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(57) ABSTRACT 

A poWer management system is disclosed. The system 
includes an oscillator interface for use in a poWer manage 
ment system, a poWer recycle circuit for use in a poWer 
management system, a pad clock and self test for use in a 
poWer management system, a clock enable circuit for use in 
a poWer management system, a poWer level detect circuit for 
use in a poWer management system, an internal source clock 
generation circuit for use in a poWer management system, 
and a poWer-save mode change detection circuit for use in 
a poWer management system. The oscillator interface 
includes an interface circuit for interfacing With an external 
oscillator used as a source of oscillations. A clock stabili 
zation ?lter masks out spurious crystal frequencies in the 
oscillations during start-up of the poWer management sys 
tem folloWing an enabling of a feedback loop. The clock 
stabilization ?lter has circuitry Which provides that the 
oscillations Will start With a rising transition after ?ltering. 
A bypassing circuit enables the clock stabilization ?lter 
When the external oscillator is a crystal oscillator and for 
bypassing the clock stabilization ?lter When the external 
oscillator is a can oscillator. A masking circuit masks the 
oscillations from the rest of the poWer management system. 
The masking circuit has circuitry Which disables the clock 
masking after a falling edge of the oscillations and starts 
back up With a rising transition of the oscillations. 











Patent Application Publication Jul. 5, 2001 Sheet 5 0f 14 US 2001/0007113 A1 

mm .05 n wmnoc OP Ex 

maiwslwwm o E33 6 We“ 39¢ a _nm 623» a . 

/l__ a 

20mm mum m2. 
< 020m 

52: 
c 

WEE. 

25m 55 

NJvmS ?dvmwhlzculia 





Patent Application Publication Jul. 5, 2001 Sheet 7 0f 14 US 2001/0007113 A1 
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POWER MANAGEMENT CIRCUIT THAT 
QUALIFIES POWERGOOD DISABLE SIGNAL 

RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 
120 of copending US. application Ser. No. 08/451,206, ?led 
May 26, 1995. 

COPYRIGHT NOTICE 

[0002] Aportion of the disclosure of this patent document 
contains material Which is subject to (copyright or mask 
Work) protection. The (copyright or mask Work) oWner has 
no objection to the facsimile reproduction by anyone of the 
patent document or the patent disclosure, as it appears in the 
Patent and Trademark Of?ce patent ?le or records, but 
otherWise reserves all (copyright or mask Work) rights 
Whatsoever. 

MICROFICHE APPENDIX 

[0003] This application includes Appendix A, B, and C in 
micro?che Which are to be considered an integral part 
hereof. 

BACKGROUND OF THE INVENTION 

[0004] 1. Field of the Invention 

[0005] The present invention relates to poWer manage 
ment systems, and more particularly, to a con?gurable 
poWer management system. 

[0006] 2. Description of the Related Art 

[0007] Previous poWer management systems for use With 
integrated circuit (IC) chips have been limited in their ability 
to be con?gured. Thus, there is a need for a poWer manage 
ment system Which is con?gurable. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides an oscillator inter 
face for use in a poWer management system. An interface 
circuit interfaces With an external oscillator used as a source 
of oscillations. Aclock stabiliZation ?lter masks out spurious 
crystal frequencies in the oscillations during start-up of the 
poWer management system folloWing an enabling of a 
feedback loop. The clock stabiliZation ?lter has circuitry 
Which provides that the oscillations Will start With a rising 
transition after ?ltering. A bypassing circuit enables the 
clock stabiliZation ?lter When the external oscillator is a 
crystal oscillator and bypasses the clock stabiliZation ?lter 
When the external oscillator is a can oscillator. A masking 
circuit masks the oscillations from the rest of the poWer 
management system. The masking circuit has circuitry 
Which disables the clock masking after a falling edge of the 
oscillations and starts back up With a rising transition of the 
oscillations. 

[0009] The present invention also provides a poWer 
recycle circuit for use in a poWer management system. An 
input receives a clock signal. A detection circuit for senses 
a minimum disable pulse When a clock signal is received and 
When a clock signal is not received. ApoWer recycle circuit 
generates a poWer recycle signal in response to the minimum 
disable pulse. Astate machine holds the poWer recycle signal 
for at least tWo clock cycles. 
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[0010] The present invention also provides a pad clock 
and self test circuit for use in a poWer management system. 
An input receives an oscillator clock. A clock generation 
circuit generates at a clock output a ?rst pad clock having a 
frequency approximately equal to one-half a frequency of 
the oscillator clock, a second pad clock having a frequency 
that is forced equal to a programmable fraction of the 
frequency of the oscillator clock, and a loW signal. The clock 
generation circuit has a ?rst operating mode in Which the 
second pad clock is generated and a second mode in Which 
internal signals of the poWer management system can be 
observed and the clock output is forced to a knoWn level. 

[0011] The present invention also provides a clock enable 
circuit for use in a poWer management system. A clock 
branch generator generates a ?rst clock signal to drive a 
sequential device Which is internal to the poWer manage 
ment system. A clock enabling/disabling circuit disables the 
?rst clock after a falling edge on an internal source clock, 
holds the ?rst clock loW during disabling, re-enables the ?rst 
clock after a falling edge of the internal source clock, and 
subsequently begins a ?rst rise of the ?rst clock With a next 
rising transition of the internal source clock. The clock 
enabling/disabling circuitry does not stop an external CPU 
core clock When the external CPU is actively performing a 
bus cycle. 

[0012] The present invention also provides a poWer level 
detect circuit for use in a poWer management system. An 
analog voltage-level detector interface has a programmable 
override function for providing a digitally encoded voltage 
level as an output Which is used for global con?guration. An 
input receives an analog enable signal to turn on a DC 
current source of an external voltage-level detector and a 
read strobe. A voltage-level detector input is sampled. 

[0013] The present invention also provides an internal 
source clock generation circuit for use in a poWer manage 
ment system. A synchronous counter With a synchronous 
load to a count of one and an asynchronous clear has a 
plurality of count output signals. A ?rst multiplexer having 
tWo outputs is coupled to the synchronous counter and 
receives the plurality of count output signals. A second 
multiplexer having one output is coupled to the ?rst multi 
plexer. A ?ip-?op is coupled to the output of the second 
multiplexer, and a clock referenced to an external oscillator 
clock samples an output of the ?ip-?op. 

[0014] The present invention also provides a poWer-save 
mode change detection circuit for use in a poWer manage 
ment system including an internal source clock, a ?rst bank 
of ?ip-?ops coupled to the internal source clock, and a 
second bank of ?ip-?ops coupled to the internal source 
clock. A comparator compares the ?rst and second banks of 
?ip-?ops and generates an equality signal When there is a 
difference betWeen storage values of the ?rst and second 
banks of ?ip-?ops. A change indicator is asserted When a 
poWer-save mode is asserted in one of the ?rst and second 
banks of ?ip-?ops. The change indicator is sampled With a 
clock Which is referenced to a falling edge of a system clock, 
and a synchronous loadil pulse is generated until a next 
rising edge of an internally quali?ed reference an external 
oscillator clock. 

[0015] A better understanding of the features and advan 
tages of the present invention Will be obtained by reference 
to the folloWing detailed description of the invention and 
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accompanying drawings Which set forth an illustrative 
embodiment in Which the principles of the invention are 
utilized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a block diagram illustrating a poWer 
management system in accordance With the present inven 
tion. 

[0017] FIG. 2 is a block diagram illustrating a system 
Which incorporates the poWer management system shoWn in 
FIG. 1. 

[0018] FIG. 3 is a schematic diagram illustrating the 
con?guration unit shoWn in FIG. 1. 

[0019] FIG. 4 is a schematic diagram illustrating the 
external oscillator interface shoWn in FIG. 1. 

[0020] FIG. 5A is a schematic diagram illustrating the 
poWergood quali?cation block shoWn in FIG. 1. 

[0021] FIG. 5B is a state diagram illustrating the opera 
tion of the poWergood quali?cation schematic shoWn in 
FIG. 5A. 

[0022] FIG. 6 is a schematic diagram illustrating the pad 
clock and self test block shoWn in FIG. 1. 

[0023] FIGS. 7A and 7B are schematic diagrams illus 
trating the clock enable block shoWn in FIG. 1. 

[0024] FIGS. 8 and 9 are schematic diagrams illustrating 
the poWer level detect block shoWn in FIG. 1. 

[0025] FIG. 10 is a schematic diagram illustrating the 
internal source clock generation block shoWn in FIG. 1. 

[0026] FIG. 11 is a schematic diagram illustrating the 
poWer-save mode change detection block shoWn in FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0027] Referring to FIG. 1, there is illustrated a poWer 
management system 30 in accordance With the present 
invention. Referring to FIG. 2, the poWer management 
system 30 is ideal for being implemented in the system 32. 
The system 32 is described in the data sheet entitled “Elen 
tari OptimiZed 32-bit 486-class Controller With On-chip 
Peripherals for Embedded Systems”, authored by National 
Semiconductor Corporation of Santa Clara, California, a 
copy of Which is attached hereto as Appendix A and is 
incorporated herein by reference. The system 32 includes a 
CPU 34, a DMA controller 36, a DRAM memory controller 
38, a PCMCIA controller 40, a bus interface unit (BIU) 42, 
an ECP parallel port 44, an LCD controller 46, as Well as 
other components. Although the poWer management system 
30 is ideal for incorporation into the system 32, it should be 
Well understood that such incorporation is not a requirement 
of the present invention and that the teachings of the present 
invention may be applied to smaller (or larger) stand-alone 
applications. Also attached hereto as Appendix B is a copy 
of a document entitled “Elentari Core Internal Bus Spec” 
Which is also incorporated herein by reference. Finally, 
attached hereto as Appendix C is a copy of a document 
entitled “Internal Peripheral Bus Signals” Which is also 
incorporated herein by reference. 
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[0028] The poWer management system 30 includes a num 
ber of poWer saving mechanisms that can be combined to 
achieve comprehensive poWer savings under a variety of 
system conditions. First of all, the core processor 34 poWer 
consumption can be controlled by varying the processor/ 
system clock frequency. The internal CPU clock can be 
divided by 4, 8, 16, 32 or 64. In addition, in idle mode, the 
internal processor clock Will be disabled. Finally, if an 
crystal oscillator circuit or external oscillator is being used, 
it can be disabled. For maximum poWer savings, all internal 
clocks can be disabled (even the real-time clock oscillator). 

[0029] Some peripherals, notably the timer 48 and the 
PCMCIA interface 40 can be sWitched betWeen a ?xed 

frequency (external oscillator/2) and the CPU clock. When 
the CPU clock is being divided, this can reduce their poWer 
consumption. Note that the clocks for other on-board periph 
erals can be individually or globally controlled. By setting 
bits in the poWer management control registers (discussed 
beloW), the internal clocks to the DMA controller 36, the 
ECP port 44, the three-Wire interface 50, the timer 48, the 
LCD controller 46, the DRAM controller 38, the PCMCIA 
controller 40 and the UART 52 can be disabled. In addition, 
the poWer management system 30 can programmed the of 
use CMOS level I/Os or TTL level I/ O settings in the system 
32. Finally, the external SYSCLK can be disabled via a bit 
in the PoWer Management Control Register. 

[0030] The poWer management system 30 includes several 
modes of operation Which are listed here in decreasing 
poWer consumption order (i.e., full poWer to least poWer). In 
the Normal Mode all clocks are at full speed, With the Timer, 
PCMCIA, SYSCLK connected to cpu_dock or external 
OSC/2, and the UART, DRAM refresh logic, and LCD 
Controller connected to OSC dock, and the RTC connected 
to RTC_osc. In the PoWer Save Mode, ?rst, the CPU clock 
is divided by 4, 8, 16, 32 or 64, With the Timer, PCMCIA, 
SYSCLK connected to external OSC/2, the UART, DRAM 
logic, and LCD Controller connected to OSC, and the RTC 
connected to RTC_osc. Second, the CPU clock is divided by 
4, 8, 16, 32 or 64 With the Timer, PCMCLA, SYSCLK 
connected to cpu_clk, UART, DRAM logic, LCD Controller 
connected to OSC, and RTC connected to RTC_osc. In the 
Peripheral PoWer DoWn Mode the individual Peripherals can 
be disabled. In the Idle Mode the CPU clock is disabled With 
all peripherals unaffected, and RTC connected to RTC_osc. 
In the Crystal Oscillator Circuit Disable/PoWer DoWn Mode, 
?rst, if a crystal oscillator circuit is being used to drive the 
system 32, this mode Will disable the oscillator circuit 
(NOTE: after being turned back on, it Will take approxi 
mately 1 msec for the external crystal to stabiliZe). Second, 
if an external oscillator is being used, PoWer DoWn mode 
Will disable all the system 32 clocks except for the RTC_osc. 
(NOTE: This is much faster upon recovery, as there is no 
stabiliZation delay). It should be noted that the RTC oscil 
lator is alWays enabled even during poWer doWn mode; it 
can be disabled if desired. 

[0031] The folloWing indicates What peripherals are con 
nected to Which clocks and hoW those clock can be disabled/ 
enabled. The CPU 34: 1) Uses cpu_clk (Full speed clock= 
OSC_CLK/2); 2) cpu_clk can be divided by 4, 8, 16, 32 or 
64; 3) In Idle mode, the clock is disabled. The Timer 48, 
PCMCIA 40, SYSCLK: 1) uses cpu_clk (full speed or 
divided by 4 8, 16, 32 or 64); 2) or can use external 
OSC_CLK/2 (When cpu_clk is divided); 3) can be individu 
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ally disabled. The UART 52, DRAM refresh logic, LCD 
Controller 46: 1) Connected to OSC; 2) can be individually 
disabled. The ECP 44 and the Three-Wire Serial Interface 50: 
1) Connected to OSC_CLK/2; 2) can be individually dis 
abled. The DMA Controller 36 and Bus Interface Unit 42: 1) 
Uses cpu_clk (full speed or divided). The DRAM Controller 
38: 1) Must use OSC_CLK for DRAM refresh cycles; 2) 
Sequencer can selectably use cpu_clk or 2*cpu_clk; 3) For 
state machine logic, must use cpu_clk. The Real-Time 
Clock: 1) Uses RTC_ose—typically alWays enabled, but it 
can be disabled through the RTC interface. The Global 
Peripheral Clock Disable/Enable: 1) Controls DMA Con 
troller, ECP, Three-Wire Interface, and UART. 

[0032] The poWer management system 30 includes several 
poWer management modes. PoWer saving features include 
the folloWing. In Idle Mode the internal clock to the CPU 34 
Will be disabled. All enabled peripheral blocks Will continue 
to operate. Any interrupt or reset Will re-enable the internal 
clock to the CPU 34. It should be noted that When the CPU 
34 is in Idle Mode, the instruction cache cannot snoop. 
Normally, the cache Will snoop the addresses to see if a 
cache address is being updated. If so, it ?ushes the cache. 
Therefore, the user’s can take the appropriate action When 
the CPU 34 is idled. Also, When the CPU 34 is in Idle Mode, 
the BIU 42 is designed to mimic the CPU 34 during DMA 
interchanges betWeen memory and peripherals. By respond 
ing to DRQs and generating DACKs, HOLDs and HOLDAs 
signals as required, the BIU 42 eliminates the need to 
reactivate the CPU 34 during such transfers as screen 
updates from memory to the LCD controller 46. This gives 
the designer added ?exibility in conserving poWer While 
maintaining basic system functions. 

[0033] A PoWer-save Mode reduces the internal CPU 
34/system clock’s frequency by dividing the internal CPU 
clock by 4, 8, 16, 32 or 64 (Refer to PoWer Management 
Register 1 for more information) The internal clocks for the 
UART 52, DRAM refresh logic, LCD Controller 46 and 
RTC Will be unaffected in this mode. The Timer, PCMCIA 
and SYSCLK all have selectable clock sources betWeen a 
?xed frequency, Which is the external oscillator/2 and 
cpu_clk. Only When a cpu_clk source is selected Will these 
clocks be affected by PoWer-save mode. 

[0034] The Crystal Oscillator Circuit Disable function 
disables the feedback output of the crystal oscillator circuit 
(i.e. forces OSCX2 loW). Normally, the feedback output is 
used to provide a high-gain feedback to an external crystal 
to start, stabiliZe, and maintain a reference oscillation from 
the crystal. If the feedback is disabled the oscillation Will 
stop. After the feedback output is re-enabled, it takes 
approximately 1 msec for the external crystal to start and 
stabiliZe. On-chip, there is a loWpass ?lter and counter to 
insure that none of the start-up and stabiliZe oscillations are 
alloWed to pass into the rest of the chip. If an external TTL 
or CMOS oscillator is used then the feedback output can be 
disabled to save poWer. Also, the loW-pass ?lter and counter 
can be bypassed by setting bit 7 of PoWer Management 
Con?guration Register 4. This latter action may be useful 
When an external TTL or CMOS oscillator is used. 

[0035] In the PoWer DoWn Mode all of the internal system 
32 clocks except the RTC oscillator Will be disabled. If a 
crystal is used to generate the CPU clock, the CPU Oscil 
lator Circuit Disable feature may be used to turn off the 

Jul. 5, 2001 

clock instead of this mode. If an external oscillator drives 
CPUX1, then this mode should be used to turn off the system 
32 internal clocks. It is important that poWer be applied to 
and removed from the LCD display in proper sequence, 
otherWise damage can result. To prevent damage to the LCD 
panels, the external DC poWer supplied to the LCD Display 
(VEE) should be disabled before the LCD Controller’s clock 
is disabled. 

[0036] The poWer-up sequence is as folloWs: 1) Con?gure 
the LCD control registers; 2) Apply VDD (5V or 3V) to the 
display; 3) Enable the LCD clock from the poWer manage 
ment registers—this must be done Within 20 msec of apply 
ing VDD; 4) Enable the LCD controller. 5) Within 20 msec. 
max after applying the LCD clock, apply VEE (22V/—26V) 
to the display. The poWer-doWn sequence is as folloWs: 1) 
Remove VEE from the display; 2) Disable the LCD control 
ler; 3) Within 20 msec. of removing VEE, disable the LCD 
clock; 4) Within 20 msec. of removing the LCD clock, 
remove VDD from the display. The LCD clock should never 
be disabled When the LCD is enabled. 

[0037] The internal clocks for various internal peripherals 
may be individually enabled/disabled via bits of PoWer 
Management Registers 2 and 3 (discussed beloW). Aperiph 
eral’s internal clock should only be disabled if that internal 
peripheral is not to be used. 

[0038] With respect to global enable/disable of peripheral 
clocks, When bit 7 of PoWer Management Register 2 is set 
to a one, the internal clocks to the DMA Controller 36, ECP 
44, Three-Wire Interface 50, and UART logic 52 Will all be 
disabled. When that bit is a Zero, the individual peripheral 
clock enable/disable bits Will determine if the individual 
peripheral clocks are enabled or not. The DRAM 38 and 
LCD Controllers 46, PCMCIA 40, BIU 42 and Timer 48 are 
not affected by global clock enabling/disabling. 

[0039] The system 32 I/Os are poWer supply-level con 
?gurable. The poWer management system 30 controls volt 
age sensing and setting for I/O supply-level con?guration. 
The poWer management system 30 has the capability to set 
the operating voltage through ?rmWare (Bit 5 of PoWer 
Management Register 4). 

[0040] As mentioned above, the poWer management sys 
tem 30 includes several PoWer Management Con?guration 
Registers. The Con?guration Register Unit (CRU) 54 con 
tains the con?guration registers for controlling the operation 
of the poWer management system 30. The CRU 54 also 
contains a peripheral bus interface for reading and Writing of 
the con?guration registers. 

[0041] Referring to FIG. 3, PoWer Management Register 
One 56 is a read/Write register and has an I/O map address 
of EF90h. The bit assignments are as folloWs. Bit 7 is 
reserved. Bit 6 is the Idle Mode selection bit IDLE. A “1” 
sets the chip in Idle Mode (cpu_clk disabled). All resets and 
interrupts force this bit to a “0”. Bit 6 is the oscillator disable 
bit COSC—CPU (used With crystal oscillator). A “1” dis 
ables the CPU oscillator. All resets and interrupts force this 
bit to a “0”. Bit 4 is a PoWer-doWn Mode selection bit PDM 
(used With external OSC). A“1” sets the chip to PoWer-doWn 
Mode. All resets and interrupts force this bit to a “0”. Bit 3 
is PoWer-save Mode selection bit PSVM (divides cpu_clk). 
A“1” sets the chip to the PoWer-save Mode. All resets force 
this bit to a “0”. Bits 2-0 are PoWer-save Mode clock 
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division bits SVB[2z0]. All resets force these bits to a “0”. 
Table A illustrates the operation of these bits. 

TABLE A 

SVB[Z] SVB[1] SVB[O] Divide By 

0 O O 1 
O O 1 4 
O 1 O 8 
O 1 1 16 
1 O O 32 
1 O 1 64 
1 1 X reserved 

[0042] PoWer Management Register TWo 58 is a read/ 
Write register and has an I/O map address of EF91h. The bit 
assignments are as follows. Bit 7 is a Global peripheral clock 
disabling selection bit GDIS. A “1” causes global peripheral 
clock disabling. All resets force this bit to a “0”. Bit 6 is ECP 
clock disable selection bit ECP. A “1” disables the ECP 
clock. All resets force this bit to a “0”. Bit 5 is an LCD clock 
disable selection bit LCD. A“1” disables the LCD clock. All 
resets force this bit to a “O”. The LCD Controller 46 is not 
affected by global clock enabling/disabling (GDIS, bit 7). 
Bit 4 is a DMA clock disabling selection bit DMA. A “1” 
disables the DMA clock. All resets force this bit to a “0”. Bit 
3 is a timer block clock disabling selection bit TIMR. A“1” 
disables the Timer Clock. All resets force this bit to a “0”. 
The timer is not affected by global clock enabling/disabling 
(GDIS, bit 7). Bit 2 is a three-Wire block clock disabling 
selection bit TWIR. A“1” disables the Three-Wire Clock. All 
resets force this bit to a “0”. Bit 1 is a DRAM block clock 
disabling selection bit DRAM. A “1” disables the DRAM 
Clock. All resets force this bit to a “0”. The DRAM 
controller 38 is not affected by global clock enabling/ 
disabling (GDIS. bit 7). Bit 0 is a UART block clock 
disabling bit UART. A “1” disables the UART Clock. All 
resets force this bit to a “0”. 

[0043] PoWer Management Register Three 60 is a read/ 
Write register and has an I/O map address of EF92h. The bit 
assignments are as folloWs. Bit 7 is reserved. Bit 6 is an 
External Driver Con?guration bit DRVCON for system bus 
and DRAM interface I/Os. This bit only has an affect When 
the interface SETV bit is set to a “1”. A “1” guarantees 
CMOS level output voltages/drive. A “0” guarantees TTL 
level output voltage/drive (loW noise I/O con?guration). Bit 
5 is a PCMCIA Clock reference Selection bit PCS. A “1” 
corresponds to Cpu_clk clock reference (affected by PoWer 
Save Mode), and a “0” corresponds to standard clock 
reference (not affected by PoWer Save Mode). All resets 
force this bit to a “0”. Bit 4 is a PCMCIA block clock 
disabling selection bit PCMCIA. A “1” disables the PCM 
CIA clock. All resets force this bit to a “0”. Bit 3 is a Timer 
Clock reference Selection bit TCS. A “1” corresponds to 
Cpu_clk clock reference (affected by PoWer Save Mode), 
and a “0” corresponds to standard clock reference (not 
affected by PoWer Save Mode). All resets force this bit to a 
“0”. Bit 2 is a SYSCLK clock disabling selection bit 
SYSCLK. A “1” disables the SYSCLK. Only PWRGOOD 
reset forces this bit to a “0”. Bit 1 is a SYSCLK reference 
Selection bit SCS. A “1” corresponds to Cpu_clk clock 
reference (affected by PoWer Save Mode), and a “0” corre 
sponds to standard clock reference (not affected by PoWer 
Save Mode). Only PWRGOOD reset forces this bit to a “0”. 
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Bit 0 is a DRAM sequencer clock frequency mode bit 
SEQU. A “1” sets the same frequency as the Cpu_clk clock 
reference, and a “0” doubles the frequency of the Cpu_clk 
clock reference. Only PWRGOOD reset forces this bit to a 
“0”. 

[0044] PoWer Management Register Four 62 is a read/ 
Write register and has an I/O map address of EF93h. The bit 
assignments are as folloWs. Bit 7 is an external clock source 

description bit CAN_OSC. A“1” corresponds to a CMOS or 
TTL oscillator, and a “0” corresponds to a crystal oscillator. 
Only PWRGOOD reset forces this bit to a “0”. Bit 6 is 
reserved. Bit 5 is a softWare setting of Operating Voltage bit 
SETV. A“1” sets 5V operating voltage, and a “0” sets 3.3V 
operating voltage (default). Only PWRGOOD reset forces 
this bit to a “0”. Bits 4-0 are reserved. 

[0045] The poWer management system 30 includes seven 
other major partitions. Referring to FIG. 4, the External 
Oscillator Interface (EOI) 64 contains the circuitry that 
interfaces With an external oscillator. The external oscillator 
may be a crystal or a can. The circuitry is responsible for 
controlling the feedback loop of the analog interface to the 
external crystal. When the feedback look is enabled, the 
external crystal is forced to oscillate, When disabled the 
external crystal can not oscillate. If a can oscillator is used 
the feedback control does not affect the operation of the 
external oscillator, and thus an oscillation Will pass into the 
external interface circuitry Whether or not the feedback look 
is enabled. Feedback disabling may be reset to an enabled 
state by any one of the folloWing Ways: poWering-doWn and 
back-up, sending out a Watchdog reset (the Watchdog timer 
is driven by a separate clock coming from the real-time 
clock), and a maskable or non-maskable interrupt. The 
feedback loop is enabled by programming a one in the 
COSCD bit in con?guration register one 56 to a “1”. 
Circuitry is used to guarantee that the clock is disabled after 
a falling edge (Oscillator Disable Mode). 
[0046] The EOI 64 also contains a clock stabiliZation ?lter 
for masking out spurious crystal frequencies during its 
start-up folloWing the enabling of the feedback loop. The 
?lter is used When crystals are the source of oscillations; 
otherWise, When an external can oscillator is used (pro 
grammed as the clock source), the ?lter is bypassed. The 
bypassing is controlled by programming the CAN_OSC bit 
in con?guration register four 62 to a “1”. Circuitry is used 
to guarantee that clock Will come up after ?ltering, starting 
With a rising transition, Without any logic-generated spuri 
ous glitches. 

[0047] The EOI 64 contains a circuit that masks the 
incoming clock from the rest of the poWer management 
block as Well as the rest of the chip (independent of the 
previously described functionality). The circuit alloWs an 
external frequency to come into the part but stay isolated 
Within the EOI 54. The clock masking is enabled by pro 
gramming a one in the PDM bit in con?guration register one 
56 to a “1”. General clock masking may be reset to an 
enabled state by any one of the folloWing Ways: poWering 
doWn and back-up, sending out a Watchdog reset (the 
Watchdog timer is driven by a separate clock coming from 
the real-time clock), and a maskable or non-maskable inter 
rupt. Circuitry is used to guarantee that the clock masking is 
disabled after a falling edge and starts back up With a rising 
transition, Without any logic-generated spurious glitches 
(PoWer DoWn Mode). 
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[0048] Referring to FIGS. 5A and 5B, the PoWergood 
Quali?cation (PQ) block 66 contains a detection mechanism 
for sensing a minimum PWRGOOD disable pulse. The 
detector Will detect a PWRGOOD disable pulse independent 
of Whether or not a clock is present. When a PWRGOOD 
disable occurs, a poWer recycle signal is immediately gen 
erated and held. The PQ block contains a state machine that 
guarantees that a poWer recycle indication is held for at least 
2 clock cycles. This minimum duration of time is adequate 
to insure that the poWer recycle can be processed in other 
design blocks, such as for example, in asserting a poWer-up 
reset. The signal poWergood_int is an asynchronous reset 
that forces the state machine back to state 00 When asserted. 

[0049] Referring to FIG. 6, the Pad Clock and Self Test 
(PCST) block 68 provides control of the Pad_clk Which is an 
output buffer to the external World. In standard operation the 
PCST block Will provide one of the folloWing three con?g 
urable conditions. Type 1) a clock Whose frequency is 
constantly one-half that of the external oscillator; Type 2) a 
clock Whose frequency is “generally” one-half that of the 
external oscillator but is forced equal to a programmable 
fraction of this frequency When in poWer-save mode; or, 
Type 3) disabled loW. The Pad_clk may be brought in and 
out of disabling into the previous modes Without glitching 
similar to methods used in the CEB. The PCST has tWo 
non-standard operating modes Which are the In-circuit emu 
lator mode and the test mode. During In-circuit emulator 
mode operation as determined by the Icemode signal being 
active, the Pad_clk’s output is designed to be closely in 
phase With the clock generated for the embedded CPU. In 
test mode as determined by the Test signal being active the 
PCST is con?gured to alloW observability of internal states 
of the poWer management block and force knoWn logic 
levels on the Pad_clk port. When in test mode and the 
Test_lvl_en signal deasserted, the clock branches and inter 
nal source clocks are selectably muxed out to Pad_clk. The 
selection of Which clock is driven out is controlled by 
programming of the loWer nibble of con?guration register 
four 62. When the Test_lvl_en signal is active logic level of 
Pad_clk is equal to the logic level of Test_hi_loWZ. 
[0050] Referring to FIGS. 7A and 7B, the Clock Enable 
Block (CEB) 70 block contains the clock branch generators 
for each of the clocks coming out of the poWer management 
block driving internal sequential devices. The clock 
enabling/disabling circuitry is guaranteed to be glitch-free. 
That is, clocks are disabled after a falling edge on the 
internal source clocks, are held loW during disabling, and are 
re-enabled after falling edge of the source clock (enabling 
during the loW part of the source clock), and Will subse 
quently begin the ?rst rise With the next rising transition of 
the internal source clock, Without any logic-generated spu 
rious glitches. Special system-level considerations are taken 
into account for Idle mode assertion. Idle is con?gurable 
stoppage of the Clock going to the embedded CPU 34. The 
main consideration is to not stop the Cpu_core_clk When the 
embedded CPU 34 is actively performing a bus cycle. The 
process involved in stopping the embedded CPU 34 is to 
provide an Idlreq to system control logic and for the system 
control logic to send back an Idlack Which is sampled by the 
CEB 70 to generate a glitch-free disable. In a similar fashion 
Idle is disabled by deasserting Idfreq and receiving back a 
deasserted Idlack by the system control logic. The clock Will 
be restarted glitch-free. (IDLE Mode) The source clocks for 
the CEB 70 are of type 1, type 2, and a 2x frequency version 
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of type 2. Most of the clocks are generated from one or the 
other of these source clocks, hoWever, the Timer_clk and 
Pcmcia_clk may be con?gured to have either Type 1 or Type 
2 clocks. (Global and Individual Peripheral Disable Mode). 

[0051] Referring to FIG. 8, the PoWer-Level Detect (PLD) 
72 acts as an analog voltage-level detector interface With 
programmable override. It provides the digitally encoded 
voltage level as an output Which is used for global con?gu 
ration. An analog enable, D3VEN from con?guration reg 
ister three 60, is available to turn on the DC-current sources 
of an external voltage-level detector and a read strobe. 
CHK3V from con?guration register three 60, is also avail 
able to sample the voltage-level detector input, Pup3V. After 
the detector input has been sampled, both the CHK3V and 
D3VEN can be deasserted. It is important to assert D3VEN 
before CHK3V and deassert in the reverse order so that a 
correct operational state of Pup3v is captured. The default 
output of the PLD 72 after a hard reset is one, on port Three. 
The analog interface functions may be bypassed, and thus, 
the output signal THREE may be driven under con?guration 
control by the SETV input directly from con?guration 
register three 60. 

[0052] Referring to FIG. 9, many of the system 32 I/Os 
are poWer supply-level con?gurable. As discussed above, 
the poWer management system 30 controls the voltage 
sensing and setting for the I/Os. The poWer management 
system 30 described has the capability to set the operating 
voltage con?guration level through ?rmWare and through 
voltage-level sensing. The interface to an analog voltage 
sensing circuit is included in the poWer management block 
and is controlled by bits 4 and 6 of con?guration register 
four 62. Bit 4 enables the voltage detector. Since analog 
circuitry generally consumes DC current When active, the 
enable sWitch is used to sWitch the current on or off. The 
circuit is, therefore, only enabled When voltage detection is 
needed to reduce poWer consumption. Bit 6 is used to latch 
and hold the level of the voltage detector. In this embodi 
ment, the voltage detector needs to detect either a 3.3V or 5V 
supply level. Thus a 1-bit A/D is used and the output 
con?guration level latched is either a Logic 1 or 0. HoWever, 
higher order A/Ds may be used if ?ner levels of voltage 
level detection are needed. The poWer con?guration level is 
stored in con?guration register four 62 bit 5. The level may 
be overridden by ?rmWare. This interface voltage detection 
scheme has been de?ned to discern voltages above and 
beloW a target detection trip point of for example, 4.0V. 
Thus, this particular application Will have a different con 
?guration level at 5.0V(+/—10%) then at 3.3(+/—10%). 

[0053] Referring to FIG. 10, the Internal Source Clock 
Generation (ISCG) block 74 generates the internal source 
clocks. It contains a 7-bit synchronous counter With a 
synchronous load to a count of one and an asynchronous 
clear. The block generates the type 2 and 2x frequency 
version of the type 2 internal source clocks. In standard 
operation (i.e., NOT poWer-save mode), the type 2 clock is 
generated by a feedback of the cpu_clk_Z source clock 
output through a tWo-input mux driving (pre_cpu_clk) back 
into the D-input of the cpu_clk_Z-generating ?ip ?op Which 
is sampled by a clock referenced to the external oscillator 
clock called osc_quali?ed (i.e., this is a divide-by-2 func 
tion); and in standard mode the 2x type 2 clock is essentially 
a buffered-and-muxed version of osc quali?ed. When in 
poWer-save mode both the 1x and 2x Type 2 clocks are 






