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ABSTRACT 

A solid state ballast has been designed for the efficient opera­
tion of a 10" circline fluorescent lamp. The circuit can be manu­
factured using power hybrid technology. Eight discrete component 
versions of the ballasts have been delivered to LBL for testing. 
The results show the solid state fluorescent ballast system is 
more efficient than the core-coil ballasted systems on the market. 

rfhis manuscript was printed from originals provided by the author, 
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1. 2.1 

Relative int light output was measured on t 
10 inch prototypes with cool white lamps and compared to a 
inch cir'cline lamp ( FC12T9/CW ) with a standard magnet ballast 
( G.E. 547~RS). The data and results are tabulated 
in Table 1. 

Table 1. Light and Wattage Data Comparison 

12" 

10" #1 EETech 
10" #2 EETeeh 
10" #3 EETech 
10" #4 EETeeh 
10" #5 EETeeh 
10" #6 EETech 
10" #7 EETeeh 
10" #8 EETech 

Average #1-8 

Relative 
Integrated 
Light 

464 

619 
662 
632 
635 
672 
694 
664 
676 

657 

Input 
~ 

43 
42,5 
42 
40 
44 
43,S 
43 
40.5 

42,) 

13,; 

14.4 
15.6 
15.1 
15,9 
IS.; 
16.0 
15.4 
16.7 

15.6 

T 
a 21% 
of 17%. 

demonstrates a 42% 
in input power, with 

in light output, 
increase in efficacy 

Table 2 
tests at Lawrence 
wi th the same 10" lamp are 
10 inch "Circlite" which 
and starter. 

and calculated results from 
Laboratory. Six EETech prototypes 
compared with the new General Electric 

a special built-in magnetic 

Table 2. Light and Wattage Comparison with 
G.E. C1re1ite at 120 volts input 

Relative Lamp 
Light Are Lamp 

Amp. 

G.E. 4;.8 177; 40.5 36.7 48.3 ,702 
Cirelite 
#1 EETeeh 44.0 1882 42.8 32,2 58,4 .6J5 
#2 EETeeh 44,S 1864 41.9 31.6 59,0 .608 
#3 EET-eah 47,0 1890 40.2 32,5 58.2 ,640 
#4 EE'l'eeh 42,S 1872 44.0 Jl.S 59.4 ,625 
#6 EEtech 46,2 1886 40.8 J2.1 58.8 ,629 
#7 EE'l'eeh 46,0 187J 40,7 :31.7 59.1 ,624 

Averagl!'! 45.0 1878 41.7 31.9 .8 ,626 JOOO 
EETech 

# Data normali~ed, S$sumes G.E. Circlitl!'! produces manufacturer's rat~ 
output (1750 lumens). 
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1.2.6 
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In the EE Tech circuit, the amplitude modulation comes from 
the 60 hertz pulses of line current which charge the filter 
capacitors, and from the 120 hertz ripple at the output of the 
filter capacitors. The RF filter is effective in attenuating 
the RF energy fed back to the 60 hertz line and also reduces 
ripple modulation. 

The pi section filter circuit is shown in Fig. 1. 

610 fH 

ZeZ pF 47 ~F 
.....,."J6-

O.33.n-

Fig. 1 EMI Filter Circuit 

The circuit is a low-pass filter with cut-off frequency 
around 4 kilohertz. The ratio of output voltage to input cur­
rent is attenuated 20 dB/decade below cut-off and 60 dB/decade 
at frequencies above cut-off. This circuit has effectively 
attenuated line-conducted RF interference. 
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follows: 

-

1M 
o 

• 2 Switch Circuit 

When the switch is the "bright" posi ti on @ capaci 
C shorted out and es impedance in the lamp circuit 
is minimum, When the switch is in the "dim" pos ion e CII 
in es with ClOt thus increasing series impedance. T re­
maining switch-leg switches C9 in series with C7 so as to pro­
vide optimim lamp starting voltages at each position. Power 
and light puts each switch position are tabu in 
Table 5, 
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These data show t 
output are enuated 2.2 
on. Lamp arc is 

The 
very little by swi 
to increase about 

1. 2.10 

of ballast 
However@ the 
the switch 

Efficacy In~ut to Ballast 
r,~u~ ~;;unr volt t5~ watts p, F, 

~-~ • 7, m. zrn:1):1rn 
44.8 51..2 . 120 620 45.5 .61 

integrat 
low switch 
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lamp is affected 
.efficacy ~ppears 
low position. 
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6. 

1.08 1. 1,09 1.0 1. o. 1.10 O. 1.00 1, 
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1. 2. 

improve 
was 

Light output was 
power was unchanged. 

fi 

The principal difficulty 
on starting. In starting 

do with filament 
s ing_ the filament 

so low~ that the more like instant 
m,ode for the particular 

an expectation short lamp fe. 
current cannot be increased as an in-

-- a major circuit change necessary. 
j although light per watt efficacy of the present 

1.3 TESTS 
1. 3.1 

than conventional ballasts~ our work on another 
with a f-

wave forms is a very important part of development 
c ballasts. Modern cathode ray osci 

loscopes and voltage divider probes are used along with power 
isolating formers when required. 

Fig. 3 shows typi 
current!) 

waveforms of transistor voltage and 
current. and input current. 



XBB 8010-11497 

Input Line Current: 0,5 A/em 
Time: 2,67 ms/em (60 Hz) 

XSB 8010-11499 

Switching Transistor 
Vce: 50 V/em Ic: 0,5 A/em 

Time: 5 microsec/em 

Lamp Current: 0, 5 A/em 
Time: 10 microsec/em 

XBB 8010-11498 

XBB 8010-11500 

Top: Lamp Volts: 50 V/em 
Bottom: Lamp Current: 0,5 A/em 

Time: 10 microsec/em 

Fig, 3, Wave Form Characteristics, EETech 10- inch Circ1ine Ballast 
1/17/80 
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1.3.2 

The arc re scharge 
in the fluorescent bulb. 

Fig. 4 a circu ch shows the method deve 
oped by EE Tech measure a fluorescent lamp, 
Resistance voltage div are average voltage 
drop between two filaments. transformer with 
ferrite toroidal core was two primary wind-
ings, one f'or each terminal into a lamp filament. The secondary 
winding feeds the current of the watt ,The two 
primary windings tot ze arc current into the lamp and 
't~e same time the lament loop current from the measure-
ment. The average voltage and current are comb in an 
electronic watt meter which arc power in 

AMP 

1(-/1E 

110J)EL 

HIGH 
I/OLr-AI1P@ WIT 

FIG. 4. EETech Circuit for Arc 'i'iatts Measurement 
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It is recommended ed provide a minimum of 
0.8 amps. ne present preheat conditions, an 
accelerated starting test of about 6 1 1 with a schedule 
3 mi on~ 3 minutes off d give an on em. 
Both high and low settings d be 

Ballast Characteristics 

Regul on of light output over line vol is with the Tech 
ballast +5% -10%. Ballast effici is much lower than expected due to the 
relatively gh ballast loss 1. This amounts to 35% of the 
watts delivered to the lamp. If this can improved by chang; the trans­
former core material transformer design it 11 enhance the value of the 
product from standpOint of effi • As it now system 
efficiency 1s dependent on gains n lamp to gh frequency oper-
ation. 

In determine what the consumer 
with an energy efficient system compared 
lamp used for readi was pped in wi 
shows the results this test. 

ill nation levels 
a typi portable 
systems. Table II 

reading lamp used on to d the shade which is 16" wide. Foot 
candle readi were taken at various distances from the base of the portable 
lamp at table wi a cosine, color corrected light meter. Each set of 
readings was taken at the quadrants to show the light distribution at 
the distances from the base in each quadrant. The three EE Tech units were 
oriented in the so lamp holder and ballast case were in the same 
posi on for each unit. The values were then compared with 100 watt 
and 150 watt incandescent lamps us ng as 100% in two columnso The 1018 
EE last was highest in comparison, 24% higher 750 hour 
100 1 short in comparison wi 750 hour 150 watt lamp. 
The 150 2500 hour lamp is shown in the data but is not considered because 
of i low use and it is not OoO.E. of its low effici 

input wattage of 1 
can This is the consumers eff; 
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TABl[ II 

footcandle level 
uuaoran~ and D~stince from limP Blse 

6111 10" 14111 IS"' 22" Awe. Percent Percent 
1 '2 l 4 1 '2 3 4 1. 2 3 4 1 '2 3 '" 1 2 3 4 5= l50W Inc. 100W Inc. 

[[ Tech 8" 
45 56 52 18 40 41 45 38 29 32 35 21 18 19 19 18 13 13 13 12 

Ave. 48 42 31 18 13 

[[ Tech 12" 
61 63 14 63 54 63 40 40 41 45 23 34 21 11 14 

Awe. 43 

[[ Tech 10" 
11 66 68 81 51 51 66 68 40 38 52 41 22 21 38 34 11 15 26 30 

Ave. 13 62 44 30 20 

G.E. Circlite 10" 
65 61 65 15 61 52 63 65 44 41 44 42 29 26 30 30 19 16 18 19 

Ave. 66.5 60 43 29 till 

100W Incand. 52 58 40 52 45 51 50 50 32 42 40 35 22 31 30 28 14 20 22 20 
150 Hr. Ufe 
1150 lWieIlS 

~. 50 50 D n " 
150~ Inclnd. 9210012 95 15 80 82 00 53 60 62 60 18 42 48 41 21 30 32 30 
150 Hr. life 
2180 ltllllens 

Awe. 89 19 59 42 30 

150W Incand. 14 60 19 62 66 68 66 44 50 51 50 :n 35 40 34 22 25 26 25 
2500 Hr. Ufe 
2300 

14 65 50 35 25 

30 50 81 

43 11 116 

46 11 

43 11 116 

31 61 100 

00 100 162 

50 83 U5 
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The relationship between scales would be as given in 
Equation 1: 

VOlts/inch=V1/C x Amperes/inch 

If this is done, segments of the trajectory for which 
no diode or transistor current flows will be arcs of a spiral, 
The time such segments will be: 

T :; (3 x~1C (2 

where e is in radians, Also, the radius of the spiral will 
go as: 

radius :; rox e 
-R t 
21 (3 

where R is the lamp resistance referred to the primary, 

Switch Q2 is "on" during T3 and Ti, During T2, the R1C 
circuit of the secondary coasts through the major portion of 
one natural sine wave cycle, 

The static "on" line is determined by the base-emitter 
drop of Ql plus the voltage drops across diodes D12 and D13 
plus other second order effects. It must be at a level below 
zero for oscillation to begin. 

The "off" line may be moved to the left by the signal 
through R7. This is necessary to prevent excessive voltage on 
Q2 during start up of the lamp. See the state diagram, Fig, B-3, 
for a graphical explanation of the action, 

Ten trips around the diagram are shown, although the 
circuit may reach stable operation in more or fewer trips. 
After Q2 turns "off" at A, the trajectory is controlled by the 
small capacitor C8.If the trajectory was not interrupted by 
the conduction of Di0, and therefore the addition of C5 to the 
current path, the voltage would rise to Vi Which would exceed 
the breakdown voltage of Q2. In fact, if the switching point 
remained at A, the voltage would eventually rise to Vi as C5 
became charged through the diode. However, as the charge on 
C5 approaches the level V2, the switching point is moved back 
to B, so that the trajectory goes through Vi repeatedly until 
the lamp ignites, 
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