-1- INbRCMED CHARGE PUMP CI RCUI T FOR HI GH SIDE SW TCH BACKGROQNgjgf
| N\VENTI ON This invention relates to hi gh side swi tches, and nore
particularly relates to a novel circuit for the 5 charge punmp of such
circuits which has reduced noise, increased efficiency and is nore easily
integrated into a conmon semiconductiar: chip whi ch includes the power device
of the high side swtgh.: ~Hi-ghisi de,sw tches..are mell-knomn for nunmerous 10
applications in mhlch'aflpad MntQ- sgr@undgd bemnlnal must be driven froma
power supply and mhlch,,ncLuQes aMNC$ gate,co trolled ("NCSgated") power
device having a gate {& m.nal, hr S,.a pC

of the power supply teo" turn on the smrtch b\ "charge 15 punp" circuit
i's conmonly provided to.produce ‘the’ thher ‘vol't'age needed to turn on the
MOSgat ed power devi ce when commanded to do so by an input signal. Such

devices are commonly integrated circuit ghips in which the power MOSgated
devi ce, charge punp and other control circuits

IMPROVED C GE PUMP_ CIRCUIT FOR HIGH SIDE SWITCH

BACKGROUND OF THE INVENTION

This invention relates to high side switches,

and more particularly relates to a novel circuit for the

5 charge pump of such circuits which has reduced noise,
increased efficiency and is more easily integrated into a
common semiconductor chip which includes the power device
of the high side switch.

High side switches are well-known for numerous

10 applications in which a load with a grounded terminal
must be driven from a power supply and which includes a
MOS gate controlled ("MOSgated") power device having a
gate terminal which requires a potential higher than that
of the power supply to turn on the switch. A '"charge

15 pump" circuit is commonly provided to produce the higher
voltage needed to turn on the MOSgated power device when
commanded to do so by an input signal. Such devices are
commonly integrated circuit chips in which the power
MOSgated device, charge pump and other control circuits

20 are integrated in a common semiconductor chip.

~ Presently available high side drivers have

several problems including the following:

® Severe noise is generated in both the
supply voltage and ground pins in many applications, due

25 to the high frequency (1 mHz) charging and discharging of
the voltage doubling capacitor in the charge pump.

@ The charge pump capacitor requires an
excessively thick oxide and silicon area when integrated
into a silicon chip for high supply voltage applications,

30 for example, those greater than 12 volts.
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20 ‘are integrated in a conmmon sem conductor chip. Presently avail able
hi gh side drivers have several problens including the follow ng:

Severe noise is generated in both the supply voltage and ground pins in
many applications, due 25 to the high frequency (1 nHz) charging and

di scharging of the voltage doubling capacitor in the charge punp. . The
charge punp capacitor requires an excessively thick oxide and silicon area
when integrated into a silicon chip for high supply voltage applications,
30 for exanple, those greater than 12 volts. SPECYd50616 -2- .

The turn-off switch needed to di scorthectt the power MOSgated device fromthe
charge punp in the device "off" condition is difficult to inplenment in an N
channel chi p enbodi nent where hi gh voltage P channel

L The turn-off switch needed to disconnect
the power MOSgated device from the charge pump in the
device "off" condition is difficult to implement in an N
channel chip embodiment where high voltage P channel

5 control MOSFETs are not available.

® The monolithic implementation of the
voltage doubler diode in the charge pump is difficult,
and it cannot be integrated as a simple P/N diode in the
N" epitaxial substrate of a conventional integrated

10 circuit employing a self-isclated vertical conduction
process.

® The ocutput voltage of the charge pump
circuit is reduced by the diode forward voltage drops in
the charge pump doubler circuit, which has a major effect

15 in low voltage applications.

The present invention provides a novel charge
pump circuit for high side switches which has low noise
and high efficiency, and is more easily integratable in
the same chip containing the power MOSgated device.

20 BRIEF DESCRIPTION OF THE INVENTION
In accordance with the present invention, a

novel charge pump circuit is provided for a high side
switch in which the charge pump is disconnected from the
ground terminal of the integrated circuit and is

25 connected instead to a floating node. The floating node
is then connected to the integrated circuit ground by a
constant current source. Therefore, the current from the
source terminal pin is constant, thus reducing noise at
the ground and source voltage pins.

30 Since the charge pump is connected to a
floating node, it is possible to clamp the charge pump
voltage to a low voltage, even though the output voltage
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5 control MOSFETs are not available. . The nmonolithic inplementation
of the voltage doubler diode in the charge punp is difficult, and it cannot
be integrated as a sinple P/N diode in the N epitaxial substrate of a
conventional integrated 10 circuit enploying a self-isolated verti cal
conducti on process. . The out put voltage of the charge punp circuit is
reduced by the diode forward voltage drops in the charge punp doubl er
circuit, which has a major effect 15 in low vol tage applications. The
present invention provides a novel charge punp circuit for high side
swi t ches which has | ow noise and highiefficiency, and is nore easily

I ntegratable in the sanme chip containing the power MOSgated device. 20

BRI EF DESCRI PTI ON OF THE | NVENTI ON I n accordance with the present

invention, a novel charge punp circuit is provided for a high side switch
0 uhich the Shange PUIP.1S: 81 REGAREC! S LLORLEDS Ph2|08: k85D DatogL the

the charge pump capacitor is low, even for a high voltage

device, and its size is limited.

As a further feature of the invention, a turn-
5 off control switch connected between the charge pump

input terminal and the supply source terminal is

implemented as an N channel control MOSFET in an

integrated circuit chip containing an N channel MOSgated

power device section. The control N channel MOSFET is

10 then connected to a positive feedback circuit to the
charge pump. A novel starter circuit is employed to
initially turn on the control N channel MOSFET.

As a still further feature of the invention,
the voltage doubler diodes are implemented as synchronous

15 rectifiers consisting of a MOSFET in place of one diode,
and a resistor and MOSFET for the other diode. These
components are easily integrated into the N epitaxial
substrate of an integrated circuit containing an N
channel MOSgated main power device.

20 Other features and advantages of the present
invention will become apparent from the following
description of the invention which refers to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1 is a circuit diagram of a known high
side switch.

Figure 2 shows a prior art charge pump circuit,
formed as a voltage doubler, which is used for the
circuit of Figure 1 to provide gate drive for the

30 MOSgated power device.
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25 connected instead to a floating node. The floating node is then
connected to the integrated circuit ground by a constant current source.
Therefore, the current fromthe source termnal pin is constant, thus
reduci ng noi se at the ground and source voltage pins. 30

Since the charge punp is connected to a floating node, it is possible to
clanp the charge punp voltage to a | ow vol tage, even though the output
vol t age SPEC\ 150616 -3- of the device is higher. Therefore, the voltage
across the charge punp capacitor is low, even for a high voltage device,
and its sizeis limted. As a furthesr §eature of the invention, a turn- 5

of f control

switch connected between the charge punp input termnal and the

supply source termnal is inplemented as an N channel control MOSFET in an

10
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25
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Figure 3 shows the gate voltage provided to the
MOSgated power device of Figure 2 as a function of time.

Figure 4 shows the novel high side circuit of
the invention in which any desired charge pump circuit is
connected to a floating node.

Figure 4a shows the circuit of Figure 4 with a
preferred embodiment for a constant current circuit
connecting the floating node of any desired charge pump
circuit to the integrated circuit ground.

Figure 5 shows the circuit of Figure 4 with the
charge pump of Figure 2, and with a modified constant
current circuit embodiment.

Figure 5a shows a preferred implementation in
silicon of an added transistor in the constant current
circuit of Figure 5 to enable the device to withstand
high voltage.

Figure 6 shows the current of the constant
current circuit, superimposed on the charge pump output
current for the circuit of Figure 5 to demonstrate the
reduced noise level at the power and ground pins of the
circuit.

Figure 7 shows the circuit of Figure 4,
modified to employ an auxiliary MOSFET to implement the
off switch, schematically shown in Figures 4 and 5.

Figure 8 shows the circuit of Figure 5 which is
modified to contain the auxiliary power MOSFET of Figure
7 and a novel start-up circuit.

Figure 9 shows the circuit of Figure 8 with a
modified start-up circuit.

Figure 10 is a block diagram of a high side
circuit, which employs the novel auxiliary MOSFET of
Figures 7, 8 and 9, in combination with a novel start-up
circuit and a known type of grounded charge pump.



Integrated circuit chip containing an N channel MOSgated power device
section. The control N channel MOSFET is 10 t hen connected to a
positive feedback circuit to the charge punp. A novel starter circuit is
enployed to initially turn on the control N channel MOSFET. As a stil
further feature of the invention, the voltage doubl er diodes are

I npl ement ed as synchronous 15 rectifiers consisting of a MOSFET in

pl ace of one diode, and a resistor and MOSFET for the other diode. These
conponents are easily integrated into the N epitaxial substrate of an
Integrated circuit containing an N-<hannel MOSgated mai n power device. 20
O her features and advantages of the present invention wll becone apparent
fromthe foll owi ng description of the invention which refers to the
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 25

Figure 1 is a circuit diagramof a known high side switch. Figure 2 shows a
prior art charge punp(ﬁ#qgﬁq,ll is a cross~section of a portion of an

integrated circuit chip which contains a charge pump
diode connected to the main device gate to show the
problems of its integration into the chip.

5 Figure 12 shows the charge pump circuit of
Figure 2 in which the diode connected to the power MOSFET
gate is replaced by a transistor and resistor which are
easily integratable into a common silicon chip with the
power MOSgated device.

10 Figures 13a, 13b and 13c show the operation of
the circuit of Figure 12 on a common time base.

Figure 14 shows the circuit of Figure 12 in
which the resistor of the resistor-transistor combination
is replaced by a depletion mode transistor.

15 Figure 15 shows an improvement of the circuit
of Figure 14 to permit the application of the full
voltage of 2V, to the gate of the power device.

Figures 16a, 16b and 16c show waveforms which
describe the operation of the circuit of Figure 15.

20 Figure 17 shows the circuit of Figure 15 with a
push-pull implementation.

Figures 18a to 18d are waveforms on a common
time base to explain the operation of the circuit of
Figure 17.

25 DETAILED DESCRIPTION OF THE DRAWINGS
Referring first to Figure 1, there is shown a

typical prior art high side switching circuit. Such -
circuits are used in many applications, for example,
automotive, in which it is necessary to drive a load

30 having a grounded terminal. Thus, in Figure 1, a battery
30 is connected to load 31 through an N channel power
MOSFET 32. The negative terminal of battery 30 and one
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formed as a vol tage doubl er

provi de gate drive for the 30 MOSgat ed power devi ce. SPECYd50616

Figure 3 shows the gate voltage provided to the MOSgat ed power device of
Figure 2 as a function of tine. Figure 4 shows the novel

of the invention in which any desired charge punp circuit is 5

connected to a floating node.

a preferred enbodi ment for a constant current circuit connecting the
fl oati ng node of any desired charge punp circuit to the integrated circuit

ground. 10

Figure 5~s®ows the circuit of Figure 4 with the

charge punp of Figure 2, and with a nodified constant current circuit

enbodi nent .
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side of lcad 31 are connected to a common ground, for
example, an automobile chassis. The positive terminal of
battery 30 is at a voltage V.., which may be 12 volts.
The power MOSFET 32 may be any other desired MOSgated
device, such as an IGBT, or MOSgated thyristor or the
like. _

When MOSFET 32 is in the on state, its source
is close to the power supply potential V.. In order to
have a low drain-to-source voltage drop, it is necessary
to bias the gate G of MOSFET 32 at a potential of 5 to 10
volts above the potential of source S, which is 5 to 10
volts above V.. In most cases, particularly where the
high side switch is implemented as a stand-alone IC, no
supply voitage above V.. is available in the system, and
a voltage above V.. has to be generated on the chip.

This is commonly done by a capacitive voltage multiplier,
often called a charge pump.

Figure 2 shows a known voltage doubler circuit
40 commonly used in high side switches, connected to the
high side switch of Figure 1. The doubler circuit 40
employs a square wave oscillator circuit 41, the output
of which is bufferized by buffer 42. The output node 43
of buffer 42 is connected to capacitor 44 which is
connected to and charged through diode 45 from source
Vec- The node between capacitor 44 and diode 45 is
connected to diode 46 which is, in turn, connected to the
gate of MOSFET 32. Two switching devices, shown as
switches 47 and 48, are provided in which switch 47 is
operable to connect and disconnect node 49 from power
supply 30 and switch 48 closes in the MOSFET 32 off state
to pull the gate of MOSFET 32 to ground (or to the source
of MOSFET 32).

The charge pump 40 operates as follows:

which is used for the circuit of Figure 1 to

-4-

hi gh side circuit

Figure 4a shows the circuit of Figure 4 with



Fi gure 5a shows a preferred inplenentation in silicon of an added
transistor in the constant current 15 circuit of Figure 5 to enable the
device to withstand high voltage. Figure 6 shows the current of the
constant current circuit, superinposed on the charge punp output current
for the circuit of Figure 5 to denonstrate the 20 reduced noi se | eve
at the power and ground pins of the circuit. Figure 7 shows the circuit of
Figure 4, nodified to enploy an auxiliary MOSFET to inplenent the off
switch, schematically shown in Figures 4 and 5. 25 Figure 8
shows the circuit of Figure 5 whichis nodified to contain the auxiliary
power MOSFET of Figure 7 and a novel start-up circuit. Figure 9 shows the
circuit of Figure 8 with a nodified start-up circuit. 30

Figure 10 is a block diagramof a high side circuit, which enploys the

novel auxiliary MCSFEGof  FlGHE 5 Tae %l depld SPBLPRLECR2 "4EMg,nove!
capacitor 44 is charged from V.. through diode 45. When
the node 43 at the output of buffer 42 is high, the
charge of capacitor 44 is transferred to the gate of
5 MOSFET 32, through diocde 46. The voltage on the gate of
MOSFET 32 then increases in step fashion, as shown in
Figure 3, and the voltage at the gate of MOSFET 32
approaches 2V.. to turn on MOSFET 32. B
To turn off MOSFET 32, switch 48 closes to pull
10 the gate voltage to ground and switch 47 is opened to
isolate node 49 from the power supply.
The circuit of Fiqure 2 has the following
drawbacks:
1. The charging and discharging of capacitor
15 44 at high frequency, typically 1 MHz, generates high
frequency current in the V.. and ground pin nodes and
related package pins of the IC 40, causing severe noise
problems in many applications.
2. It is difficult to implement switch 47
20 into a single silicon chip for the entire circuit with
most available processes, especially when no P channel
MOSFETs are available.

3. It is difficult to extend the use of the
circuit to applications with high V.. voltages because
25 the full V. is applied across capacitor 44. Therefore,

to implement capacitor 44 in an integrated circuit for
high voltage, prohibitively thick oxides and greater
silicon area are required.
Figure 4 shows a first embodiment of the

30 present invention, in which the circuit of Figure 2 is
modified by connecting the ground lead 50 of charge pump
40 (shown as a block in Figure 4) to a floating node 51.
The floating node 51 is then connected to ground 52 by a
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circuit and a known type of grounded charge punp. SPEC/ 150616 -5- Figure
11 is a cross-section of a portion of an integrated circuit chip which
contains a charge punp di ode connected to the main device gate to show the
problens of its integration into the chip. 5 Figure 12 shows
t he charge punp circuit of Figure 2 in which the diode connected to the
power MOSFET gate is replaced by a transistor and resistor which are easily
integratable into a conmon silicon chip with the power MOSgated device. 10
Figures 13a, 13b and 13c show the operation of the circuit of Figure 12 on
a common time base. Figure 14 shows8tie circuit of Figure 12 in which the

resistor of the resistor-transistor conbination is replaced by a depletion
node transistor.

constant current source circuit 53. A voltage regulator,
for example, a zener diode 54 connects nodes 49 and 51.

The charge pump 40 can be of any desired type,

including, but not limited to that of Figure 2. A
5 significant feature of the circuit of Figure 4 is that

the charge pump 40 is connected to floating node 51
instead of the ground node 52. The current in the ground
pins and V.. pins of the circuit will therefore be pure
direct current, in view of the constant current source

10 53, so that the operation of charge pump 40 generates no
noise at these pins.

Figure 4a shows the circuit of Figure 4 with
constant current source 53 implemented as an N channel
MOSFET 60, the gate of which is driven by cascaded

15 control MOSFETs 61 and 62 which are enhancement and
depletion mode MOSFETs respectively.

Figure 5 shows the circuit of Figure 4, using
the charge pump of Figure 2 and a modified constant
current source. More specifically, the current source in

20 Figure 5 includes an added N channel MOSFET 70 which is
easily integrated, as will be later described.

In the circuit of Figures 4, 4a and 5, the
supply voltage V.. is greater than the knee voltage of
zener diode 54. If the current i;; in the constant

25 current circuit 53 is greater than the current i, of
charge pump 41 then, as shown in Figure 6, the current in
the ground and V.. pins (or terminals) of the IC circuit
will be a pure direct current. Therefore, the high
frequency current of the charge pump generates zero or

30 very low noise. Presently available high side switches,
such as the IR6000, made by International Rectifier
Corporation, and the BTS410E made by Siemens have peak-
to-peak V../ground currents in excess of .1 milliampere.
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15 : Figure 15 shows an inprovenent of the circuit of Figure
14 to permt the application of the full voltage of 2Vcc to the gate of the
power device. Figures 1l6a, 16b and 16c show waveforns which describe the
operation of the circuit of Figure 15. 20 Figure 17 shows

the circuit of Figure 15 with a push-pull inplenmentation. Figures 18a to
18d are waveforns on a comon tinme base to explain the operation of the
circuit of Figure 17. 25 DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring
first to Figure 1, there is shown a typical prior art high side swtching
circuit. Such circuits are used in $any applications, for exanple,
autonotive, in which it is necessary to drive a |oad 30 havi ng a
grounded terminal. Thus, in Figure 1, a battery 30 is connected to |oad 31

t hrough an N channel power MOSFET 32. The negative term nal of battery 30

and one SPEC%?SE&?ts employing the floating node 53 of Figures 4, 4a

and 5 have a noise of 20 microamperes peak-to-peak which
is hardly discernable from background noise.
A further advantage of the circuits of Figures
5 4, 4a and 5 is that the voltage across capacitor 44 is
limited to the zener voltage (V..~-V;) where V;, is the
voltage at node 51. Therefore, a high voltage charge
pump circuit can be built with low voltage capacitors
with thin oxides and smaller die area without sacrificing
10 reliability. By way of example, the circuit of Figure 5
may operate with a Vi of up to 60 volts while the
voltage applied to the charge pump capacitor is limited
to 7 volts.
As previously mentioned, the constant current
15 circuit 53 in Figure 5 contains an added MOSFET 70.
MOSFET 70 is a relatively high voltage MOSFET to be used
in high voltage applications to remove high voltage from
MOSFET 60. A fixed gate voltage, for example, 7 volts,
is applied to the gate of MOSFET 70 and it is easily
20 integrated into the common chip which contains all other
circuit elements of Figure 5.
The implementation of MOSFET 70 as a lightly
doped drain MOSFET is shown in Figure 5a which is a
cross-section of a portion of the chip. Thus, the chip
25 71 has a lightly doped N° substrate 72 which receives all
of the junctions which make up the circuit. The power
section of the chip which defines the power MOSFET 32
consists of any desired junction pattern and can be a
vertical conduction device having a plurality of spaced P
30 base diffusions 73 which contain respective sources, such
as N* source 74. The channel regions of each of bases 73
are covered by a MOSgate 75 which may be a polysilicon
gate. The gate 75 is conventionally insulated from
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-6- side of |load 31 are connected to a common ground, for exanple, an

aut onobi l e chassis. The positive termnal of battery 30 is at a voltage
Vcc, which may be 12 volts. The power MOSFET 32 may be any ot her desired
MOSgat ed 5 device, such as an | GBT, or MOSgated thyristor or the |iKke.
When MOSFET 32 is in the on state, its source is close to the power supply
potential Vcc. In order to have a | ow drain-to-source voltage drop, it is
necessary 10 to bias the gate G of MOSFET 32 at a potential of 5 to 10
volts above the potential of source_ S, which is 5 to 10 volts above V<. In
nost cases, particularly where thé Hpgﬁ side switch is inplemented as a
stand-al one I1C, no supply voltage above Vcc is available in the system and
15 a voltage above Vcc has to be generated on the chip. This is
commonly done by a capacitive voltage nultiplier, often called a charge

punp. source electrode 76 which contacts each of the bases 73
and their respective sources 74. A drain electrode 76a
is formed on the bottom of chip 72 and is connected to
Vee-

5 P-wells, such as P-well 77, are also diffused
into the same chip to contain control circuits for the
main power device. Figure 5a shows one such P-well 77
which contains MOSFET 70. Thus, MOSFET 70 is an N
channel device comprising an N¥ source diffusion 78, an

10 N° drain diffusion 79 and an N* drain contact diffusion
80. 1Its polysilicon gate 81 extends across the P channel
region between diffusions 78 and 79. Thus, the MOSFET 70
is easily formed in chip 71, using many of the same
process steps which form the power section 32.

15 The chip 71 is conventionally housed after its
completion and externally available terminal pins extend
through the housing to the various electrodes of the
device. Thus, a V. terminal pin will be connected to
the drain electrode 76a and a source terminal pin will be

20 connected to the source electrode at node 82 in Figures
4a and 5. A ground terminal pin will also be connected
to the ground nodes in the chip 71 which are shown in the
circuit of Figures 4a and 5.

Figure 7 shows the circuit of Figure 4 with the

25 switch 47 implemented as an auxiliary N channel power
MOSFET 90 which can easily be integrated into the IC chip
71 of Figure 5a with any conventional power MOSFET
process since MOSFETs 32 and 90 have a common drain.

Switch 48 in Figure 7 is implemented as a

30 lateral NMOS transistor with a lightly doped drain,
similar to MOSFET 70.

During steady state operation of the circuit of
Figure 7, charge pump 40 provides a voltage at node 91
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Figure 2 shows a known voltage doubler circuit 40 commonly used in high
side switches, connected to the 20 hi gh side swtch of Figure 1. The
doubler circuit 40 enploys a square wave oscillator circuit 41, the output
of which is bufferized by buffer 42. The output node 43 of buffer 42 is
connected to capacitor 44 which is connected to and charged through di ode
45 from source 25 VCC. The node between capacitor 44 and diode 45 is
connected to diode 46 which is, in turn, connected to the gate of MOSFET
32. Two switching devices, shown as switches 47 and 48, are provided in
which switch 47 is operable to corhect 7and di sconnect node 49 from power 30
supply 30 and switch 48 closes in the MOSFET 32 off state to pull the gate
of MOSFET 32 to ground (or to the source of MOSFET 32). The charge punp 40
operates as follows: SPEC 150616

which is connected to the gate of power MOSFET 90 which
is 5 to 10 volts above V.. MOSFET 90 is thus turned
fully on and the charge pump 40 receives power from V..
In order to turn on the circuit of Figure 7, a
5 start-up circuit is needed, as shown in Figure 8, to
initially pull up node 49 to start the charge pumping
action. Thus, in Figure 8, a start up circuit consisting
of diode 91, switch 92 and voltage source 93 are
provided. Voltage source 93 has a low voltage which may
10 be derived from V... Switch 92 may be implemented as a
low voltage transistor.
In operation of the circuit of Figure 8, at
turn on, switch 92 closes to provide an initial voltage
to charge pump 40. The charge pump 40 will then begin to

15 supply itself from V.. through transistor 90 which is
turned on and the circuit will operate as previously
described.

Figure 9 shows another embodiment of the start-
up circuit of Figure 8 and employs transistors 100 and
20 101 and resistor 102. In operation of the circuit of
Figure 9, at turn-on, the gate of transistor 100 is
pulled to ground by start control circuit 103. The base
of bipolar transistor 101 is pulled up by resistor 102
which is implemented as a depletion mode transistor which
25 has a high resistance value equivalent to about 1 megohm.
Thus, node 49 is pulled up to (Vg - 0.6) volts, starting
the charge pump 40 operation.
The novel auxiliary MOSFET 90 and any desired
start-up circuit 110 can be used with the circuit of
30 Figure 2 in which the charge pump 40 is referenced to
ground, as well as with the novel charge pump circuit
with a floating node as in Figure 4. Figure 10 is a

block diagram of such a circuit.
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-7- When node 43 at the output of buffer 42 is |ow, capacitor 44 is charged
from Vcc through di ode 45. Wien the node 43 at the output of buffer 42 is

hi gh, the charge of capacitor 44 is transferred to the gate of 5 MOSFET
32, through diode 46. The voltage on the gate of MOSFET 32 then increases
in step fashion, as shown in Figure 3, and the voltage at the gate of
MOSFET 32 approaches 2Vcc to turn on MOSFET 32. To turn off MOSFET 32,
switch 48 closes to pull 10 the gate voltage to ground and switch 47 is
opened to isolate node 49 fromthe power supply. The circuit of Figure 2
has the foll ow ng drawbacks: 1. The2 char gi ng and di schargi ng of capacitor

15 44 at high frequency, typically 1 MHz, generates high frequency
current in the Vcc and ground pin nodes and rel ated package pins of the IC
40, causing severe noi se problens in many applications. 2. It is

difficult to inplement swtch 47 ) ) ,
The charge pump circuit of the preceding

figures employs diode 46 in the charging circuit. It is
difficult and sometimes impossible to integrate this
diode into a monolithic integrated circuit. Figure 11
S shows an attempt to integrate diode 46 into the P-well

120 in the N substrate 72 of Figure 5a. Diode 46 is
formed by N* diffusion 121 in well 120. Electrodes 122
and 123 are connected to regions 120 and 121 respectively
to form the electrodes of the diode 46. Since the

10 epitaxial substrate 72 is the drain of power MOSFET 32,
and is connected to V., diode 46 cannot be integrated as
a simple PN diode because its anode has to be able to
float several volts above V... However, this is
impossible because of the parasitic diode 124 between the

15 anode of diode 46 and V... A simple integration of dicde
46 is therefore impossible.

Another drawback of the diodes 45 and 46 in the
charge pump of Figure 2 is that they reduce the output
voltage of the charge pump 40 by their forward voltage

20 drops to (2V.c - 2V;} (where 2V; is the forward voltage
drop of diodes 45 and 46). This can be a substantial
reduction for low V. applications such as laptop
computers or automotive applications.

Figure 12 shows a modified charge pump circuit

25 in which dicde 46 is replaced by more easily integratable
components and with a reduced forward voltage drop in the
output of the charge pump circuit. Thus, diode 46 is
replaced by enhancement mode transistor 130, depletion
mdde transistor 131, resistor 132, and a substrate diode

30 133 of transistor 131. These components are easily
integrated into the substrate 72 of Figure 11.

The operation of the circuit of Figure 12 is
described as follows, in connection with Figures 13a, 13b
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20 into a single silicon chip for the entire circuit wth nost
avai | abl e processes, especially when no P channel MOSFETs are avail able. 3.
It is difficult to extend the use of the circuit to applications with high
Vcc vol tages because 25 the full Vcc is applied across capacitor 44.
Therefore, to inplenent capacitor 44 in an integrated circuit for high

vol tage, prohibitively thick oxides and greater silicon area are required.
Figure 4 shows a first enbodi ment of the 30 present invention, in which
the circuit of Figure 2 is nodified by connecting the ground | ead 50 of
charge punp 40 (shown as a block in FBgare 4) to a floating node 51. The
floating node 51 is then connected to ground 52 by a SPECML50616 - 8-
constant current source circuit 53. A voltage regul ator

and 13c which show the voltages at nodes 134-43, 135, and
136 respectively. Thus, the first time the output of
buffer 42 at node 43 goes high, the node 136 at the gate
of MOSFET 32 charges up to (Vo = Vi), through the

5 substrate diode 133 of depletion mode transistor 131.
When the output at node 43 goes low, capacitor 44 charges
up through diode 45. During this period, transistor 131
is in its off state; its source at node 134 and its drain
at node 136 being at (Ve - V) while its gate at node 135

10 and its substrate are at 0 volts. Thus, transistor 131
is off and the gate of power MOSFET 32 is isolated from
the remainder of the circuit.

When node 43 goes high, node 134 rises to (2V
~ V;). Transistor 130 then turns off, enabling the gate

15 of transistor 131 to reach the potential of its source
through resistor 132. Since transistor 131 is a
depletion mode device, it turns on with 0 volts between
gate and source. Therefore, the charge on capacitor 44
will transfer to the gate of MOSFET 32 through transistor

20 131.

This process continues each cycle until the
node 136 potential shown in Figure 13c reaches the limit
of (2Vee - V;). Note that this limit is higher than that
of the prior art circuit of Figure 2 by one diode drop V;

25 because there is only one diode in the current path.
Furthermore, transistors 130, 131 and resistor 132 may be
easily integrated into the IC because the substrate of
transistor 131 never exceeds V..

Figure 14 shows an embodiment of the circuit of

30 Figure 12 in which resistor 132 of Figure 12 is replaced
by a depletion mode MOSFET 140 which is easily integrated
into the IC substrate.
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for exanple, a zener diode 54 connects nodes 49 and 51. The charge punp 40
can be of any desired type, including, but not limted to that of Figure 2.
A5 significant feature of the circuit of Figure 4 is that the charge
punp 40 is connected to floating node 51 instead of the ground node 52. The
current in the ground pins and Vcc pins of the circuit will therefore be
pure direct current, in view of the constant current source 10 53, so
that the operation of charge punp 40 generates no noi se at these pins.
Figure 4a shows the circuit of Figure 4 with constant current source 53

I npl emented as an N channel MOSFET-604 the gate of which is driven by
cascaded 15 control MOSFETs 61 and 62 which are enhancenent and

depl eti on node MOSFETs respectively. Figure 5 shows the circuit of Figure
4, using the charge punp of Figure 2 and a nodified constant current
source. Mre specifically, the current source in 20 Figure 5 i ncl udes
an added N channel MOSEERYAR v Ghaws ehfqdififatdon RFf Hhe Fircwik | ater

described. of Figure 12 which even further reduces the voltage drop
of the output of the charge pump at the gate of MOSFET 32
and eliminates all diode drops. Thus, transistor 150,

5 resistor 151, capacitor 152, dicde 153 and transistor 154
are added to the circuit of Figure 15 to avoid the drop
produced by diode 45 in Figure 12. Note that MOSFET 150
replaces diode 45 of the circuit of Figure 12.

The operation of the circuit of Figure 15 is

10 best understood from the curves of Figures 16a, 16b and
16c. The potentials at nodes 134-43, 160-161 and 135-162
respectively in Figure 15 are shown in Figures 16a, 16b
and 16c. The first time the output at node 43 goes high,
the gate of power MOSFET 32 at node 136 charges to (Vg -

15 V;) through the substrate diode 133 of depletion mode
transistor 131. At the same time, node 161 is low and
capacitor 152 is charged up to (Ve - V) through diode
153.

When node 161 goes high, node 43 goes low.

20 Since capacitor 152 is already charged to (Ve - V), node
160 will be boosted to (2Vg - Vi}. Since transistor 154
is off, node 162 will also be boosted to (2V, - V¢ and
transistor 150 will be fully "on." Capacitor 44 will
then charge up to V. through transistor 150. For the

25 same reasons described in connection with the circuit of
Figure 12, transistor 131 will be off during this time
and the gate of MOSFET 32 is isolated from the circuit.

When node 43 next goes high, transistor 154
turns on and node 162 falls to O volts, turning off

30 transistor 150, allowing node 134 to rise to 2V .. For
the same reasons as in Figure 12, transistor 131 turns on
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In the circuit of Figures 4, 4a and 5, the supply voltage Vcc is greater
than the knee voltage of zener diode 54. If the current 153 in the constant
25 current circuit 53 is greater than the current i[err] of charge punp
41 then, as shown in Figure 6, the current in the ground and Vcc pins (or
termnals) of the ICcircuit wll be a pure direct current. Therefore, the
hi gh frequency current of the charge punp generates zero or 30 very | ow
noi se. Presently avail able high side switches, such as the | R6000, nade by
International Rectifier Corporation, and the BTS410E made by Si enens have
peak- to-peak Vcc/ground currents'iﬁseicess of .1 mllianpere. SPECI S0616
-9- Circuits enploying the floating node 53 of Figures 4, 4a and 5 have a

noi se of 20 m croanperes peak-to-peak which is hardly discernable from
background noi se.

and the charge on capacitor 44 will transfer through the
transistor 131 to the gate of MOSFET 32.

The same process repeats each cycle until the

voltage at node 136 reaches 2V... Thus, the voltage at
5 node 136 is 2V, higher than that of the charge pump of
Figure 2 because there is no diode in the current path.

Figure 17 shows the basic circuit of Figure 8
implemented as a push-pull circuit. The two halves of
the circuit are symmetric, the left-hand side of the

10 circuit using the same numerals as in Figure 8 and the
right-hand side of the circuit using the same numerals
with the suffix "a". Only a portion of the high side
switch is shown, particularly the power MOSFET 32 having
its gate connected to node 136 as shown by the dotted-

15 line connection.

The operation of the circuit of Figure 17 is
best understood by reference to Figures 18a, 18b, 18c and
18d which show the voltages at nodes 134-43, 134a-43a,
135-135a and 136 in Figure 17 respectively. It will be

20 seen in Figures 18a, 18b and 18c that the potentials at
nodes 134, 43 and 135 are in opposite phase to the
potentials at nodes 134a, 43a and 135a respectively.

When node 43 is low, node 43a is at V. and

node 134a is at 2V,.. Therefore, transistor 150 is fully

25 Yon" and capacitor 44 is charged up to V.. through
transistor 150. During this period, transistor 130 is
"on" so that transistor 131 is "off." Similarly,

transistor 130a is "off" so that transistor 131a is "on"
and the charge of capacitor 44a is transferred to the
30 node 136 and the gate of power MOSFET 32.
Node 43 then goes to V., and node 134 is
boosted to 2V... This turns transistor 150a fully "on,"
which turns "off" transistor 150 and prevents the
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A further advantage of the circuits of Figures 5 4, 4a and 5 is that

t he. voltage across capacitor 44 is |imted to the zener voltage
(Vcc-V[err]) where V[err], is the voltage at node 51. Therefore, a high
vol tage charge punp circuit can be built with | ow voltage capacitors with
thin oxides and snaller die area w thout sacrificing 10 reliability.
By way of exanple, the circuit of Figure 5 may operate with a Vcc of up to
60 volts while the voltage applied to the charge punp capacitor is limted
to 7 volts. As previously nentioned, the constant current 15 circuit 53
in Figure 5 contains an added NCSFE¥57O. MOSFET 70 is a relatively high
vol tage MOSFET to be used in high voltage applications to renove high

vol tage from MOSFET 60. A fixed gate voltage, for exanple, 7 volts, is
applied to the gate of MOSFET 70 and it is easily 20 integrated into

| ol onent at (AP b T ae @ he R Bt R AR o SR
Fi gure 5a wimansistor 150a is "on" and node 43a is low, capacitor
44a will be charged up to V. through transistor 150a.
During this period, transistor 130a is "on" so transistor
5 131a is "off". Similarly, transistor 130 is "off" so
transistor 131 is "on" and the charge of capacitor 44 is
transferred to the gate of power MOSFET 32. |

The same process takes place at each clock half
cycle until the voltage on the gate of MOSFET 32 reaches

10 the limit of 2V, .. As in the circuit of Figure 12, the
output voltage of the charge pump is unaffected by any
diode drop because there is no diode in the current path.

Note that the circuit of Figure 17 doubles the
apparent frequency of the charge pump and thus reduces

15 the ripple at node 136 by a factor of 2.

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will become apparent to those skilled in the art. It is

20 preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only
by the appended claims.

SPEC\150616



cross-'section of a portion of the chip. Thus, the chip 25 71 has a

lightly doped N substrate 72 which receives all of the junctions which nmake

up the circuit. The power section of the chip which defines the power
MOSFET 32 consi sts_of ﬂBinesi red junction pattern and can be a verti cal

conduct i onmm mtu Ew plurality of spaced P 30 base diffusions 73
whi ch con

ources, such as N+ source 74. The channel regions
of each of “baSes 73 are covered by a MOSgate 75 which may be a polysilicon
gate. The gate 75 is conventlonally I nsul ated from SPEC0150616 - 10 -
source el ectrode 76 which contact3 ®ach of the bases 73 and their
respective sources 74. A drain electrode 76a is forned on the bottom of
chip 72 and is connected to Vcc . 5 P-wel | s, such as P-wel

77, are also diffused

WHAT IS CLAIMED IS:
1. A high side switch circuit comprising,
which is characterized in containing in combination: a
MOS gate controlled power semiconductor device having
first and second power electrodes and a control
5 electrode; a charge pump circuit having first and second
power terminals and an output terminal; a constant
current source circuit having input and output terminals;
a Vg input voltage terminal connected to said first
power electrode of said MOS gate controlled power
10 semiconductor device and connectable to a source of
power; a load terminal connected to said second power
electrode of said MOS gate controlled power semiconductor
device and connectable to a grounded load that is capable
of being energized from said source of power when said
15 MOS gate contirolled power semiconductor device is closed;
and a ground terminal connectable to said grounded load;
said charge pump circuit being operable to produce an
output voltage at its said output terminal which is
higher than said V.. input voltage; said first power
20 terminal of said charge pump circuit being connected with
said Vg input voltage terminal; said second power
terminal of said charge pump circuit connected to said
input terminal of said constant current circuit; said
output terminal of said constant current circuit
25 connected to said ground terminal, whereby said second
power terminal has a floating potential; said output
terminal of said charge pump circuit being connected to
said control electrode of said MOS gate controlled power
semiconductor device for providing a voltage sufficiently
30 higher than the voltage of said second terminal to turn
on said MOS gate controlled power semiconductor device.
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into the same chip to contain control circuits for the main power device.
Fi.gure 5a shows one such P-well 77 which contains MOSFET 70. Thus, MOSFET
70 is an N channel device conprising an N err] source diffusion 78, an 10
N drain diffusion 79 and an N+ drain contact diffusion 80Thid Shset piad Besh RdpGEUd
gate mﬂﬂthe P channel region between diffusi { .
Thus, lm{\m ﬂﬂ jiIlleasily formed in chip 71, using manJ/ ,
processxsteps wii ch fdrmthe power section 32. 15 71
i's conventionally housed after its conpletion and externally avail able
term nal pins extend through the hod8img to the various el ectrodes of the
device. Thus, a Vcc termnal pin will be connected to the drain el ectrode
76a and a source termnal pin will be 20 connected to the source

el ectrode at node 82 in Figures 4a and 5. A ground termnal pin will also
be connected to the ground nodes,in the chig 71 which are shown in the
circuit of Figures 4a and 5-0& Gt phuglehB & VRAFR 6F FREERET4 with
the 25 sondEdc¥er 1 2gd e nt ek asa B MO | fatGeycbnthanned pewer

semiconductor device is a power MOSFET.

3. The circuit of claims 1 or 2 which is
further characterized in including first switching means
operable to connect and disconnect said charge pump first
power terminal to said V.. input voltage terminal and

5 second switching means for connecting and disconnecting
said control electrode of said MOS gate controlled power
device to said ground terminal when said first switching
means disconnects and connects said pump first power
terminal to said V. input terminal respectively.

4. The circuit of claims 1, 2 or 3 which is
further characterized in including voltage clamp means
connected between said first and second power terminals
of said charge pump circuit to limit the voltage

5 therebetween.

5. The circuit of claims 1, 2, 3 or 4 which
is further characterized in that said voltage clamp means
comprises a zener diode.

6. The circuit of claims 1 to 5 which is
further characterized in that said charge pump circuit
comprises, in combination: a square wave oscillator
connected to and operated from said first and second

5 power terminals of said charge pump circuit and having an
oscillator output terminal, an inverter buffer connected
to said oscillator output terminal, a charge storage
capacitor, a first diode and a second diode; said

inverter buffer having an output connected in series with
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MOSFET 90 which can easily be integrated into the I1C chip 71 of Figure 5a
w-th any conventional power MOSFET process since MOSFETs 32 and 90 have a
comon drain. Switch 48 in Figure 7 is inplenmented as a 30 | at eral NMOS

tranS|st y doped drain, simlar to MOSFET 70. During
state o gmlﬂ |Bl”'!a [rcuit of Figure 7, charge punp 40 provides
vol t age ode

MOSFET 90 which is 5 to 10 volts above Vcc.

150616 whi ch is connected to the gate of

on and the charge punp 40 receives power fromVcc. In order to turn
circuit of Figure 7, a 5 startt p circuit is needed, as shown in Figure
8, toinitially pull up node 49 to start the charge punping action.

in Figure 8, a start up circuit consisting of diode 91,

vol t age source 93 are

10

15

20

10

SPEC\150997

said capacitor and said first diode to said control
electrode of said MOS gate controlled power device; said
second diode connected form said V.. input voltage
terminal to the note between said capacitor and said
first diode whereby, when the ocutput of said inverter
buffer is low, said capacitor is charged from the voltage
at said V. terminal and through said second diode and,
when said output of said inverter buffer is high, the
voltage of said capacitor plus the voltage of said V.
terminal are applied in series through said first diode
to said control terminal of said MOS gate controlled
power device.

7. The circuit of claims 1 to 6 which is
further characterized in that said constant current
circuit comprises a first control MOSFET having drain and
source electrodes connected to said second power terminal
of said charge pump circuit and said ground terminal
respectively and a cascaded enhancement mode MOSFET and
depletion mode MOSFET connected between an auxiliary
voltage source and said ground terminal; the node between
said enhancement mode and depletion mode MOSFETs
connected to their respective gates and to the gate of
said first control MOSFET.

8. The circuit of claim 7 which is further
characterized in including a second control MOSFET in
combination with said first MOSFET to increase the
voltage between said second power terminal of said charge
pump circuit and said ground terminal without breakdown
of said first control MOSFET.
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switch 92 and



provi ded. Vol tage source 93 has a | ow vol tage which may 10 be derived
fromVcc Switch 92 nmay be inplenented as a | ow voltage transistor. In
operation of the circuit of Figure 8, at turn on, switch 92 closes to

provi de a voIta e to charge punp 40. The chargesgugma ee em%&pen
begin to Hmmmn eIf from Vcc through transi st
turned on mAII operate as previously de

shows anot her enbodlnent of the start- up circuit of F| oys
transi stors 100 and 20 101 and resistor 102. In operatlon of the
circuit of Figure 9, at turn-on, theQate of transistor 100 is pulled to
ground by start control circuit 103. The base of bipolar transistor 101 is
pul l ed up by resistor 102 which is inplenented as a depl eti on node

transi stor which 25 has a high resistance val ue equivalent to about 1

g s o008, 2% 55 PURRRTRIBARS 1 e ULy st e
characterized in including an aux111ary power MOSFET
having first and second power terminals and a gate
terminal; said first and second power terminals of said

5 auxiliary power MOSFET connected to said first power
terminal of said charge pump circuit and said V.. input
voltage terminal respectively; said gate terminal of said
auxiliary power MOSFET connected to said control

electrode of said MOS gate controlled power semiconductor
10 device.

10. The circuit of claim 9 which is further
characterized in including starter circuit means coupled
between a auxiliary supply voltage source and said charge
pump circuit for starting said charge pump circuit before

5 said auxiliary power MOSFET conducts.

11. A high side switch circuit characterized
in comprising, in combination: a MOS gate controlled
power semiconductor device having first and second power
electrodes and a control electrode; a charge pump circuit

5 having first and second power terminals and an output
terminal; a V. input voltage terminal connected to said
first power electrode of said MOS gate controlled power
semiconductor device and connectable to a source of
power; a load terminal connected to said second power

10 electrode of said MOS gate controclled power semiconductor
device and connectable to a grounded load which is
energized from said source of power when said MOS gate
controlled power semiconductor device is closed; and a
ground terminal connectable to said grounded lecad; said

15 charge pump circuit being operable to produce an output
voltage at its said output terminal which is higher than
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start-up circuit 110 can be used wth the circuit of 30 Figure 2 in
whi.ch the charge punp 40 is referenced to ground, as well as mﬁth t he novel
charge punp circuit with a floating node as in Figure 4 H

bl ock di agram of such a circuit. SPEC150616 - 12 - ““ cBited
circuit of the preceding figures enploys diode 46 in th CUIt

tinmes inpossible to integrate t
WDnO|It" Hﬂﬂ Hﬂﬂg l ﬂIFrCUIt F|gure 11 5 shows an attenpt to

i nt egr at~e @i ode 46 s nt*0o the P-we 120 in the N- substrate 72 of Figure 5a.
Diode 46 is fornmed by N err] dlffusman-izl in well 120. Electrodes 122 and
123 are connected to regions 120 and 121 respectively to formthe

el ectrodes of the diode 46. Since the 10 epitaxial substrate 72 is the
drain of power MOSFET 32,

said V. input voltage; said second power terminal of
said charge pump circuit connected to said ground
terminal, whereby said ocutput terminal of said charge
20 pump circuit is connected to said control electrode of
said MOS gate controlled power semiconductor device for
providing a voltage sufficiently higher than the voltage
of said second terminal to turn on said MOS gate
controlled power semiconductor device; a grounding switch
25 connected to said control electrode of said MOS gated
power device for grounding said control electrode when
said grounding switch is closed; and an auxiliary power
MOSFET having first and second power terminals and a gate
terminal; said first and second power terminals of said
30 auxiliary power MOSFET connected to said first power
terminal of said charge pump circuit and said V. input
voltage terminal respectively; said gate terminal of said
auxiliary power MOSFET connected to said control
electrode of said MOS gate controlled power semiconductor
35 device so that when said grounding switch is closed, said
gate terminal of said auxiliary power MOSFET is grounded,
thereby turning off said auxiliary power MOSFET to
electrically isolate said charge pump circuit from said
supply voltage.

12. The circuit of claim 11 which is further
characterized in including starter circuit means coupled
between a auxiliary supply voltage source and said charge
pump circuit for starting said charge pump circuit before

5 said auxiliary power MOSFET conducts.

13. The circuit of claim 1 which is further
characterized in that said MOS gate controlled power
semiconductor device, said charge pump circuit, and saiad
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and is'connected to Vcc, diode 46 cannot be integrated as a sinple PN diode
because its anode has to be able to float several volts above Vcc. However,
this is inpossible because of the parasitic diode 124 bet ween the 15

anode of 'diode 46 and Vcc. A sinple integration of §Q§Hg§kk§R&MQabfore

I mpossi b ack of the diodes 45 and 46" punp of
F| gure :{Zlﬂ“l@im ﬁHH ﬂ iduce the output voltage of t 3“ 40 by
ir forwaed volx age drops to (2Vcc - 2V[err] I's the

formard vol tage drop of diodes 45 and 46). This can be a substantlal
reduction for |ow Vcc applications swgh -as | aptop conputers or autonotive
applications. Figure 12 shows a nodified charge punp circuit 25 I n

whi ch diode 46 is replaced by nore easily integratable conponents and with
a reduced forward voltage drop in the output of the charge punp circuit.
Thus, diode 46 is replaced by enhancenent node transistor 130, depletion
node transi st BRTISAL FEYrSeoRYE3Antegyagedyiatoate rginedd td.c 133 of

transi sgor 13§emlgbgagcgggp@agggs are easily

14. The circuit of claim 3 which is further
characterized in that said MOS gate controlled power
semiconductor device, said charge pump circuit, said
first switching means and said current source are

5 integrated into a monolithic semiconductor chip.

15. The circuit of claim 3 which is further
characterized in that said MOS gate controlled power
semiconductor device, said charge pump circuit, said
voltage clamp means and said current source are

5 integrated into a monolithic semiconductor chip.

16. The circuit of claim 9 which is further
characterized in that said MOS gate controlled power
semiconductor device, said charge pump circuit, said
auxiliary power MOSFET and said current source are

5 integrated into a monolithic semiconductor chip.

17. A charge pump circuit for a MOSgated power
semiconductor device; said MOSgated power semiconductor
device having a V. input voltage terminal, a grbund
terminal and a control terminal; said charge pump circuit

5 characterized in comprising, in combination: a square
wave oscillator having an output terminal; an inverter
buffer connected to said oscillator output terminal; a
charge storage capacitor coupled to the output of said
inverter buffer; a first coupling circuit means coupling

10 said capacitor to said control electrode of said MOSgated
power semiconductor device; a second coupling circuit
means for coupling said Vg input voltage terminal to the
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I ntegrated into the substrate 72 of Figure 11. The operation of the circuit
of. Figure 12 is described as follows, in connection with Figures 13a, 13b

SPEC\ 150616 - 13 - and 13c which show the voltages at nodes 134-43, 135,
and 136 respectively. Thus, the first tinme the output of buffer 42 at node

43 goes Hi at the gate of MOSFET 32 charges up to (Vcc -
Vi), thr Jﬂumm(‘mﬁlﬂ'”mgst rate di ode 133 of depletion ?mde ltoransi(st or
131. When thé out plit &t ‘hode 43 goes |ow, capacitor 44 charges up through
di ode 45. During this period, transistor 131 is in its off state; its
source at node 134 and its drain at 4tode 136 being at (Vcc - V[err]) while

Its gate at node 135 10 and its substrate are at 0 volts. Thus,

transistor 131 is off and the gate of power MOSFET 32 is isolated fromthe
remai nder of the circuit.

node between said capacitor and said first coupling
circuit means whereby, when the output of said inverter

15 buffer is low, said capacitor is charged from the voltage
at said V.. terminal and through said second coupling
means and, when said output of said inverter buffer is
high, the voltage of said capacitor plus the voltage of
said V. terminal are applied in series through said

20 first coupling means to said control terminal of said
MOSgated power semiconductor device; and wherein said
first coupling means comprises a depletion mode MOSFET
having source and drain terminals connected to said
capacitor and control electrode of said MOSgated power

25 semiconductor device respectively and having its
substrate connected to the output of said inverter
buffer; a resistive circuit means connected from said
capacitor to the gate of said depletion mode MOSFET, and
a second control MOSFET connected from said gate of said

30 depletion mode MOSFET and said ground terminal and having
a gate connected to said oscillator output terminal.

18. The circuit of claim 17 which is further
characterized in that said second coupling means is a
diode.

19. The circuit of claim 34 or 35 which is
further characterized in that said resistive circuit
means comprises a second depletion mode MOSFET having a
gate connected to the gate of said first-mentioned

5 depletion mode MOSFET and a substrate connected to the
substrate of said first-mentioned depletion mode MOSFET.
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When node 43 goes high, node 134 rises to (2Vcc - V[err]). Transistor 130
then turns off, enabling the gate 15 of transistor 131 to reach the
potential of its source through resistor 132. Since transistor 131 is a

depl etion turns on with O volts between gate and source.
Therefore”mmﬂmmlfgﬁlﬁmﬂapaci tor 44 wll transfer to the gate of MOSFET
32 t hrough*transi swor 131. This process continues each cycle unti

t he node 136 potential shown in Figure 13c reaches the limt of (2Vcc -
Vlerr]) . Note that this Iimt is hb her than that of the prior art circuit
of Figure 2 by one diode drop V[err] because there is only one di ode
in the current path. Furthernore, tranS|stors 130, 131 and resistor 132 may
be easily integrated into the | C because the substrate of transistor 131
never exceeds Vcc Figure 14 shows an enbodi ment of the circuit of 30

Figure 12 in which resygtoredd2:9fchigube d2alis’ €, a@_@do?ylé YRELRL T ON
node MOSFET 140 which is easily integrated into the | C substrate.
is further charactéerized in that wherein said second

coupling circuit means includes a control MOSFET.

21. A charge pump circuit for a MOSgated power
semiconductor device; said MOSgated power semiconductor
device having a V.. input voltage terminal, a ground
terminal and a control terminal; said charge pump circuit

5 comprising, in combination: a square wave oscillator
having an output terminal; an inverter buffer connected
to said oscillator output terminal; a charge storage
capacitor coupled to the output of said inverter buffer;
a first coupling circuit means coupling said capacitor to

10 said control electrode of said MOSgated power
semiconductor device; a second coupling circuit means for
codpling said Vg input voltage terminal to the node
between said capacitor and said first coupling circuit
means whereby, when the output of said inverter buffer is

15 low, said capacitor is charged from the voltage at said
Vee terminal and through said second coupling means and,
when said output of said inverter buffer is high, the
voltage of said capacitor plus the voltage of said Vg
terminal are applied in series through said first

20 coupling means to said control terminal of said MOSgated
power semiconductor device; and wherein said secondary
coupling circuit means includes a control MOSFET.
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SPEC150616 - 14 - Figure 15 shows a nodification of the circuit of
Figure 12 which even further reduces the voltage drop of the output of the
charge punp at the gate of MOSFET 32 and elimnates all diode drops. Thus,
transi stor 150, 5 resistor 151, capacitor 152, diode 153 and transi stor
154 are added to the circuit of Figure 15 to avoid the drop produced by
diode 45 in Figure 12. Note that NCSszﬂgbo repl aces di ode 45 of the
circuit of Figure 12. The operation of/the circuit of Figure 15 is 10

best understood fromthe curves of Figures 16a, 16b and 16c. The potentials
at nodes 134-43, 160-161 and 135-162 respectively in Figure 15 are shown in
Fi gures 16a, 16b and 16c. The first tinme the output at node 43 goes high,
the gate of power MOSFET 32 at node Jqﬁago (Vcc - 15 Vlerr])

t hrough the substrate di ode 13§J@q node

+
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transistor 131. At the same tine, node 161 is |ow and capacitor 152 is
charged up to (Vcc - V[err]) through di ode 153. Wen node 161 goes hi gh,
node 43 goes |ow. 20 Si nce capacitor 152 is already charged to (Vcc -
Vlerr]) , node 160 will be boosted to (2Vcc - V[err]) Since transistor 154
is off, node 162 will also be boosted to (2Vcc - V[err]) and transistor 150
will be fully "on." Capacitor 44 will then charge up to Vcc through

transi stor 150. For the 25 sanme reasons described in connection with
the circuit of Figure 12, transistor 43 ill be off during this tine and
the gate of MOSFET 32 is isolated fr the circuit. Wien node 43 next goes
hi gh, transistor 154 turns on and node 162 falls to O volts, turning off 30
transi stor 150, allowi ng node 134 to rise to 2Vcc. For the sanme reasons as
in Figure 12, transistor 131 turns on SPEC150616
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- 15 - ‘and the charge on capacitor 44 will transfer through the transistor
131 to the gate of MOSFET 32. The sane process repeats each cycle until the
vol tage at node 136 reaches 2Vcc. Thus, the voltage at 5 node 136 is
2V[err] higher than that of the charge punp of Figure 2 because there is no
diode in the current path. Figure 17 shows the basic circuit of Figure 8

i npl emented as a push-pull circuit. Thest hal ves of the circuit are
symmetric, the left-hand side of the 1 circuit using the same nunerals
as in Figure 8 and the right-hand side of the circuit using the sane
nunerals with the suffix "a". Only a portion of the high side switch is
shown, particularly the power MOSFET 32 having its gate connected to node

136 as shown by the dotte& 15¢ i rig connectlo?L The3@perat40n of the
circuit of Figure 17 is bgstyundeilsto by refern p t Q ¢Fj 18a, 18b,
18c and 18d which show th | tades at nodes 134}4 3« 135-135a and
136 in Figure 17 rgsSpecrive ﬁggitia Iy e
= ba N+ (lN" 2N-{- 8)3 74 N+ pL'fN}+73g
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(- Vil dondln ionndend il
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20 seen in Figures 18a, 18b and 18c that the potentials at nodes 134,
43 and 135 are in opposite phase to the potentials at nodes 134a, 43a and
135a respectively. Wien node 43 is |low, node 43a is at Vcc and node 134a is
at 2Vcc. Therefore, transistor 150 is fully 25 "on" and capacitor 44 is
charged up to Vcc through transistor 150. During this period, transistor
130 is "on" so that transistor 131 is "off." Simlarly, transistor 130a is
"off" so that transistor 13la is "on" e charge of capacitor 44a is
transferred to the 30 node 136 and e’gate of power MOSFET 32. Node 43
t hen goes to Vcc, and node 134 is boosted to 2VCC. This turns transistor

150a fully "on," which turgs "off" transistor 150 and preyvents the
SPEC150616 - 16 - dischdrge of capacitor 44 through trifFi stor 150.
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transi stor 150a is "on" and node 43a is | ow, capacitor 44a will be charged
up to Vcc through transistor 150a. During this period, transistor 130a is
"on" so transistor 5 13la is "off". Simlarly, transistor 130 is "off"
so transistor 131 is "on" and the charge of capacitor 44 is transferred to
the gate of power MOSFET 32. The sane process takes place at each cl ock
hal f cycle until the voltage on the gat ug? FET 32 reaches 10 t he
limt of 2Vcc. As in the circuit of Figdre 12, the output voltage of the
charge punp is unaffected by any di ode drop because there is no diode in
the current path. Note that the circuit of Figure 17 doubl es the apparent

frequency of the charge punp and thus reduces 15 the ripple at node 136
by a factor of 2. Although the present i nvention has been described in
relation to particul ar enbodi HLD ttrerteof—memy—ottrerjvari ati ons and
nodi fications and ot her uses wj|l| beco apparent to those skilled in the
art. It is 20 preferred, trerefore 85 the present invention be
limted not by the specific dngmgsure herei n, but only
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by the appended clains. SPECUL50616 -17- WHAT IS CLAIMED I S: 1. A hi gh
side'switch circuit conprising, which is characterized in containing in
conbi nation: a MOS gate controll ed power sem conductor device having first
and second power el ectrodes and a control electrode; a charge punp circuit
having first and second power terminals and an output term nal; a constant
current source circuit having input anzio put termnals; a Vcc input
voltage term nal connected to said fir ower el ectrode of said MOS gate
controll ed power sem conductor device and connectable to a source of power;
a load term nal connected to said second power electrode of said MOS gate
control |l ed power sem conductor device and connectable to a grounded | oad
that is capable
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of being energized fromsaid source of power when said MOS gate controll ed
power sem conductor device is closed; and a ground term nal connectable to
sai d grounded | oad; said charge punp circuit being operable to produce an
out put voltage at its said output termnal which is higher than said V[err]
i nput voltage; said first power termnal of said charge punp circuit being
connected with said Vcc input voltagﬁ/ﬁ?rﬁnal; sai d second power term nal
of said charge punp circuit connect said input termnal of said
constant current circuit; said output term nal of said constant current
circuit connected to sald ground ternlnal mhereby saM@csecond power
termnal has a floating 3 A sai d charge punp
circuit being connecte
control |l ed power semi,cpnduct or
hi gher than the volgég of saftd
control |l ed power s¢m condyctor
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-18 - 2. The circuit of claim1 which is further characterized in that
said MOS gate controll ed power sem conductor device is a power MOSFET. 3.
The circuit of clains 1 or 2 which is further characterized in including
first switching means operable to connect and di sconnect said charge punp
first power termnal to said Vcc input voltage term nal and second

swi tchi ng neans for connecting and disco ting said control electrode of
said MOS gate controll ed power device tagﬂ d ground term nal when said
first switching nmeans di sconnects and connects said punp first power
termnal to said Vcc input term nal respectively. 4. The circuit of
clainms 1, 2 or 3 which is further characterized in v§eluding vol tage cl anp
means connect ed bet ween-saig first and-second-power—-etm-nals—of said

charge punp circuit tlo ngi t hg vr?é?ge t her ebet ween. 5. The circuit of
claims 1, 2, 3 or 4 whi
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is further characterized in that said voltage clanp neans conprises a zener
di ode. 6. The circuit of clains 1 to 5 which is further characterized in
that said charge punp circuit conprises, in conbination: a square wave
oscillator connected to and operated fromsaid first and second power
term nals of said charge punp circuit and having an oscillator out put
termnal, an inverter buffer connected é/h id oscillator output termnal,
a charge storage capacitor, a first diodé and a second di ode; said inverter
buf fer having an out put connected in series with -19- said capacitor and
said first diode to said control electrode of said MOS g controlled
power device; said second di ode connect¥ggform said Vcc inpuf3¥oltage
termnal to the note between said capacito& and_saLd-LL¥sLF ode wher eby,
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buffer is low, said capacitor is charged fromthe voltage at said Vcc
termnal and through said second di ode and, when said output of said
inverter buffer is high, the voltage of said capacitor plus the voltage of
said Vcc termnal are applied in series through said first diode to said
control termnal of said MOS gate controll ed power device. 7. The circuit
of claimse 1 to 6 which is further characterized in that said constant
current circuit conprises a first control MOSFET having drain and source
el ectrodes connected to said second power term nal of said charge punp
circuit and said ground term nal respectively and a cascaded enhancenent
node MOSFET and depl eti on node MOSFET connected between an auxiliary

vol tage source and said ground term nal; the node between said enhancenent
node and depl eti on node MOSFETs connected to their respective gates and to

the gate of said tipRbvepntiaRalOBORF cdreurineon My sibsclshiicl whi ch is

further charactertzed Th Tncluding a second contro In
ABSTRACT QOF THE DISCLOSURE

A high side monolithic switching circuit

integrated into a silicon chip is described in which the
charge pump is connected to the ground terminal by a
constant current circuit and floats relative to the
ground terminal to reduce noise generation. The charge
pump is connected to a V. terminal by an auxiliary power
MOSFET having its gate connected to the charge pump
output circuit. The conventional charge pump diodes are
implemented as MOSFET devices which can be easily
integrated into the common monolithic chip. A clamping
circuit across the charge pump permits the use of a low
voltage, small area capacitor for a high voltage device.
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conbi nation wth said first MOSFET to increase the voltage betmégﬁngﬁﬁﬁ
second power term nal of said charge punp circuit and said ground term na
wi t hout breakdown of said first control MOSFET. -20 - 9. The circuit of
claims 1 to 8 is further characterized in including an auxiliary power
MOSFET having first and second power termnals and a gate termnal; said
first and second power term nals of sahgsauxiliary power MOSFET connected
to said first power termnal of said charge punp circuit and said Vcc input
voltage term nal respectively; said gate term nal of said auxiliary power
MOSFET connected to said control electrode of said MOS gate control |l ed
power sem conductor device. 10. The circuit of claim9 which is further
characterized in including starter circuit neans coupl ed

IMPROVED CHARGE PUMP CIRCUIT FOR HIGH SIDE SWITCH

ABSTRACT OF THE DISCLOSURE

A high side monolithic switching circuit
integrated into a silicon chip is described in which the
charge pump is connected to the ground terminal by a
constant current circuit and floats relative to the
ground terminal to reduce noise generation. The charge
pump is connected to a V.. terminal by an auxiliary power
MOSFET having its gate connected to the charge pump
output circuit. The conventional charge pump diodes are
implemented as MOSFET devices which can be easily
integrated into the common monolithic chip. A clamping
circuit across the charge pump permits the use of a low
voltage, small area capacitor for a high voltage device.
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o : Géerdz g0 o
between a auxiliary supply voltage source and said charge punp circuit for

starting said charge punp circuit before sai-d -auxili.ary. . .pawer MOSFET

cogg : m MMNLSI de switch circuit charachefiyed LHEEonprising, in

co “ﬁﬂﬂM“ I te controlled poper sqniconducfﬁrwdéﬁ cé having first

and secdénd‘poher® el*ectrodes and a control Iéct-g?g; a.-charge punp circuit
g n J‘c’>u ﬁtﬁ Bt’ér '

having first and second power termnals and a nal ; a Vcc i nput
vol tage termnal connected to said first powér-electrode. of said MOS gate
controll ed power sem conductor device and gggnectable to a spurce of power;
a load term nal connected to said second power—et-ectrode-of~said MOS gate
control | ggy 00 ' tor device and connectable to a grounded | oad
which is ) d source of power when said MOS gate controlled
power semi conduct orl devifediigh SigeedWiksh &iFcHditd codPFit§andeonnectable to

sai d groupklesh | Dackn &P st i iele I BRNTAiRInG e _RGmeAeEaloa:t @ produce an
out put vorlﬂgsa ggeaéié cizcgnst:::'soali ldedoupt wuetr tseermTcnoz%xldqu]tio%h die%i@eg earvitanan
first and second power electrodes and a control
electrode; a charge pump circuit having first and second
power terminals and an output terminal; a constant
current source circuit having input and output terminals;
~ a Vo input voltage terminal connected to said first
power electrode of said MOS gate controlled power
semiconductor device and connectable to a source of
power; a load terminal connected to said second power
electrode of said MOS gate controlled power semiconductor
device and connectable to a grounded load that is capable
of being energized from said source of power when said
MOS gate controlled power semiconductor device is closed;
and a ground terminal connectable to said grounded load;
said charge pump circuit being operable to produce an
output voltage at its said ocutput terminal which is
higher than said V. input voltage; said first power
terminal of said charge pump circuit being connected with
said V.. input voltage terminal; said second power
terminal of said charge pump circuit connected to said

input terminal of said constant current circuit; said
output terminal of said constant current circuit
connected to said ground terminal, whereby said second
power terminal has a floating potential; said ocutput
terminal of said charge pump circuit being connected to
said control electrode of said MOS gate controlled power
semiconductor device for providing a voltage sufficiently
higher than the voltage of said second terminal to turn
on said MOS gate controlled power semiconductor device.




- 21- said Vcc input voltage; said second power term nal of said charge
punp CIrCUIt connected to said ground term nal, whereby said output

ternlnal e punp circuit is connected to said control el ectrode
of said y% E ed power sem ggnductor device for providing a
vol t age suffl cie her than the vg‘?t age of said second termnal to
-turn on said MOS gate control | ed power sem conductor device; a grounding
switch connected to said control electrode of said MOS gated power device
for grounding said control electrode when said grounding switch is closed;

and an auxiliary powey MOGRET Naug fde 1 A Iswof Y cftﬁt gp nals and a

gate terminal; said first ‘and sécond power term Xiliary
power MOSFEhaXARFRT e ois MRt isadd YR gats ontrofladhiRPHatar ge punp
circuit ancgéﬁdbﬂ&mudmtﬁev&(ﬁé age d gfdidrimosepectivel y; said gate

termnal of said auxiliary power MOSFET connected to said control
3. The circuit of claims 1 or 2 which is

further characterized in including first switching means
operable to connect and disconnect said charge pump first
power terminal to said V. input voltage terminal and
second switching means for connecting and disconnecting

- said control electrode of said MOS gate controlled power
device to said ground terminal when said first switching
means disconnects and connects said pump first power
terminal to said V.. input terminal respectively.

4. The circuit of claims 1, 2 or 3 which is
further characterized in including voltage clamp means
connected between said first and second power terminals
of said charge pump circuit to limit the voltage
therebetween.

5. The circuit of claims 1, 2, 3 or 4 which
is further characterized in that said voltage clamp means
comprises a zener diode.

6. The circuit of claims 1 to 5 which is
further characterized in that said charge pump circuit
comprises, in combination: a square wave oscillator
connected to and operated from said first and second
power terminals of said charge pump circuit and having an
oscillator output terminal, an inverter buffer connected
to said oscillator output terminal, a charge storage
capacitor, a first diode and a second diode; said
inverter buffer having an output connected in series with
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el ectrode of said MOS gate controll ed power sem conductor device so that
mhen sai d grounding switch is closed, said gate termnal of said auxiliary

ET is grounded, thereby turning off said auxiliary power MOSFET
to el GB/EE[ Ef'm sai d charge pung circuit fromsaid supply voltage.
12. Th n111 which is further characterized in including

-Starter CIrCUIt "medns *coupl ed between a auxiliary supply voltage source and

said charge punp circuit for startlng said charge punp circuit before said
auxi | iary power MOSFET conducts. The circuit of claim1 which is

further characterized.in tha ate controll e ower semn conduct or
devi ce, sai 82¢HaFfB2GARPE AR u?‘?""Si %?"S%'% %“‘ de e ot r%ﬂgs &L hre integrated

into a nonoklebteodenbfondidt BOS cdatpe dentridikcled rpewer clevice maidhi ch is

further second diode connected form said V.. input voltage
terminal to the note between said capacitor and said
first diode whereby, when the output of said inverter
buffer is low, said capacitor is charged from the voltage
at said V. terminal and through said second diode and,
when said output of said inverter buffer is high, the
voltage of said capacitor plus the voltage of said V.

- terminal are applied in series through said first diode

to said control terminal of said MOS gate controlled
power device.

7. The circuit of claims 1 to 6 which is
further characterized in that said constant current
circuit comprises a first control MOSFET having drain and
source electrodes connected to said second power terminal
of said charge pump circuit and said ground terminal
respectively and a cascaded enhancement mode MOSFET and
depletion mode MOSFET connected between an auxiliary
voltage source and said ground terminal; the node between
said enhancement mode and depletion mode MOSFETs
connected to their respective gates and to the gate of
said first controcl MOSFET.

8. The circuit of claim 7 which is further
characterized in including a second control MOSFET in
combination with said first MOSFET to increase the
voltage between said second power terminal of said charge
pump circuit and said ground terminal without breakdown
of said first control MOSFET.




characterized in that said MOS gate controll ed power sem conductor device,
said charge punp circuit, said first switching neans and said current

sourm “m ' Em’ﬂmﬂ into a nonolithic sem conductor chip. 15. The circuit
o <A

urther characterjzed in that said MOXS gate controlled

power «Sem C ctsor *devi ce, said charge punp circuit, said voltage clanp
nmeans and said current source are integrated into a nonolithic
sem conductor chip. 16. The circuit of claim9 which is further
characterized in that said MOS gate controlled power sem conductor device,
sai d charge punp circlit, e FHEIIE Ry PAdrs MOSFETE ab®l SeFEhelr rent
source are ¢hiegedelzedn BN ind)dn SRR CONGHE | 96weP | HOSFET-23- 17. A
hi gh side switch C#JI:CUI t Cé)rg)eréoswgéml, n Cé)ﬂbl natis(‘)na:1 A\/C)Saggt e controlled
pover seni cORULRY of 112l T n er termina n g

terminal; said first and second power terminals of said

auxiliary power MOSFET connected to said first power

terminal of said charge pump circuit and said V. input

voltage terminal respectively; said gate terminal of said

auxiliary power MOSFET connected to said control

electrode of said MOS gate controlled power semiconductor

device.

10. The circuit of claim 9 which is further
characterized in including starter circuit means coupled
between a auxiliary supply voltage source and said charge
pump circuit for starting said charge pump circuit before
said auxiliary power MOSFET conducts.

11. A high side switch circuit characterized
in comprising, in combination: a MOS gate controlled
power semiconductor device having first and second power
electrodes and a control electrode; a charge pump circuit
having first and second power terminals and an output

- terminal; a Ve input voltage terminal connected to said
first power electrode of said MOS gate controlled power
semiconductor device and connectable to a source of
power; a load terminal connected to said second power
electrode of said MOS gate controlled power semiconductor
device and connectable to a grounded load which is
energized from said source of power when said MOS gate
controlled power semiconductor device is closed; and a
ground terminal connectable to said grounded load; said
charge pump circuit being operable to produce an output
voltage at its said output terminal which is higher than
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having first and second power el ectrodes and a control electrode; a charge
punp circuit having first and second power termnals and a charge punp

output i nput voltage term nal connected to said first power
el ectr 'glﬁ}l gﬂ“ﬂ"&%ate control | ed,power sem conductor device and
connecta ur of power; a Ioad term nal connected to said second
power el ectrode of said MOS gate controll ed power sem conductor device and
connectable to a grounded | oad which is energized fromsaid source of power
when said MOS gate control |l ed power sem conductor device is closed; and a
ground term nal connectable to said grounded | oad; said charge punp circuit
bei ng oper silid Vec praiic ovcdrkaget:p s ivdo Istempndatpandl termigalp@fp out put

term nal g?iaqla SﬁaQthSﬁmEhegréﬁkg ¥BhnkBREN \egl ka4e; %euquecond pover

t er m nal sal g circuit connected to sal round term na
wher eby sai*@T@dfgdr ¥ FHFHHISBFdSSPHPEHaF§€mﬁEﬁﬁ Ofr S@ie F8azBAnected to
sai d cont r@lun@l edrecade @k sandedPBdgabe saqat t@lnltedzlp@mms-emecaaductor

second t or A "ES ars’ SrnEARAIRrPBHBE CoMA I rus Toonar ek cBhduct or

devi ce; saiptostidiigg puNpl&ageusuffhaaauméylLQGMQN @@nprm@ﬁngpltage

combi nati oyr a3Q4Ua%kRond terminal to turn on said MOS gate
controlled power semiconductor device; a grounding switch
connected to said control electrode of said MOS gated
power device for grounding said control electrode when
said grounding switch is closed; and an auxiliary power
MOSFET having first and second power terminals and a gate
terminal; said first and second power terminals of said
auxiliary power MOSFET connected to said first power
terminal of said charge pump circuit and said Vg input
voltage terminal respectively; said gate terminal of said
auxiliary power MOSFET connected to said control
electrode of said MOS gate controlled power semiconductor
device so that when said grounding switch is closed, said
gate terminal of said auxiliary power MOSFET is grounded,
thereby turning off said auxiliary power MOSFET to
electrically isolate said charge pﬁmp circuit from said
supply voltage.

12. The circuit of claim 11 which is further
characterized in including starter circuit means coupled
between a auxiliary supply voltage source and said charge
pump cifcuit for starting said charge pump circuit before
said auxiliary power MQOSFET conducts.

13. The circuit of claim 1 which is further
characterized in that said MOS gate controlled power
semiconductor device, said charge pump circuit, and said
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wave oscillator having an oscillator output termnal; an inverter buffer
connected to said oscillator output termnal; a charge storage capacitor
coupled to the output of said inverter buffer; a first coupling circuit

means | ] Ld capacitor to said gpntrol electrode of said MSgated
power ’g;mimgl@t]’ﬁﬂm?l ce; a second coupling circuit nmeans for coupling
said Vi c termnal to the node between said capacitor and said
first coupling circuit nmeans whereby, when the output of said inverter
buffer is low, said capacitor is charged fromthe voltage at said Vcc

term nal and through said second coupling circuit neans and, when said

out put of said inverter buffer is high, the voltage of said capacitor plus
the voltage of said VcC termnal are applied in series through said first
coupling circuit nmeans to said control term nal of said MbSgated power

sem conductQy :d{ﬂ@ CEauA whersg b 1imde COUWRAJG G fLuit neans
conprises a d‘ép eti onu node _N[)S%E%qr?:é\}%ng lsofrce and drailn termnals
connect ed tIPREFNIIFERY tDHBand control el ectrode of said MOSgated power

14. The circuit of claim 3 which is further
characterized in that said MOS gate controlled power
semiconductor device, said charge pump circuit, said

- first switching means and said current source are
integrated into a monolithic semiconductor chip.

15. The circuit of claim 3 which is further
characterized in that said MOS gate controlled power
semiconductor device, said charge pump circuit, said
voltage clamp means and said current source are
integrated intc a monolithic semiconductor chip.

+16. The circuit of claim 9 which is further
characterized in that said MOS gate controlled power
semiconductor device, said charge pump circuit, said
auxiliary power MOSFET and said current source are
-~ integrated into a monolithic semiconductor chip.
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sem conductor device respectively and having its substrate connected to the

out put of said inverter buffer; a resistive circuit neans connected from

sai d capaci tor to the gate of sai d depletion node MOSFET, and a second
MOSFET connect ed en said_gate of said depletion node MOSFET

and ﬂm j‘ I ”Il Ii'"l? and haV| ng a g%te connected to said oscillator
outp he circuit of claim17 which is further characterized
in that sal second coupl ing circuit nmeans is a diode. 19. The circuit of
claim17 or 18 which is further characterized in that said resistive

circuit neans conprises a second depletion node MOSFET having a gate
connected to the gate of said first-nentioned depletion node MOSFET and a

substrate connecteg~to 2 S | epl eti on node
MOSFET. 20. The ci ggw tAQ%%FE%.EB E@,l%h @i%ﬁiﬁoc ? rtflif:j

char act erfRRITRh 1PRAL 2 WHRT F3FS SORTEBLLRE RILRN |5rﬂj“16-‘|qné]ﬁlictt°ﬁe§ﬁ'§l¢?lcl udes a

control M&ESHRE first and second power electrodes and a control electrode;
a charge pump circuit having first and second power terminals and
a charge pump output terminal; a Vg input voltage terminal
connected to said first power electrode of said MOS gate
controlled power semiconductor device and connectable to a source
of power; a load terminal connected to said second power
electrode of said MOS gate controlled power semiconductor device
and connectable to a grounded load which is energized from said
source of power when said MOS gate controlled power semiconductor
device is closed; and a ground terminal connectable to said
grounded load; said charge pump circuit being operable to produce
an output voltage at said charge pump output terminal which is
higher than said Vg input voltage; said second power terminal of
salid charge pump circuit connected to said ground terminal,
whereby said output terminal of said charge. pump circuit is
connected to said control electrode of said MOS gate controlled
power semiconductor device for providing a voltage sufficiently
higher than the voltage of said second terminal to turn on said
MOS gate controlled power semiconductor device; said charge pump
- circuit ¢haracterized in comprising, in combination: a square
wave oscillator having an oscillator output terminal; an inverter
buffer connected to said oscillator cutput terminal; a charge
storage capacitor coupled to the output of said inverter buffer;
a first coupling circuit means coupling said capacitor to said
control electrode of said MOSgated power semiconductor device; a
second coupling circuit means for coupling said Vg input voltage
terminal to the node between said capacitor and said first
coupling circuit means whereby, when the output of said inverter

- o+ =
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-25-- 21. A high side switch circuit conprising, in conbination: a MXS gate
control |l ed power sem conductor device having first and second power

el ectrodes and a control electrode; a charge punp circuit having first and
second nd a charge pu output termnal; a Vcc input

vol tagemmmalmnﬂ Emed to said fi rgf power el ectrode of said MOS gate
-controlled pover "sefi conduct or device and connectable to a source of power;
a load term nal connected to said second power el ectrode of said MOS gate
controll ed power sem conductor device and connectable to a grounded | oad
which is energized fromsaid source of power when said MOS gate controlled
power sen1conductor device_ is claosed; and a ground term nal connectable to
sai d gr ouRiEiET G&8d1o¥ai B2t hATIRETHIRP éF‘rE}G‘?’fg?fhfrF@“bﬁéFaHPét?%e PFo®dde an
out put vosl’gcagerrainalalaﬂzdc largegh uspi D Hegushdt eoubhahg v sduiits meiagheand han
a0 EC s 40! LA0Gu: S5 G RERYROUE nlEH Nl KGR LA COR QR PUBD
circuit connecte ound 't erm nal e m

sai d Chafiﬁ;qnﬁﬁngppeglplyg the voltage of said Vm;termlnal are applled

in series through said first coupling circuit means to said

of

control terminal of said MOSgated power semiconductor device; and
wherein said first coupling circuit means comprises a depletion
mode MOSFET having source and drain terminals connected to said
capacitor and control electrode of said MOSgated power
semiconductor device respectively and having its substrate
connected to the output of said inverter buffer; a resistive
circuit means connected from said capacitor to the gate of said
depletion mode MOSFET, and a second control MOSFET connected
between said gate of said depletion mode MOSFET and said ground
terminal and having a gate connected to said oscillator ocutput
terminal.

18. The circuit of claim 17 which is further
characterized in that said second coupling circuit means is a
diode.

19. The circuit of claim 17 or 18 which is further
characterized in that said resistive circuit means comprises a
second depletion mode MOSFET having a gate connected to the gate
of said first-mentioned depletion mode MOSFET and a substrate
connected to the substrate of said first-mentioned depletion mode
MOSFET.

20. The circuit of claims 17, 18 or 19 which is
further characterized in that wherein said second coupling
circuit means includes a control MOSFET.
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connected to said control electrode of said MOS gate controll ed power

sem conduct or device for providing a voltage sufficiently higher than the

vol tage of said second termnal to turn on said MOS gate control |l ed power

ve OSCI||at0r havi ng an oscill ator output

sem conduct or devi ce; ah charge punp,gircuit characterized in conprising,

Lo

a charge

first coupling circuit means for transferring charge stored in said

capaci tor

to said control electrode of said MOSgated power sem conductor

connected to said oscillator output termnal;
orcagé cépa0|tor coupled to the output of said inverter buffer;

a
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a charge pump output terminal; a Ve input voltage terminal
connected to said first power electrode of sald MOS gate
controlled power semiconductor device and connectable to a source
of power; a load terminal connected to said second power
electrode of said MOS gate controlled power semiconductor device
and connectable to a grounded load which is energized from said
source of power when said MOS gate controlled power semiconductor
device is closed; and a ground terminal connectable to said
grounded load; said charge pump circuit being operable to produce
an output voltage at said charge pump output terminal which is
highexr than said Vg input voltage; said second power terminal of
said charge pump circuit connected to said ground terminal,
whereby said output terminal of said charge pump circuit is
connected to said control electrode of said MOS gate controlled
power semiconductor device for providing a voltage sufficiently
higher than the voltage of said second terminal to turn on said
MOS gate controlled power semiconductor device; said charge pump
circuit characterized in comprising, in combination: a square
wave oscillator having an oscillator output terminal; an inverter
buffer connected to said oscillator output terminal; a charge
storage capacitor coupled to the output of said inverter buffer;
a first coupling circuit means for transferring charge stored in
said capacitor to said control electrode of said MOSgated power
semiconductor device; a second coupling circuit means for
coupling said Vg input voltage terminal to the node between said
capacitor and said first coupling circuit means whereby, when the
output of said inverter buffer is low, said capacitor is charged
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termnal are applied in series through said first coupling circuit nmeans to
said control term nal of said MOSgated power sem conductor device; and

wher ei \n\“slﬁclnﬁluslmnﬂmﬂmpl ing circuit m;::ns i ncl udes a control MOSFET.

from the voltage at said Vg terminal and through said second
coupling means and, when said output of said inverter buffer is
high, the voltage of said capacitor plus the voltage of said Vg
terminal are applied in series through said first coupling
circuit means to said control terminal of said MOSgated power
semiconductor device; and wherein said second coupling circuit
means includes a control MOSFET.
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IMPROVED CHARGE PUMP CIRCUIT FOR HIGH SIDE SWITCH

ABSTRACT OF THE DISCLOSURE

A high side monolithic switching circuit
integrated into a silicon chip is described in which the
charge pump is connected to the ground terminal by a
constant current circuit and floats relative to the
ground terminal to reduce noise generation. The charge
pump is connected to a V. terminal by an auxiliary power
MOSFET having its gate connected to the charge pump
output circuit. The conventional charge pump diodes are
implemented as MOSFET devices which can be easily
integrated into the common monolithic chip. A clamping
circuit across the charge pump permits the use of a low
voltage, small area capacitor for a high voltage device.

Fig. 7
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