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(57] ABSTRACT

A base drive circuit for a power transistor includes a
plurality of discrete current sources. A condition of the
power transistor circuit, which is a function of the tran-
sistor current, is sensed and controls the number of
discrete current sources that are activated.

10 Claims, 2 Drawing Sheets

+V +V
. MULTIPLE OISCRETE
25\ MULTIPLE SOURCES
(24 m * COMMANDS

OPERATING A om0
CURRENT P /9 J
LEVEL LOGIC o /&

CRCUT | I
ON / OFF = e 00

2

/7-




"U.S. Patent

(-24

OPERATING

CURRENT
LEVEL

ON / OFF

2

+V

J2

Jo

OFF

3/

Oct. 9, 1990

Sheet 1 of 2

FIG. | " o

MUEWELE DISCRETE
CURREN
i 22~ MULTIPLE SOURCES
:GUMNMMEE
: om0
LOGIC i 3 16
CIRCUIT | l
ot | . 9 &
17" *IC
)
-V
. Fe 2 N
35 LEVEL Y
) S 34 7 SELEET
y,
t

Re.33,378



US. Patent  Oct. 9, 1990 Sheet 2 of 2 Re.33,378

FIG. 3 "
57 £9

63
OPERATING
CURRENT -
ANALOG
CONTROL
SIGNAL ) . }
&
&
. TO BASE OF
TRANSISTOR

+V

FIG. 4

o~ / OFF

OPERATING

CURRENT

LEVEL _...._

{ BINARY DECODER

CODED
@
L
®

SI GNAL )

TO BASE OF
TRANSISTOR

85 +V

+V
(32 83 S8 9% % ‘. TQJ +V
ON / OFF ‘ "
7> ‘ \95
84 57 - o

v 80

FIG. 5 &

&/ v



Re. 33,378

1

INCREMENTAL BASE DRIVE CIRCUIT FOR A
POWER TRANSISTOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

FIELD OF THE INVENTION

This invention relates to a base drive circuit for a
pOWer transistor.

BACKGROUND OF THE INVENTION

A power transistor used in the switched mode, as in
an inverter or converter, should be driven to saturation
(or guasi-saturation) to minimize the voltage drop
across the transistor. The base drive current required 1s
a function of the transistor collector current.

A commonly used circuit provides base current suffi-
cient to achieve saturation for peak transistor current.
This approach has the advantage of simplicity but is
inefficient when the transistor handles less than peak
current.

Proportional base drive circuits are known in which

base current is continuously adjusted as a function of

the collector current. Such circuits are complex and
expensive.

SUMMARY OF THE INVENTION

This invention represents an intermediate approach
which utilizes a plurality of discrete current sources for
the base element of the transistor and activates one or
more of the sources as a function of a control signal
related to the power transistor collector current.

In accordance with the invention the base drive cir-
cuit includes a source of control signal related to the

collector current of the power transistor, a plurality of

discrete current sources and means responsive to the

control signal for connecting an appropriate number of

the discrete current sources with the transistor base
element.

Another feature of the invention is that an analog
control signal represents the transistor collector current
and that a threshold detector (or detectors) is respon-
sive to the analog signal to activate one or more discrete
current sources.

A further feature of the invention is that a digital
control signal represents the transistor collector current
and that a decoder is responsive to the digital signal to
activate one or more discrete current sources.

Yet another feature is that an on-off signal for the
transistor actuates one discrete current source and pro-
vides one input to a two input AND gate. A signal
derived from the control signal provides the other input
to the AND gate which in turn actuates another dis-
cretfe current source.

Further features and advantages of the invention will
readily be apparent from the specification and from the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a circuit diagram illustrating the invention;
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FIG. 2 is a schematic diagram of an embodiment of 65

the invention responsive directly to collector current;
FIGS. 3 and 4 illustrate circuits responsive respec-
tively to analog and digital control signals; and

2

FIG. 5 is a schematic diagram of a circuit responsive
to the collector to emitter voltage of the power transis-
tor.

The general aspects of the invention are illustrated in
FIG. 1. Power transistor 15 has a collector-emitter
circuit connected through load 16 across the positive
and negative terminals +V, —V of a DC power supply.
The base element of the transistor is connected with a
base current source provided by the power supply +V
through a plurality of parallel connected FET switches
17, 18 and series resistors 19, 20 which establish the
increments of current for transistor 15. Logic circuit 22
has inputs of an on-off signal 23 for transistor 15 and a
control signal 24 representing the operating current
level for the tranmsistor. Logic circuit 22 has multiple
command signal outputs 25, one connected with the
gate element of each of the base current FET switches
17, 18. The number of FET’s turned on depends on the
operating current level and determines the base current
to transistor 15. Two FET’s 17, 18 are shown. More
may be used as indicated by the dots adjacent the FET
circuits and the command signal outputs 28.

The operating current level signal may be dernived
directly from the circuit of power transistor 15, from
load 16 or from the system in which the power transis-
tor and load are connected. For example, transistor 15
may be one of the power switch transistors in a DC to
AC inverter circuit. In this situation, load 16 represents
a portion of the load supplied by the inverter. On-off
signal 23 might be provided by a pulse width modulated
driver circuit. Control signal 24 could be derived di-
rectly from the circuit of transistor 15 or from some
other point in the inverter or in the circuits powered by
the inverter.

One power transistor 15 is shown. The base drive
circuit can be applied to a plurality of parallel or Dar-
lington connected transistors. The base drive switches
may be bipolar transistors or other switching devices
rather than FE'T’s.

Several specific embodiments of the invention are
shown in FIGS. 2-§ illustrating different combinations
of means for developing a control signal representing
the collector current of the power transistor and for
implementing the logic circuits which control the dis-
crete base current sources. Other combinations and
circuits will be apparent to those skilled in the art.

Considering first the circuit of FIG. 2, the collector-
emitter circuit of power transistor 30 is shown con-
nected between the positive and negative power supply
terminals 4V, —V. The load 1s not shown. Two FET
switches 31, 32 are connected from the positive source
+V through current limiting resistors 33, 34 with the
base of transistor 30. On-off signal 35 is connected with
the gate of FET 31 and goes high to indicate an on
condition, providing the first increment of base current
for transistor 30. Capacitor 36 connected in parallel
with current limiting resistor 33 shapes the leading edge
of the current pulse applied to the base of transistor 30
through FET switch 31. |

A current transformer 40 has a primary winding 41
connected in the collector-emitter circuit of transistor
30 and a secondary winding 42 across which burden
resistor 43 is connected. The operating current level
control signal from the current transformer is con-
nected with the [noninverting] inverting input of an
operational amplifier comparator 45 which is connected
across the positive and negative terminals of the power
supply. The [inverting] noninverting input of compara-
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tor 45 1s connected with a voltage divider of resistors
46, 47 establishing a reference or threshold. When the
current of transistor 30 exceeds the threshold, the out-
put of comparator 45 goes [high] /ow, causing buffer
transistor 48 to [conduct] rurn off and in turn causing
[series connected] switching [transistors J transistor
49 [,50] to conduct while transistor 50 turns off.
Lconduct] The emitters of switching transistors 49, 50
are connected through an RC circuit 52 with the gate
of FET 32, causing it to conduct and adding an
increment of base drive to transistor 30. Comparator 45
and the associated switching circuit can be duplicated,
with different threshold values, for additional elements

of base drive current. o )
FIGS. 3 and 4 show more complex multiple base

drive current circuits with on-off signal gating. In each,
FET switches 55, 56 and §7 are connected in parallel
between the current source and the base of the power
transistor, not shown. Resistors 58, 59 and 60 in series
with FET's §5, 56, §7, respectively, establish the cur-
rent increments for the power transistor base circuit.
Additional FET switches may be provided if further
increments of current are desired.

An on-off signal 62 is connected with the gate of FET
55 providing the initial increment of current to the
power transistor. The on-off signal is also connected
with one of the inputs of each of the two-input AND
gates 63, 64.

In FIG. 3 the operating current level is represented
by an analog control signal 66 connected with nonin-
verting mputs of operational amplifier threshold detec-
tors 67, 68. The inverting inputs of the operational am-
plifiers are connected with resistive voltage dividers 69,
70, respectively, connected across the terminals of the
power source. Each of the threshold detectors has a
different threshold voltage established by the voltage
divider.

The power transistor (not shown) conducts upon
occurrence of the on signal 62, with the base current
supplied by FET §5. When analog control signal 66
exceeds the threshold for threshold detector 67, the
output of detector 67 goes high, the output of AND

gate goes high and FET 56 conducts adding a second

increment of base current to the power transistor. Simi-
larly, when control signal 66 exceeds the threshold for
detector 68, the output of AND gate 64 goes high and
FET §7 conducts adding a third increment of base cur-
rent. When the on-off signal 62 terminates, the outputs
of AND gates 63, 64 go low and FET switches 56, 57
turn off the base current to the power transistor.

In the circuit of FIG. 4 the operating current level is
provided by a binary coded digital control signal 65
connected with the inputs of decoder 76. The outputs
77 of the decoder represent different levels of operating
current and are connected with the second inputs of
AND gates 63, 64.

On-off signal 62 activates FET switch 55 supplying
the first increment of base current to the power transis-
tor (not shown). The outputs 77 of decoder 76 act
through the AND gates 63, 64 to activate FET’s 56, 57
and supply additional elements of base current to the

power transistor, as required by the operating current’

level of the signal 75. When on-off signal 62 goes to the
off or low condition, all base current to the power tran-
sistor is turned off.

FIG. § illustrates a circuit in which the operating
current level signal is obtained from the collector-emit-
ter voltage of power transistor 80. The collector ele-
ment of transistor 80 is connected with the positive
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supply +V and the emitter is returned to ground refer-
ence 81. The on-off signal 82 is connected through a
driver 83 with FET 84 which supplies a first increment
of base current through resistor 85. The on-off signal is
also connected with one of the inputs of AND gate 86
and through a differentiator circuit of capacitor 87 and
resistor 88 to the reset input R of latch circuit 89. The
output of the latch circuit is connected with the other
input of AND gate 86. When the latch circuit 1s reset
the latch output is low and the output of AND gate 86
1s low.

The collector voltage of power transistor 80 is con-
nected through series resistor 92 with the noninverting
input of operational amplifier threshold detector 93.
The inverting input of the detector is connected
through series resistor 94 with a voltage divider 95
which establishes the threshold level. When the collec-
tor voltage exceeds the threshold, indicating that the
base drive is insufficient for the current through the
transistor, the output of threshold detector 93 goes high
setting the latch 89. Latch output goes high as does the
output of AND gate 86. This signal is connected
through driver 96 with FET 97 causing the FET to
conduct and add a second increment of base current
through resistor 98 to transistor 80. The added base
drive causes the collector-emitter voltage to drop. Even
if the output of threshold detector 93 goes low, the
output of latch circuit 89 remains high. When the on-off
signal 82 is terminated, both FET switches 84 and 97 are
turned off, interrupting the base current to the power
transistor. Latch circuit 89 remains set until the next
occurrence of on signal 82 which causes it to reset.

I claim:

1. A base drive circuit for a power transistor having
base, collector and emitter elements and a load circuit
connected in series with the collector and emitter ele-
ments, comprising:

a source of control signal which represents an operat-
ing current level of said transistor wherein said
control signal i1s a digital signal;

a plurality of discrete current sources for providing
increments of base current to the base element of
said transistor; and

means responsive to said control signal for connect-
ing a controlled number of said discrete current
sources with the base element of said transistor to
provide the desired base current dependent on the
operating current level.

2. The base drive circuit of claim 1 in which said
digital signal is a binary coded signal, and including a
decoder responsive to the binary coded signal and hav-
ing a plurality of outputs one connected with each dis-
crete current source.

3. The base drive circuit of claim 2 including:

a source of on-off signal for the transistor, a first
discrete current source responsive to said on-off
signal to provide a first increment of the base drive
current to said transistor: and

a plurality of additional discrete current sources each
responsive to a different output of said decoder.

4. The base drive circuit of claim 3 including a plural-
ity of AND gates connected between the outputs of the
decoder and each discrete current source, each AND
gate having an input connected with the on-off signal
source and another mmput connected with one of the
outputs of the decoder.

5. A base drive circuit for a power transistor having
base, collector and emitter elements and a load circuit
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connected in series with the collector and emitter ele-
ments, comprising:

a source of analog control signal representing an
operating current level of said transistor;

a plurality of discrete current sources providing in-
crements of base current to the base element of said
transistor; and

means responsive to said control signal for connect-
ing a controlled number of said discrete current
sources with the base element of said transistor to
provide the desired base current dependent on the
operating current level;

wherein the connecting means includes a plurality of
threshold detectors each having an input respon-
sive to said control signal and a different current
level threshold, a discrete current source being
responsive to each threshold detector.

6. The base drive circuit of claim § including:

a source of on-off signal for the transistor; and

a first discrete current source responsive to said on-
off signal to provide a first increment of base drive
current to the transistor, the discrete current
sources responsive to said threshold detectors pro-
viding additional increments of base drive current.

7. The base drive circuit of claim 6 including AND
gates between each threshold detector and discrdte
current source, each AND gate having an input con-
nected with said on-off signal source and another input
connected with the associated threshold detector.

8. A base drive circuit for a power transistor having
base, collector and emitter elements in a load circuit
connected in series with the collector and emitter ele-
ments, comprising:

a source of analog control signal representing an

operating current level of said transistor;

a source of on-off signal for the transistor;

a first discrete current source responsive to said on-
off signal to provide a first increment of base drive
current to said transistor;

a threshold detector responsive to said control signal,
connected with a second discrete current source to
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provide a second increment of base current to said
transistor;

an AND gate having inputs connected with the on-
off signal source and with the threshold detector
and an output connected with said second discrete
current source; and

means responsive to said control signal for connect-
ing a controlled number of said discrete current
sources with the base element of said transistor to
provide the desired base current dependent on the
operating current level.

9. The base drive circuit of claim 8 including a latch
circuit having an output connected to said AND gate, a
SET input connected with the threshold detector and a
RESET input connected with said on-off signal source.

10. A base drive circuit for a power transistor having
base, collector and emitter elements and a load circuit
connected in series with the collector and emitter ele-
ments, comprising:

a source of analog control signal derived from the

collector-emitter voltage of the transistor;

a source of on-off signal for the transistor;

a first discrete current source responsive to said on-
off signal to provide a first increment of base drive
current to said transistor;

a threshold detector responsive to said control signal,
connected with a second discrete current source to
provide a second increment of base drive current to
said transistor;

an AND gate having inputs connected with the on-
off signal source and with the threshold detector
and an output connected with said discrete current
source;

a latch circuit having an output connected with said
AND gate, a SET input connected with the thresh-
old detector and a RESET input connected with
said on-off signal source; and

means responsive to said control signal for connect-
ing a controlled number of said discrete current
sources with the base element of said transistor to
provide the desired base current dependent on the

operating current level.
* =®x =x =% "
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