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OPERATION OF REAL TIME CLOCK BACKGROUND 5 The present application teaches a
circuit for use in reducing power consumption of a real time clock in a
computer system. When a personal computer is turned off, an on-beard
battery, e.g. a 3-volt lithium battery,, may still power to certain
circuits in the computer. For example e, a r=al t= ^e clock often still
maintains the time using battery power when the primary computer power
supply goes offline. The smaller transistors that are now used to make such
circuits in order to fit more transistors on a substrate, 15 often have
higher leakage currents. These transistors consume undesired current when
they are biased to the "off" state. This increases the DC load that is
placid on the battery, when the computer power supply is off due to off
state current, which can cause the battery to deplete mere 2o quickly.
WO 0I/47085 1 8 JUN 200 PCT/US00/42597 Summary The present disclosure
defines a device which reduces power consumption during battery powered
operation of the , Real Time Clock. 5 The application discloses a leakage
reduction d=vice for a real time clock system, that has a real time clock
circuit, having separated first and second power supply connections, and
maintaining a count indicative o real time: and an associated circuit,
which operates i^ a first 10 mode when a power supply voltage is present
a^d operates in a second mode when battery power is present, said second
mode providing a biasing condition that minimizes o.. state leakage current
during battery operation. is Brief Description of the Drawings These and
other aspects will be descried in detail with reference to the accompanying
drawings, wherein: Figure 1 shows a schematic diagram of the circuitry 24
including the real time clock well. Figure 2 'shows a block diagram of a
power monitoring 



embodiment.  s 2   WD 0I/47085 1 8 JUN 2004 PCT/US00/42597 Description of
Embodiment The present application describes reducing the undesired current
flow through transistors in a clock  circuit. In an embodiment, the
transistors are BIOS 5 devices. The sub-threshold off current of these MOS
devices is reduced by applying a voltage bias to the substrate relative to
the gate, source and drain voltages. The relative device threshold voltage
is then increased according the relation (2r E qN )"= The sub-threshold off
current is also reduced according to the relation ~ ~~Ya-~w.ev,)1~) Y~ red
= to  a KT I ~ a KT with i e'.a o L~ 9 IS A schematic diagram of a specific
circuit, e.g., a computer chipset, is shown in Figure 1. This circuit
includes a real time clock circuit portion 100 that has ' separate power
supply connections for the battery and for 3   1 8 JUN 200 WO 01/47085
PG"T/US00/42597 the wired power supply. The part that is arrays powered is
separated from other circuits in the chip. The real time clock 100 is
called the "RTC well" since it has the separate power supply connections:
The separated 5 connection enables battery 110, e.g., a 3.0 volt lithium
battery, to be used to power the real time clock well virile the remainder
of the circuit is turned off. An off -chip diode network has been used to
isolate the 



battery from the computer's power supply once the computer to is actually
turned on. The present application discloses circuitry forming a relative
substrate bias which reduces the off current (I,,:=i of the real time clock
circuit during battery operation. This is done by changing source voltage
levels in the real 15 time clock well when the main power supply is turned
off. Switching devices, described in more detail herein are connected
between the source and substrate connections of N-channel and P-channel
real time clock devices in the well 100. This better isolates the substrate
from the N- 2o channel source connection and isolates the N well from the
P-channel source connection during battery operation.  These switches are
in one state when primary chip power or "core power" is available. The
switches. are in another state when the primary chip power is off and the
real time 4   ~ a ~uN 200 clock circuit.100 is powered by the battery 110a
Tn this latter 'state, the.bias voltage of the real time clack is raised to
a level that decreases leakage. The real time clock logic continues to
operate at the raised source 5 voltage condition during the low-leakage
battery operation. The circuit and its control are illustrated in Figure 1.
The RTC well 100 has three power connection nodes The Vn,o"=~e power node
112 of the real time clock module I00 is. controlled by N-channel switching
transistor (Ns) 1I6. 10 Energizing N$ 116 selectively switches the Vn,~u:~_
node 112. to the V" ground rail. When transistor 116 is de energized, node
112 floats. P-channel device well nodes of the real time clock include
Vp,~,, 120; and Vp,ou=~, 122. Multiplexers 124 aad 132 15 control the power
supplied to these nodes. These multiplexers can be thick-gate P-channel Mos
devices. The VF,~ node is controlled by multiplexer 124 . One input 1 2 6
to the multiplexes 129 is the care 1.3' volt power lire I30 from power
supply 131. The other input I26 to the 20 multiplexes 124 is a power
consumption-reducing bias level Nbiasl This bias level is formed by the
biasing resistors 140, 142, 144 placed across the battery 1I0. 5   1 8 JUN
20p4 



Analogously, the multiplexer 132 receives the core power supply 1.3 volts
130 at its one input, and a second bias level Nbfi,1 at the other input
thereof . These bias levels are selected to minimize the 5 leakage. Vp,~
(120) can be 2.0 'volts, an;d Vp~ou:~. (122) can be 1.6 volts. Level
shifting logic, including Nvoi (.152), Nvo~ (143), Prci ( I54 ) , and P2~~
( 156 ) control  the switching of the rnultiplexers 124 and 132. When core
power L30 is present, 10 inverter 146 is enabied and controls.the gate
voltages ef . the' n-channel devices NS 116 and Nva~ 148 . In normal
operation, when the power supply 131 is cn, an output voltage is produced
on line I30. The inverr~~r l40' is enabled, producing a high output that
pulls up the gate. 15 voltage of the 'devices Ns 116 and NVOZ. 148..
Biasing DI,;,~ I48 turns on NS 116 and connects the N=channel source ned~
Vnsouree to ground 114.. Biasing of. Nv01 152 causes Pz~l arid PTO2 to .
raise the multiplex control line 125, switching the multiplexes units 20 .
124, I32: This connects the nodes Vp",b and Vp,ou=~, to the core 1.3 volt
power 130. When core power 130 is not available; the real time clock i00.
operates under battery power. The output of Vrc3 158.pulls up the input to
the inverter 146, thereby 6~   WO 01I47085 1 8 JUN 200r PCT/US00/4Z597
lowering the output of the inverter 146, and turning off the gate of N~oz
148 and N, 116. N$ 116 isolates Vn,a"nce from ground I14. The multiplexes
units 124, 132 are also caused  to switch, thereby connecting the real time
clock nodes 5 Vp"~b 120 and Vp,ou~o- 122 to the bias voltages Na~ds: and
N5_,~~. respectively. This also causes device ~PT~a 162 to turn on, to
establish the bias levels b;a,l and b;,a,2 across the resistor ladder. 140,
142, 144 using battery power. The bias resistors should be larger than 10 H
cans, to minimize 10 current flow from the battery. This circuit even
further conserves battery power since the bias resistors are isolated from
the bath=,: during non-battery operation. As noted above, these bias values
are selected as 15 values that will allow the RTC logic and oscillator
circuits in the well 100 to operate at low leakage current 



levels. Selected bias levels include Vn,ou:=~ at 0. 4 vol ts, Vp"~, at 2. 0
volts and Vp,ouree at 1. 6 volts . The circuits in the real time clock well
should 2U continue to operate at all times. Capacitors C1, C2, C3 are used
to decouple any switching noise during the transition between the two modes
of operation to prevent the registers from being corrupted during a
transition between the normal operation and the low leakage battery-powered
operation. 7   WO 01/47085 1 8 JUN 2004 PCT/US00/42597 These capacitors
have a value of, for exampla lOpF. In summary; the on and off conditions of
the circuits during the two modes o operation are listed below in Table 1.
TABLE 1 5 1.3V Core Power ON:(normaloperation)NSONNvoi0 FF10
Nva2ONprciONPzc2OFFprcaONQrc4OFF15 NbiaalOFFNbssa20 FFVnaourca0 VVn",~O
VVPaourca .1.3V2o Vp,~,,1. 3 V 1.34 Core Powe= OFE: (low leakage operation
OFF ocr OFF OFF ON OFF oN ON OI~t 0.4V OV 1.6V 2.OV A second embodiment is
shown in block diagram ~or,^,i in Figure 2. A hardware monitor device 200
monitors 25 characteristics of the computer, including temperature, power
supply level and other information. The devica 200 produces a "power okay
signal" when the power supply is up and running. This "power okay" signal
is delayed by delay element 202 (e. g. a capacitor), and then drives.the
gates 30 of NvaZ and N, instead of the inverter 1Q6 shown in the first
embodiment. Use of the power okay signal may help to isolate the real time
clock well 100 from rail noise during a turn on    8   r   WO 01I47085 1 8
JUN 2011r PCT/US00/42597 sequence. For example, the hardware monitor could
use a delay mechanism as shown, e.g., the power okay signal would only be
produced after the power supply is stabilized. This keeps the real time
well I00 isolated until the power 5 supply is sufficiently stable.
Although, not described in detail herein other embodiments fall within the
spirit and scope of the disclosed invention, as set forth is the appended
claims. 9   



1 8 JUN 20p What is claimed is 5 1. A leakage prevention device for a real
time clock system, comprising : a real time clock circuit, having separated
first and second power supply connections, and maintaining a count
indicative of real time ; and an associated circuit, v~rhich operates in a
first mode when a power supply voltage is present and operates in a second
mode when battery power is present, said second mode providing a biasing
condition that 1 o minimizes leakage current during battery operation by
changing source voltage levels for the real time clock circuit. 2. A device
as in claim 1, further comprising a device which detects the: presence of
the power supply voltage, and switches said bias levels responsive thereto.
15 3. A device as in claim 2, wherein said biasing condition includes a
raised bias level which increases a relative threshold voltage of at least
one transistor in said real time clock circuit. 20 4. A device as in claim
1, further comprising a bias production part, driven by said battery. 5. A
device as in claim 3, further comprising, a power supply ready signal and a
delay element that delays switching between said first mode and said second
mode. to   1 8 JUN 200 6. A device as in claim 4, further comprising a bias
transistor, between said battery and said bias production part, and turned
on only when power supply voltage is not present. 7. A device as in claim 1
further comprising first and second switches connected to said first and
second power supply connections, switching between a first power supply
level and a bias level optimized for minimization of battery leakage. 8. A
device as in claim 1, further comprising a first switch, switching between
a first 1 o power supply level and a bias level optimized for minimization
of battery leakage 9. A device as in claim 8, further comprising a second
switch, connected between said second power supply connection and ground.
15 10. A device as in claim 1, further comprising at least one decoupling
capacitor, having a sufficient size to prevent errors during power supply
switching. 11. A method of operating a real time clock in a personal
computer, comprising operating a real time clock from a power supply during
a first mode of operation ; and 20 operating said real time clock from a
battery during a second mode of operation, said operating comprising
setting a bias level which minimizes leakage current during said operating
by changing source voltage levels for the real time clock. 11   1 8 JUN
2(p~ 



12. A method as in claim 11, further comprising automatically detecting a
power supply voltage, and commanding a switch to change a power supply
connection to the real time clock, based on presence of the power supply
voltage. 13. A method as in claim 12, further comprising, only in a battery
operated mode, use of bias resistors to form bias levels for said real time
clock, wherein one position of said switch supplied said bias level. 14. A
method as in claim 12, further comprising decoupling the power supply
during 1 o switching. 15. A method as in claim 13, further comprising
detecting a power supply voltage, waiting a predetermined time after said
detecting of said power supply voltage to ensure that said power supplies
voltage is stabilized, then producing a power supply go signal. 15 16. A
method as in claim 12, wherein said commanding is responsive to a power
supply go signal. 17. A real time clock system, comprising : a real time
clock circuit, having a first power 2o supply connection ; a controlling
circuit for said real time clock circuit, said controlling circuit
including a connection to a power supply and a connection to a battery and
including a control circuit which connects said real time clock to said
power supply connection when said power supply voltage is available, and
connects said real time clock to a low leakage bias source to change a
source voltage level for the real time 12   '! 8 JLtN 200 clock circuit
when said power supply is not available. 18. A real time clock system,
comprising : a real time clock circuit, having a first power supply
connection and a second power supply connection ; a controlling circuit for
said real time clock circuit, said controlling circuit connected between a
power supply and said first power supply connection, and connected between
a battery and said second power supply connection, and including a control
circuit which detects if said power supply is available, connects said real
time clock to said power supply connection when said power supply voltage
is available, and if said power supply is not available, to connects said
battery to a bias network to produce a plurality of bias levels which
reduce leakage currents by changing source voltage levels for the real time
clock circuit, and connects said real time clock to said bias levels. is 13
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