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(57) ABSTRACT 

A device is provided for managing the current consumption 
peak on each powering-up of a domain in an electronic cir 
cuit. A plurality of domains are present and a global power 
Supply grid provides power. Each domain is selectively Sup 
plied by a local Supply grid connected to the global Supply 
grid via a plurality of commanded Switch transistors. A pre 
charge transistor is used to pre-charge a domain at powering 
up. A command circuit controls operation of the Switch tran 
sistors through an analog command signal whose slew rate is 
controlled to ensure that Switch transistor conduction is 
delayed to enable the pre-charge circuit to charge the domain 
to a sufficient degree that activation of the switch transistor 
will not draw excessive current. A detection circuit is config 
ured to compare the instant value of the Supply Voltage with a 
fixed reference Supply Voltage and/or to compare, with the 
value of a fixed command Voltage, the instant value of the 
differential voltage between the global supply voltage and the 
command Voltage. 

22 Claims, 5 Drawing Sheets 
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1. 

DEVICE FORMANAGING THE 
CONSUMPTION PEAK OF A DOMAIN ON 

EACHPOWERING-UP 

PRIORITY CLAIM 

This application claims priority from French Application 
for Patent No. 06 01015 filed Feb. 3, 2006, the disclosure of 
which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1.Technical Field of the Invention 
The present invention relates to SOC systems (“System 

On-Chip'). 
2. Description of Related Art 
SOCs are the result of integrating a more complete system 

on one same chip. Several circuits are grouped together on 
one same chip to form a single electronic component, thereby 
avoiding having to use several chips to group the different 
circuits contributing towards the functioning of one same 
unit. 

Each constituent block of a SOC is called an IP block (for 
Intellectual Property). An IP block is a virtual assembly of 
components representing the component integration know 
how of a company (semiconductor manufacturer or other). 
The function to be integrated may be a physical, material 
function, or a software function (or both at the same time) of 
specific components. Conventionally, a distinction is made 
between types of blocks: 

so-called “soft’ IP blocks (for “software”), with a VHDL 
model for example (language for computer assisted 
design allowing a circuit to be modeled and simulated at 
different abstraction levels) which is used to the synthe 
size the circuit using a library of pre-characterized cells, 
and 

so-called “hard’ IP blocks (for “hardware”) with a tech 
nology-targeted layout. 

A third type of IP block, i.e., memories, can be added to 
these two block types. 
SOC systems are likely to play an increasingly greater role 

in the telecommunications sector in particular. They form a 
fundamental technology for telecommunications equipment 
and determine the services which this equipment is able to 
provide. Technological advance has led to the commercial 
development of portable systems, i.e., battery-operated. Bat 
tery-run products require a sufficient reserve time. This 
reserve time can be increased by energy savings systems. e.g. 
idle or standby modes which are currently insufficient. 

In parallel, the development of SOCs must also meet 
requirements for control of circuit consumption. 

Several techniques intended to control consumption have 
been introduced. The principle developed here is not to place 
the circuit in idle mode but to cut off the power supply to the 
circuit, or part thereof, when the product or part thereof is not 
in use. 

For as long as it receives power, an electronic circuit con 
Sumes energy even if it is not active, chiefly through leakage 
currents which are responsible for static consumption by the 
circuit. These leakage currents are increased with the decreas 
ing size of components (transistors). 

To optimize power distribution, and hence to save power, 
solutions have been put forward to split a circuit into several 
portions and to cut off the power Supply to only part of the 
circuit, i.e., in one or more portions of the circuit not in use. 
The electronic system developed in this manner consists of 

managing several power Supply domains, the SOC being 
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2 
provided with means to cut off the supply to inactive parts 
(domains) of the circuit, while others remain active and hence 
are powered. 
An SOC is an electronic circuit able to execute several 

functions, e.g., audio and/or video reading on a mobile tele 
phone. Under normal conditions of use, all functions execut 
able by the SOC are not executed simultaneously. 
A function is executed by an IP block for example, or by a 

plurality of IP blocks. 
An SOC is also designed as a circuit comprising a sum of 

power Supply domains, called domains. A domain is therefore 
a sub-part of the SOC system and corresponds to one or 
several IP blocks, optionally even to only one part of a block 
in the case of a “soft IP block. 
A domain is therefore able to perform or execute one or 

more functions and a function may be performed or executed 
by one or more domains. However, as a general rule, a func 
tion is equivalent to a domain. 

Power saving consists of cutting off the Supply to areas 
corresponding to a non-used function, which in most cases 
amounts to cutting off the Supply to the domain responsible 
for the function not in use. 
The problem associated with this form of functioning lies 

in each powering-up of a Switched-off domain. It is necessary 
to control the current consumption peak of the domain so as to 
avoid damage thereto, and more especially so as not to penal 
ize other domains that are in use, the consumption peak being 
the peak observed on each powering-up of the domain and 
used to charge its equivalent capacity. 
The prior art contains the document "90 nm low leakage 

SOC design techniques for wireless applications' published 
by IEEE (ISBN 0-7803-8904-2/05) under reference ISSCC 
2005/SESSION 7/MULTIMEDIA PROCESSING/76. The 
Solution proposed in this document consists of designing a 
SOC system comprising several Supply domains and using 
several modes to save on power Supply. The electric Supply is 
distributed using a standard meshing system: a global net 
work to distribute power Supply and ground Supply through 
out the entire SOC, and a sum of local networks reflecting the 
partitioning into domains. The global network is linked to the 
local networks via a certain number of Switches. 

These Switches are incorporated inside the domains, stag 
gered at a regular pitch, or around “hard IP blocks, or both. 
They operate in cascade one after the other. The switches are 
embedded inside the domain, in the standard cells, and each 
switch consists of two PMOS transistors. 
A standard cell is a cell which provides a basic logic func 

tion, e.g., a CMOS inverter. A “soft’ IP block corresponds to 
an assembly layout of a plurality of standard cells. 
The problem with this configuration is that, to ensure 

power Supply, one must reach inside a block of standard cells, 
inside the domain. In addition, the consumption peak is not 
fully controlled, since consumption depends in particular on 
the sequence Switching speed of the Switches. 

There is a need in the art to overcome this shortcoming by 
proposing a different architecture with which it is possible to 
power a standard Supply domain selectively, while control 
ling the current consumption peak. 

SUMMARY OF THE INVENTION 

To address the foregoing need in the art, as well as other 
needs, the present invention concerns a device for managing 
the current consumption peak on each powering-up of a 
domain in an electronic circuit wherein the circuit comprises 
a plurality of domains and a global Supply grid, each domain 
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being selectively Supplied by a local Supply grid connected to 
the global Supply grid via a power Switch commanded by 
command means. 

This device comprises at least one pre-charge transistor 
mounted in parallel with the power Switch, and command 
means of the Switch transistors which are configured togen 
erate an analog command signal whose slew-rate is controlled 
by control means. 

Preferably, the power switch comprises at least one switch 
transistor. 

In the preferred embodiment, the pre-charge transistor or 
transistors are configured to operate in Saturation mode on 
each powering-up of the domain, so that they function as a 
current source delivering a determined maximum intensity. 

Preferably, the power switch comprises a plurality of 
switch transistors, and their number is chiefly determined in 
relation to the consumption of the domain to be supplied. 

In one embodiment, the maximum intensity delivered by 
the pre-charge mechanism is determined in relation to the 
equivalent capacity of the Supply domain and/or to the desired 
duration of the wake phase (powering up) of the Supply 
domain. 

Advantageously, the value of the maximum intensity deliv 
ered by the pre-charge transistors is dynamically adaptable, 
by selecting the number of active pre-charge transistors or 
their size. In the preferred embodiment, each domain com 
prises one to four pre-charge transistors. 

Also, the slew-rate control means are advantageously 
adaptable. 

Preferably, the adaptation of slew-rate control is correlated 
with the pre-charge mechanism so as to have a high slew-rate 
of the command signal when the pre-charge delivers a strong 
current, and a low slew-rate of the command signal when the 
pre-charge delivers a weak current. 

Advantageously, the slew-rate mechanism is such that the 
grid of transistors of the power switch is supplied with a 
COnStant Current. 

The slew-rate control mechanism is advantageously 
adapted in relation to the maximum intensity delivered by the 
pre-charge mechanism. 

Preferably, the slew-rate control means are configured so 
that the current passing through the power Switch, at the time 
of powering-up, is at all times lower than the maximum 
intensity delivered by the pre-charge means. 

Preferably, the time required by the slew-rate control 
mechanism to achieve Switching (threshold Voltage) of the 
power switch is substantially equal to the time needed by the 
pre-charge mechanism to deliver most of the total charge to be 
sent to the Supply domain in order to charge its equivalent 
capacity. 

Advantageously, the device of the invention is configured 
so that the maximum charge delivered by the pre-charge 
transistors is approximately equal to 80% of the total charge 
of the domain to be charged. 

Advantageously, the number of Switch transistors in the 
power switch—or their size, i.e., their W/L ratio between the 
width W of the channel and its length L. depends on the 
operating current of the domain. Preferably, the switch tran 
sistors are PMOS transistors, identical per domain and whose 
number per domain may vary. 

With the configuration of the invention, the total charge 
time of a domain may be known in advance. 

In one embodiment, the device of the invention also com 
prises detection means, integrated in the command means, 
and configured to compare the instant value of the Supply 
voltage to the supply domain with the value of a fixed refer 
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4 
ence Supply Voltage and/or to compare the instant value of the 
command Voltage with the value of a fixed command Voltage. 

Preferably, the supply voltage and the reference command 
Voltage are both the Supply Voltage of the global Supply grid. 

Typically, the command current of the power switch is the 
command current of the Switch transistor grids of the power 
switch. 
On a structural level, the device of the invention is such that 

the power Switch and/or the pre-charge Switches are advan 
tageously mounted on the periphery of the domain. 

Preferably, the global routing grid is positioned in the 
higher metallization layers of the circuit, and the power 
switch is positioned in the silicon underneath the lower met 
allization layers. 

Also preferably, the structure of the device of the invention 
comprises Supply rings. These Supply rings are metallization 
rings. Preferably, they are positioned in the lower metalliza 
tion layers. In the preferred embodiment, they are positioned 
in the second metallization layer, the first layer being used in 
this case as a connector with the Switch. 

In one embodiment, the device of the invention therefore 
also comprises at least one first outer Supply ring Supplying 
outside power to the domain, by connection between this 
outer metallization ring and the global Supply grid, and a 
second inner Supply ring Supplying inside power to the 
domain, by connection between this inner metallization ring 
and the local Supply grid, one of these rings being connected 
to the input and the other to the output of the switch transis 
tOrS. 

Preferably, the input of the power switch is connected to the 
outer ring, and the output to the inner ring. The connection 
may possibly be reversed to position the power switch no 
longer on the global Supply line but on the ground line. 
The connection between the power switch and the supply 

rings is made via interconnection holes, more commonly 
called “vias'. A “via” is a vertical metallized hole allowing 
electric connection between two adjacent layers of an inte 
grated circuit. 
The connection between the Supply rings and the global 

and local grids is also made by Vias. 
With this configuration, a domain Surrounded with rings 

forms a secured entity which, seen at the upper layer, may 
appear identical to a conventional domain with no rings. 

Preferably, the command means, i.e., the control-com 
mand device and/or the pre-charge transistors, are positioned 
under at least one of the Supply rings. 

Advantageously, the position of the Switch transistors of a 
power Switch under the rings is known. 

In the preferred embodiment, the device of the invention 
also comprises at least one command ring configured to bring 
the command signals to the Switch transistors of the power 
Switch. A command ring is a metallization ring dedicated to 
commanding the power Switch, or more exactly to command 
ing the transistors of the power Switch. 

In one embodiment, the device of the invention comprises 
a command ring dedicated to commanding the circuit-breaker 
on the Supply line. 

In another embodiment, the device of the invention com 
prises a command ring dedicated to commanding the power 
Switch on the ground line. 

In another embodiment, the device of the invention com 
prises two command rings, one intended to command the 
circuit-breaker on the supply line having PMOS transistors, 
and the other to command the power Switch on the ground line 
having NMOS transistors, making it possible to use power 
Switches on the Supply and/or ground lines. 
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Advantageously, the command signals are conveyed, in the 
vicinity of the domains, by narrow metallization command 
rings. These command rings are preferably positioned in the 
lower metallization layers. In one preferred embodiment, 
they are positioned in the second metallization layer. 

In one embodiment, the command rings are positioned 
outside the Supply rings. 

In one preferred embodiment, all the rings (Supply and 
command) are concentric. By concentric it is meant that the 
arrangement of each ring is such that it has similar perimeter 
Scaling to the domain it surrounds. 

In the preferred embodiment, the local Supply grids are at 
the same metal layer as the general Supply grid. 

Therefore the global routing grid can be partitioned into a 
plurality of areas, above and around the domains, so as to 
create one or a plurality of local routing grids, each above a 
respective Supply domain and preferably having Substantially 
the same Surface area as the respective domain. 

With this partitioning, the global and local grids are posi 
tioned at the same metallization layer. 

In an embodiment, an integrated System-On-Chip (SOC) 
circuit comprises: a power domain for each Sub-part of an 
SOC system provided by the integrated SOC circuit; a circuit 
breaker power Switch transistor connected to selectively Sup 
ply power to the power domain from a global Supply, the 
circuit breaker power Switch transistor including a control 
terminal receiving an analog command signal; and a com 
mand circuit which generates the analog command signal to 
have controlled slew-rate on powering-up of the power 
domain such that conduction of the circuit breaker power 
Switch transistoris delayed while a pre-charge circuit charges 
the power domain. 

In another embodiment, an integrated System-On-Chip 
(SOC) circuit comprises: a plurality of circuit sub-parts of an 
SOC system; and a plurality of power domains, wherein at 
least one circuit Sub-part is associated with one power 
domain. Each power domain comprises: a circuit breaker 
power Switch transistor having a pair of conduction terminals 
and a control terminal, the control terminal receiving an ana 
log command signal, a first terminal connected to receive 
power from a global Supply and a second terminal connected 
to the power domain; and a pre-charge circuit operable on 
powering-up of the power domain to source a limited first 
charging current to the power domain from the global Supply. 
The circuit further comprises a command circuit that gener 
ates the analog command signal which has a controlled slew 
rate on powering-up of the power domain to delay conduction 
of the circuit breaker power switch transistor so that the 
circuit breaker power Switch transistor Sources a second 
charging current to the power domain from the global Supply 
which does not exceed the limited first charging current. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the method and appa 
ratus of the present invention may be acquired by reference to 
the following Detailed Description when taken in conjunc 
tion with the accompanying Drawings wherein: 

FIG.1a shows the transitional phase at the time of applying 
the command signal for (re-)powering-up: 

FIG. 1b shows the changes in Supply Voltages to the 
domain and in the command signal of the Switches; 

FIG. 1c shows the changes in consumed current during the 
transitional phase; 

FIG. 2 is a schematic, perspective view of part of the device 
according to the invention; 

FIG.3a is an overhead view of a domain of the invention, 
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6 
FIG. 3b is an enlarged view of the superimposition of the 

rings according to the invention, 
FIG. 4 is a diagram of one embodiment of a current detector 

with mirrors, for the Supply Voltage, and 
FIG.5 is a diagram of one embodiment of a current detector 

with mirrors, for the command Voltage. 

DETAILED DESCRIPTION OF THE DRAWINGS 

All FIGS. 1a, 1b and 1c show signal changes in volts (V) 
(FIGS. 1a and 1b) or in amperes (FIG. 1c) for one same 
arbitrary time reference (t). 
The present invention proposes a single device for manag 

ing the transitional phases, allowing control over the current 
peak on each powering-up of a domain, the device being 
interfaced with the remainder of the circuit, e.g., to receive 
opening/closing commands of the power Switch. 
A Supply domain, or Sub-block, that is inactive and non 

powered is likened to a discharged capacity. When this sub 
block must be activated, it must change from its switched-off 
state (logic status 0) to its powered State (logic status 1) as 
shown in FIG. 1a, i.e., the Supply management device must 
Supply it with the current necessary for charging its equivalent 
capacity, as shown FIG. 1c. 
The time needed for changeover from logic status Otologic 

status 1, between input MACROEN and output VOK of a 
domain, is a transitional phase during which the charges 
(current) are brought to the domain, the domain not being 
functional during this lapse of time. 

This charge rise must be made during a necessarily short 
time, which causes a current peak (first peak in FIG. 1c) 
which must be controlled to ensure proper functioning of the 
circuit. 

The shorter the transitional phase, the more rapidly the 
charges must be conveyed and, in the absolute, to obtain a 
transitional phase of Zero duration it would be necessary to 
provide an infinite current. 
The problem with the peak of current consumption on each 

powering-up of a Switched-off domain is related to the pres 
ence of other domains of which some are powered and are 
functioning. 
The supply to a SOC circuit is distributed to all its domains 

by a global Supply grid, and a plurality of local grids. The 
Voltage required for each powering-up of a Switched-off 
domain is therefore necessarily provided by the global supply 
grid. 

However, a global Supply grid is sized for the domains 
contained in the SOC circuit. The voltage needed for each 
powering-up of a Switched-off domain is therefore made, to a 
certain extent, “to the detriment of the domains already in 
operation. 
On each powering-up of a domain, the global Supply grid 

undergoes major Voltage differences whose consequences, 
for the domains in operation if the consumption peak is not 
controlled, may be data losses, calculation errors and even 
power cut-offs in the most extreme cases. 
The problem related to the partitioning of a circuit into 

domains is to prevent the Sudden increase (transitional over 
consumption) of current, and the dynamic Voltage drop or “IR 
drop' when the current is restored in a given domain. 

These drops in potential may significantly deteriorate the 
performance of the circuit's logic gates. This deterioration is 
even greater with new technologies working with lower Volt 
ages and transistors which are more sensitive to Voltage varia 
tions. 
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Controlling the consumption peak of the current on each 
powering-up of a Supply domain according to the invention is 
achieved by the structure described below. 
The structure of the invention includes in particular: 
a pre-charge mechanism of the Supply domains capacity, 

preferably integrated in the control-command device 
CTRL of the consumption peak, 

at least one power Switch comprising a plurality of 
Switches between the global and local Supply grids, and 

a mechanism for controlling the slew rate of the command 
signal of the circuit-breaker, integrated in the control 
command device, configured to generate an analog.com 
mand signal. 

The circuit-breaker is commanded by a command device 
which generates a command signal (SWVDDCMD in FIG. 
1b). Typically, the command signal is conveyed as far as the 
grids of the switch transistors (PMOS) of the power switch, 
and the Voltage value of the command signal selectively 
causes a transistor to change from a blocked status to the pass 
status or the reverse, thereby connecting or disconnecting the 
local grid from the global grid. The Voltage at the domain 
terminals changes as shown by the signal SWVDD in FIG.1b. 

Preferably, the pre-charge mechanism of the supply 
domains capacity comprises one or more transistors in Satu 
ration mounted in parallel. The use of MOS transistors in 
saturation mode allows the current to pass through the tran 
sistor's channel in a manner that is practically independent of 
the Voltage prevailing at its terminals. With this configuration, 
it is possible to deliver a determined maximum intensity 
corresponding to the first Imax peak in FIG. 1c. 

FIG. 1c shows the changes in consumed current 
ISWITCHES in a domain during the transitional phase, on the 
re-powering up of a device according to the invention. 

Determination of the maximum intensity Imax is made 
according to the type of transistors used in this pre-charge 
mechanism, and to the number thereof placed in activity on 
each powering-up of the domain. 

Advantageously, the pre-charge mechanism comprises 
selective activation means of the number of pre-charge tran 
sistors. 
The circuitbreaking functions and consumption peak man 

agement functions are preferably inserted between the global 
routing grid and the local routing grid (FIG. 3). 
Management of the slope of the Voltage signal command 

ing conduction of the channel in a MOS transistor is also 
called "slew-rate control” (FIG.1b). This allows good control 
over the duration of the changeover from the non-conductive 
state to the conductive state of the Switch transistor, and hence 
limits the current passing through it. This slew-rate control is 
applied to the grid of switch transistors of the power switch, 
and enables adjustment of the dynamics of current creation at 
the output. These dynamics are adjusted by means of an 
analog command signal. 

Regarding dynamics, when a powering-up command for a 
Supply domain is sent by the global part of the circuit towards 
the device managing Supply to the domain concerned, the 
means of the structure according to the invention operate as 
described below. 
The pre-charge mechanism injects a controlled current into 

the capacity of the Supply domain, the latter still being inac 
tive. Local Voltage therefore increases at a rate imposed by 
current variation. 
At the same time, the slew-rate control mechanism, pref 

erably slowly, causes the Voltage of the command signal of 
the power switch to vary (signal SWVDDCMD in FIG. 1b). 

For as long as the threshold voltage of the power switch is 
not reached, only the pre-harge device consumes power. 
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8 
When the threshold voltage of the power switch is reached, 

it starts to close. And, by means of the pre-charge device, the 
quantity of charge remaining to be supplied to the Supply 
domain is low. 
The pre-charge mechanism allows the Voltage of the 

domain to be brought close to its final value, and allows the 
slew-control mechanism to time-spread the passing of the 
remaining charge (second current consumption peak in FIG. 
1c) and hence to limit the maximum intensity of this second 
consumption peak. 

Therefore through the combined effect of a lesser quantity 
of charge to be supplied, due to the pre-charge, and relatively 
resistive behavior of the power switch at this instant, through 
slew-rate control, the current consumed on closing the power 
Switch is low and at all events remains Smaller than the pre 
charge current. 
The maximum value of the second current consumption 

peak, corresponding to Switching of the circuit-breaker, 
remains lower than the maximum intensity of the pre-charge 
current due to the ratio between the equivalent capacity of the 
domain and the minimum number of Switch transistors in the 
power Switch, for a given technology. For example, in 65 nm 
technology the minimum number of Switch transistors of the 
power switch, i.e., the ratio W/L, is 300 times the equivalent 
capacity (nE). 
From a structural viewpoint, in the preferred embodiment 

of the invention, the SOC system comprises several supply 
domains, the domains being delimited by forming rings 
inside the core of the circuit. Each Supply domain is Sur 
rounded by an assembly of rings. 

FIG. 2 is a schematic, perspective view of an embodiment 
of the invention comprising a domain DOM surrounded by an 
assembly of rings. 

This assembly comprises several types of rings: 
at least two wide metallizing rings, preferably concentric, 

defining at least one outer ring CE and one inner ring CI. 
in which the outer ring Supplies outside energy to the 
Supply domain and the inner ring is the Supply of the 
Supply domain, and 

at least one narrow metallization ring CMD, preferably 
arranged outside the wide rings, and enabling the con 
veying of the command signals. 

The embodiment shown in this FIG. 2 comprises two com 
mand rings CMD, i.e., one per type of power switch (a PMOS 
on the supply line and a NMOS on the ground line). In the 
embodiment in which a single type of power Switch is used, 
on the Supply or ground line, only a single command ring 
CMD is needed. 
The outer ring CE and the inner ring CI of the wide met 

allizing rings are connected together by at least one power 
switch CC, positioned in the silicon layer Si and whose ter 
minals are directly connected to each of the rings. 
The power supply distribution for the entire circuit towards 

the outer ring, and the power Supply of the Supply domain 
from the inner ring can be achieved using the conventional 
routing grid method. 

Typically, a routing grid is a meshing of horizontal and 
vertical metal rails on two metallization layers, which covers 
the core of the circuit. 

According to the invention the, single, global routing grid 
GG is partitioned into a plurality of areas, so as to create a 
plurality of local routing grids LG, each above a respective 
Supply domain, and which are no longer directly electrically 
interconnected by the metal rails. 
The connection of the local routing grids with the global 

grid is made by vertical VIA connections. In one preferred 
embodiment these vertical connections are made firstly 
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between the edges of each local routing grid LG and the inner 
Supply ring CI, and secondly between the partitioning edges 
of the global routing grid GG and the outer Supply ring CE. 
The device of the invention comprises a control-command 

device CTRL which particularly includes the pre-charge 
mechanism (pre-charge transistors PCTr mounted in parallel 
with the power switch CC) and a slew-rate control mecha 
nism. Preferably this control-command device CTRL is 
arranged underneath the assembly of rings, in the silicon layer 
Si. Also preferably, this management device CTRL is directly 
connected to the narrow command rings CMD as shown by 
the dotted lines in FIG. 2. 

The control-command device CTRL, via the slew-rate con 
trol mechanism, generates a command signal shown by an 
outgoing arrow in FIG. 2, and this signal transits on the 
narrow metallization rings CMD as far as the power switch 
CC as represented by the incoming arrow. The control-com 
mand device CTRL therefore integrates the command means. 

Therefore, the functions of the power switch are inserted 
between the global routing grid GG and the local routing grid 
or grids LG. 

Through this configuration, the metallization layers used 
for the routing grids are the same for the management of 
several Supply domains as for a conventional, prior art device. 

In addition, within one same Supply domain, the local 
routing grid is of conventional construction as in a circuit only 
comprising one Supply domain. The assembly of the Sub 
functions of the Supply domain can therefore be made using 
conventional assembly methods. The assembly of the Supply 
domains, then of the overall final circuit, cantherefore be seen 
as a mere change in Scale, as shown FIG. 3a. 

FIG. 3a is a schematic illustration of FIG. 2 as seen from 
overhead. The global grid GG can be seen that is partitioned 
so as to form a local grid LG. Underneath the grids all the 
ringS COUR can be seen, enabling the grids to be connected 
together through the vias VIA. 

FIG. 3b is a schematic illustration of area A in FIG. 3a, 
under the routing grids. This figure is an exploded view of the 
metallization rings and of the power Switch. 
The silicon layer Si, the first metallization layer N1 and the 

second metallization layer N2 are in fact Superimposed. 
At the silicon layer Si, the power switch CC is formed of a 

transistor comprising a source S, a gate G and a drain D. The 
vias connecting a metal layer N to an adjacent layer N+1 are 
shown by identical graphical symbols between two Superim 
posed layers. 

Therefore, the gate G of the power switch is connected to 
the ring of the second metallization layer N2 by two vias, one 
between the silicon and the first layer N1, and the other 
between the first layer N1 and the second layer N2. With this 
configuration, the gate G is therefore connected to the con 
trol-command device CTRL. 

Similarly, the source S of the transistor of the power switch 
is connected to the global grid GG, and the drain D to the local 
grid LG by means of the metallization rings of the second 
layer N2 comprising vias between this second layer and the 
respective grid (not shown FIG. 3b). 

Preferably, the power switch CC is made from transistors 
connected in parallel. The commands of these transistors are 
all connected to a single metal integrated in a ring CMD and 
allowing transmission of the command signal of the power 
switch. 
Use is made of the presence of a threshold voltage for the 

MOS transistors and their more resistive behavior for a com 
mand Voltage close to this threshold Voltage, according to the 
principle of the slew-rate control mechanism, to reduce the 
peak of the current passing through the power Switch, i.e., to 
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10 
time-spread the charges remaining to be provided in order to 
charge the equivalent capacity of the Supply domain, which 
corresponds to the second peak in FIG. 1c. With these 
arrangements, the maximum intensity delivered at the time of 
the second peak is lower than the maximum intensity Imax 
delivered by the pre-charge mechanism. 
The present invention may also comprise a verification 

device. One conventional method allowing a comparison to 
be made between two voltage levels is based on a differential 
pair. This method has advantages of accuracy and rapidity, but 
also the disadvantages of complexity through polarization 
currents, and disadvantages of limited Voltage range for the 
signals to be compared. 
The solution of the invention is based on assemblies of 

current mirrors, the Voltages to be compared being converted 
into currents. One embodiment for the Supply Voltage is 
shown FIG. 4. 

In the preferred embodiment, the device of the invention 
comprises detection means, integrated in the control-com 
mand device CTRL, and configured to compare the instant 
value of the supply voltage SWVDD with the value of a fixed 
reference supply voltage ALIM REF and/or to compare, with 
the value of a fixed command Voltage, the instant value of the 
differential voltage between the global supply voltage and the 
command voltage SWVDDCMD. 

Preferably, the value of the fixed reference supply voltage 
and the value of the fixed reference command voltage are both 
the voltage delivered by the global supply grid. 
The structure of the invention may therefore also comprise: 
a detector, integrated in the control-command device 
CTRL, allowing verification that the level of the supply 
voltage of the supply domain is higher than a threshold 
level, and 

a detector, integrated in the control-command device 
CTRL, allowing verification that the variation in the 
command signal of the power Switch has varied beyond 
a threshold level. 

The detectors on the inner Supply and on the command 
signal of the power Switch detect a high inner Voltage and a 
command signal below the threshold voltage value of the 
power switch. 
Only the detector of the supply voltage level is shown FIG. 

4. A similar assembly can be used for the detector on the 
command line, and shown FIG. 5. 

For the detector of the inner supply voltage level, FIG. 4, 
the objective is to compare the level of this supply SWVDD 
with the level of the external supply ALIM REF. 

For this purpose, a device similar to a resistance, such as a 
PMOS MR1 transistor for the reference supply voltage 
ALIM REF, and a PMOS MR2 transistor for the domain 
supply voltage SWVDD, converts the level of each voltage 
into a current which is copied and multiplied by the current 
mirror assemblies. 

Current copies are generated by a mirror of PMOS type for 
one thereof and of NMOS type for the other. The outputs of 
mirrors N and P are connected together. The voltage of this 
node is therefore dependent on the relative value of the cur 
rents copied either side. 

Therefore, the current of MR1 is copied by mirror NMOS 
MIR1 (M MIR11 and M MIR1 2), then by mirror PMOS 
MIR2 (M MIR2 1 and M MIR2 2). 
The current of MR2 is copied by mirror NMOS MIR 3 

(M MIR3 1 and M MIR3 2) with, in this embodiment, an 
amplification ratio of three. 
The outputs of mirrors MIR2, i.e. PMOS M MIR 2 2. 

and MIR3, i.e., NMOS M MIR 3 2, are connected at a point 
A. 
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After shaping by an inverter assembly M OUTP and 
M OUTN in FIG.4, this voltage becomes the output signal of 
the detector which is either on the ground or the supply 
voltage line of the detector in relation to the detected state. 
The detector threshold is determined by the differential of the 
amplification ratios of the two currents. 

Similarly, the detector in charge of comparing the Voltage 
of the command signal of the power switch SWVDDCMD 
with the threshold voltage of the power switch, as described 
above, converts into a current firstly the control Voltage and 
secondly the external Supply Voltage used as reference. 

Through the use of a current mirror device similar to the 
one just described, a signal is obtained indicating that the 
Voltage of the command signal has varied by a value depen 
dent upon the amplification ratios of the mirrors. 
As shown FIG. 5, a device likened to a resistance, such as 

a NMOS MR51 transistor for the reference supply voltage 
ALIM REF, and a NMOS MR52 transistor for the command 
voltage SWVDDCMD, converts the level of each voltage into 
a current which is copied and multiplied by the current mirror 
assemblies. 

Unlike the detector on the supply line, shown FIG. 4 and in 
which the Voltage is measured with respect to ground, the 
Voltage here is measured with respect to the Supply Voltage. 
The current of MR51 is copied by mirror PMOS MIR51 

(M MIR511 and M MIR512) with, in this embodiment, 
an amplification ratio of three, then by mirror NMOS MIR52 
(M MIR52 1 and M MIR52 2). 
The current of MR52 is copied by mirror PMOS MIR53 

(M MIR53 1 and M MIR53 2) with, in this embodiment, 
an amplification ratio of nine. 

The outputs of mirrors MIR52, i.e., transistor NMOS 
MMIR52 2, and MIR53, i.e., transistor PMOS 
M. MIR53 2, are connected at a point B. 

Shaping is achieved by a NMOS PMOS inverter assembly 
between point B and the output SWVDDCMDLOWN in 
FIG.S. 

The polarity of the output signal SWVDDCMDLOWN is 
Such that its Voltage is Zero when the value of the command 
signal SWVDDCMD is below the threshold. 

With this configuration, the solution of the invention no 
longer requires a polarization current. In addition, thresholds 
can advantageously be used that are close to the Supply Volt 
age or to ground. 
The combination of these two detections forms the end of 

the transitional (re)powering-up phase. The command signal 
is then placed in closed power Switch position so that the 
power Switch has low resistance. Similarly, a signal is gener 
ated to indicate to the external part of the circuit that the 
Supply domain is henceforth correctly Supplied and may 
become active. 

The output signal VOK in FIG. 1a is the logic AND com 
bination of the logic signals derived from the two detections. 
This combination is in logic status 1 when a high internal 
voltage level and a low switch grid level is detected. 
When this output signal is in logic status “1, the SOC 

replaces the domain in operation, in particular by resetting the 
clocks and flip-flops. 

Although preferred embodiments of the method and appa 
ratus of the present invention have been illustrated in the 
accompanying Drawings and described in the foregoing 
Detailed Description, it will be understood that the invention 
is not limited to the embodiments disclosed, but is capable of 
numerous rearrangements, modifications and Substitutions 
without departing from the spirit of the invention as set forth 
and defined by the following claims. 
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12 
What is claimed is: 
1. A device for managing the current consumption peak on 

each powering-up of a domain, comprising: 
a System-On-Chip (SOC) system which includes a plural 

ity of domains and a global power Supply grid, each 
domain being selectively Supplied by a local power Sup 
ply grid connected to the global Supply grid via a power 
Switch commanded by a control circuit integrated in a 
control-command device; 

at least one pre-charge transistor connected in parallel with 
the power switch between the global supply grid and the 
local power Supply grid; and 

wherein the control circuit for the power switch is config 
ured to generate an analog command signal whose slew 
rate is controlled. 

2. The device inclaim 1, wherein each pre-charge transistor 
is configured to function in Saturation mode on each power 
ing-up of the domain, so as to function as a current source 
delivering a determined maximum intensity. 

3. The device in claim 2, wherein the control circuit is 
configured so that a current passing through the power Switch 
on powering-up is always lower than the determined maxi 
mum intensity delivered by the pre-charge transistor. 

4. The device in claim 2, comprising several pre-charge 
transistors, and wherein the value of the determined maxi 
mum intensity delivered by the pre-charge transistors is 
dynamically adaptable by selecting the number or size of the 
active pre-charge transistors. 

5. The device of claim 1, further comprising detection 
means, integrated in the control-command device, and con 
figured to compare an instant value of a supply Voltage with a 
value of a fixed reference Supply Voltage. 

6. The device of claim 1, wherein the power switch and/or 
the pre-charge transistor are mounted on the periphery of the 
domain. 

7. A device for managing the current consumption peak on 
each powering-up of a domain, comprising: 

a System-On-Chip (SOC) system which includes a plural 
ity of domains and a global power Supply grid, each 
domain being selectively Supplied by a local power Sup 
ply grid connected to the global Supply grid via a power 
Switch commanded by a control circuit integrated in a 
control-command device; 

at least one pre-charge transistor connected in parallel with 
the power switch between the global supply grid and the 
local power Supply grid; and 

wherein the control circuit for the power switch is config 
ured to generate an analog command signal whose slew 
rate is controlled; and 

further comprising at least one first outer Supply ring Sup 
plying outside power to the domain, by connection 
between this outer ring and a global Supply grid, and a 
second inner Supply ring Supplying inside power to the 
domain, by connection between this inner ring and a 
local Supply grid, one of these rings being connected to 
an input and the other to an output of the power Switch. 

8. The device of claim 7, further comprising at least one 
command ring configured to bring the command signals to 
the power switch. 

9. The device in claim 8, wherein the command ring is 
positioned outside the Supply rings. 

10. The device of claim 7, wherein the control-command 
device and/or the pre-charge transistors are positioned under 
at least one of the Supply rings. 
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11. The device of claim 7, wherein the global routing grid 
is partitioned into a plurality of areas, so as to create a plural 
ity of local routing grids each above a respective Supply 
domain. 

12. An integrated System-On-Chip (SOC) circuit, com 
prising: 

a power domain for each sub-part of an SOC system pro 
vided by the integrated SOC circuit; 

a circuit breaker power Switch transistor connected to 
Selectively supply power to the power domain from a 
global Supply, the circuit breakerpower Switch transistor 
including a control terminal receiving an analog com 
mand signal; 

a pre-charge circuit transistor adapted to charge the power 
domain from the global Supply; and 

a command circuit which generates the analog command 
signal to have controlled slew-rate on powering-up of 
the power domain such that conduction of the circuit 
breaker power switch transistor is delayed while the 
pre-charge circuit transistor charges the power domain. 

13. The circuit of claim 12 wherein the pre-charge circuit 
comprises at least one transistor, actuated in Saturation on 
powering-up of the power domain. 

14. The circuit of claim 13 wherein the at least one tran 
sistor is mounted in parallel with the circuit breaker power 
Switch transistor. 

15. An integrated System-On-Chip (SOC) circuit compris 
ing: 

a power domain for each sub-part of an SOC system pro 
vided by the integrated SOC circuit; 

a circuit breaker power Switch transistor connected to 
selectively supply power to the power domain from a 
global Supply, the circuit breakerpower Switch transistor 
including a control terminal receiving an analog com 
mand signal; and 

a command circuit which generates the analog command 
signal to have controlled slew-rate on powering-up of 
the power domain such that conduction of the circuit 
breaker power switch transistor is delayed while a pre 
charge circuit charges the power domain; 

wherein the delay in conduction of the circuit breaker 
power Switch transistor ensures, during powering-up, 
that a current passing through the circuit breaker power 
Switch transistor is less than a current passing through 
the pre-charge circuit. 

16. An integrated System-On-Chip (SOC) circuit compris 
ing: 

a power domain for each sub-part of an SOC system pro 
vided by the integrated SOC circuit; 

a circuit breaker power Switch transistor connected to 
Selectively supply power to the power domain from a 
global Supply, the circuit breakerpower Switch transistor 
including a control terminal receiving an analog com 
mand signal; 

a command circuit which generates the analog command 
signal to have controlled slew-rate on powering-up of 
the power domain such that conduction of the circuit 
breaker power switch transistor is delayed while a pre 
charge circuit charges the power domain; and 

further comprising a pair of Supply rings Surrounding the 
power domain, wherein conduction terminals of the cir 
cuit breaker power switch transistor are connected to the 
pair of rings, and wherein an innerring Supplies power to 
the power domain and an outer ring receives power from 
the global Supply. 
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17. An integrated System-On-Chip (SOC) circuit, com 

prising: 
a plurality of circuit sub-parts of an SOC system; 
a plurality of power domains, wherein at least one circuit 

Sub-part is associated with one power domain, and each 
power domain comprising: 
a circuit breaker power Switch transistor having a pair of 

conduction terminals and a control terminal, the con 
trol terminal receiving an analog command signal, a 
first terminal connected to receive power from a glo 
bal Supply and a second terminal connected to the 
power domain; and 

a pre-charge circuit operable on powering-up of the 
power domain to Source a limited first charging cur 
rent to the power domain from the global Supply; and 

a command circuit that generates the analog command 
signal which has a controlled slew-rate on powering-up 
of the power domain to delay conduction of the circuit 
breaker power switch transistor so that the circuit 
breaker power Switch transistor sources a second charg 
ing current to the power domain from the global Supply 
which does not exceed the limited first charging current. 

18. The circuit of claim 17 wherein the pre-charge circuit 
comprises at least one transistor, actuated in Saturation on 
powering-up of the power domain. 

19. The circuit of claim 18 wherein the at least one tran 
sistor is mounted in parallel with the circuit breaker power 
Switch transistor. 

20. The circuit of claim 17 further comprising a pair of 
Supply rings Surrounding the power domain, wherein the first 
and second conduction terminals of the circuit breaker power 
switch transistor are connected to ones of the pair of rings, 
respectively, and wherein an inner ring Supplies power to the 
power domain and an outer ring receives power from the 
global Supply. 

21. A device, comprising: 
a plurality of power domains and a global power Supply 

grid, each power domain being selectively Supplied by a 
local power Supply grid connected to the global Supply 
grid via a power Switch; 

a control circuit adapted to generate an analog command 
signal, whose slew-rate is controlled, for application to 
the power switch; 

at least one pre-charge transistor mounted in parallel with 
the power switch; and 

a detection circuit adapted to compare an instant value of a 
Supply Voltage on the local power Supply grid with a 
value of a fixed reference Supply Voltage to output a 
signal indicative of power status. 

22. A device, comprising: 
a plurality of power domains and a global power Supply 

grid, each power domain being selectively Supplied by a 
local power Supply grid connected to the global Supply 
grid via a power Switch; 

a control circuit adapted to generate an analog command 
signal, whose slew-rate is controlled, for application to 
the power switch; 

at least one pre-charge transistor mounted in parallel with 
the power Switch, the pre-charge transistor configured to 
function in Saturation mode as a current Source to deliver 
a current of certain intensity; and 

wherein a current passing through the power Switch is 
always lower than the certain intensity of current deliv 
ered by the pre-charge transistor. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 7,671,623 B2 Page 1 of 1 
APPLICATIONNO. : 1 1/70 1973 
DATED : March 2, 2010 
INVENTOR(S) : Fabrice Blisson 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

In the Specification: 

At Column 7, line 67, please delete the word 

“pre-harge 

and insert the corrected word 

-- pre-charge -- 

Signed and Sealed this 
Seventeenth Day of May, 2011 

. g 

David J. Kappos 
Director of the United States Patent and Trademark Office 
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