Systems Design & Programming CMPE 310

Memory Address Decoding

The processor can usually address a memory space that is much larger than the memory
space covered by an individual memory chip.

In order to splice a memory device into the address space of the processor, decoding 1s nec-
essary.

For example, the 8088 issues 20-bit addresses for a total of IMB of memory address space.
However, the BIOS on a 2716 EPROM has only 2KB of memory and // address pins.

A decoder can be used to decode the additional 9 address pins and allow the EPROM to be
placed in any 2KB section of the 1IMB address space.
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Memory Address Decoding

To determine the address range that a device is mapped into:

Aq9-Aqq Aq9-Ap

— S /N
1111 1111 1IXXX XXXX XXXX

'

1111 1111 1000 0000 0000 (FF8OOH)

*To

1111 1111 1111 1111 1111 (FFFFFH)

This 2KB memory segment maps into the reset location of the 8086/8088 (FFFFOH).

NAND gate decoders are not often used
Large fan-in NAND gates are not efficient
Multiple NAND gate IC's might be required to perform such decoding
Rather the 3-to-8 Line Decoder (74L.S138) is more common.
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Memory Address Decoding
The 3-to-8 Line Decoder (74LS138)
Inputs
Output
Enable Select
§ A 0 G2A|G2B|G1 |IC|B /A0 12 34567
e B 1 I | X[ X [X[X[X[T[T[1[I[TI[1|I]1
= ; X [T X X X[X|T[T|T][1|1][1]1]1
S C o [X X POUX XX [T[TTT1[1[1]1
2 3 2[00 1/00 0f0/1]1[1[T/1[1]1
4 500100110111111
o —d G2A 5 O 0 1,01 O0(1{1/0|1|1]|1|1/1
= d s 6 0 0 1|01 T [1/f[[[0/I[I[I]1
é  G1 ~ O 0 1|1 0 Of1{1/1|1]0j1|1/1
O 0 1|1 0 1 (1{1/1|1|1]0/1/1
O 0 1|1 1 O01{1|1|1|1]|1/0/1
O 0 1|1 1 1 (1/1|{1|1|1/1|1(0
Note that all three Enables (G2A, G2B, and G1) must be active, e.g. low, low and high,
respectively.
Each output of the decoder can be attached to an 2764 EPROM (8K X 8).
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Memory Address Decoding

Ay
A3 through A5 select a 2764 Address Bus> A
Aq¢ through A9 enable the decoder O%)Z
Data Bus :
Oy
Ag3 0 &, FO000-FIFFF
A1y | & F2000-F3FFF / 2764
A b % —| | (BKX?8)
15 e F4000-F5FFF
C = 2 N—— EPROM
3 5 (F6000-F7FFF
Jf-_ -+ 4 F8000-F9FFF ) QA CS
= A —||—dcs
L0 G2A = A\ FAO0O-FBEFF—
/ N
—0 G2B FC000-FDEF dcs
A16 6 o _>_ C CS
—° L—G1 - & FEO00-FFFEF s
)_| qcCs
A g CS
A1_7 Address space
18 FOOOOH-FFFFFH |
A9 | RD of 8088/86
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Memory Address Decoding

Yet a third possibility is a PLD (Programmable Logic Device).
PLDs come in three varieties:

M PLA (Programmable Logic Array)

B PAL (Programmable Array Logic)

B GAL (Gated Array Logic)

PLDs have been around since the mid-1970s but have only recently appeared in memory
systems (PALs have replaced PROM address decoders).

PALs and PLAs are fuse-programmed (like the PROM).
Some are erasable (like the EPROM).

A PAL example (16L38) is shown in the text and is commonly used to decode the memory
address, particularly for 32-bit addresses generated by the 80386DX and above.
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Memory Address Decoding
AMD 1618 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 ;9 - A3 onto 8 outputs.

,pins 1 2 3 4 S5 6 7 8 9 10
A19 A18 A17 A16 A15 Al14 A13 NC NC GND

il 20mVee pins 11 12 13 14 15 16 17 18 19 20

L 19m 08 NC 08 O7 06 O5 04 03 02 Ol VCC

130 3 18 07 |

14 4 17m 06 Equations:

5Ms % 16M05  /O1=A19*AI8*Al7 * A16 */ALS * /A14 * /A3

M6 © I5m04 /02=A19* A18 * A17* Al6 * /ALS * /Al4 * Al3

17W7 T 1403  /O3=A19*A18*Al17* Al16*/A15* Al4*/A13

ISH 8 13MO02  j04=A19*A18* A17 * A16 */AI5 * Al4* Al3
oND 190 B0y /OS=A19%AI8*ALT#AL6* ALS*/Al4*/A13

/06 = A19 * A18 * A17 * A16 * A1S */A14* Al3
/07 = A19 * A18 * A17 * A16 * A15* Al4*/A13
/08 = A19 * A18 * A17 * A16 * Al15* Al4* Al3

AND/NOR device with logic expressions (outputs) with up to 16 ANDed inputs and 7
ORed product terms.
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8088 and 80188 (8-bit) Memory Interface

The memory systems sees the 8088 as a device with:
M 20 address connections (A19 to AO).
M 8 data bus connections (AD7 to ADO).
M 3 control signals, IO/M, RD, and WR.

We'll look at interfacing the 8088 with:
M 32K of EPROM (at addresses F8OOOH through FFFFFH).
B 5/2K of SRAM (at addresses 00000H through 7FFFFH).

The EPROM interface uses a 74L.S138 (3-to-8 line decoder) plus 8 2732 (4K X 8)
EPROMs.

The EPROM will also require the generation of a wait state.
The EPROM has an access time of 450ns.
The 74L.S138 requires /2ns to decode.
The 8088 runs at SMHz and only allows 460ns for memory to access data.
A wait state adds 200ns of additional time.
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8088 and 80188 (8-bit) EPROM Memory Interface

Ag
To wait state generator Address Bus > A
WAIT Op
Data Bus :
Ay 7415138 o,
Ars 2732
A ( B 1 (4K X 8)
14 (
als z RD
I0/M 3 _—jOE
4 CS
Ags ——dCS
A16 Jd G2A 5 e eSCS
-q G2B V
A1y o1 g dcs
A qcCS
18 gcs
Aqg 1K dcCs
Address space
; oV F8000H-FFFFFH

The 8088 cold starts execution at FFFFOH. JMP to F8O0O0OH occurs here.
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8088 and 80188 (8-bit) RAM Memory Interface
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8088 and 80188 (8-bit) RAM Memory Interface

The 16 62256s on the previous slide are actually SRAMs.
Access times are on order of /0ns.

Flash memory can also be interfaced to the 8088 (see text).
However, the write time (400ms!) 1s too slow to be used as RAM (as shown in the
text).

Parity Checking
Parity checking is used to detect single bit errors in the memory.

The current trend 1s away from parity checking.

Parity checking adds 1 bit for every 8 data bits.
M For EVEN parity, the 9th bit is set to yield an even number of 1's in all 9 bits.
M For ODD parity, the 9th bit is set to make this number odd.

For 72-pin SIMMSs, the number of data bits is 32 + 4 = 36 (4 parity bits).
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Parity for Memory Error Detection

74AS280 Parity Generator/Checker

S
1(_}1 ; - ig XCC Number of inputs A Outputs
NCH3 g 12m thru | that are HIGH |EVEN ODD
4 ©»» 1llmp |
EVENE5 < 10mC 0,2,4,6,8 H i L
OoDDWe X 9mB |
GNDn7 ] - I : """
1,3,5,7,9 L + H
O-bit parity generator/checker !

This circuit generates EVEN or ODD parity for the 9-bit number placed on its inputs.
Typically, for generation, the 9th input bit is set to 0.

This circuit also checks EVEN or ODD parity for the 9-bit number.
In this case, the 9th input bit is connected to the 9th bit of memory.
For example, if the original byte has an even # of 1's (with 9th bit at GND), the parity
bit is set to 1 (from the EVEN output).
If the EVEN output goes high during the check, then an error occurred.

UMBC 12
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Parity for Memory Error Detection
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Error Detection

This parity scheme can only detect a single bit error.
Block-Check Character (BCC) or Checksum.
Can detect multiple bit errors.
This is simply the two's complement sum (the negative of the sum) of the sequence of

bytes.
No error occurred if adding the data values and the checksum produces a O.

For example:

Given 4 hex data bytes: 10, 23, 45, 04 Check is made by adding and
checking for 00 (discard the carry):
Compute the sum: Invert and add 1 10
to get checksum byte: 73
10
23 0111 [100+1 ——— gi
45 1000 0011 + 1 34
04 1000 0100 = 8§4H —
7C 100

This is not fool proof.
If 45 changes to 44 AND 04 changes to 05, the error is missed.
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Error Detection

Cyclic Redundancy Check (CRC)
Commonly used to check data transfers in hardware such as harddrives.
Treats data as a stream of serial data n-bits long.
The bits are treated as coefficients of a characteristic polynomial, M(X) of the
form:

2 n—1 n
M(X) = bn+bn_1X+bn _2X +..+b, X +byX

where b is the least significant bit while b,, is the most significant bit.

For the 16-bit data stream: 26 F0H = 0010 0110 1111 0000

MX) = 040X +1X*+0x +0x* +1X° + 1X° 10X + 1X° +
X0 +1x s 1ixM ox roxP roxM £ 0x®

MX) = 1X+1X° +1xX% + 11X+ 1xX° + 11X+ 1xY
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Error Detection

Cyclic Redundancy Check (CRC) (cont.)

The CRC is found by applying the following equation.

_MX)X" Q(X) is the quotient
cre = G(X) Q(X) + R(X) R(X) is the remainder

G(X) is the called the generator polynomial and has special properties.

A commonly used polynomial is:

GX) = X°+x®+x"+1

The remainder R(X) is appended to the data block.

When the CRC and R(X) is computed by the receiver, R(X) should be zero.
Since G(X) is of power 16, the remainder, R(X), cannot be of order higher than 15.
Therefore, no more than 2 bytes are needed independent of the data block size.

UMBC 16
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Error Detection
Cyclic Redundancy Check (CRC) (cont.)
M(X)X16 B X27 + X26 + X25 + X24 + X22 + X21 + X18
G(X) X16+X15+X2+1 11 9 6 2
X +X +X +X +X+1
X16+X15+X2+ 1 X27+X26+X25+X24+X22+X21 +X18
X27 N X26 + X13 N X11
13 11
X25 N X24 N X22 N X21 N X18 + o ax
¥25, 24 . i L
X22 N X21 N X18 + X13 + X9
22, 21 + xS 4 x®
x84+ P P G e
X18 +X17 + X4 +X2
X17+ )(13+X9+X8+X6+X4+X2
17, 16 4 x

Final Solution is:
RX) = X"+ x4+ X+ X+ X%+ x' + X+ x +1
Value appended is the reverse coefficient value 1701 1010 1100 0101 = DAC5SH

UMBC
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Error Correction

Parity, BCC and CRC are only mechanisms for error detection.
The system is halted if an error is found in memory.

Error correction is starting to show up in new systems.
SDRAM has ECC (Error Correction Code).

Correction will allow the system can continue operating.
If rwo errors occur, they can be detected but not corrected.
Error correction will of course cost more in terms of extra bits.

Error correction i1s based on Hamming Codes.
There is lots of theory here but our focus will be on implementation.
The objective is to correct any single bit errors in an 8-bit data byte.

The parity bits are labeled P;, P,, P and Pyg.

In other words, we need 4 parity bits to correct single bit errors.
Note that the parity bits are at bit positions that are powers of 2.

The data bits of the byte are labeled X3, X5, X¢g, X7, X9, X;¢9, X7 and X .

UMBC
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Error Correction
Hamming Codes (cont).

P1 is generated by computing the parity of X3, X5, X7, X9, X;1, X13, X15-

These numbers have a 1 in bit position 1 of the subscript in binary.

P, even parity 1s 1.
, , . . P3 uses cyan bits:
P; is assigned even parity using 12[11]10/9]|7| 6| 5] 3
07110

X X K72 K1z X3 Xiao K Pl- L$e|n0p|a]1-ri|t}(/) |is 0

P, uses purple bits:

B
P, is assigned even parity using 12|11l10l917] 6| 5! 3
T X9, X10s X115 X125 X135 X14> X5 I‘ I‘ 0 ‘I‘ U‘ U‘ I‘ 0

P4 even parity 1s 1.

4 3 2 1 Note that each data bit is used in the parity Given data byte:
P, 6—0—0—6 ]O_ computation of at least 2 P bits. 11010010
P, : : : : P; uses blue bits:
'9_9+9'0 0 D@ 2 P, is assigned even parity using 12[11]10/9|7| 6] 5| 3
P; 91 68 Z X3, X5, X7, X9, X1, X13: X5 1/1|0 |1.|0|. 0[1]|0
0 0 @ 5 P, even parity i1s 1.
0 0 6 _ , _ _ P, uses brown bits:
- 0 @ 7 P, is assigned even parity using 1%11/10(9 |7| 6|5/ 3
¢ 2—0—0-1 o X5, X, X7, X0, X1 X4 X;s L|1]0|L]0[ 0[]0

llllllllllllllllllllllllllll

19



Systems Design & Programming CMPE 310

Error Correction

Hamming Codes (cont).

If X flips from O -> 1, then the check gives the location of the bit error as:

Parity encoded data:
110110010011

P|12/1110(9|(7|6|5|3

i1|j1|/11/1 1|0(0(1 |0

ij1(1(1 p2(0|0|1(0

o/j1(1{1 110|010

11111 1(0|0|1]|0
Fli}?ped

P, even parity i1s 0.

P, even parity is now 1. Since these are NOT 0,

L there was an error.
P3 even parity is 0.

P4 even parity is now 1.

The position of the bit flip is given by:
P,4P;P,P; ,which is 1010 or 10 decimal.
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DEF
DB0
DBI1
DB2
DB3
DB4
DBS
DB6
DB7
GND

Parity for Memory Error Correction

The pinout consists of:

M 8§ data I/0 pins

M 5 check bit I/O pins
M 2 control pins

M 2 error outputs

Single error flag (SEF)

The 74L.5636 corrects errors by storing 5 parity bits with each byte of data.

Double error flag (DEF).

S\OR AN UILA RN -

N\
20 Vee

198 SEF
18H 1
171 S
16 CB0
15H CB1
148 CB2
138 CB3
12l NC
11m CB4

741.S636

See the text for an example of its use in a circuit.
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