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PROGRAM EXECUTION DEVICE 
7 °I=IVs5.4-A•E-gn 

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. 
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Claims: 

1 . AlEZIEVIVAlt, p<AViEglIAillieM 1. by the DC supply voltage, threshold voltage on 

1 mum lg E ck (,))K \ L8. Atcq, ₹7Z signal is larger than the first threshold voltage of 
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Description: 
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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. 
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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 
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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 VO, 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 
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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 
C1 is "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 Cl, 
the "1" and the detection signal Cl 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 tO, 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 Cl is not 
run by driving circuit 30 is "0". The power line 90 
voltage V3 GND, Cl detection signal "0", C2 
control signal "1", C3 control signal is "0". 

[0028] Next, the DC voltage rises at time tl VO. 
7 CE110—CagliA Accordingly, the power supply circuit 10 is driven, 

Va DC voltage, Vc DC voltage and DC voltage Vb 
is varied as well, al each voltage, a2 voltage 
approaches the voltage a3. In addition, al 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 (t2 time). 

[0030] When the steady state DC voltage VO, Va 
DC voltage, Vb DC voltage, Vc voltage DC voltage 
respectively al, 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 to.) 

[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 VO 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 c DC 
voltage detection circuit 20 detects the signal Cl is 
"0" to "1". This signal is supplied to the CPU32 
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interrupt execution circuit 30, CPU32 executes the 
program schedule and Type 2 (t5 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 t8, 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 V0 (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, al 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 Cl 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, al-
voltage direct-current voltage Vc, a2 voltage 
returns to its original natural state if the voltage 
becomes a3. Later time t10, V3 voltage line 
voltage power supply 90 is sufficiently close to the 
al, 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 
interrupt signal as soon as "1". The output circuit 
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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 
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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 V0, 
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 V0 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 
you take charge of the control signal C3 from "1" 
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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 to 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 t4 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 
voltage rises again, the program is executed by 
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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 C5 as the initial treatment 
results were mainly written in the memory 33, the 
time can stand up in the same condition as before 
t4. 

[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 
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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 starts that are stored in main memory 
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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 V0 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 V0 is the 
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DC voltage Once applied, effective immediately 
because it can launch the program immediately 
after the power has a DC voltage VO. 

[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. 
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TITLE: A MEMORY EXPANSION MODULE WITH STACKED MEMORY PACKAGES 

5 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. 

10 

2. Description of the Related Art 

Many modem 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 mounted on another circuit board, typically a 

15 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. 

20 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 modem DRAMs, rows and columns are addressed 

25 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 

30 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 is 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 

35 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 space with which to 

operate. Along with the demand for greater memory capacity is the need for greater reliability in computer system 

operation. As the capacity of memory modules increases so to does the possibility of an error or a failure. 

40 Tracking errors to their source on a memory module may sometimes be a difficult and time-consuming process. 

1 
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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. 

5 SUMMARY OF THE INVENTION 

The problems outlined above may in large part be solved by a memory expansion module in 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 

10 die, within the package. These memory chips are typically Dynamic Random Access Memory (DRAM). In one 

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 

15 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 

20 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. 

25 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 

30 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 

35 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; 

2 
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Figure 3A is 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; 

5 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, 

10 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 

15 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 

20 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 is coupled to each 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 

25 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 

30 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. 

35 Moving on to Figure 2, a mechanical drawing of one embodiment of the memory module is 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 1005 are not electrically connected, making this module a DIMM (dual inline 

memory module). 

5 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 includes 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 

10 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 

15 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) are 

driven to a first memory bank, while those labeled Al(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; CS0 and CS1 as shown. Other control signals (not shown) include row address strobe (RAS), 

20 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 

25 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 

30 unit 1006 is a serial EEPROM (electrically 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 

35 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 

5 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 die 

1002U and 1002L. One line driver chip 1003 is used exclusively for address signals. Each address signal received 

10 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 WEI). In 

addition, each stacked memory package 1002 is configured to receive control signals CSO, CS1, CKEO, and CKEl. 

15 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 is configured to 

20 receive 8 data signals (DQ0-DQ7), 15 address signals (AO-Al2 and BAO-BA1), and control signals CSO, CS1, 

CIC_EO, 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 

25 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 die. 

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 AO-A14 are coupled to both 

memory die, as are control signals CAS, RAS, and WE, and data signals DQO — DQ7. A clock signal, CLK, is also 

30 coupled to both memory die. Control signals CKEO and CSO 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 

35 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 

5 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. 

10 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 

15 accessed. Similarly, CBW2[7:4] represents those pins through which check bits 4 through 7 of check word #2 are 

accessed. Each of these pins is connected to a respective signal line. Representative signal lines are shown in the 

drawing as CBW1 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. 

20 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 Ul, pin 9. Most if not all connector pads 

25 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, 

30 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: 

1. A memory module comprising: 

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

system; 

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 memory 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 I, 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 in 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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10, 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. 

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

identification information. 

10 

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

programmable read-only memory (SEEPROM). 

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

dynamic random access memory (DRAM) chips. 

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

15 (DIMM). 

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

gigabyte. 

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

memory die. 

17. A memory module comprising: 

a printed circuit board including a plurality of signal lines for conveying electrical signals and a connector 

25 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; 

30 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. 

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

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

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

data path 144 bits wide. 

8 
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20. The memory module as recited in claim 18, wherein said plurality of address signals form an address bus, 

said address bus 14 bits wide. 

21. The memory module as recited in claim 18, wherein said control signals include two column address 

5 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. 

10 

15 

20 

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

Module (DIMM). 

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

access memory (SDRAM) chips. 

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

9 
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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." 

5 [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 

10 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 

15 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-

20 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. 

25 [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 

30 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, 

35 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. 

40 [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 

45 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 

50 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 

55 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 

2 Samsung Electronics Co., Ltd.
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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 

5 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) 

10 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 

15 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 

20 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 

25 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 

30 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 

35 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 

40 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 

45 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. 

50 [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. 

55 [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. Fora DSM multiproc-

5 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 

10 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 

15 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. 

20 [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. 

25 [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 

30 memory for those banks according to the present invention. 
[0028] FIG. 4 is a representative 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. 

35 [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. 

40 [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 fora 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 

45 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 

50 [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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[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. 

25 [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 

30 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 
35 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," 

40 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." 

45 [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. 

50 II. 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 

55 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 ELF244LFCE-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. 

5 [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 

10 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. 2 illustrates a more detailed functional block diagram of DIMM 102. In this functional representation, both 

15 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. 

20 [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 

25 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 

30 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. 

35 [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. 

40 [0053] In one embodiment, 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). 

45 III. 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, 

50 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 

55 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 

5 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. 

10 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 DO-D17. SDRAMs DO-D8 represent memory chips of 

15 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 DO-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. 

20 [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 DO 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 

25 the address and control signals, and provides the address and control signal to SDRAMs DO-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 DO-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 DO-D8) via lines 117. 

30 [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 D13-017) 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. 

35 [0061] Clock driver circuit 218 provides clock signal 222 to each of SDRAMs DO-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. 

40 [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) SDRAMs, 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 (DO-D17) are mounted on a first circuit board 103. The other eighteen 4M x 4 SDRAMs (D18-D35) are 
mounted on second circuit board 500. Circuit board 500 is mounted on circuit board 103 in a piggy-back fashion. Only 

45 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 

50 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 DO-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 

55 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 DO-D35 are addressed simultaneously. 
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A bank select signal (one of signals A[19:01) is used to select between memory bank portion 210 and memory bank 
portion 212. 

V. DIMM Chip Layout 
5 

[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 DO-D8, SDRAM DIRO (for state memory 106), 

10 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 DO-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 

15 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 

20 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. 

25 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. 

30 

Table 1 

35 

40 

45 

50 

55 

Pad Description 

Pad Name Function 

A[11:0]A Data Memory Address (Row:A[10:0]; Col:A[9:0]; Bank select: All) 

DQ[71:0] Data I/O Pads for Data Memory 

CS1 , CSO A Chip select for Data Memory SDRAMs 

RE A Row address strobe (RAS) command for Data Memory 

CE A Column address strobe (CAS) command for Data Memory 

WE A Write enable command for Data Memory 

DQMA Input/Output mask for Data Memory 

CKE1,CKE0A Memory clock enable for CS1 and CSO SDRAM's respectively 

DIR A[11:0]B State Memory Address (Row:A[10:0]; Col:A[7:0]; Bank select: All) 

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= These pads are shown collectively on FIGS. 4 and 5 as A[19:0] 

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

5 

10 

15 

20 

Pad Description 

Pad Name Function 

DIR DQMB Directory input/output mask for State Memory 

DIR CKEB Directory clock enable for State Memory 

PCLK, PCLKC Differential LVPECL clock inputs 

TCLKC LVTTL clock inputs 

TCLK SELL 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 
= 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 36MB DIMM 

25 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 CSO, to distinguish them from the 
"internal SDRAM bank select" signal All. This naming convention applies for SDRAMs used for data, as well as those 

30 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. 

35 [0070] There are eight remaining paths for the data memory of the SDRAM DIMM. Two external bank chip select 
pads abbreviated CS1_ and CS0_, 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 SDRAMs, respectively, and are abbre-

40 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 

45 directory address pad (A11) is used for internal SDRAM bank selection. 
[0072] Sixteen bits of state information is provided by directory data I/O 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 

50 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-

55 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 

5 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. If implemented, a single additional pad is used to read the contents of the serial programmable read-only memory 
(PROM), which is labeled SERIAL_DAT. 

10 [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. 

15 

VII. 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-

20 Al2-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 
25 

30 

35 

40 

45 

50 

55 

Timing Requirements 

(Ta = 0 to 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 = ins 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 

11. 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. 

5 VIII. 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" 

10 (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. 

15 [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 (CO, 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 

20 location accesses per RA, a total of 8 data words DO-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 
25 

30 

35 

Cycle Latency at 50MHZ 

1. CAS latency = 2(number of clocks between CE_ command and data is available). 

2. tRCD = 2(minimum number of clocks between RE_ and CE_ commands). 

3. RAS latency = 4 (minimum number of clocks between RE and data is available). 

4. tRC = 6 (minimum number of clocks between refresh and RE_ command). 
5. tRAS = 4 (minimum number of clocks between RE_ and precharging). 

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

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

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

[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 

40 it is written back as shown by the second DO/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 

45 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 

50 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 

55 (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 (DO), 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. 

5 [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. 

XI. Expanded State Memory 
10 

[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 

15 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 

20 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. 

25 [0088] The organization of DIMM pairs 302 and state memory-only DIMMs 1406 in a 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 

30 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 

35 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 

40 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 

45 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. 

50 [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. 

55 
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Claims 

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

5 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. 

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

separately. 

3. The DIMM of claim 2, wherein said further means comprises a connector (108), said connector having a plurality 
15 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 

20 a second group of data pads (124). 

4. 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 
25 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. 

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

6. 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 

35 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. 

40 

7. 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. 

8. 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. 

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

of said memory blocks is cached. 

10. 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 

50 said memory blocks. 

55 

11. 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. 

12. 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. 
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13. 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. 

14. The DIMM of claim 13, wherein said first memory bank portion and said second memory bank portion each com-
5 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. 

15. The DIMM of claim 13, wherein said first memory bank portion and said second memory bank portion each comprise 
10 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. 

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

17. 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 

20 means comprises at least two eight megabit deep by eight bit wide SDRAM chips. 

Patentanspriiche 

25 1. Dual-In-Line Speichermodul (kurz: DIMM) mit 

einer Schaltungsplatine (103), 

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

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

35 2. DIMM nach Anspruch 1, dadurch gekennzeichnet, dell zusatzliche Einrichtungen (108) vorgesehen sind, urn einen 
separaten Zugriff auf die erste Speichereinrichtung und die zweite Speichereinrichtung zu ermoglichen. 

3. DIMM nach Anspruch 2, dadurch gekennzeichnet, dell die zusatzlichen Einrichtungen einen Stecker (108) auf-
weisen, wobei der Stecker mehrere Anschlusse besitzt, die folgendes aufweisen: 

eine erste Gruppe von Adressanschlussen (118), 

eine zweite Gruppe von Adressanschlussen (122), 

45 eine erste Gruppe von Datenanschlussen (120) und 

eine zweite Gruppe von Datenanschlussen (124). 

4. DIMM nach Anspruch 3, dadurch gekennzeichnet, dell die mehreren Anschlusse folgende Anordnung aufweisen: 
50 

40 

Die erste Gruppe von Datenanschffissen und die erste Gruppe von AdressanschlOssen sind elektrisch mit der 
ersten Speichereinrichtung verbunden und 

die zweite Gruppe von Datenanschlussen und die zweite Gruppe von Adressanschlussen sind elektrisch mit 
55 der zweiten Speichereinrichtung verbunden, 

wobei die Anordnung eine unabhangige Adressierung der ersten und zweiten Speicheranordnung zulaRt. 
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5. DIMM nach Anspruch 4, dadurch gekennzeichnet, daR die mehreren Anschlusse zusatzlich separate Steueran-
schlusse fur die erste und zweite Speichereinrichtung aufweisen. 

6. DIMM nach Anspruch 4, dadurch gekennzeichnet, daR der Stecker eine Steckerleiste ist, die zwei Seiten und 
5 mindestens 122 Anschliisse pro Seite aufweist wobei die erste Gruppe von Adressanschliissen mindestens zwolf 

Anschlusse, die zweite Gruppe von Adressanschlussen mindestens zwolf Anschlusse, die erste Gruppe von Da-
tenanschlussen wenigstens 72 Anschlusse und die zweite Gruppe von Datenanschlussen mindestens 16 An-
schlusse aufweist. 

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

8. DIMM nach einem der vorangehenden Anspruche, dadurch gekennzeichnet, daR ein phasenfester Schleifen-Zeit-
geber (phase locked loop clock driver) mit der ersten und zweiten Speichereinrichtung gekoppelt ist und ein Puffer 

15 zur Pufferung von Adress- und Steuersignalen fur die erste Speichereinrichtung vorgesehen ist. 

9. DIMM nach einem der vorangehenden Anspruche, dadurch gekennzeichnet, daR die erste Speichereinrichtung 
logisch in Speicherblocke unterteilt ist und daR die zweite Speichereinrichtung konfiguriert ist, urn Informationen 
daruber zu speichern, wo die Daten in einer Gruppe von Speicherblocken in einem Cachespeicher gespeichert 

20 sind. 

10. DIMM nach einem der vorangehenden Anspriiche, dadurch gekennzeichnet, daR die erste Speichereinrichtung 
logisch in Speicherblocke organisiert ist und daR die zweite Speichereinrichtung zur Speicherung von Zugriffs-
rechten fur die in einer Gruppe von Speicherblocken gespeicherten Daten ausgelegt ist. 

25 

11. DIMM nach einem der vorangehenden Anspruche, dadurch gekennzeichnet, daR die erste Speichereinrichtung 
logisch in Speicherblocke unterteilt ist und daR die zweite Speichereinrichtung konfiguriert ist, urn Cache-Zustands-
informationen Ober die in einer Gruppe von Speicherblocken gespeicherten Daten zu speichern. 

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

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

35 

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

40 

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

45 

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

17. DIMM nach Anspruch 13, dadurch gekennzeichnet, dall der erste Speicherbankabschnitt und der zweite Spei-
50 cherbankabschnittjeweils 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 Adressanschlussen mindestens 14 Anschlusse 
aufweist und dall die zweite Speichereinrichtung mindestens zwei acht Megabit tiefe und acht Bit breite SDRAM 
Chips aufweist. 

55 

Revendications 

1. Module de memoires a double rangee de broches (abrege : DIMM) comprenant : 
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une carte de circuit (103); 
un premier moyen de memoire (104), monte sur ladite carte de circuit, pour stocker des donnees ; et 
un second moyen de memoire (106), monte sur ladite carte de circuit, pour stocker des informations de re-
pertoire correspondant a au moins une partie desdites donnees. 

5 

2. Module DIMM selon la revendication 1, comprenant: 
un autre moyen (108) pour permettre d'acceder separement audit premier moyen de memoire et audit second 

moyen de memoire. 

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

un premier groupe de plages d'adresse (118), 
un second groupe de plages d'adresse (122), 

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

4. Module DIMM selon la revendication 3, dans lequel ladite pluralite de plages possede la disposition suivante: 

20 ledit premier groupe de plages de donnees et ledit premier groupe de plages d'adresse sont electriquement 
couples audit premier moyen de memoire ; et 
ledit second groupe de plages de donnees et ledit second groupe de plages d'adresse sont electriquement 
couples audit second moyen de memoire, 
dans lequel ladite disposition permet un adressage independant desdits premier et second moyens de me-

25 moire. 

5. Module DIMM selon la revendication 4, dans lequel ladite pluralite de plages comprend en outre des plages de 
commande separees pour lesdits premier et second moyen de memoire. 

30 6. Module DI MM selon la revendication 4, dans lequel ledit connecteur est un connecteur de bord ayant deux cotes 
et au moins 122 plages par cote, 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 donnees 
comprend au moins 72 plages, et ledit second groupe de plages de donnees comprend au moins 16 plages. 

35 7. Module DIMM selon l'une quelconque des revendications precedentes, dans lequel ledit premier moyen de me-
moire et ledit second moyen de memoire comprennent chacun une pluralite de puces de memoire vive (DRAM). 

8. Module DIMM selon l'une quelconque des revendications precedentes, comprenant en outre un pilote d'horloge 
a verrouillage de phase couple audits premier et second moyens de memoire et un tampon pour tamponner des 

40 signaux d'adresse et de commande pour ledit premier moyen de memoire. 

9. Module DIMM selon l'une quelconque des revendications precedentes dans lequel ledit premier moyen de memoire 
est logiquement organise en bloc de memoire, et ledit second moyen de memoire est configure pour stocker des 
informations concernant ('emplacement O(.1 sont mises en antememoire les donnees stockees dans un groupe 

45 desdits blocs de memoire. 

10. Module DIMM selon l'une quelconque des revendications precedentes, dans lequel ledit premier moyen de me-
moire est logiquement organise en blocs de memoire, et ledit second moyen de memoire est configure pour stocker 
des droits d'acces pour les donnees stockees dans un groupe desdits blocs de memoire. 

50 

11. Module DIMM selon l'une quelconque des revendications precedentes, dans lequel ledit premier moyen de me-
moire est logiquement organise en blocs de memoire, et ledit second moyen de memoire est configure pour stocker 
des informations d'etat d'antememoire concernant des donnees stockees dans un groupe desdits blocs de me-
moire. 

55 

12. Module DIMM selon la revendication 4, dans lequel ledit premier moyen de memoire et ledit second moyen de 
memoire comprennent chacun une pluralite de puces de memoire vive (SDRAM). 

16 Samsung Electronics Co., Ltd.
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13. Module DIMM selon la revendication 12, dans lequel ledit premier moyen de memoire est divise en une premiere 
partie de banque de memoire de puces SDRAM et une seconde partie de banque de memoire de puces SDRAM. 

14. Module DI MM selon la revendication 13, dans lequel ladite premiere partie de banque de memoire et ladite seconde 
5 partie de banque de memoire comprennent chacun au moins neuf puces SDRAM, chacune desdites neuf puces 

SDRAM etant profonde de deux megabits et large de huit bits, et dans lequel ledit second moyen de memoire 
comprend au moins une puce profonde de un megabit par 16 bits de large. 

15. Module DIMM selon la revendication 13, dans lequel ladite premiere partie de banque de memoire et ladite seconde 
10 partie de banque de memoire comprennent chacune au moins dix-huit puces SDRAM, chacune des au moins dix-

huit puces SDRAM etant profonde de quatre megabits et large de quatre bits, et dans lequel ledit second moyen 
de memoire comprend au moins deux puces profonde de deux megabits par huit bits de large SDRAM. 

16. Module DIMM selon la revendication 15, dans lequel ladite carte de circuit imprime comprend une configuration 
15 rapportee dune premiere carte de circuit supportant une seconde carte de circuit en parallele. 

17. Module DIMM selon la revendication 13, dans lequel ladite premiere partie de banque de memoire et ladite seconde 
partie de banque de memoire comprennent chacune au moins dix-huit puces SDRAM, chacune desdites au moins 
dix-huit puces SDRAM etant profonde de seize megabits et large de quatre bits ; dans lequel ledit premier groupe 

20 de plages d'adresse comprend au moins 14 plages ; et dans lequel ledit second moyen de memoire comprend au 
moins deux puces SDRAM profonde de huit megabits par 8 bits de large. 

25 

30 

35 

40 

45 

50 

55 
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FIG. 5 
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Class 2 Directory Access for Writes 
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Class 3 Directory Access for Revisions 
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Abstract: 

1;5 q-

ISHIHARA MAMORU 

G11C11/401; G11C11/403 

DRAM MODE CONTROL CIRCUIT 
DRAM- 

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. 

[AVM AvT- iJ\ lg .t .gtAti td: LAE D RAM0)t)l/7 1)7 1, ORMAII2Me 
5i:L75c -C , 41(:_okt) D R AMOAv 7v7 1141110)g-KO ZI [if174A* 

DC—DC/A— 1 1 (g, 5V CM 5 75clav- 2 fltAili ("1M4 5V) V) (EN-J 
c: GA 2 fltAnt 0%11 e 3 . 3 V 1=LE I; WS. (ggi,11 3 . 3 V OM 3 VOISEM IY,] ffi

- Et)iffACIM 1 2 'A 2 IMUJOgIlle 4 . 7 V ct t)tiEFF bit 75MII.EACIM 
8 (Eck t) titc. (z_ZA -₹.41.b"; DC —DC >A— 1 1 75cM 3 'AVM)] E3.M  3 
V -C152—e tc;:< ."-C,0)128'1 lam, t LIZ 1 3 lEt1J14 .tt.±-C; D RAM 2 (Et) 1,7 IJ 
7 t-w-,-:eibcofliA .-*-e4- . 

Description: 

[ 0 0 0 1 ] [5010))XV— Mi*i TT]*5:tI3A( ‘  Msfi,13 [0001] [TECHNICAL FIELD OF THE INVENTION 
j)\ 5 OJ 1J 7 awn 1 F:L u The present invention, DRAM mode to switch 
7  i/v  j(i=e5,*h_ 2 mode and second mode of the DRAM having the 
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Patent Order MT 
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 
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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 
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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 DRAM2, 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 4-1-Ubeku 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 5V power supply circuit 5 is not connected to 
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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 supply, not using 
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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 signalsl -
Ubeku the CAS signals CAS before RAS refresh 
at DRAM2. 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 DRAM2 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, DRAM2 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 
predetermined it further If the "H" had been with 
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the RAS signal level "L" to change the level (at 
T4). 
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[0032] DRAM2 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, DRAM2 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 fiUbeku 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 DRAM2. 
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] DRAM2 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 
DRAM2. 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 MENaru 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. 

srv9.patentorder.com/pdf/MTJP2001357669A2.htm 8/10 
Samsung Electronics Co., Ltd.

Ex. 1002, p. 935



5/9/23, 5:58 PM 

[0 0 4 O] I=A_LO) D 
RAM FRIO:1M 1 OTIJE,NOMMOc7)-

5 V I5111,` 5 --c;152 4-1,m 2 VtAIS 
, AvT- I) 7 iP-30)E.t 7Alt : 7_.L 

tcz<figr4 ₹ L./ /2T) MEMOVIIET 
(DMI:INLAVDCE 4. 7 V ct tiF,UN 3. 3 V (E 
""C IMP M 2 VtAiNVJ ®
4. 7 Vb\r3 3. 3V --CIETV-UAIRBI 
TDRAM2 (Et)1/7 ,) 7 1,v aVaiit't 

fl IA 174- less than DP N=0005 greater 
than 

[0041]T, -DT, DR 1Z 
( )''y T') 7 b\ a) Ti t514al <,;,<,  OM 

AvT- I)7(:_, DRAM20)Av7v7 °
HMI ffitl3R(Efelg4- L'L ei=714gLtd: . 

[0 0 4 2]td:84KRI3Alg_LE-A-MMEIRZ. 41 
M 1 

)-5M 3 '00'1' lg ,)] 0)-₹'41.-ft-CDAMOZE 3. 
3V, 5V, 3. 3 VL v -cm 2 fitAti WM® 
ZEIETVnli4- 4LAME 4. 7 vLli-co 

L'41,1-30)Zalg, M 2 VtAitZt ±> 
2 fltAINTt OVIIETVAMV- ELAXZE >M 3 
1):SZt lg iltd: 

[ 0 0 4 3] 1",=_Eil2A-htff:SI; (g, DC -DC 
1 1 (gM 2 fltAINTt a) le 3 . 3 V 1-`,( 
Za3. 3V GA 3 fitAili 

/*/- 2 V:tAtZtOgi,1175C 
3. 3 VctUtal,\L8- (E3. 3 VOM3fItAiSA 
)7152 .-C81:=I:<td:Mre -D -CtAL\c, 4-td: 
bt, 0[1 -A".( 1g 2 'MINIM 1g 1175c 3. 5 V L`A_L 

E3. 3 VOA 3 VtAtZt 
Tifilgtd:to)td:EVIIUN ct 5 la" littift0. tEtc: 

14 2 fitAili'VJOMEHTVnil lit /3\ D C 
-DCD/A- 1 1 75cCE 3. 3 VOA 31i 

ig ,)] -ca),tAr89bi, DRAM 
2 (EtJI/7 i) 7 1,v 
Tagtd31)] 5 

[0 0 4 4 ]: 6)( b\ 4KREIAORig 
El=1-02/za)Rff:'Aribccitg-C . 

Patent Order MT 

[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. 
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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 Cs0—cs1, 
Ba0—ba1, CKEO, AO—a12, timing signals, address signals, RAS, CAS, CKE1, 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. 

1. 

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 
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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 
output of the second voltage regulator The first 
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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 the bit Low-level voltage 
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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 1NMOS 
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. 
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14. A semiconductor circuit as claimed in claim 
, 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 
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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 la and lb, 
the conventional 16M-bit DRAM, and 5V version 
devices 10a which are connected to an external 
positive power supply (VDD) of 5V, 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 10a, 
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, 
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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 
invention, by employing a master-slice technology, 
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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. la and lb 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) OV (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, I 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 (9-10nm) 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 
21a is relatively large, by making the intermediate 
voltage VPERI (VARY <vperi <vdd), without 
increasing the power consumption by these 
circuits too, 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.ln 5V, it is 
used as the plate voltage of the memory cell 
capacitor. Internal voltage VARY, VPERI, VPP, 
VBB, VBLR, and I 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 differen 

[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 VPREI, 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 (OV). 
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 I / 0 by the 
column select signal YS. Then, the output line I / 0 
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 ACTV signal and DETECT1B signal. 
ACTV 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 DETECT1B signal (Fig. 8) is shown. 
DETECT1B 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, DETECT1B signal becomes the VBB level. 
The benefit of such a DETECT1B 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, 
99g, 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, 99c, 99d and the inverter 101a, 
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101b, it is 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 SAP2 (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 OV), it receives 
and ACTV signal, and the sense enable signal 
SAE, and DETECT2B. DETECT2B signal is 
applied to the gate of the pull-up PMOS transistor 
108. Method of generating the DETECT2B signal 
and DETECT2 signal is the same as the 
DETECT1 signal, DETECT1B signal. In other 
words, by setting the division ratio or the reference 
voltage, it is set so DETECT2B 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 (OV) and VARY (2.0V). This works well 
with respect to SiO 2 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 20 5 , a leakage current 
characteristic is asymmetric. For example, when 
the bit voltage VSN is equal to VSS, dielectric Ta 2 

0 there is a positive leakage current 11 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 11 is large 
and disproportionately compared to the leakage 
current 12. Thus, since the leakage current 11 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 20 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 (OV) 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 0V 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, VBLRV, 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. 
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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 
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optimized to reduce dielectric leakage. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. la is a block diagram of a 5V version of the 
conventional 16M-bit DRAM. 
FIG. lb 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 256M-
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 
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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 signals 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 (VARY regulator) 
32 voltage regulator (VPP regulator) 
34 voltage regulator (VBB regulator) 
36 voltage regulator (VBLR and VPLT 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 
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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 
99c 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 
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SAP2 drive signal 
SAN drive signal 
WL word line 
BLEQ signal 
YS column selection signal 
I / O input-output line 
ACTV signal 
Output signal 
of DETECT1B 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 
12 negative leakage current 
13 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 
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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 firewall 

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, etc. 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 to 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. 

[00031 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 device. 

[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. 

[0011] 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 concern 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 at 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 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. For example, 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 controller 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), RAMBUSTM 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. 

[00191 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. 

[00201 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, I/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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[00211 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 control 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, 1/O multiplexer 195 and data buffer 196. 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. 

[00221 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, 1/O 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, I/O 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 0 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. 

[0023J 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, 
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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 a 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 memory 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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100261 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 1/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. 

[00281 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, 11O 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. 

10029] 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 selective 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 power 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 

a 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 memory bus 281 between memory controller 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 DIMEM 

(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-i, respectively. Each of lower power logic 396a-i is coupled to 

memory bus 381, and together with corresponding ones of higher power logic 

397a-i, 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-i 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-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 399a-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 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-i, 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. 

100341 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-i 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-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 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-i 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 assembled together as ICs on 

a substrate or as dies within a multiple die package. Also, in some embodiments, 

memory device 490 is an unbuffered DIN/M. 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-i is coupled to memory bus 481, and together with corresponding ones of 

unswitched power logic 497a-i, couples corresponding ones of memory arrays 

499a-i 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-i 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-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 496a-i 

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-

i) 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 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 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-i 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. 

100401 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. 

10041] Figure 5 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 level 

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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100431 Also, in some embodiments, the separation of this interface logic 

between lower power logic 596a-i and higher power logic 597a-i 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.e., 

portions within lower power logic 596a-i) 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. 

[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-i 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 DINIM 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-i 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. 

[00461 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 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 696a-i, together with 

corresponding ones of unswitched power logic 697a-i, 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-i 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-i, 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-i 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-i 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-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 674 at times when logic level power line 677 is turned off 

as part of memory device 690 entering 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 5 except for the replacement of buffer logic 592 in memory 

device 590 with buffer logic 792 having a pair of point-to-point interfaces 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-i 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-i and memory cells 799a-i are all supplied with storage level power 

from storage level power line 772. 

100511 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-i, together with 

corresponding ones of higher power logic 797a-i, 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-i 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-i 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 lower 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 

invention. 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 portions 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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[00541 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 

memory 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 

device 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 
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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 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 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 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 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 turning 

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 872 remain turned 

on to continue supplying unswitched power and storage level power to both 

unswitched power logic 897a-i and memory cell arrays 899a-i, respectively. 

Also, in some embodiments, the turning 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-i 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. 

100581 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, augmented 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. Alternatively, 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 RAMBUSTM 

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. 

10063] 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 within 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. 

10064] 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 
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within memory device 990 identifying the type of memory device, various 

parameters, and/or the presence or absence of various features. If it 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. 

[00661 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 is: 

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 

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 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. 
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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 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. 

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 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 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 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 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. 

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 

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; 

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. 

25. The apparatus of claim 24, wherein the external interface of the at least 

one DRAM IC is directly coupled to the memory bus. 
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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 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 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 powered 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 

56 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1070



WO 2005/066968 PCT/US2004/043496 

restore power to the interposed IC by providing the second power supply 

voltage. 
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FIGURE 3 
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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. 

https://srv9.patentorder.com/pdf/MTJP2006268419A.htm 2/10 
Samsung Electronics Co., Ltd.

Ex. 1002, p. 1084



8/26/24, 10:55 AM Patent Order MT 

Description: 

[0001] 4K5tH) (1)( 7 viCIMEIM 
Vsr-, gi2114r-f4301)( GA94VitAlzfgE. 

.1*'ilz.-A4-L 

[0002] IOU t), OIJX1gT740f4Z114WIE., 
elffilz-.8l1Wethi)( i)0N94VgX.4- I0i 
bit'AW -41.-C ()IL. OllAigl4A453X 1 rig, 
1E0ffihtITAbWIEMS0q1.EVAUL/C, 

7 •Y 1Z1A0Zh AFe91g140/.05t)i )( 
,) 001-I c1 5 (a fJ:t M 7T 

14,153X2 riggINEIMOW 
lg illaT lifill4(z.-Agl L, '14,VIECEII LIT C 

P U `LIE C P U "TIVO 
41. t-fel_tir40A13A-VD3E,Fi lE112,4- )( i) 
liE'llAgefg1Ps tt. ..t 5 lz bit lg *er417 4-1. 
-L '' h 14A1-51X 3 (z.:(1, f4glAtnil 
LAtr-k-nitiOlEiV'Wx itilfib-C4Z1=11 
1141E0MtS.52- ₹0.fkg 
lg e1=1.2411.(gitigfilit6Itz.lEiVsWx4RIli 

fmemottes(z..(gc P U 
0MHPVCE Zh1=111141:_)( r_fg14 4-1. 

[0003]f411 %2001    -1 7 5 3 6 4 -SiLMVsn 2 
0 0 3 — 6 7 0 8 9 - 1/MalPrIM"5-1   0850 
3 -1 11/AR 

[0004] LAN LitSer3, _EAEIPJ-MaiX 1 01=10gT 
fq,275i-MIUITAvT- I)AffibitS<IS.-Dtc.L 

81z.-.)( i)NOCML.-Cl. LLI5Pdikle 
14A4M 2 om -eia, 

C,51,50 V,IllaT114 (a. lig 114 (z_7 7 5ig 

lztA t) tr.10 0 00 II4g lg Ab9Ftl, r_ 
VAAffil=IMOnifinhtd:E0ittn-.Av T- IJ iJN 

TRI-SZ)i bi514Htt.-C T-
5 5 171211Y 

14153X X3 0)1M11 '(
t0T(ItS< g'WettALItr.teSlIC P U ONO 

(E.283A/Cegi(PVCE 
fiiIir-e tS.b\--Dtc_ffft'hi)( i)0N94 

efgtiftti-S.61L 615 

[ 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. 
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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 
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transition to self-refresh mode can be a volatile 
memory and then said. 
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[ 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 
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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 (2g 
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 Ti. 

[ 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. 

Cited by: CN103019363 A; JP2009131101 A2; JP2009153351 A2; JP2011053875 A2; JP2011186763 
A2; JP2012093924 A2; JP5481348 B2; US8572422 BB; WO23162392 Al 

https://srv9.patentorder.com/pdf/MTJP2006268419A.htm 10/10 
Samsung Electronics Co., Ltd.

Ex. 1002, p. 1092



JP 2006-268419 A 2006.10.5 

(19) El*MIIINff (JP) 0.2)fik De rf CI 01) (11) *FE VICa,141*-R 

4f m2006-268419 

(43) .1Z-114E 
(P2006-268419A) 

sli418*10fl5E1 (2008.10.5) 

(51)11A.GL F 1 1-.-'7=- F (V,) 
G O 6 F 12/16 (2006. 00 GO6F 12/16 34OG 5B O 1 1 
H O 2 1 9/00 (2006. 00 GO6F 12/16 34OQ 5B O 1 8 
G O 6 F 1/26 (2006, 00 HO2 J 9/00 P 5 GO 1 5 

G O 6 F 1/30 (2006. 00 HO2 J 9/00 Q 
GO6F 1/00 335O 

SRr7- g Tr VA0)4tt 6 O L ( 8 A) RO.A4,:irc < 

(21) VI:0*-R 
(22) 

M702005-85423 (P2005-85423) 
*A17 3.A 24E (2005.3.24) 

(71) ffiNA. 000004237 
lEISgEttitAl± 
W*tlitEMETIfl 7* 1 "4 

(74) MIA 100096024 
#1E± VW E.AT' 

(745tqt- MS 'I* 
TWIMEMHTH7*1 -9. ESIEA* 

F (-51- A) 5B011 DA02 DA13 EB07 GG01 JA04 

JB01 
5B018 GA04 KA03 LA01 LA03 MA14 

NA01 QA05 RAll 
5G015 FA16 JA32 JA52 KA04 

(54) MEIJE10. fil .)( 

(57) [Mt] 

ERZ] r+FlogWEINIGA—titalz.k 6/iv 97 v 
th•f A v 1- 9 oR*164t%M.1-Z. 
Efink*fk] 7 1,-MITO$ u /iv 

9 7 v M41. it i] V 1/4)] LI:litziONtcablz 

Effit -4-- VARZEIML MEM-Mitt opopros 
lo tlffi CAL , MSEFAMMEEIWD 

1:bhtliMOSZS 2 Of4MOkb irEEM•ftlit 
0;14M-41-zilgtfi$ 'NW] Vitttt v 7 V 

VAS , irlaZ it% 2 04t4AW*M75NG.cf.t 
40 I.T-4AlttztratazMIERRI$ VOgv7v 

9101]*.fk MEM 2 Of4t* 
*fko),71.75iM1111-F •*ffi Utz** IzAnagv 7 

lasost vfitivraina$ SINTR'‘fit4tt 
4 sv*.ERL 

EZ#120] El 1 

FT, 

C8T 

A 
A 

,H H 

Ltin 
WEI 
-PAS 
r<ia 

A 
A tefi 

E 

6 
k 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1093



(2) JP 2006-268419 A 2006. 10.5 

[I -ViLF1**Ordlffil 
[1**M1 
4fliaTit 1/4 )] Unalzi6RtsA0toTiaffit -4- 6AMMICI I MIEWMat 0A 

04. 10:4;1 1:1aliL, li liiEAMMNEIMOWttEKIR,t6S 2 0 
liUIEM•fditt 0*1 B:41z1Wftit,( -E 1) 2. {4:kte -f - 6/iv97syliti 

i• lijlEZ 1 *tzltZ 2 Of4t4Offi fk75Nr34t4tffitg -14 5aerftzt,l,itizithEaftit$ 

• VO/iv 7 v101011 IATZ [J$1100 .PRL, VIES 2 Of4t4Offi fk0).91-75i% 
EIETtAtH Ltz**(7-141E/isy 7vItNOttt•Tin.tMl inlier.E$ 
ASTZA4 

[14*TA2] 10 

li *M1 17-E$20)$ V , i'v 7v11:1MIz8I,NT, itlEM204t4gt:b1:1017511Eig 
-Ft - 4;1kb Utztafr fz4Altil -ki t•PhtnirEltfltffittZI-(71=1ZtflUtZ, L t•44ittLt 

7 
[14* 113] 

*IN 2 17-Ena)$ /iv /JP tiATEA4 v *.F2It. 'EX 1 0 

f4t4;1fflEltlia) .4.- %4Affill -ki bits<, 
/i 7,y1Mgiga)Mt lilin$ 99.14-0*Mizitoretz, 5014M,z faLl -

7 

Ifis'cJA1 MY 3 001'41,ffilztEtt0))( VITE)( 9$114-1] 20 
*MU, TPIE.Z 1 11 1 2 04t4Affi*RbNi3f#R4A 1P, -  intaafg 

it$ q'fftit$ tzt*iff -g- 661A11 - FhtPAIllfri.N, ₹- OfkilthEN 
ft 'hi iJ 7 1.v J. — lz fr -g- z 4vAL 2( ij/i.y97,y 

11:11%. 
[114*M5l 

liAi *TA 1 75M 4 00f ttbNizIE$10$ viErg**A0 -4-- z t1;44 -4-

Zt 4Ittio 
[EW*TA 6]

*TA517-IEUOM±65 -D -C, i tit575i5-'-fA 7i.-fg2 - ZLL -Vtk 
L -0- 6MT4211. 30 

[ HJ1 0 IT tr. ig Elf1 
CIAWs31.1f] 
[0 0 0 1 ] 

*5t HA IJ/('Y 7 'Y iz iz, 44 04 fzlw fa ij 0 

1L111- 61-AtRIZ:MTZ. 

PaiMatt4] 

[0 0 0 2] 

4/tAe IgT1t0q2B-441z, tTaiitz8d - 6agatt)( ija)Pg4-4g1,Itz 

gltietit3 4.1. -006. 431 z igICW)ZAK 1 [zit, tENO fETA5 M.1114:t4t0f#J.E 
fiv 7v12502)] V£Ktila)I6N 6) ( i)a)anzflttel- 6,:k :51z1., 40 

tztnittteul 75crgi ti. -co6c, ogif3zst2izassul ( )]'E ElET 
tz$fia 1„ Taitga 11O -cc lz CPU -efrt)416tra 
MI.140$13A .VJAP-1 7.2te -f- 6, ( MIEVAPigliffiX1* .6.k51z Ltzttbig17T t. 
ToZ. *WFIctof 3 Izit, g- V. 0 -4- 6LiltIzAffrEIDOIDY51., ML., -c 

WREIII*17-0Mtd:C - 9 ₹- Ofk(4.- X75c1:141 -4- 41. 1S*Ifl, -Cotzl 
9* At. 411illAAEt•Ifrl - Z75i, f4.-I

I
P UOthiif t'f4.- 1.L L. tai

t•IllE1-4-ZEISbc1M7 41.-006. 
[0 0 0 3] 
[141,1F ] %R92 0 0 1- 1 7 5 3 6 4-'4i..“R 
[441mt 2] 4iun 2 0 0 3 - 6 7 0 8 9 -14/1.“‘R 50 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1094



(3) JP 2006-268419 A 2006.10.5 

(% U3] M*5-108503 tt 

ERMON ] 
ERM7VMAL 5LT6MM] 
[ o o 0 4 ] 

UffiL4ffiG, RWW3ZU1ORMTU.4.7.ffiR oTgv uRibt4<4 

L $ UA4AALTL*5L05r.IMffi6Z. , 1 a~f S2ORMTU,I 

tlq* aatMOtlliETMM /iv97vItg517-.MkZ ,%MMO 
*4X4R 6qt0HOOM*M EO liv UffiG WttffiMA 

• I.TL 0. /iv UZillO*0751%4 41,TLt3L05MM75t Z. ,* 
U 3OgnaM02MHMOkZtOTU <.4Zffia0**aoPu0A0 10 

alfili$ V IATR 4kLTL 5L6.*ET ffi LlIft111$ U 
O A0bt%M 0 05MMffiZo 
[0 0 0 5 ] 
*Rffla.AMZXRMO—AMMES104M*RMTKeLT$ Ugv97 

✓ It6*ROft .AMtERMO=ANffittEKIJAt6M204t*EMM 
• .S101-4.M*R0iffiaMUTR.M4tffiMT td 0**TtM204 -t*EMT* 
ffi Ls—t*MMORM4 /iv 9 T/iv97vITZzL 9.4M*ffiRM 
00-an Zgv97vInftA R L, liv UOA*OtAMt6RE 
MAt6ze HMLt6. 
IMEMAt6L60*Ml 20 

[ 0 0 0 6 ] 

EHMA4*6L6 .*RMffiffi6$ vgv 7vILIMus ql"igat A 

t LEM6W4AAtEWtT6AMtMEML.ME4Mtt0AtUnK*t 
6Z104t*MEML.MEAARMENTOffitMEKVT6S204t*WEML 
nENttoAA*MRt$ U ttAtritt6iiv Cf 7vItEL,MEM1 

* aZ204t*ffiRffiG4t411ffif it**MENRit$ U0gv97 
✓ IMOWIAtZ$ UMORL.MEZ204t*ffi*ROffitEfIT IAffiL 
• **MEgv97y1tBOtt WZMNnE$ UMW*RAMT6A4v 
*RekZEL *MLTZ. 
(0 007] 0 7 ] 30 

Lo$ Ugv97vILIM80T, VI EM204t4AWMM2VMUIT*WLL 
**I=*WiR ffitaM WtTZ947MIt ak z .%*LTZ. 
[0 0 0 8 ] 

PEA4v *&U.MEM10%M*ffiRM0f42*fflMffi <.noME9 7 

EMO4M 1-425 ** .MEgv97v1tBOttME$ UVO*RMIt 
* 6 3MOt ZaL OLt6. 
(0 009] 0 9 ] 

ME$ UM0*&U,MEM1 LUS2OMM*W*MffiG M4Affifg R L 

4* .MEMRt$ U0*M-9 0Rtt$ U 4E 6Mg ZMMff 
O. 0litMEMAt$ U 7U7 v —K fai,ff 6L .4*OLt6 40 

(oolo] 
AKRfflffiffi6X+MOU, E0$ viiv97vIRMARt6zL eLt 

6. .AUMNffi 4A97 4gffT66zL f44 t6. 
(MMOAl 
[coi l ] 

4SAttg50—ANZE *T6M104tIMOL, $ U*R8 $ U 
MZtTtd

• 9,M1OME*WEIMffiftMLT4ZIAW7VT* 4-Tk O**Tt.ZEtT 
4AWLT6A MM6LLffiaL 6. L. L04* /iv97v tMffi 50 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1095



(4) JP 2006-268419 A 2006. 10.5 

t41 1131$ ,J$101:1 laji,ffioilEb -eqp,Epatorftbi*W ti, 

ti:b t=±1412ret/i 7v1WE I =r5 ZLffiTiritilLtS6. 
[0 0 1 2] 

Z20401.41WEIMbitEilT W LitL ffi tl - 69 

AUgArgifklz$ IJ$IlfilEIM,•0)/isy97,y1Mt014:tte —f4.- ILI - 6,1L1z 

• Vf;taq0/iv97 Itta)Al% fi' il‘NlizakzzL75c - zo 

[0 0 1 3] 

Ofe4- tiA CIg#0f4- ZO fil -i475its < €1. --)9471:10040 -14751&,6* 
Al=. Iiv97vItili5o)tt $ J$11fill*Mr,:ljtM -4- Z,:k5fzUr4 -4- ZzLizck 

Z 1 04t4AWCIMffiE*IztAff 1.- -c06**Itiiv97 Vs ZtOlittitts*In til]X -C 10 

ii*Y y 1 M RAI M .1E "C Sao 
[0 0 1 4] 

_EIBOVAnZlzck (,)M 1 *tzitS 204I4AWEI14 -e21111T75c4AW Ltzfiti lzFifititli 

Nal $11 1111 El 0 M big 11 t 1 tz , An Pig IX1 I7-$ El bi IW ft it 

046#0i51- 9 T1I5Eit$ IJ ..t11,7,J 

— z: 4-1- tt - LL Izck 9, ?( Il ia ig,111- 6LL75t -C ., 
[0 0 1 5] 

zo,t5t:/iv97v1Clittift*A-y,> $ ,J . JEII I.N64314/-s'ETJAINI-z321E11 -4- 6,1 

L bl -c4 675t, *IzialiaL0AW)35 -*- 9 g,<*tAl-itligLiZeita)RZbi*ahi; 

t. 5-. 4 7 4 glitz ICA lz JEll 06 Z bt -c. 6. 20 

[RIN Aiitt6t.:60)311;t0B8] 

[0 0 1 6] 

AKRIE91 %lit -I - 6t.:160A.Sta)%1EDelz•Do -C, cglEOP.RLtsbiGIaTIzil 

WI I It, *RojEj ita 

5Eit,c ,J 1zfAll -f - ila bi — B- tlzft.t03 1.ZaVitg±iiRizajEll -f - ZzL75i - Z 

bc, *Wligfil -VIt5-'4A1'7I.4gff(1), ( ijiisy 7v1pg*L u -c13:00 -4- z o

[0 0 1 7] 

E 1 t•ON -P6L, *%11t0.117_75‘75‘65-'4 A97 I.43AZoiiv 7,y1Eigt• it, 

5EM,Z1g offiG05EMZE TifiZOTAMZEIzg#1-4- ZTCAZ3RDZ2 L, Zgg 
HZ 2 0 Alzalt Gti,t.:-_—Aggf*ZW:c2M2 2 $1,101:1Z2 4 L, I-CAZgg= 30 

Aigilkbh )( USIIIPLIZ 2 475t6RLI - ZITZOMElzg#41 -4- Z$ [1$1r41:10i1E11DC 

DC /i-926 .  D I MM (Dual In' ne Memory Module) 

)t u 2 8 L, FAMZE=Aigil t lIftti,t il 2 575t6RLI - ZPhtotErzgAt 

6IWAtt$ ,JJERID C D  30L,WE*iiv97V1JEROZAM5t3 2 Ls 

AA=AX;t3 2 . 3'E'R -4- Ztzaba)3ttEIM3 4 TVIttglEIM=Atil ttE0i17 

)( U$1.1011 1:1M2 4 izatatZS 204t4gffil:11§4 0 Ls =A'Ut 3 20Ztfltft 91 

liPT6lik'n$ 1101=1M5 0 L, -(71- — lz 6 2, 6 4, 6 6 Pi C 
0 0 1 8] 

2 OffiZIAWEIffi4 Oft, _tilt Ltzt-o C D C 26, 2 lzfitri , 6= 

AillijwjjtEK11 -4- 6A)J2jig*Hgg4 2 L s zo) 1/4 )FEEKVID bIZEX 4A 40 

ffi t1 - 69 71=IM4 4 L -Mar_ -(1.N . t kt 

Mgr LIZ 5 Oft, =ARTM3 2 AOtolgil:IM=AfIllWt oLorAi ivi 
4 5 2 AMIMILY4A--  K5 4 L, 9 47EIM 4 4 oWtL — AiRgrf 70 411WEIM 

2 1 75NG0f4.- RaMig I* 1 •AiJ L. — A{1014.1.441W1,1 1 bcts< 947EIMO=Ailiqftl 

t ig iS -14bc Zk izx-f 52 &*(6 -4-- Z 2At N A N 56L DI:IS AII -i -CL‘Z 

[0 0 1 s] 

Ai3ZEK#11=1A1.4 2ft, IRIX_ Iga*taft EL tz 

,  94701 4 44 It, fIXIgr7.1i •y 1-1:11UJEll 06LL75C -C 6o *Matti "C. 

It*Xf*A4 52 L. -CP -17:/t-ll,MOSFET Lt.tt/i-r* 50 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1096



(5) JP 2006-268419 A 2006.10.5 

50 itg -f -,62) 1/4 )]NAN DEIM5 6 It, lkiit - Ph201tiff l4G414t0 -e64t.lt 

fthOLIZAT 110 -CICIL, -ctckl..N. 

[ 0 0 2 0

zoEISOStff , 21:7 -4-. 9 •Onl-tsbci;SAFIJI -4-- 0 A1115V412.45 

0751E*IzAt ti. -COZ , TAVittNEIM2 075NGOArAttEft9 . -ft — I:6 2 

fffitiL -C,( UVINEIMEHDc D C »ii -9 2 6rzfjtit tiZL tiz, 9- 4 t— 1=6 

4 t•ffEliLTIVR.Iti$ UPI DC D C 3 0 lz {AM , [JUN II  24 8 

cktYaftiti$ 2 8751E1 41,6. *tz. TALIZNIDE*2 075 ‘ GOWAtEft3tZEIO 

3 41.:14:M I., z2X3275c3tZ tl,Z. 4Z4AWIDIti2 2ItTCAZIC:101 2 OlzA 10 

j7 41 3Vott ff t . K4RL, -C8 1), Ai3211EIRLIZ4 21tilAtERM2 0 

0=Afillkh)J2EtlteL -c0Z. 

[0 0 2 1 ] 

• TAZE215E1M200420fflEIM2 275IEXtsti*0(42R -401P SAH)14- Zo 

f4' lgfflcia221trAM221:10i2 01-zAt tt1.601EWEXEKIA L -c8 , ACA 

h tlietit LEL -D — ZWIRIVIA Lt.:IA*1z (III 2 a) , 1 0“.4.- Z* 

ffi l7. -141 4 3 fl — LiA)1,1ziRth LT, T 1 B-4111lAlzt4M -0- 6 z L )( ,J9.101:1012 

• "6- (El 2 b) 1- tsf)t, obtf42L -ci5NGIMMUClitti2 00 

ffi )J21175t$ IJ$110PCIM 2 4 OthiVREOTIR T'11-FITa T4 (1)E1-41131bitz 1 0 m s 6 

• zoliC11175NG$ SINCINI2 4 bittiLitt6iiv97v1Eff t•AVE1-- (olza,R 20 

tj: EIVNIT 1 - FAL,L•fRRN -ef*ttAW{.7, -144 3 

04IFFPANolt40'AlitMillzi761: -C obir-AARZ tc  L -00 t0L -4-
[0 0 2 2] 

• IJ$101:1g42 4 ItS 1 0424 11Wircrz4 4 3 jihto*IIIA -C_LWAff ( IE 

FF -d- f) LOAffitZi f . 14%k -4-- ZL tlz, _LEWHIT 1 IA lz 9 2 40) 

0,41Mf — t• iiNZOTIWRiti) ( 9 4iff - ts.75N-Dtzi-' 

1A)( VilziffitAtiLtz**, Nftit)( 9 2 8 t•itXt - 1:17_44=r -d--Clhfft . f.'4.- 1L -4-

Zo zOitt )] — — -t 11.7'J 7 L, -FOP P IS 41. t 6 9, AU 0 

71,v • tr'7:, 9 t• L`T n hfit lz 71,v,n- 4 45- ZLLIz ck , n 

,y9t - 4 Itlfzl- -c)t i)0)5P102t ia<IMA:Zaff — lz -C. 66., 30 

[0 0 2 3] 

L #1. 1::,:k — Atil -ct0f4.2 HM 2 2 biE*t.r.**IzIt, III 2 (b) f-z - 0-41131T 

1 0)13AKI*1::$ TAMSEEIM2 0a) A2E75i$ 

sgoiga2 4 ollIfvfgEWEIRIVaiz6 B-4111 -r 1 Pi 17- 7 *rim T 

InAlkl:IMEXECIM2 075NGOAtttEb 141E -r t.:65)( USlriPEIMJERD c D 

iii — o)AtMEM • 50Ml. (El 2 g) ,J$1111P 1:1012 zi- ItEfFt . 41.L1- Ze, 

ii$ UJEIID CDC 3 0lzaZAM;t3 20MlibtittSt t -C89 (El 2 f ) 

aftit) ( ij 2 81.7_H -Dt.:Va ltigli tt.Z. 

[0 0 2 4] 

42*(z—Atg(1)42tAWIDM2 2btamL -co6ige-kt, AJE115UJIMNi obi 40 

E* —Ct -D -CtAM'afiCI I 2 00)=AIM)] ObliEV675`0450MIZ.t W)JigT 

41h Ltzifit l izIt s 4. 10 .4AWEIVI2 2ffii -D4- 70.4AffiiS -I 75CWt tLf (RI 2 blZfitta -e7i 

1 - 4X8) , SIOPEIM 2 4 ItoVREIT 1 OrAtifiEliffiGiiv97 vj'ZiE rANITZ 

btat)tso. zotraft, I 1 0 m si( *LTAtria lt'REIN4 2 bc=AflgtEa)ifiT 

ffi tZbc (GA 2 c) , RH:41:$ 9 91011EINJEFID c D >ii -9 2 6- a)Ata 
Et;i4* -4- Ztzti)iiv '7sylPaiEt•Alit -d- ZZ Lbt td:O0 ZO)4*(ztzAt5t3 

20M175c661R9IVItit$ J 2 8 0PaOltigit tL6bc, tsttlt 

T—'3bc ATA1*LTL 50 ₹- ZT*RITITIts Z0)4*IzzAZA3 20)tt $ 

₹ 1)$ 11101:1,0111 1)CD C >A.- 9 2 6^ - ZIgironittt -4- zaat - frtiv -rzL Lizc 
50 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1097



(6) JP 2006-268419 A 2006.10.5 

(0 0 2 5] 
)1/4 3JEEL.REIM4 2 ft, ALItZEIM2 00=AillIJW)Jta751A-D c 

2 6, 3 00affiXilre - 1#1 1. ii,I;l_t **K -.* ZE75cJihtii Til -FLL 
fkf209471:1M4 4 ff i)J -I - Z (WI 2c8 c8ctUd) a z41, 1z.:k 

A1.1-'4 e  (El 2e) e) , >< 1J0IIIIH:1M2 4 8..kUN AN DEIM5 6 IziAte ti.6 
2At NA N DEM5 6 ft, Z1 ofe4t4Iffity. -.44 4bci\-f ( IE 2 b) 
.11 -D9471:M4 4 Offitfli-475IA-f l/,<11,0L (El 2 e) 1:1-1,A11,0ffit td: 

— F E -r 5 2 to NIztZ ( IE 2 f lzterliVe7T -4- ) 9 
4712.04 4 blZ 204-.Z40Wit-'44 5 tWt LTOZII#ET 20E. ZAZA3 2 $ 

— 2 6Lbil,161 41 (E2 h) $ 1jviaggi2 4b1 10 
iiv97vIthi fig tj..6. 9471=IM4 4ffic,(/)M20f4,- Z*1:bin-'44 51 t,( ')91 
lip l=1Z2 41-zAtt -L, z4.1, I- jiL LT) volORZ2 4Itc45Ett$ 2 80Pg 

tiT5tri$ 'J28  IJ 71,v Izlzt)] 
XZ. Litbi-Dt. 94 7Elili4 4 biZ 2 0 f4 4A ffi '4 4 5 t1 — ZI1-41131 -r 2 Its $ 

914111 PM 2 4 751/(V97 L75tm L<, L< 
PAT 1 
[0 026] 2 6] 
ts8, Z 04.- M4Afflig, I-4 b1M7Clzffit I} 7Y20 0 -f :42 

80TAtliT 4 7T1m.k 51: 1J'( L, ±i-LitLtz*I41*A4v 5 2 O N t - "rfzigSt —
I:,•t))9#4-)6t-.:61), cf.to)tztPzzAt5t 3 2b‘r3 Rtd:E)JbliPift t..za) 1.E1- 20 

• L75t - Z. 

[0 0 2 7] 
la_LIzr4 *ftl 3Alz.kt.11, AblITEREIMO—AiRgolEg.111- 6 

4.7.4gwEiggffitio*L -c4itowbiEv, tzextsotati -et, =AamtitE gi .aL -c 
Z204t4tffilE -14 F11- 6 4, 1z, 
(I) $11 lz td:*rel 112. MINI:Mt/iv 5- UR lb -4" 6 5 17_ Utz it big, IZ)E
1J/iv *t t- , TALIARCINO—AtIl ltE*T.&. -D -ct, z 

Aaw)]Eiablam -o- zz WttabilET l-trz,:k 5 tr.**t *RojEj tz,,k 

91 1.---iiv 7V1 45- 5.=L751T 60 — §ilof#Z4AWCIM25IT*IzafF 
L T O6 **I= , /iv 'J t $11 OP tt fit ,*6E ts < /iv 7 *1, 30 

ZeaL Lititdb. WeigtbEI-417-6-riiv5- 'RE IlfiliNarztOPATZ..k 3 tS*AilztE 

L T/iv - 1JOR*t 26-. %.11-Z, L75I -C' Z 

Co 0 2 8] 
± *ft 010 17#111= .0 T ST lz it751, *RI 3J10110nVe- IE _E E 1A0I1 

PTGRAttt,6t0Titts<, IN*1101ESIOMEIt6WEIRI E tsi,N131i9r-,:8i,NT, 
06471i:PBAL UTAW1- 6LLbiT Z,, 1h11.t1 _ETEASOIlTa9 7R014 4 tz 
7i'9  'y I- CI 0:i 1IO 41 TO 4 5 2 FIN 1- relt_IfON1=1
itfff4G4.141. 1Sftto)4C1 111OT , ctOo 7 L, ,4 Zit .? E 

v11=IMLLTMITILTOZbis it(DA 
LJOAWtia3MIZ*A" JEHL.‘,66Grozzatgitz;afm 40 

zL75c - Z. 
[ L PI I:71 all] 
[0 0 2 9] 
*ftlEAIZt4Z$ iiv9 7 v11:11§.1t, Izt0407.*td:Elza [za5titi$ 

4 /iv 7v11 - 6t0) - L), flIXISf4x971.4 3AMO*Ay n_)( 90/iv 
• 7 ICIML T ATZ 17_111O 6 z 75‘ -C. 6. 

C IEffi0PUtSigEllE1] 
[0 0 3 0] 
C IE 1 fkt.TI-7'pv7®z Sao
C IE12] ir -_7T -4- 1:1Z(Daff tigH)1-4- 6/1- 60)944 -v- 50 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1098



( 7 ) JP 2006-268419 A 2006.10.5 

[14 -1401gliql 
(0 0 3 1 ] 

1 0 Afflaga 
2 0 aZtafingt• 

2 2 4i1)AMEIN. 
2 4 )( IJNIVEllEIni. 

2 6 ,( 1J$I1OVEINJEIIDCDCm 

2 8 5ttli 

30 tW5tit$ fll DC DC - 
3 2 = ' 7-i 

3 4 3rEFIZ 
4 0 M204C4Oitl:IM 

42 AtZEKREIM 
4 4 9470M 
5 0 likt$IlliPEIM 
5 2 * 1*A-f 
5 4 9* - 
56 2AtNANDEIL4 

62, 64, 66 9'47x— F: 

[gl i ] nE12] 

a)

0 

E 

1'

C 

_ 

oM 
Fyo 

676 
woo 

0 

 7/./3, I- LIM ,)1 

ok 

F ET±,7] 

IVA EU 
(h) 

— 

141Eltl? 

0.Filr.Ro)r-ott77 
lEt41±61686; 

Tl 

F T2 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1099



(8) JP 2006-268419 A 2006.10.5 

7 l=1:,1••• —•:;40tec 

(51)1 nt. CI . F I 

G 0 6 F 1/00 341 L 

i --7=- iz (**) 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1100



Doc code: IDS PTO/SB/08a (01-22) 

Doc descri 
Approved for use through 05/31/2024. OMB 0651-0031 

ption: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17582797 

Filing Date 2022-01-24 

First Named Inventor CHEN 

Art Unit 2138 

Examiner Name FARROKH 

Attorney Docket Number 022955-000090 

U.S.PATENTS Remove 

Examiner 
Initial* 

Cite 
No 

Patent Number 
Kind 
Code1 

Issue Date 
Name of Patentee or Applicant 
of cited Document 

Pages,Columns,Lines where
Relevant Passages or Relevant 
Figures Appear 

1 5563838 A 1996-10-08 MART et al.

2 6031762 A 2000-02-29 SAITOH 

3 6351827 B1 2002-02-26 CO et al.

4 6418065 B2 2002-07-09 SATO et al.

5 6434044 B1 2002-08-13 GONGWER et al.

6 6556475 B2 2003-04-29 YAMAZAKI et al.

7 6889335 B2 2005-05-03 HARGIS et al.

8 7034569 B1 2006-04-25 BALASUBRAMANIAN et al.

PC 6.1.24 Samsung Electronics Co., Ltd.
Ex. 1002, p. 1101



INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17582797 

Filing Date 2022-01-24 

First Named Inventor CHEN 

Art Unit 2138 

Examiner Name FARROKH 

Attorney Docket Number 022955-000090 

9 7161820 B2 2007-01-09 FUNABA et al 

10 7166934 B2 2007-01-23 DEWEY 

11 7221617 B2 2007-05-22 FLACH et al 

12 7269764 B2 2007-09-11 DART et al.

13 7280417 B2 2007-10-09 CHOI et al 

14 7426649 B2 2008-09-16 BRITTAIN et al 

15 7495943 B2 2009-02-24 TAKEMURA et al.

16 7587559 B2 2009-09-08 BRITTAIN et al.

17 7613880 B2 2009-11-03 MIURA et al 

18 7644216 B2 2010-01-05 FAHR et al 

19 7656735 B2 2010-02-02 KAGAN et al.

PC 6.1.24 Samsung Electronics Co., Ltd.
Ex. 1002, p. 1102



INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17582797 

Filing Date 2022-01-24 

First Named Inventor CHEN 

Art Unit 2138 

Examiner Name FARROKH 

Attorney Docket Number 022955-000090 

20 7679967 B2 2010-03-16 CHUNG et al.

21 8089795 B2 2012-01-03 RAJAN et al.

22 5272677 A 1993-12-21 YAMAMURA 

23 5675467 A 1997-10-07 NISHIMURA et al 

24 5831421 A 1998-11-03 TAIRA et al 

25 6493282 B2 2002-12-10 IIDA et al.

26 7016249 B2 2006-03-21 ROSS 

27 7061821 B2 2006-06-13 COTEUS et al.

28 7117334 B2 2006-10-03 ALMEIDA et al 

29 7127622 B2 2006-10-24 SCHNEPPER 

30 7224595 B2 2007-05-29 DREPS et al.

PC 6.1.24 Samsung Electronics Co., Ltd.
Ex. 1002, p. 1103



INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17582797 

Filing Date 2022-01-24 

First Named Inventor CHEN 

Art Unit 2138 

Examiner Name FARROKH 

Attorney Docket Number 022955-000090 

31 7702928 B2 2010-04-20 SCHUMACHER et al. 

32 7779285 B2 2010-08-17 DOBLAR et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. Add 

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner 
Initial* 

Cite No 
Publication 
Number 

Kind 
Codel 

Publication 
Date 

Name of Patentee or Applicant 
of cited Document 

Pages,Columns,Lines where
Relevant Passages or Relevant 
Figures Appear 

1 20060136765 Al 2006-06-22 POISNER et al. 

2 20060294437 Al 2006-12-28 WASHBURN et al. 

3 20080307240 Al 2008-12-11 DAHAN et al. 

4 20090020608 Al 2009-01-22 BENNETT et al. 

5 20090027844 Al 2009-01-29 CHEN et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button. *14Mi 

FOREIGN PATENT DOCUMENTS Rene 

Examiner 
Initial* 

Cite 
No 

Foreign Document 
Number3

Country 
Code2 i 

Kind 
Code4

Publication 
Date 

Name of Patentee or 
Applicant of cited 
Document 

P ages,Columns,Lines
where Relevant 
Passages or Relevant 
Figures Appear 

T5

PC 6.1.24 Samsung Electronics Co., Ltd.
Ex. 1002, p. 1104



INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17582797 

Filing Date 2022-01-24 

First Named Inventor CHEN 

Art Unit 2138 

Examiner Name FARROKH 

Attorney Docket Number 022955-000090 

1 10-2005-0073902 KR A 2005-07-18 
SAMSUNG 
ELECTRONICS CO LTD 

Machine Translation
Xattached 

2 0 744 748 EP B1 2000-10-18 
SILICON GRAPHICS,
INC. 

❑ 

3 0 908 892 EP B1 2005-07-27 
NEC CORPORATION; 
NEC Electronics 
Corporation 

4 3707888 JP B2 2005-10-19 HITACHI LTD 
Machine Translation

Xattached 

5 9-34806 JP A 1997-02-07 CANON INC 
Machine Translation

Xattached 

6 2001-318741 JP A 2001-11-16 IDEC IZUMI CORP 
Machine Translation

Xattached 

7 2001-357669 JP A 2001-12-26 TOSHIBA TEC 
Machine Translation

Xattached 

8 2006-268419 JP A 2006-10-05 NEC CORP 
Machine Translation

Xattached 

9 01/37090 WO Al 2001-05-25 
SUN MICROSYSTEMS,
INC. 

❑ 

10 2005/066968 WO Al 2005-07-21 INTEL CORPORATION 

If you wish to add additional Foreign Patent Document citation information please click the Add button mAoldm 
NON-PATENT LITERATURE DOCUMENTS i3001090 

PC 6.1.24 Samsung Electronics Co., Ltd.
Ex. 1002, p. 1105



INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17582797 

Filing Date 2022-01-24 

First Named Inventor CHEN 

Art Unit 2138 

Examiner Name FARROKH 

Attorney Docket Number 022955-000090 

Examiner 
Initials* 

Cite 
No 

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), 
publisher, city and/or country where published. 

T5

1 ISL6537 "ACPI Regulator/Controller for Dual Channel DDR Memory Systems", Renesas, 16 pages, 07/18/2007, taken 
internet on 16 April 2024 from: https://www.renesas.com/us/en/document/dst/isl6537-datasheet 

❑
from 

2 
ISL6532 "ACPI Regulator/Controller for Dual Channel DDR Memory Systems", Intersil, 16 pages, 07/2004, taken from 
Internet on 17 April 2024 from: https://www.mouser.com/datasheet/2/465/intersil_fn9120-342258.pdf 

❑ 

3 
NXP "Hardware and Layout Design Considerations for DDR Memory Interfaces", Freescale Semiconductor, Inc., 48 

2007, taken from internet on 16 April 2024 from: https://www.nxp.com/docs/en/application-note/AN2582.pdf 
❑

pages, 

4 
TKDM "TKDM - A Reconfigurable Co-processor in a PC's Memory Slot", Plessi, 8 pages, 12/17/2003, taken from 
internet on 17 April 2024 from: https://citeseerkist.psu.edu/document? 
repid=rep1&type=pdf&doi=615235db2bed5bb4823f9c3a9d383a92e1f602c7 

5 ISL6534 "Dual PWM with Linear", Renesas, 29 pages, 11/18/2005, taken from internet on 16 April 2024 from: https:// ❑
dir.heisener.com/DatasheetDownload/ISL6534CV-TR5229.pdf 

6 
MAXIM "DC-DC Converter Tutorial", Maxim, 14 pages, 11/29/2001, taken from internet on 16 April 2024 from: https:// ❑
pdfserv.maximintegrated.com/en/an/DCDC_Converter_Tutorial.pdf 

7 TONG et al., "A System Level Implementation of Rijndael on a Memory-slot based FPGA Card", Tong, 8 pages, 
taken from internet on 06 June 2024 from: https://phwl.org/assets/papers/aes_fpt02.pdf 

❑
01/2003, 

8 
National Semiconductor (November 2006). LP3913 Power Management IC for Flash Memory Based Portable Media 

Retrieved from https://datasheetspdf.com/pdf-file/572488/NationalSemiconductor/LP3913/1. See pages 1-3. 
❑

Players. 

9 
Intersil (December 2006). ISL6227 Dual Mobile-Friendly PWM Controller with DDR Option. Retrieved from http://pdf 
html.ic37.com/pdf_file_A/20200531/pdf_pdf/pdf5/INTERSIL/ISL6227_datasheet_647405/105904/ISL6227_datasheet. 
pdf. See pages 2, 10, 12, 14 & 20. 

10 
Xlinix (July 2005). OPB Synchronous DRAM (SDRAM) Controller (v1.00e). Retrieved from https://datasheet. 

See pages 9 & 11. 
❑

datasheetarchive.com/originals/library/Datasheet-080/DASF007621.pdf. 

PC 6.1.24 Samsung Electronics Co., Ltd.
Ex. 1002, p. 1106



INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17582797 

Filing Date 2022-01-24 

First Named Inventor CHEN 

Art Unit 2138 

Examiner Name FARROKH 

Attorney Docket Number 022955-000090 

11 
Phillips (2003). New multimarket products quarterly highlights. Retrieved from https://datasheet.datasheetarchive.com/ 

pdf 
❑

originals/library/Datasheets-DAV2/DSADA0022280. 

12 
Maxim (September 2005). Buck Converters Proliferate in Handhelds as Features and Processing Power Increase. 

from https://datasheetdatasheetarchive.com/originals/library/Datasheet-081/DASF0031684.pdf 
❑

Retrieved 

13 
Keller,S.J.   (2006). The Physical Design of the ILLIAC 6 Supercomputing Platform (Doctoral dissertation, University of 

. 
Illinois at Urbana-Champaign). See pages 12, 13 & highlighted sections. 

❑ 

14 
Interstill (2004). Power Management Application Guide for Altera FPGAs. Retrieved from https://www. 
datasheetarchive.com/pdf/download.php?id=c9facaf95737a8327c7217fbff086b497d4f48&type=P&term=buck% 
2520SDRAM. See pages 4 & 9. 

15 
Summit (2006). Application Note 59. Retrieved from https://www.datasheetarchive.com/pdf/download.php? 
id=a7ccb0edb0c2b62d33ea2ca63eeb31b0884da8&type=P&term=buck%2520SDRAM. See pages 1, 3 & 4. 

❑ 

16 
National Semiconductor (2007). Application note AN-1608. Retrieved from https://www.datasheetarchive.com/pdf/ 

See page 2. 
❑

download.php?id=c08bde6d6162bdd65a909e9aa5fbce116b8c2c&type=P&term=buck%2520SDRAM. 

17 Analog Devices (2006). TlgerSHARC Embedded Processor ADSP-TS201S. 

18 Renesas (2005). ISL6531 Datasheet. 

19 
Texas Instruments (2001). Designing for Small-Size, High Frequency Applications Using TPS546xx DC/DC ❑
Converters. 

20 
Intersil (2002). Powering DDR Memory in Desktop Computers and Datacomm Systems. Retrieved from https:// ❑
datasheet.datasheetarchive.com/originals/library/Datasheet-02/DSA0031945.pdf 

21 Intel (2002). Mobile Intel® Pentium® 4 Processor-M and Intel® 845MP/845MZ Chipset Platform Design Guide. 

PC 6.1.24 Samsung Electronics Co., Ltd.
Ex. 1002, p. 1107



INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17582797 

Filing Date 2022-01-24 

First Named Inventor CHEN 

Art Unit 2138 

Examiner Name FARROKH 

Attorney Docket Number 022955-000090 

22 
Asus (2001). A7V133 A7V133-C jumperfree PC133/VC133 200/266MHz FSB AGP Pro/4X Socket A Motherboard 

Manual. 
❑

User's 

23 Trescases, O. (2007). Integrated Power-Supplies for Portable Applications. 

24 
Van Schaik, C. F. (2002). The Development of a Node for a Hardware Reconfigurable Parallel Processor (Master's 

University of Cape Town). 
❑

thesis, 

25 
Boroyevich, D. (2004). Power Electronics Building Blocks," Plug and Play", Hardware and Software Control 
Architectures. VIRGINIA POLYTECHNIC INST AND STATE UNIV BLACKSBURG OFFICE OF SPONSORED 
PROGRAMS. 

26 
McPartland, R. J., Loeper, D. J., Higgins, F. P., Singh, R., MacDonald, G., Komoriya, G., ... & Leung, C. W. (2000, 
May). SRAM Embedded Memory with Low Cost, FLASH EEPROM-Switch-Controlled Redundancy. In Proceedings of 
the IEEE 2000 Custom Integrated Circuits Conference (Cat. No. 00CH37044) (pp. 287-289). IEEE. 

27 
Crisp, R. (1997). Direct Rambus Technology: The New Main Memory Standard. IEEE Micro, 17(6), 18-28. PC2-4200/ 

DDR2 
❑

PC2-3200 

28 
PC2-4200/PC2-3200 DDR2 Registered Mini-DIMM. (December 2006). Design Spec Rev. 2.0. Retrievable from 

org/standards-documents/docs/module-42014 
❑

https://www.jedec. 

If you wish to add additional non-patent literature document citation information please click the Add button' Add I 

EXAMINER SIGNATURE 

Examiner Signature Date Considered 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO 
Standard ST.3). 3 For Japanese 
4 Kind of document by the 
English language translation 

Patent Documents at www.LiSPTO,GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
must precede the serial number of the patent document. 

ST.16 if possible. 5 Applicant is to place a check mark here if 
patent documents, the indication of the year of the reign of the Emperor 

appropriate symbols as indicated on the document under WIPO Standard 
is attached. 

PC 6.1.24 Samsung Electronics Co., Ltd.
Ex. 1002, p. 1108



INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17582797 

Filing Date 2022-01-24 

First Named Inventor CHEN 

Art Unit 2138 

Examiner Name FARROKH 

Attorney Docket Number 022955-000090 

Please see 37 CFR 1.97(e) 

That each item 
❑ from a foreign patent 

information disclosure 

OR 

That no item of 
foreign patent office 
after making reasonable 

❑ any individual designated 
statement. See 37 

❑ See attached certification 

CERTIFICATION STATEMENT 
to make the appropriate selection(s): 

of information contained in the information disclosure statement was first cited in any communication 
office in a counterpart foreign application not more than three months prior to the filing of the 
statement. See 37 CFR 1.97(e)(1). 

information contained in the information disclosure statement was cited in a communication from a 
in a counterpart foreign application, and, to the knowledge of the person signing the certification 

inquiry, no item of information contained in the information disclosure statement was known to 
in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 

CFR 1.97(e)(2). 

statement. 

is not submitted herewith. 

FEE 

in 37 CFR 1.17 (p) has been submitted herewith. 

COPIES 

of an earlier application pursuant to 37 CFR 1.98 (d) (1) is attached. 

SIGNATURE 
or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 

x A certification statement 

X The fee set forth 

❑ An identification 

A signature of the applicant 
form of the signature. 

Signature /Khaled Shami/ Date (YYYY-MM-DD) 2024-09-24 

Name/Print Khaled Shami Registration Number 38745 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by 
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 
CFR 1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

PC 6.1.24 Samsung Electronics Co., Ltd.
Ex. 1002, p. 1109



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 
U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, 
magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3. 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 
with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the 
information in order to perform a contract. Recipients of information shall be required to comply with the requirements of 
the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may 
be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to 
the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. 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 
disclosure shall be made in accordance with the GSA regulations governing inspection of records for this purpose, and 
any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the 
application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may 
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an 
application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement 
agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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17/582,797 
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ATTORNEY DOCKET # 

022955-000090 

Title of Invention 

MEMORY WITH ON-MODULE POWER MANAGEMENT 
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APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111(a) 

PATENT # - 

CONFIRMATION # 3546 FILED BY LISA MARGARET ELLIOTT 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized 
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as 
described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d) 
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement 
Receipt will establish the filing date of the application 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C. 
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage 
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for an 
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the 
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security, 
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application. 
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371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage 
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT: Netlist, Inc. 

SERIAL NO.: 17/582,797 

FILING DATE: January 24, 2022 

CONFIRMATION NO.: 3546 

ART UNIT: 2138 

EXAMINER: HASHEM FARROKH 

TITLE: MEMORY WITH ON-MODULE POWER MANAGEMENT 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Supplemental Information Disclosure Statement 

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 

Vorys, Sater, Seymour and Pease LLP 
1909 K Street NW Suite 900 
Washington, DC 20006 
Tel: 202.467.8800 / Fax: 202.467.8900 
Customer No. 151145 

/Khaled Shami/ 
Khaled Shami 
Reg. No. 38745 
Attorney for Applicant 
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Application Number 17582797 

Filing Date 2022-01-24 
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Art Unit 2138 

Examiner Name HASHEM FARROKH 

Attorney Docket Number 022955-000090 
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Examiner 
Initial* 

Cite No 
Publication 
Number 
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Code1

Publication 
Date 

Name of Patentee or Applicant 
of cited Document 

Pages,Columns,Lines where
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button.17- 140iii 

FOREIGN PATENT DOCUMENTS R ae 

Examiner 
Initial* 

Cite 
No 

Foreign Document 
Number3

Country 
Code2 i 
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Code4

Publication 
Date 

Name of Patentee or 
Applicant of cited 
Document 

P ages,Columns,Lines
where Relevant 
Passages or Relevant 
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1 

If you wish to add additional Foreign Patent Document citation information please click the Add button 17- 140iii 
NON-PATENT LITERATURE DOCUMENTS R ae 

Examiner 
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Cite 
No 

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), 
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INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17582797 

Filing Date 2022-01-24 

First Named Inventor Chi-She Chen 

Art Unit 2138 

Examiner Name HASHEM FARROKH 

Attorney Docket Number 022955-000090 

1 Exhibit 2031, IPR 2022-00996, Declaration of Dr. Wiliam Henry Mangione-Smith regarding US Patent No. 11,016,918, 
pages, executed on March 28, 2023. 

❑
144 

2 Paper 25, IPR 2022-00996, Petitioner's Reply to Patent Owner's Response, filed June 20, 2023, 57 pages. 

3 Exhibit 1014, Petition for Inter Partes Review of US Patent No. 8,301,833, filed June 20, 2014, 69 pages. 

4 Exhibit 1018, Petition for Inter Partes Review of US Patent No. 8,301,833, filed January 13, 2017, 70 pages. 

5 Exhibit 2013, JEDEC Standard No. 21-C, Page 4.20.3-1; PC133 SDRAM Unbuffered SO-DIMM, Reference Design 
Revision 1.02, 26 pages. downloaded August 16, 2022. 

❑
Specification, 

6 FBDIMM: Architecture and Protocol, JEDEC Standard JESD206.01, January 2007, 128 pages. 

If you wish to add additional non-patent literature document citation information please click the Add button 'NA 

EXAMINER SIGNATURE 

Examiner Signature Date Considered 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO 
Standard ST.3). 3 For Japanese 
4 Kind of document by the 
English language translation 

Patent Documents at WWW. Li SPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
must precede the serial number of the patent document. 

ST.16 if possible. 5 Applicant is to place a check mark here if 
patent documents, the indication of the year of the reign of the Emperor 

appropriate symbols as indicated on the document under WIPO Standard 
is attached. 
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STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17582797 

Filing Date 2022-01-24 

First Named Inventor Chi-She Chen 

Art Unit 2138 

Examiner Name HASHEM FARROKH 

Attorney Docket Number 022955-000090 

Please see 37 CFR 1.97(e) 

That each item 
❑ from a foreign patent 

information disclosure 

OR 

That no item of 
foreign patent office 
after making reasonable 

❑ any individual designated 
statement. See 37 

❑ See attached certification 

CERTIFICATION STATEMENT 
to make the appropriate selection(s): 

of information contained in the information disclosure statement was first cited in any communication 
office in a counterpart foreign application not more than three months prior to the filing of the 
statement. See 37 CFR 1.97(e)(1). 

information contained in the information disclosure statement was cited in a communication from a 
in a counterpart foreign application, and, to the knowledge of the person signing the certification 

inquiry, no item of information contained in the information disclosure statement was known to 
in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 

CFR 1.97(e)(2). 

statement. 

is not submitted herewith. 

FEE 

in 37 CFR 1.17 (p) has been submitted herewith. 

COPIES 

of an earlier application pursuant to 37 CFR 1.98 (d) (1) is attached. 

SIGNATURE 
or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 

x A certification statement 

X The fee set forth 

❑ An identification 

A signature of the applicant 
form of the signature. 

Signature /Khaled Shami/ Date (YYYY-MM-DD) 2024-10-01 

Name/Print Khaled Shami Registration Number 38745 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by 
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 
CFR 1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 
U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, 
magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3. 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 
with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the 
information in order to perform a contract. Recipients of information shall be required to comply with the requirements of 
the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may 
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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 slot connectorsocket of a system board of a host computer  system, the memory 

slot connectorsocket 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 best 

system board  is provided to the DIMM via the memory socket by the  set of power conduits and 

the DEVIM is configured to operate using only the provided system power from the system board, 

a 1-bit wide double data rate (DDR)  data signal signals is electrically conducted between the best 

system board  system and the DIMM arc 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 

host  system board  are transferred to the DEVIM 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  slot connector of the host systemsocket, 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 further including  a 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 DEVIM from the system board; 

a set of data lines electrically connected  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 connected  coupled to respective edge 

connections of the third set of edge connections  and configured to electrically conduct 

address and control signals; 

a controller including a voltage monitor circuit and nonvolatile memory, the controller

coupled to the PCB and  electrically connected to the to an  input voltage supply line of the set of

voltage supply lines, 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:  (i) monitor an 

compare the  input voltage supplied via the input voltage supply line to a 

plurality of threshold voltages including a first threshold voltage and a second 

threshold voltage; and 

(ii) generate a trigger signal upon detecting  detect  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 detected trigger 

condition-sign-al, the logic element is configured to perform a plurality of write operations, 

including: 

3 
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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 wherein the trigger condition occurs when the input voltage goes 

above both exceeds the first and second a first preset threshold 

voltagesvoltagc that is above an operating voltage of the DEVIM; 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: 

a set of components coupled to the PCB, the set of components including a plurality of 

double data rate (DDR) synchronous dynamic random access memory (DDR  SDRAM) 

devicespackages 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 packagesdevices having a bit 

width of m bits and configured being operable to receive or output m 1-bit wide DDR  data 

signals via respective m data lines of the set of data lines based on control and  in response to 
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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 buck converters  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 DIIVIM from the system board,from

the input voltage supply line and the first, second, third, and fourth converter circuits configured 

to (i) generate first, second, third, and fourth regulated voltages, respectively, to deliver from the 

power supplied by the input voltage supply line, and (ii) output the first, second, third, and fourth 

regulated voltages to the set of components via first, second, third,. and fourth regulated voltages 

lines,  respectively, 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, respectively, the set of 

components including: 

a first component electrically connected to the first regulated voltage line and 

powered by configured to receive power via at least the first regulated voltage line 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 configured to receive power via at least the second regulated voltage line

when the system power is provided to the DIIVIM from the system board;;

a third component electrically connected to the third regulated voltage line and 

powered by configured to receive power via at least the third regulated voltage  line 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 configured to receive power via at least the fourth regulated voltage  line 

when the system power is provided to the DIIVIM 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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his electrically connected to one or more of the first, second, third and 

fourth regulated voltage voltages  lines.;.7 and 

cii)receives power when the system power is provided to the DEVIM from 

the system board, is 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, and 

whcrcin thc DIMM is configurablc to operatc in any of a plurality of statcs including a 

first statc and a sccond statc, whcrcin thc controllcr is furthcr configurcd to control powcr 

dclivcry to one or morc componcnts of thc sct of componcnts for thc DIMM to operatc in thc 

first statc or thc sccond statc, whcrcby powcr to thc sct of componcnts via thc first, sccond,

third, and fourth rcgulatcd voltagc lincs is turncd on whcn thc DIMM is operating in thc first 

statc, and whcrcby powcr to thc first componcnt via thc first rcgulatcd voltagc linc is turncd 

off and powcr to thc sccond, third, and fourth componcnts via thc sccond, third and fourth 

rcgulatcd voltagc lincs is turncd on whcn thc DIMM is operating in thc sccond statc.

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 DEVIM 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 
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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 

• 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 
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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 

(ii) 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. 
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40. (New) The DIMM of claim 38, wherein the logic element is further configured to 

perform (i) first and second read operations of the one or more read operations, and (ii) 

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 (DEVIM) 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 DEVIM via the 

memory socket by the set of power conduits and the DEVIM 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: 
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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 
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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 DIIVIM 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; 

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 
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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 

(ii) 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 DIIVIM 

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: 

(i) is electrically connected to one or more of the first, second, third, and 

fourth regulated voltage lines; and 

(ii) when the system power is provided to the DIMM from the system 

board, is 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 
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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 DEVIM 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 

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 

third write operation. 
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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 (DEVIM) 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 DEVIM via the 

memory socket by the set of power conduits and the DEVIM 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 DIIVIM 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; 

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 DIIVIM 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 (ii) 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 DIIVIM 

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: 

(i) is electrically connected to one or more of the first, second, third, and 

fourth regulated voltage lines; and 

(ii) when the system power is provided to the DIMM from the system 

board, is powered: 

• only by one or more of the first, second, third, and fourth 

voltage reducing circuits; and 
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• 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 DEVIM 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 

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 DEVIM 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: 
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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 DEVIM 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 

(ii) 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 DIIVIM 

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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(i) is electrically connected to one or more of the first, second, third, and 

fourth regulated voltage lines; and 

(ii) when the system power is provided to the DIMM from the system 

board, is 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; 

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 DEVIM 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 

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. 

Reiection(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 Al) 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. 3,11. 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 eixiternal (sic) 

source and generates a plurality of regulated voltages 106 and 108," Office Action, p. 5, 11. 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 tightly 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 "Iolne 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 DIIVIMS that are powered 

from the system board or the main board voltage sources, (ii) 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 ¶0003, 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 ¶¶ 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 110010 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.e., the Vdd and V 
paths 108, 106, respectively. . . . 

Harris further teaches, by way of example in 110012, 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. lA is capable of 
replacing these power supply interface pins with as few as six +12V pins (from 
an external voltage source) ... . Alternatively, 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 (ii) 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/FBDEVIM 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: 
(i) is electrically connected to one or more of the first, second, third, and 
fourth regulated voltage lines; and 
(ii) when the system power is provided to the DIMM from the system 
board, is 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; 

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 FBDIIVIM 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 (i) monitor an input voltage supplied via the input voltage supply line, (ii) 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. (Id., 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 

1 "Self-refresh," as explained to the Examiner during the Examiner Interview, is a teiiu of art that defines a state of 

the DIMM, or individual DDR SDRAM device, in which it receives sufficient power to preserve its infoiniation 

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: 

Cts11.1)1A,C.S0: *710 per ianiq 4 

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: 

CS0A-CSI 
CS0B-CS1B 

O Aft, used with CAS.. RAS. WE to spthify the SDRA. Ca. 81311.ald 
Thest sipais are wstd stkofing oat of two SDRAM ranks CS0 is usti1 
select first malt ztad CS1 is used to st.led. the .esz..e31(1 fank 
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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 FBDEVIM standards make clear that there are not at least 72 data 

conduits to communicate at least 72 1-bit wide DDR signals between the DEVIM and the 

computer system. Even if conduits which do exist in FBDEVIM, 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 FBDEVIM. 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, FBDEVIM 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: 

• 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. FBDEVIM 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: 

6, rotamandAeiditu tput control in 23 $11Nk. the. Advaxed Mem:ny 'Qom, ink is in .O wet 
nxnle, alloKaniml&A*e. 5. oattxm, CKE, ODT: CLK: ,=d all othe3: <-orvixmatl&adds-e,:i. -will b 
dsh,en low. laS made.: 1.8V oa, 1..S W. and .3,3V atv *ff DR.A.Ms. ate ia stif refi... 11, and the CKE 
441als Imo be driven low. 

Harris discussed no trigger condition and therefore no operation post trigger condition. Thus, 

Harris, FBDEVIM 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 

• 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 

Vorys, Sater, Seymour, and Pease LLP 

1909 K Street, NW 9th Floor 

Washington, DC 20006-1152 

Customer No.: 151145 

Tel: (202) 467-8800 

/Khaled Shami/ 

Khaled Shami, Reg. No. 38,745 
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