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Title: PROGRAM EXECUTION DEVICE
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Abstract:

PROBLEM TO BE SOLVED: To provide a program execution device capable of preventing a
processing result from being lost even with a small charging amount of a backup power source.
SOLUTION: A detection circuit 20 outputs the detection signal C1 of '0' when a DC voltage Vb is higher
than a first threshold voltage and the detection signal C1 of '1' when it is not. An execution circuit 30 is
driven by receiving the DC voltage Va at a power source terminal, executes a first kind program at the
time of receiving the detection signal C1 of '0' and executes a second kind program for protecting a
processing result obtained by executing the first kind program and generates a control signal C2 at the
time of receiving the detection signal C1 of '1'. A charging circuit 60 charges the DC voltage Vc. A
discharging circuit 50 discharges a charging voltage V2 to the power source terminal of the execution
circuit 30 based on the control signal C2.

[(RE] Ny U7y TERDVEVWREETHEUESE RNEHALUTLULESCEEHSTENTESS
OJ5 A RTESEZED, [FBRFER] REDE20E, EREEVLAE 1R BEREELVASE
WEETIC"O"DRBEFESC1. 5 TRULEEIC"T"OREESC1EHAT S, ETEI B3 0.
EREREV aZEREFICZTITERHL. " 0"OREBESC1EZTZEF 1B OT S LEET
U, "1"OREESC1ZRITZEF1B-IOTIL EERTITBRZEILE>THEENTLEBERER
H£IDE2BT/OVILERTIDELEICHEESC2EEN 5. AEMOKG6 0 FEREREV C
“RET D, MEMO K5 0FHIEESC2ICETVWTREETV 2 £E170 K3 0 DERIFFAINE
95,

Claims:

1. BEREEEEEST. YZEREESEMNE 1. by the DC supply voltage, threshold voltage on

1 BBEERELUASVESCAVES. 25T signal is larger than the first threshold voltage of
Samsung Electronics Co., Ltd.
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BRWEERLAZESEHANTSRHEEE. AR
ERNEREEZERIGEFICZITTEHL, gised
MESEZTBREF1EE/OVSLERTLU, Bl
A 7ESERIBLARB1E/ OIS LER
T93CEICE>TEBNENIBEREZRET D
F2B/OJSLERTITBELEEICHNEESE
T 5RTOKSE., IIEREREEZRET
SREMEE., RICHEESEZ(Td &, AR
ELOROAEBEEE TR ERIETNNET 2ME
Eik&. 2#EATLTOTSALARTES,

2 . BirC EiRImF O EE N HZRITEIEHENER]
BERTFOHRESNEE 2REEEICAR T EEIC
AR EE S Z R ERR(CH AT B H AR
ZEE[CHEATRERIT 1 SHBOT/OT 5 LARTER
8.

3.RIELE 2B/ 0V 5 ARRRETEEE &
v FTRMBESTCHERE1SHOTOT I LE
TRE.

4 HE 1 BHIUE2ET/OV S LG, Hx
B1ESLUVE2B/O07 5 LAOBERDAE
FHEFLLUTUWRINE, BlcETEREE )&
v FTRNEBZESTHERE 1 BHO/OT LR
1TRE.

5.lccRELRKIT., BlscERB REXERET
307U ESUERIEBI1EEHOTOT LR
1TH%E,

6. BIECIR OIS, RIECRITEEE. RIECIEEE
. AIEHERRE 1 Fy 7 ECERENTVS
FERIESREHD 70T 5 ARITRE.

Description:

[000 1] [FMANEY ZXMOEFIARRR. I
Ea—-4707746 (LT, B T707354)

EMY) ERTIB 70T LARTRECHAT

%o

[0 00 2] fERDEMMERTIE, 70T ZLDE
THRCHMBH S OERDER SNz & &, BIEEIC
Ny 07y TERCHPVEZXTSIEHNTEALT
O3 LERTI B,
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said DC power source, and outputs a signal
detection circuit turns off when it is not, receiving
said DC power supply voltage to the power
terminals The drive to run the program on one of
said signal is received, along with running a
program to protect the processing results of the
second kind obtained by running the program and
the first species to receive clear signal above run
to generate a discharge signal circuit, charging
circuit and said DC power supply voltage to charge
and discharge signal is received, a discharge
circuit for discharging said supply voltage terminal
of the charging circuit charges said program
execution device with.

2.1 claim, further comprising an output circuit
outputs the signal to the discharge in the
discharge circuit when a preset second threshold
voltage that can perform such circuit is the voltage
of said power supply terminal program execution
unit described.

3. program is the second kind of program
execution device according to claim 1, including
processing said execution circuitry to reset.

4. Species Programme said first and second kind,
unless certain conditions are met the result of
processing said first kind and second kind program
offers, including the process of claim 1 wherein the
reset circuit is run program execution unit.

5. charging circuit, said program execution device
according to claim 1 comprising a capacitor
charging voltage to said DC power supply.

6. detection circuit, said execution circuit, said
charging circuit, said discharge circuit program
execution apparatus of claim 5 which is formed on
one chip.

[0001] [technical field to which the invention] The
present invention is a computer program
(hereinafter referred to simply as "program"”
referred to as) to run the program execution
apparatus.

[0002] [ART] In the past, when external power is
interrupted during the execution of the program to
run the same program subsequently switched to
the backup supply immediately.

Samsung Electronics Co., Ltd.
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FTOTOY S ALADETICE > TESNNIBE
EMNHEHELTULES EVLWOSBEARDH - T,

[0 00 41KEIBELEOMERERART BT
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[00 OS] [REZEMAT BIODFERIFEKRIA IC
AEORBEBRAFERE. BEREREEZZ(T. &
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dirtEEE . BItEREREEEERIHFICE
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TS LEETL. BIseA 75552 (T3 RIS
105 LAFEETIRCECL>TED N
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ZZ2(F5 &, AR ELBOREEXZRICER
ImFANNET BHRELKEEFAS,

[0 0 0 6]5AKIA 2 [CECE D ERRERAFER(E. Al
S ERIn T DEENHZEITEEDENET RS T
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T. BB 1 BHIUE 27075 AR, HiZ
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[0003] [PROBLEMS TO BE SOLVED BY THE
INVENTION However, the less amount of charge
the backup power supply system becomes
unstable driving program execution, the results
obtained by processing the previous execution of
the program there is a problem that disappears.

[0004] The present invention has been made to
solve the above problems, to get the program
execution apparatus that can prevent you to lose a
small amount of charge processing result in
backup power for the purpose.

[0005] [Means for Solving the Problem] problem
solving method according to claim 1, by the DC
supply voltage, threshold voltage on signal is
larger than the first threshold voltage of said DC
power supply, so detection circuit and outputs a
signal when it is not clear, driven by said DC
supply voltage to the power terminals, and the first
one to run the program receives a signal on said
program and said first type wherein the off signal
is received Run the discharge circuit for generating
a signal to run the program with the second seed
treatment to protect the results obtained by
running a charging circuit and said DC power
supply voltage to charge and discharge signal is
received, said charge and a discharge circuit for
discharging said charging voltage to the circuit
power terminals.

[0006] means for problem solving according to
claim 2, wherein the discharge circuit when the
voltage signal to discharge a second predefined
threshold that can perform such circuit is the
voltage of said power supply terminal output circuit
further comprises output.

[0007] The problem solving method according to
claim 3, wherein the first two programs, including
processing said execution circuitry to reset.

[0008] The problem solving method according to
claim 4, the program first kind and second kind,
unless certain conditions are met the results of two
treatment programs per species and said first, said
reset the circuit including the processing run.

[0009] The problem solving method according to
claim 5, wherein said charging circuit includes a
capacitor charging voltage to said DC power

supply.

[0010] The problem solving method according to
claim 6, wherein the detection circuit, said
Samsung Electronics Co., Ltd.
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execution circuit, said charging circuit, said
discharge circuit being formed on one chip.

[0011] [Embodiment of the Invention (Embodiment
1) Figure 1 is a block diagram showing one
embodiment of the program execution apparatus
of the present invention. Program execution
apparatus of the first embodiment, the power
supply circuit 10, detection circuit 20, circuit 30 is
executed, the output circuit 40, discharge circuit
50, charging circuit 60, input unit 71, output unit
72, a reset circuit 80 and power line 90 including.

[0012] First, a description of the configuration of a
first embodiment of the program execution.

[0013] 10 power supply circuit receives an external
DC voltage V0O, Va DC voltage, which generates
and outputs a DC voltage Vb and Vc of the DC
voltage.

[0014] 20 detector receives DC voltage Vb, which
generates and outputs a detection signal C1.
Detection circuit 20 is a circuit having an inverter
function, for example, as shown in Figure 2. In
Figure 2, Vd is the DC voltage generated by power
supply circuit 10, other symbols that correspond to
Figure 1. The detection circuit 20, may be outside
the circuit shown in Figure 2, c is greater than the
threshold voltage DC voltage Vb to "0" and outputs
a detection signal C1, otherwise a "1" detection
signal C1 as long as it is output. less than DP N =
0003 greater than

[0015] 30 running the circuit of Figure 1, line 90 is
connected to the power supply terminal, receives a
detection signal C1 and C2 and generates and
outputs a control signal. In addition, the execution
circuit 30 receives input signals from the C4 input
section 71, section 72 outputs the output to
generate the C5 result.

[0016] 3 shows a block diagram showing the
internal configuration of the circuit 30 runs.
Execution circuit 30 interrupt signal generation
circuit 31 includes a main memory 33 and the
CPU32. The interrupt signal generating circuit 31
receives a signal from the CPU32 C1 and D1
detection signal is output to the CPU32 as the
exclusive signal D2 D1, C1 and signal detection
signal. Be described with reference to Figure 4
and Figure 5 the main memory 33 and the
operation of the CPU32. As shown in Figure 4, the
detection signal C1 is "1" signal at D1 is "0", D2

signal "1" (ta time). In this state, the detection
Samsung Electronics Co., Ltd.
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signal C1 is "0" reaches 31, the interrupt signal
generator falling edge of the signal D2 (tb time).
CPU32 and receive a falling signal D2, D1 signal
by inverting the "1". This, D2 again signal "1" to (tc
time). Also, as shown in Figure 5, the detection
signal C1 is "0" signal at D1 is "1", D2 signal "1" (ta
time). In this state, the detection signal C1 is "1"
reaches 31, the interrupt signal generator falling

_, edge of the signal D2 (tb time). CPU32 and

receive a falling signal D2, D1 by inverting the
signal "0" when. This, D2 again signal "1" to (tc
time). As mentioned above, the detection signal
C1is "0" to "1" or "1" to "0" time change, CPU32
pulse falling signal D2 (signal interrupt) will be
subject to.

[0017] In addition, CPU32 can handle and
exchange the results obtained by running the
programs and data between main memory 33,
which can capture the program instructions from
main memory 33. Data and programs stored in
memory 33 that the main input unit 71 (Fig. 1)
given by the.

[0018] 40 output circuit is connected to a power
line 90 receives a control signal C2, and outputs a
control signal C3. Operation of the output circuit
40, control signal C2 is "1" is a control signal C3
"0", fixed to the control signal C2 is "0" control
signal voltage is greater than the minimum driving
voltage V3 d the C3 "0" to the control signal C3 at
d less than the minimum voltage at the driving
voltage V3 "1".

[0019] 60 by the charging circuit for charging the
DC voltage Vc. This is the charging voltage V2. 60
shows an example of internal configuration of the
charging circuit in Figure 6. The charging circuit
60, charge completion detection circuit 61 includes
a body 62 and a capacitor charging circuit 63. In
Figure 6, Ve is the reference DC voltage
generated by power supply circuit 10, other
symbols that correspond to Figure 1. Body 62 for
charging the capacitor charging circuit 63 receives
the DC voltage Vc. Charge completion detection
circuit 61, so that the voltage V2 is equal to the
reference voltage Ve charge, charging circuit that
controls the body 62. This charging circuit 60 stops
charging automatically when the reference voltage
V2 is equal to the charging voltage Ve. The
charging circuit 60, may be outside the circuit
shown in Figure 6, as long as it can be charged by
the DC voltage Vc.
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[0020] 50 discharge circuit of Figure 1 receives a
control signal C3 and the charging voltage V2, V2,
and outputs the charging voltage supply line 90 in
response to the control signal C3. In addition, the
discharge voltage V2 charging circuit 50, may be
directly output to the power line 90, the output line
90 may be converted to a predetermined voltage
power supply.

[0021] 71 input unit, for example, the input
interface to input data from an external peripheral
device, or keyboard, or mouse, or a touch.

[0022] 72 output unit is a device that outputs the
processing result obtained by executing the
program execution circuit 30, for example, the
output interface for outputting data to external
peripherals, LCD panels or, CRT, or a flash
memory or other nonvolatile memory.

[0023] 80 The reset circuit includes a push button
switch to reset the circuit 30 is performed by
pressing the push button switch by the operator
when a runaway program, for example.

[0024] The "0" signal is detected on the signal C1,
the "1" and the detection signal C1 off signal "1"
control signal C3 and the "0" control signal C2
discharge signals. Furthermore, Va DC voltage, Vb
DC voltage, Vc dc voltage, Ve DC voltage Vd and
the reference voltage is included in the concept of
a DC power supply voltage.

[0025] In addition, all figures in each of the signal,
"0" and "1" is one of high potential, the other is a
low potential.

[0026] Next, an explanation for the overall
operation of the FIG.

[0027] First, at time t0, VO DC voltage to GND
(ground potential), and the charging circuit 60 will
be charged to GND voltage V2 also because they
are not charged at all. Detection signal C1 is not
run by driving circuit 30 is "0". The power line 90
voltage V3 GND, C1 detection signal "0", C2
control signal "1", C3 control signal is "0".

[0028] Next, the DC voltage rises at time t1 VO.
Accordingly, the power supply circuit 10 is driven,
Va DC voltage, Vc DC voltage and DC voltage Vb
is varied as well, a1 each voltage, a2 voltage
approaches the voltage a3. In addition, a1 voltage,
a2 voltage, a3 and the voltage may be a different
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size from each other, may be equal, a positive
voltage, negative voltage can be either.

[0029] The supply line 90, it is less than DP N =
0004 greater than the DC applied voltage Va, V3
line voltage power supply 90 varies the voltage Va
as well as DC power supply terminal of circuit 30
runs applied to. Execution circuit 30 can be driven
normally with the lowest voltage rises above the
driving voltage V3 d (2 time).

[0030] When the steady state DC voltage VO, Va
DC voltage, Vb DC voltage, Vc voltage DC voltage
respectively a1, a2 voltage at a constant voltage
a3.

[0031] CPU32 execution circuit 30 processes the
data that is stored in main memory 33 of the first
kind to run a program that is stored in main
memory 33.

[0032] In more detail the kind of program
execution. The program is the first kind, OS
(operating system), a program to stop processing
the discharge resume processing program that
includes an application program. First, after
starting the OS, that program is executed to
process the discharge stop "1" is output to the
control signal C2. Next, the program is run to
process later resumed. Then, the application
program is executed. Application program, for
example, main memory 33 stores the processing
result of processing by a predetermined
calculation expression data input unit 71 from input
to output to the output 72 from the main memory
33 when needed (eg non-volatile memory (output
72) to write t0.)

[0033] Meanwhile, the circuit 60 during charging,
the charging voltage Vc in response to DC to stop
charging automatically when the charging voltage
to the Ve reference voltage V2 (t3 time).

[0034] Then, suddenly becomes the GND V0 is
the DC voltage is blocked at time t4. VO is reduced
by a DC voltage, Va DC voltage generated by
power supply circuit 10, Vb DC voltage, DC
voltage Vc is also close to GND. Furthermore, due
to parasitics of the power supply circuit 10, Va DC
voltage, Vb DC voltage, DC voltage Vc is a
gradual change in comparison with dc voltage VO.

[0035] When the threshold voltage Vb ¢ DC
voltage detection circuit 20 detects the signal C1 is

"0" to "1". This signal is supplied to the CPU32
Samsung Electronics Co., Ltd.
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interrupt execution circuit 30, CPU32 executes the
program schedule and Type 2 (15 time).

[0036] The first two programs, a program to
suspend processing, discharge treatment program
that includes a program to achieve desired
processing results. Suspend processing, such as
power-saving mode control unit 72 input and
output section 71 (power saving hardware
separately) and the process referred to as
suspend the suspension which has undergone
treatment. First, section 72 operates in a power
saving mode input and output unit 71 is performed
by suspending the program for processing. Then
circuit 30 is accomplished by executing a program
to handle the discharge control signal C2 is "0" to
(t6 time). Furthermore, at this point, V3 d minimum
voltage over-voltage, so the drive circuit 30 can
operate normally run. Next, the program is
executed to achieve desired processing results. By
running this program, where for example, the data
write process is performed, the non-volatile
memory 72 is output from the memory 33 of the
C5 main results obtained by processing the first
kind to run the program Writing is started.

[0037] Thereafter, the lowest voltage which drives
the voltage V3 d (t7 time). In this case, the control
signal C3 to the output circuit 40 '1 ". Discharge
circuit 50 is "1" and receive the control signal C3 to
discharge circuit 30 to the power terminal lines
running through the charging power supply 90
voltage V2. This minimum voltage greater than d
drive voltage V3 rises and power line 90, circuit 30
can continue to run a stable drive. Larger than d
because the minimum voltage at the driving
voltage V3, the output circuit 40 a control signal
C3 "0" when. The discharge circuit 50, "0" and
receive a control signal C3, stop the discharge line
90 to charge the power supply voltage V2, the
lowest voltage that the drive voltage V3 to d.
Repeated the above, the charge voltage V2 is
supplemented to the power terminal 30 perform
circuit, circuit 30 can execute a program to run
properly, you can write to the nonvolatile memory
to complete the processing result of C5 possible.
Thus, it is possible to prevent a loss of protection
to non-volatile memory by writing a program to
achieve the desired processing results obtained by
a C5 processing results of the first kind to run the
program.

[0038] Then, each iteration of the discharge circuit
50 discharges stop discharging charge stored in
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the charging circuit 60 to go is less, at time t8,
even if the discharge circuit 50 discharges, the
voltage d not more than the lowest voltage V3 is
the driving circuit 30 driving the execution is not
stopped.

[0039] Furthermore, if the equipment malfunctions
in the program execution time t8, the operator may
be reset by pressing the push button reset circuit
80.

[0040] As described above, the supply terminals of
circuit 30 compensates the voltage at the
execution were discharged from the discharge
circuit 50, circuit 30 can drive to run stable until
time 18, during which, in You can prevent loss and
protect the program for desired processing results
of the second kind of program the C5 treatment
results obtained by running one program, the
operator C5 desired processing results can be
obtained.

[0041] Incidentally, during the time from the time t7
t8, again, rises to a DC voltage VO (t9 time Figure
8). Accordingly, the power supply circuit 10 is
driven, Va DC voltage, Vc DC voltage and DC
voltage Vb is varied as well, a1 each voltage, a2
voltage approaches the voltage a3.

[0042] c is greater than the threshold voltage Vb is
the DC voltage detection circuit 20 detects the
signal C1 is "0" to. This is less than DP N = 0005
greater than signal is applied to the CPU32
interrupt execution circuit 30, CPU32 program
resume do the first kind of program, a program to
stop processing the discharge, the application
program in order to schedule running (t10 time).
And resume processing, the processing means
processing the last return to suspend state, a state
referred to as the state resume resume processing
was done. Basically, control returns to the state
immediately before the suspend process unit 72
and outputs 71 inputs (return control hardware
separately) will do, here are 72 and an output unit
71 inputs Va DC voltage, DC voltage Vb, a1-
voltage direct-current voltage Vc, a2 voltage
returns to its original natural state if the voltage
becomes a3. Later time 110, V3 voltage line
voltage power supply 90 is sufficiently close to the
a1, even without resorting to charging voltage V2,
the execution in a state circuit 30 can drive
normally. Therefore, the program is run to process
the discharge stopped, CPU32 of the control
signal C2 from the execution circuit 30 receives an
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40 is "1" and receive control signals C2 and C3
control signal "0" fixed. The discharge circuit 50,
"0" and receive a control signal C3 to stop the

discharge line 90 to supply charging voltage V2.
Thereafter, the application program is executed.

[0043] In other words, by executing a program to
suspend processing, the input unit 71, is operated
in power saving mode, etc. The output unit 72,
reduces the amount of charge consumed in
charging circuit 60, circuit 30 runs longer is driven
again until the rise of the DC voltage VO is
possible to wait for the execution circuit 30. This
processing results obtained by a C5 you run the
program the first kind, it is possible to prevent a
loss of protection circuit 30 will be waiting to
suspend the processing performed by the
program.

[0044] As described above, the first one to run the
program c is greater than the threshold voltage DC
voltage Vb. C falls below the threshold voltage DC
voltage Vb, the second kind with running the
program to protect the processing results obtained
by running the program in one terminal, run the
power circuit 30 in addition to the direct current
voltage Va compensate the charge voltage V2 is
discharged from the discharge circuit 50. This
circuit 30 can perform stable and longer driving,
during which prevents the loss of two programs to
protect the processing results obtained by running
the program the first kind possible.

[0045] In addition, VO DC voltage instead of
blocked, may have been supplied in time t8 t7 ~ 7
times smaller than a small voltage is the lowest
drive voltage Va d dc voltage. In this case, even a
slight amount of charge in charging circuit 60, the
sum of the voltage V2 from a charging voltage Va
and DC charging circuit 60, circuit 30 can drive a
stable long run.

[0046] Moreover, by repeatedly stopping the
discharge discharge discharge circuit 50 described
above, it is supplied from the circuit 50 gradually
discharges only enough energy to reach the
minimum voltage, d is the drive voltage V3, driving
can be stably run even slightly longer battery
charge circuit 30 of the charging circuit 60.

[0047] In addition, the less amount of charge in a
conventional backup power supply, because that
loss of processing results obtained by running the
program until it can be applied to charge capacitor

63 as a backup supply small amounts of There
é)amy né E ectromcs Co., LtJ].
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was no in the present invention can prevent loss
and protect the results of processing as described
above but only charged the amount. Thus, the
capacitor 63 can be applied as backup power, yet
can be configured as a backup supply of life
without charging circuit 60, so there is no leakage
of battery, it needs no maintenance.

[0048] In addition, the output circuit 40, in place of
the circuit shown in Figure 2, the control signal C2
is "1" when the control signal C3 "0" is held, the
control signal C2 " 0 "control signal C3 to less than
d when the minimum voltage in the drive voltage
V3" 1 "may be held in the latch circuit. And
replacing the latch circuit, t8 t7 ~ time 7 time is
always "1". Thus, the output circuit 40, a preset
threshold voltage circuit 30 can operate the power
supply voltage at V3 is running (in the above
description is equal to the minimum drive voltage
d) when the "0" Controlling discharge circuit 50
outputs the signal C3. This minimum voltage until
the drive voltage V3 d circuit 30 is driven by the
execution is only a DC voltage Va, the minute
circuit 30 can be executed to drive longer stable.
In addition, pre-set threshold voltage, minimum
voltage may be larger than d drive.

[0049] Moreover, after blocking the DC voltage VO,
to maintain the state of the circuit 30 since running
in the suspended state, without needing to restart
the OS, the program immediately after the dc
voltage VO is turned can be launched.

[0050] Also, if you replace the latch circuit to
output circuit 40, to enter into this latch circuit reset
signal from the circuit 80, by pressing the push
button reset circuit 80 by the operator, C3 control
signal "0" may be configured to reset.

[0051] Moreover, by omitting the output circuit 40,
circuit 50 may be applied to the discharge control
signal C2. In this case, "0" signal of the control
signal C2 is discharged, "1" and the discharge
stop signal of the control signal C2, in keeping with
this, the discharge circuit 50 is "0" and receive a
charging voltage control signal C2 The discharge
circuit 30 to the power terminal to power line 90
running through the V2, "1" to stop the discharge
line 90 to charge the power supply voltage V2 and
C2 receive the control signal.

[0052] In addition, the discharge circuit 50, the
control signal C3 "0" to "1" in line 90 continues to
discharge the power supply voltage V2 to rise if

take charge of the control signal C3 from "1"
YO O amsung Electronics Loy, Lid.
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"0" may also have a latching feature to stay down
if you take the fall for discharge. In this case, enter
50 discharge circuit a signal from the circuit 80 re-
less than DP N = 0006 greater than a set, pressing
the pushbutton circuit 80 is reset by the operator,
even if configured to stop the discharge of the
above Good.

[0053] Further, Va DC voltage, Vb DC voltage, Vc
may be a DC voltage of the same DC power
supply voltage.

[0054] may also charge a capacitor instead of a
battery charging circuit 60 63.

[0055] The program of the second kind, other than
a program or a program to suspend processing of
the above-mentioned data write operation, if it
contains a good program to protect the result. For
example, programs may be displayed on the LCD
panel to make an output unit 72 the C5 result.
Alternatively, run by resetting circuit 30, may be a
program fo restore the initial state as if the reset
signal is input to C6. In this case, by resetting to
prevent runaway programs driven by the unstable
second kind, for example, are destroyed by
processing the result is already written in the
nonvolatile memory portion 72 of the first kind by
the program output it can be prevented.

[0056] In addition, the discharge signal and the
discharge stop signal of the control signal C2, in
the example above is generated by the CPU32
instruction program includes two of the first kind
and the programs, instead of this, run detection
circuit 30 is the signal C1 is "1", "0" includes a
separate circuit to generate, depending on the
stop signal may be generated and discharged by
said discharge signal circuit to run the program
with Type 2 CPU32.

[0057] The program also includes a program to
capture one of the main circuit 30 in memory 33
execute the processing result is written into the
nonvolatile memory immediately after the DC
voltage VO rises, the first two programs are
described which may include writing a program for
processing data. According to this, first, the DC
voltage VO is interrupted at time 4 in Figure 7, as
described above, is executed by writing a program
to process the data in the first two programs, one
of the program be written to nonvolatile memory
72 outputs the main memory 33 from processing
the results obtained by C5 run. Then VO is the DC

| th
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the above process include the result of the first
kind in the program is written to main memory 33
from the non-volatile memory and C5 result. This,
even below the minimum voltage d is the drive
voltage V3 rises before the DC voltage VO, the
application program that is included in the program
is the first kind, and €5 as the initial treatment
results were mainly written in the memory 33, the
time can stand up in the same condition as before
4.

[0058] (2 Embodiment) In the first embodiment, a
DC voltage VO is shut off during program

execution, resuming from the state when entering
a suspended state, or execution of the program is

interrupted, the charging circuit 60/*Nakattari of
charge, for any other reasons, might not work
properly program. Does not work correctly in the
program and resume it becomes a DC voltage VO
is turned back, it still would be a program does not
work correctly.

[0059] In other words, conventional and shut off
the power from the outside if it is working properly
the program, if the power on again, it is possible to
run properly have been started from the beginning
of the program. However, the suspended state in
the first embodiment described, if a resume
condition persists, even if the power shut off the
power again from the outside, the program caused
a problem that does not work properly.

[0060] In order to solve the above problems,
unless the program is working properly, reset the
circuit 30 when an operation execution process
and suspend resume (suspend reset, resume
reset).

[0061] First, described with reference to Figures 9
to 12 to suspend reset. The first kind of program is
running, turn on the flags where malfunction-
prone. An example of when you turn on the flags
where malfunction is likely to occur, are listed in
Figures 9 through 11. For example, as shown in
Figure 9, CPU32 has just started the OS (step
S11), and on the flag (Step S12), and other
application programs to run. Then, after a
predetermined time has elapsed since the flag on
(step S13), to flag off (step S14). Alternatively, as
shown in Figure 10, CPU32 executes instructions
Furaguon the application program (step S21). This
flag is turned on (step S22). Next, CPU32
executes instructions Furaguofu the application
program (step S23). This flag is turned off (step

Samsung Electronics Co., Ltd.
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S24). Alternatively, as shown in Figure 11, CPU32
will resume the process from the start (step S31),
and on the flag (step S32), and other application
programs to run. Then, after a predetermined time
has elapsed since the flag on (step S33), to flag off
(step S34). Flag processing, as shown in Figures 9
through 11 above, the program includes the first
kind.

[0062] Next, when the suspend process, and reset
if the flag is turned on. In more detail using Figure
12, CPU32, when you start the suspend process
(step S41), determines whether the flag is turned
off (step S42). If the flag is off, CPU32 will continue
to suspend processing (step S43). On the other
hand, it is considered sufficiently likely that the
program does not work properly if your flag is on,
CPU32 to perform the reset circuit 30 (step S44).
Treatment as shown in Figure 12 are included in
the program over the second kind. less than DP N
= 0007 greater than

[0063] above, as described in Figures 9 through
12, CPU32 when an operation is suspended (that
is, when receiving a signal from the signal off-on),
unless the flag is off (ie, in If the results meet the
prescribed treatment program for one) and reset
the execution circuit 30. This will resume again
when the state can automatically avoid state
program is not working properly, or does not have
to see if that can be suspended by operation.

[0064] Next, an explanation for the 13 resume
reset. First, when you start the process resumed
(step S51), display processing is performed, such
as messages to the user's shell of the OS. To
determine whether the display processing is
executed correctly (step S52). How to determine,
for example, place a pre-condition contains the
shell startup file format in the nonvolatile memory
can be determined by comparing the results of this
launch condition and render the shell. Depending
on how such a decision, reset circuit 30 to execute
successfully if the shell is running (step S56),
otherwise proceeds to step S53.

[0065] In step S53, to determine whether the state
is equal to the number of start resuming a previous
application launch number. How to check, for
example, by storing in main memory 33 as a
launch condition that checks the number of
application programs started by the suspend
process. Then, resuming after the start of
treatment can be confirmed by comparing the

number of statt that are BRIAL BAIN (RO
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33 and the number of application program starts.
The confirmation of such methods, different
number of state and resume the previous
application launch and run the reset circuit 30
(step S56), otherwise proceeds to step S54.

[0066] In step S54, to determine whether the
application program is running correctly. Similar to
the decision step S52, for example, place a pre-
condition to start the application program stored in
the file format in the nonvolatile memory can be
determined by comparing the results of this launch
conditions and execution of application programs.
Depending on how such a decision, reset the
circuit 30 if it is running properly executed
application program (step S56), otherwise
continue processing resumed (step S55).

[0067] Further, steps S52 ~ step S54 may be
configured to run selectively.

[0068] above, as described in Figure 13, CPU32
when an operation is suspended (that is, when
receiving a signal from the signal on-off), non-
volatile memory and the processing results of the
OS shell or application program must meet certain
criteria that are stored in main memory 33, to reset
the execution circuit 30. This will resume again
when the state can be avoided automatically when
no program is running normally, it does not require
an operator to start-up program.

[0069] Furthermore, by performing the reset and
suspend resume reset, as the first embodiment, to
prevent runaway programs driven by the instability
of the second kind, obtained by running the
program the first kind The results can be protected
or treated.

[0070] (Application of the present invention), the
program execution apparatus of the present
invention may be any device that runs the
program, such as factory automation (FA) control
device that controls the machine that make up the
production line may be applied to a personal
computer. Alternatively, among the components of
Figure 1, at least the detection circuit 20, circuit 30
runs, charging circuit 60, formed on a single chip
discharge circuit 50, DSP (Digital Signal
Processor) 1-chip microprocessor such as those
referred may be applied to such computers. In
particular, from being shut VO is the DC voltage of
7 (t4 time), to below the d minimum voltage at the
driving voltage V3 (t8 time) between, again, a

system that frequently has to stand up VO is the
y ngsun)g/g Electron?cs C(g)., Ltd.
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DC voltage Once applied, effective immediately
because it can launch the program immediately
after the power has a DC voltage V0.

[0071] [Effects of the Invention According to the
invention described in claim 1, the first one to run
the program first threshold voltage is greater than
the DC voltage. Falls below the first threshold
voltage DC voltage to run the program with the
second seed treatment to protect the results
obtained in the program of the first kind, was
discharged from the power supply terminals in
addition to the DC voltage discharge circuit The
charging voltage is compensated. This circuit can
run stable for longer than driving, in the meantime,
to prevent the loss of two programs to protect the
processing results obtained by running the
program the first kind possible.

[0072] According to the invention described in
claim 2, the circuit will run until the second
threshold voltage is driven by the power supply
voltage at DC supply voltage. This circuit can be
run longer and stable driving.

[0073] According to the invention described in
claim 3, reset the circuit by two runs in the first
program, by preventing the runaway of two
programs, one program of treatment obtained The
results can be protected.

[0074] According to the invention described in
claim 4, it is possible to work around the state
program is not working properly the first kind and
second kind.

[0075] According to the invention described in
claim 5, run the program because of the second
kind for the desired processing results of the first
kind instead of the program, but only the desired
amount of the charging circuit charging results can
be processed. Thus, a sufficient effect can be
obtained even if constructed by using a capacitor
charging circuit charging a smaller capacity,
moreover, can not be configured as a backup
power source less than DP N = 0008 greater than
the life of the charging circuit.

[0076] According to the invention described in
claim 6, it can be used as backup power
capacitors, you can get a program execution
device that consists of a single chip for backup.

Samsung Electronics Co., Ltd.
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(57) Abstract: A memory expansion module with stacked memory packages. A memory module is implemented using stacked
memory packages. Each of the stacked memory packages contains multiple memory chips, typically DRAMs (dynamic random
access memory). The memory may be organized into multiple banks, wherein a given memory chip within a stacked memory package
is part of one bank, while another memory chip in the same package is part of another bank. The memory module also includes
a clock driver chip and a storage unit. The storage unit is configured to store module identification information, such as a serial
number. The storage unit is also configured to store information correlating electrical contact pads on the module with individual
signal pins on the stacked memory packages. This may allow an error to be quickly traced to a specific pin on a stacked memory
package when an error is detected on the memory bus by an error correction subsystem.
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TITLE: A MEMORY EXPANSION MODULE WITH STACKED MEMORY PACKAGES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to memory hardware for computer systems, and more specifically to

memory expansion modules for expanding memory in computer systems.

2. Description of the Related Art

Many modern computer systems allow for memory expansion by way of single inline memory modules
(SIMMs) and/or dual inline memory modules (DIMMs). SIMMs and DIMMs include small, compact circuit
boards that are designed to mount easily into an expansion socket mountcd on another circuit board, typically a
computer motherboard. The circuit boards used to implement SIMMs and DIMMs include an edge connector
comprising a plurality of contact pads, with contact pads typically being present on both sides of the circuit board.
On SIMMs, opposing contact pads are connected together (i.e. shorted), and thus carry the same signal, while at
least some opposing contact pads on DIMMs are not connected, thus allowing different signals to be carried. Due
to this, higher signal density may be accommodated by DIMMs.

Memory elements of SIMMs and DIMMs are typically Dynamic Random Access Memory (DRAM) chips.
DRAM chips store information as a charge on a capacitor, with the charge level representing a logic one or logic
zero. Since a capacitor charge will dissipate over time, DRAM chips require refresh cycles on a periodic basis.

To access a location in a DRAM, an address must first be applied to the address inputs. This address is
then decoded, and data from the given address is accessed. In modern DRAMSs, rows and columns are addressed
separately using row address strobe (RAS) and column address strobe (CAS) control signals. By using RAS and
CAS signals, row and column addresses can be time-multiplexed on common signal lines, contact pads, and pins of
the address bus. This allows a greater number of memory locations that can be addressed without a corresponding
increase in the number of required signal lines, contact pads, and pins.

To address a memory location in a DRAM as described above, a RAS signal is asserted on the RAS input
of the DRAM, and a row address is forwarded to row decode logic on a memory chip. The contents of all locations
in the addressed row will then be sent to a column decoder, which is typically a combination
multiplexer/demultiplexer. After row addressing is complete, a CAS signal 1s asserted, and a column address is sent
to the column decoder. The multiplexer in the column decoder will then select the corresponding column from the
addressed row, and the data from that specific row/column address is placed on the data bus for used by the
computer system.

The demand for more memory in computer systems is ever increasing. Advances in software has further
driven the demand for greater memory capacity, as complex programs require more memory spacc with which to
operate. Along with the demand for greater memory capacity is the need for greater reliability i computer system
operation. As the capacity of memory modules increases so to does the possibility of an error or a failure.

Tracking errors to their source on a memory module may sometimes be a difficult and time-consuming proccss.
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Tracing a signal from a contact on an edge connector to a specific pin on a memory device may be time consuming
even when accurate schematics are available. Furthermore, manually tracing a signal from an edge connector

contact to a pin on a memory device may be prone to human error.

SUMMARY OF THE INVENTION

The problems outlined above may in large part be solved by a memory expansion module 1n accordance
with the present invention. In one embodiment, a memory module includes a printed circuit board with a connector
edge adapted for insertion in an expansion socket of a computer system. Mounted upon the circuit board is a
plurality of stacked memory packages. Each stacked memory chip package contains multiple memory chips, or
die, within the package. These memory chips are typically Dynamic Random Access Memory (DRAM). In cne
embodiment, each stacked memory package includes two DRAM die. The printed circuit board of this embodiment
includes 18 locations for mounting the stacked memory packages, resulting in a memory module with a total of 36
memory die. Also mounted upon the printed circuit board is at least one buffer (or line driver) chip for driving
address and control signals to the plurality of memory die contained within the stacked memory packages. A clock
driver chip is also mounted upon the printed circuit board for driving clock signals to the memory chips. Also
mounted on the printed circuit board is a storage unit, which provides module identification and signal routing
information. In one embodiment, a serial electrically erasable programmable read-only memory (SEEPROM) is
used to implement the storage unit. Information which correlates individual contact pads of the edge connector to
individual pins of the stacked memory packages may be stored in the storage unit. Using this information, an error
detected by in the memory module may be quickly traced to a specific pin of a stacked memory package.

Each memory die within each stacked memory package may be individually accessed by a computer
system. Since the memory die within the stacked memory packages may be accessed individually, multiple
memory banks may be formed with each die within a given package belonging to a different memory bank. In one
embodiment, each memory die is a 32M x 8, resulting in a stacked memory package with a capacity of 64M x 8.
‘The total module capacity in this embodiment is 1 gigabyte. In general, the memory module is scalable and may be
implemented with various amounts of memory capacity.

Thus, in various embodiments, the memory expansion module with stacked memory packages and error
correction functionality may advantageously allow greater memory capacity. The use of stacked memory packages
may allow for greater memory capacity without the need for additional circuit board area. The use of stacked
memory packages with no more than two memory die each may advantageously reduce power consumption and

thermal output by the memory module.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading the following detailed
description and upon reference to the accompanying drawings in which:

Figure 1 is a block diagram illustrating an embodiment of a computer system having a CPU, a memory
controller, a CPU bus, and a plurality of memory modules;

Figure 2 is a mechanical drawing of one embodiment of a memory module;
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Figure 3A 1s a block diagram illustrating the electrical connections associated with the top side of an
embodiment of the memory module;

Figure 3B is a block diagram illustrating the electrical connections associated with the bottom side of an
embodiment of the memory module;

Figure 4 is a functional block diagram of one embodiment of the memory module;

Figure 5 is a pin diagram of one embodiment of a stacked memory package;

Figure 6 is a block diagram of the internal organization of one embodiment of a stacked memory package;

Figure 7 is a drawing of one embodiment the memory module illustrating the electrical interconnections .
associated with error correction functions; and,

Figure 8 is a table illustrating exemplary entries within the storage unit correlating connector pins to
integrated circuit pins.

While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and will herein be described in detail. It should be
understood, however, that the drawings and description thereto are not intended to limit the invention to the
particular form disclosed, but, on the contrary, the invention is to cover all modifications, equivalents, and

alternatives falling with the spirit and scope of the present invention as defined be the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to Figure 1, an embodiment of a computer system 100 including a plurality of memory
modules 1000, as will be described below, is shown. The computer system includes a CPU 101, coupled to a
memory controller 102 through a CPU bus 103. Memory controller 102 is configured to control communications
and data transfers between CPU 101 and memory modules 1000.

Memory controller 102 1s coupled to cach of the memory modules 1000 through a memory bus 104.
Memory bus 104 includes a plurality of signal lines, each of which is associated with a single data bit position. The
width of memory bus 104 may be any number of bits; typical bus widths include 16 bits, 32 bits, 64 bits, and 128
bits. Some embodiments of memory bus 104 may include extra signal lines for bits that may be used by error
correction circuitry. The bits conveyed by the extra signal lines are typically referred to as check bits. For
example, one embodiment of a memory bus may be configured to convey 128 data bits and 16 check bits, for a
total bus width of 144 bits. Error detection and correction is performed by error correction subsystem 106, located
within memory controller 102.

In the embodiment shown, the memory modules are provided to expand main memory of computer system
100, and are electrically coupled to memory bus 104 through a set of expansion sockets 105. An expansion socket
105 of the embodiment shown is configured to receive an edge connector of a printed circuit board of a memory
module 1000.

Moving on to Figure 2, a mechanical drawing of one embodiment of the memory module 1s shown.
Memory module 1000 includes a plurality of stacked memory packages 1002 mounted upon both sides of a printed
circuit board 500. Memory module 1000 also includes two line driver chips 1003, one mounted on each side of the
printed circuit board. In this embodiment, clock driver chip 1004 is mounted on the top side of printed circuit

board 500, while a storage unit 1006 is mounted on the bottom side. Edge connector 1005 provides electrical
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contact between the various components of the module and the computer system 100 of Figure 1. In the
embodiment shown, edge connector 1005 includes 232 electrical contacts. Furthermore, a majority of opposing
electrical contacts of edge connector 10035 are not electrically connected, making this module a DIMM (dual inline
memory module).

Figures 3A and 3B are block diagrams illustrating the electrical connections associated with the top and
bottom side, respectively, of one embodiment of the memory module. Memory module 1000 inchudes a plurality of
stacked memory packages 1002 mounted upon each side. Memory module 1000 also includes edge connector
1005 for electrically coupling memory module 1000 to the memory bus 104 of Figure 1. Edge connector 1005
includes a plurality of electrical contacts 1015 for conveying electrical signals between memory module 1000 and
the memory bus. As in Figure 2, a majority of opposing contacts in the embodiment shown are not electrically
connected, making the module a DIMM. ‘

On each side of memory module 1000 is mounted a line driver (or buffer) chip 1003. Line driver chip
1003-A in Figure 3A serves as an address buffer (for address signals), while line driver chip 1003-B in Figure 3B
serves as a control buffer (for control signals). Line driver chip 1003-A is configured to receive address signals
from a memory bus of a computer system, via electrical contact pads 1015 and interconnecting signal lines. In the
embodiment shown, each address signal is split into two separate signals. Those address signals labeled A0(X) arc
driven to a first memory bank, while those labeled A1(X) are driven to a second memory bank. Line driver chip
1003-B is configured to receive various control signals from a memory bus. These control signals include chip
select signals; CS0O and CS1 as shown. Other control signals (not shown) include row address strobe (RAS),
column address strobe (CAS), clock enable (CKE), and write enable (WE).

The top side of the module also includes clock driver chip 1004. Clock driver chip 1004 is configured to
receive clock signals from a computer system, and to drive these signals to the memory chips of the stacked
memory packages 1002. In the embodiment shown, clock driver chip 1004 actually receives two differential PECL
(pseudo emitter coupled logic) level signals, designated here as CLK+ and CLK-. These differential signals are
used as inputs to a phase-locked loop (PLL) circuit within the clock driver chip. The output of the PLL is a singular
clock signal, which is driven to each of the memory chips within the stacked memory packages 1002. Other
embodiments configured to receive a singular clock signal (rather than multiple differential clock signals) are
possible and contemplated.

A storage unit 1006 is mounted upon the bottom side of the module. In the embodiment shown, storage
unit 1006 is a serial EEPROM (clectrically erasable read-only memory). Other embodiments may use a flash
memory or other type of device to implement storage unit 1006. In the embodiment shown, storage unit 1006
performs two functions. The first of these functions is module identification, as storage unit 1006 may, in one
embodiment, be configured to store a unique serial number for memory module 1000. This serial number may be
read by a computer system into which the memory module is inserted. Using the unique serial number, the module
history may be traced from its time of manufacture, including any failure information.

The second function of storage unit 1006 is the storage of error correction information. In particular, the
storage unit 1006 of the embodiment shown is configured to store information correlating pins of the connector
edge to individual pins of stacked memory packages 1002. Using this information, an error detected by an error

correction subsystem may be quickly traced to a specific pin of a specific stacked memory package 1002.
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Turning now to Figure 4, a functional block diagram of one embodiment of the memory module is shown.
Memory module 1000 includes a plurality of memory die1002U and 1002L, wherein each pair of die is part of a
stacked memory package 1002 of Figures 2 and 3. Typically, memory die 1002U and 1002L will be dynamic
random access memory (DRAM) chips. In the embodiment shown, a first bank and a second bank of memory are
present. The first bank of memory includes the shown plurality of memory die 1002U, while the second bank
includes the shown plurality of memory chips 1002L. Each memory die has a data width of 8 bits, and is coupled
to a data bus of 144 bits.

Two buffers, or line driver chips 1003 are used to drive address and control signals to the memory dic
1002U and 1002L. One line driver chip 1003 is used exclusively for address signals. Each address signal received
by the line driver chip 1003 is duplicated twice and driven to a stacked memory package 1002. A second line
driver chip 1003 is used to drive control signals to the memory die 1002U and 1002L within each stacked memory
package in order to control the individual banks of memory. Each stacked memory package 1002 is configured to
receive a RAS signal (RASO or RAS1), a CAS signal (CASO or CAS1), and a WE signal (WEO or WEI1). In
addition, each stacked memory package 1002 is configured to receive control signals CS0, CS1, CKEQ, and CKEL.

Also shown in Figure 4 is clock driver chip 1004, which is configured to receive two differential PECL
clock signals, and drive a singular clock signal to each of the memory chips, as explained above with reference to
Figure 3A.

Figure 5 is a pin diagram of one embodiment of a stacked memory package 1002. In the embodiment
shown, stacked memory package 1002 includes two memory die. Each stacked memory package 1s configured to
receive 8 data signals (DQO-DQ7), 15 address signals (A0-A12 and BAO-BAT1), and control signals CS0O, CS1,
CKEOQ, CKE1, RAS, CAS, and WE. Address signals BAO and BA1 correspond to address signals A13 and A14 as
shown in Figure 4. In general, a limitation of two memory die per stacked memory package is placed upon the
various embodiments of the memory module, due to considerations for power consumption and thermal output of
the module. Stacked packages with only two memory die may consume less power and generate less heat than
those containing three or more memory die, while still allowing additional memory capacity without the need for
additional circuit area relative to memory packages having a single memory dic.

Figure 6 is a block diagram of the internal organization of one embodiment of a stacked memory package.
The embodiment shown consists of memory die 1002U and 1002L. Address signals A0-A 14 are coupied to both
memory die, as are control signals CAS, RAS, and WE, and data signals DQO0 — DQ7. A clock signal, CLK, is also
coupled to both memory die. Control signals CKEO and CS0 are coupled to memory die 1002U, and are asserted
during read and write operations to this memory die. Likewise, control signals CKE1 and CS1 are coupled to
memory die 1002L. Memory die 1002U and 1002L are part of a first and a second memory bank, respectively.
The memory die in this embodiment are 32M x 8 (i.e. 32 megabytes) each, resulting in a stacked memory package
with a capacity of 64 megabytes. Using a total of 18 stacked memory packages of this capacity results in a module
capacity of one gigabyte.

Figure 7 is a drawing of one embodiment the memory module illustrating the electrical interconnections
associated with error correction functions. Memory module 1000 includes a printed circuit board upon which
stacked memory packages 1002 are mounted. Each of these packages has a data width of 8 bits, and includes two

memory chips (1002U and 1002L from Figures 4 and 6). Depending on the organization of memory module 1000,
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some of these memory die may be used to store error correction check bits, while others may be used to store data
bits. Memory module 1000 also includes an edge connector 1005, with a plurality of electrical contact pads 1015.
A plurality of signal lines 1020 couples the electrical contact pads 1015 to the stacked memory packages 1002.
Data signals are conveyed along signal lines 1020 between the stacked memory packages 1002 and electrical
contact pads 1015. Data pin DO of each stacked memory package 1002 is shown coupled to electrical contact pads
1015 by signal lines 1020, with the respective position of the bit in the data word (i.e. DQO, DQ16, etc.) shown.
The most significant bit of the data, DQ143, is coupled to pin D7 of a stacked memory package 1002. In this
embodiment, 16 check bits are used to protect each data block of 128 bits, with each check word associated with
one data block only.

As previously stated, some memory die of the stacked memory packages 1002 may be used exclusively to
store check bits in this embodiment. Each of these memory die may store four check bits of each check word. In
the embodiment shown, each check word is 16 bits, and protects a data block of 128 bits. These check bits are
accessed through a plurality of pins designated CBWX[y:z]. For example, CBW1[3:0] shown in the drawing
represents four pins of a stacked memory package 1002 through which check bits 0 through 3 of check word #1 are
accessed. Similarly, CBW2[7:4] represents those pins through which check bits 4 through 7 of check word #2 are
accessed. Each of thesc pins is connected to a respective signal line. Representative signal lines are shown in the
drawing as CBW 1 through CBW4. In general, these signal lines are routed on the printed circuit board in such a
manner that physically adjacent memory cells within each memory die store check bits corresponding to different
check words.

Figure 8 is a table illustrating exemplary entries within the storage unit correlating connector pins to
integrated circuit pins. In the table shown, each connector pad of an edge connector (such as edge connector 1005
of Figures 3A and 3B) is associated with a pin of an integrated circuit package (such as the stacked memory
packages 1002 of Figures 3A and 3B). For example, connector pad #1 is associated with integrated circuit Ul, pin
5(U1.5). Similarly, connector pad #5 is associated with integrated circuit U1, pin 9. Most if not all connector pads
may be associated with at least one pin of one integrated circuit. In many cases, certain connector pads may be
associated with a plurality of integrated circuit pins. Such connector pads may include those that carry address
signals and enable signals (e.g. chip enable and write enable signals).

While the present invention has been described with reference to particular embodiments, it will be
understood that the embodiments are illustrative and that the invention scope is not so limited. Any variations,
modifications, additions, and improvements to the embodiments described are possible. These variations,
modifications, additions, and improvements may fall within the scope of the inventions as detailed within the

following claims.
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WHAT IS CLAIMED IS:

A memory module comprising:

a printed circuit board including a connector edge adapted for insertion within a socket of a computer
systernl;

a plurality of stacked memory packages mounted upon said printed circuit board, each of said stacked
memory packages including a first memory die and a second memaory die, and wherein said first memory
die of each of said stacked memory packages forms a portion of a first bank of memory and said second
memory die of each of said stacked memory packages forms a portion of a second bank of memory;

a clock driver chip;
a storage unit for providing module identification and error correction check bit information; and,

at least one line driver chip configured to drive control signals and/or address signals.

The memory module as recited in claim 1, wherein said edge connector includes a plurality of electrical

contact pads for conveying electrical signals.

The memory module as recited in claim 2, wherein said edge connector has 232 of said electrical contact

pads.

The memory module as recited in claim 2, wherein said connector edge includes contact pads for receiving
control signals, said control signals comprising at least one row address strobe (RAS) signal, at least one
column address strobe (CAS) signal, at least one write enable (WE) signal, at least one clock enable

(CKE) signal, and a least one chip select (CS) signal.

The memory module as recited in claim 2, wherein said electrical signals include a plurality of address

signals, and wherein said plurality of address signals form an address bus.
The memory module as recited in claim 5, wherein said address bus is 14 bits wide.

The memory module as recited in claim 2, wherein said electrical signals include a plurality of data

signals, and wherein said plurality of data signals form a data path.
The memory module as recited in claim 6, wherein said data path is 144 bits wide.
The memory module as recited 1n claim 1, wherein said memory module is configured for use in a system

having an error correction subsystem, said error correction subsystem configured to generate a plurality of

check words corresponding to a plurality of data blocks.
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The memory module as recited in claim 2, wherein said storage unit is configured to store signal line
routing information which correlates each of said contact pads of said edge connector to a pin of a said

stacked memory package.

The memory module as recited in claim 1, wherein said storage unit is configured to store module

identification information.

The memory module as recited in claim 11, wherein said storage unit is a serial electrically erasable

programmable read-only memory (SEEPROM).

The memory module as recited in claim 1, wherein said first memory die and said second memory dic are

dynamic random access memory {DRAM) chips.

The memory module as recited in claim 1, wherein said memory module is a dual-inline memory module

(DIMM).

The memory module as recited in claim 1, wherein said memory module has a memory capacity of one

gigabyte.

The memory module as recited in claim 1, wherein each of said stacked memory packages includes two

memory die.

A memory module comprising:

a printed circuit board including a plurality of signal lines for conveying electrical signals and a connector
edge adapted for insertion within a socket of a computer system, said edge connector having a plurality of
contact pads for conveying said electrical signals between said memory module and a memory bus;

a plurality of stacked memory packages, each having two memory die, mounted upon said printed circuit
board, each of said stacked memory packages having a plurality of signal pins;

a clock driver chip;

a storage unit for storing module identification and information which correlates said electrical contact
pads to said signal pins; and,

at least one line driver chip for driving electrical signals to said stacked memory packages.

The memory module as recited in claim 17, wherein said electrical signals include a plurality of control

signals, a plurality of data signals, and a plurality of address signals.

The memory module as recited in claim 18, wherein said plurality of data signals form a data path, said

data path 144 bits wide.
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The memory module as recited in claim 18, wherein said plurality of address signals form an address bus,

said address bus 14 bits wide.
The memory module as recited in claim 18, wherein said control signals include two column address
strobe (CAS) signals, two row address strobe (RAS) signals, two write enable (WE) signals, two chip

select (CS) signals, and two clock enable (CKE) signals.

The memory module as recited in claim 17, wherein said memory module is a Dual Inline Memory

Module (DIMM).

The memory module as recited in claim 17, wherein said memory die are synchronous dynamic random

access memory (SDRAM) chips.

The memory module as recited in claim 17m wherein said memory module has 232 of said contact pads.
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Description

[0001] This application is related to commonly owned, co-pending U.S. Patent Application No. 08/440,967, filed May
15, 1995, entitled "DIMM Pair with Data Memory and State Memory."

[0002] The present invention relates generally to the field of computer memory, and more particularly, to a dynamic
random access memory dual in-line memory module.

[0003] Dynamic, random access memory (DRAM) single in-line memory modules (SIMMs) and dual in-line memory
modules (DIMMs) are preferred implementations of semiconductor main memory in computer systems of all sizes,
including personal computers (PCs), workstations, supercomputers and the like. Both SIMMs and DIMMs include a
printed circuit board (PCB) having an edge connector with a plurality of signal pads on opposite sides of the PCB for
physical and electrical connection to a connector socket. DRAM or synchronous DRAM integrated circuit chips are
mounted on the PCB, and are electrically connected to various connector signal pads. A SIMM has opposing signal
pads electrically connected so that each pair carries a single signal. In a DIMM, opposing pads are not connected so
that each pad can carry a separate signal. However, the terms SIMM and DIMM are often used synonymously in the
memory art. A detailed description of a known DRAM SIMM can be found in commonly owned U.S. Patent No. 5,272,664
to Alexander et al.

[0004] In a multiprocessor computer system, main memory may be implemented as distributed shared memory or
centralized (i.e., non-distributed) memory. Each processor generally has a local cache. Thus, the processors must
maintain cache coherence. Most existing multiprocessors with cache coherence rely on snooping to maintain coher-
ence. To accomplish this, all processors are connected to a common bus. The processors "snoop" the bus. That is,
the information about which processors are caching which data items is distributed among all of the caches. Thus,
straightforward snooping schemes require that all caches see every memory request from every processor. This in-
herently limits the scalability of these systems because the common bus and the individual processor caches eventually
saturate. With today's high-performance RISC processors, this saturation can occur with just a few processors.
[0005] Directory structures avoid the scalability problems of snoopy schemes by removing the need to broadcast
every memory request to all processor caches. The directory maintains pointers to the processor caches holding a
copy of each memory block. Only the caches with copies can be affected by an access to the memory block, and only
those caches need be notified of the access. Thus, the processor caches and interconnect will not saturate due to
coherence requests. Furthermore, directory-based coherence is not dependent on any specific interconnection network
like the bus used by most snooping schemes.

[0006] Few DSM multiprocessors that use directory structures have been developed. Examples of such DSM sys-
tems include Stanford University's Dash multiprocessor described in Lenoski, Daniel, et al., "The Stanford Dash Mul-
tiprocessor," IEEE, pp. 63-79, March 1992; Massachusetts Institute of Technology's (MIT) Alewife multiprocessor de-
scribed in Chaiken, David, et al., "LimitLESS Directories: A Scalable Cache Coherence Scheme," ACM, pp. 224-234,
1991; and Convex Computer Corporation's Exemplar multiprocessor described in Brewer, Tony, "A Highly Scalable
System Utilizing up to 128 PA-RISC Processors,"” IEEE, pp. 133-140, 1995.

[0007] In the Stanford Dash multiprocessor, the main memory was hardwired for maximum memory capacity.1 In
the MIT multiprocessor and the Convex Computer Corporation multiprocessor, directory information was stored in main
memory. Thus, the data and the directory information had to be accessed sequentially, limiting memory bandwidth.
[0008] What is needed is a technique for implementing main memory in a DSM multiprocessor computer system in
a manner such that directory information is accommodated and such that straightforward memory expansion of both
data memory and directory memory are concurrently supported.

[0009] The invention is a dual in-line memory module (DIMM) as indicated in claim 1. It includes a circuit board, and
first and second memories mounted on the circuit board. The first memory is configured for storing data and is also
called a data memory. The second memory, called a state memory, is configured for storing state information corre-
sponding to at least a portion of the data stored in the data memory. State information includes, for example, cache
coherence information (i.e., information on whether and where a block of data is cached, and where the most recent
copy of the data resides), information regarding access rights to the data in the data memory, page migration informa-
tion, and the like. The DIMM of the invention allows the state information in the state memory to be accessed separately
from the data in the data memory. By "separately,”" it is meant that the state information can be read/written independ-
ently of and/or in parallel with data stored in the data memory.

[0010] A plurality of the DIMMs of the invention can be used to implement main memory in a distributed, shared
memory (DSM) multiprocessor. The DIMM configuration provides a mechanism through which memory can be easily
upgraded or replaced. Because the state information is stored on the DIMMs along with the data, an optimal memory
management scheme is provided.

[0011] In a first embodiment, each DIMM provides 32 megabytes of data storage capacity and 4 megabytes of ECC
(error correcting codes) in the data memory. To achieve this, the DIMM includes two memory bank portions (one per
side of the DIMM circuit board) of two megabits deep by 72 bits wide (2M x 72). Of the 72 bits, 64 bits are for data and
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eight bits are for ECC. The state memory includes one megabit by 16 bits wide (1M x 16) of state information capacity.
This embodiment can be implemented using a plurality of synchronous, dynamic, random access memory (SDRAM)
chips.

[0012] In this embodiment, the circuit board of the DIMM is approximately 1.34 inches high by 6.6 inches long (note
that the width dimension is given as a height, since DIMM boards are generally mounted perpendicular to another
circuit board via an edge connector) and includes a 122 pad long by 2 pad wide edge connector along one longitudinal
edge of the circuit board. The data memory is implemented using eighteen (18) two megabit by eight bit (2M x 8)
SDRAM chips. Nine of the SDRAM chips are mounted on a front side of the circuit board, and nine are mounted on a
back side of the circuit board. The state memory is implemented using a single one megabit by sixteen bit (1M x 16)
SDRAM chip that is mounted on the front side of the circuit board.

[0013] The 244 pads of the edge connector provide separate data and address pads for the data memory and the
state memory to allow each memory to be accessed independently and, if desired, in parallel. An address and control
buffer is provided on each side of the circuit board. Each address and control buffer provides buffering for all address
and control lines to the SDRAM chips for half of the data memory. In addition, a single clock driver is provided for all
of the SDRAM chips of the DIMM. The clock driver provides two important functions. First, the clock driver provides
sufficient drive current capacity to drive each SDRAM chip without unduly loading the source of the clock signal. Second,
the clock driver provides a phase lock loop function to eliminate any skew or delay introduced by the buffering/driving
circuitry of the clock driver.

[0014] In a second embodiment, each DIMM provides 64 megabytes of data storage capacity and 8 megabytes of
ECC for a total of 72 megabytes of data storage in the data memory. To achieve this, the DIMM includes two memory
bank portions of four megabits deep by 72 bits wide (4M x 72). The state memory includes two megabit by 16 bits wide
(2M x 16) of state information capacity.

[0015] In this embodiment, the data memory is implemented using thirty-six (36) four megabit by four bit (4M x 4)
SDRAM chips. This implementation requires a second circuit board mounted in a piggy-back fashion on the first circuit
board. Eighteen of the SDRAM chips of the data memory are mounted on the first circuit board, substantially as set
forth in the first embodiment, while the other eighteen SDRAM chips are mounted on the piggy-back board in a similar
fashion. The state memory is implemented using two (2) two megabit by eight (2M x 8) bit SDRAM chips. One of the
chips is mounted on each side of the first circuit board. Similar to the 36 megabyte embodiment, the first circuit board
in the 72 megabyte embodiment includes a single clock driver and two address and control buffers. In addition, the
piggy-back board includes its own single clock driver and pair of address and control buffers.

[0016] The invention utilizes the DIMM in a DIMM memory pair. A first DIMM of the pair includes a first data memory
having first and second memory bank portions for storing data, and a first state memory configured to store state
information corresponding to data stored in a first memory bank. A second DIMM of the pair includes a second data
memory having third and fourth memory portions for storing data and a second state memory configured to store state
information corresponding to data stored in a second memory bank. The first memory bank is formed from the first
memory bank portion of the first DIMM and the third memory bank portion of the second DIMM. The second memory
bank is formed from the second memory bank portion of the first DIMM and the fourth memory bank portion of the
second DIMM. For example, if the first memory bank portion represents the front side of the first DIMM, the second
memory bank portion represents the back side of the first DIMM, the third memory bank portion represents the front
side of the second DIMM, and the fourth memory bank portion represents the back side of the second DIMM, then the
first memory bank is represented as the front sides of the first and second DIMMs, while the second memory bank
portion is represented by the back sides of the first and second DIMMs.

[0017] This DIMM pair configuration optimally provides a very wide dataword DIMM, which is implemented without
imposing unwieldy requirements on the physical configuration of the edge connector of the DIMM. For example, each
DIMM includes a 244 pad edge connector in the preferred embodiment. Using this connector, each DIMM provides a
72-bit-wide data path. Thus, the DIMM pair provides a 144-bit-wide data word. In the first embodiment described above,
the 144-bit data word is provided in a DIMM pair with 64 megabytes of data storage capacity and 8 megabytes for
ECC. In the second embodiment described above, the 144-bit data word is provided in a DIMM pair with 128 megabytes
of data storage capacity and 16 megabytes for ECC.

[0018] When used in a DSM multiprocessor, the DIMM pairs of the invention are used to implemented main memory.
Each processor node of the DSM multiprocessor includes a portion of main memory. In the 36 megabyte and 72
megabyte embodiments of the DIMM, the state memory configurations discussed provide sufficient capacity to accom-
modate the state information required for a system having a limited number of nodes (e.g., 16 nodes). For example,
each state memory described above includes 16 bit wide words of state information.

[0019] When the number of nodes exceeds 16, more processors and caches will be present. Additional state data
is required to keep track of the additional caches. Accordingly, more bits are required in the state memory to accom-
modate the extra nodes. The additional state memory can be provided by a state memory-only DIMM. This DIMM adds
32 bits of additional state memory. The resulting state memory provides 48 bit wide words of state information. With
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the additional state memory, the DSM multiprocessor can accommodate up to 64 nodes using conventional bit-vectors
and up to 512 nodes using flexible directory bit vectors.

[0020] Thus, for a DSM multiprocessor having 16 nodes or less, the DIMM of the invention allows a directory-based
memory structure to be implemented/upgraded using a single type of DIMM, configured in pairs. For a DSM multiproc-
essor having 512 nodes or less, the DIMM of the invention allows a directory-based memory structure to be imple-
mented/upgraded using the DIMM pair of the invention and a state memory-only DIMM to expand state memory. In
this manner, the DIMM of the invention provides significant advantages. First, when upgrading the number of proces-
sors, it is not necessary to replace existing DIMMs. Instead, existing DIMMs are merely supplemented with additional
DIMMs and/or state memory-only DIMMs. Second, smaller systems need only one DIMM pair, not a DIMM pair plus
a state memory-only DIMM, which reduces the cost of these systems. Third, because a single identical DIMM board,
and in some instances a state memory-only DIMM board also, are used to implement main and directory/state memory,
it is not necessary to manufacture, stock and distribute many different types of memory assemblies.

[0021] For purposes of illustration, a 36 megabyte embodiment and a 72 megabyte embodiment of the DIMM have
been described. It should be understood, however, that the DIMM of the invention may be produced in other data
capacities. For example, using 64 megabit (i.e., 8M x 8) SDRAM chips, a single board DIMM may be produced having
128 megabyte data and 16 megabyte ECC (18 chips x 8 megabytes per chip) storage capacity (including data and
ECC). This would yield a DIMM pair having 256 megabytes of data storage capacity. If a piggy-back board is used as
in the 72 megabyte DIMM embodiment described above, the 64 megabyte SDRAM chips can be used to implement
a 256 megabyte data and 32 megabyte ECC DIMM and a 512 megabyte data, 64 megabyte ECC DIMM pair.

[0022] In the preferred embodiment described, a piggy-back board is used to allow the DIMM to accommodate 36
SDRAMs for the data memory. A person skilled in the art will recognize that chip stacking techniques may also be used
to accommodate 36 SDRAM chips. If chip stacking techniques are used, the piggy-board may be eliminated.

[0023] The features and advantages of the invention will be apparent from the following, more particular description
of several preferred embodiments of the invention, as illustrated in the accompanying drawings.

[0024] The invention will be better understood if reference is made to the accompanying drawings in which:

[0025] FIG. 1 is a representative high level block diagram of a SDRAM DIMM according to the present invention.
[0026] FIG. 2 is a representative schematic block diagram of the front and back of a SDRAM DIMM according to the
present invention.

[0027] FIG. 3 is a representative logic diagram of a SDRAM DIMM pair having two banks and the state directory
memory for those banks according to the present invention.

[0028] FIG. 4 is arepresentative schematic diagram of a 36 megabyte SDRAM DIMM according to a first embodiment
of the present invention.

[0029] FIG. 5 is a representative schematic diagram of a 72 megabyte SDRAM DIMM according to a second em-
bodiment of the present invention.

[0030] FIG. 6A is front plan view of a SDRAM DIMM according to the present invention.

[0031] FIG. 6B is back plan view of the SDRAM DIMM of FIG. 6A.

[0032] FIG. 7A is front plan view of a SDRAM DIMM piggy-back board according to the present invention.

[0033] FIG. 7B is back plan view of the SDRAM DIMM piggy-back board of FIG. 7A.

[0034] FIG. 8 illustrates a representative data read timing diagram according to the present invention.

[0035] FIG. 9 illustrates a representative data write timing diagram according to the present invention.

[0036] FIG. 10 illustrates a representative read/modify/write timing diagram according to the present invention.
[0037] FIG. 11 illustrates a representative state memory timing diagram for a memory read according to the present
invention.

[0038] FIG. 12 illustrates a representative state memory timing diagram for a memory write or read-modify-write
according to the present invention.

[0039] FIG. 13 illustrates a representative state memory timing diagram for operation of a state memory-only DIMM
according to the present invention.

[0040] FIG. 14 illustrates the organization of DIMM pairs and state memory-only DIMMs in a node of a DSM multi-
processor

[0041] FIG. 15 illustrates a preferred exemplary pad assignment for an entire edge connector.

[0042] In the drawings, like reference numbers indicate identical or functionally similar elements. Additionally, the
left-most digit of the reference number identifies the drawing in which the reference number first appears.
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I. Overview

[0043] The preferred embodiments of the invention are now described with reference to the figures. While specific
steps, configurations and arrangements are discussed, it should be understood that this is done for illustrative purposes
only. A person skilled in the relevant art will recognize that other steps, configurations and arrangements can be used
without departing from the scope of the invention.

[0044] In a distributed, shared memory (DSM) multiprocessor such as that described in commonly-owned, co-pend-
ing U.S. Patent Application No. 08/435,456, filed May 5, 1995, entitled "System and Method For Network Exploration
and Access in a Multi-Processor Environment," main computer memory is distributed across a processor network.
Each distributed portion (node) of the main memory can be associated with one or more local processors. In such a
system, memory management becomes quite complex. The DSM multiprocessor described in the above-identified
application implements a directory-based cache coherence scheme that simplifies memory management. The direc-
tory-based memory management system is described in the following commonly-owned, co-pending patent applica-
tions:

U.S. Patent Application No. 08/435,460, filed May 5, 1995, entitled "Directory-Based Coherence Protocol Allowing
Efficient Dropping of Clean-Exclusive Data,"

U.S. Patent Application No. 08/435,462, filed May 5, 1995, entitled "System and Method For a Multiprocessor
Partitioning to Support High Availability,"

U.S. Patent Application No. 08/435,464, filed May 5, 1995, entitled "Page Migration In a Non-Uniform Memory
Access (NUMA) System,"

U.S. Patent Application No. 08/435,459, filed May 5, 1995, entitled "System and Method For Maintaining Coherency
of Virtual-to-Physical Memory Translations in a Multiprocessor Computer," and

U.S. Patent Application No. 08/435,463, filed May 5, 1995, entitled "Cache Coherency Using Flexible Directory
Bit Vectors."

[0045] The present invention is a dual in-line memory module (DIMM) for implementing a main memory in a DSM
such as that described in the above-referenced patent applications. Advantageously, the invention provides both data
memory and state memory on a DIMM. This facilitates installation, replacement, expansion, testing and extension of
the distributed main memory.

I. Architecture of the DIMM

[0046] FIG. 1 is a high-level, function block diagram of a DIMM 102 of the invention. DIMM 102 includes a printed
circuit board 103, a data memory 104, and a state memory 106. Circuit board 103 is a multilayer (e.g., eight layer)
printed circuit board having an edge connector 108. Edge connector 108 typically provides all electrical communications
for data memory 104 and state memory 106. Edge connector 108 is configured for being inserted into a connector
socket (not shown) such as socket part number ELF244L FCE-4Z50, available from Burndy Corporation, Norwalk,
Connecticut.

[0047] Edge connector 108 provides a plurality of data pads 118 that allow data access to data memory 104 via data
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path 110, a plurality of address pads 120 for communicating address and control information to data memory 104 via
address and control path 112, a plurality of data pads 122 that allow data access to state memory 106 via data path
114, and a plurality of address pads 124 for communicating address and control information to state memory 106 via
address and control path 116. By "access" to a memory, it is meant to read data from or write data to the memory.
[0048] Data memory 104 is configured to store data. The data stored in data memory 104 is generally portioned into
data blocks. State memory 106 is configured to store state information corresponding to blocks of data in data memory
104. State information (also known as directory information) includes, for example, cache coherence information (i.e.,
information on whether and where a block of data is cached, and where the most recent copy of the data resides),
information regarding access rights to the data in the data memory, page migration information, and the like. Because
connector 108 provides separate address and data pads for state memory 106 and data memory 104, the data and
corresponding state information can be separately accessed. By "separately,”" it is meant that the state information can
be read/written independent from and/or in parallel with data being read/written from/to the data memory. This allows
the data and state information to be accessed simultaneously.

[0049] FIG. 2illustrates a more detailed functional block diagram of DIMM 102. In this functional representation, both
a front side 202 and a back side 204 are illustrated. Connector 118 is depicted between front side 202 and back side
204. This figure can be best understood by viewing the DIMM like a book that has been opened such that the binding
is situated in the center, with both the front and back covers being visible. Connector 118 is analogous to the binding
of the book. As illustrated, connector 118 includes a first row of connector pads 206 on front side 202 and a second
row of connector pads 208 on back side 204 of circuit board 103.

[0050] As illustrated in this figure, data memory 104 is implemented by a first bank portion 210 on front side 202 and
a second bank portion 212 on back side 204. State memory 106 is shown mounted on front side 202. Address and
control path 112 is buffered by address and control buffers 214,216. Address and control buffer 214 provides address
and control signals (i.e., row address strobe, column address strobe, write enable and data mask) to a left side of first
bank portion 210 and a left side of second bank portion 212 via bus 113. In addition, address and control buffer 214
provides a chip select signal and a clock enable signal to both the left and right sides of first bank portion 210 via lines
117.

[0051] Similarly, address and control buffer 216 provides address and control signals (i.e., row address strobe, col-
umn address strobe, write enable and data mask) to a right side of first bank portion 210 and a right side of second
bank portion 212 via bus 115. In addition, address and control buffer 216 provides a chip select signal and a clock
enable signal to both the left and right sides of second bank portion 212 via lines 119. The chip select signals are used
to select between first bank portion 210 and second bank portion 212. Buffers 214,216 are arranged to buffer left and
right sides of memory bank portions 210,212 to simplify routing of the signal lines on circuit board 103. Alternatively,
buffer 214 may be configured to buffer signals only for bank portion 210, and buffer 216 may be configured to buffer
signals only for bank portion 212.

[0052] A clock driver 218 is mounted on front side 202 of circuit board 103. Clock driver 218 receives a clock signal
from clock signal and control lines 220 and provides sufficient drive current for clock driver 218 to drive a plurality of
memory chips that are used to form first and second memory bank portions 210,212 as well as state memory 106.
Clock driver 218 also includes a phase-lock loop function that eliminates skew from a clock signal 222, which is being
distributed to the various memory chips of the data and state memories on DIMM 102.

[0053] Inoneembodiment, back side 204 of DIMM 102 includes an SPROM (serial programmable read only memory)
224. SPROM 224 can be used to provide a unique identification number (e.g., a serial number) for DIMM 102. A suitable
SPROM is available from Dallas Semiconductor, Dallas, Texas, as Part No. DS2502, which is also known as a NIC
(Number In a Can).

li. Implementation of the DIMM in a DIMM Pair

[0054] In a preferred embodiment of the invention, DIMM 102 is used to implement main computer memory only in
pairs. Each DIMM of the pair provides half of a data word, such that the pair together is able to provide a very wide
data word. This is illustrated in FIG. 3, in which a DIMM 102A and a DIMM 102B form a DIMM pair 302. As illustrated,
DIMM 102A includes first memory bank portion 210A, second memory portion 212A, and first state memory 106A.
Similarly, DIMM 102B includes first memory bank portion 210B, second memory bank portion 212B, and second state
memory 106B.

[0055] In this implementation, first memory bank portion 210A and second memory bank portion 212B form a first
memory bank, labeled bank 0. State information for data stored in bank 0 is maintained in state memory 106A. Second
memory bank portion 212A and first memory bank portion 210B form a second memory bank, labeled bank 1. State
memory 106B is configured to store state information corresponding to data stored in memory bank 1. As discussed
in further detail below, a bank select signal is used to select one of bank 0 or bank 1 for data access operations. Memory
bank 0 and memory bank 1 share common address and data lines.
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[0056] The DIMM of the invention can be produced with a variety of different data storage capacities. In a first pre-
ferred embodiment, DIMM 102 has a thirty-six (36) megabyte data storage capacity (including 32 megabytes of data
and 4 megabytes of ECC) and a two (2) megabyte state information storage capacity. This embodiment yields a DIMM
pair having sixty-four (64) megabytes of data storage capacity, eight (8) megabytes of ECC, and four (4) megabytes
of state information storage capacity. In a second embodiment, DIMM 102 has a seventy-two (72) megabyte data
storage capacity (including 64 megabytes of data and 8 megabytes of ECC) and a four (4) megabyte state information
storage capacity. This embodiment yields a DIMM pair having one hundred twenty-eight (128) megabytes of data
storage capacity, sixteen (16) megabytes of ECC, and eight (8) megabytes of state information storage capacity.

IV. Details of the DIMM Interconnects

[0057] FIG. 4 is a block diagram illustrating interconnection of the components used to implement a DIMM 102 in
accordance with the first preferred embodiment of the invention. Data memory 104 is implemented using a plurality of
synchronous, dynamic, random access memory (SDRAM) chips D0O-D17. SDRAMs D0-D8 represent memory chips of
first memory bank portion 210, while SDRAMs D9-D17 represent memory chips of second memory bank portion 212.
In this 32 megabyte embodiment of DIMM 102, each SDRAM D0-D17 is a two megabit by eight bit (2M x 8) SDRAM
chip. Thus, each memory bank portion 210,212 is two (2) megabits deep by seventy-two (72) bits wide, yielding a total
data capacity for data memory 104 of four (4) megabits deep by seventy-two (72) bits wide (i.e., 64 bits for data and
8 bits for ECC). State memory 106 is implemented using a single one megabit by sixteen (1M x 16) bit SDRAM chip.
[0058] Each DRAM chip DO-D17 provides an 8-bit data word. To accommodate communications with each SDRAM,
data path 110 provides an 8-bit data path DQ. As indicated, one chip from each of memory bank portions 210,212 is
connected to an 8-bit data path DQ. For example, SDRAM D0 and SDRAM D9 are both connected to DQ[7:0]. Which
chip is actually active on the data path is determined by an external chip or bank select signal (discussed below).
[0059] Address and control buffers 214,216 receive 20-bits of address and control signals, labeled A[19:0], buffers
the address and control signals, and provides the address and control signal to SDRAMs D0-D17 as follows. Address
and control buffer 214 provides address and control signals (i.e., row address strobe, column address strobe, write
enable and data mask) to left sides of bank portions 210,212 (i.e., SDRAMs D0-D3 and D9-D12) via bus 113. In addition,
address and control buffer 214 provides a bank select signal (CS0_) and a clock enable signal (CKEO) to both the left
and right sides of first bank portion 210 (i.e., SDRAMS DO0-D8) via lines 117.

[0060] Address and control buffer 216 provides address and control signals (i.e., row address strobe, column address
strobe, write enable and data mask) to right sides of bank portions 210,212 (i.e., SDRAMs D4-D8 and D13-D17) via
bus 115. In addition, address and control buffer 216 provides a bank select signal (CS1_) and a clock enable signal
(CKE1) to both the left and right sides of second bank portion 212 (i.e., SDRAMS D9-D17) via lines 119. Address and
control signals A[19:0] are described further below in Table 1.

[0061] Clock driver circuit 218 provides clock signal 222 to each of SDRAMs D0-D17 and to the SDRAM of state
memory 106. Clock driver circuit 218 generates clock signal 222 based on clock control signals C[5:0]. The clock
control signals C[5:0] are described in further detail below. The data path 114 and address and control path 116 of
state memory 106 are illustrated by lines DIR_DQ[15:0] and B[17:0], respectively. These signals are also described in
further detail below.

[0062] The 72 megabyte embodiment of DIMM 102 is depicted in FIG. 5. In this embodiment, rather than using
eighteen two megabit by eight bit (2M x 8) SDRAMSs, the DIMM is implemented using thirty-six (36) four megabit by 4
bit (4M x 4) SDRAMs. To accommodate the additional chips, a second circuit board 500 is used. Eighteen of the 4M
x 4 SDRAMs (D0-D17) are mounted on a first circuit board 103. The other eighteen 4M x 4 SDRAMSs (D18-D35) are
mounted on second circuit board 500. Circuit board 500 is mounted on circuit board 103 in a piggy-back fashion. Only
circuit board 103 includes edge connector 108 (not shown in Figure 5). All electrical connections to the SDRAM chips
of circuit board 500 occur through the edge connector of circuit board 103. Signals are shared by the two boards using
a plurality of interconnecting pins. Each end of each pin is located in a plated through hole to provide electrical con-
nections between the boards. These pins also physically attach the second board to the first board. An example of a
piggy-back mounted circuit board (not using plated through holes) is provided in U.S. Patent No. 5,200,917 to Shaffer
et al.

[0063] In this embodiment, first memory bank portion 210 is formed from the front side of each of circuit boards
103,500. For example, SDRAM chips D0-D8 and D27-D35 can be used to implement first memory bank portion 210.
Similarly, the back side of each circuit board 103,500 can be used to implement second memory bank portion 212.
This includes, for example, SDRAM chips D9-D17 and D18-D26. The chips on each circuit board 103 and 500 include
on-board clocking and buffering via clock drivers 218A,218B and address and control buffers 214A,214B,216A,216B.
However, in this embodiment, each SDRAM chip is coupled to a 4-bit data path rather than an 8-bit data path. Thus,
a corresponding SDRAM chip from each board is used to form the 8-bits provided by a single chip in the 36 megabyte
DIMM. As in the 36 megabyte DIMM embodiment of FIG. 4, all SDRAM chips D0-D35 are addressed simultaneously.
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A bank select signal (one of signals A[19:0]) is used to select between memory bank portion 210 and memory bank
portion 212.

V. DIMM Chip Layout

[0064] A preferred implementation of the 32 megabyte DIMM embodiment is depicted in FIGS. 6A and 6B. FIG. 6A
shows front side 202 of DIMM 102. FIG. 6B shows back side 204 of DIMM 102. In this preferred implementation, circuit
board 103 is approximately 1.34 inches high by 6.6 inches long and includes a 122 pad long by 2 pad wide edge
connector along one longitudinal edge of the circuit board. SDRAMs D0-D8, SDRAM DIRO (for state memory 1086),
data and control buffers 214A and clock driver 218A are mounted on the front side 202 of circuit board 103. SDRAMs
D9-D17 and data and control buffer 216A are mounted on the back side 204 of circuit board 103.

[0065] FIGs. 6A and 6B are representative of the 72 megabyte embodiment of the invention as well as the 32 meg-
abyte embodiment with the following differences. First, in the 72 megabyte embodiment, SDRAMs D0-D17 are 4M x
4 devices instead of 2M x 8 bit devices. Second, the directory memory chip (indicated as DIR 0) is a 2M x 8 bit device
instead of a 1M x 16 bit device. Third, in the 72 megabyte embodiment, a second 2M x 8 bit SDRAM chip (indicated
by dashed lines in FIG. 6B as DIR 1) is used with DIR 0 to implement state memory 106.

[0066] A preferred implementation of the piggy-backed second circuit board 500 of the 72 megabyte DIMM embod-
iment is depicted in FIGS. 7A and 7B. FIG. 7A shows a front side 702 of second circuit board 500. FIG. 7B shows a
back side 704 of second circuit board 500. In this preferred implementation, circuit board 500 is approximately 1.16
inches high by 6.6 inches long and includes 116 interconnecting pins (not shown) providing electrical connections with
circuit board 103. SDRAMs D18-D26, data and control buffer 214B and clock driver 218B are mounted on the front
side 702 of circuit board 500. SDRAMs D27-D35 and data and control buffer 216B are mounted on the back side 704
of circuit board 500.

VI. The Pad Description
[0067] Table 1 lists the pad name and functions for the edge connector's pads according to a preferred embodiment

of the present invention. The left-hand column lists the abbreviated pad names and the right-hand column lists the
function of the pads listed in the associated row of the table.

Table 1
Pad Description
Pad Name Function
A[11:0]A Data Memory Address (Row:A[10:0]; Col:A[9:0]; Bank select: A11)
DQ[71:0] Data 1/0 Pads for Data Memory
CS1,CS0A Chip select for Data Memory SDRAMs
REA Row address strobe (RAS) command for Data Memory
CEA Column address strobe (CAS) command for Data Memory
WE A Write enable command for Data Memory
DQMA Input/Output mask for Data Memory
CKE1,CKEQA Memory clock enable for CS1 and CS0 SDRAM's respectively
DIR A[11:0]B State Memory Address (Row:A[10:0]; Col:A[7:0]; Bank select: A11)
DIR DQ[15:0] Directory data (i.e., state information) I/O for State Memory
DIR CSB Directory chip select for State Memory
DIR REB Directory row address strobe command for State Memory
DIR CEB Directory column address strobe command for State Memory
DIR WEB Directory write enable command for State Memory
A

B-

These pads are shown collectively on FIGS. 4 and 5 as A[19:0]
These pads are shown collectively on FIGS. 4 and 5 as B[17:0]
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Table 1 (continued)

Pad Description

Pad Name Function

DIR DQMB Directory input/output mask for State Memory
DIR CKEB Directory clock enable for State Memory
PCLK, PCLK¢ Differential LVPECL clock inputs

TCLKC LVTTL clock inputs

TCLK SELC Selects TCLK when high and PCLK when low
PLL ENC Enables PLL on clock driver

PLL CLRC PLL reset and tri-state clock driver outputs
V3 Power supply (3.3VD.C.)

GND Ground

SERIAL DAT Line to read contents of serial prom

B=These pads are shown collectively on FIGS. 4 and 5 as B[17:0]

C= These pads are shown collectively on FIGS. 4 and 5 as C[5:0]

[0068] The first pad description is for the address pads and is abbreviated A[11:0]. During row addressing the eleven
least significant bits are used. During column addressing the nine least significant bits are used in the 36 MB DIMM
embodiment, and the ten least significant bits are used in the 72MB DIMM embodiment. The most significant bit (A11)
is used to select between internal SDRAM banks. (These "internal banks" are different banks than banks zero and
bank one of SDRAM DIMM 102 described above. Therefore, banks zero and one will hereafter be referred to as
"external" banks that are selected via external back chip select signals CS1 and CSO0, to distinguish them from the
"internal SDRAM bank select" signal A11. This naming convention applies for SDRAMs used for data, as well as those
used to store state information.)

[0069] Data is input to, and output from the data memory of the SDRAM DIMM via 72 data input/output (I/O) paths
abbreviated DQ[71:0]. Since the SDRAM DIMMs are used in pairs, a single access of the data memory on a single
DIMM provides 72 bits, which when concatenated with 72 bits of the paired DIMM, yields a 144 bit data word that
includes 128 bits of data an 16 bits of ECC.

[0070] There are eight remaining paths for the data memory of the SDRAM DIMM. Two external bank chip select
pads abbreviated CS1_ and CSO0_, a row address strobe command pad abbreviated RE_, a column address strobe
command pad abbreviated CE_ and a write-enable command pad abbreviated WE_ are standard signals used for
selecting, addressing, and write-enabling SDRAM chips, as would be apparent to a person skilled in the relevant art.
Similarly, two pads are provided for memory clock enable for the two banks of SDRAMSs, respectively, and are abbre-
viated CKE1 and CKEO. A single input/output mask path is also provided, and is abbreviated DQM. The function of
the DQM mask pad will be described below in connection with the waveform diagrams.

[0071] The pads for the state memory of the SDRAM DIMM will now be described. The collection of directory address
pads are abbreviated DIR_A[11:0]. Row addressing for the state memory uses directory address bits A[10:0] and
column addressing utilizes directory address bits A[7:0] for a 32MB DIMM and bits A[8:0] for a 72MB DIMM. A twelfth
directory address pad (A11) is used for internal SDRAM bank selection.

[0072] Sixteen bits of state information is provided by directory data 1/0 pads abbreviated DIR_DQ[15:0]. The next
five pads listed in Table 1 have similar functionalities as described above in connection with the analogous paths for
the data memory section of the SDRAM DIMM. The directory chip select pad is abbreviated DIR_CS_. A directory row
address strobe command pad is abbreviated DIR_RE_. A directory column address strobe command pad is abbreviated
DIR_CE_. A directory write-enable command pad is abbreviated DIR_WE_. A directory input/output mask pad is ab-
breviated DIR_DQM. An additional directory clock-enable pad, abbreviated DIR_CKE, is provided for enabling the
state memory clock.

[0073] According to a preferred embodiment of the present invention, a Motorola, Inc., (Phoenix, Arizona) MPC931
PLL chip, is used as a clock driver circuit. Because this specific integrated circuit supports both low voltage transistor-
transistor-logic (LVTTL) or low voltage positive emitter coupled logic (LVPECL) respectively, the SDRAM DIMM of the
present invention can include pads to facilitate either type of logic level for the clock driver circuit. Therefore, differential
LVPECL clock pads abbreviated PCLK and PCLK_ are provided. Additionally, a LVTTL clock pad abbreviated TCLK
is also provided. To select between the two possible power pad inputs, a select pad abbreviated TCLK_SEL is provided.
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The logical voltage value applied to the TCLK_SEL pad will select which voltage pads that the clock driver circuit will
use. For example, the TCLK can be selected when the TCLK_ SEL pad is a logic high and the PCLK pad can be used
for powering the clock driver circuit when the TCLK_SEL pad is at a low logic level. Another pad enables the phase
lock loop portion of the clock driver circuit, and is abbreviated PLL_EN. Reset and tri-state clock driver circuit outputs
for this manufacturers' chip can be selected via another pad abbreviated PLL_CLR. Other suitable pad arrangements
using functionally similar PLL (phase locked loop) chips would be apparent to a person skilled in the relevant art.
[0074] A power supply voltage (e.g., 3.3 V.D.C.) and ground are supplied via pads abbreviated V3 and GND respec-
tively. Ifimplemented, a single additional pad is used to read the contents of the serial programmable read-only memory
(PROM), which is labeled SERIAL_DAT.

[0075] FIG. 15 illustrates a preferred exemplary pad assignment for the entire 244 connector pad edge connector
108. This figure is broken-down into 6 columns in order to show all 244 pad assignments on a single page. 14 pads
are unassigned. Each column shows the pad number assignment followed by the abbreviation of the pad description
corresponding to the pad names listed in Table 1. The pad assignments are made taking trace lengths on the PCB
103 into consideration to minimize signal skew and loading.

VIl. Timing Requirements

[0076] Table 2 shows representative timing requirements for an exemplary SDRAM DIMM pair using NEC Corpora-
tion (Japan) part numbers uPD4516421GS-A12-TJF (4Mx4), uPD4516421GS-A12-TJF (2Mx8) or uPD45161GS-
A12-TJF (1Mx16). The timing requirements listed in Table 2 are for nominal temperatures between 0 and 70°C and a
power supply voltage of between 3.3 volts and 3.6 V.D.C., with all clock references to PCLK. The timing requirements
of Table 2 include clock jitter and skew of approximately 1.5 nanoseconds.

Table 2
Timing Requirements
(Ta=0to 70C, VDD, VDDQ = 3.15VDC to 3.6 VDC)
All clock references (Ref) are to PCLK.
The timings include a clock jitter + skew of 1.5ns max
1. Clock cycle time = 20ns max
2. Clock to data in setup = 4.5ns min
3. Clock to data in hold = 2.5ns min
4. Set up time input address = 12.0ns min
5. Hold time input address = 1.0ns min
6. Set up time input command = 12.0ns min
7. Hold time input command = 1ns min
8. Access time from clock (CAS latency = 2) = 15ns max, load 80pf
9. Hold time output data = 1.5ns min
10. Clock to data out, high impedance = 16.5ns max, load 80pf
1. Clock to CKE setup (power down exit) = 12.0ns max
12. Clock to CKE hold = 1.0ns min
13. Ref/active to Ref/active command period = 110ns min
14. Active to precharge command period = 75 ns min - 10000ns max
15. Active command to column command (same bank) = 38ns min
16. Precharge to active command period = 38ns min
17. Last data in to precharge lead time = 18ns min
18. Refresh period = 64ms max

[0077] The timing parameters shown in Table 2 generally represent time periods as measured at the edge connector,
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ignoring any small effects the connector itself will have on the signals. These times would appear different if measured
at a location on the SDRAMs themselves. The row and column addresses are set by a memory system into which the
SDRAM DIMMs are connected and as required by the specific SDRAM devices employed on the DIMMs.

Viil. Waveform Diagrams

[0078] The timing diagrams for reading and writing information for the SDRAM DIMM are shown in FIGS. 8-13. FIG.
8 shows a representative "data read" timing diagram according to the present invention. FIG. 9 shows a representative
"data write" timing diagram according to the present invention. FIG. 10 shows a representative "read modify write"
(RMW) timing diagram according to the present invention. The vertical bars represent clock edges, at which the control
and address signals are sampled by the SDRAM parts.

[0079] Turning now to FIG. 8, a total of six timing traces are illustrate, including: chip select (CS_) 802; row address
strobe (RE_) 804; column address strobe (CE_) 806; write-enable (WE_) 808; address (A) inputs 810; and, data (DQ)
inputs/outputs 812.

[0080] The SDRAM DIMMs data output 812 represents the timing of an output based on application of the row and
column addresses and assertion of the RE_, CE_ and WE_ control signals. The data memory is arranged so that a
single row access can be followed by four column addresses (C0, C2, C4 and C6) to access a block of data from a
DIMM pair. A block of data (not including parity/ECC data) is 8 words by 16 bytes, or a total of 128 bytes (which is 64
bits per DIMM or a total of 128 bits per location access, since the pair is accessed in parallel). So for 4 consecutive
location accesses per RA, a total of 8 data words D0-D7 by 16 bytes are output. Similarly, the SDRAM DIMM pair is
written to in block writes as illustrated by trace 902 in FIG. 9. Table 3 shows representative cycle latency for various
timing parameters of FIGs. 8-10. These parameter latencies are listed in nanosecond and are nominal.

Table 3

Cycle Latency at 50MHZ

CAS latency = 2(number of clocks between CE_ command and data is available).
tRCD = 2(minimum number of clocks between RE_ and CE_ commands).

RAS latency = 4 (minimum number of clocks between RE_ and data is available).
tRC = 6 (minimum number of clocks between refresh and RE_ command).

tRAS = 4 (minimum number of clocks between RE_ and precharging).

tRRD = 2 (minimum number of clocks between RE_ commands).

tRP = 2 (minimum number of clocks between precharging and RE_ command).

tDPL = 1 (minimum number of clocks between data in and precharging command).
tDAL = 3 (minimum number of clocks between data in and RE_ for auto-precharging).

©oNORWDND-R

[0081] Read modify writes can also be done on data, as shown in FIG. 10. A location is accessed by a single RE_
and CE_ (traces 1002 and 1004 respectively) and the data is read at the first DO/D1 pair 1006. After the data is modified
it is written back as shown by the second D0/D1 pair (1008) to the DIMM pair by asserting the CE_ and the WE_ (trace
1010) signals.

[0082] As noted above, the state memory is accessed in parallel with the data memory. A state memory comprises
two reads and two writes, since each directory entry is 32 bits wide, and each state memory in the preferred embodiment
implements SDRAMs that are only 16 bits deep. Also, page migration incrementing requires reading the location that
corresponds to the block being accessed for both the node making the request and the home node, and a write to
increment the count for the node making the request. The page migration counts keep track of the number of times a
node accesses a particular page of memory. Thus, that count must be incremented each time a page is accessed. If
the count for some node accessing a given page exceeds either a predetermined threshold or the count for the requestor
minus the count for the home node exceeds another threshold, the page is migrated to the memory associated with
that node. A more detailed description of page migration is found in the co-pending application (Attorney Docket No.
1452.0690000) noted above. Thus, during the 8 cycle read or write of the data memory, the corresponding state memory
is read a total of 4 times and written to a total of 3 times, so that accesses to the data and state information is balanced.
[0083] FIGS. 11,12 and 13 show three separate waveform diagrams involving data masking, including reads, writes,
and revisions, respectively. In FIG. 11 the following signals are shown: chip select (DIR_CS_), row address strobe
(DIR_RE_), column address strobe (DIR_CE_), write enable (DIR_WE_), input/output data masks (DIR_DQM), ad-
dress A inputs and data (DIR_DQ) input/outputs. The directory cycle for a read starts by reading the first half of the
directory word (DO0), the page migration count for the requesting node (S), the second half of the directory word (D1),
the home node's page migration count (H), then after a dead cycle on DIR_DQ, the new page migration count (S) and
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the new directory information (DO and D1) are written into the state memory. The information is read out in the listed
order due to requirements of the memory controller that lead to the quickest memory response time.

[0084] FIG. 12 is a slight permutation of the waveforms shown in FIG. 11. The order of S and DO are switched in this
figure in contrast to FIG. 11.

[0085] FIG. 13 shows the state access for a state revision operation, which is a state-only access and does not
require a memory access. To minimize the overhead of these revisions operations only the directory information is
accessed.

Xl. Expanded State Memory

[0086] When used in a DSM multiprocessor, the DIMM pairs of the invention are used to implement main memory.
Each processor node of the DSM multiprocessor includes a portion of main memory. In the 36 megabyte and 72
megabyte embodiments of the DIMM, the state memory configurations discussed provide sufficient capacity to accom-
modate the state information required for a system having 16 nodes. For example, each state memory described above
includes 16 bit wide words of state information.

[0087] When the number of nodes exceeds 16, additional state memory is required at each node to accommodate
more state information about caching, because more cache memories are likely added to the system. The additional
state memory can be provided by using a state memory-only DIMM. According to a preferred embodiment of this aspect
of the present invention, this state memory-only DIMM adds 32 bits of additional state memory. The resulting total state
memory provides 48 bit wide words of state information (16 original bits on the SDRAM data/state memory DIMM plus
32 bits from the state memory-only DIMM). With the additional state memory, the DSM multiprocessor can accommo-
date up to 64 nodes using conventional bit-vectors and up to 512 nodes using flexible directory bit vectors. The specific
number of additional state information bits can vary and is extendable, as would be apparent to a person of ordinary
skill in the relevant art.

[0088] The organization of DIMM pairs 302 and state memory-only DIMMs 1406 in @ main memory portion 1400 of
a node of a DSM multiprocessor is illustrated in Figure 14. A memory/directory controller 1402 at the node of the DSM
multiprocessor performs all memory management functions for the data and state memory on the DIMMs 302 and
1406. A memory address and control buffer 1410 buffers all address and control lines 1420 going to the data memories
of the DIMM pairs 302 from the controller 1402. A state (directory) address and control buffer 1412 buffers all address
and control signals on lines 1422 going to the state memories of the state memory-only DIMM pairs 1406 from the
controller 1402.

[0089] Each state memory-only DIMM 1406 can be implemented using a single PCB. The PCB can be populated
with SDRAM chips of similar or dissimilar capacity chips as the SDRAMs of the DIMMs 302. The SDRAMs of the state
memory-only DIMMs 1406 are organized with two banks of state memory so that state information and addressing of
the state information is consistent with the directory (DIR)/state memories on the DIMMs 302.

[0090] A bus exchanger 1408 passes the 144 bit data word to/from each DIMM pair 302 via bidirectional buses 1409.
The bus exchange 1408 takes 144 bits data at the memory speed and converts it to 72 bits at twice the memory speed.
In a preferred embodiment, the bus exchanger 1408 is implemented with a part number SN74ALVC16282 (manufac-
tured by Texas Instruments, Dallas Texas) that converts 144 bits at 50 MHz to 72 bits at 100MHz, and vice versa for
bidirectional transfer of the data between the DIMMS 302 and the controller 1402, via bidirectonal bus 1411. Directory
data is not buffered, and is transferred between the state memory-only DIMMs 1406 and the controller 1402 via bidi-
rectional bus 1424.

[0091] For purposes of illustration, a 36 megabyte embodiment and a 72 megabyte embodiment of the DIMM have
been described. It should be understood, however, that the DIMM of the invention may be produced in other data
capacities. For example, using 64 megabit (i.e., 8M x 8) SDRAM chips, a single board DIMM may be produced having
128 megabyte data and 16 megabyte ECC (18 chips x 8 megabytes per chip) storage capacity (including data and
ECC). This would yield a DIMM pair having 256 megabytes of data storage capacity. If a piggy-back board is used as
in the 72 megabyte DIMM embodiment described above, the 64 megabyte SDRAM chips can be used to implement
a 256 megabyte data and 32 megabyte ECC DIMM and a 512 megabyte data, 64 megabyte ECC DIMM pair.

[0092] In the preferred embodiment described, a piggy-back board is used to allow the DIMM to accommodate 36
SDRAMs for the data memory. A person skilled in the art will recognize that chip stacking techniques may also be used
to accommodate 36 SDRAM chips. If chip stacking techniques are used, the piggy-board may be eliminated.

[0093] Alternatively, 4 megabit (i.e., 1M x 1) SDRAM chips can be combined to produce DIMMs with lower storage
capacity, or the above-described stacking and /or piggy-back techniques can be used for higher storage capacity.
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Claims

1.

10.

1.

12.

A dual in-line memory module, short:DIMM, comprising:

a circuit board (103);

first memory means (104), mounted on said circuit board, for storing data; and

second memory means (106), mounted on said circuit board, for storing directory information corresponding
to at least a portion of said data.

The DIMM of claim 1, comprising:
further means (108) for permitting said first memory means and said second memory means to be accessed
separately.

The DIMM of claim 2, wherein said further means comprises a connector (108), said connector having a plurality
of pads, said pads including

a first group of address pads (118),

a second group of address pads (122),
a first group of data pads (120), and

a second group of data pads (124).

The DIMM of claim 3, wherein said plurality of pads has the following arrangement:

said first group of data pads and said first group of address pads are electrically coupled to said first memory
means; and

said second group of data pads and said second group of address pads are electrically coupled to said second
memory means,

wherein said arrangement permits independent addressing of said first and second memory means.

The DIMM of claim 4, wherein said plurality of pads further comprises separate control pads for said first and
second memory means.

The DIMM of claim 4, wherein said connector is an edge connector having two sides and at least 122 pads per
side, said first group of address pads includes at least 12 pads, said second group of address pads includes at
least 12 pads, said first group of data pads includes at least 72 pads, and said second group of data pads includes
at least 16 pads.

The DIMM of any of the preceding claims, wherein said first memory means and said second memory means each
comprise a plurality of dynamic random access memory (DRAM) chips.

The DIMM of any of the preceding claims, further comprising a phase locked loop clock driver coupled to said first
and second memory means and a buffer for buffering address and control signals for said first memory means.

The DIMM of any of the preceding claims, wherein said first memory means is logically organized into memory
blocks, and said second memory means is configured for storing information about where data stored in a group
of said memory blocks is cached.

The DIMM of any of the preceding claims, wherein said first memory means is logically organized into memory
blocks, and said second memory means is configured for storing access rights for the data stored in a group of
said memory blocks.

The DIMM of any of the preceding claims, wherein said first memory means is logically organized into memory
blocks, and said second memory means is configured for storing cache state information about data stored in a
group of said memory blocks.

The DIMM of claim 4, wherein said first memory means and said second memory means each comprise a plurality
of synchronous dynamic random access memory (SDRAM) chips.

13 Samsung Electronics Co., Ltd.
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The DIMM of claim 12, wherein said first memory means is divided into a first memory bank portion of SDRAM
chips and a second memory bank portion of SDRAM chips.

The DIMM of claim 13, wherein said first memory bank portion and said second memory bank portion each com-
prises at least nine SDRAM chips, each of said at least nine SDRAM chips being two megabits deep and eight
bits wide, and wherein said second memory means comprises at least one one megabit deep by sixteen bit wide
SDRAM chip.

The DIMM of claim 13, wherein said first memory bank portion and said second memory bank portion each comprise
at least eighteen SDRAM chips, each of said at least eighteen SDRAM chips being four megabits deep and four
bits wide, and wherein said second memory means comprises at least two two megabit deep by eight bit wide
SDRAM chips.

The DIMM of claim 15, wherein said printed circuit board comprises a first circuit board supporting a second circuit
board in a parallel, piggy back configuration.

The DIMM of claim 13, wherein said first memory bank portion and said second memory bank portion each comprise
at least eighteen SDRAM chips, each of said at least eighteen SDRAM chips being sixteen megabits deep and
four bits wide; wherein said first group of address pads includes at least 14 pads; and wherein said second memory
means comprises at least two eight megabit deep by eight bit wide SDRAM chips.

Patentanspriiche

1.

4.

Dual-In-Line Speichermodul (kurz: DIMM) mit
einer Schaltungsplatine (103),

einer ersten Speichereinrichtung (104), die auf der Schaltungsplatine zum Speichern von Daten befestigt ist,
und

einer zweiten Speichereinrichtung (106), die auf der Schaltungsplatine zum Speichern von Verzeichnisinfor-
mationen, die mindestens einem Teil der Daten entsprechen, befestigt ist.

DIMM nach Anspruch 1, dadurch gekennzeichnet, daf zuséatzliche Einrichtungen (108) vorgesehen sind, um einen
separaten Zugriff auf die erste Speichereinrichtung und die zweite Speichereinrichtung zu ermdglichen.

DIMM nach Anspruch 2, dadurch gekennzeichnet, dal® die zusatzlichen Einrichtungen einen Stecker (108) auf-
weisen, wobei der Stecker mehrere Anschlisse besitzt, die folgendes aufweisen:

eine erste Gruppe von Adressanschliissen (118),
eine zweite Gruppe von Adressanschliissen (122),
eine erste Gruppe von Datenanschlissen (120) und
eine zweite Gruppe von Datenanschliissen (124).
DIMM nach Anspruch 3, dadurch gekennzeichnet, dal die mehreren Anschlisse folgende Anordnung aufweisen:

Die erste Gruppe von Datenanschlissen und die erste Gruppe von Adressanschlissen sind elektrisch mit der
ersten Speichereinrichtung verbunden und

die zweite Gruppe von Datenanschliissen und die zweite Gruppe von Adressanschliissen sind elektrisch mit
der zweiten Speichereinrichtung verbunden,

wobei die Anordnung eine unabhangige Adressierung der ersten und zweiten Speicheranordnung zulafit.
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DIMM nach Anspruch 4, dadurch gekennzeichnet, dall die mehreren Anschliisse zusétzlich separate Steueran-
schlisse fur die erste und zweite Speichereinrichtung aufweisen.

DIMM nach Anspruch 4, dadurch gekennzeichnet, dald der Stecker eine Steckerleiste ist, die zwei Seiten und
mindestens 122 Anschliisse pro Seite aufweist wobei die erste Gruppe von Adressanschliissen mindestens zwdlf
Anschliisse, die zweite Gruppe von Adressanschliissen mindestens zwdlf Anschliisse, die erste Gruppe von Da-
tenanschlissen wenigstens 72 Anschliisse und die zweite Gruppe von Datenanschliissen mindestens 16 An-
schliisse aufweist.

DIMM nach einem der vorangehenden Anspriiche, dadurch gekennzeichnet, dafl die erste Speichereinrichtung
und die zweite Speichereinrichtung jeweils mehrere dynamische Direktzugriffsspeicher (DRAM) Chips aufweisen.

DIMM nach einem der vorangehenden Anspriiche, dadurch gekennzeichnet, dal} ein phasenfester Schleifen-Zeit-
geber (phase locked loop clock driver) mit der ersten und zweiten Speichereinrichtung gekoppelt ist und ein Puffer
zur Pufferung von Adress- und Steuersignalen fur die erste Speichereinrichtung vorgesehen ist.

DIMM nach einem der vorangehenden Anspriche, dadurch gekennzeichnet, dal die erste Speichereinrichtung
logisch in Speicherbldcke unterteilt ist und dal die zweite Speichereinrichtung konfiguriert ist, um Informationen
dariiber zu speichern, wo die Daten in einer Gruppe von Speicherbldcken in einem Cachespeicher gespeichert
sind.

DIMM nach einem der vorangehenden Anspriiche, dadurch gekennzeichnet, dal die erste Speichereinrichtung
logisch in Speicherbldcke organisiert ist und dall die zweite Speichereinrichtung zur Speicherung von Zugriffs-
rechten fir die in einer Gruppe von Speicherblocken gespeicherten Daten ausgelegt ist.

DIMM nach einem der vorangehenden Anspriche, dadurch gekennzeichnet, dal} die erste Speichereinrichtung
logisch in Speicherbldcke unterteilt ist und dal die zweite Speichereinrichtung konfiguriert ist, um Cache-Zustands-
informationen Uber die in einer Gruppe von Speicherblécken gespeicherten Daten zu speichern.

DIMM nach Anspruch 4, dadurch gekennzeichnet, dal} die erste Speichereinrichtung und die zweite Speicherein-
richtung jeweils mehrere synchrone dynamische Direktzugriffsspeicher (SDRAM) Chips aufweisen.

DIMM nach Anspruch 12, dadurch gekennzeichnet, dal® die erste Speichereinrichtung in einen ersten Speicher-
bankabschnitt von SDRAM Chips und in einen zweiten Speicherbankabschnitt von SDRAM Chips unterteilt ist.

DIMM nach Anspruch 13, dadurch gekennzeichnet, dall der erste Speicherbankabschnitt und der zweite Spei-
cherbankabschnitt jeweils mindestens 9 SDRAM Chips besitzen, wobei jeder von den mindestens 9 SDRAM Chips
zwei Megabit tief und acht Bit breit ist, und daf’ die zweite Speichereinrichtung mindestens einen ein Megabit tiefen
und 16 Bit breiten SDRAM Chip besitzt.

DIMM nach Anspruch 13, dadurch gekennzeichnet, dal der erste Speicherbankabschnitt und der zweite Spei-
cherbankabschnitt jeweils mindestens 18 SDRAM Chips aufweisen, wobei jeder von den mindestens 18 SDRAM
Chips vier Megabit tief und vier Bit breit ist, und dal} die zweite Speichereinrichtung mindestens zwei zwei Megabit
tiefe und acht Bit breite SDRAM Chips aufweist.

DIMM nach Anspruch 15, dadurch gekennzeichnet, dal} die gedruckte Schaltungsplatine eine erste Schaltungs-
platine aufweist, die eine zweite Schaltungsplatine in einer parallelen, Hucke-Pack-Anordnung aufweist.

DIMM nach Anspruch 13, dadurch gekennzeichnet, dal® der erste Speicherbankabschnitt und der zweite Spei-
cherbankabschnitt jeweils mindestens 18 SDRAM Chips aufweisen, wobei jeder von den mindestens 18 SDRAM
Chips 16 Megabit tief und 4 Bit breit ist, daR die erste Gruppe von Adressanschlissen mindestens 14 Anschlisse
aufweist und dal} die zweite Speichereinrichtung mindestens zwei acht Megabit tiefe und acht Bit breite SDRAM
Chips aufweist.

Revendications

1.

Module de mémoires a double rangée de broches (abrégé : DIMM) comprenant :
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une carte de circuit (103);

un premier moyen de mémoire (104), monté sur ladite carte de circuit, pour stocker des données; et

un second moyen de mémoire (106), monté sur ladite carte de circuit, pour stocker des informations de ré-
pertoire correspondant 2 au moins une partie desdites données.

Module DIMM selon la revendication 1, comprenant :
un autre moyen (108) pour permettre d'accéder séparément audit premier moyen de mémoire et audit second
moyen de mémoire.

Module DIMM selon la revendication 2, dans lequel ledit autre moyen comprend un connecteur (108), ledit con-
necteur ayant une pluralité de plages, lesdites plages comprenant :

un premier groupe de plages d'adresse (118),

un second groupe de plages d'adresse (122),

un premier groupe de plages de données (120), et
un second groupe de plages de données (124).

Module DIMM selon la revendication 3, dans lequel ladite pluralité de plages posséde la disposition suivante :

ledit premier groupe de plages de données et ledit premier groupe de plages d'adresse sont électriquement
couplés audit premier moyen de mémoire ; et

ledit second groupe de plages de données et ledit second groupe de plages d'adresse sont électriquement
couplés audit second moyen de mémoire,

dans lequel ladite disposition permet un adressage indépendant desdits premier et second moyens de mé-
moire.

Module DIMM selon la revendication 4, dans lequel ladite pluralité de plages comprend en outre des plages de
commande séparées pour lesdits premier et second moyen de mémoire.

Module DIMM selon la revendication 4, dans lequel ledit connecteur est un connecteur de bord ayant deux cotés
et au moins 122 plages par c6té, ledit premier groupe de plages d'adresse comprend au moins 12 plages, ledit
second groupe de plages d'adresse comprend au moins 12 plages, ledit premier groupe de plages de données
comprend au moins 72 plages, et ledit second groupe de plages de données comprend au moins 16 plages.

Module DIMM selon I'une quelconque des revendications précédentes, dans lequel ledit premier moyen de mé-
moire et ledit second moyen de mémoire comprennent chacun une pluralité de puces de mémoire vive (DRAM).

Module DIMM selon 'une quelconque des revendications précédentes, comprenant en outre un pilote d'horloge
a verrouillage de phase couplé audits premier et second moyens de mémoire et un tampon pour tamponner des
signaux d'adresse et de commande pour ledit premier moyen de mémoire.

Module DIMM selon I'une quelconque des revendications précédentes dans lequel ledit premier moyen de mémoire
est logiguement organisé en bloc de mémoire, et ledit second moyen de mémoire est configuré pour stocker des
informations concernant I'emplacement ol sont mises en antémémoire les données stockées dans un groupe
desdits blocs de mémoire.

Module DIMM selon I'une quelconque des revendications précédentes, dans lequel ledit premier moyen de mé-
moire est logiquement organisé en blocs de mémoire, et ledit second moyen de mémoire est configuré pour stocker
des droits d'accés pour les données stockées dans un groupe desdits blocs de mémoire.

Module DIMM selon I'une quelconque des revendications précédentes, dans lequel ledit premier moyen de meé-
moire est logiquement organisé en blocs de mémoire, et ledit second moyen de mémoire est configuré pour stocker
des informations d'état d'antémémoire concernant des données stockées dans un groupe desdits blocs de mé-
moire.

Module DIMM selon la revendication 4, dans lequel ledit premier moyen de mémoire et ledit second moyen de
mémoire comprennent chacun une pluralité de puces de mémoire vive (SDRAM).
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Module DIMM selon la revendication 12, dans lequel ledit premier moyen de mémoire est divisé en une premiére
partie de banque de mémoire de puces SDRAM et une seconde partie de banque de mémoire de puces SDRAM.

Module DIMM selon la revendication 13, dans lequel ladite premiére partie de banque de mémoire et ladite seconde
partie de banque de mémoire comprennent chacun au moins neuf puces SDRAM, chacune desdites neuf puces
SDRAM étant profonde de deux mégabits et large de huit bits, et dans lequel ledit second moyen de mémoire
comprend au moins une puce profonde de un mégabit par 16 bits de large.

Module DIMM selon la revendication 13, dans lequel ladite premiére partie de banque de mémoire et ladite seconde
partie de banque de mémoire comprennent chacune au moins dix-huit puces SDRAM, chacune des au moins dix-
huit puces SDRAM étant profonde de quatre mégabits et large de quatre bits, et dans lequel ledit second moyen
de mémoire comprend au moins deux puces profonde de deux mégabits par huit bits de large SDRAM.

Module DIMM selon la revendication 15, dans lequel ladite carte de circuit imprimé comprend une configuration
rapportée d'une premiére carte de circuit supportant une seconde carte de circuit en paralléle.

Module DIMM selon la revendication 13, dans lequel ladite premiére partie de banque de mémoire et ladite seconde
partie de banque de mémoire comprennent chacune au moins dix-huit puces SDRAM, chacune desdites au moins
dix-huit puces SDRAM étant profonde de seize mégabits et large de quatre bits ; dans lequel ledit premier groupe
de plages d'adresse comprend au moins 14 plages ; et dans lequel ledit second moyen de mémoire comprend au
moins deux puces SDRAM profonde de huit mégabits par 8 bits de large.

17 Samsung Electronics Co., Ltd.
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Class 3 Directory Access for Revisions
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PAD] NAME |[PAD] NAME |[PAD] NAME |[PAD| NAME |[PAD| NAME |[PAD]| NAME
' DIR_DQ13 42 DQ49 85 DQ30 131 |DIR_AO 174 |V3 218 |DQ23
2 D 43 DQ50 86 GND 132 |V3 175 ALl 219 |GND
‘3 DUR_DQIS 44 GND 88 DQ24 133 {DIR_AI10 177 |GND 220 |DQI17
4 DIR_DQ11 45 DQ45 89 V3 13¢ |DIR_RE_ 178 |A8 221 |DQI19
b V3 46 DQ46 90 DQ27 135 |GND 179 |[A6 222 |V3

6 DIR_DQ8 47 V3 91 DQ20 136 |DIR DQM {180 (V3 224 |DQI2
7  |DIR_A3 48 [DQal 92 [GND 137 |DIR_A2 181 [cso_ 225 |GND
s |GND 49 [paa2 93 |GND 138 |3 182 [cs1_ 226 |GND
5 |DIR_All |50 [GND 94 [DQ22 139 [DIR DQ0 {183 [GND 227 [DQ1a
10 [pRCs_  |[s1 [pQa3 95 [v3 140 |DIR DQ2 [[184 |CE_ 228 |v3
11 [v3 52 |CKEO 9% [v3 141 |GND 185 |P_CLK 229 [v3
12 DIR_WE_ 53 V3 97 DQ16 142 |DIR_DQs5 186 [V3 230 |DQ8
13 |[DIR CE_ |54 Jar0 98 |GND 143 |DIR DQ6 |[is7 [AS 231 [GND
14 GND 55 A9 99 DQ18 144 |V3 188 |PLL_EN 232 |DQ10
15 DIR_A4 56 GND 101 V3 145 |DIR_A7 189 |GND 234 |V3
16 DIR_DQ1 57 A7 103 |DQ13 146 |DIR_A6 190 |DQM 235 |DQ4
17 V3 58 CKE1 104 |GND 147 |GND 191 |A4 236 |GND
18 DIR_DQ3 59 V3 105 |GND 148 |DIR_CKE 192 V3 237 |GND
19 DIR_DQ4 60 TCLK 106 |DQI15 149 [DQ68 193 Al 238 |DQ6
20 [GND 61 [PLL CLR  |[107 [v3 150 [V3 194 [A2 240 |v3
21 [DIR_DQ7 {62 |GND 108 [v3 151 [DQ7 195 |GND 241 [DQ1
22 DIR_AS 63 P_CLK_ 109 |DQ% 152 |DQé64 196 |DQ37 242 |DQ3
23 V3 64 RE_ 110 |GND 153 |GND 197 |DQ38 243 |GND
24 [DIR_aAs 65 |3 111 [DQit 154 |DQ67 198 |v3 244 |GND
25 DIR_A9 66 TCLK_SEL 113 V3 155 [DQ56 199 |DQ32

% |GND 67 |WE_ 114 [DQ5 156 |3 200 |DQ34

17 |DQs9 68 |GND 115 |GND 157 |DQ62 201 [GND

28 DQ70 69 A3 116 |GND 158 |DQé60 202 |GND

9 V3 70 A0 117 |DQ7 159 |GND 204 V3

30 DQé65 71 V3 118 |DQO 160 |DQS9 205 V3

31 DQ66 73 DQ36 119 V3 161 |DQ52 206 |DQ29

32 GND 74 GND 120 |DQ2 162 V3 207 |GND

i3 DQs57 76 DQ39% 122 |GND 163 |DQ55 208 |DQ31

4 |DQ63 77 |V3 123 [GND 164 [DQas 210 |3

15 |V3 78 |DQ33 124 [DIR_DQ12 |[165 [GND 211 |DQ25
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Abstract:

PROBLEM TO BE SOLVED: To control the starting of the self-refresh of a DRAM without receiving the
supply of power from a battery, so that the backup time of the DRAM can be prolonged. SOLUTION: A
DC-DC converter 11 stably outputs the third supply power of a voltage 3.3 V when the voltage of
second supply power is not less than 3.3 V based on second supply power (5 V at normal time) which
a 5 V power circuit 5 generates. A mode switch circuit 12 changes over a selector circuit 13 to a self-
side according to that a voltage monitoring circuit 8 detects that the voltage of second supply power is
lower than 4.7 V until the DC-DC converter 11 cannot generate third supply power at the voltage 3.3 V
and performs a procedure for starting self-refresh.
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7Ly Y1t BIEHOFIBEERTIT S,

Description:
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ASOUT Ly 14lEES I35 1 E— ey [he presentinvention, DRAM mode to switch

< = = . mode and second mode of the DRAM having the
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refresh operation is performed autonomously
under the control the first mode and external
refresh on the control circuit.

[0002] [ART] DRAM, the refresh should be
performed in order to keep the data. Typically,
DRAM refresh is controlled by the state from doing
the access to gain access, for example, CAS
before RAS refresh is performed.

[0003] In CAS before RAS refresh refresh
operations, such as by the way, this kind of
external control, power consumption is relatively
high in the DRAM. Thus, CAS before RAS refresh
to make do with access, wasteful current
consumption.

[0004] to refresh with such access to do so,
typically a DRAM having self-refresh function. And
self-refresh function is stopped until the self-
refresh is specified from the start has been given
from outside the self-refresh, the refresh operation
is conducted autonomously DRAM.

[0005] Thus, when the DRAM such as battery
backup during power outages, the well-known due
Patent Publication No. 7-45066, for example in
DRAM technology that made the self-refresh a
view to extend the backup time be.

[0006] [Problems to be Solved by the Invention]
The above technical Publication No. Hei 7-45066,
however, to indicate the start of the self-refresh
DRAM once the main power is off, the self- control
circuitry for the launch of the refresh instruction (5
signal generator) is taking to keep battery backup
configuration.

[0007] Thus, in spite of the reduced current
consumption in the long-awaited DRAM, which are
generated from the current consumption control
circuits in the battery backup, efficient power
consumption You can not reduction, was invited to
shorten the backup time.

[0008] The present invention has been made in
consideration of the circumstances, we intended to
do that to control the DRAM self-refreshing start
without receiving power from the battery can, in
the control circuit to provide a DRAM mode it is
possible to extend the backup time of the DRAM
with it.

[0009] [Means for Solving the Problem] The
present invention in order to achieve the above

Samsung Electronics Co., Ltd.
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objectives, the first operated by power supplied
from a 3.3V power supply circuits, etc. For
example, the first battery-backed intended to, and
having a second mode DRAM and autonomously
carry out a refresh operation to receive the first
mode and the external refresh control, a second
power supply from 5V power supply circuit
including a second example, no battery backup
works by means of a refresh control circuit and
refreshing the DRAM refresh control for example
for controlling said first predetermined voltage at
power supply voltage is normal, the second (5V for
example) a predetermined second voltage lower
than (For example, 4.7V) and a voltage monitoring
means, such as for example the voltage
monitoring circuit that monitors whether or not the
least, found to be the second voltage higher than
the voltage of the power supply voltage monitoring
circuit means wherein said second If you are in the
first mode, wherein the at least second voltage
voltage of the power supply said second means
monitoring the voltage is also when it is detected
that there is no DRAM wherein each second
mode, wherein The control circuit DRAM mode to
switch the refresh rate less than DP N = 0003
greater than flash mode of the DRAM described
above have been applied to systems that refresh,
and works by electricity supply said second
voltage of the power supply second The third
predetermined voltage lower than the second
voltage (3.3V, for example) when the voltage is
greater than the fourth predetermined voltage
lower than the second (3.3V, for example) DC
power supply for example to generate a third -DC
converters such as voltage conversion means, and
operated by the third power supply generated by
the voltage conversion means, that the second
voltage lower than the voltage of the power supply
voltage monitoring circuit means wherein said
second In response to the sensed a new state of
the second set of DRAM between said lowered
voltage from the fourth voltage of said third power
supply, said first means also monitors the voltage
To set the state first DRAM, said in response to
sensed a new thing that rises above the second
voltage is the voltage of power supply 2, the
means for switching modes consisting of the
selector 13 and the circuit switching mode, for
example with.

[0010] By such measures were taken, when the
power supply voltage drops from the second
battery backup power is not the second, after the
second voltage sensed by the voltage drop to
Samsung Electronics Co., Ltd.
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reach the third voltage lower than the second
voltage its is being produced by a stable power
supply 3 of the fourth voltage based on the power
supply a second means of mode switching by the
power supply third The operation is maintained.
While the power supply is stable in the process of
supplying a third power supply voltage drops to
second, and start the self-refresh mode of the
DRAM refresh switched mode switching means.
Switching to stop the refresh mode of self refresh
is also be done after you wake up well over a
second voltage power supply voltage of a second.
Therefore, the power supplied from the first
battery-backed power for the first switching mode,
the DRAM refresh is not used at all.

[0011] [Embodiment of the Invention below, will be
described an embodiment of the present invention
with reference to the drawings.

[0012] 1 is a schematic block diagram showing the
configuration of the DRAM mode control circuit
according to an embodiment.

[0013] In this figure, enclosed by the dashed line is
the DRAM mode control circuit portion of an
annotated reference numeral 1 indicates. And the
DRAM mode control circuit 1, the operating state
of DRAMZ2, control is switched to perform self-
refresh state and do a refresh state under the
control of the refresh control circuit 3.

[0014] DRAM2 is a person who had the self-
refresh function, to work with the first power supply
circuit 4 is supplied from the power supply 3.3V.

[0015] 3 refresh control circuit is operated by a
second power supply circuit 5 is supplied from the
power supply 5V. The refresh control circuit 3 and
supplies appropriate to DRAM2 DRAM mode
control circuit via a first signal CAS and RAS

signals 1TUbeku the CAS before RAS refresh.

[0016] 4 3.3V supply circuit, power is usually
obtained from commercial power supply via a plug
6, to generate a first power supply voltage of 3.3V.
3.3V power supply circuit 4 is also connected to
the battery 7 has been, if the commercial power
supply is stopped, continue to occur first at 3.3V
power supply derives power from the battery 7.

[0017] 5 5V power supply circuit is to obtain power

from the utility power via a power plug 6, to

generate a second power supply voltage of 5V.

This SV poweg ehepltr LB fltgonagered e
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the battery 7, when the commercial power supply
is stopped, therefore the power supply to stop the
occurrence of a second.

[0018] 8 voltage monitor circuit monitors the
voltage of the power supply circuit 5 causes the
second supply 5V. And voltage monitoring circuit 8,
when the power supply voltage of 4.7V or higher 2
"H" level, is less than 4.7V power supply voltage of
the second "L" level and the RESET signal is
generated. RESET signal generated voltage
monitoring circuit 8 is fed 1 and 3, respectively
refresh control circuit DRAM mode control circuit.

[0019] 1 DRAM mode control circuit is the way,
DC-DC converter 11, and selector circuit 13 has a
mode switching circuit 12.

[0020] DC-DC converter 11 is supplied by a
second power supply circuit 5 generates 5V,
generating a third power supply voltage of 3.3V.
DC-DC converter 11 is also down from the original
5V power supply voltage generated by the second
power supply circuit 5 5V, 3.3V supply voltage if it
is the third of its voltage is above 3.3V It is
possible to produce stable power.

[0021] 12-mode switching circuits, DC-3 operated
by the electricity supply generated by the DC
converter 11. Mode switching circuit 12, the
RESET signal has been given the output voltage
monitoring circuit 8, according to the RESET
signal at the timing of this later, RAS and CAS
signals for the commands to start and stop the
self-refresh DRAM2 The combination of the signal
to send. Mode switching circuit 12 is also switched
by the selector circuit 13 to be supplied to the SEL
signal, if necessary DRAM2 signals sent by the
self-CAS and RAS signals.

[0022] 13 is a selector circuit, and RAS signals
and CAS signals that are output from the refresh
control circuit 3, and RAS signals and CAS signals
that are output mode switching circuit 12,
according to the SEL signal to select to give
DRAM2.

[0023] will be described operation of the DRAM
mode control circuit is configured to at least below.

[0024] First, when you are able to successfully get
through the plug 6 power from commercial power
supply, line 4 less than DP N = 0004 greater than
once by the power from a 3.3V supply commercial

which generates a first power supplg, not using
Samsung Electronics Co., Ltd.
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power from the battery 7. Also, have occurred in a
stable 5V supply voltage to the second power
supply circuit 5 5V.

[0025] In this state, because the power supply
voltage of 4.7V above the second voltage monitor
signal circuit 8 RESET "H" that level. RESET
signal in this way is "H" if it is level, and outputs
the refresh control circuit 3 and RAS signals 1T
Ubeku the CAS signals CAS before RAS refresh
at DRAMZ2. Mode when the switch circuit 12 also is
to select a refresh control circuit 3 to 13 by the
signal selector circuit SEL.

[0026] In DRAMZ this time, therefore, CAS before
RAS refresh is performed under the control of the
refresh control circuit 3.

[0027] In this state, if unable to successfully obtain
power through the plug 6 power from commercial
power due to power failure or disconnection of the
plug 6, the 3.3V power supply circuit from the
battery 7 4 Use the power of the power supply to
continue to produce 1. Therefore, DRAMZ is able
to continue operating by the first power supply.

[0028] However, the 5V supply to the circuit 5 is
not given so much power from utility power, 5V
power supply circuit 5 will not be able to maintain a
5V power supply to the second of the second
power supply voltage begins to drop, as shown in
Figure 2 (at T1 in Figure 2).

[0029] In the course of the second supply voltage
decreases the power in this way, the voltage drops
below 4.7V, the RESET signal and voltage
monitoring circuit 8 which detects the "L" level
changes that (at T2).

[0030] On the other hand, DC-DC converter 11,
also began to supply a second power voltage
drops, when its voltage falls below 3.3V (at T5)
shows the voltage of the power supply until the
third 3.3V to keep the two as shown.

[0031] 13 circuit mode selector switch circuit 12
and can therefore continue to work during the
voltage drops to 3.3V power supply such a
second. Mode switching circuit 12 and during this
period, the procedure for starting the self-refresh
DRAM2. 12 switching circuit mode, ie, on
switching to the self-13 selector circuit, the first "H"
signal to CAS had been with "L" level by changing
the level (at T3), if the elapsed time TA
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the RAS signal level "L" to change the level (at
T4).

[0032] DRAMZ is regarded as an indication of the
self-refresh start signal level changes, such as
RAS and CAS signals, the self-refresh to start at
point T4.

[0033] Thereafter, the voltage drops below 3.3V
the second power supply, DC-can no longer
maintain the power supply voltage to 3.3V DC
converter 3 11, 1 DRAM mode control circuit
operates have to stop, DRAMZ2 performs
autonomous data retention by the self-refresh. In
this state, therefore, is made from the battery
power consumption by only 7 DRAM2.

[0034] On the other hand, will be able to get
through and the power supply plug 6 from the
commercial power supply resumes operation
circuit 5 5V, the voltage rises on the second power
supply. If you get the power supply voltage is 3.3V
or more, and second, DC-output stable start to the
third power supply voltage of 3.3V DC converter
11 (at T6). In response, the circuit 13 starts to
operate switching circuit 12 and mode selector.

[0035] After reaching the 4.7V voltage is further
increased by the second power supply, the voltage
monitoring circuit 8 RESET signal "H" level is
changed (at T7).

[0036] Thus the RESET signal is "H" 3 was the
level if the refresh control circuit, the output of the
signal to begin the RAS and CAS signals CAS
before RAS refresh 17Ubeku DRAM2. But here is
still doing well as a self-refresh state DRAM2, so
that switching circuit 12 side, select the mode
selector circuit 13, CAS before RAS refresh is
performed.

[0037] 12 this condition and mode switching
circuit, the steps to stop the self-refresh DRAMZ2.
12 switching circuit mode, ie, "L" RAS signal was
as a level "H" is changed to the level (at T8), if the
elapsed time TA predetermined that even "L"
signal to CAS was as level " H "level to change (at
T9).

[0038] DRAMZ is regarded as an indication of the
self-refresh stop signal level changes, such as
RAS and CAS signals, the time to stop the self-
refresh at T9.
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[0039] 12 and then switch circuit mode, the control
circuit 3 is switched to the refresh circuit 13 by a
signal selector SEL, and CAS before RAS refresh
is enabled by the refresh control circuit 3.

[0040] According to this embodiment as described
above, the DRAM mode control circuit 1 is
supplied by a second power generated by
operating only at 5 5V power supply circuit of the
mains, from the battery 7 to work without being
power. Then, place it can operate at standard 3.3V
voltage lower than 4.7V power supply voltage drop
detection of the second period to take advantage
of lowered from 4.7V to 3.3V power supply voltage
of the second steps to launch the self-refresh and
DRAMZ. less than DP N = 0005 greater than

[0041] Thus, the power from the battery 7 in the
first DRAM mode control circuit without any result,
it becomes possible to maximize the backup time
with battery DRAM2 7.

[0042] Furthermore the invention is not limited to
the embodiments described above are not. In the
above embodiment, for example, 3.3V voltage
power supply for their normal first to third, 5V, and
3.3V, and 4.7V reference voltage is the voltage
drop is detected a second power supply also that
these voltages, the voltage of the second power
supply> the reference voltage sensing power
supply voltage drops 2> may be any of the power

supply if the relationship EENaru 3.

[0043] In the above embodiment also, DC-DC
converter 11 is that it is capable of generating a
third power supply voltage of 3.3V at 3.3V or more,
a second power supply, configurations may not be
able to generate a third of the power supplied is
higher than 3.3V to 3.3V power supply voltage of a
second. That may have to use a power supply,
such as those that can generate a third voltage of
3.3V to 3.5V when the voltage of the power supply
is greater than the second example. However, DC
from the power supply senses the voltage drop in
second-period until it can not generate a third
power supply voltage of 3.3V DC converter 11
steps possible to launch a self-refresh DRAM2
need to ensure that period.

[0044] In addition, various modifications can be
carried out without departing from the scope of the
invention.
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[0045] [Effects of the Invention According to the
invention operates by supplying a second power
supply from the battery backup is not a second
than the first predetermined voltage at power
supply voltage is normal, the second When a
voltage higher than a predetermined third lower
than the second voltage of a predetermined low
and means for converting the voltage generated
by the power supply a third voltage fourth
predetermined lower than the second voltage
generation means converts the voltage The power
supplied by the third operation was, according to
new sensed that the second voltage lower than the
voltage of the power supply voltage monitoring
means wherein said second, said third power
supply The second set of DRAM state between
said lowered voltage from the fourth voltage, it
rises above the second voltage supply voltage of
the second power means also monitors the
voltage Since switching mode with the means to
set the DRAM to said first state in response to
sensed a new power supply from the first battery-
backed power for the first switching mode of the
DRAM refresh is not used at all, and DRAM mode
control circuit it is possible to extend the backup
time by which the DRAM.

Samsung Electronics Co., Ltd.
Ex. 1002, p. 936

9/10



5/9/23, 5:58 PM

[00 4 5] [RIBOMRIARACINE., NyTV
NV O T v TENRBWE2EBFEHNSDE 2 H4AS
NICKVEEL. RIREE 2HAEHOEEHNERE
BFICHITRFAEDE 1 BEEKL Y EEMUVAEDSE 2
BEELVERUVFAEDEIEEULTHBEEFIC
(FRIEEE2EE LW BHEVFEDE 4EXTDE 3
REBENZERTIEERIRFERE, COBER
BERICIVERSNIHIREE 3MHLEHICLY
EMEL. BIRcEEERFERICKVAIGLSE 2 1455
HOEEHIRIREE 2EEL W BH/T LIS EDF
FECRHAENECECISU T, BieE 3HALES
DEEHRIGEAIEENSIHETFLTUESETD
BI(CRIGEED R AMZ RIS 2 REEICRRE L. £
ARt EEERFERICKVAIREE 2MHATHOEE
HDEIRCEE 2 BEA L (CER Ut & & DT ([TIRAN
SN ECISUTHRIEED R AMZRIGEEE 1 IKEE
CERET BT — FUMBRFEREEHFEATZDT. DR
AMDD 7 Ly aE—ROYRZADEHIT/NY
TUNY O T7yTSNEE1ERENSDE 1 1#45
BEHEE<L<AVSGNYT., CNICKUDRAMDN
v T7y TRHEOERERZ CENTESBDRA
ME— RHIEERE SRS,

Citing:  JP4372791 A2; JP7334432 A2
Cited by: JP2006244678 A2; JP4934290 B2

Patent Order MT

srv9.patentorder.com/pdf/MTJP2001357669A2 htm

Samsung Electronics Co., Ltd.
Ex. 1002, p. 937

10/10



(19) AAIERFET (I D) WDAFHEBEHFLEE W AR HBARE S
#2001 — 357669
(P2001—357669A)
(4D RBEE ERRIIFIZH 2611 (2001, 12. 26)

G Int.CL" ‘AR FI P-4 (BE)
G11C 11/401 Cl1cC 11/34 371G GEBO0Z4
11/403 363M

BIEER AFR FARFEORL OL & 6 H)

@1) HEES 2000 — 178330( P2000— 178330) (71) HIEEA 000003562
REF v ARt
(22) HiE k1278 6 A14H (2000. 6. 14) FRERTRE R 1 TH 1 %

(M) R\AE AR <
BRE= 5T 6 B/85 HEF vk
oot = HF AN
(T4 A 100058479
#FEL ML BRE (1640
F#—Ah(#3) 53024 AAD]1 BAZ1 BAZ9 CAOT DALS

(54) [FRHAOHHF] DRAME— RHIHIERE

(57) ()

(] Ny FUALOENIEERITE I L LI ik

DRAM®DEIL 7Y 7L v i 2 OEBHIEE TS = L °

TE, ZHUCENDDRAMIDIN Y 77 v FEEOEE S SR N

3= L &ahEL 35, | 18 i

(#AFE] DC DCavi—21 10, 5VER 2 e 2 |

[EB 5 AR 5 5B 2 0BT (TRIE5 V) (25D 3 |

5 COM2EAENOBES3. 3VELETHE S YT s = |

WERLS. 3VOSIERENEEEMmIHNTs. & o] o[ a o

— RUIEEE 1 213, B2 ERENOEITNA . TV E 3 -

DLIET L7zs b AR AR S o X DS i s 5 Do !
A !
[ ]

LIZBELT . FRpLDC—DCaVIR—2 1 153
HRENEEES. 3VTERTEL< L5 TOM
fo. 2L 7 2ER 1 3% HCMICZ /2 ETDRAM
202 N7 7L v i 2 FRES Y A7 DDFIRE EiT
Th,

]
—_— _
svEREN T W
SR T T

REEREN

I

Samsung Electronics Co., Ltd.
Ex. 1002, p. 938



(iR ]

(B5RIEL] NoTUNy 2P rEi:E1EE,
SO ENICLVEHET 2 LT S s
TLw i afllEZIIAELE-—FEUTL v 2 EhE
FHIMNITOEZ2E—FEZHLIDRAME
My T YN 27 T ENG W 2ERD A2 i
EBHZEOEMEL . BIECDRAMZ Y 7L w i 2 i3
50 7L ol HFE L

FIEE 2 M EN OB EERBICBIT AMENHE 1E
ELDLEVITEDE 2ERL ETH 2 &R
BENERFEE #H2 .

HIEtE LSRR X D ArEDEE 2 e W E At
FH2EEDETHD NS T WA
B1E—RT. LEEERERTFRIC L Dl 24
MEHOELSFEIE 2EBEL E T W2 B S
NTWBIEEIZIZHEE 2 = — FTHFRFREEDRA
MU 7Ly 2375 L AT AMSEB ST DR
AMODI 7L vy 25— ROz 2T 5DRAME—
FHIFEEG Iz EWT .

AR 2 B IC X VENEL | RIS 2 BN OE
EARIEESE 2EE L D LEVIEDSE3IEEL ETH S
EEICIHEIE2ERL D LRVITEDE 4 EEDE3
HREN AR T 2ETEMFRL |
ZDTBLEMTFEC L VAR SHCREdE 3 HeE NI
L NEHEL | BT EEERTE I X DREEE 2 {HAED
OEHHEGEIE 2 EE L D LT L2 2 BB
BN LB T, RIECE 3R E I OEE IS
ABESSETLTLE S 2 TORMICHAZD RAMZHE]
SCE2HRREICEEE L | FowTad B TR L D arEd
FE2MRENOELS MRS 2ERL LI ER L2
7R R e S L 2B DT EIEED R AM RS0
1IRREICERET LT — FUMRTER L 2 EEL -2 L 24
#ETADRAME— REIMERE,

{ FERA DG H7-H R )

[00DO01]

(HEADET A HifTE ] AFEAS. s oo 21
w2 FIHEZITAE LI E—REY 7L v L2 BERH
NI B2E—FEEHFLADRAMOE— NG
2% DRAME— RHIHERECET S,

(000 2]
[PEROFHT] DRAMIZ, F—F 2 RBLTEH
7L w22 T I EABETHE, BY. DRA
MDY 7L v aldi, T2EARITHIREETIIT 7?2
BT @ LOHEIEIZED . FIZIECASET+7TRA
SUZL w2 d¥iThits,

[0003) L2ATZOk ARz EACAS
74 7TRASY 7L wiaZX¥d) 7Ly i 2 8HET
IZ. DRAMICEITAFEESHAILERARS W, Z07
O, T eAFTLTWRETCASE 7 TRASY
7Ly 2% iT 2 kit HEEROERFZ W,

(2)001-357669(P2001—-357669A)

[(0004]) FZTZNDE %47 72 A% 77 IRRE
TN 7Ly o=z, il 707w 3 o (B
FLADRAMPBNTHL, 272U 7L v a8
HEXIL. S e w2 ) 7Ly v a i ETE S
THhHEIL 7Y 7L w202 b EES L 2 TOM
IZ. DRAMAHEIMIZY 7L v L 2 8HER4TH LT
B,

[0005]) 22T, BFERLEIZDRAMA /Ny 51
Ny 2T w795 L) LEERIE. Ny 27 » 7HRED
HEEZHANSDRAMIZEA 7D 7L v i 2% f7hd
B 2 TR T- 45066 500 Yz L Y EAET
B,

[0006]

(FEHRS R L L 5 L 5 A8RE] & 2 A4 LERHTT-
B06EFNHOFERTIE. A4 BB A 7 Ed -7tk
ICDRAMIZRILZ Y 7L v i s OB 2R T 57280
2. FORNL 7Y 7L v i 2 OREHESRET S 72000
HEE (ESRAERKES) Wy FUNRy 2707 LT
BHEEE LTV,

[0007]) i, - DRAMTOIEEERR
PR L TWEDIZL b S, IR TNy 27
w RN T RS DEFIHESREL TWEDTH
N, FERGFEEREEH TS TELT, Ny 77y
TERIOEMEE HIWT Wi,
[(0008)&HFHIIZNL ILEHEZEL THEN
2hOThHY. FOBWETEE A Ny TIPS
DENEEFZIFAZ L4 L IZDRAMDRIL 7Y 7L
v 2 OFERIHET S L HTE, JHICLEDDRA
M@ 73wy 7 7w T HRIOER#M A Z LA TELDRA
ME— FHHEREZRET L2 ICHB,

[0009]

(R % MRS 27:00FE] DLEOBREER T 572
WIZAFEHL, Ny F Uy 27w 73RS
3VERNEZLEOE 1 EFPLOFE 1 HENCLD
FHET 2L 0T, P LD 7L v & dliHE 2T 5
BLE—FE) 7L v 28HER BMIICTHOH2E—
REZFLADRAME, Ny F U NN 27 77307
WHZ 1L 5 VEREEA: ¥ s 2 BiE, LB 2 HHEE
Tk EEL | BiEEDRAMEZ U 7L v i 2832
FIZIEY) 7 Loy & 2 HHEEEZ o) 7 Ly 3 2 fIEHF
Bl . BIECE 2 M ENOEEFERBICE T AT
BIEL (FIZIE5V) LD LEWITEDE 2EL (]
24, 7TV HETRLpEPEERTANZLERE
EHmER COEREREHTE S 2. Al EEREHT
Etlz & Wi 2 (s B I EES S 2 EED LT
H5HT EBERAISNT WAEEIZITHEIE 1 £—RT.
FoHEl SRR ETEIC L DEEdE 2 EHOERS
Mt 2 BELL LT v E RSN T W ARSI
[IFRE 2 E— R TENZNEIGEDRAMD Y 71w i
2 %34T P AFACEHIATHEZEDRAMMD ) 71 v

Samsung Electronics Co., Ltd.
Ex. 1002, p. 939



YaB— RO Z %475 D RAME— RIS
W, FiEtE 2 Al E DEMEL | BiECE 2 (e
NOEEFRGE 2ELL D LEVITEQCEIEE (F
ZIE3. 3V) DIETHaAESICIImRiE2EEL DL
KWIFENSEAEE (MAIF3. 3V) B3 ED
FERTAHZEDC—DC Ay —g i Y OB
FEE . CoOBEERTEIC L DRI NowETE 3 #
HMENICLDEMEL . I EEEHERICLDAEIS 2
BHRENOEESTRE 2EEL D LK T LI 205
ACHHIR N Z EITIG LT . WiESE 3 M ENOEE
PS4 BEPHETFLTLE A T ToORCHEDR
AMZHIEIE 2 REEICHEL . /R EEERTRIC
L DRTEE 2 E N OEES RS 2 EFL LI ER
Lz EDF i hA Z EGEL THIEED R AM
FHIECEE 1 IRRBICE e 5. 2 I E— FERE S L
YLl 2413L0%5%— RUMTFTEE 21H27.
(0010) coakihFREHRLAZLIZED. Ny
TN 2T o 3N WE 2EED) L DB 2T
DEEPETT LRI, FOBENEKTHE2EEICT
BHISARICL FOB2BEL D LEVE3IEEICE
ETLETIE. B2EENCEIWTIEAEEDE3
HHAE NS ZEL THERIN T, o 3dsEhic L
o TE— RUMFROSESHEESNE ., FLTHE2MH
HENOELHET LTOGERICB WIS 3TN
PEELTHSSRAEI. T— RUEFERSDRAM
D7yl aE—REMEI T 7)) 7L viak
EEd 2, 27 7 v b R EIEREA DO
Y7Ly a®—FoUzid, \2488E 10D
F2EELIEZ THMCERE LRBICITbILS, fE-
7. DRAM®DY 7L v ¥ 2 E— RO 7=l
wF Ry 27y TENE LEE,SOE LHEEN
iZe<Hushiwn,

[o011)]
[FEAOZEEOERE] LT . HE%S L TR —
EfEREIC D EHHET S,

(001 2] RIZARERBEEICFSDRAME— Rl
HEEOBEERT 7O 7HTH A,

[0013] ZoRIzBWT . #EETHW, 51 %
LORFESHSD RAME— FEBEBRTHL, 21T
ZADRAME— FH[HEE 113, DR AM2DSHER
HEE . U oLy 2HI8EE 30 onfli#EoT ey 71
w2 BT OFRRRE BT Ty L 2 BT RRR L (2
T2 FIEd 5,

[0014] DRAM2IE. L7 VU 7L vy oS
HL2LOTH-T. 3. 3VERERA LIS SR
1 IHAENICE DENET S,

(00151 V7L vi affENuEE3iE. 5 VERNE
SHLERINAE2HRENICLVEET S, T LT
7Lyl fEE3IE, CASEZr TRASY Y
Lyl a® TN CASEEELIURASES*DR

(3)001-357669 (P2001—-357669A)

AME—RHHEEE 1 20 LT DRAM 2N EEILS
T5,

(00161 3. 3VERBEA L, BEEIIERY S
6 &ML TFHERFLENEST. 3. 3VOE
1HERENZHATE, /423, 3VEREMM4 2N
w7 ) THERINTWT ., BAEROIES S EL S
PEEIZIE. Ny T THRLEHEETERES. 3Ve
BIERENTRELETS.

[0017]) 5VEEHRSIE, BEFI7624LT
FHAERP,SENZET. EES VORE2HEHRENZR
Add, OS5 VEENEESIZIZ Ny T T RSN
TELT. (- THAHAEEN IS L S fmEcE
B2 ENOREFELT D,

[0018) EEEMMEESIL. 5 VEHENKSHFHRAE
FTAE2MRENOEELERT L. £ L TEERERN
B&lL. E22RENOELN4. TVLETHLEE
2 TH) LNV, B2ENaERF4. 7VEDNL
PEVEEIC TL ) LLELRESET{ES:%4E
T4, EREERMNHESFRETLRESETES. D
RAME— FHIHERE 1 B850 7L v & o HlITEERE 3
iERFRFZ6N5,

[0019) £ZATDRAME—FHIEEEE 1. D
C—DCay—%11. T—FUHENE1 25 L0500
L72EEL3EFHLTWS,
[0020]DC—DCaAY—%1 11k, 5VERT
BEHFERTLZE2ERENZRIITC. EE3. 3Ve
B3 ENEERT S, oD C-DCayi—#1
1id. 5 VERER S PERT 58 28 EHOEL
NS VHLETFLTL, £OBEHF3. 3VELET
HA LIBT3, 3VOBEIMMENFEEL TR
TAHILFURETHA.

[0021]) =—FUMAEMKL 21, DC—DCaxIN
—% 1 1 TERSNEIMERENICLDEETS, £
— RO 20zl EEERERSSHNTARE
SETESFHEZLNTEN . ZORESE TESIZIE
Litebd 294 207, DRAMZI2IL 72U 7L
w2 BARE) - SRR RECASES
BLURASESOHEAGHYICEDREET S, $7-F
—FOMEER 1 213, BB TACASESB LY
RASES2*PEIZIGELTDRAMZALEHET A LS
ICSEL{ESILeL 721 33412 5,
[0022]LZ#MEEE1 3L, U7l v ¥ 2 HfHE
BI3pLHNINACASEEBIVURASER:. £
—FUMEE] 25 NE3NE CASESBLIURA
SiE5L% . SELESIZELTERLTDRAM 2
E525,

(0023 ) &wicLLEDL S ICHEBEEN/DRAME—
R#Hm P OEIC> 53T 4

[(0024]) 9. ARAEH,SOENNEFR 7776
PALTCESCRATETWARZIEZ, 3. 3VERE

Samsung Electronics Co., Ltd.
Ex. 1002, p. 940



BAZEHEE, OB LB EREN R AR
TEY . Ny FUTHeNENEFHHLTWEW, £
7z, BVERENE S 2IEENFEL S VTEER
CRAELTWA,

(0025) ZIRRETIIE ZMMAENOELRF4. 7
VEEE-TWEOT, EEESHERIIIRESE TS
% TH) LA ELTwE, FLTIDLIIZRES
ETESS TH L THhE7 0. V7L vioaifl
MR 3IZDRAMRICTCASEZ+ 7RASY 71
w2 #H IR CASEEBIURASEST#FHE
T A, oL sice—FUMERL 215, S
ELESICEN L7 #0EE1 3120 7 1w i 2 HIHE
B3 RENEEL,

[0026) > TZDEEICDRAM2TIZ. V7L
v 2 2 HHHOEE 3 ORI TIZCASE 7+ 7RASY
Loy o Thilg,

(0027] oo, FESEETZZ 60T
LY L VEHER,LOENHFERET S0 ENLT
EWCTETEL -7 0. 3. 3VERME4
I3y U THhesnENRE G, B1HHENOLERE
st A, fE-T. DRAM2iZ2 08 1 EN I L
NE[EHEEEET L Z EHTHETH S,

[0028] LinL7Zc# s 5 VERERE 5 NIfHER
MLEDOEH LIS 2 60T, SVERERE SIS
2B OEEE 5 VIS T2 D 2 TR Y
N, B2 ENOERIM2IORT & KT LIS
5 (20T 1)

[0029] 2B 2MHMENNEEVET TS
WRlCEBEWT ., FOEENF4. TVETNLZE . Zh#
EFERERSSHEALTRESETES#® L) LA
JAZEET 5 (T 2EH) .
[0030)1—FK.DC—-DCay"—%117TlZ. &
2HHEENOELFET LIEOTL . £20ELS3. 3
VETFEAYA S22 (TSKEE) 2 TIE3EEED
OBEEFH2IRTL 23, 3VICHERET S,
(0031) #CCT—ROBERL 2BLNLL 2
Ml 3idonk I B2 #BENOEES3. 3VE
TET AR LRI S HmEEET 2 Z L TEA, £
L Z ofiflice— FUNMaEEE 1 2i3. DRAM2 9O+
NT7U Tyl BT 500 FIREETTE . T
bbb E—FUMER 1 2l 2 21 3% H Ol
UMAZ ET, 39 TH) LA ELTH-ICAS
BEE TL ) LANMCELSY (T3KE) . 3alct
TP SFEREI T AL 727 51 TH) LAOLEL
TH-TRASESE L) LAUVZELEEE (T4
W)

(00321 DRAMZIE. 2L 4GCASIEREBL
URASEROLANIALELILT7 ) 7L v i 2 D)
Hre LT, T4A4BEIR T 7Y 7L vi- 2 %
54,

(4) 001-357669 (P2001—-357669A)

(0033] Dk, B2 ENOERHF3. 3VET
mzk. DC—DCay —21 14E3MEEHOE
E+3. 3VICHBTEL<E0 . DRAME— RHIE
[Eg 1 3EfEE I3 545, DRAMZ2ISEL 7Y 7L
v all ko THIEF— S RFBETD . (T
FEETCIE. DRAMZICE »TOANwF ) TirbsDE
TIoEES T NG,

(0034]) 7. WHEE,LDENVEERTTZ6
FALTHBTEL L5124, 5 VERES 8
fE2HFHL . B2M8EN0EES LRL T, #L
TE2MBENNEENS. 3VELEEZD 75T,
DC—-DCay)"—%11HEE3. 3VOEILLE
TEFENICHEALED S (TelH) . Zhizibh
T.E—RUBIMEE 1L 2B L0502 2B 1 3 AEE
FRGET S .

(0035 ) E2HREHOEENSHICERLT4.
TVICIEET AL . EREEHENE SHPRESETES
TH ) LS 34 (T7HE) .

[(0036])] 2L 3ICRESETESY TH) L~UL
ol L) 7Ly Lo HHEE 3. DRAMZ
ADCASETZ+TRASUTZL wia%iTINSCAS
EEBLURASESOHNZHETS. LHLZZT
12277, DRAMZHFENL 7Y 70 vl 2 %475 RET
Hirrdlz, BV 7 O 35— FUMEMEE1 2
HIZERL. T WEDT, CASEZ+TRASY 7L v
LoaldThiv,

(0037 2LTCZDREETE— FUMIERE 1 213,
DRAMZ2®OELZU 7Ly 2 dELd A 700FE
RETTE, bbb E—RUMEAER 1 212, TL, L
NI ELTH-72RASESE TH) LULIZELSY
(T8EA) . 35 FNLEIEHBTALREL 7
B TL ) L LTH-7CASIESER THY L
NIZEL SR (T oK)
[D0O38)IDRAM2IZ. ZhLILCASIEEEL
URASESDLANLEELL 7Y 7L v b adiE R
fork LT, TOMSRIZTRA UL v %
k93,

[0039]) FLTZdEIzE—FUMEMEEL 21, S
ELESICE->TEL 7201 32U 7L v 2 flf#
[ 3ElcHE 2T, U7 v 2 BEEE 3z ks C
ASY 73 T7RASY 7L wi a2 GHETA,
(004 0] Bl Eand 5 lcARiERglcLall. DRA
ME— FEHER 112, mASEOENOATEET 4
SVERERE> TERINAE2MMEENCED . Ny
FUTILDBENZTL % <E8ETE. FLT.
BoBAENOERETOMAEENEF4A. 7TVLED
LIEW3 . SVIZTEMEREE LTS, E2H$5ER
DEEHA. 7VHE3. 3VETETFTAHEZHA
LTZDRAM2IZHNL 7Y 7L v 2 Zitdh 32 FIE
TETTL,

Samsung Electronics Co., Ltd.
Ex. 1002, p. 941



[(0041]) -7, DRAME— FHIEEE 1 T3/
o T T LOBENEEIIEES. ZOER. Ny T
VTR EADRAM200Ny 27w 7B % AR FE
R a ZEAREE LA,

(004 2] BRI FEMBRERICIRESNA L
AT, 2 FERERPRETIE. BB 1 RS St
wEHoFhEFhodEaoEEX3. 3V, 5V, 3.
3VEL., g8 2B N0ERKT £ 5 A%
EEZ 4. TVELTWESE, ZhRe60ELIL, B2t
HENOETL>E 2MBEENOETET 267 % &
EE>EIMEENOELL 2BRICENIEETH-
TREW,

(0043]) 4 EEERBRETIZ. DC-DCax3
—Z 1 1B 2MRENNELS3. 3V ETHAL
BE3. 3VOEIMEENFERTRETHL L LT
L. B2AENELS 3. 3VENLgnk &2
3. AVOBIEHRENFARTE L LABRTH-
TELRW, 34bb, P22 MEENOERS 3.
SVEIFThaEECEES. 3VOREIEEN 24
EeZ b O E R WL LS LTL R, 72721
B2 ENOERK TR AL 6D C—DC Oy
N—211HEE3. 3VOBEIEEENEERTE,
<722 TOHRAS. DRAM2ICEAL 7Y 7L v
TEES S AFIRE TR A L 2T 58
Eh b,

(0044]) coid, RFREAOER * iR L 20\ i
T2 OEREMHLS TR TH 5.

[D045]

[FHEIOR] AR LUE . W F IR 2Ty 7
BN WE2FREP LB ZHEENIC I DEEL | b
SR 2 G ENOEESIER I BITAFENE 1 EF
LD LIEVFIEOE 2ERL D LIKWETEOFE 3 EREL

(5)001-357669 (P2001—-357669A)

ETHEEEICITREE 2EEL D LEVITEDE4E
FEOEIERENFERTLELTMFRE . ZOERE
THAFEC X DERS -l 3 E N ic L DEE
L. Bt SRR HRTEIC L DEEds 2 e o ERS
MR 2BEL D LK T LA Wi icas e 2
CIZIBL T . BEE 3 RENOEL SRR R4 EE
SHETLTLE S EColizisED RAM% fiaiss 2 5k
Relcgprl . ARt ERERTEC X DaTEes 2 G
EHOEESFEE 2ELL B ER LAZ sz
BEISNA: 2 EGE THIEED R AMZ Biac s 1 4RkE8le
HETAE— FUMBTERE 22 70T, DRAMMDY
Tl 2 T— RORMAZ D7Dy F VI 7Ty
TENE LEE,SOE RS ENIIE<Hwsh

F. ZHUTEINDDRAM®DNN Y 77 v PR %X
A EHBTELDRAME— REMHER: %2,

{ G o> fif B2 35HET ]

(1) AR —EHFEEIZH 2 DR AME— REHH
mEORR EmT 7y 7™,

(H2] DRAMZOEIL 2 7 Ly i 2 ofdhds Lot
BIEDIbDOFINENRT YA I > 7 2R TH,

U= adifd]

1. — RHHHE R

11--DC—DCayN—%

1 2--F— RAyJHamELE

13-l 7 2EEK

2--DRAM

<7 Lo b I E R

3. 3 VEREZ

5 VE MRS

CBRT T

AR )

B R G

@ >

Samsung Electronics Co., Ltd.
Ex. 1002, p. 942



(6)001-357669 (P2001—-357669A)

(B411]

8

REERNY oSSl

F I

1
1
|
H
)
I
|
1
|
|
1
|
—_—
RAEWNTR

o !

CAs

B
|
| 2
1 DRAM
RAEI -

3

4

=3k

|
L 3]

s e

6 . DG -DG
? i LTI TT B a| =%

SEL

; a. avRImE EiEsan
__NT
[X2]
FOWER OFF
‘!EE | T|2 T|5 TIG TIT
A S — R bommmeeee —
T | | | 1
Hettdh : : : :
i \Jr | i
B OV e N e
i [ | |
1 I I I
I I I 1
1:3 I I I 1
! ! ! !
wappEn 0 H T~ ;
1 o -
| I I I
I I ! 1
RESET—i—;_ ______ _;—'_
T4 T
! " | ! f
RAS : 3 1TA _:_ ______ | | IS
E—Fi@ T t 1
PRt L R | L e
GAS | | | | |
1 1 1 ‘I i T
| |
AT a2 HAFYIL v

Samsung Electronics Co., Ltd.
Ex. 1002, p. 943



8/23/24, 10:59 AM Espacenet — search results

Lol | Espacenet
KRZO050073902A SEMICONDUCTOR MEMORY MODULE AND METHOD OF TESTING COPERATING MARGIN THEREOF,
AND SEMICONDUCTOR MEMORY APRPARATUS

(c

Applicanis: SAMSUNG ELECTRONICS GO LTD KR

Inventors: LEE Hi CHOON [KR],CHOI HYE N KR}

Classifications:
iPC GTIC2800; (IPC1-T): G11C28/0G;
CRC B2JCTH08 (KR); BOIF7048 (KRY,;

Priorities: KR20040002020A 2004-01-12
Application: KR20040002020A-2004-01-12
Publication: KR20050073802A-2005-07-18
Published as: KR20050073802A

SEMICONDUCTOR MEMORY MODULE AND METHOD OF TESTING OPERATING MARGIN THEREOF, AND
SEMICONDUCTOR MEMORY APPARATUS

Abstract

The present invention discloses a semiconductor memory module, a test method thereof, and a semiconductor
memory device. The semiconductor memory module of the present invention includes a circuit board having a
plurality of external input/output terminals, an interface circuit installed on the circuit board, a plurality of
semiconductor memory chips, and a nonvolatile memory chip. The interface circuit interfaces signal transmission
between a plurality of external input terminals and an internal circuit. The plurality of semiconductor memory chips
are connected to the interface circuit, input an external address signal having mode setting information, decode
the input mode setting information, generate a mode setting control signal, provide the mode setting control signal
to a normal operation circuit in a normal mode, and provide the mode setting control signal to a test operation
circuit in a test mode. The nonvolatile memory chip stores the initial values of the semiconductor memory chips to
provide the initial values to the outside through the interface circuit at the time of initial booting of the system.
Therefore, in the present invention, various tests can be performed on chips inside the memory module by mode
setting, so that test efficiency can be improved during the test process.
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Title

SEMICONDUCTOR MEMORY MODULE AND METHOD OF TESTING OPERATING MARGIN
THEREOF, AND SEMICONDUCTOR MEMORY APPARATUS

Abstract

The present invention relates to a semiconductor memory device with memory modules and how to test
for them. In the present invention, a semiconductor memory having a plurality of external input and
output terminals formed on the circuit board and the circuit board, a plurality of semiconductor
memory chips are installed, the interface circuit, and includes a non-volatile memory chip. The
interface circuit includes a plurality of external input terminals is the interface signal transmission
between the ink container and the internal circuit. A plurality of semiconductor memory chips are
connected to the interface circuit, mode setting information input mode setting signal with an external
address decode information, and generating a control signal setting mode in the normal mode, the
normal operation mode setting control signal by providing the test mode, the circuit mode and provides
the control signal to the test operation for the circuit setting. The non-volatile memory chip in the
system via the interface circuit during the initial boot, the initial value of the semiconductor memory
chips outside in order to provide the initial value. Therefore, in the present invention, chips inside the
memory module tests that can be performed by setting mode, it is possible during the test, the test
efficiency can be improved.

Figure 1 is a semiconductor memory according to the present invention [0001] configuration of the
module.

[0002] FIG. 2 is a circuit block diagram of the memory chip of Figure 1 shown inside.

[0003] FIG. 3 is circuit of FIG. 2, in the setting mode of the semiconductor memory chips.

[0004] Figure 4 is a code table according to the present invention, showing an example of a mode
register setting.

[0005] FIG. 5 is tested semiconductor memory modules of Fig. 1 flow chart for explaining the
operation of the.

[0006] * Code Description of the main parts of the drawings *

[0007] 100: memory module 110 simple: Circuit Board

[0008] 120: interface unit 130: Memory chip, SDRAM

, EEPROM 206: mode 140: recognition section [0009] register

[0010] : mode setting decoder 207: mode setting circuit MRD

FS1, FS2: fusing circuitry NC: [0011] Normal operation circuit portion

[0012] TC: Test
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theinvention purpose operating circuit. People are object of the invention disclosure by reference to
thebackground art and the art of the art

of the present invention prior art [0013] test is possible the operation margin and testing methods and
semiconductor memory modules, and more particularly to a semiconductor memory device which can
be programd for test operation mode setting can be used to test the operation margin by a
semiconductor memory modules, and relates to a method of testing the

performance of a central processing unit of the computer system, [0014] With large amounts of data at
high speed in order to handle the large amounts of main memory are used in high-speed operation. In
particular personal computer system's main memory using a double data rate (DDR) or Rambus
dynamic random access memory chips in a single package has been configured memory modules are
being provided.

[0015] This memory module includes a plurality of unit memory chips on a circuit board attached to
the configured modules connected to the system motherboard.

[0016] computer systems boot operation at a high speed in order to initialize the memory module,
memory module initialization information for required to be stored therein.

[0017] When computer system in order to boot memory module configuration of working properly,
should also be recognized. A PPD(PARALLEL presence detect-and-parallel configuration information
requiring a recognition device) in order to connect using a Simm(single-in-line) in the normal way use
of module mainly, serial presence detect-series configuration method of Dimm(dual-in-line)
recognition device) is used in a way that module from the module when it is carried out using the
information stored in the EEPROM.

[0018] Testing of such a memory module, depending on the configuration of the multi-unit memory
chip is limited. In the case of synchronous DRAM chips typically provided with internal to mode
register is configured to set a test mode. In other words, in a unit chip test mode to be set simply setting
if you want to select whether the normal mode, the degree of the mode setting a given state.

[0019] However, when such a unit chip module data input/output operations between the plurality of
chips may be margin may differ from each other depending on the module of the mounting
environment or the difference between the fine there is a fear that the operating parameters. Therefore
module by measuring these parameters after the mounting of the entire module, each of the memory
modules within the best margin setting and should not unless chips. That is, the first module at the time
of production can not know whether one is the most suitable margin to various operating margin
manufactured by the following test samples in the mounted state on modules test process to find the
optimal margin is required.

[0020] However, when the test mode of each individual memory chips, while changing parameter
values because there is no function for testing the operation margin values for each individual change
to provide separate test because the test module is costly and time consuming.

[0021] Such a workflow module increases the time and cost increases the production costs.

Abstract problem invention is a technical problem to be solved
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[0022] An object of the present invention to solve the problems of the prior art as described above has a
plurality of memory chips can be used to test the optimum operating margin between a semiconductor
memory module and to provide a method for the test.

[0023] Another object of the present invention can be programd to a plurality of operating margin test
is to provide a semiconductor memory device.

Invention configuration configuration and operation of the invention

in order to achieve the above object, the present invention [0024] memory module having a plurality of
external input and output terminals formed on the circuit board and the circuit board, a plurality of
semiconductor memory chips are installed, the interface circuit and the detection unit.

[0025] Interface unit memory chips and interfaces for signal transmission between the ink container
and the input and output terminals. Interface unit timing registers. Each of the semiconductor memory
chips are connected to the interface circuit, mode setting information input mode setting signal with an
external address decode information, and generating a control signal setting mode in the normal mode,
the normal operation control signal setting mode by providing the test mode, the circuit mode and
provides the control signal to the test operation for the circuit setting. Each of the semiconductor
memory chips that can be configured as a DDR SDRAM or Rambus dynamic random access memory.
The interface to the system during the initial boot recognition through the circuit external to the
semiconductor memory chip, to provide an initial value of the initial value. In the serial EEPROM of
the recognition unit configured system.

[0026] The present invention for achieving the object of the present invention method includes the
following steps.

[0027] a memory module for mounting a memory test equipment for testing;
[0028] b) the initial value from the attached test memory module;

[0029] c) to read the information in response to the initial value for the read information; initializing a
memory module,

memory module test mode the initialized test [0030] d) providing a setting information;

[0031] e) a plurality of memory chip mounted on the memory module, in response to the test mode, the
test mode corresponding to the setting information;

[0032] f) the setting in the setting mode of the memory module to test the test; and

[0033]) is provided to the memory module while changing the test mode setting information to the
optimum operation of the repeat steps d to f information, detecting the password setting mode.

[0034] In the present invention, testing the memory module is mounted therein by electrically fused to
the plurality of memory chips are further comprises the step of the program the test mode.

[0035] In order to achieve the above another object of the present invention is a semiconductor memory
device includes a mode setting information stored in the mode register to enter an external address
signal and is connected to the mode register, wherein the mode register setting information stored in the
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mode control signal for generating a setting mode, in the normal mode the mode setting mode setting
decoder and a normal operating circuitry to provide a control signal, in the test mode, the test mode
setting control signal fused to provide operation circuit, the fuse circuit unit.

[0036] Referring now to the drawings with reference to the accompanying drawings a preferred
embodiment of the present invention will now be described in detail. This embodiment those skilled in
the art to practice the present invention are described in sufficient detail to enable.

[0037] FIG. 1 is a configuration diagram of a semiconductor memory module according to the present
invention.

[0038] memory module 100 of the present invention in Figure 1, interface unit 120, a plurality of the
circuit board 110 on the hayeoseo install a SDRAM(130), recognition unit 140. Specific examples of
the present applicant published in August 2003 manual data of DDR SDRAM registered module is
disclosed. Circuit board 110 has data, data strobe signals, address signals, timing signals, power
signals, etc. for input and output the input and output terminals 112 are formed in the fin 184.

[0039] Interface unit 120 is configured to address and timing registers. Bank address BA<0 Cs0O~cs1,
BaO~bal, CKEO, AO~al2, timing signals, address signals, RAS, CAS, CKE], inside the internal chip
select signal, the WE, address signals, bank address signals, internal timing signal and the like
generated inside.

[0040] In accordance with SDRAM(130) 1G, 2G, such as the memory capacity, it is possible to
configure 512M,.

[0041] Composed of recognition unit 140 recognizes the EEPROM and serial clock signal in response
to the serial data.

[0042] FIG. 2 is a circuit block diagram of Figure 1 shows the internal memory chip. In Figure 2 the
according to the present invention address the dynamic random access memory (SDRAM (202
accesses memory)(130) timing register 204, mode register 206, row decoder 208, column decoder 210,
a mode setting circuit 207 of the memory cell array 212, a data input buffer 216 and data input resistor
214, DLL(220) data strobe output buffer 218 data output buffer and the like.

[0043] address register 202 receives input of a bank address signals and address signals ADD) in
response to a timing control signal buffers, such as a row address, a column address mode provides a
set address.

[0044] Timing of such a CKE, register 204, (, RAS, CAS, we enter the external timing control signal
and generates a timing control signal internal keulreokreul.

[0045] A mode register 206 is a timing control signals, such as a mode in response to the set command
set address latches a set of modes mode and stores the information.

[0046] Decoder circuit 207 includes (MRD), setting mode the first fuse circuit setting mode second
fuse circuit (FS2), (FS1), (NC), normal operation circuit includes a test operation circuit (TC).
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[0047] Referring to FIG. 3, mode setting signal and (MRSCMD) MRS command decoder (MRD)
address bits ai, AJ) setting mode through the gate of the G1 to G4 by (MRS1~MRS4) four mode setting
control signal and outputs, respectively.

[0048] The first fuse circuit FS1 and a second current transient to fuse circuit FS2 by fuse cutting state
"1"or '0', '0" or '1 into the state of the output is converted into a conventional fuse circuits.

[0049] Normal memory chips, FS2) are both turned off and Mrs1~mrs4 FS1) are both turned on is
applied to the normal circuit operation. Therefore, during normal operation from the outside address
bits Ai, Aj in that it changes the value of the mode setting control signal corresponds to a
(MRS1~MRS4) and the normal operation circuit is programd by setting mode.

[0050] In test memory chips are all turned off, and FS1) are both turned on so that the FS2. Therefore,
in the outside at the time of test operation to change the value of the address bits Ai, Aj in setting mode
and generates a control signal corresponding to a (MRS1~MRS4) mode set by the test operation circuit
is programd.

[0051] Figure 4 is a code table according to the present invention shows an example of a mode register
setting.

[0052] In other words, address bits ai, AJ value it is possible to set the four test mode. As illustrated, the
value of the dram -100ps, access time (TAC), such as -200ps +200ps, +100ps, while changing little by

little to the operation margin can be programd so that it can be set.

[0053] FIG. 5 is a semiconductor memory module of FIG. 1 shows a flow chart for explaining the
operation of the test.

[0054] The first module is equipped with (TMM) test equipment for testing memory module (S10).
Here the above test mode for testing memory module capable of (TMM) program configured as
memory chips, memory modules into interior chips are refers to the module test mode.

[0055] Test equipment by passing the command to the memory module is mounted on the module of
the SPD lead code value read from the recognition unit image receiving the SPD memory modules,
analyzes the information of the initial value (S12).

[0056] Interpreted and initializes the information in accordance with the initial value TMM (S14).

[0057] Subsequently, and to provide the mode set address information initialized TMM MRS
command, thereby lowering the first test mode settings (S16).

[0058] A memory module by a given test pattern to test and analyze the test result (S18).

[0059] The present invention is best by analyzing test results if not a member performs the operation
margin (S20, S16, S18, repeat steps a mode change.

[0060] The optimal operating margin is detected by testing the stores the result of the test (S22).

[0061] e.g. according to this method, the initial value of memory chips by +200ps -200ps from access
time to change from Optimal Use of step 4 is capable of setting the access time.
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[0062] It has been described with reference to exemplary embodiments, the skilled person of ordinary
skill in the art within the scope of the invention as set forth in the claims without departing from the
spirit and scope of the present invention vary the invention within the scope not can make various
changes and modifications will be appreciated that be.

Advantageous effects of the invention

as described above, the present invention effects [0063] In the testing of a memory module, while
changing little by little to the operation margin can be tested using a single test, the optimal operating
margin of memory modules can be easily detected. Therefore, in the conventional four test all memory
modules in a single test modules can be tested and the test can reduce the cost of the test, it is possible
to improve the working efficiency.

Setting mode to enter an external address signal with information stored in the mode register (207) is

connected to the mode register mode setting information stored in the mode register by setting a mode
setting mode; generating a control signal

in the normal mode, the normal operation control signal setting mode by providing the test mode, the
circuit mode setting control signal and to provide the test operation circuit, the fuse circuit unit for
fusing to a semiconductor memory device characterized in that having a.

2.
Circuit having a plurality of external input and output terminals formed on the

circuit board is provided on the substrate; a plurality of external input terminals of the signal
transmission between the ink container and the internal circuit; an interface circuit for interfacing to

being installed on the circuit board, wherein the interface circuit is connected to the mode setting
information to the setting information input mode to enter an external address signal generates a control
signal by decoding setting mode, in the normal mode the mode setting to provide control signals to the
normal operation mode, the test circuit, and test operation mode setting control signal provided to the
circuit; and the plurality of semiconductor data chips

being installed on the circuit board of the interface circuit during the initial boot the system outside of
the semiconductor memory chips through in order to provide an initial value, the initial value storage
for recognition memory module characterized in that having a.

3.

A memory module for mounting a memory test equipment for testing of the attached test; b) the initial
value from the memory module; c) to read the information in response to the information, the read
initial value; d) test memory module to initialize the memory module to the initialized for testing
method comprising: providing a test mode setting information; e) a plurality of memory chip mounted
on the memory module, in response to the test mode, the test mode corresponding to the setting

Samsung Electronics Co., Ltd.
Ex. 1002, p. 959



information set; f) to test the memory module to set test mode; g) setting information provided by the
memory module, while the test mode to change the mode of operation to repeat steps d to f detects the
optimal setting information characterized in that it comprises the step of testing a semiconductor
memory module.

4.
According to claim 3, wherein the test memory modules are mounted on the inside by fusing a plurality
of memory chips are in a test mode, further comprising the step of the program, characterized in that

the semiconductor memory module test method.

14.

Date of translation; 2018-02-19
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1. A semiconductor circuit manufactured using a
plurality of mask layers, and a plurality of memory
cells, a plurality of output circuits, a plurality of
peripheral circuits, is the first external pad for
receiving an external positive power supply
voltage, is in the level of the external positive
power supply voltage one of a first operating
voltage range and the second operating voltage
range, the second operating voltage range and is
higher than the operating voltage range of the first
and second external pads for receiving an external
ground power supply voltage, the first for
generating a first output voltage for said memory
cells a voltage regulator, it is intended to produce a
second output voltage for the peripheral circuits, a
first output transistor, wherein in response to the
second output transistor, the decrease of the
second output voltage The includes a first circuit
for activating the first output transistor, and a
second circuit for starting said second output
transistors in response to said level of said
external positive power supply voltage at the first
operating voltage range and a second voltage
regulator, the level of the external positive power
supply voltage when it is intended to operate in the
first operating voltage range, said first and second
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mask layer is used to short the transistors, when it
is intended to operate the level of the external
positive power supply voltage in said second
operating voltage range, the second mask layer is
used, the outer If the level of the positive power
supply voltage is in said first operating voltage
range, the level of variability despite the first output
voltage of the external positive voltage level is a
substantially constant, said second output
transistor The start has been to as the second
output voltage is connected to the external positive
power supply voltage through the second output
transistor, when the level of the external positive
power supply voltage is within the second
operating voltage range the level of the level
variation despite the first and second output
voltages of the external positive voltage is a
substantially constant, not the second output
transistor is enabled, the second output voltage,
the semiconductor circuit is characterized in that to
be selectively connected to the positive power
supply voltage through the responsive first output
transistor to a decrease in the second output
voltage.

2. The semiconductor circuit according to claim 1,
wherein each memory cell has a capacitor storing
a voltage of the capacitor is the external ground
Semiconductor circuit, characterized in that it is
one of the level of the or the first output voltage of
the power supply voltage.

3. The semiconductor circuit according to claim 1,
wherein, with respect to the first and second mask
layers, and the memory cell, and the output
Semiconductor circuit, characterized in that the
circuit, and the said peripheral circuits are
identical.

4. A semiconductor circuit for generating an output
voltage and output current, it is connected to an
external power source, the first positive power
supply for supplying voltage and current If,
connected to the internal power supply, a second
positive power supply for supplying voltage and
current, an input terminal for receiving an
oscillating voltage, said oscillating voltage, said
first positive power supply voltage, and the second
of the positive power supply voltage The accepts,
a voltage pumping circuit for operating the output
voltage greater than the voltage of both of the
output voltages of the first and second positive
power supply and the output current of the first
and second plus semiconductor circuit,
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characterized in that it is supplied from the power
supply current.

5. claim a semiconductor circuit of 4 , wherein the
first positive power supply more than half of the
output current semiconductor circuit, characterized
in that it is supplied from a.

6. The semiconductor circuit of claim 4 or 5,
further comprising of two a coupling capacitor
having a terminal, a gate, a first NMOS transistor
having a source and a drain, said gate connected
to a first terminal of the coupling capacitor, the
drain the first of which drives the output voltage
and a NMOS transistor, the gate is reached three
times the voltage level of the voltage of the second
positive power supply, the drain is equal to the
output voltage to a sum of said first and said
second voltage of the positive power supply
Semiconductor circuit according to claim to be
driven to the level.

7. claim 6 a semiconductor circuit path, further
comprising a gate, the second of which has a
source and a drain and an NMOS transistor, a
gate, and a PMOS transistor having a source and
a drain, the gate of the PMOS transistor and a
PMOS transistor connected to the second positive
power supply, the second NMOS transistor and
the The drain of the PMOS transistor is connected
to a second terminal of the coupling capacitor,
whereby the voltage level of the second terminal of
the coupling capacitor, is pumped to two times the
second positive power supply voltage level
Semiconductor circuit paths, characterized in that.

8. a semiconductor circuit of claim 5, further
comprising a plurality of transistors, each including
a gate and source barbed, thereby a
semiconductor circuit of the voltage difference
across the gate and source of each transistor is
characterized in that not exceed neither of the first
or the second positive power supply voltage.

9. The semiconductor circuit for supplying first and
second voltages to the memory cell, the memory
cell, the bit High-level voltage the bit and the bit
line operating between the Low level voltage, the
bit High-level voltage or the bit Low level first plate
and the voltage in a capacitor connectable to said
bit lines for storing any voltage and a capacitor
and a second plate connected to the second
voltage regulator, the voltage regulator, the first
intermediate level between the bit High-level
voltage and thg bit W ARYSH IS, Lud
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semiconductor circuit, characterized by comprising
means for generating a voltage, and means for
generating the first voltage and the second voltage
of the intermediate level between the bit Low-level
voltage.

In

10. Claim 9 a semiconductor circuit, wherein said
first and second circuits, connected in a cascade
and a first and second half-voltage regulator,
respectively, the first half voltage regulator, said
supplied by the bit High-level voltage and said bit
Low-level voltage so as to generate said first
voltage, and wherein a semiconductor circuit in
which the second half-voltage regulator,
characterized in that as supplied to generate the
second voltage by the first voltage and the bit Low-
level voltage.

11. claim in 10 semiconductor circuit of, wherein
the first half voltage regulator is the first and
second Semiconductor circuit supplies both
voltages, the voltage of the second is
characterized by raising the voltage of the second
plate.

And met at the

12. claim 9 ~ semiconductor circuit according to
any one of 11 Te, In addition, during the initial
operation, the semiconductor circuit characterized
by having a pull-up circuit to assist means for
generating the second voltage.

13. A semiconductor circuit for generating an
output voltage and output current are connected to
an external power source, a first positive power
supply for supplying voltage and current If,
connected to the internal power supply, a second
positive power supply for supplying voltage and
current, a coupling capacitor having two terminals,
a first gate connected to a terminal of the coupling
capacitor, and, and a source, and a third 1INMOS
transistor having a drain connected to manipulate
the output voltage, the output voltage is greater
than said first and second positive power supply
voltage, the output current of the first and second
plus is supplied from the supply current, the gate is
reached three times the voltage level of the
second positive power supply voltage, the drain,
operates the output voltage to a level equal to the
sum of said first and second positive power supply
voltage Semiconductor circuit according to claim to

be.
Samsung Electronics Co., Ltd.
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14. A semiconductor circuit as claimed in claim 13
, further comprising an NMOS transistor having a
gate, a source, and a drain said second gate
connected to the positive power source, and, a
source, and further includes a PMOS transistor
having a drain, a drain of said second NMOS
transistor and the PMOS transistor, wherein the
coupling capacitor first It is connected to the two
terminals, the semiconductor circuit of the voltage
level at the second terminal of the coupling
capacitor, characterized in that to be pumped to
twice the second positive power supply voltage.

[0001]

BACKGROUND OF THE INVENTION

The present invention relates generally to
semiconductor design technology, and more
particularly to a technique effectively applied to a
system and method for adjusting the internal
voltage supply in a semiconductor circuit that can
operate with different external positive power
supply voltage level.

[0002]

BACKGROUND OF THE INVENTION

By a number of technological advances, integrated
circuit, or "chip” has become one incorporating the
transistor of millions on a single monolithic device.
As a result, including the improvement and
reduction in the size of the speed, a lot of profit is
obtained. However, as the number of transistors
increases, chip rate, power consumption, reliability
is adapted to draw more attention. As a result, the
external positive power supply voltage for a
number of chips has been reduced. For example,
a conventional 16M-bit dynamic random access
memory (DRAM) but are using an external positive
power supply of 5.0V or 3.3V, I'm using an external
positive power supply of 3.3V or 2.5V at 256M bit
DRAM. Lower external plus the use of a power
supply voltage when it may be slow the DRAM
speed of, but the power consumption can be
reduced. Furthermore, it is possible to reduce the
reliability problems of destruction caused by
applying a very high electric field strength in the

Samsung Electronics Co., Ltd.
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dielectric of the gate and a thin memory cell of a
thin transistor.

[0003]

Tend to the external positive power supply voltage
of DRAM and user-selectable has also existed
since 16MDRAM. Referring to Figures 1a and 1b,
the conventional 16M-bit DRAM, and 5V version
devices 10a which are connected to an external
positive power supply (VDD) of 3V, and 3.3V
version device 10b that are connected to the VDD
of 3.3V but it exists. Both versions 10a, and is
connected to an external power source (VSS) of
10b with ground. 5V version device 10a and the
3.3V version device 10b is the same for many
parts. However, in the 5V version device 103,
voltage regulator 12 so as to adjust the VDD
voltage, to the internal voltage level of about 3.3V
for the memory cell and the peripheral circuit 13a
(VINT).

[0004]

VINT is therefore moves the small memory cell
circuit of the memory cell array of a DRAM, also, in
order to reduce the power consumption of the
DRAM, must be a relatively low voltage. However,
the output circuit 13b to operate at a higher
voltage VDD. Thus, the speed of the output circuit
13b is enhanced, and the output circuit operates at
a desired voltage level. On the other hand, in the
case of the 3.3V version device 10b, 3.3V has
already been supplied by an external positive
power supply VDD. Thus, for 3.3V version device
10a, since an external positive power supply
voltage is already VINT or voltage close to it, since
the memory cell array and the peripheral circuit
13a and the output circuit 13b operates in the
same VDD voltage level, 5V version devices 10a
the regulator is not present, such as the regulator
12.

[0005]

To external positive power supply to meet the
demand for selectable chip, chip design to adopt
the master slice technology. When designing a
chip, a mask set consisting of a number of the
mask layer is made. Mask layer indicates that a
photomask used in the production of chips. For
example, there is a method of manufacturing a
semiconductor device using the photomask
described in US patent 5,489,509. In the master-
slice technology, the mask layers used to produce
the various versions of the chips are all, except
only one equivalent. Referring again to Figure 1,

Samsung Electronics Co., Ltd.
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5V version device 10a will directs VDD to the
regulator 12, a first wiring layer including a wiring
12a for directing to the corresponding circuit of the
regulated voltage is formed. On the other hand, in
the 10b at 3.3V version, so that the second wiring
layer including a wiring 12b which directs to the
circuit corresponding to the VDD voltage directly
formed.

[0006]

[Invention Problems to be Solved]

However, such a simple master slice technology is
not effective in the same way in the 256M-bit
DRAM. 256M-bit DRAM dielectric used in the
memory cell body is balanced against to require a
very small internal voltage to balance and stability
of the dielectric leakage characteristics and
memory cell, the peripheral circuit, the power
consumption and speed and requests the other
internal voltages to be. Furthermore, although
additional voltage regulators may be required,
each of which has a number of design problems
relates respectively. For example, if the external
positive power supply for the voltage regulator
very low, it is difficult for the regulator is to supply a
valid current output. Also, when the external
positive power is high, sometimes some nodes of
the charge pump voltage regulator reaches
extremely high voltage, causing reliability
problems. As a final point, conventional voltage
regulators can not output voltage is charged and
discharged to maintain the output voltage at a
constant level.

[0007]

An object of the present invention is to provide a
number of circuit outputs to an external positive
voltage has a plurality of the voltage regulator is
constant different and a method therefor.

[0008]

The above and other objects and novel features of
the present invention will be apparent from the
description of this specification and the
accompanying drawings.

[0009]

In order to solve the problem]

Among the inventions disclosed in the present
application will be briefly described an overview of
the typical things, it is as follows.

[0010]
That is, in the preferred embodiment of the present
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the voltage regulator may be adapted to an
external positive power supply voltage of the two
different ranges. The following, we will disclose the
four types of regulator technology. For the first
voltage regulator, a current supply capability of the
regulator is increased much even under very
external positive power supply voltage low. In the
case of the second charge pump voltage
regulators, voltage level at any node in the
regulator does not exceed the high voltage level
that is determined in advance, moreover, to reduce
the most of the current from the external positive
power supply. The third voltage regulator, the
output voltage by charging and discharging, can
maintain the output voltage at a constant level.
Finally, the fourth voltage regulator is one that is
optimized to reduce dielectric leakage.

[0011]

DETAILED DESCRIPTION OF THE INVENTION
It will be described in detail with reference to
embodiments of the present invention with
reference to the drawings.

[0012]

As mentioned above, FIGS. 1a and 1b shows a 5V
version devices 10a and 3.3V version device 10b
of a conventional 16M-bit dynamic random access
memory (DRAM) devices, respectively.

[0013]

Referring to FIGS. 2a and 2b, reference numeral
20a and 20b shows a 3.3V version and 2.5V
version of the device of an embodiment of the
present invention as a whole, respectively. In a
preferred embodiment of the present invention, the
3.3V version devices 20a and 2.5V version device
20b is a 256M bit DRAM, the present invention is
not limited to the application to the DRAM, the
different internal power supply level It requires an
external positive power supply can be selected for
any integrated circuit device, for example, can be
applied in connection with the random access
memory of the programmable logic array or other
type. Furthermore, the voltage level listed in the
preferred embodiment is for the purpose of
illustration and are not intended to limit the present
invention.

[0014]

3.3V version device 20a and the 2.5V version
device 20b receives the external ground power
supply (VSS) of the external positive power supply
(VDD) 0V (ground potential), but, VDD voltage
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standard value with respect to 3.3V version device
20a but 3.3V, a standard value is 2.5V with respect
to 2.5V version device 20b, VSS voltage is OV
(ground potential) with respect to both devices.
3.3V version device 20a and the 2.5V version
device 20b is the same for the most part, | have
both each of the peripheral circuit 21a, the output
circuit 21b, and the memory cell array 21c. In
addition, both versions device 20a, both 20b, it has
a first voltage regulator circuit 22 and the second
voltage regulator circuit 24 for supplying array
voltage of about 2.0V to (VARY) to the memory
cell array 21c. However, in the case of 3.3V
version device 20a, the second voltage regulator
24 is supplying the internal voltage of about 2.5V
to (VPERI) to the peripheral circuit 21a.

[0015]

Voltage regulator 22, 24 are used for a variety of
purposes. First 1, VARY in order to operate a thin
to be used in the memory cells of the memory cell
array 21c (3-4nm) dielectric is very low, also, it
must be stable. Leakage current characteristics by
so low VARY is kept to a minimum, it is possible to
simultaneously maintain a high memory cell
stability. As a second point, the transistor the
thickness of the gate to the peripheral circuits 21a
includes (2-10nm) is larger than the thickness of
the dielectric of the memory cells (3-4nm), VPERI
is to take a higher voltage than the VARY possible
it is. The number of circuits of the peripheral circuit
21ais relatively large, by making the intermediate
voltage VPERI (VARY <vperi <vdd), without
increasing the power consumption by these
circuits 100, and increase the operation speed of
the peripheral circuit 21a and it can be. output
circuit 21b operates in the vdd voltage. thus, the
operation speed of the output circuit 21b
increases, the voltage level of the output signal
can be a desired operating level. in addition, the
power consumption of the output circuit is
increased to vdd is a high voltage, due to the
relatively small number of circuits in the output
circuit 21b, a power consumption is acceptable
range.

[0016]

On the other hand, in the case of 2.5V version
device 20b, since the VDD voltage (2.5V) is equal
to VPERI (2.5V), the second voltage regulator 24
of FIG. 2a is not required. Thus, 3.3V version
device 20a is to use the first and second voltage
regulators 22 and 24 for supplying respectively the
VPERI and VARY, die for forming the first wiring
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layer including a wiring 24a employing a master-
slice technology using one of the mask layer (not
shown). By using the second mask layer (not
shown) for forming a second wiring layer including
a wiring 24b instead of the first mask layer, a 2.5V
version device 20b, also supplies the VARY It is
possible to make use of the first voltage regulator
22 for. However, 2.5V version device 20b and the
second voltage regulator 24 is not used, the
external power supply VDD is supplied directly as
VPERI.

[0017]

Referring to Figures 3a and 3b, both 3.3V and
2.5V versions version, in addition to the voltage
regulation of the internal voltage VARY and
VPERI, generate another internal voltages VPP,
VBB, VBLR and VPLT to this And we're using.
VPP is used for a word line driver and a 3.6V, VBB
is at -1.0V, and is used as a back bias for different
NMOS transistors, VBLR at 1.0V, is used as a
precharge level of the bit line, VPLT is.In 5V, it is
used as the plate voltage of the memory cell
capacitor. Internal voltage VARY, VPERI, VPP,
VBB, VBLR, and | will be described in detail later
VPLT.

[0018]

In particular, with reference to the block diagram of
Figure 3a, but the block diagram corresponds to
the 3.3V version device 20a in FIG. 2a, the internal
voltage VARY, VPERI, VPP, VBB, VBLR, and
VPLT the various is adjusted by which the six
voltage regulators 26,28,30,32,34 and 36 which
are interconnected by a power supply line and
signal line. Intermediate voltage regulator 26, a
first intermediate voltage V1, and the second
intermediate voltage V2 generated, V1 voltage is
1.25V, V2 voltage is 1.0V. V1 is supplied to VPERI
regulator 28, the regulator generates twice the
voltage VPERI = 2.5V at V1, as described in more
detail with reference to FIG. VPERI is also
supplied to a conventional VBB regulator 34 and
the VPP regulator 32, which will be described in
detail with reference to Figure 7.

[0019]

Likewise, V2 is supplied to a VARY regulator 30,
the regulator generates twice the voltage VARY =
2.0V of V2 as will be described in detail with
reference to FIG. VARY is also supplied to the
VBLR and VPLT regulator 36, which will be
described in detail with reference to Figure 12.
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[0020]

Referring to the block diagram of Figure 3b, the
block diagram is intended to correspond to the
2.5V version device 20b in Figure 2b, the internal
voltage VARY, VPERI, VPP, VBB, VBLR, and
VPLT is, referring to Figure 3a and it is generated
in a manner similar to that described above Te,
only in that VPERI is fed by direct VDD is different.

[0021]

Referring to both FIGS. 3a and 3b, the broken
lines shown in the figures, or the master-slice
technology is how to implement is shown in the
preferred embodiment. The master-slice
technology, in order to produce 3.3V version (Fig.
3a) and 2.5V version (Fig. 3b), the first and second
mask layers for the same metal wiring layer
forming step (not shown It needs either). The first
mask layer for 3.3V version is used to form the first
wiring layer, the second mask layer for 2.5V
version, in order to form a second wiring layer It
used to. Thus, corresponding to the desired
device, using either the first mask layer or the
second mask layer.

[0022]

The first mask layer, and is intended to be used in
3.3V version (Fig. 3a), and without forming the
wiring 40 shown as a dashed line in Figure 3a that
connects the external positive power supply VDD
to VPREL, the regulator 26, and it is used to form
the first wiring layer including a wiring 42, 44 for
interconnecting 28,30,32,34,36. Similarly, the
second mask layer is intended to be used in 2.5V
version (Fig. 3b), and without forming the wires 42
and 44 connecting the VPREI regulator 28, shown
as a dashed line in Figure 3b, the regulator and it
is used to form the second wiring layer including a
wiring 40 interconnecting 26,28,30,32,34,36.

[0023]

Referring to Figure 4a, 3 one internal voltage VPP
of 3.3V version (Fig. 3a), the VPERI and VARY is
shown as a function of VDD. The first of the
normal operating range of VDD 50 is between
3.3V plus or minus 10 percent, that is about 3.0V ~
3.6V. In the first of the normal operating range 50,
the internal voltage VPP, VPERI and VARY is
constant at each 3.6V, 2.5V and 2.0V. In the first of
the stress range 52 to be used in the VDD is
reliability / burn-in test of more than 4.1V, the
internal voltage VPP, VPERI and VARY varies with
VDD voltage, VPP is equal to VDD, VPERI the
VDD-0. equal to 75V, VARY is equal to VDD-1.5V.
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Used at the time of the power-up operation or
battery backup operation, in the first of the low
voltage range 53 VDD is between 2.2V ~ 2.7V, but
VARY is still 2.0V, VPERI the VDD equal. Finally,
still in the low voltage range 54 VDD is small
second than 2.2V to be used during power-up,
both of VARY and VPERI is equal to VDD.

[0024]

Referring to Figure 4b, 3 one internal voltage VPP
of 2.5V version (Fig. 3b), the VPERI and VARY is
shown as a function of VDD. The second of the
normal operating range of VDD 56 is 2.5V plus or
minus 10 percent, ie between about 2.25V ~
2.75V. Throughout the second normal operating
range 56, the internal voltages VPP and VARY are
constant respectively 3.6V and 2.0V, which is the
same voltage as in the 3.3V version (Fig. 4a).
However, VPERI remains equal to the VDD
voltage. In the VDD is big second stress range 58
than 3.2V, VPP is a VDD 0.75V, VPERI is equal to
the VDD voltage, VARY is equal to VDD-0.75V.
Finally, in a small third of the low-voltage range 60
than VDD is 2.2V, both of VARY and VPERI is
equal to the VDD voltage.

[0025]

Referring to FIG. 5, in simplified essential part
circuit diagram of the 3.3V version device 20a and
the 2.5V version device 20b of 256M-bit DRAM,
the internal voltage VARY, VPERI, VPP, VBB,
VBLR, and VPLT the application of It is shown.
Address signals (not shown) passes through an
input port INPUT, is applied to the address buffer
62. The address buffer 62 operates in the VDD,
the other chips (not shown) to match the interface.
Address buffer 62 to drive to the address decoder
64 the address signal. While the address decoder
64 operates in VPERI, it is because VPERI to
provide a good balance between the high speed
(high voltage) and low power (low voltage). The
address decoder 64 applies a decoder signal, the
word line driver 66 operating at VPP.

[0026]

The word line driver 66 drives the word line WL,
the word line WL for selecting the memory cell (bit)
B1. Bit B1 has accumulated a bit voltage VSN
located between the VARY (2.0V) and VSS (0V).
The bit voltage VSN might be VARY, word line
driver 66, plus the threshold voltage of the N-
channel metal oxide semiconductor (NMOS)
transistor 68 (not shown) to VARY, further, a
change in the speed and the voltage and it
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operates at a sufficiently high voltage VPP than
those plus additional voltage to regulate.
Transistor 68 has a biased wells 68W in VBB,
whereby the leak current (not shown) and the
junction capacitance of the transistor 68 (not
shown) is reduced. Bit B1 also includes a
capacitor C1, the plate of the capacitor C1 is
connected to the VPLT. Level VPLT is between the
VARY and VSS, although the leakage current of
the capacitor C1 is optimized to minimize, as will
be described in detail with reference to Figure 12
later.

[0027]

Bit B1 is connected to the bit voltage VSN read to
the bit line BL, and the sense amplifier circuit 69.
The sense amplifier circuit 69 includes an amplifier
section 70 for amplifying a bit line signal voltage.
Amplifier section 70 by the sense amplifier
overdrive circuit 71 is driven via the signal line
SDN and SDP. Overdrive circuit 71 receives the
three drive signals SAP1, SAP2 and SAN, and
drives the signal line SDN to VSS, selectively
driven to either the VARY or VDD to SDP. VARY
and VSS is the target voltage of High and Low,
respectively for the bit line BL. At the time of the
sense amplifier amplifying operation, VDD is used
to overdrive the bit line BL SAP1 is only a short
period of Low. Then SAP1 is High level, SAP2
becomes Low level, the final voltage of the bit line
is VARY or zero. The sense amplifier circuit 69
also has an equalizer section 72 for precharging
the bit line BL. The equalizer section 72, bit B1 is
the bit line BL is controlled by VBLR and so as to
signal BLEQ intermediate voltage between VARY
and VSS before being selected by the word line
WL.

[0028]

The amplified bit line voltage (not shown) is
selectively connected to the output line | / O by the
column select signal YS. Then, the output line | / O
to drive the main amplifier 74. The main amplifier
74, for the same reason as that described above in
relation to the address decoder 64 operates in
VPERI. Finally, the main amplifier 74 is driving the
output buffer 76, output buffer 76 for the same
reason as that described above in connection with
the input buffer 62 described above, operating at
VDD.

[0029]
Referring to Figure 6, there is shown a VPERI
regulator which is improved according to the
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invention by the reference numeral 28 in the 3.3V
version (Fig. 3a). VPERI regulator 28 intermediate
voltage V1 (Fig. 3a), are used and VDD and VSS,
and the ACTYV signal and DETECT1B signal.
ACTYV signal 3.3V version device 20a (Figure 2a)
is a High level when the active state, 3.3V version
device 20a is a Low level at the time of the stand-
by mode. It is described as High level when ACTV
signal is not specifically mentioned.

[0030]

Referring to FIGS. 7 and 8, than the reference
number 82, the level conversion function with an
inverter circuit 82 (FIG. 7), VDD external positive
power supply VDD of the dependent DETECT1
signal and DETECT 1B signal (Fig. 8) is shown.
DETECT 1B signal is generated by the level
conversion function with the inverter circuit 82. The
DETECT1B signal is applied to the gate of the
pull-up PMOS transistor 90 of the VPREI regulator
circuit 28 (Figure 6). Level conversion function with
the inverter circuit 82 external positive power
supply (VDD) voltage, are using VBB other to a
negative voltage of the external ground power
supply (VSS) voltage. Incidentally, VBB is the
output voltage of the known back bias voltage
generating circuit (not shown). Level conversion
function with the inverter circuit 82 as input
DETECT1 signal, and outputs the DETECT1B
signal. Incidentally, DETECT1 signal is an output
signal of the power supply voltage level sensor
circuit (not shown). Power supply voltage level
sensor circuit can be easily realized by a
differential amplifier circuit for comparing the
voltage with a constant reference voltage obtained
by dividing a predetermined voltage dividing the
VDD voltage. Then, it sets the first low-voltage
range 53 (FIG. 8) up to the VDD voltage (VDD =
2.7V) divided voltage is the reference voltage at
the equal way division ratio or the reference
voltage in. Thus, higher if the divided voltage than
the maximum VDD voltage of the external positive
power supply (VDD) voltage is within a first low-
voltage range 53 becomes higher than the
reference voltage. It is lower than the VDD voltage
maximum VDD voltage of the first low-voltage
range 53 divided voltage becomes lower than the
reference voltage. As a result of this comparison,
the level conversion function with the inverter
circuit 82 to convert the DETECT1 signal of the
output signal of the differential amplifier circuit to
DETECT1B signal. In other words, VDD voltage is
normal operating range 50 (FIG. 4a or FIG. 8,3.0-
3.6V) when, DETECT1 signal is OV (ground
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potential). When the VDD voltage in the first low-
voltage range 53 or the second low-voltage range
54 (Fig. 4a or FIG. 8, VDD = 2.7V), DETECT1
signal is at the VDD voltage level. And when
DETECT1 signal is OV to (ground potential),
DETECT1B signal is at the VDD voltage level.
DETECT1 when the signal is of the VDD voltage
level, DETECT 1B signal becomes the VBB level.
The benefit of such a DETECT 1B signal has a low
voltage level of VBB level (Fig. 8) will be described
later.

[0031]

Referring to Figure 6, VPERI regulators 28 have a
differential circuit 84, the voltage dividing circuit 86
and the first and second pull-up P-channel metal
oxide semiconductor (PMOS) transistor 88 and a
second pull-up PMOS transistor 90 are doing.
Voltage divider 86 generates an output voltage 92,
but the voltage is one-half of VPERI (typically
2.5V), that is, 1.25V. The half voltage reference
method, there is a benefit of increasing the current
supply capacity of low-VDD of the transistor 88.
The output voltage 92 is compared with (a = 1.25V
(Fig. 3a)) the intermediate voltage V1 by the
differential circuit 84. VPERI also lowered output
voltage 92 and lowered, the differential circuit 84
and further activate the first pull-up PMOS
transistor 88, the first PMOS transistor 88 to
recover towards the VPERI to 2.5V.

[0032]

Referring to Figure 4a, when the 3.3V version
device 20a (FIG. 2a) is in the one of the first low-
voltage range 53 and the second low-voltage
range 54, the voltage level of the DETECT1B
signal is equal to VBB, the 2 of the pull-up
transistor 90 is also active. As a result, the second
gate of the pull-up transistor 90 - (not shown)
source voltage becomes very high, the current
supply capability of the second pull-up PMOS
transistor 90 can become high. So, over all of the
first low-voltage range 53 and the second low-
voltage range 54 VPERI is equal to the VDD
voltage, this parallel addition of the first pull-up
PMOS transistor 88 in parallel with the second
pull-up transistor 90 and it is due to a high current
driving capability due to the operation.

[0033]

Referring to both FIGS. 6 and 7, by their dashed
line or have how been implemented by master-
slice technology is shown in the preferred
embodiment. The master-slice technology, the first
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mask layer for 3.3V version (not shown) is used to
form the first wiring layer excluding the wires,
shown in dashed lines. The second mask layer for
2.5V version (not shown) is used to form the
second wiring layer including a wiring indicated by
the broken line.

[0034]

For 3.3V version, the first mask layer as VPREI
regulator 28 can output a VPREI from the
intermediate voltage V1, the wiring 28a, 28b (Fig.
6) shown by the broken line, and excluding 82a
(FIG. 7) and it is used to form the first wiring layer.
In the case of 2.5V version, the VPREI regulator
second mask layer so as not to output VPREI from
the intermediate voltage V1 includes wires 28a
indicated by a dashed line, 28b (FIG. 6) and 82a
(Fig. 7) and it is used to form the second wiring
layer. As a result, it wants to be able to output a
VDD (= 2.5V) voltage.

[0035]

To further improve the performance of VPERI
regulator 28 in a relatively large size chip (Fig. 19),
multi-regulator (19) is arranged in a different
position around the tip. Thus, voltage drop caused
by the wiring resistance of the long VPERI| power
line (not shown) is significantly reduced.

[0036]

Referring to Figure 9, a conventional VPP
regulator is indicated by reference number 94.
VPP regulator 94 is a power supply voltage 96
(which is connected to either VDD or VPERI), it
uses the output voltage VOSC from VPP level
sensor. Voltage regulator 94 generates a higher
voltage VPP than the power supply voltage 96 by
the external positive power supply VDD voltage 96
doubles. Supply voltage is doubled in principle by
pumping the VOSC which oscillates between the
VDD and VSS. Pumping by VOSC is controlled by
the VPP level sensor 98 to adjust to 3.6V steady
voltage level (VARY (2.0V) 1.6V). Thus VPP is, up
to two times the VDD level is constrained by the
VPP level sensor 98 but does not reach, it will
maintain a sufficiently strong state.

[0037]

If the power supply voltage 96 is first in the form of
a conventional VPP regulator is connected to
VDD, the voltage regulator circuit 94 reliability
problems. This is because when the 4.0V VDD
voltage rises, the internal node voltage (not
shown) may exceed the 8.0V (VDD VDD), in order
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to continue keeping the reliability, the conventional
VPP regulator 94 It exceeds 8.0V This is because
must ensure no internal nodes. If the supply
voltage 96 of the second embodiment of the prior
art connected to VPERI, when VDD is 4.0V, which
internal node voltage is not to exceed 8.0V,
another problem arises. For example, conventional
VPP regulator 94, the ratio of output current to
input current (current efficiency) is 50 percent.
That is, the conventional VPP regulator supplies
an output current of 10mA for each swallowing the
supply current of 20mA. Therefore, in the
conventional second embodiment, the voltage
regulator 94 consumes extremely current at
VPERI voltage regulator (Fig. 6) becomes
overloaded.

[0038]

Referring to Figure 10, VPP regulator is improved
according to the present invention by reference
numeral 32 is shown. VPP regulator 32 is used in
both the 3.3V version device 20a (FIG. 2a) and
2.5V version device 20b (Fig. 2b). VPP regulator
32 by using the output voltage VOSC from both
the oscillator VDD and VPERI. By using both VDD
and VPERI, if the VDD voltage is higher than 4.0V
also does not exceed the voltage of 8.0V is also
an internal node of the VPP regulator 32 throat
including a node N2. In other words, the low
voltage level of VPERI, the voltage of the node N2
is reduced VDD VPERI, that is, 6.5V. Furthermore,
VPP regulator 32 is the input current - but is about
50 percent the output current ratio is also, VPP
regulator 32 is designed to swallow a large part of
the input current (not shown) from an external
positive power supply VDD, whereby the
consumption of current in VPERI regulator 28
(FIG. 6) is reduced.

[0039]

Referring to Figure 11, the reference numeral 32,
VPP regulator is improved according to the
invention in Figure 10 is shown. Both VDD and
VPERI in order to generate the VPP in VPP
regulator 32 is used. VPP regulator 32, a plurality
of NMOS transistors 99a, 99b, 99c¢, 99d, 99e, 99f,
999, 99h, and 99i, a PMOS transistor 100, a
plurality of capacitors C2, C3, C4, C5, C6, a
plurality of inverters 101a, 101b, 101c, 101d, and
has a 101e, 101d, each inverter, with the
exception of 101e operating in the VDD voltage
level. These transistors and inverters are grouped
by their applied voltage. VDD applied to NMOS
transistor 99b, 99¢, 99d and the inverter 101a,

Samsung Electronics Co., Ltd.
Ex. 1002, p. 977

17/29



5/9/23,5:57 PM

DEIHETN TS, CS35LUTVPPIE, 22DV
DD LARIVETHEZELBEVWEDDVPP LANILE
VY9 8ICLVHINETN., TR RRE T 4T
g5,

[0037]
EREEX96NVDDICEGZGINBIUERDODVPP
LFaL—5DFE1 OFEREDIHEE. EELFa2L
— 409 4 (IEEHEOBEIE LD, chld.
VDDERENLRILAOVDEE, AP/ —FE
FE (RREY) (d8.0v (VDD+VDD) %##
ZABCEDDBY . EEMEEREGHETBHITIE.
MRKOVPPLFaL—994I138.0VEHEBRD
AE/ — RZHFERVES CLBITNIER S0
NoTHd, BEEF96HNAVPER I [CIEgmS
N3MEEDE 2 DIREDIFE(CE. VDDH4.0
VOEE, EORE/—REXEE8.0 VEBAZD
ZEFRBRVD, tMORBBENEL D, BIAIK. K
DVPPLFalL—%941F. NAWERICHTS
HAERDEE (BRME) N50%THd, 974
hHhE, #HFKOVPPLFalL—%E. 20mAD
EREREHRHFANDTELCT OMADEAERE
Hi59 3., K> T. MRKOE2DEDIHGE. B
FELFal—4%94FVPERIEELFal—
4 (M6) ChLWTinlCEREHEHELUBER &
-oTULES,

[0038]
M10Z2RBITdE. SBES I 2ICEI>THEHE
BRIC&B3RESNIEVPPLFaL—YHREh
TWw3, VPPLF*al—4%32(F, 3.3V/\—
YavFNM4A20a (H2a) BLV2.5VN
—IavFNNM1RX20b (K2b) OEATHW
53, VPPLFal—432(& VDDH&X
UVPER | OBAEEIRSBHASDHANEEVO
SC&EEAVLWTWLWS, VDDBLUVPER IO
mAERAVWS &Ik, VDDEEM.OV L
DEWMEEICE. /—EN2ZESHVPPLF2
L—%5320EDAZ/ —FES.OVDEEZHE
A3 LRV, TS5, VPER | ORERE
LARJIVICKY, /J—KN2ODOEFIEIVDD+VP
ERI|. TH56.5 VICE I IETNTWLWS, &5
(C. VPPLFalL—4932[ZOANNER—H
HERLES®EVHE 0% THBI3EDD, VPP
LF¥al—4932@ANER (RRtET) OKXKEB
PDEINBTZRAERV D DHOSBRAAD L S ICER

srv9.patentorder.com/pdf/MTIJP3707888B htm

Patent Order MT

101b, itis a 101c. On the other hand, VPERI
applied to the NMOS transistor 99e, an inverter
101d, it is 101e. Operation of VPP regulator 32 is
further explained by considering the signal at node
N1, N2, N3, N4, N5, N6, N7, N8 and N9.

[0040]

Referring also to Figure 12, the signal waveforms
at the nodes N8 and N9 are those reversed
signals and VOSC waveforms at node N7. Signal
waveforms at the node N1 is generated by
pumping the VDD amplitude signal of VPERI
which is pre-charged to the capacitor C2 at the
node N7 by 99a. Signal waveforms at the node N2
is generated by pumping the VDD amplitude signal
to the capacitor C3 at node N8 the VPERI which is
precharged by 99h. Signal waveform at node N5 is
generated by combining the signals at VOSC and
the node N9, N4 and N6. Signal waveform at node
N3 is generated by pumping the double VPERI
amplitude of the signal to the capacitor C4 and
VPERI which is pre-charged at the node N5 by
99f. As a result, High level at the node N2 is equal
to the sum for the VDD voltage and VPERI (2.5V).
In addition, High voltage of N3 is three times of
VPERI. 99i is a rectifier transistor. Capacitor C6 is
a large decoupling capacitor, and has helped to
prevent fluctuation of the VPP voltage.

[0041]

Advantageous Other points VPP regulator 32 in
Figure 11, the gate - a transistor source voltage
exceeds the confidence limits is that the VPP level
is generated without even one. Also, 99b, 99c,
99d, 99e and 101c is a circuit that was devised for
the voltage relaxation. In the above embodiment,
stationary gate of the PMOS transistor 100 -
source voltage is VPERI (2.5V). If the node N9 is
equal to VDD (3.3V or 2.5V), node N5 is twice the
VPERI (5.0V), and therefore NMOS transistor 99b
is the maximum gate of 2.5V - a voltage between
the source. If the node N3 is equal to three times
the VPERI (7.5V), the node N2 is VPERI| VDD
(5.0V or 5.8V), and therefore NMOS transistor 99i
is the maximum gate of 2.5V - a voltage between
the source. Similarly, the remaining transistors, the
gate - source voltage is relatively low.

[0042]

Referring to Figure 13, VARY regulator is indicated
by reference number 30. As shown in the figure,
VARY regulator 30 is driven to set the signal line
SDP1, SDP2, SDP3 etc., these signal lines, the
first is referred to as SDP as a whole with
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reference to Figure 5, it is one that has been
described. Since the overdrive sense amplifier
operation VDD also drive the signal line SDP, by
two of the drive signal SAP1 and SAPZ2 (see also
Figure 5), which of the two voltage VDD voltage
and VARY at any one time is a signal line SDP do
you want to drive is controlled.

[0043]

VARY regulator 30 includes a first differential
circuit 102, a divider 104, and in that it has first
and second pull-up PMOS transistors 106 and
108, similar to VPERI regulator 28 of FIG. 6 there.
VARY regulator 30 also has a second differential
circuit 110, the PMOS transistor 112, it also has a
pull-down NMOS transistor 114. VARY regulator
30 intermediate voltage V2 (1.And 0V), it receives
and ACTYV signal, and the sense enable signal
SAE, and DETECTZ2B. DETECT2B signal is
applied to the gate of the pull-up PMOS transistor
108. Method of generating the DETECTZ2B signal
and DETECTZ2 signal is the same as the
DETECT1 signal, DETECT 1B signal. In other
words, by setting the division ratio or the reference
voltage, it is set so DETECTZ2B signal changes at
a lower VDD voltage (VDD = 2.2V). The VDD
voltage second low voltage range 54 (FIG. 4a,
VDD = 2.2V) or a third of the low-voltage range 60
(FIG. 4b, VDD = 2.2V), DETECT2B signal
becomes VBB level.

[0044]
Referring also to Figure 14, the operation occurs in
the active period 116, this period will always ACTV
signal is determined by the High level. In this
period 116, when the VARY is low, VARY regulator
30 functions so as to restore the original voltage of
the VARY like the VPERI regulator 28. However, in
the case VARY high reversed, and the SAE signal,
a second differential circuit 110, a pull-down
NMOS transistor 114 is VARY level is discharged
working. As mentioned above, both the VARY and
VDD voltage is driving the SDP signal line. Period
of overdrive, becomes the signal line SDP is VDD
voltage or the level close to it, then when the
SAP2 to Low level, VARY temporarily rises toward
the VDD voltage. By discharging the VARY level,
in order to lower it into Again 2.0V, SAE signals
(which becomes the High level after the VARY is
connected to the SDP signal) to the second
differential circuit 110, To compare the output with
a reference voltage divider 104 V2. As a result, the
second differential circuit 110 to the voltage level
from the voltage dividing circuit 104 is equal to V2
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(1.0V), while the pull-down transistor 114 and
activated, which VARY equals 2.0V it is meant to
become.

[0045]

In Figure 5 reference again to the bit B1 has a
capacitor C1, the plate of C1 is connected to the
VPLT, the counter electrode of the capacitor is
stored bit voltage VSN of VSS or VARY. Referring
also to Figure 15, the voltage level of VPLT is set
midway, that is, 1.0V for as in the conventional
VSS and (0V) and VARY (2.0V). This works well
with respect to SiO 5 and Si 3 N and 4 of such a

dielectric. However, the use of small to take a
large capacitor capacitance in the memory cell
high dielectric Ta , O 5, a leakage current

characteristic is asymmetric. For example, when
the bit voltage VSN is equal to VSS, dielectric Ta 5

O there is a positive leakage current |1 to the 5,

when the bit voltage VSN is equal to VARY minus
of leakage current |12 exists. In this prior art
embodiment, the leakage currents |11 and 12 is
asymmetric, that is, the leakage current |1 is large
and disproportionately compared to the leakage
current I12. Thus, since the leakage current |1 is too
large, so that it would not lose the data stored in
the capacitor C1.

[0046]

Referring to FIG. 16, according to the present
invention, has been adjusted level of VPLT so that
the leakage current becomes more symmetric
dielectric Ta , O 5 . This in order to achieve the

result, the voltage level of the VPLT is 0.5V, ie, has
been adjusted to the level of 1/4 of VARY. As a
result, when the bit voltage VSN is equal to VSS is
positive leakage current |13 is generated, when the
bit voltage VSN is equal to VARY is, minus the
leakage current 14 is generated, these leakage
current 13, 14 rather symmetrical, both are
relatively small.

[0047]

Referring to Figure 17, there is shown a VBLR and
VPLT regulator is improved according to the
present invention by reference numeral 36. VBLR
and VPLT regulator 36, is generating a bit line pre-
charge voltage VBLR and plate voltage VPLT.
Although VBLR (1.0V) is generated by the first
subcircuit 118a, a first sub-circuit 118a generates
exactly one voltage half of the VARY (2.0V) and
VSS (0V) It is. The first sub-circuit 118a, for
example Satoet al. US patent 4, 839, as described
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in 865 issue, it is a semi-voltage regulator, the
current consumption is very low. The invention
also includes a second sub-circuit 118b coupled
between the VBLR and (1.0V) and VSS (0V).

[0048]

Referring to Figure 18, the second subcircuit 118b
to produce the desired voltage level VPLT (0.5V).
However, the circuit is the load current supply
capacity as raise the VPLT marked with a large
parasitic capacitance when VDD power up quickly
from QV is not strong. Load capacity of VPLT is the
sum of all of the memory cell capacitor, it is
because extremely large. Thus, if or VDD is the
first power-up VDD, the second and third low
voltage range 53,54,60 (FIG. 4a, Fig. 4b) in the
case of the connection to a large VBLR more
current supply capability of VPLT By, it becomes
possible to raise quickly VPLT through the circuit
120. NMOS diode in the circuit 120 for that is what
makes the level difference between VBLR and
VPLT. VBLR level is pulled through the bit line BL,
the charge-discharge operation of the sense
amplifier circuit 69 (Figure 5). Finally, the VDD
reaches a normal operating level at time t1, the
pull-up circuit 120 is set to the disabled by the
detector voltage VUPB transitions Low, the second
subcircuit 118b is to VPLT through the transistor
122 and it is connected to. In this case, VBLR and
VPLT is different voltage.

[0049]

Referring to Figure 19, the chip overall view of a
64M-bit or 256M bit DRAM in which a plurality of
voltage regulators by reference number 123 is
shown. Among the memory chip 123, the word
lines are horizontal, the bit lines in the vertical
direction. Region 127 extending in the longitudinal
direction is the peripheral circuits and the bonding
pad region, the region 132 extending in the short
side direction is between the memory cell array
region. Various voltage regulator of the present
invention (VPERI, VARY, VPP, VBB, VBLRYV, VPLT
regulator) peripheral circuits and or bonding pad
region 127, are preferably arranged in the memory
cell array region between 132. Because the
voltage regulator has a large circuit element
dimensions, and because the occupied area to the
memory chip 123 is large, because it is difficult to
place on the periphery of the memory cell array
128. Then, VPREI regulator, a large circuit of the
load current as a VARY regulators are arranged in
a dispersed manner in the memory chip 123, to
reduce the drop in voltage due to load current.

Samsung Electronics Co., Ltd.
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[0050]

Above, and it is the invention made by the
inventors has been concretely described based on
the embodiments, the present invention is not
limited to the above embodiments, and various
modifications within a scope not departing from the
gist thereof it is needless to say is.

[0051]

For example, may incorporate features of a
voltage regulator to another regulator, on the other
hand, it may be omitted and other features.
Furthermore, without departing from the spirit of
the present invention, it is also possible to add an
additional or alternative elements or other circuitry.
Accordingly, the appended claims are appropriate
to broadly construed in a manner consistent with
the spirit of the invention.

[0052]

It has been described the case of applying the
invention made by the present inventors in a
semiconductor circuit which is a Field in the above
description, and are not limited thereto.

[0053]

Effect of the Invention]

Among the inventions disclosed in the present
application, a brief description of effects obtained
by the typical ones, it is as follows.

[0054]

(1) By using the master slice technology, the
voltage regulator may be adapted to an external
voltage of two different ranges.

[0055]

It is possible to significantly increase in the state of
very low external voltage the current supply
capacity of (2) voltage regulator.

[0056]

(3) charge pump voltage regulators is to not
exceed the high voltage level the voltage level
predetermined in that any node, moreover, can be
as little consumes current from the external power
source.

[0057]

(4) by charging and discharging the output voltage
of the voltage regulator, it is possible to maintain
the output voltage at a constant level.

[0058]
(5) a voltage regulator, it can be assumed that is
Samsung Electronics Co., Ltd.
Ex. 1002, p. 982

22/29



5/9/23,5:57 PM

8aldVARY (20V) &VSS (0V) &
TE29D1OEXEEMRTZEDTH D, £ 1
D1 18ald, flZIESatoet al.
DXKEYSHF 4, 839, 86 5E(CEEHSINTLS
E5, XEELFa2L -9 ThY., HEHESHEZ
EF DRV, AFERBEEREZ. VBLR (1.0
V) £VSS (0V) EDRBICEESSNEE 20D
EIEE1 1 8bEEZATLD,

[0048]

M1 8%8Bd5E. F20RIEK1T 18 b (EFR
EOEELARILVPLT (0.5V) #ERMT 3.
LA L. ZOEBEEVDD/NT—7 v TEEICKSE
RELETEDFVWEVPLTETEDLLOVHS
5|F LT3 EARERMBALSEES (F58 ) TIER
LW, VPLTOBRBRERFIRTOAEYILF
v NI DB THY | WBIFICKEVNDDS TH
%, >T. VDDNT—F7yv70HBEHZD W\
VDDAE1, F2BLUEIDORKEXEERES
3.54,. 60 (N4a. M4b) DIFEIICIE.
VPLTZKXWERBLLENDARELZVBLRIC
BRI dZElCKY, EEE120ZMLTVPL
TEFTIEWLE|IELIFRTENTTEEE RSB, ZD
fe®HICEE1 2 0NONMOSHSH 1 A—FIEVB
LREVPLTOLRIVEZEZEDTH D, V
BLRLANNWEE A7V 7HEKEG 9DEY g
BL. RMEEE (5) 2N LT5IELITEN
%, REC, VDDHEZIt 1 LBV TEREDH
ELNIVCRET RS, T+ TUVIEBEEVUPB
DLoW(CEBBITZZECEIYAILT7 Yy TEEET
20T AI—7ILeESN, B20OFIEEE1 1
SbMNrSUYIZF122ENLTVPLTAL
Ehicnd, CORF. VBLREVPLTIZER
S>TEEREERB,

[0049]

M1 9Z2B93dL. ZRES1 23 CIVEH
DEFELFaLl—5YZEELEG64MEY LXK
F256MEY FDRAMOF v S2AERINRE
NTWd, XEUFYS1230FT. 7—REg
FKFEAM@., Ey FMEEEEA@ELTVS, K
DABICEVZEE1 2 7 XEIEERSLURY
T4V Ny REETHY ., B0AEICEVSE
1 32@ATUEILTLAEEETHD, =F
BHOo&EDEEL 2L —% (VPERI. VA
RY. VPP, VBB, VBLRV., VPLTL

srv9.patentorder.com/pdf/MTIJP3707888B htm

Patent Order MT

optimized to reduce dielectric leakage.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is a block diagram of a 5V version of the

conventional 16M-bit DRAM.

FIG. 1b is a block diagram of the 3.3V version of

the conventional 16M-bit DRAM.

2a is a block diagram of the 3.3V version of 256 M-

bit DRAM according to an embodiment of the

present invention.

[Figure 2b] 2. 256M bit DRAM according to an

embodiment of the present inventionls a block

diagram of a 5V version.

Is a block diagram of a voltage regulator used in

the DRAM of FIG. 3a Figure 2a.

It is a block diagram of a voltage regulator used in

the DRAM of FIG. 3b Figure 2b.

[Figure 4a] operating voltage corresponding to the

DRAM of Figure 2a - is a graph of the internal

voltage.

[Figure 4b] operating voltage corresponding to the

DRAM of Figure 2b - is a graph of the internal

voltage.

5 is a circuit diagram of a DRAM which is

simplified, which is an embodiment of the present

invention.

6 is a circuit diagram of a first voltage regulator

which is an embodiment of the present invention.

FIG. 7 is a circuit diagram of an inverter circuit

according to an embodiment of the present

invention.

FIG. 8 is a curve showing the dependence of the

power supply voltage of the input signal and the

output signal of the level conversion function with

inverter.

FIG. 9 is a block diagram of a conventional second

voltage regulator.

FIG. 10 is a block diagram of a second voltage

regulator of the present invention.

11 is a circuit diagram of a second voltage

regulator which is an embodiment of the present

invention.

FIG. 12 is a timing diagram of the signals shown in

Figure 11.

[13] The third voltage regulator according to an

embodiment of the present invention, is a circuit

diagram showing with a number of circuits of the

simplified DRAM of FIG.

FIG. 14 is a timing diagram of the signals shown in

Figure 13.

[15] the voltage of the conventional fourth voltage

regulators - is a current graph, and illustrates the

leakage currents.

[16] The fourth voltage regulator of a voltage of the

present invention - is a current graph, and
Samsung Electronics Co., Ltd.
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illustrates the leakage currents.
17 is a circuit diagram of a fourth voltage regulator
of an embodiment of the present invention.
FIG. 18 is a timing diagram of the signhals shown in
Figure 17.
19 is a diagram showing the entire chip as one
embodiment of the present invention.
Description of the code]
10a 5V version device
10b 3.3V version device
12 voltage regulator
12a wiring
12b wiring
13a memory cell and the peripheral circuit
13b output circuit
20a 3.3V version device
20b 2.5V version device
21a peripheral circuit
21b output circuit
21c memory cell array
22 voltage regulator
24 voltage regulator
24a wiring
24b wiring
26 voltage regulator (intermediate voltage
regulator)
28 voltage regulator (VPERI regulator)
28a wiring
28b wiring
30 voltage regulator
32 voltage regulator
34 voltage regulator
36 voltage regulator
40 wiring
42 wiring
44 wiring
50 The first of the normal operating range
52 first stress range
53 first low voltage range
54 second low voltage range
56 second normal operating range
58 second stress range
60 third low voltage range
62 address buffer
64 address decoder
66 word line driver
68 MOS transistor
68W well
69 sense amplifier circuit
70 amplifier action
71 sense amplifier overdrive circuit
72 equalizer
74 main amplifier
76 output buffer
Samsung Electronics Co., Ltd.
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VARY regulator)

VPP regulator)

VBB regulator)

VBLR and VPLT regulator)

i
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82 level conversion function with inverter circuit
82a wiring
84 differential circuit
86 voltage driver
88 first pull-up PMOS transistor
90 second pull-up PMOS transistor
92 output voltage
94 VPP regulator
96 power supply voltage
98 VPP level sensor
99a NMOS transistor
99b NMOS transistor
99¢c NMOS transistor
99d NMOS transistor
99e NMOS transistor
99f NMOS transistor
99g NMOS transistor
99h NMOS transistor
99i NMOS transistor
100 PMOS transistor
101a inverter
101b inverter
101c inverter
101d inverter
101e inverter
102 first differential circuit
104 minutes divider
106 first pull-up PMOS transistor
108 second pull-up PMOS transistor
110 and the second differential circuit
112 PMOS transistor
114 pull-down MOS transistor
116 active period
118a first sub-circuit
118b second sub-circuit
120 pull-up circuit
122 transistor
123 memory chips
124 main row decoder area
125 main word driver area
126 column decoder area
127 peripheral circuit and the bonding pad region
128 memory cell array
129 sense amplifier area
130 sub-word driver area
131 intersection area
132 memory cell array region
B1 bit
VSN bit voltage
BL bit line
Bar / BL bit line
SDN signal line
SDP signal line
SAP1 drive signal
Samsung Electronics Co., Ltd.
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SAP2 drive signal

SAN drive signal

WL word line

BLEQ signal

YS column selection sighal

| / O input-output line

ACTV signal

Output signal

of DETECT 1B level conversion function with
inverter Output signal

of DETECT2B level conversion function with
inverter DETECT1 output signal
of the power supply voltage level sensor circuit ID
current

Output voltage

from VOSC oscillator C1 capacitor
C2 capacitor

C3 capacitor

C4 capacitor

C5 capacitor

C6 capacitor

N1 node

N2 node

N3 node

N4 node

N5 node

N6 node

N7 node

N8 node

N9 node

SDP1 signal line

SDP2 signal line

SDP3 signal line

SAE sense enable signal

VSN bit voltage

11 plus of leakage current

|2 negative leakage current

I3 plus the leakage current

14 negative leakage current
VDD external plus power

VSS external ground power
VARY array voltage

VPERI internal voltage

VPP internal voltage

VBB internal voltage

VBLR internal voltage

VPLT internal voltage

V1 the first intermediate voltage
V2 second intermediate voltage
Input port of INPUT address

Samsung Electronics Co., Ltd.
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[FERE 1]

BHROTRARIVIBEHAVWTHEINSIFEAREBETH- T,

BEHEROAEURILE,

EHoLAEKL.

EHROFDEELE.
NBISAEREEZZTMDAEHODOE1OHRABRYRTHY ., ZNBTSAERER
DLALAE1VOBFEERTFRELE2OHEERTHTZEOS O NThN12IHY. HE
2OHEETHEALZE10HAEFEALIYE IO L.,
NBEMBEREEZZTRI2-H0FE 2058 EH/1 Ay F&,
MEATIELLOEODE1OHHERZERTE2LODOE1OEELXaL—4L.
MEALEBRD-ODOE2OHIAEEFX4EHMTI2IDOTHY . E1OHALTIVDRAE
E.EB20HE ATV REE, HEBE20HHEENOBTFTICHAELTHEE1OEH
SYURLAERBRBTIE1ORRE.,. MEE 10D EETGEHACHEANARISRAERERE
DHELVRLIZEE L TCHEE2OBA NS VP RIZREEITIE2AREEFHADE2
DEELXaL—4&EHL.,
MENABTISREREFEOLRALFHEE 10D EFHEAANTCHESIELSETDHH
BICE. MIRE20EELXaAL—FICETIRRE 1BLUVUE20EA NSRRI F
SEHRIEIE1IDOTRIBENALD A,
MENABISREREFOLRILZHEE2OHFETHEHANTHESELI> LT 55

10

20

Samsung Electronics Co., Ltd.
Ex. 1002, p. 990



(2) JP 3707888 B2 2005.10.19

Ik, E20RRAIVBNFAAVLL A,

MENBISRAEREEOLVARILDFMNERE 1 OBMEEETHHICHIEEIC, RSB T
SABELRLODERICEMADLTHRE 1 OHAEEOLRLABR—ETHY . BT
FE20HA IV PREABEFHSATHERE2OHAEENMIEE 20HEA ST OPRE
EFNLTHIEZANABISRAEREEICEHREINDIKLSIZL.,

MENABISABEREEDOLALANCE2OHCEETGEEANTH DI, ARS8 T
SAEBEEDOLARLOEHICL M HOTHREI1SLUVE2O0HIEEDLARLNE—F
THY. BIRFE20HA S VSREABSMER—TILEhT, fIZE20HAEEN. BT
FE2OHNEEDETICEELTHERE1OHALNSIVYORA4ZNLTHRTFIRERE
FICERMIZER SNDILSICT I LERHBMETIFEHRMMIE,

[FRE 2]

BEREI1CDEOLFFEOETH->T. BiIRAEVLOZANa VT oHEHL, &
VTUHDOHRBMEENN RS BEREREFOLARLFLENEE1OEAEFOLRIL
DVWTFADTHDI I LERBMLTIFEHRAEE,

[#ERE 3]

BERE1FEE2EHOILBARAOABRTH- T, AIBFE1HLUE2OIRIBIZALT
CEHIRAEYUEALE, BIRERHAEKRE, MEALERENA—TCHEIEERBETHE
BikREEE,

[FBERIE 4]

HAEEEHNEREER T HEEARBDETH- T,

NBERICESKich, EESLUVEREEKTIE1OTIREBRE.

RBERICERKRSh, EERLIUERZHBTIE 20T RERE.

EHEEZ2ITMAAAMF L,

MERSEE. MIEFE1O0TFRAEREE. LU, MiI8E20/SREREE&# 2T
WmY. BiGEHHEREZBETIEER Y EVYITEBREEFHX.

MEHNEEMAMEE1BLIVE20ISAEFROWMANDEELY L KREL, MoHEIE
HAERKNREBE 1 ELUVE 20T REROERIOEBBINILERBLTIEE
& EB%,

[FRES]

BREACRHOFEFODBTCH-T., MEEHNEROEIULNRIEE 1OTFXER
Mo EIhs LEHBETHEEARBIEK,

[EkE 6]

BREAF-ESTHEOFEBARABTH> T, LI,

2Oo0mFERTHAEEA T UYL,

F—r, YV—RABEUVFLSAVYEEHETEI3E1DONMOS FSVSREATH-T, WIS
— FRAIEESaIVTUOHOE1OHRFICEKESA, IR FLS YENEHEAEE#RE
TE3E1ONMOS FF U PRAEFEL.,

MES— FPEIWREE 20T IRABROEEDOSEOEELRIIZEL,

MEFLIVE, HAEEZHMEE 1 BLUNEE 20T RABROEEOMICHFL L
LRLFEFCHRE T A LE2HBETI2EERAE.

[FFRE 7]

ERECRRBOFBFEEMPBEBRCHL-T., 51T, ¥F—b, YV—RABLUVFLIVEET
2E2ONMOS FrSUTUREE,

H—=b. V=RABLUVFLSIYZHTSIPMOS FrSVCRXRATHHT. ZPMOS +
SUYCRARADERY—FIRREE 20 TS AERICEHEETATWEPMOS FSYPRE
LEHL.

MEE2ONMOS FS VY PREBKURMEPMOS SR ADHIE F LA 2 IKFHI
RBHEAVTUOHOE2OHFICERSIA, ThICELY, IEHEIVTUOHOREE 2
DIHFOEELARILY, FIRE2O0TSIABREFLRLO2FBIZRVYEVTShB &
EFHHMET AL EFOEBE,
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[FRE 8]

ERESEHDOIEFEBETCHH>T. S, TAhFANS—PEYV—RZHEAE-ER
DFSOCREFZHL, FhIZEVY. ErSUCRAIDTF—FE LUV —RICELENDE
EEFNEE1HI2VEHNEE 20 TS RAEREEOELLZIBBALAEVCLEEZHEM L
TEH5EERERE,

[ERE9]

FEUENCH LE1BLIUVE20ERE2H BT H-O0OFBERAETHH-T.

FAEUELIE. EvFHIi gh ULRLEFEEYFLowWLRILEFEDHTEAET
SEYrRE, WMIBEYFH i gh LARLEEHIVWRFFIEZEY FLowLRILEFEDL
TN EEADRLOOIACT U THHTCHIRBE Y FRICEFITREF1OTL—LEE
ELX¥alL—490REE20ERICERSA-E 20T L—reEHBAaVYTUOY%A
L.

ZEELXaAL—42IF.

AMIEBEYFHIi ghULRILBEFEEFITBEYFLoWLRILETEDHEDLARILDER
E10EEZ4ERTH5FRE.

MEE1DEELNREBEY FLoWULRILERELEDHFBOLRILDAERE2OEEZFE
BT E3FREZHETHOELEEZHBLETHIEERDE,

[FKE10]

BREOREFOFEEAMMBIZENT,

MEFE1B8LUE 20BN, ARAT—FIIEHGEIAEE1BLUE20FEFL X2
L—4%FhETnEHL, BB 1O0FEELFaL—4H, fiIfEYFHi ghLARLE
EBELUNMBEYPLOoOWLARALEBEREIZKYHB I THIEET10OEELXERSED &S
L. fIRE20OFEELFaL—48, fiIRE1OEESLUNMBE Y FLowlL AL
BRI VHEBEINTHRE 2OEEZERSEDILSICT I EEZHMETIEREMARD
%o
[BERE11]

BREI1OEBROFBEAREBICENT., MEF 1O0FEELFaL—424AEE1H&K
VE2OEXTOMAZHBL. ZE20EXERMNEE 20T L—FOEFEFLRSESC
CERBETHIELEHFRMBIE.,

[FRE12]

BREIO~11OVTFIAM1HIZEROELEFRBRBTH- T, 512, HHBEORMIC
HIRRE2OERE#4ERMSIB32FREZNTDIEHOTINFZFyIAREET I L EHE L
THEBREEE,

[ERBE13]

HAEBESSUHNERZEETIFEEFRERTH-T.

NEBERICESKSh, BEESLUVEFREZHKBTIE 10T XERL.

REERICERKRSHh, EEBSLIUVUER+HBTIHE20T7RERE.

2ODNHKTFEETHAEEaVYT UYL,

MERSIVTUOYDOE1OHRTICEBRESAESF— L. &Y. V=R, B&KU., BITE
HABEZRETHAEOICEGESAT-FLAVEZETDHEINMOS IS VY PREEZEHE
A
MEHHNEEMNNEE 1L UE 20T AEREETLY K&, st AEFRMIRE

E1BLUVE207SSREREFEISHBEH.
By —rH., BIEE 20 TS RAEREENDSIEOEELAIICEL.

o
[ ]

BB FLIUN, MIRE1B8LUE20 TS RAEREEDSHIZELWLWLALETHAD
BEEFBRETEHILERBETHLEHRDRE,

[EKRIE14]
RREI1ISTFHEOFXEXRODBETCHH> T, SHIT. ¥—F, V=R, BLUVFLSIVEE
TENMOS FSUPRAE L,

MEE2O0 TSI XAERIZEHESALEZTSY—F, BLU, V=X, 8LV, FLSAVEET
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ADPMOS I VPREAEEZTFIZHZ.

MEE2ONMOS FS VP RAELEREBPMOS IS VYSREEDRLS UM, BIRESE
EaAVTUVOMEBE20RFICEREIN, IRBEESa VT UV ORMBE20HFICE T
ZEELRLE, WMEBE20 TSREREED2R/ICRUYELTENDB L3I0 TE &%
HMETIEERDE,

[READFMAEHA]

[000 1]

(RBADRT 5 H M 5]

ARRAF, —BMUICEERZHEMCBEAL, HIZ, REINBITISRAEREELRLTEH
ETEHLEHRERICEVTHAREEERZARISHOLRATLBLIUAKIZEAL
THENGEHFIBATHILOTH S,

[0002]

[ 6t & o B i ]
ELOBMHNESITL- T, EREAR. §48b5 [Fy 7)) GFE—DE/ VDI TRA
AEZHEBEELDOLSI VPR ZHAIRAELDELG>TWS, ThickY, EEORL
BEUHLSXDOFELZEFILHELT, ELDAERTELOATVS, LML, F532PR4E
DENREBLBZICPh, FyTERE, BHEEH. SHENRKYBEADLDESICEIITHE>TY
5. TOHREB, B<OFYvTIZOVWTHABETIREREFRFXETFLTETWS, A,
EXD1E6MEY NFALAFEVIFVHLTIEAAEY (DRAM) [F5.0VH3, 3V
ONBITSRERZRAVLTWVLWEMN, 256 MEY FDRAMTIFI. 3VMN2.5VDHNET
FRAERZAVLTL S, EVABISRABEREEZA NS EDRAMODEEFECSHES
MLV, BEEEHEEDITEE, TSI, BLWELFSUVSRIDTF—FPENVAE
DELOFERICERICEVERREEMADCLIZLYSIESRBIIAIBESOEEN
OEBERLESEEZLELETES,

[0003]

DRAMOAE IS RAREREE# 21—V —NERAEETHERNLH16MDRAMUXERE
ELTWS, B1absUR1bEBRTIE. KkKD16MEY FDRAMICIE, 5V
DN TSRAERE (VDD) ItEHEShEBEVARA—C3 vy TFNRNAX10ak, 3.3VOV
DDIZHHEEIINEI. IVA—2a v FRLR10b M EET D, MADNR—Y3210a
. 1TO0bELEMBEMONBER (VSS) ITLEHIATWNWS, E<OBWAITEHLTS
VIR—2a3 TR 4R10at3.3vR—PavFNRLA10blERAI—THB., LML,
S5VNR—U3yTFNRA4R10alc0VTRH. EELXaL—4%12VDDERE%®. » ¥

DELBLUVEZEE13 aDEHIZHAIIVORBEELARIL (VINT) IZHELTT
a3,

[0004]

VINTIE. DRAMODAEYRLFLADNMIHBAE)ILEBZHLT LD, k.
DRAMODHEEENZRHMAOSE R LHIC, EBHEEETHETAEESHZL, LHAL. H
AEBE13bFIYBEWVDDEETHET S, COLFITLT, HAEK13bDEE
FHEBIh, HAEREFEOEELRLTEAET S, — A, 3.3 VR—2D30F 4R
10bDFEE. 3.3VIIEBEICABMISRAERVDDICKk>THBESIAhTWLWS., BE-T.
3.3VARA—SavTNRAR10aDFE. MBI SRAEREEMRICVINTSHINEE
hISGEWEETHDEH., AEVELFPLABELVEDEKI13atEARBKE13bERA

CVDDEERELARILTEETSZINOT, 5VIR—LarvTFnR4X10adLlb¥alL—412
DES3SHELFaL—REEELLL,

[0005]
NBTSFRAERNBRAERLF Yy FTICHRTEI2EREFZ T REHIZ, FyTORFHIEIIRE
RZARGBHMEHERT D, FyTE#BR/HFT IR, E{OTRIEBEMGHEDIZIRI Y A
Eohd, TRIBRFYIZEHETAIBRIZAVNONEZ 74 FPIRIDEETT, BlZ
., XEHHS5, 489, 509IZREHEEIIhTVNE3 T+ TRV ZRHNVTHEKREEEZH
ETE35ENRHD, TRIRASAABEMTCIE.,. FvTOER—-—Cavz28lETdEHICH
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WOhBTRIVEBRI1DETERVLTTIRTRALESATVS, RI1%#BUSBT L.
BVNR—LavTNA4R10aldk, VDDZLFalL—412IZAbbEt. ABILEE
E#HETI2RHRICAMDEIRBR1 2 2Z8CF 1 0EKRBABAIATHNE., —4.
3.3VNR—2 3 TC10b Tk, VDDEEZ#EEXNETIRBIcAMDELIERT 2D
EFECE20BBBENRERINEZZEICH S,

[00086]

[ANABRLES T 3EA]

EIAN, COEKSLHBLETRIRSARAEMIET256MEY FDRAMTIRAL LS
CIREABTHL, 256 MEY FDRAMODAEY AL THVLIASIFEEKIEZ, ZFERL
BHEAEBVELDREMEEZNRNTVRSEDREIZINSHANEEEZBELTHIOICH
LT, AOMEBE., EELHBEENENS VASHEHMONBEEEERT S, S 5IC,
AMHBEELFaAL— LB ELINDIN, TOEBLARBXFTAhEFARICEHLEC ORI LD
MEFAELTWVWS, AIZIEZ. EELXaAL—RIZHTZ2ABTISAERNERICENEGS
LXK AL AR ENCEREAEFRB TSRS THD, T A BITSRAERNM
BULBAICE,. FYyr—YRVITBEELFAL—E2D/—FOW >R BHICEVWEREIC
FETEH53ERHY., EHEEOMBEESISECT.,. RBOALELT. HEXODEELXFaL—
. HHAEEZ—FOLRLIIHFTTOILSIICHANEEZRRET B EMNTELRL,
[o000 7]

AZBFOBME, EL<ORLINBIFIREFIZH LTHEAN—ETCHIEELXFaL—
AEEREAT-ABE SV EOLEOOSFEERHT I EIZH D,

[0008]
ARZBOMBLLTICZOMOEMEFRLEBEHRET, xHAEZOERS L UFFET@M S
HoMIZHEDETHD S,

[0009]

[REEZRMRTI2L-ODOFE]
AEIZBVWTHTEhI3BHADS 5, RXNWTLOOBWEZHEICHATAIE, ULTD &
BYTHS,

[0010]

Thbb, ARAOFBELEEHBBICENTE., TREASAABETEERI B LITEL
Y, BEELXaAL— 42 720RLG3EHEOABISABRERICERT Ao eNRTESD
o UTF, 4BHEOLX 2L 2 5H%EHMRTEH,. B1OBEELHFaL—420BE. L¥a
L—2DEFREBEAZ, A BFSAEREENERICEVRETIIEVTEIAGYEKX
INTLE, E20Fv—CRYTEELXEAL—FOBEAICE. LEAL—4S0EEOD
J—FIIBFBEELRILEFOHEROLOAEEEEELRILEZFRBASCEELEL. L b,
NBTSABERILDERDIFLAEETITS., E3O0EELXaL—4F,. TOHEAE
E#KERELT. HABEZ—FOLRILIZHEBET IR ENTEE, REIZ,. BA40TE
L¥XalL—4k. BERNERMLOSESLICREBELEShEZILIDOTH D,

[o001 1]

[RBAORBORE]

LT, AR2HOEHOBBZREICEIVTHEMEICHBT S,

[0012]

ERLEESIC. B1aBLURHTIbEREED16MEY FESAFTIVvISUELTIE
ARAE!YY (DRAM) FRARDEVIHR—2avTFNRA4R10aB&UI.3VRI—Day
THRART1O0bEENENTTEIDOTH S,

[0013]
H2abkikUR20%8BT 5L, 8BEBES20aHBLUV20bEXBHD—FEHHED
FNRAZADI. 3VNA—2a3vBEU2.5VRA—Sa3vEaEFhEFnBEeELTRTIOTH
5, ARRBPORBELEEBETE., 3.3 VRA—2avFR4R20ab&Uf2.5VIi—
AaVTNRNLAR20b1E256MEY FDRAMTHZIMN, AFBAIZDRAMADERIZR
FEINdEEH, BERADBABERLAILEDELTEINBTISAER#RIRAKELE
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EOEBRBTHAAR,. fIZAE,. FadsxTILRB7 LA PO TOS LTS
CRAEVFICTEHELTCHEATACENTZS, LI, FELAREREBICSVLTIHHES
NEEELRALEFIROEHDILZDOTH>T. ZAEHAZBETI2H0TIHEL,
[0014]

3.3VNR—U 3 TFRAR20aB&U2.5VR—CaVvTRARA200E0BTSRE
R (VvDD) &0V (BN ONSBEHRER (VSS) #2ITW5HH. VDDEEIR
3.3 VRA—=D 3y TFRAR20alcBLTRHREEMEMI. 3V, 2.5VII—=Pa3rTFRA4R
20b(ZCEALTREEEMN2. 5VTHY., VSSEFERTEADTFRASARIZCEHELTOV (&
MER) THD, 3.3 VIRA—U3UFNRALAR20as2.5VIA—2arTFRA4R20bIF
FEALEOBANRE—THY, EbotThThoFIEE21a, EAEE21Db. &
FUAEYELFLLA21cEZHELTWE, EHIZ. MADN—230TNRNL4RX20a,
20b¢dt,. $92.0VOFPLALAEE (VARY) 2FAFEYELTLA21cictibTHE
1TOEELXalL—42ME228&UE20ERELXaL—42EB24F%FLTWS., L
ML.3.B3VNR—2a3VvTNRAR20a0DBEEICE. F20FELFalL—4%224p8#2.
SVORNBEE (VPERI1) #FAAEK21a~ELTVS,

[0015]
BELXalL—422, 243 HBALTEMOEDIZTAVNSIDE, FTE1IC. AEUEL
FLL21cDAEYELTHLNONDSE W (3 —4nm) BEKXREZHESESEHIZV
ARY[THFEIZEL, F. RELTWLWETAELELGE WL, VARYZZEDELSIZELT
A itk Y-V ERBHERENMREA, ABICAEIELLOEVEREEZHET S
ceENTEZ, F20RELT., BAOEAK21aftBL SO REFY—FOES (9
—10nm) BAEVEILOFEEFHOES (3—4nm) SYEBVLWOT., VPERII[EV
ARYIUYUBWEREZEDCENTARTHS. BAEH21 aDEBOBMELEERHS AR
. VPERIZ#4HHMOEE (VARYLSVPERIKVDD) ¢932¢I2&Y. Fhb
ERICEIEEEHFFNEILERIEIILEL. AIAB21 a 0B EEREFRLS
E532¢MNTES, HAEK21blEVDDERETEHKT S, COLSICLT, HAEK
21 bDEBEREFBAL. HAGEEOEELRILEFTEOBELANLET SHCEMNTE
2, k. HABNBOHEEZTARIVDDABWEETTCHALHOICHENTIMN, HAEK?2
1T bDEIRHEMALEBELENLS, TOHEENRIHFBETCELEHTH S,

[0016]
—H.2.5VNR—La3vTRAR20bDFFIZE, VDDEE (2.5V) VPERI
(2.5V) KELVVOT. H2aDE20BELXaL— 32430 ETIEEL., #£#-T
L3.3VR—SavTFNRLMR20aM, VPERIBIUVARYZFAFAHEBLT DL
ODDE1BLVE20EELFXFal—422, 24%RAV5&35IC. B#H24a%280E
1ORBEZERTIEZOOET1DTRAIE (RRET) ZAVTIREZRAT S REHR%E
BRAT2. E10IRIEBEORDYICERE24bEZELE20OREBEZEHHRTHI-ODDE
2OTRYVE (AFET) #2AVWSEITEKY., 2.58VIR—230TNRARX20b MR, ®
BFUYUVARYZHEBET I3 -HDOF10EELX2L—422%FAWWS&512F5LMnRT
25, LML, 2.58VNR—UavFNRLARA20bFE20EBEELXFal—4224FALY
HABERVDDAEEVPERI ELTHHBEINS,

[0017]
B3aBlUB3IbEERTHE,. 3.3 VRA—SavBiU2.5VR—SavomAad.
NEBEEVARYSBXLIXUVPERIODEEREIIMAT, ChEtEIHNORBEEV PP,
VBB, VBLRELUVPLTZERL, BHXTWS, VPPIF3I.6VTH-TI—F
BF>a4NnNICHWOA, VBBIE—1.0VT. BALENMOS FS2PREADNRY I NS
FAELTAHAWSOHN, VBLRIFT.OVT, EvFrEOTIF¥y—2LRANLELTRAWLDS
h, VPLTIFO.BEVT, A*EVELFYyRLEADTL—FEFELTAHAWLWLRS, REB
EEVARY, VPERI, VPP, VBB, VBLR., 8JUVPLTIZDWTHEHT
HHEICHET S,

[0018]
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BIZ.H3a0 Ay /I EEBRTIE. CcOTAYI/RER2 aD3.3VA—DI3VT
NAR20alcdmdTdELO0THEIN. NBBEEXVARY, VPERI, VPP, VBB
. VBLR, BLUVPLTHR. BRALGERBBLUGESRICKYBEEIZEREIA TS
6ENDEELXalL—426,. 28, 30, 32, 34BLUB6IZLYTAESIND.,
MEELXalL—42261F. E1OPHEEVIBSLUE2OFHMEEV2F4E/RL. V
1EFEIX1.25VvTeHY. V2EEIFI.OVTHSD., VIBKVPERILFalL—4228
ICE#HEh, COLFaL—42E3R6%SRBLTHMICHAZIADEIIIIVIOD2FDE
EVPERI=2.5VZ4mM+%5, VPERIRZEEL, #kovBBLFXaL—434¢&
VPPLFalL—432(cffffch, CAIZCODWTHE728EBLTHEMIZHBET S,
[0019]

B#IC. V2EVARYLFalL—430Icftfsch. COLFalL—42EH9%#8BL
THEMICHATEELIICV2O2REODEEVARY=2.0VE4EmT S, VARYIZER
. VBLRBEKLUVPLTLFaL—436icftiddh, chicoWWTIEE12%28K8L
THMEICHEBHAT S,

[0020]

B3bn7ny /%8BT RE. COTnvIEHERR2bD2.5VIR—S3 vy TFNRA4R
20bicHBTHIEOTCHY. AMEEVARY, VPERI, VPP, VBB, VBL
R, B&LUVPLTH, H3a23BLTLABLEOERBKOAETERSINDMN, VP
ERINAEEVDDIZIUHBKIAIALETRRE>TLS,

[002 1]

B3adB&iURSbOWHmAEZERETIE. ThODOEICRSAE-HERICKY, CORER
REBEICEVWTIRERASAABHREDELSIIZTERIATLEIMNRTEATVS, 7
ARBRAZALAEMTIR, 3.3vii—2ay (B3a) &2.5vii—2a> (A3b) #4
BET3EHIC. A—OEERBRERRTEDEDOE 1E5LIUVUE20TRAIE (AFET
) DELLDEBREELET S, 3.3 VA—2a3V0OD0E1DOTRIBIER. E10EKRE
EFHETH53EHIZCALGN, 2.5 VARA—=—Da3v0REODE2OIRAIBIE. E200RKE
#FRERTE3EHIZALVLENE, COLFITLT, TRARADEMITHBELT, E1DTX
VBERRIE20RRIBOLYELMERAVS,

[0022]

EF1OTAIEIK, 3.3 VRA—C 3y (H8a) CAWLIhEZELDTHY, HNEBTSRE
FHVDDZVPREIICEHKITINI alilBELTRSIATWLIERIOZREET.
L¥aL—%4226, 28, 30, 32, 34, 36+#HEEMTHLIERI2. 44%38D
E1OERBEZHERTHIEHICAVLLAS., AKRIC. E2O0TRAIEK. 25 vin—2 3
Y (H3b) TALWLNBLODTHY., RISbIZCHEKELTRENRTWAVPREI LY
AL—428%EKTIRBI2BEVA4EZRAET. L¥aL—4%26, 28, 30
.32, 34, 36%HE¥ETIEHRAIOLEECCE2OEBEBELZHMTAE-HIZALD
ha.

[o0023]

Ha4az83B75E.3.3VIi—Y3Y (H3a) OSODOAHEEVPP. VPERI
BEXUVARYHRVDDOBMBHBELTREAT NS, VDDOE1OEEHHEES 01
3.3VE10%, §4HEM3.OV~3. 6 VORIZHS. E10EEHEHERASOIZHEL
T. ABEEVPP, VPERIBLUVARYEEFNFN3. 6V, 2.5VEXU2.0V
T—ETHS. VDDHR4 1 VR LEDEEE /- EBRTRAVLVOASE1DRX ML
AREHES2ICBNNTIE. ABEEVPP. VPERIB&LUVARYIVDDEREELEHIC
L. VPPIEVDDIZZLK. VPERIIEVDD—-0.75VIZZL<K. VARYI[X
VDD—=1.5VIZELW, RV —T7v7BHEHIVERAyTURv 7y TBEOKRIZH
Wohd, VDDH2.2V~2. 7VORIZHIE1DOEEEHES 3ITHILVTIF. VAR
YIZ®IEFEYV2.0VTEHEMN, VPERIIFIVDDIZELLCT S, BBRIZ, PEYSRT—7F
yTORICTHAWLADVDDR2. 2VEIYMSLE2OBEEFHHES4IZHENTIER, VA
RYBLUVPERIODEAMVDDIZZLLT S,
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[0024]

Hab% 8RBT 5L, 2.5Vvii—2ay (3b) O3IDORBEEVPP., VPERI
BEUVARYRVDDOBEA#HELTRENATWNS., VDDOFE2DEESHEAS 6 (&
2.5VEXE10%. 94bHhb#M2.25V~2. 75VORICHD. E20EEDHETEHES6D
EHhichE>T. RBEEVPPHELIUVARYRFAFN3I. 6VELU2. 0VTE—ET
HY.3.3vni—2ay (H4a) OBEERLEETHSD. LML, VPERIIEVD
DEEICHELVWEZETHD, VDDM3I. 2VRYKELE2ORAMLRAAASSITHEINT
. VPPIZVDD+0.75VTHY.,. VPERIFIVDDEREIZEZLL, VARY[FV
DD—0.75VIZELW, B#%IZ, VDDMN2. 2VEYMSLEIOBEEEHEHEGOIZH
WTlE., VARYBELUVPERIOAEAMNMVDDEREIZEL I,

[0025]

B5%#8B35E, 256MEY FDRAMD3. 3VRA—U3 0 FRA4R20aBiU2.
S5VNR—CU3VvTFNRAR20bDEFEEA-ERMEBRICSEINT, ABMEEVARY,
VPERI, VPP, VBB, VBLR., 8UVPLTOHEEAMNRTEATWS, ZFFL
AES (ARET) BAAR—FINPUTZEBL, PRLARYIZ762IZHIMEH
5, PFLRNRYyI762[FVDDTHAEL. OFy T (RRET) E40484T7 4R
F—HEIEDH, PRLARYI76 27 RLREEF#7Z7RLRATFa—45F64~EBHT
5, FRLRTFO—464FEVPERITHHETEIN., TAhEIVPERINEEE (F8
F) LEBEEH (EEFE) LOBMOBRRLENSVAZRHU T EIISTHD, PRLRT
O—464iF, Ta—4HFEE%. VPPTCHETEI—FBFZAL4/36 6 ~HMT %,
[0026)]

J—FBFZA4166ET7T—FEWLEZEBEL. 7—FWLIEXEUYEL (Ev ) B
1%%8RT %5, EvyrB1lE,. VARY (2.0V) &VSS (0V) LDRIZHBEY b+
EEVSNZEZTWS, EYyFBEEVSNAVARY ELABZMLLAGELOT, 9—F
BFESAL413661F. VARYIINFYRILERBIEDEEN.R (NMOS) FF3VPR4EE6
SORMEERE (ARET) 2RL., el RESLKUVUBEOELLZHAT T HL-HOHm
MEEREZRLELODKYTRICTEVWEEVPPTEHHKT S, P3P X4268I1XvBB
ICRATFTRENELTIILE6BWERALTHEY., TRIZEKY LSV DORE268D)—VER
(AFREhAhTLAEW) BLUEASEE (AFET) AEdcshsd, EvbB1lEERE. ¥
YRV AC1EZBATEY, ¥R E8C1DOTL—FEVPLTIZEHESATWS, V
PLTOLRILEFEVARYEVSSEDREIZHAY., v E8C1OYY—YERERIMC
THRLSIIRBLELEIATHWIN, CAIZDOVWTHETH122Z8BL THEMICHBAT S,
[0027)]

EyrB1IZEFY FPEEVSNZEY FEBLIZCEA#HL, #LTEYRFYJEKGE69
ICEfichd, toRAR7U07EA®KE69EF., Ev FEEESEE*HET A2-007 715
avI0%EAb, 77923 70 RPvTHF—NR—FS47EAKT1IC
&KUY, EERSDNELUSDPENLTEBEASIATWNS, A—NRN—FS5447EE7 1
3DODKRSATHEESAP1, SAP2BKLKUSANZZITIMY, EE#HSDNZVSS
~ALEFBIL., SDPZVARYHBAWVWIEVDDDELLAANERIRWIZEEET S, VAR
YBELUVSSHEH, EyMEBLIZHTEIEAETNAH  ehBEULowDEREETH
3, VAU THEBEEERIZC. VDDEREYFEBLESAP 1A LowDREWEMEE
FF—nR—F3475%LbIcRAVOND. TORSAPI1IMBHIighlL RN, SAP2
NRLowlARLIZHY, Ev FROZKKEEFVARYXFERELD, v RFVTH
69 FEL. EYyIFRBLETVFVY—CT2EODMaF4F a3 72%FL
TWd, 12534972372, EvrB1IRID—FRWLICKYBRINSHIIC
EyrEBLAVARYEVSSEDHBMEENVBLREKEDLSICEEBLEQITK
VElEhd,

[0028]

BigahzEy FREE (AFET) . JIBREBYSIZKYBIRMICHARIT 0o~
EBHEEhB, RWT, HAB1 /OB AMCTFTUT742BET D, A4V FT7 4
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. PFLRTO—S64ICHELTERICHFBHLE-OERLERAT, VPERI TE#AT
Do MBIZ. 24272 T 7413 ANRv 7776 Z2BETAIN, HhRv 776,
BMBDOANNYy 776 2ICEAELTEICHRBALELOERLCERT. VDDTEIET 5.
[0029]

HM6%8Be 5L, 3.3VRA—2a3y (B3a) 2B8WTBRBE28IZL>»THRRHIC
FEHRESAEZVPERILFaL—4NFTEAhTWS, VPERILFXalL—428I(F
hTEEEV1I (B3a) . VDDELUVSSE, ACTVEESLXUDETECT 1B
EBELEERALTINE, ACTVEBRI.3VA—L3FNRAX20a (B2a) MNEFHE
REDEZH i ghLRILTHY ., 3.3VNRA—D3VFNRLR20abGFB8E—FOEE
KLowlbARLTHD. ACTVESERBICEREALWVWESIZEHIi ehbRILELT
HBAIT S,

[0030]
H78&UHS28RT D&, EMES82&Y, LRIETHEMieMFEs /-4 EKS
2 (B7) £, DETECT1{EEHSLUDETECT1BESOVDDABISRAER
VDDODEEY (K8) MREhTWWS, DETECTIBEBRELRILEBBMEERNET
vnn—4SEBe2IckYVERShD, CODETECT1BESK. VPREI LF¥alL
—4@EKE28 (I6) OFILF7YyFTPMOS SV PRAIQODYF—FIZEIMESHh B, L
RINVEHBEFMESAON—FEBB2FXNBTSRER (VDD) BEE., SHEEHMEIR (
VSS) EEQOHMICEEENOVBBZHMALTWS, &, VBBRERANMONRY 24T
AEERERR (AF-ET) OHAEETHD. LALEHEBENSI O NN—4EKESE 2
FDETECT1{EE%4AHhEL,. DETECT1IBEEZMAHET SR, ils. DETE
CTI1GEERERBELRLEUYER (RIFET) OHLAESETHD. EFREELAL
tYEEE VDDEREOHMENDERE*PELLEEEE—EORETEEFZLFHERT HE
B7 /OB TCEBICREATEDS, ELT. E10OBEXHAS3 (A8) AOZAVD
DEE (VDD=2.7V) CTCEDHEEENBEEEFLELLLSLIIZHERFLITE
REXEERET D, SO e, NBTSRXEFE (VDD) EENFE1OBEEHEAS
SHAOBRAVDDEFLYLBHTAEAEEFRFIEEEFLY B (KD, VDDEFEMNE
1OEBEEFHBEASIORAVDDEFRLVYELEBEBTAFRAPEEFRFEZEEFTLYVEL LD,
COEBHEELLT, LRI EGRMBERESI A —4EBS2FEHT7TAROEHE
EMODETECT1{EE4#DETECT1BREICE#®RTS, DEY, VDDEENEE
BiEEH S0 (4 aff-ldE8, 3.0~3.6V) MD&E, DETECT1EEIEZOV (
B EMN) THD . VDDEENE 1OEEEHBASSIFLEE2OBEETHAS 4 (H
4 a£xf-ZE8, VDD=<2.7V) Iz$Hd¢LtE DETECT1{ESIZVDDEELRL
THH,. TLT. DETECT1{EENOYV (EHRESK) ODELE, DETECT 1BESE
EFVDDEELRITHS, DETECT1EENMVDDEELRILDESE, DETEC
T1BEEBIXIVBBLRILELDE, COLIICDETECTI1IBEENRVBBLARILEN
SEVWEELRI (H8) 2HT A LEDABITHOWWTIERICEHRAT 3.,

[003 1]

H6%283BIdE,. VPERILXalL—428F£HEK8 4, PEE¥K86HEIUE
1HEEVE20TLVLT7yvTPFYyRrILEEREHFEELR (PMOS) PSP R4888
FUE20 L7y TPMOS FIVPRA90%FZFLTWLS, PERKS6IXHAER
92%4HTHMN. TOEEIRXVPERI (EHE2.5V) O240D1, §ThahHhH1.25V
Thd, COXERTHREZEEE, FSSVPR4288DBVDDTOERMUKEHZFREXRSE
BEVSFELNDHE HABEE9O 2R EHEE84ITLVIHEEEV 1 (=1.25VTH
52 (H3a)) ¢kBENd, VPERINTHIZEHAEEI2LTHRL.,. E8EK
SBARE1DIN7YIPMOS 3P RA88FSBII7IVTa47TEL. E1DOPM
OShFSVYLR488IZIVPERI #2.5VICAFTEEZES,

[003 2]
H4a%28B8BT5E.3.3VRA—Ca3VFNRA4R20a (B2a) AE1OEEEHEES
3BLUVE2OEREEFHES 4D 1D2IHDEE2,. DETECTI1BEEOEELRLIE
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VBBIZZLL. 2077y TSV PREQ90L 79 T4TEENDB, TOHEER.
207 NWT7 TSP REQODHF—F—V—AMEE (HERET) BFERIZELL L
Y. BE207L7YyT7PMOS IS VYPRA90DEFRMEKBEINEIRE VLD ELGYE S,
FAhT,. E1TOREXTHEHESIBLVUE2OEETHHEASIDTRATICHE>TVPER
IKVDDEEIZELL. ChiEEBE1OTL7YyIPMOS 53y PR488EMIILE
2OTNTFT YT S PRE2000HIMEBERICIITEREHNENICLDILEOTHS
[0033]
BebLfUR7OMAZBRTIE, TALOBERICKIY, COFBBLEEBEICENT
TRAARARSARABEMTCEDESITRBASATULEIANTRIATINSG, TRAERS S AEKM
Tk, 3.3 VAHR—CavnEO0E10OTRAIE (ARET) &, BB TRShIBEHR%F
BWEE1O0RBBEHETI2EHICAVLVLGND., £, 2.5VRA—Sa Db E?2
DIRAIVE (ARET) B, IR TREINIBEZSCHE20RBBEEM T I -HICH
Wohd,

[003 4]

3.3 VNR—Caroigd. VPREILFalL—4228BMEEVINASVPREI %
HATEDBZELSCE1DOIRVEIF,. BRTRINDEHK28a, 28b (B6) . B&
U82a (A7) ZHRUVEE1OEREBEEBRTHLHICAVVLEAD, Fz, 2.5 V/Ii—
a3avOBEE, VPREILFaL—4ADHEEVINMSVPREIZHATEEE
SITE20RRAIER. BBERTRENPEK28a,. 28b (H6) 8&UB82a (A7
) EECE2ORBEEMBEIHAEHIZALLAE, FTOHE. VDD (=2.5V) BF
FHATEBR&KSITT B,

[0035)]

BB XORELEFy S (H19) ITBFEZVPERILXal—42280%EES
HICALEEEZLHIC. FYy7ORYDHABHMEBEIZCEZELXaAL—4% (H19) BNER
BEEashd, cOLSITLT, ERLWVPERIEBEH (IRET) OBEKERIZXL > TII
FRISNIZEETEREMIYBLSELIN D,

[0036]

Bo#8R35L,. BREEILIZKYREDVPPLFaL—4BRINTLNS, VP
PLXa2L—494lZBEREE96 (CMIFTVDDHAIWEVPERIDESLLAMIZHES
Ehd) & VPPLRILEVYDALDOHMAEEVOSCLEERARLWT WS, EELFXa L
—294F, NBTSRARERVDDEE9 6% 2fEIZF B ELICLYEREEOG6KLY L
BVWEEVPPZEHT S, EEEEIX. VDDEVSSEDRZERHITAVOSCIZSE
YRVEVYTT B EICEYREMIZE2EIZER S, VOSCIZEBARVYEVTIK, 3.
BVOEREELARIL (VARY (2.0V) +1.6V) ICHABTZ-HVPPLRILEY
JoglckVYtshTnd, C5LTVPPIE., 2 EOVDDULRILETHELLEZWND
DOVPPLARLE HOBIZLYHPASHh, +HICBVRBEZHETT S,

[0037]
EFREFO6MNVDDIZEHRENIAEXOVPPLX2AL—420E10REDIBEE. BF
L¥alL—4EBIAITEEHOBMBENAELDS., Chik. VDDEEMRLER LA OVD L
T, A/ —FEX (HEFET) 8.0V (VDD+VDD) 2BXB_¢8HY. 58
HMERLBETZE-HICE. #XOVPPLFXFalL—4%94F8 0VERBADLIAM/ —F%
BLEAEWESICLETAELELEVLLALTHD. EREFIGMKAVPERIICERKEEINDS
HEDE2DODHEDHESICIE. VDDHR4.OVDEE, EORNE/ —FEEL8. 0OV EHE
ZBZ GV, MOMENELD., BIZIE. #FEDVPPLXaL—494[F,. AH
ERICATIHATHOL (ERBXKR) K50 THD, 7hhHhs, #EOVPPLFa
L—4F, 20mADEEERZRA AL ELICT1OmANHAEREMHMBT S, 5T
REOE2OHEDEE,. EELX2AL—4494(XVPERIEELFaL—4 (H6
Y ITBWTEBRICERZHELBAFREE>TLES,

[0038]
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HB10%#3B9dL,. REBEES2IC&2TAHAEHAIZLDIDHZESINEEVPPLXAL—4
NREATWD, VPPLFalL—432[F, 3.3VNR—2arvTIR4R20a (H2a
) BXKU2.5VNR—2arvTNRA4R20Db (B2b) OMATHWLONAS., VPPL ¥
L—432[Fk. VDDBKXUVPERIDAALARBINOCOHAEEVOSCEZAL
TW%., VDDHELUVPERIDEAZHAWNSZ&ITKY, VDDEEM4LOVEYR
WIESICE, /J—FEN2Z8HVPPLFaL—4432050REB/ —FH8.0VOERE
FHBz2H5EEBL, §hHE, VPERIDEBEEELRILIZEY, /J—FEN2OEER
VDD+VPERI, ##4bb6.5VICELEATWNS, S5, VPPLFaL—4%43
2IIEDANEFR—HHAEREIAPRYPS0%THILOD, VPPLXaL—432
FAHDER (BTRET) OXBLEABTSAERVDDIALHRARADL K SITHFTEINT
BY, FRIZEYVPERILFaL—4528 (H6) ZET2EROHERELRELENS
[0039]

H11%8RB75¢L. BEBEBEE32ICL&-T. H10DAKAKEHAICIDHEESAIZVPPL
FaLb—4NRFTEATWS, VPPLFXaL—4432TRKVPPEZERTHEHIZVDD
BXUVPERIOEAMAWLWLATINDS, VPPLFXalL—432EF. EHONMOS
FSvPRX4299a, 99b, 99¢c, 99d, 99e., 99Ff, 99g., 99h, 99
ié&, PMOSFZVYPRE2100¢E, EBOaVTHYC2, C3, C4, C5, C6
L. BEHEDA—4%101a, 101b, 101c, 101d, 101eé&ZHLTS
U, 101d, 101 eZ2B<KESAN VNN —L[EVDDERELRILTEHET D, ch b +F
VSCRABEUVALAUNR—FE, FhOoOHEMERICKYVIL—TFHITEh b, VDDEIM
ENMOS FZYPRXRH299b, 99c, 99dé&SA /8 —2101a, 101b, 10
1cTCHd, — 5. VPERIHMIENMOS S YRE99edk, £ 2/83—4101
d, 101eTH%5. VPPLFaL—43208FIF. 512, /J—FEN1, N2, N
3. N4, N5, N6, N7, N8B ILXUNQIZHEIFSHEEE*RFAT I LickyBimx
na,

[0040]

B12%4+8B45&. /J—FNS8BLUN9IZHEITBERTOEBIE. /—FENT7IZEIT
SEBHLUVVOSCHOEREFELLLLDTHE. /—FNI1ITHBITLHEBEOERBIE.
99altkYFYF¥—LENhEEVPERI %2/ —FN7I2BFdavTFoHCc2A0V
DDERIBEBICLKYRIYEVITTEZEICKVERSATWVS, /—EN2IZBITEES
DEWIE, 99 hIZEYTUFYy—CENEEVPERIZ2/—KENSIZEITSaYToH
C3~ODVDDEREESICLYRVYELIT S EITLVEREATINS, /—FNS5IC
BHSEBEDHEKBIE. VOSCE/—FEN9, NABLUNSGICEBIHTRESLEZMaED
B LickVERIShTWS, /J—ENSIZBITREEDOEKBIX. 99 fiIckYTFTYF
vy—CEREVPERIZ#/—ENSIZEHZ2aVFUoHCAAND2EDOVPERIEIRE
DEFBICEKYRVEUDITTEHCELITKYEREIATWS, TOHBR. /—FEN2ICBIT S
HighULARILIIVDDEEELVPERI (2,.5V) OIZMIZHELWL, £, N3ODH i
ehEERX3EOVPERITHD, 99 i FBFRAINSIVORETHD, avTrHC
6lERERTHYTIVLYTaALVTFUvHTH->T. VPPEENEHEMHIET IDICBNIT &
HoTW3,

[004 1]

H11OVPPL¥alL—4320F80EbolkE. Y—F—V—RAHMEERAEEMERR
EFBZBAFSUCARBAE12EAVTIZCVPPLALREREATVWSZETHD. Tk
. 99b, 99c., 99d, 99eé& 101 clFEERMOLOICTIRLEABTH S,
LR DOEEBBIZHEVTIE, PMOSFFYPXZ100DEEMNLBTF—F—-—V—XME
FEIZVPERI! (2.5V) THdD. /—FENOMNVDD (3.3VHBDLF2.5V) Iz2%L
Wigas, /J—FNSIEVPERI®MD2M (5.0V) THY. FOLHBNMOS FSV TR
#99blE2.5VORKY—+F—V—XBEELHSD. /—FENBSHVPERIDIFE (
7.5V) 2L WEA. /—KEN2IFZVPERI+VDD (5.0VH3WLIE5.8V) TH
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YU, FOFHNMOS SV TPRE299 i [F2. B5VOERBKYF—bF—VYV—RAMEBEEELEL S,
AKRIZ. BYDO RS UOCREIZIDVTH F— bV —ABEEREBHNEVNLIDELE S
[004 2]

H13%8RBT2LE. BEBBESO0OIZCEYVARYLFaL—4NFTSATWS, FOE
ICRENTWE L3I VARYLXaL—430k—EDEEHESDP1. SDP 2,
SDPI3Z#BELTHY. ChofEEHIE. £Ic. A5%#8RBLTLAELLTSDPLE
LT8ESh, HAShELOTCHE, F—R—FSA T2 R7THEICKYVDD
LIEBBRSDPEEETINT., 270D FFATEESAP1I1HLUSAP2 (A5%%
BR) ICLY,. EEDTHBRICBVWT2D2DNDEFRVDDEESLUVARYDESL L HMEF
EMSDPEREH T LIOMMNHBMEN S,

[004 3]

VARYLX¥alL—430F,. F10Z8EBK102¢, #EHR104E, BE1ELUSE
2OFNTFYTPMOSEFSUYPRE41068&U108FZALTVWSAAT. 6OV P
ERILFalL—428L,HEHULT WS, VARYLFXaAL—430FFE. E20EH
EE110&. PMOSKSYPRAE 1128, FAFITUNMOSEFSVYPRE114
#HbHLTLS, VARYLFXaL—4L430EHAMEBEV2 (1.0V) &, ACTVES
E,. VAL ARA—TIEESAEEL, DETECT2B¢E%:2%RITRS, DETECT 2B
EBEILPYTFPMOS S RE2108DF—MzHIMEhTWd, DETECT
2BfEBELDETECT2EEDE/KAEEIDETECT1/E8E. DETECT1BES
ERETHD. 2FY., PELFLRFREETEOREICLY.,. S YEBWLWVDDERE (VD
D=2.2V) CDETECT2BEEREILLTSLI3ICKET S, VDDEENE2DE
EXE#HES54 (M4a, VDD=2.2V) FLEEIOBEXTHEG60 (B4b. VDD
£2.2V) ., DETECT2BfESlZvBBLARALIZH D,

[004 4]
HB14%138B7T2&, IR 79 T4«78E1161CEVTREL., COHMITINDD
ACTVESNHI ghLRILELBBIEICLIYRESATINSG, COHM1 16128
T. VARYHNEWVLELZFIZIE, VARYLFalL—4830FEVPERILXalL—428
CRBICVARYDAEXDEFICEHESESL LS ICHIET S, LAL. VARYMNFIZE
WIBEEIZIE, SAEfER L. BE20EHEK110E. FLHFIJUNMOS S VUDRE
1148V TVARYLRLAKEEZNRS, LRDO&LSIZ. VARYSBKLUVDDER
DAAMSDPEEHEBHL TS, A—1—FSA7OHME. E85HSDPIXZVDD
EEHDIVIEERICIENLRLERY, ZOHRSAP2%#LowlRILIZTSHE, VAR
YII—HBMICVDDEREICAM>TERT S, VARYLRLERELT. ThEEU2.
OVALB|IETIFLLHIZ, SAEEE (ChIVARYMNSDPESIZEHIAI-&IC
HighlLRILELD) BE20ZFHEK110ZLT. PER1040HALEEET
V2EbdhBItESH, TOHKRE. E20ZHEB110F, 2EER104H06DEEL
ARILMRV2 (1.0V) ITELLEDFEFT, TR VvPRE1142F79T107 L
TAHEMN, CREVARYMN2. OVIZE LK LD EFEKRLT NS,

[0045)]

Bs5#BUSRTILE. EvrBI1RFYRVEC1ZHLTEY. C1OTL—FREYV
PLTICESHIN, ¥ XL 40OHRMEBNAVSSXIEIVARYDEY FEEVSNEE
ZTW3,. @15%48BTDHE. VPLTOEELARILEFEHENKLSIZVSS (0V)
EVARY (2.0V) L0FR. §8HBE1L.0OVIZCRESTATWWS, ChiEs i 0, S
is Ny, OESHFERICEALTSECHET S, LOLAL. MNSHEATVELTRELS
YNRVIBEELD-HEFEERTa, O; ZAVE L. TOV—VERBHEIERKT
Hd, PIAFE. EYyFEEVSNNRVSSIZELWVES, 58K Ta, O, ICETSRAD
D—HER11IMNXEEL, EYFEEVSNARVARYIZELWVWBRIZERIRATRADY —
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MEMORY SYSTEM SEGMENTED POWER SUPPLY AND CONTROL

BACKGROUND

[0001] Computer systems continue to be designed to meet the two often
opposing goals of increased performance and decreased power consumption
(sometimes manifesting in trying to maintain a level of power consumption while
increasing performance). The struggle to meet both goals becomes quite evident
in the case of electronic devices such as portable computer systems (including
notebook and handheld computers), networking appliances (including ﬁrew;'all
appliances and intelligent routers), and banks of servers (including blade and
telco servers), all of which employ memory systems having considerable
quantities of DRAM (dynamic random access memory). As ever more uses for
such electronic devices are found, there is a need for faster processors, greater
quantities of memory, ctc. However, as ever more uses for such devices are
found, there is a need to consume lesser amounts of power to increase battery life
in portable application and to allow for greater densities of electronic devices to
be assembled together in centralized facilities.

[0002] This struggle has resulted in efforts td find ways to decrease the
amount of power required by each of the components of such electronic devices,
including memory devices. Known approaches include creating reduced power
modes (commonly referred to as "sleep modes" or "hibernation modes") for such
electronic devices to enter into when not actively being used. Specifically,

DRAM devices have been created with lower power modes, including what is
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commonly referred to in the DRAM device industry as "self refresh” mode where
interactions between DRAM devices and other components are minimized. Self
refresh modes entail using a minimal amount of logic built into a DRAM device
to allow the DRAM device to autonomously carry out maintenance functions
such as refreshing the DRAM device's memory cells.

[0003] However, such approaches to reducing DRAM device power
consumption have not addressed the problem of power wasted as a result of the
growing disparity in the voltage level at which the memory cells within DRAM
devices must operate to acquire and preserve a charge indicating bit values within
memory cells, and the ever lower voltage levels required by processors and other
logic that are often coupled to DRAM devices. As a result of this disparity,
inefficient I/O interface and memory controller logic designs must be employed,
and opportunities to decrease power consumption and/or to increase the speeds at

which memory is accessed by making use of lower voltage interfaces are lost.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The objects, features, and advantages of the present invention will be
apparent to one skilled in the art in view of the following detailed description in
which:

[0005) Figure 1 is a block diagram of an embodiment employing a memory
system.

{0006] Figure 2 is a block diagram of another embodiment employing a
memory system.

[0007] Figure 3 is a block diagram of an embodiment employing a memory

device.

[0008] Figure 4 is a block diagram of another embodiment employing a
memory deQice.

[0009] Figure 5 is a block diagram of still another embodiment employing a
memory device.

[0010] Figure 6 is a block diagram of yet another embodiment employing a
memory device.

foo11] Figure 7 is a block diagram of an embodiment employing a memory
device having a point-to-point interface.

{0012] Figure 8 is a block diagram of another embodiment employing a
memory device having a point-to-point interface.

[0013] Figure 9 is a block diagram of another embodiment employing a

-computer system.
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DETAILED DESCRIPTION

[0014] In the following description, for purposes of explanation, numerous
details are set forth in order to provide a thorough understanding of embodiments
of the present invention. However, it will be apparent to one skilled in the art that
* these specific details are not required in order to practice the present invention as
hereinafter claimed.
[0015] Embodiments of the present invention concem segmenting the power
supply used for memory devices such that different power supplies are used to
supply power at differing voltage levels for DRAM memory cells and at least a
portion of DRAM interface logic, thereby reducing the overall amount of power
required by DRAM devices. Although the following discussion centers on
DRAM devices, it will be understood by those skilled in the art that the present
invention as hereinafter claimed may be practiced in support of other memory
devices. Also, although af least part of the following discussion centers on
memory within computer systems, it will be understood by those skilled in the art
that the present invention as hereinafter claimed may be practiced in connection
with other electronic devices or systems having memory devices. It will also be
understood by those skilled in the art that although the following discussion
centers on memory devices in which memory cells are organized in two
dimensional arrays of rows and columns, the memory cells may be organized in
any of a number of ways, including into banks and with or without interleaving,

arrays of more than two dimensions, content-addressable, etc.
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[0016] Figure 1 is a block diagram of one embodiment employing a memory
system. Memory system 100 is made up, at least in part, of memory controller
180 and memory device 190 coupled together via memory bus 181. Those
skilled in the art of the design of memory systems will readily recognize that
Figure 1 depicts one form of a relatively simple memory system, and that
alternate embodiments arc possible in which the exact arrangement and
configuration of components may be reduced, augmented or otherwise altered
without departing from the spirit and scope of the present invention as hereinafter
claimed. For examplé, although memory system 100 is depicted as having only
one memory bus 181 and only one memory device 190 for the sake of simplicity
in the discussion that follows, it will be readily understood by those skilled in the
art that other possible embodiments of memory system 100 may be made up of
multiple memory buses and/or devices without departing from the spirit and
scope of the claimed invention.

[0017] Memory control}er 180 controls the functions carried out by memory
device 190 as part of providing access to memory device 190 to external devices
(not shown) coupled to memory controller 180, such as a processor, bus
mastering I/O controller, etc. Specifically, an external device coupled to memory
controller 180 issues commands to memory controller 180 either to store data
within memory device 190, or to retrieve stored data from memory device 190.
Memory controller 180 receives these commands and relays them to memory
device 190 in a format having timing and protocols compatible with memory bus

181 and/or the combination of control logic 191 and data buffer 196 that make up
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the interface between memory device 190 and memory bus 181. In effect,
memory controller 180 coordinates accesses made to memory cells within
memory device 190 in answer to read and write commands from external devices.
In support of these functions in various embodiments, memory controller 180
also coordinates various maintenance operations that must be performed to ensure
that data stored within memory device 190 is preserved, including the initiation of
regular refresh operations and the occurrence of precharge operations as needed
between accesses.

[0018] Memory bus 181 is made up of various control, address and data
signal lines coupling together memory controller 180 and memory device 190.
The exact quantity and characteristics of the various signal lines making up
various possible embodiments of memory bus 181 may be configured to be
interoperable with any of a number of possible memory interfaces, including
those meant to be compatible with known types of memory devices, among them
being DRAM (dynamic random access memory) devices such as FPM (fast page
mode) memory devices, EDO (extended data out), dual-port VRAM (video
random access memory), window RAM, SDR (single data rate), DDR (double
data rate), RAMBUS™ DRAM, etc. In some embodiments, where activity on
various signal lines is meant to be coordinated with a clock signal, one or more of
the signal lines, perhaps the control signal lines, serves to transmit a clock signal
between memory controller 180 and memory device 190. In some embodiments,
one or more control signals and address signals may be multiplexed onto
common signal lines such that control signals and address signals are transmitted
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at different times on common conductors for carrying signals between memory
controller 180 and memory device 190, Also, in some embodiments, one or more
address signals and data signals may be multiplexed onto common signal lines.
[0019] Memory device 190 is a DRAM memory device with an interface
made up of control logic 191 and data buffer 196 configured to be interoperable
with memory bus 181. In some embodiments, memory device 190 is a single
integrated circuit. In other embodiments, memory device 190 is made up of
multiple integrated circuits of a removable memory module, such as a SIMM
(single inline memory module), SIPP (single inline pin package), DIMM (dual
inline memory module), etc.
[0020] The memory cells of memory device 190 are grouped into multiple
banks, such as banks 198a-d, with each bank being organized into a two
dimensional array of memory cells having rows and columns. However, those

. skilled in the art will readily recognize that the memory cells within memory
device may be organized in any of a number of possible ways. In some
embodiments, control logic 191 receives at least some commands and addresses
from memory controller 180 through memory bus 181, and uses bank selection
logic 192 and row address decoder 193 to gain access to the appropriate rows,
while using column address decoder 194, /O multiplexer 195 and/or data buffer
196 to carry out the appropriate actions, at least for read and write commands.
Control logic 191 further coordinates the carrying out of commands received
from memory controller 180 with the refreshing of memory cells within banks

198a-d by refresh control logic 197.
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[0021] In various embodiments as depicted in Figure 1, memory controller
180 and memory device 190 receive power from power source 170. Memory
controller 180 is supplied with logic level power through logic level power line
174. In some embodiments, this same logic level power received by memory
controller 180 is selectively supplied to a portion of memory device 190 through
logic power control 176 under the contro! of memory controller 180. In alternate
embodiments, this same logic level power received by memory controller 180 is
supplied to a portion of memory device 190 directly from logic level power line
174 without intervening logic power control 176. This portion of memory device
190 supplied with logic level power (outlined with a dotted rectangle) is made up,
at least in part, of control logic 191, bank selection logic 192, column address
decoder 194, I/O multiplexer 195 and data buffer 1096. However, another portion
of memory device 190 receives storage level power through storage level power
line 172 (also outlined with a dotted rectangle). This portion of memory device
190 supplied with storage level power is made up, at least in part, of refresh
control logic 197, row address decoder 193 and banks 198a-d.

- [0022] As those skilled in the art will recognize, the exact choice of which of
control logic 191, bank selection logic 192, row address decoder 193, column
address decoder 194, I/0O multiplexer 195, data buffer 196 and refresh control
logic 197 are supplied with one or the other of logic level power via logic level
power line 177 or storage level power via storage level power line 172 may

| depart in various embodiments from what is depicted in Figure 1 without

departing from the spirit and scope of the claimed invention. Like memory
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controller 180, control logic 191, bank selection logic 192, row address decoder
193, column address decoder 194, VO multiplexer 195, data buffer 196, and
refresh control logic 197 are logic circuit devices, and as logic circuit devices, are
able to be designed to make use of recent improvements in transistors and other
technologies that have become available for logic circuit design, including the use
of ever smaller transistors. Such smaller transistors in logic circuits do not
require as high a voltage level to distinguish between 0 and 1 bit values as do
larger transistors, and so such smaller transistors can be operated more efficiently
at lower voltage levels. This makes the use of higher voltage levels as would be
required by larger transistors with smaller transistors unnecessary, and in many
logic circuits employing such smaller transistors, the use of such a higher voltage
provides excess electrical energy that cannot be used by such smaller transistors
and which, therefore, much be wastefully converted to and dissipated as heat.
However, in contrast to such logic circuits, the memory cells of a DRAM device
still require a higher voltage level to reliably distinguish between O and 1 bit
values as a result of the use of charges that are dynamically stored and maintained
in the capacitor-like design of those memory cells where a stored charge always
decays over time and has to be repeatedly refreshed (recharged) to be maintained.
The fact of this decay over time requires a higher voltage level to be used in
storing the charge to provide some "extra" separation in voltage levels signifying
0 and 1 bit values so that voltage levels between partly decayed 0 and 1 bit values
are still distinguishable after that partial decay has occurred. For these and

related reasons, DRAM memory cells require a somewhat higher voltage level
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from a power source despite the fact that the size of the transistors used in the
memory cells has been decreasing just as the transistors of logic circuits have.
[0023] The provision of two different portions of memory device 190 with
two different power sources affords an opportunity to save power in situations
when the electronic system of which memory system 100 is placed in a lower
power state such that accesses to store data within memory device 190 or retrieve
data from memory device 190 are suspended. In such a lower power state, it may
be desirable to provide memory device 190 with power only to the degree
necessary to preserve data stored within banks 198a-d, and this may be
accomplished in some embodiments by allowing the logic level power provided
via logic level power line 177 to be selectively turned off via logic power control
176. In such embodiments, row address decoder 193 and refresh control logic
197 may use the storage level power supplied via storage level power line 172
such that refresh control logic 197 is able to continue to initiate refresh cycles on
rows within banks 198a-d possibly selected at intervals via a counter within
refresh control logic 197, and row address decoder 193 is able to continue
selecting the rows specified by refresh control logic 197 to be put through a
refresh operation.

[0024] Depending on specific details of implementation of banks 198a-d, the
provision of storage level power to at least row address decoder 193 may be
necessary for row address decoder 193 to properly drive word lines within banks
198a-d with sufficient voltage levels. Likewise, the provision of other

components within memory device 190 that are directly coupled to banks 198a-d,

10

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1024



WO 2005/066968 PCT/US2004/043496

such as I/O multiplexer 195, with storage level power may also be necessary,
again to support signaling with sufficient voltage levels.

[0025] Supplying the same logic level power to control logic 191 and data
buffer 196 as is supplied to memory controller 180 permits control logic 191 and
data buffer 196 to operate at 2 more efficient voltage level that does not waste
electrical energy. Sharing this same lower voltage also provides the opportunity
to use a lower voltage level in signaling across meinory bus 181 between memory
controller 180 and memory device 190, and the resulting opportunity to make use
of lower voltage swings to convey control, address, data and/or other signals
affords the further opportunity to increase the rate at which such signals are
transmitted across memory bus 181, which in turn, provides the further
opportunity to increase the performance of memory bus 181. Furthermore,
sharing this same lower voltage level may also alleviate the need to design the
interface within memory controller 180 to couple memory controller 180 to
memory bus 181 to accommodate higher voltage levels, thereby potentially
simplifying the design of that interface within memory controller 180 and/or
potentially allowing a faster interface to be more easily provided. Furthermore,
the reduction in power consumed by having memory bus 181 and the interfaces to
memory bus 181 within both memory controller 180 and memory device 190
(such as control logic 191 and/or data buffer 196) can become significant,
especially where multiple ones of memory device 190 make up memory system

100.
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[0026] Figure 2 is a block diagram of another embodiment employing a
memory system. Not unlike memory system 100 of Figure 1, memory system
200 is made up, at least in part, of memory controller 280 and memory device
290 coupled together via memory bus 281. Those skilled in the art of the design
of memory systems will readily recognize that Figure 2 depicts one form of a
relatively simple memory system, and that alternate embodiments are possible in
which the exact arrangement and configuration of components may be reduced,
augmented or otherwise altered without departing from the spirit and scope of the
present invention as hereinafter claimed.

[0027] Memory controller 280 controls the functions carried out by memory
device 290 as part of providing access to memory device 290 to external devices
(not shown) coupled to memory controller 280, such as a processor, bus
mastering I/O controller, etc. Memory controller 280 coordinates accesses made
to memory cells within memory device 290 in answer to read and write
commands from external devices. Memory controller 280 also coordinates
various maintenance operations that must be performed to ensure that data stored
within memory device 290 is preserved, including the initiation of regular refresh
operations and the occurrence of precharge operations as needed between
accesses. Memory bus 281 is made up of various control, address and data signal
lines coupling together memory controller 280 and memory device 290. The
exact quantity and characteristics of the various signal lines making up various
possible embodiments of memory bus 281 may be configured to be interoperable

with any of a number of possible memory interfaces. In some embodiments,
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activity on various signal lines of memory bus 281 may be meant to be
coordinated with a clock signal. Memory device 290 is a DRAM memory device
| with an interface made up of control logic 291 and data buffer 296 configured to
be interoperable with memory bus 281. In some embodiments, memory device
290 is a single integrated circuit, and in other embodiments, memory device 290
is made up of multiple integrated circuits of a removable memory module. The
memory cells of memory device 290 are grouped into multiple banks, such as
banks 298a-d, with each bank being organized into a two dimensional array of
memory cells having rows and columns.
[0028] In various embodiments, memory controller 280 is supplied with logic
level power through logic level power line 274. This same logic level power is
selectively supplied to a portion of memory device 290 through logic power
control 276 under the control of memory controller 280, namely a portion
encompassing control logic 291, banks selection logic 292, column address
decoder 294, I/O multiplexer 295 and data buffer 296. This same logic level
power is also supplied to another portion of memory device 290 directly from
logic level power line 274 without intervening logic power control 276, namely a
portion encompassing row address decoder 293 and refresh control logic 297.
Another portion of memory device 290 receives storage level power through
storage level power line 272, namely a portion encompassing banks 298a-d. As
those skilled in the art will recognize, the exact choice of which of control logic
291, bank selection logic 292, row address decoder 293, column address decoder

294, I/O multiplexer 295, data buffer 296 and refresh control logic 297 are
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supplied with one or the other of logic level power or storage level power, as well
as the choice as to whether logic level power is selectively supplied through logic
power control 276, or not, may depart in various embodiments from what is
depicted in Figure 2 without departing from the spirit and scope of the claimed
invention.

[0029] The provision of three different portions of memory device 290 with
two different power sources, with one of the three portions being supplied one of
the two power sources in a sclective manner, affords an opportunity to save
power in situations when the electronic system of which memory system 200 is
placed in a lower power state where, as was the case with memory system 200 of
Figure 1, it may be desirable to provide memory device 290 with power only to
the degree necessary to preserve data stored within banks 298a-d. This may be
accomplished in some embodiments by allowing the logic level power provided
via logic level power line 277 to be selectively turned off to a portion of memory
device 290 via logic power control 276, while the same logic level power
continues to be provided to another portion of memory device 290 via logic
power line 274. In such embodiments, banks 298a-d continue to be supplied with
storage level power to preserve the contents of the memory cells within banks
298a-d. Furthermore, row address decoder 293 and refresh control logic 297 may
use logic level pbwer supplied via logic level power line 274 such that refresh
control logic 297 is able to continue to initiate refresh cycles on rows within

banks 298a-d possibly selected at intervals via a counter within refresh control
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logic 297, and row address decoder 293 is able to continue selecting the rows
specified by refresh control logic 297 to be put through a refresh operation.
[0030] Depending on specific details of implementation of banks 298a-d, the
provision of storage level power to at least row address decoder 293 may be
necessary for row address decoder 293 to properly drive word lines within banks
298a-d with sufficient voltage levels. Likewise, the provision of other
components within memory device 290 that are directly coupled to banks 298a-d,
such as I/O multiplexer 295, with storage level power may also be necessary,
again to support signaling with sufficient voltage levels.

[0031] In a manner not unlike memory system 100 of Figure 1, supplying the
same logic level power to control logic 291 and data buffer 296 as is supplied to
memory controller 280 permits control logic 291 and data buffer 296 to operate at
air'r-:ore efficient voltage level that does not waste electrical energy. Sharing this
same lower voltage also provides the oppbrtunity to use a lower voltage level in
signaling across memory bus 281 between memory controllgr 280 and memory
device 290, and the resulting opportunity to make use of lower voltage swings to
convey control, address, data and/or other signals affords the further opportunity
to increase the rate at which such signals are transmitted across memory bus 281,
which in turn, provides the further opportunity to increase the performance of
memory bus 281. |

[0032] Figure 3 is a block diagram of one embodiment employing a memory
device. In various possible embodiments, memory device 390 is made up, at

least in part, of memory circuits 398a-i assembled together as ICs on a substrate
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(such as a circuitboard) or as dies within a multiple die package. More
specifically, in some embodiments, memory device 390 is an unbuffered DIMM
(dual inline memory module). Each of memory circuits 398a-i is made up, at
least in part, of memory cell arrays 399a-i, higher power logic 397a-i and lower
power logic 396a-1i, respectively. Each of lower power logic 396a-i is coupied to
memory bus 381, and together with corresponding ones of higher power logic
397a-1, couples corresponding ones of memory arrays 399a-i within memory
device 390 to a memory controller and/or other devices (not shown) also coupled
to memory bus 381 outside of memory device 390. Lower power logic 396a-i are
all supplied with logic level power from logic level power line 377, and both
higher power logic 397a-1 and memory cells 399a-i are all supplied with storage
level power from storage level power line 372.

[0033] Each of memory cell arrays 399a-1 is made up of numerous memory
cells organized intp at least a single two-dimensional array. To ensure the
reliable retention of the data stored in these memory cells, the storage level power
supplied to each of memory cell arrays 399a-i is of sufficient voltage to allow
reliable distinguishing between O and 1 bit values of charges stored in memory
cells of a capacitor-like configuration, as discussed at length, earlier. Each one of
lower power logic 396a-i, together with corresponding ones of higher power logic
397a-i, provides the interface logic that carries out commands received from
memory bus 381 to either store data within or retrieve data from corresponding
ones of memory cell arrays 399a-1, as well as carrying out other various

functions. The splitting of this interface logic between lower power and higher
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power logic may, in some embodiments, allow the portions of this interface logic
within each of higher power logic 397a-i that are more closely coupled to
memory cell arrays 399a-i to use the storage level power supplied via storage
level power line 372 to interact with corresponding ones of memory cell arrays
399a-i with signaling voltage levels that may be more easily compatible with
memory cell arrays 399a-i. At the same time, this same splitting of interface
logic may, in some embodiments, allow the portions of this interface logic within
each of lower power logic 396a-i that are more closely coupled to memory bus
381 to use the logic level power supplied via logic level power line 377 to interact
with memory bus 381 with signaling voltage levels that may be more easily
compatible with other devices coupled to memory bus 381. In various
implementations, the voltage level of the logic level power supplied via logic
level power line 377 is lower than the voltage level of the storage level power
supplied via storage level power line 372 in recognition of the possible
advantages of using lower voltage signaling across memory bus 381, including
lower overall power consumption and shorter signal rise and fall times leading to
opportunities to increase the transfer rate of addresses, commands and/or data
across memory bus 381.

[0034] Also, in some embodiments, the separation of this interface logic
between lower power logic 396a-i and higher power logic 397a-i may allow
power supplied to at least those portions of the interface logic that are more
closely coupled to memory bus 381 (i.e., portions within lower power logic 396a-

i) to be powered down by turning off the logic level power supplied via logic
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level power line 377 at times when some or all of the signal lines making up
memory bus 381 are powered down. At such times when logic level power line
377 is powered down, storage level power line 372 remains turned on to continue
supplying storage level power to both higher power logic 397a-1 and memory cell
arrays 399a-i. Also, in some embodiments, the turning off of logic level power
supplied via logic level power line 377 coincides with memory device 390 being
placed in a lower power state such as self-refresh mode where at least a portion of
higher power logic 397a-i uses the storage level power that continues to be
supplied via storage level power line 372 to initiate and/or carry out refresh
operations on portions (e.g., pages or rows of memory cells) of corresponding
ones of memory cell arrays 399a-i.

[0035] As those skilled in the art will recognize, the exact decision of which
portions of interface logic are to make up each of lower power logic 396a-i and
which portions are to make up each of higher power logic 397a-1 may be varied
between specific embodiments without departing from the spirit and scope of the
claimed invention. In some embodiments, the portions of interface logic making
up each of higher power logic 397a-i may be limited to logic needed to carry out
refresh operations, possibly including a row address decoder, so that these limited
portions of interface logic continue to be supplied with power from storage level
power line 372 at times when logic level power line 377 is turned off as part of
memory device 390 entering a lower power state. In other embodiments, the

design of each of memory cell arrays 399a-i1 may be such that any portions of
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interface logic directly coupled to the memory cells must be among those
portions making up each of higher power logic 397a-i.

[0036] Figure 4 is a block diagram of another embodiment employing a
memory device, with memory device 490 being somewhat similar to memory
device 390 of Figure 3. In various possible embodiments, memory device 490 is
made up, at least in part, of memory circuits 498a-i asscrrnbled together as ICs on
a substrate or as dies within a multiple die package. Also, in some embodiments,
memory device 490 is an unbuffered DIMM. Each of memory circuits 498a-i is
made up, at least in part, of memory cell arrays 499a-i, unswitched power logic
497a-i and lower power logic 496a-i, respectively. Each of lower power logic
496a-1 is coupled to memory bus 481, and together with corresponding ones of
unswitched power logic 497a-i, couples corresponding ones of memory arrays
499a-1 within memory device 490 to a memory controller and/or other devices
(not shown) also coupled to memory bus 481 outside of memory device 390.
Lower power logic 496a-i are all supplied with logic level power from logic level
power line 477, constant power logic 497a-i are all supplied with unswitched .
power from unswitched power line 474, and memory cells 499a-i are all supplied
with storage level power from storage level power line 472.

[0037] Each of memory cell arrays 499a-i is made up of numerous memory
cells organized into at least a single two-dimensional array. To ensure the
reliable retention of the data stored in these memory cells, the storage level power
supplied to each of memory cell arrays 499a-1 is of sufficient voltage to allow

reliable distinguishing between 0 and 1 bit values of charges stored in memory
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cells of a capacitor-like configuration, as discussed at length, earlier. Each one of
lower power logic 496a-i, together with corresponding ones of unswitched power
logic 497a-i, provides the interface logic that carries out commands received from
memory bus 481 to either store data within or retrieve data from corresponding
ones of memory cell arrays 499a-i, as well as carrying out other various
functions. The splitting of this interface logic between lower power and
unswitched power logic may, in some embodiments, allow the portions of this
interface logic within each of unswitched power logic 497a-i that are more
closely coupled to memory cell arrays 499a-i to use a form of unswitched power
supplied via unswitched power line 474 having a voltage high enough to interact
with corresponding ones of memory cell arrays 499a-i with signaling voltage
levels that may be more easily compatible with memory cell arrays 499a-1. At the
same time, this same splitting of interface logic may, in some embodiments,
allow the portions of this interface logic within each of lower power logic 496a-1
that are more closely coupled to memory bus 481 to use the logic level power
supplied via logic level power line 477 to interact with memory bus 481 with
signaling voltage levels that may be more easily compatible with other devices
coupled to memory bus 481. In various implementations, the voltage level of the
logic level power supplied via logic level power line 477 is lower than the voltage
level of the storage level power supplied via storage level power line 472 in
recognition of the possible advantages of using lower voltage signaling across

memory bus 481, including lower overall power consumption and shorter signal
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rise and fall times leading to opportunities to increase the transfer rate of
addresses, commands and/or data across memory bus 481.

[0038] Also, in some embodiments, the separation of this interface logic
between lower power logic 496a-i and unswitched power logic 497a-i may allow
power supplied to at least those portions of the interface logic that are more
closely coupled to memory bus 481 (i.e., portions within lower power logic 496a-
1) to be powered down by turning off the logic level power supplied via logic
level power line 477 at times when some or all of the signal lines making up
memory bus 481 are powered down. At such times when logic level power line
477 is powered down, both unswitched power line 474 and storage level power
line 472 remain turned on to continue supplying unswitched power and storage
level power to both unswitched power logic 497a-i and memory cell arrays 499a-
i, respectively. Also, in some embodiments, the turning off of logic level power
supplied via logic level power line 477 coincides with memory device 490 being
placed in a lower power state such as self-refresh mode where at least a portion of
unswitched power logic 497a-i uses the unswitched power that continues to be
supplied via unswitched power line 474 to initiate and/or carry out refresh
operations on portions (e.g., pages or rows of memory cells) of corresponding
ones of memory cell arrays 499a-i.

[0039] In some embodiments, the voltage level of the unswitched power
supplied via unswitched power line 474 is similar to the voltage level of the logic
level power supplied via logic level power line 477. In such embodiments,

although lower power logic 496a-i and unswitched power logic 497a-i are
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supplied with power at similar voltage levels such that efficiencies of lower
voltage operation of logi;: circuits may be realized (as described at length, above)
the supplying of separate unswitched power and logic level power may be done to
allow for the switching off of the logic level power, as described above, while the
unswitched power at a similar voltage level continues to be supplied. In other
embodiments, the voltage level of the unswitched power supplied via unswitched
power line 474 may be chosen to be somewhere between the voltage levels of the
logic level power and storage level power so as to allow unswitched power logic
497a-1 to operate with signaling levels chosen to be more easily compatible with
both lower power logic 496a-i and memory cell arrays 499a-i, respectively.
[0040] As those skilled in the art will recognize, the exact decision of which -
portions of interface logic are to make up each of lower power logic 496a-i and
which portions are to make up each of unswitched power logic 497a-i may be
varied between specific embodiments without departing from the spirit and scope
of the claimed invention. In some embodiments, the portions of interface logic
making up each of unswitched power logic 497a-i may be limited to logic needed
to carry out refresh operations, possibly including a row address decoder, so that
these limited portions of interface logic continue to be supplied with power from
unswitched power line 474 at times when logic level power line 477 is turned off
as part of memory device 490 entering a lower power state.

[0041] Figure S is a block diagram of still another embodiment employing a
memory device, with memory device 590 being largely identical to memory

device 390 of Figure 3 except for the addition of buffer logic 592 separating
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some of the signals of memory bus 581 from other portions of memory device
590, effectively creating two memory buses 581 and 594 where some of the
signals are buffered and/or latched between memory buses 581 and 594, while
other signals are directly connected between memory buses 581 and 594. In
some embodiments, memory device 590 is a registered DIMM where address
and/or command signals are buffered and/or latched through buffer logic 592,
while data signals are directly connected between memory buses 581 and 594.
Like memory device 390 of Figure 3, in various embodiments, memory device
590 is made up, at least in part, of memory circuits 598a-i assembled together as
ICs on a substrate or as dies within a multiple die package, and buffer logic 592.
Each of memory circuits 598a-i is made up, at least in part, of memory cell arrays
599a-i, higher power logic 597a-i and lower power logic 596a-i, respectively.
Both buffer logic 592 and lower power logic 596a-i are all supplied with logic
level power from logic level power line 577, and both higher power logic 597a-i
and memory cells 599a-i are all supplied with storage level power from storage
level power line 572.

[0042] To ensure the reliable retention of the data stored in these memory
cells, the storage level power supplied to each of memory cell arrays 599a-i is of
sufficient voltage to allow reliable distinguishing between 0 and 1 bit values of
charges stored in memory cells of a capacitor-like configuration, as discussed at
length, earlier. Each one of lower power logic 596a-i, together with
corresponding ones of higher power logic 597a-i, provides the interface logic that

carries out commands received through memory buses 581 and 594 to either store
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data within or retrieve data from corresponding ones of memory cell arrays 599a-
i, as well as carrying out other various functions. The splitting of this interface
logic between lower power and higher power logic may, in some embodiments,
allow the portions of this interface logic within each of higher power logic 597a-i
that are more closely coupled to memory cell arrays 599a-i to use the storage
level power supplied via storage level power line 572 to interact with
corresponding ones of memory cell arrays 599a-i with signaling voltage levels
that may be more easily compatible with memory cell arrays 599a-i. At the same
time, this same splitting of interface logic may, in some embodiments, allow the
portions of this interface logic within each of lower power logic 596a-i that are
more closely coupled to buffer logic 592 and/or memory buses 581 and/or 594 to
use the logic level power supplied via logic level power line 577 to interact with
buffer logic 592 and/or memory buses 581 and/or 594 with signaling voltage

- levels that may be more easily compatible with buffer logic 592 and/or other
devices coupled to memory bus 581 and/or 594. In various implementations, the
voltage level of the logic level power supplied via logic level power line 577 is
lower than the voltage level of the storage level power supplied via storage levél
power line 572 in recognition of the possible advantages of using lower voltage
signaling with buffer logic 592 and/or across memory bus 581 and/or 594,
including lower overall power consumption and shorter signal rise and fall times
leading to opportunities to increase the transfer rate of addresses, commands

and/or data across memory buses 581 and/or 594.
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[0043] Also, in some embodiments, the separation of this interface logic
between lower power logic 596a-i and higher power logic 597a-i1 may allow
power supplied to at least those portions of the interface logic that are more
closely coupled to buffer logic 592 and/or memory buses 581 and/or 594 (i.c.,
portions within lower power logic 596a-1) to be powered down by turning off the
logic level power supplied via logic level power line 577 at times when some or
all of the signal lines making up memory bus 581 are powered down. At such
times when logic level power line 577 is powered down, storage level power line
572 remains turned on to continue supplying storage level power to both higher
power logic 597a-i and memory cell arrays 599a-i. Also, in some embodiments,
the turning off of logic level power supplied via logic level power line 577
coincides with memory device 590 being placed in a lower power state such as
self-refresh mode where at least a portion of higher power logic 597a-i uses the
storage level power that continues to be supplied via storage level power line 572
to initiate and/or carry out refresh operations on portions (e.g., pages or rows of
memory cells) of corresponding ones of memory cell arrays 599a-i. Q

[0044) As was the case with memory device 390 of Figure 3, those skilled in
the art will recognize that the exact decision of which portions of interface logic
are to make up each of lower power logic 596a-i and which portions are to make
up each of higher power logic 597a-i may be varied between specific
embodiments without departing from the spirit and scope of the claimed
invention. In some embodiments, the portions of interface logic making up each

of higher power logic 597a-i may be limited to logic needed to carry out refresh
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operations, possibly including a row address decoder, so that these _limited
portions of interface logic continue to be supplied with power from storage level
power line 572 at times when logic level power line 577 is turned off as part of
memory device 590 entering a lower power state. In other embodiments, the
design of each of memory cell arrays 599a-i1 may be such that any portions of
interface logic directly coupled to the memory cells must be among those
portions making up each of higher power logic 597a-i.

[0045] Figure 6 is a block diagram of yet another embodiment employing a
memory device, with memory device 690 being largely identical to memory
device 490 of Figure 4 except for the addition of buffer logic 692 separating
some of the signals of memory bus 681 from other portions of memory device
690, effectively creating two memory buses 681 and 694 where some of the
signals are buffered and/or latched between memory buses 681 and 694, while
other signals are directly connected between memory buses 681 and 694. In
some embodiments, memory device 690 is a registered DIMM where address
and/or command signals are buffered and/or latched through buffer logic 692,
while data signals are directly connected between memory buses 681 and 694.
Like memory device 490 of Figure 4, in various embodiments, memory device
690 is made up, at least in part, of memory circuits 698a-i assembled together as
ICs on a substrate or as dies within a multiple die package, and buffer logic 692.
Each of memory circuits 698a-i is made up, at least in part, of memory cell arrays
699a-i, unswitched power logic 697a-1 and lower power logic 696a-i,

respectively. Both buffer logic 692 and lower power logic 696a-i are all supplied

26

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1040



WO 2005/066968 PCT/US2004/043496

with logic level power from logic level power line 677, constant power logic
697a-i are all supplied with unswitched power from unswitched power line 674,
and memory cells 699a-i are all supplied with storage level power from storage
level power line 672.

[0046] To ensure the reliable retention of the data stored in these memory
cells, the storage level power supplied to each of memory cell arrays 699a-i is of
sufficient voltage to allow reliable distinguishing between O and 1 bit values of
charges stored in memory cells of a capacitor-like configuration, as discussed at
length, earlier. Each one of lower power logic 696a-1, together with
corresponding ones of unswitched power logic 697a-1, provides the interface
logic that carries out commands received through memory buses 681 and 694 to
either store data within or retrieve data from corresponding ones of memory cell
arrays 699a-i, as well as carrying out other various functions. The splitting of this
interface logic between lower power and unswitched power logic may, in some
embodiments, allow the portions of this interface logic within each of unswitched
power logic 697a-i that are more closely coupled to memory cell arrays 699a-i to
use a form of unswitched power supplied via unswitched power line 674 having a
voltage high enough to interact with corresponding ones of memory cell arrays
699a-i with signaling voltage levels that may be more easily compatible with
memory cell arrays 699a-i. At the same time, this same splitting of interface
logic may, in some embodiments, allow the portions of this interface logic within
each of lower power logic 696a-i that are more closely coupled to buffer logic

692 and/or memory buses 681 and/or 694 to use the logic level power supplied
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via logic level power line 677 to interact with buffer logic 692 and/or memory
buses 681 and/or 694 with signaling voltage levels that may be more easily
compatible with buffer logic 692 and/or other devices coupled to memory bus
681 and/or 694. In various implementations, the voltage level of the logic level
power supplied via logic level power line 677 is lower than the voltage level of
the storage level power supplied via storage level power line 672 in recognition
of the possible advantages of using lower voltage signaling across memory buses
681 and/or 694, including lower overall power consumption and shorter signal
rise and fall times leading to opportunities to increase the transfer rate of
addresses, commands and/or data across memory buses 681 and/or 694.

[0047] Also, in some embodiments, the separation of this interface logic
between lower power logic 696a-i and unswitched power logic 697a-1 may allow
power supplied to at least those portions of the interface logic that are more
closely coupled to buffer logic 692 and/or memory bus 681 and/or 694 (i.e.,
portions within lower power logic 696a-i) to be powered down by turning off the
logic level power supplied via logic level power line 677 at times when some or
all of the signal lines making up memory bus 681 are powered down. At such
times when logic level power line 677 is powered down, both unswitched power
line 674 and storage level power line 672 remain turned on to continue supplying
unswitched power and storage level power to both unswitched power logic 697a-i
and memory cell arrays 699a-1, respectively. Also, in some embodiments, the
turning off of logic level power supplied via logic level power line 677 coincides

with memory device 690 being placed in a lower power state such as self-refresh
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mode where at least a portion of unswitched power logic 697a-1 uses the
unswitched power that continues to be supplied via unswitched power line 674 to
initiate and/or carry out refresh operations on portions (e.g., pages or rows of
memory cells) of corresponding ones of memory cell arrays 699a-i.

[0048] In some embodiments, the voltage level of the unswitched power
supplied via unswitched power line 674 is similar to the voltage level of the logic
level power supplied via logic level power line 677. In such embodiments,
although lower power logic 696a-1 and unswitched power logic 697a-i are
supplied with power at similar voltage levels such that efficiencies of lower
voltage operation of logic circuits may be realized (as described at length, above)
the supplying of separate unswitched power and logic level power may be done to
allow for the switching off of the logic level power, as described above, while the
unswitched power at a similar voltage level continues to be supplied. In other
embodiments, the voltage level of the unswitched power supplied via unswitched
power line 674 may be chosen to be somewhere between the voltage levels of the
logic level power and storage level power so as to allow unswitched power logic
697a-i to operate with signaling levels chosen to be more easily compatible with
both lower power logic 696a-i and memory cell arrays 699a-i, respectively.
[0049] As those skilled in the art will recognize, the exact decision of which
portions of interface logic are to make up each of lower power logic 696a-i and
which portions are to make up each of unswitched power logic 697a-i may be
varied between specific embodiments without departing from the spirit and scope

of the claimed invention. In some embodiments, the portions of interface logic
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making up each of unswitched power logic 697a-1 may be limited to logic needed
to carry out refresh operations, possibly including a row address decoder, so that
these limited portions of interface logic continue to be supplied with power from
unswitched power line 674 at times when logic level power line 677 is turned off
as part of memory device 690 enteﬁng a lower power state.

[0050] Figure 7 is a block diagram of still another embodiment employing a
memory device, with memory device 790 being largely identical to memory
device 590 of Figure S except for the replacement of buffer logic 592 in memory
device 590 with buffer logic 792 having a pair of point-to-point intérfaces in
memory device 790. The point-to-point interfaces of buffer logic 792 couple
memory bus 794 of memory device 790 with memory busses 781 and 782,
allowing memory device 790 to be coupled to one or two other devices making
up a memory system, including memory controllers and/or other memory
devices. Such point-to-point interfaces may be made up of sets of unidirectional
signal lines (perhaps matched sets in opposite directions) and/or at least one set of
bidirectional signal lines. In various embodiments, memory device 790 is made
up, at least in part, of memory circuits 798a-i assembled together as ICs on a
substrate or as dies within a multiple die package, and buffer logic 792. In some
embodiments, memory device 790 is a fully buffered DIMM. Like memory -
device 590 of Figure 5, each of memory circuits 798a-i is made up, at least in
part, of memory cell arrays 799a-i, higher power logic 797a-i and lower power
logic 796a-i, respectively. Each of lower power logic 796a-i is coupled to

memory buses 781 and 782 through buffer logic 792 and memory bus 794 for
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access to at least the majority of the signal lines making up memory buses 781
and 782, although there may be a smaller number of signals making memory
buses 781 and/or 782 to which each of lower power logic 796a-1 may be directly
coupled. Both buffer logic 792 and lower power logic 796a-i are all supplied
with logic level power from logic level power line 777, and both higher power
logic 797a-1 and memory cells 799a-i are all supplied with storage level power
from storage level power line 772.

[0051] To ensure the reliable retention of the data stored in these memory
cells, the storage level power supplied to each of memory cell arrays 799a-i is of
sufficient voltage to allow reliable distinguishing between 0 and 1 bit values of
charges stored in memory cells of a capacitor-like configuration, as discussed at
length, earlier. Each one of lower power logic 796a-1, together with
corresponding ones of higher power logic 797a-1, provides the interface logic that
carries out commands received through memory buses 781, 782 and/or 794 to
either store data within or retrieve data from corresponding ones of memory cell
arrays 799a-i, as well as carrying out other various functions. The splitting of this
interface logic between lower power and higher power logic may, in some
embodiments, allow the portions of this interface logic within each of higher
power logic 797a-i1 that are more closely coupled to memory cell arrays 799a-i to
use the storage level power supplied via storage level power line 772 to interact
with corresponding ones of memory cell arrays 799a-i with signaling voltage
levels that may be more easily compatible with memory cell arrays 799a-i. At the

same time, this same splitting of interface logic may, in some embodiments,
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allow the portions of this interface logic within each of lower power logic 796a-i
that are more closely coupled to buffer logic 792 and/or memory buses 781, 782
and/or 794 to use the logic level power supplied via logic level power line 777 to
interact with buffer logic 792 and/or memory buses 781, 782 and/or 794 with
signaling voltage levels that may be more easily compatible with buffer logic 792
and/or other devices coupled to memory buses 781, 782 and/or 794. In various
implementations, the voltage level of the logic level power supplied via logic
level power line 777 is lower than the voltage level of the storage level power
supplied via storage level power line 772 in recognition of the possible
advantages of using lower' voltage signaling with buffer logic 792 and/or across
memory buses 781 and/or 782, including lower overall power consumption and
shorter signal rise and fall times leading to opportunities to increase the transfer
rate of addresses, commands and/or data across memory buses 781, 782 and/or
794.

[0052] Also, in some embodiments, the separation of this interface logic
between lower power logic 796a-i and higher power logic 797a-1 may allow
power supplied to at least those portions of the interface logic that are more
closely coupled to buffer logic 792 and/or memory buses 781, 782 and/or 794
(i.e., portions within lJower power logic 796a-i) to be powered down by turning
off the logic level power supplied via logic level power line 777 at times when
some or all of the signal lines making up memory buses 781 and/or 782 are
powered down. At such times when logic level power line 777 is powered down,

storage level power line 772 remains turned on to continue supplying storage
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level power to both higher power logic 797a-i and memory cell arrays 799a-i.
Also, in some embodiments, the turning off of logic level power supplied via
logic level power line 777 coincides with memory device 790 being placed in a
lower power state such as self-refresh mode where at least a portion of higher
power logic 797a-i uses the storage level power that continues to be supplied via
storage level power line 772 to initiate and/or carry out refresh operations on
portions (e.g., pages or rows of memory cells) of corresponding ones of memory
cell arrays 799a-i.

[0053] As was the case .with memory device 590 of Figure 5, those skilled in
the art will recognize that the exact decision of which portions of interface logic
are to make up each of lower power logic 796a-i and which portions are to make
up each of higher power logic 797a-i may be varied between specific
embodiments without departing from the spirit and scope of the claimed
invenﬁoﬁ. In some embodiments, the portions of interface logic making up each
of higher power logic 797a-i may be limited to logic needed to carry out refresh'
operations, possibly including a row address decoder, so that these limited
portions of interface logic continue to be supplied with power from storage level
power line 772 at times when logic level power line 777 is turned off as part of
memory device 790 entering a lower power state. In other embodiments, the
design of each of memory cell arrays 799a-i may be such that any porti'ons of
interface logic directly coupled to the memory cells must be among those

portions making up each of higher power logic 797a-i.
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[0054] Figure 8 is a block diagram of yet another embodiment employing a
memory device, with memory device 890 being largely identical to memory
device 690 of Figure 6 except for the replacement of buffer logic 692 in memory
device 690 with buffer logic 892 having a pair of point-to-point interfaces in
memory device 890. The point-to-point interfaces of buffer logic 892 couple
mem(';ry bus 894 of memory device 890 with memory busses 881 and 882,
allowing memory device 890 to be coupled to one or two other devices making
up a memory system, including memory controllers and/or other memory
devices. Such point-to-point interfaces may be made up of sets of unidirectional
signal lines (perhaps matched sets in opposite directions) and/or at least one set of
bidirectional signal lines. In various embodiments, memory device 890 is made
up, at least in part, of memory circuits 898a-i assembled together as ICs on a
substrate or as dies within a multiple die package, and buffer logic 892. In some
embodiments, memory device 890 is a fully buffered DIMM. Like memory
deviée 690 of Figure 6, each of memory circuits 898a-i is made up, at least in
part, of memory cell arrays 899a-i, unswitched power logic 897a-i and lower
power logic 896a-i, respectively. Each of lower power logic 896a-i is coupled to
memory buses 881 and 882 through buffer logic 892 and memory bus 894 for
access to at least the majority of the signal lines making up memory buses 881
and 882, although there may be a smaller number of signals making up memory
buses 881 and/or 882 to which each of lower power logic 896a-i may be directly
coupled. Both buffer logic 892 and lower power logic 896a-i are all supplied

with logic level power from logic level power line 877, constant power logic

34

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1048



WO 2005/066968 PCT/US2004/043496

897a-i are all supplied with unswitched power from unswitched power line 874,
and memory cells 899a-i are all supplied with storage level power from storage
level power line 872.

[0055] To ensure the reliable retention of the data stored in these memory
cells, the storage level power supplied to each of memory cell arrays 899a-i is of
sufficient voltage to allow reliable distinguishing between O and 1 bit values of
charges stored in memory cells of a capacitor-like configuration, as discussed at
length, earlier. Each one of lower power logic 896a-i, together with
corresponding ones of unswitched power logic 897a-i, provides the interface
logic that carries out commands received through memory buses 881, 882 and/or
894 to either store data within or retrieve data from corresponding ones of
memory cell arrays 899a-i, as well as carrying out other various functions. The
splitting of this interface logic between lower power and unswitched power logic
may, in some embodiments, allow the portions of this interface logic within each
of unswitched power logic 897a-i that are more closely coupled to memory cell
arrays 899a-i to use a form of unswitched power supplied via unswitched power
line 874 having a voltage high enough to interact with corresponding ones of
memory cell arrays 899a-i with signaling voltage levels that may be more easily
compatible with memory cell arrays 899a-i. At the same time, this same splitting
of interface logic may, in some embodiments, allow the portions of this interface
logic within each of lower power logic 896a-i that are more closely coupled to
buffer logic 892 and/or memory buses 881, 882 and/or memory bus 894 to use

the logic level power supplied via logic level power line 877 to interact with
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buffer logic 892 and/or memory buses 881, 882 and/or‘ 894 with signaling voltage
levels that may be more easily compatible with buffer logic 892 and/or other
devices coupled to memory buses 881 and/or 882. In various implementations,
the voltage level of the logic level power supplied via logic level power line 877
is lower than the voltage level of the storage level power supplied via storage
level power line 872 in recognition of the possible advantages of using lower
voltage signaling across memory buses 881, 882 and/or 894, including lower
overall power consurnption and shorter signal rise and fall times leading to
opportunities to increase the transfer rate of addresses, commands and/or data
across memory buses 881, 882 and/or 894.

[0056] Also, in some embodiments, the separation of this interface logic
between lower power logic 896a-i and unswitched power logic 897a-i may allow
power supplied to at least those portions of the interface logic that are more
closely coupled to buffer logic 892 and/or memory buses 881, 882 and/or 894
(i.e., portions within lower power logic 696a-i) to be powered down by tuming
off the logic level power supplied via logic level power line 877 at times when
some or all of the signal lines making up memory buses 881 and/or 882 are
powered down. At such times when logic level power line 877 is powered down,
both unswitched power line 874 and storage level power line 8§72 remain turned
on to continue supplying unswitched power and storage level power to both
unswitched power logic 897a-1 and meméry cell arrays 899a-i, reépectively.
Also, in some embodiments, the tuming off of logic level power supplied via

logic level power line 877 coincides with memory device 890 being placed in a
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lower power state such as self-refresh mode where at least a portion of
unswitched power logic 897a-1 uses the unswitched power that continues to be
supplied via unswitched power line 874 to initiate and/or carry out refresh
operations on portions (e.g., pages or rows of memory cells) of corresponding
ones of memory cell arrays 899a-i.

[0057] In some embodiments, the voltage level of the unswitched power
supplied via unswitched power line 874 is similar to the voltage level of the logic
level power supplied via logic level power line 877. In such embodiments,
although lower power logic 896a-i and unswitched power logic 897a-i are
supplied with power at similar voltage levels such that efficiencies of lower
voltage operation of logic circuits may be realized (as described at length, above)
the supplying of separate unswitched power and logic level power may be done to
allow for the switching off of the logic level power, as described above, while the
unswitched power at a similar voltage level continues to be supplied. In other
embodiments, the voltage level of the unswitched power supplied via unswitched
power line 874 may be chosen to be somewhere between the voltage levels of the
logic level power and storage level power so as to allow unswitched power logic
897a-i to operate with signaling levels chosen to be more easily compatible with
both lower power logic 896a-i and memory cell arrays 899a-i, respectively.
[0058] As those skilled in the art will recognize, the exact decision of which
portions of interface logic are to make up each of lower power logic 896a-i and
which portions are to make up each of unswitched power logic 897a-i may be

varied between specific embodiments without departing from the spirit and scope
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of the claimed invention. In some embodiments, the portions of interface logic
making up each of unswitched power logic 897a-i may be limited to logic needed
to carry out refresh operations, possibly including a row address decoder, so that
these limited portions of interface logic continue to be supplied with power from
unswitched power line 874 at times when logic level power line 877 is turned off
as part of memory device 890 entering a lower power state.

[0059] It should be noted that as those skilled in the art of the design of
memory devices, including DRAM devices, will readily recognize, Figures 3
through 8 provide a relatively simple depiction of components making up a
DRAM device, and that the exact arrangement and configuration of components
within a DRAM device may be reduced, augménted or otherwise altered in
comparison to what is depicted within those figures without departing from the
spirit and scope of the present invention as hereinafter claimed. Specifically, as
those skilled in the art will readily recognize, a quantity of memory circuits other
than what is depicted in Figures 3 through 8 is certainly possible without
departing from the spirit and scope of the claimed invention. Also, specifically,
although embodiments specifically employing 2 and 3 power connections/sources
have been depicted and discussed, it will be understood by those skilled in the art
that 4 or more power connections/sources may be employed to provide power to
various subparts of a memory device without departing from the spirit and scope
of the claimed invention.

[0060] Figure 9 is a block diagram of an embodiment employing a computer

system. Computer system 900 is, at least in part, made up of processor 910,
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system logic 920, and memory device 990. System logic 920 is coupled to
processor 910 and performs various functions in support of processor 910
including providing processor 910 with access to memory device 990 to which
system logic 920 is also coupled, using memory controller 980 within system
logic 920. Processor 910, system logic 920 and memory device 990 make up a
form of core for computer system 900 that is capable of supporting the execution
of machine readable instructions by processor 910 and the storage of data and
instructions within memory device 990. Altematively, in other embodiments,
memory controller 980 may be either partially or entirely integrated within
processor 910, with the possible result of processor 910 being directly coupled to
and having direct access to memory device 990.

[0061] In various embodiments, processor 910 could be any of a variety of
types of processor including a processor capable of executing at least a portion of
the widely known and used "x86" instruction set, and in other various
embodiments, there could be more than one processor. In various embodiments,
memory device 990 could be any of a variety of types of dynamic random access
memory (RAM) including fast page mode (FPM), extended data out (EDO),
single data rate (SDR) or double data rate (DDR) forms of synchronous dynamic
RAM (SDRAM), RAM of various technologies employing a RAMBUS™
interface, etc., and memory controller 980 provides logic 920 with an appropriate
interface for the type of memory. At least a portion of the memory cells of
memory device 990 are divided into banks 999a-d, each of which are made up of
memory cells organized into rows and columns in a two dimensional memory
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array. To access a portion of the memory cells within memory device 990, that
portion must be addressed by memory controller 980 with a combination of bank,
row and column addresses. As those skilled in the art will recognize, the
depiction of a single memory device 990 with four banks of memory cells,
namely banks 999a-999d, is but an example of a memory system that could be a
part of a computer system, and that a larger number of memory devices and/or a
differing number of banks within memory devices could be used without
departing from the spirit and scope of the present invention as hereinafter
claimed.

[0062) In some embodiments, system logic 920 is coupled to and provides
processor 910 with access to storage device 960 by which data and/or instructions
carried by storage media 961 may be accessed. Storage media 961 may be of any
of a wide variety of types and technologies as those skilled in the art will
understand, including CD or DVD ROM, magnetic or optical diskette, magneto-
optical disk, tape, semiconductor memory, characters or perforations on paper or
other material, etc. In some embodiments, nonvolatile memory device 930 is
coupled to system logic 920 (or other part of computer system 900) and provides
storage for an initial series of instructions executed at a time when computer
system 900 is either "reset" or initialized (for example, when computer system
900 is "turned on" or "powered up") to perform tasks needed to prepare computer
system 900 for normal use. In some variations of such embodiments, upon
initialization or resetting of computer system 900, processor 910 accesses

nonvolatile memory device 930 to retrieve instructions to be executed to prepare
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memory controller 970 for normal use in providing access for CPU 910 to
memory device 990. It may be that these same retrieved instructions are executed
to prepare system logic 920 for normal use in providing access to storage device
960 and whatever form of storage media 961 that may be used by storage device
960.

[0063] In some embodiments, computer system 900 is further made up of
power source 970 supplying logic level power through power line 974, power
control 976 and power line 977 to a portion of memory device 990, and supplying
storage level power through power line 972 to another portion of memory device
990. In some variants of such embodiments, power control 976 may be operated
by logic making up a portion of memory controller 980, and in other variants,
power control 976 may be operated by another portion §~dthin a memory system
making up computer system 900 or elsewhere within computer system 900, such
as logic dedicated to the function of controlling the distribution of power.

[0064) In some embodiments, storage media 961 carries machine-accessible
instructions to be executed by processor 910 to cause processor 910 to carry out
one or more tests of memory device 990 to determine what type of DRAM device
memory device 990 may be, and/or to determine what functions memory device
990 may support. Such tests may include a series of attempted accesses to
portions of memory device 990 and observation of the nature of the responses,
received. Alternatively, such tests may include interrogating a code identifying
the type of memory device or identifying the presence of one or more features, or

such tests may entail reading data stored in a portion of nonvolatile memory

41

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1055



WO 2005/066968 PCT/US2004/043496

within memory device 990 identifying the type of memory device, various
parameters, and/or the presence or absence of various features. Ifit is determined
that memory device 990 supports the use of a segmented power supply, as
described at length above, then processor 910 may be caused to program or
otherwise configure memory controller 980 and/or other logic within computer
system 900 to operate power control 976 to make use of such a capability.
[0065] In other embodiments, a characteristic of the design of computer
system 900, such as the physical design of a connector by which memory device
990 is coupled to the rest of computer system 900, may preclude the use of
memory devices that do not support the use of a segmented power supply. In
such embodiments, it may then be presumed that any memory device, such as
memory device 990, that could be connected to the rest of computer system 900
would, therefore, necessarily support a segmented power system, and so
processor 910 may be caused to execute instructions to prepare the use of power
control 976 to selectively supply a portion of memory device 990 with power
without having carried out a test to confirm that memory device 990 supports a
segmented power supply.

[0066] The invention has been described in conjunction with various possible
embodiments. It is evident that numerous alternatives, modifications, variations
and uses will be apparent to those skilled in the art in light of the foregoing
description. It will be understood by those skilled in the art that the present
invention may be practiced in support of various types of electronic devices with

various possible memory devices in which the memory cells repeatedly require
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some form of "refreshing" or other regular maintenance activity in order to
prevent the loss of data. It will also be understood by those skilled in the art that
the present invention may be practiced in support of electronic devices other than -
computer systems such as audio/video entertainment devices, controller devices

in vehicles, appliances controlled by electronic circuitry, etc.
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CLAIMS

What is claimed 1s:

1. A DRAM IC comprising:

a first external connection to receive a first power supply voltage;

a second external connection to receive a second power supply voltage
that is lower in voltage than the first power supply voltage;

a plurality of memory cells organized into a two-dimensional array to
store data, wherein the memory cells are powered by the first power supply
voltage, receive and output data through a plurality of bit lines coupled to the
plurality of memory cells, and are controlled through a plurality of word lines
coupled to the plurality of memory cells;

a first logic directly coupled to the memory cells to at least transmit
signals to the memory cells, wherein the first logic is powered by the first power
supply voltage; and

a second logic coupled to the first logic to provide an external interface to
receive commands and addresses to select memory cells from among the plurality
of memory cells for access, and to both received data to store within and output
data retrieve from the selected memory cells, wherein the second logic is powered

by the second power supply voltage.

2. The DRAM IC of claim 1, wherein the first logic is coupled to the
plurality of bit lines, and both transmits data across the plurality bit lines to the
plurality of memory cells and receives data from across the plurality of bit lines

from the memory cells.
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3. The DRAM IC of claim 1, wherein the first logic is coupled to the
plurality of word lines and transmits row activation signals across the plurality of

word lines to the plurality of memory cells.

4. The DRAM IC of claim 3, wherein the first logic is comprised of refresh
iogic to operate the plurality of word lines to carry out refresh operations to
preserve data stored within the plurality of memory cells while the DRAM IC is
placed in a lower power state in which the second logic is deprived of power as a

result of the second power supply voltage being removed.

5. A DRAM IC comprising:

a first external connection to receive a first power supply voltage;

a second external connection to receive a second power supply voltage
that is lower in voltage than the first power supply voltage;

a third external connection to receive a third power supply voltage that is
lower in voltage than the first power supply voltage;

a plurality of memory cells organized into a two-dimensional array to
store data, wherein the memory cells are powered by the first power supply
voltage, receive and output data through a plurality of bit lines coupled to the
plurality of memory cells, and are controlled through a plurality of word lines
coupled to the plurality of memory cells;

a first logic directly coupled to the memory cells to at least transmit
signals to the memory cells, wherein the first logic is powered by the first power

supply voltage;
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a second logic coupled to the first logic to control at least a portion of the
first logic, wherein the second logic is powered by the second power supply
voltage; and

a third logic coupled to the first logic to provide an external interface to
receive commands and addresses to select memory cells from among the plurality
of memory cells for access, and to both receive data to store within and output
data retrieved from the selected memory cells, wherein the third logic is powered

by the third power supply voltage.

6. The DRAM IC of claim 5, wherein the first logic is coupled to the
plurality of bit lines, and both transmits data across the plurality bit lines to the
plurality of memory cells and receives data from across the plurality of bit lines

from the memory cells.

7. The DRAM IC of claim 5, wherein the first logic is coupled to the
plurality of word lines and transmits row activation signals across the plurality of

word lines to the plurality of memory cells.

8. The DRAM IC of claim 7, wherein the second logic is comprised of
refresh logic control the at least a portion of the first logic to operate the plurality
of word lines to carry out refresh operations to preserve data stored within the
plurality of memory cells while the DRAM IC is placed in a lower power state in
which the third logic is deprived of power as a result of the third power supply

voltage being removed.
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9. A memory device comprising:

a circuitboard;

a plurality of electrical contacts carried by the circuitboard to couple the
circuitboard to a memory bus and to at least a first power supply voltage and a
second power supply voltage; and

at least one DRAM IC comprising:

a plurality of memory cells organized into a two-dimensional array
to store data, wherein the memory cells are powered by the first power
supply voltage, receive and output data through a plurality of bit lines
coupled to the plurality of memory cells, and are controlled through a
plurality of word lines coupled to the plurality of memory cells;

a first logic directly coupled to the memory cells to at least
transmit signals to the memory cells, wherein the first logic is powered by
the first power supply voltage; and

a second logic coupled to the first logic to provide an external
interface to receive commands and addresses to select memory cells from
among the plurality of memory cells for access, and to both receive data to
store within and output data retrieved from the selected memory cells,

wherein the second logic is powered by the second power supply voltage.

10. The memory device of claim 9 wherein the external interface of the at
least one DRAM IC is directly coupled to at least a subset of the electrical
contacts carried by the circuitboard to further couple the external interface of the

at least one DRAM IC to the memory bus.

47

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1061



WO 2005/066968 PCT/US2004/043496

11. The memory device of claim 9, wherein the first logic is coupled to the
plurality of word lines and transmits row activation signals across the plurality of

word lines to the plurality of memory cells.

12. The memory device of claim 11, wherein the first logic is comprised of
refresh logic to operate the plurality of word lines to carry out refresh operations
to preserve data stored within the plurality of memory cells while the memory
device is placed in a lower power state in which the second logic is deprived of

power as a result of the second power supply voltage being removed.

13. The memory device of claim 12, further comprising at least one
interposed IC coupled to at least a subset of the electrical contacts carried by the
circuitboard and to the external interface of the at least one DRAM IC to at least
buffer at least a subset of the signals communicated between the at least one
DRAM IC and the memory bus, wherein the at least one interposed IC is poWered
by the second power supply voltage, and the at least DRAM IC carries out refresh
operations to preserve data stored within the plurality of memory cells while the
memory device is placed in a lower power state in which the at least one
interposed IC is deprived of power as a result of the second power supply voltage

being removed.

14. A memory device comprising:

a circuitboard;
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a plurality of electrical contacts carried by the circuitboard to couple the
circuitboard to a memory bus and to at least a first power supply voltage, a
second power supply voltage, and a third power supply voltage; and

at least one DRAM IC comprising:

a plurality of memory cells organized into a two-dimensional array
to store data, wherein the memory cells are powered by the first power
supply voltage, receive and output data through a plurality of bit lines
coupled to the plurality of memory cells, and are controlied through a
plurality of word lines coupled to the plurality of memory cells;

a first logic directly coupled to the memory cells to at least
transmit signals to the memory cells, wherein the first logic is powered by
the first power supply voltage;

a second logic coupled to the first logic to control at least a portion
of the first logic, wherein the second logic is powered by the second
power supply voltage; and

a third logic coupled to the first logic to provide an external
interface to receive commands and addresses to select memory cells from
among the plurality of memory cells for access, and to both receive data to
store within and output data retrieved from the selected memory cells,

wherein the third logic is powered by the third power supply voltage.

15. The memory device of claim 14 wherein the external interface of the at
least one DRAM IC is directly coupled to at least a subset of the electrical
contacts carried by the circuitboard to further couple the external interface of the

at least one DRAM IC to the memory bus.
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16. The memory device of claim 14, wherein the first logic is coupled to the
plurality of word lines and transmits row activation signals across the plurality of

word lines to the plurality of memory cells.

17. The memory device of claim 16, wherein the second logic is comprised of
refresh logic control the at least a portion of the first logic to operate the plurality
of word lines to carry out refresh operations to preserve data stored within the
plurality of memory cells while the memory device is placed in a lower power
state in which the third logic is deprived of power as a result of the third power

supply voltage being removed.

18. The memory device of claim 17, further comprising at least one
interposed IC coupled to at least a subset of the electrical contacts carried by the
circuitboard and to the external interface of the at least one DRAM IC to at least
buffer at least a subset of the signals communicated between the at least one
DRAM IC and the memory bus, wherein the at least one interposed IC 1s powered
by the third power supply voltage, and the at least DRAM IC carries out refresh
operations to preserve data stored within the plurality of memory cells while the
memory device is placed in a lower power state in which the at least one
interposed IC is deprived of power as a result of the third power supply voltage

being removed.

19. An apparatus comprising:

a processor,
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a core logic providing a memory controller coupled to the processor to
provide a memory bus;

a first power source providing a first power supply voltage;

a second power source providing a second power supply voltage;

a power control circuit coupled to the core logic to selectively enable
provision of the second power supply vqltage; and

at least one DRAM IC comprising:

a plurality of memory cells organized into a two-dimensional array
to store data, wherein the memory cells are powered by the first power
supply voltage, receive and output data through a plurality of bit lines
coupled to the plurality of memory cells, and are controlled through a
plurality of word lines coupled to the plurality of memory cells;

a first logic directly coupled to the memory cells to at least
transmit signals to the memory cells, wherein the first logic is powered by
the first power supply voltage; and

a second logic coupled to the first logic to provide an external
interface to receive commands and addresses to select memory cells from
among the plurality of memory cells for access, and to both received data
to store within and output ciata retrieve from the selected memory cells,

wherein the second logic is powered by the second power supply voltage.

20. The apparatus of claim 19, wherein the external interface of the at least

one DRAM IC is directly coupled to the memory bus. .
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21. The apparatus of claim 19, wherein the first logic is coupled to the
plurality of word lines and transmits row activation signals across the plurality of

word lines to the plurality of memory cells.

22, The apparatus of claim 21, wherein the first logic is comprised of refresh
logic to operate the plurality of word lines to carry out refresh operations to
preserve data stored within the plurality of memory cells while the memory
device is placed in a lower power state in which the second logic is deprived of
power as a result of the second power supply voltage being removed by the

power control circuit.

23. The apparatus of claim 22, further comprising at least one interposed IC
coupled to at least a subset of the memory bus and to the external interface of the
at least one DRAM IC to at least buffer at least a subset of the signals
communicated between the at least one DRAM IC and the memory bus, wherein
the at least one interposed IC is powered by the second power supply voltage, and
the at least DRAM IC carries out refresh operations to preserve data stored within
the plurality of memory cells while the memory device is placed in a lower power
state in which the at least one interposed IC is deprived of power as a result of the

second power supply voltage being removed by the power control circuit.

24. An apparatus comprising;:
a processor;

a core logic providing a memory controller coupled to the processor to

provide a memory bus;
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a first power source providing a first power supply voltage;
a second power source providing a second power supply voltage;
a third power source providing a third power supply voltage;

a power control circuit coupled to the core logic to selectively enable

provision of the third power supply voltage; and

25.

at least one DRAM IC comprising: ’

a piurality of memory cells organized into a two-dimensional array
to store data, wherein the memory cells are powered by the first power
supply voltage, receive and output data through a plurality of bit lines
coupled to the plurality of memory cells, and are controlled through a
plurality of word lines coupled to the plurality of memory cells;

a first logic directly coupled to the memory cells to at least
transmit signals to the memory cells, wherein the first logic is powered by
the first power supply voltage;

a second logic coupled to the first logic to control at least a portion
of the first logic, wherein the second logic is powered by the second
power supply voltage; and

a third logic coupled to the first logic to provide an external
interface to receive commands and addresses to select memory cells from
among the plurality of memory cells for access, and to both receive data to
store within and output data retrieved from the selected memory cells,

wherein the third logic is powered by the third power supply voltage.

The apparatus of claim 24, wherein the external interface of the at least

one DRAM IC is directly coupled to the memory bus.

33

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1067



WO 2005/066968 PCT/US2004/043496

26. The apparatus of claim 24, wherein the first logic is coupled to the
plurality of word lines and transmits row activation signals across the plurality of

word lines to the plurality of memory cells.

27. The apparatus of claim 26, wherein the second logic is comprised of
refresh logic control the at least a portion of the first logic to operate the plurality
of word lines to carry out refresh operations to preserve data stored within the
plurality of memory cells while the memory device is placed in a lower power
state in which the third logic is deprived of power as a result of the third power

supply voltage being removed by the power control circuit.

28. The apparatus of claim 27, further comprising at least one interposed IC
coupled to at least a subset of the electrical contacts carried by the circuitboard
and to the external interface of the at least one DRAM IC to at least buffer at least
a subset of the signals communicated between the at least one DRAM IC and the
memory bus, wherein the at least one interposed IC is powered by the third power
supply voltage, and the at least DRAM IC carries out refresh operations to
preserve data stored within the plurality of memory ceils while the memory
device is placed in a lower power state in which the at least one interposed IC is
deprived of power as a result of the third power supply voltage being removed by

the power control circuit.

29. A method comprising:
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signaling a memory device to enter into a lower power state, wherein the
memory device is comprised of a plurality of memory cells organized into at least
one two-dimensional array of rows and columns, a first logic to at least transmit
signals to the memory cells and second logic to provide an external interface,
wherein the memory cells and the first logic are powered by the first power
supply voltage, and wherein the second logic is powered by the second power
supply voltage;

depriving the second logic of power by removing the second power
supply voltage;

carrying out at least one refresh operation wherein the first logic signals a
row of the plurality of the memory cells through a word line to which the row of
the plurality of memory cells and the first logic are coupled;

restoring the second power supply voltage to the second logic by
providing the second power supply voltage; and

signaling the memory device to exit the lower power state.

30.  The method of claim 29, further comprising:

depriving an interposed IC of power by removing the second power
supply voltage at substantially the same time that power is removed from the
second logic, wherein the interposed IC is coupled to the external memory
interface of the memory device and is powered by the second power supply
voltage; and

restoring power to the interposed IC by providing the second power

supply voltage.
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31. A machine-accessible medium comprising code that when executed by a
processor within an electronic device, causes the electronic device to:

signal a memory device to enter into a lower power state, wherein the
memory device is comprised of a plurality of memory cells organized into at least
one two-dimensional array of rows and columns, a first logic to at least transmit
signals to the memory cells and second logic to provide an external interface,
wherein the memory cells and the first logic are powered by the first power
supply voltage, and wherein the second logic is powefed by the second power
supply voltage;

deprive the second logic of power by removing the second power supply
voltage;

signal the first logic to carry out at least one refresh operation wherein the
first logic signals a row of the plurality of the memory cells through a word line
to which the row of the plurality of memory cells and the first logic are coupled;

restore the second power supply voltage to the second logic by providing
the second power supply voltage; and

signaling the memory device to exit the lower power state.

32. The machine-accessible medium of claim 31, further causing the
processor to:

deprive an interposed IC of power by removing the second power supply
voltage at substantially the same time that power is removed from the second
logic, wherein the interposed IC is coupled to the external memory interface of

the memory device and is powered by the second power supply voltage; and
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restore power to the interposed IC by providing the second power supply .

voltage.
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FIGURE 6 698a
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FIGURE 7 798a
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FIGURE 8 898a
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1. circuit that outputs a DC voltage DC power
supply circuits necessary to enter a foreign power,
and power failure detection circuit to monitor the
status of the first input of said external power to
monitor the output voltage of said DC power
supply power failure detection circuit and a
second, to provide power and backup power to
volatile memory upon loss of external power,
wherein said volatile memory when the power
failure detection signal is received from the power
failure detection means the first or second control
means for controlling the memory to perform
backups, and comprising switch means for
supplying said memory control means to supply
backup power above the predetermined period
when the voltage drop is detected, only the second
power failure detector memory backup circuit to.

2. In memory backup circuit according to claim 1,
memory backup and a timer circuit comprises a
predetermined period to output a detection signal
when detecting a voltage drop detection circuit of
the second power outage circuit.

3. In memory backup circuit according to claim 2,
wherein the switch means, without the power
failure detection signal of the first power failure
detection circuit, if the detection signal and said
timer circuit, said backup power supply and a
memory backup circuit is controlled to supply
power to said memory control means.

4. In memory backup circuit according to any one
of claims 1 to 3, wherein the memory control
means, when the power failure detection signal is
received from the detection means first or second
power failure, said volatile processing is performed
at a predetermined time saved in nonvolatile
memory to store data in memory, and a memory
backup circuit can move the self-refresh mode and
then said volatile memory.

5. electronic device characterized by comprising a
memory backup circuit according to any one of
claims 1 to 4.

6. The electronic apparatus according to claim 5,
wherein the electronic device and the disk array
device in question.
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[ 0001 ] The present invention relates to a memory
backup circuit, in particular, a technique for reliably
protect the contents of volatile memory during a
power outage.

[ 0002 ] Conventionally, a sudden power outage,
etc. For example, techniques have been proposed
to protect the contents of volatile memory in
electronic devices. Patent Document 1, for
example, to detect outages and power output
decrease of the main power has been disclosed
power supply circuit has to supply only the
memory that needs to retain what power backup
power. In addition, Patent Document 2 drops
instantly detects the output voltage of power
supply to supply power to the CPU by using a
spare power supply, and storage memory for
storing process is performed in the course of
various processes such as CPU calculator has
been disclosed as the contents are retained. In
addition, Patent Document 3, the write data into
memory needed during the recovery power
outages to interrupt a running program
immediately when it detects a power failure, to
continue the process and restart the program had
been suspended if the recovery of a power failure
then that, if followed by a power failure stopped
the operation of the CPU, which discloses a circuit
for recovering data that is held in memory during
power recovery.

[ 0003 ] Open Patent Publication No. 2001-175364
Open Patent Publication No. 2003-67089 No. Hei
5-108503 Gazette

[ 0004 ] However, the circuit in Patent Document 1,
there is a problem that you lose your memory
when the battery is no longer the prolonged power
outage. In addition, the circuit in Patent Document
2, to switch to backup power to instantly battery
during a utility power or mains power is not
needed from the battery each time, such as
malfunction detection circuit for power failure or
disturbance instantaneous power failure of short-
term have lost its consumption, there is a problem
that the life of the battery power is reduced. The
apparatus of Patent Document 3 is not equipped
with a spare power circuit, because if you followed
a power failure shut down the operation by writing
non-volatile memory the contents of the CPU,
volatile memory could not be evacuated There is a
problem that does not guarantee the content.
Samsung Electronics Co., Ltd.
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[ 0005 ] The invention, in addition to the means of
memory backup power failure detection circuit
monitors the voltage of the first primary of the DC
power supply circuit, the secondary side of DC
power supply circuit The second failure detection
circuit is provided that monitors the output voltage
detection circuit detects a power failure can not be
detected even if the second blackout and power
failure detection circuit of the first failure, the
backup battery at a certain time the entire control
circuit by to avoid a malfunction due to a single
failure of backup power failure detection circuit,
which aims to provide a circuit to achieve longer
battery life.

[ 0006 ] To achieve the above object, memory
backup circuit according to the present invention, a
circuit that outputs a DC voltage DC power supply
circuits necessary to enter a foreign power, said
detection circuit and a power failure the first to
monitor the input state of the external power
detection circuit and a power outage in the second
to monitor the output voltage of the DC power
supply, wherein the backup power supply supplies
power to volatile memory upon loss of power said
external and control means for controlling the
memory to perform a backup of said volatile
memory when the power failure detection signal is
received from the detection means the first or
second power failure, the voltage drop is detected,
only the second power failure detector and
comprising switch means for supplying said
memory control means to a predetermined time
period if said backup power supply.

[ 0007 ] in the backup memory circuit, comprising
a timer circuit and outputting a predetermined
period detection signal when it detects a voltage
drop of the second power failure detection circuit
be.

[ 0008 ] said switch means, without the power
failure detection signal of the first power failure
detection circuit, if the detection signal and said
timer circuit, said backup power supply and a
control that is supplied to said memory control
means.

[ 0009 ] The memory control unit, said if the power
failure detection signal is received from the
detection means first or second power failure,
nonvolatile memory to said volatile memory for
storing data processing is performed at a
predetermined time period to retract, and a

Samsung Electronics Co., Ltd.
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transition to self-refresh mode can be a volatile
memory and then said.

[ 0010 ] electronic device according to the
invention, characterized in that it comprises a
memory backup circuit above. Further,
characterized in that said device is a disk array.

[ 0011 ] and the first power failure detection circuit
monitors the external input supply voltage of the
primary, secondary voltage of the monitor, ie the
power supplied to the memory control means and
memory means By providing a second power
failure detection means, be performed normally
even if the power failure detection and failure of
the first voltage detection circuit, it is possible to
take the necessary measures to detect the voltage
drops. In addition, by connecting to the memory
control circuit backup power if the predetermined
period, it becomes possible to perform the backup
process even if no external power outages are
detected for some reason.

[ 0012 ] also set a timer circuit that outputs a signal
when a predetermined period detection circuit
detects a voltage drop of the second power
outage, backup power to the memory control
circuit after a period can minimize power
consumption by stopping the backup during power

supply.

[ 0013 ] In addition, there is no power failure
detection signal of the first power failure detection
circuit, if there is a timer circuit and the detection
signal is supplied to power memory backup power
supply control means By controlling the way, if you
have power failure detection circuitry is working
properly first can prolong the period backup
reduces backup power wasted.

[ 0014 ] To be guaranteed a certain period of
operation of the memory control circuit when the
voltage drop detection circuit detects a power
failure by the first or second configuration
described above, this period will be saved to
nonvolatile memory for storing data in volatile
memory in the memory control circuit, by making
the transition to self-refresh mode, said volatile
memory and then be able to protect the contents
of memory.

[ 0015 ] such that the backup circuit can be applied
to various electronic devices used for cache
memory, performance and reliability of input data

and to store more equipment, especially high can
Samsung Electronics Co., Ltd.
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be suitably used for both the disk array may be
required.

[ 0016 ] For the best embodiment for carrying out
the invention will be described in detail below with
reference to the drawings. Figure 1 is a block
diagram showing the configuration of an
embodiment of the present invention to achieve.
The invention may be applied to general electronic
equipment that is stored temporarily in volatile
memory contents to be guaranteed, in this
embodiment is described as a disk array device
memory backup circuit.

[ 0017 ] Referring to Figure 1, the backup disk
array circuit according to this embodiment, the DC
power supply that converts AC voltage into a
predetermined DC voltage from the commercial
AC power supply 10 circuit 20, a primary power
failure detection circuit 22 provided in said power
supply circuit 20, memory control circuit 24,
converted to a predetermined voltage to the
memory control and memory control circuit 24
must have a secondary side output DC power
supply DCDC converter circuit 26 and, DIMM
(Dual Inline Memory Module) and a volatile
memory 28 as represented by, for conversion into
a volatile memory that requires a predetermined
voltage to the volatile memory 28 on the
secondary side output DC power supply DCDC
converter with 30, 32 and a secondary battery for
backup during power outages and the charging
circuit 34 for charging said secondary battery 32, a
first memory control circuit 24 notifies the output
voltage drops below the DC power supply circuits
2 power failure detection circuit 40, and discharge
control circuit 50 controls power to the secondary
battery 32, and 62,64,66 and a backflow
prevention diode.

[ 0018 ] 40 The second power failure detection
circuit, a voltage monitoring circuit 42 monitors the
secondary side output voltage DCDC converter is
supplied to each of the above 26, 28, this when it
detects an input under-voltage monitoring circuit,
which includes a timer circuit 44 outputs a pulse of
fixed duration. In addition, the control circuit 50
discharges, the switch 52 semiconductor cycles
between 70 and secondary output circuit DC
power supply 32 and a secondary battery, the
diode 54 prevents reverse flow detection circuit 21
blackout primary output of the circuit 44 timer as
input signal from the power failure detection, has a
two-input NAND circuit 56 and switch 52 shorts out
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the power failure detection signal when there is a
secondary side of the timer circuit has no primary
power failure detection signal.

[ 0019 ] 42 voltage monitoring circuit is configured
as a comparator with a reference voltage source
and example. In addition, the timer circuit 44, a
one-shot circuit can be used, for example. Also, in
this embodiment is a P-channel MOSFET using a
semiconductor switch 52, and this is a bipolar
transistor, may be used such as electromagnetic
relays. In addition, two-input NAND circuit 56
constituting a discharge control circuit 50 may be
configured for as long as the other circuit elements
to obtain the desired behavior described below.

[ 0020 ] an operation of this circuit will be
described with reference to the time chart shown
in Figure 2. When it is entered correctly and 10
commercial AC power supply DC voltage from the
power supply circuit 20 DC is supplied to the
DCDC converter 26 for the memory control circuit
via a diode 62, the volatile memory via a diode 64
for DCDC converter 30 is supplied to, volatile
memory 28 is driven and the memory control
circuit 24. In addition, the output voltage from the
DC power supply circuit 20 is supplied to the
charging circuit 34, is charged secondary battery
32. Power failure detection circuit 22 which
monitors the commercial AC voltage is input to a
DC power supply circuit 20, and voltage
monitoring circuit 42 which monitors the input
voltage of the secondary side output DC power
supply circuit 20.

[ 0021 ] First, when describing the operation during
power failure detection circuit 22 is normal for the
DC power supply circuit 20. Power failure
detection circuit 22 which monitors the commercial
AC voltage is input to a DC power supply circuit
20, and a period of time when the level drops
below the specified input voltage AC (2a figure),
the first power failure detection signal driven to a
low level 43, you notice that the memory control
circuit 24 hours after the blackout T1 (2b figure). In
other words, there 10ms several time drops to
lower the operating voltage of 24 memory control
circuit output voltage of the circuit 20, the DC
power supply from the lights of 10 commercial
power, generally below 24 memory control circuit
from this time driven low at power failure detection
signal 43 leaving the T1 time required to perform
the backup operation. This time shall have been
appropriately set in advance according to the
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environment of implementing the device
configuration and power consumption.

[ 0022 ] 24 receives the memory control circuit and
power failure detection signal 43 the first step in a
given host device (not shown) to stop the
operation and output processing non-volatile
memory for storing predetermined data in a time
T1 volatile memory 24 (not shown) will be saved to
the data could not be saved is stored in memory
while said power to the volatile memory 28 To stop
the operation will be moving to. This power saving
mode is what is commonly referred to as self-
refresh mode by automatically executing a refresh
operation using the internal refresh counter, low
power operating mode of the memory clock to be
inactivated There.

[ 0023 ] This is normal when the power failure
detection circuit 22 on the primary side of Figure 2
(b) the memory backup process starts at the
beginning of time T1 shown in backup process is
completed within the guaranteed operating time T1
in the range of the memory control circuit 24
output voltage DC power supply circuit 20. Lost
input voltage of the DCDC converter for memory
control circuit for stopping the voltage supply
circuit 20 DC power supply after a time T1 (29
figure), 24 memory control circuit will stop working,
DCDC converters for volatile The 30 and 32 is
supplied to the secondary battery voltage (2f
figure), what remained volatile memory 28 is
protected.

[ 0024 ] On the other hand, has failed or if the
primary power failure detection circuit 22 during a
power outage, the secondary side of DC power
supply circuit 20 even commercial AC power
supply 10 is normally If output decreases or stops
for any failure by the output 70 is not the power
failure detection signal is output from the power
failure detection circuit 22 (state shown by broken
lines in Figure 2b), the backup memory control
circuit 24 from the start time T1 no match to begin.
In this case, to detect the secondary voltage drop
in voltage monitoring circuit 42 the number of
10ms input lag (2c figure), is also not implemented
the backup process for DCDC converter input
voltage to the memory control circuit 26
simultaneously with can not be. The contents of
volatile memory 28 as long as the remaining 32
secondary battery that can be protected in this
case, all the data disappears when there are no
battery. The present invention therefore, by adding
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a configuration to provide a period of time to
DCDC converter 26 for the memory control circuit
power to 32 secondary battery in this case, to
ensure protection will be saved to nonvolatile
memory the memory contents that.

[ 0025 ] 42 Input voltage monitoring circuit, which
constantly monitors the level of the guaranteed
operating range greater than or equal 26,30 DCDC
converter for each secondary output voltage of the
DC power supply circuit 20 When the voltage
drops to a predetermined value, the timer circuit
44 to drive the subsequent stage (d and Figure
2c). Pulse signal is output which period (2e figure),
and NAND circuit 56 is supplied to the memory
control circuit 24. 2-input NAND circuit 56 provides
a high level of the first power failure detection
signal 44 (2b figure), the high level output signal of
the timer circuit 44 and (2e figure), the output
becomes low, the period Turning ON the FET
switch 52 (shown in broken lines in Figure 2f).
Thus, during the time T2 that the output 45 signal
failure detection of the second circuit 44, the timer
is connected with the DCDC converter 26 for the
memory control circuit 32 and rechargeable
battery (2h figure), 24 memory control circuit back
up and operational. 45 signal failure detection of a
second from 44 to timer circuit is supplied to
control circuit 24 memory 24 memory control
circuit as a trigger, it will be saved to nonvolatile
memory contents of the memory 28 a volatile, self-
memory 28 volatile The refresh mode switch.
Thus, T2 time failure detection signal output 45 of
the second timer circuit 44, it is desirable that the
time required to backup memory control circuit 24,
preferably as long as the time T1.

[ 0026 ] Furthermore, if the power failure detection
signal is output to the first successfully operates as
a solid line in the timing chart shown in Figure 2,
the above-mentioned semiconductor switch 52
Since switching to power saving mode without ON,
it is possible to prevent unnecessary power is
consumed whenever the secondary battery 32 to
power outages.

[ 0027 ] As described in detail above, according to
the invention, failure detection and failure to
properly power failure detection circuit to monitor
the primary voltage of the DC power supply circuit
Even If you can, as well as to generate a signal
failure detection of a second to monitor the output
voltage of secondary side, the battery-powered
control circuit memory as the time required to
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control up to move into a power saving mode the
volatile memory because, as can be reliably back
to the memory. In addition, the primary side DC
power supply circuit, even normal, as well as if the
output voltage drops by the secondary output
circuit failure, the backup can be performed
reliably by the present invention. In addition, if
operating properly circuit failure detection on the
primary side, so that the configuration is backed
up without having to be supplied to the memory
control circuit the battery power to connect to a
control circuit to battery power whenever the
power failure detection it is possible to achieve
longer battery life compared to the structure.

[ 0028 ] than has been described in detail an
embodiment of the invention, the technical scope
of the invention is not intended to be limited to the
above embodiments described in claim exceed the
intended scope of the extent, it is possible to
achieve a variety of other modified examples. For
example, in the above examples have been
configured for a one-shot circuit and timer circuit
44, other configurations may be used to work If
you get a predetermined time period is set to ON
switch 52. In addition, the above examples have
been described as the backup disk array device
memory circuit, and computer storage systems
and other electronic devices that can be applied to
any use of cache memory or CPU to handle input
and output devices.
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HRRANBENOELEBICEREATIANBHZEH_BE T EIRA v I 7Ty TERE. BIRRE1
FERE 2O ERHFRMAOCEERHEE 22T LEBEAICHEEREATIDNRY ST
vTHHERETHIAEYGFHAFEE., EEF20FEERHFBEOANEEBTE#HE L
EFHBEICHRERRAY IV 7y TEROBENEZFEHNMMEATUHBFE~AHBTIRS v F
FTREHBASACLERHMET S,

[0007]

COFAEYNRY Y TZvIEARBIZIEVWT, IBFE20FERENBNETETEHREL -
BEICREEE#FMTEHBERETE AT E24MTEBERADI_EERM LT S,
[0008]

HEAMYyFFEE, iIBE 1 OFEREOBOFERHBEENGC, BEDHIEEIM1 <
EBROBREEENDHIBEIC. MRV I 7y TEREOELAEMEB AT YSFHAFTRICHAL
TE23L5HMEIhhdLEzRBET S,

[0009]

MEAETVHEAFHRE, MBE 1 xR E20EERBFBEIAOEERHES 22T
HBEIC, MEEBEREATOEM T 2 ZFERMEATYICHBSIEILEEZHREHMAT
W, TORNEBERHAETVEELIVUILYLVAE—FRIZBTSIEDLEEHET S
[0010]

KBEPICHHILIEFHBE. LROATIVN vy I 7Py ABEEBT I LEEMET
2., Fh. Y¥BRBLTARITFLAEETCHDI_LEZ2HEET S,

[ZBADOHE]

[0011]

NBAIDEFRO—RAEEZERTIE10OEERBABE. A*ETUFBRBLUAEY
FHFE~OHRBEN T UL _RAEEZ2EHRTIE 2OFEREFRLEERT AL
&Y, BE1TOEEREEBRABBELTIEERHEAEREICTALGVWESETH, EEET %
BRELTBHRELAEZHELI IR AEEEL D, -, COBEBIINANVYITIYTERERN

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1095

10

20

30

40

50



(4) JP 2006-268419 A 2006.10.5

EHEAETUHAERBIZEE TSI LIZEY., ASHIrOEBEHTHHBELAOEERREES L
BB ETHINR v I Py T RNBEZTS5ENTRREL D,

[0012]

Fh. E20EFEERHEBENEEETERHELALEZFTICHENEGSEZHAT L2
ERERT. UZHMBRICAEVHBAEABA~ADRN I Ty TEHOHBKEE LT S LIS
FYEEBORY I T TENDERERNMIRBICHWASZZENTE S,

[0013]

Fh.BE1O0CEREABOEERHEEN G, BED24 /1 REBOBRHEENH EH
BIZ. RV I TPy TEROENZATVHBFRICHEBITALSICHMI I LIT&kY.,
E1O0FEEREOBAEEICHELTVWEIBERARAYITFTYTELORRLBEREZMAT
Ny Y7y T7HBMERPLESEEIENTZS,

[0014]

tTRROBRICKYE1FLEEE2OFEREAOB CETETARESAFEEICHEHY
FMAEUYGHHEROBENRRIEIINDILD., COHBMRICAEUHADEENREREAEY
DEMT— S ETEREATVICHGRSIE., TORNMETEREAETYUZELIVILY D
AE—FIEBITIBFEZELITKY, ATVAHAEBERET LI ENTES,

[0015]

CODESBENR Y7y TRABEFY Y a2 A EYZAVIBALEFHBICERT S C
EMTEDIDN, FICLHEBLOAENT 428 <P LEBEEEELEONANRD 5
NEA3TARVFLAEEBIZHBIZAVWSC ENTE B,

[ EZEHT IL-HOORROTE]

[0016]

ARAZERTI2-ODERBRDOEREHBBICPVT. BEZ22RBLENASUTICHMIZSH
HT b, A1k, XXEPAEZRET LI XEHNOBREZERT IOy IBTHD,. AERAITE
REAEVICRETRZTABZTLA—HBHICEMEIhIEFHREBEL2BICERAT LI ENTE S
B, AREHFTCRTARIFLAEBOATY)RA v I 7y TREBELTHBRAT S,
[0017]

M1#8BBTHLE. AEEMNICHIAIEZTAIRIFLAEBEORA Yy 7y TRBIE., BH
EREBER1O0DPLCORREEEFMENPEREEICERTIERTRBIEK20L, ZEZER
HE20ARICETLOAEL—RASFEERBEERK 22L&, AEVGHHEEK 24, ERER=
REBBAZAETISHER2 ANV ELTINEOBERIZERTSIAT)HEEBADC
DCayv/,ii—426&, DIMM (Dual Inline Memory Module) EICRRBEIhIERH
AEY28LL, ERER-_RALEAZEREATI 2SRV ELTIMENETICERT
52EBERMAETYUADCDCOVYN—430¢, EEBRNRYITYTHOD-_REMS 2 L.
U —REMNS2FZRETSH2-HOREOKI34¢,. EREROEBR_-_RAEHAEEDET %
CEUHIHEIR2 4ICENTIE2OFEERHEIE40E, —_REl3 20T HHK % F
WIr2RBEFHHMERERSOL., FIFBLEFSIA—F62, 64, 66L%FHmATILND,
[o0 18]

Fo2oEEREEI®KA0EE, LB LEEDCDCaOYNN—426, 28IcHtidahd =
REH N EEZ2ERTIANECTERAERI2E, COANEFEHRABEBAEERREEZR
HLlfeEd, —THRHEBONRIMIAZHITE2ATIERI4EZHmATWVWD, . RE
HMWMEESO0IF. —REMS2LERERBDBE_RABHA70LOHERNBTIIELEMRR
fvFs52¢,. ERBWLEF AT —F54¢, 8A4ATERI40HNE—RAEESHREE K
2CI1IDLDEERBESLEZEANEL.  RAECERHESNECIAMATEBO - KA FE
ERHESKHLLEEILRSAYTFE2FZAHRTH52AANANDREKSEE6EEHmATINSD
[00109]

ANEEERBE 42, FIAEEEBERERLAIVNRAL—L2ETCERETNE, T
EARBEBA4E. BAEDCay FPEABERWVWSCENTED, T, AEEHT
FEEFRRASLA YV FS2LELTPFY Y RILMOSFET2HALTVLSMR, ThiF/A4q4K

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1096

10

20

30

40

50



(5) JP 2006-268419 A 2006.10.5

— VPR EP, BEAIYL—FZAVDLIICLTH &L, cHIc, REHMNER
50#ERTH52AANANDEKS 6. 2T I2FFE0HFEZ2Eohditochhid
toEBEFEZAVTHERLTY &1,

[0020]

CORBEOEEE. B2ICRTIAMLFYy—rE2B3RLAMSRBAT S, BAXKER
TOMNERBICAASIATNDS EZ, EREREAB 200D EREEXRSF A4+ —F6 2%
FRALTAEVHHBEBEADCDCaYRR—426Icfitchadetdic. F44—F6
AZRABLTEREATYUADCDCOYRA—4230Ictch, AT YHMHEK®K?2 48
LFUVERMEAT28NBH IS, Fh, EREROB20A A0HNAEERXEE D
B4Icfiffdh, _XRENS2ARESN D, CERHOEB2 2FERERBEE20I1ZA
AENI2BARAXREFLZERALTHEY., . ALEFTERAABI2EEREFRRE 20
D_RPHHNEEZERAL TS,

[002 1]

F9. EREROEB20NFERHAB 2 2 A ER L BAOEEROBELZHRBAT 5,
EEREOEBR 2 2XEREFEAER 20T AN ITRAXREEZEHRALTEY. ACA
NEERBRELALUTICETFTLAD—EHBEKBELELBEIC (H2a) . E10FEER
HEFA43ZA—LARLIZBHLT., TIHHARICEETSACLEAETUHBAREE2 4 1<
FETE (B2b) . $4Hbb, — RICHAEF10XEELTHrLEREFRAR 200
HABEMRAETUSHHEBE 2 40HGCEEOTEECETISIETCOBEBAMNRAKI1I Oms H
PN, COBBMMIMAOATIHHEE 24X BB T EINRNYVITYTHHEEZERETIOICHE
LEBRT1ZBLE-rBRECEERBEES 430 —LRILNIZEHT S, CO4SLE051E
EBEOHERVEEENEOEREBEEICHR LTFTHEEIRESIATLI LD ET B,
[002 2]

JEUHMEBK24EFE10EERNEE 43222 ¢E. FEOFETLAEE (K
TEY) EOABILEBGEEZELT R ELEELIZ, LEBEBT1RICEZESEAETY240
BMT—2FZMEOTEREAT) (BFRET) CHFBRESE, FRTELEL> LT —4 X
BATURICHRBMLE-TE, ERXREA T 284 EEAETE—FIZBRTSECHEEELT
2, CHDEBHE—FEF—RIZCELIZUILYVaE—FRFERELDIIDOTHY ., RBOD
Jo2Lwia-AoVveZRARNTEASNICY 2Ly a8k EET TS EIc&Y, 20
YO FEBFHEICLTAETDODHEHERBNZEBEKMASHEE—FTHD,

[002 3]

ChizklY, — RBTCTOEERHEEB 2 2 EELBSICEK. B2 (b)) ICRTHEMET
TORBRICAETEUNAY YTy TLEBRRBBIA, ERERAB200HEATEEMNATEY
HSlEHEK2 A0 ERIHEARNCHIHERT 1Ry I Py TRERRETT S, BREAT
1TRBRICEREROR 2000 OB EINELTHLOHAETYFIHAEERADCDC
YR—BODANEENEERL (H2g)  AEVHHUEHK2 4 XBEE2ELT EM8, ER
HMAEUVHADCDCOYNR—430ICF_REfSI2OEENRHEHEEALTEY (B2 f)
EREEAEY28ZB AR REBESINS,

[002 4]

— 5. EEBRIC—RAOEFERLEEE 2 2AEBELTLIBEL. HRAXKEERT OM
FETCHHAPTCHERERAB 200 _RAHLA7 0 ALHIAOREIZIVHABTELR
BELEBSIIR. FERLERBE22ALEERBESHEASTAhT (HI2bICHBTTE
TIRE) . EVHHER243ER[MT1ORBEIMSR v I 7y TRBEZRBT DL
KEHLBELW, COBE. 1 O0OmsERTAAMEETEREBI 2 _RAEEOET 2R
HT M (B2c) . CheRBICAEVSHAREBADCDCaYIN—226~ADANE
ELHEET B0 v I 7y RBERET I ENTETHEL, COFEAICL_REHS
CHRBRENDIRYVEREAETYU28OABTRIRESASIN., Ry TFTURENRGCHEAIE
T—ANTRTHEHERLTLES:, TETEHERRHATRE.,. COBBITZREHI2OENE A
TEURMHAEBERADCDCOYNN—F26~—EHHHEBTIBREAMTE_LITKY,
AEYVABEAEREATIICHHSIETERICKRETSLSIZLT VS,
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[002 5]

ANEEEREBAI2EF. EFEEABR 200 _KRAMBAEEMNAEDCDCOY/IN—4
26, SONEMERELEHLANUEIMZEBREHRLTEY., EEPFEEEFTETLE
EEIC, BBOAMTOABLI4F2BHT S (B2cB&LUd) . chIzkY—EHBEAL
RAEERHASTHh (HB2e) . AEVHMEE248LSUNANDEES 6IZ#HIEETH D
c 2 AANANDRERBS6EFE. E1O0OFEEREET 448N ALRALTH->T (B2Db)
EADAAMATEABIADHEAGEENRNALRILDEE (H2e) . A—LARANLDOHAERL
Yy, " EPHFETRSAYyFE52%0NICT S (B2 fICHBRTERYT) . chiIc&kY ., %
AREABELIANE20FERHEB452HALTVIRKHT 208, ZREH3 2 &4
EyYSMHEEADCDCaYS—426¢AEHEIA (A2h) ( AEUFHEEK2 4 A
Ny TPy TBERRELERE, 4ATRAKIADLDNDE2ODEEREES45FAEYH
HMEK24ICHBEh, CAhZM)FELTATYHHER24EEEREAEY28DR
BEFERMEAETYICHEBIE, EEEATY28FZELT7UTLydaET—FIZYyu
2B, LEEWR->2T, 94RABRIANE2OFEERHEET 4 FE AT HBMET 21, A
EYFBAERE2 AR I T TRBIZHDELEBTCHLIEMNEFLLL ., HFELLRFH
MT1ERLRSTH D,

[0026]

BB, B1OEERLESHREREICHASIADBEESICEK,. 208142V Fv—FIC
BLWTERETTFT EI3ICEBEL,. LBLAEFERRSA Y FE2ZONSETICEELE—
FAaflUEHLDILED, BEOLUIIZRENS 2HAOREREANEEIADIOEZEHLET
5o elTES,

[002 7]

UEICHMIZHALEELESIC, ABBFIZLAE, EFERABO—RAUEZT#EHT S
CEERHOBAMELTEERENRERICHFZIAVEATL., _XRABAEREZERLT
E20FERHUEBEFEMTIELLIC, BRMEAETYUZEENE—FICBFTSEDLET
ODHBMICHELEBMEGATYSHEEZAAyTUVEHITLIELESICLELO, BRIZCXAE
VRO 7y T£2T52¢MNTZES, -, EREREBO—XRAEEETH->THL., =
REBENDEABPRBETEIEICLVEANAEENET LELSUBELRAKIC. KREBHAIZ L
YERIZNRAY I Ty TETS5ENTEE, 610, " RAOEERHEEBNEEICEHHE
LTWABEICE,. "y TVERZAEVHMWERICHEB IS LNV ITYvTEN
BB ELELYD, FERERBICHT Ay T Y BRLZHHANBICERT S&L5TBRICL
LTy TUVOERFGRILERRT SN TESD,

[0028]

UE, REZEBROEBHICODVTHERICHRALEDS, KEHORMNWERGE LREEHIC
FIGBMEEIADILOTCEEL, BREOLHEHOERITSIERZEAGVRYICTSE LT, #
DHERIABEBHAELTRRARTHICERTED, HlAE. LEEEHATEISAIEE S 41
723y trABZERAVWSRERELTVWAN, XAy FE2%#FEHBETONICT 38
B MIEHMOBRERAVTHLIEL, T, EBREANETARARIFZLIEEDAE
DRy 97y 7RIBELTHALTLAIN, DX FL—P P RTFLPOAVEL—4RKE
EEHAVECPUDARAIRBIZXF Yy aAEYZRAVSIHODPIETHRIZER
TARERTESD,

[Ex R ATHREME)

[002 9]

ARRAICRD AT IR 7y TERBE,. FTEOEEBLLICHRICERELAEVUDOR
BENRY I 7975220 THY. BIZAETARIFLAEBDXF vy iATEYDIRY
97y 7EARBELTHRBIZRWSIZENRTE S,

(EEofELGA]

[0030]

[(H1)] KEBRIZHIDZAETINR I 7Yy ITAROBERZTRTI IAVIBETH S,
(2] B1ICRTEBROEBELHERATEE-HDEIANLFY—FTHD,
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magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request
involving an individual, to whom the record pertains, when the individual has requested assistance from the Member
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A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/
her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to recommend
improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such
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submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
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Commissioner:

Applicant submits this Supplemental Information Disclosure Statement. The non-final
Office Action issued on August 8, 2024, states that the Information Disclosure Statements
submitted on May 28, 2024, have been considered by the examiner. However, some references in
the Information Disclosure Statement filed on May 28, 2024, were crossed out in the List of
References cited by applicant and considered by examiner issued on August 8, 2024. Therefore, the
applicant re-submits those references in the Supplemental Information Disclosure Statement.

The appropriate fee for submitting an Information Disclosure Statement is also being
submitted. The Commissioner is hereby authorized to charge any fees which may be required of
this application, or credit any overpayment, to Deposit Account No. 22-0585.

Respectfully submitted,

Dated: October 1, 2024 /Khaled Shami/
Khaled Shami
Reg. No. 38745
Attorney for Applicant

Vorys, Sater, Seymour and Pease LLP
1909 K Street NW Suite 900
Washington, DC 20006

Tel: 202.467.8800 / Fax: 202.467.8900
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Commissioner:
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LISTING OF CLAIMS

This listing of claims will replace all prior versions, and listings, of claims in the

application.
1. (Canceled)

2. (Currently amended) A dual in-line memory module (DIMM) configured to fit
into a memory slet-conneetorsocket of a system board of a hest-computer system, the memory

stet-conneetorsocket including a set of power conduits, a set of data conduits_including at least

72 data conduits, and a set of address and control conduits, wherein system power from the hest

system board is provided to the DIMM via the memory socket by the set of power conduits and
the DIMM is configured to operate using only the provided system power from the system board,
a 1-bit wide double data rate (DDR) data signal stenals-is electrically conducted between the hest
system board system and the DIMM are-transferred-via the memory socket by each data conduit

of the set of data conduits, and address and control signals are electrically conducted from the

hest-system board are-transferred-to the DIMM via the memory socket by the set of address and

control conduits, the DIMM comprising:

a printed circuit board (PCB)_having a form factor with a width dimension and a height

dimension, the PCB including:

an interface having edge connections disposed along the width dimension and
configured to fit into the memory-slet-cennecter of the-hostsystemsocket, the edge

connections including;

a first set of edge connections configured to be electrically connected to

respective power conduits of the set of power conduits,

a second set of edge connections each of which is configured to

electrically conduct a 1-bit wide DDR data signal and to be electrically connected

to a respective data conduit of the set of data conduits, and

a third set of edge connections configured to be electrically connected to

respective address and control conduits of the set of address and control conduits;

the PCB-furthertneludinga set of voltage supply lines electrically connected to

2.
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the first set of edge connections, the set of voltage supply lines including an input voltage
supply line to electrically conduct an input voltage when the system power is provided to

the DIMM from the system board;

a set of data lines electrically eenneeted-coupled to respective edge connections of

the second set of edge connections, wherein each data line of the set of data lines is

configured to electrically conduct a 1-bit wide DDR data signal, and wherein the set of

data lines includes at least 72 data lines: and

a set of address and control lines electrically eenneeted-coupled to respective edge

connections of the third set of edge connections_and configured to electrically conduct

address and control signals;

a controller #n

coupled to the PCB and _electrically connected to the te-an-input voltage supply line-efthe-set-of

veltage-supplylines, the controller configured to receive the input voltage via the input voltage

supply line, the controller including:

nonvolatile memory:

a data storage element configured to store a plurality of data bits:;

a logic element coupled to the nonvolatile memory and the data storage element

and configured to electrically communicate with the nonvolatile memory and the data

storage element: and

a voltage monitor circuit electrically connected to the input voltage supply line

and coupled to the logic element, the voltage monitor circuit configured to, ) -meniteran

compare the input voltage-supphied-via-the-tnput-voltage-supplytine to a

plurality of threshold voltages including a first threshold voltage and a second

threshold voltage:- and

GH-generate-a-triggersignal-upen-deteeting-detect a trigger condition;;

wherein-the-controlleris-configured-to-perform, in response to the detected trigger

conditionstenal, the logic element is configured to perform a plurality of write operations,

including:
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a first write operation to write a first set of data bits into a first portion of

the data storage element;

a second write operation to write a second set of data bits into a second

portion of the data storage element: and subsequently

a third write operation to write a third set of data bits from the data storage

element into the nonvolatile memory, wherein the third set of data bits includes

the first and second set of data bits written during the first and second write

operations;;
wherein, when the system power is provided to the DIMM from the system board:

and-wheretnr-the trigger condition occurs when the input voltage goes

a specified operating voltage value is within a range of operating voltage

values of the DIMM.

the range of operating voltage values is bounded by an upper operating

voltage value and a lower operating voltage value,

the lower operating voltage value is below the specified operating voltage

value of the DIMM and the upper operating voltage value is above the

specified operating voltage value,

the first threshold voltage corresponds to the lower operating voltage

value, and

S My

the second threshold voltage corresponds to the upper operating voltage

value;

a set of components coupled to the PCB, the set of components including a plurality of

deuble-datarate-(DDR) synchronous dynamic random access memory (DDR SDRAM)

devteespackages coupled to the set of address and control lines and to the set of data lines, the
each DDR SDRAM package of the plurality of DDR SDRAM packagesdeviees having a bit
width of m bits and configured being-eperable-to receive or output m 1-bit wide DDR data

signals via respective m data lines of the set of data lines based-en-centrel-and-in response to

-4 -
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address_and control signals received-from-the-host-system via address and control lines of the set

of address and control lines, wherein m is equal to four or eight; and

first, second, third, and fourth converter circuits buek-eenverters-coupled to the PCB and

to the input voltage supply line,-and each of the first, second, third, and fourth converter circuits

configured to, in response to the detected trigger condition, receive power supplied by the input

voltage supply line when the system power is provided to the DIMM from the system board. frem

the-input-veltage-supply-Hneand the first, second, third, and fourth converter circuits configured

to (1) generate first, second, third, and fourth regulated voltages. respectively. te-debwer{rom the

power_supplied by the input voltage supply line, and (ii) output the first, second, third, and fourth
regulated voltages to-the-set-of-compenents-via first, second, third, and fourth regulated voltages
lines, respectively, the —second-third-and-fourth-by onverters-being furtherconfigured

components including;

a first component electrically connected to the first regulated voltage line and

powered by eenfigured-torecetve-powervia-atlteast-the first regulated voltagetine when

the system power is provided to the DIMM from the system board:;

a second component electrically connected to the second regulated voltage line

and powered by eenfigured-to-recerve-powervia-atleast-the second regulated voltagetne

when the system power is provided to the DIMM from the system board:

a third component electrically connected to the third regulated voltage line and

powered by eenfigured-to-recetrve-powerviaatteast-the third regulated voltagetine when

the system power is provided to the DIMM from the system board;: and

a fourth component electrically connected to the fourth regulated voltage line and

powered by eenfigured-to-recetve-powerviaatteast-the fourth regulated voltagetine

when the system power is provided to the DIMM from the system board:;

wherein each of the first. second, and third converter circuits is a buck converter,

and the fourth converter circuit is a voltage reducing circuit; and

wherein each component of the set of components;
-5-
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(1) is electrically connected to one or more of the first, second, third, and

fourth regulated voltage veltages-lines;; and
(ii)receives-pewer when the system power is provided to the DIMM from

the system board, is powered:

e only by one or more of the first, second, third, and fourth

converter circuits; and

e only via the one or more of the first, second, third, and fourth

regulated voltage lines;;

wherein the plurality of DDR SDRAM packages includes:

a first sroup of at least five DDR SDRAM packages that are each connected

to a first chip select line configured to electrically conduct a first chip select signal:

a second group of at least four DDR SDRAM packages that are each

connected to a second chip select line configured to electrically conduct a second

chip select signal: and

when the system power is provided to the DIMM from the system board:

e the first and second groups of DDR SDRAM packages are configured

to be accessible and not in self-refresh mode;

o the first sroup of DDR SDRAM packages is configured to be

enabled, in response to the first chip select signal. to receive or output

40 1-bit wide DDR data signals in parallel via 40 data lines of the set

of data lines independently of whether the second group of DDR

-6-
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SDRAM packages is enabled. in response to the second chip select

signal. to receive or output an integer number of 1-bit DDR data

signals in parallel via the integer number of data lines of the set of data

lines: and

oMy

o the 40 1-bit wide DDR data signals include 32 1-bit wide DDR data

signals and eight 1-bit wide DDR error-correcting code (ECC) data

signals; and

wherein the sum of the 40 data lines and the integer number of data lines equals a

total number of data conduits of the set of data conduits of the memory socket, and the total

number of data conduits is at least 72 data conduits.

3 —27. (Canceled)

28. (New) The DIMM of claim 2, wherein the second component is further connected to
the first regulated voltage line and is powered by the first and second regulated voltages when

the system power is provided to the DIMM from the system board.

29. (New) The DIMM of claim 2, wherein the data storage element is a buffer configured
to store the plurality of data bits or a First-In First-Out (FIFO) buffer configured to store the
plurality of data bits.

30. (New) The DIMM of claim 2, wherein the width dimension is 133.35 millimeters.

31. (New) The DIMM of claim 30, wherein the height dimension is selected from one of

a plurality of profiles ranging from 18.3 millimeters to 50 millimeters.

32. (New) The DIMM of claim 2, wherein, prior to performing the third write operation,
the logic element is further configured to generate the third set of data bits based on a
combination of the first and second sets of data bits written during the first and second write

operations.

33. (New) The DIMM of claim 2, wherein, prior to performing the third write operation,

the logic element is further configured to generate the third set of data bits based on groups of

-7-
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data bits stored in the data storage element including the first and second sets of data bits written

during the first and second write operations.

34. (New) The DIMM of claim 2, wherein, when the system power is provided to the
DIMM from the system board, the nonvolatile memory is not powered using the first regulated

voltage.

35. (New) The DIMM of claim 2, wherein, prior to performing the third write operation,
the logic element is further configured to perform, in response to the detected trigger condition, a
plurality of read operations to read the first and second sets of data bits from the first and second
portions of the data storage element, respectively, and to generate the third set of data bits based

on the read first and second sets of data bits.

36. (New) The DIMM of claim 2, wherein, prior to performing the third write operation,
the logic element is further configured to perform, in response to the detected trigger condition, a
read operation to read the first and second sets of data bits from the first and second portions of
the data storage element, respectively, and to generate the third set of data bits based on the read

first and second sets of data bits.

37. (New) The DIMM of claim 35, wherein, prior to performing the third write operation,
the logic element is further configured to perform (i) a first read operation of the plurality of read
operations to read the first set of data bits from the first portion of the data storage element, and
(i1) a second read operation of the plurality of read operations to read the second set of data bits
from the second portion of the data storage element, and to generate the third set of data bits

based on the read first and second sets of data bits.

38. (New) The DIMM of claim 2, wherein, prior to performing the first and second write
operations, the logic element is further configured to perform, in response to the detected trigger

condition, one or more read operations.

39. (New) The DIMM of claim 38, wherein the logic element is further configured to
perform a first read operation of the one or more read operations by reading the first and second

sets of data bits from the first and second groups of DDR SDRAM packages, respectively.

-8-
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40. (New) The DIMM of claim 38, wherein the logic element is further configured to
perform (1) first and second read operations of the one or more read operations, and (i)

subsequently, the first and second write operations.

41. (New) The DIMM of claim 2, wherein the third write operation comprises a transfer
of the third set of data bits from the data storage element to the nonvolatile memory via a first
connection, and wherein the first and second write operations comprise a transfer of the first and

second set of data bits into the data storage element via a second connection.

42. (New) The DIMM of claim 2, wherein, in response to the detected trigger condition,

the voltage monitor circuit is further configured to generate and transmit a trigger signal.

43. (New) The DIMM of claim 2, wherein, when the system power is provided to the
DIMM from the system board, an additional trigger condition occurs when the input voltage is
above the first threshold and the input voltage is below the second threshold; and

wherein, in response to the additional trigger condition, the voltage monitor circuit is

further configured to generate and transmit a trigger signal.

44. (New) A dual in-line memory module (DIMM) configured to fit into a memory
socket of a system board of a computer system, the memory socket including a set of power
conduits, a set of data conduits including at least 72 data conduits, and a set of address and
control conduits, wherein system power from the system board is provided to the DIMM via the
memory socket by the set of power conduits and the DIMM is configured to operate using only
the provided system power from the system board, a 1-bit wide double data rate (DDR) data
signal is electrically conducted between the system board and the DIMM via the memory socket
by each data conduit of the set of data conduits, and address and control signals are electrically
conducted from the system board to the DIMM via the memory socket by the set of address and
control conduits, the DIMM comprising:

a printed circuit board (PCB) having a form factor with a width dimension and a height
dimension, the PCB including:
an interface having edge connections disposed along the width dimension and
configured to fit into the memory socket, the edge connections including:
9.
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a first set of edge connections configured to be electrically connected to
respective power conduits of the set of power conduits,

a second set of edge connections each of which is configured to
electrically conduct a 1-bit wide DDR data signal and to be electrically connected
to a respective data conduit of the set of data conduits, and

a third set of edge connections configured to be electrically connected to
respective address and control conduits of the set of address and control conduits;
a set of voltage supply lines electrically connected to the first set of edge

connections, the set of voltage supply lines including an input voltage supply line to
electrically conduct an input voltage when the system power is provided to the DIMM
from the system board,

a set of data lines electrically coupled to respective edge connections of the
second set of edge connections, wherein each data line of the set of data lines is
configured to electrically conduct a 1-bit wide DDR data signal, and wherein the set of
data lines includes at least 72 data lines; and

a set of address and control lines electrically coupled to respective edge
connections of the third set of edge connections and configured to electrically conduct

address and control signals;

a controller coupled to the PCB and electrically connected to the input voltage supply
line, the controller configured to receive the system power and the input voltage via the input
voltage supply line, the controller including:

nonvolatile memory;

a data storage element configured to store a plurality of data bits; and

a logic element coupled to the nonvolatile memory and the data storage element
and configured to electrically communicate with the nonvolatile memory and the data
storage element; and

a voltage monitor circuit electrically connected to the input voltage supply line
and coupled to the logic element, the voltage monitor circuit configured to:

compare the input voltage to a plurality of threshold voltages including a

first threshold voltage and a second threshold voltage; and

-10 -

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1131



App. No. 17/582,797
Atty. Docket No. 022955-000090

detect a trigger condition;
wherein, in response to the detected trigger condition, the logic element is
configured to periodically perform at regular intervals of time a plurality of write
operations, including:

a first write operation to write a first set of data bits into a first portion of

the data storage element; and

a second write operation to write a second set of data bits into a second

portion of the data storage element;
wherein, when the system power is provided to the DIMM from the system board:

o the trigger condition occurs when the input voltage goes above both
the first and second threshold voltages; and

wherein:

e a specified operating voltage value is within a range of operating
voltage values of the DIMM,

o the range of operating voltage values is bounded by an upper operating
voltage value and a lower operating voltage value,

o the lower operating voltage value is below the specified operating
voltage value of the DIMM and the upper operating voltage value is
above the specified operating voltage value,

o the first threshold voltage corresponds to the lower operating voltage
value, and

e the second threshold voltage corresponds to the upper operating

voltage value;

a set of components coupled to the PCB, the set of components including a plurality of

DDR synchronous dynamic random access memory (DDR SDRAM) packages coupled to the set

of address and control lines and to the set of data lines, each DDR SDRAM package of the

plurality of DDR SDRAM packages having a bit width of m bits and configured to receive or

output m 1-bit wide DDR data signals via respective m data lines of the set of data lines in

response to address and control signals received via address and control lines of the set of

address and control lines, wherein m is equal to four or eight; and

-11 -
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first, second, third, and fourth converter circuits coupled to the PCB and to the input
voltage supply line, each of the first, second, third, and fourth converter circuits configured to, in
response to the detected trigger condition, receive power supplied by the input voltage supply
line when the system power is provided to the DIMM from the system board, the first, second,
third, and fourth converter circuits configured to (i) generate first, second, third, and fourth
regulated voltages, respectively, from the power supplied by the input voltage supply line, and
(i1) output the first, second, third, and fourth regulated voltages via first, second, third, and fourth
regulated voltages lines, respectively, the set of components including:

a first component electrically connected to the first regulated voltage line and
powered by the first regulated voltage when the system power is provided to the DIMM
from the system board,

a second component electrically connected to the second regulated voltage line
and powered by the second regulated voltage when the system power is provided to the
DIMM from the system board;

a third component electrically connected to the third regulated voltage line and
powered by the third regulated voltage when the system power is provided to the DIMM
from the system board; and

a fourth component electrically connected to the fourth regulated voltage line and
powered by the fourth regulated voltage when the system power is provided to the DIMM
from the system board,

wherein each of the first, second, and third converter circuits is a buck converter,

and the fourth converter circuit is a voltage reducing circuit; and

wherein each component of the set of components:
(1) 1s electrically connected to one or more of the first, second, third, and
fourth regulated voltage lines; and
(1) when the system power is provided to the DIMM from the system
board, is powered:
e only by one or more of the first, second, third, and fourth
converter circuits; and

e only via the one or more of the first, second, third, and fourth
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regulated voltage lines;

wherein the plurality of DDR SDRAM packages includes:

a first group of at least five DDR SDRAM packages that are each connected

to a first chip select line configured to electrically conduct a first chip select signal;

a second group of at least four DDR SDRAM packages that are each

connected to a second chip select line configured to electrically conduct a second

chip select signal; and

when the system power is provided to the DIMM from the system board:

the first and second groups of DDR SDRAM packages are configured
to be accessible and not in self-refresh mode;

the first group of DDR SDRAM packages is configured to be
enabled, in response to the first chip select signal, to receive or output
40 1-bit wide DDR data signals in parallel via 40 data lines of the set
of data lines independently of whether the second group of DDR
SDRAM packages is enabled, in response to the second chip select
signal, to receive or output an integer number of 1-bit DDR data
signals in parallel via the integer number of data lines of the set of data
lines; and

the 40 1-bit wide DDR data signals include 32 1-bit wide DDR data
signals and eight 1-bit wide DDR error-correcting code (ECC) data

signals; and

wherein the sum of the 40 data lines and the integer number of data lines matches a

third write operation.

total number of data conduits of the set of data conduits of the memory socket, and the total

number of data conduits is at least 72 data conduits.

45. (New) The DIMM of claim 44, wherein the plurality of write operations further includes a
third write operation subsequent to the first and second write operations; and wherein, in
response to the detected trigger condition, the logic element is further configured to periodically

perform at regular intervals of time all of the first and second write operations followed by the
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46. (New) The DIMM of claim 45, wherein, the logic element is further configured to
perform the third write operation by writing a third set of data bits from the data storage element
into the nonvolatile memory, and wherein the third set of data bits includes the first and second

set of data bits written during the first and second write operations.

47. (New) The DIMM of claim 45, wherein, prior to performing the third write operation,
the logic element is further configured to generate the third set of data bits based on groups of

data bits stored in the data storage element.

48. (New) The DIMM of claim 44, wherein, when the system power is provided to the
DIMM from the system board, the nonvolatile memory is not powered using the first regulated

voltage.

49. (New) The DIMM of claim 44, wherein, in response to the detected trigger condition,

the voltage monitor circuit is further configured to generate and transmit a trigger signal.

50. (New) The DIMM of claim 46, wherein, prior to performing the third write operation,
the logic element is further configured to perform, in response to the detected trigger condition,
periodically at regular intervals of time one or more read operations to read the first and second
sets of data bits from the first and second portions of the data storage element, respectively, and

to generate the third set of data bits based on the read first and second sets of data bits.

51. (New) The DIMM of claim 44, wherein, prior to performing the first and second
write operations, the logic element is further configured to perform, in response to the detected
trigger condition, periodically at regular intervals of time one or more read operations to read the
first and second sets of data bits from the first and second groups of DDR SDRAM packages,

respectively.

52. (New) The DIMM of claim 44, wherein, prior to performing the first and second
write operations, the logic element is further configured to perform, in response to the detected

trigger condition, periodically at regular intervals of time a plurality of read operations.

53. (New) The DIMM of claim 46, wherein, prior to performing the third write operation,
the logic element is further configured to perform, in response to the detected trigger condition,
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periodically at regular intervals of time one or more read operations to read data bits from the

data storage element and to generate the third set of data bits based on the read data bits.
54. (New) The DIMM of claim 44, wherein the width dimension is 133.35 millimeters.

55. (New) The DIMM of claim 54, wherein the height dimension is selected from one of

a plurality of profiles ranging from 18.3 millimeters to 50 millimeters.

56. (New) The DIMM of claim 45, wherein the third write operation comprises a transfer
of the first and second set of data bits from the data storage element to the nonvolatile memory
via a first connection, and wherein the first and second write operations comprise a transfer of

the first and second set of data bits into the data storage element via a second connection.

57. (New) The DIMM of claim 44, wherein, when the system power is provided to the
DIMM from the system board, an additional trigger condition occurs when the input voltage is
above the first threshold and the input voltage is below the second threshold; and

wherein, in response to the additional trigger condition, the voltage monitor circuit is

further configured to generate and transmit a trigger signal.

58. (New) A dual in-line memory module (DIMM) configured to fit into a memory
socket of a system board of a computer system, the memory socket including a set of power
conduits, a set of data conduits including at least 72 data conduits, and a set of address and
control conduits, wherein system power from the system board is provided to the DIMM via the
memory socket by the set of power conduits and the DIMM is configured to operate using only
the provided system power from the system board, a 1-bit wide double data rate (DDR) data
signal is electrically conducted between the system board and the DIMM via the memory socket
by each data conduit of the set of data conduits, and address and control signals are electrically
conducted from the system board to the DIMM via the memory socket by the set of address and
control conduits, the DIMM comprising:

a printed circuit board (PCB) having a form factor with a width dimension and a height
dimension, the PCB including:

an interface having edge connections disposed along the width dimension and
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configured to fit into the memory socket, the edge connections including:

a first set of edge connections configured to be electrically connected to
respective power conduits of the set of power conduits,

a second set of edge connections each of which is configured to
electrically conduct a 1-bit wide DDR data signal and to be electrically connected
to a respective data conduit of the set of data conduits, and

a third set of edge connections configured to be electrically connected to
respective address and control conduits of the set of address and control conduits;
a set of voltage supply lines electrically connected to the first set of edge

connections, the set of voltage supply lines including an input voltage supply line to
electrically conduct an input voltage when the system power is provided to the DIMM
from the system board,

a set of data lines electrically coupled to respective edge connections of the
second set of edge connections, wherein each data line of the set of data lines is
configured to electrically conduct a 1-bit wide DDR data signal, and wherein the set of
data lines includes at least 72 data lines; and

a set of address and control lines electrically coupled to respective edge
connections of the third set of edge connections and configured to electrically conduct

address and control signals;

a controller coupled to the PCB and electrically connected to the input voltage supply
line, the controller configured to receive the input voltage via the input voltage supply line, the
controller including:

nonvolatile memory;

a data storage element configured to store a plurality of data bits; and

a logic element coupled to the nonvolatile memory and the data storage element
and configured to electrically communicate with the nonvolatile memory and the data
storage element;

a voltage monitor circuit electrically connected to the input voltage supply line

and coupled to the logic element, the voltage monitor circuit configured to:
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compare the input voltage to a plurality of threshold voltages including a

first threshold voltage and a second threshold voltage; and

detect a trigger condition;

wherein, in response to the detected trigger condition, the logic element is
configured to periodically perform every millisecond a plurality of write operations,
including:

a first write operation to write a first set of data bits into a first portion of

the data storage element; and

a second write operation to write a second set of data bits into a second

portion of the data storage element;
wherein, when the system power is provided to the DIMM from the system board:

o the trigger condition occurs when the input voltage goes above both
the first and second threshold voltages; and

wherein:

e a specified operating voltage value is within a range of operating
voltage values of the DIMM,

o the range of operating voltage values is bounded by an upper operating
voltage value and a lower operating voltage value,

o the lower operating voltage value is below the specified operating
voltage value of the DIMM and the upper operating voltage value is
above the specified operating voltage value,

o the first threshold voltage corresponds to the lower operating voltage
value, and

o the second threshold voltage corresponds to the upper operating

voltage value;

a set of components coupled to the PCB, the set of components including a plurality of

DDR synchronous dynamic random access memory (DDR SDRAM) packages coupled to the set

of address and control lines and to the set of data lines, each DDR SDRAM package of the

plurality of DDR SDRAM packages having a bit width of m bits and configured to receive or

output m 1-bit wide DDR data signals via respective m data lines of the set of data lines in
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response to address and control signals received via address and control lines of the set of

address and control lines, wherein m is equal to four or eight; and

first, second, third, and fourth voltage reducing circuits coupled to the PCB and to the
input voltage supply line, each of the first, second, third, and fourth voltage reducing circuits
configured to, in response to the detected trigger condition, receive power from the controller
when the system power is provided to the DIMM from the system board, the first, second, third,
and fourth voltage reducing circuits configured to (i) generate first, second, third, and fourth
regulated voltages, respectively, from the system power supplied by the input voltage supply
line, and (i1) output the first, second, third, and fourth regulated voltages via first, second, third,
and fourth regulated voltages lines, respectively, the set of components including:

a first component electrically connected to the first regulated voltage line and
powered by the first regulated voltage when the system power is provided to the DIMM
from the system board,

a second component electrically connected to the second regulated voltage line
and powered by the second regulated voltage when the system power is provided to the
DIMM from the system board;

a third component electrically connected to the third regulated voltage line and
powered by the third regulated voltage when the system power is provided to the DIMM
from the system board; and

a fourth component electrically connected to the fourth regulated voltage line and
powered by the fourth regulated voltage when the system power is provided to the DIMM
from the system board,

and

wherein each component of the set of components:
(1) 1s electrically connected to one or more of the first, second, third, and
fourth regulated voltage lines; and
(1) when the system power is provided to the DIMM from the system
board, is powered:
e only by one or more of the first, second, third, and fourth

voltage reducing circuits; and
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e only via the one or more of the first, second, third, and fourth

regulated voltage lines;

wherein the plurality of DDR SDRAM packages includes:
a first group of at least five DDR SDRAM packages that are each connected
to a first chip select line configured to electrically conduct a first chip select signal;
a second group of at least four DDR SDRAM packages that are each
connected to a second chip select line configured to electrically conduct a second
chip select signal; and
when the system power is provided to the DIMM from the system board:
o the first and second groups of DDR SDRAM packages are configured
to be accessible and not in self-refresh mode;
o the first group of DDR SDRAM packages is configured to be
enabled, in response to the first chip select signal, to receive or output
40 1-bit wide DDR data signals in parallel via 40 data lines of the set
of data lines independently of whether the second group of DDR
SDRAM packages is enabled, in response to the second chip select
signal, to receive or output an integer number of 1-bit DDR data
signals in parallel via the integer number of data lines of the set of data
lines; and
e the 40 1-bit wide DDR data signals include 32 1-bit wide DDR data
signals and eight 1-bit wide DDR error-correcting code (ECC) data

signals; and

wherein the sum of the 40 data lines and the integer number of data lines matches a
total number of data conduits of the set of data conduits of the memory socket, and the total

number of data conduits is at least 72 data conduits.

59. (New) The DIMM of claim 56, wherein the plurality of write operations further
includes a third write operation subsequent to the first and second write operations; and wherein,
in response to the detected trigger condition, the logic element is further configured to
periodically perform every millisecond all of the first and second write operations followed by
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the third write operation.

60. (New) The DIMM of claim 57, wherein the logic element is further configured to
perform the third write operation by writing a third set of data bits from the data storage element
into the nonvolatile memory, and wherein the third set of data bits includes the first and second

set of data bits written during the first and second write operations.

61. (New) The DIMM of claim 56, wherein, in response to the detected trigger condition,

the voltage monitor circuit is further configured to generate and transmit a trigger signal.

62. (New) The DIMM of claim 56, wherein, in response to the detected trigger condition,
the logic element is further configured to periodically perform every millisecond a plurality of

read operations prior to performing the first and second write operations.

63. (New) The DIMM of claim 60, wherein the logic element is further configured to
perform a first and second read operations of the plurality of read operations by reading the first
and second sets of data bits from the first and second groups of DDR SDRAM packages,

respectively.
64. (New) The DIMM of claim 56, wherein the width dimension is 133.35 millimeters.

65. (New) The DIMM of claim 62, wherein the height dimension is selected from one of

a plurality of profiles ranging from 18.3 millimeters to 50 millimeters.

66. (New) The DIMM of claim 56, wherein each of the first, second, and third voltage

reducing circuits is a buck converter.

67. (New) The DIMM of claim 56, wherein, when the system power is provided to the
DIMM from the system board, the nonvolatile memory is not powered using the first regulated

voltage.

68. (New) The DIMM of claim 58, wherein, when the system power is provided to the
DIMM from the system board, an additional trigger condition occurs when the input voltage is

above the first threshold and the input voltage is below the second threshold; and
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wherein, in response to the additional trigger condition, the voltage monitor circuit is

further configured to generate and transmit a trigger signal.
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REMARKS

By this Proposed Amendment, submitted for purposes of discussion only, Applicant has
amended claim 2; canceled claims 6-8 and 11 and 14-27; and added new claims 28-68.

(Claims 3-5, 9-10, and 12-13 were previously canceled).

Claims 2 and 28-68 are now pending.

Amendment to Claims

Claim 2, has been amended for improved clarity in particularly pointing out and distinctly
claiming certain aspects of the invention. No amendment made is related to the statutory
requirements of patentability unless expressly stated herein. No amendment is made for the
purpose of narrowing the scope of any claim, unless Applicant argues herein that such
amendment is made to distinguish over a particular identified reference or combination of

references.

For the examiner’s convenience, claim 2 is reproduced hereinbelow in clean version for

ease of reading:

2. (Currently amended) A dual in-line memory module (DIMM) configured to fit
into a memory socket of a system board of a computer system, the memory socket including a set
of power conduits, a set of data conduits including at least 72 data conduits, and a set of address
and control conduits, wherein system power from the system board is provided to the DIMM via
the memory socket by the set of power conduits and the DIMM is configured to operate using
only the provided system power from the system board, a 1-bit wide double data rate (DDR) data
signal is electrically conducted between the system board and the DIMM via the memory socket
by each data conduit of the set of data conduits, and address and control signals are electrically
conducted from the system board to the DIMM via the memory socket by the set of address and
control conduits, the DIMM comprising:

02 .

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1143



App. No. 17/582,797
Atty. Docket No. 022955-000090

a printed circuit board (PCB) having a form factor with a width dimension and a height
dimension, the PCB including:

an interface having edge connections disposed along the width dimension and
configured to fit into the memory socket, the edge connections including:

a first set of edge connections configured to be electrically connected to
respective power conduits of the set of power conduits,

a second set of edge connections each of which is configured to
electrically conduct a 1-bit wide DDR data signal and to be electrically connected
to a respective data conduit of the set of data conduits, and

a third set of edge connections configured to be electrically connected to
respective address and control conduits of the set of address and control conduits;
a set of voltage supply lines electrically connected to the first set of edge

connections, the set of voltage supply lines including an input voltage supply line to
electrically conduct an input voltage when the system power is provided to the DIMM
from the system board,

a set of data lines electrically coupled to respective edge connections of the
second set of edge connections, wherein each data line of the set of data lines is
configured to electrically conduct a 1-bit wide DDR data signal, and wherein the set of
data lines includes at least 72 data lines; and

a set of address and control lines electrically coupled to respective edge
connections of the third set of edge connections and configured to electrically conduct

address and control signals;

a controller coupled to the PCB and electrically connected to the input voltage supply
line, the controller configured to receive the input voltage via the input voltage supply line, the
controller including:

nonvolatile memory;

a data storage element configured to store a plurality of data bits;

a logic element coupled to the nonvolatile memory and the data storage element
and configured to electrically communicate with the nonvolatile memory and the data

storage element; and
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a voltage monitor circuit electrically connected to the input voltage supply line
and coupled to the logic element, the voltage monitor circuit configured to:
compare the input voltage to a plurality of threshold voltages including a
first threshold voltage and a second threshold voltage; and
detect a trigger condition;
wherein, in response to the detected trigger condition, the logic element is
configured to perform a plurality of write operations, including:
a first write operation to write a first set of data bits into a first portion of
the data storage element;
a second write operation to write a second set of data bits into a second
portion of the data storage element; and subsequently
a third write operation to write a third set of data bits from the data storage
element into the nonvolatile memory, wherein the third set of data bits includes
the first and second set of data bits written during the first and second write
operations;
wherein, when the system power is provided to the DIMM from the system board:
the trigger condition occurs when the input voltage goes above both the
first and second threshold voltages; and

wherein:

a specified operating voltage value is within a range of operating voltage
values of the DIMM,

the range of operating voltage values is bounded by an upper operating
voltage value and a lower operating voltage value,

the lower operating voltage value is below the specified operating voltage
value of the DIMM and the upper operating voltage value is above the
specified operating voltage value,

the first threshold voltage corresponds to the lower operating voltage
value, and

the second threshold voltage corresponds to the upper operating voltage

value;
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a set of components coupled to the PCB, the set of components including a plurality of
DDR synchronous dynamic random access memory (DDR SDRAM) packages coupled to the set
of address and control lines and to the set of data lines, each DDR SDRAM package of the
plurality of DDR SDRAM packages having a bit width of m bits and configured to receive or
output m 1-bit wide DDR data signals via respective m data lines of the set of data lines in
response to address and control signals received via address and control lines of the set of

address and control lines, wherein m is equal to four or eight; and

first, second, third, and fourth converter circuits coupled to the PCB and to the input
voltage supply line, each of the first, second, third, and fourth converter circuits configured to, in
response to the detected trigger condition, receive power supplied by the input voltage supply
line when the system power is provided to the DIMM from the system board, the first, second,
third, and fourth converter circuits configured to (i) generate first, second, third, and fourth
regulated voltages, respectively, from the power supplied by the input voltage supply line, and
(i1) output the first, second, third, and fourth regulated voltages via first, second, third, and fourth
regulated voltage lines, respectively, the set of components including:

a first component electrically connected to the first regulated voltage line and
powered by the first regulated voltage when the system power is provided to the DIMM
from the system board,

a second component electrically connected to the second regulated voltage line
and powered by the second regulated voltage when the system power is provided to the
DIMM from the system board;

a third component electrically connected to the third regulated voltage line and
powered by the third regulated voltage when the system power is provided to the DIMM
from the system board; and

a fourth component electrically connected to the fourth regulated voltage line and
powered by the fourth regulated voltage when the system power is provided to the DIMM
from the system board,

wherein each of the first, second, and third converter circuits is a buck converter,

and the fourth converter circuit is a voltage reducing circuit; and

wherein each component of the set of components:
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(1) 1s electrically connected to one or more of the first, second, third, and
fourth regulated voltage lines; and
(1) when the system power is provided to the DIMM from the system
board, is powered:
e only by one or more of the first, second, third, and fourth
converter circuits; and
e only via the one or more of the first, second, third, and fourth

regulated voltage lines;

wherein the plurality of DDR SDRAM packages includes:
a first group of at least five DDR SDRAM packages that are each connected
to a first chip select line configured to electrically conduct a first chip select signal;
a second group of at least four DDR SDRAM packages that are each
connected to a second chip select line configured to electrically conduct a second
chip select signal; and
when the system power is provided to the DIMM from the system board:
o the first and second groups of DDR SDRAM packages are configured
to be accessible and not in self-refresh mode;
o the first group of DDR SDRAM packages is configured to be
enabled, in response to the first chip select signal, to receive or output
40 1-bit wide DDR data signals in parallel via 40 data lines of the set
of data lines independently of whether the second group of DDR
SDRAM packages is enabled, in response to the second chip select
signal, to receive or output an integer number of 1-bit DDR data
signals in parallel via the integer number of data lines of the set of data
lines; and
e the 40 1-bit wide DDR data signals include 32 1-bit wide DDR data
signals and eight 1-bit wide DDR error-correcting code (ECC) data
signals; and
wherein the sum of the 40 data lines and the integer number of data lines

equals a total number of data conduits of the set of data conduits of the memory
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socket, and the total number of data conduits is at least 72 data conduits.

Canceled Claims

Claims 6-8 and 11 and 14-27 have been canceled without prejudice or disclaimer of the

subject matter contained therein.

Newly-Added Claims

Claims 28-68 have been added to further particularly point out and distinctly claim

certain aspects of the invention.

Examiner Interview

Applicants gratefully acknowledge Examiner Farrokh’s courtesy and consideration
during the telephonic Examiner Interview of September 6, 2024 with the Applicants’
undersigned representative and Mr. Marwan Fawal, technology expert. The arguments below

were raised with the Examiner but no agreement was reached.

Rejection(s) Under 35 U.S.C. § 103(a)

Claims 2, 6-8, 11, 15-18, and 20-24 stand rejected under pre-AIA 35 US.C. 103(a) as
allegedly being unpatentable over Harris et al. "Harris" (US 2006/0174140 A1) in view of
FBDIMM Standards (Exhibitions 1027, 2028 provided by Applicant) and Amidi et al. "Amidi"
(US 7,724,604 B2).

Claims 14, 18, 19, and 25 rejected under pre-AIA 35 U.S.C. 103(a) as allegedly being
unpatentable over Harris, FBDIMM Standards, and Amidi as applied to claims 6, 18, and 24, and

further in view of Levkovitz et al. "Levkovitz" (US 2007/0088838 Al).
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The Examiner asserts that the rejection is based on information provided in Trial
Termination or Final Written Decision (hereinafter Trial-T[er]m (sic), dated 12/06/2023) by the
USPTO Trial and Appeal Board on Application 17/138,766 (now US patent 11,016,918 B2),
which appears, in most part, to be based on Exhibition 1001, IPR 2022-00996. The Examiner
alleges that the “instant Application, which is a continuation of US Patent 11,016,918 B2

includes substantially the same or similar claim limitations.” (Office Action, p. 4, 11. 4-9).

In the Office Action, the Examiner also states that he “considers the claims of
Application 17/582, 797, that substantially include limitations similar to claims of Applications
17/138, 766 and 17/328, 019, not to be patentable. Therefore, the Examiner as shown below
rejected the claims.” (Id., p. 3, 1. 6-9).

Support for all of the below amendments has been provided in the attachment
accompanying this paper. The support is provided by claim number in a table within the

attachment.

To advance the prosecution of this application, the Applicant has canceled claims 6-8, 11,
15-18, and 20-24 without prejudice or disclaimer; amended claim 2; and added new claims 28-
68. Applicant acknowledges the Trial-Term cited by the Examiner in the Office Action mailed
August 8, 2024, but maintains that the rejected claims 2, 6-8, 11, 15-18, and 20-24 (that is, prior
to the instant amendment) contain limitations that are novel and unobvious over the references

cited in Trial-Term and by the Examiner.

In fact, the Applicant will establish below that specific claim limitations included in the
rejected claim 2, both before and after the instant amendment, describe a module that is
structurally and operationally patentably distinguishable over the applied references. For
instance, the limitations before the instant amendment (pre-amendment limitations) require that
the four buck converters generate regulated voltages from the system power received through the
input voltage supply line that is connected to a first set of edge connections that are connected to
the set of power conduits of the memory socket, and that the power from the host system is
provided to the DIMM via the set of power conduits of the memory socket. Harris expressly
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teaches against providing power from the system board or from the main board voltage sources

to any memory module, as will be discussed further below.

In relevant part, pre-amendment claim 2 recites:

“A dual in-line memory module (DIMM) configured to
fit into a memory slot connector of a host system, the memory
slot connector including a set of power conduits, a set of data
conduits, and a set of address and control conduits, wherein power
from the host system is provided to the DIMM via the set of
power conduits,” ... “a printed circuit board (PCB) having edge
connections configured to fit into the memory slot connector of
the host system, the edge connections including a first set of edge
connections configured to be electrically connected to the set of

power conduits,” ... “the PCB further including a set of voltage
supply lines electrically connected to the first set of edge
connections, ,” ... “the controller coupled to the PCB and to an

input voltage supply line of the set of voltage supply lines” ...
“first, second, third and fourth buck converters coupled to the
PCB and to the input voltage supply line and configured to
receive power from the input voltage supply line and to deliver
power to the set of components via first, second, third and fourth
regulated voltages lines, the first, second, third and fourth buck
converters being further configured to generate first, second,
third and fourth regulated voltages, respectively, from the
power received from the input voltage supply line, and to output
the first, second, third and fourth regulated voltages via the first,
second, third, and fourth regulated voltage lines,.... (Emphasis
added).

As instantly amended, claim 2 recites:

A dual in-line memory module (DIMM) configured to fit
into a memory socket of a system board of a computer system, the
memory socket including a set of power conduits” ... , wherein
system power from the system board is provided to the DIMM
via the memory socket by the set of power conduits and the
DIMM is configured to operate using only the provided system
power from the system board,” ... “PCB including...a first set
of edge connections configured to be electrically connected to
respective power conduits of the set of power conduits,” ... “a
set of voltage supply lines electrically connected to the first set

of edge connections, the set of voltage supply lines including an
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input voltage supply line to electrically conduct an input
voltage when the system power is provided to the DIMM from
the system board” ... “first, second, third, and fourth converter
circuits coupled to the PCB and to the input voltage supply line,
each of the first, second, third, and fourth converter circuits
configured to, in response to the detected trigger condition,
receive power supplied by the input voltage supply line when
the system power is provided to the DIMM from the system
board, the first, second, third, and fourth converter circuits
configured to (i) generate first, second, third, and fourth
regulated voltages, respectively, from the power supplied by the
input voltage supply line, ... . (Emphasis added).

It can be seen that claim 2 as instantly amended still require that the system power is
received by the DIMM from the memory socket of a system board of a computer system in a
particular form (i.e., via the input voltage supply) and on particular pins of the memory socket
(i.e. first set of edge connection electrically connected to respective power conduits of the set of
power conduits of the memory socket), and that the converter circuits generates the regulated
voltages from the power supplied to the DIMM from the system board via the set of power

conduits of the memory socket.

As the Office Action acknowledges, the memory module 100A of Harris receives its
power through an external source. (“Fig. 1B Harris shows a block diagram of memory module
100B comprising DRAM devices 110, inputs a plurality voltages 120 from e[x]ternal (sic)
source and generates a plurality of regulated voltages 106 and 108,” Office Action, p. 5, II. 3-5,
emphasis added).

Applicant respectfully maintains that Harris expressly teaches away from providing
power to any memory module assembly via the memory socket from the system board of the

computer system.

First, Harris recognized and described, at 0002, significant power supply concerns
particularly in advanced memory designs, implemented at the time, that “industry standard
memory modules, e.g., Dual In-line Memory Modules (DIMMS) populated with ... (DRAM)

devices, are provided with power supply rails (on a relatively large number of pins) that are
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powered from system board or main board voltage sources, and are specific to the memory

technology.” (Emphasis added).

Second, Harris recognized and described, at 0002, that “[a]s the performance of the
DRAM technology goes up, and timing margin shrink, it is becoming increasingly more

difficult for the system board sources to provide tichtly regulated power for the DRAM

cores as well as input/output (I/O) interface buffers.” (Emphasis added).

Third, Harris concludes, at 0002, and states that “[o]ne skilled in the art will recognize
... that these issues are particularly significant for [computer] systems that are deployed in

infrastructures” because “it is difficult to mix memory technology on a system board or

provide upgrades to next generation DRAM technology in a cost-effective manner.”

(Emphasis added).

In summary, Harris has recognized and teaches that (i) particularly significant power
supply concerns exist for computer systems using industry standard DIMMS that are powered
from the system board or the main board voltage sources, (i1) it is more difficult to provide
tightly regulated power for the DRAM from the system board power sources via large number of
pins of standard DIMM memory socket, and (iii) any one skilled in the art will recognize these
particularly significant issues because when power is provided to the DIMMs from the system
board, then it is difficult to mix DIMMs with different memory technology on such system board

or being able to provide upgrades to next generation DRAM in a cost-effective manner.

In 90003, Harris described his invention as “a voltage distribution system for a

memory board assembly, comprising means for supplying a voltage to the memory board

assembly from an external source”.

In the context of 99 0002-0003, Harris has identified particularly significant problems
associated with advanced memory designs using standard DIMMs that are powered from the
system board and teaches that his innovative solution to these significant problems is by
supplying power to the DIMM from an external voltage source and locally converting the

external voltage by an on-board voltage regulator.

Thus, Harris’ external voltage source would not be understood by a skilled person in the
art to be supplied to the standard interface DIMM from the system board, and Harris’ description
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offers further detailed evidence that underscores this understanding.

Harris teaches several recognized advantages, in 0011, specifically for large memory

capacity scaling, hot-pluggability, and DRAM technology independence:

[0011] ... Since the Vdd and Vcc power supply rails are rendered
independent from external voltage sources, the overall power supply interface to
the memory module 100A is improved to better support large memory capacity
scaling, hot-pluggability, DRAM technology independence (e.g., DDR2,
DDR3, DDR4, and other DRAM types), . . . as well as provide improved
system-level cost sharing. Additionally, memory performance is also improved
because of tighter voltage regulation.

This passage § 0011, makes clear that the DIMM of Harris draws power from a source
external to the system board, i.e. “external voltage sources,” as does a reference to “hot-
pluggability” especially in light of DRAM technology independence. Each DDR generation
standardizes a different set of voltages for memory modules, and all DDR4, DDR3, DDR2, and
DDR system boards provide system power exclusively to the DIMM via the socket. Thus, the
ONLY way to have hot pluggability and DRAM technology independence as sought by Harris is

to have power from a source external to the system board.

This power source external to the system board is further confirmed to be received by the

module on external source path 104, in 4 0010 of Harris, and illustrated in Fig. 1A and Fig. 1B:

[0010] In accordance with the teachings of the present patent disclosure,
at least one on-board voltage regulator module (VRM) is provided as part of the
memory board assembly module 100A for converting an externally supplied
voltage level available on external source path 104 into appropriate local
Voltage levels that power the first and second Voltage paths, i.¢., the Vdd and V
paths 108, 106, respectively. ...

Harris further teaches, by way of example in § 0012, that the 72 pins required by standard
2-ranks FBD module (36 DRAM devices) to receive power from the system board would be
replaced by 6 pins when power is provided from an external (+12V) voltage source. Harris
expressly teaches a clear advantage of providing power to DIMM from external sources is by
being able to supply power to support large scale capacity DIMMs, such as a 144 DRAM

devices of an 8-ranks FBD, using 24 pins from the external (+12V) voltage source.

[0012] By way of example, a standard FBD module requires 28V pins
(for DRAM devices) and 8V pins (for buffer and logic) and associated Ground
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returns, resulting in a total of 72 pins that provide a power supply interface for
up to two X4 DRAM ranks (36 devices) and buffer logic. A voltage-
independent FBD design incorporating the embodiment of FIG. 1A is capable of
replacing these power supply interface pins with as few as six +12V pins (from
an external voltage source), ... . Altematively, using additional power supply
pins would provide the capability to support even more devices. For instance,
with 12 supply pins (at +12V), the embodiment of FIG. 1A can provide enough
power to Supply 4 ranks (i.e., 72 devices). Likewise, a memory assembly of 8
ranks (144 devices) may be powered with 24 pins at +12V.

Even more conclusive evidence of the advantages sought by Harris are disclosed in
0019 which eliminates any doubts that Harris does not provide power to the DIMM from the
system board by expressly stating the elimination of the system board power supply and
associated voltage planes. Furthermore, Harris expressly describes the cost reduction associated
with the elimination of system-board-specific power supply or regulator, associated components,
and heavy etch power planes on the system board. Harris further describes, and as a direct result
of the elimination of the system board power supply, that additional advantages can be realized
such as a smaller connector, improved signal integrity, or reservation of extra pins for

implementing addition standard or proprietary functions.

[0019] Based on the foregoing Detailed Description, it should be
appreciated that an implementation of the embodiments described herein thus
provides a technology-independent voltage distribution scheme for memory
devices wherein system board power supply and associated voltage plane(s)
are eliminated. Accordingly, power Supply designs complexity as well as the
cost of memory-specific power distribution are reduced. Cost savings may
include, for example, elimination of system-board-specific power supply or
regulator output, associated bypass capacitor arrangements, heavy etch or
power planes. Also, under the technology-independent Voltage distribution
scheme disclosed herein, cost of memory power regulation scales with
populated memory devices, rather than being pre-provisioned for maximum
memory capacity as is typically the case in existing systems. Additionally, one or
more of the following advantages may be realized in an exemplary Voltage
distribution embodiment: provision of tighter, lower inductance regulation which
decreases Voltage variability and increases timing margins; reduction in the pin
count on DIMM connector to system board or memory riser card (whereby a
smaller connector or wider pin spacing may be accommodated); improved
signal integrity due to reduced crosstalk on the same size connector; and
reservation of extra pins for implementing additional standard or proprietary
functions.

This clarifies that Harris cannot read on Claim 2, either before or after the instant
amended, as the entirety of the disclosure of Harris conveys to one of ordinary skill in the art that
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Harris does not use the DIMM connector to obtain power from the system board. Rather, as
shown immediately above, Harris looks to remove the system board power supply and/or

repurpose the memory socket pins that would have connected to the power source of the system
board.

It is conclusive that Harris teaches (i) the elimination of system-board-specific power
supply components and, importantly, the heavy etch power planes used to distribute the voltage
supply on the system board to the DIMM connector, and (i1) that the power provided to Harris’

memory module does not come from the system board or through the DIMM connector.

Thus, Harris teaches away from providing power from the system board or from the main

board voltage sources to the DIMM via the DIMM connector as required by claim 2.

Thus, Claim 2 is allowable for at least this reason. New Claims 44 and 58 also recite the
same language and are therefore allowable for at least this reason. The Claims which depend

from Claims 2, 44, and 58 are also allowable for at least this reason.

Claim 2 has been further amended to recite “a set of data conduits including at least 72
data conduits” and “a 1-bit wide double data rate (DDR) data signal is electrically conducted
between the system board and the DIMM via the memory socket by each data conduit of the set
of data conduits.” Similar to the power discussed above, the data signals are received by the
DIMM from the memory socket of a system board of a computer system in a particular form
(i.e., the 1-bit wide DDR per data conduit) and on particular pins of the memory socket (i.e. each
of the second set of edge connections electrically connected to a respective data conduit of the
set of data conduits of the memory socket). Harris makes no disclosure of signaling protocol
other than disclosing that the DIMM which Harris is modifying is an FBDIMM. The FBDIMM
standards outline the signaling protocol to be used on FBDIMM systems. In that protocol,
address and control information as well as data are packetized in what the standard refers to as
“frames.” These frames have a header and footer in addition to the multiplexed address and
control and data information. Thus, the frames include far more than a single bit. Moreover,
they are not DDR data signals as defined in JEDEC standards. Again, these are defined in the
FBDIMM standard as something different — namely “frames.” The terminology in the FBDIMM
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standards is purposely used by JEDEC to avoid any confusion with data signals as defined in

other JEDEC standards, namely all non-FBDIMM DDR standards.

Moreover, the FBDIMM standards make clear that there are not 72 data conduits. Even
if the conduits which do exist in FBDIMM, which are called “lanes” (which unmistakably
convey frames including BOTH address and control and data signals) are counted as data
conduits, there are only 24. The southbound link has 10 lanes, while the northbound link has 14
lanes. Thus, the FBDIMM standards, which must be relied upon as Harris lacks disclosure

beyond referencing the FBDIMM standards, fail to disclose the above elements of Claim 2.

Claim 2 is allowable for at least this additional reason. New Claims 44 and 58 also recite
the same language and are therefore allowable for at least this additional reason. The Claims

which depend from Claims 2, 44, and 58 are also allowable for at least this additional reason.

Claim 2 has been further amended to recite:

a printed circuit board (PCB) having a form factor with a width dimension and a
height dimension, the PCB including:

an interface having edge connections disposed along the width dimension
and configured to fit into the memory socket, the edge connections including:

a first set of edge connections configured to be electrically
connected to respective power conduits of the set of power conduits,

a second set of edge connections each of which is configured to
electrically conduct a 1-bit wide DDR data signal and to be electrically
connected to a respective data conduit of the set of data conduits, and

a third set of edge connections configured to be electrically
connected to respective address and control conduits of the set of address
and control conduits;

a set of voltage supply lines electrically connected to the first set of edge
connections, the set of voltage supply lines including an input voltage supply line
to electrically conduct an input voltage when the system power is provided to the
DIMM from the system board;

a set of data lines electrically coupled to respective edge connections of
the second set of edge connections, wherein each data line of the set of data lines
is configured to electrically conduct a 1-bit wide DDR data signal, and wherein
the set of data lines includes at least 72 data lines; and

a set of address and control lines electrically coupled to respective edge
connections of the third set of edge connections and configured to electrically
conduct address and control signals;
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The applied prior art does not disclose the claimed dedicated set of edge connections and
data lines for data; rather, data in Harris and FBDIMM shares the address and control edge
connections and lines because a serial protocol is utilized. Both references are JEDEC standard
modules, at least insofar as they use the packetized signaling protocol laid out in the
AMB/FBDIMM standards (obviously, Harris is non-standard regarding its power architecture).
In that packetized signaling protocol, data and command/control/address signals do not travel on
separate lines, because they are sent in packetized forms called “frames” — “After initialization
the host communicates with the AMBs on the channel using southbound frames of information

containing commands and data.” JESD206.01, pg. 55

Thus, the data signals are not received or outputted on “the set of data conduits” and the
address and control signals are not received on "the set of address and control conduits” as
recited in the claim, rather they are transferred in a packetized format on the same set of

conduits, referred to as “lanes” by JESD206.01.

Moreover, the FBDIMM Standards provide no cure for this defect, as they use the same
FBDIMM protocols as Harris.

Thus, Claim 2 is allowable for at least this additional reason. New Claims 44 and 58 also
recite the same language and are therefore allowable for at least this additional reason. The
Claims which depend from Claims 2, 44, and 58 are also allowable for at least this additional

reason.

Claim 2 has further been amended to state that:

first, second, third, and fourth converter circuits coupled to the PCB and to
the input voltage supply line, each of the first, second, third, and fourth converter
circuits configured to, in response to the detected trigger condition, receive power
supplied by the input voltage supply line when the system power is provided to the
DIMM from the system board ...
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and

wherein each component of the set of components:
(1) 1s electrically connected to one or more of the first, second, third, and
fourth regulated voltage lines; and
(1) when the system power is provided to the DIMM from the system
board, is powered:
e only by one or more of the first, second, third, and fourth
converter circuits; and
e only via the one or more of the first, second, third, and fourth
regulated voltage lines;

These features are distinguishable from the applied references, at least because the
plurality of DDR SDRAM packages is required to be powered “only by one or more of the first,
second, third, and fourth converter circuits, and only via the one or more of the first, second,
third, and fourth regulated voltage lines”. In contrast, Amidi, for example, is operable to switch
DRAM memory supply 660 to battery power depending on a comparison to a reference voltage.

Amidi Col 4, Lines 44-55 expressly state:

Signal 670 is controlled by voltage supervisory block 665,
which receives system supply 605 and a reference voltage 675, and
compares the two. If system supply 605 has a greater magnitude
than reference voltage 675, signal 670 causes power switch
multiplexer 655 to choose system supply 605 as a source for
memory supply 660. If system supply 605 has a magnitude lower
than reference voltage 675, then signal 670 causes power switch
multiplexer 655 to choose battery power 650 for memory supply
660. Reference voltage 675 is generated in one embodiment by a
resistive Voltage divider using resistors 677 and 673 in series
between a voltage rail and ground.

This defect is not cured by Harris or FBDIMM at least because they do not recite a
response to a trigger condition and Claim 2 is allowable for at least this additional reason. New
Claims 44 and 58 also recite the same language and are therefore allowable for at least this
additional reason. The Claims which depend from Claims 2, 44, and 58 are also allowable for at

least this additional reason.
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Moreover, the Office Action alleges that Amidi discloses "a controller including a
voltage monitor circuit and nonvolatile memory, the controller coupled to the PCB and to an
input voltage supply line of the set of voltage supply lines, the voltage monitor circuit configured
to (1) monitor an input voltage supplied via the input voltage supply line, (i1) generate a trigger
signal upon detecting a trigger condition, and (iii) transmit the trigger signal to at least one other
portion of the controller, wherein the controller is configured to perform in response to the
trigger signal, a write operation to write data into the nonvolatile memory, and wherein the
trigger condition occurs when the input voltage exceeds a first preset threshold voltage that is
above an operating voltage of the DIMM" (Office Action, p. 7, 11. 14-28) as previously recited,

prior to the present amendment.

However, Amidi merely discloses transferring control of the volatile memory to the
memory module so that the memory module can provide necessary self-refresh signaling to
preserve the volatile memory contents upon power supply failure.! (Amidi, col. 8, 11. 38-41)
Moreover, in Amidi, this is performed using back up battery power. (/d., 1. 37) By comparison,
claim 2 previously claimed “wherein the controller is configured to perform in response to the
trigger signal, a write operation to write data into the nonvolatile memory,” and has now been
clarifyingly amended to claim a controller including a logic element that, in response to the
detected trigger condition, is configured to perform a plurality of write operations. Similarly
claim 44 recites a controller including a logic element that, in response to the detected trigger
condition, is configured to periodically perform at regular intervals of time a plurality of write
operations; and claim 58 recites a controller including a logic element that, in response to the
detected trigger condition, is configured to periodically perform every millisecond a plurality of

write operations. Levkovitz, cited in the Office Action for allegedly showing these features

! “Self-refresh,” as explained to the Examiner during the Examiner Interview, is a term of art that defines a state of
the DIMM, or individual DDR SDRAM device, in which it receives sufficient power to preserve its information
content, but is not accessible for reading or writing. (“The Self Refresh command can be used to retain data in the
DDR2 SDRAM, even if the rest of the system is powered down. When in the Self Refresh mode, the DDR2
SDRAM retains data without external clocking. The DDR2 SDRAM device has a built-in timer to accommodate
Self Refresh operation.” Ex 1026 JEDEC Standard JESD79-2B Jan 2005)
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(Office Action, p. 6, 11. 14-18) is not properly combinable with Amidi because Amidi uses
battery backup power upon detection of power loss to transfer management of volatile memory
so that its contents are preserved, whereas Levkovitz performs regular write operations (backups)
as a precaution under normal operating conditions and writes volatile memory information into
nonvolatile memory such as hard disc, without the urgency of power loss. The contention in the
Office Action that the teachings of Levkovitz are combinable with those of Amidi to arrive at the
claimed performance of a plurality of write operations by a logic element of a controller in
response to a trigger condition is impermissibly grounded in hindsight gleaned from familiarity
with Applicant’s disclosure. There can be no doubt that such a combination would either change
the principle of operation of one of either of the references. A change in the principle of

operation is an indicia of non-obviousness. MPEP 2143.01(VI)

Claim 2 has further been amended to state that “the first and second groups of DDR
SDRAM packages are configured to be accessible and not in self-refresh mode.” As explained in
the note above, “self-refresh mode” is a term of art meaning that the memory device is not
accessible for read or write. This is not the case in Amidi, which was cited in the Final Written
Decision of the ‘918 and ‘054 patents, and relied upon in the Office Action for current
limitations, and which at least fails to disclose “the first and second groups of DDR SDRAM
packages are configured to be accessible and not in self-refresh mode,” of the current
amendment. Amidi discloses that all the DRAM are forced into self-refresh mode. Specifically,
Amidi states that a “signal from the trp timer advances the state machine 1100 to self-refresh
entry state 1170, with self-refresh initiated for the memory module. The state machine then
advances automatically to self refresh state 1180, and stays there automatically self-refreshing
the memory module. A reset signal or an exit 5 signal will move the state machine 1100 back to
idle state 1110, ending the self-refresh process, such as when a system sufficiently recovers

power.” (Col. 7, Lines 1-8)

In the Applicant-Initiated Interview Summary filed by the Examiner on 9/13/24, Section
V states “Amidi teaches that memory (comprising backup power) may operate in backup mode,

in response, for example, in response [sic] to change to voltage level (e.g., a triggering
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condition). The backup comprises a plurality of write operations.” Applicant has addressed
Amidi having the DRAM enter self-refresh mode when switching to backup power supply. It
should be noted that self-refresh cannot include performing ANY write operations. Rather, to
avoid data loss, the DRAM cells are themselves refreshed to maintain the data as it was when
power was lost. Thus, Amidi’s battery is used for backup power, but the data is not “backed up”
by writing the data to another location. Rather, the data stays right where it was prior to power

loss, specifically, in the DRAM.

Additionally, there is only one action which may be termed a “write operation” after the
trigger condition is detected in Amidi. Amidi, Col. 8, Lines 30-36 state “If one or both of the
clock collapsing or the power Supply diminishing occurs, then at module 1440, the process
moves the memory module into a clock and power fault detection state. This may include setting
a power fail interrupt bit in a register, indicating that a power failure was detected (or a clock
failure) and the memory module assumed control.” The writing/setting of the power fail
interrupt bit in a register is the only action involving a change in the state of a single bit taken
post trigger condition in Amidi. Thus, Amidi does not disclose a plurality of write operations

after the detection of a trigger condition.

The Office Action also cites U.S. Patent Publication No. 2007/0088838 to Levkovitz
(“Levkovitz”), and specifically to paragraph [0075]. Paragraph [0075] of Levkovitz states:

In some embodiments, for example, utilizing volatile memory unit 118, a
pre-defined memory “dumping” process may be used. For example, content items
ready for serving may be received by ad server 110 from control server 120, may
be stored in volatile memory unit 118, and optionally may not be stored in a non-
volatile memory of ad server 110. Ad server 110 may serve content items directly
from its volatile memory unit 118, and may further store in memory unit 118 a log
tracking the activity or servings done by ad server 110. Periodically, for example,
at pre-defined time intervals (e.g., every 60 seconds, every 5 minutes, every hour,
etc.) or upon serving a certain number of servings of content items (e.g., every 100
impressions, every 500 impressions, etc.), ad server 110 may “dump” or copy the
activity log data into a non-volatile memory unit, e.g., included in ad server 110 or
database 140. This may allow ad server 110, for example, to rapidly serve content
items from its rapidly-available volatile memory unit 118, instead of from a slower
non-volatile memory (e.g., database 140 or other database); and the periodical
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“dumping” process of activity logs may limit the data loss in case of a power outage
which may erase the volatile memory unit 118.

From this passage, a POSITA would conclude that the activity log is copied to NVM as
part of a regular course of operation. Thus, there would be no motivation to combine Levkovitz
with Amidi, as the setting of the bit which even if it were construed as a write operation it must
be for a single bit and is done only Amidi detecting power failure. There would have to be a
teaching or suggestion to perform periodic writes after the trigger condition in Amidi, but after
the trigger condition, Amidi very distinctly wants to conserve power as much as possible, not
perform write after write. Thus, Amidi chooses to supply power to the DRAMs from backup
power source (battery) and put the DIMM (DRAMs) in self-refresh. In contrast, Claims 2, 44,
and 58 recite “wherein, in response to the detected trigger condition, the logic element is
configured to perform a plurality of write operations,” or “wherein, in response to the detected
trigger condition, the logic element is configured to perform at regular intervals of time a
plurality of write operations,” or “wherein, in response to the detected trigger condition, the logic

element is configured to periodically perform every millisecond a plurality of write operations.”

Harris and FBDIMM Standards cannot cure this deficiency because they do not disclose
any kind of backup write operation. The S3 mode discussed in the FBDIMM standards is also

self-refresh, so it suffers from the same deficiencies as Amidi.

Claims 2, 44, and 58 and the claims which depend therefrom are allowable for at least

this additional reason.

Claim 2, 44, and 58, as currently amended, recite:

wherein the plurality of DDR SDRAM packages includes:

a first group of at least five DDR SDRAM packages that are each connected to a
first chip select line configured to electrically conduct a first chip select signal;

a second group of at least four DDR SDRAM packages that are each connected to
a second chip select line configured to electrically conduct a second chip select signal;
and

when the system power is provided to the DIMM from the system board:
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. the first and second groups of DDR SDRAM packages are configured to
be accessible and not in self-refresh mode;
. the first group of DDR SDRAM packages is configured to be enabled, in
response to the first chip select signal, to receive or output 40 1-bit wide DDR
data signals in parallel via 40 data lines of the set of data lines independently of
whether the second group of DDR SDRAM packages is enabled, in response to
the second chip select signal, to receive or output an integer number of 1-bit
DDR data signals in parallel via the integer number of data lines of the set of
data lines; and
. the 40 1-bit wide DDR data signals include 32 1-bit wide DDR data
signals and eight 1-bit wide DDR error-correcting code (ECC) data signals; and
wherein the sum of the 40 data lines and the integer number of data lines equals a total
number of data conduits of the set of data conduits of the memory socket, and the total number
of data conduits is at least 72 data conduits.

While Harris, the FBDIMM Standards, and Amidi all disclose ranks generally, they do
not disclose the specific limitations recited above. Harris specifically discloses that its DIMM
“may be configured as having one or more ranks (e.g., 2, 4, 8, or more).” Amidi does not use the
term rank in the disclosure; rather, Amidi only very generally discloses “Mounted on memory
card 310 are memory chips 320 (320A-I as illustrated) and resistors 330 (330A-I as illustrated).”
The FBDIMM Standards, specifically, JESD205 disclose several raw card configurations with
ranks. The ranks have eight devices and are not sub-grouped below the rank level. This is

confirmed by the Pin Description on page 29 of that standard:

TN OB AN

The Pin Description only describes a single chip select for each rank.

This is further confirmed by the Pin Description of JESD 82-20. On page 82 of that

standard, the table with the pin description discloses:

O od wah CAR RAX, and BF o speay the ADBART comzmand,
"
2

(X
eching one of fre ADBAR maks, TS0 wnsed $o
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Thus, the chip select disclosed is used to select a rank and not some subgrouping below

the rank or ranks.

As described above, the FBDIMM standards make clear that there are not at least 72 data
conduits to communicate at least 72 1-bit wide DDR signals between the DIMM and the
computer system. Even if conduits which do exist in FBDIMM, are used as serial
communication “lanes” (which unmistakably convey frames including BOTH address and
control and data) are counted as data conduits, there are only 24 lane conduits in FBDIMM. The
southbound link has 10 lanes, while the northbound link has 14 lanes. Thus, the FBDIMM
standards, which must be relied upon as Harris lacks disclosure beyond referencing the

FBDIMM standards, fail to disclose the above elements of Claim 2.

Thus, individually or in combination, Harris, FBDIMM Standards, and Amidi cannot

disclose:

wherein the plurality of DDR SDRAM packages includes:
a first group of at least five DDR SDRAM packages that are each connected to a
first chip select line configured to electrically conduct a first chip select signal;
a second group of at least four DDR SDRAM packages that are each connected to
a second chip select line configured to electrically conduct a second chip select signal;
and
when the system power is provided to the DIMM by the system board:
. the first and second groups of DDR SDRAM packages are configured to
be accessible and not in self-refresh mode;
. the first group of DDR SDRAM packages is configured to be enabled, in
response to the first chip select signal, to receive or output 40 1-bit wide DDR
data signals in parallel via 40 data lines of the set of data lines independently of
whether the second group of DDR SDRAM packages is enabled, in response to
the second chip select signal, to receive or output an integer number of 1-bit
DDR data signals in parallel via the integer number of data lines of the set of
data lines; and
. the 40 1-bit wide DDR data signals include 32 1-bit wide DDR data
signals and eight 1-bit wide DDR error-correcting code (ECC) data signals; and
wherein the sum of the 40 data lines and the integer number of data lines equals a total
number of data conduits of the set of data conduits of the memory socket, and the total number
of data conduits is at least 72 data conduits.

as recited by Claims 2, 44, and 58. Claims 2, 44, and 58 and the claims which depend
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therefrom are allowable for at least this additional reason.

Claims 2, 44, and 58 have been further amended to recite:

first, second, third, and fourth converter circuits coupled to the PCB and to the
input voltage supply line, each of the first, second, third, and fourth converter circuits
configured to, in response to the detected trigger condition, receive power supplied by the
input voltage supply line when the system power is provided to the DIMM from the
system board

and have been separately amended to recite that:

o the first and second groups of DDR SDRAM packages are configured to be
accessible and not in self-refresh mode;

Amidi discloses switching to a backup power system upon power fault and placing the
DRAM in self-refresh mode, as is discussed in detail above. FBDIMM standards disclose an
“S3 mode,” discussed in part above. However, in S3 mode, the DRAM are in self refresh just

like Amidi, as is disclosed on Page 21 of JESD 82-20:
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Harris discussed no trigger condition and therefore no operation post trigger condition. Thus,

Harris, FBDIMM standards, and Amidi, alone or in combination cannot disclose:

first, second, third, and fourth converter circuits coupled to the PCB and to the
input voltage supply line, each of the first, second, third, and fourth converter circuits
configured to, in response to the detected trigger condition, receive power supplied by the

input voltage supply line when the system power is provided to the DIMM from the
system board

and

e the first and second groups of DDR SDRAM packages are configured to be
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accessible and not in self-refresh mode;

as recited by Claims 2, 44, and 58. Thus, Claims 2, 44, and 58 and the Claims which depend

therefrom are allowable for at least this additional reason.

Conclusion

Applicant respectfully urges that the claims of the present application define patentable

subject matter and should be passed to allowance.

If the Examiner believes that a telephone call would help advance prosecution of the
present application, the Examiner is kindly invited to call the undersigned attorney at the number

below.

Please charge any additional required fees, including those necessary to obtain extensions
of time to render timely the filing of the instant Amendment and/or Reply to Office Action, or

credit any overpayment not otherwise credited, to our deposit account no. 22-0585.

Respectfully submitted,

Date: October 1, 2024 /Khaled Shami/

Vorys, Sater, Seymour, and Pease LLP Khaled Shami, Reg. No. 38,745
1909 K Street, NW 9" Floor

Washington, DC 20006-1152

Customer No.: 151145

Tel: (202) 467-8800
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