Design with Microprocessors

Year lll Computer Sci. English
1-st Semester

Lecture 12: Memory interfacing



Typical Memory Hierarchy [1]

Br-Chin COmponents .”J.f.
Control e ’ cDRAM
: Secondary
Main : Memory
Datapath Memory | : (Disk)
(DRAM) | :
Speed (ns): .1's 1's 10’s 100’s 1,000’s
Size (bytes): 100’s 10Ks 100K’s...M’s 100M’'s...G’s 100G’s ...T's
Cost/capacity: highest lowest

ITLB = Instruction Translation Look-aside Buffer
DTLB = Dual Translation Look-aside Buffer

Translation lookaside buffer (TLB) is a cache that memory management hardware uses to improve virtual
address translation speed.! The majority of CPUs includes one or more TLBs in the memory management

hardware, and it is nearly always present in any hardware that utilizes paged or segmented virtual memory.

The TLB is sometimes implemented as content-addressable memory (CAM). The CAM search key is the

virtual address and the search result is a physical address.



http://en.wikipedia.org/wiki/Cache_%28computing%29
http://en.wikipedia.org/wiki/Memory_management_unit
http://en.wikipedia.org/wiki/Virtual_address_space
http://en.wikipedia.org/wiki/Translation_lookaside_buffer#cite_note-ostep-1-1
http://en.wikipedia.org/wiki/Paging
http://en.wikipedia.org/wiki/Memory_segmentation
http://en.wikipedia.org/wiki/Virtual_memory
http://en.wikipedia.org/wiki/Content-addressable_memory

Classification of memories [1]

Read Write Memories (RWM) NVRWM ROM
Random Access Non-Random EPROM Mask-prog.
Access ROM
SRAM (cache, register file) FIFO, LIFO EEPROM
DRAM (main memory) Shift Register FLASH Electrically-
prog. PROM

Function — functionality, nature of the storage mechanism
— static and dynamic; volatile and nonvolatile (NV); read only (ROM)

Access pattern — random, serial, content addressable



Classification of memories

Memory Arrays

Random Access Memory

Serial Access Memory

Content Addressable Memaory

| (CAM)
| |
Read/Write Memaory Read Only Memaory : .
(RAM) (ROM) Shift Registers Queues
(Volatile) (Nonvolatile) | | | | |

| | Serial In Parallel In First In Last In

Static RAM Dynamic RAM Parallel Out Serial Out First Out  First Out
(SRAM) (DRAM) (SIPO) (PISO) (FIFO) (LIFO)

| | | |

Mask ROM Programmable Erasable Electrically Flash ROM
ROM Programmable Erasable
(PROM) ROM Programmable
(EPROM) ROM

(EEPROM)



Generic pin configuration [2]

Address connection Weite
Ay WE

Read
)

Select
Og O .. Oy s

Output/Input-output connection

Address pins (inputs)

N+1 = no. of memory locations = 2N*1
Data pins

M+1 = size of memory locations

Bidirectional, 3-state output (#OE)
Control pins (inputs)

Chip select/enable = enables the device (usually by
decoding the base address of the chip)

Read (#OE) /write (#WE) = operation



Memory architecture [2]

Memory Architecture
Add a decoder to solve the package problem:

. 5
7 — Word 0
= =1
= - Word 1
= A -
= ol
i I{l]_"“ D S Word 2 Storage cell
g iy §
YA = This reduces the
o k) number of external
c Gnt o address pins from
= N id pins f
= \q—r Word N-2 1M to 20.
~IN-1
—l Word N-1
K = log,N t

one-hot Input-Output
(M bits)

This does not address the memory aspect ratio problem:

The memory is 128,000 time higher than wide (ZEDX 23} !
Besides the bizarre shape factor, the design is extremely slow since the ver-
tical wires are VERY long (delav 1s at least linear to length).



Memory architecture [2]

Memory Architecture
The vertical and horizontal dimensions are usually very similar, for an aspect
ratio of unity.
Multiple words are stored in each row and selected simultaneously:

Sg Bit line

Row address = .

PLK to I—"i]'__l

Storage cell

/,/

y | o
—

t‘:’"

e

e e
o

/ Row Decoder \

------------------- Word line
R :
AL-1 i :
I :
“IN-1 y
— - |
Column address =
Aﬂ to AK—] A{] # 1t ' 1[ 1t

Column decoder 591?5? aImps
Ax and drivers

not shown

A column decoder is added to o
select the desired word from a row. Illl'{’ %:}'{;IH out



Memory architecture [2]

rI\rIemm'y Architecture
This strategyv works well for memories up to 64 Kbits to 256 Kbits.
Larger memories start to suffer excess delay along bit and word lines.

A third dimension is added to the address space to solve this problem:

Block 0 Block i Block P-1
[ ] ae

/ I-l/ ./
Rows - - -
Address

D | s | S S| S
Eﬂh— N AR AN V4

ress

Block t t t
—_— | —[Block selecto———| |

Address ¢ t ’
Global Data bus E

r 1 1 Global
Address: [Row][Block][Col] mnplifier;" driver

t 1,0




ROM/EPROM [2]

Intel 2716 EPROM (2K X 8):

A- S . , ,
AL 1 24m Ve Vpp 1s used to program the device
A6 M2 230 Agq : — :
Asmz 22M A by applying 25V and pulsing PGM
Ay 1@V while holding CS high.
Az ls 20 (_EP
A, ;5 o 19 A] 0 Data Outputs
Ay T 18mPD/PGM ! |
Aons rr:"] 178 O- * * * * + *
Opmo 16| O Chip Select
[ - B ] e
gl 10 i: 05 PD/P _{;?-.— PWE Dowril Output
2H11 : Oy IPGM = . . j——ap| Buffers
GNDE12 13 0, Prog Logic
- —— -
2K x § EPROM == . Y-Gating
= Decoder
Pin(s) Function - —
. D
Ag-Aqg Address 7 o
: . . -
PD/PGM | Power down/Program| — % D X 4 s 16,384
— - = ecoder Cell Matrix
CS Chip Select < '==
0y-0- Outputs ]




ROM/EPROM [2]

2716 Timing diagram:

><t Address
IEDI—I

\ i tDF

Data Out Valid }
- LACC] = 7

Read Mode (PD/PGM =V )

IHI
)

High Z

Sample of the data sheet for the 2716 A.C. Characteristics.

Limits
Symbal Parameter Unit Test Condition
) Min Tyvp. Max
taccy |Addr to Output Delay 250 450[ ns | PD/PGM=CS =V
tog |Addr to Output Hold ] 1s PD/PGM=C5 =V

tpp  |Clup Deselect to Output Float 0 100| ns PD/PGM=V

This EPROM requires a wait state for use with the 8086 (460ns constraint).



Bus Timing (8086) [3]

ck [ |

ALE
MO
ADDRISTATUS

ADDR/DATA

RD
READY
DTIR

DEN

WR

T

(N =Tey

\WAWAWAN

| T, T | T‘L'.[NTl

T (B Ny =Tey
T-’- T 1 | TE | T3 | TW.HI_ | Td.

A /
/ OHE BAE - B
> AFQI-IAEW}{ STS3 Xgﬁﬁm STs3 ><_
) mmu}- -fi:f:;f:%f EJ,’E%Q ------- {aisan  DATAOUTDI5DO >.‘- --O<7
[} 1
| H
READY REALY
II'I,I_ \ ."I ‘I'l, T
_____ AT  warT 1
\ fa’ .
\ / \ /
M MEMORY ACCESS TIME '
L] f
/

TCLA

TOVCL

&

The maximum memory access time=3T-TCLAV-TDVCL which, for the
SMHz 8088, is 600-110-30=460ns. Actually the memory access time must
be less than this since there will be propagation delays in going through
buffers (about another 40ns).



ROM/EPROM [2]

"Memory Address Decoding

Ag Oy
Address Bus Aq O1 § Data Bus
ﬁ']_ll] H :
— [ A 9]
A 10 7
A, 2716
A (2K X 8)

16 > EPROM (Book shows
Aqs OE connection
~ - CS for RD but

Mkl € S chip definition
Az does NOT have
A - this pin).

12 i

Ag B RD of 8088 /86
Or MRDC bus signal.
oM [ |

"e—d—p] Logic 0 when A through Aqg are all 1.

e

Address range: FF800h - FFFFFh



ROM/EPROM

Ve
—l— ML 8088 and 80188 (8-bit) EPROM Memory Interface
ek o TAF 7.3
GENERATOR || READY g - To wait state  WATT Address Bus ,A B
FES oy P RESET generator A L
i Data Bus : ¥ =
1— ,__I___ —-—| R 741.5138 < 0, L
o EGE‘.'%E:TEI'URE aucﬁﬁME i A1z 2 ” 2732 -
o P oo B 4 @ XH)
e C 2
T . l”_fﬁ.D,,_ 3
Aqs _ 4
Aig LE;: 3
e G2
Aqz . i
AIB : .
Ass 1K
Density | Capacity %L‘E}druss space R [
=2, . -FFFFF 115 15 the 2732 pino
EPROM (bl‘tS) (bytes} | ) FEOOOH-FREFEH as shown ?n the tt‘?:.tf}u
o ;g'é Arex 5 8088, min.mode, EPROM 8 x 2732 = 8 x 4kB = 32 KBytes
57C64 64K 8K < B Address mapping: 0: F8000- F8FFF; 1: F9000- FOFFF; ..... 7:
27C128 | 128K 16K x 8 FFO0-FFFFF
27c266 | 258K 32K % 8 *EPROM access (450ns) + decoder delay (12ns) > 8088 mem
27C512 | 512K 64K % 8 access (460ns)
27C010 1M 128K % B *1 wait state (1 clock = 200ns): total access time 460+200=660
27C020 2M 256K x 8 ns
27C040 4M 512K < 8




ROM/EPROM

Ay
Address A I
Ay,
::———— O 2744
Drata I
0.

RD OE
FOO00 - FIFEF .

AL CE
A 120000 - F3FFF o CE
A F4000 - FSEFF d cE
F6boo - F7FFFE d CE
FR000 - FOF FE a CF
FAOM - FBFFF d CF
AL FCO00 - FDFFF d CE
A FEOO) - FFFFF d CE
‘ﬂl‘IH 1
A

| A1

8088: 8 x 2764 = 8 x 8kB = 64 KB
Memory address space: F0000 — FFFFF

Homework: re-design the adress decoder to map the memory blok
in the lower part of the memory space !



Address decoders

Memory Address Decoding

The 3-to-8 Line Decoder (741.5138)

&
= —1r
s — 1B 1
g —c 2
& 3

4
kY —(d G2A 5
= —q G2B 6
= G1 y

Outputs

Inputs
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Output
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Note that all three Enables (G2A, G2B, and G1) must be active, e.g. low, low

and high, respectively.




Address decoders

Memory Address Decoding

AMD 16L8 PAL decoder.

It has 10 fixed inputs (Pins 1-9, 11), two fixed outputs (Pins 12 and 19)
and 6 pins that can be either (Pins 13-18).

Programmed to decode address lines A;q - A3 onto 8 outputs.

11
12
R
14
IS
16
17
I8
19
GND

;-aoochfmhwm—

(

1618

19
18
17
16
15
14

13
12

11

pins1 2 3 4 5 6 7 8 9 10

A19 A18 A17 A16 A15 Al4 A13 NC NC GND

Vee spins 11 12 13 14 15 16 17 18 19 20

08
07
06
05
04
03
02
01
110

NC O8 O7 06 O5 04 O3 02 O1VCC

Equations:

/Ol =A19* A18* A17* Al6* /A15* /Al4* /A13
/O2=A19* A18* A17* Al6e* /A15* /Al14* Al3
/O3 =A19* A18* A17* Al6e* /A15* Al4* /Al3
/O4=A19* A18* A17* Al6e* /AI5* Al4* Al3
/O5=A19* A18 * A17* Al6* A15* /A14* /A13
/O6=A19* A18 * A17* Al6* A15* /A14* Al3
/O7 =A19* A18* A17* Al6e* Al15* Al4* /Al3
/O8=A19* A18* A17* Al6* Al15* Al4* Al3



Memory connections

GDn

oD,

Au k
A EPROM O
1 0=
o 27C266
Az 32K x8
A — —
CE OE
5, o ? T
MEMRB & i
EPROM 1
27C258
32K x8
CE ©OE
Cs, o ? T

Parallel connection: extends

the memory depth

‘_ﬂ'D-,

A O EPROM 0 oD,
Ay O—
A, O— 27C256 oD,
: PKXS .:
Ay O—- —G
e OF D;
s 0 ?
MEMR O
EPROM 1 oD,
27C256 b
1K X8 - O Dy
I ES—
CE OF 13

— ]

Series connection: extends the
memory (word) width



Connection to a 16 bit Data Bus (8086, 80286, 80186)

Address bus
T ey B s—
2764 2764
SKH 5kB
SRAM SRAM D¢-D,
N S— > |cru
data
DD, (::> bus
I. K [)l-\
ROW DCD
MRDC
BHE Ag Characteristics
0 0 Whole word
0 1 Upper byte from/to odd address
1 0 Lower byte from/to even address
1 1 None




RAM

Static (SRAM) [1]

Wi
| oo E L
Mgl 10 : .

]
IBL BL

BL BL

Table 12-2 Comparison of CMOS SRAM cells used in 1-Mbit memory
(from [Takada91])

Complementary

CMOS Resistive Load TFT Cell
Number of transistors 6 4 4 (+2 TFT)
Cell size 58.2 um* 40.8 um* 41.1 um*
(0.7-pum rule) (0.7-um rule) (0.8-pum rule)
Standby current 10715 A 10712 A 101 A

(per cell)




SRAM [2]

SRAMs
TI TMS 4016 SRAM (2K X 8):
Armi 7 24mv
Asm2 23M Ag
Asm3 22 A,
Ayme 210 W Pin(s) Function
Azls = 0mc
Arme g 198 Ay, Ag-Agg Address
i] 7 wn 18mS DQy-DQ- Data In/Data Out
oMs = 17mDQg — —
DO My = 16mDO; :{i Chip Select
gg: 10 15m DQ; G (OE) Read Enable
Im11 14 DQ- — ;
GNDEL2 13W DO, W (WE) Write Enable
2K x 8 SRAM

Virtually identical to the EPROM with respect to the pinout.
However, access time is faster (250ns).

See the timing diagrams and data sheets in text.
SRAMSs used for caches have access times as low as 10ns.



SRAM

.vhmwsmom
. SHCSTRL=
= @) a
49 = I
%( @w S%m = — :
) % (8] Sie g \ﬁa@ o8
I ) @] Site (44 nlC
o =00 =) A 2|
A...AWOC O..O S@C (@]
n o MEES%C
b | A...AWOC ﬂwﬁ
&
- |
= |
1= | —
=
S
=
-
&
S SEISTHL _ S _ge
= <m0 000 <m0 000

L 1
1R)33ng 2 I
Ppes1rL 9

TR T -
Iojyng NP _ Iaojjng NP, ﬂ_ﬁ.u
Eeeeerer NCEEECRNNE P

8088 and 80188 (8-bit) RAM Memory



16, 32 .... bit data bus interface

No concern on read operation:
* memory outputs a whole word (16 bit, 32 bit ...)

» CPU reads the desired byte (BL, BH) or word

(Ex: MOV AL, mem ; MOV AH, mem; MOV AX, mem)
Only writing must be handied:

, HWR

Example:

Address bus

SV E—




DRAM

Dynamic (DRAM) [1]

BL?Z BL1 GND
Wy
WL
=
M3 -
ML X | s C
BL

BL1 BLZ2 )

Size: 2 SRAM cell = higher capacity = address pins are multiplexed
Refresh: 1 .. 4 msec = special circuit inside DRAM

read, write, refresh cycles
SDR, DDR, Rambus



DRAM [2]

DRAMSs
TI TVIS4464 DRAM (64K X 4):

-y
GH1 138 Voo Pin(s) Function
DQ;N?2 17@ DO,
DQ,M3 L 16@CAS 2047 Address
= Wl :rf 15 EQ 3 DQy-DQy| DataIn/Data Out
ASHES 14 :
Acl6 *-“'Eh 13 A? RAS Row Address Strobe
Asl7 — 12@A, CAS Column Address Strobe
,Afi 8 11 AS —
Voomo 10/ A- G Output Enable
W Write Enable
64K x 4 DRAM

The TMS4464 can store a total of 256K bits of data.

It has 64K addressable locations which means it needs 16 address
inputs, but it has only 8.
The row address (Ag through A7) are placed on the address pins and

strobed into a set ot internal latches.
The column addres (Ag through Aqg) is then strobed in using CAS.



DRAM [2]

DRAMSs
TTI TMS4464 DRAM (64K X 4) Timing Diagram:

m Rcrw )@( Column

CAS also performs the tunction of the chip select input.

04

Iravaavaaani

#RAS & #CAS should be provided by a DRAM controller

DRAM controller should multiplex (in time) the address lines (ex A0-15) to:

* row address (ex. A8-15)

» column address (ex. A0-7)



256K X 1 DRAM - internal structure [2]

Dynamic RAM
256 K X 1 DRAM
A, Ay
A Block 3 Block 2 Block 1 Block 0
‘a2 P55
e < W 5 —p5a
‘:‘1 “Hds M_K "‘}'rﬂ}r 64K array 64K array 64K array
*&5 S 2| [(256 X 2568 |(256 X 256) |(256 X 256) [(256 X 256)
Az 5 =10
AB . i I
S 200-to-1 200-to-1 200-to-1 2506-to-1
Rt MUK M RMUX. M MuXe M RoX
WE | | s - I

'
=
T

Column Latches

Ag(Ag from input pin on RAS)

f}ir

Ag

b

S = MUX

be®

kl'hne-zle signals provide the block address.




DRAM refresh

Special refresh cycle

- Occurs transparently while other memory components operate and
is called transparent refresh or cycle stealing.

- A RAS-only cycle strobes a row address into the DRAM,

- The capacitors are recharged for the selected row by reading the
bits out internally and then writing them back.

Example:

256K X 1 DRAM (256 rows x 256 columns x 4 blocks)

= refresh must occur every 15.6us (4ms/256).

For the 8086, a read or write occurs every 800ns (4x200=4xTclk).
= 19 memory reads/writes per refresh (15.61s/0.8us = 19.5)

= read/write cycle takes 5% of the refresh time



DRAM Controllers [2]

= address multiplexing and generation of
the DRAM control signals.

These devices tend to get very complex.
We will focus on a simpler device:

Intel 82C08, which can control two banks of
256K X 16 DRAM memories for a total of
1 MB.

Microprocessor adress A1 through A18 (18
bits) drive the 9 Column Address inputs
(AL) and 9 RowAddress inputs (AH) of
the 82C08.

Either RASO/CASO or RAS1/CAS1 are
strobed depending on the address.

WE (from the 82C08), BHE and AO are used
to determine if a write is to be performed
and which byte(s) (low or high or both) is
to be written.

82C08

ALD AOOD
ALl AOI
ALZ AO2
AL3 AO3
ALA4 AO4
ALS AO5
AL6 AO6
AL7 AO7
ALB AOR
AHO

AHI RASO
AH2 RASI
AH3 CASO
AH4 CASI
AHS5

AH6 AAMXA
AH7 WE/PCK
AHSE

idkiisilliisananss

RD
WR
RESET
>CLK

PCTL
PE
BS

RFRQ
PDI

FIGURE 1041 The 82C08
DRAM controller that controls
two banks of memory.

bl bt bttt b

:




DRAM Controllers [2]

"DRAM Controllers

A

n

e
&
o
5

1

-

N

N

Alo

Alg

AHp
AH,
RD

1—{WR

RESET

82C08

R1

}"* }

RAS0

CASOO—

i
[ =]
o
~1

Vv
2

&
1256A8

72

7N

3 0 0

- o)
:'b
£
‘ 4
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oo =

o
i

(] ég

:
41256A8

=

High Data Bus

e |

b
[ﬁg
P

<

e
F

]

-

>

[
41256A8

(256K X 8)

-

<

0 O 0

Ag Op
Ag [j?

41256A8

Low Data Bus

RAS
CAS

<



DRAM Controllers

BEaTw Tima dalay na
MEMA "
25 50 TS100125
— ~ADDR SEL
'—}Sb‘ to DRANM
A18 A multipbexer
A7 TI : Yo CASD
1w CASY
G2B s
Yz CAS2
G2A oo
 DACKoBRD @ v —
RAS
RAS0
T
I.
_T4.5138 B Yd _@-ﬁ A1
‘_[.l e  ysb—
B Y }01 m_qun
Alg—1G Y dGaa “D_t& RAS2
Ars—gaze "y + o
o crcult
DACKOBAD — 61 RABs

DAC KD
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