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ABSTRACT

The Photovoltaic (PV) system is a highly popular renewable energy source due to their
energy-friendly environment. Due to their high costs, it may cause the difficulties in development
and experiments of laboratory photovoltaic converter systems.

This thesis presents a design and build of a real time PV modeling. It comprises in two
major parts. The first part is a mathematical modeling of a MSX-60 series of the PV cell from
SOLAREX Inc. using MATLAB/SIMULINK program. It utilize into a studying of a characteristics
of the PV cell and the effects of any variables to the behavior of the PV itself. The second part is to
build a DC buck converter, which is 10 kHz. Switching frequency, the converter can provide a
suitable output voltage and current according to a PV that modeled in MATLAB/SIMULINK
program to a practical works using a proper interfacing board, such as DS1104.

The simulation results of the PV model shows that the efficiency of the PV varies on its
photo generation current, which is depended directly to the solar irradiance, an ideality factor of the
diode and the internal shunt resistance parameters of the PV. In another ways, the efficiency is also
depended inversely with a reverse saturation current, an operation temperature and the internal
series resistance of the PV. Nevertheless, the experimental test shows that the output voltage and
current of such real time PV module based DC Converter is quite good and adequate correct
according to the operating characteristics of the prototype PV cell. The experimental is tested under
the solar irradiance at SOOW/mZ, temperature 250C, which is found that the error of maximum
power point is about 1.63% compare to the simulation results.

Keywords: photovoltaic module, solar irradiance, temperature, interfacing board
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Voltage at peak power (Vmp) 171V
Current at peak power (Imp) 35A
Short-circuit current (Isc) 3.8A
Open-circuit voltage (Voc) 21.1V
Temperature coefficient of open-circuit voltage (B) -73mV/°C
Temperature coefficient of short-circuit current (OL) 3mA/°C
Approximate effect of temperature on power 0.38W/°C
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M3aN 4.1 warlSoumouuuUIIaInMAUANYMUE MSX - 60

Value MSX - 60 Simulation Error
P__ (W) 9.85 60.46 -1.02%
Vo, V) 17.1 16.99 0.64%
I, (A) 3.5 3.56 -1.71%
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ADC

DS1104ADC_CE

GainZ Data Type Gonversion DS1104DAC_C4

M 4.15 aduIumaa ksaaaasTasiuniy MATLAB/Simulink 1811 DS1104

433 wamsnadeuinuduLEs 250W/m’ guugl 25°C
= 1 9 ' 1 A o Y1
nnmsnadon IagnmaasumnuAIumusezniea 7 Q - 50 Q el
1 b4
nszud i lunmsnaaeudeundasldawanszualiihlumssiaos anszualilihiiazgn
4
dalimuramad landalunisdunaledin TasT1sunsy MATLAB/Simulink (’Rugilnsel

ti'l o 1 (Y] 9 (% d’
DS1104) LW’E]ﬂTﬁuﬂﬂuLiﬂﬂuulil‘lﬁﬁﬂf)f)ﬂell@ﬁ’)\i%i UlﬂWaﬂ']‘iﬂﬂﬁ'f)‘Uﬂ\W]ﬁNﬂ 4.2

M99 4.2 waﬂ”|s1/1ﬂaauummaé&gmmﬁméﬁwamgmuﬁunm (A= 250W/m2, T= 250C)

Ay y o Ay Y A
ﬂﬁ/]hlﬂi]”lﬂﬂﬁmaﬂﬂ ﬂ”ITIvlﬂinﬂﬂ”li‘V]ﬂa@Q AU IAINADU

V(V) | I(A) | P(W) V(V) | I(A) | P(W) V(%) | I(%) | P(%)

7.00 0.95 6.65 7.12 0.97 6.91 -1.71 | -2.11 | -3.85

8.00 0.95 7.60 7.98 0.96 7.66 0.25 -1.05 | -0.80

9.00 0.95 8.55 8.95 0.96 8.59 0.55 -1.05 | -0.49

10.0 0.95 9.50 10.24 | 0.95 9.73 -2.40 0.00 | -2.40
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Y 7 A do @ \
ﬂ]ﬁNﬁ 4.2 HANINATOUUNIEAALTIDINAYIDDUUUNUIAT (A :250W/m2, T:250C) (9n9)

Ay Y o " Ay y A
ﬂ11/]1ﬂﬁ]”lﬂﬂ1ﬁ"lﬂﬂ@\1 ﬂm“lﬂinﬂmivmam ANUAALATDU

V(V) | I(A) | P(W) V(V) | I(A) | P(W) V(%) | 1(%) | P(%)

11.0 0.95 10.45 11.02 | 0.94 10.36 -0.18 1.05 0.87

12.0 0.95 11.40 12.11 | 0.95 11.50 -0.92 0.00 | -0.92

13.0 094 | 1222 13.33 | 0.95 12.66 -2.54 | -1.06 | -3.63

14.0 0.93 13.02 14.25 | 091 12.96 -1.79 2.15 0.40

15.0 0.91 13.65 15.20 | 0.88 13.37 -1.33 3.30 2.00

15.5 0.88 13.64 15.64 | 0.85 13.29 -0.90 3.41 2.54

16.0 0.85 13.60 16.16 | 0.82 13.25 -1.00 3.53 2.56

16.5 0.79 13.04 16.52 | 0.80 13.22 -0.12 | -1.26 | -1.39

17.0 0.71 12.07 16.71 | 0.72 12.03 1.71 -1.41 0.32

17.25 | 0.65 11.21 1731 | 0.67 11.60 -0.35 | -3.08 | -3.43

17.50 | 0.57 9.98 17.53 | 0.55 9.64 -0.17 3.51 3.34

17.75 | 0.48 8.52 17.81 | 0.49 8.72 -0.34 | -2.08 | -2.43

18.00 | 0.37 6.66 17.96 | 0.36 6.24 0.22 2.70 2.92

18.25 | 0.23 4.20 18.05 | 0.21 3.79 1.10 8.70 9.70

18.50 | 0.06 1.11
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o ni 4.22 Wumsuaasdyaiaduna o309 nmi 423 nag 4.24 Humsuaasdyaa

usaau I nszualihaeenlulreasnouszduussduamudiay

M990 4.3 Wﬂﬂ”Ii‘Vlﬂﬁi’]‘]JLLI?NLCIfa5LLﬁQ@1ﬁﬁ5§1?’l’ENLHJTJﬁ‘L!L’Jﬁ"I (A =500 W/mz, T= ZSOC)

A Y o A Y A
ﬂ'lﬂhlﬂ%'lﬂﬂ'li%'la@\j ﬂ’]ﬂllﬂﬂ']ﬂﬂ'licﬂﬂa@ﬂ AUARIALATDY

V(V) I(A) | P(W) V(V) I(A) | P(W) V(%) (%) | P(%)

7.00 1.90 | 13.3 7.22 1.96 | 14.15 -3.14 -3.16 | -6.4

8.00 1.90 | 15.2 7.79 1.94 | 1511 2.63 -2.10 | 0.58

9.00 1.90 | 17.1 8.56 1.97 | 16.86 4.89 -3.68 | 1.38

10.0 1.90 | 19.0 10.39 1.98 | 20.57 -3.90 -4.21 | -8.27

11.0 1.90 | 20.9 10.95 1.93 | 21.13 0.45 -1.58 | -1.12

12.0 1.90 | 22.8 12.52 1.94 | 24.29 -4.33 -2.11 | -6.53

13.0 1.89 | 24.57 13.34 1.93 | 25.75 -2.62 -2.12 | -4.79

14.0 1.88 | 26.32 13.82 1.92 | 26.53 1.29 -2.13 | -0.81

15.0 1.86 | 27.90 15.32 1.92 | 2941 -2.13 -3.22 | -5.43
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Y 7 A do o \
ﬂ]ﬁNﬁ 4.3 HANINATOUUNIEAALTIDINAYVIDDILULUUNUNIAT (A =500 W/mz, T:250C) (99)

MNN 420 1519 1-V Curve 331INWANITIAINUNANMINABDATIURIA (500W/m’, 25°C)

anldannssiany mnldanninaasa ANUAAIANADU
V(V) | IA) | PW) | V(V) |IA) |P(W) | V(%) |1(%) | P(%)
16.0 179 | 2864 | 1591 |1.86 |29.59 |0.56 391 |-3.33
1625 | 1.77 2876 |16.15 |181 [2923 | o061 226 | -1.63
16.50 1.74 28.71 16.36 1.80 29.45 0.85 -3.45 | -2.57
17.00 1.65 28.05 17.12 1.75 29.96 -0.71 -6.06 | -6.81
17.50 1.52 26.60 17.55 1.56 27.38 -0.28 -2.63 | -2.92
17.75 1.43 25.38 17.77 1.46 25.94 -0.11 -2.10 | -2.21
1800 | 132 |2376 |17.99 |130 |2339 |0.05 152 | 1.57
1850 | 1.01 |18.69 |1824 |0.99 |18.06 | 1.41 1.98 |3.36
1875 | 079 | 1481 |1872 [0.77 | 1441 |o0.16 2.53 | 2.69
1900 |0.53 |10.07 |19.02 |050 |9.51 0.11 |5.66 |556
19.25 0.19 3.66 19.11 0.21 4.01 0.72 -10.5 | -9.72
2 O — - —C8 T T
C-6 — o = Tl
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43.5 wamsnadeuNaNUdULET 250W/m” gl 50°C
NAMInaaol TaensasuanNudIuNIuIZHIeA 8 Q- 55 Q e 1rim
aszua i lunmsnassuasuudadlarvarnszua W lunissiaee an
Y v
nszua ez gndalddruaruaaad lofa lunisduinale38 TasTdsunsu
. . ' 4 A o ! o k4
MATLAB/Simulink (#1ugilnsal DS1104) e muaaseauliinieenvesases 1dwans
NAToUAIN1T19N 44 Felugosnavesnissiassnuiigadieiiasliigegavocuns
4 a d a 4 I %
raduaIeInagne 11.93w mavunawsagu i 13.25 v nszua il 0.9A (4 = 250W/m’,

] ng 1 o w s a
TZSOOC) uaﬂu%awmmimamuufgﬂﬁ]1aﬂ1aa'lwﬁ1qqqmamwwﬁaauﬁwmmﬁa 12.12

Ed H
a = = 1 5 =) ! o v

Y '
w nedunawssauldi 1332 v onszualdih oo A duiungediesiasldiigege
1 a 4 d‘ =] d‘! 1 a Jd’ o [ dy
Am1aees N1 lihnnaasaliniuaaiamaouIINAINIT TIN5 NT1a99031 AUAAIA
wanuuaIndd i 1.65% anuaaiamaouvsausadu i 0.53% uazanuaaiamaouueod
3 P o Yy I K ~ =1 '

aszualdi 1.11% wenamiiuluaisian 44 GanaeldmiudamalSouieuszrig
1 a 4 d'o A A % 1 =&
mwsmes e lihndiaeazamnnaassnasagu Iiszm1e 7 v - 16.25 vV $aa1u13o

9 4

hu@eudlunianudusiug nseua Iiihuseduldi danmi 4.25 nagnsanudunug

fda i-usagu i danwin 4.26

M99 4.4 Wﬂﬂ”lS‘VIﬂﬁ@ﬂllﬂﬂl%ﬂél&ﬁﬂ@WﬁﬁéﬁWﬁ’EN!,HJ‘U‘ﬁ‘HL’Ja'I (A= 250W/m2, T=500C)

A Y o Ay Y A
ﬂﬂ’ﬂﬂ%'lﬂﬂ1i%1ﬁ@ﬂ ﬂWﬂhlﬂ%Wﬂﬂ'liﬂﬂﬁ@\i ANV ALY

V(V) | I(A) | P(W) | V(V) | 1(A) P(W) | V(%) | 1(%) | P(%)

7.00 |097 |6.79 6.89 1.01 6.96 | 1.57 -4.12 | -2.49

8.00 097 |7.76 8.21 0.98 8.04 | -2.62 -1.03 | -3.68

9.00 |097 |8.73 8.89 0.99 880 | 1.22 -2.06 | -0.81

10.0 | 097 | 9.7 10.21 0.96 9.80 | -2.1 1.03 | -1.05

11.0 | 096 | 10.56 11.07 0.94 10.41 | -0.63 2.08 1.46

120 | 094 | 11.28 12.19 0.95 11.58 | -1.58 -1.06 | -2.66

13.0 |091 | 11.83 12.97 | 0.92 11.93 | 0.23 -1.10 | -0.86

13.25 | 090 | 11.93 1332 | 091 12.12 | -0.53 -1.11 | -1.65

13.50 | 0.88 | 11.88 13.64 | 0.90 12.28 | -1.04 -2.27 | -3.33

13.75 | 0.86 | 11.83 13.69 | 0.87 11.91 | 0.44 -1.16 | -0.72
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Y 7 A do o \
ﬂ]ﬁNﬁ 4.4 HANINATOUUNIEAALTIDINAVIDDUUUNUIAT (A :250W/m2, TZSOOC) (9n9)

v
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Mnldannmsdians Mnlannnsnaanss AIAEIAIAADY

V(V) | I(A) | P(W) V(V) I(A) P(W) | V(%) (%) | P(%)
14.00 | 0.84 | 11.76 14.32 0.81 11.6 -2.29 3.57 1.37
14.50 | 0.77 | 11.17 14.55 0.79 11.49 | -0.34 -2.60 | -2.95
15.00 | 0.68 | 10.2 15.19 0.66 10.02 | -1.27 2.94 1.71
15.25 | 0.61 | 9.30 15.29 0.62 9.48 | -0.26 -1.64 | -1.91
15.50 | 0.53 | 8.21 15.32 0.54 8.27 1.16 -1.89 | -0.70
15.75 | 0.44 | 6.93 15.91 0.42 6.68 | -1.01 4.54 | 3.57
16.00 | 0.32 | 5.12 16.04 0.29 4.65 -0.25 9.37 | 9.15
16.25 | 0.18 | 2.93 16.19 0.21 3.40 0.37 -16.6 | -16.23
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MATLAB/Simulink (Fugilnial DS1104) iiefmuanwsaiu luivieonvesises ldnans

NATDUAIAT 1N 4.5

M99 4.5 Wﬂﬂ”lS‘VIﬂﬁ@ﬂllﬂﬂl%ﬁéllﬁﬂ@?ﬁﬁéﬂﬁﬁ’ENLHJ‘]J‘ﬁ‘L!L’Jﬂ”I (A= 500W/m2, T= SOOC)

aildnnmssians | ainldanmisnaaes AR IANADY

V(V) |IKA) | PW) | V(V) | IA) | PW) | V(%) | 1(%) | P(%)
7.00 1.94 13.58 7.09 1.98 14.04 | -1.28 -2.06 | -3.37
8.00 1.94 15.52 7.79 1.96 15.27 | 2.63 -1.03 | 1.62
9.00 1.94 17.46 8.77 1.95 17.10 | 2.55 -0.51 | 2.05
10.0 1.93 19.3 10.38 1.92 19.93 | -3.8 0.51 -3.26
110 | 1.92 |21.12 |1120 [1.94 |21.73 |-1.82 | -1.04 | -2.88
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ﬂ]ﬁNﬁ 4.5 HANINATOUUNIEAALTIDINAIDDUUUNUIAT (A ZSOOW/mz, TZSOOC) (99)
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V(V) | I(A) | P(W) V(V) I(A) P(W) | V(%) 1(%) | P(%)

12.0 1.91 | 2292 11.78 1.89 22.26 | 1.83 1.05 | 2.86

13.0 1.88 | 24.44 12.87 1.85 23.81 | 1.00 1.60 | 2.58

13.5 1.85 | 24.98 13.25 1.83 24.25 | 1.85 1.08 | 2.91

14.0 1.81 | 2534 13.78 1.82 25.08 | 1.57 -0.55 | 1.03

1425 | 1.78 | 25.36 14.35 1.83 26.26 | -0.7 -2.81 | -3.53

14.50 | 1.74 | 25.23 14.70 1.72 25.28 | -1.38 1.15 | -0.21

1475 | 1.70 | 25.08 14.83 1.68 2491 | -0.54 1.18 | 0.64

15.00 | 1.65 | 24.75 14.84 1.64 24.34 | 1.07 0.61 1.67

15.50 | 1.50 | 23.25 15.65 1.37 21.44 | -0.97 8.67 | 7.78

16.00 | 1.29 | 20.64 16.05 1.20 19.26 | -0.31 -6.97 | 6.67

16.50 | 0.97 | 16.00 16.67 | 0.91 15.17 | -1.03 6.18 | 5.22

17.00 | 0.49 | 8.33 16.83 0.54 9.09 | 1.0 -10.2 | -9.10

17.25 | 0.18 | 3.11 17.32 ] 0.23 398 |-0.41 -28.7 | -28.29
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YDUNAIDEUNIFAAUAIDIAAT TU SMS5 YIUTHN SIEMENS

m319h 0.1 puanbuzna liihves SIEMENS 31 SM55

Solar module SM55

Electrical parameters

Maximum power rating P, Wl 55

Rated current |y ep [A] 3.15
Rated voltage Viep [V] 17.4
Short circuit current | [A] 3.45
Open circuit voltage Vg V] 217

Thermal parameters

NOCT 2 [°C] 45 2
Temp. coefficient: short-circuit current 1.2mAJ°C
Temp. coefficient: open-circuit voltage =077V [ °C

v

1 a 4 A o =~ 0 B J A do A
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- Short circuit current (I 3.45A

SC)

- Open circuit voltage (V. 21.7V

OC)
- Temperature coefficient of Short circuit current (K,) 1.2mA/ OC

- Temperature coefficient of Open circuit voltage (K,) -0.077V/ °c

o 1 . . a a 4

2. MNUUAAN Ideality factor of the diode (N) TaaNITUINNTHAVDIULNALTAA
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M13197 0.2 AN Ideality factor of the diode [5]

Factor N dependence on PV technology

Technology N

Si-mono 1.2
Si-poly 1.3
a-Si:H 1.8
a-Si:H tandem 33
a-Si:H triple 5

CdTe 1.5
CIS 1.5
AsGa 1.3

lumssraosimualid

- Ideality factor of the diode (N)

o 1 a A A A Y 1Y) 4 a JA
3. DMUUAATWITNUAD IDUNINYIVDIN UL ADLUTIDINAYND

- Reverse saturation current of diode (I,)

maai 19 I dnnunusadudseniing
- Electron charge (q)
- Boltzmann’s constant (K)
- Cell’s reference temperature
- Band gap energy of semiconductor
- Number of series connected cells (N)

- Number of shunt connected cells (N,)

4. Mvuamanlsvousaduasomasniznagoy

- Solar irrdiance (7\,)

- Working temperature (T)
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1.25

90nA

1.602x10 "ev
1.381x10°1/°K
298°K

1.11

36

1

250W/m’ to 1000W/m’

0°C to 75°C
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- Voltage across the diode (V) 0V to V.
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Value SMS55 Simulation Error
P (W) 54.81 54.92 -0.2%
Vo (V) 17.4 17.00 2.3%
L, (A) 3.15 3.23 -2.54%

Power [W]
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Software Support

m D51104 Real-Time Library
(included)

® Experiment and Platform
Manager (included)

®m Programming frorm Sirmulind
with Real-Time Interface
RTI 104

B Microtec C Compiler for
PPC processor

B Experiment control with
ControlDesk and
MLIE/MTRACE

Fo Bl mm S pep

Poil-Tiriw I rtarface
for e D511
B Tamilis WASTER PP
= | | X
e |
=
mme (||
CLLARS it e |
R PR FOLE R _GT
BE IS DAl PP A
EEnA Wik b e
E R Wk AT Al BE_C
s N Wb ek » L
CITERNE FR_BAE D1 (A TER T
[ 108 Mbesded PO s

Real-Time Interface provides
Simulink blocks for convenient
configuration of &0, D/,
digital 140 lines, incremental
encoder interface and PWM
generation.
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DS1104 R&D Controller Board

A Powerful Prototyping
System in Your PC

Cost-effective system for controller development

Single-board PCl hardware for use in PCs
Set of intelligent I/O on-board

Fully programmable from the Simulink block diagram
environment

The D531104 R&D Controller Board is a new piece of hardware that
upgrades your PC 1o a powerful developrment system for rapid control
prototyping. The real-time hardware based on PowerPC technology
and its set of VO interfaces makes the board an ideal solution for
developing controllers in various industrial fizlds. The new D51104
RED Controller Board is impressive proof that power does not neces-
=arily have to be expensive. The DS1104 offers an intelligent subset of
the hardware architecture of the D51102 PPC Controller Board, our
lang-running success. This way, the 051104 is available at a reasonable
price, making it the perfect developrnent system for industry and equally
for universities.

et it still gives you all the benefits of a dSPACE Prototyper systern: full
graphical configuration, prograrmming in Simulink/Stateflow from The
Pathiworks and experiment control with state-cf-the-art software tools.
The beard can be installed in virtually any PC with a free PCI slot. Sewhy
not make your PC a powerful development tool?

Technical Details

Main Processor MPCE240, PowerPC 6032 core, 250 MHz

32 kByte intemal cache

Timers 1 sample rate timer, 32-bit downoounter
4 general purpose timers, 32 bit

&4-hit timebase for time measurernent



Memory

Interrupt Control Unit =

Analog Input

Analog Output

Incremental Encoder

Interface

Digital IF'0

Serial Interface

Slave DSP Subsystam

Physical Characteristics =

8 b8 Flash

| 32 MByte synchronous DRAM (SDRAM)
| 8 MByte boot flash for applications

Interupts by tirners, serial interface, slave
DSP incremental encoders, ADC, host PC

and 4 external inputs

Wi synchronous intermpts

4 ADC inputs, 16 bit, multiplexed
+ 10V input voltage range

2 ps sampling tirne
= B0 dB signalto-noise ratio
4 ADC channels, 12 hit

+ 10V input voltage range
E00 ns sampling tirne ™

= 65 dB signalto-noise ratio

& channels, 16 bit, 10 ps max. sstiling time
+ 10V output voltage range

Two digital inputs, TTL or R5422
24-bit digital incremental encoders
Max. 1.65 MHE input frequency, i.e.
fourfold pulse counts up 1o &.6 MHz
EW /0.5 A sensor supply voltage

20-bit digital KO (bit-selectable direction)
+ 5 mA output current

Serial UART (R5232, R5485 and R5422)

Texas Instrurments’ DSP TMS320F240
4 EWoerd of dual-port RAM
Three-phase PWM outputs plus

4 single PWH outputs

B 14 bits of digital G (TTL)

Power supply 5V, 2.5 AS-12V, 0.2 A

12V03 A

B Requires cne 32-bit PCI slot

PClInteriace

Irtemupt Conral Unit

Timess

Bdemary Carmaller

Order Number

051104 RED Controller Board
m D51104

Connector Panel

m CP1104

Combined Connector/LED Panel
m CLP1104

* Spead and Hming spedi kaionsdescrbe the cpe
blitkes of the hardware cormponents and <drcutis of
our products, Depending on the sof tware comples-
Ity, the attainable overal perrarmance Ngurss can
devdate dgnificantly from the hardware spechlcs
tkans.

ermary P PC 603
Z&it WD Bus
DAL e Ervader Digtal K0
3%’_";.1* 2 charmels Bits
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V.2 Effmgaﬂmﬁ AYUZUDY Pulse Width Modulation Control Circuit (TL494)

@ MOTOROLA
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Order this document by TL494/D

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL434 is a fixed frequency, pulse width modulation control circuit

designed primarily for SWITCHMODE power supply contral.

On-Chip Error Amplifiers
On-Chip 5.0 Reference
Adjustable Deadtime Control

* & & & & &+ * @

Undervoltage Lockout

Complete Pulse Width Modulation Control Circuitry
On-Chip Oscillator with Master or Slave Operation

Uncommitted Cutput Transistors Rated to 500 mA Source or Sink
Cutput Control for Push—Pull or Single—=nded Operation

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

/ D SUFFIX
..-;\ﬁ PLASTIC PACKAGE

CASE 7516
' (50-18)
H I
]l. M SUFFIX
18 PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

Naonimvy
MAXIMUM RATINGS (Full operating ambient temperature range applies, lrF:'" E
unless otherwise noted ) |,.é,_,|" [=]
Rating Symbol | TL494C | TL494 | Unit CompanPWN
Comg Input L=
Power Supply Voltage Ve 42 v Ceadiime 3
Corfnol
Collector Output “Voltage Vel 42 v
Vg2 er ]
Collector Qutput Current lga, oo 300 mA RT E
(Each transistor) (Mote 1)
Ground E
Amplifier Input “oliage Range VIR —03to+42 W
Power Dissipation @ Ty = 45°C Fo 1000 miy o]
Thermal lHesisian-:e._ Rz, a0 oW 20 View)
Junclien—to—Ambiznt
Operafing Junction Temperature TJ 125 “C
Storage Temperature Range Tstg —55to =125 i ORDERING INFORMATION
Operating Ambient Temperature Range Ta °C Operating
TL494C Oto+70 Device Temperature Range Package
TL494] —2510 +35
TL4S4CD - S0-16
: : a = +
Drerating Ambient Temperaturs Ta 45 C TL25arH Dlastic
HOTE: 1. Maximum thermal limits must be chserved. -
TL4S4IN Ta =—25 1o +85°C Plastic

@ Motorola, Ine. 1996

Rev 1
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TL494
RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max it
Power Supply Voltage Vee 7.0 15 40 \
Collector Output Voltage Wied, Yoz - 30 40
Collector Cutput Current (Each transistor) 1. o2 - - 200 ma
Amplified Input Voltage Vin -0.3 - Voo —-2.0
Current Into Feedback Termina Iy - - 0.3 i,
Reference Output Current ref - - 10 s
Timing Resistor Rr 1.8 30 500 kil
Timing Capacitor Ct 0.0047 0.0 10 uF
Cecillator Frequency Tose 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Ve = 15 C1 = 0.01 uF, Ry = 12 kL unless oihenwise noted. )
For typical values Ty = 25°C, for minfmax values Ty is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol | Min | Typ | Max | Unit |
REFERENCE SECTION

Reference Voltags (1o = 1.0 ma) Vref 475 5.0 525 W

Line Regulation (Vo = 7.0 Vic 40 V) Redline - 20 25 m

Load Regulation (g = 1.0 ma4 to 10 mA) Regjgad - a0 15 '

Short Circuit Cutput Current (Vpes =0 V) [T 13 35 75 ma

OUTPUT SECTION

Collector Off-State Curmrent Iz{off) - 20 100 1T
Voo =40V Vpe=40V)

Emitter Off-State Currsnt IE(am) - - —100 1A
"\-'.CC =40 \\-'l: .'\-"C =40 .'v". .'-\.l"E =0 "v'.:l )

Collector—Emitter Saturation Voltage (Nofte 2) W
Common—Emitter (VE =0, I = 200 ma) Veat{C) - 1.1 1.3
Emitter—Follower (Vi = 15, IE = -200 m&) Vaat(E) - 1.3 25

Cutput Contrel Pin Current
Low State (Voo =04 V) locL = 10 - [TEY
High State (Vo = Vief) locH - 0.2 35 s

Cutput Voltage Rise Time tr ns
Comman-Emitter (Ses Figurs 12) - 100 200
Ermitter—Faollower (See Figure 13) - 100 200

Cutput Voltage Fall Time ] na
Common—Emitter (See Figurs 12) - 5 100
Emitter—Fallower (See Figure 13) - 40 100

NOTE: 2. Low duty cycle pulss techniques are used during t2st to maintain junction temperaturs as close 1o ambient termperature as possible.

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vo = 15, C7 = 0.01 uF, R = 12 kil unless otherwise noted.)
Far typical values Ty = 25°C, for minfmax values Ty is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics | Symbol Min Typ Max | Unit
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (Pin 3) = 2.5 V) Vo - 20 10 my
Input Offset Current (Vg jpip 3) = 2.5 V) o - 2.0 250 n&
Input Bias Cument (Vg (Pin 3) = 2.5 V) B - 01 -1.0 [T
Input Common Made Voltage Rangs (Voo =40, Ty = 25°C) VICR -0.3toVep-2.0
Open Loop Voltage Gain (AVo =30V, Vo =05Vt 3.5V RL=2.0 ki AvioL 70 a3 - d5
Unity-Gain Crossover Freguency (Vo =0.5V1to 3.5V, R = 2.0 k1) foo - 350 - kHz
Phase Margin at Unity—Gain (Vo =05V 10 3.5V, RL = 2.0 kL)) dm - 63 - deq.
Common Mede Rejection Ratio (Ve =40V) CMRR 65 an - ds
Powsr Supply Rejection Ratic (AVee =23V, Vg =25V B = 2.0 k}) PSRR - 100 - ds
Output Sink Current (Vg (pin 3 = 0.7 V) 0O— 0.3 or - ma
Output Source Current (Vo (pin 3= 2.5V) ot 2.0 —4.0 - mA
PWM COMPARATOR SECTION {Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH - 25 45
Input Sink Current (Vipjn 3= 0.7 V) I— 0.3 0.7 - ma,
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) {Vein 2=0"% 10 525 V) B (DT} - =20 =10 [TE
Maxirum Duty Cycle, Each Oufput, Push—Full Mode DCrax %
Vpin4=0% C7=001pF, Ry =12 k1) 45 43 50
(Vpin 4 =0V, CT=0.001 uF, R =30 kil) - 45 50
Input Threshold “oltage (Fin £) Vik
(Zero Duty Cycle) - 28 33
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (CT = 0.001 uF, RT = 30 kiX) fose - 40 - kHz
Standard Deviation of Frequency™ (C1 = 0,001 pF, Ry =30 k) Olgac - 3.0 - %
Freguency Change with Woltage (VMoo =7.0 Vo 40, Ta = 25°C) Apap (AV) - 0.1 - %o
Frequency Change with Temperature {ATa = Tigy to Thigh! Mg [AT) - - 12 %
(CT=001uF Ry =12 k)
UNDERVOLTAGE LOCKOUT SECTION
Turmn—0n Threshald (Ve increasing, lef= 1.0 mAj) Wik 55 6.43 70 |
TOTAL DEVICE
Standby Supply Current (Pin § at Vizf, All other inpuis and outputs open) oo mé
Ve =15\) - 5.5 10
Voo =40 - 7.0 15
Average Supply Current s
(CT=0.01pF, Ry = 12 kL2, Vipijn 4) = 2.0V) - 7.0 -
(Voo =15 V) (See Figure 12)

N =
I (¥n =¥
n=1

N—1

* Etandard dewiation s 3 measure of the statstical distribution about the mean as derved from the formula, &

MOTOROLA ANALOG IC DEVICE DATA 3
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Figure 1. Representative Block Diagram

B |
—
| Cacillater
Cr i = Ceadtims
; I Cormparator
| 012V
o H 1l
s | 1
Deadtime I :'.I."'v'
Control | i
| -
| :_-\.:‘|'.1
| = T Comparsior
|
|
|
|
Error Amp Feedback PWM
Comparator Input
Capacitor C1
Fesdoack WM Comp ﬁ

Deadtime Confrol —s

Flip—Flop
Clock Input

Output Control Vee
)

Error Amp
o
=

]

This device contains 48 active transisiors.

Figure 2. Timing 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 confrol of a switching power supply. (See
Figure 1.) An internal-linear sawtooth oscillator is frequency—
pregrammable by two external compenents, Rt and C1. The
approximate oscillator frequency is determined by

1.1

fosgs ———
asc RTCT

For more information refer to Figure 3.

Cutput 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
when the flipflop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control—signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum output
deadiime to approximately the first 4% of the sawtooth—cycle
time. This would result in a maximum duty cycle on a given
output of 96% with the output control grounded, and 48% with
it connected to the reference line. Additional deadfime may
be imposed on the output by setting the deadime—control
input to a fixed voltage, ranging between 0% 0 3.3 V.

Functional Table

Input/Output s fout
Output Function —_—=
Controls fosc
Grounded Single—ended PWM @ 1 and Q2 1.0
@ Vres Push—pull Operation 0s

The pulse width modulator comparator provides a means
for the ermor 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 emor amplifiers have a
commen mode input range from =03 WV to (Ve — 2V), and

may be used to sense power-supply output voltage and
current. The emor—amplifier cutputs 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 fip-flop and inhibits the output
transistors, @1 and Q2. With the output—control connected o
the reference ling, the pulse—steering flip-flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal fo half that of the oscillator. Output drive can alsc be
taken from Q1 or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output-drive currents are reguired for single—ended
operation, Q1 and G2 may be connected in parallel, and the
output—mode pin must be tied fo ground to disable the
flip—flop. The output frequency will now be equal to that of the
oscillator.

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

Figure 3. Oscillator Frequency versus
Timing Resistance

SO0k

100k

001 pF

ATOR FREQUENCY (Hz)

10k =

i
f
i

0.1 uF i

f100. OCI

1.0k =

Full

500 = =
10k 20k 50% 10k 20k SOk 100k 200k SO0k 1.0M

R TIMING RESISTAMNCE {£2)
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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency

TL494

120 =
8 | e
= Voo =15V | @ =
& 1.;: — Alg=30V 4 2
w 20 ~ Re=20k—0 0§ g
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= . o =
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— 20 14'26'_ wl
Q 10 ‘\\. 16D .
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Figure 6. Percent Duty Cycle versus
) Deadtime Control Voltage
E @
NN T[] “
= ~3 K LI B 1 =
T 40 R Voo=15W - w
2 7R Vor = Vet £
w = 1. Cr=00 pF &
Sk A =104 z
> 2. CT=00M pF o
o Rr=30k2 ] =
g 2 =
2 \ 5
£ 10 b
E '\\ il
al &
o3 =
=]
# 10 20 30 15
\pT. DEADTIME CONTROL VOLTAGE (IV)
Figure 8. Common-Emitter Configuration
Output Saturation Voltage versus
Collector Current
20
: 12 =
= 18
3" £
= 14 = s
[T
E 12 b o
b
= 10 — S
o3 @
L —_] o
— ()
Sos
04
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Figure 5. Percent Deadtime versus

Oscillator Frequency

Ve, SUPPLY WOLTAGE (V)
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Cr =000 pF
-!"‘"l-
u =1 0.001 uF
500k 10k 10k 100k 300k
fagp. OSCILLATOR FREQUENCY (Hz)
Figure 7. Emitter—Follower Configuration
Cutput Saturation Voltage versus
Emitter Current
"]
,___...-—-"
] 100 200 0 400
£ EMITTER CURRENT (ma)
Figure 9. Standby Supply Current
versus Supply Voltage
—
!.-"
0 50 10 15 20 25 X a5 40
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TL494
Figure 10. Error-Amplifier Characteristics Figure 11. Deadtime and Feedback Control Circuit
=]
Voo = 15V
Error Arrplifier 130
o ¥ Inder Test - W
Ve
0 - Test | O | Desatime c1 O Output 1
n E1
Feadback e Fesdback J——_
TIEPm_‘ ;ﬂl RT CE.;. < Qutput 2
- e 1
s = |_ 'E'*: -
T Ve T = Emor
Vre Ofer Emor L - ::i-i
™ = =
Amplifier Ouipit o
Control Out
S0k § Znd
<
Figure 12. Common-Emitter Configuration Figure 13. Emitter—Follower Configuration
Test Circuit and Waveform Test Circuit and Waveform

r——————
|

i_ I Each

| Output

Each | Transistor

| Qutput |

| Transistor |

| AN

|

| 4
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TL494

Figure 14. Error—Amplifier Sensing Techniques

u
‘0 1o Output

iltage of
Syslem
R1

Vres €
REE
To Cutput
= \ioltage of
Sysiem
Figure 15. Deadtime Control Circuit Figure 16. Soft-Start Circuit
Output
Corral
Vit Rq
Output -
Qutput
o—Q o—1a
AT ¢ o]

30k

I } %
I

B
Iax. % on Time, each oulpul = 43 - ( R )

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

cl ct

= > Qc 24V £Vor £ Nref e
et El Q4 £ 1.0 m& to 250 m&
Cutput Ny Quiput =
Conirol 1.-;‘['1-.3: T Cartrol
Single-Ended 500 mA Push-Pull
c2 2
i |~ o
0=Vpe=04V —‘\?3 ) | 0 1.0mA to 250 ma
E = E
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Figure 18. Slaving Two or More Control Circuits

Vres

Masier
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Figure 19. Operation with Vi = 40 V Using
External Zener

Ra
DAy

Wip =40V

(

[1e

Figure 20, Pulse Width Modulated Push-Pull Converter

#in =20V o 20V
[,

12 g =28V
) T 0=02A
+ Voo o
7 L 2 é
™ - =1 k
33k 3
= = Camp TL434 —
001 001 g5
T ¢y |1 aHT
6] . B 5’5
OC Vger DT - Cp Rr Gnd E1 E2 R
3 141 4l 5[ B[ 7] 9] w
e -
L 10 A
awE o ws oy 8
o -
Al capecitors in pF
Test Conditions Results
- - PR ¥ yqup - L1-35mH@03A
Line Regulation Vi =10V 40y 14 m\ 0.28% T4 — Primary 207 C.T 428 AWG
Load Regulation Vin=28V, Ip=10mAt10A | 3.0mV D.06% Secondary: 1207 C.T. 238 AWG
Core: Ferroxcube 1408F-L00-2CE
Output Ripple Vin =28 lnp=104A B85 m\ pp PARD.
Shert Circuit Current Vin=28V,RL=014%4 164
Efficiency Vin=28W lp=1.04A T1%

MOTOROLA ANALOG IC DEVICE DATA
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TL494
Figure 21. Pulse Width Modulated Step-Down Converter
1.0mH @ 24
Wi = 10V o 40V Tin T4 N =50V
- ! D324 Al 0 Y
NS I =104
Ay
a7
150
4Tk
12 i J:
T 3 " L
Ve I . 1.0M
Ll S I R e
Y I
1 é 5.1k 5.1k
50 1+ + — AP
sw T TL494 Vref 14 i
- i E E i
N EIPEND A v T
. 16 el I'.
*L s
T 1o
§ 150
% 01
Test Conditions Results
Line Regulation Vin=80Viod40V 30my  001%
Load Regulation Vin= 126 I =0.2 mA to 200 ma 50my  0.02%
Output Ripple Vin = 126V Ig = 200 mA& 40mvpp PARD.
Short Circuit Current Vin=1268VvV.RL=014 250 mé
Efficiency Vin =126V, Ig = 200 mA T2%

MOTOROLA ANALOG IC DEVICE DATA




107

TL494
OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE NOTES:
=& Cﬁlgggéﬁaﬂs . CIMENSICNING AMD TCLERANCING PER ANS!
14,58, 1280
Wl i i i i z om%‘mmsnwmsmwc:—.
i 3 * 3. DIMENSION L TO CENTER OF LEADS W-EN
B FORMED PARALLEL.
o 4, DIMENSICH 5 DOES MOT INCLUDE MOLD FLASH.
{ 8 i S, ADUNDED CORNESS DPTIONAL
[Mo o LT G TG I INCHES | MILLIMETERS
__I L—F DM WIN | MAX | WIN | WAX
—C e— L s | n7ap [ o7 [ omep | fass
B | 025 | ogm | 635 | aes
i | V-5 C | 015 | 07 | 360 | sas
1 iRy D | 0035 | o0a | 033 | dss
T LEATING F | 00oad i 102 177
1‘ —— | pLaxe G| punesc R
—i_U_ K " H | gosaesc 127 BSC
| -~ J | ooes [oois | oz | ass
H (; J—rb— R oia :-:»i | m
—=llm— D15 PL ',; n:i?_ J?:’, TE:! "1?
|$| :._:5,:.31:.:,@" @l O I T S T
D SUFFIX
PLASTIC PACKAGE
C.C'-SE 731605
—A— (SO-18)
= |SSUE J NoTes
H_H_H_H_H_H_H_H 1. DIMENSIONING AND TOLERANCING PER.
A ARSI Y4 EM T

p

jiHHHH_H

“{7 '

C

"“" D gL : _rf

B HEEIRE]

[ET=Tseamms
ALAKE

2 DONTROLLMG DINENSION. MLLIMETER.
3. DIMENSIONS A AND B DO KOT INCLUDE
MOLD FROTRUSION

¥EL 4. MAXIMUM MOLD PROTRUSION .15 [0.036)
[ [02:0010@ ]2 @] " peRstE
5 DMENSION D DOES NOT IMCLUCE DAWEAR

ALLTWARLE DANBAR
SHALL BE0.127{0.005) TOTAL

53 OF THE O CIMENSITH AT
MAXIMIM MATERLAL CONDITICN

MILLIVETERS INCHES
L_ oM W [ M [ wIN | max
® | =80 | 1000 | 0386 | 0283
R xd5e B | 280 | &m0 | 0920 [ 0i5r
C | 135 | 175 | oose | ooes
D[ 035 4c [ opee | oois
F| oed| 125 [ 0096 | ooed

% & 127850 0050 BSC
J PO I T T
K | 010 | 025 | ooos | ooos
] D Fi 0" 7"
P | =80 | 620 | 0909 | poet
R 025 o050 oo | oois
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Current Transducer LA 55-P/SP1

For the electronic measurement of currents: DC, AC, pulsed. |

with galvanic isolation between the primary circuit
the secondary circuit (electronic circuit).

COMFLIANT
2002/95/EC

16024

(high power) and

Electrical data

v, Primary nominal current rms 50 A
e Primary current, measuring range 0..+100 A
R, Measuring resistance T,=70°C |T,=85°C
RM min RM max R\' min RM max
with + 12V @+ 50A 0 210 o
@=+100A 0 3510 30 0
with + 15V @+ 50A 0 335 |30 330 o
@=+100A 0 95 |30 o0 0
[ Secondary nominal current rms 25 mA
K, Conversion ratio 1:2000
V. Supply voltage (£5 %) +12 .15 W

o

Current consumption

10 (@ 215V} + 1, mA

Accuracy - Dynamic performance data

>

T,=25°C

Accuracy @ I, . T,

@ £15V (x5 %)
@+12 .15V (£5%)

o

Linearity error

Offsetcurrent @ .= 0, T, = 25°C

Magnetic offset current ¥ @ |, = 0 and specified R,
after an overload of 3.x 1,

Temperaturs variation of | -25°C . +85°C

-40°C . -25°C

Reaction time to 10 % of I, step

. Response time * to 90 % of |, step

dildt  difdt accurately followed

BW Frequency bandwidth (- 1 dB)

p=it]

I-:n'

—_—

+0.65 %6
+0.90 %
=0.15 %
Typ |Max
+0.10  mA
+0.15  mA

+ 005030 méa
+0.10|x 050 ma

= 500 ns
= us
=200 Alps
DC 200 kHz

General data
T, Ambient operating temperatura
T, Ambient storage temperatura
R, Secondary coll resistance @T,=70°"C
@T,=85C
m Mass

Standards

-40 .+ 85 C
-40 .. +40 C
145 0
150 0
18 ]

EN 50178 1987

Motes: ' Result of the coercive field of the magnetic circuit
2 With a dirdt of 100 Alps.

Features

o Closed loop (compensated)
current fransducer using the Hall
effect

» Printed circuit board mounting

» Insulated plastic case recognized
according to UL 94-V0.

Special features

1, =0.:100A
« K, =1:2000.
Advantages

Excellent accuracy

Wery good linearity

Low temperature drift
QOptimized response time
Wide frequency bandwidth
Mo insertion losses

High immunity to external
interference

« Current overload capability.

Applications

» AC variable speed drives and
senvo motor drives

e 3tatic converters for DC motor
drives

» Battery supplied applications

» Uninterruptible Power Supplies
(UPS)

» Switched Mode Power Supplies
(SMPS)

« Power supplies for welding
applications.

Application domain

* |ndustrial_

Page 173
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Current Transducer LA 55-P/SP1

Isolation characteristics

V, Rms voltage for AC isolation test, 50 Hz, 1 min 25 kv

?‘ Impulse withstand voltage 1.2/50 ps 45 Ky
Min

dCp  Creepage distance 38 mm

dcl Clearance distance KR mm

CTIl Comparative Tracking Index {(group llla) 175

Applications examples

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

« Over voliage category OV 3

+ Pollution degree PD2
» Non-uniform field

EN 50178 IEC 61010-1
dCp, dCl, O_k Rated isolation voltage Mominal voltage
Single isolation 300 v 300V
Reinforced isolation 150 W 150 v

Safety

A\

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

A\

Caution, nisk of electrical shock

When operating the transducer, certain paris of the module can carry hazardous
voltage (eg. primary bushar, power supply).

lgnoring this waming can lead o injury andfor cause serious damage.

This transducer is a build-in device, whose conducting parts must be inaccessible
after installation.

A protective housing or additional shield could be used.

Main supply must be able to be disconnected.

Page 23
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Dimensions LA 55-P/SP1 {in mm. 1 mm = 0.03%4 inch)

Front view - 12.7 Sng:.IITIhEI'
: Oote code
K
] LE M@ Connection
o
i ol N N | o N
&S 1
s | L
F —_ [=,]
b & + b~ o+
by | |t
Is En
J 3 oy
= |5.08 2786 = o-YC
36.5
= " T
]
ﬂ -
S .
o = =
= L] I_!_I
Top view ot . Left view
Mechanical characteristics Remarks
+ General tolerance + 0.2 mm | is posifive when |, flows in the direction of the armow.
+ Primary through-haole 127 % T mm + Temperature of the primary conductor should not exceed
+ Fastening & connection of secondary 3 pins a0°C.
0.63 x 0.56 mm o Dynamic performances (di’dt and response time) are best
+ Recommendad PCB hole 0.9 mm with a single bar completely filling the primary hole.

+ In order to achieve the best magnetic coupling, the
primary windings have to he wound over the top edge of
the device.

Page 33
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MSX-60 and MSX-64

Photovoltaic Modules

112

linil.

I  SOLAREX

The MSX-64 and -60 are among the most powerful of
Solarex's Megamodule™ series, a product line which is the
culmination of nearly three decades of extensive research in
polycrystalline silicon photovoltaics. With over 3 amperes of
current at peak power, these modules offer the most cost-
effective package in the industry, and charge batteries effi-
clently in virtually any climare.

These modules may be used in single-module
arrays or deployved in multiple-module arrays,
wired in series/parallel combinations as required
to meet current and voltage requirements. They
are engineered under Solarex’s IntegraSy stem™
system integration concept, which ensures full
compatibility with other Solarex subsvstems
and components (support hardware, regula-
tors, etc.) and easy system assembly. As single-
module arrays, they may be mounted on a vari-
ety of surfaces using optional kits or by means
of user-fabricated support hardware. Solarex
also offers hardware for supporting multiple-
module arrays.

These modules are well-suited for virually all
applications where photovoltaics are a feasible
energy source, including telecommunications
systems, pumping and irvigation, cathodic
protection, remote villages and clinics, and
aids to navigation.

Individually Tested, Labeled and
Warranted
As part of the final inspection procedure,
every MSX module is tested in a solar simu-
lator and labeled with its actual output—volt
age, current, and power at maximum power point
(P —at Standard Test Conditions and Standard Operating
Conditions. Furthermore, the MSX-64 and 60 are covered by
our industry-leading limited warranty, which guarantees:
* that no module will generate less than its guaranteed mini-
mum Py, when purchased;
+ at least 80% of the guaranteed minimum P, for
TWenty vears.
Contact Solarex's Marketing Department for full terms and limi-
tations of this unparalleled warranty.

Rellable and Versatlle

The Megamodule series has proved its reliability at thousands

of installations in every climate on Earth. Among the features

that contribute to its versatility:

Dual Voltage Capability
These modules consist of 36 polycrystalline silicon solar
cells electrically configured as two series strings of 18 cells
each. The strings terminate in the junction box on the
module back. Shipped in 12V configuration, modules may
easily be switched to 6V configuration in the field by mov-
ing leads in the junction box. This design also allows instal-

lation of bypass diodes on 18cell strings, which can
improve reliability and performance in systems with nomi-
nal voltage 24V and above.

High-Capacity Multifunction function Box

The size of the junction box (25 cubic inches, 411cc) and its
six-terminal connection block allow most system array con-
nections to be made right in the J-box. The box also can

accommodate bypass or blocking diodes or

a smiall regulator, which can save the

expense and labor of additonal boxes. The

box is raintight (IP54 rated) and accepts 1/2"
nominal or PG13.5 conduit or cable fittings.
The standard terminals accept wire as large as
AWG =10 (6mm?); an optional terminal block
accepts wire up to AWG =4 (25mm?).

Proven Materials and Construction
Megamodule materials reflect Solarex's quarter-
century of experience with solar modules and sys-
tems installed in virually every climate on Earth.

* Polyerystalline silicon solar cells: efficient,
attractive, stable.

* Modules are rugged and weatherproof: cell stings
are liminated between sheets of ethyvlene vinyl
acetate {EVA) and tempered glass with a durable
Tedlar backsheet.

* Tempered glass superstrate is highly light-
transmissive (low iron content), stable, and
impact-resistant.

* Corrosionresistant, bronzeanodized extruded alu-
minum frame is strong, attractive, compatible with
Solarex mounting hardware and most other mount-
ing strctires.

Optlons

* Blocking and bypass diodes

» Solarstate™ charge regulator

* Protective aluminum backplate




Safety Approved
MSN-60 and -64 modules are listed by

Underwriter's Lahoratories for electri- Amm:wn
cil and fire safery (Class C fire rating),

certified by TUV Rheinland as Class 11 A
equipment, and approved by Factory

Mutual Research for application in NEC Class 1, Rh;:rin};nd

Division 2, Group C & D hazardous locations.
Quality Certified

These modules are manufactured in our 150 900 1-certified
factories to demanding specifications, and comply with IEC

1215, IEEE 1262 and CEC 503 test requirements, including:

* repetitive cycling between -40°C and 85°C at 85%
relative humidity;

* simulated impact of one-inch (25mm}) hail at terminal velocity

* 2700 VI frame/cell string isolation test;

* a "damp heat* test, consisting of 1000 hours of exposure to
85°C and 85% relative humidiry;

* a "hot-spot’ test, which determines a module's ability to tol
erate localized shadowing (which can cause reverse-hiased
operition and localized heating):

» simulated wind loading of 125 mph (200 kph).

Mechanical Characteristics

Welght 15,0 pounds (7.2 kg

Dimensions:  Dimensions in brackets are in millimeters
Unbracketed dimensions are ininches
Overall tolerances <1/ (3mm|

10.75
| [=02) |
0.38(0.5)
K - DIA MTG.
A" HolES
(EPLCS)
ERONT VIEW /
/ I
L7
/‘ 24.00
- (8710
2363
{1108
ey
JUNCTION
L BOX
T
08 |
7
044 0(2.5)
- SCREW =EAD
— PROJECTION.
_, {8PLCS )
{50.0}

726.9]
SECTION ¥-X GROUNDING DETAIL

Currant (A)

Currant (A}
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Typlcal Electrical Characteristics'
MSX-64 MSX-60

Maximum power {Pmax) G4W BOW
Voltage @ Pmax (Vmp) 17.5V 1714V
Current @ Prmax (lmp) 3.66A 3.5A
Guaranteed minimum Pz G2W 5aW
Short-circuit curmrent {leg) 4.08 3.8A
Open-circuit voltage (Vog) 21.3v 2.1V
Temperature coefficient of

open-circuit vattage v B0 MYRC L L
Temperature coefficient of

short-circutt current co200.065£0.045)%°C .
Temperature coefficient of power oo —0520.05) %0 . L
NOCT? e ATERRG L

NOTES:

(13 These modules are teded, labeled and shipped in 12V conflgurailon, These
data represent the performance of typical 12V modules as measured at thelr
autput terminal s, and do not include the effect of sach additional equi
ment as diodes and cabling. The dat ae based on measurerents made in
a solar simularor ar standard Test Conditlons (STC which are:

+ Ulumdnation of 1 kwym? (1 suny at spectral distribution of AM 1.5;

+ cell temperature of 25°C or as otherwise specifled (on curves),
operating chamcterdstics in sunlight may differ slightly. To determine the
chamaterstics of modules in 6V configuration, divide the 12V vl char-
acteristics by 2 and multiply current chamcterkstles by 2. Power values are
unchanged.

(2 Under mos dimatic conditlons, the cells In a module operate hotter than
the amblent temperature, MOCT (Mominal Operating Cdl Temperanire 1s
an indlcator of this temperature differential, and Is the cell tem peratune
under standard Opemting Conditions amblent temperature of 2000, solar
iradlation of 0.8 kW', and wind speed of 1 mys.

MSX-60 I-V Characteristics
4.0+
354
3.0
T= 750
o T= siFC
20 I |
1.5
1.0
0.5
Haningd 12
0.0 ————t ———
NN e 22 2

4 6 8 10 12 1 1B 18

Vallage (V)
R MSX-64 -V Characteristics
Vo \1Vm. «a\NEN

4.0 —
357
3.0+

T= 75°C
2.5 T= 50°C

T=25°C

T= 0°C

2.0

y L A
1.5
1.0+
0.5+
Hamingl 120
w1
12 14 16 18 20 22 M

0 2 4 i & 10
Valtage (V)

Download MSX-60 |-V XLS |

Download MSX-64 |-V XLS I

Download CAD |




VARIAELES AFFECTING PERFORMANCE

The performance of typical MEGA SX-64 and -60
modules is described by the I-V curves and electrical
characteristics table on the next page. Each module’s
actual, tested output characteristics are printed on
its label.

The current and power output of photovoltaic
modules are approximately proportional to ilhumi-
nation intensity. At a given intensity, a module’s out-
put current and operating voltage are determined by
the characteristics of the load. If that load is a battery,
the battery’s internal impedance will dictate the
module’s operating voeltage. An IV curve is simply
all of a module’s possible operating points (voltage/
current combinations) at a given cell temperature
and light intensity. Increases in cell temperature
increase current but decrease voltage.

TYPICAL ELECTRICAL CHARACTERISTICS™

12 VOLT CONFIGURATION'Z!
MSX-64 MSX-60

Typical peak power (Fp) W G0
Viltage @ peak power (Vpp) 17.5V 17.1v
Current @ peak power (1pp) 3664 354
Guaranteed minimum peak power 62W SEW
Shon-circuit curpent (1sc) 404 .84
Open-circuit voltage (Voc) LAV LIV
Temperature coefficient of

open-circuit voliage Coo=(B0E10mVeC, L
Temperature coefficient of

shor-circuit current o (0.06520015)%°C. L.
Approximate effect of

femperature on power e =(05£0005)%C . L
Noer® FOTE i HEPN A
Notes:

(13 These data represent the performance of typical modules as
measured at theit cutput terminals, and do hot include the effect
of such additiohal equipment as diocdes and cabling, The data are
based oh measurements made at Standard Test Conditicns (3TC),
which are:

« Mlumination of 1 KW,/m® (1 sun) at spectral distribution of AM 15
* Cell temperature of 25°C of as otherwise specified {oh curves).

2 Electtical characteristics of modules wired in the nominal 6V
conhfiguration may be found by using the 6V scales an the BV
curves, For more exact values, divide the 12V voltage characietistics
in the table by 2 and multiply the 12V current characteristics by 2.
Power values are unchanged.

(3) Undet heady all climatic conditions, the solar cells ih ah operating
module are hotter than the ambient tetmperature, a fact which
must be considered when reading module data. MOCT (Mominal
Opetating Cell Temperature) is an indication of this tempetature
rise, ahd is the cell tempetature under Standatd Operating
Conditions: ambient temperature of 200C, solar iradiation of 0.8
kW/m?, and average wind speed of 1 mys.
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IV CHARACTERISTICS
$ = 45 = MEX-64 1-V Characleristics
 ——_————
a0 40 e
M= 35—
G0 30
) S
£
=
S gpl-20f
015 T = 7500 —— s
T = 50°C
zn'—m— T = 250¢C
T= 0%
105
| [ T ]
Wnom=2 + & 4 10 12 14 16 18 2 22 24
— 1 | | | | 1 | | | l
Wpgp———1 2 I a4 5 & 7 & @ W 1 12
Voltage (V)

MSX-60 |-V Characteristics

Bl 40 =
e —
0= 35
B0 30—
50— 25—
=
E 4020
a
30 b 15 p= T = 75'C
T = 50°C
oil= 1al= T = 25C
T= 0"
10— a5k
I IS I TS N A Y I .
Waom—2 ¢ @ & 10 12 14 16 18 20 22 24
[ N N O T B | |
Wggme——=1 2 3 & 5 & 7 & 3 W 1 i
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MECHANICAL CHARACTERISTICS Weight: 15.9 pounds (7.2 kg)
MEGA SX-64 and -60 are mechanically identical, Dimensions: Dimensions in brackets are in millimeters
differing only in electrical output. Unbracketed dimensions are in inches
19.75
501 6] ']
* — =il
I X X
L4 ’ ‘ ’/
L .
1 —~0. 38 (56
J S DA MTG.
‘ FRONT VIEW
— S i JJ
| 2400
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, P 604, 6l
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(1108 2
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SIEMENS

Solar module SM55
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When it comes to reliable and
aenwironmeantally-frisndly asneration of
electricity from sunlight, solar modules
fram Siemens provide the perfect
solution. Manufactured in compliance
weith the maost stringent quality
standards, Siemens Solar medules are
designed to withstand the toughest
environmental conditions and are
characterized by their long service life.
Siemens Solar modules are coveared by a
2E-year limited warranty on power
output —your guarantee of trouble-free
solar power generation.

Powerllax® technology

Siemens’ propristary Powsrlax®
technology optimizes the ensrgy
production of individual cells and sclar
modules for all types of environmental
conditions. PowerhMax® process
optirmization includes a special refining
t=chnigue for ingots, a clean room
semiconductor grade production
process, and a multistage proprietary
TOPS™ (Texture Optimized Pyramidal
Surfacs) process. The TOPS process
incorporates the formation of textursd
pyramids on the surface of the solar cell.
These pyramids are then specially
treated to passivate the surface which
optimizes the cell's optical propsrties for
rmaximurm absorption of photons from
the sun’s light. TOPS also maximizes
photon absorption from dirsct and
diffused light itypical under cloudy
conditions). This means that light
absorption is especially high, even at low
light levels. Siemens Powerbdax® sclar
cells deliver maximum ensray
throughout the day.

Solar module

Modal: SM55
Ratad power: 55 Watts
Limited Warranty: 25 Years

Certifications and Qualifications
# LL-Lizsting 1703

& TUW zafaty class |l

& JPL Specification No. 5101-161

# |[EC 61216

* MIL Standard 810

* CE mark

* FIM Cartification (SMEE-J)




Intelligent module design

& Allcells are electrizally rmatched to assure the
arsatsst power output possiole,

-

Ultra~cl=ar termpered glass provides excallent light
transmission and pratects from wind, hail, and
impact.

-

Torsion and comrosion resistant anodized
alurninurm medule frame ensures dependabls
perarmmance, sven through harsh wesather
conditions and in marine environments.

.

B uilt-in bypass diodes (124 configuration] help
system performancs during partial shading.

High quality

& Every module is subject to final factory review,
inspaction and testing to assurs compliancs with
ekectrical, mechanizal and visual criteria,

& 25 Powerbdad® single-crystalling solar cells deliver
sacellent perfarmance even in reduced-light or
poor wsather conditions,

Cell surfaces are treated with the Texturs
Cptimized Pyramidal Surface (TOPS™) process to
generate more enengy from available light.

.

Fault tokerant mmutti-redundant contacts on front
and back of each cell provide superior reliability.

.

Solar cells are laminated bebween a multi-layersd
polymer backsheet and layers of sthydene vinyl
acstate IEVAI for environ mental protection,
misture resistance, and electrical isclation.

.

-

Curable back sheet provides the module
urderside with protaction from scratching, cuts,
breakage, and most environmental conditions.,

-

Laboratory tested and certified for 2 wide rangs of
operating conditions.

.

Grourd continuity of kess than 1 chm forall
mmetallic surfaces.

Manufactured in 150 8001 certified facilitizs to
exacting Siemens quality standards.

.

Easy installation

« Standard ProCharger™-S terminal enclosures are
designed for trouble-free field wiring and
emdronmental protection. (Modified versions also
available, e.g., as SMEE-1 with the spacial
ProCharger™CR junction boxes )

-

Lightweight aluminumn frame and pre-drilled
rreunting holes for sasy installation.

-

Modules may be wirsd together in series or
parallel to attain required power levels.

Performance warranty

® 25 Year limited warranty on poweer autput,

Further information on solar products, systems,
g[in:’lplm and applications is available in the
lemens Solar product catalog.

Siemens modules ars recyclable .
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Solar module SM55

Electrical parameters

Maximum power rating P e 1 &b
Rated current lyep [A] 3.16
Rated voltage Ve V1 17.4
Sheort circuit current |- [4] 345
Open circuit voltage Voe [V] 21.7
Thermal parameters
NOCT @ [°C] 45 £2
Temp. cosfficient: short-circuit current 1.2ma4 /°C
Temp. coefficient: open-circuit voltage -Q77V f°C
Qualification test parameters
Termperature cycling range [*C] -40 to +85
Humidity freeze, Damp heat [%RHI 85
Maxirmum permitted system voltage [V] GO0 1000 W per ISFRA)
Wind Loading PSF [Mrd] 50 [2400]
Maximum distartion 171 1.2
Hailstene impact Inches  [mm] 1.0125)]
MPH  [ms] B2 [w=23]
Weight Pounds  [kgl 12 [5.5]
I WetF R et aiar ‘t."clyll._.tlage-current characteristic

{Minimurm Wi = B0 Watts) 4

Rir Mass AM =15

Irradiance E = 1000 Wi

Cell termperaturs To=26°C

) Mormal Dperating Cell Tempemature at:

K

Irradiance E = 800 Wi/m?2
Ambient terrperature T, = 20°C
Wind Spe=d Vg = 1 mjs

21 Disgonal lifting of module plane
4} Per|EC B1215 test requirerments

Module dimensions
2 — 4

N 5]
E E 5
g 3 &
o o &
i & o
3 < s
L =
1 O | | u
ED 137 127
3Zmm 2Zmim 2BE6mm
e

ProCharger™-S
Junctien-box

Maxdmurm cable
diameter: 4mm?

Typ= of protection: (P44

Weur sddress for photowaltaics from Siemens Solar

@ <> C€ 5.

@ Siemens Solar 1993 Status 1158 - Subject to rmacdficstion.

Siemens Solar GrmbH
A joint wanturs of

Sisrnens 45 and Bayerraek: AG
Pastfach 46 07 0&
D-22215 Minchen
Garmarty

Siemens Solar Industries

P.C.Box 6032

Camarillo, CA 93017, LLS A
Wab sita: www sismanssolarpy.com
E-rmail: sunpowear@solarpy. com

Tal: 806-482-6800
Fax; 805-355-5306

Siemens Showa Solar Pte. Ltd.

186 Kallang Way
Singapone 345243
Tal: 6B-242-338
Fax 65-842-22387

Cirder Mo, D1962E, Rev. ©
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4.1 Real-time Simulation with MATLAB/Simulink Photovoltaic Module
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Real- time Simulation with MATLAB/Simulink Photovoltaic Module
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umeafiadaaaanisll famsulaaundinuuasafindiiumasnwliiniulswannasesInldlawiMa(Photovoliaic
Effect) Iauqﬂn‘sﬁﬁlﬂunﬁuﬂamﬁnuﬁﬁ'mﬁ1 Tsnmaa (Solar cell) [4] a3 iuanmathmsiadianauan
simumaumaalwidumsrian (Ptype) wazafiniu (N-ype) sandeszsivdunsaaasanit Mauditu (PN
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0.5-0.8v alivanzaulumsibanlgou Teoi S siisaduasnfindusauuuaynsuiudmou 36 waninalild
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2. N
2.1 imasusIa e

nszudlwvhuasimasusianfing (Photo current) fiamnuasaindhibvldimasuasarfindaodszgmmegas: 1
'hnmhu'[“am‘ﬁ'ﬁaﬂg:lﬂui‘r'ﬂﬁmmﬂﬁ'ua’nun]’uumﬁnnn'i:ﬂu'mﬂﬁa PN Junction @33z aunnudazlalaauas
unasdnenszud luaunsicl)  waRsdinmansazmenszuauazusIduTaTaauasainddazifouagluginas
WanguanTwiuwdea (exponential equation)

q[P’HRS‘J_l"_(If—:J'RS'] {1

I=1, 1| e
rh SL wET ) Ry

A “ od =
Wa 1, fa nszualwvhAdieanems A

ar we A

fia nzualudaiuddaundvradlalan ; A

fin Uszadianasaudewhiy 1.602x10" ¢
fia Ideal factor
#ia Ansfiuas Boltzmaniidnuindy 1.3806504x107™ J/Kevin

ad ' 2 [
fia qmﬁgumasﬂammmmwmsﬁﬂ ‘Kevin

2 4 = Z2 P

- | I
fa ussdunnnnsawlalan ; v
A I - E
Rs i fanudumuaunsyussmag ; £2
I = £
R, fia sendunuruadeas ; €2

. F-- S = = 3 a P o

1 Ideal factor uwuﬂgnumﬂ'[ﬂaE'Lum'iwﬂﬂﬁmmwmLmaaummﬂﬁummmﬂam RAZITNHFUNTTN (1) #7150
o £ [ = o ]

mﬂmﬂu’mﬁﬁugaammmaaummﬂmﬂm muwm'lugﬂn 1

#1597 1 wARNSAN Ideal factor [2]

Rs
Techmology N Teclmelozy N - w
Si-mono 12 a-Si:H triple 5 !
Si-paly 1A CdTe 1.5 Iph D1 < Rrsh LU:‘:\ D
a-3iH 1.8 CIs 1.5
a-5i;H tandem 3.3 AsGa 1.3

-] L3 L3 P
Eﬂﬂ 1 uﬁn‘ugaﬂﬁmmﬁmmmﬂmﬂ

mmwﬁugaﬁ'}maMﬁummﬁmmugﬂﬁi dwid 5 fulsTiinadansuAuAzuSIAUTaN TR TRAREIBTIAG
fia 1., N flunaeslalan 1, ilunavasuasfinnnssny wazd Ry, R, aﬂuﬂ"imﬂuﬁ'mmuﬂaﬁmﬂumigm"ﬁﬂﬁ
\Raum anfind
2.1.1 HANSENUINSEALTDIURIA AL

i 1, ilunszuritaiiunnimadussmindlaslduaslumsu fougndsn Snsuaiasedududaim
Taoassruaanuduus { radiation intensity ) URZAMAA AURNAST (2)

Iph=| I, + (7T, )2 @
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a1, fa nesuRARIITIRAIAAT 25 °C A
K, fa é‘r’nﬂﬁ:&ﬂ'ﬁrﬁgmﬁ:‘]ﬁwmﬁuaﬁ'mdﬁ JAPC
T.. fia qm“{llﬁﬁwﬁwmmaﬁ - Kevin
Ao fe eudusE - kwim®
2.1.2 wanseNuIgmugil
wnfmualnnutusasidad naunsh (2) f-hqnmgﬁﬁﬂaﬂﬁ:ﬂmiaf'hﬁ'ﬂ'lﬂv'i'mmamaaLﬁﬂﬁuaaaﬁnﬁ
Lﬁmmnﬁhﬂ'i::uaﬁ'mwﬁuw"’ufqmngﬁ ﬂnﬁf‘lqm‘nqﬁé’qﬁuamzﬂun’aﬂﬁ:ua’luﬁaﬁuﬁ’aﬁauﬂé’uﬂaa‘lﬂlaﬂﬁl."’a‘alﬂﬁi'l
Reverse saturation current of diode { I, }iil‘iﬁuﬂﬁ'f’l‘ 3 [2]

3
T
I, g}_zs[r—} exp
raf

!.ﬁa EEI #ia Band gap energy of semiconductor

i
T _I]E_g {3

| Tgr N

W, fia Themal valtage at room temperature
2.1.3 upaasuAa iag (PY Module)
ut-lamaifummﬁmfwﬂuga Lﬂuﬂ”ﬁﬁwmaa‘ummﬁnﬁmaﬁawuaqﬂmLﬁmﬁuuﬂﬁ'ﬂlﬁmm:ﬂuﬁ'ﬂﬁﬁ'ﬂuﬂﬁ'u
yasuUMABTHE 12 V Arunsdasuurwinasndunsifisnsed v Taousiduuas nTzumu e manasulsiumuda
wilsluaunsil (1) winliauauas R, waz R, 2 ldaumsra s sasasanfindmauaumsil (4) @]

__;Efi__._l Ed)

I=npy I , —npJ.| exp
Prph CPTS\ VN K Ta,

4 a = & A a Ed o
(1] n, na TIUTULTRAANADTUU WAZ n, ¢a ﬁ]m'li-l.lp'ﬁilﬁﬂﬁﬂﬂuﬂ‘iﬂ

2.2 nSIAMANHM=NTUA-NSIAUTDITAANAIDHIAE (I-V Curve)

ﬂruauu‘ﬁma"l.ﬂﬁwmmaa‘ummﬁmﬁmmmuam‘lﬂ"[ﬂﬂli IV curve lﬂa'l.fnﬂ'aaauﬁwﬁ'mﬁmga a‘nimlﬂ:n,qiaiel'r
uFsefing mﬂqmﬁqﬁmmmaifuﬂ:iﬁmmﬂTmaiuuaaﬁmﬂﬂ'a:ﬂuummaafummﬁmfﬁfhm'ﬁ FUTnE 1V
curve 'lﬁ'ﬁﬁgﬂﬁ 2 ﬁ‘aa:ﬂ‘gﬂﬁﬂﬁ'ﬂﬂ]ﬁ?ﬁ.ﬁtﬁﬁﬁﬁé’d‘lﬂﬁﬁ_ﬂgﬂL%ﬂm"l Maximum Power Point (MPP %38 P,.o.)

By - - -
[E H
4r "__':__'""':‘"““"""'ﬂ'rm'_"'
g™
\ H
g - i eREELLEE TTLLEE
b [ A
{ T
1F---——--F—------F-—--—-d---
[} ] 0 18 [ 0 15 vp 2oVoo
Moclis Velage (V) M e Voltegs (V)

-] a a & o & - ' . [ o &
:.iﬂﬂ 2 ﬂ‘i’]ﬂﬁ]mﬂﬂﬂmm:uﬁ—uﬁdﬂuﬂﬂ\‘]L’iiﬂﬁl.LEHiﬂﬂﬁﬂ [6] E‘]Jﬂ 3w Fill Factor vadssanuadanine [6]
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TumsirsangainensmIns LAz LsduasaRLmaniing sxiwsfime s sy fhdenfudasdsdelud
usadlvivhunizidaneas (Open circuit Voltage ;Voc) NSUALBEAR$95 (Short circuit current ;1) fndslriwhgeam
(Maximum Power Point ;MPP ), ﬂ'i:l.l,ﬂﬂﬁ”ii_nqﬂ (Maximum power current ;Imp )] uazl.l,ﬂﬁ'ulﬂﬁﬁ;mqﬂ (Maximum
power Voltage V., ) wananniu ﬁﬁiﬁLﬁmiﬂdﬁ'ﬂﬂmmmlﬁﬁuﬁa arRinelaud

. é‘mﬂii']waaﬁwi‘i’ulﬂﬁﬁgﬂi!ﬂn'anaﬂmm'hmi:umru:ﬁ'ﬂ';ﬁ'iﬁ'uﬁ'm‘mi’umm:tﬂmaa‘sﬁ'mm'"l Aflasunamas
{Fill Factor ;FF) ﬁ'agﬂﬁ 3 Lﬂuﬁﬁuamﬁaﬂnmmmﬂqia’ﬁ{wiag i swiluaumsd 5

.l 2
Foclso (5)
o slnzEninaslaindiaas wildndanaunasiaslivsuaandarasusiaAnde e (P, )mansadou
Wluaumsh 6
- Vo dse FF (B)
Fn

3. NSENNLUEIADY uAzEMlsznaUTaYs=UL

TN 2 uarmqmﬁ'nm::ma'l,ﬂviﬁ 5U MSX 60 [2]

Solarex MSX 60 Specifications (1kW/m?®, 25°C)

Charncteristics SPEC.
Typical peak power (] B0
Valtage at peak power (¥ 1w
Cusvent it peak pawer {fo] 15a
Short-circuit current {f5ch 18A
Open-cirewit voliage (Fac) FARLY
Tempemture coefficient of open-circuil vollage =FmVC
Temperature coedfledent of shos-circul cusrent (&) AmAST
A i affect af DT pOWE A IBWC
MWominal opemating cell empemature (MOCT) A9

Uit 4 vuudmasmaaumsafiadlagllusunsumatab/simulink

nngUfl 4 ilumsafususdimamendamansuassaasasaniind lulusunsy Matab/simuiink Tasfnwn
HRAATZNIUTEY 5 ﬁ'ﬂuﬂﬂiEm_m"iﬂﬁﬁa‘lﬂﬂwmmaﬁummﬁmzflﬁaﬁ11ﬂ5Lﬂﬂm°Lu§ﬂuuuﬁ'ut1m {Real-times) fa'ly
rn'i'e'wﬂm‘lﬁlﬁﬁhqmﬁ'ﬂum:ﬂwiviﬁwmumwﬁammﬁmﬁsm;wrex 1 MSX 60 Taalddn Open circuit voltage (Vo)
Short circuit current (l.-) , Temperature coefficient of Short circuit current (K;) é’ammﬁl 2

4. NSI1ADY LAZHANISIIADISEUL
4.1 HA aa‘[ﬂf‘ﬂn (ldeal factor and Reverse saturation current of diode)

#1 N 1ssmduenfinduuninaudimadszwing 1 f 2 Tuagdumsuinlasaisvasmadlasgananaf 1
lumsiaasldnasauien N 1w 1.0 1.5 waz2.0 WWkamuguil 5 sausnszuasiluanns:Budraeieludanaulu
msinaadldnasauiien 1| uu 100nA 1pAsaz10uA dkaenusUil 6
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3t 2 i
25| 25 i
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oz} O n-1n 22l Oe-nwm i
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o : 3 )
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4.2 Nﬂﬂaﬂﬁ‘;‘mﬁ"mﬂ’mmgﬂ‘m (Series Resistance)

R, Lﬂumwﬁ'mmummﬁﬁﬂﬂuﬁﬁmﬁ'mﬂuﬁﬂuﬁ'umwﬁ’wmwmm:ﬂw:ﬁﬁuuimﬂ:ﬁmﬂﬁ'ﬂgminﬁ’u
dameuan [4] wnsitaaslinamaufian R, ilu 1m2 ,0.01§2LLa:D_1Q.‘lm‘manﬂvlﬂ's:ua-tmﬁ’umugﬂﬁ 7 WAz
nwﬂﬁﬂﬁiﬂﬁﬂ-uﬂﬁ’u‘lﬂﬁwmugﬂﬁ 8

4 2
1.} 1
35 L O Rs = 0007 Chm
16 [ Re=0.0900nm R
ab 4
1ak A+ Fs-ni000mm 1
25t g
z s 1.2 -
€ 21 O Rs-noMCm . Tt i
5 O -0
3 .l F& = 0.010 Onm | 2 sl ]
- —~+ Fz-0.1000mm
[iY3 1
1k 4
n4f -
nE- 1 azh |
0 0.1 L2 03 04 0.5 0& o7 0 01 0.2 03 04 0s L6 o7
Woliage [V] Voltage [V]

o a 1 o a '
E‘]J‘ﬂ 7 A5 1V Curve HAEMSIIABIHANTENUTAIRAT Ry Eﬂﬂ 8 N7 P-V Curve HRMSITRBIHANTENLTEIRAT Ry

4.3 HATDIANNETWIMKHTWIH (Shunt Resistance)
1 e =l 1l . a 1 L) - . '
A R, Humsilwavasinszuaiiasannsaeda P-N junction ﬁ'lmamg'a'mm'lmanm'iﬂmaa'imamufnmaww:

nafumaresaaa [4] lunsiaasldnagaudisn R,, 1lu 50002 5Q2uaz0.582 'LﬁNﬂﬂﬁﬂﬂ'i:LLﬁ—uidﬁumlljﬂﬁ 9
waznsiaslvh-ussiu vy jﬂ*ﬁ 10
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T 2 T T T T T T

b ) FRsn= 500 Ohm

18 O Resh=5 ohm l
14 T Rsh-05 onm _
25

£ z
[ E g 1+ ]
E
S 1 o 0Ek -
’ O Rsn-sooomm
0k -
1k O rsn=5 omm ]
—~+ Rsn=05 omm o4p N
Ls | n.2r- 1
a . . . : : N p : : : . : :
0 0.1 L2 [E 0.4 [ 0E ik 0 01 0.2 0.3 [} [ 0.6 [
Voltage [V] Voltage [V]

o a ' = ° '
511 9 N9 1V Curve HAMSIIRBIHANTIIITAIAIR,, 311 10 N5 P-V Curve Hams3anINansznuaIR,,

4.4 Hﬂ‘nmﬁ'ﬂm‘fuuﬂﬂ{ radiation intensity)
e ar ar " b o - B a  F wd a_ & 1
arutussadududswanlumsdiemar W reagasuasafiad Tnanszualnldndadudansiaiiezi

dnduiiiudsduivumsinoresaemiing luamsefl 2 dAwua 1, ou 3.8A ASTCAMNT LTI 1000WIm?
auwpd 25°C , AM =1.5) lumsinsadldmasaufidiniuiusas A s 1.00sun. 075sun, 0.50sun kaz 0.25sun

a d . ax ol 5 a - r i o
(amunpiine 25°C) lduansvinszua-ussdumuglfl 11 uasnsimhadlu-ussdulwveuga 12

q a

4 T T T T T T 2 T
o
= O 1oosum LK O 1oosun |
251 O 0.75 50N | O o750
3 —+ nsosuw | 18r —+ ososun
@ oSS 14 W 0.25 5N
— L3 7l 12 -
< =
5 2r ! ! E @ 1 p
5 ! §
9 st R iy 1
& -
1 o
. 1] 4
L5 ] 02 .
a : : \ " ; 3 a g : .
] 01 02 a3 LY DS 0E a7 1] o1 o2 3 0.4 0s 0E 0.7
Valtage [V] Voltage [V]
Il a A Il B T
Fui 11 15 1V Curve HAMMTIIRBIHANTINLBIMA 3uil 12 ne P-V Curve HANTIABIHRNTZNUTBIMA

4.5 Ha‘naﬂqmlﬂgﬁ (Cell Temparature)
a Fd & a e o F] | o e E P w a = &
ammnivasgaanzsiussrhliBidnasauiisesda P-N Twasmulumsindaud Seildnszuadaandiuiu
o e a s d . s [
suannndudliinninlunmsiaesldnazauian Tidu 0°C 25°C 50°CUALTS°C (AMUITULES 1000 wim®) 1dua
ar o 5 _ar - e - =
NTINNTILE-LTIAUMUTLN 13 uasnewiaswh-ussdulwrheugil 14
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o T T

O 1.00 5UN

ml_ln_= Ik

~+ nsosun

| @ 025 SUN

/N

72 4=\
I /7 A

Vohage [V]

d e £ o &
‘E!J‘H 16 nF P-V Curve M IAsIMHITRRALEI DTN

] : o ”
A15W7 3 HaBauAauuuudna BNUR AN MSXE0

MSX-60 Simulation Error
Paal W) 59 85 6046 1.02%
V(W) 171 16.99 0.64%
lmplA) R 3.56 1.71%
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5. a3l

uamTihassTARLRIefinddnalisunTy Matiab/Simulink version 7.1 wirinuavadlalaay, | )duansnuss
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Real-time Photovoltaic Module using MATLAB/Simulink Interfacing
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Abstract

Thizs article presents the MATLAB/Simulink mathematical
made] of the photovoltaic PV) cell'module using general equations of
solar cell in order to study the affection of iradiance temperature
Jdiode model parameter series and shunt resistance of the PV cell
comparing to the output power. It will lead to analyse and develop the
PV simulator using DSF interfacing card and it may be useful in
comparing with the commercial PY cell in case of PV performance and
it also uscful in case of the development of the PV control system . The
results of the PV model  therefore muost have high value of shunt
resistor and low value of series resistor for giving more output power
and higher Fill Factor. The diode parameter and temperature affects the
change in open cirewit voltage of cell. From the simulation result it can
be observed that as solar radiation falling on PV cell is reduced, both

short girewit current and open circnit voltage decreases, but the change

n open circult voltage is not as prominent with incident solar radiation

a5 ig with short circuit current, which varies almost directly proportional

Keywords: Photovoltaic module, irradiance, temperature
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4.3 Real- time Simulation using Mathematical model of Photovoltaic Cell/Module
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Apstract

This article presents the mathematical model of the photovoltaic(PV) cellimodule using general
equations of solar cell in order to study the affection of solar irradiance temperature ,diode model
parameter ,series and shunt resistance of the PV cell comparing to the output power. It will lead to
analyse and develop the PV simulator using DSP interfacing card and it may be useful in comparing with
the commercial PV cell in case of PV performance and it also useful in case of the development of the
PV confrol system . The results of the PV model therefore must have high value of shunt resistor and low
value of series resistor for giving more output power and higher Fill Factor. The diode parameter and
temperature affects the change in open circuit voltage of cell. From the simulation result it can be
observed that as solar radiation falling on PV cell is reduced, both short circuit current and open circuit
voltage decreases, but the change in open circuit voltage is not as prominent with incident solar radiation
as is with short circuit current, which varies almost directly proportional
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Abstract

This article presents the mathematical model of the photovoltaic(PV) celllmodule using general
equations of solar cell in order to study the affection of solar imadiance temperature diode model
parameter series and shunt resistance of the PV cell comparing to the output power. It will lead to
analyse and develop the PV simulator using D3P interfacing card and it may be useful in comparing with
the commercial PV cell in case of PV performance and it also useful in case of the development of the
PV control system . The results of the PV model therefore must have high value of shunt resistor and
low value of series resistor for giving more output power and higher Fill Factor. The diode parameter and
temperature affects the change in open circuit voltage of cell. From the simulation result it can be
observed that as solar radiation falling on PV cell is reduced, both short circuit current and open circuit
voltage decreases, but the change in open circuit voltage is not as prominent with incident solar radiation
as is with short circuit current, which varies almost directly proportional

Keywords: Photovoltaic module, irradiance, temperature.
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Real-time Simulation of a Photovoltaic Cell/'Module under the
Single Diode Model

D. Impreeda and W. Subsingha
Department of Electrical Engineering. Faculty of Engineering,
Rajamangala University of Technelogy Thanyaburi, Klong 6, Thanyaburi, Pathumthani 12110
E-mail: datnititorn_tit@hotmail com

Abstract— This article presents the mathematical model of the photoveltaic(PV) cellimodule using general equations af
solar cell in order to study the affection of solar irradiance femperaiure ,diode model parameter ,series and shunt resistance
of the PV cell comparing to the output power. It will lead to analyse and develop the PV simulator using DSP interfacing
card and it may be usefil in comparing with the commercial PV cell in case of PV performance and it also usgful in case of
the development of the PI” control system . The results of the PV model thergfore must have high value af shunt resistor and
low value of series resistor for giving more output power and higher Fill Factor. The diode parameter and femperature
affects the change in open civeuit voltage of cell. From the simulation result it can be observed that as solar radiation falling
on PV cell is reduced, both shovt circuit current and open circuit voltage decreases, but the change in open circuit voltage is
not as prominent with incident solar radiation as is with short eireuit current, which varies almost directly propertional to
the solar irradiance

Keywords— Photoveltaic module, Seolar irradiance, temperature.

1. INTRODUCTION The circust of Figurel is described by the Shockley
diode equations by incorporating a diode quality factor in
account of the recombination effects in the space-charge
region [3]. The current equations are given by [1]

Solar cells is the devices that convert photoms imto
electric potential in PN silicon junction (or other
material)[1]. The photoveltaic system is a highly popular
renewable energy souwrce due to their energy-friendly

environment[2]. Due to their high costs, it may cause the q(V+IE ) v+ I-R:)

difficulties in development and experiments of laboratory I= Ipil 'I; {exp NET -1i- 7 n
phetovoltaic  converter systems. Mean by that A o sh

photovoltaic simulator which can emulates the output

characteristics of  photovoltaic module through a Iph =Iso+K1 (T ~Trerj) 2 (2)

hardware of converter circuit can be used in replacement

of actual photoveoltaic modules. T 3 Eu'
Isff)=.f£_r - exp((- -1 )—=) 3)
2. PHOTOVOLTAIC EQUIVALENT MODEL 240 0

2.1. Modeling of PV cell
Thus the simplest equivalent circuit of solar cell is a

cutrent source in parallel with a diode; this model is ) . | . .
derived from the physical body of P-N junction. When it dicde ideality factor. K is the Boltzman constant, g is the

exposed to light, a current that is proportional to the solar el.ectmn charge al_:ld I; 1s the reverse saturation current of
irradiance is generated[3]. The electrical equivalent circuit dicde. In (2), K7 is cell’s short-circuit current temperature
of a solar cell under the Single Diode Model is shown in coefficient, I, is cell’s short circuit curmt and A is the
Figurel. I solar irradiance. In(3). Ep is band gap energy of the
—_— semiconductor and T, is thermal voltage at room
!\/\/\/ temperature. The complete behaviour of PV cells are
KN lIs Ln Ry described by five model parameters (Ipn N, I, Ry Ru)
\4 which is representative of the physical behavior of PV
40,

In (1). I, is the photo generation current, R; is the series
resistance, Ry 15 the shunt or parallel resistance. N is the

[_}j Rsh L()—Ij_r) cell/module. These five parameters of photovoltaic

cell/module are related to two environmental conditions

of solar irradiance and temperature[1].

2.2. Modeling of the PV Module

A solar photovoltaic module is a congregation of solar

Fig. 1 Single diode model with R, and R, PV cells in series in order to produce a compatible voltage
to charge a standard battery.The PV cell voltage-current
relationship in eq(1) is modified for PV Module by
neglecting R; and Ry and is now given as eq.(4)[1].

¥
I=nylgp-nplifep— 3 ] 4
mpTph—mp st NETn; ! )
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Where n; is the number of series connecting cells in the
PV module and #np is the number of parallel connecting
cells in the PV module
s Fill factor (FF). the short circuit cutrent and open
circuit voltage are the maximum current and voltage of a
solar cell: in theory, the product of the short circuit
current and the open circuit voltage is the maximum
power of a solar cell[3].

The fill factor is defined as the ratio of the actual
maximum obtainable power, (Fpdm) to the theoretical (but
not actually obtainable) power. (I ). It is given as[3].

EFF = ﬁ ()
Voelse
o Maximum efficiency (m): is the ration between the
maximum output power and the input power[4].

_ Voclse FF (6)
Fn

3. MATLAEB MODEL OF PV CELL/MODULE

31.1. Mathematical model of the Photoveltaic

The Solarex MSX60 PV module was chosen for
modeling, which provides 60 watt of norminal maximum
power, and has 36 series connected polyerystalline silicon
cells. The key specifications are shown in Tablel[3].

Table 1. Typical electrical characteristic of MSX-60

Solarex MSX60 Specifications (IkWim",25°C)
Characteristics SPEC

Typical peak power (Fg) 60 W
Voltage at peak power (V) 171V
Current at peak power (I 354
Short-circuit current (I} i8A
Open-circuit voltage (V,0) 211V
Temperature coefficient of -13mViEC
open-circuit voltage (B)
Temperature coefficient of 3mASC
short-circnit current (o)
Approximate effect of -038WEC
temperature on power

Fig. 2(a) Simulink model of PV Module

119

Fig. 2(b) Simulink model of PV Cell

The model of the PV module was implemented using a
MATLAB/Simulink program. The model parameters are
evaluated during execution using the equations listed on
the previous section. The program, calculate the current
and voltage, using typical electrical parameter of the
module: I=3.8A, Vo=21.1V, P=3mASC, o=-TImV"~C
N=12, I=100nA and the wvariables Irradiation (2)
Temperature (T). The proposed model is implemented and
shown in Figure 2(a) and Figure 2(b)

3.2. PV model based DC-DC Converter

A photovoltaic simulator that emulates the output
characteristics of photovoltaic modules can be used in
replacement of an actual photovoltaic modules [6]. The
PV simulator is mainly consists of a buck converter and a
control system which is using dSPACE DS1104. The
output of a buck converter is real time adjustment by the
control system in order to produce external output
following the current-voltage (I-V)characteristics of such
PV modules. Figure3 represents the MATLAB model of
the DC chopper circuit, where I, is the output voltage. I}
is the input voltage and D is the duty cycle of the
PWM waveform[7]. A current transducer (CT) was used
to detect the output current and then sent back to the
controller board (D51104) in order to calculate PWM
triggering signal for IGBT of the converter.

DL e

HIBT b ade
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WE D pgara Elasd
S M2 i_b W

| -
r:mn Iraclsbiont

([

e mrart Tumpaatinal

Repeatig
unmaksn Sagquencs "n‘"b“""l
i

dSPACEDS1104

Fig. 3 Block diagram of real time simulator
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Table 2 shows the parameters of the simulator

Table 2 Simulator parameter

FParameter Falue
Input Voltage 23V
Cutput Voltage TV-22V
Switching freq. 10 kHz
Inductance 2.4 mH
Capacitance 40 pF
Load Resistance 10-49Q

4. SIMULATION RESULTS
4.1. THE PV CELL
4.1.1. Diode Parameter ( I; and N')

The simulation graph of Figure 4(a) shows I-V curve of
PV cell for three different values of reverse saturation
current of diede (I;) corresponding to 100nA, 1pA, and
10pA respectively. The effect of increasing I; 15 obviously
seen as a correspond decreasing of open circuit voltage
and Figure 4(b) shows IV curve of PV cell for three
different values of ideal factor (N} corresponding to 1.0
1.5 and 2.0. It can be observed that as we increase value
of N. the open circuit voltage of cell increases

£ T T T T T T

Cument [A]

. . .
(] ot oz 0.3 0.4 bl 08 o7
Wokage [W]

Fig. 4(a) I-V output characteristics with varying I,

4

zzh 4

1 4

Current [A]
i "

]

z

'

1 of @B 03 04 0S5 08 07 08 @ 1
Volage [W]

Fig. 4(b). I-V output characteristics with varving N

4.1.2. Series Resistance (R;) and Shunt Resistance (Ry)

The simulation graph of Figure 3(a) shows I-V curve of
PV cell for three different values of R; as 1mQ, 0.01Q
andl€2 respectively. The effect of increasing R; is
obviously seen as comresponding decrease the Fill factor

(FF)
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Fig. 5(a) I-V ountput characteristics with varying R,

Figure 3(b) shows I-V characteristics of PV cell for
three different values of Ry corresponding to 5008, 5Q
and 0.5Q. The effect of decrease Ry is obviously seen as
corresponding decrease the Fill factor (FF). All practical
PV cell therefore must have lugh value of Ry and low
value of R; for giving more output power and higher Fill
Factor.

4

O Rsh = 501 ok
O gsh-s omm

~+ Ren =05 onm

o E E L E E E

o 0.i .2 (5] 0.4 s 08 oT
Woltage [V]
Fig. 5(b) I-V output characteristics with varying Ry

4.1.3. Solar irradiance (A) and Temperature (T)

45 T
4 J
as -
3 ]
T, J
=% O o cesus
E 2l O mceisha ]
- - sdCeisus
151 -
. 75 Ceslus
asp -
o c c L f
o o1 0.2 oz 0.4 0s 0.6 o7

Voltage [V]
Fig.6. IV output characteristics with varying T

The nenlinear nature of PV cell is apparent as shown in
the figure 6-7. i.e.. the output current of PV cell depend
on the cell’s terminal operating voltage, temperature and
solar irradiance as well. We find from Figure 6 that the
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increasing of working temperature, the short-circuit

In a PV module there is only one path available for
current of the PV cell will increases. In the other ways,

conduction of cument due to the cells are connected in

jncfeagiﬂg in output current will leads to a decfeau‘ﬂg of series, therefore Hp = 1. The number of series connected
PV output, which the net power output of PV alqra};s cells in 'h.t PV module _wh.ich is used for EKPE'H-III.EIJI‘B].
decrease at higher temperature. On the other hand, from work here is 36 hence i, is taken as 36. Hence PV module
Figure7, the increasing of solar irradiance, short-circuit simulation study is idenfical with the PV cell study, the
current of PV module will be increased. and the maximum simulation result the I-V curve of a PV module is shown
output power may also increasing. The reason is the open- m ?il‘“'e § and Figure @ represents the P-V' curve of a PV
circuit voltage is loparithmically depend on the solar module . .
iradisnce, yet the shortrcircuit current is directly Table 3 shows the comparison between PV module

. . . N model and electrical characteristics of photovoltaic
proportional to the radiant intensity.

(MSX60) found that the error is acceptable thresholds

B — T T T—T— T
O ooz
=T O prssun |
. —+ozoauw |
3 P
@ nasouy
asf g i
T a \
E F I I 1 = 1 g
1 E i §
1
g 15- 1 sl
b
I*‘.
1 - E %i
osf \\ ] %.
° ]
a a1 az a3 24 as as o7
Vakage V] g 2 4 & B8 MW 12 14 1% 1B W =

Watage [V]
Fig.7. IV output characteristics with varying A

Fig.10. Maximum power point of PV module model

4.2. PV MODULE Table 3. Error of PV module model
MSX-60 | Simulation | Error
" C’ 1.00 5UN
O a7ssuM Pu(W) 60.0 60.46 0.77%
* _.r TSN ValV) 17.1 16.99 0.64%
e S Tn(A) 3.3 3.56 L.71%
: = =~ \
iz \q 4.3, PV MODELING WITH DC CHOPPER
o .
‘ I I \&‘ : n
og tF
1 — as b
as 1.00 SUN
% B 0 15 =
Volage [V] 25k 4
=
Fig.. I-V output characteristics of PV module o S
d 15
7 T T T T U 1
) 100 50 050 SUN
I = 1t P (Math Model) 1
+ csoaun /_\ & P [Buck Comester)
ool D25 50K asr e 1

o 15 20 i3
Voltage [V]
Fig. 11 I-V curve of PV module under different solar
irradiance (T=25°C) compared PV based DC-DC
Converter

Fowser [4)
| o

The output wvoltage of the DC-DC converter in the

project is designed to be adjust from 7V to 22V. In erder
% : i 5 20 to test the PV based DC-DC converter, an adjustable
Voltage [V]

resistor (Rygq) 15 used by changing the value of resistor
from 2€2 to 49Q. As shown in Figure 11, Comparing I-V
curve the mathematical model of the PV with PV model
based DC-DC Converter it show that I-V curve of the PV

Fig.9. P-V output characteristics of PV module

121



164

10th Eco-Energy and Materials Science and Engineering Symposium, Ubon ratchathani, Thailand, December 5-8. 2012 Back to Content

simulator via DC converter is quite exactly to the I-W
curve of MSX60 PV module. Particularly in both different
solar irradiance , but in the same temperature

5. CONCLUSIONS

This paper has considered the operation of a solar cell
under the single diode model. The following conclusion
can be drawn from the results of this paper.

& The simulation results of the PV model (Fig.4 to Fig.7)
the efficiency has a direct relationship with photo
generation current(lyz). diode ideal factor(W) and shunt
resistance(R;). but an inverse relation the reverse
saturation current (), series resistance(R;) and cell

temperature(T)

* A real-time simulater of a photoveltaic module based
DC-DC converter circuit, in this paper is controlled by the
computer DSP interfacing board (D51104) using the
PWM oprinciple. The simulation results of the PV
simulator using DC chopper eircuit were closely identity
with the simulation result of PV module model which is
using general equatiens of solar cell(Fig.11) The PV
simulator can be vsed for analysis in the field for the P-I-
V characteristic of the PV module and could be using in
the development of the PV control system.
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