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Administratrivia

» Homework 6 & 7 are posted Due: November 9 & 18.
* Homework-5 is due today in class

» Reading: Chapter 5.
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Review: Instruction Fetch Unit at the End of Jump
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Putting it All Together: A Single Cycle Processor
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Review: Worst Case Timing: Iw $1, $2(offset)

Clk

Clk-to-Q

| |
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! I Instruction Memoey Access Time
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Drawback of this Single Cycle Processor

» Long cycle time:
¢ Cycle time must be long enough for the load instruction:
PC’s Clock -to-Q +
Instruction Memory Access Time +
Register File Access Time +
ALU Delay (address calculation) +
Data Memory Access Time +
Register File Setup Time +
Clock Skew

» Cycle time is much longer than needed for all other instructions
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Memory

» Outline
» Big Picture of Memory

» Memory Technology
¢ SRAM
¢+ DRAM

Reading

Chapter 7
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Big Picture

* The Five Classic Components of a Computer

Processor

Control

Datapath

Memory

Input

Output

» Today’s Topic: Memory System
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Where Are We?

Application

Operating
System

| Compiler| | Firmware|

CPU

Memory

I/0 system

Digital Design

| Circuit Design

You are here.
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Interface Between

' HW and SW

Y Instruction Set

Architecture,

Memory, I/O
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Review: Computer Memory

= Memory is a large linear array of bytes.

¢+ Each byte has a unique address
(location).

¢ Byte of data at address 0x100, and 0x101

» Most computers support byte (8-bit)
addressing.

» Data may have to be aligned on word (4
byte) or double word (8 byte) boundary.

¢ int is 4 bytes
¢ double precision floating point is 8 bytes

» 32-bit v.s. 64-bit addresses

¢ we will assume 32-bit for rest of course,
unless otherwise stated
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Our Naive View of Memory

Clk
—C

l Instruction Address

Ideal Instruction
Instruction
Rs Rt Imm

Memory L 5, 5// 16|,
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32 32-bit

DataOut

Registers
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Question

» What issues do we need to worry about in implementing the
memory system?
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System Organization

Processor

Cache

< interrupts \

s

Core Chip Set | J

The
memory

B

Disk Graphics Network
Controller Controller Interface

- 4“[] /|(/

hierarchy
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Processor and Caches

Processor Module

| |

To main memory
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Memory

Memory
Controller

/DRAM SIMM

bRA

Memory Bus

brAY

Why is it called DRAM?
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Memory Technologies

= Random Access:
¢+ “Random” is good: access time is the same for all locations
¢ DRAM: Dynamic Random Access Memory
> High density, low power, cheap, slow
> Dynamic: needs to be “refreshed” regularly
¢ SRAM: Static Random Access Memory
> Low density, high power, expensive, fast
> Static: content will last “forever’(until lose power)

» “Not-so-random” Access Technology:

¢ Access time varies from location to location and from time to time
¢ Examples: Disk, CDROM

#= Sequential Access Technology: access time linear in location
(e.g.,Tape)

# The Main Memory: DRAMs

» Caches: SRAMs
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Random Access Memory (RAM) Technology

= Why do computer professionals need to know about RAM
technology?

¢ Processor performance is usually limited by
memory latency and bandwidth.

¢ Latency: The time it takes to access a word in memory.
¢ Bandwidth: The average speed of access to memory (Words/Sec).
¢ As IC densities increase, lots of memory will fit on processor chip
> Tailor on-chip memory to specific needs.
- Instruction cache
- Data cache
- Write buffer

* What makes RAM different from a bunch of flip-flops?
¢ Density: RAM is much more denser
¢ Speed: RAM access is slower than flip-flop (register) access.
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Technology Trends

Capacity Speed

Logic: 2x in 3 years 2x in 3 years

DRAM: 4x in 3 years 1.4x in 10 years

Disk:
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2x in 3years 1.4x in 10 years

DRAM
Year e Size — Cycle Time
1980 " »64Kb T°7° _»250ns
1983 256 Kb 220 ns
1986 1 Mb 190 ns
1989 4 Mb 165 ns
1992 16 Mb 145 ns
1995 64 Mb 120 ns
1998 256MB 75 ns
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Static RAM Cell

6-Transistor SRAM Cell word
word
0—[>O 1 (row select)
1
0 <I 1 o |
bit bit
» Write: | L

1. Drive bit lines (bit=1, Bit=0) bit bit

2. Select row

» Read: .
1. Precharge bit and bit to Vdd (set to 1)
2. Select row

3. Cell pulls one line low (pulis to 0) —
4. Sense amp on column detects difference between bit and bit
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Typical SRAM Organization: 16-word x 4-bit

Din 3 Din 2 Din 1 Din 0 WrE
rEn
I I I Precharge |
Wr Driver & Wr Driver & Wr Driver & Wr Driver &
- Precharger+| |- Prechargeri| |- Precharger+| |- Precharger+
| [ [ [ [ [ [ [ Word 0 A0
SRAM SRAM SRAM SRAM g —
Cell Cell Cell Cell g; Al
| | | | | | | L Word 1 | = A2
SRAM SRAM SRAM SRAM g [*
. [ [ [ =)
Cell Cell Cell Cell ED.. A3
I | | | | | | | Word 15
SRAM SRAM SRAM SRAM
Cell |__Cell | Cell | Cell
- Sense AmP + |- Sense Ampt| |- Sense Amp T |- Sense AmP +
Dout 3 Dout 2 Dout 1 Dout 0
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Logic Diagram of a Typical SRAM

L;V
N 2 Nwords
| SrRaM y
OE L —F——D
> M

» Write Enable is usually active low (WE_L)

» Din and Dout are combined to save pins:
¢ A new control signal, output enable (OE_L) is needed
¢ WE_L is asserted (Low), OE_L is disasserted (High)
> D serves as the data input pin
¢ WE_L is disasserted (High), OE_L is asserted (Low)
> D is the data output pin
¢ Both WE_L and OE_L are asserted:
> Result is unknown. Don’t do that!!!
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Typical SRAM Timing

L;V
N 2 Nwords
- SRAM Y.
OE L — > D
——e— M

Data In X High Z X Junk X Data Out X Junk )I( Data Out
|
| |

I
I I
A X Write Address X Junk / x Read Address x Read Aqlldress
|
I

| '

I : I
I I I I I
OE L : I I I 1
. . . I . I
WE_LI i . ) . )
S \'\_l 1. Write 1 | ) !
I 1 T I Hold Time Read Access Read Access

_—l :4_ ' Time Time
I
Write Setup Time
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DRAM Operations
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1-Transistor Memory Cell (DRAM)

= Write:
¢ 1. Drive bit line
¢ 2. Select row H |
» Read:
¢ 1. Precharge bit line to Vdd (1)
¢ 2. Select row
¢ 3. Cell and bit line share charges
> Very small voltage changes on the | | B
bit line
¢ 4. Sense (fancy sense amp) —
> Can detect changes of ~1 million
electrons —
¢+ 5. Write: restore the value bit line

» Refresh \
¢ 1. Just do a dummy read to every cell.

row select

Sense Amp.

cps-104 Lecture-19.24 ©GK Fall 2009



Introduction to DRAM

*» Dynamic RAM (DRAM):
¢+ Refresh required
¢ Very high density
¢ Low power (.1 - .5 W active,
.25 - 10 mW standby)
¢ Low cost per bit
¢ Pin sensitive (few pins):
> Output Enable (OE_L)
> Write Enable (WE_L)
> Row address strobe (RAS)
> Col address strobe (CAS)
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DRAM fundamentals

* DRAM access is made of two parts:

¢ Row Access: Select a bank and a row and read a whole row into the
sense amplifiers. (Open a DRAM page)

¢ Column Access: Select an open page and read one word out.
» Multiple internal banks => one can keep multiple open pages.

» Typically multiple column accesses are needed to get a whole
cache line out.

» Column accesses are pipelined

¢ It takes about 25ns-30ns from the start of the column access
command until the data come out.

¢ A sequence of column access commands can be issued, one every
clock cycle (one every ~7.5ns).
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DRAM fundamentals (continue)

» Most DRAMS give the option to read the highest priority word
first.

* Once the column accesses are done, the DRAM bank and its
sense amplifiers must go through a precharge period before a
new row access can be done.

= DRAM bits must be refreshed. Their value must be restore every
~10ms.

» A row access restores the value of the row’s bits.

= The auto refresh cycle reads all the DRAM rows and restores the
bit values.

» The refresh period is “architecturally invisible”.
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Synchronous DRAM

= Synchronous DRAM (SDRAM) uses a clock to control IC
operations. Clock frequency: 100MHz - 133MHz.

= SDRAM has multiple independent banks. Typical part (64Mb
SDRAM) has 4 banks.

= SDRAM supports 9 different commands:
¢ COMMAND INHIBIT: Prevents new commands from being executed

¢ NO Operation (NOP): Do nothing; prevents unwanted commands

execution

ACTIVE: Open a row in a particular bank (Open a DRAM page).

READ: Start a burst of read accesses to an open a DRAM page.

WRITE: Start a burst of write accesses to an open DRAM page.

BURST TERMINATE: Terminate a read or write burst in full-page burst

mode. Keeps the page open.

¢ PRECHARGE: Deactivate an open page and precharge the DRAM bank. It
also could precharge all banks.

¢ AvuTO REFRESH: Do DRAM auto-refresh.

¢ LOAD MODE REGISTER: Load the mode Register.

® & o o
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The 2acTIVE Command

= The ACTIVE command specify an access to a row in a given
DRAM bank. Same as open a DRAM page, or Row Address
Strobe (RAS).

= The DRAM bank must be pre-charged before an ACTIVE
command can be issued.

» |t takes ~25ns for the ACTIVE command to complete (3 clock

cycles). The bank is inaccessible while the ACIVE command
is executed
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The READ Command

» The READ command is used to initiate a burst read access.

» The READ command could only be issued to an open DRAM
page.

*= The burst length is programmed via the mode register. It can
be 1, 2, 4, or 8 words long or a whole page long (Undetermined
length)

» A whole page burst mode allows variable burst by using the
BURST TERMINATE command.
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The READ Command (continue)

» The minimum latency of READ command is ~25ns. It takes 3
clock cycles from the time the command is issued until the
data is available on the IC pins.

X i X
X Riess X
X2Z22X oo X
CAS Latency
< >

READ Command Timing
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The READ Command (continue)

= The READ commands are pipelined. A new READ command
can be issued every clock cycle.

T0 IR T2 T3 T4 15 T6 17

S S S S S S S

X o T
XESE?C“ :E§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§?<EZEL“><§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

77K O X O X B X Bt X ogF X
CAS Latency
-4 >

Consecutive Read Bursts
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The PRECHARGE command

* The PRECHARGE command is used to deactivate (close) a
DRAM page. It can also close all pages.

= The precharge period is ~25ns (3 clock cycles).

TO T1 T2 T3 T4 T5 T6 T7
3 Cycles from precha»rge
Col
>< ES 2 Cycles from end of data-out
-

X Biress X XEzzr:X X Rinress X

Hezzz2X o X o X 5es X Bt Xz
CAS Latency
< >

Read to Precharge to Active
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cps-104

SDRAM Block Diagram

FUNCTIONAL BLOCK DIAGRAM

16 Meg x 4 SDRAM
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DDR SDRAM Diagram
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RAMBUS DRAM (RDRAM)

» Uses the same base DRAM-technology as SDRAM.
» Uses similar (to SDRAM) commands for DRAM access.

= Has fast (up to 800MHz) communication busses (data and
command).

» Uses narrow communication channels, 16-bit data bus.
» Communicates data in 16 byte packets.
» Has 32 independent banks.

» Uses Sense Amp sharing between adjacent banks :(
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RDRAM
Block
Diagram
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Figure 2: 128/144 Mbit Direct RDRAM Block Diagram
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Main Memory Performance

» Simple: CPU

¢ CPU, Cache, Bus, Memory CPU
same width (1 word)

» Wide:

¢ CPU/Mux 1 word; Mux/ 1 B
Cache, Bus, Memory N Uus
words (Alpha: 64 bits & 256
bits)

» Interleaved.

¢ CPU, Cache, Bus 1 word:
Memory N Modules
(4 Modules); example is
word interleaved

‘
3
s

=
o] (e e [

cps-104 Lecture-19.38 ©GK Fall 2009




Increasing Bandwidth - Interleaving

Access Pattern without Interleaving: ) ‘
CPU |+ *| Memory
[ I
1 I
D1 available ]
Start Access for D1 Start Access for D2
| Memory
Access Pattern with 4-way Interleaving: | Bank 0
| Memory
| Bank 1
[ CPU |«
| Memory
[ "| Bank 2
N 5
= | Memory
< [ *| Bank 3
2 Access Bank 1 [ I
@ Access Bank 2
&
b Access Bank 3

We can Access Bank () again
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