industry Standard High Power TO-264 Package (TO-3P8L) co
¢ High Speed Eqf: 60 ud per Amp typical at 125°C
o High Short Circuit Capability — 10 s minimum 2
s Soft Recovery Free Wheeling Diode is included in the package / ! i —i;
« Robust High Voltage Termination Go_\J Na ‘
« Robust RBSCA St
£
CASE 340G—02, Style 5
T0-264
MAXIMURM RATINGS (T¢ = 25°C unless otherwise noted)
Rating Symboi Value Unit
| Collecior—Emitier Voitage Vces 600 Vdc
Coliector—Gate Voltage {(Rge = 1.0 MQ) Weolel=t 300 Vde
" Gate-Emitter Voftage — Continuous VGE =24 Vde
Coilecior Current — Continuous @ T¢ = 25°C Ic2s 50 Adc
— Continuous @ Tg = §0°C icag 30
— Repstitive Puised Current (i) lcM i ApK
il
Total Power Dissipation @ T¢ = 25°C g 20 202 Watts
Derate above 25°C 1.61 WrC
Operating and Storage Junction Temperature Range T4 Tsig -5510 150 °C
Short Circuit Withstand Time tsc 10 us
(Voo = 380 Vde, Vgge = 158 Vde, Ty =25°C, Rg =20 Q)
Thermal Resistance — Junction to Case — IGBT ReJdC 0.62 *GiW
— Junction to Case — Diode ReJc 1.41%
- — Juncticn to Ambient ) RgyA 35
Maximum Lead Temperature for Soldering Purposes, 1/8” from case for 5 seconds Ty 260 °C
Mounting Torque, 6-82 or M3 screw 10 ibfain (1,13 Nem)

(1) Pulse width is limited by maximum junction temperature.

Designer's Data for “Worst Case” Conditions — The Designer’s Data Sheet permits the design of most circuits entirely from the information presented. SCA Limit
curves — representing boundaries on devics characteristics — are given to faciiitate “worst case™ design.

Preferred devices are Maotorola recommended choices for future use and best overall valus.

MOTOROLA
& Motorola, inc. 1995




[ Symbol || Min | Ty | Max { Unit {
OFF CHARACTERI
Collactor—to—Emitter E\/CES Vde
(Vge = 0Vde. i:: } 500 —
Temperature Coefficient {Positive) — 870 — mv/eC
i Zero Cate Voitage Coliecicr Current CES WAGS
{Vge = 600 Vac, Vgg = 0 Vda) — — 100
{VGE = 600 Vde, Ve = 0 Vde, T = 125°C) o = 2500
Gate-Body Leakage Current (Vg = = 20 Vde, Yog = 0 Vde) GES — == 250 nAdc
ON CHARACTERISTICS (1)
[ Coliector—to—Emitier On-State Voltage VGEion) Vdc
(Vae = 15 Vdc, Ig = 15 Adc) s — 220 2.90
(V@g = 15 Vdc, w—15 Adc, Ty = 125°C) == 210 —
(Vge = 15 Vdc. ic = 30 Adc) — 2.60 3.45
Gate Threshoid Voitag VaEEith) vde
(Vge = Vag g =1 mAag) " 4.0 6.0 8.0
Threshold Temperature Coeflicient (Negative) — 10 — mv/*C
Forward Transcond ce (VoE = 10 Vde g = 30 Ade) Sfe — i8 = Mhos
DYNAMIC CHARACTERISTICS
input Capacitance Cies — 4280 — nf
Quinut Capacitance Vorr-25 Qe Mg =0 YA Con - 225 _
ok pa f=1.0 MHz) Zoes -
Transier Capacitance Cres ez 19 —
SWITCHING CHARACTERISTICS (1)
Tum—0On Delay Time lcion) 5 76 = ns
| Rise Tme tr \_= S0 e
| Tum-Of Deiay Time Voo = 380 Vde, i = 30 Adc, ta(of) — 348 —
Fall Time YQEI NS, & Ao % J 162 =
G=20Q,Tj=25°C;
Tum-Off Switching Loss Energy losses include “ail” Eoif — 0.98 1.28 md
| | Tum—0n Switching Loss = — 2100 e
al Switching Loss Eig —4 2.88 —
Turn—On Defay Time la(on) ~ Fic] — ns
1 Rise Time tr — 35 —
Turn—Off Delay Time (Voo =360 Vdc, Ig = 30 Ade l5(of) - 384 —
y Vn,— =185 \Vdc, ! =200 ;{H . -
;Fa!l Time A =200, T) = 125°C) i — 418 —
Tum-0Off Swiiching Loss Energy losses include Hail” Eoff — 1.90 — md
Turn—-0n Swilching Loss Eon — 3.10 —
Total Switching Loss Eis — 5.00 .
" Gate Charge . Qr — 150 — nC
{Vco =‘\': 50 V c’_ lp = 30 Adc, & — 20 —
Vge = 15 Vdg)
Qo — 45 ==
DIODE CHARACTERISTICS
Diode Forward Voltage Drop VEEC Vdc
(IEC = 15 Adc) — 1.30 1.80
{lgc = 15 Ade, T = 125°C) — 1.10 —
(lgc = 30 Ade) — 1.45 2.05
(1) Pulse Test: Pulse Width <300 us, Duty Cycle < 2%. {continued)

Motorola TMOS Power MOSFET Transistor Device Data



zLeCTRICAL Ci

ARACTERISTICS — continusd (T

MGY3ONGOD

4 = 25-C uniess clherwise noted)

Characteristic | Symbol | Min ! Typ | Max | Unit i
: : : |
J10DE CHARACTERISTICS — continued
Reversse Recovery Time ter — 153 — ns
{IF = 30 Adg, Vg = 360 Vde, 'a — 82 —
dlp/dt = 200 A/us) ' _ 71 _
Reversa Recovery Stored Charge 2RR — 2.3 — uC
Reverse Recovery Time ter — 208 — ns
(IF = 30 Adg, Vg = 380 Vg, la i w7 —
dig/dt = 200 Adus. T = 125°C) % _ 31 _
Reverse Recovery Storea Charge Cag == 3.8 = uC
NTERNAL PACKAGE INDUCTANCE
intemal Emitter Inductance Lg nH
{Measured from the emilier lead 0.237 from packaags to emitter bond gad) — 13 —
TYPICAL ELECTRICAL CHARACTERISTIC
80 £ ] T ”'!/ T 88 T - ,,/ y/”‘_”
Ty =25 Vae =20 [/ /=5y & =20V /7 A 125V
5 | [ | /'4/ e — ! ! /4 / i
P ! S - 2 : - S !
'7sv—5;;"'// oy s | N/
= I Al = i ; ¥4 / i
= payy & i o\, 123V ; ! !
z Vi A = i) 2 7 -
u ' -”fi 7 o if ayd
= /4 / = / A
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7L EXAR

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator inte-
grated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-stability
and accuracy. The output waveforms can be both amplitude
and frequency modulated by an external voliage. Frequency
of operatian can be selected externally over a range of 0.01
Hz to more than 1 MHz,

The circuit is ideally suited for communications, instru-
mentation, and function generator applications requiring
sinusoidal tone, AM, FM, or FSK generation. It has a typical
drift soecification of 20 ppm/°C. The oscillator frequency
can be linearly swept over 3 2000:1 frequency range, with
an external control voltage, having a very small affect on
distortion,

FEATURES

Low-Sine Wave Distortion .5%. Typical
Excellent Temperature Stability 20 pom/°C. Typical
Wide Sweep Range 2000:1, Tvpical

l.ow-Suop!ly Sensitiviry

Linear Amplitude Modulation
TTL Compatible FSK Controls
Wide Supply Range
Adjustable Duty Cycle

0.01%V, Tynical

10V 10 26V
1% to 99%

APPLICATIONS

Waveform Generation
Sweeo Generation

AM/FM Generation

V/F Canversion

FSK Generation
.Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Suoply
Power Dissipation

- Derate Anove 25°C
Total Timing Current
Starage Temoerature

26V

750 mw

-~ 5mw/°C

6 mA

-65°C 1o +150°C

XR-2206

Monolithic Function Generator

FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Qperating Temperature
XR-2206M Ceramic -55°C 10 +125°C
XR-2206N Ceramic 0°C to +70°C
XR-2206P Plastic 0°C 1o +70°C
XR-2206CN Ceramic 0°C1to +76°C
XR-2206CP Plastic 0°C 10 +70°C

SYSTEM DESCRIPTION

The XR-2206 is camorised of fouc tunctional blozks: a
voltage<ontrclled oscillator

(VCO), an aralog multiplier
and sine-shape-:

3 unity gain buffer amplifier; and a set
of current svitches,

The VCO aztually produc

es an output frequency porpor-
tional to an inout current,

which is praduced by a resistor
from the timi~g terminsls 1o greund. The current switches
foute’one of the timing pins current 1o the VCO controlled
By an FSK inout pin, 16 produce an outcut frequency. With
two timing pins, two discrete output freguencies can be
indepencently produced for FSK Generation Applications.

D
Lia

Em R Integrated Systems, Inc.. 750 Palomar Avenue, Sunnyvale, CA 94086 * (408) 732-7970 * Twx 910-339-9233
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XR-2206

ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1, V¥ = 12V, T4 = 25°,C=0.01 :F, Ry =100 kQ. Ry=10kQ. Ry~ 25k0
unless otherwise scecified. § ocoen for triangte, closed for sire wave,

XR-2206M XR-2206C
PARAMETER MIN. [ TYP. [ MAX. MIN. | TYP. | MAX. UNIT CONDITIONS
GENERAL CHARACTERISTCS
Single Suooly Voltage 10 26 10 26 v
Sclit-Supoly Voltage 25 213 5 13 v
Sucoly Current 12 17 14 20 mA Ry >10kQ
OSCILLATOR SECTION
Max. Ooerating Frequency 0.5 1 08 1 MHz C=1000pF. Ry =1kQ
Lowest Practical Frequency o.a1 0.01 Hz C=50uF, Ry =2MQ
Frequency Accuracy z1 14 2 % of {5 to = VR C
Temoerature Stavility £10 +50 120 pom/“C 0'C < Ta<7s°C.
A=Ay =20kQ
Supoly Sensitivity. 0.01 Q. Q.01 x/V

Viow = 10V. ViiGH = 20V,
Fp=Az- 20k
Sweeo Range 100Q:1 20Q0:1 200Q:1 T =1L (@ R =1%x0

L@ R -2Mn
Sweeo Linearity

10:1 Sweeo 2 '2 % U1 ol kHz, fiy = 1Q kHz
1000:1 Sween 8 8 % fL = 100 Hz, {4 = 100 kHz
FM Distortion 0.1 0.1 % 2 10% Deviation

Recommended Timing
Companents {
Timing Capacitor: C 0.001 100 0.001 100 ufF See Figure 4.
Timing Resistors: By & Ry 1 2000 1 2000 & ™

Trangle Sine Wave Oumut See Note 1, Figure 2.

Triangle Amplitude 160 160 mV/k Figure 1, Sy Qoen

Sine Wave Amolitude 40 80 80 (Se] mV/x Figure 1, Sy Clossd

Max, Qutput Swing 6 8 Vp-0

Qutput Imoedance 600 600 Q

Triangle Linearity 1 1 %

Amolitude Stability 0s Q5 d8 For 10C0:1 Sweeo

Sine Wave Amolitude Stability 4300 4800 pom/°C See Note 2.
Sine ‘Wave Distortion

Without Adjustment 25 25 % Fi=20k0

With Adjustment 0.4 1.0 0s 16 % See Fiqures 6 and 7.
Amolituge Modulation

(hout tmopsdance . 100 50 100 ka

Modulation Range 100 P 100 %

Carrier Suporessian S5 55 a8

Linearity 2 2 % For 95% modulation
Square-Wave Qutput

Amolitude 12 12 Voo Measured at Pin 11,

Rise Time 250 250 niec C_=100F

Fall Time sQ 5Q nsec C -0 ofF

Satwration Voltage 02 0.1 0z | o6 v L-2mA

Leakage Current 0.1 20 0.1 100 A Vit = 26V
FSK Keying Level (Pin ) o8 1.4 2.4 08 1.4 2.4 v See section on circuit controls
Referernce Bypass Voltage 29 3.1 33 25 3 35 \ Measured at Pin 10,

Note 1:  Qutout amolitude isdirectly oropartional to the resistance, R3, on Pin 3. See Frgure 2+
Note 2: For maximum amolitude stavility . Rq should be 2 positive temperature coetficient resistor.

T e e e R e e e P e e e e S e
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XR-2206

Figure 8:  Circuit Connection for Frequency Sweep.

L&,
Figure 10: Circuit for Sine Wave Generation without Figure 12: Sinusoidal FSK Generator.
External Adjustment. (See Figure 2 for
Chaice of R3.)
e =
Figure 11: Circuit for Sine Wave Generation with Figure 13: Circuit for Pulse and Remp Generation.

Minimum Harmonic Distortion. (R
Determines OQutput Swing — See Figure 2.)




MOTOROLA

SWITCHMODE™ Pulse Width —
Modulation Control Circuit |

The TL494 is a fixed frequency, pulse widtn modulation control circuit PULSE WIDTH MODULATION
designed primarily for SWITCHMODE power supply control.

. OR
e Complete Pulse Width Modulation Control Circuitry iigﬁﬁggg%&TA
* On—Chip Oscillator with Master or Slave Operation

® On—Chip Error Amplifiers
® On—Chip 5.0 V Reference
® Adjustable Deadtime Control

D SUFFIX
* Uncommitted Output Transistors Rated to 500 mA Source or Sink \(ﬁ PLAi”gg’Pf_c‘réAGE
=49
¢ Output Control for Push—Pull or Single~Ended Operation —_— (50-18)

® Undervoltage Lockout

TL494

SWITCHMODE

CONTROL CIRCUIT

f{;a N SUFFIX
|s PLASTIC PACKAGE
. CASE 548

PIN CONNECTIONS

\
Norunv 1 s Nonminv
input 5 o i— Irout
oy 3 4Amo (i ! Inv
Inout Yeg = 1121 inout
MAXIMUM RAT]NGS (Full operating ambient temperature range applies, ComoanPWN (3 f—’_ll’—i E} v
unless otherwise noted.) Comp Inout g Rer | =
Rating Symbol | TL494C | TL494l | Unit | Oeagoal 1 }—g> i3] Qusut
Power Supply Voltage Vece 42 : | cr E El vee
Csciator
Collector Output Voltage Ve, 42 v
Ay s _—njc2
V2 o 4=
Callector Qutput Current Ic1. Ic2 500 mA G |7 [ 10] B2
1 1
(Each transistor) (Note 1) i [a: Sl/*i E] &
Amplifier Input Voltage Range ViR -0.3 10 =42 v _—j |
Power Dissipation @ Tp <45°C PD 1000 mw (Too View)
Thermal Resistance, RaJA 80 Cw
Junction—o—Ambient
Qperating Junction Temperature ho%) 125 ’C ORDERING INFORMATION
-5 & 3 Operating
Storage Temperature Range Tstg 5510 «125 C Davies Temperature Range Package
Operaling Ambient Temperature Range Ta °’C
- 16
TL494C 0to +70 Lo Ta =0°t0 +70°C SO -
TL4941 -25t0 +85 TL494CN Plastic
Derating Ambient Temperature TA 45 kol TL494IN Ta =-25%10 +85°C Plastic
NOTE: 1. Maximum thermal limits must be observed.
3-520 ~ DTOROLA ANALQG IC DEVICE DATA



TL4Y4

RECOMMENDED OPERATING CONDITIONS

: Characteristics ' Symbol l Min ‘ Typ : Max Unit |

}I Power Supply Voltage Vee | 7.0 15 i 40 v

| Coilector Output Voltage veivVea | = 30 i 40 v
Cotlector Output Current (Each transistor) Ic1.lca = = i 200 mA
Amplified Input Voltage P Vig 03 - I vec-20 v
Current Into Feedback Terminal o = - {03 mA
Reference Output Current ref - - 10 mA
Timing Resistor : RT 1.8 30 500 Q

| Timing Capacitor ¢ Cr | 0.0047 0.001 I 10 uf

! Oscillator Frequency fosc | 1.0 40 | 200 KHz

ELECTRICAL CHARACTERISTICS (Voo = 15V, Cy = 0.01 uF, AT = 12 k. unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Tp is the operating amoient temperature range that applies, unless otherwise noted.

[ Characteristics |~ Symboal iL Min Typ ! Max | Unit J
REFERENCE SECTION :

Reference Voltage (I = 1.0 mA) i Veaf “ 475 5.0 5.25 v

Line Regulation (Vog = 7.0V 10 40 V) i ReGline - 2.0 25 mv

Load Regulation (Ig = 1.0 mA to 10 mA) ! Regigad - 3.0 15 mv

|L Short Circuit Output Current (Vegf = 0 VY~ Isc 15 35 75 mA
QUTPUT SECTION

Collector Off-State Current ! IC{of) - l' 2.0 100 WA
(Vec =40V, Vog =40 V) i

Emitter Off-State Current | IE(off) > - -100 uA
Ve =40V, Vg =40V, Ve =0 V) 1

Collector—Emitter Saturation Voltage (Note 2) { | '
Common—Emitter (Vg = 0V, Ic = 200 mA) | VsaC) - et 13
Emitter—Follower (Vg = 15V, Ig = =200 mA) 1 Vsayg) - 1.5 25

Output Control Pin Current i
Low State (Voc 0.4 V) ! locL - 10 - A
High State (Vo = Vref) | IcCH = 0.2 3:5 mA

Qutput Voltage Rise Time - ‘w te ns
Common-Emitter (See Figure 12) | - 100 200
Emitter—Follower (See Figure 13) i - 100 200

Output Voltage Fall Time ‘ i ns
Common-Emitter (See Figure 12) | - 25 100
Emitter—Follower (See Figure 13) ! - 40 100

NOTE: 2. Low duty cycle pulse tecnniques are used dunng test (0 maintain junclion iemoerature as close to amoient temperature as possible.

MOTOROLA ANALOG IC DEVICE DATA 3521



TL494

ELECTRICAL CHARACTERISTICS (Vcg = 15V, CT = 0.01 uF, RT = 12 Q. unless otherwise noted.)

For typical vaiues Tp = 25°C. for min/max values Ty is the cperating ambient temeerature range that applies. unless otherwise noted.

Characteristics | Symbol ! Min I Typ l Max m
ERROR AMPLIFIER SECTION R
Inout Offset Voltage (VQ (pin 3) = 2.5 V) vio - | 20 | 10 mv - .
Input Oftset Current (V@ (pin 3) = 2.5 V) o - j s.0 i 2s0 nA -
Input Bias Current (Vg (pin 3) = 2.5 V) 8 - 1 -1 | -0 uA —
Inout Common Mode Voltage Range (Vcg = 40 V, T = 25°C) VICR —0.3to V2.0 \
Open Loop Voltage Gain (AVQ =3.0 V. Vo =0.5V 10 3.5V, R =2.0kQ) AvoL 70 95 [ = d8
Unity—Gain Crossover Frequency (Vg = 0.5V 10 3.5 V. R = 2.0 kQ) fc— - 350 i - W
Phase Margin at Unity-Gain (Vg = 0.5 V10 3.5 V, R = 2.0 kQ) | om - 65 | - degq.
Common Mode Rejection Ratio (Vo = 40 V) : CMRR 65 S0 l # d8
Power Supply Rejection Ratio (AVcg =33 V. Vo = 2.5V, R = 2.0kQ) PSRR - 100 i’ - a8
Output Sink Current (Vg (pin 3) = 0.7 V) lo— 0.3 07 | - mA
Output Source Current (VO (pin 3) = 3.5 V) \ lo+ 2.0 —4.0 ‘: - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Thresnold Voitage (Zero Duty Cycle) VTH | = 2.5 l 45 Vﬁ
Input Sink Current (V(pin 3) = 0.7 V) W~ o 07 | - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpin 4 = 0V 0/5.25 V) | 18 oM - -2.0 -0 | pa |
Maximum Duty Cycle, Each Output, Pusi—Pull Mode OCmax %
(VPin 4 =0V, CT = 0.01 uf, AT = 12kQ) 45 48 50
(VPing =0V, CT =0.001 uF, RT = 30 kQ) - 45 30
Input Threshold Voltage (Pin 4) Vin | %
(Zzro Duty Cycle) = 2.8 3.3
(Maximum Duty Cycle) 0 =
LOSCILLATOR SECTION
Frequency (CT = 0.001 uF, Rt = 30 kQ) | tosc - 40 | - kHz
Standard Deviation of Frequency” (CT = 0.001 uf, AT = 30 kQ) ctosc = 3.0 ] %
Frequency Change with Voltage (Vo = 7.0 V. to 40 V, Tp = 25°C) afgge (AV) - 0.1 - %
Frequency Change with Temperature (ATA = Tjow (O Thigh) Afgge (AT) - = 12 %
(CT =0.01 uF. AT = 12 kQ)
UNDERVOLTAGE LOCKOUT SECTION
L Tum—On Threshold (V¢ increasing, lrgf = 1.0 mA) | Vitn 55 5.43 7.0 l v ]
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vg, All other inputs and outputs open) T t mA
(Vcec=15V) = 5.5 10
Vcc=40V) - 7.0 15
Average Supply Current 1 ‘ mA
(CT=0.01 uF. AT = 12 kQ, V(pin 4) = 2.0 V) - 7.0 -
(Vce = 15 V) (See Figure 12) | l

* Standard deviation is a measure of the statistical dismbution about the mean as denved from the formula, o

3-522
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Figure 1. Representative Block Diagram
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TL494

APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) An internai-inear sawtooth oscillator is frequency—
programmable by two external components, Rt and CT. The
approximate oscillator frequency is determined by:

fose = =1t
RT«CT

For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor CT to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
wnen the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtcoth
voltage is greater than the control signals. Therefore, an
increase in control—signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are extemnal inputs that can de fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparater has an
effective 120 mV input offset which limits the minimum output
deadtime to approximately the first 4% of the sawtooth—cycle
tima. 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 deadtime may
be imposed on the output by setting the deadtime—control
input to a fixed voltage, ranging between Q0 Vto 3.3 V.

Functional Table

|
[ Input/Output fout
Output Function —_— =
‘ Controls ' t2l)
‘ Grounded i Single—=nded PWM @ Q1 and Q2 ‘ 1.0
| @ Vigf | Push—pull Operation 0.5
| ef |

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on—time, established by the deadtime
control input, down to zero, as the voltage at the feedback pin
varies from 0.5 V to 3.5 V. Both error amplifiers have a
common mode input range from 0.3 V to (Vcc - 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 noninverting input of the pulse—width
modulator comparator. With this configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor CT is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
rransistors, Q1 and Q2. With the output—control connected to
the reference line, the pulse—steering flip—flop directs the
modulated pulses to each of the two output transistors
aiternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Qutput drive can also be
taken from Q1 or Q2. wnen single—=nded operation with a
maximum on—time of less than 50% is required. This is
cesirable when the output transformer has a rngback
winding with a catch diode used for snubbing. When higher
output—drive currents 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
ilip—ilop. The output frequency will now be equal to that of the
oscillator.

The TL4S4 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias circuits.
The reterence 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.

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 4. Open Loop Voltage Gain and

Figure 5. Percent Deadtime versus
Phase versus Frequency

Oscillator Frequency

_120 : ; - . 20 —— - i
S 1o ‘ : : ‘ ! | 3 LD T ‘
2y ! : P Ve =15V L & ST T
Z 100 — o ey i [ | |
< i ¢ i - w 1 '
S T : L AVQ=30V o 15 -
g 0 f | : aLz20x 9 5 el D
2 : \~ i | \20 2 citd l | l i
A\ ! = IR ' :
i ‘ \/?L | 1 s " Pl
l '
B ” 180 = T
@
wn

AyQL . OPEN LOOP VOLTA
8 &
C
& - - $ 1]
‘.‘u; ) D- )
o
E

% DT, PERCENT DEADTIME (EACH QUTPUT)

i
|
[
P
|
i

|

i
0 180
1.0 10 100 1.0% 10% 00k 1.0M 300%< 10k 10« 130 % 300 %
{ FREQUENCY (Hz) ‘asc, OSCILLATOR FREQUENCY (H2)
Figure 7. Emitter—Follower Configuration
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Figure 10. Error—Amplifier Characteristics

Figure 12. Common-Emitter Configuration
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Figure 13. Emitter—Follower Contfiguration
Test Circuit and Waveform
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Figure 14. Error—-Amplifier Sensing Techniques
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Figure 15. Deadtime Control Circuit
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Figure 16. Soft-Start Circuit
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Figure 18. Slaving Two or More Control Circuits

Figure 19. Operation with Vin > 40 V Using
External Zener
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Figure 20. Pulse Width Modulated Push—Pull Converter
Viq =3.0V (¢ 20V
S
| | | |
129 l Vg =28V
l 1 v 7 1N4934 | I0=0.2A
a8, CC, Lst— | P o
s s | R | T
2 A\ = ' 122
| T C1 ‘ I o : ] -
| m § | »\32 | G | o
33k el ji I ] |
;"l. @fvv\,—~—3 Comp TL4%4 l ) b ] % = B0 t—s
001 0017, l7 § ‘ sV
- Gt ['Tof % ! \ o
e 1 W |
16 b | :sczl
f & E % 3
| t OC Vggr OT Cy At Gnd E! €2 ) o 4 o |
13 ¢ 508 7] 9‘-10 ]
! AAA- 1 ; -1 £ i } ¢ 240
l 4.7% 3 10 4 )
T 15
[ Ik % 10k Q(T(n ‘
|
o . ; o
All capaators in ufF
Test Conditions Results
Line Regulation Vin=10Vto 40V 14 mV 0.28% L1-35mH@03A
Load R Vi = —10mAto 1. i o Tt - Primary: 20T C.T. #28 AWG
oad Regulation t in=28V.Ig=1.0mAt01.0A | 3.0mV 0.06% Secondary: 120T C.T. #36 AWG
| Output Ripple | Vin=28V.Ig=10A 85mV pp PAR.D. Core: Fermoxcude 1408P-L00-3C8
| Short Circut Current | Vin =28V, R =0.1Q 1.6 A
L Efticiency Vin=28V.I0=10A 71%
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Figure 21. Puise Width Modulated Step—Down Converter
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i Test Conditions | Results

| Line Regulation Vin=8.0Vto4QV | 30mvY  0.01%

; Load Regulation Vin =126 V, Ig = 0.2 mA 10 200 mA [ SomVv  0.02%

{ Qutput Ripple Vin = 12.6 V. Ig =200 mA | 40mVpp PARD.
| Short Circuit Current Vig=128V. R =0.1Q [ 250 mA

i Efficiency | Vin=12.8V, Ig=200 mA l 72%
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IHTSFHOTiOﬂOl Data Sheet No. PD-6.019F

IGR Rectifier IR2130

3-PHASE BRIDGE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +600V VOEFSET 600V max.
Tolerant to negative transient voltage
dV/dt immune lo+/- 200 mA /420 mA
B Gate drive supply range from 10 to 20V
B Undervoltage lockout for all channels VOUT 10 - 20V

B Over-current shutdown tums off all six drivers
B Independent half-bridge drivers

8 it poadedUineli s Koo e o ton/oft (typ.) 675 & 425 ns
m Outputs out of phase with inputs Deadtime (typ.) 2.5 ps
Description = =

The IR2130 is a high voltage, high speed power Packages
MOSFET and IGBT driver with three independent high
and low side referenced output channels. Proprietary
HVIC technology enables ruggedized monolithic con-
struction. Logic inputs are compatible with 5V CMOS
or LSTTL outputs. A ground-referenced operational
amplifier provides analog feedback of bridge current
via an external current sense resistor. A current trip
function which terminates all six outputs is also de-
rived from this resistor. An open drain FAULT signal
indicates if an over-current or undervoltage shutdown
has occurred. The output drivers feature a high pulse
current buffer stage designed for minimum driver
cross-conduction. Propagation delays are matched
to simplify use at high frequencies.The floating chan-
nels can be used to drive N-channel power MOSFETs
or IGBTSs in the high side configuration which oper-
ate up to 600 volts.

~ Typical Connection

wo to 800V
-l
T
Vee = Veo UVELZ.J
AINTZ3 - ANTZ3 HO12.3
ONTZ23 ONTZ3 Vsi12a
FAULT FAUCT 10
TRIP 7% woao
cao cao
CA.
Vss Lo12.3
v L
AA%
GND MA-
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IR2130

International
ToR Rectifier

bsoiuue MaximumiRbtongs

Absximtm Matimus iadicgt nuitaie s stainsdblymnt heco dawaiehtdamhge eoiteemdyvocc ma Ic ur.tAll valrageepara -
rebs aeuaesollate oetages rdftr nSe. To Vso. The Thermal Resistance and Power Dissipation ratings are measured
under board mounted and still air conditions. Additional information s sFognrin 5iguheo go t3nu,hP5r.

ra,aaeuer Valoe
eyibil Drfvinrica MiU. Msx, Bn,t,
Vitress H gl ailegFloptin outpmy, Vol3a5e 0.8 52,
Vi1,283 H gl aidegFQoften Oftset VBl,a,e Visoval-23 | +gos, + 1.3
VHOg, .i eiFhoStde loapitgVOutaue Volt2g3 -s13yv 12.3 | +go3,+C.3
Ved on ioeia diLegicuFixydVSlpale -0.t g5 03 20
Vs LugdcVGro-n2 oc 25 V,c + 0.3 v
Vio123 Low Side Output Voltage 0.3 Vee +0.3
ViN Logic Input Voltage (HIN1,2,3, LIN1,2,.3 & ITRIP) Vgs - 0.3 Vog +0.3
Var FAULT Output Voltage 3y C+.0 3c, VA3
Vctio Qae amilnfl A plipitrVOutauu oSt ge VgC-03 V,cV+A0.3
rct- OaeramilnfleA pnieitml vnrui goltputVViSa-e 33y C+.3 3c V /it
diswdb AlOowasl uffsyt Slpale Voatsge tr—nS5i,n/ s 50 V/nc
Pe PawkrgD soier iins@pTt on 2 TA <2+ 56C  (28PLea, A1) — 1.5
(28lLea— 106C) , . ( 4
44 Ce d P.CY) — 2.0
ReeA TeeimtinRes suanci, Jtn tmon no Ambient (28 Lead DIP) — 83
(28 Lead SOIC) — 78 °C/W
(44 Lead PLCC) — 63
Ty Junction Temperature E 150
Ts Storage Temperature -55 150 eC
T, Lead uesp(rotdre nS,|1e iego d0)s—con0s) 5 ,0°

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. All voltage parameters are absolute voltages referenced to Vgg. The Vg offset rating is tested
with all supplies biased at 15V differential. Typical ratings at other bias conditions are shown in Figure 54.

Parameter Value
Symbol Definition Min. Max. Units
Vgi23 High Side Floating Supply Voltage Vg103+ 10 | Vgi53+20
Vsio3 High Side Floating Offset Voltage Note 1 600
Vioi23 High Side Floating Output Voltage V123 Vg123
Voo Low Side and Logic Fixed Supply Voltage 10 20
Vss Logic Ground -5 5 v
Vioioa Low Side Qutput Voltage 0 Veo
Vin Logic Input Voltage (HIN1,2,3, LIN1,23 & ITRIP) Veg Vga+5
Var FAULT Output Voltage Vss Vg
Vero Operational Amplifier Output Voltage Vss 5
Vea- Operational Amplifier Inverting Input Voltage Vss 5
Ta Ambient Temperature -40 125 °C

Note 1: Logic operational for Vs of (Vsg - 5V) to (Vso + 600V). Logic state held for Vs of (Vso - 5V) to (Vso - VBS).
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1oR Rectifier IR2130

' pynamic Electrical Characteristics

-

- vaias (Vee, VBs1,2,3) = 15V, Vs0,1,2,3 =Vss, CL = 1000 pF and TA = 25°C unless otherwise specified. The dynamic
f- electrical characteristics are defined in Figures 3 through 5.

Parameter Value
Symbol Definition Figure | Min. | Typ. | Max.| Units | Test Conditions
ton Turn-On Propagation Delay 11 500 675 | 850
tott Turn-Off Propagation Delay 12 300 425 | 550 ViN=0&5V
1 t Turn-On Rise Time 13 a= 80 125 Vg123 =010 600V
: t Turn-Off Fall Time 14 — 35 55 -
tirio ITRIP to Output Shutdown Prop. Delay 15 400 | 660 | 920 Vin ViTgip = 0 & 5V
i ITRIP Blanking Time - — 400 = VlTRlP =1V
tat ITRIP to FAULT Indication Delay 16 335 590 | 845 Vine ViTRIp=0 & 5V
P’ tt.in Input Filter Time (All Six Inputs) Xt > 310 s Vin=0&5V
Yl LiN1,2,3 to FAULT Clear Time 17 6.0 9.0 | 12.0 us Vine Vitrip=0 & 5V
DT Deadtime 18 1.3 Pa [l =8x7 Vin=0&5V
SR+ Operational Amplifier Slew Rate (+) 19 4.4 6.2 — Vigs
SR- Operational Amplifier Slew Rate (-) 20 2.4 3.2 —

Static Electrical Characteristics

Veias (Vce, VBst,2,3) = 18V, Vgo,1,23=Vss and T = 25°C unless otherwise specified. The V|, VTH and Iy parameters
are referenced to Vss and are applicable to all six logic input leads: HIN1,2,3 & LIN1,2,3.The Vo and lo parameters
are referenced to Vgp 12,3 and are applicable to the respective output leads: HO1,2,3 or LO1,2,3.

Parameter Value
Symbol Definition Figure | Min. | Typ. | Max.| Units | Test Conditions
Vin Logic “0" Input Voltage (OUT = LO) 21 2.2 = — vV
ViL Logic “1" Input Voltage (QUT = Hl) 22 — — 0.8
ViTTH+ ITRIP Input Positive Going Threshold 23 400 490 | 580
Vo High Level Output Voltage, Vgias - VO 24 — == 100 mV Vin =0V, log =0A
VoL Low Level Output Voltage, VO 25 —= — 100 Vin=5Y, lo=0A
LK Offset Supply Leakage Current 26 — — 50 uA Vg = Vg = 600V
lass Quiescent Vgg Supply Current 27 i w 15 30 Vin =0V or 5V
loce Quiescent Ve Supply Current 28 = 3.0 4.0 mA Vin =0V or 5V
lins Logic “1” Input Bias Current (QUT = HI) 29 et 450 | 650 Vin=0V
IN- Logic “0" Input Bias Current (OUT = LO) 30 — 225 | 400 pA Vin=5V
ITRIP+ “High" ITRIP Bias Current 31 — 75 150 ITRIP = 5V
ITRIP- “Low” ITRIP Bias Current 32 — — 100 nA ITRIP =0V
Vesuv+ Vgs Supply Undervoltage Positive Going 33 7.5 835 | 9.2
Threshold )
Vasuw Vgs Supply Undervoltage Negative Going 34 74 795 | 88
Threshold
Veouvs Vg Supply Undervottage Positive Going 35 8.3 9.0 9.7 v
Threshold
Veouv- Ve Supply Undervoltage Negative Going 36 8.0 8.7 9.4
Threshold
RonFLT FAULT Low On-Resistance 37 — 55 75 Q
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International
IOR Rectifier

Static Electrical Characteristics -- Continued

vaias (Vcc, VBsi,2,3) = 15V, Vsg,1,2,3 = Vss and Ta = 25°C unless otherwise specified. The VIN, VTH and |IN parameters
are referenced to Vsg and are applicable to all six logic input leads: HIN1,2,3 & LIN1,2,3 .The Vo and lp parameters
are referenced to Vgg,1,2,3 and are applicable to the respective output leads: HO1,2,3 or LO1,2,3.

Parameter Value
Symbol Definition Figure | Min. | Typ. | Max.| Units | Test Conditions
los Output High Short Circuit Pulsed Current 38 200 250 — Vo =0V, Vjn=0V
mA PW<10ps
lo- Output Low Short Circuit Pulsed Current 39 420 500 — Vo=15V,V|iy=5V
PW<10ps
Vos Operational Amplifer Input Offset Voltage 40 — — 30 mV Vgo = Vca-=0.2V
lcA- CA- Input Bais Current 41 - — 4.0 nA Vca- = 2.5V
CMRR Op. Amp. Common Mode Rejection Ratio 42 60 80 — Vs=Vca=0.1V & 5V
PSRR | Op. Amp. Power Supply Rejection Ratio 43 55 75 — | dB | vgg=Vca- =02V
Ve = 10V & 20V
Vonamp | Op. Amp. High Level Output Voltage 44 5.0 8.0 5.4 Y Vea-=0V, Vgo= 1V
Vouamp | Op. Amp. Low Level Output Voltage 45 — — 20 mV | Vea-= 1V, Vgo= 0V
Isac.amp | Op. Amp. Output Source Current 46 2:3 4.0 — Vea-= 0V, Vgo= 1V
Voao =4V
Isrc.amp | Op. Amp. Output Sink Current 47 1.0 241 — Vea- =1V, Vgo= 0V
R-jpe Veao =2V
los AMP Operational Amplifier Output High Short 48 XY 45 6.5 Vea-=0V, Vgg=5V
Circuit Current Veao =0V
lo- AMP Operational Amplifier Output Low Short 49 A 32 6.2 Vea- =5V, Vgo=0V
Circuit Current Veao =5V
Lead Assignments
1| Veo u VB4 1] E E E >8 S; é >:; T | Vee \f var E]
] e Hot [Z7] FLELOD s = A wot [77]
(R vg1 (=] g O R vs1 [28]
| e =] o 7= =]
o vaz [0 2 (3 o Va2 = o vaz [75]
Coe w2 [ o o vz o vz []
e ve2 [ 0 9 vsz ] o ve [Z]
2] P = ey 12 ] P B
o e vas [2] = O] e ves [2]
(] oo wos [5] e G (] on wes 3]
O] e ve [5] & e G er vea [
= e ol o ] vss 7]
] & B vss [RER R Lo1[18]
G bl o B 2 B2 B 24 B i w2 [
§ ¢ 8383
28 Lead DIP 44 Lead PLCC w/o 12 Leads 28 Lead SOIC (Wide Body)
1R2130 1R2130J 1R2130S
Part Number
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Functional Block Diagram
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Lead Definitions
Lead
Symbol | Description
HINT,2,3| Logic inputs for high side gate driver outputs (HO1,2,3), out of phase
[IN1,2,3 | Logic inputs for low side gate driver output (LO1,2,3), out of phase
FAULT Indicates over-current or undervoltage lockout (low side) has occurred, negative logic
Vce Low side and logic fixed supply
ITRIP Input for over-current shutdown
CAO Qutput of current amplifier
CA- Negative input of current ampilifier
Vss Logic ground
VB1,2,3 | High side floating supplies
HO1,2,3 | High side gate drive outputs
Vs1,2,3 | High side floating supply returns
LO1,2,3 | Low side gate drive outputs
Vso Low side return and positive input of current amplifier
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[ntemational Preliminary Data Sheet PD - 9.1118
oz Rectifier IRGPH40MD2

INSULATED GATE BIPOLAR TRANSISTOR Short Circuit Rated
WITH ULTRAFAST SOFT RECOVERY Fast CoPack IGBT
DIODE :
Features c
. Short circuit rated -10ps @125°C, V gg = 15V Vees = 1200V
. Switching-loss rating includes all "tail" losses
« HEXFRED™ soft ultrafast diodes Whrsiteaiy 2 38N
. Optimized for medium operating frequency ( 1 to G (st = ==
10kHz)
@Vee =15V, Ic=18A
E
n-channel

Description

Co-packaged IGBTs are a natural extension of Intermational Rectifier's well
known IGBT line. They provide the convenience of an IGBT and an ultrafast
recovery diode in one package, resulting in substantial benefits to a host of
high-voltage, high-current, applications.

These new short circuit rated devices are especially suited for motor control

and other applications requiring short circuit withstand capability. / /": :

TO-247AC

Absolute Maximum Ratings
Parameter Max. Units
Vces Collector+to-Emitter Voltage 1200 Y
lc@ Tc =25°C Continuous Collector Current 31
- |{lc@ Tg =100°C Continuous Collector Current 18
- {lew Pulsed Collector Currert @ 62 A
- {lm Clamped Inductive Load Cument @ 62
- [lF@Tc=100°C_ | Diode Continuous Forward Current 8.0
E Tem Diode Maximum Forward Current 62
|t Short Circuit Withstand Time 10 ys
Vge Gate-to-Emitter Voltage +20 \Y
Po@Tc=25C | Maximum Power Dissipation 160 w
Pp @ Tc = 100°C | Maximum Power Dissipation 65
Ty Operating Junction and -55 to +150
Tstq Storage Temperature Range °C
Soidering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
| Mounting Torque, 6-32 or M3 Screw. _ 10 bfin (1.1 N-m)
Themnal Resistance
Parameter Min. Typ. Max. Units
RaJc Junctionto-Case - IGBT — — 0.77
Rasc JunctionHto-Case - Diode — — 1.7 °CW
Racs Case-to-Sink, flat, greased surface ) — 0.24 —
RaJa Jundtionto-Ambient, typical socket mount — — 40
W Weight : — 6 (021) — g (0z)
Revision 2
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JRGPH40MD2 IR
~ Electrical Characteristics @ Ty = 25°C (unless otherwise specified)
! Parameter Min. | Typ. |Max. | Units Conditions
[Visrices CollectortoEmitter Breakdown Vottage ®[1200| — | — | V| Ve =0V, Ic = 250pA
- [aVeaxces/aT| Temp. Coeff. of Breakdown Voitage — |14 | — |vrC| Vge =0V, Ic =1.0mA
- [Veen) Collector-to-Emitter Saturation Voitage — |23 |34 Ic =18A Vge = 15V
3 ‘ — (30— | Vv [Ic=31A
3 = | 28 | — Ic=18A, T, = 150°C
' Ve Gate Threshold Voltage 30 | — |55 Vee = Ve, Ic = 250pA
- [AVeeyAT,| Temp. Coefi. of Threshold Voitage — 14 | — |mVIFC| Vce = Vae, Ic = 2500A
- (ot Forward Transconductance @ 20 | 10 | — | S | Vee =100V, Ic = 18A
 [ices Zero Gate Voltage Collector Curent — | — 250 | pA | Vge =0V, Vce = 1200V
— | — [3500 Vge =0V, Vg = 1200V, T, = 150°C
= (Ve Diode Forward Voltage Drop — |26 |33 ] V [Ic=8A
| rg e 3, ) lc=8A Ty=150°C
Ices Gate-to-Emitter Leakage Current — | — [#100| nA | Vge =20V ]
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. {Max. | Units Conditions
' lQq Total Gate Charge (tum-on) — | 50 | 75 Ic = 18A
E Qge Gate - Emitter Charge (tum-on) — |11 |2 nC | Vcc =400V
- Qg Gate - Collector Charge (tum-on) — ) [#s, {320
td(on) Tum-On Delay Time — |67 | — T;=25°C
t, Rise Time — 18 | — | ns |Ic=18A Vec =800V
L |t Tum-Off Delay Time — ]340 | 930 Vge = 15V, Rg = 10Q
te Fall Time — | 510 | 930 Energy losses indude "tail* and
Eon Turm-On Switching Loss — |21 | — diode reverse recovery.
Eot Tum-Off Switching Loss — |58 | — mJ
Eis Total Switching Loss BT B OIS
tic Short Circuit Withstand Time 10 | — | — | ws | Vec =720V, T, =125°C
Vge = 15V, Rg = 10Q, Vepk < 1000V
tdon) Tum-On Delay Time — | 64 | — T, =150°C,
. Rise Time — | 74| — ns | Ic =18A, Vg = 800V
Lot Tum-Off Delay Time — | 850 | — Vee = 18V, Rg = 10Q
t Fall Time — 1200 | — Energy losses indude "tail" and
= Total Switching Loss — | 16 | — mJ | diode reverse recovery.
Le Intemal Emitter Inductance — | 13 | — nH | Measured 5mm from package
Cies Input Capacitance — (1400 — Vee =0V
Coes Output Capacitance — [100 | — | pF | Veg=30V
o Reverse Transfer Capacitance — 15| — f=10MHz
ter Diode Reverse Recovery Time — | 63 | 95 ns | T;=25°C
— | 106 | 160 T,=125°C I = 8A
e Diode Peak Reverse Recovery Current | — | 4.5 | 80 | . A | T;=25°C
— |62 | 11 T, =125C V g = 200V
Qr Diode Reverse Recovery Charge — |140 | 380 | nC | T;=25°C
— | 335 | 880 T,=125°C dildt = 200A/ps
digecp/dt | Diode Peak Rate of Fall of Recovery — [133 | — | Aps | Ty=25C
During ty, — |8 | — T,=125C B
Notes: @.Repetitive rating; V ge=20V, pulse width @ Vc=80%(Vces), Vae=20V, L=10pH, @ Pulse width 5.0pss,
limited by max. junction temperature. Rg=10Q single shot.

@ Pulse width < 80us; duty factor < 0.1%.

Refer to Section D - page D-13 for Package Outline 3 - JEDEC Outline TO-247AC
C480




MOTOROLA :
SEMICONDUCTOR TECHNICAL DATA

Hex Buffers/Logic-Level

Down Converters
High-Performance Silicon-Gate CMOS

The MC54/74HC4049 consists of six inverting buffers, and the
MC54/74HC4050 consists of six noninverting buffers. They are identical in
pinout to the MC14049UB and MC140508 metal-gate CMOS buffers. The
device inputs are compatible with standard CMOS outputs; with puilup
resistors, they are compatible with LSTTL outputs.

The input protection circuitry on these devices has been modified by
eliminating the Vo diodes to allow the use of input voltages up to 15 volts.
Thus, the devices may be used as logic—level translators that convert from a
high voltage to a low voltage while operating at the low-voltage power
supply. They allow MC14000-series CMOS operating up to 15 volts to be
interfaced with High—~Speed CMOS at 2 to 6 volts. The protection diodes to
GND are Zener diodes, which protect the inputs from both positive and
negative voltage transients.

¢ Output Drive Capability: 10 LSTTL Loads

e Outputs Directly Interface to CMOS, NMOS, and TTL
* Operating Voltage Range: 2 to 6 V

e Low Input Current: 5 uA

¢ High Noise Immunity Characteristic of CMOS Devices

* In Compliance with the Requirements Defined by JEDEC Standard
No. 7A

e Chip Complexity: 36 FETs or 9 Equivalent Gates (4049)
24 FETs or 6 Equivalent Gates (4050)

LOGIC DIAGRAMS

HC4049
(INVERTING BUFFER)

HC4050
(NONINVERTING BUFFER)

2 3

A0 Y0 A0

Y

Al Y1 Al Y1

Y2 A2 Y2

g
-
Do
IV\
"= L N Y3
L~ .
N
P

4

1" 12 1"

Ad4 Y4 Ad Y4

14 14 15
AS B Y5 AS YS

PIN1=Veo
PIN 8 = GND
PINS 13, 16 = NO CONNECTION

. Joss

MCS54/74HC4049

MC54/74HC4050

iy

J SUFFIX
CERAMIC PACKAGE
CASE 620-10

s

1

N SUFFIX
PLASTIC PACKAGE
CASE 64808

D SUFFIX
SOIC PACKAGE
CASE 751B-05

ORDERING INFORMATION

MCS54HCXXXXJ Ceramic
MC74HCXXXXN Plastic
MC74HCXXXXD SOIC

PIN ASSIGNMENT

Vgl 1e IGhNC
Yo 2 150 Y5
A0(l 3 14 ] A5
Y1 4 13 [INC
AL[ S 124
Y2( 6 11 ] A4
A7 10Y3
GND (] 8 ERIPX]

NC = NO CONNECTION

FUNCTION TABLE

A Y Outputs.
Input | HC4049 | HC4060

L H L

H L H

2 Motorola, Inc. 1995 361
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MC54/74HC4049 MC54/74HC4050

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains circuitry to
Vee DC Supply Voltage (Referenced to GND) -0.5t0+7.0 " protect the inputs against damage
- ~ due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) ‘ 1.5t0 + 18 \ fields referenced 1o the GND pin,
Vout DC Output Voltage (Referenced to GND) |-05tVcc+05| V only. Extra precautions must be
lin DC Input Current, per Pin ; +20 mA taken to _avoid applicatigns of any
- - . voltage higher than maximum rated
lout | DC Output Current, per Pin | £25 ma voltages to this high-impedance
Icc | DC Supply Current, Vo and GND Pins =50 mA circuit. For proper operation, the
n GND = Vin = 15V
Pp Power Dissipation in Still Air, Plastic or Ceramic DIP 750 mw gNgDei \‘/ < V'” 568 rech
SOIC Packaget 500 = Yout = VCC
mended.
Tstg Storage Temperature -65to + 150 °C Unused inputs must always be
TL Lead Temperature, 1 mm from Case for 10 Seconds °C lied to an appropcr;zi‘te 109\'/(: voltage
(Plastic DIP or SOIC Package! 260 level (e.g., either GND or Vo).
(Ceramic DIP) | 300 E
* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Overating Conditions.
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: - 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max | Unit
Vce DC Supply Voltage (Referenced to GND) 20 6.0 \
Vin DC Input Voltage (Referenced to GND) 0 Vee \
to 15
Vout DC Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types -55 |+125 | °C
tr tf Input Rise and Fall Time Vcg=20V 0 1000 | ns
(Figure 1) Voc=45V ] 0 500
T s 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
s Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions ¥ 25°C < 85°C | =125°C Unit
VIH Minimum High—Level Input Vout=Vec-90.1V 2.0 1.5 15 1.5 v
Voltage lloutl < 20 A 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVec=-0.1V 2.0 0.3 0.3 0.3 \
Voltage lout! < 20 uA 4.5 0.9 0.9 0.9
6.0 142 12 1.2
VOoH Minimum High-Level Output Vin = VIH 2.0 129 1.9 1.9 \
Voltage lloutl = 20 uA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViHorViL llgutl < 4.0mA | 45 3.98 3.84 3.70
lloutl < 5.2mA | 6.0 5.48 5.34 5.20
VoL Maximum Low-Level Output Vin = V|H or Vi 2.0 0.1 0.1 0.1 v
Voltage lloutl = 20 WA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViHorViL llogutl < 4.0mA | 45 0.26 0.33 0.40
lloutl < 5.2mA 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin = Vo or GND 6.0 +£0.1 £1.0 £1.0 HA
Vin=15V 6.0 0.5 5.0 5.0
Icc Maximum Quiescent Supply Vin =15V or GND 6.0 2 20 40 pA
Current (per Package) lout = 0 A
NOTE: Information on typical parametric values can be found in Chapter 2.
N
MOTOROLA 3-612 High—-Speed CMOS Logic Data:
DL129 — Rev &
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

MC54/74HCTO8A

Quad 2-Input AND Gate with
LSTTL-Compatible Inputs
High—Performance Silicon-Gate CMOS

- J SUFFIX
'ﬁm Wﬁﬁ{ CERAMIC PACKAGE
The MC54/74HCT08A may be used as a level converter for interfacing 140 CASE 632-08
TTL or NMOS outputs to high—-speed CMOS inputs.

The HCTOB8A is identical in pinout to the LS08.
« Output Drive Capability: 10 LSTTL Loads EEIX
» TTUNMOS-Compatible Input Levels fﬁ PLASTIO PAGKAGE
+ Outputs Directly Interface to CMOS, NMOS and TTL 1al' TT T CASE 646-06
» Operating Voltage Range: 4.5t0 5.5 V
e Low Input Current: 1.0 uA

» In Compliance with the Requirements Defined by JEDEC Standard / D SUFFIX
No. 7A 14\@?@ SOIC PACKAGE
» Chip Complexity: 40 FETs or 10 Equivalent Gates 1 CASE 751A-03

ORDERING INFORMATION
MCS54HCTXXAJ Ceramic
MC74HCTXXAN Plastic
MC74HCTXXAD SOIC

LOGIC DIAGRAM

[ PIN ASSIGNMENT 3
82 —| At 1e 14 Voo
A E 128 81 2 130 B4
- 8
10 D— Y3 v1 (3 120 a4
83 ——|
A2(] 4 1 va
1
A 1 820 s 10 [ 83
13 Y4 vo 4
34 2 6 9] A3
PIN14=Veg GND ] 7 8 vs

PIN7=GND

FUNCTION TABLE

Inputs Output
A B Y
L L L
L H L
H L L
H H H

10/95
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MC54/74HCTO8A

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05t0+7.0 \
Vin DC Input Voltage (Referenced to GND) -15toVgc+15]| Vv
Vout DC OQutput Voltage (Referenced to GND) -05toVcc+05| Vv
lin DC Input Current. per Pin +20 mA
lout DC Output Current, per Pin x£25 mA
Icc DC Supply Current, Vo and GND Pins +50 mA
Pp Power Dissipation in Still Air, Plastic or Ceramic DIP+ 750 mw
SOIC Packaget 500
Tstg Storage Temperature —-65to0 + 150 °C
T Lead Temperature, 1 mm from case for 10 Seconds °C
(SOIC or Plastic DIP) 260 °C
(Ceramic DIP) 300
* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: = 10 mW/°C from 65° to 125°C
Ceramic DIP: - 10 mW/°C from 100° to 125°C
SOIC Package: - 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max | Unit
Vce DC Supply Voltage (Referenced to GND) 4.5 55 \
Vin, Vout | OC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types 09 [\ )28l
tr tf Input Rise and Fall Time (Figure 1) 0 500 ns

DC CHARACTERISTICS FOR THE MCS4/74HCTO8A (Voltages Referenced to GND)

This device contains protection
circuitry to guard against damage
due to high static voltages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
cuit. For proper operation, Vi and
Vout should be constrained to the
range GND < (VjnorVout) < Voo

Unused inputs must always be
tied to an appropriate logic voltage
level (e.g., either GND or V).
Unused outputs must be left open.

Guaranteed Limit
-55to
Vod 25°C < 85°C < 125°C
Symbol Parameter Test Conditions Volts Min Max Min Max Min Max Unit
ViH | Minimum High-Level Input | Vo= 0.1V orVoc-0.1V | 45 | 2.00 2.00 2.00 v
Voltage lloytl = 20 HA 29 2.00 2.00 2.00
ViU Maximum Low—Level Input | Vop= 0.1V or Voo = 0.1V 4.5 0.80 0.80 0.80 v
Voltage Hout! < 20 pA 5.5 0.80 0.80 0.80
VoH | Minimum High-Level Vin = V| or Vi 4.5 4.40 4.40 4.40 v
Output Voltage llout! < 20 uA 55 | 540 5.40 5.40
Vin = Vi or Vi
loutl = 4.0 mA 45 | 398 3.84 3.70
VoL | Maximum Low-Level Vin = V|4 or Vi 4.5 0.10 0.10 0.10 v
Output Voltage lloutl < 20 uA 5.5 0.10 0.10 0.10
Vin = Vi or Vi
loutl < 4.0 mA 4.5 0.26 0.33 0.40
lin Maximum Input Leakage Vin = Vg or GND 5.5 +0.10 +1.00 +1.00 | uA
Current
Icc Maximum Quiescent Supply | Vin = VoG or GND 5.5 1 10 40 uA
Current (per Package) lloutl =0 nA
Alcc | Additional Quiescent Vin = 2.4 V, Any One Input
Supply Current Vin = Vg or GND, >-55°C 25° to 125°C
Other Inputs
lout =0 mA 5.5 2.9 2.4 mA

NOTE: Information on typical parametric values can be found in Chapter 2.

B
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FNS19T 8.1 mstRauTuIAa2AgNs I

AuaIu- B o . S mi udinsin AINAARD
. . LUDNUUIAA munszuaia (A) 1itusnna j
(uzd AUGNATS el AN AL wuas
SWG hb un. |gadAa- | anun | duen [sradsa ) 100 tHms lagitaaz AW
aniEq a2adan (kg) | (257 C) (Q)
19112 0 324 | 8.23 105,500 | 54.186 125 200 - 47.925 .033 0
1 3 762 | 90,000 - | 46.451 = - - = - -
1913 - - - 83.690 - 100 150 = 37.995 042 1
2 3% 7.06 77176 | 89.874 = = - - = -
1915 3 252 | 6.4 66,370 | 32.763 %0 125 = 30.185 052 2
1916 4 232 | 589 | 52,630 | 27.753 - = = 23.895 066 3
5 212 | 5.38 41,740 | 23.155 70 %0 - 18.960 083 4
19418 & | .192 | 4.88 33,100 | 18.251 - - - 15.030 105 5 T4
7 176 | 446 | 30.976 | 15913 = = = - -
8 .16 4.06 | 26.250 | 13.026 50 70 - 1.925 133 6
9 | 144 |366 | 20786 |10.716 = — = 9.45 167 7
16 10| .128 | 3.2¢ 16,510 | 8.398. ki 50 = 75 211 8
11| .16 | 294 13,090 | 6.914 ! L - 5.945 266 9
s 12| .04 | 2642 | 10816 | 5.584 25 30 o 4715 335 10
13| 092 |2336 | 8234 4.365 g = = 3.738 424 11
520 14| .08 2.03 6.530 3.296 20 25 232 2.965 534 12
15| 072 |1.828 | 5178 2 653 - A £ 2.352 673 13
i 16| 064 | 1.625 | 4,107 2.112 15 20 165 1.864 850 14 318
1116 17| 056 | 1422 | 3257 1.617 ~ G, ! 1.479 1.070 15 320
= - 3 2,583 6 10 3  h 1.350 16 322
vis 18| 048 | 1.219 | 2,048 1.188 p Z 107 a3 1.503 17
19| .04 1.061 | 1.624 825 3 5 s 738 2.148 18
20| 036 |.914 1.288 663 /i o 70 585 2.706 19
21| 032 |.812 1,022 521 ” 2 3 464 2412 20
22| 028 |.711 810.1 404 = &= 48 368 4.303 21
23| 021 | .61 624.4 297 i L C 1292 5.125 22
21| 022 | 558 509.5 249 = - 33.4 231 6.547 23
25| .02 508 404.0 1206 M 3 f .183 8.630 24
26| 018 | 457 320.4 167 2 3 24.7 145 10.89 25
27| 016 |.406 | 254.1 131 2 = 2 115 13.728 28
28| .0148 | .376 201.5 113 1 £ 18.4 091 17.292 27
29| 0136 | .345 184.9 .095 - NS = & _ _
30| .012 |.304 159.8 073 = - 141 073 21.783 28
31| o1 |.29 126.7 067 ) = L 057 27.522 29
32| 0102 | .274 116.6 06 - - 15 = = =
3| o1 254 100.5 051 = = = 045 31.782 30
34| .009 |.228 81.0 041 = - 2.0 - - -
as | .008 | .203 79.7 032 - - - 036 43.758 3t
- - - 63.21 - = = 029 55.176 32
36| .0076 |.193 50.13 029 - - 6.8 023 69.564 a3
37| .00G8 |.172 39.75 023 - - - 018 87.714 34
38| .0061 |.155 | 3152 018 - g 47 o4 110.715 15
39| .0052 | .132 25.0 013 = - - 011 129.59 36
10| 0048 | .17 011 - - 24 - - =
iy 0043 | xad 19.8 0098 2 = = 009 175.49 a7
42 004 |1 1572 008 - - 26 .007 222,09 3K
A3} 0036 | 0814 ] a2z 006G - - - 005 279.51 19
44| ovdz | OKIZ ) 9.my 0052 - - 1.85 004 35244 40




a » i3
AT INUUIALNULMANLHUNHALU A

Rraty Yasnld A B o D E
1 I g - - T

- e 2 2 16 4

1 , 5" i gr

2 200 - 400 g 3 = 1= =
2 8 4 1

3 400 - 800 g i z 1= o
° i o 2 8 4 8
4 800~ 1500 &v 4 1 9 1
1 P 1 1

5 1500 - 2500 ‘= 5 — 90— 1—
2 4 2 4

- Y " 1

6 2500 - 4000 9" 6 1— 3 1T

AT NLBAURNULLUTANLNDIARIRAIIL LN T uT

Walpwruianilannaaaniriaianun

TN e AN T LA TYALUA I NRAS AL A UAART LN wdansa LU



NIPPON STEEL GRAIN - ORIENTED ELECTRICAL STEEL SHEETS -

Maximum core loss Minimum Typical Core loss Typical

Thickness 1.5T 17T Induction 1.5T 1.7T Induction
mm grade 50Hz 60Hz 50Hz 60Hz at 800 A/m 50Hz 60Hz 50Hz 60Hz at800 A/m
(In) wkg wib wkg w/b T wikg w/hb wkg wib T

23ZDKHS0 - — 090 054 1.88 0.60 0.36 0.83 0.49 1.91

23ZH95 - — 090 o054 1.88 0.63 0.37 0.87 0.51 1.92

232H95 - - 095 057 1.88 0.64 0.38 0.90 0.53 1.91
0.23 23ZH100 M-0H - - 1.00 0.60 1.88 0.66 0.39 0.93 0.54 1.90
(0.009) M-1 0.71 0.42 1.06 0.63 1.80 0.69 0.40 1.02 0.59 1.86
237110 - - 1.10 0.66 1.80 0.70 0.41 1.06 0.61 1.85

M-2 0.75 045 1.12 0.67 1.80 0.71 0.42 1.08 0.62 1.85
M-3 0.79 047 1.18 0.70 1.80 0.76 0.44 1.12 0.65 1.84

27ZDKH95 - - 095 057 1.88 0.65 0.40 0.89 0.53 1.92

277H85 - - 085 057 1.88 0.69 0.41 0.93 0.55 1.92
272H100 - - 1.00 0.60 1.88 0.70 0.42 0.96 0.57 1.91

M-0H - — 1.03 0.62 1.86 0.72 0.43 0.9 0.59 1.91

0.27 M-1H - - 1.09 065 1.88 0.74 0.44 1.03 0.61 1.90
(0.106 ) 27ZH110 - -  1.10 0.66 1.88 0.74 0.44 1.03 0.61 1.90
272120 - - 120 0.72 1.80 0.79 047 1.15 0.67 1.85

M=3 0.83 049 1.21 0.72 1.80 0.80 0.47 1.17 0.68 1.85

M-4 0.89 0.53 1.27 0.76 1.80 0.83 0.48 1.22 0.70 1.84

272130 - - 1.30 0.78 1.80 0.33 0.49 1.23 0.71 1.84
30ZH100 - - 1.00 0.60 1.88 0.73 0.44 0.98 0.58 1.92
30ZH105  M-OH - - 1.05 0.63 1.88 0.74 0.44 1.01 0.60 1.91
30ZH110 - - 1.10 0.66 1.88 0.76 0.45 1.05 0.62 1.90

M-1H — - 1.11 0.66 1.88 0.77 0.46 1.06 0.63 1.90

M-2H - - 1.17 0.70 1.88 0.81 0.49 1.12 0.67 1.90

0.30 30Z2H120 - - 1.20 0.72 1.88 081049 1.12 0.66 1.90
(0.0118)30Z120 - - 1.20 0.72 1.80 0.820.49 1.17 0.69 1.85
M-3 0.85 0.50 1.230.74 1.80 0.83 0.49 1.19 0.70 1.85

302130 - - 1.30 0.78 1.80 0.86 0.51 1.25 0.73 1.84

M4 0.90 0.54 1.32 0.79 1.80 0.86 0.51 1.24 0.73 1.84

M-5 0.97 0.58 1.39 0.83 1.80 090 0.54 129 0.76 1.83

30Z140 - - 140 0.84 1.80 © 090 0.54 1.33 0.77 1.83
35ZH115 - - 1.15 0.69 1.88 0.86 0.52 1.14 0.68 1.93

M-1H - - 1.16 0.69 1.88 0.87 053 1.15 069 ~ 1.93

M-2H - - 1.22 0.72 1.88 090 0.54 1.19 0.73 1.92

3@1125 - - 1.25 0.75 1.88 0.91 0.55 1.21 0.73 1.92

0.35 M-3H - - 1.28 0.76 1.88 0.93 0.56 124 0.75 1.92
35ZH135 C - - 1.35 0.81 1.88 0.95 0.57 1.27 0.77 1.91

(0.0138 ) 3582135 - - 1.35 0.81 ‘ 1.80 094 0.56 1.33 0.79 1.84
M-5 1.01 0.60 1.45 0.87 1.80 0.96 0.57 1.35 0.80 1.84

352145 - - 1.45 0.87 1.80 0.98 0.59 1.39 0.82 1.84

352155 - - 1.65 0.93 1.80 1.01 0.60 1.46 0.86 1.83

M-6 111 066 1.57 0.94 1.80 1.01 0.60 1.46 0.86 1.83



®S|ZE and From Tolerances

Thicknness | Thicknness Deviation in | Width Permissible Camber Per
Width ~ Thicknness  Tolerance Crosswise Direction Tolerance 2 Meters of Length
mm (in.) mm (in.) mm (mil) mm (mil) mm (in.)  mm (in.)
+0.02 +0.2
0.23(0.009)
150(6) or under (t0.8) 0.02(0.8) or under (+0.006)
+0.03 0
0.27(0.0105) (£0.8)
+0.02 +0.3
0.23(0.009)  (£0.8) 0.02(0.8) or under (+0.012)
ver 150(6) to
100(16) incl. 10.03 0

0.27(0.0106)  (+1.2) 1.0(0.04) or under

=2, +0.5
pver 400(16) to
750(30) incl. 0.23(0.009)  (*0.8) 0.03(1.2) or under (+0.020)
+0.03 0
0.27(0.0106) = (£1.2)
10.02
0.23(0.009)  (%0.8) +0.6
over 750(30) +0.03 0.03(1.2) or under (+0.024)
0.27(0.0106) ~ (+1.2) ' 0

TYPICAL ELECTRICAL AND MAGNETIC PROPERTIES

Core loss
Thickness Assumed Resistivity =~ Watt per kilogram Watt per pound Induction
mm Grade  Density Q-m 50Hz 60Hz 50Hz 60Hz T
(in.) kg/cm2 x 10%) 1.5T 17T 1.5T .77 15T 17T 1.5T 1.7T 800 Alm 2500 A/m
0.23(0.009) 23ZDKHS0 7.65 50 0.60 0.83 0.79 1.08 1.08 0.27 0.38 0.36 1.91 1.95

0.27(0.0106) 27ZDKHS5 48 0.66 0.89 0.88 1.16 0.30 0.40 0.40 0.53 1.92 1.96

o =0
N



EYPICAL MEGCHANICAL PROPERTIES AND LAMINATION FACTORS

Tensile Strength Yield Point Elongation Bending
Grade  Nmm' w10’ Nmm' om0’ % Fardness  TeatValue Lamination |
[x107] [x107 HV [1] Factor
L C L C L C L C L. C L C %
23ZDKHSO 363 412 53 60 353 373 51 54 8 28 189 15 8 97.5
27ZDKH95 353 412 51 60 343 373 50 54 9 32 182 19 11 98.0
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TR 10 Tuaw 2541
MU KMITL (~ 13.3 °N)

YUIA 55 W x 2 3D e 25°

1301 8.00 4.
f0u R V(v) 1(A) ey R vV (v) 1(A)
1 28 18.37 0.5 26 24 5.3 2.1
2 24 18.24 0.6 77 22 49 Zi
3 20 18.1 0.7 28 2 45 21
4 18 17.7 0.8 29 18 4.2 2.1
5 16 17.7 0.95 30 1.6 3.8 2.15
6 14 17.4 1.0 31 1.4 3.3 2.15
7 12 17.2 1.2 32 12 2.9 2.15
8 10 16.5 1.3 33 1 2.5 2.15
9 9 16.2 1.4 34 0.8 y 2.15
10 8 15,9 1.4 35 0.6 1.7 2.2
11 7 15.3 1.6 36 0.4 12 29
12 6 14.4 1.6 37 0.2 0.8 225
13 5 13.3 1.65
14 4.8 13.3 1.7
15 4.6 13.0 1.75
16 44 12.9 1.8
17 4.2 12.8 1.8
18 4 12.5 1.8
19 3.8 7.6 1.9
20 3.6 7.1 1.9
21 3.4 6.8 1.9
2 3.2 6.5 1.95
23 3 6.2 2.0
24 2.8 6.0 2.0
25 2.6 5.7 2.1




Ju# 10 TURAY 2541
@MU KMITL (& 13.3 °N)

YUIA 55 W x 2 3B 25°

1301 8.30 U.
ey R vV (V) 1(A) fau R vV (v) 1(A)
1 28 16.1 0.5 26 2.4 43 1.8
2 24 15.5 0.5 27 2.2 4.1 1.8
3 20 14.8 0.6 28 2 39 1.85
4 18 14.0 0.65 29, 1.8 3.8 1.95
5 16 13.3 0.7 30 1.6 35 2.0
6 14 12.5 0.75 31 1.4 3.1 2.0
7 12 11.5 0.8 32 162 2.8 2.1
8 10 10.3 0.8 33 1 2.4 2.1
9 9 9.8 0.8 34 0.8 2.1 2.1
10 8 9.3 0.8 35 0.6 o 2.2
11 7 8.8 0.9 36 0.4 1.3 2.25
13 6 ) 0.95 37 02 0.8 2.4
13 5 78 1.0
14 48 8.4 1.1
15 4.6 8.8 1.2
16 4.4 9 13
17 4.2 9.4 1.35
18 4 9.5 1.4
19 3.8 .7 1.5
20 3.6 5.6 1.5
21 3.4 55 1.6
22 3.2 5.2 1.6
23 3 5.0 1.65
24 2.8 4.8 1.7
25 2.6 45 1.7




Juf 10 FUaN 2541

AMNUS KMITL (= 13.3 °N)

YA 55 W x 2 Jades 25°

1381 %.00 .

HAu R V (v) 1(A) ARl R V(vils) | I(A)
1 28 17.9 0.5 26 2.4 10.8 43
3 24 17.8 0.65 27 2.9 10.0 43
3 20 17.7 0.7 28 2 9.1 4.4
4 18 17.6 0.7 29 1.8 8.5 4.4
5 16 17.6 0.9 30 1.6 7.6 4.4
6 14 17.5 1.0 31 1.4 6.8 4.4
7 12 17.4 2 32 =2 58 45
8 10 17.2 13 33 1 4.9 45
9 9 17.1 1.4 34 0.8 42 45
10 8 17.0 1.6 35 0.6 3.3 45
11 7 16.5 1.7 36 0.4 2.4 45
12 6 16.1 1.9 37 0.2 1.5 45
13 5 15.9 2.0
14 4.8 15.9 2l
15 4.6 15.9 2.1
16 4.4 15.8 2
17 4.2 15.8 2.3
18 4 15.8 2.3
19 3.8 14.0 3.6
20 3.6 13.8 3.7
21 34 13.4 3.9
22 3.2 13.0 4.0
23 3 12.5 4.4
24 28 12.1 4.2
25 2.6 11.5 43




U 10 TuIRL 2541

St KMITL (& 13.3 °N)

YA 55 W x 2 4des 25°

1381 10.00 .
fau R V(v) 1(A) Ay R V (V) 1(A)
1 28 17.7 0.6 26 2.4 11.7 4.7
2 24 17.6 0.65 27 2.2 11.0 4.8
3 20 17.6 0.77 28 2 11.1 4.9
4 18 17.5 0.85 29 1.8 9.4 5.0
5 16 17.4 0.95 30 1.6 8.6 5.0
6 14 17.3 3} 31 1.4 7.6 5.1
7 12 17.2 13 32 1.2 6.6 5.1
R 10 17.16 1.4 33 1 5.6 52
9 9 17.07 1.4 34 0.8 4.7 5.2
10 8 16.9 1.5 35 0.6 3.8 5.2
11 7 16.8 Ay 36 0.4 2.7 5.2
12 6 16.7 1.9 37 0.2 ¥ 5.2
13 5 16.5 D
14 4.8 16.4 2.1
15 4.6 16.4 22
16 4.4 16.3 2.3
17 4.2 16.3 2.4
18 4 16.2 2.4
19 3.8 14.3 3.7
20 3.6 14.1 3.8
21 3.4 13.8 4.0
o) 3.2 13.5 4.2
23 3 13.1 4.4
24 2.8 8.1 45
25 2.6 122 45




JUR 10 TU1AN 2541

FMUT KMITL (R 13.3 °N)

YLIA 55 W x 2 Do 25°

1381 16.30 4.

A R vV (v) 1(A) Hau R V (V) I(A)
1 28 17.4 0.5 26 2.4 12.0 49
2 24 17.3 0.6 27 2.2 11.4 5.0
3 20 17.3 0.7 28 2 10.6 5.1
4 18 17.2 0.8 29 1.8 9.9 5.2
5 16 17.1 0.9 30 1.6 9.0 5.2
6 14 17.0 2 31 1.4 8.0 5.3
7 12 16.9 2 32 1.2 6.9 5.4
8 10 16.9 2 33 1 5.8 5.4
9 9 16.7 2.1 34 0.8 5.0 5.4
10 8 16.6 2.1 35 0.6 4.0 5.4
11 7 16.5 2.1 36 0.4 2.5 5.4
12 6 16.3 2.1 37 0.2 1R 5.4
13 5 16.2 2.2
14 4.8 16.1 )

15 4.6 16.1 22
16 4.4 16.0 2.3
17 42 15.9 2.3
18 4 15.8 2.3
19 3.8 14.3 3.4
20 3.6 14.1 3.7
21 3.4 13.9 4.0
22 3.2 13.5 42
23 3 13.3 43
24 2.8 13.0 4.5
25 2.6 12.5 4.7




JUN 10 T8 2541

U KMITL (=~ 13.3 °N)

YUIA 55 W x 2 3dee 25°

1381 11.00 3.
fAaw R V(v) 1(A) M R V (V) 1(A4.9)
1 28 17.5 0.5 26 2.4 12.3 5.1
2 24 17.4 0.6 27 22 11.8 53
3 20 17.3 0.7 28 2 11.1 5.4
4 18 17.3 0.8 29 ™ 10.4 5.5
5 16 17.2 0.9 30 1.6 9.6 5.6
6 14 17.0 1.0 31 14 8.6 5.7
7 12 17.0 ¢ 32 1.2 A 5.7
8 10 16.9 1.3 33 1 6.3 55
9 9 16.8 1.4 34 0.8 5.4 5.7
10 8 16.7 1.5 35 0.6 43 5.7
11 7 16.4 1.7 36 0.4 3.2 5.7
12 6 16.4 1.9 37 0.2 2.0 5.8
13 5 16.2 2.0
14 4.8 16.1 2.1
15 4.6 16.0 b
16 4.4 16.0 2.2
17 4.2 15.9 2.3
18 4 15.9 2.3
19 3.8 14.3 3.2
20 3.6 14.1 35
21 3.4 13.9 3.9
22 3.2 13.6 4.2
23 3 13.3 44
24 2.8 13.2 4.5
25 2.6 12.8 4.7




JUR 10 TUIAN 2541

S KMITL (= 13.3 °N)

YUIA 55 W x 2 Jadeg 25°

381 11.30 U.

Rl R vV (V) 1(A) ARl R vV (v) 1(A)
1 28 17.4 0.5 26 2.4 12.0 48
2 24 17.3 0.6 27 22 11.5 5.0
3 20 17.2 0.7 28 2 10.8 5.2
4 18 17.1 0.9 29 1.8 10.8 5.2
5 16 17.1 0.9 30 1.6 9.0 5.2
6 14 17.0 0.9 31 1.4 8.0 5.2
7 12 17.0 1.1 32 1.2 6.8 5.2
8 10 16.8 13 33 1 5.8 5.2
9 9 16.7 1.4 34 0.8 5.0 5.2
10 8 16.6 1.5 35 0.6 4.1 5.3
11 7 16.5 1.7 36 0.4 3.1 5.4
12 6 16.3 1.8 37 0.2 1.9 5.4
13 5 16.2 2.0
14 4.8 16.1 2.1
15 4.6 16.1 22
16 4.4 16.1 2.2
17 42 16.0 2.3
18 4 16.0 2.3
19 3.8 142 33

20 3.6 14.0 3.5
21 3.4 13.9 4.0
22 3.2 13.7 4.1
23 3 13.3 43
24 2.8 13.0 43
25 2.6 12.6 4.6




Juf 10 TU1AN 2541

AsHe KMITL (& 13.3 °N)

YUIA 55 W x 2 JuID o 25°

1301 12.00 1.
Hau R vV (v) 1(A) Rl R V (V) 1(A)
1 28 17.2 0.6 26 2.4 11.2 4.8
2 24 17.1 0.6 27 2.2 10.4 4.9
3 20 17.0 0.7 28 2 9.8 5.0
4 18 17.0 0.8 29 1.8 8.9 5.1
5 16 16.9 0.9 30 1.6 8.0 5.1
6 14 16.9 1.0 31 1.4 6.9 5.1
7 12 16.7 1.1 32 1.2 59 5.1
8 10 16.6 13 33 1 5.1 5.2
9 9 16.5 1.4 34 0.8 4.1 5.2
10 8 16.4 1.5 35 0.6 3.0 5.2
11 7 16.3 i8Y, 36 0.4 1.9 5.2
12 6 16.1 1.8
13 5 15.9 2.0
14 4.8 15.9 2.0
15 4.6 15.8 2.1
16 44 15.8 2.2
17 4.2 15.8 2.2
18 4 15.7 2.3
19 3.8 14.0 3.6
20 3.6 13.8 3.8
21 3.4 13.6 4.0
22 3.2 13.3 42
23 3 12.7 43
24 2.8 12.3 45
25 2.6 11.8 4.7




Juf 10 TUAN 2541

AU KMITL (= 13.3 °N)

YUIA 55 W x 2 JNIBE3 25°

a1 12.30 W.

GRS R vV (V) 1(A) Al R V) 1(A)
1 28 17.4 0.6 26 24 112 44
2 24 17.4 0.7 1) 22 10.4 45
3 20 17.3 0.7 28 2 9.6 4.5
4 18 172 0.8 29 1.8 8.9 4.6
5 16 17.2 0.9 30 1.6 8.1 4.6
6 14 17.1 1.0 31 1.4 W 4.6
7 12 17.0 1.2 32 12 6.3 46
8 10 17.0 13 33 | 54 4.7
9 9 16.9 1.4 34 0.8 4.6 4.7
10 8 16.7 ) 4 35 0.6 3.6 4.7
11 7 16.4 L7 36 0.4 2.7 4.7
12 6 16.3 1.8 37 0.2 1.8 4.7
13 5 16.1 2.0
14 4.8 16.0 94
15 4.6 16.0 2.1
16 4.4 15.9 22
17 42 15.8 2.2
18 4 15.7 2.3
19 3.8 13.7 3.5
20 3.6 13.3 3.6
21 3.4 12.8 3.7
32 3.2 12.6 3.8
23 3 12.2 4.0
24 2.8 12.2 4.2
25 2.6 11.8 43




JUT 10 TUAWN 2541

FuHUs KMITL (&~ 13.3 °N)

ULIA 55 W x 2 3udes 25°

1381 13.60 U.

Hau R V() 1(A) RIS R V (V) 1(A)
1 28 17.5 0.6 26 2.4 11.2 44
2 24 175 0.7 2% 2.2 10.2 4.4
3 20 17.4 0.7 28 2 9.5 44
4 18 17.3 0.8 29 1.8 8.9 4.5
5 16 17.3 0.9 30 1.6 8.1 4.5
6 14 17.2 1.0 31 1.4 0\ 4.5
7 12 17.1 1.2 32 1.2 6.2 4.5
8 10 16.9 1.3 33 1 55 4.5
9 9 16.7 1.4 34 0.8 4.4 4.5
10 8 16.6 B L1 0.6 e 4.5
11 7 16.5 1.6 36 0.4 2.8 4.5
12 6 16.3 1.8 37 0.2 147 4.6
13 5 16.1 2.0
14 4.3 16.1 2.1
15 4.6 16.0 2.2
16 4.4 16.1 2.2
17 42 159 2.3
18 4 15.8 2.4
19 3.8 14.1 3.6

20 3.6 13.8 3.7
21 34 13.5 3.8
27 3.2 13.2 4.0
23 3 12.8 4.1
24 2.8 12.3 4.2
25 2.6 11.8 43




JUH 10 FUIAW 2541

St KMITL (& 13.3 °N)

VUIA 55 W x 2 3B 99 25°

1381 13.30 U.

ALY R V() 1(A) ey R v (v) 1(A)
1 28 17.1 0.5 26 2.4 11.1 4.4
2 24 17.1 0.6 27 2.2 10.3 45
3 20 17.0 0.7 28 2 9.4 45
4 18 17.1 0.8 29 1.8 8.7 45
5 16 17.1 0.9 30 1.6 7.8 45
6 14 17.0 1.0 31 1.4 6.9 45
7 12 17.0 1.1 32 1.2 6.0 45
8 10 16.9 1.3 33 1 5.1 45
9 9 16.9 1.4 34 0.8 43 45
10 8 16.9 1.5 35 0.6 3.5 45
11 7 16.7 1.7 36 0.4 55 45
12 6 16.4 1.8 37 0.2 1.6 45
13 5 16.2 2.1
14 4.8 16.1 2.1
15 4.6 16.1 2.2
16 4.4 16.1 2.2
17 42 16.0 2.3
18 4 16.0 2.3
19 3.8 14.2 3.6
20 3.6 13.9 3.7
21 3.4 13.6 3.9
22 3.2 13.2 4.0
23 3 12.8 4.2

24 2.8 12.4 4.2
25 2.6 11.8 4.3




JUR 10 TUAY 2541
e KMITL (~ 13.3 °N)

YUIA 55 W x 2 11084 25°

(381 14.00 .
AU R V() 1(A) GRIGHT R V() 1(A)

1 28 17.6 0.5 26 2.4 11.8 4.6
2 24 17.5 0.6 27 22 1.1 4.7
3 20 175 0.7 28 2 10.3 4.8
4 18 17.4 0.8 29 1.8 9.5 4.8
5 16 173 |08 30 1.6 8.5 4.8
6 14 17.1 1.0 31 1.4 7.4 4.8
7 12 17 1.1 32 1.2 6.4 4.8
8 10 16.8 13 33 1 5.5 48
9 9 16,7 1.4 34 0.8 47 438
10 8 16.6 15 35 0.6 3.7 48
11 7 \\ “16s P8 36 0.4 2.8 48
12 6 o R 37 0.2 1.8 4.8
13 5 16 2.0

14 438 16 2.0

15 4.6 15.9 2.1

16 4.4 15.8 2.1

17 42 15.7 22

18 4 15.7 22

19 3.8 13.9 3.5

20 3.6 13.5 3.6

21 3.4 13.5 3.9

22 32 13.5 4.1

23 3 13.1 4.2

24 2.8 12.8 43

25 2.6 124 | 45




o

U

AU KMITL (~ 13.3 °N)

YU 55 W x 2 Y1984 25°

110 TUNAY 2541

1721 14.30 .

RSl R vV (v) 1(A) 419U R vV (v) 1(A)
1 28 16.4 0.5 26 2.4 3.9 1.5
2 24 16.2 0.6 27 ) 3.5 1.5
3 20 16.0 0.7 28 2 3.2 1.5
4 18 15.9 0.8 ' 29 1.8 3 1.5
5 16 15.7 0.8 30 1.6 2.7 1.5
6 14 152 0.9 31 1.4 2.6 1.5
7 12 15.1 1 32 =) AN/ 1.5
8 10 14.7 1.1 33 1 1.4 1.5
9 9 144 ) 34 0.8 1.1 1.5
10 8 14.0 1.3 35 0.6 0.8 1.5
11 7 13.3 1.4 36 0.4 0.5 1.5
12 6 12.5 1.4
13 5 114 1.5
14 4.8 11.3 1.5
15 4.6 11.0 )

16 4.4 10.7 1.5
17 4.2 104 1.5
18 4 10.1 1.5
19 3.8 5.8 1.5
20 3.6 5.5 1.5
21 34 5.2 1.5
22 3.2, 49 1.5
23 3 4.6 1.5
24 2.8 44 1.5
25 2.6 4.1 1.5




U 10 TUNAY 2541
@MU KMITL (~ 133 °N)

YUIA 55 W x 2 YD 25°

1381 15.00 4.
aeu R V(W) 1(A) aau R V) 1(A)

1 28 16.8 0.5 26 2.4 3.6 1.4
2 24 16.6 0.6 27 2.2 3.2 1.4
3 20 16.4 0.7 28 2 2.5 1.4
4 18 16.3 0.8 29 1.8 2.7 1.4
5 16 16.3 0.8 30 1.6 2.4 1.4
6 14 15.8 0.9 31 1.4 2.1 1.4
1 12 15.5 ] 32 1.2 1.8 1.4
8 10 14.9 1.1 33 1 1.5 1.4
9 9 14.5 1.2 34 0.8 13 1.4
10 8 14.1 1.3 35 0.6 1 1.4
11 7 13.3 1.4 36 0.4 0.8 1.4
12 6 12.4 1.4 37 0.2 0.5 1.4
13 5 11.2 1.4

14 48 11 1.4

15 4.6 10.8 1.4

16 4.4 10.5 1.4

17 42 10.2 1.4

18 4 9.8 1.4

19 3.8 5.6 1.4

20 3.6 53 1.4

21 3.4 5 1.4

22 32 4.6 1.4

23 3 43 1.4

24 2.8 4.1 1.4

25 2.6 3.8 1.4




U 10 TUAY 2541
ANUI KMITL (~13.3 °N)

YUIA 55 W x 2 YD ed 25°

301 15.30 «.

GRIM] R V() 1(A) aay R V (v) 1(A)
1 28 16.2 0.5 26 2.4 2.2 0.9
g 24 15.9 0.5 27 2.2 2.0 0.9
3 20 15.4 0.6 28 2 1.8 0.9
4 18 149 0.6 29 1.8 1.7 0.9
5 16 144 0.7 30 1.6 1.5 0.9
6 14 13.6 0.7 3] 1.4 1.3 0.9
7 12 12.5 0.8 32 =2 1.1 0.9
8 10 1A 0.8 33 1 1.0 0.9
9 9 10.3 0.8 34 0.8 0.8 0.9
10 8 9.5 0.8 35 0.6 0.7 0.9
11 7 8.6 0.8 36 0.4 0.5 0.9
12 6 7.8 0.8 37 0.2 0.3 0.9
13 5 6.9 0.8
14 4.8 6.8 0.8
15 4.6 6.6 0.8
16 4.4 6.4 0.8
17 4.2 6.2 0.8
18 4 6.0 0.8
19 3.8 3.4 0.8
20 3.6 3.2 0.8
21 3.4 3.1 0.8
22 3.2 2.9 0.8
23 3 2.7 0.8
24 2.8 2.5 0.9
25 2.6 2.4 0.9




PAA1591999

o = a = o a o o
INFUANA  FIUAINBAT, “110 Tassnuled,” dnind RunAAndiFuwasy | 55- 67,2520
~

]
0w

o A a a o o as
AUNT “ﬁ?@%‘]ﬁ!ﬂ'\ﬂ@%ﬁﬂﬂﬁ'm,” UTEHN %Q@ﬂﬂm‘ﬁu INA , 44 - 46, 2538

as b
o/ o

1 a o a s oy
Sﬂl ﬁﬁﬂ"l‘ulﬂ‘}! “ANTRONLUUITULNAITIN,” UITHN ‘?f!'é]ﬂf_j!ﬂ‘!fu 2109, 47 —68,

=
=
g

2521

a = w 1
. UTEN Eliﬂf’)ﬂglﬂ‘]fu 31NA , “AND ﬂ'15Wuﬁﬂ'ﬂ!!ﬂﬂﬁ!!'ﬁuMmﬂﬂi ” 1-17,2525

a n [ a o a a J o s ~
U340 TneT ﬂ1ﬂﬂi‘ﬂ‘§]1‘i‘l§‘u “ﬂﬁﬂmi16151mvmw1ﬂmumwammaammEJ,”my%‘n

"i‘waTcnmﬂaiﬁmwu 1—19, 2530

J a Q o w
BIYIL,” VIEN %iﬂﬂgn%"' 910A, 18 — 20, 2538
a v Bl &
. z:f:umfu3?{2ﬂﬁuﬁmummﬂizmﬁ%ﬂ Tymszusyngons, < ihuazgamunssy,”

=1

dnmalulag U@ $109, 64

B
|
N
[&)
180
N
I
=



szma

a A

AN TTN

Nz Teanl

1

1

n

vA3ath

At

af

15 HuAw 2542





