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OUTPUTS lEACH ROMl 

o 0 .. .. 
o 0 0 
00 0 : 

: 

CE, PROGRAM fOR ASCII 

. : . .. .... : . . .... 
RDW 
AODRESS 

ROM NO, 1 As �~� I). A, • I) (CAPITAL LETTERS) 

ROM NO. 2 �~� �~� 1. A7 �~� 0 \NUM8E,RS. SYMBOLS) 

ROM NO.1 A" �~� 1. A, �~� 1 (LOWER·CASE LETTERS) 

FIGURE 7. Using 32-Character Expansions for 7 x 12 or 8 x 12, 96-Character Generator 

(AI Basic ROM 

OUTPUT 

OUTPU1. 

(C) 12 x 16 Horizontal..scan, 64..characters (BI 9.7 to 12.8 Vertical-5can, 96-Characters 

FIGURE 8. Addressing Genera'I-Purpose ROMs as Character Generators 
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INTERMEDIATE CODING 

Designs proportioned to the matrix size are not 
the, most efficient at the larger font sizes. It pays 
to analyze the actual character patterns to deter· 
mine whether other organizations can be used. 

For example, thfHull-dot columns in such vertical· 
'scan characters as b, 8, d, D, H, T, etc., are 
usually identical. An upper·case font typically 
contains only 60 unique column patterns at 7 x 5, 
110 at 9 x 7, 120 at 11 x 9, and 122 at 16 x 12. 

CHARACTER! .. 
INPUT DATA A7 o-.... HH-----....I 

Theoretically, they couJd all have been unique, 
since'there is a possible pattern variation ranging 
from 128 to 65,536 (2 7 to 216 ). UC/LC and 
horizontal·scan fonts are more variable than upper· 
case vertical·scan fonts, but they are still far from 
worst·case. 

This analysis led to the organization in Figure 9A. 
Instead of doubling the 64 x 12 x 8 organization to 
produce fonts up to 16 x 12, it adds only a 2k 

MM52JI 
25&>1. 

COLUMN 
GENERATOR 

PARALLEL 
lOSERIAt 

CON\lERTER 

1234i;6719'OIlU ...... • • 
: :: ~~O~~L~~N 
e. ~ 

••••••• -- e----. . ... 
: ~; 112 COLUMN 
• 13 ClDCK~a . " 

• • 15 
•••••••• ,6 

OUTPUT 
DATA 

(A) 12 X 16 Vertical Scan (UC) 

A .... o---.... -I 

A.~~~~' 
A,o-.... +-HI-----....I 

PIS 

(BI 16 x 12, 96-Character Generator (UC/LC) 

FIGURE 9. Intermediate Coding Designs (MOS'ROM Organizations) 
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ROM. Up to 128 unique column patterns are 
stored in 8·bit,- half·column segments in the 
MM!i231 256 x 8 ROM. These are accessed with 
7·bit intermediate codes selected with the input' 
array and a half·column clock at a submultiple 
of the dot rate. The intermediate codes necessary to 
form each character are simply listed in character· 
generator fashion in the' input code converters. 
At 16 x 12, the savings for an upper·case font are 
12k - 8k or 4 kilobits-33%. 

Since the 8·bitoutputs of the MM5241 ROMs' 
actually allow 128 unique columns to be selected, 
the savings could grow rapidly through several 
expansion levels even without further rearranging. 
If more than 128 unique column codes are reo 
quired the second ROM in the storing Can be 
changed to possibly a 512 x 8 ROM (MM5232) 
therefore giving 256' unique columns which can 
be generated for the larger fonts and character 
'group sets (96 characters or 128 characters). 

Assume a 16 x 12, 96·character requirement. 
MM5241 ROMs added as in Figure 9B would 
provide 192 unique column patterns and the 
savings would be at least 18k - 12k = 6k. 

It might be necessary at the 24 x 12 UC/LC size 
to use two MM5227 256 x 12 ROMs in parallel, 
but this would stiil, save 27k -15k = 12k (or 
perhaps 36k - 18k in a 128·character application, 
using four input and two output 'ROMs). The 
efficiency grows with font size because the column 
patterns become more redundant. 

At first glance, the organization appears to double 
tne access time because there are two stages to be 
accessed in sequence. But since there is no feed· 
back, the stages can operate in a ripple mode. 
Thus, an 8·bit bipolar register can be inserted 
between the stages to temporarily store each 
intermediate code. This restores 'the overall access 
time to that of the slowest ROM ih the series 
(e.g., less than a microsecond for MaS ROMs) and 
the character rate is essentially the 'same as that 
achieved with conventional ROM techniques. 

Alternatively, the output ROM. input ROM, or 
Qoth may be 'bipohir to increase the rate. The 
DM8596 512 x 8 ROM fits most large·font 
geometries quite well and costs less than sub· 
assemblies of 1 k bipolar ROMs. Again, an inter· 
mediate register will maximize the rate. ' 

REPEAT~PATTEFiN CODING 

Some character styles have bold "double dot" or 
similar patterns that result in a high probability 
of the' same column pattern repeating sequentially 
in the same character. Tl:1is characteristic is common 
in "ticker tape" systems, large·panel and billboard 
displays, news bulletins broadcast to appear as a 
running line across a television picture, and so 
forth. Typical fonts exhibit less than 256 actual 
changes of column patterns through a 64·character 
sequence, not the worst·case of 320 at 7 x 5, 640 
at 10 x 8, and so forth. Therefore, an organization 
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that holds the column output' static ,until it has 
to change would be highly efficient. 

Figure 10 is a practical design for upper·case 
fonts with 10 x 10 to 13 x 10 matrices. It saves 
nearly 40% of ROM capacity. Moreover, the 
matrix width varies with the character shape as 
can be seen in the example word LIMB. The 
characters look more natural and are 'evenly 
spaced. Column height is changed by programming 
the outputs to be used. 

Proportional spacing makes this organization an 
excellent choice for ink·dot spray printers and 
other "line of type" printing applications, as well 
as vertical·scan displays. 

This technique does not lend itself directly to 
raster·scan displays since characters are scanned 
sequentially on one raster line at a time rather 
than completi ng a c!'aracter before starting a new 
character. To use this technique on raster·scan an 
intermediate storage memory would be necessary 
for as a line memories. 

PROGRAMMING AND OPERATION 

Assume a nominal matrix size of 13,x 10. This 
takes a 256 x 16 ROM array. Each 16·bit output 
word contains a 13-<1ot column pattern, a 2·bit 
repeat code and, in the last word of a character, 
an EOC bit (end of character "1" bit). Address 
location 0000 0000 is reserved for an all·zero 
spacing column: 

The first address of each character is listed in the 
small input ROM at locations where they will be 
accessed by the standard code. The intermediate 
code will then be the starting address and the next 
column·select codes for each character will be 
generated sequentially by the logic. 

Suppose characters @ through K occupy locations 
00000001 through 0010 1111 in the main ROM. 
Then, L's three words occupy locations 0011 0000 
through 0011 0010, M starts at 0011 0011, and so 
forth. L takes three words at the 13 x 10 size 
since the 2·dot bar pattern can be repeated only 
four times with a 2·bit repeat code. If the columns 
were programmed 12 or less dots high, a 3·bit 
repeat code could be used. L would be generated 
with two words and single·pattern characters like 
"dash" with one word. This solution uses only 
2 x 16 bits of storage for the character Land 
compared with its present techn ique of lOx 12 = 
120 bits. 

Now, let's generate LIMB. First, the standard code 
for L (e.g. 001 100) is converted to 0011 0000, 
which sets the address counter. The address counter 
access that word in the main ROM, and the repeat 
code in the output sets the master counter to 
time out in two column scanning intervals. 

L's first two columns are thus' formed. At the 
master counter's terminal state, the address counter 
advances to 0011 0001, the master counter is reset 
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to time out in four column intervals, the address 
counter advances again, and word 0011 0010 is 
accessed during four intervals. 

This last word includes an EOC bit. When EOC 
and the ti me·out state of the master counter 
co.incide, gate 1 clears the address counter. Now 
address 0000 0000 generates the. space· pattern in 
two spacing columns. When the master counter 
reaches its second state, gate 2 enables the address 
counter's parallel preset inputs. Finally, the input 
ROM sets the counter to the starting address for 
I and the process continues through I, M and B. 

Proportional spacing is inherent. So is high·speed 
since the input ROM is a small bipolar array. The 
main ROM can be either MaS or bipolar general· 
purpose ROMs. This .organizationshould ·also 
expand efficiently since the repeat probability 
tends to rise with matrix width. 

'''''''E' [ DATA INPUT 

CHARACTER 

D.M14IB 

!2REOI 

I n printing applications involving more complex 
characters, the operational advantages might be of 
more interest than ROM savings. For example, two 
64 x 6 x 8 or 512 x 8 ROMs might be used as an 
UC/LC generator with the ninth address input a 
direct shift control. 

SPACE CODE OGOO '0000 ~ ~ so. ~ 
"00001"'00"0011001,0,010,01011001100"'01000 

COUNTER OUTPUT (I (1.,1 111110) 0. 1100" II (I (I 11(0)" 0) 0 I 1 0 OliO 0' !-O 0 (I 00,'0) 00 

'4 LSBI : ~ ~ : ~ g : : ~ ~ : : ~ : ! ~ ~ ~ : : : : : ~ ~ ~ ~ ~ ~ ~ i : : :: ! ! ~ ~ ~ ~ ~ ~ ~ : : : 13.. ...... .. . ....... . 12.. ...... ... . ..... _ .. . 
11 •• •• •••• •••• •• •• 1(1.. •••••• ..,.. •• •• 9.. ••.• ....•. •. •• 
~ :: :::: -:- :: I:::::. 5.. .... ..... . 5.. •.•• •••••• . .. .... ..... . J.. .... •..... 2.......... ...... .. .. . ....... . . .......... ...... .. .. . ...... . 

COLUMNS, 1 ~ 3" 5 6 1 B 9111 

REPE~JJ~O~O~ 1032103110 

EOCCODEoDOOOOIIII 000011 0000000000011 

(Repeat Pattern Character Ouality and Coding Example) 

MEMORY 0---------;1-+-----.... 
CLOCK OUTPUT 

DMl4L14 D ..... ""'"''' ..... 

CLOGI o-----:-----4~---------C»------... ------...... 
"Note A; Repeat code group. 

FIGURE 10. Repeat.pattern Vertical·Scan Generator 
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~ App Notes/Briefs 
NAnONAL 

A SIMPLE POWER SAVING TECHNIQUE FOR THE MM5262 2k RAM 

INTRODUCTION 

The MM5262 .is a state of the art RAM designed 
to operate efficiently in modern bus' organized 
systems. Most bused systems present the address 
information to the data bus only during the early 
portion of the machine cycle and then transfer 
data during the remainder of the cycle. The 
MM5262, unlike many other RAMs, does not need 
a memory address register to hold the address 
stable on its inputs during the complete cycle 
because the address is clocked into the MM5262 
on·chip address register by Phase 1. The address 
and chip select signals need only be applied during 
Phase 1 and the Phase 1 to Phase 2 gap. 

SAVING POWER 

Because of the very low power dissipation of 
the MM5262 when the clocks are turned off 
« 2.0 mW), a method for decoding the clocks 
of unselected chips in the memory array 
would result in a sizable decrease in power con· ' 
sumption. A problem arises because to deselect 
a chip, a Phase 1 pulse. must be appl ied to clock 
the disable signal into the chip. There would 
be little advantage in allowing Phase 1 to' free 
run and decoding only Phase 2 and Phase 3 
because approximately 75% of the power dissi· 
pation is associated. with. Phase 1. The best 
solution is a decoding arrangement where the 
disabling of Phase lis delayed by one cycle 

and the enabling of Phase 1 is not delayed. The 
chip will receive one extra Phase . 1 pulse to 
disable it and will no longer draw POwer until 
it . is again enabled. The power then becomes 
worst case when alternately accessing two chips. 
Both chips will draw power continuously while 
all other deselected chips draw 0.1 mA each. 
Table I shows expected power supply currents 
for various size memories per bit of word width: 
column II - average power supply current with 
only one chip selected; column III - average 
power supply current under worst case conditions 
of alternately selecting two chips; and column V _ 
worst case average current including refresh (assum. 
ing a 635 ns cycle time). The peak current during 
refresh, assuming all chips are refreshed 'at the 
same time, is equal to the total number of chips 
multiplied by 20 mA maximum per chip. During 
an interval of 2.0 ms, the memory will cycle 
almost 3,000 times, of which only 32 cycles 
must be devoted to refresh; therefore, the average 
refresh power will be one percent of the peak 
power or 0.2 mA per chip. Comparable savings 
in clock driver power dissipation are also realized. 

Using the data from Table I for a common 
application, such as an 8k·by-16 memory for a 
minicomputer, tile power is cut to half that 
required without decoding. In a large mefl'\°rv, 
such as 64k words, the power is cut by a factor 

TABLE I. 

MAXIMUM POWER SUPPLY CURRENT (mA)/PER BIT OF WORD WIDTH 

I 

CHIPS 
NUMBER PER BIT NO 

OF WORDS OF WORD CLOCK 

WIDTH DECODING 

2,048 1:0 20 

4,096 2.0 40 

8.192 4.0 80 

16,384 8.0 160 

32,768 16 320 

65,536 32 640 

131,072 64 1,280 

N - Number of words in 2048 increments N ~ 4096 

B - Number of bits/words 

tcYClE - Memory cycJe time 

IDO (AVG)MAX 

II 

CLOCK 
OECODING 
ONE CHIP 
SELECTED 

20.1 

20.3 

20.7 

21.5 

23.1 

26.3 

III 
CLOCK 

DECODING 
TWO CHIPS 

ALTERNATELY 
SELECTED 

40 

40.2 

40.6 

41.4 

43 

46.2 

_ 2) xO.l + (_N_ 
2048 

IV V 

ADDITIONAL NS 
AVERAGE TOTAL 
REFRESH WORST 
CURRENT CASE 

20 

0 40 

0.4 40.6 

1.2 41.8 

2.a 44.2 

6.0 49 

12.4 58.6 

) 32 ICYCLe 20\ - 2 x ------ x 
2 ms 

a!2X20+.(_N _ 
2048 

\ yr------~ '--------y~--------~~ 
III IV 
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6003 
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20 

211.2 
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of 13. Figure 1 shows' a plot of memory current 
as a function of memory size with a comparison 
of the nearest equivalent 2k RAM. 

2k 4k 8k 16k J2k 64k 128k 

MeMORV SIZE (WORDS) 

FIGURE 1. Memory Size YS 2k RAM Power 
Supply Current 

A memory system configured as 8k words by 
16.bits per word, for example, would draw 80 
mA times 16·bits (1.28 Amps) if undecoded. 
If the same memory is decoded, the current 
drops to 40.6 mA times 16-bits (650 mAl which 
is half the current of the undecoded memory. 
In a large system, such as 64k words by 32-bits 
per word the savings is even greater. Undecoded 
the supply current is 640 mA times 32-bits 
(20.5 Amps) while the same memory when the 
clocks are decoded draws 49 mA times 32·bits 
(1.6 Amps). The power for the decoded memory 
then is one-thirteenth of that required for the 
undecoded memory. 

LOGIC IMPLEMENTATION 

Figure 2 shows the logic required to implement 
the power saving technique, Figure 3 is a timing 
diagram for the logic, and Figure 4 is a block 
diagram of an 8k word by 16-bit/word module. 

CYCLE 1 CYCLE 2 CYCLE 3 

T, 

T, 

T, 

CS 

CSii 

REFRESH 

CS' 

PHAse 1 

PHASE 2 

PHASE l 

In operation the clock decoder in Figure 2 will 
supply clock pulses during any cycle in which 
the chip is selected (Figure 3 - cycle 1 and 
cycle 6) or when the memory is being refreshed 
(Figure 3 - cycle 4) and will supply an extra 
Phase 1 pulse on the first cycle aft:er deselecting 
the chip (Figure 3 - cycle 2). Duri n9 all remain­
ing cycles the chip is deselected and no clock 
pulses are supplied to the chips. 

,,-+--------k--... 

,,-f----------<"-r, 

" 

AEFRESli---... ---' 

~'''''' 

~""" 
~PHAStJ 

MHOO26 

FIGURE 2. MMS262 Clock Decoding Logic 

There are three practical considerations to be 
aware of when using this circuit. First is tl'lat, 
although the power suppl ies need only be large 
enough to supply the average current to the 
memory and its clock drivers, the capacitance 
bypassing the power supplies should be large 
enough to supply the peak current during refresh 
without excessive power supply droop. The second 
consideration is that if T1 goes to the low state 
prior to CS or REFRESH going low, the leading 
edge of Phase 1 will be delayed according to the 
delay in chip select and Tl pulse width may 
have to be increased to ensure that the minimum 
Phase 1 pulse width is supplied to the chip. The 
third is that if REFRESH goes high after T1 goes 
low a glitch will be produced on Phase 1. If 
REFRESH is connected to the clear input of 

CYCLE 4 CVCLE 5 CYCLE 6 

CLOCKS DECODED EXTRA PHASE 1 CLOCK DECODED REFRESH CYCLE CLOCKS DECODED CLOCK DECODED 
TO ON STATE PULSE TO DESElECT TO OFF STATE CLOCKS TURNED ON TO OFF STATE TO ON STATE 

CHIP 

FIGURE 3. MM5262 Clock Decoding Timing Diagram 
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the DM7474, as shown by the dotted line in 
Figure 2, the glitch will be extended into a full 
Phase 1 pulse. 

The extra Phase 1 pulse after a refresh cycle 
will not cause any problems but it will change 
the value of the refresh current. I f refresh is 
implemented by doing one refresh cycle every 
62.4/.1s, the refresh power will be doubled over 
what it would be if 32 refresh cycles are done 
consecutively every 2.0 ms. This is due to the 
fact that with 32 consecutive refresh cycles the 
memory receives 33 Phase 1 clocks and with a 
refresh cycle every 62.4/.1s the memory receives 
64 Phase 1 clocks. 

One advantage of connecting REFRESH to the 
clear input of the DM7474 is that REFRESH is 
no longer required to be applied for the entire 
cycle and may return to a one after the positive 
edge of T1. 

It is perhaps of more interest to .examine an 
actual system to determine the effects of clock 
decoding. As an example a complete Sk-by-16-bit 
memory has been designed and is shown in 
Figure 4. This system is not optimized but will 
serve as a good comparative example. Table II 
shows power. consumption for operating and 
standby modes with clock decoding and Table III 
gives power consumption without clock decoding. 
A comparison . between these tables shows a 
42% decrease in power consumption by employ­
ing clock decoding. Table IV shows various mem­
ories mechanized using the basic Sk:by-16 module. 
Power consumption is given with and without 
clock decoding for cycle times of 635 ns and 
1,000 ns. It is clear from these tables that as 
memory size increases clock decoding becomes 
essential. Saying this another way, the ratio of 
a memory components operating power to standby 
power is an important parameter for the designer. 

TABLE II. Power Consumption of Bk x 16 Module (With tCYCLE = 635. nsand Clock Decoding) 

IcC (rnA) @ 5.25V 100 (mA) @-16V IBQ {mAI@ 8.75V 

OPERATING STANDBY OPERATING STANDBV OPERATING STANDBY 

TTL 1,180 1,180 0 0 0 0 

MH()()26 124 1.2 111 11 0 0 

MM5262 699 12.8 650 19.2 8.0 6.5 

Total Current 2,003 1,194 761 20.3 8.0 6.5 

Total Power (Watts) 10,5 63 12.2 0,33 0.07 0.057 

Total Operating Power = 10,5 + 12.2 + 0,07 '" 22.8 Watts 

Total Standby Power = 6.3 + 0.3:3 + 0,057 = 6.7 Watts 

TABLE Ill. Power Consumption of 8k x 16 Module (With tcYCLE = 635 ns and No Clock Dec:oding) 

Icc (rnA) @ 5.25V IOD (rnA) @-1SV IBB (rnA) @8.7SV 

OPERATING OPERATING OPERATING 

TTL 1,180 0 0 

MHOO26 241 231 0 

MM5262 1,333 1,290 9.6 

Total Current 2.754 1,521 9.6 

Total Power (Watts) 14.4 24.4 0.875 

Total Operating Power = 14.4 + 24.4 + 0.875 ~ 39.3 Watts 

TABLE lV. Power Consumption of Larger Memory Systems Using Multiple 8k " 16 Modules 

MEMORY NUMBER TOTAL POWER (Watts) tcVCLE ,"" 635 ns TOTAL POWER (Watts) tcvCLE c: 1,000 ns 

SIZE OF CARDS CLOCK DECODING NO CLOCK DECODING CLOCK DECODING NO CLOCK DECODING 

8k x 16 1 22.8 39.3 16.9 25,8 

8k x 32 2 45.6 78.6 33.8 51.6 

16k x 16 2 29,5 78.6 23.5 51.6 

16k x 32 4 59 157.2 41 103.2 

32k x 16 4 42.9 157.2 36.7 1032 

32k x 32 8 85.8 3144 73.4 206.4 
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App Notes/Briefs 

HOW TO DESIGN WITH PROGRAMMABLE LOGIC ARRAYS 

INTRODUCTION 

A new and exciting IC device, the PLA (Program­
mable Logic Array), is heralding a new era of 
circuit compression comparable to the introduction 
of medium scale integration devices in the days 
when gates and flops were the only digital building 
blocks available. 

As the name suggests, a PLA is an array of logic 
elements such that a given input function produces 
a known output function. In this sense, the device 
could be as simple as a gate or as complex as a 
Read Only Memory (ROM). Applications range 
from the slowest and smallest systems, such as 
traffic light controllers, to fast, high performance 
and complex large digital processors. In the follow­
ing sections, the PLA will be described and its 
advantages over.alternate logic forms demonstrated. 

WHAT IS A PLA? 

Since there is a difference between a Programmable 
Logic Array (PLA) and a rectangularly structured 
Read Only Memory (ROM). the PLA should be 
described. Even though any input code can be 
decoded to any output code in the PLA, not all 
possible input combinations are possible within 
the same package. The numbers of inputs to a PLA 
are much more than would be available with ROMs 
(Figure 1). In the case of the DM8575/DM8576 
there are 14 inputs and 8 outputs. This would 
relate to ROM with 2'4 or 16,384 words. This 
PLA (DM8575/DM8576) has 96 equivalent words. 
These terms are called partial prod.uct terms. Each 
product term can be described as a logical AND 
function which relates to a protion of the total 
output terminal solution. Each product term can 
be programmed to any complexity up to the input 
limit of the PLA. The DM8575/DM8576 PLA may 
have 14 variables in its product term or it may 
only have one input which establishes the product 
term. The PLA logically can be described as a 
collection of "ANDs" which may be "ORed" at 
any of its outputs_ Figure 2 shows the logical data 
flow from the. 14 address input terminals through 
the "AND" gate to the "OR" gate and to the 
output terminal. 
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The large variation in the partial product terms 
possibilities of the 14 input variables are shown 
below: 

P, = 1, 1617 r;o 1'4 

P2 = 14 15 17 1'2 r:;;.1'4 

P3 = 16 1,2 

P4 = Is 19 110 111 
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It is possible to combine or collect by mask option 
any of the product terms for any of the several 
outputs to establish the output code combinatioris 
desired. Logically any or all of the partial product 
terms (AND terms) can be combined (ORed) at 
each output. 

The equations for the output group have the 
following form: 

01=Pl+PI6=P20+P42+ P92 

02=P6+PI6+P17+P42+ PS2 

0 3 = PI + P20 + P36 + ... P96 

Each of the partial product terms labeled PI 
through P96 are shown as they appear at each 
output. Note that the same product term may be 
used in as many output equation groups as required. 
It can be seen that PI, the first product term, is 
used in both outputs one and three and P16 and 
P 42 are used in outputs one and two. 

A PLA need not have more than one output but it 
is generally more efficient to build the PLA or 
ROM with more than one output. The PLA in this 
discussion has eight output terminals which reflect 
the silicon efficiencies of today's technology. This 
product has the ability to be masked with outputs 
in either a positive true state or a negative true 
state. (Figure 2) These capabilities enhance the 
elements valuewhen applied to the system solution 
since the inverter at .the output terminal is not 
required. 

To use this memory storage device, the memory 
storage equations must be written or tabulated so 
they can be stored' within the mask programmed 
element. A large number of possible choices exist 
when the equations or product terms are collected 
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at the outputs. The system designer must test the 
possible choices to be used within the PLA. He 
should combine all mutual terms within the same 
package. Commonly grouped product term adds to 
the efficiency of the PLA or PLA array as indio 
cated in the previously mentioned equations. 

WHY A PLA? 

The appl ication of the PLA in a digital solution is 
a natural evolution in system design. Several years 
ago digital systems were designed with gates and 
dual D memory elements. The system at that time, 
was conceived and implemented in its best possible 
way. A later development in system design utilized 
ROM's to provide the complex decoding for the 
control necessary to satisfy the same system 
design objective. Now we are in a new era. The 
design of the same system control function can be 
achieved by utilizing the, desirable characteristics 
of the .PLA (Programmable Logic Array). The 
reason for this evolution of design is based upon 
one or more of three possibilities. First, the new 
design will yield a higher performance solution. 
This generally relates to an improvement in system 
dynamic performance because fewer levels of logic 
are required to 'provide the same control function. 
Second, the design will result in a lower parts cost. 
This is due to the more efficient useaf the memory 
array as compared with the normal rectangular 
array ROM. The third possible advantage comes 
from the reduction in system manufacturing cost 
brought about because of the reduction in com· 
ponent assembly cost, the reduction in printed 
circuit board cost or possibly connector cost within 
the system. Each time a system's physical size can 
be reduced by the use of more complex elements 
such as a PLA (Programmable Logic Array) the 
cost of that system decreases also because fewer 
cards and connectors are required. 



THE PLA AS A CODE CONVERTER 

Being a device, which from its input terminals pro­
duces outputs in· accordance with a predefined set 
of rules, a P LA can be viewed as a memorystoiage 
device (i.e., a limited capability ROM). Hence, if all 
the partial product terms for a particular code 
conversion can be limited to the 96 available, then 
the PLA could be used in this application. 

Recall that a product term consists of a combina­
tion of input variables which can represent a 
characters code, then the code conversion is 
possible for a 96 character set_ Take the case of 
12-line Hollerith to 8-line ASCII conversion as an 
example. Theoretically, 12-line input represents 
the possibility of 4k words. Actually, seven of the 
12 Hollerith lines are not binary coded lines, they 
are ordinary decimally coded lines. So that a ROM 
structure with 12 input lines are not used, these 
seven lines must first be encoded to 3 binary 
lines using additional logic elements prior to being 
presented into a common 8-input ROM (Figure 3A). 
In addition, the 12-input ROM would have to 
decode all the non-existent input possibilities 
into don't care (or error) output states. 

The PLA solves this problem efficiently, All 12 
inputs are presented to the PLA. Since selective 
decoding is a feature of the PLA no provision need 
be made for pre-encoding of the inputs (Figure 3B). 
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4 INPUT NAND GATES ARE 
DM7430 TVfI'ES 

An invalid input is designed to produce an all-high 
output state by virtue of the fact that it is not 
a recognizable product term, 

THE PLA AS A DECODE ELEMENT 
IN A DIGITAL PROCESSOR 

Why does it naturally follow that the PLA lends 
itself to the control function of a digital processor 
or other simularly organized system? Many pro­
cessor oriented systems have control instruction 
codes which are much wider (a large number of 
inputs bits) than that which can be easily satisfied 
with ROM's, 
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These types of applications have nine to eleven 
logical control code inputs. The timing code is also 
significant since the input instruction code must be 
logically "ANDed" with'timing to form the output 
control signals. This results in a total input control 
group of eleven to thirteen bits to effect output 
control. Standard ROM's can be used to solve the 
the design problem. They have been used in the 
past but at the expense of system in component 
expense and generally in dynamic performance. 
If a complete input to output decode is solved, the 
cost of the complete ROM array is quite expensive. 
Two levels of logic are required to decode the 
proper ROM element group and enable the input 
data word to propagate to the output terminals 
(Figure 4). The technique is 'generally quite expen· 
sive since the quantity of ROM elements can be 
large. 

In actual system use, not all combinations of codes 
of instruction data and timing data are used there· 
fore, it is possible at times to use' data compression 
techniques to reduce the number of ROM's neces· 
sary to store the output data. The technique 
normally used is to multiplex the required codes 
into the ROM elements as required by timing or a 
particu lar section of the input code group, 

An example of such a multiplexer data decoder 
solution using ROM's is shown in Figure 5. Note 
that this solution technique uses two levels of 
multiplexers (DM74153's) to route the, proper 
data to the ROM group. The use of these multi· 
plexers significantly reduces the number of ROM's 
required but adds to the delay time to achieve the 
proper output levels. This technique also requires 
many engineering.hours to first achieve a solution 
and even more to effect a change. 

AI,I five multiplexers and a ROM element are used 
to precode the inputs V of A PDP·8 system con· 
trol ROM set. 
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A PLA solution would simply involve generating 
the logic equations for the outputs, isolating the 
common product terms, a,nd implementing it in a 
masked PLA. Figure 6 illustrated how,a PLA solu· 
tion might look for the same 20·bit output word 
structure. The advantages of this approach are 
obvious. 

First, the PLA design yields a higher performance 
solution. System dynamic performance will improve 
due to the reduction of signal paths interconnec· 
tions and signal skewing. Secondly, a ROM solution 
is inefficient, requiring more silicon than is nee· 
essary to do the job and hence higher cost. Lastly, 
a reduction is effected in manufacturing costs due 
to the reduction in component assembly cost, 
P.C. BO,ard cost, and interconnection cost. 

THE PLA AS A SEQUENTIAL CONTROLLER 

Another system application of the PLA is in 
seqllential controllers. A sequential controller us· 
ually requires that a random set of input variables 
occur simultaneously to satisfy the condition of a 
parti'cular state. This condition then allows advanc· 
ing to the next controller state of the sequencer. 
An illustration of the use of the PLA in a sequencer 
application is that of a traffic controller. R'eferring 
to Figure 7, it is assumed that traffic can flow at 
high rates in any of four directions. It is also 
assumed th'at each direction has a left turn internal 
and that there is also provision for manual inputs 
to the system. It is also required to modify the 
timing interval depending upon the detected flow 
rate in any direction. The PLA is used as the 
controller for this adaptive sequence timer. 

It would be possible to start the sequence within 
any of its possible status. While ,in each state, the 
other possible states are scanned to determine if 
the present state should be shortened or made 
longer in the example case, states B, C and 0 are 
checked as to the traffic status while the sequencer 
is instate A. 
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Note that the state diagram Figure 8 shows that 
the maximum time interval X is checked to be 
greater than the present value of the A elapsed 
time counter. If this is true, the state counter 
indexes to the next machine state (state B). The 
output data transmitted to the holding memory 
(DM8551's in Figure 7) will be changed with every 
state step in the system. The four packages of 
holding memories are used to store the control 
information for the traffic indicators. The memories 
(DM8551's) are sequentially updated by using the 
same scan decoder which is used as a multiplex 
decode of remote traffic counters (DM85L54's). 

The control coding developed allows a state 
interval to be shortened because one of the cross 
streets has detected on coming traffic. Also, the 
state interval can be lengthened if no cross or left 
turn traffic is detected. As the sequencer steps from 
state to state the other state conditions are tested. 
I n other words, while in state B state conditions for 
A, C and D are tested for the necessary conditions 
which might modify the timing of state B. The four 
traffic counters which are shown in Figure 7 as 
DM8554 elements are multiplexed sequentially into 
the PLA sequencer controller where they are logi· 
cally "ANDed"with present state timing. Using this 
information the sequencer period is modulated per 
the equations defined by the state equations. 

It should be noted that the sequence order need 
not be orderly. The sequence of states through a 
complete cycle may have repeat intervals or jump 
commands in any step within the vastly variable 
complete sequence loop. There is no special require· 
ment that the sequencer be designed with order in 
mind if some sort of disorder will yield an improve­
ment in performance. The performance advantage 
may relate to a dynamic performance improvement 
or it may relate to a cost performance improve­
ment. Generally a cost improvement resu Its when 
fewer parts are required in the overall solution. 

DESIGNING WITH A PLA 

How should a PLA solution be developed? An 
orderly approach to the solution is necessary when 
the control word is wide and complex inform. The 
following techniques may be of some help in 
determining the decode combinations when using 
a PLA solution_ 

1. List all input control codes which are required 
for each output. 

2. Reduce this list logically to minimize the number 
of partial product terms. 

3. Combine similar terms which may be used on 
more than one output terminals. 

4. Group outputs which can share the largest per­
centage of the same partial product term'. 

There are some additional considerations with the 
general solution. Let's assume the following prob· 
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lem. The input control code is 14·bits wide and 
the output control word is 28-bits wide, Figure 9. 
This means that we would use four PLA's to 
generate the decoder solution if none of the pack­
ages required more than 96 partial product terms. 
In our example assume that there are four output 
codes which have 90 partial product solutions 
without considering the terms required by the 
four other output terminals of the PLA under 
question. 

The initial thought about solving this problem, 
would suggest the use of an additional PLA with 
inputs and outputs connected together to obtain 
the extra product terms. Since the four PLA's 
have a total of 32 outputs and only 28 are required, 
the 4 unused additional outputs may be coupled 
from a second PLA to the PLA which first con­
tained the 4 high Usage partial product groups of 
terms (Figure 9). 
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Doing this allows half of the partial product terms 
to be placed in each of two separate PLA's. PLA's 
can be connected with common inputs and common 
outputs. It should be noted that the output code 
tor the common terms must be programmed using 
a negative true logic for, since this permits "wire­
OR'ing" the outputs. This very significant design 
possibility would not be allowed if standard ROM 
techniques are used. 

This interesting observation shows that memory 
expansion for this product (PLA) is different than 
other memory elements. The normal Read Only 
Memory (ROM) or Random Access Memory (RAM) 
elements have chip select inputs wh ichmust be 
decoded and selected before the package is acti­
vated. When these types of memories are expanded, 
additional decoder logic elements are required to 
select the proper memory array Figure 4. I n case 
where there are more than one output terminal, 
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it is necessary to activate the entire package group 
and therefore an entire memory word must be 
used for the address. 

Neither of these conditions are necessary for the 
PLA. If the partial product does not exist as a 
decoder or programmed condition, the outputs do 
not change but if that product term does exist the 
outputs respond to the solution. In the PLA case 
it is possible for anyone or combination of outputs 
to be selected from different but mutually con· 
nected packages (Figure 9). This element technique 
of grouping common control codes can simplify the 
solution. The technique may be used with multiple 
outputs to any degree which can prove economically 
efficient to the system design. 

This last technique is a variation of items 3 and 4 
in the design suggestions listed earlier. Utilization 
of this technique can result in significant improve· 
ments in memory storage efficiencies when com· 
pared different PLA solutions. 
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CONCLUSION 

The .two example applications, that of the control 
decoder within the digital processor and the traffic 
light sequencer, show the economic advantages of 
using the PLA because a reduction in circuit 
complexity and quantity results. The processor 
example application results also in an improve· 
ment in dynamic performance. Additionally both 
of these examples have a convenience of design 
which allows the system's work function to be 
modified without changing the overall system. 
Only a change of PLA programming need be 
accomplished to change the function of the decoder 
or controller system . 

There are many more design ideas which will 
become apparent within your system when the 
PLA is applied to the system design. More design 
flexibility than that available with the ROM or 
random logic design can be achieved with the appli· 
cation of PLA elements to the system. The overall 
result will be more logic function per system 
dollar. 
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NATIONAL 

CUSTOM ROM PROGRAMMING 

INTRODUCTION 

Custom ROM programs are submitted to National 
in thre.e formats: paper tape, punched cards 'or 
truth table with punched cards being the preferred. 
These programs are converted into machine lan­
guage and outputted on a magnetic tape. This 
magnetic tape is used to make the programmable 
gate mask and the test tape. Wafers are held in 
inventory at gate mask. The wafers are then com­
pleted using the custom gate mask and tested at 
the wafer level. The wafer is then scribed and the 
good dice assembled. After assembly the units are 
tested using the custom test tape to assure the 
correct output pattern for every address. 

When MOS was in its infancy the design engineers 
called a logic ONE a low voltage because a P­

. channel MOS transistor is turned on with a negative 
bias applied. This became known as NEGATIVE 
logic and was the opposite of TTL's POSITivE 
logic. As the MOS technology evolved and TTL 
compatibility became a reality it became desirous 
to use the same logic in MOS as in TTL. Therefore 
the first ROMs to come out were specified in 
NEGATIVE logic and the new ROMs are specified 
in POSITIVE logic. Extra care must be taken in 

INFORMATION NEEDED 

App Notes/Briefs 

entering ROM codes that it is clear Which logic 
level is used. National has programs to convert 
NEGATIVE logic to POSITIVE or POSITIVE to 
NEGATIVE so ROMs can be entered in either 
logic but the customer must specify which logic 
it is. 

DEFINITIONS 

Logic Definitions 

NEGATIVE Logic: "0" = VH = the more positive 
voltage. "1" = V L = the more negative voltage. 

POSITIVE Logic: "0" = VL = the more negative 
voltage. "1" = V Irl = the more positive voltage. 

Input Output Definitions 

Address: A, is the least significant input address 
on ROMs. Lo is the least significant Input address 
on character generators. 

Outputs: B, is the least significant output. 

So that National can better serve its customers the following information must be submitted with each ROM 
code. 

NAME 

ADDRESS 

CITY 

TELEPHONE 

National Semiconductor Corporation 
2900 ,Semiconductor Dr., Santa" Clara. CA 95051 
Phone (4081 732-5000 TWX 910-339-9240 

NATIONAL PART NUMBEA 

ROM LET,TER CODE (NATIONAL USE ONLY) 

DATE 

CUSTOMER PRINT OR 1.0. NO. 

I STATE ZIP PURCHASE ORDeR NO. 

,I NAME OF PERSON NATIONAL CAN CONTACT (PRINT) -1 AUTHORIZED SIGNATURE 1 DATE 
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TRUTH TABLE FORMS 

Use the appropriate form for submitting truth tables. 

Form I 

MM3501 
MM5201 
MM5202 
MM4203/MM5203 

MM5204 
MM421 O/MM521 0 
MM4211/MM5211 
MM4213/MM5213 

ADD- OUTPUT CODE NOTE: 1 LSB 

MM4214/MM5214 
MM4220/MM5220 
MM4221/MM5221 
MM4230/MM5230 

ADD· 
RESS B8 B7 B6 B5 B4 B3 B2 B1 SUM RESS 

_50 

51 

52 

_53 

- 54 

_55 

56 

57 

58 

59 

_10 _60 

11 _61 

12 62 

_13 _63 

_14 64 

15 65 

16 _66 

_17 _67 

_18 _68 

_19 69 

20 70 

_21 71 

_22 _72 

_23 73 

24 74 

25 75 

26 _ 76 

_27 77 

_28 7.8 

29 79 

_30 _80. 

31 _81 

32 82 

_33 83 
_ 34 _84 

_35 85 
_36 _86 

37 87 

_38 _88 
_39 _89 

40 90 

41 91 

42 92 

_43 93 
_ 44 _94 

95 

46 96 

_47 _97 

_48 _98 

49 99 

TB TB 

B8 

MM4231/MM5231 
MM4232/MM5232 
MM4233/MM5233 

OUTPUT CODE 

B7 B6 B5 B4 B3 

N"ote1: The Appropriate Logic Level box must be checked or order will not be accepted. 
o POSITIV:E. Logic On Addresses and Out.puts 
o NEGATIVE Logic on Addresses and Outputs 

LSB 
B2 B1 SUM 

Note 2: The MM42321MM5232 and MM42331MM5233 have programmable chip selects and the logic level to enable the 
chip must be specified. CS 1 ~ CS 2 _ CS 3 _ CS 4....:. 

Note 3: TB is the total "1" bits in a column expressed in Decimal. 
Note 4: SUM is the total "1" bits in a row expressed in Decimal. 
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Form II 

MM5212 
MM5215 
MM4229/MM5229 (Positive logic only) 

ADD· OUTPUT CODe NOTE: 1 

RESS B12 811 B10 B9 B8 B7 B6 B5 B4 B3 

0 
1 

2 

3 
4 

5 

6 

1 

8 

• 
10 

----,11 

12 

13 

14 

I. 
16 

- 17 

18 

" 20 

21 

22 

23 

24 
25 

26 

27 

28 

29 

30 
3( 

32 

33 

_34 

3. 

36 

37 

3B 

39 

40 
41 

42 

43 

44 

45 

46 
47 

48 

49 

T8 

LSB ADD· OUTPUT CODE NOTE: 1 

82 81 SUM RESS a12 a1' 810 B9 B8 87 B6 8S 

50 

51 

52 

53 

54 

55 
56 
57 

_ 58 

59 

so 
61 

62 

63 
64 
65 

66 
_ 61 

68 

69 
70 
71 

72 

73 

14 
75 

76 

77 
18 

7. 

80 
81 

82 

83 

84 

85 

86 

81 

,88 

B9 
90 

_91 

.2 
93 

94 

95 

96 
97 

9B 

99 
T8 

Note 1: The Allpropriate Logic Level box must be checked or order will not be accepted. 
o POSITIVE Logic on Address and Outputs 
o NEGATI VE Logic on Address and OUiputs 

LSB 
B4 83 B2 81 SUM 

Nota 2: The MM4229/MM5229 has programmable chill selects. Specify the Logic Level to enable the Chill (Positive Logic) 
CSl _ CS2_ CS3_ 
Note 3: TB is the total "1" bits in a column expressed in Decimal,. 

NQite 4: SUM is the total "'" bits in a row expressed in Decimal. 
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Form III 

MM4240/MM5240 

CHARACTER 
ADDRESS 

IDECIMAL) 

_0 

_. 

_2 

_3 

1 
001 

2 
010 

o~ 1 

o 
000 

1 
001 

2 
010 

3 
011 

4 
100 

• 110 

7 
111 

o 
000 

o~ 1 

2 
0' 0 

o~ 1 

4 
100 

7 
11 , 

o 
000 

2 
010 

3 
011 

4 
, 00 

• 110 

7 
111 

TB 

CHARACTER 
ADDRESS 

IDECIMAL) 

_4 

_7 

AD~=:SS OUTPUT WORD 
(DECIMAL] 81 82 83 84 85 SUM 

TB 

CHARACTER 
AODRESS 

(DECIMAL! 

Note 1: A logic "1" = most negative voltage. A logic "0'" :::: most positiv~ voltage. 

AD~::SS OUTPUT WORD 
(DECIMAL) 81 82 .3 84 as SUM 

TB 

Note 2: Line address (La' L 1 • L 2 ) are the row or column select lines in a character generator application. In a read only mem­
ory application, As shall be considered the MSB and L, the LSB. 

Note 3: TB is the total "'" bits in a column expressed in Decimal. 

Note 4: SUM is the total "'" bits !" a row expressed in Oecimi.JI. 
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The TO·5 ("H") package is rated at 750 mW still air 
(derate at 200°C!W above 25°C) soldered to PC board. 
This popular cavity package is recommended for small 
systems. Low cost (about 10 cents) clip·on heat sink 
increases driving capability by 50%. 

The 8·pin ("N") molded mini-DIP is rated at 600 mW 
still air (derate at 90°C/W above 25°C) soldered to PC 
board (derate at 1.39W). Constructed with a slJl€cial cop­
per lead frame, this package is recommended for 
medium size commercial systems particularly where 
automatic insertion is used. (Please note for prototype 
work', .that this package is only rated at 600 mW when 
mounted in a socket and not one watt until it is soldered 
down.) 

To TO-8 ("G") package is rated at 1.5W still air (derate 
at 100°C/W above 25°C) and 2.3W with clip·on heat 
sink (Wakefield type 215-1.9 or equivalent-derate at 
15 mWfC). Selected for its power handling capability 
and moderate cost, this hermetic package will drive very 
large systems at the lowest cost per bit. 

Additional information is given in the section of this 
data book on Maximum Power Dissipation (page 2). 

Power Dissipation Considerations 

The amount of registers that can be driven by a given 
clock driver, is usually limited first by internal power 
dissipation. There are four factors: 

1. Package and heat sink selection 
2. Average dc power, Poc 
3. Average ac power, PAC 
4. Numbers of drivers per package, n 

From the package heat sink, and maximum ambient 
temperature one can determine PMAX , which is the 
maximum internal power a device can handle and still 
operate reliably. The total average power dissipated in a 
driver is the sum of dc power and ac power in each 
driver times the number of .drivers. The total of which 
must be less than the package power rating. 

(1 ) 

Average dc power has three components: input power, 
power in the "OF F" state (MaS logic "0") and power 
in the "ON" state (MaS logic "1"). 

(2) 

For most types of clock drivers, the first two terms are 
negligible (less than 10 mW) and may be ignored. 

Thus: 

(v+ - V-)2 
Poe == PaN = x (DC) 

Req 

11-28 

where: 

v+ - V- = Total voltage across the driver 

Req = Equivalent device resistance in the 
"ON" state 

(3) 

OC = Duty Cycle 

"ON" Time 
~---------

"ON" Time + "OFF" Time 

For the DS0025, Req is typically 1 kn while Req is 
typically 600n for the DS0026. Graphical solutions for 
Poe appear in Figure 1. For example if V+ = +5V, 
V- = -12V, Req = 500 n, arid DC = 25%, then Poc = 
145 mW. However, if the duty cycle was only 5%, 
Poe = 29 mW. Thus to maximize the number of regis­
ters that can be driven by a given clock driver as well as 
minimizing average system power, the minimum allow­
able clock pulse width should be used for the particular 
type of MaS register. 

225 
20V~1. /1 V 

~ 
200 

117:t .!, / V .s 175 l' 20V lL z 
" 150 

I 17 
~ ;:: ,.I V / : 125 

ill I / / v+-Ivp 15 100 
1/ V '" ~ 15 zv .......,. 

f 50 

25 Ii. V V _IRED; 500 e-- REO'" 1k 
0 

0 10 20 30 40 50 60 10 

DUTY CYCLE 1%1 

FIGURE 1. POC vs Duty Cycle 

In addition to Poe, the power driving a capacitive load 
is given approximately by: 

(4) 

where: 

f = Operating frequency 

CL = Load capacitance 

Graphical solutions for PAC are illustrated in Figure 2-
Thus, any type of clock driver will dissipate internally 
290 mW per MHz per thousand pF of load. At 5 MHz, 
this would be 1.5W for a 1000 pF load. For long shift 
register applications, the driver with the highest package 
power rating will drive the largest number of bits. 
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APPLYING MODERN CLOCK 
DRIVERS TO MOS MEMORIES 

INTRODUCTION 

MaS memories present unique system and circuit 
challenges to the engineer since they require precise 
timing of input wave forms. Since these inputs present 
large capacitive loads to drive circuits, it is often that 
timing problems are not discovered until an entire 
system is constructed. This paper covers the practical 
aspects of using modern clock drivers in MaS memory 
systems. Information includes selection of packages and 
heat sinks, power dissipation, rise and fall time consid· 
erations, power supply decoupling, system clock line 
ringing and crosstalk, input coupling techniques, and 
example calculations. Applications covered include 
driving various types shift registers and RAM's (Random 
Access Memories) using logical control as well as other 
techniques to assure correct non-overlap of timing wave­
forms. 

Although ·the information given is generally applicable 
to any type of driver, monolithic integrated circuit 
drivers, the OSO.0.25, OSO.0.26 and OSO.0.56 are selected 
as examples because of their low cost. 

The OSO.0.25 was the first monolithic clock driver. 
It is intended for applications up to one megacycle 
where low cost is of prime concern. Table I illustrates 
its performance while Appendix I describes its circuit 
operation. Its rnonolithic, rather than hybrid or module 
construction, was made possible by a new high voltage­
gold doped process utilizing a collector sinker to mini­
mizeVCESAT. 

App Notes/Briefs 

The OSO.0.26 is a high speed, low cost, monolithic clock 
driyer intended for applications above one megacycle. 
Table .II illustrates its performance characteristics while 
its unique circuit design is presented in Appendix II. 
The OSO.0.56 is a variation of the OSO.0.26 circuit which 
allows the system designer to modify the output per­
formance of the circuit. The 050.0.56 can be connected 
(using a second power supply) to increase the positive 
output voltage level and reduce the effect of cross 
coupling capacitance between the clock lines in the 
system. Of course the above are just examples of the 
many different types that are commercially available. 
Other National Semiconductor MOS interface circuits 
are listed in Appendix III. 

The following section will hopefully allow the design 
engineer to select and apply the best circuit to his parti­
cular application while avoiding common system pro­
blems. 

PRACTICAL ASPECTS OF USING 
MOS CLOCK DRIVERS 

Package and Heat Sink Selection 

Package type should be selected on power handling 
capability, standard size, ease of handling, availability 
of sockets, ease or type of heat sinking required, relia­
bility and cost. Power handling capability for various 
packages is illustrated in Table III. The following guide­
lines are recommended: 

TABLE I. OS0025 Characteristics 

PARAMETER CONDITIONS IV+ - V-I ~ 17V VALUE UNITS 

tON 15 ns 

tOFF G'N ~ O.OO22I'F. RIN "" on 30 ns 

t, GL ~ O.OOO1~F, RO ~ 50n 25 ns 

t f 150 ns 

Positive Output Voltage Swing V 1N ~ V~ '" av, lOUT;;; -1 mA V+ - 0.7 V 

Negative Output Voltage Swing liN"" lOmA, lOUT'" lmA V- + 1.0 V 

On Supply Current (v+) liN -'" lOmA 17 mA 

TABLE II. 050026 Characteristics 

PARAMETER CONDITIONS IV+ - V-I ~ 17V VALUE UNITS 

tON 7.5 ns 

tOFF C'N ~ O.OOlI'F. R'N ~ 011 7.5 ns 

t, RO 0 50l1. CL ~ 1000 "F 25 ns 

tf 25 ns 

Positive Output Voltage Swmg VIN-V-"'OV,louT""'-lmA V+ - 0.7 V 

Negative Output Voltage Swing liN'" 10mA. lOUT - 1mA v- + 0_5 V 

On Supply Current (v+, liN'" 10mA 28 mA 
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FIGURE .14. Conversion of Sawtooth Output to Pedestal Scan 

CUSTOM FONTS 

The two ROMs can also be custom-programmed 
to provide special characters, or fonts larger than 
5 x 7. The MM4240/MM5240 actually stores 64 
5 x 8 characters or character segments and the 
MM4241/MM5241 stores 64 8 x 6 characters or 
segments. They are not I imited to 5 x 7 and 7 x 5. 

11-26 

For example, the extra height may be used in an 
otherwise 5 x 7 font to drop the tails of commas, 
semicolons and lower-case letters below the bottom 
line of the capital letters. Fonts as large as 16 x 12 
are entirely practical without additional control 
logic, using the chip-enable feature of four 
MM5241 s. Large-font organizations are discussed in 
AN-40. 
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Form IV 
MM4241/M1IJI5241 

CHARACTER LINE 
ADDRESS ADDRESS 

(DECIMAll DECIMAL 

_0 0 
Ll L, Lo 
o 0 0 

1 
001 

2 
010 

3 
01 1 

0 
100 

5 
1 1 0 

-, 0 
000 

1 
001 

2 
010 

3 
01 1 

4 
100 

S 
1 1 0 

_2 
0 

000 

1 
001 

2 
010 

3 
01 1 

0 
100 

S 
1 10 

_3 
0 

000 

1 
001 

2 
010 

3 
01 1 

0 
100 

S 
101 

_4 0 

1 

2 

3 

4 

5 

TB 

eEl 

LSB OUTPUT CODe CHARACTER 
ADDRESS 

Bl B2 B3 BO BS B6 B7 B8 SUM (DECIMAL) 

_5 

~ 

_6 

t-- .. - _7 

I 

i 

I : 

_8 

r-------. 

r---.-.. -

_9 

r--" 

Note 1: On the character address and output word negative logic is used: 
f\ logic "1" most negative voltage 
A logic "0" most positive voltage 

on the line address positive logic is used: 
A logic "0" most negative voltage 
A'iogic "'" most pos,itive voltage 

LINE LSB OUTPUT CODE 
ADDRESS 

B3 80 BS BO B7 B8 SUM DECIMAL Bl B2 

0 

1 

2 

3 

4 

5 

0 

1 

2 
.- --_. 
3 

4 

5 

0 

1 

2 

3 

4 

5 

0 

1 

2 

3 

4 

s 

0 

1 

2 

3 

4 

5 

TB 

Note 2: Line address (Lo , L1 , Ll.) are the column select lines in a character generator application. In a read only memory 
applicatipn A(, shall be considered the MSB and Lo the LSB. 

Note 3: TB is the total "'" bits in a column expressed in Decimal. 
Note 4: SUM is the total "1" bits in a row expressed in Decimal. 
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TAPE ENTRY FORMAT 

Tape format for the following ROMs. MM3501 
MM4210(MM521O 
MM4211(MM5211 
MM4213(MM5213 

MM4214(MM5214 
MM4220(MM5220 
MM4221(MM5221 
MM4230(MM5230 

8-BIT TAPE FORMAT 

Note 5 
Note 6 . 

Note 8 

bg. MSB 

b" LSB 

2 Spaces -+-'---, 

Note 2 
i\lV) 6 rj(Jf)tJn(J(1'l I) 

inr)"/ ()011110n 4 
(Hlr)l-< On'l()Wl(ln (j 

1)1 Cllrl\()] q 

--",--Note3 

1 Space 

140_-____ +_Note 4 
IE1 
T86 ?51) 
Tf15 4() 

B4 (lIn 
TAJ 100 
TEi;2 1">5 
18', t 197 

L __ -'::::=======j-l SpClce 
Note 1: The code is a 7*bit ASCII code on 8 punch tape. 

Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A. 

Note 3: The total number of "1" bits in the output word. 

Note 4; The total number if "1" bits in each output column or bit position. 

Note 5: Specify product type. 

Note 6: Must type POS logic, or NEG logic depending on which is used. 

Note 7: LOGIC ON ADDRESS AND OUTPUTS must be the same (either pas or NEG). 

Note 8: Specify the pattern necessary to enable the ROM on the ROMS that need chip selects. 

Tape format for the MM5202, MM4203(MM5203 and MM4204(MM5204. 

PROM TAPE P AND N FORMAT 
Carr,,,ge return Ime feed 

{, 

allowed betwr.een F and B 

StartCharacteri StoPCharac!eri DataF'eld· MSB (Pin 11) lS8 (P;n4) 

I , I I t I 
BPPPN P P N N FBN N PPN N PPF BNPNPNNNNF 

WordO 

~ 

All Address Inputs LOW 

Word 1 Word 255 

~ 

All Address Inputs HIGH 

MM4231/MM5231 
MM4232(MM5232 
MM4233(MM5233 

"'Data Field: Must have only P's or N's typed'between Band F. No nulls or rubouts. Must have exactly eight P and N 
characters between Band F. Any characters except Band F may be typed between the F stop character and the B start 
be rubbed out. Data for exactly 256 words must be entered, beginning with word O. P "" "1" or the more positive voltage. 
N "" "0" or most negative voltage. When the MM4204/MM5204 is used the word length is 512. 

PROM TAPE BINARY FORMAT 

o 00 
o 0 
00 

00 0 ' 
00 0 
00 0 
00 0 
00 

'
~((WORD3 
~WORD2 

WORD 1 

WORDO 

START 

r-------~~---------------,-.-BITl 

'------.---~----...J--BIT 8 

~WORDN 
NO,te1: Tape must be all blank except for the 513 words punched. 

No~e 2: Tape must start with a START punch. 
Note 3: Data is comprised of two words the first being the actual Data the second being the complement of the data. 

Note 4: A punch is equal to a "1" or most positive voltage and the omission of a punch is a "0" or the mOre negative voltage. 

When programming the MM5202 or MM4203/MM5203 it should be remembered that the opposite logic from what is 
programmed will appear on the output of the PROM. In otherwords a P on the,tape will program a Logic "0" or VL in 
the PROM. 
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CARD ENTRY FORMAT 
Card format f.or the: MM3501 

MM4210/MM5210 
MM4211/MM5211 

MM4213/MM5213 
MM4214/MM5214 
MM4220/MM5220 

1-'::-::;-:,:::-:-;:::::.::-";-:;...::...::'-':------=--=-::-::----='-:''-''-'-' 1 (I (I 0 4 

MM4221/MM5221 
MM4230/MM5230 
MM4231/MM5231 

AD012 

01 0101 01 

MM4232/MM5232 
MM4233/MM5233 

------------------1 ~~7:~~-------------
~~---------------------------------------------~------------~ 

----------------------1 

--- ------------------------1 

L-t=::=;-'--''----=-=c:::':::::~: ----------------- ---- .. ---- -_... ---.. ----- -------------1 
-------- -------------- - ----- - -------------------1 

1----------------------- - ------- ------------ ---------------1 
f---------------------------- ----------------------j 

Note 1: Punch three input addresses per card with the first address in columns 1-25, the second in columns 26-50 and the third in columns 51-80. 
Note 2: The ROM input address is e)(pressed in decimal form. and is preceded by the letter A, 
Note 3: The total number of "1" bits in the output word. 
Note 4: The total number if "1" bits in each output column or bit position. 
Note 5: Specify product type. 
Note 6: Must type POS logic or NEG logic depending on which is used. 
Note 7: LOGIC ON ADDFl:ESS, OUTPUTS AND CHIP ENABLE must be the same (either pas or NEG), 
Note 8: Leading zeros must be punched, 
Note 9: Specify the Chip Select Logic Levels that will enable the ROM where necessary. 

Card format for the MM5212. 

000000000000 

I I I I 1 I I -C, -C, -:-,-:-,-:,-C,;-:-, ---;-
000000000000 

01010' 0 101 0' 06 
--~~ -- --------: -'-: --:-:..:.:..:.:-::~:'-:,-: --: --: --:--'------

r- ------------------------------------~----'----------------------------~ 

\.... '23.66189101112131415181119 192021 222~2476262"128:l!i1J1)]1323334l!i:JE;J'38~~41.24l4'l~54641484950r.1 52535<1 nSS57585950 6162&314856667.61:1 1011 12131. 1516 n78 1'9 l1li 

Nate 1: Punch three input addresses per card with the first address in columns 1-25, the secon~ in columns 26-50 and the third in columns 51-80, 
Note 2: The ROM il)put address is expressed in decimal form and is preceded by the letter A. 
Note 3: The total number of "'" bits in the output vvorcL 
Note 4: The total number if "1" bits in each output column or bit position, 
Note 5: Specify product type. 
Note 6: Must type POS logic. 
Not. 7: POSITIVE LOGIC ON AOORESS AND OUTPUTS_ 
Note 8: ".'" more pOSitive output. "0" more negative output. 
Note 9: Leading zeroes must be punched. 
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Card format for the MM5215. 

123." 7 UI to II '2",,, 151811" " 21121:n 232" 2'5211 V 529 30 31 un 34 3536.17 ...... , 42 U .. 45 .. '" ...... so II 52&.:1 M$I." 111"l1li8112 83"'111.57". 7011 72 n:N "',. 11 71"." 

rbl2 11'-, 

~;--------------~------------------.----------------------------------------------1 

Not. 1: Punch three input addreSSf):s per card with the firn in columns 1-26. 
the second in column:!; 26-50. and the third in columns 61-80. 

Note 2: The ROM input address is expressed in decimal form and is preceded 
by the letter A. 

No1e 3: The total number of "1" bits in ttle outPUt word. 
Not. 4: The total number if "1" bits in each output column or bit position. 

Card format for the MM4229/MM5229. 

Note 5: Specify product type. 
Note 6: Must type negative logic. 
Note 7:, NEGATIVE lOGIC ON ADDRESS AND OUTPUTS. 
Note 8: "1" more negative output. "0" more positive output. 
Not. 9: LeadiJ\g leroes muSt be punched. 

1234561BSI0I112131.'SI"17I'I9:Z02Il22l242'!12t1n2ll2!illD313~:J3:M35J1631313840'I1 '11013 .... ..s ... C748 .. 5051 i525354555857!18!5!11 110 &1 62c;3!M 6Ii&U;1 •• 10 71 'Q 131'1 1151& 17711 J118I) 

~:~'~::~:4r.~:~:~:~;-~.'--=.~:~.~.~.~.~----------~-4=r-.~.:~'.~.~.~.~.~.'~':~=.~.~ 00 A~~~~"--=.~:~.~.~.~.7.~.~.~.~.~.~~----------4 
1-':~::C:'7:..,:":=-::-: -'-:=-:.:.:~:.,::..;:~::-.:-' -'--:--__ -''--:..:...c......:.-' • ..;.'-.~.:..;I._O_._._._O -~-'. --"-,,-,,,--.,-' _; -,-;.c; .:.;.,.;.,,;..,;..,;,..;,..,,-, .,.; -,-..,.-----------1 

TI103 "11 

123'15&7&910111213141& ,6171& ":!O:11 222324H2li27:182t3031J2U3435363'3I3I40'II42c .... 45.4' ... ..sI5D515:l&354!iS!5e$7.5S104I'Oa ...... " •• 7011 72 "'7'1157871"'''. 

Now 1:' The code is Hollerith as punched on IBM Model 029. 
Note 2: Correspond's to Pin 16 
1IIot.3: Corresponds to Pin 15 
Note 4: Corresponds to Pin 14 
Note 5: The ROM input addte$S is expressed in decimal form and is 

preceded by the letter A. 
Note 8: All 256 .. dress fO~2551 must be coded. 

11-64 

Nott7: The total number of "1's" in each input WOrd. 
Not. 8: Th, total number of "1's" in each output column. 
Nou 9: leading zeros must be punched. 
Not. 10: The customer m.y use his own IQ designation if he does not 

pundt the first column. 
Not. 11: Positive logK: on address and outputs "1" more positive 

voltage "0" more negat.iYe VOltage. 
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NA110NAL 

DESIGNING MEMORY SYSTEMS 
USI NG TH E MM5262 

INTRODUCTION 

The objective of this application note is to describe, in 
detail, the operation of the MM4262/MMS262 Dynamic 
2K P·channel silicon gate RAM and how to apply this 
RAM in' designing memory systems, Specificafly the 
topics to be covered are: 

I. Detail description, of operation of MM4262/ 
MMS262 

II. Memory Systems Application of MM4262/ 
MMS262 

A, Interface 
B, System Timing 
C, R,efresh Requirements 
D, Power Considerations 
E, Printed Circuit Layout Considerations 

III. A 16K x 10 Memory Application Example 

Although the MM4262/MMS262 device is being used as 
the primary example, many of the topics discJssed are 
of general application to the design of memory systems, 

I. Detail Description of Operation of MM4262/MMS262 

The MM4262/MM5262 is a 2048 x 1 random access 
read/write dynamic MOS memory, "2048 x 1" says the 
device is organized as 2048 words with each word con· 
taining one bit, "Random access" says that words may 
be accessed in any sequence, "Read/write" says that 

TTL Positive Logic 

App Notes/Briefs 

information can be read from the memory or written 
into the memory, "Dynamic" says the information is 
stored in the form of voltages on capacitors. Lastly 
"MOS" says the device is manufactured using Metal· 
Oxide·Semiconductor technology, 

Inputs consist of eleven address inputs (211 ~ 2048), Chip 

Select, Read/Write Control, Data In, three clocks and 
three power suppl ies, All inpu~s except clocks and power 
supplies can be driven by standard TTL circuits, The 
power supplies are nominally VDD ,,; -1SV, VSS = +SV 
and VBB '" +8.SV, The clocks swing from VDD to VSS 
nominally, There is one output which sources current, 

A logic diagram for the MM4262/MMS262 is shown in 
Figure 1. Because dynamic logic is difficult to represent 
in standard logic symbols it is necessary to show actual 
tra'1sistors in some cases, Further, the internal logic is 
shown in negative logic notation, In this notation a logic 
"1" is the most negative voltage level and a logic "0" is 
the most positive voltage level. Th is is opposite to the 
normal TTL lOgic convention, It may seem, at first, that 
this change in logic convention introduces unneccessary 
confussion, particularly since all inputs and outputs to 
the MM4262/MMS262 are specified using standard TTL 
logic convention. However, once the negative logic con· 
vention is accepted and inputs are translated to this con· 
vention it will be much easier to understand the internal 
operation of the MM4262/MMS262, 

To aid in this translation Table 1 shows inputs and out· 
puts in TTL positive logic format and in the negative 
logic format used in Figure 1. See page 11. 

Negative Logic 
Notation Used In 

Notation (VDD = -1SV, VSS ~ +5V) Figure 1 (VDD ~ -15V, VSS = +5V) 

Voltag,e Level Logic Level Voltage Level Logic Level 

3.SV to 6V 1 3,5V to,6V 0 
Inputs 

-5V to 0,8V 1 -SV to 0,8V 0 

;;;. 500llA @ 1.8V 1 ;;;. SOOIlA @ 1,8V 0 
Outputs 

.;; 100llA @ OV 1 .;; 10QjlA @OV 0 

4V to 6V 1 4V to 6V 0 
Clocks 

-16V to -14V 0 -16V to -14V 1 

Internal 5V 1 +5V 0 

Levels -15V 0 -15V 1 

Table 1 
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Using the negative logic notation described~ in Table 1 a 
logic "1" (-15V) applied to gate of an MOS transistor 
wi II cause that transistor to turn on giv ing a low 
impedance between the drain and source term inals, while 
a logic "0" will cause that transistor to turn off giving a 
high impedance between the drain and source terminals. 

Detail A, shown in Figure 1, shows the basic memory cell 
used in the MM4262!MM5262. Information is written 
into the cell and read out of the cell via the column line 
XN' The Write and Read operation are controlled by the 

two row lines, YMW and YMR respectively. Information 
is stored in the cell as a voltage level on capacitor CA' 

At </J1 time, ''/>1 clock at logic "1", all X lines are pre· 
charged to a "1" level by the transistors labeled Ql. 
This "1" levei is maintained by the capacitance of the X 
lines until it is conditionally discharged by the cells of 
the selected row. 

The conditional discharge of the X lines takes place 
when Y read line, YMR, goes to a logic "1" turning on 
QA2' If a logic "1" is stored on capacitor CA' QA3 is 
conducting, allowing the XN line to discharge to Vss 
(+5V). If, on the other hand, a logic "0" is stored on 
capacitor CA, OA3 is not conducting and the XN line 
will maintain the logic "1" level established during (,/>1 
time. Note that information being read out of the 
selected cells on the X lines is of the opposite level as 
that stored on capacitor CA 

Although the information from only one cell will be 
output from the RAM, when the YMR line of a particular 
row is taken to a logic "1 ", all 64 X lines will assume the 
complement of the data stored in the 64 memory cells 
of that row. This characteristic is fundamental to the 
refresh operation of the MM4262!MM5262 and will be 
discussed in the following text. 

The Write operation is controlled by the Y write line, 
YMW' When YMW of a particular row goes to a logic "1" 
level QA 1 conducts charging the storage capacitance, 
CA, to the same logic state that eXisted on the XN line 
prior to YMW going to a logic "1". Note that when the 
YMW line of a~ particular row goes to a logic "1" the 
information on the 64 X lines will be transferred to the 
64 cells of the selected row. 

Since the information is stored as a voltage on a capacitor 
this voltage must be restored or "refreshed" periodically 
or leakage currents will cause its loss. As described above 

information can ~be read out of a cellon to its cor­
responding X line and also can be read from the X line 
back to the storage capacitor, CA' Referring to Figure 1, 
the row lines YMR and YMW (M = 1 through 32)are 
driven by transistors Q3 and Q4 respectively. Address 
inputs AO throughA4 select which row is to be driven 
by taking the gates of 0 3 and 0 4 to a logic "1 ". As can 
be seen from the logic diagram the Y Read line of the 
selected row will go to a logic "1" when </>2 is a logic "1 ': 
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and the Y Write line will go to a logic "1" when </>3 is a 
logic "1". 

In order for the MM4262!MM5262 to operate properly 
the clocks ¢1, ¢2,and ¢3 must be applied in sequence. 
Also, as can be seen from the above description of its 
operation, the ciocks must not overlap one another. For 
instance, if ¢1 and </>2 were both on simultaneously, the 
XN lines could not be discharged properly by the 
memory cell transistors, QA2 and QA3' If <1>2 and <1>3 
were on together, the memory cell would quickly lose 
the information stored there. 

The refresh of a row will then be accomplished when 
the clocks </>1, <1>2 and </>3 are applied in sequence. The 
sequence of events would occur as follows: 

(1) All X lines are precharged to a logic "1" at </>1 
time. 

(2) The complement of the data stored on the cell 
capacitors of the selected row, is stored on the 
X lines at <1>2 time. 

(3) The information stored on the X lines is written 
back into the cells of the selected row at <1>3 
time. 

There is then only one remaining question to resolve. The 
above refresh cycle restores not the original voltage 
stored on capacitor CA, but its complement. When the 
information is eventually read out of the cell, how can 
we tell if the cell contains a logic "1" or "0", since the 
voltage alternates with each application of the <1>3 clock? 
The answer is the Dummy Cell shown in detail B of 
Figure 1. 

There are 32 Dummy Cells, one for each row. The oUt­

put, DC, of the Dummy Cell corresponds to the XN line 
of the memory cell. Like XN of a memory cen, PC is 
precharged to a "1" level at ¢1 time (through Q5)' 
Since the YMR and YMWlines are the same for the 
Dummy Cell and its corresponding row, the output, DC, 
of the Dummy Cell will alternate between a logic "1" 
and a logic "0" each time the </>1, </>2, and <1>3 clocks are 
applied. As will be discussed, the output, DC, is used to 
complement or not complement the input and output 
information. The Dummy Cell is equivalent to a one bit 
counter and determines if the row has been comple­
mented an even or an odd number of times. Since DC is 
changing in synchronism with all memory cells in its 
corresponding row, the voltage out of any cell will be 
properly interpreted logically to the outside world. 

The description of the basic memory storage mechanism 
is now complete. All (hat remains is a description of the 
circuitry required to transfer information into and out 
of a particular cell. In order to understand the input! 
output circuitry, it is necessary to specify the timing 



requirements of the MM4262/MM5262. Figure 2 shows 
these timing requirements. The necessity of non·over· 
lapping clocks has already been discussed, The timing 
diagram quantitatively shows this with the tirning 
intervals T12' T23 and T31' In general, it requires a 
certain amount of time for information to propagate 
through the internal logic elements. This propagation 

time .limits the minimum allowable clock pulse widths 
(T 1PW, T 2PW and T 3PW) and the minimum allowable 
time between clocks (T 12, T 23 and T 31)' I nput signals 
in general must be in a stable logic state prior to a clock 
edge, input set up time, and after a clock edge, input 
hold time. These signals are subscripted "S" (set up) and 
"H" (hold) respectively on the tim ing diagram. Set up 
and hold times are also determined byini:ernal propa· 
gation delays. 

All timing conditions, as specified in the MM4262/ 
MM5262 data sheet, must be adherred to for the proper 
operation of this device. This seems like an obvious 
statement, but in cases of malfunction it is often found 
that incorrect timing and/or voltage 'Ievels are the cause. 

Up to this point, the description of the MM4262/ 
MM5262 has proceeded from the inside'out, so to speak. 
Changing our perspective at this time will make the 
description of the input/ou"tput circuitry more easily 
understood. To do this, let us consider the basic func­
tional blocks of this, and almost any other RAM for that 
matter. 

The basic functional blocks are: (1) Input Address 
Buffer, (2) Input Data Buffer, (3) Write Circuit, (4) Row 
Decoder, (5) Column Decoder, (6) Memory Storage 
Array, (7) Sense Circuit and (8) Output Data Buffer. 

V~K 

';'ZeLDCK 

V,,1. ---+-1-'----"1 

v,,, -~f--+_--"""'\.I 
'>JCLOCI( 

v" --:-rll-:t----I-'-' 

v,,-I,......_+_....;~ 

READ/WRITE 
Vll_ 

v" -I--t---,......--+--t--tT-v-+ •. r--
DATAl. 

VrL_ 

'''-1----.1 
GAlAODT 

IOl_ 

-. -TActl --TAC(,--

• NOTE, SHADED AREAS AilE HUON'T CARE" eONOlf'ONS. ALL TIMES IIEASUREP TO 5O%POINTSWITH 1 •• If " 2D Ill. 

FIGURE 2. Timing Diagram for MM4262/MM5262 
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Any of the basic functional blocks. is simple taken by 
itself. When considered in total, they only seem com· 
plex. Let us examine each, for the MM4.262/MM5262, 
in turn: 

(1) I nput Address Buffer 

Addresses AO through AlO and CS are strobed into 
latches by the ¢1 clock. The latches hold the 
address and ch ip select information fixed until the 
next ¢1 clock updates them. The true and com­
plement of address and chip select inputs are avail­
able at the latch outp~ts. The Input Address Buffer 
also converts from TTL voltage levels to MOS 
voltage levels required by the internal circuitry. 

(2) Input Data Buffer 

The Input Data Buffer converts TTL input voltage 
levels to MOS voltage levels and gates the input 
datil to the Write Circuit. The gating of input data 

. is c~ntrolled by the CS, R/W and ¢3 inputs and 
the output of the Dummy Cell, DC. When DC is a 
logic "0", t~e complement of the input data is 
written 'into the selected cell. When DC is a logic 
"1 ", the input data is written into the selected cell 
in the same logic sense in which it appears on the 
input pin. 

(3) Write Circuit 

(4) 

The Write Circuit is driven by the Input Data 
Buffer and in turn drives the DS lines. The Memory 
is divided into four quadrants. Each quadrant con· 
tains 512 bits of storage capacity. There is a 
separate Write Circuit for each quadrant. The 
inputs of the four Write Circuits are tied together. 

Row Decoder 

The Row Decoder decodes address inputs AO 
through A4 into one·of the 32 rows. The output 
of the five input NOR gate, of the selected row, 
goes to a'iogic "1", gating on transistors labeled 
03 and, 04' Information is then read from or 
written into the cells of that row, at ¢2 and ¢3 
time, as previously described. 

(5) Column Decoder 

The Column Decoder decodes address inputs A5 
through AlO into one of 64 columns, The output 
of the siK input NOR gate, of the selected column, 
goes to a logic "1" at ¢1 time turning on' the tran· 
sistor labeled 02' Turning on 02 will connect the 
selected X line to its appropriate DS line. As dis­
cussed previous'ly, the X lines are precharged to a 
logic "1" at ¢1 time and, as will be seen, the sense 
amplifier also charges the DS line to a logic "1" 
at ¢1 time. At ¢2 time, information from the 
selected .cell is input to the sense circuit via the 
selected X line through 02 and the DS line. At QJ3 
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time data is written into the selected cell from 
the Write Circuit via the OS line, 02 and the 
appropriate X line. 

(6) Memory Storage Array 

The Memory Storage Array contains 2048 memory 
cells (detail. A) and is arranged in 32 rows and 64 
columns. This array is subdivided into four quad· 
rants of 16 rows and 32 columns (512 memory 
cells) each. The subdivision is necessary only to 
facilitate circuit layout and improve performance 
due to parasitic elements. It has no functional 
significance. The operation of the storage array 
has been discussed previously. 

(7) Sense Circuit 

The Sense Circuit is designed such that the OS 
lines are forced to a logic "1" and OS lines to a 
logic "0" at <1>1 time. Information from the OS 
lines is strobed and latched by the Sense Circuit at 
<1>2 time. The DS outputs of the Sense Circuits 
drive the Oljtput Data Buffer. 

(8) Output Data Buffer 

The Output Data Buffer converts the output data 
from '. MOS levels to the output current levels 
specified on the data sheet: Three of the OS lines, 
from the three quadrants not selected, wi II be at a 
logic "0" level. The fourth DS line, from the 
selected ·quadrant, will be gated to the output in 
the same logic sense when OC is a logic "1 ", and 
complemented when OC is a logic "0". 

The three clocks are obviously fundamental to the opera· 
tion of the MM4262/MM5262. It is helpful to think of 
them in terms of the functions they control. These 
functions are: 

<1>1 - Latches input addresses and precharges internal 
nodes. 

<1>2 - Reads information from selected cells. 

<1>3 - Writes information into selected cells. 

II. Memory System Application of 
the MM4262/MM5262 

A. Inteliace , 

In applying the MM4262/MM5262 device to any system 
three distinct types of interface must be considered. The 
inputs, the output and the clocks each has unique inter· 
f.ace requirements. 

The inputs are TTL compatible. Let's look in detail at 
what "TTL compatible" means. It does not mean that 
the user can drive the MM4262/MM5262 inputs with any 
TTL gate without giving it another thought. "TTL com· 
patible" means that the MM4262/MM5262 can be driven 
by TTL, if done properly, without the need of voltage 
translation. 

The hooker is of course, "if done properly." What ,is 
proper? The wors~ case TTL "0" level is 0.4 volts 
maximum when sinking 16 mAo The MM4262/MM5262 
does not require any current sink, except for leakage" 
and its "0" level input voltage is 0.8 volts leaving 0.4 
volts for noise margin. Clearly the TTL "0" level is no 
problem. The "1" level is not so straight forward. A 

, worst case TTL "1" level is 2.4 volts and at V SS = 5 volts 
the MM4262/MM5262 requires a minimum of (VSS -1.5) 
= 3.5 volts as an input "1" level. Clearly this is in con­
flict. However an examination of the worst case TTL "1" 
level specification in more detail will. make this picture 
considerably brighter. 
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Figure 3 is the schematic of a typical TTL gate. The "1" 
level output voltage is: Vout( 1) = V CC - (I C2 x 1.6K + 
VBE(03) + VD1)' With transistor 02 turned off 04 
will be off and with no dc load on the output, IC2"; O. 
The one level output voltage is then: Vout(l) = VCC­
VBE(03) - VOl' At 25°C V8E (03) and VDl will be 
approximately 0.7 volts. The TTL "1" level output is 
Vout(l) = VCC - f.4 volts, giving 0.1 volts of noise 
margin. It is important to note that even though TTL 
"1" levels are'specified as absolute voltages they. actually 
follow the VCC supply. 

DM5484/DM7404 

r--....... --_-<l~cc 

UK 130 

FIGURE 3. Typical TTL Gate 

Under what conditions will the "1" level output of a 
TTL gate equal 2.4 volts? Several conditions have to 
exist simultaneously. For a military grade part (_55°C 
to +125°C) the "1" level output will equal 2.4 volts, 
when VCC = 4.5 volts, Vin(O) = 0.8 volts, lout = 400f.lA 
and the ambie.nt temperature is -55°C, Remember the 
25°C value und~r the conditions of Vin(O) = 0.4 volts, 
lout = 0 is VCC - 1.4 volts. The temperature coefficient 
of a forward biased diode is approximately -2 mvtC. 
Going to _55°C will then degrade the "1" level by 
(25°C .• (_55°C)) x 2 mvtC = 0.16 volts or 
Vout(1)/-55°C = VCC - 1.56 volts. At VCC:= 4.5 volts 
Vout (1 )e55e e = 4.5 - 1.56 = 2.94 volts. As the input 
"0" level degrades to 0,8 volts transistor 02 starts turn· 
ing on causing a voltage drop of IC2 x 1.6K to further 
degrade the output. All these affects combine to pro· 
duce a worst case "1" level output of 2.4 volts. If a "1" 
level of VSS - 1.5 volts must be guaranteed, under all 
the above condition, the TTL gate by it;elf can not 
drive the MM4262/MM5262 inputs. 



One solution, that will absolutely guarantee that the 
VSS - 1.5 volts "1" level requirement is met, with ample 
noise margin, is to use a resistor connected between the 
TTL output and the VSS supply. The penalties that are 
paid for this are increased number of components and a 
slight increase in power. The TTL output will pull to the 
VSS supply with an RC time constant of the pull up 
resistor and the capacitance of the line, after the 
maximum TTL "1" level has been reached. Figure 4 

shows the form the TTL output would take when going 
from a "0" to a "1". There would be no appreciable 
difference between the "'" to "0" transistion with or 
without the pull-up resistor. The pull-up resistor should 
be selected to meet speed requirements and at the same 
time keep power dissipation and load on the TTL gate 
within allowable limits. Since most manufacturers of 
standard 54/74 TTL specify speed with 50 pF load, 
eight MM4262/MM5262 device inputs (8 x 7 pF ~ 56 pF) 
could be driven by a single 54/74 device. If more drive 
capability is required, other devices such as the OM7096/ 
8096 hex Tri·State ® inverters are capable of driving 
twice the capacitance that a 5404/7404 can drive, with 
the same rise time. 

',. 

v,. 
VOUT(11 

FIGURE 4. Form of TTL Output With Resistive Pull-Up Driving 

Capacitance Load 

The output of the MM4262/MM5262 is of the current 
sourcing type. A "1" level is represented as current of at 
least 600f.lA (500f.lA for the MM4262) at an output 
voltage of 1.8, volts_ A "0" level is represented as a 
current of less than 100f.lA at a voltage of 0 volts. It is 
desirable to be able to tie the outputs of many RAMs 
together. This can, in a large system represent a signi­
ficant capacitance. Since p-channel MOS does not have 
large current drive capability current outputs are the 
logical choice. They minimi~e the amount of output 
voltage swing required. Which, for capacitive loads, 
greatly reduces current drive requirements. The current 
output does necessitate using a sense amplifier, but this 
is not a significant penalty. TTL output compatible 
MOS circuits can typically drive only one standard TTL 
load. They must therefore be buffered to increase fan­
out. The sense amplifier, in the case of the MM4262/ 
MM5262, takes the place of this buffer at no net inorease 
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in package count. It performs both the function of 
converting current to TTL levels aswell as increasing fan­
out. 

The OS1605/3605 family and the DS3625 sense ampli· 
fiers are recommended for use with the MM4262/ 
MM5262. The OS3625 is a dual sense amplifier and 
incorporates a latch. The OS160512605 family is a hex 
sense amplifier. All have Tri-State ® outputs for bus 
interface capability. 

The clock signals for the MM4262/MM5262 have three 
requirements which have the potential of generating 
problems for the user. These requirements, highspeed, 
large voltage swing and large capacitive loads, combine 
to provide ample opportunity for inductive ringing on 
clock lines, coupling clock signals to other clocks and/or 
inputs and outputs and generating noise on the power 
supplies. All of these problems have the potential of 
causing the memory system to malfunction. Recogniz­
ing the source and potential of these problems early in 
the design of a memory system is the most critical 
step. The object here is to point out the source of these 
problems and give a quantitative feel for their magnitude. 

Line ringing comes from the fact that at a high enough 
frequency any line must be considered, as a transmission 
line with distributed inductance and capacitance. To see 
how much ringing can be tolerated we must examine the 
clock voltage specification. Figure 6 shows the clock 
specification, in diagram form, with idealized ringing 
sketched in. The ringing of the clock about the VSS 
level is particularly critical. If the VSS - 1 volt is not 
maintained, at ~ times, the information stored in the 
memory could be altered. Referring to Figure I, if the 
threshold voltage of a transistor were -1.3 volts, the 
clock going to VSS - 1 would mean that all the devices, 
whose gates are tied to that clock, would be only 
300 MV from turning on. The internal circuitry needs 
this noise margin and from the functional description 
of the RAM it is easy to see that turning a clock on at 
the wrong time can have disasterous results. 

·VTlMINI = milllinum thrnhold volUgtI 

FIGURE 6. Clock Waveform 

Controlling the clock ringing is particularly difficult 
because of the relative magnitude of the allowable ring­
ing, compared to the magnitude of the transition. In 
this case, it is 1 volt out of 20 volts or only 5%. Ringing 
can be controlled by damping the clock driver and 
minimizing the line inductance. 
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Damping the clock driver by placing a resistance in series 
with its output is effective, but there is a limit since 
excessive resistance will slow down the rise and fall time 

'of the clock signal. Because the typical clock driver can 
be much faster than the worst case driver, the damping 
resistor serves the useful function of limiting the mini­
mum rise and fall time. This is very important because 
the faster the rise and fall times the worse the ringing 
problem becomes. The. size of the damping resistor varies 
because it is dependent on the details of the actual appli­
cation. It must be determined empirically. In practice 
a resistance of 10n to 20n is usually optimum. 

Limiting the inductance of the clock lines can be accom­
plished bv minimizing their length and by laying out 
the lines such that the return current is closelv coupled 
to the clock. lines. When minimizing the length of clock 
lines it is important to minimize the distance from the 
clock driver output to the furthest point being driven. 
Because of th is, memory boar<;fs are usuallv designed 
with clock drivers in the center of the memorv arrav, 
rather than on one side, reducing the maximum distance 
by a factor of 2. 

Using multilayer printed circuit boards with clock lines 
sandwiched between the VDD and VSS power plains 
minimizes the inductance of the dock lines. It also 
serves the function of preventing the clocks from 
coupling noise into input and output lines. Unfortun­
ately multilayer printed circuit boards are more expen­
sive than two sided boards. The user must make the 
decision as to the necessity of multilayer boards. Suffice 
it to say here, that reliable memory boards can be 
designed using two sided printed circuit boards. The 16K 
words x 10 bits memory board described inthe example 
at the end of this application note demonstrates this. 

The recommended clock driver for use with the 
MM4252/MM5262 is the DS0056/DS0056C dual clock 
driver. This device is designed specifically for use with 
dynamic circuits using a substrate, VBB supply. Typically 
it will drive a 1000 pF load with 20 ns rise and fall times_ 
Figure 7 shows a schematic of a single driver. 

In the case of the MM4262/MM5262 V+ is +5 volts and 

VBB is +8.5 volts. VBB should be connected to the VBB 
pin shown in Figure 7 through a 1 K resistor. This allows 
transistor 08 to saturate pulling the output to within a 
VCE(SAT) of the V+ supply. This is critical because as 
was shown before the VSS - 1,0 volt clock level must 
not be .exceeded "t any time .. Without the VBB pull up 
on the base of 04 the output at best will be 0.6 volt 
below the V+ supply and can be 1 volt below the V+ 
supply reducing the noise margin or this line to zero. 

Because of the amount of current that the clock driver 
must supply to its capacitive load, the distribution of 
power to the clock driver must be considered. Figure 8 
gives the idealized voltage and current waveforms for a 
clock driver driving a 1000 pF capacitor with 20 ns rise 
and fall time. 
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As can be seen the current is significant. This current 

flows in the VDD and VSS power lines. Any significant 
inductance in the lines will produce large voltage tran­
sients on the power supplies. A bypass capacitor, as 
close as possible to the clock driver, is essential in mini­
mizing this problem. This bypass is most effective when 
connected between the VSS and VDD supplies. A bypass 
capacitor for each DS0056 is recommended. The size 
of the bypass capacitor depends on the amount of 
capacitance being driven. Using a low inductance 
capacitor, such as a ceramic or silver mica, is most effec­
tive. Another helpful technique is to run the VDD and 
VSS lines, to the clock driver, adjacent to each other. 
This tends to reduce the lines inductance and therefore 
the magnitude of the voltage transients. 



The output current of the clock driver during the transi­
tion from high to low or low to high may be as high as 
1_5 amps when driving a large capacitive load_ During the 
transition from high to low this current is also conducted 
through the V- lead. If the external interconnective V­
wire between the clock driver and the circuit driving the 
clock driver is electrically long, or has significant DC 
resistance, the current transient will appear as negative 
feedback and subtract from the switching response. To 
minimize this effect short interconnecting wires are 
necessary and high frequency power supply decoupling 
capacitors are again required. 

While discussing the clock driver it should be pointed 
out that the DS0056 is a relatively low input impedance 
device. It is possible to couple current noise into the 
input without seeing a significant voltage. Since this 
noise is difficult to detect with an oscilloscope, it is 
often overlooked. 

An excellent source of information on MOS clock drivers 
is Application Note AN-76, Applying Modern Clock 
Drivers to MOS Memories. AN-76 is of general applica­
tion and it is recommended that the memory designer 
be familiar with it. 

Lastly the clock lines must be considered as noise 
generators. Figure 9 shows a clock coupled through a 
parasitic coupling capacitor, Cc' to eight data input lines 
being driven by a 7404. A parasitic lumped line induct­
ance, L, is also' shown. Let us assume for the sake of 
argument, that Ccis 1 pF and that the rise time of the 
clock is high enough to completely isolate the clock 
transiem from the 7404 because of the inductance, L. 
With a clock transition of 20 volts the magnitude of the 
voltage generated across CL is: 

Cc 1 
V ; 20V x --- ; 20V x -- ; 0.35 volts 

CL + Cc 56 + 1 

This has been a hypothetical example to emphasize that, 
with 20V fast rise/fall time transitions, parasitic ele­
ments can not be, neglected_ In th is example 1 pF of 
pa;asitic capacitance could cause system malfunction, 
because a 7404 without a pull up resistor has typically 
only 0.1 volw of noise margin in the "1" state at 25°C. 
Of course it is stretching things to assume that the 
inductance, L, completely isolates the clock transient 
from the 7404. However, it does point out the need to 
minimize inductance in input/output as well as clock 
lines. 

, 

~c 
,1404 ,l C V 

Tel 
Vss 

FIGURE 9. Clock Coupling 
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The output is current, so it is more meaningful to 
examine the current that is coupled through a 1 pF 
parasitic capacitance. The current would be: 

This exceeds the total output current swing so it is 
obviously significant. 

Clock coupling to inputs and outputs can be minimized 
by using multilayer printed circuit boards, as mentioned 
previously, physically isolating clock lines and/or running 
clock lines at right angles to input/output lines. All of 
these techniques tend to minimize parasitic coupling 
capacitance from the clocks to the signals in question. 

In considering clock coupling it is also important to have 
a detail knowledge of the functional characteristics of 
the device being used. As an example, for the MM4262/ 
MM5262, coupling noise from the ¢2 clock to the 
address lines is of no particular consequence_ On the 
other hand the address inputs will be sensitive to noise 
coupled from the ¢ 1 clock. 

B. System Timing 

The timing diagram in Figure 2 defines the critical timing 
parameters on the MM4262/MM5262. Timing parameters 
are either gen'erated by the system or controlled by the 
physical characteristics of the MM4262/MM5262. There 
is sometimes confusion regarding the definition of maxi­
mum and minimum for these parameters. For instance, 
the .jJl clock pulse width, T lPW, is generated by the 
system and for the MM5262 has a minimum value of 
95 ns and a typical value of 70 ns. It does not sound 
correct to have the typical value less than the minimum 
value. This specification simply means that the typical 
MM5262 will function properly with a Tl PW of 70 ns 
but a T 1 PW of at least 95 ns must be suppl ied if all 
MM5262 devices are to function properly'. 

On the other hand Read Access Ti me, TACC2' is an 
MM4262/MM5262 characteristic. For the MM5262 it is 
specified as 195 ns maximum and 150 ns typical. This 
simply means that a typical MM52$2 has a T ACC2 of 
150 ns and no MM5262 has an access of greater than 
195 ns. 

Other parameters, such as T ACC1' are dependent on 
both system generated timing (T AS and T 121 and 
MM4262/MM5262 characteristics (T ACCll. T ACC2 
maximum is obtained by setting TASand T 12 to their 
minimum and T ACCl to its maximum. 

When setting up the system timing adequate margins 
must be maintained such that under worst case condi­
tions all of the timing requirements are met. The main 
point to consider in establishing these margins is the 
variation in propagation delay of the components driving 
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the MM4262!MM5262. An example will best serve to 
illustrate the type of problem that must be considered. 

Let us look at the. timing of the rising edge of '/Ij and 
address inputs to the RAM. As we saw before it is 
critical to maintain address setup and hold times 
(T AS and T AH) for proper operation. Figure 10 shows 
the logic diagram and timing for this example. Table 2 
gives the minimum and maximum propagation delays to 

AO and 4>1' 

Minimum Maximum 

tpd 1 5 ns 22 ns 

INA to AO 
tpd 0 3 ns 15 ns 

tpd 1 12 ns' 35 ns' 

IN B to 4>1 
tpd 0 11 ns' 34 ns' 

"Estimated Using DS0056 Data Sheet 

IN, 

Table 2 

.><>----..+-----\ •• 

t/GO~mll4 

'AM5262 

" 

"'~ 
1{60M74114 I12D511056 

IN, 

'N. 
T". 

~TAH ___ 

'. 

FIGURE 10, 

In this case, assuming there is no tracking of delays, the 
worst case situation will Occur for TAS when theci>l 
delay is minimum and the AO delay is maXImum, From 
Figure 2: 

Setting T lPW at its minimum allowable value gives: 

T AS ; T 3(min) + 95 ns - T 2(max) ;;;> 80 ns 

T3(min) - T2(max);;;> -15 rlS 
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From table 2: 

T 3(min) - T 2(max) ; 11 - 12; -11 ns 

Theretore, since -11 ns > -12 ns all is well. 

The worst case conditions for T AH occur when the 'h 
delay is maximum and the Aodel~y is minimum. From 
Figure 2: 

Substituting from table 2 gives: 

T1AH + 3 ns - 34 ns ?90 ns 

or 
TIAH ;;;>59 ns 

With the estimated worst case time of Table 2, TIAH, 
input address hold time must be at least 59 ns. ' 

This example demonstrates how the memory system 
designer must account for variations in propagation 
delays of logic elements used to drive the MM4262! 
MM5262. As the details of the .external logic vary the 
determination of critical timing paths also vary. Some 
tracking of delays in this logic can usually be anticipated. 
In the above example we have assumed none. Tracking 
of delays will produce, in general, a faster system. As 
system performance depends more and more on com· 
ponent tracking to reach speed goals the risk of failure 
also increases. The memory designer, with knowledge 
and experience, must trade off this improved .perform­
ance against risk, 

C. Refresh Requirements 

In section I, detail description of operation of MM4262! 
MM5262, the need for restoring or "refreshing" the 
information stored in the RAM was indicated_ The 
internal leakage is such that each cell of a MM5262 
must be refreshed at least every 2 milliseconds and the 
MM4262 at least every 1 millisecond_ Since thi! RAM 
refreshes on a rOw basis (32 rows) refresh could be 
accomplished by applying 32 4>3 clocks every .2 ms (1 ms 
f6r MM4262), One 4>3 clock for ~ach row_ 

Although address inputs AO through A4, row addresses, 
must clearly be defined during refresh, it is also necessary 
that normal set up and hold times be observed for the 
column addresses, A5 through A1 0, A reasonable alterna­
tive is. to force them to a logic "1" or "0" state and 
sequence AO thro'ugh A4 through their 32 states"lf it is 
more convenient to let A5 through Al0 vary, TAS and 
T AH must be observed on those addresses during refresh, 



D. Power Considerations 

Power consumed by a memory system using the 
MM4262/MM5262 can be divided into four categories: 
(1) Power required for peripheral circuitry, (2) Clock 

power, (3) dc power required by the MM4262/MM5262 
and,. (4) ac power required by the MM4262/MM5262. 

Calculation of peripheral circuit power, assuming it is 
TTL, is straight forward and won't be described here. 
Clock power, which is dissipated almost entirely in the 
ciock driver, is completely described in application note 
AN-76 mentioned previously. Again it is recommended 
that the memory designer be familiar with this applica· 
tion note. 

In describing power consumed by the MM4262/MM5262 
the terms dc and ac power should be defined. When 
there is a resistive path for the current it is termed dc 
power, even though the current may be switching. When 
there is a capacitive path for the current it is termed ac 
power. These are not conventional definitions but it is 
necessary to make some distinction between the two 
types of current. DC power is proportional to the duty 
cycle of the clocks while AC power is proportional to 
the frequency of the ciocks. 

Figure 11 shows I DO for a typical MM5262 operating at 
T A = 25° C with a cycle of 840 ns. As can be seen a large 
current transient, 150 mA peak, occurs during the </>1 
clock time. Current during </>1 clock time is composed 
of de and ac current, T.he dc current, 20 mA, is approxi· 
mately constant throughout the It>, clock interval. The 
ac current results from precharging internal capacitive 
nodes dU,ring the </>1 clock time. The remainder of the 
currents are basically a combination of ac and dc 

currents. 

Note 17, on the MM4262/MM5262 data sheet, gives an 
approximate relationship for calculating 100, This rela· 
tionship is: 

I -A ' T 1 PW + B T 2PW + C 1000 ns 00- x--. x -- x---
TCYC TCYC TCYC 

With the aid of Figure 11 the terms A, Band C can be 
readily identified. 

The A term is the value of the dc current during the </>1 
clock interval, T 1 PW' The resulting average current is 
simply A times the duty cycle (A x T 1 PWiT CYC). The 
B term is the same th ing for the </>2 clock interval, T 2PW. 

The C term accounts for the shaded area, QC in Figure 
11. QC is the amount of charge transferred .to the 
internal node capacitance each cycle. Therefore the 
amount of charge per unit time, I, is: I = Qc/TCYC' 
In the above formula for 100, C = Qc/10-6 sec. This 
corresponds to an on chip capacitance of approximately 
500 pF with which the chip bypass capacitors must 
charge share. 
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The primary purpose for showing the 100 current wave­
form is to point out the magnitude of the current 
transient during </>1 time. If the worst case current is 
calculated using the above equation, with worst case 
value for A, Band C with T CYC = 635 ns we get: 

100 max = 3 mA + .1.7 mA + 15.7 mA 

= 20.4 mA 

The initial ac transient accounts for approximately 77% 
(15.7/20.4) of the total power dissipation of the RAM. 
In addition to the 100 current there is also a current 
transient due to the input clock .capacitance of ¢1 that 
must be considered. With 20 ns rise time on the </>1 clock 
this current is: 

I = 50 x 10-12 farads x 20 volts/20 x 10-9 sec = 50 mA 

The purpose of pointing out all these transient currents 
and their magnitude is to demonstrate the need' for using 
bypass capacitors with the MM4262/MM5262. If there is 
significant inductance in the VDo, VSS and/or VSS 
lines, serious voltage transients will result unless suffi­
cient bypass capacitors are used. Requirements vary with 

actual application, but 0.1 JlF, from VOO toVSS and 
from VOO to VSB' for every other RAM is usually 
sufficient. Again, since ,bypass capacitors are attempting 
to defeat line resistance and/or inductance, it is 
important to place them physically as close as possible 
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to the RAMs they are intended to bypass. Using one 
centrally located capacitor is effective for decoupling 
transients generated on one board from getting into 
another board, but usually will not help decoupk tran­
sient internal to the board. 

For techniques of minimizing total system power the 
reader is referred to application note AN-a6. A Simple 
Power Saving Technique for the MM5262 2K RAM. 
AN:S6 explores the use of dock decoding to minimize 
the number of clocks that must be applied. It is easy 
to see from the above discussion that this could produce 
significant power savings since an undocked RAM draws 
only 1 COilA from the VDD line. 

E. Printed Circuit Layout Conside.rations 

All of the consideration in laying out printed circuit 
boards for RAMs center around minimizing the induct­
ance of lines and capacitance coupling from one line to 
another. 

Capacitive coupling is minimized by physically isolating 
or shielding noise sources. Shielding using multilayer 
printed circuit boards is probably the most effective but 
is also the most expensive. Physical isolation can be 
accomplished by running sensitive I ines such as the data 
out line at right angles to the clocks and addresses. 

Inductance can be minimized by keeping line lengths as 
short as possible. Also running a line and the return for 
the line close together will reduce the effective induct· 
ance of the line. The effect of inductance on power 
supply lines can be reduced with the use of bypass 
capacitors. This solution is, of course, not acceptable for 
data or clock lines. 
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Clock lines are by far the worst noise generators. Their 
effects can be minimized by using series damping 
resistors to guarantee that the clock voltage transitions 
are no faster than is absolutely necessary. 

Figure 12 gives a printed circuit pattern for laying out a 
memory array using the MM4262/MM5262. This pattern 
has been used successfully on RAM boards of up to 16K 
words by 10 bits. 

III. A 16K words x 10 bits Memory Application 
Example 

The MM4262/MM5262 has a wide variety of applica­
tions. One example is an 16K words x 10 bits memory 
board developed by National Semiconductor's Memory 
SYstems Division. Photographs of the memory board are 
included. 
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FIGURE 12. 
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TRIG FUNCTION GENERATORS 

Accuracy is the major design variable of trigono-' 
metric lookup tables built with MaS read-only 
memories. Only a. few ROMs are needed for most 
practical applications, but accuracy can be made 
to increase very rapidly with memory capacity if 
interpolation techniques are used. 

'For instance, without interpolation a single 
1024-bit ROM can store 128 angular increments 
and generate an 8-bit output that will be better 
than 99.9% of the handbook value (Table 1). 

BINARV DECIMAL 
ADDRESS OEGAEE\S OUTPUT SINE 

0 D .00000000 0.000 
1 0.7 .00000011 0.012 
2 1.4 .00000110 0.023 
3 2.1 .00001001 0.035 

127 89.3 11111111 0.996 

TABLE 1. MM422BM/MM522BM Sine Function Generator 

If one simply cascaded ROMs to improve input 
resolution and output accuracy for a high·accuracy 
trig solution (X=sin 0) as in Figure 1, large num­
bers .of ROMs might be needed. This 24-ROM 
system stores 2048 12-bit values of sin x (or other 
trig functions!. giving angular resolution of 1 part 
in 2" (0.05%) and output accuracy of 1 part in 
2'2 (0.024%). The system in Figure 2 has the 
same resolution and' is accurate to the limit of its 
12 output bits (0.024%), wh ich makes it just as 
good. But it only requires four1024-bit ROMs and 
three 4-bit TTL full adders, so it only costs about 
one-fifth as much as the more obvious solution of 
Figure 1. 

Instead of producing x = sin 0, the Figure 2 sYstem 
divides the angle into two parts and implements 
the equation 

x = sin iJ = sin (M + L) 

= sin M cos L + cos M sin L 

It can be programmed for any angular range. 
Assume the range is 0 to 90 degrees and let M be 
the 8 most significant bits of 0 and L be the 3 least 
significant bits of e (8 being the 11-bit input 
angular increments, equal to 900 /2048, or 
0.044 deg.) as in Table 2. 

With an 8-bit address, the three 256x4 ROMs will 
give the 12-bit value of sin M at increments of 
M = 900 /28, or 0.352 deg. The cos L can only vary 
between 1 and 0.99998. So we assume cos L=l 
and store values of sin M at 0.352 deg. resolution 

App Notes/Briefs 
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FIGURE 1. Conventional 2048-lncrement Sine Table Uses 
24 ROMs 



in the top three ROMs, reducing the equation to 

sin (J = sin M + cos M sinL 

Values of the second term are stored in the fourth 
ROM. The maximum value of the second term in 
the above equation can only be cosMsin L 
= 0.00539 where cos Mm • x = 1, sin Lmax 
= 0.00539. This is the maximum value to be added 
to sin M above. Only the five least significant bits 
of a 12-bit output are needed to form the maxi· 
mum output, so an MM522 is used in its 128x8 
configuration. 

3LEASTSIGBITS_j 

~A~R'I OUTPUT 

CARRYOUTPIJT 

lIla.iMOCE) 

DM82Bl 
ADnER 

,-. 

,-, 

::'OUT 
r' 

r'O 

r" 

MMS22 in 128 X 8 MODE pnerates cos (M" - 2.8) 
sin L 3 MM521 generate sin M 

sin 0 '" sin M + cos (M A - 2.B) sin l 

FIGURE 2. Four·ROM Lookup Table Generates 2048 
Values of Sin x-by Interpolation T,echnique. 

Let the 4 most significant bits of M be called M4 
and the angie at these increments be Xm = 90° 124 
= 5.63 deg. Sin L (the 3 least significant bits of (J) 

has the same maximum as before and cos M4 has a 
maximum of cos 5.63 deg. = 0.99517, and con­
tinuing as follows: 

cos (11.26) = 0.98076 

cos (16.89) = 0.95686 

cos (84.37) = 0.09810 

through the 16 increments of M4 . Now 

sin (J = sin M + cos M4 sin L 

and the appropriate cos M sin L values are stored 
in the fourth ROM. In effect, we have divided the 
0° to 90° sine curve into 16 slope sectors with M., 
each sector into 16 subsections with M, and each 
subsection into'8 interpolation segments with L. 
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Since we are using an approximation, accuracy is 
not quite as good as the Figure 1 system. The 
additional error term is cos L, assumed 1 but 
actually is a variable between 1 and 0.99998. At 
every eighth increment, L is zero, making cos M 

M 

ADDRESS M. L 

0 0 

1 1 L = 0.044" 

2 1 0 
3 1 1 

4 1 o 0 

5 1 0 1 

6 1 1 0 

7 1 1 1 

8 1 0 o 0 

v--.. 9 1 o 0 1 

.r-'6 1 0 o 0 0 

32 1 o 0 o 0 0 

64 1 o 0 0 o 0 0 

128 1 0 0 o 0 0 o 0 

256 1 o 0 0 o 0 o 0 0 

512 1 0 o 0 0 o 0 0 o 0 

1024 1 o 0 o 0 0 0 0 o 0 0 

2048·1 1 1 1 1 1 1 1 1 1 1 1 

TABLE 2. Programming of 2048-lncrement Sine Table 

sin L=O, and sin x=sin M to 12-bit accuracy. Then 
the error rises to a limit of near 0.002% at -every 
eighth increment where L is 0.352-0.044. This 
error can be halved by adjusting the fourth ROM's 
output so that 

If five ROMs are used-four MM521'sand all eight 
outputs of the MM522-15-bit accuracy can be 
achieved, and thus improving the accuracy by a 
factor of eight. The resolution could also be 
smaller, of course, if the angular range were 
smaller as in an application involving a sensor with 
a limited field of view. Variations of the system 
could be used to space the increments irregularly 
to compensate for sensor nonlinearities, to im­
prove accuracy in specific angular ranges. 

This example has a binary fraction output, like the 
sine function generator in Table 1. For instance, 
the 8·bit output at the 64th increment repre­
senting sin x = sin 45° is 10110101. This equals 
1 X T' + 0 X 2-2 + 1 X 2-3 + 1 X T4 + 0 X T S -

+ 1 X 2-6 + 0 X 2-7 + 1 X 2-8 , which reduces to 
1811256 or 0.7070_ Handbooks give the four-place 
sine of 45° as 0.7071, so at this increment the 
output is accurate to approximately 0.01 %. This 
table, the MM422BM/MM522BM, is used in fast 
Fourier transform, radar, and other signal-pro· 
cessing applications. 

Other standard tables that are available off the 
shelf include an arctan generator, several code 
generators (EBCDI C to ASCII, BCD toSelectric, 
and Selectric to BCD) and ASCII·addressed char· 
acter generators for electronic, electrical and elec· 
tromechanical display and printout systems. All 
interface with TTL logic and operate off 12·volt 
power supplies. Write for data sheets, or use one of 
our programming tables to jot down any special 
input-output logic functions you need. 
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MASK 'PROGRAMMING SPECIALIZES 
MOS SHIFT REGISTER DESIGNS 

A quick, economical way of customizing MOS 
shift register bit lengths is programming the metal­
lization mask, the mask that defines the thin-film 
wiring pattern etched on the silicon wafer. Metal­
lization etching is the most convenient process step 
to specialize because it is consistent from wafer 
to wafer and is the last major process step before 
testing. 

Utilizing this technique, National Semiconductor 
has developed two variable-length dynamic MOS 
register designs. Both of them, MM4007/MM5007 
and MM4019/MM5019, are bipolar compatible. 
Dual registers 20 to 256 bits long, single registers 
40 to 512 bits Icing, and a variety of taps and 
pinouts provide the system designer with a method 
of obtaining custom length shift registers ,quicklY 
and at reasonable cost. 

Up to metal masking, wafer design and fabrication 
are standardized. No time is lost-or money spent­
in developing custom arrays or tuning up the 
process. Automatic test systems further reduce 
turnaround time and production costs. 

Programming the metallization mask mainly in­
volves routing signal connections past selected 
storage cells to adjust total register length to the 
desired number of cells. Wire-bonding changes 
provide output tap options. 

DUAL REGISTER DESIGNS 

Basically, each of the variable-length types is a 
dual register (Figure 1 and Table lAl. 

App Notes/Briefs 

There are enough storage cells, 110 stages, clock 
and power supply lines on each MM4007 chip 
to make up to tWo 100-bit registers. The minimum 
length of each register half, MA and Me, is 20 bits. 
The programmable parts, P A and Pe , may be 0 to 
80 bits long. Lengths need not b'e equal. For 
instance, register A may be 29 bits and register l3 
76 bits (PA = 9, PB = 56). 

V" 

TOP VIEW 

FIGURE 1. Dual Shift Registers 

An MM4019/MM5019 chip is similarly organized, 
except that MA and Me are 40 bits and P A and 
Pe vary from 0 'to 216 bits. Again, lengths may 
be unequal, such as 240 bits in the A half and 136 
bits in the B half. 
Clock and supply line pin locations are stand­
ardized, but 110 pinouts, are selectable., The I/O 
terminals on the chip may bll bonded to package 
pins which are more convenient for the PC board 
layout.' For example; a couple of board feed­
throughs might be eliminated by bonding the A 
register input to Pin 7 (rather than Pin 1) if data 
comes in fro'm the right and exits on the left. Or, 
A and B co~ld share an input pin when they have 
the same signal source. 

TABLE 1 Register Length Optians 

MM4007/MM5007 MM4019/MM5019 

M P TOTAL M P TOTAL 
(BITSI (BITS) (BITS) (BITS) (BITS) (BITSi 

A. DUAL REGISTERS 

A Register 20 o to 80 20 to 100 40 Oto 216 40 to 256 

B Register 20 Ot080 20 to 100 40 Oto 216 40 to 256 

MA+Ma PA + Pa MA+Ma PA + Pa 

B. SINGLE REGISTERS 

40 o to 160 40 to 200 80 Oto 432 80 to 512 

C. TAPPED SINGLE REGISTERS 

Total register length same as single registers with tap locations determined by :ither half of the dual registers. 
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SINGLE-REGISTER OPTIONS 

Since clock rates are synchronized by the common 
clock inputs, the registers may also be serially 
connected inside the package, as diagrammed in 
Figure 2. One output is internally connected to 
the other input. 

This extends the maximum length of an MM4007/ 
MM5007 to 200 bits and the MM4019/MM5019 
maximum to 512 bits. However, each half still 
has the same minimum, so the minimums become 
40 and 80 bits, respectively (Table 18). Again, 
the customer specifies the most convenient I/O 
pin connections. 

TOP VIEW 

FIGURE 2. 

V" 

TOP VIEW 

FIGURE 2b 

FIGURE 2. Single Registers 

Going to the output tap designs of Figure 3 
takes only one more wire bond; from the first 
register output to any available pin. Tap locations 
are selected by specifying the bit lengths of each 
of the dual registers. For example, an MM5007 
105 bits' long may be tapped at any stage from 
20 to 85 bits. Generally, this flexibility makes 
input taps unnecessary-an output at 29 bits in 
a 105-bit register usually serves the same purpose 
as an input at 76 bits. 

ll-Rl 

Nt 

OUTPUT A 2 

v~ 

TOP VIEW 

FIGURE 3. 

v~ 

TOP VIEW 

FIGURE 3b 

FIGURE 3. Output Tap Options 

OPERATING CHARACTERISTICS 

All specifications, except bit lengths, are the same 
as those of other MM4000/MM5000 series dynamic 
shift registers with the same number of I/O stages. 

Clock-line capacitance, power dissipation, as well 
as other AC and DC parameters, are independent 
of the lengths programmed. This is accomplished 
by standardizing clock and supply wiring patterns 
to achieve minimum turnaround time and cost. 

The MM4007/MM!'l007 and MM40l9/MM50l9 are 
fabricated using a low-threshold, p-channel en­
hancement-mode technology developed for the 
MM4000/MM5000 series of registers. This means 
that they are bipolar compatible, sensing TTL or 
DTL data without input pull-up resistors and 
driving TTL or DTL loads without output pull­
down resistors. They operate on standard +5V 
and -12V supplies. The clock frequency range 
is also the same, from 300 Hz to 2.5 MHz, 
guaranteed. 

Either TO-99 or dual-in-line packages may be 
specified. MM4007 and MM4019 operate at _55 D C 
to +125D C_ MM5007 and MM5019 are commerical 
types, specified for -25D C to + 70D C. 
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DOUBLE-CLOCKING CUTS STANDARD 
REGISTERS TO NON-STANDARD SIZES 

INTRODUCTION 

It may be more economical to make a standard 
MOS register appear shorter, logically, than to 
have a special register made to order. A double­
clocking technique uses up the unwanted length 
by causing input bits to be stored twice and then 
to be read out as individual bits when they reach 
the end of the register. 

Figure 1 shows the clock format. A double clock 
applied for N of the norOlal input data intervals 
at a fixed portion of the total recirculation time 

DOUBLE·CLOCK NORMAl·CLOCK 

FIGURE 1. Clock rate is doubled for N data input periods 
to make the register appear shorter by N bits, 
and then resumes normal frequency_ 

wi II shorten the register by N stages and clock 
periods. If N is 2, a 1-0 input data sequence would 
be stored as 1-1·0-0. Si nee these appear as the 
output at the time the clock is again doubled, the 
output gate only detects 1-0. 

DATA INPUT 

.. , .. ~ 

~ 

App Notes/Briefs 

Suppose a parallel array of eight 1991·bit registers 
is needed to store 1991 8-bit words in a buffer 
memory. Each could be a subassembly as in 
Figure 2. The MM5013 and MM5016 are standard 
1024·bit and 512-bit register and the MM5019 is 
mask-programmed to order in sizes up to single 
512 or dual 256-bits. 

The design in Figure 3 provides the same length 
with two MM5013 registers. The eight registers 
are assembled with 16 instead of 24 packages. 

Also, the second MM5013 costs less than an 
MM5016/MM5019 combination (the longer the 
register the less the cost per bit). The only addition 
to overhead logic is the decoder and dual clock 
generator formed with the logic in the dotted 
lines-one DM7473 dual J-K flip-flop and half a 
package each of DM7400 and DM7420 gates . 

I n the example, N = 2048- 1991, or 57. Therefore, 
the registers should be clocked at double frequency 
for the first 57 data periods of the r·ecircula­
tion time. The extra logic'decodes the bit-counter 
output and generates the 114 clocks needed. 

There are some limitations to this technique. 
Obviously, the normal rate should not be more 
than half the maximum clock rate for the registers 

DATA OUTPUT 

FIGURE 2. Mask-programmable MM5019 register may be used to assemble odd-length registers. 
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used. Also, if too many bits are subtracted, the 
clock-drive loading may be affected adversely. The 
driver power requirement is proportional to average 
frequency. In the example, it is increased by 
t(2048/1991) or 2.8%, which has little effect. 
But if an MM5016 was shortened from 512 to 
397 bits, the increase in power would be 28%. In 

DATA INPUT 

this case, instead of shortening the MM5016, it 
may be more practical to order an MM5019 at 
the desired length. At still shorter lengths, .the 
MM5007 mask-programmable dual 100-bit pro­
grammable register should be considered. Generally 
speaking, double-clocking becomes more cost­
effective when the system· register length is long. 

DATA OUTPUT 

~---------------l 

I I 
I I 
I 
I I A,---i..--' 

I 
I 
I 
L_~ ______ ~ ____ _ 

FIGURE 3. A 2048·bit register is made to appear only 1991 bits long 
by the logic within the dotted lines. 
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Clock Repetition Rate: The range of clock fre· 
quencies for which register operation is guaran· 
teed. ' 

Clock Frequency ¢t: The range of clock fre­
quencies which register operation is guaranteed. 
Maximum clock frequencies are dependent upon 
minimum and maximum clock pulse Width restric· 
tions, as presented by the Guaranteed Operating 
Curves. 

Clock Delay tPd: tPd is defined to be that minimum 
amount of time that must expire after tPl has 
undergone a VI/>~ to VI/>H transition and the start 
of a tP2 VI/>H to VI/>L transition. The same spacings 
apply, when tP2 preceeds tP I . 

Clock Phase Delay <Pd. id: The time betweenthe 
V<pH levels of ,<PIN and <POUT. <Pd is the, time be­
tween the trailing edge of <PIN and the leading 
edge of ¢OUT. ¢d is the time between the trailing 
edge of <POUT and the leading edge of ¢IN' 

Clock Pulse Risetime, t.l/>: The time delay between 
the 10% and 90% voltage points on the clock pulse 
as it travilrses between its logic VI/>L and logic VI/>H 
levels. 

Clock Pulse Falltime, tfl/>: The time delay between 
the 10% to 90% voltage points on the clock pulse 
as it traverses between its logic Vt/>H and logic Vt/>L 
levels. 

Clock Pulse Width, <PP'W: The duration of time 
that the clock pulse is greater than 1 ~5V. 

Clock Input Levels: The voltage levels ,(logic Vt/>L 
or V~ H) which the .clock driver must assume to 
insure proper device operation. 

Clock Control Setup Time, 1'cs: The time prior to 
the clock Low to High transition at which the 
clock control must be at its desired logic level. 

Clock Control Hold Time, fch: The time after the 
High to Low transition for which the clock control 
must be held at its desired logic level. 

Data Setup Time, tm: The time prior to the clock 
High to Low transition at which the data input 
level must be present to guarantee being clocked 
into the register by that clock pulse. 

Data Pulse Width, tdw: The time duririg which the 
data pulse is in its VIH or VIL state. 

Data Hold Time, t,u,: The time after the clock 
High to' Low transition which the data input level 
must be held to guarantee being clocked into the 
register by that clock pulse. 

Data Input Voltage Levels:, The voltage levels 
(logic VI Lor V IH ) which the data input terminal 
must assume to insure proper logic inputs. 

Definition of Terms 

Data Output Voltage Levels: The output voltage 
levels (logic Vo L or Vo H) which the output will 
assume under normal operating conditions. 

Data Input Capacitance: The capacitance between 
the data input 'terminal and ground reference 
measured at 1 MHz. 

Output Resistance to, Ground: The resistance 
between the output terminal and ground with the 
output in the logic Vo H state. 

Partial Bit Times T1I\I, TOUT: The time between 
leading edges of clocks, measured at the V¢H 
levels. TIN is the time between the leading edge of 
tPlN and the leading edge of tPOUT. TOUT is the 
time between the leading edge of <POUT and the 
leading edge of tPIN. 

Output Sink Current: The current, which flows 
into the output terminal of the register when the 
output is a logical low level. Conventional current 
flow is assumed. 

Output Source Current: The current which flows 
out of the output terminal of the register when the 
output is a logical High level. Conventional current 
flow is assumed. , 

Output Voltage Levels: The logical Low level, 
VOL, is the more neg;ltive level. This is the state in 
which the output is capable of sinking current. 
The logical High level, VOH, is the more positive 
level. This is the state. in which the output is 
capable of sourcing current. 

VGG Current Drain: The average current flow out 
of the V GG terminal of the package with the out· 
put open circuited. 

Power Supply Voltage, VGG: The negative power 
supply potential required for proper \levice opera­
tion; referenced to V 55' 

Power Supply Return, Vss: The Vss terminal is 
the reference point for the device. It must always 
be the most positive potential applied to the 
device. 

Vss Current Drain: The average current flow into 
the Vss terminal of the package. It is equal to the 
sum of the IGG and 100 currents. 

Power Supply Voltage, V DO: The negative power 
supply potential required for proper device opera· 
tion, referenced to V55• 

Clock Input Voltage Levels, Vt/>H Vt/>L: The voltage 
levels (logic "1" or "0") which the clock driver 
must assume to insure proper device operation. 

Data Output Voltage Levels, VOH, VOL: The out­
put voltage levels (logic "I" or "0") which the 
output will assume with a specified load connected 
between output and V 55 line. 
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Data Input Voltage Levels, VIH VI L: The voltage 
levels (logic "1" or "a") which the data input 
terminal must assume to insure proper logic 
inputs. 

Control Release Time, tor: The maximum time 
that a load command signal can be changed prior 
to the VrpL to VrpH transition of the output clock, 
<Po U T, without affecting the data during bit 
tini.e tn. 

Control Initiate Window: The time in which a load 
command signal must be appl ied to affect bit time 
tn. This time extends from the start of ter to the 
start of teo. 

Control Hold Time: The time that the load com­
mand signal must remain stable during tn bit time. 
See control timing diagram. . . 

National does no~ assume any responsibility for use ofany circuitry described; no circuit patent licenses are implied; and National reserves the ritht,atany time withou.t notice, to change said.(;ir~uitry. 
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Physical Dimensions 

NAnONAL 

PACKAGES 

DUAL-IN-LiNE PACKAGES 

(N) Devices ordered with "N" suffix are supplied in molded dual-in-line package. Molding material is 
EPOXY B, a highly reliable compound suitable for military as well as commercial temperature range 
applications. Lead material is Alloy 42 with a hot solder dipped surface to allow for ease of solderability. 

(J) Devices ordered with the "J" suffix are supplied in either the l4-pin, l6'pin, or 24-pin ceramic dual­
in-line package. The body of the package is made of ceramic and hermeticity is accomplished through 
a high temperature sealing of the package. Lead material is tin-plated kovar. 

(D) Devices ordered with the "D" suffix are supplied in glass/metal dual.-in-line package. The top and bottom 
of the package are gold-plated kovar as are the leads. The side walls are glass, through which the leads 
extend forming a hermetic seal. 

(0) Devices ordered with the "0" suffix are supplied in a glass/metal dual-in-line with a quartz cover. 

METAL CAN PACKAGES 

(H) Devices ordered with the "H" suffix are supplied in either 4-pin TO-72 style, B-pin or 10-pin TO-5 
style metal can package. The cap is chrome-plated kovar and the leads are gold-plated kovar. 

(G) Devices ordered with the "G" suffix are supplied in a l2-pin TO-8 style metal can package. The cap is 
chrome-plated kovar and the leads are gold plated kovar. 

FLAT PACKAGES 

(W) Devices ordered with the "W" suffix are supplied in the l4-pin, ceramic flat package. The body of the 
package is made of ceramic and hermeticity is accomplished through a high temperature sealing of the 
package. Lead material is tin-plated kovar. 

(F) Devices ordered with the "F" suffix are supplied in the l4-pin, glass/metal flat package. The top and 
bottom of the package are gOld-plated kovar as are the leads. The side walls are glass, through which the 
leads extend forming a hermetic seal. 
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Package 25 

10-Lead TO-5 Metal Can Package (H) 12-Lead TO-S Metal Can Package (G) 

1,0.(120 I-- 0,040 

Package 25A 

10-LeadFlat Package (F) 
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Package 27 

14-Lead Flat Package (W) 

INCHES TO MILLIMETERS CONVERSION TABLE 

INCHES MM INCHES MM INCHES MM 

0.001 0.0254 0.010 0.254 0.100 2.54 

0.002 0.0508 0.020 0.508 0.200 5.08 

0.003 0.0762 0.030 0.762 0.300 7.62 

0.004 0.1016 0.040 1.016 00400 10.16 

0.005 0.1270 0.050 1.270 0.500 12.70 

0.006 0.1524 0.060 1.524 0.600 15.24 

0.007 0.1778 0.070 1.778 0.700 17.78 

0.008 0.2032 0.080 2.032 0.800 20.32 

0_009 0.2286 0.090 2.286 0.900 22.86 

x 




