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Thesis Title A Circuit Modsl of Fluorescent Lamp for Ballast Design Application.
Author Mr. Piasert Pinpathomrat

Major Program  Electiical Engineering

Acadamic Year 1906

Abstract
This study was an attempt 1o detemmine a circuit model of a fluorescent lamp which
is suitable for use in designing a batlast. For a typicai 40-W fluorescent lamp, lhe model was found
to consist of a resistor, a capacitor and an inductor in paralke} which are connected in seties wilh two
Zener diodes (Fig. 4.1, page 42). The diodes accounted for the lamp's nonlinearity. Both a physical
circuit and a simulation using PSpice showed 1hat the model gave reasonably good representation of

the circuit behavior of an actual fluotescent lamp.
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*PROGRAM SD

VIN 1.0 SINIO 310 §0H7)
L1 120,07

Dt3zma : .
1234 0.09

- C130.10

D240 AA

R133 1000

_MODEL AA D{BV=190)
TRAN 0.01M 30M 0.1M
(OPTION NOPAGE

END
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Solation The list of the circuit file is as follows,

Example 7.1 Diode Characieristic
+GPTIORS KOPAGE HOECHD

* Operating tesperatures: 50, 100, and 15D

-IE¥P 5D 100 15D

. The input voltage that will be overridden by pr svesp voltage
. i= assuxed zero.

V& 1 © DpCc oy

. Diode D1 vhose rodel naxze is DIK814 is connected betveen nades 1 apé z,
m L 2 DIRN3L )

. L dumry voltage source to keasure the dicde current

Y. 2 0o pc oy

+ blede wodel defines the model paraseters.

-KODEL DINA3I4 D (IS=ADOBE-15 BS=iL BY=1DD IBV=lDDE-15)

. DC sveep frox D to £ V with D.pl v increment

.bC ¥p D 2v wb,puv

. Plot the diode current fror the results of DC sveep,

-PLOT DC I(vI)

. Graphic post-processor

.PROBE

+EKD

The V-1 characteristic thal is obtained by varying the inpui voltage is showr in
Figure 7.6, ‘

Exampie 72 <

A Zener vollage regulator is shown in Figure 7.7, Plot the DC transfer charucterisuz
if the input voltage s varjed from =15V t0 15 V with an increment of 0.5 V. Tne
Zener voltages of the diodes are the same and Vz = 5,2 V; the current at the zepe-
breakdown is Iy = 0,5 #A. The mode! parameters ars 1I5=0.5UA RS=6 BV=2
IBV=0.5UA. The operating temperature is 50°C, :

Solution A Zener diode js implemented by setting the mode) parameters BV = 1, =
52Vand BV = [; = 0.5 #A. The list of the circuit file is as, foliows.

Example 7,2'  Zener Regulator
~OPTIOKS NOPAGE NOECHO

* + Operating temperatures: sp*
VTEKP 5D

YIK 3 0 bpc ooy

Bi )} 2 spp

. Dicdes D3y and pp have zodel pagme DHANE.
Bl 2 3 DNAakE

oe 0 3 pNaKE

EL g D 1x
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106
¥ Exseple 7-i Diode Cherecteristic ang,.,.
pete/i3me Tum: 33/47/82 3B 3L B8 Tesperature:  50.0, 100,90, 159.0, ...
TR St —+ e ———— e --1:
; . . . '
f
r.:nl'i T
! i
: j
: H
tost 4 +
H H
: :
, ;
i g +
: E
+ [
H H
' i
s - i
* 1
1] !
: |
¥ ]
| . i
. Z +
b.ov 0.5Y 1.0V §.5Y 2.0v
s = <100} v

Figure 7.6 Diode forward charzcteristic for Example 7.)

+ Hodel DKAME defines the parameters of Zener diodes,
-%ODEL DRARHE D (IS=0.50h RS=Et BV=5.20 IBV=0,S5UR)

. DC sweep froe -15 to 15 ¥ with 0,5~V increment

.bC VIN -25 115V OD,SY

’ Print the load voltage using the results of DC sweep.
-PRINT DBPC V(2)}

.PROBE

+ERD

i DC transfer characleristic is shown in Figure 7.8.

1 A, 2
50011
: +
o,
. |
OXN I A
0 + Figure 1.7 Zener regutaior
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Sec. 7.3 Diode Statement 107

F_nm.le 7-2 Zener Pegulator

Date/Tiee run: 11/17/88 J& 43; 4 Tewoerature: 52,0
s'oy.i. —— e -4.---.--.-....._--.-;- ---------- e e r———————————— —
! . . . . - \
4 . ]
4 ’
4.0v4 . ~ -
E :
' :
2.0V - +
1 1
: :
| :
: 1
0.0V +
é
-2.0¥+ - _.r
:'
-4.0V . i
: . . i
T f et S T — 4 ; ——t
-18Y ~10V -5y oY v 10V 5

ao¥.(2

YIN
Figure 7.8 DC transfer characieristic for Example 7,2
Example 7.3

A clamping circuit is shown in Figure 7.9, where the output is 1aken from node 2
Piot the transient response of the oviput voltage V{2) for the time duration of 0 w 3
ms in sieps of 20 us. The initia} capacitor voltage is ~15 V. The mode} paramelers
of the dicde are the default values.,

Solution The list of circuit file is as follpws.

e
Ioput voltage of 10 ¥ peak at 1 kHz and zero offset vol:zge it

connected between nodes 1 ‘and O.
1 D SIN {0 10 1REZ)

, C| = Y uF
1 t 2
15 \' —|
+ VAN A
v, 1Wsn
" (2000 mrt) 3.
e T VDC = By
4 + ‘Figwre 7.9 “Diode clamper coeuit
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ol

B ,I,;'E'x’tor'wi‘th an initial voltage of ~15-V - --
& -1UF IC=-15V

" LHEG

-4 ne s

. s+ vith rodel nawe DIODE is connected between nodes 3 and 2.
, DIDDE

_ac sodel with default values of parameters
+I0DE D

cepnssent analysis for O to 3 ws with 20-ps increrent with UIC
. fnUs 3KS  ©IC

;.-t transient voltages at nodes ) and 2.

S TERE . V(2) V()

the inpul and oulput voltages of the diode clamper circuit are shown in Figure-
T H . ) -

tasmple 7.4

A diode circuit is shown in Figure 7.71(a). The AC input volape is vi, = 10 X
W0-3sin(2r X 10°). Primt the DC bias point and the small-signal parameters of the

xaeple 7-3  Diode Clamper Circuit
; 53; . Tewaersture: 27.0

WY o mmmmmen e ———— Ly S, + e m - —+
: . . .
:
vy -4
!
[
1
)
: f]
: i
v 4
|
E
]
)
1
,

oy

[P N W,

.wov‘(;):s“----“b*gé--- ----- e e o B et e e et e e e e e e O e e

. . .0ms i. . . 3.0

avil) eViD i Ses 2.0ms 2.5as 3.0a8
Tiwe

Figure 710 Output of dicde clamper circuil for Example 7.3
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g o3 Dy & 5 A o3 D 4
24r—-~w—o—-D[_<-
504}
10 uf +
A, 1
50001 A, S6000 v, Ay S50 8,
+ L
+ 10WY="Y,
0-]- . o
{a) Circuit ib) DC bias circun

Figare 7.11 Diode circuit

diode, Plot the outpul voltage from 0 1o 200 us with 2-ps increments. If the fre.
quency of the AC voltage is varied from | Hz to | kHz, plot the magniwde and phase
angle of the output voltage. The model paramelers are 1S=]00E-15 RS=(¢
CIO=2PF TT=12NS BV=100 IBV= J00E~13,

Solution The equivalent circuit for calculating the dc bias point and small-sign:
paramelers is shown in Figure T.11(b), The list of the circuit file js as follows,

Example 74 Diode Circuit -

* DC voltage of 1D ¥

Y5 ) 0 DC apv

. AC voltage of 1D mv peak at 1D kBz and zerc offset voltage for
. transient analysis and 10 pv peak for AC analysis

YIE 2 3 AC A0HY SIN (D 1DH ‘10KBZ) .
BRI 2 3 sp '

R & D 50D

C: 4 5 1gor o - - - -

‘BL 5 O 5pDO I

)

* Diode vith model name DIRULS is connected betveen nodes 3 zpe 4.
DI 3 4 DIRA4 :

-+ Dlode model defines the mode) parameters,

-BODEL D1IN814 D (I5=10DE-15 §S=IL CJO=2PT TT=1BHS BY=1DD IBY=2CUE-15)
+  Tramsient analysis for 0 to 20D ps with 2-us increments.

“IEAY 205 20DUS '

¢ AC apalysis frox 1 8z to 3 kKhz with 1D points per decade

-AC DEC MDD iNZ 1kEZ

. Plot transient voltages

«PLOT !Bl; Y{5) v(z,3)

=  Magnitude and phase Plots of ontput voltage at node %

-PLOT AC YDB(5) YE(5)

- Pripoting of the saall-signal paraaeters and the dc operatinc point.
-OF -

~PROBE

~END
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e transicnt response is shown in Figure 7.12, and the frequency response is
(hown in Figure 7.13. The details of the DC bias point and the small-signal param-

ciers 87C given mext.

N SEARLL SIGHAL BIAS SOLUTION ) IESPERATURE = 27.000 PEG C
-1 YCLTAGE RODE YOLTARGE RODE YOLTAGE EKODE YOLTAGE
o 10.0000 2y 1ip.p0O00D {3 8.375k (. &) L2438
. ¢.0000
i ThGE SOURCE CUREEMTS
3] CORRENT
re -1.b49E-D2
Vit -3.b49E-DZ
=1L TOKER DISSIPATION  1.LSE-01 WATIS
CPERATIHG POIRT IXFORMATION TEXPERRTURE = 27.000 DEG C
A p1
T DiRAQY4
1.L5E-07
. " §.38E-D
5, 1.57E+00D
v ?7.L5E-D9

. Ex - t
wie/hme run; 43/57/88 18 59??!0718 7-4  Dioge Circud
108V 4 mmeccoms '

Temperature: 27.0

e Y

—— 4 J— +

ey

rmmm Akt ——————————

v ]
H H
:
)
1}
H .
e ' 1]
'“hl * i -{-
E :
: )
] )
: |
; ' ;
Wt et o e—— P S v e —— S S (R
bus 50us $00us 150us 200us

Figwre 7.12 Transienl response for Example 7.4
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Examsle 7-4 Dipde Circujt

Date/Time run: 11/17/88 48 59 27 Temperature: 27.0°

]
i
1
]
]
]
3
[
]
4.0mv4
)
)
)
¥
[]
]
)

¥
L]
L}
!
H
1}
)
:
L]
L]
3
-+
H
H
T
13
:
;
:
:
13
13
)
-

S SR

¢ —+ —
1.0h 3.0h i0h 30h 100h 300h 1.0Kh
o VP {5}
Frequency
Figure 7.13 Frequency response for Example 7.4
Exemple 7.5

A diode wavcfonn-sha;iing circuit is shown in. Figure 7.14, where the output is taken
from node 2, Plot the transfer characteristic between Vi, and V(2) for values of Vinin
therange of ~15 V1030 Vin steps of 0.5 V. The model parameters of the diodes arc
IS=]00E~15 RS=i6 BV=100 [BV=}00E~15,

Sotution The list of circuit file is as follows.

iﬁ'ﬂmplc 1.5 Diode Waveform-Shaping Circuil

“BThe input voltage that is oveiriVden by DC sveep voltage is assumed G Y.
B 1 0 pc oo

M L 0 pe 1Sy

W 13 0 bC -A5v

Bk 5 2K

¥Vrs 2 2%

Bixw 3 ax
o

3 2 o

e 7 ek

Vi 8 ax



i

;¢ qQ ¢ZK

ar %30 2K

f

sy 3 5 DIF94

y¢ 3 4 DIRYLL

.+ 3 3 DINGl4

+» 37T DINS14
;¢ D1lNGl4

4  DINAl4

v

Semiconductor Diodes Chap. 7

~t1) diodes have the same model pame of DINQ1L<,

Lkiode model DL¥Gl4 defines dlode parameters,

puntl DIR9L4 D (15=1D0E-15 B5=1% BV=lO00 IBY=100E-15)

> TIK

-3S 30 0.5

HnT DL Y(B)
+ - Craphic post-processor

FFOBE
b

4l sveep fror -15 ¥ to 3D ¥ vith 0.5 ¥ increaent

Piot the results of BC sveep: V(2) versus VIN.

Figure 7.14  Diode waveform-thaping
circuil
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The results of the simulations are shown in Figure 7.15.
Example 7.6 - .
A full-wave rectificr is shown in Figure 7.16, where the oulput is taken between
terminals 4 and 3. Plot the transient response of the outpul voitage V(4. 3) for the
\ime duration of 0 1o 20 ms in steps of 0.1 ms. The peak volizge of the uansformer
primary is 120 V, 60 Hz. The tums ratio of primary to secondary windings is 10: 1,
The model parameters are the default values. Calculate and print the cocfficients of
Fourier series.
Sofution The transformer secondaries may be considered as a voltage-controlied
voltage source, as shown in Figure 7.17. The primary is represented by s voliage
source with a very high resistance, e.g., 10 M{.

The tist of the circuit file is as follows.

Example 7.6 Rectifier with Single-phase Center-tapped Transformer

Primary is modeled as a voltage source of 120 V peak at b0 Uz

~ with zero offset voltage.

2 0 SIF {0 :20 LO0BZ)

Primary vinding is assimed to have a very high resistance: Bi = LYsI
"3 0 LO0GOBEM

‘Secondary vinding is assomed as a voltage-controlled voltage source vith

. b

L3 - T 52 B

Example 7-5 Qlode Wavefors Shaping Circuit
/ 48 Tenoerature: 27,0

Date/Time run: 11/17/88 1% 08:

t.

H

i

)

:

1

L]

.

¥

1]

|

i

i

%

»

!

i

H

i 4

! i

i !

' ;

4 ]

H ]

| . ~ |

-10V+ + t vt S ' ; —t

- - " YT VT A - -

oY (2]

YIN

Figwre 715 DC Uansier chamcteristic for Exampie 7.5.
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o A
'~ 50 uF 5000 v,
«

|

Fipure 7.16  Rectifier with single-phase center-tapped ransformer

» & voltage gain of 0.1,

2 3 1 80 DA
¢ 30 3 D Db.3

€1 ¢ 3 spor

Bl 4 3 SDD

- Dpipde DI vith model name DIODE
By 2 4 DIODE

b B 4 DIOBE

. Picde podel vith default valves

.BODEL DIOBE b

' Transient analysis fror D to 20 =5 ¥ith [.l-ms increment

STRAR  D.IHS BONS

+ " Plot the results of transient analysis for voltage across nodes
. 4 and 3, '

LPLOT  ERAR  V(4,3)

JTOUR  bDHZ ~ V(4,3)

. Graphic post-processor

+PROBE
.ERD
D,
2 4
ey = 01y, +
> A C R, v
L s — 1 { &
C)v, ?10 MO 3 . =50 pF §5DON
’ 2= Dy,
D; -
0 . - +

Figure 717 ‘The equivatent circuit for Figure 7.16
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Exexple 7-b Ractifier with Single-phase Center Tapped Yrsnsformser
Date/Time run; 31/57/BB 18 14 0f Temoerature: 27.0

121{1..-..--....-.-----.-.—q,..-..-....-.—.-.-.—-—g—--....----............—..;..-..-- _...!,
; ;
1
j /
: T~
ov :
L] ]
L] )
) 1
r .
P .
’
& .
F L
i .
: '
4Y 4 -
: '
i :
H :
t .
] ]
$ '
' H
oY . 3
‘ :
; ;
i ! . :
i ’
] 1 .
] v
| :
mhY dreremer e rrmen e . ——— e - o resnen - —
1585 20es

Oxs 505 i0ms
o¥{s, 3 wAVG(Y(4, 3)) ~RMS(YI4 3) .
Time
Figure 7.18  OQuiput voltage for Example 7.6.

The ransient response for Example 7.6 is shown in Figure 7,18, The coefficients
of the Fourier analysis are given nexl,

(LR FOURIER AHRLYSIS TEMPERARTORL = 27.200 DEG T
TOODRIER COHPORERTS OF TRAKRSIERT RESPOHSE V(4,3)}
bt COKPORERT = 1. D0BLLSE+DY
HARBONIC  TFTREQUERCY FODRIER RORKALIZED PB1SE HORMALIZIEC

RO (B2} CONPONERT COBPONEKRT [DEG) PHASE (I
b, DONE+DL 2.332E-03 - L.DODE+DD  —2.L0YE+0D 0. DOOE-ZC
1.200E+02 Q.843E-01  4.bbLE+DE 1.182E40) 2. 443E~T0
1.400E4+0¢2 7.890E~-D4 3.73bE~UL 2.452E+01 2.713E~T0
2. 400E+402 3.033E-01 1,815E+08 £.333E+01 £.35¢E-20
2.000E4D2 ° 1,3L7E-D3 5.528E-01 t.334E+01 &.57EE-CL
3.60DE4DE 1.66%E-0} 7.902E+0) 2.7p1I+02 4.028E-I0
4 v2BOE+DE 1.756E-03 5.314E-03 1.075E+D® ».302E-CF
4.8D0E+0DC ?7.340E~-D2 3.382E+0) b.BETE4D] B.O4R2E-CTL
5.400E+02 1.5R5E-D3 4.971%-01 1,.278E+402 3. 305E-C2¢
TOTAL HARMORIC PISTORIICK = 5,D75348E+D¢ PERCERT

JOB CONCLUDDEDP

TOTAL JOB TINE 22.be

LD o 5Ny
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-t

he ‘mlcmcnls for diodes are

ptname) A RBK DNAHE. [(area) value] '
(#ODEL DNRME D (PL=V1 PZ=V2 P3=V3 ..,pH=vK)

REFERENCES

e Manual, Yrvine, Calif,: MicroSim Corporation, 198§,
I Antognelti, Power Integraied Circuits, New York: McGraw-Hill, 1986.

* A Lahi and P, Smant, “*A Zener dicde model with application o SPICE2," JFEE
Journil of Solid-Stare Circuirs, Vo, SC-16, No. |, pp. 21=22.

PROBLEMS

1. Por the diode circuit in Figure P7.1, print the bias point ang the small-signai parame-
lers of the diode, Use default values of Model parameters,

oy

0V R e28010

v,
T Figure P7.1

L3 M the inpt voltage to the circuit in Figure 7.7 is Vin = 15 sin (20007 1), plot the
Uansient response of the output voliage for a time duration of 0 10 2 ms with a time
increment of 10 ps. Print the details of wansient analysis biag point. The Zener

T1=}12N§ BY=5.20 IBV=0.5UA. The operating lemperature is 50°C,

I the input voltage of the circuit in Figure 7.14 s Vin = 10 V DC, print the details of
the DC operating point. Print the voltage gain (V,/1',), the input resistance, and the
Vulput resistance.

A A full-waye bridge rectifer is shown in Figure PT.4, Plot the transient response of the
Sutput voltage for the time duration of § 1o 20 ms jn steps of 0.1 ms, The mode)
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L e e e e
ki YL

e - 01 mH
l+ - 0, D;
@ ¥ ;”E ; == 10 uF c,_[_wour n‘ﬁ'wan ve't.

zéo. %go, ] ;-'

Figure 1.4

[

v, 169:7 5in 372

7.5, For the diode circuit in Figurs P7.5, plot the DC transfer characteristic between ¢
and v, for values of v, in the range of —~18 V10 18 V in steps of 0.5 V. The ‘mode]
parameiers of the diodes are the defauli values.

VoM,

. ) Flgure P7.5
1.6, For the diode circuit in Figure P7.6, plot the input current against the input voliage for

values of Vi, in the range of =10 V(0 10 Vip steps of 0.25 V. The mode) parameters
are 15=0.5UA RS=6 BV=5.20 JBY=0.5UA. The operating temperzture is 30°C,

+ :
()Vﬁ’ Mgik ﬁ,%-S‘ODH R; 500 (1

Figure P1.6
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Lsace Rp dcfine the breakdown region. Diode D; does not conduct until Vj =
+v. and il the reverse voltage is increased, then diode Dy becomes forward
vl and the reverse current flows through Rs.
keversc breakdown is modeled by an exponential increase in the reverse
¢t vurrent and is determined by the reverse breakdown voltage, BV, and the
it 4! breakdown voltage, IBV,

=Y HTATEMENT

wmbol for a diode is D, The name of a diode must start with D and it takes
.. pencrai form

l-a'nuse) N: NK DKAHE I(area) value)

+urie NA and NK are the anode and cathode nodes, respectively, The current
r.w« ftom anode node NA through the diode to cathode node NK. DNAME is
e niwdel name,

Some Statements for Diode

' L b DHARNE

KOTLL DRANE D {IS=D.50k RS=L BVY=5.E0 IBY¥=0.501)

HERR ] 35 SKITCR 1.5

runpLl SWITCH D (I5=300E-15 RS=1k CJO=2PF TT=12HS BV=100 IBV=iDDE-15}
LLART D & DIRS14

FOBLL PINS34 D (IS=iDDE-1S R5¥1b CJU=2PF TT=12KS BY=10D IBV=1DDE- -15}

Note. Diode DM, having model name DNAME, is a Zener diode with a
sener breakdown voltage of 5.2 V; the current at the zener break is 0.5 A,

baamplc 7.1~

A diode circuit is shown in Figure 7.5, Plot the V-1 characteristic of the diode for
forward voliage from ¢ 102 V and for temperature of 50, 100, and 150°. The diode is
of typt DIN9I4 and the model parameters are 15=100E~15 RS=16 BV=100
1BV = 0JE - 15,

Figure 7.8 Diode circuit
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A
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L
A -
- o’ e e ‘ TS e -
et . _L_
CD G b Tco
' K ! » 3 . -
Figure 7.1 PSpice diode model with
Fy reverse-biased diode
A
A

L{
Figare 7.2 Small-signal diode model Figure 7.3 Suatic diode model with
reverse-biased diode

at which this book is aimed, such complex models are not necessary. Many
model parameters can be ignored by the users, and PSpice assigns default vaiues
of the paramelers,

The model statement of a diode has the general form

+KODEL DNANE D (PL=V} P2=V2 P3=V3 ........ PN=VH)

where DNAME is the model name. DNAME can begin with any character, but

™ word size js normally limited to 8. D is the type symbol for diodes. Py,

2. and Vi, Vo, L | are the model parameters and their values, respec-

ively, The model parameters are listed in Table 7.1, .

An area factor is used to determine the number of equivalent parallel diodes

o' ¥ specified model. The mode! parameters thal are affected by the area factor
Me marked by an asterisk (*} in the descriptions of the model paramelters,

. The diode is modeled as an ohmic resistance (value = RS/area) in series with

A intrinsic diode. The resistance is attached between node NA and an jnternal

i

3
3
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TABLE 7.1 PARAMETERS OF DIODE MODEL

Name Area Model parameter Units Defaul: Typuczi
IS . Saturation current Amps JE-14 [E-f4
RS i Parasitic resisiance Ohms 0 18
N Erussion coeflicient * I
T Fransit Lime seconds 0 0.INS
clo . Zero-bias pn capacitance Faruds 1] IPF
Vi Junction potential Volis 1 4o
M Junction grading coefTicien) s 1
EG Activation energy Elecwron-voils L1 1.1
XTl IS 1emperature exponent : 3 3
KF Flicker noise coefficient {t
AF Flicker noise exponent 1
FC Forward bias depletion ca- 0.8

- pacitance coeflicient
BY Reverse breakdown voliage Volts ® 50
1BY * Reverse breakdown current Amps 1E-10

ancde node. [(area) value] scales IS, RS, CJO, and IBV, and defaults 1o {, IBV
and BV are both specified as positive vajues.

The DC characteristic of a diode is determined by the reverse saturation
current IS, the emission coefficient N, and the ohmic resistance RS. The charge
storage effects are modeled by the transit time TT, a nonlinear depletion laver
capacitance, which depends on the zero-bias junction capacitance CJO. the junc-
tion potential VI, and grading coefficient M. The temperature of the reverse
saturation current is defined by the gap activation energy (or gap energy) EG and
saturation temperature exponent XTI,

In order to simulate a Zener diode. the model in Figure 7.4 can be used.
Diode Dy and the threshold voltage source V, represent the normal forward voli-
age and reverse behavior of Zener diode, Diode Dy, the vollage source BV, and

A

$ob T
L

L&' Figwre 7.4 Siatic Zener dicde mode]

{

<+
o
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