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DESIGNING WITH THE APPLICATION 

IDT49C460 AND IDT39C60 NOTE 
AN-24 

ERROR DETECTION AND 
Integrated Device Technology. Inc. CORRECTION UNITS 

By Roben Stodleck 

INTRODUCTION 
The Error Detection and Correction (EDC) chip itself is one 

element of an EDC system. How it is connected to the 
surrounding system and controlled is left to the system designer. 
�~�e�c�a�u�s�e� there are so many design variations possible, it is 
Important for the designer to develop a clear idea of the target 
design before beginning the design process. Basic design 
�a�p�~�r�o�a�c�h�e�s� and perturbations are enumerated in this appli­
cation note. 

The details of the EDC control logic depend on the con­
figuration of the EDC system, EDC bus topology, the nature 
ofthe CPU orsystem bus involved, and the nature of diagnostic 
hardware used. The data bus topology is highly dependent on 
the individual target system. 

This application note approaches the bus topology issue first. 
The advantages and disadvantages of using EDC word widths 
that are different from the system bus are discussed. The next 
topic to be covered is the use of E DC in a system with a cache. 
Then the operational configuration of the EDC system is 
discussed. This implies answering questions about how the 
EDC unit handles errors in a particular system is discussed. 
How an operating system deals with the EDC function is 
discussed, fOllowed by a practical discussion of some non 
obvious hardware topics. The final topic is memory system 
diagnostics and verification. An appendix includes tables and 
software that are useful in debugging and in writing diagnostic 
software for an EDC board. 

Data Bus Topology 
Most contemporary CPUs execute write operations of a 

byte or other sub-word width types. These cause special 
problems for all EDC units since EDC transactions with the 
memory are carried out on whole width EDC words. To 
facilitate partial word write operations with the IDT39C60 or 
I DT 49C460 type E DC u nits, a set of tri-state transceivers are 
normally required between the system bus and the EDC unit. 
These buffers are required to prevent bus contention between 
the CPU or system bus drivers and the EDC units data outputs 
during partial word write operations. Figure 3 shows a bus 
arrangement appropriate for large DRAM arrays. The need 
for isolation of the EDC data bus and the system bus is shown 
by examining the data paths, shown with white arrows. These 
are used by the final write operation of a partial-word write 
cycle. In this case, only data bits 0-7 are being written from 
the processor to memory. If the processor or system bus 
drivers can be tri-stated on byte boundaries then this set of 
buffers could be removed, but this is not a common Situation. 

Depending on the memory size, additional buffering may 
be required between the EDC and the memory bus proper. 
The buffer configuration must be determined before beginning 
the EDC and memory controller deSign. 

An appropriate general purpose bus topology is shown in 
Figure 1. It is common for one or the other sets ofbi-directional 
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buffers to be a latched type such as an lOT? 4FCT646 instead 
ofthe IDT? 4FCT245shown. A family of waveforms appropriate 
for the bus format shown in Figure 1 is shown in Figure 2. The 
waveform diagrams do not include precise timing consider­
ations which are left to the designer. 

In any given system. any of the buffers separating the EDC 
from the memory IC's may be eliminated if bus capacitance 
and speed considerations allow. 

EDC Bus Width vs. System Bus Width 
Thewidth of the EDC bus and the System Bus are normally 

matched. However, there are valid reasons for making the 
EDC bus both wider or narrower than the system bus. 

Wide EDC words are significantly more efficient than 
narrower EDC word widths in terms of the amount of check­
bit memory used for a given amount of data memory. The 
amount of check-bit memory required for 64 data bits is 8 bits 
if the 64 data bits are organized as one word and 14 bits if it 
is handles as two 32-bit words. Twenty-four bits of check-bit 
memory would be required for 64 data bits organized as four 
16-bit EDC data words. 

For the purposes of speed, it would be ideal to have 8-bit 
EDC words for systems that do byte write operations. This 
woul? make it �u�n�n�~�~�e�s�s�a�r�y� to ever have to read a memory 
locatIOn before writing a partial word on these systems. 
Unfortunately, eight-bit EDC words are grossly inefficient in 
terms of check-bit memory usage. Therefore, The EDC word 
widths are normally 16-bits or more. 

Since the EDC word widths must generally be 16-bits or 
more for check-bit memory efficiency, and since general­
purpose computers generally use byte or partial-word-write 
operations, general-purpose computers force the EDC unit to 
be able to process partial EDC word-width write operations. 
Partial word-width write operations require the E DC subsystem 
to execute a read-modify-write type memory cycle. Thus, the 
EDC controller must take over control of the memory system 
and execute a read before completing a partial word write. For 
some applications, where EDC is in use, it may be desirable 
to speed up processing by prohibiting partial word operations 
either at the hardware level or software level. Speed critical 
sections of code should be executed without partial-wordwrite 
operations. 

The read-modify-write EDC cycle executed during a par­
tial-word write is identical to the E DC correction cycle executed 
during a read cycle when an error has occurred. The read­
modify-write EDC cycle should not be confused with the read­
modify write cycle executed by some CPU's. 

Verification of a memory system using an E DC word wider 
than the system word is complicated by the fact that all 
�m�e�~�o�r�y� write �~�y�c�l�e�s� become read-modify-write cycles (Le. 
partlal-word-wrlte EDC cycles). Careful consideration of 
diagnostic procedures needs to be made during the design to 
avoid unnecessarily complex debugging procedures. 
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Figure 1. A general purpose 16-blt EDC data bus topology. Corresponding liming waveforms are shown In Figure 2. IDT74FCT245 buffers 
separate the EDC data bus from the CPU and the Main memory. Separate-ItO RAMs are used in the check-bit memory. 
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Figure 2. A sample family of timing waveforms for an EDC system. The target system is based on IDT71256 static RAMs for main memory 
with IDT71981 separate 110 RAMs for check-bit memory. (See Figure 1.) The partial word write case Illustrates a low order byte write. 
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Figure 3. A general purpose 32·bit EDC bus topology for 1 bit wide DRAMs. The white arrows Indicate the data flow paths used on the funal 
write phase of a panial word write cycle. Data bits 0-7 are being written Into memory from the processor. 

EDC in Systems Using Cache 
In systems using cache memory, it may be desirable to 

placethe EDC function between the cache and main memory, 
as o~posed to locating the EDC function between the pro­
cessing elements and cache. Parity can be used as a single­
bit error detection scheme between the CPU and cache. RISC 
~rchitectures tend to require more memory accesses per unit 
time than complex-instruction-set processors_ This makes 
the use of cache memory more important in the RISC system. 
An appropriate bus topology for a RISC type processor with 
cache memory is shown in Figure 4. 

~se of a cache memory also affords the possibility of using 
a different error correcting philosophy. If the EDC function is 
located between the cache and main memory, then it may be 
allowable for data reads to be corrected and sent on to the 
cache, but notto be immediately written back to main memory, 
after an error has been discovered. In this approach, corrected 
memory words are updated in the normal write-back processes 
of the cache memory_ 

Instruction reads must be thought of differently than data 
reads since instructions are normally not written back to 
memory from the cache. However, it may be possible to not 
write a corrected instruction word back to memory after 
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detection, since the instruction is usually backed up on a 
different media. In most systems there is no way for the EDC 
to know whether it is operating on instructions or data, so a 
correction philosophy must be selected that can be applied to 
both instruction and data words. 

Diagnostic Hardware 
A syndrome latch for capturing syndrome values after 

errors and transferring them to the system data bus is always 
recommended. Providing a check-bit memory read-back 
ability al~ows direct verification of the gross functionality of the 
check-bit memory 'on board'. This greatly facilitates check-bit 
memory verification. More subtle problems can be explored 
indirectly by interpreting correction patterns on known data or 
by using syndrome data to interpretfailurepatterns. Depending 
on the EDC configuration, it may be possible to use the same 
latch to capture check-bits from the check-bit memory, or a 
second latch may be provided to allow this. 

Ideally, diagnostic hardware includes address latches to 
capture the address of an error. However, this may not be 
practical in any particular application. It may be sufficient to 
identify the individual RAM in which an error has occurred. 
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Figure 4. An EDC bus arrangement appropriate for a CPU with caches such as the IDT79R3000 or IDT79R2000 RISC processor_ 
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OVERVIEW OF EDC OPERATIONAL MODES 

Bus Watch vs_ Correct Always for the Memory Read 
Cycle 

In a bus-watch system, errors are only corrected after they 
have been detected by the EDC chip. Data is corrected and 
written back to memory to scrub errors, only after an error has 
been detected. In theory, the EDC chip only "watches"the bus 
normally, and does not slow memory read cycles with correction 
delays unless an error has been detected. Since errors during 
read operations are normally very rare, read cycle bus-watch 
systems are normally faster than correct-always systems. 

In correct-always systems, data read by the system is 
always corrected. The EDC control logic is simpler to design 
and implement because there is only one type of read cycle. 
Memory cycle timing in correct-always systems can be com­
pletely deterministic and thus such systems may lend them­
selves more effectively to real-time applications. 

Bus Watch vs. Correct Always for the Partial Word 
Write Cycle 

A write operation that is of a width less than the EDC word 
width forces the EDC subsystem to execute a read cycle prior 
to actually writing to memory. This is required to provide the 
EDC unit with the whole data word to be written into memory 
for the purpose of check-bit generation. No time is saved by 
not correcting the data read from memory prior to the sub­
sequent write operation. The partial-word-write operation is 
virtually identical to a read cycle in correct-always mode or a 
read cycle with an error detected. Consequently, a partial 
word write is usually done in a "correct always" mode. 

Operating System Involvement 
In systems capable of doing partial-word-write operations, 

it is necessary to initialize the memory on power up. This can 
be done in hardware but it is usually done by the operating 
system. Initialization implies writing every memory location 
with an arbitrarily chosen constant and thereby writing the 
check-bit memory with the correct corresponding check-bits. 
The need to initialize memory results from the nature of the 
read-modify-write EDC cycle required by the event of a partial­
word-write operation. If the memory has not been initialized, 
the read cycle will normally result in an error indication and an 
attempt to 'correct' a bit in the data field before writing back to 
memory. This tends to introduce errors into previously written 
data bytes or sub-words. 

It is possible to design a state machine EDC controller that 
corrects all single bit errors in a fashion transparent to the 
CPU. This is not always desirable since it masks hard single­
bit errors that indicate hardware problems. In any case, the 
operating system must become involved in the event of 
multiple errors if only to issue an appropriate error message to 
the system operator. 
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It is desirable to log single bit errors and as much informa­
tion about the error as is practical. Relevant data ideally 
includes the syndrome bits to identify the bit location in the 
word, and the physical address of the error. For complete 
EDC transparency, such as that desired for real-timesystems, 
error logging must be eliminated or accommodated entirely in 
hardware. For non real-time systems, interrupting the CPU 
after an error occurrence is the conventional way to log error 
data. Syndrome data is collected, and any other error infor­
mation the system hardware retains is retrieved. 

Non-obvious Hardware Topics 
In a 32-bit system with a bi-directional check-bit bus or in 

64-bit cascaded mode, the check-bit input-output and syn­
drome functions are time-multiplexed onto the same bus. If 
the EDC unit is in the correction mode, the input latches are 
open, and the OESC pins are low, the bus will tend to oscillate. 
This combination of control inputs would not be appropriate for 
normal operation but might occur in an idle period between 
memory cycles unless the designer specifically designs this 
condition out. The oscillation occurs in this condition because 
the EDC units are attempting to output syndrome bits based 
on the data and 'check-bit' inputs. However, the syndrome 
outputs in this state are being fed back to the check-bit inputs. 
The result is an oscillation on the check-bit/syndrome bus. 

It is an important and sometimes overlooked fact that it is 
not acceptable to allow inputs on most CMOS parts to 'float'. 
The result of doing this is increased power consumption, on 
chip noise and sometimes outright oscillation which can lead 
to latch-up. The check-bit inputs and the data bus of an EDC 
unit should not be allowed to float when not being used. In low 
power systems in particular, all inputs not in use must be 
brought to logic highs or lows when not in use. This may imply 
not tri-stating some buffers that would otherwise be tri-stated 
when not actively driving, or actually including pull-up or pull­
down resistors on a bus to bias it when it is not actively being 
driven. 

Basic EDC Unit Operation 
Basic 32-bit 49C460 EDC operation with timing diagrams 

is illustrated in Figures 5,6, and 7. These timing diagrams are 
also appropriate for a 16-bit IDT39C60 system. In the 
I DT39C60, the LEout and the Generate functions have separate 
pins. In the IDT49C460, they are both controlled by one pin. 
It is usually convenient when using the IDT39C60 to wire the 
two pins together. 

In the non-expanded case, with either EDC unit, use of the 
input latch may be convenient but is not logically dictated (i.e., 
the LEin pin may be tied high). Also, the correct pin may be 
simply left asserted in normal operation. The "detect" mode is 
usually only used as a diagnostic aid, which allows the data 
correction function to be shut off while still generating an error 
signal based on the input data. 
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Diagnostic Modes 
Since the EDC function introduces a complicating layer 

between the system bus and the memory, diagnostic modes 
are provided for the EDC to provide testability for the entire 
memory subsystem. In memory systems where the EDC 
word is wider than the system bus memory, verification is 
complicated by the fact that all writes are partial word writes. 
Good diagnostic design requires forethought. 

The EDC unit's internal diagnostic latches have two distinct 
and unrelated data fields. The check-bit data field is used to 
provide check data to be substituted for normal check-bits in 
the diagnostic modes. These will be written to memory in 
diagnostic generate mode, or substituted for check-bits read 
from memory in diagnostic-detect or correct mode. The 
second field in the diagnostic latch is the control field. The 
control field is ignored except when the part is placed in the 
internal control mode. 

The control byte is used to control the operating features of 
the part when the part has been placed in internal control 
mode. Each bit in the control field corresponds to a pin on the 
part and overrides the logic sense of that pin when the part is 
in the internal control mode. For example, we could place the 
part into the correct mode by setting the correct pin on the EDC 
unit to a logic high, or we could put the part into the internal 
control mode and set the correct bit in the diagnostic latch to 
'1 '. Thus there are always two ways to achieve any mode of 
operation. For example, the diagnostic modes may be entered 
by setting the external diagnostic inputs appropriately, or 
entering the internal control mode and setting the diagnostic 
latch bits appropriately. The internal control mode is provided 
as a convenience and is useful for controlling operating 
modes during diagnostic testing and software initialization. 
Conceptually, it is important to realize that anything that can 
be done in this mode can be done with external logic as well. 
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Memory System Verification Strategies 
When a new design is being verified, it is critical to isolate 

different problem factors; this is one function of the EDC 
diagnostics. 

To prove the function of the primary mem ory array, the E DC 
unit is placed in the pass-through mode so that it does not 
interact with the data stream. Once the primary memory array 
has been verified as functional, the check-bit memory must be 
verified. The diagnostic generate mode is used to write known 
data into the check-bit memory. Reading the check-bit memory 
directly through the EDC is not possible, so gross functional 
testing must be done via an external latch or with a logic 
analyzer. Using an external latch greatly facilitates check-bit 
memory verification. 

Collecting syndrome data from error events requires that 
an external latch be included in the design to capture the 
syndrome data after an error has occurred. It should be 
possible to clear this latch after reading its contents from the 
system bus. Depending on the EDC configuration, it may be 
possible to use the same latch to capture check-bits from the 
check-bit memory. More subtle problems can be explored 
indirectly by interpreting correction patterns on known data or 
by using syndrome data to interpret failure patterns. 

SUMMARY 
The error detection and correction unit is located in the 

critical path between a CPU and the memory. The operational 
configuration of the EDC intimately affects the speed of the 
final system. Due to the wide variation between computer 
architectures that EDC is desirable for, the EDC unit is 
necessarily a generalized process. The object of this appli­
cation note has been to illuminate some of the topics that any 
designer will encounter in the process of designing an EDC 
system. 
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Figure 5. 32-blt full-word-width write operation (generate mode). 
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Figure 6. Memory read and error detect. Identical for read operations and the first phase of a partlal-word-write operation (correct mode). 
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Figure 7. Memory correct and check-bit regenerate. Identical for the second phase of a read operation in which an error has occurred, and 
for a partial-word-write operation except for the state of the individual byte output enables. 
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ERROR 
DECIMAL 

SYNDROME 

HEX 
53 52 51 

0 0 0 0 

HEX 
56 
55 
54 
50 
0 

DECI I.1AL EQUIVALENT» 

1 0 0 0 1 

2 0 0 1 0 

3 0 0 1 1 

4 0 1 0 0 

5 0 1 0 1 

6 0 1 1 0 

7 0 1 1 1 

8 1 0 0 0 

9 1 0 0 1 

A 1 0 1 0 

B 1 0 1 1 

C 1 1 0 0 

D 1 1 0 1 

E 1 1 1 0 

F 1 1 1 1 

NE= NO ERROR 

0 1 2 3 
0 0 0 0 
0 0 1 1 
0 1 0 1 

NE C4 C5 T 
0 16 32 48 

CO T T 14 
1 17 33 49 

C1 T T M 

2 18 34 50 
T 18 8 T 
3 19 35 51 

C2 T T 15 
4 20 36 52 
T 19 9 T 

5 21 37 53 
T 20 10 T 

6 22 38 54 

M T T M 

7 23 39 55 
C3 T T M 
8 24 40 56 
T 21 11 T 
9 25 41 57 
T 22 12 T 

10 26 42 58 
17 T T M 

11 27 43 59 
T 23 13 T 

12 28 44 60 
M T T M 
13 29 45 61 
16 T T M 

14 30 46 62 
T M M T 
15 31 47 63 

T = Two errors 
Cn = check-bit error bit n M = Multiple errors 
n = data-bit error bit n 
n = decimal equivalent of the syndrome 

APPLICATION NOTE AN-24 

4 5 6 7 

1 1 1 1 
0 0 1 1 
0 1 0 1 

C6 T T 30 
64 80 96 112 
T M M T 

65 81 97 113 
T 2 24 T 
66 82 98 114 
M T T M 
67 83 99 115 
T 3 25 T 
68 84 100 116 
M T T 31 
69 85 101 117 
M T T M 

70 86 102 118 
T 4 26 T 

71 87 103 119 
T 5 27 T 
72 88 104 120 
M T T M 
73 89 105 121 
1 T T M 
74 90 106 122 
T 6 28 T 

75 91 107 123 
M T T M 

76 92 108 124 
T 7 29 T 
77 93 109 125 
T M M T 

78 94 110 126 
0 T T M 

79 95 111 127 

2917tbi01 

Table 1. 32-blt Syndrome Tables with Hex, Binary and Decimal Equivalents. 
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ERROR HEX 0 1 2 
57 0 0 0 
56 0 0 0 
55 0 0 1 
54 0 1 0 

3 4 5 6 7 
0 0 0 0 0 
0 1 1 1 1 
1 0 0 1 1 
1 0 1 0 1 
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8 9 A B C D E F 
1 1 1 1 1 1 1 1 
0 0 0 0 1 1 1 1 
0 0 1 1 0 0 1 1 
0 1 0 1 0 1 0 1 

HEX 53 52 51 50 --===-==--=-=-===-=-=====--------=-=-=-----=---=-=-=-=-----=-=---------------
0 0 0 0 0 NE C4 C5 T C6 T T 62 C7 T T 46 T M M T 

0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 
1 0 0 0 1 CO T T 14 T M M T T M M T M T T 30 

1 17 33 49 65 81 97 113 129 145 161 177 193 209 225 241 
2 0 0 1 0 C1 T T M T 34 56 T T 50 40 T M T T M 

2 18 34 50 66 82 98 114 130 146 162 178 194 210 226 242 
3 0 0 1 1 T 18 8 T M T T M M T T M T 2 24 T 

3 19 35 51 67 83 99 115 131 147 163 179 195 211 227 243 
4 0 1 0 0 C2 T T 15 T 35 57 T T 51 41 T M T T 31 

4 20 36 52 68 84 100 116 132 148 164 180 196 212 228 244 
5 0 1 0 1 T 19 9 T M T T 63 M T T 47 T 3 25 T 

5 21 37 53 69 85 101 117 133 149 165 181 197 213 229 245 
6 0 1 1 0 T 20 10 T M T T M M T T M T 4 26 T 

6 22 38 54 70 86 102 118 134 150 166 182 198 214 230 246 
7 0 1 1 1 M T T M T 36 58 T T 52 42 T M T T M 

7 23 39 55 71 87 103 119 135 151 167 183 199 215 231 247 
8 1 0 0 0 C3 T T M T 37 59 T T 53 43 T M T T M 

8 24 40 56 72 88 104 120 136 152 168 184 200 216 232 248 
9 1 0 0 1 T 21 11 T M T T M M T T M T 5 27 T 

9 25 41 57 73 89 105 121 137 153 169 185 201 217 233 249 
A 1 0 1 0 T 22 12 T 33 T T M 49 T T M T 6 28 T 

10 26 42 58 74 90 106 122 138 154 170 186 202 218 234 250 
B 1 0 1 1 17 T T M T 38 60 T T 54 44 T 1 T T M 

11 27 43 59 75 91 107 123 139 155 171 187 203 219 235 251 
C 1 1 0 0 T 23 13 T M T T M M T T M T 7 29 T 

12 28 44 60 76 92 108 124 140 156 172 188 204 220 236 252 
D 1 1 0 1 M T T M T 39 61 T T 55 45 T M T T M 

13 29 45 61 77 93 109 125 141 157 173 189 205 221 237 253 
E 1 1 1 0 16 T T M T M M T T M M T 0 T T M 

14 30 46 62 78 94 110 126 142 158 174 190 206 222 238 254 
F 1 1 1 1 T M M T 32 T T M 48 T T M T M M T 

15 31 47 63 79 95 111 127 143 159 175 191 207 223 239 255 

NE = NO ERROR T = Two errors 2917 tbl 02 

Cn = check-bit error bit n M = Multiple errors 
n = data-bit error bit n 
n = decimal equivalent of the syndrome 

Table 2. 64-bit Syndrome Tables with Hex, Binary and Decimal Equivalents. 
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CB DATA CB DATA CB DATA CB DATA 

0 28 20 127 40 E 60 101 
1 1000F 21 10100 41 10029 61 10126 
2 1000 22 1010F 42 10026 62 10129 
3 27 23 128 43 63 10E 
4 1000C 24 10103 44 1002A 64 10125 
5 2B 25 124 45 D 65 102 
6 24 26 12B 46 2 66 10D 
7 10003 27 1010C 47 10025 67 1012A 
8 10024 28 1012B 48 1002 68 10100 
9 3 29 10C 49 25 69 12A 
A C 2A 103 4A 2A 6A 125 
8 10028 2B 10124 48 10000 68 10102 
C 0 2C 10F 4C 26 6C 129 
0 10027 20 10128 40 10001 60 1010E 
E 10028 2E 10127 4E 1000E 6E 10101 
F F 2F 100 4F 29 6F 126 
10 10022 30 10120 50 10004 70 10108 
11 5 31 10A 51 23 71 12C 
12 A 32 105 52 2C 72 123 
13 10020 33 10122 53 10008 73 10104 
14 6 34 109 54 20 74 12F 
15 10021 35 1012E 55 10007 75 10108 
16 1002E 36 10121 56 10008 76 10107 
17 9 37 106 57 2F 77 120 
18 2E 38 121 58 8 78 107 
19 10009 39 10106 59 1002F 79 10120 
1A 10006 3A 10109 5A 10020 7A 1012F 
1B 21 3B 12E 58 7 78 108 
1C 1000A 3C 10105 5C 1002C 7C 10123 
10 20 3D 122 50 8 70 104 
1E 22 3E 12D 5E 4 7E 108 
1F 10005 3F 1010A 5F 10023 7F 1012C 

2917tbl03 

Table 3. Minimal 32-check·bit to data tables tor diagnostic use. One data value is listed 
to generate every possible check·bit pattern. 
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DESIGNING WITH THE IDT49C460 AND IDT39C60 
ERROR DETECTION AND CORRECTION UNITS APPLICATION NOTE AN-24 

DATA CB DATA CB DATA CB DATA CB 

0 C 100 2F 10000 2 10100 21 
1 43 101 60 10001 4D 10101 6E 
2 46 102 65 10002 48 10102 68 
3 9 103 2A 10003 7 10103 24 
4 5E 104 7D 10004 50 10104 73 
5 11 105 32 10005 1F 10105 3C 
6 14 106 37 10006 1A 10106 39 
7 58 107 78 10007 55 10107 76 
8 58 108 78 10008 56 10108 75 
9 17 109 34 10009 19 10109 3A 
A 12 10A 31 1000A 1C 1010A 3F 
8 5D 108 7E 10008 53 10108 70 
C A 10C 29 1000C 4 1010C 27 
D 45 10D 66 1000D 48 1010D 68 
E 40 10E 63 1000E E 1010E 6D 
F F 10F 2C 1000F 1 1010F 1F 
20 54 120 77 10020 5A 10120 79 
21 18 121 38 10021 15 10121 36 
22 1E 122 3D 10022 10 10122 33 
23 51 123 72 10023 5F 10123 7C 
24 6 124 25 10024 8 10124 28 
25 49 125 6A 10025 47 10125 64 
26 4C 126 6F 10026 42 10126 61 
27 3 127 20 10027 D 10127 2E 
28 0 128 23 10028 E 10128 2D 
29 4F 129 6C 10029 41 10129 62 
2A 4A 12A 69 1002A 44 1012A 67 
28 5 128 26 10028 8 10128 28 
2C 52 12C 71 1002C 5C 1012C 7F 
2D 10 12D 3E 1002D 13 1012D 30 
2E 18 12E 38 1002E 16 1012E 35 
2F 57 12F 74 1002F 59 1012F 7A 

2917tbl04 

Table 4. Minimal 32-bit data to check-bit tables for diagnostic use. At least one data 
value Is listed for every possible check-bit pattern. This table is identical to Table 3 

except in sequence of presentation. 
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~ ~ PROTECTING YOUR DATA APPLICATION 
WITH THE IDT49C465 NOTE 
32-BIT Flow-thruEDCTM UNIT AN-64 

Integrated Devlc:e Tec:hnology, Inc:. 

by Tao Lin, Gerard Lyons and Frank Schapfel 

INTRODUCTION 

A TIME FOR ERROR-FREE MEMORIES 
With the advent of high-performance 32-bit RISC and 

CISC microprocessors, general purpose computing across a 
wide spectrum of applications software is now easily 
accessible on a desktop. We can now draw on computer 
resources which are very sophisticated, multi-task systems 
with distributed processing power, and we no longer must rely 
on the centralized mini-computers and mainframes for 
processing horsepower. Both the technical and the commercial 
computing environments demand the insatiable hunger for 
processing power. 

This increasing demand for sophisticated applications 
software requires more system memory on a local level. 
Tightly coupled microprocessors and cache memory are 
designed for optimized processing throughput, but the cache 
memory is no substitute for system memory. Cache memory 
is typically composed of very high-speed static RAMs, with 
access times of 35 nanoseconds or less. System or main 
memory is almost always comprised of slower but very 

Typical 
Error 
Rate 

high-density dynamic RAMs, typically with access times of 
100 nanoseconds or more, but with four times the density of 
static RAMs. So, when the state-of-the-art static RAMs are 1 
Megabit large, the newest density dynamic RAM is 4 Megabits. 
Therefore, dynamic RAMs will always provide the most 
cost-effective implementation for system memory. 

Dynamic RAMs, though, are very prone to externally 
induced errors. These externally induced errors are called soft 
errors, since they do not cause permanent damage to the 
memory cell. Soft errors can be induced by system noise, 
alpha particle and power supply surges, and will cause random 
data bits to be flipped from "1" to "0", or vice versa. Although 
these soft error occurrences may be rare and inconsequential 
when using small amounts of DRAMs, large DRAM arrays are 
much more error prone. Also, as seen in Figure 1, larger 
DRAM components are much more susceptible to soft errors 
by virtue of their smaller memory cell size. Hardware errors 
may also occur on system memory boards. These hard errors 
occur if one RAM component or RAM cell fails and is stuck at 
"0" or stuck at "1 n. Although less frequent, hard errors may 
cause a complete system shut down. 

% Per 
1,000 Hours 

• SOFT ERRORS DUE TO ALPHA PARTICLES ONLY 

0.1 

0.01 

0.001 

0.0001 

o HARD ERRORS 

Density Bits/Chip 
Figure 1. Typical Error Rates 

The lOT logo is a registered trademark and F'ow~thruEDC is a trademark of Integrated Device Technology, Inc. 

©1993 Integrated Device Technology, Inc. 
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PROTECTING YOUR DATA WITH THE IDT49C465 
32-BIT Flow-thruE[)CTM UNIT 

ERROR CORRECTION TO THE RESCUE 
A scheme exists that not only is able to detect soft and hard 

errors, but is capable of correcting the erroneous bits. This 
scheme is implemented by a family of error detection and 
correction chips from Integrated Device Technology. Using a 
modified Hamming code, developed at AT&T Bell Labs, all 
single-bit errors may be detected and corrected, while all 
two-bit and mostthree-bit errors can be detected.IDT pioneered 
EDC chips, using CMOS technology in 1986, after recognizing 
the importance of large DRAM memory arrays in distributed 
computing. 

TYPICAL ARCHITECTURE OF 
HIGH-PERFORMANCE RISC/CISC SYSTEMS 

Figure 2 shows a typical architecture of high-performance 
RISC or CISC systems which have the following features: (1) 
high-speed cache memory (separate or common, Instruction­
cache and Data-cache) for fast access to frequently used 
instructions and data, (2) write and read buffers to handle the 
mismatch between the high-speed CPU and the slow-speed 
main memory and (3) high-speed flow-thru EDC unit to insure 
data integrity. 

While most high-performance computer systems in cur­
rent market have the first and second features, the third 
feature is becoming more attractive and important when the 
main memory space grows and the memory word-length 
increases. Certainly, using an EDC unit is an effective way to 
improve the system reliability. 

GENERAL EDC OPERATION 
The basic function of an EDC device is to check the 

integrity of data being read from a memory system, flag an 
error if one has been detected and if possible correct that 
error. The IDT family of EDC devices implements this function 
using the same general principles, with some variations from 
device to device. 

APPLICAnON NOTE AN-64 

The operation of an EDC device can be generally split 
into:(1) generation of a coded word based on the data-word 
being written to memory. This coded word is called The Check­
Bit Word. This operation is called Generate; (2) detection of 
errors in a data-word read from memory by comparing the 
corresponding check-bit word read from memory and a newly 
generated check-bit word (based on the data-word read from 
memory) and if possible correcting this error. The comparison 
of these two check-bit words (an exclusive-or (XOR) function) 
produces the so-called Syndrome Word. This operation is 
called Detect/Correct. 

The coding scheme employed in lOT's EDC devices is a 
modified Hamming Code. For each data-word written to 
memory, a coded pattern, or check-bit word, is appended to 
the date-word. The new word (the data-word plus the check­
bit word) can be termed a valid code. The modified Hamming 
Code establishes a Distance-of-4 between one valid code 
and another. This means that to go from one valid code to 
another, 4-bits have to change. It can be shown that a 
Distance-of-4 code enables you to detect all Single and 
Double-Bit errors and correct all Single-Bit errors. 

To implement a Distance-of-4 code on a 32-bit data-word, 
a 7-bit check-bit word must be appended. For a 64-bit word, 
a 8-bit check-bit word must be appended. The Hamming 
Code algorithm to generate a check-bit word from a 32-bit 
data-word or a 64-bit data-word can be found in either 
IDT49C460 data sheet or IDT49C465 data sheet. 

EDC ARCHITECTURES AND WORD-LENGTH 
There are two basic architectures for EDC operation: flow­

thru and bus-watch. IDT provides a full line of EDC devices to 
support 16-bit and 32-bit bus-watch architectures and 32-bit 
and 64-bit flow-thru architectures, as shown in Table 1. 

Part Number Architecture Word-length Comment 

IDT39C60 Bus-watch 16-bit 
Cascadable up to 64·bit 
using 4 devices 

IDT49C460 Bus-watch 32-bit 
Cascadable up to 64-bit 
using 2 devices 

IDT49C465 Flow·thru 32-bit 
Cascadable up to 64-bit 
using 2 devices 

IDT49C466 Flow-thru 64-bit 

Table 1.IDT EDC Product Line 
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PROTECTING YOUR DATA WITH THE IDT49C465 
32-BIT Flow-thruEDcm UNIT 

BUS-WATCH ARCHITECTURE 
A bus-watch EDC such as the IDT49C460 has a single 

data bus. The basic configurations, using the IDT 49C460 for 
common lID memory and separate lID memory, are illustrated 
in Figure 3. 

During a write (store) operation, the CPU sends data to the 
main memory. At the same time the data goes to the EDC unit, 
which then generates the check bits and stores them in the 
check-bit memory. 

On the other hand, during a read (load) operation, the data 
from the main memory and the check bits from the check-bit 
memory first go to the EDC unit. Based on the information 
carried by the check bits, the EDC unit can detect all single-bit 
and some multiple-bit errors, and correct all single-bit errors. 
The corrected data is then sent to the CPU. 

FLOW-THRU ARCHITECTURE 
In contrast to a bus-watch EDC, a flow-thru EDC such as 

the IDT49C465 provides two data buses: a system data (SD) 
bus and a memory data (MD) bus. The dual-bus architecture 
improves the throughput of the EDC operation and simplifies 
the interface between the CPU system bus and the memory 

Syst. 

APPLICATION NOTE AN-64 

bus. The basic configurations using the IDT 49C465 for common 
lID memory and separate lID memory are illustrated in 
Figure 4. 

In the common lID configuration, during a write (store) 
operation, the data from CPU flows through the EDC unit and 
is written to the main memory. When the data flows through 
the EDC, the check bits are generated and stored into the 
check-bit memory. During a read (load) operation, the data 
from the main memory enters the EDC unit through the MD 
bus while the check bits enter the EDC unit through the CSI 
bus. The EDC unit then detects any errors and loads the 
corrected data to the CPU through the SD bus. 

In the separate lID configuration, during a write (store) 
operation, the data from CPU are directly sent to the main 
memory. At the same time, the data is sent to the EDC unit 
through the SD bus. The EDC unit then generates the check 
bits and stores them into the check-bit memory. During a read 
(load) operation, the data from the main memory enters the 
EDC unit through the MD bus while the check bits enter the 
EDC unit through the CBI bus. The EDC unit then detects any 
errors and loads the corrected data to the CPU through the 
SD bus. 

....... ____ •• = 32-bit wide Busses 

Byte Irr==t===~rliii~~ MDO-31 
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=rnI==L..--4K::J MLE 
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Figure 6. Block Diagram of IDT49C465 
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CASCADING 32·BIT EDC DEVICES FOR 64·BIT 
MEMORY SYSTEMS 

As mentioned in the previous section, for a 32-bit data 
word, 7 check bits are necessary, while for a 64-bit data word, 
a check bits are needed. Although the IDT49C460 and the 
IDT49C465 are both 32-bit EDC units, they have an 8·bit 
output·bus for output of generated check-bits to memory and 
an 8·bit input bus to read back check-bit from memory. In this 
way, they can be cascaded to support 64-bit applications. In 
the 32-bit mode, only 7 bits of the check-bit input and output 
buses are used, while in the 64-bit mode, all a bits are used. 

Figure 5 shows how two I DT 49C465s (or two I DT 49C460s) 
can be cascaded to build a complete 64-bit EDC unit. In the 
cascaded 64-bit mode, the EDC operation can be broken into 
two stages; a lower 32·bit stage and an upper 32·bit stage. 

For the IDT 49C465 (see Figure 5a), a general description 
of the EDC operation is discussed below. 
1 . Generation starts by generating a Partially Generated 

Check·bit Word in the lower slice, based on the lower 
32-bit of the 64-bit data-word, and sending this to the 
upper slice. The upper slice combines the Partially 
Generated Check-bit word from the lower slice, with its 
generated check-bit word (based on the upper 32-bit of 
the 64-bit data-word), to form a final check-bit word. Thus, 
the source of check-bit in a cascaded system is the 
upper-slice device. 

2. Detection/Correction starts in the lower·slice where the 
check-bits from memory are input, as well as the lower 
32-bit of the 64-bit data-word. Here the inputted check­
bits are compared with the newly generated check-bits 
(based on the lower 32-bit of DATA-word) using an XOR 
function to produce a Partial Syndrome Word, which is 
passed onto the upper-slice device. At the same time, in 
the upper slice the upper 32-bits of 64-bit data-word is 
used to generated a so-called Partial Check·Bit Word 
which is sent to the lower slice. So now we have in both 
the upper and lower slice devices almost simultaneously 
two pieces of data; the Partial Syndrome Word (gen­
erated in the lower-slice) and the Partial Check·Bit Word 
(generated in the upper-slice). In each slice these two 
pieces of data are XOR'd to produce a Final Syndrome 
Word which is used to detect and correct errors on the 
64-bit data word. 

APPLICATION NOTE AN·64 

The IDT49C460 carries out Detect!Correct slightly differ­
ently (see Figure 5b), namely, the Partial Syndrome gener­
ated in the lower-slice is sent to the upper slice, then the Final 
Syndrome is generated in the upper-slice and this Final­
Syndrome is now fed back to the lower-slice. Thus Detect! 
Correct in the IDT 49C460 employs a serial approach, whereas 
the IDT49C465 uses a faster paralleled approach. Moreover, 
in the IDT49C460 case, an additional tri-state buffer such as 
the IDT74FCT244 is needed while in the IDT 49C465 case, no 
additional external logic is needed. 

OVERVIEW OF THE IDT49C465 
ARCHITECTURE 

The IDT49C465 architecture is an evolutionary develop­
ment on the IDT49C460 EDC device. The IDT49C460 is a 
single-bus 32-bit EDC cascadable to 64-bits. The I DT 49C465 
draws on this basic architecture to provide a dual-bus or 
flow-Thru 32-bit EDC cascadable to 64-bits. Figure 6 shows 
a block diagram of the IOT49C465; the key difference 
between the lOT 49C460 and the lOT 49C465 is the presence 
of a second 32-bit DATA bus to provide the flow-thru path for 
data through the device. 

DATA BUSES 
The System Data Bus, or SO Bus, is a 32-bit bi-directional 

bus. Data is written to the EDC using this bus for Check·Bit 
Generation, so that when a data-word is written to memory 
the corresponding check-bits are written simultaneously. Also 
when a data-word read from memory is corrected, the cor­
rected data-word is read from the SO Bus by the system 
processor. The SD Bus has associated with parity-checking 
and generation and also separate byte enables on the SD Bus' 
output buffers so that Partial Byte operations can be sup­
ported. 

The Memory Data Bus, or MD Bus, is a 32-bit bi-directional 
bus. Data written from the system processor through the SD 
Bus can be written to memory using this bus. When the 
processor is reading a word from memory, the data word is 
read in through the MO Bus and the corrected data word 
(depending on the status of the data) is sent to the processor 
through the SO Bus. 
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EXPANSION BUSES 
The IDT49C465 has four a-bit buses that are an integral 

part in the Detect/Correct path for both a 32-bit EDC system 
and a 64-bit EDC system. 

CBI(7:0) 
1. When the IDT49C465 is operating as a 32-bit EDC 

system or is the lower 32-bit slice in a 64-bit E DC system, 
this a-bit bus is the input port for Check-Bits read from 
Memory. 

2. When the IDT49C465 is operating as the upper 32-bit 
slice in a 64-bit EDC system, this bus is the input port for 
partial Syndromes from the lower slice. 

PCBI(7:0) 
1. When the IDT49C465 is operating as a 32-bit EDC 

system, this bus is unused. 
2. When the lOT 49C465 is operating as the lower 32-bit slice 

in a 64-bit EDC system, this a-bit bus is the input port for 
Partial Check-Bits read from the upper slice. 

3. When the IDT49C465 is operating as the upper 32-bit 
slice in a 64-bit EDC system, this bus is the input port for 
Partially Generated Check-Bits from the lower slice. 

Operating Modes 
The IDT49C465 has 3 mode control pins, MODEID(2:0), 
which enable the user to select which mode the part is 
operating in. These modes are summarized in Table 2. 

APPLICATION NOTE AN-64 

CBO(7:0) 
1. When the IDT49C465 is operating as a 32-bit EDC 

system or is the upper 32-bitslice in a 64-bit EDCsystem, 
this a-bit bus is the output port for Check-Bits being written 
to Memory 

2. When the lOT 49C465 is operating as the lower 32-bit slice 
in a 64-bit EDC system, this bus is the output port for 
Partially Generated Check-bits being sent to the upper 
slice. 

SYO(7:0) 
1. When the IDT49C465 is operating as a 32-bit EDC 

system, this a-bit bus outputs the Final Syndrome word 
associated with the Detect/Correct logic. 

2. When the lOT 49C465 is operating as the lower 32-bit slice 
in a 64-bit EDC system, this bus is the output port for 
Partial Syndrome word being sent to the upper slice. 

3. When the IDT49C465 is operating as the upper 32-bit 
slice in a 64-bit EDC system, this bus is the output port for 
Partial Check-bit word being sent to the lower slice. 

MODE DESCRIPTION 

000 ERROR DATE MODE 

X01 DIAGNOSTIC OUTPUT MODE 

X10 GENERATE-DETECT MODE 

100 CHECK-BIT INJECTION MODE 

X11 NORMAL OPERATING MODE 

Table 2. IDT49C465 Operating Modes 
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ERROR DATA MODE (000): 
In this mode the contents of the Error-Data Register are 

output uncorrected on the SO Bus. The Error-Data Register 
is a 32-bit register which gets latched under the following 
conditions: 1. an error condition has been detected by the 
EDC-ERROR) and is asserted low, 2. the on-chip 4-bit 
Error-Counter reads zero 0000 (i.e. no error has occurred 
since the last clear operation), 3. the input signal, SCLKEN), 
is held low so that the diagnostic clock, SYNCLK, is enabled, 
4. the diagnostic clock, SYNCLK, undergoes a LOW-to-HIGH 
transition. 

Data is latched into the Error-Data Register from the output 
of the Memory Data Latch when and only when these condi­
tions are met. Thus, the Error Data Register contains the 
Memory Data word corresponding to the first error since a 
clear operation (assuming SYNCLK has been run continu­
ously). If the Error Data Register has just been cleared, then 
output of the contents of this register will provide a source of 
zero-data if that is required. 

DIAGNOSTIC OUTPUT MODE (X01) : 
In this mode a 32-bit Diagnostic Word is output on the SO 

Bus. The structure of this word is outlined in Figure 7. 

BITS 0:7 The output of the check-bit multiplexer is output 
directly on the SO Bus at these positions (LSB at 
bit 0 and MSB at bit 7). 

BIT 8:15 Whatever is being forced on the PCBI(7:0) input 
pins is output on the SO Bus at these positions 
(LSB at bit 8 MSB at bit 15). 

Error Error Syndrome Bits 
Type 

Test 
Counter Register Contents 

Byte 3 Byte 2 
MiS -1- 2311121 12° 716151413121110 

APPLICATION NOTE AN-64 

BIT16:23 The contents of the Syndrome Register, which is 
an 8-bit register within the Diagnostic Unit, is 
output on the SO Bus at these positions (LSB at 
bit 16, MSB at bit 23). The Syndrome Register 
gets latched at the same time as the Error Data 
Register and contains the Final Syndrome corre­
sponding to the first error to occur since a clear 
operation. 

BIT 24:27 The contents of the on-chip 4-bit Error-Counter 
are output on the SO Bus at these positions (LSB 
at bit 23 and MSB at bit 27). The Error-Counter 
which gets clocked under the following condi­
tions: 1 . An error condition has been detected by 
the EDC, i.e. xto(ERROR) is asserted low, 2. the 
on-chip 4-bit Error Counter does not read 1111 
(or F HEX), therefore, not more than 16 errors 
have occurred since the last clear operation, 3. 
the input signal, xto(SCLKEN), is held low so that 
the diagnostic clock, SYNCLK is enabled and 4. 
the diagnostic clock, SYNCLK, undergoes a LOW­
to-HIGH transition. 

The Error Counter will tell the number of errors 
that have occurred since the last clear operation. 

BIT28:29 Reserved 

BIT30:31 The contents of the Error Signal Register, which 
is a 2-bit register is output on the SO Bus at these 
positions (SB at bit 30 and MSB at bit 31 ). Bit 0 
and bit 1 of the register are set if a Multiple Error 
has been flagged and bit 1 only is set if a Single 
Error has been flagged at the same time and 
under the same conditions as the Error Data and 
Syndrome Registers are latched. 

Partial Checkbits 
Checkbits 

from Input Pins 

Byte 1 Byte 0 
716151413121110 716151413121110 

31 28 27 24 23 16 15 8 7 

Figure 7. Output Syndrome/Diagnostic Word 
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GENERATE·DETECT MODE (X10) : 
In this mode, detection and generation take place but no 

correction. Data whether correct or not, passes thru the 
device from the MD Bus to the SD Bus. 

NORMAL OPERATING MODE (X11): 
This is the mode where normal detection/correction and 

generation takes place for a single-slice device (32-bit EDC 
system) or for the upper and lower slices in a cascaded 64-bit 
EDCsystem. 

CHECK·BIT INJECTION MODE (100): 
In this mode the check-bit multiplexer enables bits cl:7 from 

the output olthe System Data Latch to be fed into the EDC as 
a check-bit input, normal correction is activated. This is a very 
useful capability for carrying out a diagnostic check on the 
detect/correct path of the EDC. 

PARITY FOR THE SYSTEM BUS 
The IDT49C465 supports byte parity on the SD Bus, with 

the polarity of the parity ( even or odd) selectable using the 
input pin PSEL. If PSEL is low, then parity (both checking and 
generation) will be even. If SPSEL is high, then parity will be 
odd. The part has 4 parity I/O lines one for each byte of the 
SD Bus and a parity error signal, PERR), which flags a parity 
error on in-coming data by being asserted low. 

PARTIAL BYTE WRITE AND READ·MODIFY·WRITE 
CAPABILITY 

The IDT49C465 supports, through a number of features, 
Partial Byte Writes and Read-Modify-Writes cycles. Firstly 
the SD Bus has 4 Byte Enable signals associated with it, 
BE(3:0), these input lines provide, in conjunction with SOE), 
separate output enable control on each byte of SD bus data. 
The BE bus is also the control input to the Sys-Byte-Mux, this 
mux enables mixing on a byte-by-byte basis of data from the 
SD latch (A input to mux) and from the Pipe-Line latch (B input 
to mux). So, for example, if the processor wanted to do a 
Partial Write or Partial Store of a byte (byte position 3) to a 
memory location byte position 3 the following sequence would 
occur: (1) read the memory location in question through the 
MD Bus and correct if possible or necessary. The corrected 
data-word will be latched into the Pipe-Line latch, (2) the byte 
to be written is latched into the SD Latch at byte position 3, all 
other byte are undetermined, (3) Now we have both pieces of 
data necessary to construct the 32-bit word to be written to 
memory and (4) BE(3) is held low and all other BEs are held 
high. Thus the output of the Sys-byte-Mux is the correctly 
constructed 32-bit word which is then written to memory 
through the MD Bus with it's corresponding check-bits. 

64-BIT GENERATE 
A very useful and ultimately cost-saving measure associ­

ated with the IDT49C465, is its 64-bit generate mode. If the 
CODE ID of the IDT49C465 is set at 01, the part is configured 
as a single-slice 64-bit generate EDC. While operating in this 
mode, the lower 32-bit of the 64-bit data word is input on the 
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MD bus pins and the upper 32-bit of the 64-bit data word is 
input on the SD bus. The a-bit generated check bits are output 
on the CBO bus. In 64-bit generate mode, the EDC is dedi­
cated to check-bit generation, all other features are disabled. 

Because the 64-bit generate is executed in a single slice, 
very fast generate speed can be achieved (15ns as opposed 
to 30ns in a two-slice 64-bit cascaded system). This feature 
can also help reduce part count. In 64-bit memory systems, it 
is common to use 4 32-bit EDC devices; 2 for detect/correct 
and 2 for generate. With the 64-bit generate capability, this 
part count is reduced from four to three. 

WHY FLOW· THRU EDC 
To fully understand the advantages of the IDT49C465 

flow-thru EDC over the IDT49C460 bus-watch EDC, it is 
necessary to first know the architectural differences between 
the IDT49C465 and the IDT49C460. Figure a compares the 
simplified internal architectures of the two chips. As com­
pared with the IDT49C460, the IDT49C465 has the following 
unique features: 

• Dual data buses 
• Dual check-bit generators: one for SD Bus and the otherfor 

MDbus 
• Independent check-bit generation path 
• Independent error detection/correction path 
• Dedicated syndrome output 
• Dedicated check-bit output 
• Output pipeline latch 
• Parity check/generation 

These features greatly simplify the interface of the EDC 
unit with the system data bus and the memory data bus, and 
thus can considerably improve the system performance. 
Generally speaking, in a single bus EDC architecture like the 
IDT 49C460, the data bus connects to both the processor and 
the memory system. Thus, in a normal correction cycle, data 
is read into the EDC from memory through the data bus, and 
the data is corrected. Then, the data bus is enabled as an 
output and the corrected data is sent to the processor. 
Therefore, during a correction cycle, the data bus must be 
turned around from being an input to being an output. 
Consequently, a single bus architecture has inherent delays 
associated with the enable/disable times of the data bus 
output buffer. On the other hand, separate data buses, as in 
the IDT49C465, allow us to dedicate buses to a specific 
direction of data flow and, as such, is a superior architecture. 

In a 32-bit system using common I/O memory, the dual bus 
architecture of the IDT49C465 allows direct interface of the 
flow-thru EDC unit with the system data bus and the memory 
data bus, as shown in Figure 4a. On the other hand, if the 
IDT49C460 is used, then two sets of transceivers are needed 
to buffer both system data bus and memory data bus to the 
single data bus of the IDT49C460, as shown in Figure 3a. 

Similarly, in a 32-bit system using separate I/O memory, 
the dual bus architecture of the IDT49C465 allows direct 
interface of the flow-thru EDC unit with the memory data bus. 
Only a single set of transceivers is used to connect the CPU 
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system data bus to the EDC unit, as shown in Figure 4b. On 
the other hand, if the IDT49C460 is used, then a set of 
transceivers and a set of buffers are needed to hook up both 
system data bus and memory data bus with the single data 
bus of the IDT49C460. 

In particular, the multi-bus architecture and the independent 
error generation and detection/correction paths of the 
IDT 49C465 provide significant performance improvement in a 
64-bit system using two cascaded EDC units. Figure 9 shows 
the internal data paths of cascaded IDT 49C465s and cascaded 
IDT 49C460s during a read (error detecVcorrect) operation. In 
the IDT 49C465 case, the entire error detecVcorrect path can 
be divided into two steps. In the first step, the lower 32-bit unit 
generates the partial check bits from the lower 32-bit data, and 
then compares the partial check bits with the original check 
bits to generate the partial syndrome bits. At the same time, 
the upper 32-bit unit generates the partial check bits from the 
upper 32-bit data. Then, the partial syndrome bits from the 
lower unit and the partial check bits from the upper unit are 
exchanged between the two units. In the second step, both 
lower and upper units generate the final syndrome bits 
independently and then correct errors in the lower 32-bit data 
and the upper 32-bit data, respectively, in parallel. Therefore, 
the total delay time is the sum of MD-to-SYO plus CBI-to-SD. 
On the other hand, in the IDT49C460 case, the entire error 
detecVcorrect path can be divided into three steps. In the first 
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step, like in the IDT 49C465 case, the lower 32-bit unit generates 
the partial check bits from the lower 32-bit data, and then 
compares the partial check bits with the original check bits to 
generate the partial syndrome bits. At the same time, the 
upper 32-bit unit generates the partial check bits from the 
upper 32-bit data. However, in contrast to the IDT49C465 
case, only the partial syndrome bits from the lower unit are 
sent to the upper unit. In the second step, the upper unit 
compares the partial check bits from the upper 32-bit data with 
the partial syndrome bits from the lower unit to generate the 
final syndrome bits. Then, the final syndrome bits are sent 
back to the lower unit. Finally, in the third step, the lower unit 
and the upper unit correct the errors in the lower 32-bit data 
and the upper 32-bit data, respectively. Consequently, the 
total delay time is the sum of DATA-to-SC plus BC-to-SC plus 
CB-to-DATA, which is much longer than the delay in the 
IDT49C465 case. Moreover, since the IDT49C460 has only 
one check bit input bus, an external octal tri-state buffer is 
needed to multiplex the original check bits and the partial 
check bits. 

Based on the above discussion, Table 3 summarizes the 
performance comparison between the IDT49C465 and the 
IDT 49C460D, the fastest version of the IDT49C460. It can be 
seen that in most situations, the IDT49C465 has significant 
speed advantage over the IDT49C460. 
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( Features Of IDT49C465 ) 

-Dual Data Bus Architecture 

-Dual CheckBit(CB) Generators 

-Independent CB Generate Path 

-Independent Error 
DetecVCorrect Path 

-Dedicated Syndrome Output 

-Dedicated CB Output 

-Output Pipeline Latch 

-Parity Check/Generate 

-1 Off-chip Feedback for 
64-bit Error Correct 

-144-pin PGA 

( Features Of IDT49C460 ) 

-Single Data Bus Architecture 

-Single Checkbit Generator 

-Shared Syndrome and CB Output 

-2 Off-chip Feedback for 
S4-bit Error Correct 

-S8-pin PGA 

Figure 8. Internal Architecture Differences Between IDT49C465 and IDT49C460 
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MD32·63 

CBIO-7 

MDO-31 

Generate 
Final 

Syndrome Syndrome 

(a) 64·bit Error Detect/Correct Path of Cascading IDT49C465 

DATA32-63 

DATA32-63 - .... ----------------1IIj 

Bits 

Generate 
Partial Syndrome 

DATAO-31 

DATAO-31 

(b) 64-bit Error Detect/Correct Path of Cascading IDT49C460 

APPLICATION NOTE AN·64 

SD32-63 

Upper 32-Bit 
CODE ID = 11 

Lower 32-Bit 
CODE ID= 10 

SDO-31 

Upper 32-Bit 
CODE ID = 11 

Lower 32-B it 
CODE ID= 10 

Figure 9. Comparison of 64-bit Error Detect/Correct Path Between IDT49C465 and IDT49C460 
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CONCLUSIONS 
Whether designing a correct always (flow-thru) EDC or 

bus-watch EDC memory systems, lOT offers a high 
performance solution for keeping memories error free. The 
key system benefit for using EDC is the continuous system 
operation, even with hard or soft errors occur. The key benefit 
for using a flow-thru EDC is the reduced memory design time 
when performing the correct always function, and improved 
performance for 64-bit memory systems. 
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INTRODUCTION 

It is widely accepted that system failures and down time 
claim a heavy toll in terms of cost and performance. When a 
system crashes, unrecoverable data may be lost. Even in the 
best case, the user suffers a great deal of inconvenience. 
Erroneous data or loss of data integrity is a major cause of 
system failure. Hence system designers are constantly trying 
to minimize the occurrence of errors in their systems. 

Data errors commonly occur in storage devices such as 
RAM, disks and magnetic tapes. Henceerror handling schemes 
are commonly aimed at protecting the data in these devices. 
Dynamic memory is, in particular, highly susceptible to errors. 
As we move towards systems with larger memories, data 
protection schemes become increasingly relevant because 
the error rate is found to increase with the memory size. Till 
recently parity has been the traditional method of data protec­
tion. Parity, however, has several drawbacks: it masks out 
even bit errors, it cannot locate the bit in error and beyond a 
certain buswidth it can become inefficient. These factors have 
lead to the development of a new breed of devices for data 
protection. Error Detection and Correction circuits (EDCs or 
EDACs) are today's response to the growing need for greater 
data reliability. They afford a greater level of protection than 
that offered by parity, by using a higher order error correction 
code (Modified Hamming code). 

Implementing error detection & correction in a system in­
volves not just the hardware to perform the error checking but 
also extra memory for storage of "checkbits", which are the basis 
of error detection and correction. An EDC may add some 
overhead to a system in terms of speed and cost. This is, 
however, compensated by a significant improvement in 
system performance. The following Figures underline this pOint: 

Given a 4M x 64 DRAM memory with an FIT(Failure in time) 
specification of 2521 : 

MTBF (mean time between failures) without 
EDC = 1.76 years 
MTBF with single-bit error correcting 64-bit 
EDC = 3935.4 years 

The Figures given here are merely a guideline for compari­
son of the two cases and will depend entirely on the DRAM 
used and the memory configuration. 

Thus EDC can be looked upon as a sophisticated parity 
system with the capacity to correct. Two primary functions are 
performed by an E DC unit within the framework olthe memory 
read and write cycles - during a memory read, errors are 
detected andfor corrected and during a memory write, checkbits 
are generated. 

NOTE: See appendix for further details on calculation of MTBFs. 

The lOT logo is a registered trademark of Integrated Device Technology, Inc. 

©1993 Integrated Device Technology, Inc. 
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Choosing the Right EDC 
EDC considerably upgrades reliability but, as mentioned 

earlier, there is a certain amount of overhead associated with 
implementing EDC. This is because of the checkbit memory 
required and the nanoseconds it adds to the main memory 
cycle times. The checkbit overhead can be minimized by 
increasing the size of the data word used to generate the 
checkbits. The table below illustrates this point and shows 
how parity compares with EDC for various data word sizes. 

Assuming a distance-of 4 Hamming code for the EDC and 
byte parity: 

As an example, consider a 32-bit EDC and a 64-bit EDC. 
We see from the table above, the former requires 7 checkbits 

DATA WORD PARITY BITS EDC CHECKBITS 
SIZE REQUIRED REQUIRED 

16 2 6 
32 4 7 
64 8 8 
128 16 9 

2596tbl01 

for each 32-bit data word. Hence every 64 bits of data requires 
7+7=14checkbits in memory. A 64-bit EDC on the other hand 
requires only 8 checkbits to provide single bit error correction 
and dual bit error detection. Thus, as far as checkbit efficiency 
goes, a 64-bit EDC is better than a 32-bit EDC. One other 
advantage of a wider EDC is that less checkbit memory 
implies a lower error rate in checkbit memory. Going after 
even wider EDCs seems tempting in this light, but a compro­
mise has to be made because of two factors. 

Prevalent system bus widths impose a practical limitation 
on how wide a bus can get. It is fairly common nowadays, 
however, to see a 64-bit memory bus and hence a 64-bit EDC 
is often easily accomodated. An EDC that is wider than the 
memory bus needs additional control and logic circuitry to 
integrate the EDC with the memory system. The greater this 
difference in (EDC and memory) bus widths, the more com­
plex is this interface. Also, the error handling capacity effec­
tively decreases as the E DC bus gets wider because the same 
level of protection (1 bit correction,2 bit detection) is provided 
for a wider word. Two 32-bit EDCs provide this for each 32-bit 
word, which allows correction of some 2-bit errors and detec­
tion of some 4-bit errors for each 64-bitword. Thus, constraints 
for a given system determine the optimum trade-off. 

9/91 
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49C466 Operation and Features 
By the nature of its function, the EOC is concerned with data 

transfers between the processor and memory. The I DT 49C466 
has a flowthrough architecture which permits transparent data 
flow through the EOC. The 49C466 also increases checkbit 
efficiency by providing two 64-bit wide bidirectional data 
buses. 

The error detection & correction operation in the 49C466 is 
similar to previous generation lOT devices. A modified Ham­
ming code is used to generate the checkbits and the syndrome 
decoding is identical to cascaded mode operation in the 32-bit 
EOC, the 49C465. The modified Hamming code used allows 
for flagging of all single, dual and three bit errors in the 64-bit 
data word. Some three bit errors alias as single bit errors, 
however, and may hence be wrongly decoded by the syn­
drome decoding logic (MERR* may not be asserted). The 
code allows for correction of all single bit errors in the data 
word. 

The 49C466 has five modes of operation. In the normal 
mode, two kinds of operations are performed. During a "memory 
write", checkbits are generated based on the data that is 
written and during a "memory read" single-bit errors in the data 
are corrected. In the detect-only mode, the "memory write" 
operation remains the same but during a "memory read" any 
errors detected are flagged by ERR and MERR pins. The data 
is passed though unaltered. The other three modes are useful 
fortesting & diagnostic purposes. The EDC mode of operation 
is set by the user by loading the mode register through the 
system data bus. 

Read and write paths are independent of each other in the 
49C466. In fact, the device has alternate paths for each of 
these (read and write cycles). One path includes the 8/16-
deep data buffer while the other provides a latch in place of this 
buffer. WBSEL(Write Buffer Select) and RBSEL(Read Buffer 
Select) pins select the output of either the buffer or the latch 
(for example - RBSEL=high selects output from the Read 
Buffer rather than the MD_OUT latch, WBSEL = 0 selects the 
output of the SO_IN latch rather than the Write Buffer). 
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Memory Write 
During a memory write, the EOC generates checkbits 

corresponding to the data being written to memory (data flow 
from SD bus to MO bus). These are output onto the CBSYN 
bus and written to checkbit memory. This is a necessary part 
of EDC operation. Unless all checkbits corresponding to the 
data in memory have been generated and stored in checkbit 
memory, no error checking is possible. 

To prevent contention on the SD bus, the SD output buffer 
must be disabled, during a memory write. The MD and 
checkbit output buffers must be enabled to pass data and 
checkbits to memory. 

There are several ways that the "write path" can be config­
ured but the maximum "write time" with input and output 
latches transparent is 15ns. 

Figure 2 illustrates the data path during a write operation. 
The alternate write path, where the data is buffered, is shown 
in Figure 3. 

Memory Read 
A memory read involves checking data from memory for 

errors. Given below is a description of what actually takes 
place during a "read cycle". 

Data and checkbits from main memory are fed to the EDC. 
Checkbits corresponding to the read data are generated 
within the EOC. The two sets of checkbits are internally 
compared to produce the syndrome word. The EDC then 
decodes the syndrome word to check for errors. 

The syndrome is also clocked into the syndrome register on 
the rising edge of SYNCLK. The syndrome register contents 
can be output on the CBSYN bus. The CBSEL pin controls the 
output of the CBSYN bus. While CBSEL is low, checkbits 
generated during a write are output. When CBSEL is high, 
syndrome generated during a read are output. Figure 4 shows 
the data path during a normal read operation. 

A buffered read operation is illustrated in Figure 5. 

...-------------1 CB_in 

ERROR 
CORRECT 
L--J-------------'---1 MD_in 

SDjn Write Path 

CB-out 

2596 drw 01 

Figure 1. Basic Memory Read and Write paths Through the 49C66 
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Figure 2. Memory Write without Write Buffer 
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Beside its primary task of error checking, the 49C466 
integrates certain other useful functions on chip. It supports 
parity checking and generation, partial word writes and diag­
nostics. It provides the user with flexibility by providing 8/16 
deep Read and Write buffers and the facility to latch all data 
flowing in and out of the part. 

The parity generation and checking capability in the 49C466 
is very useful in checking the integrity of the data being written 
to memory. Parity checking is done on data from the system 
side. The parity bits are input on the EDC POol pins. Parity is 
then generated for the input system data and a comparison of 
this and the input parity bits is carried out internally. The result 
of this comparison is reflected in the PERR pin output (a 
discrepancy asserts PERR). Parity bits are also generated for 
data read from memory and output on the POol pins once 
again. The parity type (odd or even) is selected using the 
PSEL pin. The PERR signal does not affect any of the other 
circuitry in the device and hence the user may safely ignore 
the parity feature if his system does not support parity. 

PARTIAL WORD WRITES 

The 49C466 supports "partial word writes" or "byte merging". 
These refer to write operations involving words shorter than 64 
bits such as a byte write. Partial word writes are handled in the 
49C466 by the byte multiplexer. The 49C466 has eight BE (byte 
enable) control pins. These control the byte multiplexer and 
enable the system data output buffer. When a BE input is high, 
it selects a byte from the MD "write back path" shown in Figure 
3 and Figure 4 rather than the normal EDC write path. Each BE 
input is AND-ed with the SOE signal and the result determines 
which byte is output on theSD bus. A BE pin that is low disables 
the SO output buffer for the particular byte referenced and 
selects a byte from the write bufferor SO_in latch rather than one 
from the MD write back path. 
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A partial word write or byte merge is analogous to a read­
modify-write cycle. The checkbit word generated by a partial 
data word would be incomplete and hence incorrect. Hence 
the need to differentiate the "partial word write" case from a 
normal write operation. The following steps must be followed 
to ensure correct generation of checkbits for the complete 64 
bit word : 

1. Read the contents of the location being written to. 
2. Merge the partial word with these contents forming a 

composite 64 bit data word. 
3. Generate the 8 checkbits for this composite word. 

On account of the dual bus feature of the 49C466, data may 
be written to the EDC (from processor/cache) while data is 
read from main memory to the EDC. This feature is useful 
during partial word writes (writing less than eight bytes) and 
can buy some time for the designer for whom each nanosec­
ond counts. The time required to turn the external buses 
around must, however, be taken into consideration. 

DESIGNING WITH THE 49C466 

As typical application examples, we consider 32-bit and 64-
bit processor designs using EDC to protect the slower dy­
namic main memory. On account of its 64-bit data buses, the 
49C466 is easily interfaced to 64-bit systems. As mentioned 
earlier, providing a 64 bit memory subsystem bus is often 
advantageous even in 32 bit processor systems. Thus, even 
though the interface between 32- and 64-bit wide buses may 
be slightly more complex, it is often worthwhile. Consequently 
providing a 64-bit EDC may still be an attractive choice. 
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Figure 4_ Memory Read without Read Buffer 
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Figure 5 Memory Read with Read Buffer 

R3000 BASED SYSTEM 

The MIPS R3000 RISC architecture has attained much 
popularity in recent years. Therefore, we discuss here a 
design example showing the interface between the 32-bit 
R3000 and the 64-bit 49C466. This typical R3000 design 
employs 2 data buses. The high speed "processor" data bus 
is the interface between processor, caches & buffers while the 
slower 'memory' data bus links the buffers and I/O devices 
(peripherals & memory). Providing two separate buses for the 
processor and memory subsystems, in this manner, serves 
multiple purposes. It reduces the traffic on each bus and 
allows for different speeds and widths on the two buses. 

In the design shown, the 49C466 is positioned between the 
64-bit memory bus and main memory as in Figure 6. Program­
mable logic is used to generate the control signals for the 
49C466 64-bitflowthruEDC"'. Appropriate control signals from 
the R3000 processor provide input to the PAL. 

The example considered here does not use the on-chip 
read/write buffers of the 49C466 and the device is used in a 
non-pipelined mode. External read/write buffers are provided 
as the interface between the 32-bit processor bus and the 64-
bit memory bus. A 64-bit wide memory bus demands that an 
appropriate scheme for (32-bit) word gathering be devised. 
One method of implementing such a scheme is described 
here. 

On write cycles, two 32-bit words are gathered in the two 
external write buffers and the 64-bit word is output to the 
memory bus. 

Gathering 32-bits words, in this fashion, may not always be 
permissible because of requirements thatthe two 32-bitwords 
be written to specific, non-sequential locations. Such cases 
are treated as partial word writes by the EDC. Each 32-bit 
word write is hanoled as an individual partial word write cycle. 

A partial word write cycle requires thatthe 32-bitword from the 
adjoining memory location is read before the whole 64-bit 
word is written back to memory. 

The two categories of writes - "gathering permissible" and 
"gathering not permissible" - are differentiated by comparing 
the write addresses generated by the processor for the two 
words. This demands that the first write address must be 
latched until the next write request is received. If the two 
addresses are not consecutive, a partial word write signal is 
sent to the PAL. This initiates a partial word write cycle for 
writing the first word to the EDC. 

To understand this particular situation better, let us con­
sider a case where two write addresses have been compared 
and found to be non-sequential. The first write data is buffered 
in WBufA and the second one in WBufB. Each of these write 
request are treated as "partial word writes" and handled in the 
order they were received. In order to support byte access, the 
memory must be byte addressable. The contents of 

WBufA are output to the SD bus of the 49C466. To perform 
the "partial word write" cycle contents of the location address 
output from WBufA are simultaneously read 

onto the MD bus of the 49C466. Merging of these two 64-
bit wide data words is performed inside the 49C466 and the 
merged 64-bit word is output on the 49C466 MD bus and 
written back to the same location. When this cycle is complete, 
the same thing is done for the second write data which is 
stored in WBufB. 

During read cycles, the issue of gathering "reads" and 
comparing read addresses can be avoided altogether by 
always reading a 64-bit word from memory.The required 32 
bits are selected and the rest ignored. 
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Figure 6. Byte Merge 

Details of this scheme, implemented with IDT parts, are 
shown in Figures 7 and B. 

The design shown, uses a bus mUltiplexer, the 
IDT 49FCTB04 to transfer each 32-bit word to the appropriate 
SD bus lines (0-31 or 32-63). The write buffer used (IDT 
79R3020) buffers both addresses and data. Two bus multi­
plexers are used to create a crossbar type of arrangement, so 
that the output of each write buffer can be directed to either the 
upper or lower SD lines of the 49C466. 

64 BIT SYSTEMS 

The 49C466 interface to a 64-bit processor is quite straight­
forward. Intel's iB60 and MIPS' R4000 are two popular proces­
sors matching this buswidth. Figure 9 shows an iB60 based 
system with EDC. In the system shown all memory accesses 
go through the 49C466. This kind of a setup would ensure 
filtering of errors from all memory data accessed. The iB60 
does not support parity but external parity support circuits (like 
the AMD2BO) enable the user to still take advantage of the 
parity feature of the 49C466. This is particularly useful when 
caches are employed and some monitoring of data written to 
main memory is required. 

As mentioned earlier, with the trend to segregate processor 
and memory subsystem designs, a 64 bit memory bus is not 
unlikely in a 32-bit processor design. In these cases too the 
49C466 interface is similar to the one shown above. 

MORE EFFECTIVE EDCS 
Most present generation EDC units are able to correct only 

single bit errors. Given the probability of occurrence of mul­
tiple bit errors, this is, in most cases, sufficient. The ratio of 
single bit errors to dual bit errors ranges from 5:1 to 10:1. The 
probability of multiple bit soft errors occurring is negligible. 

Also additional hardware is required to correct more than one 
bit in error. Taking these factors into account, little motivation 
to move towards multiple bit error correction can exist at this 
point. 

Since hard errors are non-random it is possible for hard­
ware to differentiate them from soft errors. Once this is done 
it is a simple matter to correct the data provided there is not 
more than one soft error present. Given below is a brief 
description of how hard errors can be eliminated. 

When an error occurs, the error data is latched in the "error 
data register" of the 49C466. This data can be read by the 
processor in the Error Data Mode. In order to filter out hard 
errors, this data should be inverted and written back to the 
same location. A subsequent read will serve to identify hard 
errors, for due to the hard error, the affected bits remain at their 
original logic level. 

Consider a case where bits 3,6 and 7 (shown by bold 
letters) are affected by hard errors: 

Correct Data 
Error Data (ED) 
Inverted error data 
Inverted error data after 
subsequent read (SlED) 
By XOR-ing the Error Data 

with the data from the subsequent 
read, the bits in (hard) error are 
isolated (indicated by zeroes). 
(SlED) XOR (ED) 

= 10101001 
=01100001 
= 10011110 

= 01010110 

= 00110111 

Thus, all that is externally needed to perform this check is 
XOR logic. 
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Figure 7. R3000 based System with EDC 
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Figure 9. R3000 based EDC System - Memory Read 

MEMORY SCRUBBING 
An alternative (or in addition) to putting the EDC directly in 

the read/write path, is putting it in the DRAM refresh path. This 
ensures that memory is periodically checked for data validity. 
This is a good practice as it prevents buildup of single bit errors 
at infrequently accessed memory locations. There are, how­
ever, chances of errors slipping through the net in this scheme 
when an error occurs between a memory refresh and the next 
memory read or write. 

CONCLUSIONS 

The urge to provide greater value and reliability in today's 
competitive computer systems, is likely to make EDC a 
standard feature in the near future. With the continuing trend 
towards wider buses, it is only natural to move towards wider 
EDCs. This also makes the EDC implementation more effi­
cient. IDT is at the forefront of this new generation of EDCs 
with the powerful new 64-bit flowthruEDC, the 49C466. The 
49C466 has an edge over it's competition by providing several 
useful features such as byte merge capability, 16 deep buff­
ering, latches, diagnostic registers, parity generation and 
checking and competitive detect and correct times. Currently 
the device is available in 208 pin PGA and PQFP packages. 
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Figure 11. Flowchart for Read Buffer and 
Bus Multiplexer Control During Memory Read 
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APPENDIX 

MTBF Calculations 

DRAM manufacturers specify a soft error rates in terms of 
FITs (failures in time). Assume a 1 M x 1 DRAM with soft error 
rate = 252 FITs 

Thus, 109 
MTBF for each 1 M x 1 DRAM chip = 252 = 453 years 

MTBF for a 4M x 64 453 
memory system (without EDC) = -- = 1.76 years 

4 x 64 

[A memory system without EDC assumes a system failure 
each time a single bit error occurs. This may not be the reality 
but this exercise is aimed at showing the difference between 
two analogous cases, hence such assumptions are in place. 
Failures due to all higher order (dual, three bit, etc.) errors can 
be safely ignored in this case due to the overwhelming domi­
nance of single bit errors over other higher order errors. 1 

With EDC, extra memory is required to store checkbits, 
hence the number of DRAM chips required for the same 
memory system goes up. 

Checkbit memory (with 64 bit 1 
EDC) required for the above system = -x 4 x 64 = 32 chips 

8 

Total memory system chip count = ( 4 x 64 ) + 32 = 288 

So now, 453 
Memory system MTBF = - = 1 .57 years 

288 

Now if we assume that with EDC, all single bit errors are 
corrected, failures due to dual bit errors become dominant. 
Neglecting failures due to higher order errors, we get an 
approximation of the MTBF using the following formula: 

MTBF (with EDC) = f d 
(MTBF without EOC) x y( 1t X # 0 memory wor s) 

2 
1tx4x1012 

= 1.57 x y( ) = 3935.4 years 
2 

Thus we see that there is a significant improvement in the 
MTBF of a system with EDC. 
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Figure 10. Flowchart for Write Buffer and Bus Multiplexer Control During Memory Write 
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By Anupama Hegde 

INTRODUCTION 
Error Detection and Correction units or EDCs are used to 

check and ensure data integrity in computer systems. Stan­
dard off-the-shelf devices do not always meet the needs of the 
user and need to be cascaded. Cascading EDCs allow the 
user to expand the EDC bus width. Wider bus operation is 
advantageous because wider EDCs call for less checkbit 
memory. On the other hand, an EDC bus wider than the 
existing system data bus may call for complicated control 
schemes and hardware overhead. Typically, it is desirable to 
have the EDC and system bus widths match. 

Cascaded EDC operation requires additional logic cir­
cuitry. This can be built into the EDC or provided externally by 
the user. The IDT49C460 and the IDT49C465 each have the 
required cascading circuitry built into them. This application 
note explains cascaded EDC operation using the I DT 49C460 
and IDT49C465. 

THE CASCADING PRINCIPLE 
When several EDC slices are combined to create a wider 

data bus, none of the slices can individually produce the 
complete checkbits. This is because only a part of the com­
plete data word is fed to each slice. Partial checkbits are 
generated in each slice. The partial checkbits from each slice 
are XOR-ed to generate the complete checkbit word. The 
syndrome is produced by an XOR of the complete checkbits 
and the input checkbits. The sequential order in which these 
XOR operations occur may vary depending on the implemen­
tation. For example, the input checkbits may be XOR-ed with 

the partial checkbits in anyone of the slices rather than after 
the complete checkbit word is produced. Figure 1 illustrates 
the operations involved in a cascade. 

During a regular memory read with EDC, checkbits and 
data from memory are fed to the EDC. Checkbits generated 
from the data are compared with the input checkbits resulting 
in the syndrome. This is decoded to produce error signals and 
to correct data. When using a pair of cascaded EDCs, the 
same operation is done as follows: Partial checkbits are 
generated from the partial data input to that particular slice. 
These are XOR-ed to produce the final syndrome. The final 
syndrome is made available in all the slices. An alternate way 
of doing things is to simultaneously generate the final syn­
drome in all the slices. This parallel approach is faster. 

CASCADING 32-BIT EDCS FOR 64-BIT 
OPERATION 

Any number of EDCs may be cascaded depending on the 
available support logic and performance demands. A dual 
EDCcascade, assupportedbythe IDT49C460and IDT49C465 
is discussed here. 

32-bit checkbit generation logic differs from the 32-bit 
partial checkbit generation logic that is required for cascading 
two 32-bit EDCs. Eight checkbits are needed by a 64-bit EDC 
but the 32-bit checkbit generation logic produces only 7 
checkbits. Hence, additional logic is required to generate 
partial checkbits. The 64-bit checkbit generation scheme (as 
indicated by 64-bit checkbit generate tables in data sheets) 
may be split into two 32-bit generation schemes - one 

Slice 1 Slice 2 Slice 3 

( PCB1 ) ( PCB2 ) 

2530 drw 01 

Figure 1. Complete Checkbit Generation From Cascaded Slices 
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operating on data bits 0-31 and the other on data bits 32-63. 
This determines the 'partial checkbit generation logic'. Each 
cascaded slice then produces 8 checkbits which can be XOR­
ed to produce the complete checkbit word. 

Also, there mustbesome mechanism to determine whether 
the EOC is in cascaded mode or not. If it is in cascaded mode, 
each EOC unit must be identified as a unique slice (first, 
second, etc.) in the cascade. 

The lOT 49C460 and the lOT 49C465 differ in their architec­
tures. The IDT49C460 has an older 'bus-watch' architecture 
with one data bus, while the lOT 49C465 has a dual data bus 
Flowthru™ architecture. Both parts have 32-bit wide data 
buses and use the same basic principle of operation. The 
lOT 49C460 and lOT 49C465 have CodeD, 1 lines that program 
the EOC units to operate in non-cascaded mode or as upper 
or lower slices in cascaded mode. 

CASCADING THE IDT49C460 
The figure below shows the correct connections for cas­

cading two 32-bit IOT49C460s. This makes them function as 
a 64-bit EOC for either generate (memory write) or correct 
(memory read) operations. Control signals not shown are 
common to both units and parallel connections to each slice 
may be used. 

Memory Write 
During this kind of operation you need to generate 8 

checkbits for a 64-bit data word. In 32-bit mode, the lOT 49C460 
generates 7 checkbits for each 32-bit data word. In cascaded 
mode the IOT49C460 must generate 8 partial checkbits for 
each set of 32 data bits. 

If you compare the checkbit generate tables (Tables 6 and 
11) of the lOT 49C460 data sheet, you will notice that they are 

LOWER SLICE 

49C460 
32 bit EDC 

APPLICATION NOTE AN-96 

different. For 64-bit cascaded mode operation, Table 11 is to 
be used. Eight partial checkbits are generated by a logic 
implementation of the 64-bit checkbit generate table. 

In the lower slice; partial checkbit word = 64-bit checkbit 
generate table applied to data bits 0-31. In the upper slice; 
partial checkbit word = 64-bit checkbit generate table applied 
to data bits 32-63. 

Example: 
Partial Checkbit 0 in lowerslice (PCBO-,s) = 01 EB 02 EB 03 

EB 05 EB 08 $ 09 $ 011 $ 014 $ 017 $ 018 EB 019 $ 021 

EB 024 EB 025 EB 027 EB 030 

Partial Checkbit 0 in upper slice (PCBO_us)= 032 $ 036 

$~$~EB~EB~EB~EB~EB~EB~EB 

054 EB 055 EB 058 EB 060 EB 061 EB 063 
XOR-ing the Partial checkbit 0 from the upper slice and the 

Partial checkbit #0 from the lower slices gives the final 
checkbit o. Thus, check bit 0 for the 64-bit data word = 
(PCBO_ls) EB (PCBO_us) 

01 EB 02 EB 03 EB 05$ 08 $ 09 EB 011 EB 014 EB 017 $ 

018 EB 019 EB 021 $ 024 $ 025 $ 027 EB 030 EB 032 EB 036 

EB 038 $ 039 EB 042 EB 044 EB 045 EB 047 EB 048 EB 052 EB 

054 E9 055 EB 058 E9 060 E9 061 E9 063, 
which is what we get from Table 11 for 64-bit data. 

The complete checkbit word for the 64-bit data word is 
generated by XOR-ing each of the partial checkbits from the 
upper and lower slices. A block diagram illustrating this 
operation is given in Figure 2. 

UPPER SLICE 

49C460 
32 bit EDC 

DATAinO-31 DATAin32-63 

Final Checkbits 

2530 drw 02 

Figure 2. IDT49C460 Cascaded Mode "Memory Write" 
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Memory Read 

A memory read or correct operation involves generation of 
a complete set of 8 checkbits for the 64-bit data, computation 
and decoding of the syndrome word, and correction of the 
data. 

A regular 32-bit correct operation involves 7 -bit checkbit 
words and a 7-bilsyndrome. Apart from this, the procedure is 
the same as above. 

In 64-bit cascaded mode, you have 8 input checkbits (CBO-
7), but each individual slice only generates a 'partial checkbit 
word'. This is why it is necessary to combine the 'partial 

APPLICATION NOTE AN-96 

This entire operation is illustrated in Figure 2. It can be 
summarized as follows: 

1) In the first pass through the lower slice the partial 
syndrome is generated. 

2) The final syndrome is generated in the upper slice. If an 
error occurs in Data bits 32-63, the appropriate bit in the 
lower slice is corrected. 

3) The final syndrome is sent back to the lower slice. If an 
error occurs in the Data bits 0-31, the appropriate bit in 
the upper slice is corrected. 

Final Syndrome 

Buffer 
Enable 

LOWER SLICE 

49C460 
32 bitEDC 

seQ-? 

UPPER SLICE 

49C460 
32 bit EDC 

Partial S ndrome Final 
1-----,/ Syndrome 

DATAin 32-63 
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Figure 3. IDT49C460 Cascaded Mode "Memory Read" 

checkbit words' from each slice to obtain a complete checkbit 
word. Once this is done the syndrome can be computed by 
XOR-ing the 8 input checkbits with the 8 (complete) generated 
checkbits as usual. Thus, 
Final Syndrome = (CBO-7) E!:J (8 checkbits generated from 
64-bit data) 

= (CBO-7) E!:J [(PCB_lsO-7) E!:J (PCB_usO-7)) 

= [(CBO-7) E!:J [(PCBJsO-7)) E!:J PCB_usO-7) 

1 1 1 

1 1 
lower slice 1 

1 _____ -1 

1 

upper slice 

The first two terms constitute the partial syndrome. In the 
IDT49C460, the first XOR is done in the lower slice and the 
result is output on the SCO-7 bus of the lower slice. The 
second XOR is done in the upper slice and the (final syn­
drome) result is output on the SCO-7 bus of the upper slice. 
This final syndrome is then fed back to the lower slice. It must 
be made available in both slices in order for a correction of 
either DataO-31 or Data32-63 to be possible. 

USING THE IDT49C465 IN 64-BIT 
OPERATIONS 

In the IDT49C460 the partial checkbits and partial syn­
drome are output multiplexed on the same bus. In the 
IDT49C465, however, these are available on separate buses. 

During a 'memory write', the partial checkbits from the 
lower slice are output on the CBO bus of this slice. They are 
fed to the PCBI bus of the upper slice. The final checkbits are 
available on the CBO bus of this upper slice. 

While doing a 'memory read' or detecVcorrect, the partial 
syndrome (XOR of input checkbits and checkbits generated in 
that particular slice) is output on the SYO bus. It is fed to the 
CBI bus of the upper slice. In this slice, this partial syndrome 
is XOR-ed with partial checkbits generated in this upper slice 
to produce the final syndrome. Simultaneously, the partial 
checkbits produced in the upper slice (from upper 32 data bits) 
are sent back to the lower slice. They are then XOR-ed with 
the partial syndrome already available in the lower slice 
producing the final syndrome in the lower slice as well. Thus, 
the final syndrome is simultaneously generated in both slices 
of the IDT49C465 cascade. 
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Figure 4. IDT49C465 Cascaded Mode EDC Operation 

SUMMARY 
As system bus widths continue to grow, cascading EDCs 

may be necessary. This application note clearly explains the 

basic principle behind cascading EDCs. It also describes the 
cascading support available with two 32-bit IDT EDC chips­
the IDT49C460 and the IDT49C465. 
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As logic speeds increase, there is an increase in noise 
generated by faster edge rates. To reduce noise emissions 
and generate cleaner waveforms, it is often necessary to 
terminate signal lines. The need for termination becomes 
more pronounced when the signals are driven over longer 
lines, smaller width traces, across backplanes, or at higher 
frequencies. Properly terminated lines will also reduce noise 
on the power distribution system which may ease board layout 
and decoupling. 

Termination with external components increases part count, 
cost and the complexity of board designs. In addressing this 
problem, component manufacturers have integrated termina­
tion schemes into the output buffers of interface circuits which 
greatly eases the board level design and layout task. By 
utilizing these traditional and integrated line termination 
schemes, designers have the ability to increase system per­
formance and reduce costs. 

THE NATURE OF THE PROBLEM 
With the new families of high speed logic, internal propaga­

tion delays have been reduced to the point that the external 
interface accounts for most of the component propagation 
delay. In order to increase device speed further, the edge 
rates and drive capabilities of the devices have been in­
creased. These faster edge rates are adding higher fre­
quency components to the frequency spectrum of the trans­
mitted signal. If the rise/fall time of the signal is shorter than the 
round trip propagation delay in the signal path, the signal path 
will act like a transmission line and need termination. The 
edge rate on high speed logic can be faster than 1 voltlns. A 
commonly used equation to determine the maximum 
unterminated trace length is as follows: 

---IL 
L = 2Tpd 

Tr = Rise/fall time of the signal (ns) 
Tpd = Propagation delay of the transmission line (ns/ft) 
L = Maximum Unterminated Cable Length (It) 

Figure 1. Transmission Line 
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To maintain good signal quality on a transmission line, the 
dynamiC impedance of the transmission line needs to be 
constant throughout the line. This means that stubs, 
unterminated lines and very low source impedances can all 
contribute to poor signal quality. When a signal passes down 
a transmission line, if it sees a continuous impedance, it will 
travel smoothly without reflections. If there are abrupt changes 
in the impedance at any point in the transmission line, reflec­
tions will bounce off of these points and may cause noise if 
uncontrolled. In designing the transmission line it is best to 
utilize a single line from source to load. It is acceptable to drive 
a distributed load by daisy chaining the loads and avoiding 
stubs. If there is a low impedance load to be driven, it should 
be at the end of the transmission line. 

TRADITIONAL TERMINATION SCHEMES 
The following cursory review of the traditional termination 

methods gives insight into the benefits and drawbacks of each 
scheme. 

Parallel or Shunt Termination: 
Parallel termination is the addition of a line matching 

impedance at the receiver as shown in Figure 2. When the 
charge from the signal reaches the receiving end of the line, 
the resistor will drain off excess charge preventing reflections. 

Figure 2. Transmission Line with Shunt Termination 

Thevenin Termination: 
The Thevenin Termination balances the DC loading on the 

driver between the logic high state and the logic low state 
reducing Signal distortion. In this scheme, there is a path for 
DC current to pass directly from the Vcc to Gnd through the 
termination resistors which will dissipate power regardless of 
the state of the output driver including the high-impedance 

state. f,t>-I I 

I I R1 
I I 

~~' +i I I I Ii R2 
;;;:- ;;;:- ;;;:- ;;;:-. ;;;:- 3014 drw 03 

Figure 3. Transmission Line with Thevenin Termination 
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RC Termination: 
An effective method of termination is the RC termination 

using a 47pf to 200pf capacitor in series with a resistor to 
ground at the receiver. Larger capacitors give a cleaner 
waveform but consume more power at high frequencies than 
lower valued capacitors. The resistor value should equal the 
characteristic impedance of the transmission line. 

3014 drw 04 

Figure 4. Transmission Line with RC termination 

RC termination is very effective for point to pointtermination 
over long distances because the signal passes down the 
transmission line and does not reflect. This makes it possible 
to use RC termination in cases where the propagation delay 
of the transmission line exceeds the cycle time of the driving 
Signal. With the AC coupling at the terminating end, there is 
no DC power consumed by the termination making the scheme 
useful for low power applications. 

Series Termination!l): 

~ 
1 Iii>-I I I -= I 

- I 3014 dlW 05 = = 

Figure 5. Transmission Line with Series Termination 

Series termination is the addition of a resistor between the 
component output and the transmission line as shown in 
Figure S. The combination of the series resistor and the 
source impedance of the driver act to match the characteristic 
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As the output driver undergoes a transition, the voltage is 
divided equally between the output impedance (driver and 
resistor) and the transmission line, as shown in Figure 6. 
Because ofthe matched source impedance, the voltage at the 
receiver builds up to a level equivalent to the driving voltage 
and will reflect the signal back from receiver to source and 
eventually allow a full voltage transition at the source as 
shown in Figure 6. 

Series termination is the simplest, most effective form of 
reducing signal noise in transmission lines. This method 
consumes no DC power and helps to reduce dynamic power 
consumption. Series termination is the only method that 
handles stubs well and reduces ground bounce. In situations 
in which the loads on the transmission line are highly capaci­
tive, the series termination may cause time delays due to the 
RC time constants. 

Summary of Traditional Schemes 
A relative comparison of the attributes of the four traditional 

termination schemes is summarized in Table 1. 

FEATURES OF THE FOUR TERMINATION 
SCHEMES 
Characteristic Shunt Thev RC Series 

Static Power Dissipation 3 4 1 1 

Dynamic Power Dissipation 4 3 2 1 

Signal Distortion Due to 
Unbalance 4 3 1 1 

Works with Stubs 4 3 2 1 

Distributed Load Driving 1 1 1 2 

Parts Count for Termination 1 2 2 1 

Works With Heavy 
Capacitive Loads 1 1 1 2 

Good for Low·lmpedance 
Backplanes 1 1 1 2 

Works with Tpd > Data Rate 1 1 1 2 

Ibl01 

impedance of the trace. INTEGRATED SERIES TERMINATION: 

Open Circuit \ " 
Signal at Transmitter \\.. _____ -11 

I I 1 

~~"I I I I 
I I I 

Signal at transmitting end: : : 
I I I I \ r-
1'------...J,3014 drw06 

Signal at receiving end 

Figure 6. Signals Produced When Using a 
Series Terminator 

Improvements to the series method can be gained if the 
series resistor is integrated into the driving component. By 
integrating the resistor, the output impedances of the driver 
can be matched to the typical load of a transmission line in 
both the high and low going cases. Properly designed 
integrated schemes can outperform external resistor termina­
tions by reducing source follower problems and increasing 
output drive current. The removal of the external resistors will 
also reduce part count. 

Figure 8A shows a high drive, MOS output structure without 
any integrated termination. In most component designs with 
this configuration, the impedance of the pull-up is higher than 
that of the pull-down. Especially important is the fact that the 
pull-up loses drive as the output voltages approaches the SV 
supply on a low-to-high transition, whereas the pull-down 
transistor will not suffer this affect on a high to low transition. 
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Figure BB shows the same structure with an integrated a 
series resistor on the output. The effective pull·up and pull· 
down impedance is now matched better to the line, but the 
pull-up impedance still remains higher than the pull-down 
impedance. More importantly, because this configuration 
creates a source follower, the series resistor exacerbates the 
relationship between the output voltage and the loss of pull-up 
drive. An integrated series resistor, directly connected to an 
output pin, if not properly designed into the component, can 
easily be damaged by system transients. 

--l --l 

FIG BA FIG BB FIG BC FIGBD 
Figure 8. Various Integrated Output Configurations 

Placing the series resistor in the drain of both transistors as 
shown in Figure BC alleviates the problems with the source 
follower created in configuration of BB. The configuration in 
BC will provide good balanced drive and good line termination 
for both high to low transitions and low to high transitions. The 
value of the resistors can be adapted to match the line 
impedance without having to make compromises for the 
opposite transitions. Despite this, the resistor in the drain of 
the pull down N channel transistor is still exposed to the output 
pin and may short if stressed. 

In Figure BD the resistors are sized and placed in the drain 
of the pull-up and the source of the pull-down transistors to 
provide good balance between the two paths. The resistors 
are isolated from the external pin and are now protected 
against shorting. An added advantage is that a lower value 
resistor can be used to generate the same drive current that 
can be generated with a higher value resistor used in configu­
ration BC. 

Several IC manufacturers have introduced components 
with integrated series resistors. Each of the configurations 
shown in figure B is available from at least one source. 

Balanced Output Drive Capability 

(m. 
3014 drw 08 

Figure 9. Balanced Drive Output 
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An additional reason for line termination problems in high 
speed logic is the fact that some drivers have different drive 
capability between the high going and low going signals. This 
makes it difficult to impossible to make a perfectly matched 
transmission line when the signal has different driving imped­
ances for the two states. To avoid this problem many of the 
new components that have internal resistors also have a 
balanced drive capability so that both high going and low going 
signals demonstrate the same output impedance. Limiting the 
pull down drive capability of the device also reduces problems 
with undershoot, ground bounce and general noise genera­
tion. Reducing these problems will make the whole task of 
termination easier. 

Benefits of Integrated Series Termination 
1) Captures all of the benefits of external series termination 

a) No static power consumption 
b) Reduces dynamic power consumption 
c) Moderately good for stubs 
d) Noise reduction over other termination methods 
e) Reduces component ground bounce 

2) Balanced drive produces less signal distortion 
3) No external components are needed for termination 

a) Reduced part count, inventory, and costs 
b) Easier board layout 

4) Terminated parts are pin compatible with non terminated 
parts 
a) Plug in replacement. 
b) No new CAD models 

5) Higher drive capability than when using external series 
resistors 

Disadvantages of Integrated Series Termination 
1) Captures some of the disadvantages of external series 

termination 
a) May not drive very low impedance backplanes 
b) May not have first incident wave switching with 
distributed loads 

2) Some components are susceptible to damage (Check with 
manufacturer). 

CONCLUSION 
Olthe methods of termination available, the series termina­

tion works best in most applications, especially those situa­
tions utilizing shorter distances. Other termination methods 
have applications in which they will work best, but their overall 
performance is not as good as series termination in board 
level applications. When integrating the series resistor into 
the line driving component there are improvements that can 
be seen over the use of an external resistor, but careful 
consideration needs to be given to how the resistor is inte­
grated to achieve optimum results. 

(1) "Series Termination," Application Note 50, 1990/91 Logic 
Data Book, Integrated Device Technology. 
Note: This paper was presented at Electro192, May 12, 1992 
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INTRODUCTION 
The new high-speed logic families available in the market 

place are capable of much higher data rates than earlier 
families. This is due to a combination of shorter propagation 
delays in the parts. faster output edge rates, and reduced 
output switching voltages compared to the CMOS switching 
levels. These component changes are requiring strict 
adherance to the design rules to maintain signal integrity. To 
assist designers in the task of maintaining high speed, low 
noise operation, many component manufacturers are devel­
oping new output structure designs to assist in signal wave­
form control. 

The output structures of the new devices are designed to 
control internal chip noise and to treatthe attached circuitry as 
a transmission line. Three of the techniques to accomplish 
this are adjusting the output voltage levels, controlling the 
output edge rate, and reducing reflections in the transmission 
line. Each of these techniques will lower the drive current 
surge in the device output structure which will also assist in 
controlling ground bounce and Vcc bounce. 

Reducing the output voltage swing from CMOS levels to 
TTL levels allows the signal to acquire state more quickly. The 
lower voltage swing will reduce the charge dumped into the 
transmission line which will reduce the energy and noise in the 
signal transmission. The output edge rate control and the 
transmission line effects are interrelated and must be ap­
proached as a unit. 

TRANSMISSION LINE EFFECTS 
DUE TO FAST EDGE RATES 

To determine if a transmission line effect is present, the 
equation in Figure 1 may be used to determine the maximum 
unterminated trace length. The equation states that if the risel 
fall time of the signal is shorter than the round trip propagation 
delay in the signal path, the signal path will act like a transmis­
sion line and need termination. As an example, lOT's FCT-T 
family has an edge rate of less than WIns which will require 
termination on any trace that is over approximately 3 inches. 

Because of the speed of newer logic families, the need for 
proper termination is becoming universal. To simplify board 
designs a few manufacturers are integrating termination 
schemes into the output structure of their devices to overcome 
the need for adding additional termination to the board. By 
integrating termination schemes into the output structure of 
the components,other signal quality improvements can also 
be obtained. To establish the benefits of integrated termina­
tion schemes, a few transmission line characteristics need to 
be understood. 

The lOT logo is a registered trademark of Integrated Device Technology, Inc. 

Tf = Rise or Fall Time 
Tpd = Delay or Transmission Line Per Unit Length 

V L = Length of the Transmission Line 

If the equation is true, L> Tf 
2Tpd the line is transmissive 

and may need termination 

Figure 1. Transmission Line 

TRANSMISSION LINE PROBLEMS 
To maintain good signal quality on a transmission line, the 

dynamic impedance of the transmission line needs to be 
constant throughout the line. This means that very low source 
impedances, stubs, and high-impedance receivers without 
line matching termination can all contribute to poor signal 
quality. If there are abrupt changes in the impedance at any 
point in the transmission line, reflections will bounce off these 
points and may cause noise. In designing the transmission 
line it is best to utilize a single line from the source to the load 
by daisy chaining distributed high impedance loads and 
avoiding stubs which cause impedance mismatches. If low­
impedance loads are to be driven, they should be at the end 
of the transmission line opposite the source. 

When a driver changes output state and sends a signal 
down the transmission line, the driver will sense the transmis­
sion line but does not have the capability to sense the load at 
the far end of the line until the signal has had a chance to travel 
down to the load and reflect back. Because of this the driver 
for high-speed signals which meet the requirements of the 
equation for a transmission line as shown in Figure 1 should 
be optimized to drive the transmission line and not the load. 

A transmission line has the same impedance for both high­
going and low-going signals. Contrasting this, most transmis­
sion line drivers have different drive capabilities in the high and 
low going directions making it difficult to maintain a high signal 
integrity for both transitions because of the impedance mis­
matches between the two directions. 

5/92 ©1993 Integrated Device Technology, Inc. 
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Series Termination 
One of the most successful methods of dealing with trans­

mission line effects is the use of series termination. Series 
termination is the addition of a resistor between the compo­
nent output and the transmission line, as shown in Figure 2. 
The combination of the series resistor and the source imped­
ance of the driver act to match the characteristic impedance 
of the trace or transmission line. 

I I I 
=- -= -= ! drw 02 

Figure 2. Transmission Line with Series Termination 

As the output driver undergoes a transition, the voltage is 
divided between the output impedance (driver plus the resis­
tor) and the transmission line, as shown in Figure 3. If the 
output impedance matches the impedance of the transmis­
sion line, the output waveform will develop a step at 50% of the 
voltage transition. If the impedances are not matched, the 
voltage will divide proportionately to the impedances. To 
achieve first incident wave switching, the source impedance 
should be slightly lower than the impedance of the transmis­
sion line so that the step appears after crossing the logic 
threshold of the receiver. 

After the driver makes a transition, the signal will propagate 
down the transmission line and strike the far end. Upon 
reaching the far end, the signal will look for an impedance 
matching that of the transmission line. Since the receiver is 
usually a high-impedance input, the voltage will build up at this 
point from the current flow until the voltage level has reached 
a high enough level to counter the inductive nature of the 
transmission line. If the source impedance matches the line 
impedance and there were no losses, the voltage would build 
to twice the driving voltage. At this point, the matching 
impedance is seen back on the transmission line and the 
signal will propagate back down the transmission line to the 
source. Since the driving voltage was about half of the final 
state voltage, this will bring the voltage in the entire transmis­
sion line to the proper level, as shown in Figure 3. 

If a designer has a distributed load, and the step voltages 
shown in Figure 3 do not cross the logic threshold of the daisy­
chained load, first incidentwaveswitching may not be achieved. 
This can be countered by slightly reducing the series resis­
tance values to adjust the step voltage levels so that the steps 
occur beyond the logic thresholds and first incident wave 
switching can be guaranteed. This will tend to overdrive the 
transmission line, but countering this effect will be the "lossy" 
nature of the line. The series resistor significantly cuts the 
drive current into the line alleviating most noise problems at 
the source. Resistive and capacitive elements of the trans­
mission line will absorb portions of the charge which will 
quickly quiet the signal. 
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Figure 3. Signals Produced When Using a Series 
Terminator 
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Using the series resistor limits, the charge that the source 
passes into the transmission line reduces the drive current 
surge of the source. This also reduces the need to dissipate 
the energy from the charge after the transmission line has 
reached full voltage levels which will reduce noise spikes on 
the line, cross talk, power dissipation, noise problems in the 
power distribution system, and reflection problems. 

In most situations, series termination is the simplest, most 
effective form of reducing signal noise in transmission lines. 
Series termination consumes no DC power, helps to reduce 
dynamic power consumption, reduces ground bounce and 
handles stubs better than most end of the line termination 
schemes. 

INTEGRATED SERIES TERMINATION 
Benefits can be received by integrating the series resistor 

into the output structure of the driving component. By integrat­
ing the resistor, the output impedances of the driver can be 
matched to the typical load of a transmission line for both the 
high and low going signals, which is not possible with external 
termination. Properly designed integrated schemes can out­
perform external resistor terminations by reducing source 
follower problems and increasing the output drive current. 
The removal of the external resistors will also reduce part 
count. To demonstrate the effects of various output struc­
tures, a review of several output configurations will be given. 
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Figure 4. Totem Pole output structure with an N channel pull 
up transistor. This structure is excellent for backplane 

driving and low impedance loads. 

The configuration in Figure 4 shows a totem pole structure 
with N channel FETs in both the pull up and pull down 
positions. The pull up FET requires a Gate to Source turn on 
voltage of about 1.5V which will drop the typical loaded output 
voltage to less than 3.5V giving TIL level outputs. In this 
configuration, the impedance of the pullup is typically higher 
than that of the pulldown, giving unbalanced drive capabilities 
in the two directions. With lOT's High Drive components that 
contain this configuration, the impedance is usually about 
60hms pull down and 220hms pull up. This structure gives 
excellent drive capability for low-impedance backplanes and 
heavy loads that contain external termination. 

Figure 5. Totem Pole with a series resistor which simulates 
the addition of an external series resistor. 

Figure 5 shows the same structure with a series resistor on 
the output. The effective output impedance is now matched 
more closely to the line, but the pull-up impedance remains 
higher than the pull-down impedance. Because the series 
resistor degrades the gate to source voltage drop in the pull 
up FET, the pull up drive capability is reduced, significantly 
increasing the effective impedance beyond the value of the 
resistor. The pull down drive is not affected by gate to source 
degradations. This creates an unbalanced condition, where 
the pull up drive capability is much lower than the pull down 
drive strength. The pull up may degrade to an impedance of 
over 1 OOohms when utilizing a 250hm resistor while the pull 
down will remain at about 31 ohms with the same resistor. This 
problem will be experienced either when an external series 
resistor is used or when the resistor is integrated into the 
output structure of the device. 

Figure 6. Drain resistors overcome the gain problems with 
the external resistor. 

PlaCing the series resistor in the drain of both transistors, as 
shown in Figure 6, alleviates the problems with the gain 
created in the configuration of Figure 5. The value of each 
resistor can be adapted to match the line impedance, thus 
giving similar drive currents in both directions without conflict­
ing with the opposite transition. The configuration in Figure 6 
will provide a good balanced drive capability and good line 
termination for both high-to-Iow transitions and low-to-high 
transitions. 

In Figure 7, the resistors are sized and placed in the drain 
of the pull-up and the source of the pull-down transistors. With 
this configuration the same results as shown in Figure 6 can 
be achieved by properly sizing the resistors. lOT uses this 
structure in the Balanced Drive IDTFCT162xxx family. 

Figure 7. A drain pull up and source pull down allow better 
drive in the pull down (IDTFCT162xxx). 

Using resistors in the output structure of Figure 7 provides 
a natural internal current limiting capability to the component 
which will then allow a restructuring of the driving stage. By 
doing this it is possible to speed up the internal logic of the 
component to where the output switching will begin more 
quickly than is possible with the other configurations shown. 

Driving Capacitive Loads 
In situations in which the loads on the transmission line are 

highly capacitive, the use of series termination may cause 
time delays due to the RC time constants. When using lOT's 
Balanced Drive components, this problem is reduced be­
cause of the lower output impedance, quicker response time, 
and controlled edge rate. lOT's Balanced Drive and High 
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Drive components have very similar response times for ca- both directions, limiting surge current into the transmission 
pacitive loads of less than 300pf. Because of its quicker line, butstill providing sufficient drive currentto drive all except 
response, the Balanced Drive part will switch faster than a the most demanding loads. Limiting the pull down drive 
High Drive part for loads of less than 200pf. As the load capabilityofthe device during transitions also reduces problem s 
increases above 200pf, the High Drive part will respond more with undershoot, ground bounce and general noise genera­
quickly because of its lower output impedance. Despite these tion. During steady state DC conditions, IDT specifies the 
minor differences, the differences in the effects of capacitance static drive capability of the devices at 24ma worst case in both 
on propagation delay between the High Drive and Balanced directions as shown in Figure 10. 
Drive parts should be less than O.Sns for any load of less than 
300pf. The capacitive derating curves are shown in Figure B. 

Delay vs Capacitive Load 
8~r-----~----~----------------, 

7 

6 

5 
tpd (LH) 

3 

o 50 100 150 200 250 300 350 400 
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Figure 8, Capacitive Derating for 
Double Density Balanced Drive and High Drive 

When the capacitive load is larger than 400pl at high 
switching speeds, the load will begin looking like a direct short 
upon switching and may begin to overdrive the output of both 
the balanced drive and high drive part. The power dissipation 
equation is P = fCV2 and should be used to calculate the power 
consumption for each pin to assure that the total power 
dissipation in the device does not exceed the maximum rated 
limits. To avoid exceeding the limit for heavy capacitive loads, 
a 1000hm series resistor can be used to limit the current to 
acceptable levels. 

Balanced Drive Capability 
The output structure of the Balanced Drive part has been 

specifically designed to give similar transition times with 
matching absolute edge rates in both the high-going and low­
going directions. This means the IDT Balanced Drive family 
has a matched dynamic drive capability for driving transmis­
sion lines, but still has sufficiently low static output impedance 
to maintain state during during steady state conditions. As 
shown in Figure 9, during transitions, the Balanced Drive 
output structure will current limit at about 11 Oma, typical for 
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Figure 9, Dynamic Balanced Drive Output 
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Figure 10. Static Balanced Drive Output 

Adding External Resistors to Balanced Drive 
With the Balanced Drive components, the effective series 

termination impedance of about 220hms is slightly lower than 
the characteristic impedance of most transmission lines. 
Backplanes may sometimes approach levels as low as 300hms, 
but most lines will have a higher impedance. Despite this 
difference, the current surge driven into the transmission line 
will be limited by the output impedance and controlled edge 
rate. This will usually be sufficient to provide quiet operation 
without the addition of additional termination. 

If it is desirable to further enhance the quiet operation and 
to achieve a close match between the source impedance and 
the line impedance, the user may add external resistors to the 
output of his balanced drive parts. Because of the integrated 
resistor in the drain of the pull up FET in the Balanced Drive 
part, the addition of an external resistor will not degrade the 
gate to source voltage to the extent that the gain degradation 
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would take place with the standard TTL output of figure 4 for 
equivalent total resistance values. The voltage drop across 
the drain resistor will increase the gate to source voltage, 
partially countering the effect of the external series resistor 
and retaining some of the balanced drive attributes. As a 
result, adding an external resistor to a Balance Drive part will 
not cause a significant impedance mismatch between the 
high-going and low-going signals, as happens with normal 
TTL output components. 

CONCLUSION 
Utilizing the Balanced-Drive family in high-speed bus driv­

ing applications will solve most of the problems with noise and 
line termination experienced with traditional high-speed, low 
output impedance line drivers. The Balanced Drive logic 
family provides the benefits of series termination on signal 
lines while avoiding many of the drawbacks of adding external 
series termination resistors. The Balanced-Drive family of 
devices from IDTwili generate lower levels of noise than other 
components in the same speed grade, solve many of the 
termination line problems encountered by the designer, re­
duce power consumption and give superior performance to 
other high-speed logic. Balanced Drive is the logic family of 
choice for most applications. 
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ABSTRACT 
This paper discusses how the FCT-T Double-DensityTM 

Logic family addresses the problems faced by PC designers. 
With microprocessor frequencies rising both in desktops and 
portables, logic must also rise in performance, but still main­
tain good noise and power characteristics. High speed/low 
noise operation for speed-critical paths and high speed/low 
power operation for battery operated systems are ideal for the 
designer. Since space is a premium both in portable and 
desktop PCs, high speed, low power, and low noise must be 
combined with small packaging. 

INTRODUCTION 
The level of integration and the rise in frequencies of the 

microprocessor has had an enormous impact on the PC 
marketplace. The performance attained only by huge main­
frames 15 years ago can now be realized on the desktop. 
Similarly, the performance and battery life attainable 10 years 
ago in a 25 pound monster is today far surpassed by a 5 
pound, 386-class machine. Correspondingly, the interface 
logic (buffers, latches, transceivers, etc.) surrounding the 
microprocessor has gone through significant improvements. 
Designers are beginning to realize that the older families of 
interface logic no longer meet the needs of today's and 
tomorrow's PCs. 

Identified shortcomings are in the areas of speed, power 
consumption (both static and dynamic), packaging, and noise. 
For example, in a desktop PC running at 50MHz, designers 
were forced to look elsewhere instead of the popular, butslow, 
"F" or "AS/ALS" families which were adequate for a 25MHz 
design. In the case of the newest notebook PCs, designers 
need to replace the slow "HCT" and high power "ACT" fami­
lies. Newer families of logic, such as FCT-T Double-Density 
Logic, can provide designers of both high-performance desk­
tops and low-power notebooks with the best of both worlds, as 
well as new capabilities, such as 3.3V operation. 

FCT-T DOUBLE-DENSITY DEFINED 
FCT-T Double-Density is one of the IDT families of high­

performance CMOS logic. It is comprised of 16-, 18-, 20-bit 
wide, extra-quiet, very-low-power, high-performance bus in­
terface logiC products. Double-Density is an extension of 
IDT's earlier family of octal FCT -T devices. Microprocessors' 
buses have moved beyond 8-bits, creating the need for wider 
bus interface devices. With the wider devices, partcount is 
minimized as well board area. 

The lOT logo is a registered'trademark: and Double~Oensity is a trademark of Integrated Device 
Technology, Inc. 
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Double-Density is comprised of three distinct versions: 

16XXX 162XXX 163XXX 

64MA Balanced 

Output Drive 1-----1 Output Drive 3.3V 
on Chip Resistors 

drw01 

Figure 1. Double-Density Versions 

The high-drive version (FCT16XXX) provides-32mA/64mA 
(Ioh/lol) drive with ground bounce typically less than 1 V. 
Power-off disable is supported for "live" insertion in fault 
tolerant systems. This version is a drop-in upgrade for ABT 
and ACT WideBus™ meeting or exceeding all DC specifica­
tions. 

The balanced drive version (FCT162XXX) provides-24mN 
24mA (Ioh/lol) drive with integrated series terminating resis­
tors. This reduces ringing/undershoots and ground bounce is 
typically less than .6V. These are pin-compatible with the 
high-drive family providing easy upgrade. 

The 3.3V version (FCT163XXX) is deSigned to meet the 
JEDEC LVTTL standard for 3.3V operation, not a 
recharacterized or derated 5V device. It provides a drive of -
8mA/24mA (Ioh/lol) and ground bounce typically less than 
.3V. A number of unidirectional and bidirectional translators 
are part of this group also to provide solutions for mixed 3.3VI 
5V hybrid systems. 

All three versions of the family are well suited in the 
following categories and thus provide solutions for PC design­
ers of different types of systems. 

PERFORMANCE 
In order to keep up with the ever-increaSing frequencies of 

the microprocessor, logic products are constantly pushed to 
attain faster and faster speeds. Today, with the systems 
running at 50MHz, logic products with delays of less than 5ns 
are desirable. 

PERFORMANCE OF LOGIC FAMILIES 
245 Transceiver O-Speed C-Speed A-Speed Std-Speed 

HCT - - - 29ns 

ACT - - - 9.0ns 

FAST - - - 7.0ns 

FCT-T Octal 3.8ns 4.1ns 4.6ns 7.0ns 

DD High Drive 3.8ns 4.1ns 4.6ns 7.0ns 

DD Balanced Drive 3.8ns 4.1ns 4.6ns 7.0ns 

DD3.3V - - 4.6ns 7.0ns 

ASiALS - - - 7.5n5 

ABT - - - 4.6n5 

IbIOt 
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DOUBLE-DENSITY LOGIC: THE FAST, FLEXIBLE LOGIC FAMILY 

FCT-T Double-Density provides the performance neces­
sary for today's high-performance systems with the power 
consumption one would expect from CMOS technology. With 
future systems in mind, lOT has recently announced D-speed 
logic. AD-speed '244 buffer specifies a maximum of 3.6ns 
propagation delay. This is ideal for high-performance, 75Mhz 
and 100Mhz, workstations and 67Mhz+ P5 designs. 

Logic has come a long way from the days of LS, TTL, and 
even HCT. A comparison of the old and new generation of 
logic is shown in Table 1. 

POWER 
Running at high frequencies is not without its drawbacks. 

Since the amount of power dissipated by CMOS is propor­
tional to the frequency, high-frequency operation also means 
high power. Figure 2 compares the dynamic power consump­
tions versus frequency of several logic families. As illustrated 
by the graph, Double-Density provides better power charac­
teristics at all frequency points benefiting both the desktop 
(high-drive family) and the notebook (balanced drive/3.3V 
family) designer. 
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Figure 2. Dynamic Power Comparison 

Dynamic power is important when the system is active. 
During inactivity, static power consumption becomes equally 
important. The CMOS technology families on the graph, 
Double-Density and ACT, benefit from very low static power 
consumption on the order of a few microamps. On the other 
hand, the other families, FAST (bipolar) and AST (SiCMOS), 
suffer from high-static-power consumption. See Figure 3. 

FCT16245 
Double Density 

ABT16245 
Widebus™ 
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Figure 3. Static Power Comparison 

NOISE 
Noise issues came to the forefront with the introduction of 

the first generation of fast CMOS logic in the mid-eighties. 
Most of these issues were smoothed out by the second 
generation, with the inclusion of output edge rate controls and 
reduced output swings. In addition, designers were aware of 
high-speed design techniques such as series termination and 
transmission line effects. The Double-Density family makes 
ground bounce and noise non-issues. 

The 48-/56-pin SSOP package provides multiple Vcc (4) 
and Ground (8) pins forthe entire family of 16-bit wide devices. 
See Figure 4 for the pinouts of a 48-pin SSOP package. As 
a reSUlt, the high-drive version specifies typical ground bounce 
of less than 1 V. The balanced-drive version takes advantage 
of series termination to reduce noise. They provide integrated 
series resistors, bringing the typical ground bounce specifica­
tions even lower, to less than .6V. The 3.3V version specifies 
a typical ground bounce of less than .5V due to a smaller 
output swing of about 3.0V. 

10E 48 lLE 1 
101 2 47 101 
102 3 46 102 

GND 4 45 GND 
103 5 44 103 
104 6 43 104 vee 7 42 vee 
105 8 41 105 
106 9 40 106 

GND 10 39 GND 
107 11 38 107 
108 12 37 108 
201 13 36 201 
202 14 35 202 
GND 15 34 GND 
203 16 33 203 
204 17 32 204 vee 18 31 vee 
205 19 30 205 
206 20 29 206 
GND 21 28 GND 
207 22 27 207 
208 23 26 208 
20E 24 25 2LE 

• Flow-thru Pinouts 
• 4 Vccs, 8 Grounds 
• 25-mil pin pitch 

drw04 

Figure 4. SSOP Package 
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Figure 5. SOIC vs. SSOP Package Comparison 

SOIC VS. SSOP PACKAGE 

(2) 20-pin (1) 48'pin (1) 56-pin 
SOIC SSOP SSOP 

Area 
(sq. Inches) 0.474 0.254 0.295 

Body Width 
(Mils) 0.300 0.300 0.300 

Area 
(Normalized) 1.00 0.536 0.523 

tbl02 

PACKAGING 
Packaging is rapidly becoming an important consideration, 

due to the integration and size limitations of today's systems. 
Luckily, packaging technology has not been a limiting factor. 
Today's highly integrated boards in desktop and notebook 
PCs have been a result of new packaging technologies. The 
Double-Density family is packaged in a 2S-mil pin pitch 48-/ 
S6-pin SSOP package (refer to Figure 4 in the last section). A 
comparison of the SSOP package versus the standard SOIC 
package can be seen in Figure S. 

A 47% area-savings can be realized when using the 48-pin 
SSOP package versus a 20-pin SOIC package. Future pack­
aging capabilities are currently being studied. After all, the 
trend is toward smaller and smaller packages. Some of the 
alternatives are: a 21 O-mil wide, 19.6-mil pin pitch package or 
a 1S0-mil wide, 19.6-mil pin pitch package or a 1 SO-mil wide, 
1S.7-mil pin pitch package. The area savings versus the 
current SSOP package is 41%, S4%, and 62% respectively. 
This decision can not be made in a vacuum, since 
manufacturability must be considered. As the pin pitch and 
overall package size shrinks, fewer board manufacturers are 
able to handle production without large investments in new 
machinery. These considerations will weigh heavily upon 
where the next step in packaging will be. 

SKEW 
Skew is defined as the absolute value of the difference 

between the actual propagation delays for any two separate 
outputs of the same device. With processor clock frequencies 
migrating to SOMHz and 67MHz+, any delay due to skew 
increasingly becomes a percentage of the clock period. The 
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Double-Density family specifies output skew at typically less 
than 2S0 ps, and guaranteed less than SOO ps. These char­
acteristics allow the IDT74FCT16240/244 to be used as 
minimum skew clock drivers. 

3.3V OPERATION 
3.3V operation will provide the next step in portable com­

puting. Lighter, smaller, and longer lasting systems will be 
possible. For example, a 7" x 9" x 2", 4 pound, eight-hour 
system will be possible in the near future. IDT is ready for the 
conversion to a 3.3V supply voltage with the 3.3V Double­
Density family of bus interface functions, key "glue" logic 
elements, and 3.3V to SV interface components. This family 
will allow designers to develop complete 3.3V or mixed supply 
3.3V/SV systems. These devices have been designed to 
operate from a regulated 3 .3V supply for optimal performance 
and are not simply "recharacterized" or "derated" SV CMOS 
parts. Thus, they are able to maintain sub-Sns propagation 
delays for high-performance portables. See Table 3 for a 
summary of IDT's 3.3V Double-Density offerings. 

DOUBLE-DENSITY 3.3V OFFERINGS 
Part # Function Avail 

FCT163244 Buffer/Line Driver NOW 

FCT163245 Bidirectional Transceiver NOW 

FCT163373 Transparent Latch NOW 

FCT163374 Register (3·State) NOW 

FCT163501 Registered Transceiver NOW 

FCT163646 Transceiver/Registers NOW 

tbl03 

High-speed desktops and fileservers will also benefit from 
3.3Voperation. Their large memory requirements will force 
the use of large density DRAMs, 16Mb and 64Mb. Due to the 
gate geometries of these dense memories, a 3.3V supply 
voltage will be necessary. Also, at greater than SOMHz, these 
high-speed systems will benefit from the reduced swings in 
terms of performance and noise. 

3.3V/5V TRANSLATION 
Using mixed supply systems will be a necessary transitional 

phase between the current 5V systems and the upcoming full 
3.3V systems. Technological and performance limitations will 
slow down the conversion of some functions to 3.3V. There­
fore, designers must understand the compatibility issues of 
interfacing between 3.3V and SV components, as well as what 
translation functions are available today. 

IDT's 3.3V Double-Density family is designed such that any 
input pin (except I/O) can take an input voltage up to 7V. This 
feature allows these 3.3V devices to be directly driven by a SV 
device. This also allows the unidirectional parts, i.e. 
FCT163244, FCT163373, FCT163374, to act as one-way SV­
to-3.3V translators. The unidirectional translators accept 
TTL-or CMOS-compatible signals from SV components at the 
inputs, and provide TIL-compatible output levels. These 
translators avoid any problems associated with a direct inter­
face between a SV component and a 3.3V bus. 
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Since not all bus interface applications are unidirectional, 
there also needs to be bidirectional solutions to the 3.3V to 5V 
interface. A solution to this is the FCT164245T. This part 
interfaces between a 3.3V bus and a 5V bus in a mixed 3.3V/ 
5V supply environment, handling all ofthe 3.3V/5Vbidirectional 
interfacing issues (Figure 6). The FCT164245T is configured 
as a 16-bit '245 transceiver, giving the designer tri-state 
capabilities and the ability to select either bidirectional or 
unidirectional modes. The translator has separate 3.3V and 
5V supply and I/O pins both on separate sides of the device. 
The translator part also features power-off disable, which 
allows the device to withstand the maximum rated voltages on 
the inputs and outputs while it is unpowered or partially 
powered. This is a desirable feature for bus-interface logic in 
a portable system, because of power management schemes 
which power down certain subsystems when inactivity is 
detected. The bus interface device will then have to buffer the 
active system bus with a powered-off device without damaging 
itself. 

3.3V 
BUS 3.3V 5V 

164245T 
TRANSLATOR 

5V 
BUS 

Figure 6. Bidirectional 3.3V15V Interface 

CONCLUSION 

drw06 

As the complexity and frequency of the microprocessor 
increases, surrounding glue and bus interface logic must keep 
pace. lOT has done so with the introduction of the Double­
Density FCT-T Logic family. This family excels in all catego­
ries, including performance, noise reduction, power con­
sumption, skew, and packaging. It also provides innovative 
3.3V and 5V/3.3V translation options. The Double-Density 
Logic family provides solutions for a variety of PC applications 
ranging from a 3.3V subnotebook to a high-performance 
fileserver. 

REFERENCES 
1. Alba, Manuel; "Application of High Speed/Low Power 

Logic to PCs"; SVPC'92 Proceedings. 
2. lOT; "High-Performance Logic Data Book"; 1992. 
3. Yoshimoto, Wayne; "Mixed Supply Design Consider­

ations in Notebook PCs"; SVPC'92 Proceedings. 

NOTE: This paper was presented at WesCon'92, November 17, 1992. 

138 

CONFERENCE PAPER CP-12 



MIXED SUPPLY DESIGN 
CONSIDERATIONS IN 
NOTEBOOK PCs 

CONFERENCE 
PAPER 

CP-13 

Integrated Device Technology, Inc. 

By Wayne T. Yoshimoto 

INTRODUCTION 
The explosive growth of the portable Personal Computer 

(PC) market has manufacturers clamoring for market share by 
differentiating themselves in battery life and weight from their 
competitors. The push for longer battery life and lighter weight 
has reached a point where improvements via traditional 
design techniques alone are not satisfying users. In order to 
make the larger, quantum leap to eight or more hours of 
battery life and weight less than 4 pounds, designers must 
move to a 3.3V supply voltage. Although most of the compo­
nents are currently available at 3.3V (Le. processor, chipset, 
DRAM, glue logic), the next generation of portable PCs will 
have to be "hybrid" systems with both 3.3V and 5V supplies 
until some of the missing components, namely the disk drive 
and LCD driver, become available. Even after a full 3.3V 
system is available, the designer must consider the interface 
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with external peripherals, i.e. printers, modems, etc., since 
these are not likely to move to 3.3V in the near future. The 
designer will be faced with new challenges pertaining to 
designing in the mixed supply environment. 

MARKET OVERVIEW 
1992 marks an explosive point in the portable PC market. 

Portables have invaded the mainstream and are appearing 
everywhere from the street corner to the office. Dataquest 
estimates that by 1994, portables will account for over one­
third of the PCs shipped. This shift to portable computing 
reflects the strides made in the basic technology; they are now 
powerful enough to replace desktop PCs. There is now no 
need to have a desktop for the office and a portable for the 
road. 

1993 1994 1995 drwOl 

Figure 1. PC Worldwide Market Forecast 
Source: Phoenix Technologies Inc. 

The lOT logo is a registered trademark of Integrated Device Teohnology, Inc. 

©1993 Integrated Device Technology, Inc. 8/92 
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The market is broken up into a number of segments based 
on weight: desktops, transportables, laptops, notebooks, 
subnotebooks, and handhelds. As a whole, the PC market is 
fast growing with a Compounded Annual Growth Rate (CAGR) 
of almost 10%. A closer look at the cross section of the market 
reveals that notebooks and subnotebooks are fueling this 
growth with a CAGR of 34% and 79% respectively, while the 
other categories are flat (Figure 1). In order to continue the 
projected rapid growth, designers must push the battery life 
and drive the weight down to points way beyond today's limits. 
To do this, notebook and subnotebook PCs must move to a 
3.3V supply voltage. 

BENEFITS OF A LOWER SUPPLY VOLTAGE 
Moving to a 3 .3V supply voltage provides extended battery 

life and contributes to lighter and smaller systems. Compo­
nent reliability, and thus, overall reliability is also enhanced 
resulting from lower heat buildup and a reduction in board­
level noise. The end user can expect one of two things: lighter 
and smaller systems or higher-performance systems with 
more features, such as built-in faxlmodem or color displays, 
for the same weight. 

Decreasing the supply voltage directly increases the bat­
tery life. It reduces the power consumption exponentially, 
leading to a 56% savings [1-(3.32/52)] at 3.3Vversus 5V. The 
power savings also can amount to less weight because 
smaller and lighter batteries can be used to provide the same 
amount of battery life. For example, a 5V notebook typically 
utilizes five 1.2V NiCd batteries while a 3.3V notebook would 
use only three batteries, thereby reducing the weight by 40%. 
On the other hand, the same number of batteries can also be 
used to provide a system with more built-in features or an even 
longer battery life. Lower power consumption also results in 
less heat generation, which leads to fewer cooling requ irements 
and higher reliability of the overall system. 

Noise generation has become a problem due to ihe sharp 
rise and fall times required by today's high speed systems. By 
decreasing supply voltage, the voltage swing olthe 3.3V parts 
outputs (typically3V) is reduced, compared to CMOS (rail-to­
rail) swings (typically 4.8V) and TIL-compatible swings 
(typically 3.3V). This will reduce noise generation, which 
makes board level design easier, and also will reduce EMI 
radiation, requiring less shielding to obtain FCC approval. 
Lighter weight systems will be possible with the reduced 
shielding requirements. 

lOT 3_3V LOGIC CHARACTERISTICS 
lOT provides families of optimized low voltage (Vee = 

3.3V±.3V) logic functions which allow designers to develop 
complete 3.3V systems. These families have been designed 
to operate from a regulated 3.3V supply for optimal perfor­
mance and are not simply "recharacterized" or "derated" 5V 
CMOS parts. These "true" 3.3V families contain 16-bit 
(IDT74FCT163XXX) and 8-bit (IDT74FCT3XXX) bus inter­
face functions, key "glue" logic elements, and 3.3V to 5V 
interface components. lOT's leading-edge CEMOS"" 5E 
process achieves the combination of very low power can-
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sumption and high speed. See Table 1 for a comparison 
between lOT 3.3V FCT and other 3.3V products. 

3_3V LOGIC COMPARISON 
MFR. Device TPD (max) ICCL(typ) ICCD(typ) 

lOT FCT3245A 4.6ns 50uA 60uAlMHz 

lOT FCT163245A 4.6ns 50uA 50uAlMHz 

TI LVT 4.6ns 15mA -
NSC LVQ245 10.5ns 5uA 221uAlMHz 

tbl 01 

Although TI's LVT family provides high speed by going to 
a BiCMOS technology, this is at the expense of static power 
consumption. National's LVQ family, which is merely a 
recharacterized version of its FACTQ family, has very slow 
speeds and high dynamic power. No other 3.3V family 
provides the high speed and low power combination of lOT's 
3.3V logic families. 

In addition to speed and low power consumption, lOT's 
3.3V logic families provide the following features: 

• True TTL compatibility with 400mV noise margin. 
• 50% area savings versus standard SOIC packages from 

SSOP packaging 
• Input and Output leakages less than 500 nA. 
• Propagation delays match those of 5V FCT logic for like 

functions 
• All inputs (except 1/0) can be driven from either 3.3V or 5V 

components 
• Extended commercial temperature range of-40°C to +B5°C. 
• ESD >2000V per MIL-STD-883, Method 3015. 

All of lOT's 3.3V products operate functionally with Vce as 
low as 2.5V, allowing them to be used in unregulated battery 
driven systems. 

WHY MIXED SUPPLY VOLTAGES? 
Mixed supply systems will be a necessary transitional 

phase between the current 5V systems and the upcoming full 
3.3V systems. Technological and performance limitations will 
slow down the conversion of some functions to 3.3V. For 
example, disk drive and LCD driver components will not run off 
of a 3.3V supply until the end of 1992. Therefore a full 3.3V 
system will not be available until mid-1993. A mixed supply 
system, on the other hand, can be realized today. Even a 
mixed supply system provides enough of a gain in battery life 
and reduced weight that any manufacturer who waits until a 
fu1l3.3V system is possible will be at a competitive disadvan­
tage. 
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Figure 2. 3V/SV Interface 

The mixed supply design concept will not go away once a 
fu1l3.3V notebook is possible. The problem of interfacing with 
external 5V peripherals will still exist. Issues faced while 
designing the 3.3V /5V interfaces on the motherboard will also 
be faced in the external interfaces. 

INTERFACING 3.3V TO 5V COMPONENTS 
In the new design environment of mixed supplies, the 

designer needs to consider the compatibility issues of inter· 
facing between 3.3Vand 5V components. Figure 2 shows the 
different 3.3V/5V interface scenarios. Although the 3.3V fam· 
ily is TTL·compatible with 3.3V and 5V devices, there are 
situations where excess current or voltage can develop and 
damage the components. The designer must understand 
these situations and provide for them. 

3.3 Volt 
TTL 

VOH (max) 3.6V 

VOH (min) 2.4V 

VOL (max) 0.4V 

GND 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0 

S Volt 
TTL 

Input and Output 
Breakdown 

7.0V 

VIH 2.0V 

VIL O.BV 

GND drw03 

Figure 3. 3.3V Device Driving a SV System 
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Fora 3.3V device driving a TTL compatible 5V device, there 
are no interface problems. The logic input thresholds for the 
5V TTL part are VIL = O.BV and VIH = 2.0V. The 3.3V device 
is guaranteed to drive a LOW of less than 0.4 V and a HIGH of 
greater than 2.4V at the rated output load currents. This 
provides ample noise immunity on both ends making this 
interface problem-free (Figure 3). A 3.3V device will not drive 
a non-TTL compatible CMOS 5V device, i.e. AC or HC, since 
the input voltages required are higher than 3.3V, typically 
3.B5V. 

For a 5V device driving a 3.3V device, there are some 
potential interface problems which must be understood and 
dealt with; 5V logic will drive 3.3V logic's inputs (except 110) 
directly without damage (Figure 4). Some manufacturers 
have an internal clamp diode from the input or output pin to 
Vcc in order to boost ESD protection. In these cases, directly 
driving from a 5V device will forward bias the diode and cause 
excessive current to flow into the 3.3V supply. lOT's 3.3V 
Logic family implements ESD protection elsewhere and does 
not suffer from this problem. Thus, driving from a 5V device 
is not a problem (Figure 5A). 

However, on outputs and lias, there is a clamp diode to 
Vcc limiting the voltage applied to outputs to Vcc+.5V. If a 
voltage greater than Vcc+.5V is applied, the clamp diode will 
forward bias and possibly damage the device (Figure 58). 
Here the designer must be careful of the output swings of 
driving devices. Directly driving the 3.3V part from a CMOS 
swing (rail-to-rail) 5V device could exceed the absolute maxi­
mum and damage the device. As long as the 3.3V and 5V 
supplies track with each other, reduced-swing, TTL-compat­
ible devices can safely drive 3.3V devices. 

S Volt 3.3 Volt 
TTL TTL 

VOH (max) S.SV 

VOH (min) 2.4V 

VOL (max) O.SV 

GND 

7.0 Input Breakdown 
7.0 Volts 

6.0 

5.0 

4.0 

Output Breakdown 
VCC+ O.SV 

3.0 

2.0 VIH 2.0 V 

1.0 
VIL O.BV 

0 GND dow 04 

Figure 4. SV Device Driving a 3.3V Device 
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UNIDIRECTIONAL TRANSLATORS 
As described above, a number of lOT's 3.3V FCT and 5V 

FCT-T parts can be used as unidirectional 5V-to-3.3V trans­
lators. The input pins of the 3.3V FCT family can take an input 
voltage up to 7V allowing them to be driven by 5V compo­
nents. Figure 6 contains a list of 3.3V unidirectional transla­
tors currently available today. The 5V FCT -T family's reduced 
output swings, VOH typically 3.3V, allows them to safely drive 
3.3V components. 

The unidirectional translators accept TTL- or CMOS-com­
patible signals from 5V components at the inputs and provide 
TTL-compatible output levels. These translators avoid any 
problems associated with a direct interface between a 5V 
component and a 3.3V component or between a 5V compo­
nent and a 3.3V bus. 

5V 

5V 
Device 

No Input clamp 
to Vee 

3.3V 

drw05 

Figure 5A. Simplified Input Structure 

r 3r 
IDT74FCT3244 

5V Components 
IDT74FCT163244 
IDT74FCT163373 
IDT74FCT163374 

5V 

CONFERENCE PAPER CP-13 

5V 
Device 

Input clamp 
to Vee 

Figure 58. Simplified Output Structure 
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3.3V/5V BIDIRECTIONAL TRANSLATOR 
Since not all bus interface applications are unidirectional, 

there needs to also be a bidirectional solution to the 3.3V to 5V 
interface. A solution to this is the IOT74FCT164245T. It 
interfaces between a 3.3V bus and a 5V bus in a mixed 3.3VI 
5V supply environment handling all of the 3.3V/5V bidirec­
tional interfacing issues (Figure 7). It is configured as a 16-bit 
'245 transceiver, giving the designer tri-state capabilities and 
the ability to select either bidirectional or unidirectional modes. 
The translator has separate 3.3V and 5V supply and 1/0 pins 
both on separate sides of the device (Figure 8). 

All 1/0 pins and input pins can withstand a maximum input 
voltage of 7V. This allows both ports to be driven by 3.3V or 
5V devices. 
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Figure 6. Mixed 5V/3.3V System 
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Figure 7. 3.3V to 5V Bidirectional Translator 

The translator part also features power-down disable. This 
allows the device to withstand the maximum rated voltages on 
the inputs and outputs while it is unpowered or partially 
powered. This is a desirable feature for bus-interface logic in 
a portable system because of power management schemes 
which power down certain subsystems when inactivity is 
detected. The bus interface device will then have to buffer the 
active system bus with a powered off device without damaging 
itself. 

To avoid damage to a part which does not support power­
down disable, the current from the 5V outputs to the 3.3V 
outputs or I/O must be limited. The designer may place a 
resistor between each 5V output and corresponding 3.3V I/O. 
When the 3.3V I/O is in a high-impedance state, a current will 
flow from the 5V part to the 3.3V part through the resistor and 
clamp diode causing a voltage drop between the devices and 
preventing damage. However, placing a resistor between the 
5V and 3.3V part will cause some speed degradation due to 
the RC time constant which develops between the series 
resistor and the input capacitance of the 3.3V part and other 
parts that may be similarly attached. 
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Figure 8. IDTFCT164245T Translator Block Diagram 
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CONCLUSION 
The benefits of a 3.3V supply voltage have forced design­

ers to an interim solution while not all of the components are 
available at 3.3V. "Hybrid" or mixed supply systems seem to 
be the interim solution until a full 3.3V system is possible. 
When the full 3.3V system is possible, the concepts learned 
must be applied to interfacing with external 5V peripherals. 
Designing in the mixed supply environment provides new 
challenges for the designer both in the "hybrid" system and in 
the external peripheral interface. The compatibility issues of 
the 3.3V/5V interface and the solutions available today must 
be understood in order to see notebook PCs with 8 -12 hour 
battery life and weight under 4 pounds. 

NOTE: This paper was presented at the Silicon Valley Personal Computer 
(SVPC) Conference on 8/4/92. 
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