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DISTRIBUTED DC VOLTAGE GENERATOR FOR 
SYSTEM ON CHIP 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a Continuation of U.S. patent 
application Ser. No. 10/118,753 filed Apr. 9, 2002. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to integrated circuit 
design, and more specifically, to a DC voltage generator for 
a system on chip (SOC). 
0004 2. Discussion of the Related Art 
0005. When designing and producing digital products, it 
is an ongoing goal to minimize size, increase capabilities 
and minimize power consumption. For example, the market 
calls for Smaller and more powerful handheld digital prod 
ucts Such as cellular phones, pagers, global positioning 
Systems (GPSS), personal digital assistants (PDAS), laptop 
computers and palm computers, while minimizing power 
consumption for extending battery life. To help accomplish 
this, System on Chip (SOC) design is implemented in which 
various components, Such as Volatile memory Systems, 
non-volatile memory Systems, data Signal processing Sys 
tems, mixed signal circuits and logic circuits are each 
formed into units and integrated on a single chip. Digital 
Systems using SOC design, Such as those used in handheld 
digital products, has replaced bulkier and higher power 
consuming digital Systems built on a board in a package 
having Several chips. AS technology advances, integration of 
various units included in a SOC design becomes increas 
ingly complicated. 
0006 The purpose of a DC voltage generator system on 
a Semiconductor chip is to provide power regulation and 
power conversion, Such as for converting a Voltage provided 
by an external power Supply, to a proper Voltage level for 
performing an operation being executed by the chip. One 
particular challenge of integrating the various units is the 
provision of proper Voltage levels to the individual units by 
an on-chip DC voltage generator System, as the units on the 
chip have a broad range of functionality as well as Voltage 
and power requirements. For example, an embedded DRAM 
(eDRAM) unit generally requires a high operating voltage 
relative to digital logic circuit units, while analog circuits of 
mixed signal units generally require an even higher operat 
ing Voltage. Regarding power requirements, memory units 
generally require less power than digital logic circuit units, 
while analog circuits of mixed signal units typically require 
more power than the other units. 
0007. A typical DC voltage generator system includes a 
central DC voltage generator having a plurality of regulator 
Systems, and a pump system (also referred to as charge 
pump) associated with each regulator System. The DC 
Voltage generator System further includes wiring for provid 
ing the Voltages provided by the central DC voltage gen 
erator to the units of the chip. The DC Voltage generator 
System having a central DC voltage generator is cumber 
Some, and is Susceptible to contributing to power Supply 
noise and noise croSS-contamination between neighboring 
units. 
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0008 FIG. 1 shows an exemplary conventional regulator 
System 30 of an on-chip DC voltage generator System, which 
is described in U.S. Pat. No. 6,060,873, to Temullo, Jr. et al., 
which is incorporated herein by reference. The regulator 
System 30 receives a boosted Supply Voltage V, a Supply 
voltage V, and a power-up control signal PU, and outputs 
a boost control Signal BC, which is propagated to a charge 
pump (not shown). The regulator system 30 is used to 
convert the externally Supplied power to the Voltage and 
current needed for the chip, while regulating the Voltage 
with stability and noise reduction. The regulator system 30 
controls the charge pump for increasing or decreasing the 
Voltage output by the charge pump accordingly. The Voltage 
output by the charge pump is provided to the various units 
of the chip. 
0009. A further disadvantage of the DC voltage generator 
System having a central DC voltage generator is that in order 
to provide enough current for full Speed operation of the 
chip, in which one or more units operate in a high perfor 
mance mode, the DC Voltage generator System is usually 
designed to meet a highest power consumption condition. 
The charge pumps of the central DC voltage generator are 
controlled to all provide the Same current to the units on the 
chip, even when one or more of the units on the chip are 
operating in a low-performance mode, thus wasting power. 
0010 Furthermore, the conventional DC voltage genera 
tor System having a central DC Voltage generator does not 
generally contribute to power conservation. For example, in 
SOC design power conservation is implemented by using 
low power systems on chip (LP-SOC), which typically uses 
a low-power architecture. When operating in high perfor 
mance mode, all units on an LP-SOC chip work at full 
Speed. When Switching activity is decreased, in which data 
processing Speed and data input/output Slows down and 
Some units are disabled, the chip clock Slows down in order 
to Save power. However, the central DC voltage generator 
operates as usual by providing power to the units, regardless 
of whether the units are disabled or the chip clock output is 
changed, and power may be consumed without actually 
executing data. 
0011. Accordingly, a need exists for a system and a 
method for an SOC DC voltage generator System having a 
network of Small sized distributed local Voltage generators 
providing Scalable Voltage and power levels to different 
units on the chip. A need further exists for a System and 
method for an SOC DC voltage generator system that is 
controlled to operate in accordance with variable perfor 
mance. Finally, a need exists for clock gated local Voltage 
generators for individually controlling each local Voltage 
generator in accordance with a clock signal indicative of a 
low performance mode. 

SUMMARY 

0012. It is an aspect of the present invention to provide a 
system and a method for an SOC DC voltage generator 
System having a network of distributed local Voltage gen 
erators providing Scalable Voltage levels to different units on 
the chip. 
0013. It is a further aspect of the present invention to 
provide a system and method for an SOC DC voltage 
generator System that is controlled for operating in variable 
performance modes. 
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0.014 Finally, it is an aspect of the present invention to 
provide a System and method for clock gated local Voltage 
generators for individually controlling each local Voltage 
generator in accordance with a clock signal indicative of a 
low performance mode. 
0.015 Accordingly, the present invention provides an 
SOC voltage generator System for Supplying at least one 
Voltage level to a plurality of units on a chip having an SOC 
design. The Voltage generator System includes a plurality of 
local DC voltage generators distributed throughout the chip, 
each local DC voltage generator independently Supplying 
Voltage to at least one unit of the plurality of unites, each 
local DC Voltage generator including a regulator System 
outputting one pump control Signal; and a pump system 
receiving the one pump control signal and outputting at least 
one Voltage level in accordance with the one pump control 
Signal. 
0016 Furthermore, the present invention provides a 
method for Supplying Voltage to a plurality of units on a chip 
having an SOC design, the method including the Steps of 
distributing a plurality of local DC voltage generators 
throughout the chip; and Supplying at least one Voltage level 
to the plurality of units via the plurality of local DC voltage 
generatorS. 

BRIEF DESCRIPTION OF THE FIGURES 

0.017. The above and other features of the present inven 
tion will become more apparent from the following detailed 
description of preferred embodiments, taken in conjunction 
with the accompanying drawings, in which: 
0.018 FIG. 1 is a block diagram of a prior art DC voltage 
generator System, 

0.019 FIG. 2 a block diagram of a chip having a system 
on chip design in accordance with the present invention; 
0020 FIG. 3 is a block diagram of a SOC DC voltage 
generator System in accordance with the present invention; 
and 

0021 FIG. 4 is a circuit diagram of a local DC voltage 
generator in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0022. The present invention provides a distributed DC 
Voltage generator System having a plurality of distributed 
local DC Voltage generators. Each of the local DC voltage 
generators converts a voltage provided from an external 
power Supply to an appropriate Voltage level for an associ 
ated unit of a chip having a system on chip (SOC) design. 
Furthermore, each local DC voltage is individually con 
trolled in accordance with a power control Signal and a clock 
control Signal. Hence, the distributed DC Voltage generator 
System of the present invention provides for provision of a 
Scalable Voltage and power level to individual units of the 
chip, and individual Switching on/off of Voltage/power pro 
vision to individual units for conservation of power. The 
present invention also provides a preferred method for 
distributing a Scalable Voltage and power level to individual 
units of the chip controlled by operating conditions of the 
chip to reduce power consumption, while decreasing power 
Supply noise and noise croSS-contamination between neigh 
boring units. 
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0023. With reference to FIG. 2, an exemplary chip 200 
having an SOC design (alternatively referred to as SOC chip 
or SOC) is shown. The SOC chip 200 includes a variety of 
units including a mixed signal unit 202, logic circuit units 
204, a flash memory unit 206, SRAM units 208, a data signal 
processor (DSP) unit 210 and a power control unit (PCU) 
220. Each of the units, other than the power control unit, 
which receives power from the chip Supply Voltage, is 
individually provided with power and/or voltage from an 
associated local DC voltage generator 230. There is no 
power connection between the units of the SOC chip 200. 
0024. Each of the local DC voltage generators 230 is 
controlled through the PCU 220. The PCU 220 generates 
power control signals (PCS(x), where X=1-n for n units) for 
controlling the local DC Voltage generator 230 in accor 
dance with power Saving mode instructions received from an 
external Source, in accordance with a determination of 
performance mode made by a source within the SOC chip 
200, or in accordance with a determination made by the PCU 
220 or a combination thereof. The determination of a 
performance mode is in accordance with detected power 
need, Such as detection of a chip activity level including 
Switching level, input/output (I/O) level and processing 
level. The PCU 220 determines whether the SOC chip 200 
is operating in a high performance mode or in a low 
performance mode and decides which of the local DC 
voltage generators can be disabled. For example, if the PCU 
220 determines that the SOC chip 200 is operating in the low 
performance mode, the PCU 220 generates a “low” PCS(x) 
to selected units or all of the units. If the PCU 220 deter 
mines that the SOC chip 200 is operating the high perfor 
mance mode, the PCU 220 generates a “high” PCS(x) to all 
or Some of the units. Thus, the amount of power provided to 
the units of the SOC chip 200 varies in accordance with the 
performance level of the SOC chip 200. 
0025. In another embodiment, the PCU 220 is capable of 
recognizing N (where N>=2) performance modes in which 
the SOC chip 200 is capable of operating, and generates the 
PCS(x) to each local DC voltage generator 230 in accor 
dance with the recognized performance mode. The combi 
nation of PCS(1-n) generated to all of the DC voltage 
generators varies in accordance with the performance mode 
recognized by the PCU 220. Thus, the amount of power 
provided to the units of the SOC chip 200 varies in up to N 
levels in accordance with the performance level of the SOC 
chip. 

0026. With reference to FIG.3, a distributed DC voltage 
generator System 300 for providing Voltage and/or power to 
the units of the SOC chip 200 is shown. The distributed DC 
voltage generator system 300 includes a plurality of local 
DC voltage generators 230, the PCU 220 and a clock control 
unit (CLKCU) 310. The CLKCU 310 maybe an external 
clock control unit or a clock control macro located on the 
SOC chip 200, which receives and processes an external 
clock signal, or generates and processes a clock signal. The 
CLKCU 310 generates a combined clock enable signal 
(CES) which is divided into individual signals CES(x), 
where X=1-n, corresponding to n DC voltage generators 
230. Furthermore, each CES(x) signal is preferably provided 
to the unit associated with the DC voltage generator 230 
receiving the CES(x) signal. The PCU 220 and the CLKCU 
310 generate individual signals PCS(x) and CES(x) to each 
of the local DC voltage generators 230 for independently 
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controlling the DC voltage generators 230. Each CES(x) and 
PCS(x) controls the on/off switch of the DC voltage gen 
eratorS 230 receiving the Signal. 

0027. It is contemplated that control signals PCS(x) and 
CES(x), alone or in combination, may control different 
modes of operation of the local DC voltage generator 230 
receiving the control signals CES(x) and/or PCS(x). 
0028. In order to provide the proper voltage level(s) to 
each unit, each local DC voltage generator 230 preferably 
includes a voltage pump System 320 for generating one or 
more operating Voltages. The Voltage pump System provides 
the ability to provide a higher operating Voltage level to a 
unit Such as the mixed signal unit 202, and different oper 
ating voltage levels (e.g., Vbb, Vneg and Vpp) for within a 
unit such as a unit having an embedded DRAM macro. 
0029. It is contemplated that a local DC voltage generator 
230 may provide Voltage and/or power Voltage level to one 
or more units. The local DC voltage generator may include 
a pump System for providing one or more Voltage levels. 
0030 FIG. 4 shows an exemplary local DC voltage 
generator 230 including AND gate GI, FET devices F1-3, 
Capacitor C1 and regulator system 412. PCS(x) and CES(x) 
are received by G1 which outputs control signal CS(x) for 
controlling FET F3, preferably an in FET, which Switches the 
regulator system 412 on or off. When either of PCS(x) and 
CES(x) are “low”, CS(x) switches FET F3“off” so that no 
DC current flows to the regulator system 412. When both 
PCS(x) and CES(x) are “high”, CS(x) switches FET F3“on” 
and power Supply voltage V is provided to the regulator 
system 412. FET devices F1, F2, which are preferably pFET 
devices, are cascade transistorS functioning as a voltage 
divider, where the amount of Voltage passing through the 
FET devices F1, F2 is determined by the size of the FET 
devices F1, F2 (in a way similar to relatively bulky resis 
tors). Preferably, the FET devices F1 and F2 are different 
sizes. Capacitor C1 is a decoupling capacitor for reducing 
power Supply noise due to wiring inductance along a Supply 
line connecting the power Supply to the regulator System 
412. Wiring inductance is further minimized by maintaining 
the Supply line to be short. 
0031. The regulator system 412 may be a conventional 
regulator System Such as the prior art regulator System 30 
shown in FIG. 1. The regulator system 412 of the local DC 
Voltage generator 230 associated with each unit may be 
customized to provide the proper Voltage level required by 
that unit. A Voltage V indicative of the power Supply 
voltage V is provided to a Voltage divider (not shown, 
similar to VD 11 of FIG. 1) of the regulator system, and is 
compared to a reference Voltage for determining the value of 
the output control Signal BC which controls a charge pump 
(not shown) for outputting the proper Voltage level to the 
unit. The voltage level output to the unit is selectable by 
Selecting the reference Voltage. Thus, the Voltage level 
output by each local DC voltage generator 230 is selectable 
by Selecting the reference Voltage for the regulator System 
412 of the local DC voltage generator 230. As mentioned 
above, the charge pump may be a charge pump System 
capable of providing different operating Voltage levels to 
one unit, Such as Vbb, Vineg and Vpp. 

0032) When either the PCS(x) and CES(x) signal are 
“low” and CS(x) is “low”, current does not flow to the 
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voltage divider of the regulator system 412 and thus to the 
regulator System 412, and therefore current flow in the local 
Dc voltage generator 230. 
0033. The distributed DC voltage generator system 200 
provides further advantages including power Supply noise 
reduction due to locally Supplied power, where the power 
may be Supplied from the nearest Supply pins. In addition, 
noise cross-contamination between neighboring units is Vir 
tually eliminated as there is no power connection between 
the units due to independent connections between the units 
and the power Source. 
0034) What has been described herein is merely illustra 
tive of the application of the principles of the present 
invention. For example, the Systems described above and 
implemented as the best mode for operating the present 
invention are for illustration purposes only. For instance, 
other design configurations may be used which provide 
Similar operation as the System described herein. In other 
words, other arrangements and methods may be imple 
mented by those skilled in the art and are contemplated to be 
within the Scope of the appended claims. 

In the claims: 
1. A System on chip (SOC) DC voltage generator System 

for Supplying at least one Voltage level to a plurality of 
Subsystems on a chip having an SOC design, each of the 
Subsystems having a plurality of units, the DC voltage 
generator System comprising: 

a plurality of local DC voltage generators distributed 
throughout the chip, each local DC voltage generator 
independently Supplying Voltage to at least one unit of 
the plurality of Subsystems, each local DC voltage 
generator including: 

at least one regulator System incorporated in a Section of 
the local DC voltage generator, a power control unit 
and a clock control unit, wherein each regulator System 
receiving a clock control Signal from Said power con 
trol and clock control units and outputting one pump 
control Signal from the Section of the local DC voltage 
generator, the pump control Signal being based on the 
clock control Signal; and 
a pump System receiving the one pump control Signal 

and outputting at least one Voltage level in accor 
dance with the one pump control Signal. 

2. The SOC DC voltage generator system according to 
claim 1, wherein each local DC voltage generator is located 
proximate to a unit of the plurality of units. 

3. The SOC DC voltage generator system according to 
claim 1, wherein each local DC voltage generator Supplies 
the Voltage level to one unit of the plurality of units. 

4. The SOC DC voltage generator system according to 
claim 1, wherein a Voltage level of the Voltage Supplied is 
Selectable. 

5. The SOC DC voltage generator system according to 
claim 1, wherein each local DC voltage generator is inde 
pendently controlled by a respective control Signal. 

6. The SOC DC voltage generator system according to 
claim 5, wherein each respective control Signal is generated 
by a power control unit in accordance with a power level 
mode at which the chip is operating. 
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7. The SOC DC voltage generator system according to 
claim 6, wherein the power control unit receives instructions 
from an external Source for determining the power level 
mode. 

8. The SOC DC voltage generator system according to 
claim 5, wherein each respective control Signal is generated 
by a clock control unit. 

9. The SOC DC voltage generator system according to 
claim 5, wherein each respective control Signal is generated 
in accordance with an activity level of the chip. 

10. The SOC DC voltage generator system according to 
claim 9, wherein the activity level is one of a Switching 
activity level and an I/O activity level. 

11. The SOC DC voltage generator system according to 
claim 8, wherein the respective control Signal controlling 
one of the local DC Voltage generators is provided to the unit 
asSociated with the local DC voltage generator. 

12. The Voltage generator System according to claim 5, 
wherein each respective control signal controls current flow 
in the local DC voltage generator. 

13. A method for Supplying Voltage to a plurality of 
Subsystems on a chip having an SOC design, each of the 
Subsystems having a plurality of units, the method compris 
ing the Steps of 

distributing a plurality of local DC Voltage generators 
throughout the chip; 

Supplying a clock control Signal to each of the local DC 
Voltage generators, 

generating, in a Section of each local DC voltage genera 
tor, a pump control Signal; 

receiving, with a pump System of each local DC voltage 
generator, the pump control signal; 
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generating, using the pump System, a DC voltage based 
on the pump control signal; and 

Supplying the generated DC voltage to the plurality of 
units of Said plurality of Subsystems. 

14. The method of claim 13, further comprising the step 
of independently controlling each local DC voltage genera 
tor of the plurality of DC voltage generators. 

15. The method of claim 13, further comprising the step 
of independently Selecting a Voltage level to be Supplied by 
each local DC Voltage generator. 

16. The method of claim 14, wherein the step of inde 
pendently controlling includes controlling each local DC 
Voltage generator in accordance with a power mode of the 
chip. 

17. The method of claim 17, wherein the step of inde 
pendently controlling includes controlling each local DC 
Voltage generator in accordance with a clock control Signal. 

18. The method of claim 17, wherein the clock control 
Signal is further provided to Selected units of the plurality of 
units. 

19. The method of claim 14, wherein the step of inde 
pendently controlling includes controlling each local DC 
Voltage generator in accordance with an activity level of the 
chip. 

20. The method of claim 19, wherein activity level is one 
of a Switching level and an I/O level of the chip. 

21. The method of claim 1, wherein the pump control 
Signal is based on the clock control Signal to accommodate 
different System operating modes Selected from one of high 
performance mode and low-power mode. 


