
US 20060197490Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0197490 A1 

Haman (43) Pub. Date: Sep. 7, 2006 

(54) HALF-BRIDGE CONTROL CIRCUIT (22) Filed: Mar. 1, 2005 

(75) Inventor: Daniel J. Haman, Boise, ID (US) Publication Classi?cation 

Correspondence Address: (51) Int. Cl. 
HEWLETT PACKARD COMPANY H02P 5/34 (2006.01) 
P 0 BOX 272400, 3404 E. HARMONY ROAD (52) US. Cl. ............................................................ .. 318/800 
INTELLECTUAL PROPERTY 

ADMINISTRATION (5 7) ABSTRACT 
FORT COLLINS, CO 80527-2400 (US) 

(73) Assignee; Hewlett_paekard Development Com- A circuit is con?gured to detect an output state of a ?rst 
Pally LP half-bridge circuit and to generate a ?rst signal and a second 

signal based on the output state to reproduce the output state 
(21) Appl, No,: 11/069,701 at an output of a second half-bridge circuit. 

116 114 
| _ _ _ _ _ — ' _ [- _ _ _ _ _ _ _ _ _ _ ‘F- _ _ 112 

| : ,_____C-_, 100 
I 118 l V2 1041 
| I- _ [_ _] i . Tr I / 
I l I | (L03 1 l 
| | n- i l . > "\ I_ 
II LOAD | | |134~ 130| 
l l CONTROL | l 
I I CIRCUITRY | 
l | IT 
I 108 
| l_ _ _ _ _ _! v f. 

l 
l 

I 11 
' f I I _ — _ — 1 1 A 

I l I 
l I 
I I LOAD | 
I I CONTROL | 
I I CIRCUITRY | 

l I 
II |' 
l 

‘I 
l 
I 



US 2006/0197490 Al 

_N_ _ _ 

mo PK 

£’N)_______ ‘T 

Patent Application Publication Sep. 7, 2006 Sheet 1 0f 3 

7/3‘? AM 

—__ 

P 

__ __ __ __ 
99 T 

_ __ 
_ 

_ _ _ 



Patent Application Publication Sep. 7, 2006 Sheet 2 0f 3 US 2006/0197490 Al 

N .OE 
.N EOE mime “EC .594 H; r3.“ mun. “m0 “5.04 5.0.” .QEM 020 26. “KO mm»: I, 504 DZU 2.0 “m0 Imus-m 5.50.“ 02w ms. “KO . . 26 2,01“ IGMI E? “EU 2.0‘. ~56.“ IQ? Hm, mm? mm? mm, mm P mm? mm r wh?am BEPDD w EDP-gm. Xv MO. WDmPDO IUEEm INK-5km N0 F0 .hbmk?o 

EOE? 



Patent Application Publication Sep. 7, 2006 Sheet 3 0f 3 US 2006/0197490 A1 

FIG. 3 



US 2006/0197490 A1 

HALF-BRIDGE CONTROL CIRCUIT 

BACKGROUND 

[0001] Control applications, such as electric motor control 
applications, utilize control circuitry that includes robust 
control feature sets. Various integrated control circuits are 
available Which incorporate extensive control feature sets in 
a small, inexpensive package for driving a load, such as an 
electric motor. The poWer output speci?cations for these ICs 
are typically limited in order to maintain the small and 
inexpensive package While providing the extensive control 
feature set. For control applications With poWer usage Which 
exceeds the poWer output speci?cations of these ICs, the 
small and inexpensive IC is typically replaced With a control 
circuit built from discrete components, Which may signi? 
cantly increase the siZe and cost of the control circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] FIG. 1 is a diagram schematically illustrating an 
embodiment of a system including an interface device for 
use With a half-bridge or full H-bridge circuit according to 
an exemplary embodiment. 

[0003] FIG. 2, is a table summarizing the operational 
conditions present throughout the embodiment of the system 
for each of three possible output states according to an 
exemplary embodiment. 

[0004] FIG. 3 is a diagram schematically illustrating an 
embodiment of an interface device for use With a half-bridge 
or full H-bridge circuit according to another exemplary 
embodiment. 

DETAILED DESCRIPTION 

[0005] FIG. 1 illustrates an embodiment of a system, 
system 100, for applying poWer to a load including an 
interface for use With a half-bridge or full H-bridge circuit 
according to an exemplary embodiment. System 100 
includes a half-bridge circuit 102, a half-bridge circuit 104, 
and an interface device 106. System 100 is also con?gured 
to be coupled to a load 108, illustrated as an electric motor 
(e. g., a bipolar Winding of a brushless DC motor) in FIG. 1. 
System 100 is generally con?gured to apply poWer to a load 
using a half-bridge or full H-bridge circuit. More speci? 
cally, When con?gured to operate as a half-bridge, system 
100 is con?gured to detect an output state of a poWer output 
terminal of half-bridge circuit 102 and to provide input 
signals to half-bridge circuit 104 such that half-bridge circuit 
104 reproduces the output state of half-bridge circuit 102. 
Half-bridge circuit 104 may provide poWer to load 108 at a 
level higher than the poWer output level of half-bridge 
circuit 102. 

[0006] System 100 may utiliZe one of several possible 
con?gurations. For example, according to an exemplary 
embodiment system 100 may have a half-bridge con?gura 
tion including a single half-bridge circuit 102, a single 
half-bridge circuit 104 coupled to load 108, and a single 
interface device 106. According to another exemplary 
embodiment, system 100 is an H-bridge con?guration 
including tWo half-bridge circuits 102, tWo half-bridge cir 
cuits 104 each coupled to load 108, and tWo interface 
devices 106, Wherein each pair of half-bridge circuits 102 
and 104 are con?gured as H-bridge circuits 110 and 112. In 
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this embodiment, each pair of H-bridge circuits 110 and 112 
are composed of separately constructed half-bridge circuits, 
or alternatively, are integrally constructed as H-bridge cir 
cuits 110 and 112. In this embodiment, each pair of interface 
devices 106 are also composed of separately constructed 
interface devices 106 or alternatively, are integrally con 
structed as a single device 114. 

[0007] According to various exemplary embodiments, 
each half-bridge circuit 102 is included as part of a device 
116, such as an integrated circuit, Which further includes 
control circuitry 118, such as load control circuitry con?g 
ured to provide a number of control feature sets. For 
example, according to an exemplary embodiment, each 
half-bridge circuit 102 may be a loW poWer half-bridge 
circuit included as part of an integrated motor control circuit. 
In embodiments Where each half-bridge circuit 102 is 
included as part of an integrated circuit, each half-bridge 
circuit 102 may have a loW peak voltage output of less than 
approximately ?fty-?ve volts and/ or a peak current output of 
less than approximately three amperes. 

[0008] Each half-bridge circuit 102 and 104 functions as 
an independent half-bridge circuit, or alternatively, in con 
junction With another respective half-bridge circuit 102 or 
104 as a full H-bridge circuit 110 or 112. In embodiments 
Where tWo respective half-bridge circuits 102 or 104 are 
combined as a full H-bridge circuit 110 or 112, the tWo 
half-bridge circuits 102 or 104 are con?gured to function 
together to control the output of poWer to an interconnected 
device, such as load 108. Accordingly, While the operation 
of half-bridge circuits 102 and 104 Within system 100 is 
primarily described herein With reference to an independent 
half-bridge circuit, it should be understood that full H-bridge 
circuits are also contemplated. 

[0009] Half-bridge circuit 102 includes sWitches 120 and 
122, control inputs 124 and 126, and a poWer output terminal 
128. SWitches 120 and 122 are transistors or another elec 
tronic device, such as a metal-insulator-metal (lVI/M) device, 
con?gured to block (stop the How of electric current except 
for such things as leakage current) the How of electric 
current (i.e., to “open” or sWitch “OFF”) or permit the How 
of electric current (i.e., to “close” or sWitch “ON”) in 
response to signals at control inputs 124 and 126 respec 
tively. SWitches 120 and 122 are connected in series. SWitch 
120 is coupled to control input 124, to a supply voltage V1 
(e.g., to the positive voltage terminal of a DC voltage 
source), and to poWer output terminal 128. SWitch 122 is 
coupled to control input 126, to output terminal 128 and to 
another voltage different from V1, such as a loWer positive 
voltage, a negative voltage, or a ground reference as illus 
trated in FIG. 1. 

[0010] Control inputs 124 and 126 are con?gured to 
independently-control the operation of sWitches 120 and 122 
respectively. According to an exemplary embodiment, con 
trol inputs 124 and 126 provide independent control signals 
C1 and C2 to sWitches 120 and 122 respectively such that 
half-bridge circuit 102 is con?gured to generate a pulse 
Width modulated output signal at poWer output terminal 128. 
In this embodiment, a logical “high” signal (e.g., a digital 
logic “l”) at control input 124 or 126 indicates that the 
corresponding sWitch 120 or 122 is to be sWitched “ON” or 
“closed” to permit the How of electric current through the 
sWitch. A logical “loW” signal (e.g., a digital logic “0”) at 
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control input 124 or 126 indicates that the corresponding 
sWitch 120 or 122 is to be switched “OFF” or “open” to 
block the How of electric current through the sWitch. 

[0011] Three permissible combinations of control signals 
C1 and C2 at control inputs 124 and 126 exist Where control 
inputs 124 and 126 provide independent control signals C1 
and C2 to respective sWitches 120 and 122, resulting in three 
possible output states for poWer output terminal 128. A ?rst 
possible output state exists When C1 is a logical “high” 
signal at control input 124 and C2 is a logical “loW” signal 
at control input 126. In this output state, sWitch 120 is 
“ON”or “closed” to permit the How of electric current 
through sWitch 120, and sWitch 122 is “OFF” or “open” to 
block the How of electric current through sWitch 122. PoWer 
output terminal 128 is sWitched to supply voltage V1 in this 
output state such that half-bridge circuit 102 is con?gured to 
permit the How of electric current from poWer output 
terminal 128 to a connected device. 

[0012] A second possible output state exists When C1 is a 
logical “loW” signal at control input 124, and C2 is a logical 
“high” signal at control input 126. In this output state, sWitch 
120 is “OFF” or “open” to block the How of electric current 
through sWitch 120, and sWitch 122 is “ON” or “closed” to 
permit the How of electric current through sWitch 122. 
PoWer output terminal 128 is sWitched to ground (or a loWer 
positive voltage or a negative voltage) in this output state 
such that half-bridge circuit 102 is con?gured to permit the 
How of electric current into poWer output terminal 128 from 
a connected device. 

[0013] A third possible output state exists When C1 is a 
logical “loW” signal at control input 124, and C2 is also a 
logical “loW” signal at control input 126. In this output state, 
sWitches 120 and 122 are “OFF” or “open” to block the How 
of electric current through sWitches 120 and 122. PoWer 
output terminal 128 is in a state of high impedance in this 
output state such that half-bridge circuit 102 is con?gured to 
block the How of electric current betWeen poWer output 
terminal 128 and a connected device. 

[0014] Half-bridge circuit 104 is similar to half-bridge 
circuit 102, except that half-bridge circuit 104 may be 
con?gured to provide a higher amount of output poWer than 
half-bridge circuit 102 (e.g., a higher peak output voltage 
and/or current). Half-bridge circuit 104 includes sWitches 
130 and 132, control inputs 134 and 136, and a poWer output 
terminal 138. SWitches 130 and 132 are transistors or 
another electronic device, such as an M/M device, con?g 
ured to block the How of electric current (i.e., to “open” or 
sWitch “OFF”) or permit the How of electric current (i.e., to 
“close” or sWitch “ON”) in response to signals at control 
inputs 134 and 136. SWitches 130 and 132 are connected in 
series. SWitch 130 is coupled to control input 134, to a 
supply voltage V2 (e.g., to the positive voltage terminal of 
a DC voltage source) con?gured to provide a higher peak 
output voltage than V1, and to poWer output terminal 138. 
SWitch 132 is coupled to control input 136, to poWer output 
terminal 138 and to another voltage different from V2, such 
as a loWer positive voltage, a negative voltage, or a ground 
reference as illustrated in FIG. 1. 

[0015] Control inputs 134 and 136 are con?gured to 
independently control the operation of sWitches 130 and 132 
respectively. According to an exemplary embodiment, con 
trol inputs 134 and 136 provide independent control signals 

Sep. 7, 2006 

C3 and C4 to sWitches 130 and 132, respectively, such that 
half-bridge circuit 104 is con?gured to generate a pulse 
Width modulated output signal at poWer output terminal 138. 
In this embodiment, a logical “high” signal (e.g., a digital 
logic “I”) at control input 134 or 136 indicates that the 
corresponding sWitch 130 or 132 is to be sWitched “ON” or 
“closed” to permit the How of electric current through the 
sWitch. A logical “loW” signal (e.g., a digital logic “0”) at 
control input 134 or 136 indicates that the corresponding 
sWitch 130 or 132 is to be sWitched “OFF” or “open” to 
block the How of electric current through the sWitch. 

[0016] As With half-bridge circuit 102, three permissible 
combinations of control signals C3 and C4 at control inputs 
134 and 136 exist Where control inputs 134 and 136 provide 
independent control signals C3 and C4 to respective 
sWitches 130 and 132, resulting in three possible output 
states for poWer output terminal 138. A ?rst possible output 
state exists When C3 is a logical “high” signal at control 
input 134, and C4 is a logical “loW” signal at control input 
136. In this output state, sWitch 130 is “ON” or “closed” to 
permit the How of electric current through sWitch 130, and 
sWitch 132 is “OFF” or “open” to block the How of electric 
current through sWitch 122. PoWer output terminal 138 is 
sWitched to supply voltage V2 in this output state such that 
half-bridge circuit 104 is con?gured to permit the How of 
electric current from poWer output terminal 138 to load 108. 

[0017] A second possible output state exists When C3 is a 
logical “loW” signal at control input 134, and C4 is a logical 
“high” signal at control input 136. In this output state, sWitch 
130 is “OFF” or “open” to block the How of electric current 
through sWitch 130, and sWitch 132 is “ON” or “closed” to 
permit the How of electric current through sWitch 132. 
PoWer output terminal 138 is sWitched to ground (or a loWer 
positive voltage or a negative voltage) in this output state 
such that half-bridge circuit 104 is con?gured to permit the 
How of electric current into poWer output terminal 138 from 
load 108. 

[0018] A third possible output state exists When C3 is a 
logical “loW” signal at control input 134, and C4 is also a 
logical “loW” signal at control input 136. In this output state, 
sWitches 130 and 132 are “OFF” or “open” to block the How 
of electric current through sWitches 130 and 132. PoWer 
output terminal 138 is in a state of high impedance in this 
output state such that half-bridge circuit 104 is con?gured to 
block the How of electric current betWeen poWer output 
terminal 138 and load 108. 

[0019] Interface device 106 is coupled to half bridge 
circuits 102 and 104. Interface device 106 includes an input 
node 140, output nodes 142 and 144, and translator circuit 
146. Interface device 106 is generally con?gured to detect 
the output state of poWer output terminal 128 of half-bridge 
circuit 102 at input node 140. Interface device 106 is also 
generally con?gured to provide control signals C3 and C4 to 
control inputs 134 and 136 of half-bridge circuit 104 based 
on the detected output state of poWer output terminal 128 
such that half-bridge circuit 104 reproduces the output state 
of poWer output terminal 128 of half-bridge circuit 102 at 
poWer output terminal 138. According to an exemplary 
embodiment, interface device 106 is con?gured to detect the 
three possible output states for output terminal 128 that exist 
Where control inputs 124 and 126 provide independent 
control signals C1 and C2 to respective sWitches 120 and 
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122, and to provide control signals C3 and C4 to control 
inputs 134 and 136 of half-bridge circuit 104 based on the 
detected output state. 

[0020] Input node 140 is coupled to poWer output terminal 
128 of half-bridge circuit 102 and is con?gured to provide 
a voltage to translator circuit 146 that is representative of the 
output state of poWer output terminal 128. Output nodes 142 
and 144 are coupled to control inputs 134 and 136 of 
half-bridge circuit 104 so that they provide control signals 
C3 and C4 to control inputs 134 and 136 of half-bridge 
circuit 104. 

[0021] Translator circuit 146 is coupled to input node 140 
and output nodes 142 and 144. In the illustrated embodi 
ment, translator circuit 146 includes voltage comparator 
circuits 148 and 150, and resistors 152 and 154. Translator 
circuit 146 is con?gured to detect the output state of poWer 
output terminal 128 of half-bridge circuit a 102 at input node 
140 based on the voltage provided at input node 140, and to 
generate control signals C3 and C4 at output nodes 142 and 
144 based on the detected output state of poWer output 
terminal 128. According to an exemplary embodiment, 
translator circuit 146 is con?gured to detect the three pos 
sible output states for output terminal 128 that exist Where 
control inputs 124 and 126 provide independent control 
signals C1 and C2 to respective sWitches 120 and 122, and 
to generate control signals C3 and C4 at output nodes 142 
and 144 based on the detected output state of poWer output 
terminal 128. 

[0022] Voltage comparator circuit 148 is coupled to input 
node 140 at a non-inverting input, to a reference voltage 
VR1 at an inverting input, and to output node 142. Voltage 
comparator circuit 150 is coupled to input node 140 at an 
inverting input, to a reference voltage VR2 at a non 
inver‘ting input, and to output node 144. Voltage comparator 
circuits 148 and 150 are designed such that each circuit is 
capable of sWitching at a rate Which exceeds that of poWer 
output terminals 128 and 138 of half-bridge circuits 102 and 
104 respectively. 
[0023] Reference voltage VR1 is selected to be a voltage 
loWer than V1, but higher than reference voltage VR2, such 
that voltage ranges exist betWeen V1 and VR1, betWeen 
VR1 and VR2, and betWeen VR2 and ground. According to 
an exemplary embodiment, reference voltage VR1 is 
approximately seventy-?ve percent of V1 and reference 
voltage VR2 is approximately tWenty-?ve percent of V1. 
Voltage comparator circuit 148 is con?gured to generate 
control signal C3 at output node 142 based on the voltage 
provided at input node 140. If the voltage at input node 140 
is greater than VR1, comparator circuit 148 generates a 
logical “high” signal for control signal C3 at output node 
142, and if the voltage at input node 140 is less than VR1, 
comparator circuit 148 generates a logical “loW” signal for 
control signal C3 at output node 142. Voltage comparator 
circuit 150 is con?gured to generate control signal C4 at 
output node 144 based on the voltage provided at input node 
140. If the voltage at input node 140 is greater than VR2, 
comparator circuit 150 generates a logical “loW” signal for 
control signal C4 at output node 144, and if the voltage at 
input node 140 is less than VR2, comparator circuit 150 
generates a logical “high” signal for control signal C4 at 
output node 144. 

[0024] Resistor 152 is coupled betWeen V1 and input node 
140. Resistor 154 is coupled betWeen input node 140 and 
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ground. The siZes of resistors 152 and 154 are selected such 
that the output state of poWer output node 128 is represented 
by a suitable corresponding voltage With respect to reference 
voltages VR1 and VR2 to give the desired state at output 
node 142 and output node 144. According to various exem 
plary embodiments, the siZes of resistors 152 and 154 are 
selected such that one of the three possible output states for 
output terminal 128 that exist Where control inputs 124 and 
126 provide independent control signals C1 and C2 to 
respective sWitches 120 and 122 is represented by a voltage 
greater than VR1, another of the three output states is 
represented by a voltage less than VR2, and another of the 
three output states is represented by a voltage less than VR1 
and greater than VR2. For example, according an exemplary 
embodiment, VR1 is approximately seventy-?ve percent of 
V1 and VR2 is approximately tWenty-?ve percent of V1, and 
resistors 152 and 154 are siZed approximately equally. In 
this embodiment, When the ?rst possible output state exists 
at poWer output terminal 128, input node 140 is at supply 
voltage V1, Which is higher than reference voltage VR1. 
When the second possible output state exists at poWer output 
terminal 128, input node 140 is at ground, Which is loWer 
than reference voltage VR2. When the third possible output 
state exists at poWer output terminal 128, poWer output 
terminal 128 is in a state of high impedance and resistors 152 
and 154 function as a voltage divider such that input node 
140 is at approximately one-halfV1, Which is less than VR1 
and greater than VR2. 

[0025] FIG. 2 is a table summarizing the operational 
conditions present throughout system 100 for each of the 
three possible output states at poWer output terminal 128 
according to an exemplary embodiment. Referring to FIGS. 
1 and 2, the operation of interface device 106 Within system 
100 Will noW be described. When the ?rst permissible output 
state exists at poWer output terminal 128, control signal C1 
is a logical “high” signal at control input 124, and control 
signal C2 is a logical “loW” signal at control input 126. In 
this output state, sWitch 120 is “ON,” and sWitch 122 is 
“OFF.” PoWer output terminal 128 is sWitched to supply 
voltage V1 in this output state, such that half-bridge circuit 
102 is con?gured to permit the How of electric current from 
poWer output terminal 128. Input node 140 is at supply 
voltage V1, Which is greater than reference voltage VR1. 
Accordingly, voltage comparator circuit 148 generates a 
logical “high” signal for control signal C3 at output node 
142, and voltage comparator circuit 150 generates a logical 
“loW” signal for control signal C4 at output node 144 such 
that control input 134 provides a logical “high” signal and 
control input 136 provides a logical “loW” signal. SWitch 
130 is “ON,” and sWitch 132 is “OFF.” PoWer output 
terminal 138 is sWitched to supply voltage V2 in this output 
state such that half-bridge circuit 104 is con?gured to permit 
the How of current from poWer output terminal 138 to load 
108, but at a higher poWer output level (i.e., voltage V2 
and/or the resulting higher current How to load 108) than 
half-bridge circuit 102 is con?gured to provide. 

[0026] When the second permissible output state exists at 
poWer output terminal 128, control signal C1 is a logical 
“loW” signal at control input 124, and control signal C2 is a 
logical “high” signal at control input 126. In this output 
state, sWitch 120 is “OFF,” and sWitch 122 is “ON.” PoWer 
output terminal 128 is sWitched to ground in this output 
state, such that half-bridge circuit 102 is con?gured to 
permit the How of electric current into poWer output terminal 
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128. Input node 140 is at ground, Which is less than 
reference voltage VR2. Accordingly, voltage comparator 
circuit 148 generates a logical “loW” signal for control signal 
C3 at node 142, and voltage comparator circuit 150 gener 
ates a logical “high” signal for control signal C4 at output 
node 144 such that control input 134 provides a logical 
“loW” signal and control input 136 provides a logical “high” 
signal. SWitch 130 is “OFF,” and sWitch 132 is “ON.” PoWer 
output terminal 138 is sWitched to ground in this output state 
such that half-bridge circuit 104 is con?gured to permit the 
How of electric current into poWer output terminal 138 from 
load 108, but at a higher poWer output level than half-bridge 
circuit 102 is con?gured to provide. 

[0027] When the third permissible output state exists at 
poWer output terminal 128, control signal C1 is a logical 
“loW” signal at control input 124, and control signal C2 is 
also a logical “loW” signal at control input 126. In this output 
state, sWitch 120 is “OFF,” and sWitch 122 is “OFF.” PoWer 
output terminal 128 is in a state of high impedance in this 
output state such that half-bridge circuit 102 is con?gured to 
block the How of current betWeen poWer output terminal 128 
and a connected device. Input node 140 is at a voltage of 
one-half V1, Which is less than reference voltage VR1 and 
greater than reference voltage VR2. Accordingly, voltage 
comparator circuit 148 generates a logical “loW” signal for 
control signal C3 at output node 142, and voltage compara 
tor circuit 150 generates a logical “loW” signal for control 
signal C4 at output node 144 such that control input 134 
provides a logical “loW” signal and control input 136 also 
provides a logical “loW” signal. SWitch 130 is “OFF,” and 
sWitch 132 is “OFF.”PoWer output terminal 138 is in a state 
of high impedance in this output state such that half-bridge 
circuit 104 is con?gured to block the How of electric current 
betWeen poWer output terminal 138 and load 108. 

[0028] FIG. 3 illustrates an interface device 206 for use 
With a half-bridge or full H-bridge circuit according to 
another exemplary embodiment. Interface device 206 is 
similar to interface device 106 in structure and function, 
except that interface device. 206 includes a voltage reduc 
tion circuit 260 coupled betWeen an input node 240 and 
voltage comparator circuits 248 and 250 rather than resistors 
152 and 154, and also includes feedback resistors 262 and 
264. Voltage reduction circuit 260 includes a netWork of 
resistors coupled betWeen input node 240 and voltage com 
parator circuits 248 and 250. Voltage reduction circuit 260 is 
con?gured to reduce the peak voltage level at the inputs to 
voltage comparator circuits 248 and 250 from V1 at input 
node 240 such that loWer voltage components poWered by a 
voltage V1A (Where voltage V1A is loWer than voltage V1) 
may be used Within interface device 206 (e.g., voltage 
comparators designed for use With a ?ve volt or loWer 
supply voltage). Feedback resistors 262 and 264 provide for 
faster and more precise sWitching in voltage comparator 
circuits 248 and 250. 

[0029] The use of interface device 106 or 206 alloWs a 
half-bridge or full H-bridge circuit having a loWer poWer 
output speci?cation, such as a half-bridge or full H-bridge 
output of an integrated control circuit, to be used for higher 
poWer control applications. Higher poWer DC motors, for 
example, may be driven and controlled using available 
motor control integrated circuits that have a small and 
inexpensive package that is easy to implement, that include 
extensive control feature sets, and that are industry-proven. 
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[0030] It should be understood that these embodiments are 
offered by Way of example only. Many modi?cations are 
possible Without departing from the subject matter recited in 
the claims. Unless speci?cally otherWise noted, the, claims 
reciting a single particular element also encompass a plu 
rality of such particular elements. Accordingly, all such 
modi?cations are intended to be included Within the scope of 
the devices and methods described herein. The order and 
sequence of any process or method steps may be varied or 
re-sequenced according to other embodiments. Other sub 
stitutions, modi?cations, changes, and omissions may be 
made Without departing from the spirit and scope of the 
devices and methods described herein. 

1. An apparatus, comprising: 

a circuit con?gured to detect an output state of a ?rst 
half-bridge circuit rated to sWitch a ?rst level of poWer 
and to generate a ?rst signal and a second signal based 
on the output state to reproduce the output state at an 
output of a second half-bridge circuit rated to sWitch a 
second level of poWer greater than the ?rst level of the 
poWer. 

2. The apparatus of claim 1, Wherein the output state is a 
?rst output state, and Wherein the circuit is con?gured to 
detect one of the ?rst output state, a second output state, and 
a third output state of the ?rst half-bridge circuit, and to 
generate the ?rst signal and the second signal to reproduce 
one of the ?rst, second, and third output states at the output 
of the second half-bridge circuit. 

3. The apparatus of claim 2, Wherein the ?rst output state 
is con?gured to permit How of electric current from the 
output of the second half-bridge circuit, Wherein the second 
output state is con?gured to permit How of electrical current 
into the output of the second half-bridge circuit, and Wherein 
the third output state is con?gured to block How of electrical 
current from or into the output of the second half-bridge 
circuit. 

4. The apparatus of claim 2, Wherein the circuit is con 
?gured to detect one of the ?rst, second, and third output 
states based on the presence of a respective one of a ?rst, a 
second, and a third voltage at an input node. 

5. (canceled) 
6. The apparatus of claim 1, Wherein the circuit is a ?rst 

circuit, and Wherein the apparatus further comprises: 

a second circuit con?gured to detect an output state of a 
third half-bridge circuit and to generate a third signal 
and a fourth signal based on the output state of the third 
half-bridge circuit to reproduce the output state of the 
third half-bridge circuit at an output of a fourth half 
bridge circuit; 

Wherein the ?rst and third half-bridge circuits comprise a 
?rst H-bridge circuit, and Wherein the second and 
fourth half-bridge circuits comprise a second H-bridge 
circuit. 

7. The apparatus of claim 6, Wherein the ?rst H-bridge 
circuit is rated to sWitch a ?rst level of poWer, and Wherein 
the second H-bridge circuit is rated to sWitch a second level 
of poWer greater than the ?rst level. 

8. The apparatus of claim 1, Wherein the circuit com 
prises: 

a ?rst voltage comparator circuit coupled to an input node, 
and to a ?rst reference voltage; and 
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a second voltage comparator circuit coupled to the input 
node, and to a second reference voltage. 

9. The apparatus of claim 8, Wherein the circuit further 
comprises: 

a ?rst resistor coupled betWeen the input node and a 
supply voltage node; and 

a second resistor coupled betWeen the input node and a 
ground. 

10. The apparatus of claim 8, Wherein the circuit further 
comprises: 

a voltage reduction circuit coupled betWeen the input 
node and the ?rst and second voltage comparator 
circuits. 

11. An interface device, comprising: 

?rst and second output nodes con?gured to be coupled to 
respective control inputs of a ?rst half-bridge circuit 
con?gured to provide poWer at a ?rst level; 

an input node con?gured to be coupled to a poWer output 
of a second half-bridge circuit con?gured to provide 
poWer at a second level greater than the ?rst level; 

a ?rst voltage comparator circuit coupled to the ?rst 
output node, the input node, and to a ?rst reference 
voltage; and 

a second voltage comparator circuit coupled to the second 
output node, the input node, and to a second reference 
voltage. 

12. The interface device of claim 11, Wherein the second 
reference voltage is loWer than the ?rst reference voltage. 

13. The interface device of claim 12, Wherein the ?rst and 
second voltage comparator circuits are con?gured to detect 
one of a ?rst output state, a second output state, and a third 
output state of the poWer output of the second half-bridge 
circuit based on the presence of a respective one of a ?rst, 
second, and a third voltage at the input node. 

14. The interface device of claim 13, Wherein the ?rst 
voltage is higher than the ?rst reference voltage, the second 
voltage is loWer than the second reference voltage, and the 
third voltage is loWer than the ?rst reference voltage and 
higher than the second reference voltage. 

15. The interface device of claim 11, further comprising: 

a ?rst resistor coupled betWeen the input node and a 
supply voltage node; and 

a second resistor coupled betWeen the input node and a 
ground. 

16. The interface device of claim 11, further comprising: 

a voltage reduction circuit coupled betWeen the input 
node and the ?rst and second voltage comparator 
circuits. 

17. The interface device of claim 11, Wherein the input 
node is a ?rst input node, and Wherein the interface device 
further comprises: 

third and fourth output nodes con?gured to be coupled to 
respective control inputs of a third half-bridge circuit, 
Wherein the ?rst and third half-bridge circuits comprise 
a ?rst H-bridge circuit; 

a second input node con?gured to be coupled to a poWer 
output of a fourth half-bridge circuit; Wherein the 
second and fourth half-bridge circuits comprise a sec 
ond H-bridge circuit; 
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a third voltage comparator circuit coupled to the third 
output node, to the second input node, and to the ?rst 
reference voltage; and 

a fourth voltage comparator circuit coupled to the fourth 
output node, to the second input node, and to the second 
reference voltage. 

18. An interface device, comprising: 

an input node con?gured to be coupled to an output of a 
loWer poWer half-bridge circuit; and 

means for detecting one of a ?rst output state, a second 
output state, and a third output state of the output of the 
loWer poWer half-bridge circuit at the input node, and 
for generating ?rst and second output signals based on 
the detected one of the ?rst, second, and third output 
states to reproduce the one of the ?rst output state, the 
second output state, and the third output state detected 
at the output of the loWer poWer half-bridge circuit at 
an output of a higher poWer half-bridge circuit con?g 
ured to provide greater output poWer than the loWer 
poWer half-bridge circuit. 

19. The interface device of claim 18, Wherein the means 
for detecting is con?gured to detect one of the ?rst, second, 
and third output states based on the presence of a respective 
one of a ?rst, a second, and a third voltage at the input node. 

20. (canceled) 
21. The interface device of claim 18, Wherein the ?rst 

output state is con?gured to permit How of electrical current 
from the outputs of the loWer poWer and the higher poWer 
half-bridge circuits, Wherein the second output state is 
con?gured to permit How of electrical current into the 
outputs of the loWer poWer and the higher poWer half-bridge 
circuits, and Wherein the third output state is con?gured to 
block How of electrical current from or into the outputs of 
the loWer poWer and the higher poWer half-bridge circuits. 

22. The interface device of claim 18, Wherein the loWer 
poWer half-bridge circuit is a ?rst loWer poWer half bridge 
circuit, Wherein the input node is a ?rst input node, and 
Wherein the apparatus further comprises: 

a second input node con?gured to be coupled to an output 
of a second loWer poWer half-bridge circuit, Wherein 
the ?rst and second loWer poWer half-bridge circuits 
comprise an H-bridge circuit; and 

means for detecting one of a ?rst output state, a second 
output state, and a third output state of the output of the 
second loWer poWer half-bridge circuit at the second 
input node, and for generating third and fourth output 
signals based on the detected one of the ?rst, second, 
and third output states of the output of the second loWer 
poWer half-bridge circuit. 

23. An interface device, comprising: 

?rst and second output nodes; 

an input node con?gured to be coupled to a poWer output 
terminal of a ?rst half-bridge circuit con?gured to 
provide poWer at a ?rst level; and 

a translator circuit con?gured to detect one of a ?rst 
output state, a second output state, and a third output 
state of the output terminal of the ?rst half-bridge 
circuit at the input node, and to generate ?rst and 
second signals at the ?rst and second output nodes 
based on the detected one of the ?rst, second, and third 
output states to reproduce the one of the ?rst output 
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state, the second output state, and the third output state 
at an output terminal of a second half-bridge circuit 
con?gured to provide poWer at a second level greater 
than the ?rst level. 

24. A system, comprising: 

a ?rst half-bridge circuit con?gured to provide poWer at a 
?rst level; 

a second half-bridge circuit con?gured to provide poWer 
at a second level greater than the ?rst level; and 

an interface device con?gured to detect an output state of 
the ?rst half-bridge circuit and to provide signals to the 
second half-bridge circuit to reproduce the output state 
of the ?rst half-bridge circuit at an output of the second 
half-bridge circuit. 

25. The system of claim 24, further comprising load 
control circuitry coupled to the ?rst half-bridge circuit, 
Wherein the load control circuitry and the ?rst half-bridge 
circuit are integral as a single integrated circuit. 

26. The system of claim 24, Wherein the output state is a 
?rst output state, and Wherein the interface device is con 
?gured to detect one of the ?rst output state, a second output 
state, and a third output state of the ?rst half-bridge circuit, 
and to provide the signals to the second half-bridge circuit 
in response to the detected one of the ?rst, second, and third 
outputs states to reproduce the detected one of the ?rst 
output state, the second output state, and the third output 
state at the output of the second half-bridge circuit. 

27. The system of claim 26, Wherein the ?rst output state 
permits flow of electrical current from the output of the 
second half-bridge circuit, Wherein the second output state 
permits How of electrical current into the output of the 
second half-bridge circuit, and Wherein the third output state 
blocks How of electrical current to or from the output of the 
second half-bridge circuit. 

28. The system of claim 24, Wherein the interface device 
is a ?rst interface device, and Wherein the system further 
comprises: 

a third half-bridge circuit con?gured to provide poWer at 
the ?rst level, Wherein the ?rst and third half-bridge 
circuits comprise a ?rst H-bridge circuit; 

a fourth half-bridge circuit con?gured to provide poWer at 
the second level, Wherein the second and fourth half 
bridge circuits comprise a second H-bridge circuit; and 

a second interface device con?gured to detect an output 
state of the third half-bridge circuit and to provide 
signals to the fourth half-bridge circuit to reproduce the 
output state of the third half-bridge circuit at an output 
of the fourth half-bridge circuit. 

29. The system of claim 24, Wherein the second half 
bridge circuit is con?gured to provide poWer to a DC motor. 

30. A method, comprising: 

detecting an output state of an output of a loWer poWer 
half-bridge circuit; 

generating ?rst and second signals based on the detected 
output state; and 

providing the ?rst and second signals to respective inputs 
of a higher poWer half-bridge circuit, con?gured to 
provide greater output poWer than the loWer poWer 
half-bridge circuit, to reproduce the output state at an 
output of the higher poWer half-bridge circuit. 
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31. The method of claim 30, Wherein detecting the output 
state comprises: 

detecting one of a ?rst output state, a second output state, 
and a third output state of the loWer poWer half-bridge 
circuit; 

Wherein generating the ?rst and second signals comprises: 

generating the ?rst and second signals based on the 
detected one of the ?rst, second, and third output states; 
and 

Wherein providing the ?rst and second signals comprises: 

providing the ?rst and second signals to reproduce one of 
the ?rst, second, and third output states at the output of 
the higher poWer half-bridge circuit. 

32. The method of claim 31, Wherein the ?rst output state 
is con?gured to permit How of electrical current from the 
outputs of the loWer poWer and higher poWer half-bridge 
circuits; 

Wherein the second output state is con?gured to permit 
How of electrical current into the outputs of the loWer 
poWer and higher poWer half-bridge circuits; and 

Wherein the third output state is con?gured to block How 
of electrical current from or into the outputs of the 
loWer poWer and higher poWer half-bridge circuits. 

33. The method of claim 31, Wherein detecting one of the 
?rst, second, and third output states comprises: 

detecting the presence of a respective one of a ?rst, a 
second, and a third voltage at the output of the loWer 
poWer half-bridge circuit. 

34. The method of claim 30, Wherein detecting the output 
state and 

generating the ?rst and second signals comprises: 

detecting the output state and generating the ?rst and 
second signals using ?rst and second voltage compara 
tor circuits. 

35. The method of claim 34, Wherein detecting the output 
state further comprises: 

reducing a voltage level of the output of the loWer poWer 
half-bridge circuit using a voltage reduction circuit. 

36. The method of claim 30, Wherein the loWer poWer 
half-bridge circuit is a ?rst loWer poWer half bridge circuit 
and the higher poWer half-bridge circuit is a ?rst higher 
poWer half-bridge circuit, and Wherein the method further 
comprises: 

detecting an output state of an output of a second loWer 
poWer half-bridge circuit, Wherein the ?rst and second 
loWer poWer half-bridge circuits comprise a ?rst loWer 
poWer H-bridge circuit; 

generating third and fourth signals based on the detected 
output state of the output of the second loWer poWer 
half-bridge circuit; and 

providing the third and fourth signals to respective inputs 
of the second higher poWer half-bridge circuit to repro 
duce the output state of the output of the second loWer 
poWer half-bridge circuit at an output of the second 
higher poWer half-bridge circuit. 

* * * * * 


