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144Mb Family Highlights

• SigmaQuad-II B2 at 250 MHz
• 500 MHz Transaction Rate
• 500 Mb/s per pin data
• 36 Gb/s per part bandwidth

• SigmaQuad-II+ B4 at 450 MHz
• 900 Mb/s per pin data
• 64.8 Gb/s per part bandwidth

• SigmaDDR-II+ B2 at 450 MHz
• 900 Mb/s per pin data
• 32.5 Gb/s per part bandwidth

165 ball, 1 mm pitch BGA
15 mm x 17 mm

144Mb Fast SRAMs
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Today we are introducing you to our new 144M SigmaQuad-II and II+ as well as SigmaDDR-II and II+ product line;
the highest density SRAMs ever available on the open market. 

This is a rather large family of SRAMs so our focus today will be 
On helping you become familiar with similarities and differences between members of the family
On giving you a good feel for how these parts stack up against the competition
And an idea of where to go to find sockets for these parts.
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Q = SigmaQuad B2
D = SigmaQuad B4
T = SigmaDDR B2    
R = SigmaDDR B4
S = SigmaDDR SIO B2
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We are going to start today with the part numbering scheme. 

The root part number for the family is GS8130. All 8130 parts are 144M SigmaQuad or SigmaDDR SRAMs. 
After the root, comes the number 2, which indicates the parts are Type-II or II+ devices. 
Next comes an alpha character… Q for Quad Burst of 2, D for Quad Burst of 4, T for DDR Burst of 2, R for DDR burst of 4 and S for a Separate I/O DDR. 
The next two numerals indicate the data bus width of the part AND indicate whether the part is one of the PLUS versions.  
The 08, 09, 18 and 36 are Type-II parts.
The 07, 10, 19 and 37 parts are Type-II+ parts with Read Latency of  2 cycles. 
The 06, 11, 20 and 38 parts are Type-II+ SRAMs configured for Read Latency of 2.5 cycles.
Finally they are all packaged in the “E” package, a 15mm x 17mm 165 BGA.

Now, some of that terminology may not make much sense yet, so we are going to review some of the particulars.
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The family divides mainly into two pieces: The SigmaDDR Common I/O SRAMs and SigmaQuad Separate I/O SRAMs.

The DDR parts have a single bi-directional data bus.

The Quad parts have two unidirectional data busses…on in and one out. 

All these data ports are all double data rate ports. The Quad parts get their name for having 2 DDR ports…
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There is one oddball member of the family…the SigmaDDR Separate I/O SRAMs. These parts harken back to the earliest days of SRAMs when ALL SRAMs (and all DRAMs for that matter) were separate I/O parts. Back then they were all single data rate parts and they were all x1 or x4 parts (bit wide or nibble wide). Common I/O memory did not become common until the introduction of byte wide (x8) SRAMs and only migrated to DRAMs even later. 

These Separate I/O DDR versions of the part are not very popular, but the do have a unique characteristic. While the Quad parts simply cannot and will not accept continuous read or write commands, the SIO DDR SRAMs can and will. Note that the Quad parts have Read and Write control pins. The SIO DDR SRAM has a chip enable and write pin just like a common I/O SRAM, including the other DDR members of the family. 

The SIO DDR SRAM is only offered as a Type-II part.



Why 3 Major Architectures? 

 SigmaQuad
• Packet Buffering
• Cell & Packet Statistics
• Cell & Packet Inspection / 

Modification
 SigmaDDR

• Table Look-up
• General purpose memory

 SigmaDDR SIO
• Pseudo Dual-Port RAM 

Applications
• Message Passing

DDR
SIO

Quad

NoOp

DDR
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So that covers the performance characteristics of the major sections of the family, but we still have not talked about why they are needed. 

It turns out that there are lots of different kinds of jobs to do in a networking box. Each different job can be done best by just one of the members of the Quad / DDR family of SRAMs. 

The Quad parts make great rate buffers, a great place to store counters, and a perfect place to put a cell header that needs to be inspected or manipulated on the fly. 

The DDR parts are perfect for any read-dominated task like table walks, holding instruction code or serving as general purpose scratchpad memory.

The SIO DDR parts today mainly replace the subset of Dual Port SRAM applications that do not actually require the RAM to operate on two independent clock domains at the same time. Generally parts like this can be used for message passing functions, allowing the RAM to physically bridge data from one bus to a different, independent data bus. 




144Mb Type-II / II+
Common Features

• Data path width (x8, x9, x18, x36)
• Read & Write Truth Table / Protocol
• Output Impedance control (FLXDrive-II)
• Package 

• 165-ball FBGA,  15 mm x 17 mm (1 mm ball pitch)
• RoHS 5/6 or 6/6

• Same supply and I/O voltage
• VDD = 1.8 V
• VDDQ = 1.8 V or 1.5 V
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The 144M family includes both Type-II and II+ members. The two halves of the family are very similar. They use the same package, almost exactly the same pinouts, the same supply and interface voltages and even the same truth table…but there are differences.



144Mb Type-II / II+ Differences

• Longer Read pipeline (and higher clock frequency)
• Type-II RL = 1.5 Cycles
• Type-II RL = 2.0 and (lately) 2.5 Cycles 

• (Different part numbers)

• Feature & Pinout changes
• C Clocks dropped
• Q Valid (QVLD) Pin added
• ODT Control Pin added (lately)
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The most noticeable difference is the read pipeline length.

There are also a few pinout differences related to features that have disappeared in the transition from Type-II to the II+ as well as some that have been added. 



Type-II and II+ Read Latency
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The Type-II parts demonstrate a 1.5 cycle read latency. That means that data goes valid 3 half cycles after the read address is loaded into the SRAM. 

The II+ world is a little more complicated. The first II+ SRAMs to hit the market were specified with a 2 cycle read pipeline.

When some vendors found it difficult to hit speed targets at 2 cycles they cooked up the 2.5 cycle variant. As it turns out, although the 2 cycle parts are still around…and we will support 144M upgrades of those sockets with our RL=2.0 parts, most of the newer design-ins have specified the 2.5 cycle versions of the parts. 

We offer all three types: 
the Type-II parts with 1.5 clock read latency
the RL = 2 Type-II+ parts
and the RL = 2.5 Type-II+ parts

Note that these are NOT user configurable options. Each of these types are offered under their own series of part numbers.



Type-II / II+ Pinout Differences

Function Pin 
Names Pins Type-II Type-II+

Output 
Clocks C & C# 6P & 6R Y N

Output Valid 
Flag QVLD 6P N Y

On-Die 
Termination ODT 6R N Y
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The pinout differences between Type-II and II+ are summarized here. 

Going to the Type-II+ we lose the C-clocks and add Q-Valid and ODT control.



On-Die Termination

ODT: A small output driver wired in parallel with an input

VDDQ

Incoming Signal

VDDQ

Input
Buffer

ODT Control

To RAM Internals

ODT
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The most recent addition to the evolving Type-II+ definition has been ODT (On-Die Input Termination). Early II+ parts did not have it. Newer parts now coming to market do. 

ODT significantly improves signal quality on high edge-rate lines by snuffing reflections that would otherwise bounce back off an input pin. ODT does consume DC power and sinks AC power as well…it is not free…so as in any other system, termination is generally only used when it is really needed. However when it is needed, on-die termination tends to work better than off-chip termination since it is, by-definition, at the very end of the line and therefore covers all the signal trace issues, including those caused by the package itself. 

Compared to off-chip termination ODT reduces board space and component count. It therefore improves system reliability and reduces system cost. 

Termination is only used when it is absolutely necessary. In the case of the Type-II+ SRAMs that means that it is not offered on all the input pins. It is only offered on the double data rate input pins, that is, on the pins that are toggling at the same frequency as the input clocks. That includes:

the input Clocks (K, Kb) 
the Byte Write (BWb) inputs
and the Data Input Pins (D pins on Quads, DQ pins on DDRs)





ODT Control Implementations

Vendor ODT Pin
Pin State

Float High Low

GSI 6R Active OFF WEAK OFF

Renesas 6R

NC
(Parts without)

OFF OFF OFF

Active
(Parts with)

WEAK WEAK STRONG

Cypress 6R

NC
(Parts without)

OFF OFF OFF

Active
(Parts with)

WEAK WEAK STRONG

Note: Cypress144Mb documentation not available. Analysis based on 72Mb 
documentation.
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There are differences in ODT control implementation between the different suppliers of Type-II+ SRAMs that support ODT. The landscape seems to be somewhat in flux, so this is just a snapshot of what we see today. Cypress has announced a 144M family, but so far there are no datasheets posted publicly for their parts. Today we are guessing they will follow the approach they used for their 72M parts, but we cannot be sure that will happen. ��Renesas does have data sheets published, but have not announced a part. In fact they have had a couple of iterations of data sheets posted. Interestingly some of them had looked more like internal design target documents than like customer data sheets…be that as it may, their documentation has been in flux on this subject. 

The bottom line is, at this moment, we anticipate that Cypress and Renesas will offer ODT and Non-ODT parts in different part numbers. Our plan is to NOT follow that approach unless circumstances force us to do otherwise. (I want to point out that we have the capability on our die to follow the Renesas scheme exactly. The message is, “Don’t lose a design-in over this issue.” If you get in a jam, let us know so we can react accordingly.

Any thinking person will wonder why we are not following their apparent plan. We believe the scheme we picked is actually better. Interestingly, we have already had some customer feedback that seems to confirm our belief. 

The GSI parts use the ODT pin (6R) to either turn ODT Off or turn it on in Weak Termination mode. Cypress, in their 72M data sheets, either has a No Connect at 6R (on Non-ODT parts) or ODT is always active and the ODT pin is used to choose between Weak and Strong Termination. The reason we have selected our approach is because (1) we think Weak Termination is optimum at II+ speeds, (2) we think customers will mix ODT on, and ODT off, on the same boards, (3) since we default to ODT Off when the customer floats 6R, we can reduce inventory costs and cut cycle time with one part number and still work fine in the non-ODT competitor sockets.  
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So now that you know all the jargon, here’s the family one more time.

The Quad Type-II parts in B2 mode run 250 MHz
The Quad Type-II B4 parts run up to 333 MHz
The DDR Type-II parts come in B2 and B4 configurations and both run at 333 MHz
And the Type-II family includes a DDR SIO version that also runs 333 MHz…the “S” part.

The Quad Type-II+ parts come in only Burst of 4 and the DDR versions are only Burst of 2 parts. 
They will both top out at 400 MHz in 2.0 cycle Read Latency configuration
And will hit 450 MHz in 2.5 cycle Read Latency configuration. 

All the 144M Type-II+ parts offer ODT under user control.



SigmaQuad/DDR Applications

• Markets
• Networking—Routers, Switches, SAN
• Image Processing—Radar, Medical, Military
• Test & Measurement

• Host Chips
• Full Custom ASICs
• Network Processors and ASSPs
• FPGAs
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These parts, like all the SigmaQuad and SigmaDDR SRAMs go into all kinds of networking boxes, although most often into routers, but also into other sorts of networking equipment, including 3G base-stations and even network test equipment. And make no mistake, we will see these go into other markets too. We already see interest from the Medical and Military markets.

Needless to say, these parts connect to some sort of host chips. The good news is that in most cases, these parts are direct upgrades for lower density versions and can drop into exactly the same sockets where users have had 18M, 36M or 72M parts. We have been publishing guidance on the future locations of upgrade address pins for many years now, so customers who have been planning ahead should already be ready to mount these parts immediately.

The host chip vendors remain a bit of an enigma. We are not aware of any who have explicitly called out 144M part numbers for any vendor. Still we have every reason to expect them to find a 144M density upgrade as simple as anybody else. Speed upgrades may be a little more tricky, but they should be manageable as well. We supply all the necessary modeling support in order to make it all as painless as possible.



Support Materials

• Datasheets
• Models

• IBIS
• Verilog
• VHDL
• BSDL
• Timing Designer

• ODT App Note 
• FAQ Page
• Training Webinars upon request
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On Introduction Day the Press Release will cite a specific GSI web address…what we call the Push Page.

The Push Page will include all the stuff related to the product family including:
The Press Release itself
An ODT App Note 
A FAQ Page
The Customer Presentation
The Data Sheets 
and links to all the models
IBIS
Verilog
VHDL
BSDL
Timing Designer

If you want some help pitching these parts to customers, let me know. We have a travel budget and we can also offer customer webinars on request.
And since you are all wondering…we do have budgetary pricing. 
Contact your GSI RSM for specifics but you are going to get numbers in the range of $150 - $200 each.



Technical Appendix



Architecture vs. Workload
Transfer Efficiency vs. Read/Write Burst Size

Common I/O* vs. Separate I/O
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Comm I/O Efficency (1:1 R/W by Burst Length) Sep I/O Efficency (1:1 R/W by Burst Length)

Common I/O reaches 89% efficient at a Burst size of 4

Separate I/O only reaches 100% efficient doing alternating read/write 

* Assumes Late Write mode w/ 1 dead cycle to turn the bus

Common I/O reaches 67% efficient at a Burst size of 1

Separate I/O reaches 67% efficient at a Burst size of 2

Separate I/O reaches 57% efficient at a Burst size of 4

Common I/O reaches 80% efficient at a Burst size of 2

Common I/O efficiency matches or exceeds Separate I/O 
efficiency for all Burst transfer sizes equal to or above 2
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Those unfamiliar with this technology are very likely to want to know the difference between Quad and DDR parts. In fact, many who do know about these parts may not have really thought through the implications of those differences. People who have heard of Quad SRAMs have no doubt heard that they are fast or perhaps that they are the fastest SRAMs around…and that is true in some limited senses. 

This chart shows how these two architectures perform against different workloads. Their performance is normalized in this chart, meaning that they are compared in terms of REALIZABLE Bandwidth at the system level. The chart looks at how much of the device’s peak bandwidth can be used as a function of the traffic requested of the part. 

The Quad parts do one thing very well. They do continuous back-to-back reads and writes perfectly. Sending a Quad SRAM continuous alternating read and write commands will allow the RAM to keep both data ports busy full time.  However even if the traffic is balanced (that is even if, on the average, there are the same number of reads and writes, if the host chip using the SRAM needs a burst of reads and writes…(that is reads and writes not continuously alternating) then the data bandwidth the Quad SRAM is severely degraded. Even if read and write commands are issued in bursts as short as two, realizable bandwidth falls to 67% of peak, the same bandwidth that could be achieved by a DDR SRAM doing back-to-back reads and writes on a common I/O bus, even allowing for one dead cycle on the bus for every bus turnaround.

Common I/O SRAMs get more and more efficient the longer bursts get. Four read transfers can deliver almost 90% of peak bandwidth and grouping reads and writes into blocks of 32 boosts bandwidth to about 98% of peak.  This is why common I/O memory has been the norm in the industry for the last 30 years. It is simply much more flexible. It does lots of jobs very well. 

But Quad SRAMs do one job perfectly…and it turns out to be a very important job in the networking world…they do continuously alternating reads and writes.



SigmaQuad B2 vs. SigmaQuad B4

Address

Data In

Data Out

Read WriteAddress

Data In

Data Out

Read Write Read Write

B2—Burst of 2 Protocol: 
More frequent address references but lower bandwidth data

B4—Burst of 4 Protocol: 
Less frequent address references but higher bandwidth data

Read ReadWrite WriteRead ReadWrite Write Read Write Read Write
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It is not always obvious why we support both Burst of 2 and Burst of 4 SRAMs. 

At equivalent clock frequency, both parts produce exactly the same data bandwidth and latency. However the Burst of 2 parts deliver half as much data per address. That has two key implications. 

First the B2 parts can accept address inputs twice as often per unit time…they offer twice the address rate or Transaction Rate that is offered by Burst of 4 parts running at the same clock speed. 

Second the Burst of 4 parts, from the user’s point of view are twice as wide. Let’s consider this example. Suppose both parts we are looking at in this chart are x18 parts. The B2 part writes or produces 36 bits of data in response to each address load. The B4 part writes or produces 72 bits of data in response to each address load. And there is no way to stop it. Once a transfer starts, it runs to completion. Needless to say, there are lots of jobs out there that simply do not need 72 bits of data per address. In those cases the extra data is not only a waste of RAM cost, transferring those unneeded bits also wastes power and time. 
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C-Clocks were a holdover from the original Type-I parts. Type-I SRAMs did not have an on-die DLL. They did not have Echo Clocks either. The Type-I SRAMs offered C-Clocks so that the user could adjust the phase of the release of output data. The C-clocks were used to fire the output data registers.

C-Clocks are still found on Type-II SRAMs.



Source-Synchronous Clocking
(Clock Forwarding or Echo Clocks)
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Type-II SRAMs added a Output Strobe called CQ…and Type-II+ SRAMs still have them.

Type-II and II+ SRAMs send a clock back to the host chip that is lined up with each data output transfer. The Echo Clocks (the CQ pins) run continuously, whether the RAM is doing any reads (or writes) or not. Not even deselect commands cut off the Echo Clock outputs. 

Despite having CQ pins Type-II parts still have the old C-Clock inputs available.



Output Valid Flag (QVLD)
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However the C-Clock inputs have disappeared from the II+ parts altogether. But a new clock has shown up. There is now a new Output Data Valid flag (QVLD). Q Valid provides a ½ cycle early warning that output data is coming. It stays active as long as the RAM is producing data, or at least until ½ cycle before data will be going tristate.

The supposed purpose of Q Valid is to help synchronize the host chip circuits that realign the RAM Data they read from us with their own internal clock domains. To date, we have not found a customer who is actually using the QValid pins for that purpose…or using them at all, for that matter. So this particular item is mainly an FYI more than anything else. Generally if customers are implementing some sort of alignment algorithm they are using data patterns they put into and then read back out of the SRAM to do their synchronization.
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