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ABSTRACT 

A method of using a memory chip that includes operating a 
memory chip of a memory system and sending a command 
signal to the memory chip, Wherein the command signal 
contains information regarding an operational frequency of 

Corp. a system clock signal of the memory system. 
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INDICATION OF THE SYSTEM OPERATION 
FREQUENCY TO A DRAM DURING POWER-UP 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the ?eld of 
memory chips. 

[0003] 2. Discussion of Related Art 

[0004] A knoWn integrated memory IC 100 that is a 
Writeable memory of the DRAM type is shoWn in FIG. 1. 
Such a dynamic random access memory (DRAM) chip 100 
includes a plurality of memory storage cells 102 in Which 
each cell 102 has a transistor 104 and an intrinsic capacitor 
106. As shoWn in FIGS. 2 and 3, the memory storage cells 
102 are arranged in arrays 108, Wherein memory storage 
cells 102 in each array 108 are interconnected to one another 
via columns of conductors 110 and roWs of conductors 112. 
The transistors 104 are used to charge and discharge the 
capacitors 106 to certain voltage levels. The capacitors 106 
then store the voltages as binary bits, 1 or 0, representative 
of the voltage levels. The binary 1 is referred to as a “high” 
and the binary 0 is referred to as a “loW.” The voltage value 
of the information stored in the capacitor 106 of a memory 
storage cell 102 is called the logic state of the memory 
storage cell 102. 

[0005] As shoWn in FIGS. 1 and 2, the memory chip 100 
includes siX address input contact pins A0, A1, A2, A3, A4, 
A5 along its edges that are used for both the roW and column 
addresses of the memory storage cells 102. The roW address 
strobe (RAS) input pin receives a signal RAS that clocks the 
address present on the DRAM address pins A0 to A5 into the 
roW address latches 114. Similarly, a column address strobe 
(CAS) input pin receives a signal CAS that clocks the 
address present on the DRAM address pins A0 to A5 into the 
column address latches 116. The memory chip 100 has data 
pin Din that receives data and data pin Dout that sends data 
out of the memory chip 100. The modes of operation of the 
memory chip 100, such as Read, Write and Refresh, are Well 
knoWn and so there is no need to discuss them for the 
purpose of describing the present invention. 

[0006] Avariation of a DRAM chip is shoWn in FIGS. 5 
and 6. In particular, by adding a synchronous interface 
betWeen the basic core DRAM operation/circuitry of a 
second generation DRAM and the control coming from 
off-chip a synchronous dynamic random access memory 
(SDRAM) chip 200 is formed. The SDRAM chip 200 
includes a bank of memory arrays 208 Wherein each array 
208 includes memory storage cells 210 interconnected to 
one another via columns and roWs of conductors. 

[0007] As shoWn in FIGS. 5 and 6, the memory chip 200 
includes tWelve address input contact pins A0-A11 that are 
used for both the roW and column addresses of the memory 
storage cells of the bank of memory arrays 208. The roW 
address strobe (RAS) input pin receives a signal RAS that 
clocks the address present on the DRAM address pins A0 to 
All into the bank of roW address latches 214. Similarly, a 
column address strobe (CAS) input pin receives a signal 
CAS that clocks the address present on the DRAM address 
pins A0 to All into the bank of column address latches 216. 
The memory chip 200 has data input/output pins DQO-15 
that receive and send input signals and output signals. The 
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input signals are relayed from the pins DQO-15 to a data 
input register 218 and then to a DQM processing component 
220 that includes DQM mask logic and Write drivers for 
storing the input data in the bank of memory arrays 208. The 
output signals are received from a data output register 222 
that received the signals from the DOM processing compo 
nent 220 that includes read data latches for reading the 
output data out of the bank of memory arrays 208. The 
modes of operation of the memory chip 200, such as Read, 
Write and Refresh, are Well knoWn and so there is no need 
to discuss them for the purpose of describing the present 
invention. 

[0008] A variation of the SDRAM chip 200 is a double 
data-rate SDRAM (DDR SDRAM) chip. The DDR SDRAM 
chip 300 imparts register commands and operations on the 
rising edge of the clock signal While alloWing data to be 
transferred on both the rising and falling edges of the clock 
signal. Differential input clock signals CLK and CLK(bar) 
are used in the DDR SDRAM. A major bene?t of using a 
DDR SDRAM is that the data transfer rate can be tWice the 
clock frequency because data can be transferred on both the 
rising and falling edges of the CLK clock input signal. 

[0009] It is noted that neW generations of memory systems 
that employ SDRAM and DDR SDRAM chips are increas 
ing their frequency range. Currently, SDRAM and DDR 
SDRAM chips are unable to determine the frequency at 
Which they are operating in a particular memory system. As 
the frequency range of the memory system Widens, it can 
pose some problems for the SDRAM and DDR SDRAM 
chips. For eXample, a DDR SDRAM chip has to time 
operations betWeen different clocking domains. It is knoWn 
that the clocking domains change their relative timing to one 
another as a function of the operating frequency of the 
memory system. This change in relative timing is illustrated 
in FIGS. 7 and 8. 

[0010] In the case of a sloW operating frequency, such as 
66 MHZ, the system clock signal VCLK is directed to the 
clock pin of the DDR SDRAM. The system clock signal 
VCLK generates Within the DDR SDRAM an internal clock 
signal ICLK that clocks the central command unit of the 
DDR SDRAM. This means that all internal commands 
generated by the central command unit are synchroniZed 
With the internal clock signal ICLK. As shoWn in FIG. 7, 
While the internal clock signal ICLK has the same frequency 
as the system clock signal VCLK, it lags the system clock 
signal VCLK by a constant amount tMAR2. The lag is 
caused by several gate and propagation delays. This lag 
results in a phase shift betWeen the ICLK signal and the 
VCLK signal that becomes bigger as the frequency of the 
clock signals is raised. This phase shift increase is a result of 
the relation of the constant tMAR2 to the cycle time that 
decreases With increasing frequency. 

[0011] As shoWn in FIG. 7, a second internal clock signal 
DCLK is generated by a DLL of the DDR SDRAM. The 
internal clock signal DCLK and the system clock signal 
VCLK each have the same frequency. HoWever, the internal 
clock signal DCLK is advanced With respect to the system 
clock signal VCLK by a constant amount tMAR1 that is 
dependent on the chip temperature, process variation and the 
operating frequency. The purpose of advancing the internal 
clock signal DCLK relative to the system clock signal 
VCLK is to time internal events Within the DDR SDRAM so 
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that they are edge aligned With the system clock signal 
VCLK When observed at the external DDR SDRAM pin. 

[0012] As shown in FIG. 7, the signal SIGclkl is generated 
synchronously With the clock signal ICLK. Next, the signal 
SIGclkl is synchronized With and handled to the internal 
clock signal DCLK. As shoWn in FIG. 7, the signal SIGc1k2 
shoWs the timing of the signal after latching (synchronizing) 
the signal SIGclkl to the internal clock signal DCLK domain. 
Signal SIG‘c1k2 shoWs the signal SIGc1k2 after being shifted 
by one clock cycle DCLK. 

[0013] As shoWn in FIG. 8, a different situation occurs 
When the system operates at a fast operating frequency, such 
as 200 MHZ. In particular, While the internal clock signal 
ICLK still has the same frequency as the system clock signal 
VCLK, it lags the system clock signal VCLK by a constant 
amount tMAR2 that results in a greater phase delay than that 
shoWn in the sloW frequency case described previously With 
respect to FIG. 7. In addition, While the internal clock signal 
DCLK and the system clock signal VCLK each have the 
same frequency, the internal clock signal DCLK is advanced 
With respect to the system clock signal VCLK by a constant 
amount tMAR1 that is also greater than the phase delay 
described previously With respect to the sloW frequency case 
of FIG. 7. As shoWn in FIG. 8, the signal SIGclkl is 
generated synchronously With respect to the clock signal. 
Similarly, the signal SIGclkl noW has to be synchronized and 
handled to the internal clock signal DCLK. As shoWn in 
FIG. 8, the signal SIGc1k2 shoWs the timing of the signal 
SLGdkl after being latched (synchronized) to the internal 
clock signal DCLK domain. The signal SIGc1k2 of FIG. 8 
shoWs the signal SIGc1k2 after being shifted by one clock 
cycle of the internal clock signal DCLK. The end result is 
that the relative timing of the clock signals ICLK and DCLK 
in the fast frequency case is drastically different When 
compared With the sloW frequency case. 

[0014] With the above-described disparity in the relative 
timing it makes it very dif?cult to run commands Within the 
DDR SDRAM in a consistent manner independent of the 
operating frequency of the system. For eXample, suppose 
that an output signal of the DDR SDRAM needs to be 
observed three VCLK cycles after the generation of the 
signal SlGcLKl. If the system Was in the sloW frequency 
mode, then the output signal Would occur upon the DDR 
SDRAM chip counting the four DCLK pulses T0, T1, T2 
and T3. In contrast, the output signal Would occur after the 
chip counted only the three DCLK pulses T1, T2 and T3 in 
the fast frequency mode. Thus, the DDR SDRAM chip is 
unable to consistently run the output command based solely 
on the number of DCLK pulses counted. This inconsistency 
limits the maXimum frequency at Which the DDR SDRAM 
can be operated With a DDR system. 

SUMMARY OF THE INVENTION 

[0015] One aspect of the present invention regards a 
method of using a memory chip that includes operating a 
memory chip of a memory system and sending a command 
signal to the memory chip, Wherein the command signal 
contains information regarding an operational frequency of 
a system clock signal of the memory system. 

[0016] The above aspect of the present invention provides 
the advantage of simplifying control SDRAM control logic 
and therefore reducing die size. 
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[0017] The above aspect of the present invention provides 
the advantage of enabling high operation frequencies and 
thus increasing the SDRAM internal timing margin. 

[0018] The present invention, together With attendant 
objects and advantages, Will be best understood With refer 
ence to the detailed description beloW in connection With the 
attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 schematically shoWs a top vieW of an 
embodiment of a knoWn memory chip; 

[0020] FIG. 2 shoWs a block diagram of the memory chip 
of FIG. 1; 

[0021] FIG. 3 schematically shoWs an embodiment of a 
memory array to be used With the memory chip of FIG. 1; 

[0022] FIG. 4 schematically shoWs an embodiment of a 
memory cell to be used With the memory array of FIG. 3; 

[0023] FIG. 5 schematically shoWs a top vieW of a second 
embodiment of a knoWn memory chip; 

[0024] FIG. 6 shoWs a block diagram of the memory chip 
of FIG. 5; 

[0025] FIG. 7 shoWs a ?rst timing diagram for a third 
embodiment of a knoWn memory chip; 

[0026] FIG. 8 shoWs a second timing diagram for the third 
embodiment of a knoWn memory chip; 

[0027] FIG. 9 shoWs a timing diagram shoWing a ?rst 
embodiment of a poWer up command series for the memory 
systems of FIGS. 1-6 according to the present invention; and 

[0028] FIG. 10 shoWs a timing diagram shoWing a second 
embodiment of a poWer up command series for the memory 
systems of FIGS. 1-6 according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] As shoWn in FIG. 9, a synchronous poWer up 
command series for the memory chips 100 and 200 of FIGS. 
1-6 and the previously described DDR SDRAM chip is 
shoWn. It should be noted that the present invention can be 
used With other types of memory chips that need to syn 
chronize signals betWeen independent scaling clocking 
phases, such as DDR SGRAM, DDR2 SDRAM and SRAM 
memory chips. In particular, a command COM is latched 
onto a speci?c timing protocol at or near the end of the 
poWer up sequence of the memory chip When the eXternal or 
system clock is stable. Note that the poWer up sequence is 
chosen because it occurs prior to the issuance of any 
commands Within the memory chip. The command COM 
speci?es a speci?c value or range of values for the system 
operation/system clock frequency. Consequently, the system 
operations/system clock frequency can be used for all inter 
nal commands that occur after poWer up. 

[0030] As shoWn in FIG. 9, a possible timing protocol is 
to generate the command COM during the chip select CS 
signal and just before the mandatory refresh command REF 
in a DRAM memory chip’s poWer up sequence. The com 
mand COM can also be generated just after the refresh 
command REF. In either event, the memory chip has 
obtained, via the command COM, the operation/system 
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clock frequency Which is stable no matter Whether the 
system frequency is high or loW. Accordingly, output signals 
can be consistently identi?ed by the memory irrespective of 
the operating frequency. 

[0031] Another method of specifying a system operation 
frequency to the memory chip is shoWn in FIG. 10. In this 
method, a command COM is issued any time after the 
system poWer has been established. In this scenario, the 
system clock is not necessarily stable and so the command 
COM is not latched onto the system clock or any speci?ed 
timing protocol. Accordingly, the command COM has to be 
issued asynchronously With respect to the system clock. In 
this mode of operation, at chip select CS high, the command 
COM results in the controller of the memory chip comparing 
the voltage levels of the pins of the memory chip and 
determining Which of the pins are at a high state and Which 
pins are at a loW state. The controller then decodes the high 
and loW state pins so as to determine a target frequency or 
target frequency range Thus, the memory chip has again 
obtained the operation/system clock frequency Which is 
stable no matter Whether the system frequency is high or 
loW. Accordingly, output signals can be consistently identi 
?ed by the memory irrespective of the operating frequency. 

[0032] Once the operation/system clocking frequency is 
determined in the manner described above, the determined 
clocking frequency can be used to improve the operation of 
the memory system. For example, the delay line length of a 
delay-locked-loop of a DDR SDRAM can be pre-adjusted 
based on the determined clocking frequency so as to be 
decreased to the delay-locked-loop’s locking time and pos 
sibly its poWer consumption. In addition, memory chip 
internal signals can be safely synchroniZed to different 
phased clocking domains at a higher frequency range based 
on the determined clocking frequency. The determined 
clocking frequency can also be used to indicate timing 
protocols for devices that are speci?ed to run in different 
types of systems. This provides the advantage that one 
memory chip Would be able to meet different output speci 
?cations (e.g. different speci?cations for different grades of 
speed (high-/loW-end systems)). Meeting different output 
speci?cations saves development and production costs. In 
addition, the determined clocking frequency can be stored 
on the memory chip and be used for choosing different 
computing modes, such as delaying the timing of an internal 
clock of the memory chip so as to correct the situation 
discussed previously With respect to FIGS. 7 and 8. 

[0033] The foregoing description is provided to illustrate 
the invention, and is not to be construed as a limitation. 
Numerous additions, substitutions and other changes can be 
made to the invention Without departing from its scope as set 
forth in the appended claims. 
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We claim: 
1. A method of using a memory chip comprising: 

operating a memory chip of a memory system; 

sending a command signal to said memory chip, Wherein 
said command signal contains information regarding an 
operational frequency of a system clock signal of said 
memory system. 

2. The method of claim 1, Wherein said operating com 
prises performing a timing protocol of said memory chip. 

3. The method of claim 2, Wherein said sending comprises 
latching a command signal onto said timing protocol. 

4. The method of claim 3, Wherein said latching is 
performed a t a period of time When said system clock signal 
is stable. 

5. The method of claim 3, Wherein said timing protocol 
generates said command signal in sequence With a refresh 
command. 

6. The method of claim 5, Wherein said command is 
generated just after said refresh command. 

7. The method of claim 5, Wherein said command is 
generated just before said refresh command. 

8. The method of claim 3, further comprising poWering up 
said memory chip via a poWer up sequence, Wherein said 
timing protocol is said poWer up sequence. 

9. The method of claim 8, Wherein said latching is 
performed a t a period of time When said system clock signal 
is stable. 

10. The method of claim 8, Wherein said timing protocol 
generates said command signal in sequence With a refresh 
command. 

11. The method of claim 10, Wherein said command is 
generated just after said refresh command. 

12. The method of claim 10, Wherein said command is 
generated just before said refresh command. 

13. The method of claim 1, Wherein said sending is made 
absent of latching to a timing protocol. 

14. The method of claim 13, further comprising compar 
ing voltage levels of pins of said memory chip. 

15. The method of claim 14, further comprising decoding 
said voltage levels of pins of said memory chip so as to 
determine said operational frequency. 

16. The method of claim 1, Wherein said memory chip 
comprises a DRAM memory chip. 

17. The method of claim 1, Wherein said memory chip 
comprises a SDRAM memory chip. 

18. The method of claim 1, Wherein said memory chip 
comprises a DDR SDRAM memory chip. 


