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New Memory Technology : DDR2

Vertical Scope of Research Activity:

      1. Objective and definition of  Technology:

We know that all processes in computer need main memory. Instructions and data being used in a process are brought into the processor from main memory and sent back to main memory. So memory speed will influence the speed of the computer. DRAM (dynamic RAM) vendors  always research the new memory architecture to allow chips run faster.
DDR2 Memory Technology  is  the second generation of Double Data Rate memory technology, includes new features such as a larger 4-bit prefetch and programmable on-die termination (ODT) to reduce signal bounce and improve reliability at high speeds.

(18 February 2004)
(  http://www.overclockersclub.com/newscomment.php?article=7712939  )

      2. Functionality, scalability, availability , security, ease of use

One functionality of DDR2 technology is of course increasing the memory speed:

Dean McCarron, principal analyst with Mercury Research in Cave Creek ,Arizona Says:DDR2 memory improves the signal quality of data transmissions travelling within a PC,. Memory chips based on the older architecture could not run much faster than the current speeds without suffering a marked decline in signal quality, he says.
In order to ratchet up memory speeds, chip designers effectively doubled the number of signals the memory chip could process using a technique called differential signalling, McCarron says. They also added on-die termination, which allows the memory chip to absorb more "noise" created by signals as they travel through a system, and thereby improve signal quality, he says.

(01 March 2004 )

(  http://www.pcworld.com/news/article/0,aid,115031,00.asp   )

The other functionality is decreasing the power cost of the memory: DDR2 requires 28% less power than DDR chips!!
DDR2 memory is ready to meet the needs of a new generation of high performance PCs and servers.
However  , PC users won't be able to simply plug in new memory modules to take advantage of the technology, because the modules will require new chip sets, and the high price is another disadvantage of it .

By 2005, DDR2 prices should be equivalent to DDR400 prices, and there shoud be more new chipsets supporting DDR2,  paving the way for mass adoption.
3. Standards, approving organization , chronologic information of endorsement  ,maturity of standard and technology

1) Standards: 

JEDEC standard 

Most memory standards, including DDR2, are developed by JEDEC – Joint Electronic Device Engineering Council – which is a consortium of industry leading companies that includes Intel, AMD, Samsung, Micron and Corsair. Design engineers from each member company meet periodically to develop new standards for the industry. Completed standards are published and adopted by companies industry-wide.


(http://www.corsairmicro.com/corsair/products/specs/ddr2_faq.pdf)
 2) Approving organization :

JEDEC SOLID STATE TECHNOLOGY ASSOCIATION

      3) Chronologic information of endorsement :

a). micron delivers first four gigabyte DDR2 memory module to Intel

(19 February 2004)

(http://www.dvhardware.net/article2452.html)

b).Corsair Memory, Inc., today announced their new XMS2 family of xtreme performance DDR2 memory modules. The first product in this family is the Twin2X1024-4300, a matched pair of 512MB 533MHz 240-pin DDR2 modules.

(18 February 2004 )

(http://www.overclockersclub.com/newscomment.php?article=7712939)

c). Elpida Memory, Japan's leading global supplier of Dynamic Random Access Memory (DRAM), has announced the shipment of its first 1 GB DDR2 small-outline dual in-line memory module (SO-DIMM) that brings low-power, high-density, high-performance and small form-factor benefits to notebook PC applications.

(16 February 2004)

(http://www.techtree.com/techtree/jsp/showstory.jsp?storyid=4690)
       4) maturity of standard and technology:

DDR2 gets the majority of its punch from the 4 bit prefetch,while DDR use 2 bit prefetch. With the talk of different bit prefetches, it becomes difficult to tell the actual clocks of the new memory. Briefly stated, DDR2 runs with a lower internal clock than DDR1. However, since the prefetch is larger than DDR1, the external clock is doubled. For example, if we could run the same DDR400 on the shelves today with DDR2's 4-bit prefetch, it would essentially operate at DDR800. Since this is not possible, the internal bus of the DDR2 modules we see now has been lowered to 100MHz for DDR2-400 and 133MHz for DDR2-533. DDR400 and DDR2-400 should perform the same. So for the early adopters, There will not be a performance increase between DDR2-400 and DDR-400 (or even between DDR2-533 and DDR-533).  DDR2 is the technology to enable post-DDR533 speeds, rather than a technology to enhance it. 

(25 February 2004)


(http://www.anandtech.com/memory/showdoc.html?i=1977)

Horizontal Scope of Research Activity:

1. Product Comparison:

1) Compare to DDR memory

Now , about every PC sold uses DDR memory. Comparing to the DDR memory , We can sum up the major advantage of DDR2 in one word: speed! DDR2 starts where DDR stops. DDR2 memory will be introduced at speed grades that are the top limit of current DDR technology. Future DDR2 speeds will significantly outperform the fastest DDR speeds. Plus DDR2 requires 28% less power than DDR chips. DDR2 truly is the future of memory, but will require some changes as the technology is not backwardly compatible and only motherboards specifically designed for DDR2 memory will be able to support these chips. 

( http://www.corsairmicro.com/corsair/ddr2_tech.html)

The price is another disadvantage of DDR2 , Unless DRAM makers can narrow the price gap between DDR and DDR2 chips to under 20%, DDR2 memory is not likely to become a mainstream choice before the end of this year, local board makers said.
DDR2 chips are estimated to enjoy close to a 100% price premium over DDR chips. The gap is mainly due to the limited number of suppliers. 
(19 January 2004)

http://www.anandtech.com/news/shownews.html?i=21343&ATVAR_START=21&p=2 

       2) Compare to Extreme memory

Rambus has announced a new memory interface called XDR (Extreme Data Rate). It allows for clock rates as high as 3.2 GHz, says Rich Warmke, director of product marketing for Rambus.

XDR also uses differential signalling, but uses it throughout its entire architecture, whereas DDR2 uses the technique in only one aspect of its architecture, Warmke says.

(01 March 2004)


(  http://www.pcworld.com/news/article/0,aid,115031,00.asp   )
2.Deployment information worldwide and in New Zealand:

Micron Technology, Samsung Electronics, Elpida Memory, Hynix Semiconductor, and Infineon Technologies AG are all currently shipping DDR2 memory chips at 400-MHz and 533-MHz data rates. But user still need to wait for the new chipsets to support  DDR2 memory. Intel's Grantsdale chip set will support DDR2 when it is launched in the second quarter, and Via Technologies and Silicon Integrated Systems are also expected to support DDR2 in forthcoming chip sets.

(01 March 2004)

(  http://www.pcworld.com/news/article/0,aid,115031,00.asp   )
A partial list of companies expected to announce products supporting DDR2 in the first half of 2004: Intel, VIA, nVidia, Asus, MSI, Abit, Gigabyte, Supermicro, Tyan, Samsung, Micron, Hynix, Elpida, Infineon, Winbond, Dell, HP, IBM, Gateway.

( http://www.corsairmicro.com/corsair/ddr2_tech.html)

Contents that requires clarification or elaboration

1. Why DDR2 requires 28% less power than DDR chips?
DDR2 uses a 1.8V supply for core and I/O voltage, compared to 2.5V for DDR. That’s a 28% reduction in supply voltage!
(http://www.corsairmicro.com/corsair/products/specs/ddr2_faq.pdf)
   





Ddr2                                              ddr

	Power Reduction
	Supply Voltage
	1.8V
	2.5V

	
	I/O Interface
	SSTL_18
	SSTL_2

	
	Power Consumption
(@400Mbps)
	IDD1: 247mW (MAX.)
	IDD1: 527mW (MAX.)


(http://www.elpida.com/pdfs/E0294E30.pdf )

2. More on XDR ( Extreme Data Rate)
XDR solutions use the best of both worlds, Differential Rambus Signaling levels (DRSL) for scalable high speed point to point bi-directional data signals and Rambus Signalling Levels (RSL) for source synchronous bussed address and command signals to multiple DRAM devices. The point to point bus allows multi-GHZ speeds, while the bussed address allows scalable capacity of up to 36 DRAM devices per request bus block. 

The combination of DRSL and RSL signalling provides a high-performance interconnect for the most demanding of applications. Ultra-low-voltage-swing-differential signals minimize di/dt , thereby: 
· Reducing ground bounce

· Decreasing power consumption

· Reducing electromagnetic interference 

· Increasing scalability to higher data rates

· Improved noise immunity via common mode rejection
            (http://www.rambus.com/products/xdr/XDR_Tech_Summary_030620.pdf)
3. What is 4-bit Prefetch?


Please see the sub-paper ( 4-bit Prefetch)

4. What is the internal and external clock for RAM?

'Clock' refers to the synchronizing signal lines used by synchronous DRAM (SDRAM) memory. A 'Clock' is the physical line itself, not the frequency or speed of the signal. 

Each 'clock' in a SDRAM module is a physical electrical path or trace on the module. Typically, SDRAM memory modules have 2 clock lines (Clocks) per bank of memory. A two bank module would normally have 4 clocks, while a single bank module would have only 2 clocks. 

(http://www.advantagememory.com/Home_Page/support_link/faq/internal_use_only_what_is_a_Clock.htm)
A DDR266 device with a clock frequency of 133 MHz has a peak data transfer of 266 Mbits/s. That's 2.1 Gbytes/s (PC2100) for a 64-bit (8-byte) wide bus over the same PC133 pc-board traces (266 × 8 = 2100). This is accomplished by the DDR SDRAM utilizing a 2n-prefetch architecture, where the external data bus is twice the speed of the internal data bus. Data is captured once at the rising edge and once at the falling edge of the clock. 
(28 April 2003)

(http://www.elecdesign.com/Articles/Print.cfm?ArticleID=3189)
I searched from the internet  , but can not find the formal definition of the internal clock and external clock for RAM.  From the article above  , I think that the internal clock and external clock should really mean the clock frequency or data bus. Since the external clock frequency is higher than the internal one  , for  DDR266 device , 133MHZ should be its internal frequency (internal data bus )and 266MHZ should be  its external frequency (external data bus).

I’m not sure whether my understanding is right or wrong , so I’m still looking for the formal definition, Sorry !!
5. Why we see now the internal bus of the DDR2 modules has been lowered?

According to the sub-paper (4-bit prefetch) , we know that DDR2 SDRAM can read/write 4 times the amount of data as an external bus from/to the memory cell array for every clock, and can be operated 4 times faster than the internal bus operation frequency. For DDR2-400 , its external frequency is 400 MHZ , so its internal bus should be  400/4 ,which is 100 MHZ. Same reason ,for DDR2-533 , its internal bus should be 533/4 = 133MHZ.

Still , I’m not very confident with this explanation , and I’m still looking for a better one , Sorry !!
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