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A MODULAR CACHE MEMORY BATTERY BACKUP SYSTEM : Field
of the'lnvention 5 The present invention relates to a system for
storing and retrieving data in a conputer cache nenory. Mor e
specifically, the invention is a systemfor providing the retention of
data in a conputWO%4¥8% nenory upon power | 0ss or control | PCHEERN
using a battery backup system 10 Background of the

| nventi on A conputer menory cache is a fast nenory in which
frequently used data is stored for efficiqng_qge by the associ at ed
central processing unit (CPU). Cache nenori€s were introduced to achieve

a significant. increase in the 15 performance of the CPU at a very nodest

i ncrease in cost.
A MODULAR CACHE MEMORY BATTERY BACKUP SYSTEM

Field of the Invention

5 The present invention relates to a system for
storlng and retrieving data in a computer cache memory.
More specifically, the invention is a system for providing
the retention of data in a computer cache memory upon power
loss or controller loss by using a battery backup system.

10 Background of the Invention

A computer memory cache is a fast memory in which
frequently used data is stored for efficient use by the
associated central processing unit (CPU). Cache memories
were introduced to achieve a significant increase in the

15 performance of the CPU at a very modest increase in cost.
The cache memory (or simply *cache") is a high speed
storage unit that is designed to operate with the CPU and
the generally slower main memory unit. Because the cache
is transparent to the program at the instructional level,

20 it can be added to a computer system design without
changing the instruction set and without modifying existing
programs.

A cache memory can be used in a free-standing
computer system for speeding-up CPU access to main memory

25 (dedicated or shared), or used in conjunction with a host
processor in an embedded computer system for speeding-up
memory access. Also, wmain memory can be a collection of
one or more storage devices using one or more storage
technologies. However, for purposes of explaining the

30 present invention, the free-standing computer system
application will be used because the application of the
present invention to other computer systems will become
apparent to those practicing the art.
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item will tend to be referenced again; and items stored
5 near the referenced item will also tend to be referenced
soon after. The cache provides efficient access to
frequently used data by storing segments (lines or pages)

of main memory in a fast memory local to the CPU.
When the CPU makes a request of memory, the CPU

10 generates an address and searches the cache for the desired
item. If the item is found in cache, a "hit" results and
the item is applied to the CPU. If the item is not in
cache, a "miss" results and the address is passed on to
main memory. When a segment of main memory containing the

15 referenced item is returned, a copy o©f the segment is
stored in cache. If no cache storage space is available,
the cache controller typically provides the necessary space -
by replacing the least recently used (LRU) segment with the
latest referenced segment.

20 A common form of cache memory is based on MOS (metal
oxide semiconductor) technology in which binary data is
efficiently stored as a charge on a MOS transistor gate.
This form of memory cell has low power dissipation and
conserves chip area relative to bistable flip-flop memory

25 cells. For an N-channel (NMOS) device, a sufficiently
small positive charge capacitively stored on the gate will
turn the device on while removing the charge will turn the
device off (non-conducting). The on state may be
interpreted as either a logic 1 or 0. These cells, either

30 NMOS or PMOS, are charge storage capacitors with driver
transistors. The memory also requires means for sensing
the presence or absence of a charge and for placing or
removing the charge from the gate.

The disadvantage to the use of these MOS memory

35 cells is that the capacitively stored charge eventually
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term "dynamic® memory cell. Desplte this disadvantage,

dynamic random access memories (DRAMs) formed from an array

of dynamic memory cells have found widespread use because

of the high bit packing densities that can be achieved on
15 a chip.

Because solid state random access memories (RAMs)
are volatile, i.e. they lose their memory when the power is
turned off, it is common prior art practice to provide a
battery backup power supply for the cache memory

20 controller, which in turn provides powér from the cache
memory controller to the cache memory cell array. This
precaution allows the memory to function and retain its
memory during a power outage. _

Figure 1 shows an example of a prior art computer

25 system 10 that includes a cache memory system 20. Data and
control signals are distributed through system 10 by system
bus 115, which interconnects cache memory system 20, CPU
1110, and main memory 120. Cache memory system 20 includes
cache DRAM 200 for storing data, cache controller 22 for

30 controlling the operating modes of cache DRAM array 200
(such as read/write to cache and to main memory, and
refresh of cache DRAM array 200), and battery backup unit
23 to provide power to cache controller 200 and cache DRAM
200. An additional data and control path 116 may be



transi stors. The nenory al so requires nmeans for sensing t he presence or

absence of a charge and for placing or renovi ng the charge fromthe
gate. | The di sadvantage to the use of these MOS nenory 35 cells
is that the capacitively stored charge eventually WO 97/ 33285
PCT/ US97/ 03669 -~ - 3- | eaks of f and
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destructive because a stored charge is discharged when the state is
read. Because of the |eakage and because of the destructive

. read 5 characteristic, means are provided for restoring the prior state

. of the cell after reading. Thus, by pericodi cal | y reading the contents

. of nmenory and restoring the da f h" no est abl i shed, t hat
can preserve st%’?%ﬂ"%%‘?a or | ﬁglg‘fl"f’ﬁ?q eﬁfr ﬁgé t%ﬁeﬁ e GPTFRRICAFIRRH
"~ nmode or the 10 mmekumlymmemfﬁhmsyetemsmmde gives rise to the
. term"dynam c" nmenory eehlhre 2D@hBWhE thidl DaliivodaHid@ture of a cache
' DRAM 200 suitable for use in the cache memory system 20 of
5 Figure 1. The cache DRAM is organized around the storage
element, DRAM array 201. A set of interfaces are provided:
address buffer register and address decode 202 for decoding
input data addresses, read/write (r/w) control 205 for
selecting a read or write operating mode, input data
10 register 204 for receiving write data, and output data
register 205 for outputting read data. In addition, a
refresh logic and address counter 206 is used to
periodically refresh the contents of DRAM array 201 by
reading, and then writing back into the same address, the
15 contents of DRAM array 201 by using an intermal address
counter to generate all of the addresses in DRAM array 201.
The refresh logic control is provided by cache controller
22 (Fig. 1) on input lines 172. Input lines 172 also carry
the power (V.) required by cache memory system 20 (Fig. 1).
20 Power to cache DRAM 200 is provided through cache
controller 22 (Fig. 1).

Referring again to Fig. 1, in the case of power (V)
failure to cache controcller unit 22, battery unit 23 is
switched in by cache controller 22 for keeping both the

25 cache controller and cache DRAM functioning. However,
prior art backup methods, such as described and shown in
Figure 1, do not provide cache memory protection in the
case of a cache controller failure because the xrefresh
function and the backup battery switching action is

30 controlled by and through controller 22.

Therefore, there is a need for a cache memory system
that is capable of saving cached data in the event of
either a general power failure or a controller failure by
providing battery backup power directly to the memory array

35 and by providing for the DRAM refresh function on a
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menory cells have found w despread use because of the high bit packing
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random access nenories (RAMs) are volatile, i.e. they lose their nenory
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and refresh of cache DRAM array 200), and battery backup unit 23 to
provi de power to cache controller 200 and cache DRAM - 200. An additi-onal

data and contr®l path 116 rmay be Summ of the Invention
Briefly, the invention consists of a modular

assembly for use in a computer system for providing a cache
DRAM battery backup system that is physically separable
from the associated cache memory controller. The modular
10 assembly is normally powered by a system power supply. A
refresh control signal normally provided by an external
source generates a set of refresh signals for refreshing
the cache memory. The modular assembly of the invention
includes:
15 (1) a cache DRAM for caching data for an associated
CPU;
(2) a battery power source for operatihg the cache
DRAM;
(3) a refresh generator which may be powered by the
20 battery power source; and
(4) a controller for selecting between the system
power supply and the battery power source for providing
power to the modular assembly when the system power fails,
and for connecting the refresh generator to the cache
25 memory array when the system power supply output level
falls below a predetermined level.
The modular assembly can be physically disconnected
from the host computer system for the life of the battery
power source without losing the cache memory contents.

30 Brief Description of the Drawing

The present invention will be more fully understoed
from the detailed description given below and from the
accompanying drawings of the preferred embodiments of the
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-4- _provided for allowing CPU 110 a direct conmunication channel

wi t h. cache’ nenory system 20. Figure 2 shows the basic
architecture of a cache DRAM 200 suitable for use in the cache nmenory
system 20 of 5 Figure 1. The cache DRAMis organi zed around the storage
el enent, DRAM awoaw3®gsl. A set of interfaces are provided: POTAIS9T/03669
buffer regi ster and address decode 202 for decoding i nput data
addresses, read/wite (r/w control 205 for selecting a read or wite
operating node, input data 10 regi ster 204 for receiving wite data, and
out put data reglster 205 for outputting S Gad dat a. I n addition,
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Figure 3 is a block diagram of a computer system
10 using the modular cache memory backup system.
Figure 4 shows a controller for detecting power
failure and for operating the cache memory backup system.
Figure 5 is a logic table used in the operation of
the preferred embodiment of the invention.
15 Figure 6 is a logic diagram for the alternative
selector (MUX) shown in Figure 4.
Figure 7 is a flow diagram showing the method of
operating the cache memory backup system.

Description of the Preferred Embodiments
20 Figure 3 is a block diagram of a computer system 100

that includes a cache memory system 150 with a modular
assembly backup system 170 that overcomes the limitations
of prior art backup systems.
Figure 3 shows a computer system which includes a
25 CPU 110, main memory 120, and cache memory system 150 as
elements that are interconnected by system bus 115. An
alternate communication path 116 between cache wmemory
system 150 and CPU 110 is shown that provides a direct path
and reduces the traffic on system bus 115. System power
30 supply 130 provides operating power to all active elements
of the computer system.
Cache memory system 150 includes cache controller
160 and modular assembly backup system 170. Modular backup
system 170 includes cache array 200 as previously described



prior art backup nethods, such as described and shown in Figure 1, do

not provide cache nenory protection in the case of a cache controller
failure because the refresh function and the backup battery sw tching
action'is 30 controlled by and through controller 22. Ther ef or e,
there is a need for a cache menory system that is capable of saV| ﬁ&m
cached data in tWaoE3A§ of ei ther a general power failure &CT 9
controller failure by provi ding battery backup power directly to t he
menory array 35 and by providing for the DRAM refresh function on a
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separate assenbly so that the DRAM continues to retain its menory until

the faulty contrgid eshotmr et aFdgueest e QRAM 2, BaBkup aecAyrvlléxr bamidip
can be transterred 4Q & SEHiSM1s0, Vdb 2 AP HIMISHEAE AP, U "retresh
unit 177. Backup controller and selector 180 monitoxrs the
state of the power (V.) supplied by cache controller 160 on
5 lines 161. Lines 161 also carry the necessary refresh
control signals required by the refresh logic and address
counter 206, shown in cache DRAM array 200 in Figure 2.
The output of battery and refresh unit 175 is connected to
backup controller and selector 180 by lines 173 that carry

10 the backup power (V..) from battery unit 176 needed to
operate cache array 200 and refresh unit 177 of battery and
refresh unit 175. Output lines 172 provide the power and
refresh control signals selected by backup controller and
selector 180 for operating the refresh logic of cache DRAM

15 200. Output lines 172 from controller and selector 180
provide the power needed to operate refresh unit 177.

Battery unit 176 is .a standby V.. source for
supplying power to all active components of modular backup
system 170 through controller and selector 180.

20 Referring to Fig. 3, refresh unit 177 generates a
set of control signals matched to the requirements of the
refresh logic 206.  Because refresh logic 206 includes an
address counter, only a system clock is required to drive
refresh logic 206. For exatﬁple, cache DRAM 200 can be

25 implemented by using an Intel 21256 DRAM that provides an
on-chip refresh control and address counter that only
requires a two phase clock (RAS and CAS) be supplied by
cache controller 160 (Fig. 3) for operating the chip.

Figure 4 is a detailed circuit block diagram of the

30 controller and selector 180 of Figure 3. Referring to both
Figs. 3 and 4, the normal input from cache controller 160
is provided on input 1lines 161 that supply V. for
distribution to all active components in modular backup
system 170, refresh control signals for driving the refresh

35 control logic and address counter of cache array 200, and



5 Summary of the Invention Briefly, the

I nvention consists of a nodul ar assenbly for use in a conputer system
for providing a cache DRAM battery backup systemthat is physically
separ abl e fromthe associ ated cache nenory controller. The nodul ar 10
assenbly is normally powered by a system power supply. A refresh control
signal nornmal | ywoemsmed by an external source generates a pefngio3ses
refresh signals for refreshing t he cache nenory. The nodul ar assenbly of

~the-invention i ncludes: 15 (1) a cache DRAM for caching data for

L an associated CPU (2) a battery power source for operating
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10 invention.) Line 183 is also connected to the V. output of
battery unit 176 that contains a rechargeable battery for
supplying backup power to modular backup assembly 170. If
the V. supplied from the cache controller by input 161 is
greater than the battery V., level, a trickle charge is

15 supplied through diode 184 to the battery through resistor
188. Input 161 also supplies the necessary current
required by the active circuits of the modular backup
assembly. If the power supplied by the cache controller
should drop below the V. level supplied by battery unit

20 176, diode 184 is Dbackward biased and isolates
(disconnects) the cache controller V., source from battery
unit 176, and diode 187 in battery unit 176 is forward-
biased for providing a low resistance path for the battery
supplied current. Conversely, if the power level supplied

25 by the cache controller returns to normal after having
dropped, the cache controller-supplied V. is restored. 1In
this manner, a smooth transition between the primary cache
controller-supplied power and the backup battery power is
achieved.

30 The V. line from input 161 is also applied to an
input of voltage comparator 182 and the other (reference)
input is connected to the threshold voltage (V;} output of
voltage divider R1l, R2. The threshold voltage is pre-fixed
at the lowest acceptable level for V. so that if v falls

35 below that level, the ocutput from comparator 182 is at the
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- 6- i nvention, which, however should not be taken to [imt the
invention* to the specific enbodinment but are for expl anati on and
bet t er “under st andi ng only. Figure 1 is a block diagramof a

typical prior art 5 conputer systemw th a cache nenory systemt hat
i ncl udes a caWPe78¥BYrol l er, a cache DRAM and a battery bacRGRUSHI03669

Figure 2 is a block diagramof a prior art cache DRAM i ncl udi ng refresh
control. Figure 3 is a block diagramof a conputer system 10
usi ng the nodul ar cache menory backup systerg _ Figure 4 shows a
controller for detecting power failure and for operating the cache
merory backup sygbgit low level. Ek%b&ﬁ1§e|5vélf 6&5&f§ﬂé&edabnoﬁhﬁut
operation of t he g gé ed e nt of the |nvent|on

Figure 6 is a | ogPc? $b‘r‘ ﬁ nati ve sel ect or (NUX) shown in

Fi gure 4. Fi glhee cacdhe athtewlimegrfimmghonile) tdazrieshadbbhary
' - signal indicating if the cache is dirty, and is stored in
5 flip-flop 185. The output state of flip-flop 183, together
with the output of comparator 182, forms a 2-bit binary
selector code on lines 186, applied to the select input of
MUX 181. When the cache state is dirty, the output of
flip-flop 185 is at the high logic level; otherwise, it is
10 at the low logic level.

MUX 181 has four sets of inputs labeled 0-3 and one
output set of lines 172 used to deliver the refresh control
signals to cache array 200. The particular set of inputs
selected is determined by the state of the 2-bit select

15 code as shown in the first two columns of the logic table
of Figure 5. Referring to Figs. 4 and 5, the output from
comparator 182 is labeled "méb" (most significant bit)
while the output of £lip/flop 185 is labeled "lsb" (least
gignificant bit). ' The second and third columns give the

20 physical meaning: the msb is low when the cache
controller-supplied V., is greater. than the threshold
voltage, V,, input to comparator 182, and high othexrwise.
The 1sb low state indicates that the cache is not dirty,
while the high state means that the cache contents are

25 dirty. The fifth and sixth columns indicate which set of
input lines are selected for outputting. Thus, for input
msb/1sb (0,0), no refresh control signal is supplied
because the cache data is not modified and hence can be
restored from main memory. For inpﬁt (0,1), refresh unit

30 177 output refresh control signal set is selected.
Whenever msb=1 (high), the cache controller supplies V.
and the refresh control signal set, and deactivates DC/DC
converter 221 by means of control 1line 192 that is
connected to the on/off control.



operating the cache nmenory backup system Description of the

Preferred Enbodi nents 20 Figure 3 is a block diagramof a conputer
system 100° that includes a cache nmenory system 150 with a nodul ar
assenbly backup system 170 that overconmes the limtations of prior art

backup systens. Figure 3 shows a conmputer system which includes
a 25 CPU 110, nwoymesse®ry 120, and cache nmenory-system 150 as pcTnesoe03ses S
that are interconnected by system bus 115. An al ternat e conmuni cati on
patkh 116 between cache nenory system 150 and CPU 110 i s shown that
- provides a direct path and reduces the traffic on system bus 115. System
power 30 supply 130 provides operating powdP to all active el ements of

p

- the conputer system . che ory ,syst 150 incl.yudes_cache
“controller 160 and rﬁ)ed"tﬁrfrmgsggﬁgl "t %&&uﬁ'ségggﬁ?ﬁﬁl Iéf’cg'dgﬁﬁ

system 170 i ncl adebathene apeusr 20uxsepr d8Poukhichiesis | Fed single cell WD
- 97/ 33285 - nickel-cadmium (nicad) batteryPGhalS9pr03668s an output

voltage, Vp, of approximately 2.4 volts. Battery 189
5 provides the power required to drive DC to DC voltage
converter 190 for producing a backup output voltage, V.
A typical value of V.. for operating the DRAM array is 5.0
+0.5 volts. Thus, DC/DC converter 190 supplies the backup
through diode 187 when the V. level supplied by cache

10 controller on input line 161 drops below the V., voltage
level supplied by DC/DC converter 190. Hence, the nominal
V.. output level from DC/DC converter 190 should be set
lower than the nominal V_ level supplied on input lines
161.

15 Figure 6 is a logic diagram showing an alternative
implementation of MUX 181 that includes 1lsb and msb input
lines 186, inverters Il and I2, two input AND-gates Al and
A2, and a set of and gates A3, A4, and A5 for selecting one
set of input lines: either cache controller refresh lines,

20 refresh unit 177 refresh lines, or low logic level lines to
prevent supplying a set of refresh control signals when
the cache controller-supplied V., is below threshold
voltage, V,, and the cache contents are not dirty. The
latter choice is an option that allows the cache memory

25 contents to be lost because the non-dirty state means that
the cache contents have not been modified and hence are
recoverable from main memory. If this option is not
exercised, the selector (MUX) 181 implementation can be
further simplified by eliminating the logic components

30 associated with selecting the set of low logic level lines
{(I1, Al, and AS). OR~gate ORl selects the active set of
lines from either A3, A4, or AS for outputting on output
lines 172.

Figure 7 is a flow diagram that summarizes the

35 method (SAVE CACHE 400) by which the cache memory backup



-7- and shown in Figures 1 and 2, backup controller and sel ect or
(SEL) 180, battery backup unit 176, and refresh unit 177. Backup
controller and sel ector 180 nonitors the state of the power (V[err])
suppl i ed by cache controller 160 on 5 lines 161. Li nes 161 also carry

t he necessary refresh control signals required by the refresh | ogic and
address countWP9BWBS shown in cache DRAM array 200 in Fi gur SPCI/USITOIEER
out put of battery and refresh unit 175 is connected to backup controller
and- sel ector 180 by lines 173 that carry 10 the backup power (V[ierr]) from
battery unit 176 needed to operate cache,qrray 200 and refresh unit 177
of battery and refresh unit 175. Qut put flnes 172 provide the power and
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system 170 t hrou contro .
3, refresh unit % é’@ﬁé‘Fat’E% 3n & BT EHAEFoR grif sSfut Hhsy PackHR
requi rements of batteryridérewhtthed cirROfo Seppliscthef caslie | bapkur OGodule
i ncludes an afdER B, N pRbeeBll Ve @A ChREKe ithe %9&{15.@?%%%%%¥§y

Using an I nt ol 2BEFPRANEIIE B A REFvR, the CRORR GPTkanEasALe P L e
address count er tdathentache awmray bys thet wefreabe signak éeratrdbiCADibe
supplied by 315 caghengophent! g5 460 égwy, 33cd Q"4 PRI AN d NN deresh
Figure 4 1s a deégﬁtlzzgodl Cé{gcrlxjaltfs,bloorc kby Ir?ora&;())plgineg the cache DRAM with
the required refresh control signals or by not supplying
backup V.. power to the cache array. Step 420 monitors the
cache controller-supplied V. for the return of normal power

15 in step 425 and when restored, power and refresh control
signals are again provided by the cache controller. The
method returns to step 405 to await another V_, failure.

It should be noted that an important optional
feature of the backup system is the physically separable

20 module 170 of Figure 3. By being physically separable from
the cache controller and the host computer system, battery
backup module 170 can be removed from the failed physical
environment and "plugged" into another system with an
operating cache controller. This allows the contents of

25 the cache to be accessed by the new host system for
updating main memory and/or resuming execution of the
program during which the cache controller failure occurred.
An industry standard single in-line memory module (SIMM)
type physical configuration is suitable.

30 As will be understood by those skilled in the art,
many changes in the methods and apparatus described above
may be made by the skilled practitibner without departing
from the spirit and scope of the invention, which should be
limited only as set forward in the claims which follow.



30 controller and selector 180 of Figure 3. Referring to both Figs. 3
and 4, the. ”ilmu li ﬂ cache controller 160 i s provided on input
lines 161 t for distribution to all active conmponents

in nodul ar backup : sys em 170, refresh control signals for driving the
~refresh 35 contral Ioglc and address counter of cache array 200, and
WD 97/ 33285 WO 97/33288 ' -PCT/ US97/ 03669 pcr/use7/03669
- 8- a cache state line for indicating if the cache data is "dirty"
. 1.e.- not exclusively owned and nodifi ed. The V[err] supplied
- through lines 161 is applied to di ode 184 which is connected as shown so
that current flows 5 into diode 184 from #Be-cache controller. The out put
- from the diode is connected to line 183 for distribution of power
" throughout the nodul ar backup assenbly. (Details of the distribution of

~power are well known i rWhate i@ clanuedr#s: therefore onmtted in order to
more clearly deficr' be 1162k )V BREKAR: byatelCedS 3 | GaclleS AyrAHIeC Laddbm t he
VLerr] output o access memory (DRAM) in a computer system wherein the cache
DRAM is controlled by a cache controller that normally
5 provides refresh signals for the cache DRAM, the battery
backup system providing power and refresh signals to the
DRAM cache memory if the system power supply should fail,
comprising: | _
(a) a battery power source for operating the cache
10 DRAM and the battery backup system;

(b) a refresh generator with a refresh signal
output, for generating refresh signals for refreshing the
cache DRAM; and

{c) a backup system controller for sensing the

15 computer system powexr supply voltage and selecting the
system power supply for supplying power to the battery
backup system when the - system power supply is operating at
a proper output voltage level and for selecting the battery
power source otherwise, the backup system controller

20 connecting the cache DRAM refresh signal input to the cache
controller refresh signal output when the system powex
supply is operating at a proper output voltage level, and
for connecting the cache DRAM memory refresh signal input
to the refresh generator refresh signal output when the

25 system power supply is not operating at the proper output

' voltage level. '
2. The battery backup system of claim 1 Efurther
comprising a trickle charge circuit for charging the
battery power source from the computer system power supply.

30 3. A modular battery backup system for a dynamic random
access memory (DRAM) for use in a computer system, the DRAM
cache memory controlled by a cache controller that normally
provides refresh signals for the DRAM cache memory, the
system powered by a computer system power supply, the



battery unit 176 that contains a rechargeable battery for suppl yi ng

backup povver Imlmlﬂ 'Hglmt mF assenbly 170. |f the V[err] supplied from
t he cache co 161 is greater than the battery V[err]
level , a tricKle charg is 15 supplied through diode 184 to the battery
through resistor = 188. I nput 161 also supplies the necessary current
requi red by the wex97a288i rcuits of the nodul ar backup as s enbPGT/USI7{03668 o
power supplied by the cache controller shoul d drop bel ow the V[err]

| evel supplied by battery unit 20 176, diode 184 is Dbackward biased
and isol ates (di sconnects) the cache co?&rol ler V[err] source from
battery unit 176, and diode 187 in batte y unit 176 is forward-

bi ased for provi gt t £ higedl
current. Conversely 'EQe B\HCkE ?gFeve sup cfk&’é}aéﬁ)ekecggﬁﬁp@%ntrolsl er

returns to normaF°a*: Gr DRAY; rgche wemadyedt Eﬁ%ﬁ%‘“c‘iﬁﬂ"r’bﬁw Yuppil&d
Vlerr] is restorethe mbAulart bastemnsckud syscéh phpaiedl on desiflgaredheas

primary oache  aCUiAld SioAMRPER, PP Mhydie N30k 4 HBLhEEYBOYEEn ©

achi eved. 30 ine fromin
i nput of vol t age tESnFIFRUSET 18YSEem and a@ﬁ‘?é‘l“&?éf §P§H€e‘)’°ntr‘?3n];ﬂﬁl is
connected to the thresholad val iDR3® (S4che | hembtputoabrisingl tageaxiay def

el o o SRRy S PLE o gl ol AR YOS ACSRRLEN B
from conpar at or 8ggep§ipg phget of refresh control signals for refreshing
the DRAM contents;
10 (b) a battery power source for operating the DRAM
cache memory and the battery backup system;

(c}) a refresh generator having a refresh signal
output, for generating a set of refresh signals at the
refresh signal output for refreshing the DRAM cache memory;

15 and

(d) a backup system controller for selecting the
system power supply for supplying power to the modular -
backup system when the system power supply is operating at
a proper output voltage. level, and for selecting the

20 battery power source otherwise, the backup system
controller also for connecting the DRAM cache refresh
signal set input to the cache controller refresh signal
output when the system power supply is operating at a
proper output voltage level, and for connecting the DRAM

25 cache memory refresh signal set input to the refresh
generator refresh signal output when the system power
supply is not operating at the proper output voltage level.
4. The modular battery backup cache system of claim 3
further comprising a trickle charge circuit for charging

30 the battery power source from the computer system power
supply.

5. The modular battery backup cache system of claim 3
further comprising:
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-9- herw se, voltage conparator 182 out put is at
t he Iogl cﬁ"lﬂ”lmmlﬂlmlm The cache state line of input 161 carries
a binary * sigral "inélicating if the cache is dirty, and is stored in 5
flip-flop 185. The out put state of flip-flop 183, together with the
out put of conpyyesmags82, forns a 2-bit binary - sel ector co®CTENIG3669S

186, applied to the select input of MJUX 181. Wien the cache state is
dirty, the output of flip-flop 185 is at the high logic |evel;
otherwise, it is 10 at the low logic |evel. MJUX 181 has four sets

of inputs |abeled 0-3 and one out put 'Se7t of lines 172 used to deliver
the refresh control gnals_to,.c che arra 0. ar r

i nput s selected is é@} ePHi r’f@ﬁuﬁy Phe aﬁcgpélgg th"g%h%l tées‘—"gzlqesgt @code
as shown in thexom sthet wachel gantretlenhchatyiindigpres if ofherjRAMN cache
Referrl ng to FigshtéhtaGre dtlﬁ-eyq)uaﬁgt from conparator 182 is |abel ed
"msb" (nost significan it f

| abel ed "Isb" (I east t‘bg b%ﬁ"‘l‘*?‘cta‘r‘ 3’1’& TeTHslY, ot 8%%‘?1‘4 %P‘R‘é]%g‘fiﬁnné gi ve
the 20 physiBala seamifigefreshheignale t;cs thep WRANheache Heemexy: Hhen the
control | er - suppl otk Uil | $i4iA01 A RS il et Ot caetle amory

V[err], input to co atordj[ir , and hi gh ot herw se. The Isb | ow state
i ndi cat es t hat FIRF A4S RWEEYdirty,
6. The modular battery backup system of claim 3 wherein
the physical module is a single in-line memory wmodule
10 (SIMM).
7. The modular battery backup system of claim 3 wherein

the DRAM cache memory incorporates refresh logic and

address counter for generating a set of refresh signals and

operating under control of refresh control signals supplied
15 by the backup system controller.



whil e the high state neans that the cache:contents are 25 dirty. The fifth
and sixth colums indicate which set of input lines are selected for
out putting. Thus, for input nmeb/ | sb {0,0), no refresh control signal is
suppl i ed because the cache data is not nodified and hence can be
restored frommin nenmory. For input (0,1), refresh unit 30 17éﬁ¥ﬁﬁ$ﬂbﬂw
refresh control WPg#328%et is sel ected. Whenever nsb=1 (high); e cache
controller supplies V[err] and the refresh control  signal set, and
deactivates DC/ DC converter 221 by meahé6of control line 192 that is
connected to the on/off control. WD 97/ 33285

PCT/ US97/ 03669 - 10 - Referring
back to Fig. 4, battery unit 176 incl udes a battery power source 189
which is a single cell ni ckel - cadm um (ni cad) battery that produces an
out put voltage, V[err], of approximately 2.4 volts. Battery 189 5
provi des the power required to drive DC to DC voltage
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converter 190 for producing a backup output voltage, V[err]. A typi cal
val ue of V[err] for operating the DRAM array is 5.0 [err]0.5 volts.

Thus, DC/DC converter 190 supplies the backup t hrough di ode 187 when the
V[err] 'l evel supplied by cache 10 controller on input line 161 drops bel ow

the V[err] voltage | evel supplied by DC/ DC converter 190. Hence, the
nomi nal V[ er rﬁ' $ level from DC/DC converter 190 shoul d BETAEL7/03669

| ower than the nominal V[err] level supplied on input |ines 161. 15
Figure 6 is a logic diagramshowing #&/@ ternative i npl enent ati on of MJX
181 that includes 1sb and nsb i nput Iirgs:c?& inverters I'1 and 12, two
i nput AND-gates Al and A2, and a set ofn:éﬂ gates A3, A4, and A5 for
selecting one set of input lines: eith $5he controller refresh lines,

20 refresh unit 177 refresh lines, or | owX&@& level lines to pre&ent
supplying a set of refresh control si gn&fs en t he_. cache

controller-supplied V[err] is below old vogx age, VT, an %e
cache contents are not dirty. The I choice i § an option '
allows the cache nenory 25 contents to be_ | gst b@ausgjt he non-di Qtate
means t hat t he cache contents have no} ifi#d and hencemﬁ
recoverable frommain nenory. If this apg; exerci set® t@._ga
sel ector (MJX) 181 i npl enen afinn\\rnn he ' ifi by
“elimnating the | ogic conpdgnents 30 assogi ith selecting]|the set of
low | ogi ¢ evel Iines (11, Mol ghte ORL selectq the active
set of lines fromeither| AB, ) for optputting on odtput l i nes
172. Figure 7 is]a {low diagramitijal sumari zes the}35 net hod
(SAVE CACHE 400) by which tlhelcache nenory lackup
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-1 - apparatus of Figure 4 functions. Step 405 checks if the
cache controller supplied V[err] is |less than the threshold vol t age,
Verr]; and if so proceeds to step 410. O herw se, the cache conti nues

to operate until V[err]V[err]. Step 410 checks if 5 the cache is in a
dirty state andwo$m®zs t he backup battery is-switched in tBCEHSHNG6BHe

cache backup nodul e with V[err] and proceeds to step 435 where the
requi red refresh control signals to3grgserve the cache contents are
supplied to the cache array by the refresh signal generation unit. 10 If
the cache is not dirty, step 415 inhibits the refresh control signals,
or by not supplying the cache DRAM with the required refresh control
signals or by not supplying ~backup V[err] power to the cache array. Step
420 nonitors the cache controller-supplied V[err] for the return of
normal power 15 in step 425 and when restored, power and refresh control
signals are again provided by the cache controller. The nmet hod returns
to step 405 to await another V[err] failure. It should.pe not ed
that an inportant optional -
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feature of the backup systemis the physically separable 20 nodule 170 of
Figure 3. By being physically separable from the cache controller and

the host conputer system battery backup nodul e 170 can be renoved from
the fai'l ed physical envi ronment and "plugged” into another systemwth
an operating cathe controller. This allows the contents of 25 the cache
to be accessed bywdbmssessy host system for updati ng mai n MenoPCTAISH /83669
resum ng execution of the program during which the cache controller
failure occurred. An industry standard 45} Pgle |n I|ne menory nodul e
(@SImYY] type physical configuration is SUI abl e. As will be
understood by those skilled in the art, many changes I n the nmet hods and
appar atus descri bed above may be made by the skilled practitioner
wi t hout departing fromthe spirit and scope of the invention, which
shoul d be limted only as set forvvagogib the clains which follow
WD 97/ 33285 o] g PCT/ US97/ 03669
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What is clainmed is: 1. A battery backup systemfor a cache dynamc
random access nenory (DRAM in a conputer system wherein the cache

DRAM is controlled by a cache controller that normally 5 provides refresh
signals for the cache DRAM the battery backup system providi ng power
and refresh signals to the DRAM cache nenory if the system power supply
should fail, WoR738285 ng: (a) a battery power sourRESI/USH7/03669
operating the cache 10 DRAM and the battery backup system (b) a
refresh generator with a refresh signal gﬁt put, for generating refresh
signals for refreshing the cache DRAMSA (c) a backup

systemcontroller for sensing the 15 conputer system power supply voltage
i ouer to the hattery

and selecting the Syt Ot ' QS-FT Lt
backup system when INPET ©ODEemM power  slippl pat perlat at a r
out put vol t age Ie\ﬁ%anﬁ ['gén saﬁwﬁ'l“'n thb{\rﬁgggery SBovef soGASHE ARRAY
ot herwi se, the Ha si/s cbntrol |l ¢r 20 connect}SEYECHEDfache DRAEGD
refresh signal ijnput to] t he cafhe ontroller rgfresh si gnal out put when
t he system power osuppl ygi s ppNet i D9 NOT BIRTYOPYr Oy put}volt I ,
and for conngcting the cachge DRAM rrhgf?y refregh silbtgnal I npu L(f%l&'t he
refresh generatqgr refresh gignpl t ppt n_.the 45 systen] power supply is
not operating a’ﬁ the prloper ouf p8 vol levdl . 1 2. REﬁF@ﬁU&E’ry
backup systemdf cl ai 1 fprther conprising a trickje charge circuit
for charging thq 1batjter$ poweYESouf cNOTDIRTYhe [conq8t er| GACHECONTROLLER
supply. 30 3. A modul ar baftery bpckup system|for a dypam c random
access nenory (E)RAM for uge i §\E§omut eblﬁstem tht'.e.3DRAL\/bACHECONTROLLER
FIG._5
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cache nenory controlled by a cache controller that normally

refresh signals for the DRAM cache nenory, the
conput €r system power supply,
PCT/US97/ 03669

system provi di ng power and refresh signals ..

t he WO

the system power wogIB3Ba8sf ai | s,

physi cal ly configured as
di sconnected from 5 the conputer system
(a). a DRAM cache nmenory conprising an arr
ref¢esh circuitry with inputs for
signals for

syst em

- 13

system powered by a

97/ 33285

- battery backup
to the DRAM cache nmenory if

provi des

t he nodul ar battery backup syBEUHE97/03669

refreshing t he DRAM contents; 10
source for operating the DRAM

(c) a refresh gener

out put, for generating a set of

~out put for

refreshing the DR

'

refresk

3@95?330c

accepting a set of

a single nodule that can be physically
i ated cache controller,
dynami c nenory cells and
refresh contro

(b) a battery power

th attery backup
A ?garesh si gna

t he refresh signa

/,—415
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15. and

- 'system power - suppImTEENA'EIQﬂAIy WBREP@R‘Ihe Jrodul ar
when the system power supply is operating .at
"and for selecting the 20 bhattery

| evel

(d) a backup system controller for se

| ecting.-the
Interrigtinadd agplicatiog tom
a propgrpermigeuossswol t age

sourcel otherwse the

Dﬂ\I\PI"

backup_-s

3&%& ﬁfnTEX'tl‘O [’%{E" s?&gé‘t gﬁﬁni?{nr&&%:ﬁgtokﬂgﬁisma@RAM cache refresh

Lnput er refresh siaqnal aut put when the:

signal s
system pd
for conng
refresh

I S not of
battery |
charge ci

syst em p¢ weAr
3A m
ofeésory (DRAM) cache system (150) that senses the Vcc level supplied thtough

of cl ai m|
- PCT/ US97

C
e,
e 4

Wer supply.is o
ctin sl

erating .at-thé proper output voltage | evel .
ackup cache system OWA? flurther conprising a trickle
rcuit for charg| ng 3 attery povver source fromthe conputer

ratlng af a er out put volt ge |level; and
c bargs enkiqned,in, ¢r tragh do ot dpglu %ame?%r@n%éxgn

bgtweereparentheises PCTI Bulel 8. ddpPut when the system power suppl y
4. - The nodul ar

cachg system.
ramdom ‘access

e

othod ned mmm% pr@ﬂdmg a ggggrlyagaq%ln% %&%c

the cache controller (160) to the cache memory (200) and , if Vcc falls below a
preset threshold level, the battery backup apparatus (176) switches the cache
memory array (200) to a backup battery Vcc source, and a backup refresh control

- generator unit (177) that is also powered by the backup battery Vcc source. The
~ cache DRAM (200), backup battery (176), and backup refresh generator (177) ate

physically contained in a single module that can be disconnected from the cache
‘controller (160) and host system (100) while preserving the cache memory
contents. The backup system (170) is installed in an operating host system for
recovery of the cache memory contents and/or resumption of executlon of the
program that was running when the Vcc power failure occurred.
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- 14 - (a) an input for accepting a cache status signal from
the cache controller that indicates if the DRAM cacm écg?t[en-t' re
dirty; .and ' (b) inhibiting the refresh ge ra@r fromapplying 5
a set of refresh sjignals to the DRAM cache nenory when {m Caaee St at us
signal indicates that the DRAM cache nenory contents dir ‘-';f_,'T};‘ri
The nodul ar battepcdlackup SY SHoRiD INTRLGERADMROPEREIRBANIZATION T he phy Sgess

isia single in-line menory nodul e 10 ('gpmofigeal Buseav 7 - The nodul ar battery
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(57) Abstract

A method and apparatus providing a battery backup for a dynamic random access memory (DRAM) cache system (150) that senses the
Vee level supplied through the cache controlier (160) to the cache memory (200) and, if Ve falls below a preset threshold ievel, the battery
backup apparatus (176) switches the cache memory array (200) to a backup battery V. source, and & backup refresh control gencrator unit
(177) that is aliso powered by the baclmp battery Ve source, The cache DRAM (200), backup battery (176), and backup refresh generator
(177D are physically contained in a single module that can be disconnected from the cache controller (160) and host system (100) while
preserving the cache memory contents. The backup system (170) is installed in an operating host system for recovery of the cache memory
contents and/or resumption of execution of the program that was running when the V.. power failure occurred.




