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Note that each ROM has a chip-enable input to 
permit multi-ROM operation with common control 
logic_ For instance, two horizontal-scan ASCII 
character generators may be operated in tandem to 
obtain upper and lower-case characters_ In this 
case, chip-enable would be controlled with bit b6 

of the normal 7-bit ASCII code, and its com­
plement, 1)6' 

HORIZONTAL SCAN FONTS 

The subsets of 64 5 x 7 characters in the hori­
zontal-scan fonts are the ones most commonly 
used in low-cost TV and CRT raster-scan displays 
and dot-matrix line printers. 

MM4240AAlMM5240AA contains the ASCII-6 pre-
7erred graphic subset, formed from ASCII-7 by 
ignoring bit b6 . The remaining six bits form two 
octal address characters. One is formed by the 
three more significant bits, b7, b5 and b4, and the 
seco nd by b3 , b2 and b,. 

Also, characters 36 and 37 in ASCII (x3.4 1965)' 
are respectively a carat (or circumflex), and an 
underscore. These are awkward in a video display, 
so they are replaced by the more useful arrows. 
(The arrows are related to characters in an older 
teletypewriter set.) This font, shown in Figure 3, 
is also described on the MM4240/MM5240 data 
sheet (which should be referred to for operating 
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FIGURE 3. MM4240AA/MM5240AA Horizontal-Scan 
ASCII-7 Graphic Subset 

*American National Standards Institute (ANSI) 

characteristics of all the horizontal-scan character 
generators). 

MM4240AEIMM5240AE generates unique symbols 
describing the ASCII-7 control codes, as well as 
lower-case letters (Figure 4). The designer may not 
wish to display or dot-print the symbols. Since the 
symbols are generated only when the most signifi­
cant address bit is logic "0", this bit line may be 
used to disable the chip, and blank the screen when 
control signals are transmitted. I f not, the system 
designer can use the symbols as he likes. 
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FIGURE 4. MM4240AE/MM5240AE Horizontal-Scan 
ASCII-7 Lower-Case Graphic and Control 
Svmbol Subset 

The Hollerith character subset in Figure 5b is 
formed by using six gates to compress the 12-
line Hollerith code to the 6-bit address for 64 
characters, as shown in Figure 5a 

As shown in Figure 6, an ASCII-compatible subset 
is provided by the EBCDIC-S character generator 
(MM4240ABZ/MM5240ABZ) by simply ignoring 
the two most significant bits, bo and b" in the 
EBCDIC-S code. The ABZ version follows the 
ANSI standard, while the ACA version follows the 
IBM style. A cent sign, and IBM's logical OR and 
logic NOT signs are given by the ACA subset 
(characters 12, 17, and 37). And a plus or minus 
sign is provided, as character 52. (See Figure 7.) 
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FIGURE Sa. MM4240ABU/MM5240ABU Typical 
Address Inputs 
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FIGURE 6. MM4240BABZ/MM5240BABZ Horizontal· 
Scan EBCDIC'S GraphiC Subset 
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FIGURE Sb. MM4240ABU/MMS240ABU Horizontal 
Scan Hollerith Graphics Subset 
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FIGURE 7. MM4240ACA/MMS240ACA Horizontal· 
Scan IBM EBCDIC Graphic Subset 
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VERTICAL SCAN FONTS 

All five of the standard vertical-scan subsets in 
Figures 8 through 12 are generated with 6-bit 
codes derived from code recommendations R646 
of the International Organization for Standardiza­
tion_ These recommendations cover ASCII-7, Eur­
opean ECMA-7 and CCITT alphabet number 5 . 

The ASCII subset for American use, in Figure 8, 
is practically identical to the horizontal-scan subset. 
Those in Figures 9 through 12 follow preferred 
character styles in the countries indicated. The 
underscore (character 37) is dropped below the 
line so that it may be used as a cursor. 

Vertical-scan character generators are generally 
used in dot-matrix tape printers, ink-dot spray 
printers and high-definition sawtooth or pedestal­
scan CRT displays. They may also be used to 
control raster-scan TV tubes or CRTs if the tube 
is turned on its side so that the raster scan is made 
vertically to provide a page-like format. 

With standard programming, the bits in the column 
outputs are sequenced for a sawtooth scan with 
dot columns running in the same direction, as 
illustrated in Figure 13a. For a pedestal scan, 
Figure 13b, alternate columns can be reversed 
by putting an 8-bit shift left/shift right TTL 
shift register (DM74198) on the output as illus­
trated in F igu re 14. 

13-24 

... ... . ........... . 
I :·1 i ... 1 1 ••• ' I • I 8. I... I... I .: : .... .. .. .. . . .. 
••• 111 ••• •• ••• ·1 •• • I •••• : • ••• 1 

® 01 ~ ro ~ ~ ~ ~ 
000000 0000(11 000010 000011 1100100 000101 0011110 000111 

· · ... .... . • · · . . ... · · · · · . · ...... .. . • · · · • • · · ...... • ..... • • .. · • 1-::-.:: · · . · · · · · · · · · · : . · . · . ... · · · .~. . ~ ....... · . . ... '" " .. 15 " 11 
001(100 001001 001010 001011 001100 0111101 1101110 001111 .... ... .... . ........ . :: :: : · .. .. .. .. · .. .. .. .. .... . . .... ... . . .. .. . · . . . . . .. . · .... ... . · .. .. . .... . .. . 

ZD 21 un" 25 

:: : I : · .... o • • 
26 27 

010000 010001 010010 (l10011 0111100 010101 01UIIO 010111 

· · . · ..... ... · ... · · · . · '. . . .. .. . . .. · · : · ! . I . .'. .' · · : . · · · : · · · · ..... ... ... · ..... 30 31 31 33 34 35 36 
011000 011001 011010 011100 011101 011110 31 

011111 

• · · . · .. · · · . · · · . .... .. · .. · · ....... . . • . .. . .. . .. ..... · . . ... · . .... · . .. · · · . · · .. . .. 40 41 42 4J 44 45 46 41 
100000 100001 100010 100011 100100 100101 100110 100111 . . · · . · · · . · · · . : · ... · · · · ...... . · · · · . . · · · · . . · · 50 51 52 53 54 55 56 51 
101000 101001 101010 101011 101100 101101 1011111 101111 ..... .: ..... ..... .: :.... . ....... : 
I.··! • I •••• .: ::.L •••• : i···. . .. · . .. .. .. .. . . ... ..... ..... ... . ... ... . 
~ 61 ~ ~ « ~ ~ 67 

110101 110110 110111 ... . .. .. .. ... · · . · · · · · · .... • ••• 1 · · · ..... '. .' · · · · · · · ..... • · · · ....... · · .. .. · " 11 12 13 14 15 16 11 
111000 111001 111010 111011 111100 111101 111110 111111 

FIGURE 8. MM4241ABLlMM5241ABL Vertical-Scan 
ASCII-7 Graphic Subset 
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FIGURE 9. MM4241ABV/MM5241ABV Vertical Scan 
ECMA-7 Font for Scandinavian Use 
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FIGURE 10. MM4241ABW/MM5241ABW Vertical-Scan 
ECMA-7 Font for German Use 
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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 limited to 5 x 7 and 7 x 5. 
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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. 



Application Notes/Briefs 

APPLYING MODERN CLOCK 
DRIVERS TO MOS MEMORIES 

INTRODUCTION 

MaS memories present unique system and circuit 
challenges to the engineer since they require pre­
cise 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 considerations, 
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 waveforms_ 

Although the information given is generally appli­
cable to any type of driver, two new monolithic 
integrated circuit drivers, the MH0025 and MH0026 
are selected as examples because of their low cost_ 

The MH0025 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 de­
scribes its circuit operation_ Its monolithic, rather 
than hybrid or module construction, was made 
possible by a new high voltage-gold doped process 
utilizing a collector sinker to minimize VeE SAT-

The MH0026 is a high speed, low cost, mono­
lithic clock driver intended for applications above 
one megacycle_ Table II illustrates its performance 
characteristics while its unique circuit design is 
presented in Appendix I I. Of course the above are 
just examples of the many different types that 
are commercially available_ Other National Semi­
conductor MaS 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 particular application while avoiding common 
system problems_ 

PRACTICAL ASPECTS OF USING 
MOS CLOCK DRIVERS 

Of course each of us is careful of details but 
reminders such as "turn on the power supplies" 
or "don't reverse supply polarity" sometimes 
solve a not-so-obvious problem_ This section is 
intended to review and answer design questions 
like "how much should I decouple supplies?" 

Package and Heat Sink Selection 

Package type should be selected on power handling 
capability, standard size, ease of handling, avail­
ability of sockets, ease or type of heat sinking 

TABLE I. MH0025 Characteristics 

PARAMETER CONDITIONS IV+ - V-) '" 17V 

tON 

tOFF CIN = O.OQ22,uF, R1N = on 
t, CL = O.OOOl.uF, Ro = 50n 

t, 

Positive Output Voltage Swing VIN -V-=OV, lOUT = -lmA 

Negative Output Voltage SWing liN ~ lOmA,l oUT '" lmA 

On Supply Current (v+) liN = 10mA 

TABLE II. MH0026 Characteristics 

PARAMETER CONDITIONS (v' - V-I = '7V 

tON 

tOFF CIN = O.OOl,uF, RIN = on 
t, Ro = 5On, CL = 1000pF 
t, 

PoSitive Output Voltage Swing VIN - V- = av, lOUT = -lmA 

Negative Output Voltage Swing liN = 10mA, lOUT = lmA 

On Supply Current (V+j liN = lOrnA 

VALUE 

'5 

30 

25 

'50 
v+ - 0.7 

V-+ 1,0 

17 

VALUE 

7.5 

7.5 

25 
25 

V+ -0.7 

V-+O.5 

28 

UNITS 

v 
mA 

UNITS 

v 
V 

mA 
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TABLE III. Package Power Ratings 

TO-S Power Rating MINI DIP Power Ratings 
'.0 

~ 
2.' 

z 2.0 0 
;::: 
:I: 

1.' iii c 
~ 1.0 

~ 
0.' 

STILL AlA WITH ClIP·ON 

= ~EAT SINK (THERMALlOY 
TYPE 215 - 1,9 OR fQUIV.' 

"'-
STILL~ r-.... ~ 

......... ~ 

25 50 75 100 125 150 

AMBIENT TEMPERATURE reI 

TO-5 Power Ratings 
1.2 

~ 
1.0 

z 
0.8 0 

~ 
iii 0.6 
C 
~ 

0.' 3\: 
l< 

0.2 

-I'... NTiLL AIR WITH CUP 
ON HEAT SINK 

STlll~ r--.... 
""" .......... ~ 

25 50 15 100 125 150 

AMBIENT TEMPERATURE reI 

required, reliability and cost. Power handling capa­
bility for various packages is illustrated in Table" I. 
The following guidelines are recommended: 

The TO·5 ("H") package is rated at 600mW still 
air (derate at 4.0mW/oC above 25°C) and 900mW 
with clip on heat sink (derate at 6.0mWtC above 
25°C). 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 
600mW still air (derate at 4.0mWtC above 25°C) 
and 1.0W soldered to P.C. board (derate at 
6.6mW/oC). Constructed with a special copper 
lead frame, this package is recommended for 
medium size commercial systems particularly where 
automatic insertion is used. (Please note for proto­
type work, that this package is only rated at 
600mW when mounted in a socket and not one 
watt until it is soldered down.) 

The TO·8 ("G") package is rated at 1.5W still air 
(derate at 10mWtC above 25°C) and 2.3W with 
with clip on heat sink (Wakefield type 215·1.9 or 
equivalent·derate at 15mWtC). Selected for its 
power handling capability and moderate cost, this 
hermetic package will drive very large systems at 
the lowest cost per bit. 

The 14 pin cavity DIP is rated at 600mW free air. 
While some rate this package at 1W case tempera, 
ture, National does not recommend its use for 
clock drivers. This is because from a user point of 
view, it is impossible to get more than 400 to 
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1.2 

~OLOE~EO Tri PC .dARD 
1.0 

~ 
z 0.' 0 

~ 0.6 iii 
C 
~ 0.' 
~ 

- ~WITH 8 cu. CONDUCTORS 
2 oz .. OJ IN WIDE 

""" STllL~ 
.......... 

l< 
0.2 

25 50 75 100 125 150 

AMBIENT TEMPERATURE (QCI 

Flatpack Power Rating 

'.0 

2.' 
~ 
z 2.0 0 

~ 
I.' iii c 

~ 1.0 

~ 
D.' 

CASE TEMPERATURE 

I"\. 
F~EE AliA -r-
25 50 15 100 125 150 

AMBIENT TEMPERATURE (OC) 

500mW rating under normal system conditions; 
i.e., there is no practical way to conduct heat 
away from the device other than air. 

Other package types range in size and power handl· 
ing capability. Most have the disadvantage of being 
in non·standardsizes and are difficult to mount in 
a system. 

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; 

• Package and heat sink selection 
• Average DC power, Poc 
• Average AC power, PAC 
• Numbers of drivers per package, n 

From the package heat sink, and maximum ambient 
temperature one can determine PMAX , wtlich is 
the maximum internal power a device can handle 
and sti II operate rei iabl y. 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. 

P01SS = n X (PAC + Pod:::: PMAX (1) 

Average DC power has three components: input 
power, power in the "OFF" state (MOS logic 
"0") and power in the "ON" state (MaS logic "1"). 



POC = PIN + POFF + PON (2) 

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

Thus: 

POC ~PON = 

where: 

v+ - V- = Total voltage across the driver 

Req = Equi'valent device resistance 
in the "ON" state 

= V+ - V- / IS(ON) (3) 

DC = Duty Cycle 

"ON" Time 

"ON" Time + "OFF" Time 

For the MH0025, Req is typically 1 kn while Req 
is typically 600n for the MH0026. Graphical 
solutions for Poc appear in Figure 1. For example 
if V+ = +5V, V- = -12V, Req = 500n, and 
DC = 25%, then Poc = 145rriW. However, if the 
duty cycle was only 5%, Poc = 29mW. Thus to 
maximize the number of registers that can be 
driven by a given clock driver as well as minimizing 
average system power, the minimum allowable 
clock pulse width should be used for the particular 
type of MOS register. 

". 2OV').1! 1/ 
i" ... f-f-f7·17 • ..!. ) / 
: ::: 2ovl1~r----
Em 1'--"// 
! 100 I~ V ./ v' -rp 
I 15 '/.V ~ 

50 ;;'17 i,....-' _I.,o!.oo 
25 ~ .'0'" 
o 10 20 3tI 40 50 60 10 

DUTY CYCLE (%) 

FIGURE 1. POC YS Duty Cycle 

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

where: 

f = Operating frequency 

CL = Load capacitance' 

(4) 

Graphical solutions for PAC are illustrated in 
Figure 2. Thus, any type of clock driver will 

dissipate internally 290mW per MHz per thousand 
pF of load. At 5MHz, this would be 1.5W for a 
1000pF load. For long shift register applications, 
the driver with the highest package power rating 
will drive the largest number of bits. 

Combining equations (1), (2), (3), and (4) yields 
a criterion for the maximum load capacitance 
which can be driven by a given driver: 

500 

1- -¥~'·It.'IF CL =2nF 

I 400 
III 1/ C,·IOIOOpr~ z II .. 

300 
~ I IA I 
~ zoo I VCL"'SOOpF 

'" III / I I j... 
~ 100 ./ ~50:'F IIJ. ~ 

~I='" y+ -Y-=17V 

0.5 1.0 1.5 2.0 2.5 

PULSE REPETITION FREOUENCY (MHz) 

FIGURE 2. PAC YS PRF 

1 
CL <­

- f 
(5) 

As an example, the MH0025CN can dissipate 
630mW at T A = 70°C when soldered to a printed 
circuit board. Req is approximately equal to 1 k. 
For V+ = 5V, V- = -12V, f= lMHz, and DC = 20%, 
CL is: 

CL < _1 [(630 X 10""3) 0.2] 
- 106 (2)(17)2 1 X 103 

CL ~ 880pF (each driver) 

A typical application might involve driving an 
MM5013 triple 64·bit shift register with the 
MH0025. Using the conditions above and the clock 
line capacitance of the MM5013 of 60pF, a single 
MH0025 can drive 880pF/60pF, or 14 MM5013's. 

Similarly, the MH0026CG can dissipate LOW at 
75°C. For V+ = 5V, V- = -12V, f = 2MHz, and 
DC = 20%, the maximum load capacitance which 
may be driven is: 

C < 2x-1 [(1.0) 0.2] 
L - 106 (2)( 17)2 - 600 

CL ~ 700pF (each driver) 
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TABLE IV. Worst Case Maximum Drive Capability for MH0026· 

TO-8WITH TO-8 MINI· DIP T0-5 AND MINI·DIP 
PACKAGE TYPE HEAT SINK FREE AIR SOLDERED DOWN FREE AIR 

Max. 
Max. Ambient 

Operating t:§ 60°C B5°C 60°C 8Sc C 60"e 85°C 60°C 8SoC 
Frequency I ~ 

Duty Cycle 

100kHz 5% 30 k 24 k 19 k 15 k 13 k 10k 7.5k S.ak 

500kHz 10% 6.5k 5.1k 4.1k 3.2k 2.7k 2k 1.5k 1.1k 

lMHz 20% 2.9k 2.2k 1.8k 1.4k 1.1k 840 600 430 

2MHz 25% 1.4k Uk 850 650 550 400 280 190 

5MHz 25% 620 470 380 290 240 170 120 80 

10MHz 25% 280 220 170 130 110 79 - -

·Values in pF and assume both sides in use as non·overlapping 2 phase driver; each side 
operating at same frequency and duty cycle with (v+ - V-I = 17V. For loads greater 
than 1200 pF, rise and fall times will be limited by output current: 

Returning to the MM5013 example, a single 
MH0026 can drive 700pF/60pF, or 11 5013's. 
Using the above equations, Table I V has been 
calculated for quick reference. In summary, the 
maximum capacitive load that any clock driver 
can drive is determined by package type and rating, 
heat sink technique, maximum system ambient 
temperature, AC power (which depends on fre· 
quency, voltage across the device, and capacitive 
load) and DC power (which is principally deter· 
mined by duty cycle). 

Rise and Fall Time Considerations 

In general rise and fall times are determined by 
(a) clock driver design, (b) reflected effects of heavy 
external load, and (c) peak transient current avail· 
able. Details of these are included in Appendixes 
I and II. Figures AI·3, AI·4, AII·2, and AIII·3 
illustrate performance under various operating 
conditions. Under light loads, performance is 
determined by internal design of the driver; for 
moderate loads, by load CL being reflected (usually 
as CL/{i) into the driver, and for large loads by 
peak output current where: 

Logic rise and fall times must be known in order 
to assure non·overlap of system timing. 

Note the definition of rise and fall times in this 
app. note follow the convention that rise time is 
the transition from logic "0" to logic "I" levels 
and vise versa for fall times. Since MaS logic is 
inverted from normal TTL, "risetime" as used in 
this note is "voltage fall" and "fall time" is 
"voltage rise." 

Power Supply Decoupling 

Although power supply decoupling is a wide spread 
and accepted practice, the question often arises as 
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to how much and how often. Our own experience 
indicates that each clock driver should have at 
least O.IJlF decoupling to ground at the V+ and 
V- supply leads. Capacitors should be located as 
close as is physically possible to each driver. 
Capacitors should be non·inductive ceramic discs. 
This decoupling is necessary because currents in 
the order of 0.5 to 1.5 amperes flow during logic 
transitions. 

Clock Line Overshoot and Cross Talk 

Overshoot: The output waveform of a clock 
driver can, and often does, overshoot. It is par· 
ticularly evident on faster drivers. The overshoot 
is due to the finite inductance of the clock lines. 
Since most MaS registers require that clock signals 
not exceed Vss , some method must be found in 
large systems to eliminate overshoot. A straight· 
forward approach is shown iii Figure 3. In this 
instance, a small damping resistor is inserted 

FIGURE 3. Use of Damping Resistor to Eliminate Clock 
Overshoot 



between the output of the clock driver and the 
load. The critical value for Rs is given by: 

(6) 

In practice, analytical determination of the value 
for Rs is rather difficult. However, Rs is readily 
determined empirically, and typical values range 
in value between 10 and 50D. 

Use of the damping resistor has the added benefit 
of essentially unloading the clock driver; hence a 
greater number of loads may often be driven by a 
given driver. In the limit, however, the maximum 
value that may be used for Rs will be determined 
by the maximum allowable rise and fall time 
needed to assure proper operation of the MOS 
register. In short: 

t, (max) ~ t, (max) ~ 2.2 Rs CL (7) 

One last word of caution with regard to use of a 
damping resistor should be mentioned. The power 
dissipated in Rs can approach (V+ - V-ffC L and 
accordingly the resistor wattage rating will gen­
erally be in excess of lW. There are, obviously, 
applications where degradation of t, and t, by use 
of damping resistors cannot be tolerated. Figure 4 

D2 
lN914 

1K 

FIGURE 4. Use of High Speed Clamp to Limit Clock 
Overshoot 

shows a practical circuit which will limit overshoot 
to a diode drop. The clamp network should 
physically be located in the center of the dis­
tributed load in order to minimize inductance 
between the clamp and registers. 

Cross Talk: Voltage spikes from <1>, may be 
transmitted to <1>2 (and vice versa) during the 
transition of <1>, to MOS logic "1." The spike is 
due to mutual capacitance between clock lines 
and is, in general, aggravated by long clock lines 
when numerous registers are being driven. Figure 5 
illustrates the problem. 

r--
I 
I 
I 
I 
I 
I 
I 

-12V 

v!'-
,', I 'H 

'ME-± 

FIGURE 5. Clock Line Cmss Talk 

The negative going transition of <1>, (to MOS 
logic "1 "I is capacitively coupled via CM to <1>2' 
Obviously, the larger CM is, the larger the spike. 
Prior to <1>, 's transition, Q , is "OFF" since only 
JlA are drawn from the device. A simple method 
of minimizing cross-talk is shown in Figure 6. 

FIGURE 6. Use of Bleed Resistors to Minimize Clock­
Line Crosstalk 

Bleed resistors are connected between the clock 
driver and ground causing a current of a few mA 
to flow. The output impedance of the clock driver 
is reduced and the negative spike is thus minimized. 
Values for Rb depend on layout and the number 
of registers being driven. Typical values are between 
1 k and 10kD. 

A major point should be emphasized with regard 
to clock-line crosstalk, i.e., even if the output 
impedance of the driver is zero ohms, self induct­
ance between the clock driver and registers will 
cause the clock lines to spike on the transitions. 
Hence, the technique shown in Figure 6 works 
reasonably well for small systems. 

13-31 

» 
"0 
"0 

-< 
::l 

CO 

s: 
o 
c. 
CD ., 
::l 

(") 

0-
n 

'" 
C ., 
<' 
CD ., 
til 
~ o 
s: 
o 
rJ) 

s: 
CD 
3 
o ., 
;' 
til 



For large systems, the circuit of Figure 7 is 
recommended. In this instance, 0 1 and O2 are 
turned "ON" just prior to the clocks transition 
to logic "1." The spike is therefore clamped by the 
V CE (sat) of 0 1 and O2 , A key feature of the cir· 
cuit is that the clamps are physically placed 
adjacent the register thus minimizing the induct· 
ance between the clamp and the load. 

FIGURE 7. Cross Talk Minimization Circuit 

Input Capacitive Coupling 

Generally, MaS shift registers are powered from 
+5V and -12V supplies. A level shift from the 
TTL levels (+5V) to MaS levels (-12V) is there· 
fore required. The level shift could be made utiliz· 
ing a PNP transistor or zener diode. The disadvan· 
tage to DC level shifting is the increased power 
dissipation and propagation delay in the level 
shifting device. Both the MH0025 and MH0026 
utilize input capacitors when level shifting from 
TTL to negative MaS capacitors. Not only do the 
capacitors perform the level shift function without 
inherent delay and power dissipation, but as will 
be shown later, the capacitors also enhance the 
performance of both the MH0025 and MH0026. 

CONCLUSION 

The practical aspects of driving MOS memories 
with new low cost clock drivers has been discussed 
in detail. When the design guide lines set forth in 
this paper are followed and reasonable care is 
taken in circuit layout, the MH0025 and MH0026 
provide superior performance for most MaS input 
interface applications. 
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APPENDIX I 

MH0025 Circuit Operation 

The schematic diagram of the MH0025 is shown in 
Figure AI·1. With the TTL driver in the logic "a" 
state 0 1 is "OFF" and O2 is "ON" and the output 
is at approximately one VBE below the V+ supply. 

INPUT 

Rl 

"0 

....... ~~-oOtJTPUT 
CR2 

'---""'--4"""----0 v-

FIGURE AI·'. MH0026 Schomatic (Ono·Half Circuit) 

When the output of the TTL driver goes high, 
current is supplied to the base of 0 1 , through 
CIN , turning it "ON." As the collector of 0 1 goes 
negative, O2 turns OFF. Diode CR 2 assures turn·on 
of 0 1 prior to 02'S turn·off minimizing current 
spiking on the V+ line, as well as providing a low 
impedance path around 02'S base emitter junction. 



The negative voltage transition (to MOS logic "1 ") 
will be quite linear since the capacitive load will 
force 0, into its linear region until the load is 
discharged and 0, saturates. Turn-off begins when 
the input current decays to zero or the output of 
the TTL driver goes low. 0, turns "OFF" and O2 

turns "ON" charging the load to within a VBE of 
the V+ supply. 

Rise Time Considerations 

The logic rise time (voltage fall) of the MH0025 is 
primarily a function of the AC load, CL , the 
available input current and total voltage swing. As 
shown in Figure AI-2, the input current must 

R2 
lK J 
"'-C-R2--1~ 02 

FIGURE AI·2. Rise Time Model for the MH0025 

charge the Miller capacitance of 0" CTC, as well 
as supply sufficient base drive to 0, to discharge 
CL rapidly. By inspection: 

(AI-l) 

(AI-2) 

If the current through R2 is ignored, 

(AI-3) 

where: 

Combining equations AI-l, AI-2, AI-3 yields: 

or 

[CL + (hFEQ1+1)CTcl t.V 

hFEQ, liN 
(AI-5) 

Equation (AI-5) may be used to predict t, as a 
function of CL and t.V. Values for GTC and hFE 
are 10 pF and 25 respectively. For example, if a 
DM7440 with peak output current of 50 mA were 
used to drive a MH0025 loaded with 1000 pF, rise 
times of: 

(1000pF + 250pF) (17V) 

(50mA) (20) 

or 21ns may be expected for V+=5.0V, V-=-12V. 
Figure AI-3 gives rise time for various values of 

CL • 

o 200 400 600 800 1000 

LOAD CAPACITANCE, CL (pF) 

FIGURE AI·3. Rise Time vs CL for the MH0025 

Fall Time Considerations 

The MaS logic fall time (voltage rise) of the 
MH0025 is dictated by the load, CL , and the 
output capacitance of 0,. The fall time equivalent 
circuit of MH0025 may be approximated with the 
circuit of Figure AI-4. In actual practice, the base 

v' 

A, 
CTC01T 10PF T-­IiHQz+l 

':" ":'" 

CTCal = OUTPUT CAPACITANCE OF 01 

"" lDpF 

hFEQ2 '" CURRENT GAIN OF 02 

~ 20 

IAVG = AVG CURRENT THROUGH Rz 
v+ -v-

2R2 

FIGURE AI-4. Fall Time Equivalent Circuit 

drive to O2 drops as the output voltage rises 
toward V+. A rounding of the waveform occurs 
as the output voltage reaches to within a volt of 
V+. The result is that equation (AI-7) predicts 
conservative values of t f for the output voltage 
at the beginning of the voltage rise and optimistic 
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values at the end. Figure AI-5 shows t f as function 
of GL . 

160 I-l-H-l-+-+-I--I-+--l 

.. 120 I""q.."++++-+-+-+-H 

200 400 600 BOO 1000 

LOAD CAPACITANCE, CL (pF) 

FIGURE AI-5. MH0025 Fall Time vs CL 

Assuming hFE2 is a constant of the total transition: 

L!.V ~(V+ - V-) 

L!.t 2R2 
(AI-6) 

GTC01 + GL /h FEo1+1 

or 

(AI-7) 

MH0025 Input Drive Requirements 

Since the MH0025 is generally capacitively coupled 
at the input, the device is sensitive to current not 
input voltage. The current required by the input is 
in the 50 to 60 mA region. It is therefore a good 
idea to drive the MH0025 from TTL line drivers, 
such as the DM7440 or DM8830. It is possible to 
drive the MH0025 from standard 54/74 series gates 
or flip-flops but tON and t, will be somewhat 
degraded. 

I nput Capacitor Selection 

The M H0025 may be operated in either the logi­
cally controlled mode (pulse width out 2< pulse 
width in) or GIN may be used to set the output 

I,. 

FIGURE AI-S. MH0025 Input Current Waveform 

pulse width. In the latter mode a long pulse is 
supplied to the MH0025. The input current is of 
the general shape as shown in Figure AI"6. IMAX 

is the peak current delivered by the TTL driver into 
a short circuit (typically 50 to 60 mAl. 0 1 will 
begin to turn-off when liN decays below VBE /R 1 
or about 2.5 mAo In general: 

(AI-8) 

Where: 

Ro ~ Output impedance of the TTL driver 

GIN ~ Input coupling capacitor 

. . VBE 
Substituting liN ~ IMIN ~-- and solving for t1 
yields: R1 

IMAX 
t1 = ROG IN In 

IMIN 
(AI-g) 

The total pulse width must include rise and fall 
time considerations. Therefore, the total expression 
for pulse width becomes: 

t, + t f 
tpw 2< -2- + t1 

t, + t f IMAX 
+ ROGIN In 

2 IMIN 
(AI-10) 

The logic "1" output impedance of the DM7440 is 
approximately 65S1 and the peak current (I MAX ) 
is about 50 mAo The pulse width for GIN = 2,200pF 
is: 

25ns + 150ns 
tpw 2< + (65S1) (2,200pF) In 

50mA 

2.5mA 

2 

517ns 

A plot of pulse width for various types of drivers 
is shown in Figure AI-7. For applications in which 

1100 
OIl(~p~;Pp~~~~~lOrH vs C'N fllR LONG 

65'R.CINln~1! 
900 ~lU::~: :,UlSE WIDTH" INPUT PULSE WIDTH 

] 1/ 
~ 700 

f--iOM9J2oJIVEJ-Hfb+-i 
500 

i1 ~ 
300 

"rPiuur 
100 

200 600 1000 1400 1800 2200 

CIN (pF) 

FIGURE AI-7. Output PW Controlled by CIN 

the output pulse width is logically controlled, GIN 
should be chosen 2 to 3 times larger than the 
maximum pulse width dictated by equation (AI-l0). 



DC Coupled Operation 

The MH0025 may be direct-coupled in applications 
when level shifting to a positive value only. For 
example, the MMll03 RAM typically operates 
between ground and plus 20V. The M H0025 is 
shown in Figure AI-8 driving the address or pre­
charge line in the logically controlled mode. 

+5.0V 

14U'~ ,U'~ 
r-I-', r-I-', 
~ I I I } TO RAM 

ID+--4-r>+ 
L OMl440 .J L. MH0025CN .J --¥- --¥-

FIGURE AI-S. DC Coupled MH0025 Driving 1103 RAM. 

If DC operation to a negative level is desired, a 
level translator such as the DM78DD or DHDD34 
may be employed as shown in Figure AI-g. Fin­
ally, the level shift may be accomplished using 
PNP transistors are shown in Figure AI-1D. 

L. MH0025CN .J 
~ ::r::: O-12V 

~O.lj.!f 

FIGURE AI-g. DC Coupled Clock Driver Using OH0034. 

'5V 

6~'~ 
r--, 

TTl { INPUTS 

¢, 

"::" L.~P'~ 
-12V 

FIGURE AI-l0. Transistor Coupled MH0025 Clock Driver. 

APPENDIX Ii 

MHD026 Circuit Operation 

The schematic of the MHOD26 is shown in Figure 
AIi-1. The device is typically AG coupled on the 
input and responds to input current as does the 
MHDD25. Internal current gain allows the device 
to be driven by standard TTL gates and flip-flops. 

With the TTL input in the low state 0 1 , O2 , 0 5 , 

Os, and 0 7 are "OF F" allowing 0 3 and 0 4 to 
come "ON." R6 assures that the output will pull 
up to within a V BE of V+ volts. When the TTL 
input starts toward logic "1," current is supplied 
via G'N to the bases of 0 1 and O2 turning them 
"ON." Simultaneously, 0 3 and 0 4 are snapped 
"OFF." As the input voltage rises Ito about 1.2Vl, 
0 5 and 0 6 turn-on. Multiple emitter transistor 0 5 

provides additional base drive to Q 1 and O2 assur­
ing their complete and rapid turn-on. Since 0 3 and 
Q 4 were rapidly turned OF F minimal power supply 
current spiking will occur when Q 7 comes "ON." 

EXTERNAL 

"" 0-1 ~""O-, ~NV--f 

FIGURE AII-l. MH0025 Schematic lOne-Half Circuit) 

Os now provides sufficient base drive to 0 7 to 
turn it "ON." The load capacitance is then rapidly 
discharged toward V-. Diode 0 4 affords a low 
impedance path to 0 6 's collector which provides 
additional drive to the load through current gain 
of 0 7 , Diodes 0 1 and O2 prevent avalanching 
Q 3 's and 04'S base-emitter junction as the coi­
lectors of 0 1 and O2 go negative. The output of 
the MHDD26 continues negative stopping about 
D.5V more positive than V-. 

When the TTL input returns to logic "D," the input 
voltage to the MHDD26 goes negative by an amount 
proportional to the charge on G,N' Transistors Q 8 

and 0 9 turn-on, pulling stored base charge out of 
0 7 and O2 assuring their rapid turn-off. With 0 1 , 

O2 , 0 6 and 0 7 off, Darlington connected 0 3 and 
0 4 turn-on ;nd rapidly charge the load to within 
a VBE of V . 
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Rise Time Considerations 

Predicting the MaS logic rise time (voltage fall) 
of the MH0026 is considerably involved, but a 
reasonable approximation may be made by utiliz­
ing equation (AI-51. which reduces to: 

(AII-1) 

For CL = 1000pF, V+ = 5.0V, V- = -12V, 
t, "" 21 ns. Figure AII-2 shows MH0026 rise times 
vs. CL . 

! 20 

I 1-V'+_+-V--1.-2OV+-j"*~\J'f· '--'_ vl-::_+.-::"l:-:1v 

! 15 H-+-+::'~"++t-r-t-H 

200 400 &00 BOO 1 000 1200 

LOAD CAPACITANCE (pf) 

FIGURE AII-2. Rise Time vs Load Capacitance 

Fall Time Considerations 

The MaS logic fall time of the MH0026 is deter­
mined primarily by the capacitance Miller capaci­
tance of 0 5 and 0 1 and R5 . The fall time may be 
predicted by: 

where: 

Cs = Capacitance to ground 
seen at the base of 0 3 

= 2pF 

hFE2 = (hFEQ3+1)(hFEQ4+1) 

"" 500 

(AII-2) 

Forthe values given and CL = 1 OOOpF, tf "" 17.5ns. 
Figure AII-3 gives tf for various values of GL . 

MH0026 Input Drive Requirements 

The MH0026 was designed to be driven by standard 
54/74 elements. The device's input characteristics 
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25 
Y+-V-=15Yto2DV 

'" 
1; ..... 

I--' 15 

10 V 
Ro '" SOn 

/ TA '" 25°C 

200 400 600 800 tODD 

LOAD CAPACITANCE (pF) 

FIGURE AII·3. Fall Time vs Load Capacitance 

are shown in Figure AII-4. There is breakpoint at 
V,N "" 0.6V which corresponds to turn-on of 0 1 

and O2, The input current then rises with a slope 
of about 600n (R 2 II R3) until a second break­
point at approximately 1.2V is encountered, corre­
sponding to the turn-on of 0 5 and 0 6 , The slope 
at this point is about 150n (R 1 II R2 II R3 II R4 ). 

16 ~T~A-.2=5~'C~~-r-r-r'-' 
14 v+ '" lOV ·+-+-+-+-l--H 

~ 12 ~V~-4·0~V;--+-+-+-l--~~ 
.s I 10 ~H~-+-+-+-+-rl'~/' 
'" 

0.5 1.0 1.5 2,0 2.5 

INPUT VOL lAGE (V) 

FIGURE AII·4. Input Current vs Input Voltage 

The current demanded by the input is in the 5 to 
10mA region. A standard 54(74 gate can source 
currents in excess of 20mA into 1.2V. Obviously, 
the minimum "1" output voltage of 2.5V under 
these conditions cannot be maintained. This means 
that a 54/74 element must be dedicated to driving 
112 of a MH0026. As far as the MH0026 is con­
cerned, the current is the determining turn-on 
mechanism not the voltage output level of the 
54/74 gate_ 

Input Capacitor Selection 

A major difference between the M H0025 and 
MH0026 is that the MH0026 requires that the 
output pulse width be logically controlled. In short, 
the input pulse width "" output pulse width. 
Selection of G'N boils down to choosing a capacitor 
small enough to assure the capacitor takes on 
nearly full charge, but 'large enough so that the 
input current does not drop below a minimum 
level to keep the MH0026 "ON." As before: 

IMAX 
t1 = ROC 'N In 

IMIN 

(AII-3) 



or 

G'N = 
R I IMAX 
on -­

IMIN 

(AliA) 

In this case Ro equals the sum of the TTL gate 
output impedance plus the input impedance of the 
MH0026 (about 150Q). IMIN from Figure AII·5 
is about 1 mAo A standard 54/74 series gate has an 
high state output impedance of about 150&1 in the 
logic "1" state and an output (short circuit) cur· 
rent of about 20mA into 1.2V. For an output 
pulse width of 500ns, 

10 20 30 40 

lOUT (rnA) 

FIGURE AII·5. Logical '·1" Output Voltage 
vs Source Current 

500 X 10-9 

(150&1 + 150Q)ln 
20mA 

1mA 

= 560pF 

In actual practice it's a good idea to use values of 
about twice those predicted by equation (AliA) 
in order to account for manufacturing tolerances 
in the gate, MH0026, and temperature variations. 

800 
V+-V-=2DV 

'00 I:l = 1000 pF 
]: 

'00 
TA = 2!i"C 

~ 

b 
i< 500 

400 

~ '00 
V 

~ V ~ 

'00 0 

'00 

200 .00 .00 BOO 1000 1200 

INPUT CAPACITANCE, GIN \pF) 

FIGURE All-G. Optimum Input Capacitance 
vs Output Pulse Width 

A plot of optimum value for G'N vs desired output 
pulse width is shown in Figure AII·6. 

DC Coupled Applications 

The MH0026 may be applied in direct coupled 
applications. Figure AII·7 shows the device driving 
address or pre·charge lines on an MM1103 RAM. 

lOOpF 
MHD026CN 

112DM74011 

1
m",,,,, 
LINES ON 
MM11D3TYPE 
MEMORY SYSTEM 

FIGURE AII·7. DC Coupled RAM Memory Address or 
Precharge Driver (Positive Supply Only) 

For applications requiring a DG level shift, the 
circuit of Figure AII·S or AII·9 are recommended. 

" INPUT 

FIGURE All-B. Transistor Coupled MQS Clock Driver 

TTl INPUTS {o--..... ....., 

1 ""'" REGISTERS 

FIGURE AII·9. DC Coupled MOS Clock Driver 
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APPENDIX III 

MOS I nterface Circuits 

MOS Clock Drivers 

MH0007 Direct coupled, single phase, TTL com­
patible clock driver. 

MH0009 Two phase, direct or AC coupled clock 
driver. 

MH0012 10MHz, single phase direct coupled 
clock driver . 

MH0013 Two phase, AC coupled clock driver. 

MH0025 Low cost, two phase clock driver. 

MH0026 Low cost, two phase, high speed clock 
driver. 

MH8808 Dual clock driver for MM5262.2k RAM. 

MOS Oscillator/Clock Drivers 

MH7803/MH7807 - Complete two phase clock 
system for MaS micro·processors and 
calculators. 

MOS RAM Memory Address and Precharge Drivers 

MH8804 Quad TTL to 1103 address driver. 

MH8805 Dual TTL to 1103 address driver. 

MH0025 Dual address and precharge driver. 

MH0026 Dual high speed address and precharge 
driver. 

TT L to MOS Interface 

DH0034 Dual high speed TTL to negative level 
converter. 

DM7800 Dual TTL to negative level converter . 

DM7810/DM7812/DM7819 - Open collector TTL 
to positive high level MOS converter 
gates. 

DM78L12 Active pull-up TTL to positive high 
level MOS converter gates. 

MOS to TTL Level Converters and Sense Amps 

DM7802/DM7806* - Dual sense amp for MM5262 
2k MaS RAM memory. 

LM 165 Series * - Hex sense amp MaS to TTL. 

LM163/LM75107/LM75207* - Dual sense amp 
for MM1103 1k MaS RAM memory. 

Voltage Regulators for MOS Systems 

LM109/LM140 Series - Positive regulators. 

LM120 Series - Negative regulators. 

LM125 Series* - Dual +/- regulators. 

*To be announced. 



Application Notes/Briefs 

MOS KEYBOARD ENCODING 

INTRODUCTION 

The use of MOS large scale integration has made 
it possible to provide, in a single integrated circuit, 
all of the components necessary for economic 
implementation of the keyboard encoding func­
tion. The MM5740 is a complete keyboard inter­
face system capable of providing quad mode 90 
key keyboard encoding. In addition to the basic 
problem of translating a switch closure to a coded 
output, the MM5740 provides all of the functions 
necessary for modern keyboard system design. The 
salient features include programmable N-key or 
2-key rollover, TRI-STATE® parallel data outputs 
with a one character memory and externally con-

trollable pulse or level data strobe modes. Added 
conveniences are on-chip clock generation from a 
single TTL input, external RC control of strobe 
pulse width and capacitor control of key bounce 
mask time, single pin shift lock/shift indicator 
capability and repeat key function. 

THEORY OF OPERATION 

In order to better understand the following dis­
cussion, reference should be made to Figure 1 
which shows a functional block diagram of the 
MM5740 as well as the pin connection diagram. 

'" SOUN&E 
MASK 

Dual-In-Line Package 

IlATASTA!lDEOUIPUT 

OATASTROSECONTROl 

" '" 

FIGURE 1. Block and Connection Diagrams 
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A dynamic scanning technique is utilized to detect 
and pinpoint keyswitch activity on the keyboard. 
In this method. two ring counters are employed. A 
9·bit X counter monitors the rows of the switch 
matrix while the columns are monitored by a 
10-bit Y counter. Since there are 9 x 10 = 90 
possible counter states. ninety data switches may 
be defined by their X-Y coordinates. 

Every scan time (90-bit times). all keys are inter­
rogated in turn to determine their status. Each 
particular key is interrogated every 90-bits or once 
each keyboard scan cycle. This is implemented by 
employing the X counter as drivers to drive each 
row of the switch matrix in turn. The Y counter 
enables the sensing of each column of the switch 
matrix. Therefore. if a switch is closed it will be 
detected when its row (X coordinate) is driven 
and its column (Y coordinate) is sensed. This 
corresponds to the particular X-V time (one of 90 
time slots in the scan) defining the closed switch. 
A key detect pulse at the X-V time in question is 
issued and this is used to defi ne the status of that 
particular key. 

The above discussion has shown us how to detect 
a key closure and pinpoint which key switch it 
was. We must now take this information and pro­
vide a coded bit pattern for that key. In addition 
to scanning the key switch matrix. the X and Y 
counters are used to scan the contents of a Read 
Only Memory which contains the bit pattern for 
each key switch. For example. when switch Xl. 
Y 1 is being interrogated (at X1-Y1 time). the 
counters are addressing the memory location in 
the ROM which contains the code for switch 
Xl Y 1. If the key is closed. a key detect pulse will 
be issued. At this time. the ROM contents are 
strobed into latches which then hold the code 
pattern for key Xl. Y 1, It should be noted that 
the scanning of the switch matrix and ROM occur 
simultaneously and repetitively. The clocks are 
never stopped. instead information is obtained 
dynamically. 

For each keyswitch it is possible to ,. have four 
modes. These are determined by the status of the 
SHIFT and CONTROL keys which are inputs to 
the MM5740. There are four possible code patterns 
for each key as determined by the mode switches .. 
These code patterns are related in that. for any 
key. in any of its modes. only four of its 9-bits may 
vary. All code patterns are programmed at the 
time of manufacture using a single mask variation. 

Rollover 

The MM5740 keyboard encoder chip is capable of 
either N-key or 2-key rollover. The .customers· 
preference is programmed on the same mask used 
to define the code pattern for the keyswitches. 
N-key rollover is defined as the ability to issue a 
code each time a new key is depressed regardless 
of the status of all other keys. This means that 
each ti me a new key is depressed. a .code for that 
key would be issued even if other keys are still de-

13-40 

pressed. This type of rollover is ideal for fast 
typing applications. since the typist does not have 
to train herself to release the currently depressed 
key before she depresses a new one. Even in slower 
typing applications. burst typing of typical trigrams 
such as "TH E" and "E R En can be a problem if 
N-key rollover is not employed. 

In 2-key rollover. a code is issued at the time of 
depressing a new key. provided all other keys are 
released. If a key is depressed a code will be issued 
and the keyboard will be ignored until that switch 
has been released. If two depressions are performed 
in turn the first will be recognized and the second 
code will be issued when the first key is released. 

N-key rollover is accomplished by remembering the 
status of each key on the previous scan cycle. This 
is achieved by using a 90-bit shift register whose 
input is the key detect signal. If the input and out­
put ofthe shift register are monitored. it is possible 
to compare the status of each key on the past 
scan (output of shift register) with its status on 
the current scan (input of shift register). A valid 
key closure is present only if the input of the 
shift register is true and its output false. A release 
is present when the input is false and the output 
is true. The other two cases (00 and 11) correspond 
to no change in status; either released or depressed. 
The ROM word is strobed into the output latches 
only when a valid. key closure is detected. 

Once a previously closed key is released it then 
becomes possible to accept it as a valid closure if 
it is depressed again. For 2-key rollover. the same 
criterion is used to determine a valid key closure. 
However. after a key has been depressed no further 
entries will be acted upon until that key has been 
released. It should be also noted that the depression 
of the SHIFT and/or CONTROL keys after the 
depression of a data key will be ignored. The mode 
control keys must be depressed before depressing 
the data keys. 

Masking the Bounce 

Most keyswitches. primarily mechanical or reed. 
will exhibit a bounce characteristic upon both 
depression and release. In normal operation. many 
keyboard scans could occur during the time of 
switch bounce. It is then necessary to make sure 
that this bounce is not recognized as multiple 
depressions and/or releases. As soon as the scanner 
detects a change in key status. an internal time 
delay is activated which instructs the encoder to 
ignore keyboard activity. At the end of the time 
out (usually several milliseconds). when switch 
bounce has subsided. the encoder resumllS inter­
rogating the switch matrix. The time delay is 
continuously variable with an external capacitance 
connected to pin 17 of the MM5740. Typical time 
delays are illustrated in Figure 1 of the data sheet. 
The continllously variable bounce masking allows 
the MM5740 to be used with a wide range of 
commercial key switches. 



The Phantom Key 

In keyboard system design, a frequent question 
arises about the use of diodes in the keyswitch 
matrix. The need for diodes in series with each 
keyswitch stems from the fact that, under certain 
conditions, an undepressed key will appear as one 
which is depressed. Consequently an undesired 
additional character will be transmitted. Since an 
open keyswitch was detected, this keyswitch is 
often termed the phantom key. I n order to better 
understand this problem, reference should be made 
to Figure 2. In this diagram, phantom switch X2 Y 2 

will be detected since there exists a closed path 
from the X2 drive line to the Y 2 sense line which 
does not pass through the open switch X2 Y 2. By 
placing diodes in series with each keyswitch, this 
problem is eliminated since the sneak path has 
been blocked. 

Y, v, 

(a) NO DIODES 

x, -.--+----<..----11-

--..., 
x, -4.--1--++-..... --+-

'- oJ 

(b) DIODES BLOCK SNEAK PATH 

FIGURE 2. Phantom Key Illustration 

For a phantom key situation to occur it is necessary 
that at least 3 switches be closed and that they are 
located at the corners of some matrix rectangle. 
In addition, if a 2-key rollover encoder is used no 
diodes are required since the keyboard will be 
ignored if one key remains depressed. 

For an N·key rollover keyboard, if it can be certain 
that no more than 2 keys will remain closed, no 
diodes are required. If this condition r.annot be 
guaranteed it is possible, by clever key station 
layout, that when 3 keys are down they do not 
form the corners of a matrix rectangle. When none 
of the above restrictions can be met and true N·key 
rollover is required, it becomes necessary to insert 
diodes in series with the key switches. For uni· 
formity it is recommended that a diode be used 
with each switch. However, diodes are not required 
along the diagonal coordinates of the switch 
matrix and may be omitted if desired. It should 
be noted that this discussion pertains to switches 
which form a contact between the matrix co· 
ordinate lines. These include physical contact types 
such as mechanical or reed. For solid state or 
capacitive switches where there is isolation between 
an X·Y coordinate, this problem may not apply. 

Input·Output Interfacing 

In order to better see how the MM5740 can be 
connected to external components, an understand· 
ing of its input/output capabilities is necessary. 
All functional control inputs as well as the Data 
output lines (B , -B9 ) and the Data Strobe output 
are directly TTL compatible. The functional con· 
trol inputs are clock, output enable, repeat, shift 
and control. These input pins may be driven from 
a standard TTL logic gate which also drives 10 
other TTL loads. Thus the worst case input levels 
are specified at +0.4 and +2.4V. The code data 
output and data strobe lines can directly drive 
one standard TTL load and 100 pF at 200 kHz. 
If the clock frequency is reduced the capacitive 
load may be increased proportionally. The matrix 
drive IX, -X9 ) and sense (Y , -Y IO ) lines are 
normally connected to each other via the switch 
matrix. Typical waveforms for these signals are 
shown in Figure 3. 

~,c I"'''''"'' ",·r 
CLOCKIPIN1) ;. ~ "n n n n n r+Z4VMII'I 

~ -.. ....... '--' ....., ~ <-04VMAX 

FIGURE 3. Matrix Signal Waveforms 

Both the X and Y lines are unconditionally pre­
charged toward the V GG supply (-12V) when the 
clock is high. At the appropriate bit times of the 
scan cycle, each X line will go high during the 
time that the clock is low. For an open switch 
the Y line will remain negative. When a switch is 
closed the X line pulse will be transmitted to the 
Y input causing it to go high. The Y line will 
re-establish itself to the idle (negative level) con­
dition during the next high level of the clock. 
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The X lilies are capable of driving 75 picofarads at 
a 200 kHz clock rate. If the clock rate is reduced 
the load capacitance may be increased propor· 
tionally. Figure 4 is a schematic of the X output 
and Y input circuit of the encoder as it is normally 
connected to a matrix switch. The Y input has a 
high impedance device (.5 - 1 MQ) to the VGG 
supply. This device is intended to support the idle 

fROMX'----__ J 
COttIHER-,----, 

Vss (+5V) 

V .. (+5V) 

FIGURE 4. X Output - Y Input Schematic 

level during low frequency operation. If capacitive 
or solid state switches are used it may be necessary 
to buffer the X and Y pins of the MM5740 from 
the keyswitch matrix. For this purpose reference 
should be made to Figure 5 which shows the 
typical X and Y line voltage-current characteristic. 
The right hand portion of the curve describes the 
X line active high characteristic while the left hand 
portion illustrates the X and Y characteristic when 
trying to charge toward the VGG supply. These 
curves are useful for designing buffer circuitry 
driven by the X outputs or intended to drive the 
Y inputs of the MM5740. 
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.. 1 .1. ~UTPUTCURRENTI(mil 
Vss a+5V 
VLL = GNO 
VaG" -12 

Tr'1 X !IJ HIGH 
X LINE LOW 

V '1\ OR Y LINE 
(¢"TIME) 

Uf 1\ 
-6 -5 --4 -3 -2 -1 0 +1 +2 +3 +4 +5 

OUTPUT VOLTAGE (V) 

FIGURE 5. Typical X & Y Line Voltage - Current 
Characteristics 

Shift lock Operation 

In many keyboards it is desirable to operate the 
keyboard in the shift mode for an indefinite 
period of time. This would occur, for instance, if 
it was desired to type a letter in upper case. A 
keyboard encoded with the MM5740 provides this 
function electronically, eliminating costly mechani­
cally interlocked switches. 

When the shift lock key is depressed, the keyboard 
assumes the shift mode. If the shift lock switch is 
then released, the keyboard remains locked in the 
shift mode. In add(tion, the shift lock pin (MM5740 
pin 20) then operates as an output driver and 
supplies current to drive a shift lock indicator. This 
indicator signals the operator that the keyboard is 
in the shift lock mode. When it is desired to 
terminate this mode of operation, the shift key is 
momentarily depressed extinguishing the indicator 
light and placing the encoder in the unshifted mode. 
It should be noted that the shift lock keyswitch 
need only be a momentary single pole·single throw 
normally open switch. It is especially convenient 
to use a momentary lighted push button keyswitch 
for this application. Figure 6 illustrates a typical 
circuit diagram for implementing the shift lock 
function. 

MOMENTARY 
SHIFT LOCK 

SWITCH 

+5V o----/o-__ ... --!2~0 

SHIFT 
LOCK 

INDICATOR 
mv) 

18K 

-12Vo--...... _-..... 

12K 

MM5740 

"VJr-
.02V I OV 

OPEN I CLOSED LOCKED 

FIGURE 6. Shift Lock 1/0 Interface 

Repeat Function 

A useful feature contained in many keyboard 
systems is the repeat character key. By depressing 
this key and a data key the data character will be 
repeated. I n addition to repeated character entry 
this function is useful for such things as underlining, 
back spacing and cursor control. 

An incoming repeat clock (TTL level)· at the 
desired rate is accepted by the MM5740. This 
clock is internally synchronized to the keyboard 
clock and is used to pulse the data strobe signal at 
the repeat rate. The pulse width of the data strobe 
is variable and its determination will be discussed 
shortly. This pulse occurs at the scan bit position 
occupied by the character key in question. Since 
the repeat clock is asychronous with the encoder 
clock, it is necessary that the repeat pulse width be 
at least as wide as one scan time (90 encoder clock 
periods). For most applications this presents no 
problem since the encoder clock rate will be 
several orders of magnitude faster than the repeat 
rate. 



Program Unused Code Bits For Special Functions 

In most cases only seven bits are required to 
generate the character codes. This leaves bits 
eight and nine available to provide other keyboard 
functions with a minimum of extra hardware. If 
parity is desired bit 8 is programmed to supply 
this function. For applications where special char· 
acter control is required it is possible to use bits 8 
and 9 to satisfy this need. For example, in a 
terminal application the display control keys are 
sometimes treated as non·transmit characters. In 
such situations, the ninth bit could be programmed 
to serve as a strobe inhibit. With this arrangement, 
the 89 output (pin 39) is gated with the Data 
Strobe to prevent transmission for the appropriate 
characters. 

Another frequent application occurs when it is 
required that only certain characters on the key· 
board be allowed to repeat. This may be accom· 
plished by programming bit 9 of the character 
code as a repeat inhibit bit. When gated with the 
repeat oscillator, a selective repeat input is supplied 
to the encoder via the repeat key. Since bit 9 is 
common in all modes, the repeat will be inhibited 
or enabled for every mode of the key in question. 
If it is desired to selectively repeat the same key 
in different modes, bit 8 may be used as the 
inhibit bit since this bit is programmable in each 
of the four possible keyboard modes. 

In situations where it is desired to class characters 
in sets which are to be processed differently, some 
code bits may be programmed to provide a process 
recognition code. For example, by programming 
bits 8 and 9 as process recognition bits, keyboard 
characters may be divided into four classes for 
separate processing. When a character is entered, 
the processor or keyboard controller will examine 
the process code and channel the information to 
the appropriate processing logic or execute a 
predetermined routine according to character class. 

It should be emphasized that any of the code bits 
may be programmed to provide additional features 
as explained above and that bits 8 and 9 are the 
most frequently available extra bits when using a 
standard seven bit code. Figure 7 illustrates a 
typical arrangement for implementing the transmit 
inhibit and selective repeat functions. 

MM5740 

1----------;-•. , 

1-: •• --------.....:. ..... , 
"1-"0''-____ +....,. _____ 

" 
TRANSMIT 

INHIBIT 

REPEAT 
INHIBIT 

DATA 
STROlE 
OUTPUT 

'-.J------<REPEAT CLOCK 

FIGURE 7. Typical Transmit Inhibit and Selective Repeat 
Arrangement 

Data Strobe, Data Strobe Control and Output 
Enable 

In order for the keyboard to effectivelY communi­
cate with the system to which it is connected, it 
must supply a signal which alerts that system when 
data has been entered. This requirement is met by 
the Data Strobe output (pin 13). Once a valid 
character has been entered by the keyboard and 
is stored in the output latches of the MM5740, a 
Data Strobe is issued. The Data Strobe signal may 
take on several formats which will be discussed 
shortly. 

The function of the Data Strobe Control input 
(pin 14) is to control the resetting of the Data 
Strobe once it has been activated. The Output 
Enable (pin 15) is also an encoder input and it 
serves two purposes. Firstly, it serves as the 
TR I-ST ATE control for the code data output 
lines (81 -89 ), Secondly, it is used to control the 
resetting of the Data Strobe Output. 

In order to better understand the interrelationship 
of these functions reference should be made to 
Figure 8 which illustrates the pertinent logic. 

DATASTR08E 

L __ -C:t:=~ __ -< CONTROL 

'------, ~~!:~~ 

FIGURE 8. Data Strobe, Data Strobe Control and Output 
Enable Logic 

When a val id key is entered an Enter Store signal 
is generated which enables the output latches to 
accept coded data from the ROM. The Enter Store 
signal, after being delayed one bit time, forms the 
set term of an RS flip flop. This flip flop inputs at 
if time (clock high) and outputs at <P time when 
the clock is low. The Data Strobe will go high 
when the flip flop is set, indicating that data is 
ready and stored in the output latches. The Data 
Strobe Control and Output Enable form the reset 
term for the Data Strobe flip flop. When the Data 
Strobe control is high and the Output Enable is 
low, the Data Strobe output will be reset. In 
addition, when the output enable is high the data 
output lines are placed in the high impedance state. 

Now that the basic logic relationships are under­
stood we will discuss typical applications con­
cerning these functions. For a pulse mode data 
strobe, the output enable is grounded (always 
enabled) and the Data Strobe is tied directly to the 
Data Strobe Control. With this connection, a pulse 
which is one bit time wide will appear on the Data 
Strobe line to indicate available data is present. If 
a pulse width greater than 1 bit time is required, 
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it may easily be achieved by inserting an RC 
network between pin 13 and pin 14 as shown in 
Figure 9. The pulse width is approximately 
0.6 RC. This feature eliminates the need for a 
one-shot circuit often found in many keyboard 
systems. By allowi ng for a resistor and capacitor 
on the printed circuit board, a variable pulse width 
can be achieved without affecting board layout. 
If a one bit wide strobe is desired, a wire link can 
replace the space taken by the resistor and the 
capacitor is left out. 

13 j-.::'::.AT:.:A~S::;TO::.:'~BE:.... __ ~ 
TTL 

MM5748 

14 

DATA STO'BE J T C 
CONTROL ":" 

FIGURE 9. Variable Width Pulse Data Strobe 

In many applications, it is more convenient to 
have a level strobe mode of operation. For example, 
in bus structured systems where there are many 
keyboards andlor other peripherals connected to 
the main processing system a controlled level strobe 
is desired. Such a configuration is illustrated in 
Figure 10. In this situation many peripherals share 
a TRI-STATE bus. When a peripheral such as the 

FIGURE 10. Keyboard Usa in a Bus-Structured Interrupt 
System 

keyboard has data available, the Data Strobe goes 
high. This signal interrupts the processor. At the 
appropriate time, the processor will respond to 
this interrupt by setting a flag. This flag can be 
used to enter a read peripheral mode and send an 
enable signal to the keyboard. When the output I 
enable of the MM5740 goes low the Data Outputs 
are presented to the TR I-STATE bus for acceptance 
by the processor. On the next negative edge of the 
clock, the data strobe will be automatically reset. 
At this point the keyboard and processor have 
completed a data exchange and conditions are 

13-44 

such that additional data may be entered. Of 
course the time periods of concern in such a design 
are dictated by the keyboard activity rate and the 
processor organization. 

In most situations, the processor will readily accept 
data presented by the keyboard at normal key­
board rates. If conditions are such that the pro­
cessor will be busy for periods of time longer than 
the time between keyboard entries, then a buffer 
memory will be needed to store those entries. 
These considerations pertain to total system design 
and will vary in each particular situation. 

For the purpose of further illustrating the use of 
the data strobe, data strobe control and output 
enable, let us consider the particular application 
where it is desired to poll several keyboards in a 
system. We will consider that the keyboards can 
be either localized or at remote locations and that 
a scanning interrogation technique will be used. 

FIGURE 11. Polling System for Localized Keyboards 

In Figure 11 such a polling set up is shown for 
localized keyboards and the associated timing 
diagram is shown in Figure 12. Since the keyboards 
are local, the wiring capacitance can be reasonable 
enough to make use of the TR I-STA TE feature 
of the MM5740 and allow all encoders to'share a 
common data bus. When a character is entered 
from any keyboard, the corresponding data strobe 
line (pin 13) will go high. When the keyboard is 
read, the output enable line will go low, taking the 
data lines out of the high impedance state. One 
bit time later, the data strobe will be automatically 
reset which in turn will drive the output enable 
high again. This removes that keyboard from the 
data bus and allows the remaining keyboards to 
be interrogated. The data strobes for each keyboard 
are combined and gated with the clock to form a 
single data strobe output to the receiving system. 
When the receiving system sees the data strobe 
pulse, the output data is stable and ready for 
acceptance. 



I\EADI~'I-\\------
READ2~1-1 _____ _ 

--------~v~ 

STI\~!I~~ 
E:~:~EU:-~=::-1LJr-----------

DATA~1~~~~ ____ --,nL. ____ _ 

FIGURE 12. Timing Diagram for Keyboard Polling System 

When this application applies to remote keyboards 
or a heavily loaded TTL bus, the keyboard encoders 
must be buffered. This may be accomplished as 
shown in Figure 13 by using TTL TRI-STATE 
devices between the encoders and the common 
bus. In this technique, the keyboard encoders are 
always enabled by grounding pin 15. When the 
data strobe goes high and the' keyboard is inter­
rogated, the data strobe control line wi II go high. 
This takes the data output gates out of the high 
impedance state. On the next positive clock the 
data wi II be stable and ready for acceptance by 
the receiving system. In addition, the fact that the 
data strobe control went high will reset the data 
strobe on the next negative edge of the clock. 

SHIft 
lOCK 

Use Two Encoders for 180 Key Capability 

Some special applications may require an N-key 
rollover encoder capable of handling a keyboard 
with greater than 90 keyswitches. Such situations 
are easily handled by using two MM5740 encoders 
to provide a capability of up to 180 keyswitches. 
Figure 14 illustrates how such a system is configured 
and Figure 15 shows typical timing waveforms. 
It should be noted that such a configuration is 
achieved with a minimum of peripheral circuitry. 

FIGURE 13. Polling System for Remote Keyboards 

SHIfT 

r-----------o~ 

."~~~~~ 

DATAS1ROIE 
OUTPUT 

FIGURE 14. Two Encoders Give 180 Key, N-Key Rollover Operation 
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CLOCK 

DETECT 
SWITCH 

CLOSURE 
MATRIX 1 

DATASTROBfl _______ --'(\ .... ____________________ _ 

OUTPUT _______ --,. 

ENABLE1 ~ 

CODE ~~ ___________________ _ 

DATA 1 _ HIGH IMPEDANCE STATE ~~ ____ HIGH IMPEDANCE STATE 

CODE CODE 
DATA DATA 

TRANSITION AVAILABLE 
FROM THIRD STATE 

DETECT 
SWITCH~ 

MATRIX 2 CLOSURE ~ "'-

DATA STROBE 2------____________________ --' 
OUTPUT __________________________ .., 

ENABLE2 ~ 

COOE:::::::::::::::::::~~~;,:;.;~;,:::::::::::::::::::::~~ DATA 2 HIGH IMPEDANCE SlATE .1\~ ____ I'l_!!f~H __ 

OATASTROBEOUT-----------II\ .... ---------------...J~ 

FIGURE 15. Typical Timing Diagram - 2 Encoder Expansion Operations 

The keyswitches (up to 1801 are wired in two 
X-V matrices; one set for each MM5740 encoder. 
Both encoders operate asynchronously with respect 
to each other; at any time the scan position in one 
matrix may not be the same scan position in the 
second matrix. The essential point to remember is 
that no two keys may be depressed at "exactly" 
the same time and still result in a valid code output. 
This assumption is quite valid in that there is 
always some finite time period between the de­
pression of a key and the depression of a succeed­
ing key, even though that time may be as low as 
5-10 ms. Anyone using a keyboard as an input 
device to his system must know what the maximum 
keyboard activity rate will be for his particular 
application. This information tells the system 
designer how much keybounce he can tolerate, 
what the encoder frequency should be, the type 
of rollover to specify, the width of the data strobe, 
whether his system is fast enough to accept 
asynchronous data from the keyboard without a 
buffer store and many other vital design specifica­
tions. 

The above discussion' relates to the application 
shown in Figure 14 in the following way. With no 
activity on the keyboard the data outputs of both 
encoders are in the third or high impedance state. 
A valid key closure in one matrix activates the 
data strobe and code data outputs of the corre­
sponding encoder removing it from the high im­
pedance state. The second encoder remains in the 
high impedance state. Resetting of the data strobe 
is automatically accomplished via the output 
enable pin and results in a one bit time wide data 
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strobe output pulse. Code data is valid during the 
time that the output enable is low and the clock is 
high. After the first data strobe is reset both 
encoders are in the idle condition. If a valid 
closure is now detected in the second switch 
matrix, the second encoder performs exactly like 
the first one did a short time earlier. During this 
activity, the first encoder is in the high impedance 
state. The data strobe outputs from each encoder 
are combined in a 7400 gate to provide one data 
strobe output line for the keyboard system. 

Since both key switch matrices are physically 
part of the same keyboard, two keys will not be 
activated at exactly the same time. Therefore, each 
encoder, operating asychronously with respect to 
the other, perform as separate entities. However, 
the receiving system which communicates with the 
keyboard encoders cannot distinguish that there 
are two encoders and two sub-matrices. Externally 
this arrangement appears as a single encoder with 
up to 180 key capability. 

Complete ASR 33 Keyboard System 

By using the MM5740AAE or MM5740AAF, 
typical ASR 33 type communications keyboards 
may be configured. These parts are available as 
standard off the shelf units. While both versions 
contain the same ROM encoding (all 90 key 
positionsl, the AAE provides N-key rollover and 
the AAF is programmed for 2-key rollover. It 
should be noted that many variations of ASR 33 
keyboards may be configured by connecting to 
the appropriate matrix coordinates. 



One common keyboard system is shown in Figure 
16. The associated keyboard layout is shown in 
Figure 17 while the key codes are shown in 
Figure 18. It is apparent that a minimum of 
external hardware is needed to configure a total 
keyboard. The ease with which the MM5740 is 
able to interface with inexpensive TTL circuitry 
eliminates the need for many external resistors 
and level translators. It should also be noted that 

-12V 

*''''> 

MM5740 TTL inputs may be supplied from 
standard TTL logic without any restrictions on 
the TTL·TTL loading. For example, the MM5740 
clock input may be supplied from a standard TTL 
gate which also drives 10 other TTL loads. By 
incorporating any of the techniques' discussed 
previously many variations of this basic keyboard 
system may be implemented with a minimum 
of additional hardware. 
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ASRJ3 
MM5740AAE (N-key rollover) 
MM574DAAF (2-keV rollover) 

FIGURE 17. Typical Keyboard Arrangement 

MATRIX 
ADDRESS 

COMMON UNSHIFT 
CONTROL 

0 0 0 

0 0 0 0 'I-'--
, 

0 0 0 o , 0 0 

0 0 0 0 

0 0 0 

0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 

0 0 0 0 0 0 

2 6 0 0 0 0 0 0 0 

0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 2-f.-2- 0 

2 " 0 , 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

,5 

6 0 0 0 0 0 0 0 

0 0 0 0 0 

3 8 

0 0 0 0 0 0 0 

3 " 0 0 0 

Negative True Logic 

Bl - B7 ~ ASCII Code 
B8 ~ Even parity (on Bl. B2. B3. B4. B5. B6. B7. 88) 
B9 = Selective Repeat Bit 

Note: Use 8S if parity bit is desired. 

0_ 

0 0 

0 0 

0 0 

0 

0 0 0 

0 0 0 

0 0 

0 0 0 

0 0 0 

FIGURE 18. Code Assignment Chart 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 

0 

0 

0 0 

CHARACTER 

sc 

FF FF 

FS 

0 GS GS GS 

so so so so 
SP SP 

0 

8S 

0 

0 

0 

OEL 

0 

0 

0 

OLE OLE 

0 



MATRIX 
ADDRESS 

COMMON UNSHIFT 
CONTROL 

o 0 

o 0 0 0 US 

6 0 0 0 0 0 

o 0 0 

o 0 

° ° 0 
o 0 0 

5 W 

o 0 o 0 0 

o 0 0 0 ° 0 

o 0 0 

o 0 ° 010 0 ° 0 ° 
6 W 

Negative True Logic 

B1 - B7 = ASCII Code 
B8 = Even parity Ion B1. B2. B3. B4. B5. B6. B7. B8) 
B9 "" Selective Repeat Bit 

Note: Use B8 if parity bit is desired. 

MATRIX 
ADDRESS 

COMMON 

, 0 0 

UNSHIFT 

1 0 0 0 

o , 

I---'+---"'+'o,-!-,,-O +-'+-,,0 0 1 I 0 0 0 
L---,t--,:-r+,-'o,+.o =0 " 0 ; , , ·o-;;-~ 0 0 

8 0 o (J I 1 

o 0 0 

o ° 

o 0 , , 

1 0 D 

00000000000000 

9 0 0 o 0 0 0 0 ° 0 0 

Negative True Logic 

B1 - B7 = ASCII Code 
B8 = Even parity Ion B 1. B2. B3. B4. B5. B6. B7. B8) 
89 = Selective Repeat Bit 

Note: Use B8 if parity bit is desired. 

o 10 0 

o ,0 0 

o 0 0 

o 0 ; 0 

o ° 0 

FIGURE 18. Code Assignment Chart (cont'd) 
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CONCLUSION 

The MM5740 keyboard encoder offers a wide 
versatility of features not found in conventional 
MSI designs. In addition, performance specifica­
tions of the MM5740 far exceed those of other 
MOS encoders currently available. The wide range 
of clock frequency, low power dissipation, variable 
bounce masking, ease of interface, rollover capa­
bility and its many other notable features make the 
MM5740 a logical choice for your keyboard 
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encoding function. This encoder has been designed 
not only as a powerful part of any keyboard 
system but also with the intention of minimizing 
the amount of additional keyboard electronics and 
simplifying the interaction of the keyboard with 
other system components with wh ich it must 
communicate. As a result, the MM5740 should go 
a long way toward improving the cost-performance 
basis of keyboard oriented systems. 



Application Notes/Briefs 

SAVING ROMs IN HIGH·RESOLUTION DOT·MATRIX DISPLAYS AND PRINTERS 

INTRODUCTION 

Conventionally, the number of bits in a digital 
character generator's read only memory is pro­
portional to the number of dots in the character 
matrix. That is, the ROM array ordinarily doubles 
and redoubles in size as one scales up the resolu· 
tion or changes from an upper·case to an upper· 
case/lower·case font. 

Fortunately, such progressions may not be reo 
quired. Reorganizing the ROMs to suit the specific 
application often save thousands of bits and 
allows the designer to use smaller, faster, more 
economical monolithic ROMs. As a simple example, 
expanding the array in 32·character subsets rather 
than the more conventional 64·character subsets 
will enhance performance and save up to 25% of 
ROM capacity in typical UC/LC applications. 

Savings much greater than 25% are possible when 
the matrix size reaches a point where several 
monolithic ROMs are needed to store the font. 
We have found a two·stage, column·generation 
approach called "intermediate coding" to be much 
more efficient than straightforward dot·matrix 
generation. It exploits the fact that column 
patterns tend to become highly redundant as the 
matrix size increases. 

One version of this new technique automatically 
proportions character widths as in letterpress 
printing. This gives each character a more natural 
shape and eliminates the irregular spacings usually 
seen around "I" and other narrow characters. Yet 
the control logic is simple and the ROM savings 
approach 40% at typical font sizes. 

Such advantages are available immediately, without 
development of special ROMs. The designs can 
be implemented with standard MOS or bipolar 
ROMs currently in production. In fact, inter· 
mediate coding broadens the cost/performance 
options by allowing a combination of MOS and 
bipolar ROMs to be used. 

DOT·CHARACTER FONTS 

Dot-character styles ranging in complexity from 
5 x 7 to 12 x 24 or more dots per character have 
been developed to meet the human-engineering 
standard of various industries using digital displays 
and printers. The more popular sizes are listed in 
Table I. 

The 5 x 7 fonts, such as Figure 1, lead in applica­
tions volume due to their use in low-cost data 

TABLE I. Typical Dot-Matrix Character Fonts 

SIZE AND DOTS PER THEORETICAL DESIGN PRACTICAL 
SCANNING CHARACTER CHARACTER ROM EFFECTIVENESS DESIGNS 

5x7 
HOrizontal 35 64x7x5=2-1/2k 1.00 Fig.3 

7x5 
Vertical 35 64 x 5 x 7 = 2,560 1.00 Fig.3 

7x9 
Horizontal 63 64 x 9 x 7 = 4,032 0.67 Fig. 6 

9x7 
Vertical 63 64x7x9=4,032 1.00 Figs. 5 & 8 

7x12&8x12 
Horizontal 96 64 x 12 x 8 = 6,144 and 1.00 Figs. 6 & 7 

96 x 12 x 8 = 8.216 1.00 

12x7&12x8 
64 Character Vertical 96 64x8x12=6,144 1.00 Fig. Be 
96 Character Vertical 96 96 x 8x 12.= 9,216 1.00 Fig. 88 

12 x 16 

64 Character Horizontal 192 64 x 16 x 12'" 12.288 1.50 for Fig. 9A Fig.9A 
96 Character Horizontal 192 96x 16x 12= 18.432 1.50 Fig. 9 Fig. 98 

16 x 12 
64 Character Vertical 192 64 x 12 x 16 = 12,288 1.50 for Fig. SA Figs. 6. 7.&9 
96 Character VertIcal 192 96 x 12 x 16 = 18,432 1.50 for Fig. 98 

24 x 12 
64 Character Vertical 288 64)( 12x24= 18,432 2.00 for Fig. 98 Figs. 6.7. & 9 

64 x 13 x 10 to 64 x 13 x 16 
64 Character Variable 

208 64 x 13 x 16 = 13.312 3.06 for Fig. 10 Fig. 10 
Font Width 
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(81 Lower-Case Font 

FIGURE 1. ASCII Full Set Font of 1285 x 7 Characters 

interface terminals (although some terminal manu­
facturers are going to larger sizes in response to 
complaints that 5 x 7 presentations cause eye­
strain)_ In other applications, a standard is often 
set by older printing techniques_ To cite a few 
examples: business-machine users are accustomed 
to typewriting; advertisers want characters with 
"sales appeal" on their billboard displays; score­
boards and traffic-control signs must be read 
easily at a distance; and electronic printing systems 
may have to simulate several metal type fonts_ 

The matrix size is frequently enlarged to improve 
lower-case character definition in UC/LC applica­
tions_ A 5 x 7 font typically grows to 7 x 9 for UC 
and 7 x 12 for LC, as in Figure 2_ Likewise, 7 x 9 
is expanded to 8 x 12 and 12 x 16 to 12 x 24 for 
lower-cases_ 

IIl4S 12346 1234$ 1234S 12345 1234S 
I •••• , . . o. . ..... , . o. , . 

12346117 

I ••••• ,. . , . . .. . ,. . 
~ : .... 
, . 
,~ . 

· · · · • .. · · · 
. : . . .. 

.. . .. . · . .. .. · .. · . .. · · .. · · · · · · .. .. . ... . ... .. · .. · · · . · · . .. . 
12346&7 1234S17 1234S'7 1234517 . . .... ..... . . .. . ... . .. · . . . . ::- .. : : e. : _. ••• • . . ..... ..... . ..... . .. . · .. . · .. . . . .. . 

FIGURE 2. UCILC Characters at 5 x 7 and 7 x 12 
Matrix Sizes 

At 5 x 7, it is most economical, as a rule, to pro­
gram a "full set" of 128 UC/LC characters in 
standard character-generator ROMs. The full set 
in Figure 1 is stored in two 64-character MaS 
ROMs. This provides a mass-production base and 
equalizes access times. If the 32 special symbols 
generated with the ASCII control codes are not 
usable, they are simply blanked by disenabling 
the lower-case ROM when the seventh ASCII bit 
is "0." But if the font is scaled up to simulate 
typewriting, for example, this practice becomes 
wasteful since 96 characters would suffice. 

Another compl ication is that many special ized font 
sizes, such as 11 x 9, do not fit neatly into standard 
ROMs made in building block sizes. In other 
words, one cannot store the font in a minimum­
sized ROM array without paying the extra costs 
of custom ROM development or specialized low­
volumn ROMs. 

CHARACTER-GENERATOR ROMs 

Consequently, character-generator ROMs have been 
developed that adapt to a variety of font sizes. 
They may not exactly fit the theoretical matrix 
array at odd sizes. but that is easily offset by 
the economy of parts standardization. 

Two such MaS ROMs are outlined in Figure 3 
with their addressing for 5 x 7 horizontal scanning 
and 7 x 5 vertical scanning. The vertical-scan sub­
system in Figure 4 shows the amount of support 
logic typically required in a display. 
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FIGURE 3. MM5,240 and MM5241 Standard Character·Generator ROMs 

INPUT 
CHARACTER 

DATA 

lINF 
COUNTER 

LINE 
DIVIDER 

COLUMN 
COUNTER 

CHARACTER 
GENERATOR 

DOT/COLUMN 
DIVIDER 

lAXtS 
MOO 

OUTPUT REGISTER 

PARAllEl 
ENABlE 

DOT RATE 
CLOCK 

FIGURE 4. Typical 7 x 5 Vertical-5can Display Generator Subsystem 

The MM5240 expands straightforwardly in 64· 
character increments to larger fonts, such as the 
9 x 7 or 10 x 8 arrays in Figure 5A. An expansion 
such as Figure 58 would be used to provide a full 
set UC/ LC font. These expansions keep the 
character rate the same as at 5 x 7, whereas 
doubling the size of each monolithic ROM would 
not. 

32-CHARACTER BLOCKS 

A similar expansion of the MM5241, as in Figure 
6A. would provide 7 x 9 to 8 x 12 horizontal-scan 
fonts. However, the direct 64·character expansion 
places a ROM-enabling operation in the middle of 
the character. Such operations are common in 
large-font generator designs. 

A simple solution to this problem is to "steal" 
a character-address input, use it as a row-address 
input, and then use a chip·enable input as a 
character input (Figure 68). This provides a 32· 
character or 64-character block enabled during the 
between·characters spacing interval. A 32·character 
block would be the only ROM required in a 
system using only numbers and symbols. 

However, the chief attraction of this conversion is 
in UC/LC applications. Figure 7 shows how to 
use three ROMs to generate 96 7 x 9 to 8 x 12 
horizontal·scan characters-a 25% savings compared 
with a "full set" expansion. The chip·enable inputs 
are programmed to sense the sixth and seventh 
cnaracter·address bits. External decoders aren't 
needed. 

If each ROM in Figure 7 is replaced with a parallel 
assembly of three ROMs (24 outputs), the result 
is a 24 x 12, 96-character vertical-scan generator 
with the same character rate as at 8 x 12. In other 
words, the 32-character approach maintains the 
benefits of parts standardization and performance 
up to a very high resolution. 

Other ROMs can be used in this fashion. In Figure 
8, the MM5227 TRI·STATE@and MM5288 256 x 
12 ROMs are shown in expansions that comple· 
ment those of the MM5241. These ROMs provide 
access times well under a microsecond. For rates 
in the nanosecond range, general-purpose bipolar 
ROMs with four or eight outputs, such as the 
DM8597 256 x 4 and DM8596 512 x 8 can be 
worked into similar organizations. 
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FIGURE 7. USing 32-Character Expansions for 7 x 12 or 8 x 12. 96-Character Generator 
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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, the full-dot columns in such vertical­
scan characters as b, B, 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 [II, 
INPU1DAIA A7 o-.... H-t-----.... 

Theoretically, they could 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. 
I nstead of doubling the 64 x 12 x 8 organization to 
produce fonts up to 16 x 12, it adds only a 2k 

MM52l1 
256_8 

COLUMN 
GENERATOR 

113456769101112 ...... . . · . · . : . .......• -
· . ........ 

· · · : 

PARALLEL 
TO SERIAL 

CONVERTER 

l!2COLUMN 
CLOCK = 1 

112 COLUMN 
CLOCK-II 

OUTPUT 
DATA 

(AI 12 x 16 Vertical Scan (UCI 

A, -II, o----.-l 

.. o-~~+--.... 
A,C>-<H++-----.J 

':&~: PIS 
COLUMN 

GENERATOR 

,n -------COLUMN CE 
CLOCK 

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

FIGURE 9. Intermediate Coding Designs (MOS ROM Organizationsl 



ROM. Up to 128 unique column patterns are 
stored in 8·bit, half-column segments in the 
MM5231 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-bit outputs 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 re­
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 still 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 
the 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 in 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 
both may be bipolar to increase the rate. The 
DM8596 512 x 8 ROM fits most large-font 
geometries qu ite well and costs less than sub­
assemblies of 1 k bipolar ROMs. Again, an inter­
mediate register will maximize the rate. 

REPEAT-PATTERN 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. This 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 

that holds the column output static until it has 
to change would be highly efficient. 

Figure lOis 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 completing a character before starting a new 
character. To use th is 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-dot 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 I isted in the 
small input ROM at locations where they wil\ 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 
0000 0001 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 technique of lax 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 EOe bit. When EOe 
and the time-out state of the master counter 
coincide, 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 star.ting address for 

.I and the process continues through I, M and B. 

Sl'ACE CODE 0000 

COUNTER OUTPUT 
(4 LSB) 

13 •• 
12 •• 
11 •• 
.0 •• , .. ...... ...... .. 
~ :: 
~ i: , .. 
2 •••••••••• 
1 •••••••••• 

COLUMNS 1234 S 6 7 8 910 

REPEAT CODE 1032103210 
(13xl0i 

Eoe CODE 0000001 , 1 1 

:: 
:: :: .. ...... ...... 

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 organization should also 
expand efficiently since the repeat probability 
tends to rise with matrix width. 

In 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 
Ue/Le generator with the ninth address input a 
direct shift control: 

.. . . ... . .. .... . .. . .... . .. . !! -:,:- ii 
:: :: 
:: :: 

....... ........ .. .. .. .. .. .. ::::::. .. .. .. .. .. .. .. . . . ....... . . ...... . 

(Repeat Pattern Character Quality and Coding Example) 
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CHARACTER [ 
DATA INPUT 

OM7488 

(2 REDI 

CHARACTER 
MEMORYo---------++-----.J 

CLOCK OUTPUT 

CLOCK o--------<lo+--------oO<>-------<t-------.... 
*NoteA: Repeat code grllUp. 

FIGURE 10. Repeat-Pattern Vertical-Scan Generator 



Application Notes/Briefs 

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 

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 wi II be one percent of the peak 
power or 0.2 mA per chip. Comparable savings 
in clock driver power dissipation are also realized. 

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 1 is delayed by one cycle 

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

TABLE I. 

MAXIMUM POWER SUPPLY CURRENT (mAIIPER 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 2: 4096 
B = Number of bits/words 

tcVCLE '" Memory cycJe tim, 

II 

CLOCK 
.DECODING 
ONE CHIP 
SELECTED 

20.1 

20.3 

20.7 

21.5 

23.1 

26.3 

III IV V 
CLOCK 

ADDITIONAL NS DECODING 
AVERAGE TOTAL TWO CHIPS 
REFRESH WORST ALTERNATELY 
CURRENT CASE SELECTED 

20 

40 0 40 

40.2 0.4 40.6 

40.6 1.2 41.8 

41.4 2.8 44.2 

43 6.0 49 

46.2 12.4 58.6 

100 (AVGIMAX B 12 x 20 + (~ - 2) x 0.1 + (_N_ - 2) x _3_2_tc_Y_C_L_E x 20\ 
2048 2048 2 ms 

I.. y,.. ___ --" ''-____ ...... y I 

III IV 

6003 
(4mA 

STANDBY 
CURRENT) 

10 

20 

28.2 

44.6 

77.4 

143 

274 
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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. 

2. 4. 8Ic 10k 32k 14k 128k 

MEMORY SIZE (WORDS) 

FIGURE 1. Memory Size VI 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 

Ciii 

REFRESH 

... 
PHAIE 1 

PHASE 2 

PHASE I 

CLOCKS DECODED EXTRA PHAIE 1 CLOCK DECODED 
TO ON STATE PULSE TO DESELECT TO Off STATE 

CHIP 

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 after deselecting 
the chip (Figure 3 - cycle 2). During all remain­
ing cycles the chip is deselected and no clock 
pulses are supplied to the chips. 

" ~I'H"'SEI ...... 
" ~PH"'SE2 ...... 
" ~PH"'SEJ 

MHIDII 
es 

""-...---..... ---' 
FIGURE 2. MM5262 Clock Decoding Logic 

There are three practical considerations to be 
aware of when using this circuit. First is that, 
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 Tl 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 T1 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 Tl goes 
low a gl itch will be produced on Phase 1. If 
REFRESH is connected to the clear input of 

CYCLE( CYCLE 5 CYCLES 

REfRESH CYCLE CLOCKS DECODED CLOCK DECODED 
CLOCKS TURNED ON TO OfF STATE TO ON STATE 

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 pulse after a refresh cycle 
will not cause any problems but it will change 
the value of the refresh current. If refresh is 
implemented by doing one refresh cycle every 
62.4f.Ls, 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 62.4f.Ls 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 Tl. 

It is perhaps of more interest to examine an 
actual system to determine the effects of clock 
decoding. As an example a complete Bk·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 Bk·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 ns and Clock Decoding) 

Icc (rnA) @ 5.25V 100 (mAl @-16V IBB (rnA) @ 8.75V 

OPERATING STANDBY OPERATING STANDBY OPERATING STANDBY 

TTL 1,180 1.180 0 0 0 0 

MHOO26 124 1.2 111 1.1 0 0 

MM5262 699 12.8 650 19.2 B.O 6.5 

Total CUrrent 2,003 1,194 761 20.3 B.O 6.5 

Total Power (Watts) 10.5 6.3 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 + 0.33 + 0.057 = 6.7 Watts 

TABLE III. Power Consumption of 8k x 16 Module (With tcVCLE = 635 ns and No Clock Decoding) 

Icc (rnA) @ 5.25V 100 (rnA) @-16V IS8 (rnA) @S.75V 

OPERATING OPERATING OPERATING 

TTL 1,180 0 0 

MH0026 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 IV. Power Consumption of larger Memory Systems Using Multiple Sk x 16 Modules 

MEMORY NUMBER TOTAL POWER (Watts) tCVClE '" 635 ns TOTAL POWER {Watts} tcVCLE '" 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 47 103.2 

32k x 16 4 42.9 157.2 36.7 103.2 

32k x 32 B 85.8 314.4 73.4 206.4 

13·61 



... 
Q) 

~ 
Q. 

Q) 

Q. 
E 

Cii 
« 
CD 
00 

I 

Z « 

13-62 

"!I--
" " " ~ 
" • 
" " " ., 
" " ~ r :li±ts:[--],-;:'S1 -~--:s 1--"1 r __ ~f~R~~I~ __ ., r---- -- --I 

I DM1(196 DM7016 (2~)DM7098 'I :~~:Ee:fDECOOER CLOCK DECODE I ~" ~. I ~.2'5 ~7 I 
I DIS, DIS, r-:S~-I: R_ 7: : 

rifIfAlfi~lfHfF~~~~.I~~~~~--~~ ~ v r " '" I r.-r: """.~" f+-~'"' I ~ I 
II . ---1~2 UM741S4 I~: _ C!J1~eCOD.;)~ ~ ~~ I -fL r--- ~GU~) +5.:~:~ DADN I --~LI+-l~I+<:~~~~ : 
II ~::o I ~ i CSJ CS MM52l12 t/ I On !/ DATA I 
I ::u I I II ADO. I L-- ENABLE, 

: ~:: '" :: o~ "---;;;,ur;ou"iIT.iIT,,,--" 

I :; I ..--L--. I I 4>1~ B~ 
I A, I tJjDi~~~~R~~ ~ 
I '0 I ~IFmURf:il~ 1>:1 -+ 

-,- -,- "0"';",. 
L. ---r-----------..J ~ I I cs~ .. CSM~5262 / i ~-~-~::rrl'~_:W'":~:~·:::b : m : i I. '""0 
I L- CLk74t071 DM142~ 11~13""~ 
~ "I I DM1420 I t+1Di~g~:R~ ~ ~ 

- I I P=l,~rGURE~)~ 1>:1 --
I DM7420 J I REFRESH IT 1" J 1+5.0v-tRIW 

L _____ ..!.5.!!!....J I ~ CSl CSM.MSZfi2 / I 

~I-,~.~ r-----------~_+ i ::: '. '"" ~/ i 
74107 DM7402 I '-1-1--+-+-1+,--,""',84' I I ~ I 

,k I ~~ I 
I eLK eLlI OM74D2 I DATA ENABlE [tj(~~~i~h~ ¢:2 C:: I 

~1-____ +f-_-,:r.)(lIOBUFlFERl !911T +5.0v-!:~ I 
I h--1 c~ .. ,",.,.M5262 / II I , ... ~ ",,.,, 

~ 0M141! I ~Yor:~!::~8lE ~ ___ J ~~"_~ _____ J L ____ , 

" DM7402 T2 

-fg~tatat-
L _____________________ J 

FIGURE 4. 8k x 16 Memory Module 

fOR MEMORY EXf,{NSHlN CONNECT OM74154 
AS FOLLOWS' 

!sIU USE OUTPUTS 
2n~8k USE OUTPUTS 
J,dBk USE OUTPUTS 
41hBk USE OUTPUTS 

OM1096 
OM7098 
DM1400 
OM7402 
OM1411 
DM742n 
DM7474 
0"1741&4 
OM75&4 
OMllll02 
lM168 
MHOO26 
MM5252 

8,._11" 
8s -8" 
B._B, 
B.-B. 

2 , · · 2 , 
2 , , , , · M 
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CUSTOM ROM PROGRAMMING 

INTRODUCTION 

Custom ROM programs are submitted to National 
in three formats: paper tape, punched cards or 
truth table with punched cards being the preferred. 
These programs are converted into machine Ian· 
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 

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 bm 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" ; V L ; the more negative 
voltage. "1" ; VH ; 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: 8, 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 (408) 732·500 TWX 910-339-9240 

NATIONAL PART NUMBER 

ROM LETTER 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) I AUTHORIZED SIGNATURE I DATE 
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TRUTH TABLE FORMS 

Use the appropriate form for submitting truth tables. 

Form I 

MM3501 
MM5201 
MM5202 
MM4203/MM5203 

MM5204 
MM4210/MM5210 
MM4211/MM5211 
MM4213/MM5213 

OUTPUT CODe NOTE: 1 
LS8 

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

ADD-ADD­
RESS B8 B7 B6 85 B4 83 82 B1 SUM RESS 

_50 
__ 1 _51 

_ 52 
__ 3 _ 53 

_ 54 

_55 

_ 56 
__ 7 57 

_58 
__ 9 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 78 

_29 79 

30 80 

81 

_32 _82 

_83 

_34 _84 

_35 85 

_36 _86 

_37 _ 87 

_38 _88 

_39 _89 

40 90 

41 91 

_42 92 

_43 _93 

_44 _94 

_45 _95 

46 _96 

_47 _97 

_48 _98 

49 _99 

T8 T8 

88 

MM4231/MM5231 
MM4232/MM5232 
MM4233/MM5233 

OUTPUT CODE 

87 86 85 84 83 

Note 1: The Appropriate Logic Level box must be checked or order will not be accepted. 
o POSITIVE Logic on Addresses and Outputs 
o NEGATIVE Logic on Addresses and Outputs 

LS8 
82 81 SUM 

Note 2: The MM4232/MM5232 and MM4233/MM5233 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. 



Form II 

MM5212 
MM5215 
MM4229/MM5229 (Positive logic only) 

ADD· OUTPUT COOE NOTE: 1 

RESS 812 811 a10 B9 B8 B7 B6 B5 BO B3 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

" _12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

_34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

TB 

LSB ADD· OUTPUT CODE NOTE: 1 

B2 B1 SUM RESS 812 B11 810 B9 B8 B7 B6 B5 

50 

51 

52 
_ 53 

64 

55 

56 

_57 

58 

._59 

60 

61 
_ 62 

63 
_ 64 

65 

66 

67 
_ 68 

69 
70 

71 
_ 72 

73 

74 

_75 

76 

_77 

78 

_79 

80 

_81 

82 

_83 

84 

85 

86 

87 

88 

89 

90 

_91 

_92 

93 

_94 

95 

_96 

97 

_98 

99 
TB 

Note 1: The Appropriate Logic Level box must be checked or order will not be accepted. 
o POSITIVE Logic on Address and Outputs 
o NEGATIVE Logic on Address and Outputs 

LSB 
BO B3 B2 B1 SUM 

Note 2: The MM4229/MM5229 has programmable chip selects. Specify the Logic Level to enable the Chip (Positive Logicl 
CSl CS2 CS3 

Not8 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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CD r-------------------------------------------------------------------------~ 
c: 
E Form III 
E 
~ MM4240/MM5240 
CD o .. 
Il. 

:i! 
o 
a: 
E 
S 
1/1 
:::I 

(.) 

o 
o 
'7 
Z « 

CHARACTER 
ADDRESS 

(DECIMAL) 

_0 

_2 

, 
'"' 

2 
010 

a ~ 1 

7 " , 

a ~ 1 , 
100 

, 
,,0 

7 , " 
o 

,"0 , 
001 

7 " , 
_3 0 

'"' , 
'01 

3 
01 , 

7 , " 
TB 

CHA.RACTER LINE 
ADDRESS ADDRESS 

(DECIMAL) (DECIMAL) 

-, 0 

, 
2 

3 

, 
, 
• 
7 

_5 0 

I , 
2 

\ 3 

~+ 
----1---=--

6 

7 

-
_6 

0 

I , 
2 

I 3 

, 
\ , 

6 

7 

_7 
0 

, 
2 

3 

, 
• 
• 
7 

TB 

OUTPUT WORD ., 
·2 ·3 

., ., SUM 

CHARACTER 
ADDRESS 

(DECIMAll 

_8 

_9 

--l 

-
\ 
\ 

i 

\ 

Note 1: A logic "1" = most negative voltage. A logic "0" = most positive voltage. 

LINE OUTPUT WOAD 
ADDRESS 

(DeCIMAL) B, ·2 ·3 ., BS SUM 

0 

, 
2 

3 

, 
, 
6 

7 

0 

, 
I 2 

3 

I , 
5 

6 

7 

I T. 
\ 

Note 2: Line address (Lo , L j , L2 ) are the row or column select lines in a character generator application. I n a read only mem­
ory application, As shall be considered the MSB and La the LSB. 

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 IV 

MM4241/MM5241 

CHARACTER LINE LS8 OUTPUT CODE 
ADDRESS 

CHARACTER LINE LS8 OUTPUT CODE 
ADDRESS ADDRESS ADDRESS 

(DECIMAL) DECIMAL 81 82 83 84 85 86 87 88 SUM (DECIMAL) DECIMAL 81 82 83 84 B5 B6 B7 88 SUM 

_0 0 _5 
Ll LI La 
o 0 0 

1 
001 

2 
010 

3 
01 1 --

- f-- 1--
4 

100 

5 
1 1 0 

_6 -, 0 
000 

1 
001 

2 
-f---

010 1 

3 

i 01 1 

4 I 100 

5 
1 1 0 

_7 
_2 

0 I I 
000 I 

06, 

o~o I 

3 I i 
01 1 I 

4 I I 
100 

5 
1 1 0 ,-------

_3 
0 

_8 

000 

c-------
1 

001 

2 
f----

010 

3 
01 1 

4 
100 

5 
101 

_4 0 _9 

1 

2 

3 

4 

5 

T8 

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

on the line address positive logic is used: 
A logic "a" most negative voltage 
A logic "1" most positive voltage 

0 

1 

2 

3 

4 

5 

0 

1 

2 

3 

4 

5 

0 

1 

2 

3 

4 , 

5 

0 I 
I 

1 

2 ! 
I 3 

4 

5 

-+ 
0 I 

1 

2 

3 

4 

5 

T8 

Note 2: Line address (Lo , L1 , L2 ) are the column select lines in a character generator application. In a read only memory 
application A6 shall be considered the MSB and Lo the LSB. 

Note 3: TB ;s 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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TAPE ENTRY FORMAT 

Tape format for the following ROMs. MM3501 
MM4210/MM5210 
MM4211/MM5211 
MM4213/MM5213 

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

a·BIT TAPE FORMAT 

Note 5 
Note 6 

Note 8 

"s. MSB 

2 Spaces-+-'==, 

Note 2 

OOf)'1nnnn 
ni010lfJ I 
0011111 I 
nWlI llMl 

;.1')1)6 0'lr)0f)r)fl'l n 
_'I'Jr)"l OfJ111IOO 4 
l\(1f) ~ 00'H10I)O() n 

A-'5~ DIDI/HOI 4 

---',-Note3 

1 Space 

TB~ 14n ______ -j-_Note 4 
fS7 I:,n 
IS .... ?51l 
HIS 40 
r94 (lin 
rA3 I no 
1E<<:' 1">5 
fBI 19·' 

L __ --'========j--l Space 
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 an,d 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 OUTPUTSmust 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 

Carnage returnhne feed 

(, 

allowed betweeen F and B. 

startCharacter-,stopCharacter, Data FIeld" MSB{Pm11) LSB{Pm4) 

t t I I t I 
B PPPN P P N N FBN N P P N N PPF ... BNPNPNNNN F 

Word 0 

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 
,-----;:---------BIT 1 

o 0 
00 

00 
00 
00 
00 
00 0 

,~ COMPLEMENT WORD 1 

~WORDl 
COMPLEMENT WORD 0 
WORD 0 

START 

Note 1: Tape must be all blank except for the 513 words punched. 
Note 2: Tape must start with a START punch. 

········fc·p····· 
o 
o 
o 

o --BITS 

~ COMPLEMENT WORD N 

WORDN 

Note 3: Data is comprised of two words the first being the actual Data the second being the complement of the data. 
Nota 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 YL in 
the PROM. 
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CARD ENTRY FORMAT 

Card format for the: MM3501 
MM4210/MM5210 
MM4211/MM5211 

MM4213/MM5213 
MM4214/MM5214 
MM4220/MM5220 

MM4221/MM5221 
MM4230/MM5230 
MM4231/MM5231 

MM4232/MM5232 
MM4233/MM5233 

12J4567891(l11121J14151611181920212223242526272829:JD313233343!i3637383940414243441546474849505152535455565750116960616263&166666768691071121374161677187980 

=L 
CS2 -x l---------~----- ----.~~ _______________ ~ ___________ --j 
~~3 'x 

t-::-:~c__---------------------- ------------~--~-----------1 

~-~:o·'~:~-------------------

~~~,=~~.-------------------~-------------------~ 
1...---Il10 •• 4 

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 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 "'" 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. 
Note7: LOGIC ON ADDRESS, OUTPUTS AND CHIP ENABLE must be the same (eIther POS 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. 

'234567891011121314151617181920.12223242526212B293031323334J536373B394041424344450464148496051 S253f>455565158596061 626364658667 68897011n73747576711819BO 

"-, 

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 expressed in decimal form and is preceded by the letter A. 
Note 3: The totsl number of "1" bits in the output word. 
Note 4: The total number if "'" bits in each output column or bit position. 
Note 6: Specify product type. 
Note 6: Must type POS logic. 
Not. 7: POSITIVE LOGIC ON AODRESS 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. 

12345678g101112131415TSll1S192U212223242526272829303132333435363738394Q414243444546474B495051 0253545556575859606 1626364656667f;86970711273747576771879BO 

~' No,.S ----------

ic=~c;:_------------ -----------------------------------------1 
---------------------

ic=--:-c:--=-'-------------------- ------------------------j 
TBO? 810 ---------~------"-----".--------

~- ------------------------------_._--_._-._- ---------._-----
~~~-----~---------------------.. ---,---------.-----------

-'-""-'-'-"'-------------------------------- ---=~-==~:::~:::=---========---= 
- ------ ----- --

---------_._--._-­
~----------------

- ---------- --------- ----------------------
- -- --- -- - ------ ----------- -------_._-

~ii7a91ii,1121314'51S17'8'92021n23,4252627282930313233;5435363138394041424344454<54'4849'50515253545556575859606162636465661i7686970717273747S76771B7980 

Note 1: Punch three Input addresses per card with the first In columns 1--25, 
the second in columns 26-50, and the third in columns 51-80. 

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 m 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. 
Note 9: Leading zeroes must be punched 

ic=~-----------------------------------

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

-' -"---'- - .----.-.----~-

~:~::~:~:~:~;~;~:~;~;~;~;~:~;~;~;~"~' ____ ~~~"~'~O 1 0 1 0 \ 0 1 01 0 I 
111111 I 11 I 11 12 

"---.----~.--~ ---------------------- - ._--- - -- ------ ----- -----.----.--.. -----~-

ic=-:--:--:-------------- --- ------- --------.-
F~"----------- ---
ic=~,_;_--------------------------------

I=;-,~;c;__---~~----------------------

ic=~cC--------------- -- - -- -- -------------------------j 
ic=~cc_------------- ------ - - - - - - ---- -- - - ---------------

------------------------i 
ic=c-:-:-:-------------------------- -

I----~;__---------------.------.--.----------------.-----------I 

I-+--~'------------------.--------------------------i 

I--c:c:---'---------------------------------------------

Note 1: The code is Hollerith as punched on IBM Model 029, 
Note 2: Corresponds to Pin 16 
Note 3: Corresponds to Pin 15 
Note 4: Corresponds to Pm 14 
Note 5: The ROM input address is expressed In decimal form and IS 

preceded by the letter A 
Note 6: All 256 address (0-255) must be coded. 

Note 7: The total number of "1 '5" in each Input word. 
Note 8: The total number of "1'5" in each output column. 
Note 9: Leading zeros must be punched. 
Note 10: The customer may use his own 10 designation if he does not 

punch the first column. 
Note 11: Positive logic on address and outputs "1" more positive 

voltage "0" more negative voltage. 



Application Notes/Briefs 

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). 

BINARY DECIMAL 
ADDRESS DEGREES OUTPUT SINE 

0 0 . 00000000 0.000 
1 0.1 .00000011 0.012 
2 1.. 00000110 0,023 
3 2.1 00001001 0.035 

127 89.3 ",11111 0.996 

TABLE ,_ 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 e) 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%), which makes it just as 
good. But it only requires four 1024-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 0 = 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 e and L be the 3 least 
significant bits of 0 (0 being the 11-bit input 
angular increments, equal to 90°12048, 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 = 90° 128 , 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 

1"---;,1 

I I 
I I 
I I 
I I 
I I 

(a) 

(bl 

WIIIEOOA 
OUTPUT 

1--+_---,-' 
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FIGURE 1. Conventional 2048·lncrement Sine Table Uses 
24 ROMs 
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in the top three ROMs, reducing the equation to 

sin () = sin M + cos M sin L 

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 cos Msin L 
= 0.00539 where cos Mmax = 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. 

4NEXT 
MDSTS.GHITS 

3LEAITSIG8ITS-1 

(1Z8x8MDDE) 

DMB283 
ADDER 

0,..283 
ADDER 

~UT ,-. 
,., 

,-. 

~OUT ,., 
,; 

r' 

,-, 

~DUT ,.. 
Z~ID 

roo 

2-12 

MM522 in 128 X 8 MODE generates CDS (M4 - 2.81 
sinl3MM5211BneratesinM 

sinO "sin M+cos (M4 -2.BI sin l 

FIGURE 2. Four-ROM Lool<up Table Generates 2048 
Values of Sin x by Interpolation Technique. 

Let the 4 most significant bits of M be called M, 
and the angle at these increments be Xm = 90° /2' 
= 5.63 deg. Sin L (the 3 least significant bits of ()) 
has the same maximum as before and cos M, 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 M,. Now 

sin () = 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 M4, 
each sedor into 16 subsections with M, and each 
subsection into 8 interpolation segments with L. 

13-72 

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 

2 I 0 
3 I 1 , 1 o 0 

5 1 0 I 

6 1 1 0 
7 1 1 1 

• 1 o 0 0 M '" 0.352° 

~g 1 o 0 I 

"--,6 I o 0 0 0 
32 1 o 0 o 0 0 

64 1 o 0 0 o 0 0 

128 I o 0 0 0 o 0 0 
256 1 0 o 0 0 0 o 0 0 
512 I 0 0 o 0 0 0 o 0 0 

102' 1 o 0 0 o 0 0 0 o 0 0 
2048-1 1 1 1 1 1 I 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 

sin () = sin M + cos (M-2.81°) sin L 

If five ROMs are used-four MM521 's and 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 angu lar 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 Tl + 0 X 2-2 + 1 X 2-3 + 1 X 2-4 + 0 X 2-5 

+ 1 X 2-6 + 0 X 2-7 + 1 X 2-8 , which reduces to 
181/256 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 (EBCDIC to ASCII, BCD to Selectric, 
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. 



Application Notes/Briefs 

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 special ize 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 long, 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 lA). 

There are enough storage cells, I/O 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 Ms , is 20 bits. 
The programmable parts, P A and Ps , may be 0 to 
80 bits long. Lengths need not be equal. For 
instance, register A may be 29 bits and register B 
76 bits (P A = 9, Ps = 56). 

FIGURE 1. Dual Shift Registers 

An MM4019/MM5019 chip is similarly organized, 
except that MA and Me are 40 bits and P A and 
PB 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 I/O pinouts are selectable. The I/O 
terminals on the chip may be 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 from the right and exits on the left. Or, 
A and B could share an input pin when they have 
the same signal source. 

TABLE 1 Register Length Options 

A. DUAL REGISTERS 

A Register 

B Register 

B. SINGLE REGISTERS 

M 
(BITS) 

20 

20 

40 

c. TAPPED SINGLE REGISTERS 

MM4007/MM5007 

P 
IBITS) 

o to 80 

o to 80 

o to 160 

TOTAL 
(BITS) 

20 to 100 

20 to 100 

40 to 200 

M 
(BITS) 

40 

40 

80 

MM4019/MM5019 

P 
(BITS) 

o to 216 

o to 216 

o to 432 

TOTAL 
(BITS) 

40 to 256 

40 to 256 

80 to 512 

Total register length same as single registers with tap locations determined by either 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 max imum 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. 

VOG 

Yo; 

TOPVIEW 

FIGURE 2. 

Yo; 

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. 
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V'" 

TOP VIEW 

FIGURE 3. 

VGG 

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 1/0 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/MM5007 and MM4019/MM5019 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 
OTL data without input pull·up resistors and 
driving TTL or OTL 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°C 
to +125°C. MM5007 and MM5019 are commerical 
types, specified for _25°C to +70°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 normal 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. Since these appear as the 
output at the time the clock is again doublell, the 
output gate only detects 1-0. 

DATA INPUT 

.. , .. ~ 

~ 

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. 

In the example, N = 2048 -1991, or 57. Therefore, 
the registers should be clocked at double frequency 
for the first 57 data periods of the recircula­
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 
1(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 

13-76 

A. 

I A, I 
I 
I I A,---I-J 

I 
I 
I 

1/20M741J 

L _____________ _ 

FIGURE 3. A 2048·bit register is made to appear only 1991 bits long 
by the logic within the dotted lines. 



Clock Repetition Rate: The range of clock fre­
quencies for which register operation is guaran­
teed. 

Clock Frequency <Pt: 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 ¢d: ¢d is defined to be that minimum 
amount of time that must expire after ¢t has 
undergone a Vq,L to Vq,H transition and the start 
of a ¢2 V</>H to V</>L transition. The same spacings 
apply, when ¢2 preceeds ¢t . 

Clock Phase Delay <Pd, 1ld: The time between the 
V<pH levels of <PIN and <POUT. <Pd is the time be­
tween the trailing edge of <PIN and the leading 
edge of <POUT. -;j)d is the time between the trailing 
edge of <POUT and the leading edge of <PIN. 

Clock Pulse Risetime, trq,: The time delay between 
the' 0% and 90% voltage points on the clock pulse 
as it traverses between its logic Vq,L and logic V<j>H 
levels. 

Clock Pulse Falltime, tt<j>: The time delay between 
the 10% to 90% voltage points on the clock pulse 
as it traverses between its logic Vq,H and logic V<j>L 
levels. 

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

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

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

Data Setup Time, tds: 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 during which the 
data pulse is in its VIH or VIL state. 

Data Hold Time, lcth: 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 VIL or VIH ) which the data input terminal 
must assume to insure proper logic inputs. 

Definition of Terms 

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

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

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

Partial Bit Times TIN, TOUT: The time between 
leading edges of clocks, measured at the V <PH 
levels. TIN is the time between the leading edge of 
<PIN and the leading edge of <POUT. TOUT is the 
time between the leading edge of <POUT and the 
leading edge of <PIN. 

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 negative 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 device opera­
tion; referenced to Vss. 

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 Vss. 

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

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

Control Release Time, tcr: The maximum time 
tha.t a load command signal can be changed prior 
to the VojJL to VojJH transition of the output clock, 
¢o UT, without affecting the data during bit 
time 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 tcr to the 
start of tc,' 

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

National does not assume any responsibitity for use of any circuitry described; no circuit patent licenses are implied; and National reserves the right, at any time without notice, to change said circuitry. 

14-2 



Physical Dimensions 

PACKAGES 

DUAL-IN-L1NE 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 14-pin, 16-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. 

(Q) Devices ordered with the "Q" 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, 8-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 suppl ied in a 12-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 14-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 14-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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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 0.400 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 




