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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




b

L

LBL-15251
EEB-L 82~-10
L-69

INTEGRATED CIRCUIT CONTROL
FOR TWO-LAMP ELECTRONIC BALLAST:

FINAL REPORT

Thomas P. Kohler*

Lighting Systems Research
Lawrence Berkeley Laboratory
University of California
Berkeley CA 94720

November 1982

The work described in this report was supported by the Assistant
Secretary for Conservation and Renewable Energy, Office of Build-
ings Energy Research and Development, Building Equipment Division

of the U.S. Department of Energy under Contract No. DE-ACO03-
76SF00098.

*EETech, Division of Beatrice Foods Co.
2735 Brundage Road
Baldwinsville, New York 13027

Subcontract No. 446 9902



\15

- ABSTRACT

This report describes circuitry for a solid-state, high-

frequency fluorescent ballast designed to operate two F40 T-12
rapid-start lamps. The circuits are designed to be produced by
hybrid integrated circuit (IC) technology. The signal components
are produced on a single IC chip; the power transistors are
attached to an alumina substrate. The initial IC version reduces
the component count by about 50%. The cost of each IC in 500K
lots is $0.70, replacing discrete parts costing $2.25. Additional
savings of more than $1.00 per unit are realized by the decreased
assembly time and improved reliability of the ICs.

The system performance (two-lamp F40) was compared to the discrete
version of the ballast and to an efficient core-coil ballast and
found to be 6% less and 20% more efficient, respectively. The
decrease in efficiency relative to the discrete version of the
ballast is due to retaining some power to the filaments during
operation in order to maintain normal lamp life.
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1.1 Introduction

The first production of dual 40 ballasts used a discrete design
that was configured for later conversion to integrated control. The
discrete version was developed first because it was believed that would
result in the shortest possible development time. Conversion to IC
control was planned as an improvement in cost and producibility that .
would be necessary as the market matured. About 40,000 were built .in the
discrete version and the experience gained from these led to some
modification of the original circuit plan.

Cherry Semiconductor developed the IC to specifications which were
supplied by EETech and consultant John Wu. Two hundred and thirty
samples of the integrated circuit were delivered to EETech and thirty
of them were tested in ballasts before the program was terminated.

Fifteen ballasts using the integrated control were delivered to
Lawrence Beckeley Laboratories in June 1982 as part of their program to
promote the development of energy efficient lighting.

This report discusses details of the ballast development and the
performance that was measured at EETech before delivery of the samples
to LBL.

1.2 Control Theory

There are three modes of operation of the ballast using the
integrated circuit control; preheat, ignition, and running. Reference
is made to the functional block diagram of figure 1 to better understand
the relationships in the control method.

30 KHZE v IMPEDANCE I
PUSH- PULL > CONVERS IOV LAMPS
INMVERTER 1 NETWORK Vv

\

NN [cowrror

STATE CHANGE l"_”‘/c""‘”"
SIGNALS

Figure 1. Functional Block Diagram
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The impedance conversion network is the "ballast" in a conventional
sense. i.e. it converts the constant voltage load of the gaseous
discharge lamp into a constant current load for the inverter. All three
operating modes make use of the state change signal into the inverter to
~ control inverter current. Increasingly rapid state changes decrease the
current of the inverter because the input impedance the inversion
network always appears somewhat inductive to the inverter.

During preheat, the state change signal is controlled in response to

the voltage level on the filaments. Increasing voltage results in a
higher inverter frequency which in turn tends to keep the voltage from-
increasing. The result is a stable operating point which is independent
of transistor parameters. The operating level is chosen so that the
voltage out of the inversion network is not enough to ionize the lamps
during preheat mode. The turns ratio on the filament transformer are
chosen to give the proper filament current during this mode.

Periodically, at 1 sec intervals the feedback path from the
filament voltage is interrupted. This is the ignition mode. State
change signals are derived by sensing the times at which instantaneous
inverter current exceeds some chosen maximum Timit. The limit must
satisfy a number of design constraints. First it much be low enough to
ensure survival of the inverter switches no matter what output load
conditions are present. Second it must be high enough so that ignition
of the lamps is ensured. If ignition is not obtained in 20 milli
seconds, the ballast reverts to preheat mode and waits another second.

If 1gn1t1on is obtained during the ignition mode, the state change
signals come from a phase detector which compares the phase of the
inverter voltage with the phase of the inverter output current. 1In
effect, this causes the inverter to operate at some frequency where the
load on the inverter is some chosen power factor. Tight control of the
inverter power factor by means of the phase control is important for
several reasons:

1) The emitter switched inverter, (a form that has minimum
switching losses) can only operate properly driving a lagging power
factor load.

2) Excessively lagging power factor has an efficacy penalty in
both the inverter and the impedance inversion network.

3) As the resonance of the impedance inversion network moves
around, in response to the varying lamps impedance, the frequency of the
inverter keeps a proper relation to the impedance inversion network.

1.2.1 Circuit Consideratjons

Figure 2 is a schematic of the ballast before the integrated
circuit replaced the control elements. A comparison with Figure 3 which
includes the IC illustrates the part's count advantage of producing the
ballast with the IC.
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A schematic of the integrated circuit is shown in Figure 4.
Transistor N22 performs the function of Q5 in the discrete version. N23
and N24 and the associated diode clamps comprise the phase detector
circuit. The components to the right of the dashed 1ine make up the
replacement for the NE555 timer, which was an integrated circuit in the
original design.

A comparison of the schematics shows that the integrated circuit is
almost an element by element copy of the discrete version. It was felt
that this was a low risk path to an integrated circuit because the
original version is in effect a thoroughly checked out breadboard for
the integrated circuit. Not quite.

In some of the samples, the timer would not function in the
presence of high signal levels into the inputs of the phase detector.
Only one of the inputs exhibited this sensitivity and the samples were
screened by Cherry Semiconductor to obtain enough working samples, to
fulfill the contract. The coupling appeared to result from a substrate
overload. If the integrated circuit version is to become a commercial
ballast, a new layout of the IC is probably necessary.

1.2.2 Relative Cost Information

The quoted prices for this IC in semi-custom version was $1.19 for
quantities of 200 thousand. For higher quantities, Cherry Semiconductor
recommended a full custom IC with a $20K tooling charge and a $.70 piece
price in 500K lots. The parts replaced by the IC have a total cost of
about $2.25. More important cost benefits would result from lower
assembly time and greater reliability due to an un-cluttered layout.

1.2.3 Performance Comparisons

Table 1 shows the relative light output of the 15 samples which
were prepared for LBL. The measurements were made in a surface mounted
closed ceiling fixture, suspended 4 feet above the floor, with the
photo-cell on the floor. for reference purposes, the same measurements
were performed on commercial energy saving magnetic ballasts, on a Thomas
electronic ballast, and on a First generation EETech ballast (discrete
components and filament heat removed after ignition). The readings were -
taken over several days, and the magnetic ballast measurements were
repeated every day to track any drift in lamp characteristics. The lamps
used were GE 34W WATTMIZER II lamps.

Note that if the first reading on the magnetic ballast is taken as
the reference, the average increase in efficacy for the EETech IC
samples is 20%. If the reference is adjusted for later readings the
increased efficacy is 22%.

Sample #12 doesn't seem to be in the "group" but no reason for its
Tow performance was found.



1.3 SUMMARY

The integrated circuit version of the EETech ballast is not simply

a repackaging of all the transistors and resistors that are in the SSBl
model. The major functional difference is that a maintenance level of
filament power is kept on the filaments during the running of the lamp,
while in the SSB1 model all filament power was removed after lamp
ignition.

There are two advantages to this approach:

1) It eliminates the need for the power transistor which switched
the filament power in or out.

2) It holds the promise of longer lamp life by keeping the lamp
cathodes at a higher temperature.

The disadvantage is that it decreases the efficacy of the system
because filament watts don't contribute to any light output.

The integrated circuit replaces 6 resistors, 7 transistors, 14
diodes, and an NE555 timer. The board area that is saved by the
integration can be used to spread out the remaining parts, making
manufacture somewhat easier.

1.3.1 The LBL Samples

The 15 samples that are delivered to LBL have the fo]]ow1ng
" physical and functional characteristics.

The samples were built by removing parts from an SSB1 board and
attaching the integrated circuit. Connections were made to the circuit
board by soldering in the necessary jumper leads. Therefore, these
samples don't exhibit the layout advantages that will result from
integration.

With energy saving lamps the maintenance voltage on the filaments
is from 2.3 to 2.5 volts. Using about 2.5 to 3 watts in the filament.
With standard 40W lamps the filament voltage will increase to 3.5 volts,
using about 5 to 6 watts in the filaments. This is a significant
handicap in the efficacy "race". Although sales literature will steer
the user toward energy-saving lamps, data should also be taken on F40
lamps.

Preheat voltage on the filaments is around 4.5 volts. This occurs
with energy-saving lamps and standard F40 Tlamps.

The open lamp ignition voltage was inadvertently decreased about
15%, in the LBL samples. Because of this, some difficulty may be
experienced in starting lamps below room temperature. However, it
should not interfere with the LBL data gathering.

TN
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Refinements for Production Ballasts

The decrease in open lamp ignition voltage experienced in the LBL
samples is not intrinsic to the integrated version and it would be
restored to the levels present in the SSBl1 model.

The selection of a proper filament maintenance voltage cannot be
made based on presently available data. The factors involved are as
follows: ‘

1) The purpose of leaving filament power on is to avoid lamp life
penalties. .

2) It has been determined that lamp life without any filament
power after ignition is approximately 10,000 to 12,000 hours.

3) Some ballasts are on life test with filament maintenance at
same level as the LBL samples. Only 4,000 hours have been logged in
this test, so no conclusions can be drawn about the adequacy of this
filament maintenance level.

If it is determined that 2.5 watts of filament power isn't enough
to make a significant difference in the lamp life, someone will have to
decide whether the most appealing product would result from decreasing
the filament power to the lowest possible level (consistent with the
integrated configuration) and accept the life penalty or raise the
filament power to some higher level and accept an efficacy penalty.
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Table 1. Relative Light Output

Line
Watts

72.3
57.0

57.5
56.2
58.4

78.3
71.8
56.3

56.4
58.5
56.3
56.3
56.7
54.7

72.3
61.5
58.9

Relat.

Relat. Adj.
L.U. Efficacy Efficacy Efficacy Temp.
407 5.629 1 78 Deg F
395 6.930 1.23 - 78 Deg F
422 7.189 | 1.27 73 Deg
385 6.851 1.22 74 Deg
399 6.832 1.21 74 Deg
450 5.747 1.02 75 Deg
398 5.543 .985 1 75 Deg
380 6.750 1.20 1.22
387 6.862 1.22 1.24 75 Deg
399 6.820 1.21 1.23 75 Deg
383 6.803 1.21 1.23 75 Deg
381 6.767 1.20 1,22 74 Deg
378 6.666 1.18 1.20 74 Deg
363 6.636 1.18 1.20 71 Deg
397 5.491 .98 1 71 Deg
390 6.341 1.13 1.15 73 Deg
399 6.95 1.23 1.27
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Ballast

EETech
Sample #12

EETech

~ Sample #13

EE Tech
Sample #14

EETech

Relat.
Line Relat. Adj.
Watts L.U. Efficacy Efficacy Efficacy Temp.
57 .4 385 6.438 1.14 1.17 73 Deg
59.8 . 401 6.705 1.19 1.22 73 Deg
57.1 390 6.83 1.21 1.24 .. 73 Deg
58.6 399 6.808 1.21 1.24 73 Deg



- C6 47007
. Y
) Lamp Lamp g &TM Ryg 220K
1 .nuI
; ' . iC2 o
. lﬁ 2 NES55 '
35 I} das 5S§SF 1:&122 8 3
™ R i .
fur 3
Cl S IF . i ! Wi &
M ao|§f200v LDJ‘:.
- S i
= C50.033uF T4 | VT
Dy
Lnﬁs Y148
Rag ¥ Far
LSK{ ['OK
M DBRGPSM(} Rg S
ol Tog L23 ]
: ji"ﬁ YrGPsose =
19 RGPS040 S EETech.
Dy, D2 Das : oIy of smm'a FO0DS CO.
2152 or [27L47i g Q;JSL‘MM e amRese,” ) '......u
R]O.Jsﬂ 1 207?2 R%LSO‘[SS = anl: s'la‘all &M WL/ @
Ae T . o SCHEMATICS :
21v=o Rz 432K -
FI6 2 DISCRETE QIR(VIT ,ﬂ

Figure 2.

R o

4



’;;(i—::p———'t@ e r,;ﬂ‘ T “} waidg

les

. ' o ¥mr
'L ' ' 4.74F
S 2 38 JIF 5 §S45F o _H‘j

-

15 TN L
et = ason || 22 :
C4 0z oo g N A
\RR 014 =
c3 T ]
= oy m = 12K 11z 3 7

I ' 1C. cs30ts &
Di li,; 0 L 470K

. 043 ) é

2 3’3’3 q‘ & /3 / 5

D1

- 1 ) DiJ'\' E;IK ‘:’m
E p F
i - PN : “’7
= F_] o D7 4F 35
(4

AAA—] o

—uasey——
SIS
— P -
M
3
J:‘
\}Fl
e®

(25800900000

15

[ B ¢ iNGide  |Rzp 660 e 0uF
NAig :
R(;Pug’ - efQ} >
T C : @
M CgRP50£0 R
e Il W2 ¢
Is O 6/4/8%
0% Yocosass ! o w2
g2 EETech
**1 RGP5040 ; Thict FOODS CO
[—:3—" L A B 5, . TS
NSz orfzLe) * ‘ o) 5040 ‘ rewy Lt 9 _4 i pone e
2152 07 D9 J gl LT
. | o= REPE0I0 = D;;Eq%‘oow pata 14-81, Iflﬁlk 7 ‘/./ ' -
© 7L 4N = — | ’_)':,HEMf TS
v ™ a3z .

FI63 I.C. VERSIonw ©F BALAST




10K

@ ALTERNATE FIN .

FBK R2

A

o~ PLTERANATE PINIO

o - - —
[N

108

AL

REVISIONS

L

Ri2

vos Re
b)-Svems L\
- up 90
) N4
-
Tas [ ax 3 e
N3 A

PH -

— m— — —

© T

P PP ALTERNATE BONDING OPTIONM

. - — - —

CIRCUIT BREVISED

lRI! +VECC
4K
- Ps
A6 2
10K < P F7
: 2 fox
" G 2] ‘—-(: )
3 I TiMER
L INPUT
RIO2 :
DISC‘HﬂﬂGE
A
i e i RO i ™
45“? UNLESS
ME QR s Nie Ni7 'w 2900 S0UT COUNTY 19
aax coMNON[DECIMAL | SIZE [TITLE ’
i - ‘ + SCmEMAT!
Ri6 S .
0K ¢ Ri7  RESET Tm
ANGULAR | DATE DRAWR
+ 5-8 Bl B-C
IDENTFYING NO. | SCALE
AI;‘l

-d
—

Figure 4.

<.
F/16 4. /U

_O‘[_



This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.




,ﬂ ‘“.7‘“‘ —

TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

§





