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Background art
10 An oscillator voltage regulator heretofore
provided for cellular or portable wireless applications
used larger DC batteries such as 3-9 volts. The
oscillator had a tank circuit connected to an amplifier
typically an NPN transistor having a base emitter and
15 collector with a choke and load resistor connected .
between the emitter and ground. Two bias network voltage
dividing resistors were connected between the bias supply
voltage terminal and ground. There was a direct
connection between the junction between the voltage
20 dividing resistors and the base of the transistor and to
the tank circuit.
There are two problems when the bias supply
voltages are reduced from higher voltages to 1.5 volts in
the above described prior art voltage regulator. 1) a
25 large bias current results in power waste in the bias
resistors and 2) due to the voltage and currents involved
the impedance to ground at the junction between the
dividing resistors is very low and hence loads the RF
voltages from the tuned circuit, i.e. lowers the Q which
30 results in power loss and degraded phase noise.
. Kiser U.S. Patent No. 4,621,241 discloses an
electronic oscillator of the type for which the present

- voltage regulator may be applied and this disclosure is
incorporated herein by reference.
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A voltage regulator is disclosed for supplying

an oscillator which is particularly suitable for

10 operating an oscillator with an unregulated 1-1.5V DC
battery or a voltage supply. The voltage regulator
circuit of the present invention adds a substantially
constant voltage device in the form of a PN junction
silicon diode in series with the bias network voltage

15 dividing resistors. The voltage across the silicon diode
is relatively constant (0.4-0.7 volts) at very low
current and fairly independent of the bias supply voltage
and therefore functions as a fairly stable reference to
help establish the base bias voltage along with the

20 voltage divider resistors to the supply voltage. Since
the voltage across the diode and the voltage across the
base of the transistor both shift in unison (both silicon
PN Jjunctions) with temperature, substantial compensation
is accomplished to maintain the collector current more

25 constant with temperature. An impedance, preferably a
resistor, is connected between the junction of the
voltage dividing resistors and the base of the transistor
and the tank circuit. This impedance raises the bias
network impedance to reduce loading on the tuned circuit.

30 Typically stable bias practice does not allow a
resistance in this position due to the thermal runaway
and voltage drop considerations. However since the bias
current in a really low power oscillator is very small
the oscillator is not adversely affected by the

35 conventional considerations and this added impedance



and therefore functions as a fairly stable reference to help establish the
base bias voltage along wwth the 20 vol tage divider resistors to the
supply voltage. Since the voltage across the diode and the voltage across
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The drawing is an electric circuit diagram of

10 an oscillator voltage regulator embodying features of the
present invention.

Detailed Description
Referring now to the drawing there is shown a

voltage regulator for an oscillator including a tuned

15 resonant tank circuit T connected to a signal amplifier a
and an output terminal 0. A voltage supply voltage 10
has a voltage supply terminal VS connected via the
primary winding T1 of a coupling transformer X to the
collector of the amplifier A. The transformer shown has

20 a secondary winding T2 connected to output terminal O.

The tank circuit T can be a series or parallel

tuned tank circuit and is shown as having a DC voltage
tuning input terminal VT since the oscillator can be a
fixed oscillator or a voltage controlled oscillator.

25 The oscillator has capacitors C3 and C4
connected in series with one another between circuit T
and ground, a capacitor C6 connected between terminal 2
and circuit T and a reactance in the form of a capacitor
C5 connected between the emitter and between capacitors

30 C3 and C4. The function of these capacitors is described
in my above mentioned U.S. Patent No. 4,621,241.
Briefly, in the operation of the oscillator the amplifier
overcomes losses to sustain the oscillations in the tank
circuit. The amplifier has an input and output and the
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?gpgsg;ce nunmeral s in mhrgh:yThg drawing is an electric circuit diagram of
10  an oscillator voltage regul ator enbodying features of the present
invention. Detailed Description Referring nowto the drawing there is shown
a voltage r %AP&28%6 for an oscillator including a tuned 15pcrisengaat tank
circuit T connected to a signal anplifief A and an output termnal O A
vol tage supply voltage 10 has a voltage supply term nal VS connected via
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t he DC stabilization resistor R4 and this series circuit
functions as well as a feedback phase shift impedance.
This choke L increases efficiency but could be eliminated
to reduce cost.

15 A first series circuit is connected between the
supply voltage terminal VS and ground which includes a
first bias or voltage dividing resistor R1, a second bias
or voltage dividing resistor R2, and a substantially
constant voltage device in the form of a silicon diode D1

20 having a selected resistance which reduces the current
flow in the first series circuit while providing a
substantially constant voltage across the device. A
device suitable for diode D1 is a conventional non-linear
computer switching diode that has a substantially

25 constant terminal voltage independent of current. A
bypass capacitor CA is shown connected between terminal
VS and ground and a bypass capacitor CB is shown
connected across diode D1. These capacitors are
optional.

30 An impedance, preferably a resistor, R3 is
connected between a junction designated 1 between the
first and second voltage dividing resistors and a
junction designated 2 between the tank circuit T and the
base of the amplifier A to increase the RF impedance

35 between ground and the amplifier base. Current I1 is
drawn through the first voltage dividing resistor R1 and
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that has a substantially 25 constant term nal voltage independent of
current. A I5 = I3 + G(I3) = I3 + I4

10 Usually circuit constants are calculated to provide for
so called class A or class AB amplifier transistor
operating conditions by adding resistor R3 as described
transistor DC current gain G where G is the DC transistor.
gain typically 50 to 150. By adding resistor R3 as

15 described there is less RF current flow in and less RF
power dissipated in the resistors R2 and Rl and this
power is directed to the base of the transistor of
amplifier A. 1In essence the added impedance R3 raises
the RF impedance to ground at junction 2 and directs the

20 RF power to not be lost or dissipated in the bias network
of resistors R3, R2 and R1 but rather applied to the base
of the transistor. This reduced loading on the tank
circuit, improves stability and reduces phase noise as
well as increases the power output from the amplifier

25 transistor.

The silicon diode D1 is a PN junction and the
silicon transistor is a NPN junction. The voltage across
the base of the transistor and the voltage across the
diode D1 shift in unison with temperature to provide

30 temperature compensation for hot and cold ambients and
allow the oscillator to operate with a substantially
constant collector current I4.

- Essentially, as temperature changes the DC
voltage across D1 and the transistor base change at



bypass. capaci tor CA i-s shown connected between terminal VS and ground and a
bypass capacitor CB is shown connected across diode Dl. These capacitors
are optional. 30 An inpedance, preferably a resistor, R3 is
connected between a junction designated 1 between the first and second
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bet ween ground and the anplifier base. rrent 11 is drawn through the
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temperature accomplish substantial

10 regulation/compensation to the transistor.

The above described circuit also provides
regulation with changes in supply voltage. From the
relationship V2 = VD we observe that since the supply
voltage does not appear in this expression that v2 is

15 relatively independent of VS and therefore the base bias
voltage becomes largely independent of the supply voltage
and VB is substantially regulated with changes in supply
voltage resulting in a substantially more constant supply
current.

20 In summary, the circuit of the present
invention provides a) a bias voltage to the oscillator
with low supply voltages (1-1.5V DC battery), b)
temperature compensation for hot and cold ambients, ¢)
both of the above while improving noise and power

25 performance, and d) reduces the bias current required by
the voltage dividing resistors.

By way of illustration but not limitation the
values of circuit components found suitable for the above
circuit are:

30 vs 1-1.5V DC
VD1 0.7V DC
Rl 2.2K ohm
R2 2.7K ohm
R3 1.5K ohm
35 It is understood the present invention is

applicable to other oscillators including but not limited



15 described there is less RF current flowin and | ess RF power
dissipated in the resistors R2 and R1L and this power is directed to the
base of the transistor of anplifier A 1In essence the added i npedance R3
rai ses the RFy) ggce to ground at junction 2 and directs the 20 RF
power to not be [ost or dissipated in the bias network of reBfEVS478 R2
and R1 but rather applied to the base of tse transistor. This reduced

| oading on the tank circuit, inproves stability and reduces phase noi se as
wel | as incread®stheeHpshderyoospidlataam the anplifier 25 transistor. The
silicon diode DI s a PNALURGEGRNIAPridhent! 6oLl SRS Wller S 2 NPN
junction. The éggh%gg gcpgéﬁ t he hase %}‘? the transisfor_an {he vol t age
across the diode SAPT PAFR (TR AF9TSRpRTF PAFELEW Ay ddt3ds
tenperature coRPER¥ELPEA Fbat Hehe amesesitddisblesuse duk Hdemvmabe BgCi | | at or
to operateswt hag agbakampial Ang At 2Rk | gqt 4 _Essentially,
as tenperature ggagge’g Qg %votj' tda%e%%cpggé fD‘:qL ‘géntd&itj{lgeecﬁ grkfglugggfebase
change at wWBRggPhotiage without departing from the spirit thereof.

PCT/ US97/ 07764 6 approximately -1.6 mllivolts DC per degree centigrade. To
mai ntain the desired constant collector current 14 the DC voltage applied
to the transistor base at 2 nust also change at the -1.6 mllivolts per
degree centigrade rate.



2 is derived as: V2 = VD1 + |2R2 - |3R3 where VD1
ghanﬂﬂ'ﬂﬂlﬂ"ﬂe@”",ure at -1.6 mllivolts per degree centigrade. At small
val ues of R2 #&ndsvery small val ues of 13, V2 [err] VD1, and dlode_cha[lgefhe
with tenperature acconplish substantial 10 regul ation/ conpensation to
transistor. Y@@B¥e described circuit also provides regulznrnmswgnkh
changes in supply voltage. Fromthe relagionship V2 [err] VD we o ﬁe[v$2 .
that since the supply voltage does not appear in this expression tha
15  rel ati veVHAT nERRGARMRD ai8:VS and therefore the base bias voltage I
becomes | argely independent of the supply voltage and VB is substarfla, ye
regul ated wi th changes {n squI¥ vol tage resulting in a_substant|? K no
constant supply currentt* 2@ voltage regulatay, fear gn peeitlatoit of the

t i nvenitGmding ialdsired ahkasivehitdbrnaddaa esCh/ LaLRLawith |ow
ELSEFQ vlol Yagﬁfpiﬂfﬂeé\‘fxmr@?hhew{gn?)té erﬁa:?téﬁ‘gsﬁ%ggensatlon for hot

Hdi se and power 25

d cold anbients, c¢) both t he above | .
Sgrfornance, and d) reduce# FHQPBYa§°%E#9QHﬁennim§ﬂrepnpgctée'U@Iééiua o
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circuit conponents forng Z%'Eggéﬁﬂégfiégm55¥§ai% gbagg%%egig;gyeen
VS said voltage termin ground including a first

2. 2K ohm R2 202K 8pin

voltage dividing resistor, a second voltage dividing
resistor and a relatively constant voltage device having

10 a selected resistance to reduce the current flow in said
first series circuit and provide a substantially constant
voltage across said device,

an impedance connected between a junction
between said first and second resistors and a junction

15 between said tank circuit and said amplifier to increase
the impedance between saig voltage terminal and said
amplifier and to reduce loading on the tank circuit to
improve stability, reduce phase noise and improve output
power from said amplifier,

20 whereby a bias current is drawn through
said first resistor and said impedance and a main current
from said terminal to said amplifier enables a relatively
constant reference voltage across the device to provide
for the bias voltage applied to said amplifier which

25 allows said oscillator to operate with substantially
constant current with temperature changes and to provide
substantially constant supply current to the amplifier
for a range of supply voltages.

2. A voltage regulator as set forth in claim 1
wherein an unregulated about 1-1.5V DC battery is
connected to said terminal.

3. A voltage regulator as set forth in claim 2
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xgi??égzgggillator. Al t hough the present i nvention has been described with
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di scl osure has been nmade by 5 way of exanmple and that changes in details
of structure na be, made wi t hout departing fromthe spirit thereof. WO
98/ 02956 erein the voltage drop across saRCHdISEH Q&7 abolHAD. O
CLAIMED | S: 1. Dégvoltage regul ator for an oscillator including a tuned tank
circuit connected to a signal anplifier having an output term nal

i si ' [ lifier, a
conprising: a supply voltage term nal connected to said 5 anp ,
fi ms)t seriges circuit corfhect a0ltagreragsdator ds aget tforhndn andigr pund
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impedance about 1.5K chm.

5. A voltage regulator as set forth in claim 1
wherein said device is a silicon diode.

6. A voltage regulator as set forth in claim 1
wherein said signal amplifier is an NPN silicon
transistor having a base, emitter and collector, and said
device is a silicon PN junction, said transistor and

5 diode both changing in unison to provide temperature
compensation for hot and cold ambients.

7. A voltage regulator for an oscillator
including a tuned resonant tank circuit connected to an
NPN silicon transistor having a base, emitter and
collector with a stabilizer resistor and inductor

5 connected between said emitter and ground and having an
output terminal, said regulator comprising:
a supply voltage terminal connected to said
collector,
a first series circuit connected between

10 said voltage terminal and ground including a first
voltage dividing resistor, a second voltage dividing
resistor and a silicon PN junction diode to reduce
current flow in said first series circuit and provide a
substantially constant voltage across said diode,

15 a third resistor connected between a
junction between said first and second resistors and a
junction between said tank circuit and said base to
increase the resistance between said voltage terminal and



first series circuit and -provi de a substan 'MHConstant vol t age across

sai d device, an inpedance connected betwee m’g Hﬁw\een said first
and second resistors and a junction 15 circuit and said

anplifier to increase the inpedance betmeen sai d voltage terminal and said
anplifier arwioesw2essduce | oading on the tank circuit to i NPreRMRsSHiR4l 1 1Y,
reduce phase noi se and i nprove out put pgger fromsaid anplifier, 20
whereby a bias current is drawn through™said first resi stor and said
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DC. a bias voltage applied to saigd amplifier allows said

oscillator to operate with substantially constant

collector current to provide a substantially constant

collector current with temperature changes for a range of
30 supply voltages.

8. A voltage regulator as set forth in claim 7
wherein the voltage across said diode and the voltage
across the base of said transistor shift in unison with
temperature to maintain the current in said collector at

5 a substantially constant level.



4. A voltage regulator as set forth in claim2 wherein the value of said
first  resistor is about 2.2K ohm said second resistor about 2. 7K ohm and
sai d i npedance about 1.5K ohm 5. A voltage regulator as set forth in
claim1l mhere%&)ﬁﬁ& 6device is asilicon diode. 6. A voltage rgaulator as
set forth in clalm I wherein said signal anplifier is an NPNPSTP$%@764
transi stor having a base, emtter and collector, and said device is a
silicon PN junction, said transistor and 2/1 di ode both changi ng i n unison
to provide tenperature conpensation for L t "and cold anbients. 7. A voltage
regul ator for an oscillator including a tuned resonant tank circuit
connected to an NPN silicon transistor having a base, emtter and collector
with a stabilizer resistor and inductor 5 connected between said emtter
and ground and having an output term nal, said regul ator pdi S{Ng: a
supply voltage term nal connected to said collector, a fir geries circuit
connect ed between 10 said voltage term nal and ground inc'gp' a first
antf a silicon
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PN junction diode to reduce current w i sa d
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{57) Abstract

An oscillator voltage regulator includes a substantially constant voltage device (D1) in series with the bias network dividing resistors
(R1 & R2) to reduce current flow and provide a substantiatly constant voltage drop, and an impedance (R3) connected between the first
and second resistors of the dw:dmg resistors (R1 & R2) and the tank circuit (T) and the base of the amplifier transistor (A) so as to reduce
the loading on the tank circuit and so as to improve stability, reduce phase noise, and increase power output from the amplifier. The use
of silicon PN junction (D1) and a NPN transistor (A) provides temperature compensation for hot and cold ambients to allow the oscitlator

_to opcrate substantially a constant supply current (14),




