Memory Technology

Lecturer: Dr. Hui Annie Guo
huig@cse.unsw.edu.au
K17-501F (ext. 57136)

Memory Hierarchy Technology

* Random Access:
— Access time is same for all (random) locations
— DRAM: Dynamic Random Access Memory
» High density, low power, cheap, slow
+ Dynamic: need 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)
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Static RAM Cell

6-Transistor SRAM Cell word

word
J_ 0 J_ (row select)

bit bit

e Write:
1. Drive bit lines (bit=1, bit=0)
2. Select row

. . replaced with pullup
Read: . to save area
1. Precharge bit and bit

2. Select row

3. Cell pulls one line low
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

WrEn
l l l l Precharge p——

Wr Driver & Wr Driver & Wr Driver & Wr Driver &
- Precharger+ - Precharger+ - Precharger+ - Precharger+
[ I I I I I I I Word 0 A0
| [ sram | | srRam | [ sram | | srRam o —
Cell Cell Cell Cell g Al
w
[ I I I I I I L Wordl g A2
SRAM SRAM SRAM SRAM <]
u u u u =%
Cell Cell Cell Cell g A3
[ I I I I I | I Word 15
| | SRAM | | SRAM | | SRAM | | SRAM ||
Cell Cell Cell Cell
I " Sense Amp +| I " Sense Amp +| I " Sense Amp +| I " Sense Amp +I
Dout 3 Dout 2 Dout 1 Dout 0

Read occurs by default whenever a change in address is sensed




A Typical SRAM

A_,;.
N 2 Nwords
E— SRAM
OE_L —~—D
=S NN 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
— When WE_L is asserted (Low), OE_L is deasserted (High)
» D serves as the data input pin
— When WE_L is deasserted (High), OE_L is asserted (Low)
» Dis the data output pin
— Both WE_L and OE_L are asserted:
* Result is unknown. Don’t do that!!!
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1-Transistor Memory Cell (DRAM)

e Write:

row select

1. Drive bit line
2. Select row

1

* Read:
1. Precharge bit line
2. Select row
3. Cell and bit line share charges
Very small voltage changes on the bit line
4. Sense (sense amp)
Can detect changes of ~1 million electrons
5. Write: restore the value

* Refresh
Just do a dummy read to every cell.

bit
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Classical DRAM Organization (square)
bit (data) lines

r
0 Each intersection represents
w L1 | a DRAM Cell
d RAMCell | |
e Array
c
)
d word (row) select
e —
r
W Column Selector & j
dress /O Circuits Column

Address

+ Coincident selection scheme
data * Row and Column Address together:

— Select 1 bit a time
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DRAM logical organization (4 Mbit)

+ Square root of bits per row/column address

_| Column Decoder p
=
11 Sense Amps & /0 o D
2 =]
3 5 s 3
b= o R~ <
A0..A10  |&@ Sl |Memory Array @ 5 Q
T W | (2,048 x 2,048) =
3 z
o N Storage
< Word Line Cellq_
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Memory Systems

1
address N
—/— DRAM L
Controller L
n/2
row/col

Bus Drivers

Tretrieval = Tcontroller + Taccess + Tdriver
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A Typical DRAM

RAS_L\ lCAS_L WE_L[ IOE_L

Ay 256K x 8 / D

5 DRAM g

+ Control Signals (RAS_L, CAS_L, WE_L, OE_L) are all active low

+ Din and Dout are combined (D):
— When WE_L is asserted (Low), OE_L is deasserted (High)
« D serves as the data input pin
— When WE_L is deasserted (High), OE_L is asserted (Low)
« Dis the data output pin
* Row and column addresses share the same pins (A)
— Controlled using row/column address strobes
+ RAS_L goes low: Pins A are latched in as row address
+ CAS_L goes low: Pins A are latched in as column address
+ RAS/CAS edge-sensitive
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DRAM Write Timing

+ Every DRAM access begins at:

— The assertion of the RAS L

RAS_L[ lCAS_L WE_L] IOE_L

— 2 ways to write: A 256K x 8 b
early or late v. CAS 9 DRAM 8
{———— DRAM WR Cycle Time —
RAS_L / \ /
: 1 1 : 1 1
CASL 1 \—/ | \ A

:X Row Addressx Cpl Address X Junk. X Row Addressx Cpl Address X Junk ><

OE_L /
WE 3 SETUP times

-
HOLDitimes ( . '

1
1
. / . X o
1 ! 1 1 X 1 !
D Julk X / Data In )K | Junk | X _ Datain X yunk
1 [ A R 1 1 ; 1
1 _’LMIM.E_.:‘_ : WR Access Time -‘—':

Early Wr Cycle: WE_L asserted before CAS_L
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DRAM Read Timing

RAS_L| |CAS_L WE_I| |OE_L
» Every DRAM access begins at: l l '1 l

— The assertion of the RAS_L
— 2 ways to read: A ZS;I;K/[S D
early or late v. CAS 9 8
{~——— DRAM Read Cycle Time —]
RAS_L 5\ / 5\ /
: 1 1 : 1 1
CASL 1 oA | \—/_
1 1 1 || 1 1
* Row ,Address Clpl Address X Junk. X Row Address X Cpl Address X Junk ><
1
WEL/ | ] ] . | ]
1 1 1
OEL 1\ ! A 1 \I\—/_
. i 1 . y 1
D HighZ Junk X Data Out| X ! High Z 1 )I( Data Out
T
I Read Access | ! ' ' Output Enable 1 '
1 . 1 — >
\ Time 1 \ Delay ! 1
1

1 ! 1
Early Read Cycle: OE_L asserted before CAS_L Late Read Cycle: OE_L asserted after CAS_L
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Cycle Time versus Access Time

Cycle Time I
|Access Time | '

Time

 DRAM (Read/Write) Cycle Time >> DRAM (Read/Write) Access
Time
+ DRAM (Read/Write) Cycle Time :
— The minimal time between independent accesses, or
— How frequently we can initiate a new access
— Limits bandwidth
 DRAM (Read/Write) Access Time:
— The time from receiving the address to delivering the data, or
— How quickly the data is available?
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Boosting Main Memory Bandwidth

simple: | cPU | | CcPU | CPU
- CPU,Cache,Bus,Memory | | L 1 I
same width
(32 bits) Cache [ IT JIT ] Cache
Wide: Cache

— CPU/Mux 1 word; Mux/Cache, “

Bus, Memory N words (Alpha:

&)

i i M M M M
64 bits & 256 bits) bank 0 || bank 1 | bank 2 || bank 5
Interleaved: Memory Memory
— CPU, Cache, Bus 1 word:
Memory N Modules One-word-wide  Wide memory Interleaved memory organisation
(4 Modules); example is word memory organisation
interleaved organisation
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Increasing Bandwidth - Interleaving

Access Pattern without Interleaving:
CPU Memory
]
]
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
]
| Memory
Bank 3

5
2

=
& Access Bank 1 ]

§ Access Bank 2
s‘ Access Bank 3

We can Access Bank 0 again
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Main Memory Performance

Timing model
— 1 cycle to send address,
— 6 cycles access time, 1 cycle to send data
— Cache Block is 4 words ( to get 4 consecutive

words)
« Simple M. =4 x (1+6+1) =32 cycles
« Wide M. =1+6+1 = 8 cycles

Interleaved M. =1+6+4x1 =11cycles

Address Bank 0 Address  Bank 1 Address  Bank 2 Address Bank 3

0 1 2 3
4 5 6 7
8 9 10 11
12 13 14 15
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Page Mode DRAM: Motivation

Column
Address N col
- Regular DRAM Organization: }ll'_ cols —|

— Nrows x N column x M-bit T
— Read & Write M-bit at a time DRAM

— Each M-bit access requires
a RAS / CAS cycle

Row
Address

A
l /‘i M bits

M-bit Output

I-— N rows

l————— 1st M-bit Access | ! 2nd M-bit Access—!
RAS L\ { h {
1 1 1 1

D(Row AddressX Col Address X Junk! XRow AddressX Col Address X Junk ><
T T T T
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Fast Page Mode Operation

» Fast Page Mode DRAM
— N x M “SRAM” to save a row

» After a row is read into the register

— Only CAS is needed to access
other M-bit blocks on that row

— RAS_L remains asserted while
CAS_L is toggled

Column

Address |._ _.|

DRAM

Row
Address

N rows

1

N x M “SRAM” /

M-bit Output

/’l M bits

. 1st M-bit Access . 2ndM-bit ~ 3rd M-bit  4thM-bit
RAS L\ ! ! ! 4
1 1 1 1 1
CAS_L : \ 4l v d v 4l v d
' 1 1 1 1
A >< Row Address X Col Address x Col Address X Col Address x Col Address X
T
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Summary

« DRAM is slow but cheap and dense:

— Good choice for presenting the user with a BIG memory
system

+ SRAM is fast but expensive and not very dense:
— Good choice for providing the user FAST access time.

+ There are a number of approaches that can increase
the memory bandwidth.
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