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(57) ABSTRACT 

The leakage current on a semiconductor is reduced While the 
semiconductor is in a sleep mode. This is accomplished by 
(1) placing the semiconductor in the sleep mode; (2) pro 
viding the semiconductor an internal supply voltage derived 
from an external supply voltage applied to the semiconduc 
tor chip (Where the internal supply voltage is less in quantity 
than the external supply voltage); and (3) reducing the 
internal supply voltage When the semiconductor enters the 
sleep mode from an activated mode and returning the 
internal supply voltage to an activated mode level When the 
semiconductor returns to the activated mode. The reducing 
step includes supplying the external supply voltage to a 
reference circuit Which outputs therefrom a reference volt 
age; and supplying the reference voltage to a regulator, 
Where the regulator attempts to match the reference voltage 
and outputs therefrom the internal supply voltage. The 
reference circuit reduces the reference voltage When the 
semiconductor enters the sleep mode from an activated 
mode and returns the reference voltage to the activated mode 
level When the semiconductor returns to the activated mode. 
The reducing step can be performed by reducing the current 
flow to one or more diodes in the reference circuit When the 
semiconductor enters the sleep mode from the activated 
mode, and increasing the current flow to the diodes When the 
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SLEEP MODE VDD DETUNE FOR POWER 
REDUCTION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The following invention relates generally to net 
Work semiconductor chips and speci?cally to sleep mode 
circuitry in semiconductor chips. 

[0003] 2. Related Art 

[0004] In recent times, conservation of energy to semi 
conductor chips has become increasingly important. In fact, 
it is a standard feature that three poWer modes are provided: 
a select (or on) state, a deselect (or off) state, and a sleep 
mode state. In the sleep mode, the energy of the chip is 
conserved from the normal on state. In this sleep mode, 
While the voltage to the individual transistors is not loW 
enough to lose memory (as When the poWer is turned off in 
the deselect state), the voltage is turned doWn to conserve 
energy as compared to the select state. The poWer conser 
vation function of the sleep mode is especially important for 
portable devices, such as laptop computers. 

[0005] One concern for chip designers is to decrease the 
leakage current across the individual transistors in the sleep 
mode. For a typical semiconductor chip, an external poWer 
supply supplies on the order of a feW volts of poWer (e.g., 
2.5 to 3 volts) to the chip. This external voltage is fed to 
regulators, and scaled doWn in poWer to one or more actual 
(internal) voltages used by the internal devices of the chip. 
At the present generation of technology, an internal voltage 
of approximately 1.9 volts is considered standard. 

[0006] With a high density memory chip, typically mil 
lions of transistors are arranged in memory cells, With Word 
lines, plate lines and bit lines used for reading and Writing 
to these memory cells. These memory cells are supplied by 
the internal voltages. 

[0007] Unfortunately, each of these transistors leak a small 
amount current When the chip is in the deselect or sleep 
mode states. In the sleep mode state, the leakage is on the 
order of a feW picoamps for example. Although the leakage 
current for each transistor is negligible, the amount of 
leakage is signi?cant When the tremendous number of 
transistors is taken into consideration. 

[0008] To reduce the leakage While in the sleep mode, it is 
possible to turn off the outputs from a number of the 
regulators. HoWever, this does not solve the problem 
because the amount of internal voltage is not reduced, 
causing the same amount of leakage current to be draWn in 
the arrays of memory cells. 

[0009] Anumber of techniques have been used to decrease 
the leakage current. One technique has been to change the 
physical characteristics of individual transistors and 
memory cells. For example, it is possible to raise the 
threshold voltage for the transistors and/or increase the 
device lengths (channel lengths) of the transistors. This 
technique has the disadvantage of deleteriously affecting 
active-mode (on state) chip performance, and possibly 
increasing the siZe of the chip. In addition, these changes 
Would be ?xed and permanent. 

[0010] Another technique has been to add threshold 
implants (i.e., implant more atoms). This can deleteriously 
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impact the physical characteristics of the transistors When 
the chip is returned to the on state. Again, these changes 
Would be ?xed and permanent. 

[0011] Another technique is to add additional circuit ele 
ments, to block the How of currents unneeded in the sleep 
mode, such as turning off redundant charge pumps. For 
example, specially tailored transistors can be used, Which 
Would receive signals to restrict the How of current during 
sleep mode. Unfortunately, this technique can adversely 
impact chip performance and can add additional process 
steps. In addition, it Would provide a ?xed and permanent 
change to the chip as Well. 

[0012] What is needed is a method for decreasing the 
leakage current by loWering the internal voltage. In particu 
lar, What is needed is to loWer the leakage current Without 
the disadvantages of prior techniques, such as affecting the 
siZe and shape of the transistors, adding implants, or selec 
tively disabling chip subsystems. 

SUMMARY OF THE INVENTION 

[0013] The present invention is directed to a system and 
method for reducing a leakage current on a semiconductor in 
a sleep mode. The method includes (1) placing the semi 
conductor in the sleep mode; (2) providing the semiconduc 
tor an internal supply voltage derived from an external 
supply voltage applied to the semiconductor chip (Where the 
internal supply voltage is less in quantity than the external 
supply voltage); and (3) reducing the internal supply voltage 
When the semiconductor enters the sleep mode from an 
activated mode and returning the internal supply voltage to 
an activated mode level When the semiconductor returns to 
the activated mode. The reducing step includes supplying 
the external supply voltage to a reference circuit Which 
outputs therefrom a reference voltage; and supplying the 
reference voltage to a regulator, Where the regulator attempts 
to match the reference voltage and outputs therefrom the 
internal supply voltage. The reference circuit reduces the 
reference voltage When the semiconductor enters the sleep 
mode from an activated mode and returns the reference 
voltage to the activated mode level When the semiconductor 
returns to the activated mode. 

[0014] The reducing step can be performed by reducing 
the current How to one or more diodes in the reference 
circuit When the semiconductor enters the sleep mode from 
the activated mode, and increasing the current How to the 
diodes When the semiconductor reenters the activated mode 
from the sleep mode. In one embodiment, this is accom 
plished by turning one or more transistors controlling the 
How of current to the diodes off When the semiconductor 
enters the sleep mode from the activated mode, and turning 
the transistors back on When the semiconductor reenters the 
activated mode from the sleep mode. The transistors can be 
turned on and off by preprogrammed signals transmitted 
from a control circuit. 

BRIEF DESCRIPTION OF THE FIGURES 

[0015] The present invention Will be described With ref 
erence to the accompanying draWings, Wherein: 

[0016] FIG. 1 is a block diagram illustrating a device 
coupled to a volatile memory; 

[0017] FIG. 2 illustrates an exemplary memory cell 
housed in a volatile memory; 
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[0018] FIG. 3 illustrates a detailed vieW of a device, a 
volatile memory, and the coupling therebetWeen; 

[0019] FIG. 4 illustrates a poWer sources providing poWer 
to a volatile memory; 

[0020] 
[0021] FIG. 6 illustrates improved leakage characteristics 
of volatile memory transistors from use of the present 
invention; and 

FIG. 5 illustrates an exemplary regulator; 

[0022] FIG. 7 is a schematic representation of one 
embodiment of reference circuit used in the present inven 
tion. 

[0023] In the ?gures, like reference numbers generally 
indicate identical, functionally similar, and/or structurally 
similar elements. The ?gure in Which an element ?rst 
appears is indicated by the leftmost digit(s) in the reference 
number. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] In the folloWing description of the preferred 
embodiments, reference is made to the accompanying draW 
ings Which form a part hereof, and in Which is shoWn by Way 
of illustration speci?c illustrative embodiments in Which the 
invention may be practiced. These embodiments are 
described in suf?cient detail to enable those skilled in the art 
to practice the invention, and it is to be understood that other 
embodiments may be utiliZed and that logical, mechanical 
and electrical changes may be made Without departing from 
the spirit and scope of the present invention. The folloWing 
detailed description is, therefore, not to be taken in a limiting 
sense. 

[0025] FIG. 1 is a block diagram illustrating device 102 
coupled to volatile memory 104. Device 102 includes a 
microprocessor, memory controller, chip set or other com 
parable devices. Volatile memory 104 includes an array of 
memory cells comprising transistors, used to dynamically 
store data. Device 102 and memory 104, and the coupling 
therebetWeen, are illustrated in detail beloW. 

[0026] FIG. 2 illustrates an exemplary memory cell 208, 
housed in volatile memory 104. Speci?cally, memory cell 
208 is an SRAM, comprising tWo CMOS inverters. The ?rst 
CMOS inverter comprises PFET 209 and NFET 211. The 
second CMOS inverter comprises PFET 210 and NFET 212. 
FIG. 2 also includes NFET 205, With a gate coupled to Word 
line 204, a source/drain region coupled to bit line 202, and 
a source/drain region coupled to the ?rst CMOS inverter. 
FIG. 2 also includes NFET 206, With a gate coupled to Word 
line 204, a source/drain region coupled to bit line comple 
ment 203 (having a complementary logical state to bit line 
202), and a source/drain region coupled to the second 
CMOS inverter. As those skilled in the art Will recogniZe, 
any variety of different transistors and line designations can 
be used Without departing from the scope of the present 
invention. FIG. 2 also includes voltage Vddd, and a leakage 
current JDS, Which runs doWn the CMOS inverters. 

[0027] FIG. 3 illustrates a detailed vieW of device 102, 
volatile memory 104, and the coupling therebetWeen. Vola 
tile memory 104 includes roW decoder 302, memory cell 
array 304, sense ampli?er 306, column decoder 308, input/ 
output (I/O) circuit 310 and control circuit 312. 
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[0028] Memory cell array 304 includes a plurality of 
exemplary memory cells 208, With Word lines WL1 330 
WLn 332, bit lines BL1 334-BLn 336, and bit line comple 
ments BL1* 338-BLn* 340. For each memory cell in 
memory cell array 304, the Word lines, bit lines and bit line 
complements are similarly coupled as illustrated With 
respect to FIG. 2. 

[0029] Device 102 reads information from and Writes 
information to volatile memory 104. Reading and Writing to 
memory cell 208 is presented herein. For reading, device 
102 provides the address of memory cell 208 to roW decoder 
302 over address line 320. Additionally, device 102 provides 
control signals to control circuit 312 over line 322. In turn, 
control circuit 312 signals sense ampli?er 306 to equilibrate 
voltages on bit line 334 and bit complement line 338. This 
causes lines 334 and 338 to achieve a common voltage, 
betWeen a high and a loW value. RoW decoder 302 then 
drives Word line 330 to a voltage above a threshold voltage, 
setting bit line 334 to a logical value, and bit complement 
line 338 to the opposite value. Next, sense ampli?er 306 
senses and ampli?es the value on the bit line/complement bit 
line pair (334 and 338), stores the logic levels, and passes 
them to device 102 via I/O circuit 310 and input/output line 
324. 

[0030] For Writing, device 102 provides data to be Written 
to memory cell array 304 by Way of input/output line 324 
and I/O circuit 310. Column decoder 308 receives a column 
address from device 102 over line 326. This address indi 
cates the memory cell to be Written to via its bit line/ 
complement bit line address. Sense ampli?er 306, according 
to the control of control circuit 312, sets the bit line/ 
complement bit line address for the memory cell to the logic 
levels indicated by column decoder 308. Under the direction 
of control circuit 312, roW decoder 302 indicates the 
memory cell to be Written to via its Word line address. The 
Word line is activated, and the memory cell forces data on 
the bit line/complement bit line pair to be stored by the 
memory cell. 

[0031] Memory cell array 304 and, therefore, volatile 
memory 104, include many transistors. In fact, the number 
of transistors can number in the many millions. Each tran 
sistor has a leakage current, similar to leakage current JDS 
for memory cell 208. The combination of these leakages 
leads to a drain of poWer resources on the chip. 

[0032] FIG. 4 illustrates the poWer sources providing 
poWer to volatile memory 104. FIG. 4 includes reference 
circuit 402, regulator 404, and volatile memory 104. FIG. 4 
also includes external voltage supply VDDE, reference volt 
age VREF, and internal voltage supply VDDI. 

[0033] VDDE is an external voltage supplied to the chip. 
For example, VDDE is a direct current constant output 
voltage supplied from a battery. Reference circuit 402 uses 
VDDE to derive a reference voltage VREF for regulator 404. 
In actuality, regulator 404 is a portion of a regulator circuit 
Whose speci?c function is to regulate the voltage applied to 
volatile memory 104. Regulator 404 is a voltage folloWer 
circuit, making its output VDDI match VREF. VDDI, itself, is 
the internal chip voltage, Which is the input voltage applied 
to volatile memory 104. 
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[0034] FIG. 5 illustrates an exemplary regulator 404. 
FIG. 4 includes VREF input to regulator 404 over line 502, 
and VDDI output from regulator 404 over line 504. Regulator 
404, Which is in actuality the voltage regulation portion of 
a regulator, comprises voltage folloWer 508 receiving as 
inputs signal 502 and feedback 506, and transmitting as 
output signal 504. Those skilled in the art Will recogniZe that 
regulator 404 is illustrated for exemplary purposes only, and 
not by Way of limitation. 

[0035] The present invention is directed to reducing the 
leakage currents of the many transistors of volatile memory 
104, as Well as the overall leakage for volatile memory 104 
and the entire chip during the sleep mode. The present 
invention performs the sleep mode leakage reduction by 
reducing VREF. This is performed Without reducing the 
physical characteristics of the chip transistors or affecting 
chip performance in the on state (i.e., When volatile memory 
104 is turned back on after the sleep mode). 

[0036] FIG. 6 illustrates the improved leakage character 
istics of the transistors from using the invention. Referring 
back to FIG. 2, in each memory cell 208, there is an 
undesirable loW-level leakage current JDS When the transis 
tor is in the off state. It is this leakage current that adversely 
consumes the poWer supplied by VDDE. FIG. 6 illustrates 
leakage current 604 (in picoamps) as a function of internal 
voltage supply VDDI (in volts), labeled 602. As shoWn, by 
decreasing VDDI from the order of 1.9 to 1.5, the leakage 
current is signi?cantly decreased (approximately exponen 
tially). Experimental results have shoWn a 20 percent reduc 
tion of total leakage. 

[0037] FIG. 7 is a schematic representation of one 
embodiment of reference circuit 402. FIG. 7 is used to 
illustrate an exemplary technique used in the present inven 
tion for reducing VREF, in order to decrease the internal 
voltage supply VDDI. 
[0038] FIG. 7 includes three circuit regions 702, 704 and 
706. Region 702 is the portion of reference circuit 402 Which 
performs voltage matching, as recogniZed by those skilled in 
the art. Region 702 includes NFETs 732, 733, PFETs 731, 
734, and resistors 730, 735, 736, 765 and 770. Also shoWn 
are nodes N9738 and N11737. Region 702 receives VDDE as 
its input, and has output lines 780, 781 to region 706 and 
input lines 782, 783 to region 704. Those skilled in the art 
Will recogniZe that the function of region 702 can be 
accomplished by a large variety of different circuit element 
arrangements, and that the present disclosure is not limiting. 

[0039] Region 704 is a startup circuit as recogniZed by 
those skilled in the art. Region 704 includes NFETs 760, 
763, 764, 768 and 769. Region 704 also includes PFETs 761, 
762, 766, and 767. Region 704 receives input lines 782, 783 
from region 702 and outputs VREF. Those skilled in the art 
Will also recogniZe that the function of region 704 can be 
accomplished by a large variety of different circuit element 
arrangements, and that the present disclosure is not limiting. 

[0040] Region 706 is a circuit used to set the voltage levels 
for VREF. Region 704 includes up voltage NFETs 710-712, 
doWn voltage NFETs 713-715, sleep mode NFETs 716-718, 
diodes 719, 723, 724, up voltage diode group 720 (repre 
senting 7 diodes), doWn voltage diode group 721 (represent 
ing 7 diodes), sleep mode diode group 722 (representing 10 
diodes, and an additional diode group 723 (representing 3 
diodes), and resistors 725, 726. 
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[0041] Region 706 receives three up voltage input line 
groups 750 (labeled FUP1, FUP2, FUP3), three doWn volt 
age input line groups 751 (labeled FDN1, FDN2, FDN3), 
and three sleep mode input line groups 752 (labeled FZZ1, 
FZZ2, FZZ3). Region 706 also receives inputs lines 780, 
781 from region 702, and outputs VREF. From the explana 
tions provided beloW, those skilled in the art Will also 
recogniZe that the function of region 706 can be accom 
plished by a large variety of different circuit element 
arrangements, and that the present disclosure is not limiting. 

[0042] Each of the input lines of input line groups 750, 
751 and 752 are preprogrammed signals transmitted from a 
control circuit to turn NFETS 710-718 on and off. In 

actuality, there are nine lines (FUP1, FUP2, FUP3, FDN1, 
FDN2, FDN3, FZZ1, FZZ2, and FZZ3), With each line 
turning a single NFET on or off. Each line can be pro 
grammed to turn any NFET on or off, but in the present 
embodiment, FUP1-FUP3 respectively turn NFETs 710-712 
on and off, FDN1-FDN3 respectively turn NFETs 713-715 
on and off, and FZZ1-FZZ3 respectively turn NFETs 716 
718 on and off. As illustrated, the diode groups 720, 721 and 
722 are turned on and off by NFET groups 710-712, 713-715 
and 716-718, respectively. 

[0043] By turning any of NFETs 710-718 off, it is possible 
to disable any of the diode groups 720722, and thereby 
control the amount of current draWn over line 781 (from 
NFET 736). The lesser the current draWn over line 781, the 
loWer a value for VREF is achieved. In fact, VREF is a 
function of the voltage at node N9738. In this manner, the 
detune of VREF is achieved. 

[0044] In one embodiment, When the chip enters the sleep 
mode, NFETs 716-718 are turned off. This reduces the 
current flow by blocking current flow over diode group 722. 
In turn, VREF is turned doWn during the sleep mode. As 
noted, regulator 404 causes VDDI, the internal supply volt 
age supplied to volatile memory 104, to match (or closely 
track) VREF. In empirical tests, VREF Was found to be turned 
doWn from approximately 1.9 volts to approximately 1.5 
volts, resulting in a per-transistor reduction in leakage 
current by a factor of 2, or a 20 percent decrease in overall 
sleep mode current. 

[0045] When the chip is returned to the on state from the 
sleep mode, NFETS 716-718 are turned back on, permitting 
increased current flow through the diodes (speci?cally diode 
group 722), and therefore, through line 781. As a result, 
VREF is turned back up to normal levels considered appro 
priate for the on state, to permit resumption of on state 
characteristics. As a result, the present invention alloWs the 
current leakage to be substantially decreased in the sleep 
mode, Without permanently affecting the physical charac 
teristics of the chip, adding additional circuit elements (like 
additional FETs), or affecting the characteristics of the chip 
When the chip is returned to the on state. 

[0046] While the invention has been particularly shoWn 
and described With reference to preferred embodiments 
thereof, it Will be understood by those skilled in the relevant 
art that various changes in form and details maybe made 
therein Without departing from the spirit and scope of the 
invention. 
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What is claimed is: 

1. A method for reducing a leakage current on a semi 
conductor in a sleep mode, comprising the steps of: 

placing the semiconductor in the sleep mode; 

providing the semiconductor an internal supply voltage 
derived from an external supply voltage applied to the 
semiconductor chip, said internal supply voltage being 
lesser in quantity than said external supply voltage; and 

reducing said internal supply voltage When the semicon 
ductor enters the sleep mode from an activated mode 
and returning said internal supply voltage to an acti 
vated mode level When the semiconductor returns to 
said activated mode. 

2. The method according to claim 1, Wherein said reduc 
ing step comprises the steps of: 

supplying said external supply voltage to a reference 
circuit Which outputs therefrom a reference voltage; 
and 

supplying said reference voltage to a regulator, Wherein 
said regulator attempts to match said reference voltage 
and outputs therefrom said internal supply voltage, 

Wherein said reference circuit reduces said reference 
voltage When the semiconductor enters the sleep mode 
from an activated mode and returns said reference 
voltage to said activated mode level When the semi 
conductor returns to said activated mode. 

3. The method according to claim 2, further comprises the 
steps of: 

reducing the current flow to one or more diodes in said 
reference circuit When the semiconductor enters the 
sleep mode from said activated mode; and 

increasing the current flow to said one or more diodes 
When the semiconductor reenters said activated mode 
from the sleep mode. 

4. The method according to claim 3, further comprises the 
steps of: 

turning one or more transistors controlling the How of 
current to said one or more diodes off When the 
semiconductor enters the sleep mode from said acti 
vated mode; and 

turning said one or more transistors back on When the 
semiconductor reenters said activated mode from the 
sleep mode. 

5. The method according to claim 4, Wherein said tran 
sistors are turned on and off by preprogrammed signals 
transmitted from a control circuit. 

6. A system for reducing a leakage current on a semicon 
ductor in a sleep mode, comprising: 

means for placing the semiconductor in the sleep mode; 

means for providing the semiconductor an internal supply 
voltage derived from an external supply voltage applied 
to the semiconductor chip, said internal supply voltage 
being lesser in quantity than said external supply volt 
age; and 
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means for reducing said internal supply voltage When the 
semiconductor enters the sleep mode from an activated 
mode and returning said internal supply voltage to an 
activated mode level When the semiconductor returns to 
said activated mode. 

7. The system according to claim 6, Wherein said reducing 
means comprises: 

means for supplying said external supply voltage to a 
reference circuit Which outputs therefrom a reference 
voltage; and 

means for supplying said reference voltage to a regulator, 
Wherein said regulator attempts to match said reference 
voltage and outputs therefrom said internal supply 
voltage, 

Wherein said reference circuit reduces said reference 
voltage When the semiconductor enters the sleep mode 
from an activated mode and returns said reference 

voltage to said activated mode level When the semi 
conductor returns to said activated mode. 

8. The system according to claim 7, further comprising: 

means for reducing the current flow to one or more diodes 

in said reference circuit When the semiconductor enters 
the sleep mode from said activated mode; and 

means for increasing the current flow to said one or more 

diodes When the semiconductor reenters said activated 
mode from the sleep mode. 

9. The system according to claim 8, comprising: 

means for turning one or more transistors controlling the 

How of current to said one or more diodes off When the 

semiconductor enters the sleep mode from said acti 
vated mode; and 

means for turning said one or more transistors back on 

When the semiconductor reenters said activated mode 
from the sleep mode. 

10. The system according to claim 9, further comprising: 

means for turning said transistors on and off by prepro 
grammed signals transmitted from a control circuit. 

11. A semiconductor system, comprising: 

an electronic device; 

a reference circuit receiving an external supply voltage 
and transmitting a reference voltage; 

a regulator circuit matching an internal supply voltage to 
said reference voltage; 

a volatile memory communicating With said electronic 
device and receiving said internal supply voltage; 

electronic circuitry that reduces said internal supply volt 
age When the semiconductor system enters the sleep 
mode from an activated mode and returns said internal 
supply voltage to an activated mode level When the 
semiconductor returns to said activated mode. 
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12. The semiconductor system according to claim 11, 
wherein said reducing electronic circuitry comprises: 

electronic circuitry that reduces the current How to one or 
more diodes in said reference circuit When the semi 
conductor enters the sleep mode from said activated 
mode; and 

electronic circuitry that increases the current How to said 
one or more diodes When the semiconductor reenters 

said activated mode from the sleep mode. 
13. The semiconductor system according to claim 12, 

further comprising: 

electronic circuitry that turns one or more transistors 
controlling the How of current to said one or more 
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diodes off When the semiconductor enters the sleep 
mode from said activated mode; and 

electronic circuitry that turns said one or more transistors 

back on When the semiconductor reenters said activated 

mode from the sleep mode. 

14. The semiconductor system according to claim 13, 
further comprising: 

electronic circuitry that turns said transistors on and off by 
preprogrammed signals transmitted from a control cir 
cuit. 


