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. 10 Background of the Invention

Current switch circuits may.be utilized in a plurality of
applications, for example, in charge pumps for use in phase locked
loops and delay locked loops. Typical current switch circuits _
15 include an N-type differential transistor pair with a known current
being steered out of an output wherein this output may then be
coupled to drive a loop filter. In general, the dynamic range of the
charge pump is limited by the current switch wherein the dynamic
range is limited by the differential transistor pair non-linearity
20 (i.e. saturation). This typically amounts to approximately a three
VBE voltage limitation. Thus,.the dynamic range of typical current
switch circuits have limitations for low operating supply voltages.
In order to combat this problem when operating in a phase
locked loop application, the voltage controlled oscillator on the
25 other side of the loop filter needs to have a high gain in order for
the phase locked loop to cover a large frequency span. However,
this increases the noise 'sensitivity of the system.

Hence, there exists a need for an improved current switch
circuit for operating at low supply voltages while not

30 compromising dynamic range.

Brief Description of the Drawings
FIG. 1 illustrates a detailed schematic diagram of a first

35 embodiment of a current switch circuit in accordance with the
present invention; ' '
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Detailed Description of the Drawings

Referring to FIG. 1, current switch circuit 10 is shown.

10 Current switch 10 includes differential transistor pair 12 and 20
wherein transistor 12 has a collector coupled to output terminal
14. The base of transistor 12 is coupled to receive bias voltage Vg
wherein bias voltage Vg may be either a DC or an AC volatge. The
emitter of transistor 12 is coupled through resistor 18 (Rg) and

15 returned to ground. Further, the emitter of transistor 12 is coupled
to the emitter of transistor 20, the latter having a collector
coupled to the first supply voltage terminal.

The base of transistor 20 is coupled to variable bias circuit
22 for alternately switching the voltage applied at the base of

20 transistor 20 from voltage (Vg + Vg) to voltage (VB - Vs).

Bias circuit 22 includes switching circuit 23 which may take
the form of a differential transistor pair including PMOS
transistors 24 and 26 each having their source electrodes coupled
through current source 28 to the first supply voltage terminal.

25 Although current source 28 is shown as providing a current of value
It, it is understood that current source 28 may provide a reduced
current of IT/N where N is an integer greater than one. This will
have no effect on the operation of charge pump 10 provided that the
resistors 32 and 34 are appropriately scaled, but the overall power

30 dissipation of charge pump 10 can be substantially reduced.

The gate electrodes of PMOS transistors 24 and 26 are
respectively coupled to receive complementary signals Vi, and
Vinb. The drain electrode of PMOS transistor 26, which represents
an output of bias circuit 22, is coupled to the base of transistor

35 20, and to the collector of transistor 30. Transistor 30 has a base.
coupled to the drain electrode of PMOS transistor 24. Resistor 32



wher ei.n bias voltage VB may be either a DC or an AC vol atge. The em tter of
transistor 12 is coupled through resistor 18 (RE) and 15 returned to
ground. Further, the emtter of transistor 12 is coupled to the emtter of
transistor 20, the latter having a collector coupled to the first supply
voltage term nal. The base of transistor 20 is coupled to variable bias
circuit 22 for alternately sw tching thd vol tage applied at the base of 20
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enough to cause transistor pair 12 and 20 to switch, transistor 20

is rendered operative while transistor 12 is rendered non-

operative. Transistor 20 then functions to steal current away from

transistor 12 thereby providing substantially zero current at

15 output terminal 14.

However, if a voltage of (VB - Vs) is applied to the base of
transistor 20, transistor 20 is rendered non-operative while
transistor 12 is rendered operative. Then, transistor 20 does not
steal current away from transistor 12. Thus, transistor 12 is on

20 since voltage Vp is such that current It flows through transistor
12 and transistor 12 functions to sink a net current substantially
equal to It from terminal 14. In the above described manner,
current It is alternately switched on and off at terminal 14.

Bias circuit 22 alternately supplies either voltage (Vs + Vs)

25 or voltage (VB - Vg) to the base of transistor 20. If voltage Vi is
greater than voltage Vinp, then bias circuit 22 provides voltage (VB
+ Vg) to the base of transistor 20. Alternately, if voltage Vip is
less than voltage Vinb, then bias circuit 22 supplies voltage (Vg -
Vs) to the base of transistor 20.

30 In more detail, if voltage Vin is greater than voltage Vipp, all
of current It flows through transistor 26 and then through
transistor 30 and resistor 34. By choosing the value of resistor 34
to be substantially equal to (Re + Vs/lt), then the voltage appearing
at the base of transistor 20 is substantially equal to the

35 expression shown in equation 1.



35 20, and to the collector of transistor 30. Transistor 30 has a base
coupled to the drain electrode of PMOS transistor 24. Resistor 32 31is
coupl ed between the drain electrode of transistor 24 and the collector of
transistor 30. The emitter of transistor 30 is coupled through resistor 34
and returned to ground. In operation, lyas circuit 22 generates a precision
IT, 5 -for exanple, via a current mrror, and this current is then
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side of EQN. 1 are substantially equal to bias voltage Vg assuming
that the base-emitter voltages of transistors 12 and 30 are
substantially equal. As a result, the voltage applied at the base of
transistor 20, for Vin > Vinb, is greater than bias voltage Vg by the
term Vg. Therefore, transistor 20 is rendered operative and steals
all current away from transistor -12 and substantially zero current
flows at output terminal 14.

However, when voltage Vin is less than voltage Vinp and when
resistor 32 is substantially equal to the value of 2Vg/lt, switching
circuit 23 now routes the current via current source 28 through
transistor 24 and the voltage appearing at the base of transistor
20 can be expressed as shown in equation 2. '

VB2o = (It Re + VBE30 - VS) for Vin < Vinp EQN. 2

From equation 2, it should be apparent that the voltage
appearing at the base of transistor 20, for voltage Vip less than
voltage Vinb, is substantially equal to voltage (Vg - Vg). As a
result, transistor 20 is rendered non-operative and does not steal
current away from transistor 12. Thus, transistor 12 is on and
functions to sink current IT from output terminal 14. The current
flowing at output terminal 14 of current switch 10 with respect to
input signals Vin and Vinp can be expressed in truth table form as
shown in Table 1 wherein it is understood that if Vin > Vinp, then
Vin = 1 and Vjpp = 0 and wherein if Vin < Vinb, then Vjn =0 and Vinp
=1.

andvhere ] REhig the, valuenof iresistor 4§s at base of transistor 20
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and resistor 34. By choosing the value of resistor 34 to be substantially
equal to [err], then the voltage appearing at the base of transistor 20 is
substanti al | y equallabte the Qutpukpursenbofseuirent rswitehit 1@ with respect to

input voltages Vin and Vinb.

Current switch 10 is advantageous over other current
switches because current is switched through transistor 12 by
controlling the voltage at the base of transistor 20 and there is no
"need for an additional transistor coupled between the common
emitters of transistors 12 and 20 and resistor 18. As a result, the
present invention eliminates one Vpg voltage and increases the
dynamic range of current switch 10 and further allows current
switch 10 to operate efficiently at lower voltages.

Referring to FIG. 2, a detailed schematic of current switch 40
is shown. it is understood that the components shown in FIG. 2
which are identical to components shown in FIG. 1 are identified by
the same reference numbers. The circuit shown in FIG. 2 further
includes resistor 42 coupled between the base and collector of
transistor 30. In addition, although variable bias circuit 22 of FIG
2 performs the same function as does its FIG. 1 counterpart (which
is to provide either voltage Vg + Vs or voltage VB - Vs at the base
of transistor 20), variable bias circuit 22 of FIG. 2 differs slightly
from variable bias circuit 22 of FIG. 1. First, the base of
transistor 20 is coupled to the drain electrode of transistor 24.
Second, the drain electrode of transistor 26 is coupled to the base
of transistor 30. Third, the values for resistors 32 and 34 of FIG. 2
are respectively Vg/it and Re. Also, the value for resistor 42 is
Vs/lT. By choosing these values, if Vin > Vinb, then bias circuit 22
provides voltage (VB - Vg) at the base of transistor 20. However, if
Vin < Vinb, then bias circuit 22 provides voltage (Vg + Vs) at the
base of transistor 20.
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4 [errs] where RE is the value of resistor 18; VBE30 is the base-emtter
voltage of transistor 30; and [err] is a predetermned voltage. 5 It should
be recogni zed that the first two terns on the right side of EQN. 1 are
substantially equal to bias voltage VB assumi ng that the base-emtter

vol tages of transistors 12 and 30 are sugstantlally equal . As a result, the
vol tage applied at the base of 10 tranS|stor 20, for [err] is greater than

bi as vol tage VB by he term,| rr The t
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10 Table 2. Output current of current switch 40 with respect to
input voltages Vin and Vinp.

Referring to FIG. 3, a detailed schematic diagram of charge
pump circuit 50 is shown. Charge pump circuit 50 includes two

15 current switches 52 and 53 that are identical to current switch 40
of FIG. 2 wherein it is understood that the components shown in
FIG. 3 which are identical to components shown in FIG. 2 are
identified by the same reference numbers. Further, it is understood
that charge pump circuit 50 could have been formed by utilizing

20 two current switch circuits as shown in FIG. 1.- Charge pump
circuit 50 also includes current source 55 coupled between the
first supply voltage terminal and output terminal 14 for providing
current It.

In particular, charge pump circuit 50 includes current switch

25 52 which is responsive to input signals vu,', and Vypp for alternately
sinking current IT or zero current from terminal 14. That is, if
voltage Vyp < V{,pb, then current switch 52 sinks current It from
terminal 14. Alterriately, if voltage Vup > Vupb, then current switch
52 sinks substantially zero current from terminal 14.

30 Similarly, charge pump circuit 50 includes current switch 53
which is responsive to input signals Vgn and Vdnp for alternately
sinking current It or zero current from terminal 14. That is, if
voltage Vdn > Vdnb, then current switch 53 sinks current It from
terminal 14. Alternately, if voltage Vdn < Vdnb, then current switch

35 53 sinks substantially zero current from terminal 14.



voltage [err] is substantially equal to voltage [err]. As a 25 result,
transi stor 20 is rendered non-operative and does not steal current away
fromtransistor 12. Thus, transistor 12 is on and functions to sink current
| T fromoutput termnal 14. The current flowing at output term nal 14 of
current switch 10 with respect to inputysignals [err] and [err] can be
expressed in truth table formas 30 shown in Table 1 wherein it is
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as shown in Table 3.

10 Vup/Vupb Vdn/Vdnb l14 (louT)
0/1 o/1 . 00
0/1 1/0 IT SUNK
1/0 0/1 I+ SOURCED
15 1/0 1/0 80

Table 3. Output current for charge pump circuit 50 with
respect to input voltages Vyp and Vdn.
20 .

By now it should be apparent from the foregoing discussion
that a novel current switch circuit for operating with low supply
voltage while not compromising the dynamic range has been
provided. The current switch circuit includes a differential pair of

25 transistors having first and second transistors. The base of the
first transistor is coupled to a bias voltage while its collector is
coupled to an output of the current switch circuit. The collector of
the second transistor is coupled to a first supply voltage terminal
while the base of the second transistor is coupled to a variable

30 bias circuit for alternately swinging the voltage applied to the
base of the second transistor above or below the bias voltage
applied to the base of the first transistor. When the voltage
applied to the base of the second transistor is less than the bias
voltage applied to the base of the first transistor, a predetermined

35 current is sunk from the output of the current switch. Otherwise,



dynami:c rangé of current switch 10 and further allows current switch 10 to
operate efficiently at | ower voltages. Referring to FIG 2, a detailed
schematic of current switch 40 is shown. It is understood that the
conmponents shown in FIG 2 20 which are identical to conmponents shown in
FIG 1 are identified by the sane r&ference nunbers. The circuit shown in
FIG 2 further includes resistor 42 coupled bet ween the base and coll ector
of transistor ddition, alt h va bl e CUIt 22 f FIG 2
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However, if [err] then bias circuit 22 provides voltage (VB + VS) at the 35
base of transistor 20.
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6 The .«current flowing—at—eutput termnal 14 of current svmtch 40 with

respect to input signals rr] and [err] can be expresse et abl

form as sm)wmm ljﬁerr] 10 Tabl e 2. Qut put GHI&%ﬁiEEY)HAS BEEN \
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to FIG 3, 4 détarl ed schematlc di agram®f charge punp cifeart 50 1S shown

Char ge punp CI rcuit 50 includes two 15 current switches 52 and 53 that are
identical to current switch 40 of Fleg’;ﬁ\/\p'gael nit is understood that the
components shown in FIG 3 which are i to conponents shown in FIG
2 are identified by the same reference nunbers. Further, it is understood

that ch
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current fromsgeond rtrangidtor[heaid basd of said first transistor coupled to

receive a bias voltage, said collector of said first transistor
coupled to the output of the current switch circuit, said collector
10 of said second transistor coupled to a first supply voltage
terminal;
a first resistor (18) coupled-between said emitter of said
first transistor and a second supply voltage terminal; and
a bias circuit (22) for alternately providing first and second
15 voltages at said base of said second transistor, said bias circuit
having an output coupled to said base of said second transistor,
said first voltage being greater than said bias voltage thereby
rendering said second transistor operative and said first transistor
non-operative, said second voltage being less than said bias
20 voltage thereby rendering said first transistor operative and said
second transistor non-operative.

2. The current switch circuit according to claim 1 wherein

said bias circuit includes:
25 a current source (28);

a first switch (23) having first and second inputs responsive
to a complementary pair of input signals for steering a current
provided by said current source to either a first output or a second
output of said first switch; '

30 a third transistor (30) having a collector, a base and an
emitter, said base of said third transistor coupled to said first
output of said first switch, said collector of said third transistor
coupled to said second output of said first switch and to said
output of said bias circuit;

35 a second resistor (32) coupled between said first output of
said first switch and said collector of said third transistor; and
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Table 3. [err]
carrying electrodes and a control electrode, said first current

carrying electrode of said fourth transistor coupled to said first
output of said first switch, said second current carrying electrode
10 of said fourth transistor coupled to said current source, said
control electrode of said fourth transistor coupled to receive a
first one of said complementary input signals; and
a fifth transistor (26) having first and second current
carrying electrodes and a control electrode, said first current
15 carrying electrode of said fifth transistor coupled to said second
output of said first switch, said second current carrying electrode
of said fifth transistor coupled to said current source, said control
electrode of said fifth transistor coupled to receive a second one
of said complementary input signals.
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Tabl e 3. mharge punp circuit 50 with respect to input
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The current switch circuit includes a differential pair
having first and second transistors. T base of the first transistor is
coupled to a bias voltage while its collector is coupled to an output of
the current switch circuit. The collector of the second transistor is -
coupled to a first4suppMhesdureemt tswitcatirowit | aceordingsto @laimel swherain
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sw ngi ng the voltage a e base of the second transistor above or
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current provided by said current source to either a first output or a
second output of said first switch, said first output of said first
switch coupled to said output of said bias circuit;

10 a third transistor (30) having a collector, a base and an
emitter, said base of said third transistor coupled to said second
output of said first switch; |

a second resistor (32) coupled between said first output of
said first switch and said collector of said third transistor;

15 a third resistor (34) coupled between said emitter of said
third transistor and said second supply voltage terminal; and

a fourth resistor (42) coupled between said base and
collector of said third transistor.

20 5. A method for switching current at an output terminal,
the method comprising the steps of:
providing a bias voltage at a base of a first transistor, said
first transistor having a collector coupled to the output terminal;
providing a variable voltage at a base of a second transistor,
25 said second transistor having a collector coupled to a first supply
voltage terminal wherein current is sunk from the output terminal
when said variable voltage is less than said bias voltage and
wherein sub_stantia]ly zero current flows at the output terminal
when said variable voltage is greater than said bias voltage.
30
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substantially zero current flows at the output of the current switch. Wile
the invention has been described in spetcific enbodi ments thereof, it is
evident that many alterations, 5 nodifications and variations will be
apparent to those skilled in the art. Further, it is intended to enbrace
all such alterations, nodifications and, variations in the appended claims.
Cains 1. A current switch circuit having an output, conprising: 5

a differential pair of tgr |@ﬂﬂ% %ﬁﬂff ransistors each
having a collector, a ba@@gﬁ@’&%ﬁﬁ@@é@yg ter of said first
transi stor coupled to said emtter of said second transistor, said base of
said first transistor coupl ed thgﬁ.fé@tvgf dhe' Dis¥Riduyzge, said collector of

said first transistor coupled to the output of the current switch
circuit, said collect or of sai d second transistor coupled to a first supply
voltage tgrminal; a first resistor coupled between said emitter of said

first A current switch circuit for operating with low supply
voltages while not compromising dynamic range has been provided.
The current switch circuit includes a differential pair of
transistors having first (12) and second (20) transistors. The base
10 of the first transistor is coupled to a bias voltage (Vg) while its
" collector is coupled to an output (14) of the current switch circuit.
The collector of the second transistor is coupled to a first supply
voltage terminal while the base of the second transistor is coupled
to a variable bias circuit (22) for ailternately swinging the voltage
15 applied to the base of the second transistor above or below the bias
voltage applied to the base of the first transistor. When the
voltage applied to the base of the second transistor is greater than
the bias voltage applied to the base of the first transistor, a
predetermined current is sunk from the output of the current
20 switch. Otherwise, substantially zero current flows at the output
of the current switch.

FIG. 1 accompanies this abstract.



transirsstor and a second supply voltage termnal; and 15 a bias
circuit for alternately providing first and second vol tages at said base of
said second transistor, said bias circuit having an output coupled to said
base of said second transistor, said first transistor being operative and
sai d second transistor non-operative when said first voltage is greater
than said bias 20 voltage and sai d second transi stor being operative and
said first transistor being non-operative when said second voltage is |ess
than said bias voltage, wherein said bigsycircuit includes: a current
source; a first switch having first and second inputs responsive to 25 a
conpl enentary pair of input signals for steering a current provided by said
current source to either a first output or a second output of said first
switch; a third transistor having a collector, a base and an emtter, said
base of said third transisy b coupled to said first output of 30 sai d
first swtch, said collect of said third transistor coupled to said
second output of said first]switch and to said output of said bias circuit;
a second resistof “coupled Dt ween said Yirst output of said first switch
and said collector of sai ';? transi stor; and 35 a third resistor
coupl ed bet ween Faid endat sa|€3th rd
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A~

transi stor and said second supply voltage term nal. 2. The current
swtch circuit according to claim 1 wherein said first switch includes: a
fourth transistor having first and second current carrying el ectrodes and a
control electrode, said first current 5 carrying el ectrode of said fourth
transi stor coupled to said first output of said first switch, said second
_current carrying electrode of said fourth transistor coupled to said
current source, said control electrode of,said fourth transistor coupled to
receive a first one of said conplenenteﬁ i‘hput signals; and 10 a
fifth transistor having first and second current carrying el ectrodes and a
control electrode, said first current- carrying electrode of said fifth
transi stor coupled to said second output of said first switch, said second
current carrying electro of said fifth transistor coupled to said current

source, said control 15 ectrode of said fifth transistor coupled to
receive a second one of sgid conplenentary input signals. 3. A current
switch circuit ;rra'\rrrrg—a:n m'pur-t'_er'nf;nal , conprising:
I 28 ()I1 53 1
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20 - a differential pair of transistors having first and second
transi stors each having a collector, a base and an emtter, said emtter of
said first transistor coupled to said emtter of said second transistor,
sai d base of said first transistor coupled to receive a bias voltage, said
collector of said first transistor 25 coupled to the output of the
current switch circuit, said collectorgof gaid second transistor coupled to
a first supply voltage termnal; a first resistor coupled between said
emtter of said first transifior and a second supply voltage ternminal; and
30 a bias circuit foralternately providing first and second

vol tages at said base. mf-sar _‘sg;;u_n‘d_‘l‘l:.ansi stor, said bias circuit having
an out put coupledljo said b of said |s'econd transi stor, 5"’6' d first

vol tage being gre&jer th i pIpi as voi'tage t her eby render+#g said second
transi stor operatfye and saiy“first §5 Iy transi stor non-gpenative, said
second voltage begn 'I'(?S'S'TF”WEaT-'cf'Bi'?Bl vol tage thereb ing said

first transistor ylyop rta2t4i ve and dai d|=5|econd transistor n Ere}tlzi ve,
wher ei n sai i asq &y rgti €4 ncl ud@ﬁs:':' | Vi
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a current source; a first switch- having first and second [nputs responsive.
to 5 | séidﬂ%‘mtary pair of input signals flpriiesrs _
current provided by said curremt source to either a fi rFtF QHEET
second outpu;“ﬂm ﬂ" iig@M tch, said first output sad 0 fe ah? fi
coupled to s mm ,H"mHmn bias circui®;-a third tra @eﬂ ;i panggg?' |
collector, a basée® atd &n em+tter, 10 said base of said third transr
coupled to said second output of said first switch; a second resistor
coupl ed between said first output of said Claismssw tch and said collector
of said third transistor; a third resistor coupled between said emtter of
said third 15 transistor and said second supply voltage termnal; and a

fourth resistor coupled Becurantsswitchacircuitd haying canr outpwai d t hird
transi stor. 4'conﬁsﬁ§ﬁ*f e punp circuit having an output, the charge punp 20

Fermnal afd the ouBpGiierantial RAGe o IBNEIStOLS MANIRgh Brsto RS B8GRNG | ot
and second curfranbistets dach hawing a avllector; af base darrdrarerémitter, csaid
ﬁ;\r,lcﬁ'gt? i 'rgtc | g%h'ﬁﬂér ng said first trans"’llsf]cly'rf E:Sﬁsi'éd atlo R4 8%&%?“8# R
second transistor, said base of said first transistor coupled to
receive a bias voltage, said collector of said first transistor
10 coupled to the output of the current switch circuit, said
collector of said second transistor coupled to a first supply
voltage terminal;
a first resistor coupled between said emitter of said first
transistor and a second supply voltage terminal; and
15 .a bias circuit for alternately providing first and second
voltages at said base of said second transistor, said bias circuit
having an output coupled to said base of said second transistor,
said first transistor being operative and said second transistor
non-operative when said first voltage is greater than said bias
20 voltage and said second transistor being operative and said first
transistor being non-operative ‘when said second voltage is less
than said bias voltage, wherein said bias circuit includes:
a current source;
a first switch having first and second inputs responsive to
25 a complementary pair of input signals for steering a current
provided by said current source to either a first output or a
second output of said first switch;
a third transistor having a collector, a base and an emitter,
said base of said third transistor coupled to said first output of
30 said first switch, said collector of said third transistor coupled
to said second output of said first switch and to said output of
said bias circuit; '
a second resistor coupled between said first output of said
first switch and said collector of said third transistor; and
35 a third resistor coupled between said emitter of said third
transistor and said second supply voltage terminal.




second transistors each having a collector, a base and an emtter, said
emtter of said first tran oupledto said emttaer .
transi stor, sai H"m ﬂ' rst transi stor coupled BE?%@:‘: gﬁf\%@%gg
vol t age, said ¢ m N{ lLsaidfirst transi stor goupl t ut pt
of the charge puhp i rcuin col l ecter1@f-sai d sec nﬁgtﬁﬂas g 2@? """
coupled to a first supply voltage termnal; a first resistor coupled

between said enitter of said first transistor and a second supply vol tage
termnal; and 35 2.  The currehtsswitch utircuitsaecardingt to aQIaip plit signal

for al ternatel x’vﬁéfa(-hdl fles°1t sWitkr enelifgeel t ages at said base of sai d

second transistor, i rcul havi ngfvan out put coupl ed to said
base of said second arf@hlﬁh;ttbﬁnsﬁtqfdhﬁlvﬂm St and %@? g?'éer?BF t han sai d

bi as vol tage t haipng @l'é@trrbaessahd aeeanﬁdlrémm sars eﬁrst/ecmdnsal d
first transistor non- opgl. atgl ve, i 30 ﬂ¥o ta erbel ng %5 thad t
bi as vol tag8 t IRATEYNGs elecitnde, P gs§'9| Y sPgH lﬁi Qt SR aﬁ% sai d
second transi steutputnobrsxidt first, swhich; haaigk secondcicurrent caprfing of
sourcing or siniiag AP otIEAR TolRA HlHsTSYor2bolipfod® tbPshid® cdrPént
source, said control electrode of said fourth transistor coupled
to receive a first one of said complementary input signals; and
10 a fifth transistor having first and second current carrying
electrodes and a control electrode, said first current carrying
electrode of said fifth transistor coupled to said second output
of said first switch, said second current carrying electrode of
said fifth transistor coupled to said current source, said control
15 electrode of said fifth transistor coupled to receive a second one
of said complementary input signals.

3. A current switch circuit having an output terminal,
comprising:

20 a differential pair of transistors havmg first and second
transistors each having a collector, a base and an emitter, said
emitter of said first transistor coupled to said emitter of said
second transistor, said base of said first transistor coupled to
receive a bias voltage, said collector of said first transistor

25 coupled to the output of the current switch circuit, said
collector of said second transistor coupled to a first supply
voltage terminal;

a first resistor coupled between said emitter of said first
transistor and a second supply voltage terminal; and

30 a bias circuit for alternately providing first and second
voltages at said base of said second transistor, said bias circuit
having an output coupled to said base of said second transistor, |
said first voltage being greater than said bias voltage thereby
rendering said second transistor operative and said first

35 transistor non-operative, said second voltage being less than
said bias voltage thereby rendering said first transistor



charge punp—e++ewi-t—or providi ng substantially zero cur at_th

of the charge _punmp circuit, wherein said bias circuit
current sourﬁ!ﬁ nﬁ"“ﬂﬂymuﬂh.havi ng first and second
said input s ViR g a current provided by sfigl

-

either a first output or *a decond output- dfl said fi r st (L1E
first output of said first swtch coupled to said output of sald bia
circuit; athird transistor having a collector, a base and an emtter, said
base of said toperativerandtsaidcsesoad transistorsnonroperative, wheseind saidst
switch; 20 i i n hat or coupl ed between said first output of
said first sw Ic?hs g%lgagigi glcggﬁfegbtor of IOsai dthird transistor; a tﬁi rd

resi stor coupl ed beBwEHHESH SOBIA&t er of said third transistor and said

second supply vol t agefitst’ gwitth having firgtr ahdr s6c6nd’ inputs! rsbpurisieéntesai d
base and cgol ectp f25 of fﬁ&tl d &h! rd transistar. .5 irhes&har.ﬂe gtfmp
circuit ac rd?ﬁlj{tgst:l%ﬁrﬂp MgDaky, Pale ot INRYt signalg for: sieeund,a: ot n
transi st or havcogentrptovidedsbyosaidc currerit 86urce dor gither ea efitstodatputnd a
control electrgge, salthd'&dtutUsf $4id first switch, said first output of said
first switch coupled to said output of said bias circuit;
a third transistor having a collector, a base and an emitter,
10 said base of said third transistor coupled to said second output
of said first switch;
a second resistor coupled between said first output of said
first switch and said collector of said third transistor;
a third resistor coupled between said emitter of said third
15 transistor and said second supply voltage terminal; and
a fourth resistor coupled between said base and collector
of said third transistor.

4. A charge pump circuit having an output, the charge pump

20 circuit including a current source coupled between a first supply
voltage terminal and the output, the charge pump circuit further
comprising: ' |

first and second current switch circuits, each one of said
current switch circuits including:

25 a differential pair of transistors having first and
second transistors each having a collector, a base and an
emitter, said emitter of said first transistor coupled to said
emitter of said second transistor, said base of said first
transistor coupled to receive a bias voltage, said collector of

30 said first transistor coupled to the output of the charge pump
circuit, said collector of said second transistor coupled to a
first supply voltage terminal;

| a first resistor coupled between said emitter of said
first transistor and a second supply voltage terminal; and

35 . a bias circuit responsive to an input signal for
alternately providing first and second voltages at said base of
said second transistor, said bias circuit having an output coupled



of said witch said second current carrying el ﬂEOdRCEK,u:ﬁq.I oyt h
transi st cii!' j U ﬂﬂ"ﬂ current source, said contrgl electrode Of saif
fourth tr 35 for receiving said inpuf @atgnﬂa _ i

transi stor haV|ng |rst *and second currentg2afry|ng ele¢ g :
control electrode, said first current carrying electrode of said fi
transistor coupled to said second output of said first switch, said second
current carryirg ehitthaste off satd secondh transistort seid Jirst awltages beaingur r ent

source, said c t

receiving a 5 %%?%%%ﬁﬁ gg@g ﬁ'n%g)%tdésftﬁ%gﬁyagé hééﬁﬁgﬁ@?}i@f g? girjﬁsvm t chi ng
current at an dmpanst@@rmpeeatwqmn saidi 8 tstpiransigtor, aon-eperative,
providing a bi as%udoéée&?d%lm il I%sé'ﬂﬁn Ts"aidli’dlaéo\mlt thareby i r st

o o hou ek i P Tl S FarAl e b BooB P r o0
first resist Or ,translétdw Fon-opergtiveothei sharger pumpoireuitoicapablat obai d
second supply sourcing or sinking a predetermined current at the output of the
charge pump circuit or providing substantially zero current at
the output of the charge pump circuit, wherein said bias circuit
10 includes:

a current source;

a first switch having first and second inputs responsive to
said input signal for steering a current provided by said current
source to either a first output or a second output of said first

15 switch, said first output of said first switch coupled to said
output of said bias circuit;

a third transistor having a collector, a base and an emitter,
said base of said third transistor coupled to said second output
of said first switch;

20 a second resistor coupled between said" first output of said
first switch and said collector of said third transistor;

a third resistor coupled between said emitter of said third
transistor and said second supply voltage terminal; and

a fourth resistor coupled between said base and collector

25 of said third transistor.

5. The charge pump circuit according to claim 4 wherein
said first switch includes:
a fourth transistor having first and second current
30 carrying electrodes and a control electrode, said first current
carrying electrode of said fourth transistor coupled to said first
output of said first switch, said second current carrying |
electrode of said fourth transistor coupled to said current
source, said control electrode of said fourth transistor coupled
35 for receiving said input signal; and
a fifth transistor having first and second current carrying
electrodes and a control electrode, said first current carrying



voltage termnal, a voltage across said first resistor—ara—35

fromthe em t f said first transistor; BEBUME:EM@N‘ESM&ETaI e
voltage at a gﬂ Iﬂ"‘l I transi stor, said s_econd

trans ior havi ng I
col l ector cou uppl y vol tage term nal \
sunk fromthe output ter m naI when sai d va@ abl e vol t '- i
bi as 20 vol tage and wherein substantially zero current flows at the

out put term nal when said variable voltage is greater than said bias
vol tage, and walecirode refdseid difthi ransistanicoupledate saidl seeendr eutpitg a

first voltage gy:sdigufirétd s@wﬁ#ﬂr@afd téﬁé&‘ﬂf‘ (fhﬂ'é'htr Ceriyl ﬁgeélé&trdﬂécaf has an

25 emtter cou to said,seco p cond, resisto

2o T e L oF sl Tk raabiator roLRIRRo JS4ig) Plrieni soures o eish canisl |

Vﬁl tage term nelectﬁodwlMagsandCfuﬂhstmgisllsmcoodptais fﬁrorecfavnhga aol tage f& om
t eemtter to S sistor, the voltage across sai
second resi stof“agﬁ)lg%tnaf %"ﬂeiﬁh"h ﬁ@@'dance with the current which
flows through said second resistor and being greater than said voltage

across said first rgsist@ar by Lg%“éfﬁng\l\/gﬁ "? é{“’ar\c‘&ft { flow ng

t hrough said first ahd second res ors 1s Y equ and said
vol tage from tierminalt metmeﬂh@dba@mmrsmgl the IﬁtGBSSQf transi stor being

substantial ly equal ptévilliify W!biagevonaget &€ a base of a first transistor,

10 said first transistor having a collector coupled to the output
terminal and a second supply voltage terminal coupled to an
emitter of said first transistor by a first resistor, said bias
voltage comprising a sum of a voltage at said second supply
voltage terminal, a voltage across said first resistor, and a

15 voltage from the emitter to the base of said first transistor;

producing a variable voltage at a base of a second
transistor, said second transistor having a collector coupled to a
first supply voltage terminal wherein current is sunk from the
output terminal when said variable voltage is less than said bias

20 voltage and wherein substantially zero current flows at the
output terminal when said variable voltage is greater than said
bias voltage, and wherein producing said variable voltage
includes producing a first voltage by:

routing a current through a third transistor which has an
25 emitter coupled to said second supply voltage by a second
~ resistor, said first voltage comprising the sum of a voltage at
said second supply voltage terminal, a voltage across said
second resistor, and a voltage from the emitter to the base of
said third transistor, the voltage across said second resistor

30 being formed in accordance with the current which flows
through said second resistor and being greater than said voltage
across said first resistor by an amount Vg, wherein the current
flowing through said first and second resistors is substantially
equal and said voltage from the emitter to the base of said third

35 transistor being substantially equal to the voltage from the
emitter to the base of said first transistor; and wherein




emtter Td thi rst transistor; and wher g praduci-ng said
vari abl e~vettage i ncl udes_produci ng a second vol tage by} RepUAE:
\\!ﬁt ransi stor, said second resijstor, aﬁgEgﬁl{%ﬁﬁErEa

rcg;irg;nérfh% &\“W‘“\\mg or coupled 5 tq.a collecton okesfd DBC 1897

t ransi st or csetvi hg to reduce said first 45| tage by lan—ammitai_of

substantially double the anobunt of the voltage VS to formsaid second

vol t age.
J producing said variable voltage includes producing a second

voltage by:
routing the current through said third transistor, said
second resistor, and a third resistor, said third resistor coupled
5 to a collector of said third transistor and serving to reduce said
first voltage by an amount of substantially double the amount of
the voltage Vg to form said second voltage.



