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ABSTRACT

This thesis is concerned with photovoltaic simulator based on an analog
circuit for electrical characteristic amplification from photodiodes. This photovoltaic
simulator circuit is used for studying electrical characteristic of solar cell simulator
which emulates the real solar cell panel when insolation is changed values. The
experiment results are compared with the simulation results obtained from OrCAD
9.1 program package in order to confirm the correctness of the proposed solar cell
simulator. In addition,V-I and P-V electrical characteristic curves are plotted by using

digital storage oscilloscope.
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nMvRTanyaluguil 2.13 nszuamueninnveswaduasonfingasdudg
WignuUasmumusesfuvesaraduaeingasanusadouay nslasail

VIR,

I:Iph—ID:[ _1 e

ph sat

X

-1 (2.6)

b 1,, Ao Anszualnilnls
¥V, #® Thermal Voltage

I, A8 Anszuadusvedialon

luanmzdninasventaduasenfing (Short circuit condition) luguf 2.14
(@) ansaisummduRusvenssualnlglemeannis (2.7)

I Iy 7 @7)

mmmﬁwlwaﬁhulﬂiamﬁaa:u’mﬁluhiﬁmaﬁiamiﬁmmﬁaﬂnzé’m’gqﬁ]ﬂé’l,wil,ﬁmmﬂ
nszualWladudnarulnenseuanudunas Faawsadeumduannisi (2.8)

]ph (Ga > T) = ]scs % [1 -+ A[sc (T - 7_; )] (28)

e G, #e Avesruduuas

1y '3

T Ao gaumgdduysal (Kelvin)

I, Ao Anszuadneasimaaeuneldanizanasgiu (STO)
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- ' v 2
Gas AR ﬂﬁﬂj’llJLSUllLLaﬂlJ’]Glii’m (1000 W/m )

a

Al fo mmmaé’maaﬁﬁﬁmsL‘Uﬁauuﬂammﬁuﬂszﬁm%ﬁumqamnu

Y

T, #e Agumgiliunnsgu (298 K)

N

TuanmziUneasveswaduasending (Open circuit condition) 2117995

am\ga‘iu'guﬁ 2.14 (b) annsaruinussiulnneasiafeaunsi (2.9)
Vol D)=V, +AV, (T-T)) (2.9)

WO Vo ﬁaﬂ"lLLsaﬁ’uﬁJmwaﬁmaaumaiﬁaﬂﬂazuﬂmﬁgwu way AV, A
ﬂ'wLmé'fuL@mqfasﬁ:ﬁ'mnﬂé’auuﬂawmé’mﬂizﬁw%maqqm‘mgﬁ UAEIINITALYAALITAM

Anseudlvarulalonlassi
Iph(Ga’T):][) GavT) (2.10)

Feaunsnszuaveslalonannsomleain
]l)(GnﬂT):].ml(Gn’T)X[eVI _]} (2.11)

< o 4y AkT
Woussiuntmmlaan ¥V, (7) = 252

1l

Wie 4 f9 A Ideality Factor
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I, fe MnssuaBudiveslalenfifinsidsuudasmunudunauas

gaunnil
= a ~ 19 ¢
g A9 YuAUsEaliAn 1.602 x 10 paewd

k  #o AmAsil Boltzman iie 1.38 x 10 J/K

Wnuaunsi (2.10) uay (2.11) Wemanseuasusiveslalonldan

1ph(Ga7T)

1ol G, T) = (D)
LED)

{a)

I/iﬂ;: itnt R} j{'ﬂ’ we f) )

g

Lo ?(J*D ip lx Voo

'S
(b)

UM 2.14 (@) 1vsauyaveaaduaseninganngdnacs
(b) 2vvEnyavesadlaoingan1ziUn 1995

(2.12)
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[7=25c] [c, =1000 Wim|

oy G, = 1000 W/m?* - T=0¢
o< D 3 20
ke 40
g 60
E 14 - 50
= 160

0 T T . H i i %
6 02 04 06 V 0 02 04 06 Vv
G, = 1000 Wim? 0%
20
Lo
= 40
P 60
g 80
~ 100

0 02 04 o6 v
Valtage (V) Voltage (V)

U 2.15 qudnvazovimveuseadiaseiing

nsuniilimdsliihgegaainnsmauduiusseninednih fuusesy
lugui 2.15 uansbiiufiaailimddiihgsanuasannsadouduaumsldgd

Vot IR

e 2] (2.13)

mipp - rh - Lsar

[

aunsi (2.12) wnuasluaunsi (2.13) wldaumsnszuaigaiadluingean s

(=) (2.14)

- Vs

mpp> - 1/)17 - [V J

7

ph

NAUNTN (2.14) ANINIANNTNTLSIEHINAMUA UM UBYNTY (R)
1

[

wae Thermal Voltage (V,) G
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R _ ph ph (2 15)

e Thermal Voltage (V) Lﬂumﬁcﬁuasﬁum Ideality factor (A) w@9nn

IS

gaumniinilsion Ideality factor vodlalenuazArmufumueynsy #1500190MA L

(XY

guanvasaduateing wmidan £ _o e p=yr awsadsuaunsiglmld
av

2 65 (2.16)

V+R,
[y | gl R (2.17)
JC X7 v, \v, |av

sat e %,
ar naa% e (2.18)
vy, R
1+ sat” ‘s e f
V

2.5 29smsldauiugruveseauuaud

2.5.1 199vesuuulinduia (Non-inverting Amp)  29asverauuylingy
et dzilllaienfuiudune i Iﬂaﬁm%uwngﬂﬂam%ma@uwmmﬂ wil R, Ndns

siam’hww@ummauﬁqgﬂ 2.16 @nsamensInseeglasiaunisa (2.19)
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R.
R1 +
- Vo
Vi —0
g‘d‘ﬁ 2.16 2199598elunduina
VO — Rz
Gain = == (1 + Rl) (2.19)

2.5.2 1959BUVUNAUE (Inverting Amplifier) 19959818l UUNSUWE
uanslugil 217 Fawaadiiud wseduominm v, AoussAutounduandunmeu R,

ai' A o v v a i ' 1% a o
wae Ry IWUW R, ﬂaﬁ]'}ﬂ']um']U{]BUﬂaU aﬁy)fyﬂm@uwm Vi 18K Ry L‘U']Vl'mau‘i’!ﬁ/lﬂa‘ULLag

dunnldndusioasiu
R.
vi Rl )/
- Vo
—O
[~
SUT 2.17 2sasaensuuunduLile
R
Ry

2.5.3 195U59UAY (Voltage Follower) 2995988WSIAUAY Fo 199575
a a

onsvenaldu 1 $¥e5undnedrmilen Svied wienvasvenesns iy 1 (Unity-Gain

Amplifier) 2995903y IMLTIRUAL wanslafagun 2.18
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Vo
Vi —O0

UM 2.18 2995U598un

Vinput = Voutput (2.21)

MIIIUY9929958] ehu‘lwm”lﬁﬂmwsﬁ’mwgi‘ (Buffer) ¥15829959UnS20La
BUNG V, ABINISLEILTIT UYL mmwwm Vo amﬂmmmmmﬂuauwmmimswuaqa

9

N1 WQUUINU']L?J’W]WGW‘“@QﬂS”LLﬁ@J’] ﬂLVI’]lMﬁﬂIZJ?NNaG]BEJUWGI ‘V]']‘L‘Vﬁu‘U‘UQJ @085 TNUINTU

2.5.4 1995v8UUUT WA Yy eu (Summing Amplifier)  dnwmuzieasueny
WUUTIWE Y mluaﬂﬁ 2.19 ﬁlyL‘UmwssummwunamWawmauwwma"] aunn lnodyain
Lamwmamwsumwmﬂmaiamaamsaummmammmauwmmaum Aanansluaunisy
(222)

s O_W— Rs
¥ O_"Y(\:N—‘W\'“
v: O—W— +
-t Vo
SRS

(2.22)
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vaawllorinualia R yafmillawiiuayld

Vo= (Vi +Vy+-+1) (2.23)

rinaverisndyyandunasuveusiudune uinasivews iy

Bunmvzdesliifiulidesfisrelieeunendnde V., vosostuoud

2.6 wanN1seanLUUI9dsvenenseualldlalen

o
=

NseBNLkULNITIEIenszualnlalalen ausanansuldmunannisa

Vo

Current
Sensor2

| Z ﬁ\’/ﬂ LODAD
LED O DCBias T~ \N]_‘L
F 3
Vzh "—_'W\f—

R

- Current
Sensori

>
AV

JUR 2.20 vanmseenuuuIasvesnszualuldlalen
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2.6.1 N1999ALUUINAT DC bias controller

[ T

TLO84

gﬂﬁ 2.21 19335 DC bias controller

IUH”I’EF"’TWU’JGJ%’]E?G]TIW]E‘UEHEJﬂiSLLﬂ‘U@\‘i"N"\]i DC bias controller @113

wanslmsiulaainaunisn (2.24)

Afreiata= \2 (2.24)

We A fAD 9RT19919NTEUAVRIFITNa I wAd waIDing
lo Ao nszualniiemnnvessiiTasswadueaieniing
ln AB NITUARANITVBUYDALADTNGD 19D
G; B §ATIVILVBNRTITUNTZUALWINY

1%

G, A9 OMI1V818VDIRTMITUNTELELHTE

YoMUUAUNITEINWUUINDS DC bias controller

Amualiaiuisadnenssuaevignlaiussuia 115 weud AiWdn

nszualnindnasveswadnasaing 170 lulasueaud
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26.1.1 ’Nﬁ]im’mi’fUﬂimLaLa’lﬁww (current sensor 1)

Effect
LTS 6-NP

2
/ s Lo

—O Vsensor 1

*TTL084

Rcomp

JUM 2.22 2avsnsiadunszuaienvivm

O /R isn (2.25)

Io

lunseenuuuisasnsndunszuaoivg luliyy anusihaueiidenld
NSATIVIUNTEUAMIYRINTIIIUNTLUALUY Hall Effect U LTS 6-NP Lilousnynmiunuuag
YAveIeMaeonIINiu Muandlugun 2.22 e Vol e wserulnineinnuenas

ATIAIUNTEUALDWINN

2.6.1.2 1AIATIUNTLLEA N AIEAI1995V0 YA B LaAIDTInE

O Vsensor 2

E‘Uﬁ 2.23 ’J\‘l‘\]i@i’lﬁ]{]/‘l_lﬂ'i%LL?lLLWﬁ’Ié/WNR]?UEN L“UﬁéLLﬁQE]’]ﬁG]Ej
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G, = ¥ (2.26)
ph

\Wunsesilddmsunmasunsaualwinnldvosmaduasoring S1eds lnens
ATTUITaIRtITABUnSTua LUt U Senldseuuandives TLO84 Lilasa1n
Tnszualudadunmein Lﬁ@lé’é’aﬂymmﬁumLLé’wzﬁwL%’ﬂgi’mwmal,l,whjﬂé’uma et
dyaouitld i udunvliifugm DC bias controller Agly dnwazsasansauansldlusui
2.

23 naAuali V2 Ao wsaulnievinmuesaasnsanunseualnly
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3.2 madennaadusiluniseenuuusiasuwaduasaiing
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322 TL084 aaUuoud Nf\lﬁﬂt&"ﬁ"mmiuLLﬁLLa"LLNﬂUﬂGWMiE)LiﬂLamai
Tudhwaie Shunt regulate d13U29asIAEIRY solar cell LuaLLimuLnuﬂ"mum IC TLO84 i
gnimualiduinssduusedu Sufiussiugaiulunds msdrenssudeoniiliinnes
uedwmIhINNTY ieanussduiiseliinanas lumsndufmnussdiuanas IC TLos4 A
whifuflaq weamndvinutsawiengansimunssuatedinan wlvanldogradsd
dnuaizues IC TL084 vsuansluguit 3.4 dauluguil 3.5 uansiednunsrenies TLosa

3Uil 3.4 IC TLO8A

] 40UT
3f] 4IN-
] 4IN+
] Vee-
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a[] 30UT

OFFSET N1

ouT

OFFSET N2

3Uil 3.5 dnwuzvetases IC TLOSA

323 IC 981891189 MANN1TMI9IUYB9995VE RIS Aan1svLe

a

AuaNwsN NI IR TuRUTaduae Ting e 195 MemaNa fna1an1sesnwuudadld
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aaﬂuauﬂmuamfimwmansuLLaLLasLLsmu‘lmqa Judenldledvenaia (Power Amplifier)
vasusenlnaveanseilnd u OPA549 mmmsawuusmutmwwmlmmam 60 Tiag
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Lnuwnﬂw‘lamusulﬁmu,am‘lusﬂm 3.6

o
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324 LEM LTS 6-NP fnsaadunseualunis Feedback  Tunissnaes

waduasafindludiuvesnasanadunssuaioning lutiygyrinudeuilévinindenld
Y [ Y ' ¢ v o
NINTIVVUNTTUANYAIIULUY Hall Effect Ju LTS 6-NP lavinvazesnuifuusaiui 2.5-
a ¢ o [ o [ [
5 hasilagnszuaneUguniiaedn 6 weuuys taRsIITuURTsUARTIuaUasuTuLSIUIuQY
L o/ d

ndulumuauszuy Auanslugud 3.7

ov

5v

5U#l 3.7 Famsandunssuauuy Hall effect JU LTS 6 NP

3.2.5 1o 1.200C \uleBisquawnasitanunsauuruseiuilddous 2.85 84 36
Tiad wazdrianszuamaevinaldgegais 2 wenuus fivsieldiu 5 wlasasiinuauding
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(3.1)

233 bias controller lUMATAMSUMUANTANITYINIUTB @A LEETing

Y a Y > da o & o oa 5|
RENGN Iﬂﬂﬂ’]ﬁﬂﬁﬂﬂm%‘l]ﬂﬂ’]\‘iﬂi Integrete summing V]NOﬂiWﬂﬂi‘U&lﬁﬂﬂUﬂUBumeZﬂ

Inverting veseaUusslileninavensasasiinsaasivmesiiifetesiu fuandugui

3.10

TLOBA

gﬂﬁ 3.10 2435 DC bias controller

MNuUUIEegadlateindausadnldidudyaaseddunisiass

NIYINUYBINITTIaBITAS LSRN TngnseanuuueaslusanssLanss (A) Feruaa

laanaunisi 3.2, 3.3 ,3.4 uavldnalluuniicaun
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I @
Aj=-2=2 (3.2)
. Iph Gy
Auali G, = M (3.3)
(o]
_ Vsensor2
G, = v (3.9)

P2 & @ o (3 a 3
Wa Ip Av ﬂisummﬁww‘ummmaaaLsuaaLLaam‘wmﬂ

lon D NITUADWWNINIBATUENDIVMEIE 19D
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120 48.6 0.4 19.44
100 46 0486 | 22356
80 43,5 054 | 2349
60 36 0.6 216
40 23.6 0.6 14.16
20 12 0.6 72

5 36 0.6 2.16

NI 4.4 Wuraitldanmsiannszudluiia UIIAUN NI wdavnen
ﬁwé’qu‘lvdﬂwam'«m‘haamaéu,aamﬁmsﬂuamLmé’auﬁﬁmmifmaq 500 W/m” u&avi
myduiinaAlulusunsy Microsoft Excell Aauanslusui 4.10 dluguil 6.1, 4.12 1§y
gﬂmmamfiﬂuaaa%aiaaIﬂUma'léfﬂmmimﬁmﬁ’uuazgﬂﬁ 4.13, 4.14 Jumsuana
LLsaﬁ‘uLﬂmaﬁuasnisu,af‘a'mqasma’lé’ﬁmmmﬁuumwhﬁ’u AWEY

0.7 25
0.6 20
0.5
15 ~
:<_(: 0.4 5
— 0.3 10 o I-V Characteristic
0.2
o1 5 =>&=P-\/ Characteristic
0 0
0 20 40 60

V(V)

d LY d' ] d' L4 2 d' a
U 4.10 AaansagaliihvedWldlaleniknueesuenefinudy 500 W/m” Naungil

v

25 syAaldya



1993/01/01 02:31:26 AVGIMS /s Tms/div
Stopped (Ims/div)

CH2 V/DIV
A VAR |

gaunnil 25 asrwaldiva

CH2: OM
500mV /div  10:1
DC 0.000v
CH3: OFF
50V /div 10:1
DC 0.0v
CH4: OFF
50V /div 10:1
DC 0.0v
Record Length
Main: 10K
Zoom: 10K
Filter
Smoothing: ON
BW: FULL
Trigger
Mode: AUTO
Type: EDGE
Source: CH1 &

CH2

v/DIV

S00mv

19893/01/01 01:08:03 AVGIIMS/s ms/div

Stopped g (Ims/div)
.................................................................................................. R i
2V /div 10:1
DC 0.00v
.................................................................................................. p ON
2V /div 10:1
DC 0.00v
..................................................................................... CHa: OFF
50V /div 10:1
DC o.0v

Record Length

CH2 V/DIV ‘
VAR

Main: 10K
................................................. Zoom: 10K
Filter
Smoothing: OFF
................................................ BW: FULL
Trigger
Mode: AUTO
................................................. Type: EDGE
Source: CH1
CH2
v/DIv
2v

gamnil 25 asrwaldua
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3UT 4.11 nsmivnesadalaalauussdlnitunseudluin Tuanmaudn 500 w/m? #

gﬂﬁ 4.12 nymaneeadalaalauddsinihiuusedului Tuaniwaudy 500 w/m? i



1993/01/01 02:52:30 y \ AVGIIMS /s 1ms /div
Stopped \" '§ (ims/div)

CH2: ON

500mV /div  10:1
DC 0.000v
CH3: OFF
50V /div 10:1
DC 0.0v
i CHa: OFF
|/ 50V /div 10:1
; DC o0.ov
Record Length
: : : : Main: 10K
.......................................................... Zoom: 10K
: : : : Filter
: : : 1 . : i ! 8moothing: ON
......... BW: FULL
5 : d : : : 2 : Trigger
Tracel: Avg | 52, sov : / i : i Mode: AUTO
Trace2 Avg E 100. nnw ! : 7 8

Type: EDQE
Bource: CH1 &

Format FileName | AutoFile Color ess
amp OFF HALF ﬁ TopMe

FUil 4.13 nImMunesadaladlauusswiud;meas luanmarudy 500 W/m?

Wigaumadl 25 asrniealdea

1893/01/01 02:56:56 AVG:IIMS/s Ims/div
Stopped g (Ims/div)
......... , ,.X CH2: ON
i : | : i i : X 500mv /div  10:1
: § Ve : : = RN Dc 0.000v
......... R RN P L AR { el opn OFF
: Ny & ¢ ; 1 Y v ) S0V/div 1001
_._.._.._..,...___.,;W 2 4 i by DC o.ov
......... TEERRTET /) cha: OFF
: : i : 5 ! b | 2 50V /div 10:1
DC o0.0v
Record Length
! : : : : . ; : Main: 10K
......... Zoom: 10K
3 ] : : 3 s : i Filter
: : : : ; : E : Smoothing: ON
......... BW: FULL
5 H & : : N : : Tri
Tracet: Avg : 0.000v : H : i : M(?g:r AUTO
T’.ﬁ?ﬁ?..f‘.‘(a ..... kb AR N, | O SO R Type: EDGE
Source: CH1 4
]

l Format HFIIeName u W ﬂ
BMP OFF ON TopMenu

< a [ % L4 2
JUN 4.14 navinneesdaladlaunssuadniees Tuanmeanudy 500 W/m

< a <
‘VlE}ﬂJ‘VIQﬂJ 25 A ald
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a

< - ] v 2 4
MINN 4.5 namivnaesvesinldlaleniriuisasvenefinaundy 1000 W/m Vigaumail 25

argalfea
1000 W/m’

R (Ohm) V (V) P (W) I (A)
200 53.5 13.91 0.26
180 52.6 14.728 0.28
160 51.2 14.336 0.34
140 49.4 16.728 0.37
120 48.7 19.24 0.4
100 47.1 22.608 0.48
80 46.4 25.984 0.56
60 44.6 32.112 0.72
40 39.7 | 39.6206 | 0.998
20 25 29 1.16

5 7.1 8.236 1.16

Y

d 2/ L 1 a 1 1
INAI1TNIN 4.5 Lﬂu&lﬁﬁlﬂﬂ?ﬂﬂﬁi’)ﬂﬂ?ﬂi%ttﬁlﬂﬁ'] b3IAUMa i aInIAN

o w [ 3 a v {a 124 2 ¥
n"naww“l.WW"mmNaﬂ1aawnaaLtmm‘wma‘fluaﬂ1maauﬁmq'mwuuaa 1000 W/m"™ uan

imstuiinAlulyswnsu Microsoft Excell Auandluzuil 4.15 dluguit 416, 4.17 Dy

Umsuanselueeadalaalanielimuduiendy Waz3uN 4.18

Lmé'fulﬂmqﬂsu,aznssuaé’m'mima’lﬁmmmﬁmmqwhﬁ’u MIUAU

30
V (V)

50

50
40
30
20
10

60

P (W)

, 4.19 Wunisuans

I-V Characteristic

==é=P-V Characteristic

< @ a < v 2 &
UM 4.15 Aaisinwaizmaluihwedrlilelendiinuasasueneiiaudy 1000 wm? 7

gamgil 25 s wadea



1893/01/01 02:24:03 AVGIIMS /s Ims/div

Stopped 3 (Ims/div)

.................................................................................................. G o
500mv /div  10:1
DC 0.000v

............................................................... CHa: OFE
50V /div 10:1
DC 0.0v

................................................................................................ CH4: OFF
50V /div 10:1
DC 0.0v
Record Length
Main: 10K

.................................................................................................. Zoom: 10K
Filter
Smoothing: ON

.................................................................................................. BW: FULL
Trigger
Mode: AUTO

................................................................................................... Type: EDGE
Source: CH1 &

i
. Time
30s
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4.16 ﬂiWJmnaaa%aiaaiﬂﬂuﬁﬁ'u‘lw%ﬁ’unssuﬂlw% Tuan ety 1000 W/m? 7

Ml 25 avrwalda

1993/01/01 01:48:13 AVGIMS /s Tms/div
Stopped ¥ ¥ g (Ims/div)
14
!
!
&Vllvtl\VIIII‘I\vl”ll\V\I'»‘*ll}l!tV]llh\!-ll’ll Vll'f'
Format | FileName | AutoFile Color [Compress [To
BMP OFF GRAY 0 ON | TopMenu

gamall 25 s eadea

CH1: ON
10V /div 100:1
DC o.ov

CHZ: ON

‘| CH4: OFF
50V /div 10:1
DC 0.0v

Record Length

Main: 10K
| Zoom: 10K

Filter

Smoothing: OFF

Bw: FULL

Trigger

Mode: AUTO

Type: EDGE

Source: CH1 £

U 4.17 nymvinesadaloalavussiulriihiumdslvii luanmanudy 1000 w/m’ @



1993/01/01 01:29:35 ; N % AVGIIMS/s  1ms/div

Stopped e Vv 0 M (ims/div)
i oHt ON
20V /div 100:1
|
CH4, OFF
50V /div 1o
R~ - DC o.ov
R e s e
Record Length
Main: 10K
Zoom: 10K
Filter
Smoothing: ON
i BW: FULL
i Trigger
Tracel: Avg 53.48Y I Made: AUTO
Trace2: Avg = 94.05mv I Type: EDGE
Source: CH1 &
P T e . e L CH1
CH1 V/DIV v/Dly

CAL av

< a o a v 2
3Un 4.18 namvnesadalaalauussiulnnees luanimamady 1000 W/m

nigaunadl 25 ssrvalTea

1993/01/01 0255;14 AVG:IMS /s Tms/div
Stopped — g (1ms/div)
o . ‘:él o . . A .
\ ! 9“‘ : ; : 5
iy YD ......... X crl i
; : 1 : : : 500mV/div  10:1
; : ; : ; DC 0.000v
.......................................................... el e o OFF
S £ " : 50V /div 1001
) } b 4 ) v : bc o.ov
......... N A e o OFF
: A : : : I/ : : 50V fdiv 10:1
1 —N : : DC 0.0v
. Record Length
: : 2 ¢ : ; p : Main: 10K
......... ......... ......... .................. ......... ......... . ......... Zuﬂln: “)K
. H o b % : : : Filter
. : ; : 2 : . i Smoothing: ON
......... BW: FULL
: i : 5 . 4 3 ¢ Trigger
Tracel: Avg : 1.600v : : i : : Made: AUTO
hlio o B MRS, N S il S S Type:  EDGE
! : : : -' i : : Source: CH1 &
Format | FileName | AutoFile Color ress | To
BMmp OFF HALF ON | TopMenu

o a L v 2
U 4.19 namaneeataladlaunssuadmasluaninaudy 1000 W/m

d a al
YUNQU 25 v malged



d 4#' 1 d‘ 1%
A19199 4.6 Hansvinassvedlnlalalendiinuisasuensfininudy 1500 W/m

25 aaAaldiea

1500 W/m”

R (Ohm) V (V) P (W) I (A)
200 501 | 14.066 | 0.26
180 52.8 14.78 | 0.286
160 514 | 16756 | 0.326
140 49.5 16.83 0.34
120 48.9 19.56 0.4
100 47.5 22.8 0.48
80 468 | 26208 | 056
60 434 | 32116 | o074
40 39.7 39,7 1
20 29 43.5 1.5

5 9.7 14.55 1.5
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Ngaunyi
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=] v s ' o v 1
MMATNN 4.6 Lﬂuwamﬂ‘\]'lﬂﬂ’li?ﬂﬂ']ﬂ'iSLLﬁ‘L‘WW"I waRUNIg i LAINIAN

° w ° I3 a Y da 9] 2  w
ﬂ']ﬁ\?ﬂ']\ﬂﬂﬁ'maﬂ'lﬂﬂiﬂ']aa\'iL‘UaaLLaﬂa'Wlﬂﬂuaﬂ']LL']ﬂaauWﬂﬂ?WNLﬂuuaq 1500 W/m™ wan

mstuiinAlulusunsu Microsoft Excell daamdluguil 4.20 dauguil 4.21,4.22 1y

JUnsuansdtluseadalaalaunieldmnaudinieaiu wasguil 423 |, .24 Humsuans

wIsruUANRsUaznssLadnlRsne AL LLEARYIN Y AaLEEy
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1 (A)

0.5

30 40
V(V)

50

60

|-V Characteristic

==3¢=P-\ Characteristic

< Y N o v 2
UM 4.20 pruanwuznlwihveslldlalenfiiuiasvenednudy 1500 w/m’

gunnil 25 srwaldea



1993/01/01 02:35:53 AVGIIMS/s Tms/div
Stopped g (Ims/div)

..................................................

CHz2: ON
S00mV /div  10:1
DC 0.000v

CH3: OFF
50V /div 10:1
DC 0.0v

CH4: OFF
50V /div 1021
DC 0.0v

Record Length

CH2 V/DIV
VAR

Main: 10K
Zoom: 10K
Filter
Smoothing: ON
BW: FULL
Trigger
Mode: AUTO
Type: EDGE
Source: CH1 &
CH2
V/DIV
500my
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JUil 4.21 nswnessdalaslaysemirausesuliihdunseualiia Tuanmanudy 1500

2 & a =
W/m' Vigungdl 25 eernaalfed

1893/01/01 01:35:48 AVGIIMS/s  1ms/div
Stopped g (Ims/div)
CH2: ON
2V fdiv 10:1
DC 0.00v
CH3: OFF
50V /div 10:1
DC 0.0v
CH4: OFF
20v/div. 100:1
DC n.0v
Record Length
Main: 10K
.................................................................................................. Zoom, 10K
Filter
Smoothing: OFF
.................................................................................................. BW: FULL
Trigger
Mode: AUTO
.................................................................................................. Type: EDGE
Source: CH1 £
Average
Count

64

31J17'| 4.22 nyneeadalaalauseninesmasiwirduusesulniih Tuanmanmugy 1500

2 o a
W/m” nigaumgil 25 esrugaldes
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1993/01/01 01:29:35 AVGIIMS /s Tms /div
reebed L N Y N (ms/div)
\ CH1: ON

H 20V /div 100:1
+ DC
i |
< CH4: OFF
< 50V /div 101

A iiind : DC 0.0v

{;t i 1 1 et 1 R I ST 1 et L e S R -
5 I Record Length
: Main: 10K
< Zoom: 10K
H Filter
{ Smoothing: ON
I BwW: FULL
Trigger

Tracel: Avg 53.48v Mode: AUTO

Trace2: Avg 94 . 05mv i Type: EDGE
+ Source: CH1 §

L S S W 3 = . - - CH1

CH1 V/DIV Y4 gnl:vv
LN VAR |

o a o . F) 2
Jui 4.23 nIMneeadalaalalussiullanggs Tuanmaady 1500 W/m

< a a
gunQu 25 ssAwalded

V 4
A
1983/01/01 014516 | | ) AVGIIMS/s  Tms/div
Stopped  faloln (ToNy A ety W (Ims/div)
f ¥ i <& CHI: ON
3 20v/div. 100:1
. I T ANAL LAY i st DI 0.0v
CHZ ON
I Ty, S00my iv
i o ) 0.00¢
d \
e CH4: OFF
4 50V /div 1001
DC 0.0v

Record Length
Mai

10K
Zoom: 10K
Filter

Smoothing: ON
BW: FULL

Trigger
Tracel: Avg 778 . 4mv Mode: AUTO
Trace2: Avg 1.590v Type: EDGE

Source: CH1 £

D e e T R S S N CH1
CH1 V/DIV v/DIv
CAL IR 20 v

o a LY ¥ 2
UN 4.24 nswhneeatialaalaunsvuadnnees Tuanima g 1500 W/m

< a P
gamadl 25 asrvaldea

mnwamswmaaqﬁnﬁnmﬁwuuLﬂuﬂnﬂtﬁmﬁﬂﬁ[ﬂsuﬂsu Microsoft Excel wag 1

) ' av Yy o v o @ v v P o
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Tusunsu Orcad 9.1 siaudmeluguil 4.25 nswiusadulviinfufunssudluih was 3Ui 4.26
nsmmasiiihuasnszualni

2.0.
{0.000V, 1.72441)

1500w/ m2

1.544

(0.000V,1.14974)

1000w/m2

1.044

(0.000V,574.996m1)

500w/n2

0.524 (56.155V, 0.0004)

(55.800V,0.0004)
ok T T T T T
ov v 20V 3Jov 40V sov 60V
o I(v2) (7
| NN v 2
Jun 4.25 n3 IV Characteristic fimanmisues 500 , 1000, 1500 W/m
uamalulusunsu Orcad 9.1
(33.310V,51.331W)
1500w/m2
40u4

1000w/m2

(42.560v,23.417W) 13

20vi4 500w/m2
D

T T T T T T T T T T T
ov sV lov 1sv 20v 25v 3ov 3sv 40v 45v sov 55v 60V
© I{V2) * V(VI:+}

gﬂﬁ 4.26 N5 P-V Characteristic finaudiuuas 500, 1000 , 1500 W/m® wandlu
TUsunsy Orcad 9.1
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NNMITNRBINIVIIUEALaTndin1siasunUasanudunaduss gy

a0 o Y] ¢ a da o o X v Y
VIO WNAU ﬂigLLaaﬂ'J\ﬁ]iﬂaﬂL‘UaaLlaﬂaqﬂﬁﬂuﬂfﬁtﬂaEJ‘ULLU?NLWZJ‘UUW']MW]']NHJNLLa\TﬂQLLaﬂQ‘lu

< 4 a P~ o w P o (3 a = v
N 426 deiersanigamddliihgsaaidunanisiassvaduateindiusoudisusu

Y

dwﬁi’ﬂlo’w’mnmi’i’mmaéuaamﬁmaia‘%awuiwﬁmmﬂmmﬂﬁaué’wﬁmmmﬂLLUUﬁ‘haamaa‘

a 1 ° wa aa ¢ ¢ a ¢ W b >
waveriindlifinahauaudiinaidndvessaduaseniing awandisiulumsned 4.7

| =} <l ' M v ) = ¢ a d
A9 4.7 L'lJiEJ‘UL‘VIEJUﬂ"WI‘N‘lWﬁWmﬂ%"Iﬂﬂ']'i')ﬂL‘UaéLLﬁQi’JWV]WU'\]NWﬂﬂTwﬂ'liVlﬂﬁﬁU

wfwedimalwin | Afldannsinese | Adldennuuusiass Wosidud
AUARIAARDY
usaAulnHIn99s 62.5 V 54V 13.6
nssualnianI99s 1.15A 1.15A 0
masluihgean 40 W 39.6 W 1

o Y 1Y) o o ¢ o gt
A13199N 4.8 E)Gliwm?JﬂisLLﬁlWW’]ﬁﬂ’Nﬂi‘l)ﬂdWl%ﬁﬁ@dL‘UaaLLa\'ia'Wlmtl 40 W

ALY (W/m)) nazudalvianieas (A)
Wlalalan fnaeuad gn319818 A (dB)
wase1ing
1500 255x10° 1.7244 76.61
1000 170x10° 1.1497 76.60
500 85><1O*5 574.996x10.3 76.60

o 1Y) 9) a v o ¢ a ¢
M99 4.9 ami'ﬁ]&ﬂﬂLLsﬂﬂu‘LWWqLUﬂ?QQi‘Uan?‘U']aaqL‘UaaLLﬁﬂa"Wﬂﬂ 40 W

ATILILE (W/m)) wsaulndnTneas (v)
Wldlalen finanagaa dns1818 A, (dB)
wasonfing
1500 2.0450 56.150 28.77
1000 2.0000 55.630 28.89
500 1.9300 54.630 29.04
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IMANTNA 4.8 waz 4.9 wuidhiiassilsosnuuuliisnsivensusaaulng
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waznszualitihreuinanei Wefinswasuulasanmunsuiiruduuas gamgifiqe
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4.5 HNANIINAHBUINLNILYAALEITng DS

Tunsdraedldidenldunuvaduaseriindsu Bsao veeusem vrenanlvans

1
0 w e

¢ LY aa a‘ 1 & o & w
31179 mLi‘JuwaaLLUUazuaﬁmanauwﬁmsmwaaLmuaqniummu 39 wad Aauandlugy
1 4.24 TnvAmisfimesvasungaduasefinduandunmsed 4.10 lumsedt 4.11 uu
a o ¢ a \4 v v v o I
15NN A ve LRI Tad LI Ting NATeYanlaanmsed 4.11  awsadadng
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15199 4.10 ﬁ?ﬁlﬁmiﬂﬁLmaa“uaaummaéummﬁmEJ‘umm 40 e

Wsimesmalni Aiildanmsiness
VNATASUEDTNE 60x120 cm”
wssslWAnTneas (v,) 62.5V
nszualwihdnies () 1.15 A
mdslwihgean (P, a0 w
usasiulnihgeandizuls (v,) ag v
nszudlwihaegaiisuls () 0.90 A
Model BS 40 VA
Max series fuse rating 4 A
Max system voltage 600 vV
Fill Factor 0.55

M5197 4.11 ﬁagamwwmaaLmeaa‘LLaamﬁmé':;'u BS 40

‘ﬁagaLaww‘uam,l,mmaél,l,mmﬁmz?aju BS40
mdslwihgegn 40 s
wssulwinlnnems 62.5 1an
nszualiidnieas 1.15 uaud

M5199 4.12 ‘ﬁagaLaW”nzmawuaa’twfaxﬁaﬁﬁiaauﬂsufTu'LuLmeaa‘LLaamﬁmé BS 40

Tayaiwizmalwiheswaduaseing
masliihgean 1.02 Fas
wnulwAnTn99s 1.59 Thas
nszualiihdnieas 1.15 uauy

‘LumsmaaemsmmumﬂaLtuumaaamaauaaammawmaaunsm 39 waalu
LLNHL“UaﬂLLﬁ\‘]E}'MG]EJ BS 40 ﬁ)ﬁlﬁ‘lu']LLN\‘lL‘dﬁaLLﬁQEJ']VIﬂEJJJ’]’)ﬂﬂ’]‘l/i'lﬂ’]ﬂi”LLﬁlW‘W'] LL?Qﬂ‘lﬂWﬂ'}
waziaalwia Iﬂf}?ﬂﬂﬁﬂ’]Wﬂ’]ﬂ’)’uJL‘UJJLLﬁd 700 'Jﬂﬂﬁlaﬂ’lﬁ’l\?mﬁﬁﬂ\‘lLL’dﬂ\‘iﬂ’ﬂUGﬂi'N‘Vl 4.13
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15199 4.13 AIPINUNLTAE LA TinE BS 40 FIAMMTNLET 700 WARDAITINURNS

R (Ohm) V (V) I (A) P (W)
0 0.69 0.8 0.552
20 14.64 0.79 11.5656
40 24.68 0.78 19.2504
60 38.2 0.72 27.504
80 45.2 0.53 23.956
100 47.8 0.47 22.466
120 49.6 0.41 20.336
140 515 0.35 18.025
160 52.15 0.28 14.602
180 54.3 0.19 10.317

200 559 0.12 6.708

15199 4.14 ﬁhﬁi’mmmaasaﬁ'waawzjaa't,l,aamﬁmé AR UTULES 700 IRAIMITINLRS

R \ I %

0 0.57 0.76 0.4332
20 15.9 0.73 11.607
40 28.9 0.71 20.519
60 W s 0.65 25.545
80 43.9 0.53 23.267
100 A4l 0.49 21.609
120 45i0 0.46 21.068
140 194 O™ |LASA07
160 50.14 0.29 14.5406
180 IS U.19 9.747
200 53:.5 0.04 2.14
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=&=1-V Characteristic 1434aaq
V (V)

={i=|-V characteristic 1nsun3q

) = P \ ¢ A e
JUN 4.28 nsMiUSeuLiiBy IV Characteristic VOIUNIIAAD1YIRE]
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40 0
== P-V Charac%eristic ﬂaaqaqssci(q)aaq
== P-V Characterictic UBIUENSTY

T T T T T

10 20 30
V(V)
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TL084
K’I@ TLO84A - TL084B

GENERAL PURPOSEJ-FET
QUAD OPERATIONAL AMPLIFIERS

= WIDE COMMON-MODE (UP TO Vcc') AND
DIFFERENTIAL VOLTAGE RANGE

= LOW INPUT BIAS AND OFFSET CURRENT ’

s OUTPUT SHORT-CIRCUIT PROTECTION =/ V’

= HIGH INPUT IMPEDANCE J-FET INPUT Nwmm( \m@*

STAGE

= INTERNAL FREQUENCY COMPENSATION N D

= LATCH UP FREE OPERATION DIP14 SO14

= HIGH SLEW RATE : 16V/us (typ) (Plastic Package) (Plastic Micropackage)

P
TSSOP14
(Thin Shrink Small Outline Package)

DESCRIPTION ORDER CODES

The TLO84, TLO84A and TL084B are high speed

J-FET input quad operationalampliﬁers%nco?porating Part Number Tergz(:g;ure NPacl;ageP
well matched, high voltage J-FET and bipolar transis- = =

torsin a monolithic integrated circuit. dEOSTHAMEM —5500, +12500 I A
The devicesfeature high slew rates, low input bias and i1 s —0Ca 0y o
offsetcurrents, and low offset voltage temperature TLOB4C/AC/BC 0°C, +70°C I
coefficient. Examples : TLO84CN, TL084CD

PIN CONNECTIONS (top view)

Output 1 1 [] =t ] 14 Output 4
Inverting Input 1 2 E:{>J k}:] 13 Inverting Input 4
Non-inverting Input 1 3 E :l 12 Non-inverting Input 4
Vec* 4 [ 1 11 Vec-
Non-inverting Input 2 5 I: :I 10 Non-inverting Input 3
Inverting Input2 6 E% §] 9 Inverting Input 3
Output2 7 :] 8 Output 3
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TLO84 - TLO84A - TL084B

SCHEMATIC DIAGRAM (each amplifier)

Vst [—

pu

Non-inverting
input EL

Inverting
input

LN/

L1 output

8.2k *

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vce Supply Voltage - (note 1) +18 \
Vi Input Voltage - (note 3) +15 Vv
Vid Differential Input Voltage - (note 2) +30 \%
Ptot Power Dissipation 680 mw
Output Short-circuit Duration - (note 4) Infinite
Toper | Operating Free Air Temperature Range TLO84C,AC,BC 0to 70 °c
TLO84I1,AlBI —40 to 105
TLO84M,AM,BM -55to0 125
Tsig | Storage Temperature Range —65 to 150 °c

ge, are with respect to the zero reference level (ground) of the supply voltages where the
en Ve and Vee™.

2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the

Notes : 1. All voltage values, except differential volta
zero reference level is the midpoint betwe.
dissipation rating is not exceeded.
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TL084 - TLO84A - TL084B

ELECTRICAL CHARACTERISTICS
Vce =15V, Tamb = 25°C (unless otherwise specified)

TLO084I,M,AC,Al, TLO84C
Symbol Parameter AM,BC,BI,.BM Unit
Min. | Typ. | Max. | Min. Typ. | Max.
Vio Input Offset Voltage (Rs = 50Q) mV
Tamb = 25°C TLO84 3 10 3 10
TLO84A 3 6
TL084B 1 3
Trmin. < Tamb < Trmax. TLO84 13 13
TLO84A 7
TLO84B 5
DVio Input Offset Voltage Drift 10 10 uvi°c
lio Input Offset Current *
Tamb = 25°C 5 100 5 100 pA
Tmin. < Tamb < Tmax 4 4 nA
lib Input Bias Current *
Tamb = 25°C 20 | 200 30 | 400 pA
Tmin, < Tamb < Tmax_ 20 20 nA
Avd Large Signal Voltage Gain (R_ = 2kQ, Vg = +1 ov) VimV
Tamb = 25°C 50 | 200 25 | 200
Tmin. = Tamb =4 Trnax. 25 15
SVR Supply Voltage Rejection Ratio (Rg = 50Q) dB
Tamb = 25°C 80 | 86 70 | 86
Tmin. < Tamb < Tmax. 80 70
lcc Supply Current, per Amp, no Load mA
Tamb = 25°C 14 2:5 14 | 25
Tmin. < Tamb < Tmax. 3 215 225
Viem Input Common Mode Voltage Range el \ | (R +11 | +15 \Y
-12 -12
CMR Common Mode Rejection Ratio (Rs = 50Q) dB
Tamb = 25°C 80 86 70 86
Tmin. < Tamb < Tmax. 80 70
los Output Short-circuit Current mA
Tamb = 25°C 10 40 60 10 40 60
Trmin. < Tamb < Tmax. 10 60 10 60
+Vopp | Output Voltage Swing \%
Tamb = 25°C RL= 2kQ 10 | 12 10 | 12
RL = 10kQ 12 | 135 12 | 135
Trmin. < Tamb < Tmax. RL = 2kQ 10 10
RL = 10kQ 12 12
SR Slew Rate (Vin = 10V, RL = 2kQ, C, = 100pF, V/us
Tamb = 25°C, unity gain) 8 16 8 16
tr Rise Time (Vin = 20mV, R = 2kQ, CL = 100pF, us
Tamb = 25°C, unity gain) 0.1 0.1
Kov Overshoot (Vi = 20mV, R, = 2kQ, C, = 100pF, %
Tamb = 25°C, unity gain) 10 10
GBP Gain Bandwidth Product (f = 100kHz, MHz
Tamb = 25°C, Vip = 10mV, R, = 2kQ, C_ = 100pF) 2.5 4 2.5 4
Ri Input Resistance 10" 10"? Q
THD Total Harmonic Distortion (f = 1kHz, Av = 20dB, %
RL = 2kQ, Ci = 100pF, Tamp = 25°C, Vg = 2Vpp) 0.01 0.01
Equivalent Input Noise Voltage nv
e | (f=1kHz, Rs = 1000Q) 15 15 Ny
m Phase Margin 45 45 Degrees
Vo1/Vo2 | Channel Separation (Av = 100) 120 120 dB

* The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature.
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TL084 - TLO84A - TL084B

MAXIMUM PEAK-TO-PEAK OUTPUT MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY VOLTAGE VERSUS FREQUENCY
—
* Vee = £15V I z 30 lﬂm [ R =10kQ
e = R, = 2kQ = R=
§ 25 ! _TaLmb = +25°C 8 25 —H 'V" = +15V Ta;b =+25
E [ See Figure 2 v Qe \See Figure 2
o _ - <o 20 LI T 1] |
=S Vee = £10V EE Vee=+10V
& 15 Pt ' HH 00 15
8 & M o5
<8 O vee = £ 5v H” 59 10 Vee= 1+ 5V
= 0 N al 2 0 \,4“
g 100 1K 10K 100K ™ 10M g 100 1K 10K 100K 1M 10M
FREQUENCY (Hz) FREQUENCY (liz)
MAXIMUM PEAK-TO-PEAK OUTPUT MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY VOLTAGE VERSUS FREE AIR TEMP.
[—
E 30 T Rkt T L 30
5 Tamb =425 C Vee =2 15V 5 L €
o » R =2kQ || = 25 T T e
S 20 \‘ See Figure 2 é . ’ . | .
38 ML ] 5 —r, -1
o0 o L= 10k
£ 15 \ H q U 15
M5 \\\ Lty 5 255 oz *rerRy=2kQ
%9 10 ' s !
£~ AR x5 ¢
5 5 . i 5 FVee = £15V
5 o Ut ormo el Tl 3 [seoioues N
= 10k 40k 100k 400k IM IM 10M >§< -75 -50 -25 0 25§ S0 75 -50 125
FREQUENCY (Hz) <§( TEMPERATURE (°C)
MAXIMUM PEAK-TO-PEAK OUTPUT MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS LOAD RESISTANCE VOLTAGE VERSUS SUPPLY VOLTAGE
E C e = 30 —
= g5 L Vec =1V 5 S| Rum 10K
é SRl [ L 5 B =250 7
i 2D it : 20 “
S <
Sy yd e P
eI 15 V4 Y] 15 7
=5 / co
wo 10 / s 10
2 P 33
2 5 a> 5 u
= s
2 0 2
0102 04 071 2 4 7 10 = 0 2 4 6 8 10 12 14 16
LOAD RESISTANCE (k ) S SUPPLY VOLTAGE (+V)
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TLO084 - TLO84A - TL084B

INPUT BIAS CURRENT VERSUS
FREE AIR TEMPERATURE

100
VCC = +15V —

g 10
[ -
g =
@ y
4 1
2
3 =
® S
<
m 0.1
il
S
o —
g e

0.01

50 25 0 25 50 75 100 125
TEMPERATURE (°C)

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION AND PHASE
SHIFT VERSUS FREQUENCY

m
5 | |
ge i ] N[ DiEEER ENTIAL[TT] 180
2 || rhas swrr ) (RSN
g% (right scale) ” N ftscale)
EE:: 10 Hi |”!”m o 90
E= R =2kQ i
] L= 1T I N

Ei CL =100pF m \
5:5 1 - Vcec =15V 0
= Tamb = +125 C “] b

100 1K 10K 100K IM 10M

FREQUENCY (Hz)
SUPPLY CURRENT PER AMPLIFIER
VERSUS FREE AIR TEMPERATURE

2.0 ; ,

1.8 Voo = 15V
= 1.6 T~ No signal .
igi 14 No load e
= 1.2 o
& 1.0
S os
o
> 0.6
e |
& 0.4
» 02

0

75 50 25 0 25 50 75 100 125
TEMPERATURE (°C)

4

DIFFERENTIAL VOLTAGE

TOTAL POWER DISSIPATION (mW)

SUPPLY CURRENT (mA)

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VERSUS
FREE AIR TEMPERATURE

1000
400 /=
200 —
S 100 T
3 40
= 20
o 10 L Veo =tisv
g 4 EVostiv YVt
P 2 R s 2k Q
I I

75 -50 -25 0 25 50 75
TEMPERATURE (°C)

100 125

TOTAL POWER DISSIPATION VERSUS
FREE AIR TEMPERATURE

250 T T

225 Vee =+ 15V -
200 ] - No signal

175 \-;__ No load 4
150 T~

126 f—rdQot—
100 |——|
75
50
25

0

-75 50 25 0 25 50 75 100 125
TEMPERATURE (°C)

SUPPLY CURRENT PER AMPLIFIER
VERSUS SUPPLY VOLTAGE

2.0
1.8 Tamb = +25°C
1.6 | No signal

1.4 }No load
1.2
1.0
0.8
0.6
0.4
0.2
0

2 4 6 8 10 12 14 16
SUPPLY VOLTAGE ( #V)
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TL084 - TLO84A - TL084B

COMMON MODE REJECTION RATIO
VERSUS FREE AIR TEMPERATURE

VOLTAGE FOLLOWER LARGE SIGNAL
PULSE RESPONSE

89 | | é 6 ; ;
z R =10kQ < 0 [ I S
o 88 — B OUTPUT
5 Ve o= £15V = \ INPUT
o &7 d 2 /
w
tg 5 / \
85 88— Ee O
2 5 8 / Vee= 15V \
§ o 85 % -2 ( RL:2 kQ \
= 84 < 4 / C;= 100pF
o S Tamb: +25 C t \\
% 83 c:.< -6 | 1 L
g 75 50 25 0 25 50 75 100 125 Z 0 05 1 15 2 25 3 35
TEMPERATURE (°C) TIME (us)
OUTPUT VOLTAGE VERSUS EQUIVALENT INPUT NOISE VOLTAGE
ELAPSED TIME VERSUS FREQUENCY
28
0 T T 1T
24 T Vee = 15V
< oveRsHooT | it &0 Ay =10
20 S =
LTEJ’ /au% g’.\T 50 Rg =100 Q
2 ° / | ; S 40 Tamp = +25°C
| > N
5 12 SRR
) / . Z 30
> 8 L) E (0] ‘\
= / ! V _ =z15V a s 4 ™
2 ac 915 0
o 4 4 o) AN
= . ! R =2kQ ==
5 5 . R 3 10
o g I A= 25°C &G
. ' I 1 0
: 0 01 02 03 04 05 06 07 10 40 100 400 1k 4k 10k 40k 100k
TIME ( ps) FREQUENCY (Hz)
TOTAL HARMONIC DISTORTION VERSUS
FREQUENCY
1 EEEEH 0
) N e
E T ANV
S 01 k& Boms S8V
@ ETy, =+
o 5 0ps [ dum *3¥EC
O o
g
> 0.01 4
il
<
T 0.004 bt
]
=
o 0.001
100 400 1k 4k 10k 40k 100k
FREQUENCY (Hz)
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TL084 - TLO84A - TLO84B

PARAMETER MEASUREMENT INFORMATION

Figure 1 : Voltage Follower

Figure 2 : Gain-of-10 Inverting Amplifier

—

10k Q

TYPICAL APPLICATIONS
AUDIO DISTRIBUTION AMPLIFIER

fo = 100kHz

1/4
TLO84 O Output A
2

q
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TL084 - TLO84A - TL084B

TYPICAL APPLICATIONS (continued)
POSITIVE FEEDBACK BANDPASS FILTER

Input ©

1/4
TLO84

O Ground
OutputA

L

OUTPUT A OUTPUT B

]

SECOND ORDER BANDPASS FILTER
L fo = 100kHz ; Q = 30 : Gain = 4

CASCADED BANDPASS FILTER
fo=100kHz : Q = 69 ; Gain = 16

|

8/11
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TL084 - TLO84A - TL084B

PACKAGE MECHANICAL DATA

14 PINS - PLASTIC DIP

g

1; —
/
U [ . b
7 b B , E
— 03 z l
I
D
[1 1 101101
! 8
w
1 7
N S I N I I A
. " Millimeters Inches
Dimensions
Min. Typ. Max. Min. Typ. Max.
al 0.51 0.020
B 1.39 1.65 0.055 0.065
b 0.5 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
e 2.54 0.100
e3 15.24 0.600
F 71 0.280
i 5+ 0.201
L 3.3 0.130
V4 1.27 2.54 0.050 0.100

911




TLO084 - TLO84A - TL084B

PACKAGE MECHANICAL DATA
14 PINS - PLASTIC MICROPACKAGE (SO)

mEE

- o
E
—]
D M
00 0000mm
" 8
T8
1 7
) LY~ @ s IA] 2
Dimensions Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
al 0.1 0.2 0.004 0.008
a2 1.6 0.063
b 0.35 0.46 0.014 0.018
b1 0.19 0.25 0.007 0.010
C 0.5 0.020
cl 45° (typ.)
D 8.55 8.75 0.336 0.334
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 7.62 0.300
F 3.8 4.0 0.150 0.157
G 4.6 5.3 0.181 0.208
L 0.5 1.27 0.020 0.050
M 0.68 0.027
S 8° (max.)
10/11 V<72




TLO084 - TLO84A - TL084B

PACKAGE MECHANICAL DATA
14 PINS - THIN SHRINK SMALL OUTLINE PACKAGE

CACE PLANE - EoA

.25 mm

Al SLAIING PLANE -

[

-;__-__-__;;_‘____w.;::gj

! ¥ % — ]
= e :
PIN T IDENTIFY‘ a7“ 20 .S

Dim. Millimeters Inches
Min. Typ. Max. Min. Typ.
A 1.20
A1 0.05 0.15 0.01 0.006
A2 0.80 1.00 1.05 0.031 0.039 0.041
b 0.19 0.30 0.007 0.15
¢ 0.09 0.20 0.003 0.012
4.90 5.00 5.10 0.192 0.196 0.20
| E 6.40 0.252
E1 4.30 4.40 4.50 0.169 0.173 l 0.177
0.65 0.025
K T\TT 8°
| 0.50 0.60 0.75 0.09 0.0236 0.030

mation previously supplied. STMicroelectronics products are not authorized for use as critical components in life support
devices or systems without express written approval of STMicroelectronics.
© The ST logo is a trademark of STMicroelectronics

© 1999 STMicroelectronics — Printed in Italy — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - France - Germany - Italy - Japan - Korea - Malaysia - Malta - Mexico - Morocco
The Netherlands - Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S A.

© http://lwww.st.com
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BURR - BROWN o
I == l

For most current data sheet ang other product
information, visit www.burr-brown.com

High
OPE

FEATURES

® HIGH OUTPUT CURRENT:
8A Continuous
10A Peak

® WIDE POWER SUPPLY RANGE:
Single Supply: +8V to +60V
Dual Supply: +4V to 130v

® WIDE ouTpuT VOLTAGE SWING

® FULLY PROTECTED:
Thermal Shutdown
Adjustable Current Limit

® OUTPUT DISABLE CONTROL

® THERMAL SHUTDOWN INDICATOR
® HIGH SLEW RATE: Vs

® CONTROL REFERENCE PIN

® 11-LEAD POWER zip PACKAGE

APPLICATIONS

® VALVE, ACTUATOR DRIVER
® SYNCHRO, SERVO DRIVER
® POWER SUPPLIES

® TEST EQUIPMENT

® TRANSDUCER EXCITATION
® AUDIO POWER AMPLIFIER

ES Pin
Forced Low: Output disabled
Indicates Low: Thermal shutdown

Twx: 910-952-1111 . Internet; hnp://www.burr-hruwn‘co

©1999 Burr-Brown Corporation

-Voltage, High-Current
RATIONAL AMPLIFIER

International Airport Industrial park « Mailing Address: po Box 11400, Tucson, AZ 85734 « Street Address: 6730 S. Tucson Bivd., Tucson, AZ 85706 « Tel: (520) 746-1111
m/ + Cable: BBRCORP » Telex: 066-6491 « F,

PDS-1450A

OPA549

DESCRIPTION

The OPA549 is 5 low-cost, high~voltage/high-current
operational amplifier idea] for driving a wide variety
of loads. This laser-trimmed monolithic integrated
circuit provides excellent low-leve] signal accuracy,
and high output voltage and current.

The OPA549 operates from either single or dual sup-
plies for design flexibility. The input common-mode
range extends below the negative supply.

The OPA549 g Internally protected against over-
temperature conditions and current overloads. In addj-
tion, the OPA549 provides an accurate, user-selected

current limit. Unlike other designs which use a “power”

The Enable/Status (E/S) pin provides two functions. It
can be monitored to determine if the device is in
thermal shutdown, and it can be forced low to disable
the output stage and effectively disconnect the load.

The OPA549 i available in ap I1-lead power z1p
package. Its Copper tab allows €asy mounting to a heat
sink for excellent thermal performance. Operation is
specified over the extended industria] temperature
range, —40°C to +85°C.

R, sets the current limit
value from 0A to 10A.

Rey (Very Low Power Dissipation)

AX: (520) 889-1510 « Immediate Product Info: (800) 548-6137

Printed in US.A. Novcmbcr, 1999




SPECIFICATIONS: Vs = 12,25V to +18v

Boldface [imits apply over the Specified temperature range, T, = —40°c to +85°C
At Tepge = +25°C, Vg = *30V, Ref = 0V, and E/s pin of

PARAMETER

OFFSET VOLTAGE
Input Offset Voltage

vs Temperature dVos/dT

Vs Power Supply
INPUT BIAS CURRENT(1)
Input Bias Current(

vs Temperature
Input Offset Current
NOISE
Input Voltage Noise Density e
Current Noise Density
INPUT VOLTAGE RANGE
Common-Mode Voltage Range: Positive Vem
Negative Vem
CMRR

Vew =0V, lbo=0
Tease =—-40°C to +85°C
Vs =+4V to +30V, Ref= v/ —

Veu = 0V
Tease =-40°C to +g5°¢

Veu =0V

Linear Operation
Linear Operation
=(V-)-0.1vto (V+) - 3v

Common-Mode Rejection Ratio
INPUT IMPEDANCE
Differential
Common-Mode
OPEN-LOOP GAIN
Open-Loop Voltage Gain AoL

Vo =125V, R = 1ka
Vo =425V, R =40

FREQUENCY RESPONSE

Gain Bandwidth Product GBW

Slew Rate SR

Full Power Bandwidth

Settling Time: +0.1%

Total Harmonic Distortion + Nojse(3)

OUTPUT

Voltage Output, Positive

G=1, S50Vp-p Step, R =40

G =-10, 50v Step
f=1kHz,R = 40,6 = +3, Power = 251y

lo=2A (V4)-32 (V+)-27

Negative lo=-2A (V-)+1.7 (V-)+ 14

Positive lo=8A (V+)-48 (V+)-43

Negative lo=-8A (V-)+46 (V=) +39

Negative Ri=80to v— (V-)+03 (V-)+0.1
Maximum Continuous Current Output: dc) +8

ac Waveform Cannot Exceed 10A peak

8

Output Current Limit
Current Limit Range
Current Limit Equation
Current Limit Tolerance(1)
Capacitive Loag Drive (Stable Operation) Clonn
Output Disabled
Leakage Current
Output Capacitance
OUTPUT ENABLE ISTATUS (E/S) PIN
Shutdown Input Mode
Vs High (output enabled)
Vgis Low (output disabled)
lgis High (output enabled)
lg/s Low (output disabled)
Output Disable Time
Output Enable Time
Thermal Shutdown Status Output
Normal Operation

0to +10
lum = 15800 « 4.75V/(75000 + Rey)
+200 +500
See Typical Curve

ReL = 7.5k2 (I, = 5, R =40

|

Output Disabled

|
See Typical Curve
Output Disabled

750

E/S Pin Open or Forced High
E/S Pin Forced Low

E/S Pin Indicates High
E/S Pin Indicates L ow

(Ref)+ 2.4

(Ref) + 0.8

Sourcing 20uA (Ref) + 2.4 (Ref) +3.5
Thermally Shutdown Sinking 5uA, T,>160°C (Ref) +0.2 (Ref)+ 0.8
Junction Temperature, Shutdown +160
Reset from Shutdown

+140

Ref (Reference Pin for Contro| Signals)
Voltage Range
Current(2
POWER suppLy
Specified Voltage
Dperating Voltage Range, (V+) - (V-)
duiescent Current

duiescent Current in Shutdown Mode
EMPERATURE RANGE

pecified Range

Pperating Range

torage Range

hermal Resistance, 6;c . °C/w
1ermal Resistance, O)a °C/w

lum Connected to Refiy =0
lum Connected to Ref

ES: (1) High-speed test atT,= +250C, (2) Positive conventional current js defi

uency” in the Typical Performance Curves section for additional power levels. (.
'R - BROWNo®

=1=] OPA549 2

ned as flowing into the terminal. (3) See “Total Harmonic Distortion + Noise vs
4) See “Safe Operating Areg” (SOA) in the Typical Performance Curves section,



ABSOLUTE MAXIMum RATINGS(™M)

Output Current ... ...
Supply Voltage, v+ to V-
Input Voltage Range ...
Input Shutdown Voltage
Operating Temperature .
Storage Temperature w
Junction Temperature.. .
Lead Temperature (solden’ng, 10s)..
ESD Capability (Human Body Model)

See SOA Curve (Figure 6)
................................. 60V
(V=) - 05V to (V+) + 0.5y

Ref- 05 to vs+
-=40°C to +125°C
=55°C to +125°C
-.. 150°C
300°C

NOTE: (1) Stresses above these ratings may cause Permanent damage,

Exposure to absolute maximum conditions for extended periods may de-
grade device reliability.

CONNECTION DIAGRAM

@)

Connect both pins 1 and 2 to output.
Connect both pins 5 and 7 to V-,
Connect both pins 19 and 11 to v+,

PACKAGE/ORDERING lNFORMATlON

11-Lead Power zip n

TEMPERATURE
RANGE

—40°C to +85°¢

PRODUCT
OPA549T

barametric changes coylg cause the device yot to meet jts
published Specifications,

BURR- BROWN@
OPA549



TYPICAL PERFORMANCE CURVES

At Toase = +25

120

°C, Vg = +30V and E/S pin open, unless otherwise noted.

OPEN-LOOP GAIN AND PHASE
vs FREQUENCY

100

80

60

40

Gain (dB)

20

LR
"

-120

-140

-160

10 100 1k 10k 100k 10M

Frequency (Hz)

™

CURRENT LIMIT vs TEMPERATURE

Current Limit (A)

[ A v

-25 0 25 50

Temperature (°C)

75 100 125

INPUT BIAS CURRENT
vs COMMON-MODE VOLTAGE

Input Bias Current (nA)

-20 -10 0 10

Common-Mode Voltage (V)

20 30

SURR - BROWN ®

OPA549

Phase (°)

INPUT BIAS CURRENT vs TEMPERATURE

-130
_|B
-120 o,
< -110
S
< —100
o
5 -90
o
g -80
o
5 -70
2
= -60
-50
-40
-60 -40 20 o 20 40 60 80 100 120 140
Temperature (°C)
CURRENT LIMIT vs SUPPLY VOLTAGE
9
e T
8 -
~lm 8A
7
AN 1o BA
£ : —
— -]
g 4 I 5A
5
3
;2 i, 2A
2 ==
1 =lum 2A
0
0 i) 10 15 20 25 30
Supply Voltage (V)
QUIESCENT CURRENT vs TEMPERATURE
30
<
E
IS
o
5
o
IS
3
o
2
=3
a

25
Temperature (°C)

50
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TYPICAL PERFORMANCE CURVES (cont,)

At Tease = +25°C, Vs = %30V and E/S Pin open, unless otherwise noted.

OUTPUT VOLTAGE SWING vs OUTPUT CURRENT OUTPUT VOLTAGE SWING vs TEMPERATURE

g 4 )
= s
$ 3 5
Il ]
5 >
£ 2 g
G 2
Ed >
1 il
0
0 2 4 6 8 10 25 50 75 100 125
Output Current (A) Temperature (°C)
MAXIMUM ouTpUT VOLTAGE SWING OUTPUT LEAKAGE CURRENT
vs FREQUENCY vs APPLIED OUTPUT VOLTAGE
30
Maximum output i X
25 ‘ voltage without Leakage current with output disabled.

A==
I
B S

R

N
o

Output Voltage (Vp)
s &

Leakage Current (mA)

|
BN 1 S N

0
1k 10k 100k M -40 -30 -0 -10 0 10 20 30 40
Frequency (Hz) Output Voltage (V)
OFFSET VOLTAGE OFFSET VOLTAGE DRIFT

PRODUCTION DISTRIBUTION PRODUCTION DISTRIBUTION

25 25
—~ 20 ~ 20
S &
< S
& @
()
£ 15 £ 15
g. Q
£
< <
& =
S 10 o 10
& €
[ [
5 5
a 5 o 5
0 0
~ [=>) -~ N~ N~ - w » @ M~
&’Sm%“m’%vav"yéﬁ,vﬁaq%q&ime ovwﬁfgmmmmv:r'?%%%%%fﬁﬁ'%%

Offset Voltage (uv/ec)
Offset Voltage (mv)

JRR - BROWN®
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TYPICAL PERFORMANCE CURVES (Cont.)

At Tepge = +25°C, Vg = +30v and E/S pin open, unless otherwise noted.

SMALL-SIGNAL OVERSHOOT LARGE-SIGNAL STEP RESPONSE
vs LOAD CAPACITANCE G=3.C, = 1000pF

70 T T
-
60 : +
: T
. +
50 e —— _
93 N -
< T
s 40 > 1
g 2
5 30 ] I
> i
3 }
20 3
10 3
r
0 ;o
0 10k 15k 20k 25k 30k 35k g
Sus/div
Load Capacitance (pF)
SMALL-SIGNAL STEP RESPONSE
G =3, C_=1000pF
> 2>
kS 3
S >
£ £
2 S D

B
J8.
r
+
L

2.5us/diy

2.5us/div
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APPLICATIONS INFORMATION

Figure 1 shows the OPA549 connected as a basic non-
inverting amplifier. The OPA549 can be used in virtually
any op amp configuration.

Power supply terminals should be bypassed with low series
impedance capacitors. The technique shown, using a ce-
ramic and tantalum type in parallel, is recommended. Power
supply wiring should have low series impedance.

Be sure to connect bozk output pins (pins 1 and 2).

NOTE: (1) I,y connected to Ref gives the maximum
current limit, 10A (peak). (2) Connect capacitors directly to
package power supply pins.

FIGURE 1. Basic Circuit Connections.

POWER SUPPLIES

The OPA549 operates from single (+8V to +60V) or dual
(#4V to £30V) supplies with excellent performance. Most
behavior remains unchanged throughout the full operating
voltage range. Parameters that vary significantly with oper-
ating voltage are shown in the Typical Performance Curves.
Some applications do not require equal positive and negative
output voltage swing. Power supply voltages do not need to
be equal. The OPA549 can operate with as little as 8V
between the supplies and with up to 60V between the
supplies. For example, the positive supply could be set to
55V with the negative supply at —5V. Be sure to connect
both V—pins (pins 5 and 7) to the negative power supply
and both V+ pins (pins 10 and 11) to the positive power
supply. Package tab is internally connected to V-, how-
ever, do use the tab to conduct current.

BURR - BROWN®

OPA549

CONTROL REFERENCE (Ref) PIN

The OPA549 features a reference (ref) pin to which the I} 5
and the Enable/Status (E/S) pin are referred. Ref simply
provides a reference point accessible to the user that can be
set to V-, ground, or any reference of the user’s choice.
Ref cannot be set below the negative supply or above (V+)- 8V.
If the minimum Vg is used, Ref must be set at V—.

ADJUSTABLE CURRENT LIMIT

The OPA549’s accurate, user-defined current limit can be
set from OA to 10A by controlling the input to the Iy v pin.
Unlike other designs, which use a power resistor in series
with the output current path, the OPA549 senses the load
indirectly. This allows the current limit to be set with a OpA
to 633UA control signal. In contrast, other designs require a
limiting resistor to handle the full output current (up to 10A
in this case).

Although the design of the OPA549 allows output currents
up to 10A, it is not recommended that the device be operated
continuously at that level. The highest rated continuous
current capability is 8A. Continuously running the OPA549
at output currents greater than 8A will degrade long-term
reliability.

Operation of the OPA549 with current limit less than 1A
results in reduced current limit accuracy. Applications re-

quiring lower output current may be better suited to the
OPA547 or OPA548.

Resistor-Controlled Current Limit

Figure 2a shows a simplified schematic of the internal
circuitry used to set the current limit. Leaving the I} 1, pin
open programs the output current to zero, while connecting
I v directly to Ref programs the maximum output current
limit, typically 10A.

With the OPA549, the simplest method for adjusting the
current limit uses a resistor or potentiometer connected
between the I}, pin and Ref according to Equation 1:

75kV
Ry =

—7.5kQ (1)

LIM
Commonly used values are shown in Figure 2.
Digitally-Controlled Current Limit
The low-level control signal (OUA to 6331A) also allows the
current limit to be digitally controlled by setting either a
current (Iggy) or voltage (Vggr). The output current Iy pycanbe
adjusted by varying Iggy according to Equation 2:

Iser = I /15800 2)

Figure 2b demonstrates a circuit configuration implement-
ing this feature.

The output current I, can be adjusted by varying Vg
according to Equation 3:

Vser = (Ref) + 4.75V — (7500Q)(1; 1,,)/15800  (3)

Figure 11 demonstrates a circuit configuration implement-
ing this feature.



(a) RESISTOR METHOD

Max I =1 1y

e
M 75000 + R,

(optional, for noisy
environments)

_ 15800 (4.75V)

Rey ] - 75000
LIM
75kQ
= _75kQ
ILIM

OPA549 CURRENT LIMIT: 0A to 10A

_ (4.75) (15800)

(b) DAC METHOD (Current or Voltage)

Max 1o =1,y
© 1., =15800 gz

lsgr = Iy/15800

Vser = (Ref) + 4.75V — (75000) (I,,,,)/15800

DESIRED RESISTOR( CURRENT VOLTAGE

CURRENT LIMIT (Rey) (Iset) (Vser)

0AR) lum Open OpA (Ref) + 4.75v

2.5A 22.6kQ 158uA (Ref) + 3.56V

3A 17.4kQ 190pA (Ref) + 3.33v

4A 11.3kQ 2531A (Ref) + 2.85v

5A 7.5kQ 316pA (Ref) + 2.38v

6A 4.99kQ 380pA (Ref) + 1.90v

7A 3.24kQ 4431A (Ref) + 1.43v

8A 1.87kQ 506pA (Ref) + 0.95v

9A 8450 570pA (Ref) + 0.48v
10A I Connected to Ref 633nuA (Ref)

NOTES: (1) Resistors are nearest standard 1% values. (2) Offset in the current limit circuitry
may introduce approximately +0.25A variation at low current limit values.

FIGURE 2. Adjustable Current Limit.

ENABLE/STATUS (E/S) PIN

The Enable/Status Pin provides two unique functions:
1) output disable by forcing the pin low and 2) thermal
shutdown indication by monitoring the voltage level at the
pin. Either or both of these functions can be utilized in an
application. For normal operation (output enabled), the E/S
pin can be left open or driven high (at least 2.4V above Ref).
A small value capacitor connected between the E/S pin and
Crer may be required for noisy applications.

Output Disable

To disable the output, the E/S pin is pulled to a logic low
(no greater than 0.8V above Ref). Typically the output is
shut down in 1us. To return the output to an enabled state,
the E/S pin should be disconnected (open) or pulled to at
least 2.4V above Ref. It should be noted that driving the E/
S pin high (output enabled) does not defeat internal ther-
mal shutdown; however, it does prevent the user from
monitoring the thermal shutdown status. See Figure 3 for
an example implementing this function.

This function not only conserves power during idle periods
(quiescent current drops to approximately 6mA) but also
allows multiplexing in multi-channel applications. Figure 12

Logic
Ground

FIGURE 3. Output Disable.

shows two OPA549s in a switched amplifier configuration.
The on/off state of the two amplifiers is controlled by the
voltage on the E/S pin. Under these conditions, the disabled
device will behave like a 750pF load. Slewing faster than
3V/us will cause leakage current to rapidly increase in
devices that are disabled, and will contribute additional load.
At high temperature ( 125°C), the slewing threshold drops to
approximately 2V/us. Input signals must be limited to avoid
excessive slewing in multiplexed applications.

BURR - BROWN ®
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Thermal Shutdown Status

The OPAS549 has thermal shutdown circuitry that protects
the amplifier from damage. The thermal protection circuitry
disables the output when the junction temperature reaches
approximately 160°C and allows the device to cool. When
the junction temperature cools to approximately 140°C, the
output circuitry is automatically re-enabled. Depending on
load and signal conditions, the thermal protection circuit
may cycle on and off. The E/S pin can be monitored to
determine if the device is in shutdown. During normal
operation, the voltage on the E/S pin is typically 3.5V above
Ref. Once shutdown has occurred, this voltage drops to
approximately 200mV above Ref. See Figure 4 for an
example implementing this function.

E/S pin can interface
with standard HCT logic
inputs. Logic ground is
referred to Ref.

Logic
Ground

FIGURE 4. Thermal Shutdown Status.

External logic circuitry or an LED can be used to indicate if
the output has been thermally shutdown, as demonstrated in
Figure 10.

Output Disable and Thermal Shutdown Status

As mentioned earlier, the OPA549°s output can be disabled
and the disable status can be monitored simultaneously.
Figure 5 provides an example of interfacing to the E/S pin.

Open-drain logic output can disable
amplifier's output with logic low.

HCT logic input monitors thermal
shutdown status during normal
operation.

Open Drain HCT
(Output Disable) (Thermal Status
Shutdown)
Logic
Ground

FIGURE 5. Output Disable and Thermal Shutdown Status.

SAFE OPERATING AREA

Stress on the output transistors is determined both by the
output current and by the output voltage across the conduct-
ing output transistor, Vs = Vo. The power dissipated by the
output transistor is equal to the product of the output current
and the voltage across the conducting transistor, Vg — Vo.

BURR - BROWN®
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The Safe Operating Area (SOA curve, Figure 6) shows the
permissible range of voltage and current.

The safe output current decreases as Vs — Vg increases.
Output short circuits are a very demanding case for SOA. A
short circuit to ground forces the full power supply voltage
(V+ or V-) across the conducting transistor. Increasing the
case temperature reduces the safe output current that can be
tolerated without activating the thermal shutdown circuit of
the OPA549. For further insight on SOA, consult Applica-
tion Bulletin AB-039.

20

LTI

| Output current can
be limited to less
than 8A’—see text.

=,

Output Current (A)

- - - Pulse Operation Only
(Limit rms current to < 8A)

0.1

1 2 5 10 20
Vsl = 1ol (v)

FIGURE 6. Safe Operating Area.

POWER DISSIPATION

Power dissipation depends on power supply, signal, and load
conditions. For dc signals, power dissipation is equal to the
product of output current times the voltage across the con-
ducting output transistor. Power dissipation can be mini-
mized by using the lowest possible power supply voltage
necessary to assure the required output voltage swing.

For resistive loads, the maximum power dissipation occurs
at a dc output voltage of one-half the power supply voltage.
Dissipation with ac signals is lower. Application Bulletin
AB-039 explains how to calculate or measure power dissi-
pation with unusual signals and loads.

THERMAL PROTECTION

Power dissipated in the OPA549 will cause the junction
temperature to rise. Internal thermal shutdown circuitry
shuts down the output when the die temperature reaches
approximately 160°C and resets when the die has cooled
to 140°C. Depending on load and signal conditions, the
thermal protection circuit may cycle on and off. This limits
the dissipation of the amplifier but may have an undesirable
effect on the load.

Any tendency to activate the thermal protection circuit
indicates excessive power dissipation or an inadequate heat
sink. For reliable operation, junction temperature should be
limited to 125°C maximum. To estimate the margin of safety



in a complete design (including heat sink) increase the
ambient temperature until the thermal protection is trig-
gered. Use worst-case load and signal conditions. For good
reliability, thermal protection should trigger more than 35°C
above the maximum expected ambient condition of your
application. This produces a junction temperature of 125°C
at the maximum expected ambient condition.

The internal protection circuitry of the OPA549 was de-
signed to protect against overload conditions. It was not
intended to replace proper heat sinking. Continuously run-
ning the OPA549 into thermal shutdown will degrade reli-
ability.

AMPLIFIER MOUNTING AND HEAT SINKING

Most applications require a heat sink to assure that the
maximum operating junction temperature (125°C) is not
exceeded. In addition, the junction temperature should be
kept as low as possible for increased reliability. Junction
temperature can be determined according to the Equations:

T; = 4P O3 “)

where 0ia = Oic + Oy + Oy (5)

Ty = Junction Temperature (°C)

Tpo = Ambient Temperature °O)

Pp = Power Dissipated W)

Oic = Junction-to-Case Thermal Resistance (°C/W)

Ocy = Case-to-Heat Sink Thermal Resistance (°Cc/w)

60i5 = Heat Sink-to-Ambient Thermal Resistance (°C/w)

05 = Junction-to-Air Thermal Resistance (°C/'W)

Figure 7 shows maximum power dissipation versus ambient
temperature with and without the use of a heat sink. Using
a heat sink significantly increases the maximum power
dissipation at a given ambient temperature as shown.

The challenge in selecting the heat sink required lies in
determining the power dissipated by the OPA549. For dc
output, power dissipation is simply the load current times the
voltage developed across the conducting output transistor,
Pp =1, (Vs — Vy). Other loads are not as simple. Consult
Application Bulletin AB-039 for further insight on calculat-
ing power dissipation. Once power dissipation for an appli-
cation is known, the proper heat sink can be selected.

Heat Sink Selection Example—An 11-lead power ZIP
package is dissipating 10 Watts. The maximum expected
ambient temperature is 40°C. Find the proper heat sink to
keep the junction temperature below 125°C (150°C minus
25°C safety margin).

Combining Equations (4) and (5) gives:

Ty =Ta+Pp (O + Ocy + Oy,) (6)
Ty, T, and Py are given. Oic is provided in the Specifica-
tions Table, 1.4°C/W (dc). Bcy can be obtained from the heat

sink manufacturer. Its value depends on heat sink size, area,
and material used. Semiconductor package type, mounting

11

screw torque, insulating material used (if any), and thermal
joint compound used (if any) also affect 6cy- A typical Oy
for a mounted 11-lead power ZIP package is 0.5°C/W. Now
we can solve for 6;,:

Oua = [(Ty - Ta)/ Pp] - 6)¢ - Ocu
Bya = [(125°C - 40°C)/10W] — 1.4°C/W — 0.5°C/W
QHA = 6.6°C/W

To maintain junction temperature below 125°C, the heat
sink selected must have a Oy less than 6.6°C/W. In other
words, the heat sink temperature rise above ambient must be
less than 66°C (6.6°C/W -« 10W). For example, at 10W
Thermalloy model number 6396B has a heat sink tempera-
ture rise of 56°C (6, = 56°C/10W = 5.6°C/W), which is
below the required 66°C required in this example. Thermalloy
model number 6399B has a sink temperature rise of 33°C
(Bua = 33°C/10W = 3.3°C/W), which is also below the
required 66°C required in this example. Figure 7 shows
power dissipation versus ambient temperature for a 11-lead
power ZIP package with the Thermalloy 6396B and 6399B
heat sinks.

with Thermalloy 63968
10 |- Heat Sink, §,, = 7.5°C/W

with No Heat Sink,
6,5 = 30°C/W

[

30 T T
Pp = (T, (Max) = Tp)/ 6y,
(T, (max) — 150°C)
s ] |
= 20 with Thermalloy 63998
S Heat Sink, g, = 5.2°C/W
2
w
[a]
5]
S
o
o

[y

0
0 25 50 75 100 125
Ambient Temperature (°C)

Thermalloy 63968 Oyp = 5.6°C/W
assume Ocy = 0.5°C/W

OPA549 6,c = 14°CW

0,n = 7.5°C/W

Thermalloy 63968 Oup = 3.3°C/W
assume Ocy = 0.5°C/W

OPA549 O = 1.4°C/W

6,n = 52°C/W

FIGURE 7. Maximum Power Dissipation vs Ambient
Temperature.

Another variable to consider is natural convection versus
forced convection air flow. Forced-air cooling by a small fan
can lower Oc, (O + Oy ) dramatically. Some heat sink
manufacturers provide thermal data for both of these cases.
Heat sink performance is generally specified under idealized
conditions that may be difficult to achieve in an actual
application. For additional information on determining heat
sink requirements, consult Application Bulletin AB-038.

BURR - BROWN®
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The tab of the 11-lead power Z1p package is electrically
connected to the negative supply, V—. ¢ may be desirable to

OUTPUT STAGE COMPENSATION

The complex load impedances common in power op amp
applications can cauge output stage instability. For normal
operation,
required. However, for difficult loads or if the OPA 549 is
intended to be driven into current limit, an R/C network may
be required. Figure 8 shows an output R/C compensation
(snubber) network which generally provides excellent sta-
bility.

A snubber circuit may also enhance stability when driving
large capacitive loads (>1 000pF) or inductive loads (motors,

capacitors is adequate.
may be required with certain loads.

V-
Dy, D, : Schottky Diodes

IGURE 8. Motor Drive Circuit.

RR - BROWN®
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OUTPUT PROTECTION

Reactive and EMF—generating loads can return Joad current
to the amplifier, causing the output voltage to exceed the
power supply voltage. This damaging condition can be
avoided with clamp diodes from the output terminal to the
power supplies as shown ip Figure 8. Schottky rectifier
diodes with a 8A Or greater continuous rating are recom-
mended.

VOLTAGE SOURCE APPLICATION

Figure 9 illustrates how to use the OPA549 to provide an
accurate voltage source with only three external resistors.
First, the current Iimit resistor, Ry | is chosen according to
the desired output current. The resulting voltage at the It 1y
in i temperature. This voltage,
Ver, is connected to the hon-nverting input of the Oop amp
and used as a voltage reference, thus eliminating the need for
an external reference, The feedback resistors are selected to
gain Ve to the desired output

PROGRAMMABLE POWER SUPPLY

A programmable source/sink power supply can easily be
built using the OPA549. Both the output voltage and output
current are user-controlled. Figure 10 shows a circuit using

Figure 11 uses digital-to-analog converters. An LED con-
nected to the E/S pin through a logic gate indicates if the

OPA549 is in thermal shutdown.

OVy= Ve (1+ Ry/R;)

Ref

|- 15800 (4.75v)
° 75000+ Ry,

0.01uF
(Optional, for noisy
environments)

Uses voltage developed at lLim pin
T as a moderately accurate reference
voltage.

For Example:
Il =7.9A, Rel =2kQ

2kQ - 4.75v
Ve =
(2kQ + 7500Q)

Desired Vo=10V,G =

=1v
10

—=10

Ry = 1kQ and R, = 9kQ

FIGURE 9. Voltage Source.



10.5kQ

Vo = 1Vto 25v
lo=0to 10A

Output 0.12V to 2.5v

Adjust

10kQ

74HCTO04 R > 2500

Thermal
0Vto4.75v Shutdown Status

Current
Limit
Adjust

FIGURE 10, Resistor~ControHed Programmab]e Power Supply.

O Vg =7Vto 25v
lo=0Ato 104

9

1/2 DAC7800/1/2(3)

R>250q
DAC A

Thermal
Shutdown Status

12

1/2 DAC7800/1/2 OPA2336

DAC B

Choose DAC780x based on digital interface: DAC7800 - 12-bit
imerface, DAC7801 - 8-bit interface + 4 bits, DAC7802 - serial interface.

13 OPA549



Close for high current
(could be open drain
output of a logic gate).

Limit output slew rates to < 3Vlus (see text).

FIGURE 12. Switched Amplifier. FIGURE 13. Multiple Current Limit Values.

20A Peak

FIGURE 14. Parallel Output for Increased Output Current.
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Current Transducer LTS 6-NP

For the electronic measurement of currents : DC, AC, pulsed, mixed,
with a galvanic isolation between the primary circuit (high power)

PN

and the secondary circuit (electronic circuit).

CE (L

PN

Electrical data
| Primary nominal r.m.s. current 6 At

Features

I, Primary current, measuring range 0..+19.2 At

iPDc Overload capability 250 At e Closed loop (compensated) multi-

Vour  Analog output voltage @ I, 25+ (0_625-|P/|m)v range current transducer using the
IL,=0 251 \V Hall effect

N5 Number of secondary turns (0.1 %) 2000 * Unipolar voltage supply

R, Load resistance >2 KO ° Compact design for PCB mounting

Ry Internal measuring resistance (0.5 %) 208.33 Q  ° Insulated plastic case recognized

TCR,, Thermal drift of R, <50 ppm/K according to UL 94-V0

V. Supply voltage (£ 5 %) 5 \V; e Incorporated measuring resistance

Current consumption @V.,=5V Typ

lC

Accuracy - Dynamic performance data

28+1Q+(V, /R )mA

X Accuracy @ B8 T== 25{G

+0.2 %

¢ Extended measuring range.
Advantages

° Excellent accuracy

Accurgcy withR, @ Iy, T,=25°C +0.7 % * Very good linearity
g Linearity error <0.1 £y B Very low temperature drift
Typ | Max ° Optimized response time
TCV,,; Thermal drift of Vorr @1,=0 -10°C..+85°C | 80 | 200 ppm/K ° Wide frequency bandwidth
-40°C .. -10°C 250 ppm/K °* No insertion losses
TCE, Thermal drift of the gain -40°C .. +85°C 50% ppm/K ° High immunity to external
L Residual voltage @ 1, = 0,after an overload of 3x 1, +0.5 mV interference
S x Iy +20 mV e Current overload capability.
10 x I, * 20 mV
t. Reaction time @ 10 % of Ly <100 ns  Applications
t Response time @ 90 % of by <400 ns ) .
di/dt di/dt accurately followed >15 Alus * AC vana'ble Speed drives and servo
f Frequency bandwidth (0 .. - 0.5 dB) DC .. 100 kHz motor drives _
(-0.5..1dB) DC .. 200 kHz  © Static converters for DC motor drives

General data
T, Ambient operating temperature -40..+85 °C

° Battery supplied applications

° Uninterruptible Power Supplies (UPS)
* Switched Mode Power Supplies (SMPS)
® Power supplies for welding

T, Ambient storage temperature -40..+100 °C applications.
Insulating material group Illa
m Mass 10 9  Application domain

Standards 4

EN 50178 : 1997

IEC 60950-1 : 2001 * Industrial.
Notes : " Absolute value @ T,=25°C, 2.475< VOUT< 2.525
2 Pleaseseethe operation principle on the other side Copyright protected.

¥ Only due to TCR,,

4 Specification according to IEC 61000-4-3 are not guaranteed between

95 and 110 MHz (value higher by 5% than the specification). 050713/14
LEM reserves the rightto carry out modifications onits transducers, in order to improve them, without previous notice. Page 1/3
LEM Components www.lem.com

Tope Co., Ltd. - Tel: (02) 8228-0658

Fax: (02) 8228-0659

http://www.sensor.com.tw

e-mail: tope@ms1.hinet.net



Current Transducer LTS 6-NP

Isolation characteristics

V, R.m.s. voltage for AC isolation test, 50/60 Hz,1mn 3 kv

\7w Impulse withstand voltage 1.2/50 ps >8 kv
Min

Vv, R.m.s. voltage for partial discharge extinction @10pC >15 kv
Min

dCp  Creepage distance 155 mm

dCli Clearance distance 6.35 mm

CTI Comparative Tracking Index (Group 111 @) 175

Application examples

According to EN 50178 and IEC 61010-1 standards and following conditions

® Over voltage category OV 3
e Pollution degree PD2
e Non-uniform field

EN 50178 IEC 61010-1
dCp, dCl, \’7W Rated isolation voltage Nominal voltage
Single isolation 600 V 600 V
Reinforced isolation 300 V 300 V

Notes : % On housing
% On PCB with soldering pattern UTEC93-703.

Safety

This transducer must be used in electric/electronic equipment with respect to
applicable standards and safety requirements in accordance with the following
nanufacturer's operating instructions.

A\

>aution, risk of electrical shock

Vhen operating the transducer, certain parts of the module can carry hazardous
oltage (eg. primary busbar, power supply).

Jnoring this warning can lead to injury and/or cause serious damage.

his transducer is a built-in device, whose conducting parts must be inaccessible
fter installation.

- protective housing or additional shield could be used.

lain supply must be able to be disconnected.

050713/14

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice. Page 213

EM Components

www.lem.com



Dimensions LTS 6-NP (in mm. 1 mm = 0.0394 inch)

Bottom view

Model + SP number

Back view Right view

Number Primary nominal Nominal Primary Primary Recommended
of primary r.m.s. current output voltage | resistance insertion inductance connections
turns I, [A] Vor [V] R, [mQ] L, [pH]

+6 2.5+0.625

0.18 0.013

2.5+0.625

Mechanical characteristics Output Voltage - Primary Current
® General tolerance + 0.2 mm Voor [VI]
e Fastening & connection of primary 6 pins 0.8 x0.8 mm
Recommended PCB hole 1.3 mm
° Fastening & connection of secondary 3 pins 0.5x0.35 mm
Recommended PCB hole 0.8 mm
° Additional primary through-hole @ 3.2 mm
Remarks

® Vqr is positive when I, flows from terminals 1, 2, 3 to
terminals 6, 5, 4.
® Temperature of the primary jumper should not exceed 100°C.

I, [At]

050713/14

LEM reserves theright to carry outmodifications oniits transducers, in order to improve them, without previous notice. Page 3/3

LEM Components www.lem.com
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Abstract

This thesis is concerned with photovoltaic simulator based on an analog
circuit for electrical characteristic amplification from photodiodes. This
photovoltaic simulator circuit is used for studying electrical
characteristic of solar cell simulator which emulates the real solar cell
panel when insolation is changed values. The experiment results are
compared with the simulation results obtained from OrCAD 9.1
program package in order to confirm the correctness of the proposed
solar cell simulator. In addition,V-I and P-V electrical characteristic
curves are plotted by using digital storage oscilloscope.

Keywords: Photovoltaic Simulator, Electrical Characteristic,

Insolation
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