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Solar energy is one of the alternative energy for the wideiy use fossil energy and solar-
cell which change the solar cnergy to electrical current directly ig one of the promising media.

A solar-cell panel must get the light ray perpendiculared to itself in order to get a
maximum efficiency. Solar seeker is a control equipment for this purpose. D.C. motor and two
gearboxes are used in the seeker in order to control rotate dimction; both in East-West and North-

South direction. Electric power from the solar-cell panel is used o charge six-Ni batteries and

enough power to the D.C. motors. Some restriction in the mechanic .system need further improve.
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13:00 | 11.67 | 10.51 |144.00 | 11.88 | 10.65 | 160.90 | 11.90 | 10.63 | 154.00
13:30 | 12.03 | 10.58 |142.50 | 12.10 | 10.40 |162.50 | 12.14 | 10.78 | 169.00
1400 | 1173 | 1084 | 173.00| 12.07 | 1085 | 174.00 | 12.11 | 1086 | 174.00
1430 { 1170 | 1046 | 164.00 | 12.10 | 10.88 | 192.60 | 12.20 | 1b.83 | 190.60
15:00 | 1120 | 1024 | 10800 | 1175 | 1050 | 174.00 | 11.87 | 1b:36 | 149.10
15:30 | 11.55 | 10.19 {120.00 | 11.58 | 1072 | 182.50 | 12.13 | 10.74 | 183.50
16:00 | 10.56 | 9.74 | 47.60 | 11.49 | 10.67 | 181.80} 11.55 | 10.60 [178.10
16:30 | 10.07 | 10.05 | 23.80 | 12.13 | 10.38 | 148.00 | 12.37 | 10.73 | 145.80
17:00 | 920 | 854 | 0.90 | 11.14 | 1033 | 93.50 | 12.07 | [0.47 | 122.50
fmde | 1178 | 1051 | 99.87 | 12.17 | 1079 | 14970 ] 12.26 io.73' 138.63
"
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TIME | NO-LOAD ON-LOAD POWER
v v mA W)
08:00 | 10.60 954 | 60.60 0.58
0830 | 1153 959 | s55.80 0.54
09:00 | 11.65 1005 | 135.60 136
09:30 | 11.80 1010 | 120.90 1.22
10000 | 1184 | 1015 | ‘13060 133
10:30 | 11.90 087 | 6620 0.65
11:00 | 1206 1036 | 12070 | 125
11:30 | 11.98 11.02 | 15320 1.69
12:00 | 12.55 1.07 | 18670 | 207
12:30 |  11.69 10.67 151.30 1.61
13:00 | 1158 1085 | 152.60 1.66
1330 | 1163 1081 | 174.50 1.89
14:00 | 11.37 10.66 | 136.30 1.45
1430 | 1133 1076 | 135.10 145
1500 | 1059 1019 | 77.50 0.79
1530 |  10.68 995 | 62.50 0.62
16:00 | 1075 869 | 60.50 0.53
1630 | 1055 759 | 3550 0.42
17200 | 1025 | 852 | 5040 0.43

ﬂ'lﬁ'lsi?l 2 uﬂﬂﬂﬂ]id]ﬂiﬂaﬂ!ﬁi)lmﬂl‘%ﬁﬁl"laﬂﬂ'lilﬂ'lsi
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RCA No. ol Phase Oftset Volispe Min. | Max. V| Opoulmg Tompoutur-
Type No. Ampl. | Comp. Null AgrL| lmVi Rangs (°C)
¢ | CA1458 dual int, no 20k [ 0to +70*
[ CA1558 dual 1, ho 50k 5 -5510 4125
CA741C | single int. LY o |20k 6 010 +70%
CA741 single int, yes 50% 5 -56510 4125
CA747C dual i, yes® 20% 6 010 +70*
CA747 dual int, yes? 650k 5 ~55 104125
CA748C | single ext. yes 20k 6 bio470*
CA748 single ext. yes 50k 5 —£5104125

®in 1the 14 tead dual-in-line plastic package on y.

AAll types 1n any package style can be operatt d over the tempeiature range of -
although the published limits for certain elecirical specihications apply only over the tempera-

.55 10, +125°C,

ture range of 0 10 +70°C.

PACKAGE TYPE AND SUFFIX LETTER
TYPE NO. TO-5 PLASTIC | CHIP |[BEAM-| FIG.NO.
STYLE LEAD
‘ L 1oL | DIL- | 8L 14L
CAN
CA1458 T s E H ] 1dan
*{ CA1558 T s E 1d, 1h
CA741C T S E H : 18, 1o
" CA741 T' S E L ‘a, 18
CAT747C T | € H i 1b. 1
CA747 T . E : 1b, Ul
CAT748C T s E H . 1c, 1g
: CA748 T g E ic, 1g




NOIL Pos €13 COSACIW TO

casg
.

BEZ06

1a.—CA741CS.CA741CT,CA741S, &

CAZ41T with internal phase’

compensation,
0P Vigw
FRASE
COWPLHSATION 180

oresCY
MULL

"y,
Tyt

HOTE: PIN 418 CONNLCTLD TO CASE

BE708

1e.—CA748CS, CA748CT.CA748S,
and CA748T with external
phase compensation.

(;"stl' Wou (H— —@® *
m":z: i -(D v
"ones O ovrrvt
v- @ o.:"nsln
¢ VLW
BE710.

16.-CA741C and CAT41E with
" intornal phase compensslion.

FUASt cos? ‘ 0
Vorser O —® hust
L '
wv i
tnruy N -z'_v".:\ Y e
NON -INY &) ®
o-lu-ﬂ;\;u—’ > ourrUT
o SHS
Tor vitw ’
BE712

1p.-CAT48CE 8nd CA74BE with
exiernal phase compen-
salion. .

e trar

e menar

"y (B

BE707

1b.~CA247CT and CA247T with
internal phase compensation.

<

i
T0r WY

v
Ll
o ourrutia)

WrUTs) J8) ouTRUT 8]
v
AL

1 BE709

1d.~-CA14585,CA1458T,CA1558S,
and CA1558T and internal
phase compensation.

1 : .
11.-CA747CE 8nd CAT47E with
internal phase compensation.

"V v w
v - orrset
[La¥IEtY b ML)
M- wev )
e \2 —@V“"
orrsey oVt
LN (T3]
v @__ ._@ oC
s . 5 RS R R £ OUTIPUT i
uu.un@.‘"“ v ) e
O - IV *
st tat —'_‘"> '—® vetn
. .
"y ), . orrsee
mvun(; T AV wacin
rb BE711

—_ ]
outrut a1 (D— ! —® v*
my .
. Ut (A Ol
ra® [ I .
HON » <INV
mru??h@‘- : b 2 "'@ nrUY (B)
1
N
v @-’: —® :?S:‘ul'(‘a)
; ToP VIEW
BE713

1h.-CA1458E and CA1550E with
internal phase compensation.



N LIMITS \
. TEST CONITIONS TeAInIC
~ Supply Volispe. cAraCt
CHARACTERISTIC Vvi=1b Y, - CAT4DC UNITS
N [VERR TRV Ambien} CA1A58°
Temparsture, T ! 2
- . - “Min, Typ. ¥ Man.
.
- - 6
Input Offset Voltage, Ry~ <10 1 » (E 2 - mv
. vig 01070 C o - - 4|15
. * + -
Input Ottact Conient, »C z pid 200 nA
Lo 0t 20°C - - ]300
—— g g
fnput Bras Current, - 2%°C - 80 500 A
hp 010 70°C - -, |avo
Ingnn Registonce, By 03 2 i 531
Open Loop Ditfesernal | R 2 2581 25 '_C 20,000 | 200,000 ~
Vollage Gan, Ag | Vo 110V 01070°C 15000 - |-
Common Mode Input 25°C 12 “3' ~ N
Vohage Range, Vicqn L .
. [T SRR DS S S o ¥ vbe
Cummun Mude .
S10R{? 5 - (1]
Rejection Hato, CMAA Rgx10 NG n %0
Suppty-Vollage ISR . ot ‘ '
H - !
Rejecrion Ratro, PSRR Rs < 101 23°C ) 30, {180 wviv
é . R, 21045 3%°C 02 | na |-
i phat Volis ing,
———— 5°C w0 | 13 |- |V
oPp A 22k02 .
. 01070 C 210 113 -
Sunply Current, 1! 25°C - 17 |28 ] mA
Dewice Dinsipation, Py »°c - 50° |85 | mW
TEST CGDITIONS umirs’
R i SRR I PN Y
W % cATAY"
CHARACTERISTIC V== -}V cAT48 UNITS
Ambient CA1558°
Temperature, Ta | pan Typ. NMax.
.
Input Offser Voltage, Vi Rg = < kfl 25.HG | : 9 mv
~5510 4125 °C - W 6
25°C - 20 | 200
Inpot Olfses Cutrent, 10 -55°C - 85, | 500 nA
125°C - 7 200
25°C -,| 80" | s00
Input Bias Current, lig -55°C -t | 300" {isvo] na
125°C - 30 500
Input Ressstance, Ay 0.3 2 Y - MS1
Open Loop Dilferenteal RL 22.1) 25°C 50,000 | 200,000 -
Voltage Gan, Agy VortY [Leswn2s’c | 25000| - -
Common-Mude input §5 107135 °C 02 “'J- v
Voliage Range, Vicn B -
T
Common-Mode . . .
Rg € 103:1 |-5510112 70 - dB
Rejection Rano , CMAR 5 to1125°C 90‘ .
Supply Voltage Rg< 1081 |-55104125°C - 30 | 150 [pviv
Rejecvion Rauio, PSRA .
O
Output Voltage Ry 210371 |-55104125°C 112 14 - v
Swing. Vopp Ay >78 [-551001257C £10 | 113 -
25°C - 17 2.8
Supply Cuteem, IR .-55 °c - 2 3.3 mA
7L °C - 1.5 25
25°C - y | 85
Device Duniparion, Py -55°C - 6Q, 100 mw
1125°C - 45 75

® Values apply lor asth wcton of 1he Oual » muhitien

R TARN
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@ SEMICONDUCTOR e s

TECHNICAL DATA

QUAD LOW POWER OPERA'FIONAL AMILIFIERS

The LM124 Seties are low-cosl. quad opetational amplifiers
with true differential inputs. These have several ¢istincl advan.
tages over standard opeiational amplifiet lypes in single sopply
applications. The quac amplilier can opeiate i 5t aply voliages
s low as 3.0 Volis or as high as 32 Volts with auicscent currents
about one lifth of those associated wilh the MC1741 {on a per
amplilicr basis). The common mode input range inciudes the neg.

“ative supply. thereby eliminating the necessily for o fernaf bianing ™77

components ih many applications. The outpit voltige range also
includes the negative power supply voltage.
e Shorl Citevited Protected Outpuls

True Dillcrentiat Input Stage

. LM124, LM224,
- LM324, LM324A
- IM2902

QUAD DIFFERENTIAL
. INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOUITHIC
INTEGRATED CIRCUIT

J SUTFIX N SUFTIX
CERAMIC F‘I\C;(AGE PLASTIC PACKAGE
CASE 632 CASE 646

{tM224, LM324,
LM?902 Only)

Notmal antpul siates witl resstablish whan the input valiage telurn: 10 s voltage groater
then -0V,

.
e Single Supply Operation; 3.0 to 32 Volts
e Low Input Bias Currents: 100 nA Max {LMJ24A} Py
oY y 14 e PLASTIC PACKAGE
e Four Ampliliers et Package \ CASE 751A
e Internally Compensated i {SO 14)
M
® Common Mode Range Extends to Negative Suroly
e Indusiry Standard Pinouts 1IN CONNECTIONS
Ot [i{ﬂ - 13 04"‘
MAXIAUM RATINGS (1o = ¢ 26°C unless othorivide Aot see e R T . 2 R
LMI;:_ lnputs { Eh . ; 3 l thpts
N . LM224 ! G]¥ gl 4
Rating Symbol 1M324A LM2902 Unit o VEE.
> - ST - vee L‘ E GEnEd
Pawer Supply Voltapes Vde § =
Single Supply Vee 32 26 Inputs G} o] inputs
Split Supplies Vee. VeE 216 =13 2 i 3 3
Input Ditlerential Voltage Range (1) VIDR =32 =26 )1(_15__ (¢} [_’i Ol Qut
Input Cammon Mode Voltage Range VicR 0310372 | -031026 | Vdc 25 3
input Forward Cutrent (2) Tonr 50 A mA {Top Viewl
Vi< -03V)
Output Short Circuit Duration Is Coninuous ORDERING INFORMATION
Junction Temperature 1y c Device - Tempersture Range Pachage
Ceramic Package 175 I o " P
Plastic Feckeges 150 LM124) &S0 1 125C Cerarnic D!
(X N .14
Storage Tempersture Range Teip C KL 40ta 1 105 so‘
, Cetamic Packege LG5 p 4 150 LM2907N Piastic DIP
Plastic Packages -55'0 4125 LM2002) actio *85C Cerminic DIT
Opeeating Ambicnt Temperatuee TA " LM224D 50-14
Renge tm22e) - 2510 +85C Cermmic DIF
LM124 - 5510 4124 - e ——
LM224 S7510 48 - LM22aN Plastic 0
LM324 Qo 170 _ LMI24AD S0.14
LMI24A Oto ¢+ 70 - [MIZTAAN Plastic DIP
LM2502 — 2010 105 hpchol el
woree, IM224D Gl a70C 5014
{1) Split Power Supplies LMa24) Ceramic DIP
£2) This Input current will only exist when the voltage is negative sl 2oy of the input teads (M4 * Flastic DIP




LM124, LM224, LM324,A, LM23902
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* CIRCUIT DESCRIFTION
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o! cach consists of difterental inpnt dewees 020 and |
A8 w i onput butler teanuninrs 021 and «Q17 and
thee hizerennal 10 wngle ended conveudrr Q3 and 04
The hoat stage eiforms not only the first gtage gan
foactioy Imit at perdonme the tevrl slufting and trans
mndoe range tetlucion funchions By teducing the ans
conchre-ance a smallet compensation capacitor {onty 5 pl)
can he employed, thus saving chip arca AThg wvanseon
duetan.t reduction is accomphshed by splittipg the col
Irctons of Q20 and Q18 Another teature of this input
siage » that the input common mpde range can inchide
the nesatten supply ur ground, n single supply opcration,
werthou! u'umlmh rither the inpnt devices of the il
ferenn 4 1o sngle ended converies The second stage con
wds 0 a standard cuseent soree Inod amphihier stags

Euct amphlicr is biasad from an inteenal voltage reqs
1ator v hich has a low temperature coellicient thss grving
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MAXIMUM RATINGS

BC546, A, B
BC547, A, B, C
-BC548, A, B, C

Rating y Symbol {OC|DC|FC Unit |
546|547|548 A E17
Caliectot-Emitier Voltage veeo |65 48|z Vdc . C TS_OE 29*(;46 i;gkA 1
Coltector-Bnse Voliage vepo |60]50]:0 Vdc P -92 (, e !
: \
Emitler-Base Vollage VERO 6.0 Vdc b
Collector Cutront =~ Conlinuous Ic 100 - mhdn e - o
. | Cnlleﬂm
1otal Device Dissipation @ Ta = 25°C ro G625 W
Deotate abave 25°C 50 mw/C
Totot Device Dissipation @ 1¢ = 257C [¥¢) 1.5 Wall
Detate above 25°C ~ 12 mwW/~C aav
Operating and Storage Junction 1).Tstg |- 5510410 ~C
Tempetalure Range i : 3 Eritter
THERMAL CHARACTERISTICS
Charecteristic Symbol Max Unit AMPUFIEH TRANS'STQ“S
Th ' . » . L7 V :
ermel Aesistance, Junction to Ambicnt RaJA 200 CN NIN SILICON
Thermal Resistance, Junction to Case Rasc 8313 ‘Cw
" ]
ELECTRICAL CHAHACTEHISTICS {Ta = 25 C unless otherwise noted.) .
r Charscteristic 5o e 1 . Byrbol | l M l Typ Mex I Unlt J
OFF CHARACTERISTICS '
Collector-Emitier Breakdown Voliage BC546 V{BRICLO (33 .- - v
{ic = 1.0mA, Ig = 0) . 0Cs47 45 - -3
F nCS48 30 — -
Collector-Bnse Rreakdown Voltaga BCH46 ViBRcBo a0 by - v
{ic = 100 pAdc) BCs47 50 — —_
BC&48 kY = -
Emitter-Base Breakdown Voltage BC546 Viuneeo 6.0 - - v
(g = 10 puAIc = 0} BC547 6.0 - -
BC548 6.0 - T
Cottector Cutoff Cutrent Ices
(Veg » 70V, vge = O} BC546 - 0? 15 nA
(Vcg = 50 V. Vgg - 0) 8Cs47 - 0.2 15
Vg = 35V, Vgg = 0} BCH40 - 0.2 15
(Ve = 30V, Tp = 1257C) . DC546 547 548 — e 4.0 A
ON CHARACTERISTICS )
DC Cutrent Gain brg -
lic = 10 pA, Veg = 5.0 V) BC54BA SATABABA - 90 -
-* BC5460 54765480 - 150 —
BCS48C — 27? —_
{ic = 20 mA, Vg = 50V) ~# BC546 110 - 450
BCS47 10 —_ 800
BC548 110 — 800
\ BC546A 547A/548A 10, 18} 220
v BC5460 5478 5468 200 290 Tas0
BCH47C BCS48C 420 520 B0O
lic = 100mA, Vcg = 5.0V) BCSABASATABABA - 128 -
BC5468 5478'5480 — 1680 -_
BC540C - 300 —
Coltector-Emitier Saturation Voltage VCtisat) v
{ic = 10mA, Ig = 0.5 mA) - - 0.08 025
{Ic = 100 mA, Ig = 5.0 mA) - 0. 0.6
{ic = W0mA, Ig = See Note 1] , - 0.3 0.6
Base-Emitter Saturation Voltage VBE(sat) - 0.7 —_ v
(Ic = 10 mA, ig =« 0.5 mA}
Base-Emittes On Voltage VaElon) .. v
lic = 20 mA, Vg = 5.0V) 055 - 0.7
{ic = 10 mA, VCg =-50V) — — 0.77

NOTE 1:1g is value for whichic = 1T mA s Vg ~ 10V,



l

ELECTIICA! CHARACTERISTICS {cuntinued) T a

25 C ur s otheiwise noted )

BCS46, A, B, B547, A, B, C, BC540, A, B, (.I

s,mbnl-_l'*_mnt_” LL_Iyp | Mex | unir ]

Characteristic
e m o tm i e g - PRRPOROTRI Bttt Sty
SMALL-SIGNAL CHARACTERISHCS e
Curtent Gain Bandwitith Produa . L o M.
e WmA Vg bOV.T 100 Ml BUBSG ™ vewn Pt e e 10 300 -
Busa? R 200 -
BCHeY an0 300 -
Output Capacitaney Cobo - 1.7 45 pF
(Vey - OVig 0.1« 10Mia) - :
‘tnput Capacitance Lo - 10 - pF
(Vgy = 05V.lc - 0,1 10MID i
Small-Signal Curtent Gain : - hig —_
fic = 20mA, VCg + 50 V.1« 1.0\HZ) BCH46 125 - 500
. BCH47-548 125 - 900
BCS54GA’547 A'548A 125 220 ° 60
BCHAGH 5473 5988 240 330 500
BC54/CHaE 2 440 600 400
Noise Figure NF 46
¢ ~ 02'mA, Vcg = 50 V. Hg =~ Z hohms, BCY46 - 2.0 10
fe 1.OKI M = 200 H2) BC547 - 20 10
BC548 - 2.0 10

FIGURE 1 - NORMALIZED OC CUHRENT GAIN
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FIGURE 2 — "SATURATION" AND “ON" VOLTAGES

VT
] 4
tit o 1e N A4 4] _,hi
1] 1
ol LA7
¢ > Jj«/;‘/""
; | {
ei]- - . 1 :,_Af"_,ﬂ«}.ﬁ_.“_.
|4 44 o 8 05 o aut I RYTOPE R (IR LA
blz.:::zz_.-‘d o) R Y R S DN .
\
vif—1- J -1-11-1- - {4
(I N O O R 4 i
[ | B2 — -] —_— -
Y o ]
vl--1- of =t e L }

L]
L7 LI 91 usedt J0dw LX) 0N

3o LT 130 COSRENT "=hon)

A

%0 10 100

IGURE 4 — BASE EMITTER TEMPERATURE COEFFICIENT

$5°C o 12590
R R EE PR U PO R D PSS %
—1- -
b o fed =4 - | 14
L1
PO I R Y PO JE U - |—]
—]- —_t i ot
[P N U DU oW o _..?_.4‘::
L1
S ) U _‘_,,-’_" n
_.’4__./_'.’_':'?. e
i = 1414 [N U U U BN It 9
PN I 0 -l =144 O O e I B 3 B
v 02 14, 10 100
Ig COITECTOR CURRLLY imAl
]
1
f
\‘7



€ CAPArI®an(l rghe

spg, OC CURGEMT GAIN INDAMALILED)

VCE. COLLECTOR EMITTER VOLTAGE (VOLTS)

W

BC546, A, B, BC547, A, B, C, BC546, A, B, c

BCS54'/BC548 -

-
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fFIGURE 6 — (:UER[NT GAIN-BANDWIDTH PRODUCT
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DESCRIPTION TEMPERATURE RANGE ono::n CODE
Y ki
8-Pin Hermotic Cordip 010 +70°C NESS5FE
8-Pin Plastic SO 0 1o +70°C NE5S50
8-Pin Plastic DIP 010 +70°C NESS55N
8-Pin Plastic DIP -40°C 10 4+85°C SAS55N
8-Pin Plastic SO -40°C to 4 85°C SA5550
- 8-Pin Hermetic Cerdip -55°C lo +125°C SES55CHE
8.Pin Plastic DIP -55°C lo 4 125°C _SE555CN
14.Pin Plastic DIP ~55°C 1o 4 125°C SESSSH
8-Pin Hermstic Cordp -55°C lo +125°C sksssrE
14-Pin Ceramic DIP 010 +70°C | NESSSF
14.Pin Coramic DIP -55'C lo +125°C SES55F
14.Pin Cetamic DIP -55°C to #125°C S 555CF
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