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American and European Fonts in Standard Character Generators

AN-57

VERTICAL SCAN FONTS

00000 0000 eo00

8 200 L1
All five of the standard vertical-scan subsets in H s ..
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.

°

L] ..: O..:
5 06

000011 000100 000101 000 110 000 111

e
13 15 16
001011 001100 001101 001110

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

LTI

2
010011 010 100

character styles in the countries indicated. The MR 1
. L]

underscore (character 37) is dropped below the !‘

line so that it may be used as a cursor. . ope® o H

.
30 3 33 35 36
011000 011001 011010 011011 011100 011101 011110

o
. . L1l L3 Ll
Vertical-scan character generators are generally H *° . o
used in dot-matrix tape printers, ink-dot spray R
. . . el g .
- - 40
prlnters and hlgh deflnltlon saWtOOth or pedeStaI 100 000 m;‘nm |ﬂﬂull|ﬂ 100 011 |ﬂﬂu|Oﬂ |ﬂ|]45|l)| 1036"0 IUIJ"IH
scan CRT displays. They may also be used to RO :
control raster-scan TV tubes or CRTs if the tube H H cosee *
is turned on its side so that the raster scan is made Sy o° o . o
vertically to provide a page-like format. |n|“:ma xmﬁnm v o uu“um vmsﬁwm mss“u ""57'"
....:

With standard programming, the bits in the column
outputs are sequenced for a sawtooth scan with oo e
dot columns running in the same direction, as T T O

illustrated in Figure 13a. For a pedestal scan, RO oo, oo,
Figure 13b, alternate columns can be reversed M T oodi S
by putting an 8-bit shift left/shift right TTL eoe® o Sl o o’ .
shift register (DM74198) on the output as illus- L O P PRTTS A PRI PO S
trated ‘in Figure 14. FIGURE 9. MM4241ABV/MMS5241ABV Vertical Scan
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AN-57 American and European Fonts in Standard Character Generators

CHARACTER
GENERATOR

-
INPUT —
CHARACTER °
DATA
D }J .

. OM7198
LEFT/RIGHT

2ax15
SHIFTER MODULATION

SHIFT DIRECTION

HIGH = LEFT

XAXIS INCREMENT

(MOVE ALONG TOP OR
Loap BOTTOM OF PEDESTAL)

min in I Ir -3 }-0-1 -2

LINE LINE
COUNTER DIVIDER COLUMN
COUNTER

1 DOT RATE
cLocK

FIGURE 14. Conversion of Sawtooth Output to Pedestal Scan

CUSTOM FONTS

The two ROMs can also be custom-programmed
to provide special characters, or fonts larger than
5x 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.

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
MM5241s. Large-font organizations are discussed in
AN-40.
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APPLYING MODERN CLOCK
DRIVERS TO MOS MEMORIES

INTRODUCTION

MOS 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 MOS 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 MHO0025 was the first monolithic clock driver.
It is intended for applications up to one megacycle
where low cost is of prime concern. Table |
illustrates its performance while Appendix | 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 Vcg sat-

Application Notes/Briefs

The MHO0026 is a high speed, low cost, mono-
lithic clock driver intended for applications above
one megacycle. Table Il illustrates its performance
characteristics while its unique circuit design is
presented in Appendix Il. Of course the above are
just examples of the many different types that
are commercially available. Other National Semi-
conductor MOS interface circuits are listed in
Appendix 111,

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 | 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. MHO0025 Characteristics

PARAMETER CONDITIONS (V! - v7) = 17V VALUE UNITS
ton 15 ns
torF Cin = 0.00224F, Ryy = 0Q 30 ns

t, C, = 0.00014F, Ro = 502 25 ns

t 150 ns

Positive Output Voltage Swing Vin =V =0V, lgyr = ~TmA vtoo7 v

Negative Output Voltage Swing Ly S10mA, lgyt = TmA VT+1.0 \

On Supply Current (V) tin = 10mA 17 mA
TABLE Il. MH0026 Characteristics

PARAMETER CONDITIONS (V¥ - v7j=17v VALUE UNITS
ton 75 ns
tors Ciy = 0.0014F, Ry = 09 75 ns

t, Ro = 502, C,_ = 1000pF 25 ns

] 25 ns
Positive Output Voltage Swing Vin -V =0V, loyr = -1mA vt-07 v
Negative Output Voltage Swing Iy = 10mA, loyr = TmA VT +05 v
On Supply Current (V) Iy = 10mA 28 mA
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AN-76 Applying Modern Clock Drivers to MOS Memories

TABLE Il. Package Power Ratings

TO-8 Power Rating
30

NEEERN

STILL AIR WITH CLIP-ON
N HEAT SINK {THERMALLOY
20 \TVPE 215 - 1.9 OR EQUIV.),

15 \‘
STILLAIR \

POWER DISSIPATION (W)

0 25 50 75 100 125 150
AMBIENT TEMPERATURE (°C)

TO-5 Power Ratings

g ™
Z s N
g "N STILL AIR WITH CLIP
s ON HEAT SINK
3 08
2
5 STILL AIR \

04
H N
g N

02

0 25 50 75 100 125 150

AMBIENT TEMPERATURE (°C)

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

The TO-5 (““H”) package is rated at 600mW still
air (derate at 4.0mW/°C above 25°C) and 900mW
with clip on heat sink (derate at 6.0mW/°C 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 4.0mW/°C above 25°C)
and 1.0W soldered to P.C. board (derate at
6.6mW/°C). 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 10mW/°C above 25°C) and 2.3W with
with clip on heat sink (Wakefield type 215-1.9 or
equivalent-derate at 15mW/°C). 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

MINI DIP Power Ratings

? T T T
SOLDERED T0 PC BOARD
1.0 WITH 8 CU. ORS -
H 20Z. .03IN WIDE
Z 08
£ N
s g5 N
2
s STILL AIR
= 04
H
2
02
0 25 50 75 100 125 150
AMBIENT TEMPERATURE (°C)
Flatpack Power Rating
30
25
H
g 20
15 CASE TEMPERATURE
g 1%
=)
E 10
g
2 s FREE AIR
I~
0 25 50 75 100 125 150

AMBIENT TEMPERATURE (°C)

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-standard ‘sizes and are difficult to mount in
a system.

id ions

Power Di .r jon Cc

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, Ppc

® Average AC power, Pac

® Numbers of drivers per package, n

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

Ppiss =n X (Pac *+ Ppc) < Pmax (1)
Average DC power has three components: input

power, power in the “OFF" state (MOS logic
“0"') and power in the “ON’’ state {(MOS logic “1"').
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Poc =Pin + Porr + Pon (2)

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

Thus:

(vF-v7)?

Poc =Poy = ———— X (OC)

Total voltage across the driver

Equivalent device resistance
in the “ON’’ state
= V'=V7/ision (3)
DC = Duty Cycle
“ON’* Time

“ON” Time + “OFF"" Time

For the MH0025, Req is typically 1k§2 while Req
is typically 6002 for the MHO0026. Graphical
solutions for Ppc appear in Figure 1. For example
it Vi = 46V, V7 = —12V, Req = 500Q, and
DC = 25%, then Ppc = 145mW. However, if the
duty cycle was only 5%, Ppc = 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.

225 T
o T )
5 7T
£ 115 7 20V,
=
S 150 A1)
= 7
£ s TiFavA) i
2w / /// Vv iz
S 1 /Y / A
=
S '11/ // -
w T L il
~ —— REQ - 1K

0 10 20 30 46 50 60 70
DUTY CYCLE (%)

FIGURE 1. Ppc vs Duty Cycle
In addition to Ppc, the power driving a capacitive
load is given approximately by:
Pac=(VI-VT)2XfXc_ (4)
where:

f = Operating frequency
C, = Load capacitance

Graphical solutions for Ppc 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:

T 1 T T
C =2nf C, =1.50F
= wo ) v,
Y11
£ 1/ o, = 1000 9F |_4
S 3 /7 / | |
3 /
2 Ji %, - 500 pF
S 200 A
= AT UI/
§ 100 )cﬂzrsagn
AT
vi-vo=17v
] 05 10 15 20 25

PULSE REPETITION FREQUENCY (MHz)

FIGURE 2. Ppc vs PRF

_ (DC)
Req

Pmax

1
C <'_ S T
= LavT-v)2

As an example, the MHO025CN can dissipate
630mW at T, = 70°C when soldered to a printed
circuit board. Req is approximately equal to 1k.
Forv'= 5V, V™ =-12V, f=1MHz, and DC = 20%,
Cpis:

1 [630X% 1073) 0.2

C, < —
S =108 | (@017)2 1X 103

C_ < 880pF (each driver)

A typical application might involve driving an
MM5013 triple 64-bit shift register with the
MHO0025. Using the conditions above and the clock
line capacitance of the MM5013 of 60pF, a single
MHO0025 can drive 880pF/60pF, or 14 MM5013’s.

Similarly, the MH0026CG can dissipate 1.0W at
75°C. For V! = 5V, V- =-12V, f = 2MHz, and
DC = 20%, the maximum load capacitance which
may be driven is:

(1.0) 0.2
cL< 2 ]

1
T [(2)(17)2 "~ 600

C_ < 700pF (each driver)
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AN-76 Applying Modern Clock Drivers to MOS Memories

TABLE 1V. Worst Case Maximum Drive Capability for MH0026*

TO-8 WITH 708 MINI- DIP TO-5 AND MINI-DIP

PACKAGE TYPE HEAT SINK FREE AIR SOLDERED DOWN FREE AIR

Max.

Max. Ambient N o o
Operating Temp. | 60°C 85°C 60°C 85°C 60°C 85°C 60°C 85°C
Frequency | | 2

Duty Cycle
100kHz 5% 30 k 24 19 k 15 k 13 & 10k 7.5k 5.8k
500kHz 10% 6.5k 5.1k 4.1k 3.2k 2.7k 2 1.5k 1.1k

1MHz 20% 2.9k 2.2k 1.8k 1.4k 1.1k 840 600 430

2MHz 25% 1.4k 1.1k | 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 (Vt — Vv~) = 17V. For loads greater

than 1200 pF, rise and fall times will be limited by output current.

Returning to the MM5013 example, a single
MHO0026 can drive 700pF/60pF, or 11 5013's.
Using the above equations, Table IV 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 Al-3, Al-4, All-2, and Alll-3
illustrate performance under various operating
conditions. Under light loads, performance is
determined by internal design of the driver; for
moderate loads, by load C, being reflected (usually
as Cpsg) into the driver, and for large loads by
peak output current where:

av _ louT peak
AT CL

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 /1" levels
and vise versa for fall times. Since MOS 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

to how much and how often. Our own experience
indicates that each clock driver should have at
least 0.1uF 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 MOS registers require that clock signals
not exceed Vgg, some method must be found in
large systems to eliminate overshoot. A straight-
forward approach is shown in Figure 3. In this
instance, a small damping resistor is inserted

r—l—
B ts
Rl =
| |Q2 Rs =
L s QD"
0.14F =
~12v =
FIGURE 3. Use of Damping Resi: to Eli Clock

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

Ls
Rs = 24— )
C.

In practice, analytical determination of the value
for Rg is rather difficult. However, Rg is readily
determined empirically, and typical values range
in value between 10 and 50%2.

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 Rg will be determined
by the maximum allowable rise and fall time
needed to assure proper operation of the MOS
register. In short:

t (max) = tf(max) S 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 Rg can approach (vt- V7)2£C and
accordingly the resistor wattage rating will gen-
erally be in excess of 1W. There are, obviously,
applications where degradation of t, and t¢ by use
of damping resistors cannot be tolerated. Figure 4

+5V
(RPN

|
' 1
T r—l—F 2w SRusan
1N914
et 113

02
1NS14

|

°
{'
£
1—AAA
Wy

=

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 ¢, may be
transmitted to ¢, (and vice versa) during the
transition of ¢, 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.

-12v

FIGURE 5. Clock Line Cross Talk

The negative going transition of ¢, (to MOS
logic "'1"") is capacitively coupled via Cy to ¢5.
Obviously, the larger Cy, is, the larger the spike.
Prior to ¢4’s transition, Q; is “OFF" since only
UA are drawn from the device. A simple method
of minimizing cross-talk is shown in Figure 6.

M
L s

0.1uF

a

-12v

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 Ry, depend on layout and the number
of registers being driven. Typical values are between
1k and 10kS2.

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.
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AN-76 Applying Modern Clock Drivers to MOS Memories

For large systems, the circuit of Figure 7 is
recommended. In this instance, Q; and Q, are
turned “ON"" just prior to the clocks transition
to logic ““1.” The spike is therefore clamped by the
Vce say of Qq and Q,. 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.

-
o Al

100pF g
IC s

LAY w
r— = « r'-?""l
e o1
. —'—FD o
I AL —
[ I—LL

FIGURE 7. Cross Talk Minimization Circuit

Input Capacitive Coupling

Generally, MOS shift registers are powered from
+5V and —12V supplies. A level shift from the
TTL levels (+5V) to MOS 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 MOS 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 MOS input
interface applications.
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APPENDIX 1

MHO0025 Circuit Operation

The schematic diagram of the MH0025 is shown in
Figure Al-1. With the TTL driver in the logic "'0"’
state Q4 is “OFF"" and Q, is “ON"’ and the output
is at approximately one Vgg below the V' supply.

O—-ANA

AT O
| 4 OuTPUT

INPUT cR2

R1<
250 $

W
0
<

FIGURE Al-1. MH0026 Schematic (One-Half Circuit)

When the output of the TTL driver goes high,
current is supplied to the base of Qj, through
Cin. turning it “ON.” As the collector of Q; goes
negative, Q, turns OFF. Diode CR; assures turn-on
of Q, prior to Qy's turn-off minimizing current
spiking on the V" line, as well as providing a low
impedance path around Qy’s base emitter junction.
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The negative voltage transition (to MOS logic “1")
will be quite linear since the capacitive load will
force Q into its linear region until the load is
discharged and Q, saturates. Turn-off begins when
the input current decays to zero or the output of
the TTL driver goes low. Q, turns “OFF"" and Q,
turns “ON" charging the load to within a Vgg of
the vt supply.

Rise Time Considerations

The logic rise time (voltage fall) of the MH0025 is
primarily a function of the AC load, C., the

available input current and total voltage swing. As
shown in Figure Al-2, the input current must

R1 S
250 S

FIGURE Al-2. Rise Time Model for the MH0025

charge the Miller capacitance of Q,, Cyc, as well
as supply sufficient base drive to Q, to discharge
C_ rapidly. By inspection:

v = Iy + lg + las (Al-1)
Iin = Iy + 1g, for Iy >>1qq & lg >> 1g,

AV
lg =iy = Cyc — (Al-2)
At

If the current through R is ignored,

lc =lghrear =l *+Im (AI-3)
where:

L =c AV

L=C

Combining equations Al-1, Al-2, Al-3 yields:

AV
A [CL + Crc(hpea1+1)] = hegaq hin (A1-4)

or

[CL + (heeqi+1)Crc] AV

I3

t, (AI-5)

heear hin

Equation (Al-5) may be used to predict t, as a
function of C_ and AV. Values for Cy¢ and hgge
are 10 pF and 25 respectively. For example, if a
DM7440 with peak output current of 50 mA were
used to drive a MHO025 loaded with 1000 pF, rise
times of:

(1000pF + 250pF) (17V)
(50mA) (20)

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

20 F—v*t-vo=20y, —

RISE TIME, t, (ns)
a
N

0 200 400 600 800 1000
LOAD CAPACITANCE, C,_ (pF)

FIGURE Al-3. Rise Time vs Cy_for the MH0025

Fall Time Considerations

The MOS logic fall time (voltage rise) of the
MHO0025 is dictated by the load, C_, and the
output capacitance of Q. The fall time equivalent
circuit of MH0025 may be approximated with the
circuit of Figure Al-4. In actual practice, the base

+
p Crcar = OUTPUT CAPACITANCE OF Q1
=10pF

l lave hegaz = CURRENT GAIN OF 02
=20

lave = Avg CURRENT THROUGH R,

+_y-
¢ Vv

10 pF
" T F T e "

FIGURE Al-4. Fall Time Equivalent Circuit

drive to Q, drops as the output voltage rises
toward V'. A rounding of the waveform occurs
as the output voltage reaches to within a volt of
Vvt The result is that equation (Al-7) predicts
conservative values of t; for the output voltage
at the beginning of the voltage rise and optimistic
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AN-76 Applying Modern Clock Drivers to MOS Memories

values at the end. Figure Al-5 shows t; as function
of Cp.

200

T T T
vt-v-=20v
To=25°C

160

FALL TIME (ns)
E
\

120

100

0 200 400 600 800 1000
LOAD CAPACITANCE, C, (pF)

FIGURE Al-5. MH0025 Fall Time vs C_

Assuming hgg, is aconstant of the total transition:
av vt-v~
At 2R,

Crcar + Cu/heear+

(Al-6)

or

c
————L~—> (AI-7)

t; = 2R, (CTCQ1 +
heea+1

MHO0025 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 toyn and t, will be somewhat
degraded.

Input Capacitor Selection

The MH0025 may be operated in either the logi-
cally controlled mode (pulse width out = pulse
width in) or C;y may be used to set the output

FIGURE Al-6. MH0025 Input Current Waveform

puise 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 Al-6. Iyax

is the peak current delivered by the TTL driver into
a short circuit (typically 50 to 60 mA). Q; will
begin to turn-off when |,y decays below Vgg/R,
or about 2.5 mA. In general:

lin = Imax € /F0Cy (A1-8)
Where:

Ro = Output impedance of the TTL driver
C\n = Input coupling capacitor

o Vge
Substituting I)y = Ipin =
yields: 1

and solving for t,

Imax

t; = RoCyy In (AI-9)

Imin

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

tr+tf

I3

- tew 1

t+te Imax

+ RgCin In (A1-10)

MIN

The logic ““1" output impedance of the DM7440 is
approximately 6552 and the peak current (Ipax)
is about 50 mA. The pulse width for C;y = 2,200pF
is:

25ns + 150ns

tpw = + (6552)(2,200pF) In

50mA

2.5mA

= 517ns

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

OUTPUT PULSE WIDTH VS C,y FOR LONG
1100 | WPuTPULSES
FORINPUT PULSE 65 + R,Cou o 225 1|
v
900 | oureut puLse wioTH - inpuT PULSE WiDTH L]
90 05 /|

[T

= RN

= 10

H perent e

B 500

g =
o 4// > sapuLe P
100 =] \T

200 600 1000 1400 1800 2200
Cin (oF)

FIGURE Al-7. Output PW Controlled by Cy

the output pulse width is logically controlled, C;y
should be chosen 2 to 3 times larger than the
maximum pulse width dictated by equation (Al-10).

13-34




DC Coupled Operation

The MH0025 may be direct-coupled in applications
when level shifting to a positive value only. For
example, the MM1103 RAM typically operates
between ground and plus 20V. The MHO0025 is
shown in Figure Al-8 driving the address or pre-
charge line in the logically controlled mode.

FIGURE Al-8. DC Coupled MH0025 Driving 1103 RAM.

If DC operation to a negative level is desired, a
level translator such as the DM7800 or DH0034
may be employed as shown in Figure Al-9. Fin-
ally, the level shift may be accomplished using
PNP transistors are shown in Figure Al-10.
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FIGURE AI-10. Transistor Coupled MH0025 Clock Driver.

APPENDIX 11
MHO0026 Circuit Operation

The schematic of the MH0026 is shown in Figure
All-1. The device is typically AC coupled on the
input and responds to input current as does the
MHO0025. Internal current gain allows the device
to be driven by standard TTL gates and flip-flops.

With the TTL input in the low state Qq, Q,, Qs,
Qg, and Q7 are “OFF" allowing Qz and Q4 to
come “ON.” Rg assures that the output will pull
up to within a Vgg of V¥ volts. When the TTL
input starts toward logic “‘1,"” current is supplied
via C;y to the bases of Q; and Q, turning them
“ON.” Simultaneously, Q3 and Q4 are snapped
“OFF."” As the input voltage rises (to about 1.2V),
Qg and Qg turn-on. Multiple emitter transistor Qg
provides additional base drive to Q; and Q, assur-
ing their complete and rapid turn-on. Since Q3 and
Q, were rapidly turned OFF minimal power supply
current spiking will occur when Q; comes “ON.”

EXTERANAL 5]

[ . A
O—{ l»—o o—4 05 ¢ [
INPUT o1
N ; e
02
N e

ko l_' ¢———0 outur
04
1&
€

FIGURE All-1. MH0025 Schematic (One-Half Circuit)

Qg now provides sufficient base drive to Q; to
turn it “ON.” The load capacitance is then rapidly
discharged toward V™. Diode D, affords a low
impedance path to Qg’s collector which provides
additional drive to the load through current gain
of Q,. Diodes Dy and D, prevent avalanching
Qz's and Q4's base-emitter junction as the coli-
lectors of Q; and Q, go negative. The output of
the MH0026 continues negative stopping about
0.5V more positive than V~.

When the TTL input returns to logic “‘0,” the input
voltage to the MH0026 goes negative by an amount
proportional to the charge on C,y. Transistors Qg
and Qg turn-on, pulling stored base charge out of
Q; and Q, assuring their rapid turn-off. With Q,,
Q,, Qg and Q, off, Darlington connected Qs and
Q4 turn-on and rapidly charge the load to within
a Vgg of vt

13-36

N SO 03 s19AlLQ >90]Q WwapoN BulAlddy 9/-NV

salowa




AN-76 Applying Modern Clock Drivers to MOS Memories

Rise Time Considerations

Predicting the MOS logic rise time (voltage fall)
of the MH0026 is considerably involved, but a
reasonable approximation may be made by utiliz-
ing equation (Al-5), which reduces to:

t, = [C_+250 x 107"2] AV (All-1)
For C_ = 1000pF, vt = 5.0V, VT = -12v,
t, = 21ns. Figure All-2 shows MHO0026 rise times

vs. Cy .

%
2 2
£ AT
1 v v e2v IV v =1y
ERRT
H /
g
8 /4
3

R = 500

Ta =25°C ]
11

200 400 600 800 1000 1200
LOAD CAPACITANCE (pF)

FIGURE AIl-2. Rise Time vs Load Capacitance

Fall Time Considerations

The MOS logic fall time of the MH0026 is deter-
mined primarily by the capacitance Miller capaci-
tance of Qg and Q; and Rg. The fall time may be
predicted by:

t; = (2.2)(Rg) [Cs+ —
(Al1-2)

= (4.4 x 10%) (cs + —t
heg

where:

Cs = Capacitance to ground
seen at the base of Q3

=2pF
hee? = (heeaa+ ) heeasat1)

=500

For the values given and C_ = 1000pF, t¢ = 17.5ns.
Figure All-3 gives t; for various values of C.

MHO0026 Input Drive Requirements

The MH0026 was designed to be driven by standard
54/74 elements. The device’s input characteristics

25

T
V' - V=15V 10 20V
P
g
2
I
I -~
g af
H
5
2 0 7
=
/ Ro = 500
Ta = 25°C
5 L1

0 200 400 600 800 1000
LOAD CAPACITANCE (pF)

FIGURE AIl-3. Fall Time vs Load Capacitance

are shown in Figure All-4. There is breakpoint at
Vin = 0.6V which corresponds to turn-on of Q
and Q,. The input current then rises with a slope
of about 60082 (R, Il R3) until a second break-
point at approximately 1.2V is encountered, corre-
sponding to the turn-on of Qg and Qg. The slope
at this point is about 15082 (R, | Ry I Rz I Ry).

Ta=25°C
1 - vt=20v
z L
£
= o0
H
g 8
s
e 6
s
2 //
2 3 e
2 L/
L~
] 05 10 15 20 25

INPUT VOLTAGE (V)

FIGURE All-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
1/2 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 MHO0025 and
MHO0026 is that the MHQ026 requires that the
output pulse width be logically controlled. In short,
the input pulse width = output pulse width.
Selection of C,y 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

t; =RoCiy In (Al1-3)

MIN
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or

Cn= ————— (Al1-4)

In this case Ry equals the sum of the TTL gate
output impedance plus the input impedance of the
MHO0026 (about 150%2). Iy, from Figure All-5
is about TmA. A standard 54/74 series gate has an
high state output impedance of about 15082 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,

50 -
Ve = 6.0V
a0
& Ta = H25°C
= W\
2 30 N
-
NN
2.
Tp = -55°C N
=
10 \ Ty =25°C
0 10 2 30 a0

lour (mA)

FIGURE AIlI-5. Logical “1" Output Voltage
vs Source Current

500 x 107°

i)
z
il

= 560pF

20mA
(1502 + 150Q2)In
TmA

In actual practice it's a good idea to use values of
about twice those predicted by equation (All-4)
in order to account for manufacturing tolerances
in the gate, MH0026, and temperature variations.

V' ovT=20v

_ 700 }c, =1000pF
El Ta=25C
= 600 7
E o /
H
= 4
2 a0
2
= 300 //
13
5 200
e 1

100

] 200 400 600 800 1000 1200

INPUT CAPACITANCE, Cyy (pF)

FIGURE All-6. Optimum Input Capacitance
vs Output Pulse Width

A plot of optimum value for Cy vs desired output
pulse width is shown in Figure All-6.

DC Coupled Applications

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

IV

100 pF
[
2 7
——o
1K .
100 pF TO ADDRESS
MHO026CN LINES ON
MM1103 TYPE
MEMORY SYSTEM
4 5
l—o
K
1/2DM7400

I

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

For applications requiring a DC level shift, the
circuit of Figure All-8 or All-9 are recommended.

sV
? o1uF
|
1
10 L ] 1
KS 2w =
L 2 7
et 2 b o1 OUTPUT
J— 7 4 5
Wit 3 ——— o2 0UTPUT
DHO034C MHOD2GCN
1 I‘ lﬁ Y
= Al

-2y

FIGURE Ail-8. Transistor Coupled MOS Clock Driver
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FIGURE All-9. DC Coupled MOS Clock Driver
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AN-76 Applying Modern Clock Drivers to MOS Memories

APPENDIX HI
MOS Interface Circuits
MOS Clock Drivers

MHO007 Direct coupled, single phase, TTL com-
patible clock driver.

MHO009 Two phase, direct or AC coupled clock
driver.

MHO0012 10MHz, single phase direct coupled
clock driver.

MHO0013 Two phase, AC coupled clock driver.

MHO0025 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 MOS 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.
MHO0025 Dual address and precharge driver.

MH0026 Dual high speed address and precharge
driver.

TTL 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 MOS RAM memory.

LM165 Series* — Hex sense amp MOS to TTL.

LM163/LM75107/LM75207* — Dual sense amp
for MM1103 1k MOS RAM memory.

Voltage Regulators for MOS Systems

LM109/LM140 Series — Positive regulators.

LM120 Series — Negative regulators.

LM125 Series* — Dual +/— regulators.

*To be announced.
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INTRODUCTION Q.
The use of MOS large scale integration has made trollable pulse or level data strobe modes. Added g
it possible to provide, in a single integrated circuit, conveniences are on-chip clock generation from a
all of the components necessary for economic single TTL input, external RC control of strobe
implementation of the keyboard encoding func- pulse width and capacitor control of key bounce
tion. The MM5740 is a complete keyboard inter- mask time, single pin shift lock/shift indicator
face system capable of providing quad mode 90 capability and repeat key function.
key keyboard encoding. In addition to the basic
problem of translating a switch closure to a coded THEORY OF OPERATION
output, the MM5740 provides all of the functions
necessary for modern keyboard system design. The In order to better understand the following dis-
salient features include programmable N-key or cussion, reference should be made to Figure 1
2-key rollover, TRI-STATE® parallel data outputs which shows a functional block diagram of the
with a one character memory and externally con- MM5740 as well as the pin connection diagram.
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FIGURE 1. Block and Connection Diagrams
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AN-80 MOS Keyboard Encoding

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-Y time (one of 90
time slots in the scan) defining the closed switch.
A key detect pulse at the X-Y time in question is
issued and this is used to define 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 X,,
Y, is being interrogated (at X;-Y, time), the
counters are addressing the memory location in
the ROM which contains the code for switch
X1Yq. 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 X;, Y,. 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 time a new key is depressed, a code for that
key would be issued even if other keys are still de-

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 “THE" and “ERE’ 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 of the 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 resumes 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 continyously variable bounce masking allows
the MM5740 to be used with a wide range of
commercial key switches.

13-40




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. In order to better
understand this problem, reference should be made
to Figure 2. In this diagram, phantom switch X;Y,
will be detected since there exists a closed path
from the X, drive line to the Y, sense line which
does not pass through the open switch X5Y,. By
placing diodes in series with each keyswitch, this
problem is eliminated since the sneak path has
been blocked.
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FIGURE 2. Phantom Key lllustration

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 cannot 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;-Bg) 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 (X;-Xg) and sense (Y{-Yqq) lines are
normally connected to each other via the switch
matrix. Typical waveforms for these signals are
shown in Figure 3.

[ ER? {8 Tewe 100
Teu = |
e i L LT 5o

e[ » I e

X 0UTPUT sovTYe

W5V TYP

TYPICAL g

Y INPUT

KEY OPEN KEY CLOSED

FIGURE 3. Matrix Signal Waveforms

Both the X and Y lines are unconditionally pre-
charged toward the Vgg 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 lines 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 - TMQ) to the Vgg
supply. This device is intended to support the idle

Vo (12V)

—t+———q

X

JR S —
Y INPUT

Ve (12v)

S
b3
Vss (+5V)

o1

X 0UTPUT

FROM X

COUNTER-,
—u Y
TYPICAL

KEYSWITCH
o

Vss (+5V)

A Vr———

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.

| f QUTPUT CURRENT (mA)
Vss =45V
Vi, = GND
3 }Veg=-12
T=25C

4

INE HIGH

X LINE LOW
ORY LINE
(¢ TIME

4 \

6 -5-4-3-2-1 0+ +2 43 +4 +5
QUTPUT 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 addition, 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.
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-12v
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.: 12K
<

ov
12V ——

OPEN 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. In 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 Bg 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 » &,
Bs
1= DATA
8o D—> STROBE
ouTPUT
.18 TRANSMIT
1 INHIBIT
= REPEAT
INHIBIT
REPEAT REPEAT CLOCK
SWITCH

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
TRI-STATE control for the code data output
lines (B1-Bg). 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.

ENTER * ‘
STORE
>‘1 s e ——{ P DATASTROBE

DATA STROBE
CONTROL
< ouTPUT
_—_ﬁ ENABLE
FROM ! !
ROM l LATCHES : '_{_— =
—>

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

When a valid 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
@ time (clock high) and outputs at ¢ 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 allowing 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-RATA o STROBE D""
—_— s, 40—
>
<
u
j— ¢
DATA STROBE 1

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 and/or 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

DATA STROBE

INTERRUPTS

| KEYBOARD ’—p -—I
MM5740

l PROCESSOR
OUTPUT ENABLE
ERIPHERAL
oevice 1 1| | bkFe==4
INTERFACE

v

PERIPHERAL

PERIPHERAL] TRLSTATE
DEVICE DATA BUS
INTERFACE |

FIGURE 10. Keyboard Use 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
enable of the MM5740 goes low the Data Outputs
are presented to the TRI-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

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.

READ 1

osi

mmsiao {>& A

READ 2

r__\@ -
H STROBE
082 H outPuT

cLack

renon

N

ES

FIGURE 11. Polling Sy for Localized Keyboard

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 TRI-STATE 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.
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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 will go high.
This takes the data output gates out of the high
impedance state. On the next positive clock the
data will 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.

REPEAT
ceock oLock

m

Lock
SHIFT LOCK 10

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.
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FIGURE 13. Polling System for Remote Keyboards
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FIGURE 15. Typical Timing Diagram — 2 Encoder Expansion Operations

The keyswitches (up to 180) are wired in two
X-Y 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

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
positions), 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.
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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

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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Note 1: Matrix coordinates not shown with switch are not used for this particular
i ion. These i however, are for the characters
shown and may be used if desired.

Note 2: N-key rollover — MM5740AAE, 2-key rollover — MM5470AAF.
Note 3: Clock frequency = 100 kHz

Note 4: Scan cycle = 800us

Note 5: Repeat rate = 10 characters per second

Note 6: Key bounce mask time = 4.0 ms

Note 7: Data strobe = 10us pulse
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FIGURE 16. ASR-33 Keyboard
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FIGURE 17. Typical Keyboard Arrangement

CHARACTER

FF

CR

GS

VT

SO
SP

HT
8BS

LF

NUL
DEL

DLE
SI

CR

FS
GS

VT

SO

HT

DLE
DEL

DLE

FF

CR

FS
GS

VT

SO
SP
HT

8S

LF

DEL

us

FE

CR

FS
GS

i

SO
SP

HT

BS

LF

DEL

SHIFT
CONTROL

Bg

8] 8,

CONTROL

Bg | Bs

B;

SHIFT

85|85 ] Bs

Be | By

UNSHIFT

Bg| Bs

By

Bs

COMMON

8o | 8

83 Bs

82

8

MATRIX

ADDRESS

Y

10

10

4

10

ic

Negative True Log

ASCIH Code
Bg = Even parity (on B4, By, B3, B4, Bs, Bg, B7, Bg)

Bq —By

Selective Repeat Bi

Bg
Note: Use Bg if par

ty bit is desired.

FIGURE 18. Code Assignment Chart

6uipoouy pieoqAad) SOW 08-NV

13-48



b

HT
us
ESC
FS
VT
NAK
EM
BS
GS
RS
oCc2
Dca
ACK
BEL
SYN
STX
CAN
EM
SC
0C?
ENQ
DC3
EOT
Dca
ETX
NAK
SYN
ETB
ENQ
ETB
ACK
0C3
BEL

HT
st
VT
FF
vT
NAK
EM
8S
CR
SO
SO
oc2
oc4
ACK
BEL
SYN
STX
CAN
DC2
ENQ
oc3
€07
DC4
ETX
NAK
SYN
ET8
ENQ
ETB
ACK
oc3
BEL

CHARACTER
CHARACTER

CAN
EM
0C2
nC3
oca
NAK
SYN
ETB
ENQ
ACK

us
CAN
EM
DC2
DC3
oca
NAK
SYN
€T8
ENQ
ACK

Bg
8s
0

B
87

SHIFT
SHIFT
CONTROL

CONTROL
Bs

Bs

8| Bs | B

Bg

CONTROL
B | 8
CONTROL
8 [B)

Bs
8s

SHIFT
SHIFT

Bs | 87

ARAD

Bg| Bs

87

UNSHIFT
UNSHIFT
86

85

Bo| Bs | Bs | By

By

Ba
12

B3
B3

COMMON
COMMON

B2
B2

Even parity (on Bq, By, B3, By, Bs, Bg, B7, Bg)

B1
B,

10

Bg = Selective Repeat Bit
10

Bg

MATRIX
ADDRESS
MATRIX
ADDRESS

B1 — B7 = ASCII Code
Note: Use Bg if parity bit is desired.

Negative True Logic

13-49

CAN
SI
OLE
oc1
NUL
oCt
ESC
SOH
SOH
sus
STX
ETX
E0T

CAN
OLE
oCc1
NUL
0c1
ESC
SOH
SuB
STX
ETX
EoT

SOH

BEL
S
OLE
oC1
NUL
ESC
SOH
STX
ETX
EOT

BEL
OLE
oci
NUL
ESC
STX
ETX
EOT

SOH

0

FIGURE 18. Code Assignment Chart (cont’d)

oloo

0

0

Repeat B

ASCII Code
Bg = Even parity (on Bq, By, B3, B4, Bs, Bg, B7, Bg)
ive

Selecti

10
Bg
: Use Bg if parity bit is desired.

Negative True Logic
B1—B7

Note




AN-80 MOS Keyboard Encoding

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

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 which it must
communicate. As a result, the MM5740 should go
a long way toward improving the cost-performance
basis of keyboard oriented systems.
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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 re-
quired. Reorganizing the ROM:s 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 ‘1" 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 |.

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

TABLE |. Typical Dot-Matrix Character Fonts

siajulld pue sAejdsiq xu3eN-30g uonnjosay-ybiH ul SWOY Buines G8-NV

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 x5 x 7 = 2,560 1.00 Fig. 3
7x9

Horizontal 63 64 x9x7=4,032 0.67 Fig. 6
9x7

Vertical 63 64 x7x9=4,032 1.00 Figs.5&8
7x12&8x12

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

96x12x8=8.216 1.00

12x7&12x8

64 Character Vertical 96 64 x8x12=6,144 1.00 Fig. 8C

96 Character Vertical 96 96 x 8x 12=9,216 1.00 Fig. 88
12x16

64 Character Horizontal 192 64 x 16 x 12=12,288 1.50 for Fig. 9A Fig. A

96 Character Horizontal 192 96 x 16 x 12= 18,432 1.50 Fig. 9 Fig. 98
16x12

64 Character Vertical 192 64 x 12 x 16=12,288 1.50 for Fig. 9A Figs. 6,7, &9

96 Character Vertical 192 96 x 12 x 16 = 18,432 1.50 for Fig. 98
24 x12

64 Character Vertical 288 64x12x24=18,432 2.00 for Fig. 9B Figs. 6,7, &9
64x13x10t0 64 x 13x 16

64 Character Variable _ N

Font Width 208 64 x 13 x 16 = 13,312 3.06 for Fig. 10 Fig. 10
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FIGURE 1. ASCI!I Full Set Font of 128 5 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.

FIGURE 2. UC/LC Characters at 5x7 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 MOS
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 complication is that many specialized 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 ROM:s. .

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 MOS 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. MM5240 and MM5241 Standard Character-Generator ROMs
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m —O ¢ iocx
DOT/COLUMN

DIVIDER

FIGURE 4. Typical 7 x 5 Vertical-Scan 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 5B 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 6B). 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
character-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 @ 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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INTERMEDIATE CODING

Designs proportioned to the matrix size are not Theoretically, they could all have been unique,
the most efficient at the larger font sizes. It pays since there is a possible pattern variation ranging
to analyze the actual character patterns to deter- from 128 to 65,536 (27 to 2'6). UC/LC and
mine whether other organizations can be used. horizontal-scan fonts are more variable than upper-
case vertical-scan fonts, but they are still far from
For example, the full-dot columns in such vertical- worst-case.
scan characters as b, B, d, D, H, T, etc., are
usually identical. An upper-case font typically This analysis led to the organization in Figure 9A.
contains only 60 unique column patterns at 7 x 5, Instead of doubling the 64 x 12 x 8 organization to
110at9x 7,120 at 11 x 9, and 122 at 16 x 12. produce fonts up to 16 x 12, it adds only a 2k
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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 MOS 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 quite well and costs less than sub-
assemblies of 1k 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 10 is a practical design for upper-case
fonts with 10 x 10 to 13 x 10 matrices. It saves
nearly 40% of ROM capacity. Moreover, the
matrix width varies with the character shape as
can be seen in the example word LIMB. The
characters look more natural and are evenly
spaced. Column height is changed by programming
the outputs to be used.

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

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

PROGRAMMING AND OPERATION

Assume a nominal matrix size of 13 x 10. This
takes a 256 x 16 ROM array. Each 16-bit output
word contains a 13-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 listed in the
small input ROM at locations where they will be
accessed by the standard code. The intermediate
code will then be the starting address and the next
column-select codes for each character will be
generated sequentially by the logic.

Suppose characters @ through K occupy locations
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 L and
compared with its present technique of 10 x 12 =
120 bits.

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

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

This last word includes an EOC bit. When EOC
and the 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 starting address for
I 'and the process continues through I, M and B.

Proportional spacing is inherent. So is high-speed
since the input ROM is a small bipolar array. The
main ROM can be either MOS 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
UC/LC generator with the ninth address input a
direct shift control:

SPACE CODE
050
COUNTER OUTPUT aso
h
(@ L58) 190
1
12
"
b
F
i
;
. °
5 i
H °
3 °
H
i .
COLUMNS 12345678510 123456 1234567091021 12345678910
P 00 1032103210 101010 1000000000010 1010210000
EOC CODE 0000001111 000011 0000000000011 0000000001

(Repeat Pattern Character Quality and Coding Example)
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—o o— o o—f
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CHARACTER
MEMORY
CLOCK OUTPUT ¢
0
o ommua o
CLOCK O D‘/L 1
*Note A: Repeat code group.

FIGURE 10. Repeat-Pattern Vertical-Scan Generator
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N 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

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 applied 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

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 columnV —
worst case average current including refresh (assum-
ing a 635 ns cycle time). The peak current during
refresh, assuming all chips are refreshed at the
same time, is equal to the total number of chips
multiplied by 20 mA maximum per chip. During
an interval of 2.0 ms, the memory will cycle
almost 3,000 times, of which only 32 cycles
must be devoted to refresh; therefore, the average
refresh power will be one percent of the peak
power or 0.2 mA per chip. Comparable savings
in clock driver power dissipation are also realized.

Using the data from Table I for a common
application, such as an 8k-by-16 memory for a
minicomputer, 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

IWVH %2 Z29ZSWIN 3yl 10} anbiuyoa] Buineg 1amod ajduns v 98-NV

TABLE 1.
MAXIMUM POWER SUPPLY CURRENT (mA)/PER BIT OF WORD WIDTH
1 I 1 v v
CHIPS NO cLock oeeouRG | ApDITIONAL | NS 6003
numeer | pereir | (NO | pECoDING | DECODING AVERAGE | TOTAL | (4mA
oF woRDs | OF worp | CLOCK | one chip | | TWOCHIPS | perpesy | womsT | sTANDBY
WIDTH SELECTED CURRENT | CASE | CURRENT)
SELECTED
2,048 10 20 20 10
4,096 20 40 20.1 40 ) 40 20
8,192 4.0 80 20.3 40.2 04 40.6 28.2
16,384 8.0 160 207 406 12 418 446
32,768 16 320 215 414 2.8 442 77.4
65,536 32 640 231 43 6.0 49 143
131,072 64 1,280 263 462 124 58.6 274

N = Number of words in 2048 increments N > 4096
B = Number of bits/words
tCYCLE = Memory cycle time

N N 32 teyeLe
Iop (AVG)max = B 2x20+ —2) x01+ - 2) L CYCE 420
oo Max { (2043 ) (2048 Toms
—_— AN J . J
v Y
v 1 v
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AN-86 A Simple Power Saving Technique for the MM5262 2k RAM

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.

(T
z 6003
=8 (4 mA STANDBY
w = CURRENT)
S E 200
3
£5
g /
a8 .0 NATIONAL
; § (.1 mA STANDBY tunnzmy
g3 \ -
E =

2k 4k Bk 16k 32k 64k 128k
MEMORY SIZE (WORDS)

FIGURE 1. Memory Size vs 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 mA) 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.

In operation the clock decoder in Figure 2 will
supply clock puises 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.

3
PHASE 1
om7a02

T,
? D—-l ’-—Dv—mm 2
o702

MHO026

PHASE 3

DM7402
MH0026

@

REFRESH
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 supplies need only be large
enough to supply the average current to the
memory and its clock drivers, the capacitance
bypassing the power supplies should be large
enough to supply the peak current during refresh
without excessive power supply droop. The second
consideration is that if T1 goes to the low state
prior to CS or REFRESH going low, the leading
edge of Phase 1 will be delayed according to the
delay in chip select and 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 T1 goes
low a glitch will be produced on Phase 1. If
REFRESH is connected to the clear input of

CYCLE1 CYCLE2 CYCLE 3 CYCLE4 CYCLES CYCLEG
T,
U L 1 | | ] u
T,
’ | - i J - L L | N I
1.
’ u u L ju) L
s

- || [~

REFRESH
o |
PHASE 1:

U u u u
PHASE | [ | I | r L
PHASE L_l

CLOCKS DECODED éXTRA PHASE 1 CLOCK DECODED REFRESH CYCLE CLOCKS DECODED CLOCK DECODED
TO ON STATE PULSE “t]HDIESELEcT TO OFF STATE CLOCKS TURNED ON T0 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 1 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
62.4us, 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 62.4us 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

It is perhaps of more interest to examine an
actual system to determine the effects of clock
decoding. As an example a complete 8k-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 8k-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

edge of T1. power is an important parameter for the designer.

TABLE 11. Power Consumption of 8k x 16 Module (With tcycLEg = 635 ns and Clock Decoding)

Icc (mA) @5.25V Ipp (MA) @ -16V Igg (mA) @ 8.75V
OPERATING | STANDBY | OPERATING | STANDBY | OPERATING | STANDBY
T 1,180 1,180 0 0 0 0
MH0026 124 1.2 11 11 0 0
MM5262 699 128 650 19.2 80 65
Total Current 2,003 1,194 761 203 8.0 65
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

WVH 3XZ Z9ZSWIN aY1 10} anbluyda] Buines 1amod sjduns v 98-NV

TABLE I1I. Power Consumption of 8k x 16 Module (With tgycLE = 635 ns and No Clock Decoding)

lec (MA) @5.25V | 1pp (mA) @ -16V Igs (MA) @8.75V
OPERATING OPERATING OPERATING
TTL 1,180 0 0
MH0026 241 231 0
MM5262 1,333 1,290 96
Total Current 2,754 1,521 96
Total Power (Watts) 14.4 244 0.875

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

TABLE IV. Power Consumption of Larger Memory Systems Using Multiple 8k x 16 Modules

MEMORY NUMBER TOTAL POWER (Watts) tcycLe = 635 ns TOTAL POWER (Watts) tcyc e = 1,000 ns
SIZE OF CARDS CLOCK DECODING NO CLOCK DECODING CLOCK DECODING NO CLOCK DECODING

8k x 16 1 228 39.3 16.9 25.8

8k x 32 2 456 78.6 338 51.6

16k x 16 2 295 78.6 235 51.6

16k x 32 4 59 157.2 47 103.2

32k x 16 4 429 1672 367 103.2

32k x 32 8 858 3144 73.4 206.4
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AN-86 A Simple Power Saving Technique for the MM5262 2k RAM

REFRESH

WRITE

4
T

-H+H---H+F -

MEMORY MATRIX

DATA OUT

DATAIN

LR

AS FOLLOWS:

>
H
8

158k  USE OUTPUTS
2nd 8k USE QUTPUTS
a8k USE OUTPUTS
4th8k USE OUTPUTS

PARTS LIST

oM7038

DATA ENABLE

(1/0 BUFFER)
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OUTPUT ENABLE
(1/0 BUFFER)
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|
|
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=

:

FIGURE 4. 8k x 16 Memory Module
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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 lan-
guage and outputted on a magnetic tape. This
magnetic tape is used to make the programmable
gate mask and the test tape. Wafers are held in
inventory at gate mask. The wafers are then com-
pleted using the custom gate mask and tested at
the wafer level. The wafer is then scribed and the
good dice assembled. After assembly the units are
tested using the custom test tape to assure the
correct output pattern for every address.

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

INFORMATION NEEDED

Application Notes/Briefs

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

DEFINITIONS

Logic Definitions

NEGATIVE Logic: 0" = Vi = the more positive
voltage. “’1" = V_ = the more negative voltage.

POSITIVE Logic: 0" = V_ = the more negative
voltage. “1"” = Vi = the more positive voltage.

Input Output Definitions
Address: Aq is the least significant input address
on ROMs. Lg is the least significant input address

on character generators.

Outputs: B4 is the least significant output.

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

code.

NATIONAL PART NUMBER

ﬁ National Semiconductor Corporation
\ 2900 Semiconductor Dr., Santa Clara, CA 95051
h Phone (408) 732-500 TWX 910-339-9240 ROM LETTER CODE (NATIONAL USE ONLY)
NAME DATE
ADDRESS CUSTOMER PRINT OR 1.D. NO.
CITY STATE ZIP | PURCHASE ORDER NO.
TELEPHONE NAME OF PERSON NATIONAL CAN CONTACT (PRINT) | AUTHORIZED SIGNATURE

]DATE
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AN-100 Custom ROM Programming

TRUTH TABLE FORMS

Use the appropriate form for submitting truth tables.

MM4231/MM5231
MM4232/MM5232
MM4233/MM5233

OUTPUT CODE sB
B8 B7 B6 B5 B4 B3 B2 B1

sum

Form 1|
MM3501 MM5204 MM4214/MM5214
MM5201 MM4210/MM5210 MM4220/MM5220
MM5202 MM4211/MM5211 MM4221/MM5221
MM4203/MM5203 MM4213/MM5213 MM4230/MM5230
ADD- OUTPUT CODE NOTE: 1| o ADD-
RESS |B8 B7 B6 B5 B4 B3 B2 B1 [SUM| RESS
— 0 __ 50
— 1 __ 51
— 2 __ 52
— 3 53
— 4 __ 54
— —5 55
— 6 56
— 7 __ 57
_ 8 __ 58
— 9 ___ 59
—_ 10 __ 60
1 __ 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
31 — 81
32 ___ 82
33 83
34 84
35 85
— 36 86
37 87
__ 38 88
39 89
— 40 90
4 91
— 42 92
__43 93
44 — 94
__ 45 — 95
46 — 96
47 —97
___ 48 — 98
—— 49 — 99
TB T8

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

Note 2: The MM4232/MM5232 and MM4233/MM5233 have programmable chip selects and the logic level to enable the

chip must be specified. CS1._.CS2_CS3__CS4__
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 1l

MM5212
MM5215
MM4229/MM5229 (Positive logic only)

ADD- OUTPUT CODE NOTE: 1 LsB ADD- OUTPUT CODE NOTE: 1 Ls8
RESS (812 B11B10 B9 B8 B7 B6 BS B4 B3 B2 B1|SUM RESS |B12 B11B10 B9 B8 B7 B6 BS B4 B3 B2 B1|SUM
— 0 50
_ — 51
— 2 __ 52
— —3 — 53
— — 54
— 5 — 55
— 58 . 56
) __ 57
— 8 — 58
) — 59
__ 10 — 60
__ 11 — 61
12 — 62
__ 13 __ 63
14 __ 64
__ 15 __ 65
__ 16 __ 66
— 17 ___ 67
__ 18 . —_ 68]
__19 . 69
__ 20 70
__2 7N
—) 7
__23 73
— 24 — 74
25 75
__2 __ 16
— 27 — 77
__ 28 718
__ 29 19
__30 __ 80
__ 3 — 81
__3 —_82
__ 3 __ 83
34 __ 84
35 __ 85
__36 — 86
— 37 — 87
___38 ___ 88
— 39 ___ 89
— 40 —_ 9%
__ M 91
__42 7]
__ 43 93
___ 44 __ 94
__ 45 95
46 —— 96
47 97
___48 _—_98
49 __ 99
8 T8

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

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

cs1 Cs2 Cs3
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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AN-100 Custom ROM Programming

Form 1l
MM4240/MM5240
T | ot |_ouroruon T | i | _ourormons I | o | U7 woro
(DECIMAL) |(DECIMAL) | B1 B2 B3 B4 Bg5|SUM (DECIMAL) |(DECIMAL)| B1 B2 B3 Bs Bg5|SUM (DECIMAL) |(DECIMAL)| B1 B2 B3 B4 Bs|SUM
0 o 4 ° —8 0
L
i ¢
1
001 1 1
2 2 2
010
3
011 3 3
4
100 4 4
5 5 5
110
6 6 6
110
7 7 7
111
-1 0 -5 0 -9 0
000
1
001 1 1
2
010 2 2
3
011 3 3
a
100 4 4
5
110 s s
6
110 € 6
7 7 7
11
2 -6
- 0
0% 0 T8
1
001 1
2
010 2
3
011 3
4
100 4
5
170 5
6
110 6
7
111 ?
-3 ° 7
000 o
1
o001 1
2
010 2
3
o011 3
4
100 .
5 5
110
6 6
110
? 7
111
L] 1)
Note 1: A logic ““1” = most negative voltage. A logic 0" = most positive voltage.

Note 2: Line address (L,, L,, L,) are the row or column select lines in a character generator application. In a read only mem-
ory application, A shall be considered the MSB and L, the LSB.
Note 3: TBis 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 5‘
MM4241/MM5241 o
CHARACTER LINE CHARACTER LINE 1158  OUTPUT CODE c
ADDRESs | AppRess | o0 OUTPUT CODE ADDRESS | ADDRESS 0
(DECIMAL) | DECIMAL | B! B2 B3 B4 BS B6 B7 B8 |SUM (DECIMAL) | DECIMAL | B B2 B3 B4 BS B6 B7 BB |SUM -
(<]
-0 0 -5 0 3
Ll L,
000
7 B o)
001 (@]
2 2
o3 s
3 3
ol by
2 4 (=]
100 Q
s -
5 o
110
1 -6 o 3
— 0
000 3
1 1 =]
001 «Q
2 2
010
3 3
011
2 a
100
5
5
110
-7 o
_2 o
000
1 1
001
2 2
010
3 3
011
a a N
100
s 5
110
-8 o
-3 0
000
1
001 1
2
010 2
3
o111 3
4
100 4
5 5
101
_4a o _9 0
1
1
2 2
3 3
A a
S 5
T8 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 “0" most negative voltage
A logic 1" most positive voltage
Note 2: Line address (L,, L,, L,)} are the column select lines in a character generator application. In a read only memory
application A, shall be considered the MSB and L, 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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AN-100 Custom ROM Programming

TAPE ENTRY FORMAT

Tape format for the following ROM:s. MM3501 MM4214/MM5214 MM4231/MM5231
MM4210/MM5210 MM4220/MM5220 MM4232/MM5232
MM4211/MM5211 MM4221/MM5221 MM4233/MM5233
MM4213/MM5213 MM4230/MM5230

Note 5 —————w MM42XX bg, MSB
Note 6 ———= POS

Cs3 X

aono 1 00nnnnno“o

ANNT 0N0NO0NND O
ann2 mmnnonn‘o\
ADO3  N1010101 4

AN4 ONTITEIL 6
Note 2 ————==A0N> NONT1100 3
ANNG  NNNNNNNI N
A7 AN111100 4
AONK 0NINDNDD 0

Cs1 X
Note 8 — =1 CS2 X bq, LSB

2 Spaces

Note 3

™1 Space

A2S5 01010101 4
TBR 40—
TET 150
T86 250
TS an
T34 010
TH3 100
TE2 125

TB1 t 197
+——— 1 Space
8-BIT TAPE FORMAT

Note 1: The code is a 7-bit ASCII code on 8 punch tape.

Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A,
Note 3: The total number of ““1’" bits in the output word.

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

Note 5: Specify product type.

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

Note 7: LOGIC ON ADDRESS AND OUTPUTS must be the same f{either POS or NEG).
Note 8: Specify the pattern necessary to enable the ROM on the ROMS that need chip selects.

Note 4

Tape format for the MM5202, MM4203/MM5203 and MM4204/MM5204.
PROM TAPE P AND N FORMAT

Carriage return line feed
allowed betweeen F and B

Start Character j Stop Character ——-‘ Data Freld” MSB (Pin 11)  LSB (Pin4)
BPPPNPPNNFBNNPPNNPPF...BNPNPNNNNF
Word 0 Word 1 Word 255
——— — e
All Address Inputs LOW All Address Inputs HIGH

*Data Field: Must have only P's or N’s typed between B and F. No nulls or rubouts. Must have exactly eight P and N
characters between B and F. Any characters except B and 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 0. 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

0 00 BIT 1
0 0 0
00 0
sesssessecesscscsssssssssssnses
00 0
00 0
00 0
00 0
00 0 ~—BIT8
% COMPLEMENT WORD 1 \tcomnwsm WORD N
WORD 1 WORD N
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.

Note 3: Data is comprised of two words the first being the actual Data the second being the complement of the data.

Note 4: A punch is equal to a *’1”’ or most positive voltage and the omission of a punch is a ‘0"’ or the more negative voltage.
When programming the MM5202 or MM4203/MM5203 it should be remembered that the opposite logic from what is

programmed will appear on the output of the PROM. In otherwords a P on the tape will program a Logic 0" or V_in
the PROM.
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CARD ENTRY FORMAT
Card format for the: MM3501 MM4213/MM5213  MM4221/MM5221  MM4232/MM5232
MM4210/MM5210 MM4214/MM5214  MM4230/MM5230  MM4233/MM5233
MM4211/MM5211  MM4220/MM5220  MM4231/MM5231
\

12345678910 111213141516 17 18 19 20 21 22 23 24 25 26 27 2829 50 31 32 33 34 35 36 37 38 39 40 41 42 43 44 §5 46 47 48 49 50 51 52 53 54 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

MM 2 XX Not §

Pos Note 6

o5t ax

cs2-x Note 9

c53 %

csa x e e e I

A000 00000000 o A001 031010001 3 A002 0o

d INOY woisny Q0L NV

01111 a4

7003 00000000 o A004 10111000 a A005 01010101 4

A006 0011001 1 4 AB511 10000000 1

188 140

187 150

T86 250

T85 400

TB4 010

T83 100
T82 299

=
o
@
2
o
3
3
5
@

T
s
e Noea

\¥7uﬁ,“mnunummnm@mﬂununxuunmmnnyﬁuw“xmuqn“«wuw@mmﬂmyﬂﬁyn“mmnﬂuu«mmum"unuwnnnnml)

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 “’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.

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.

\

12345678910 11121314 1516 17 18 19 20 21 22 23 24 25 26 27 2829 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 45 49 50 51 52 53 54 55 56 57 68 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

MmMs212 Note 5.

vos Note 6 o2 o1—p otz
A0000 000000000000 00 A0001 000000000000 00 A0002z 010101010101 06

£0003 111111111111 12 A0004 0310101010101 06 A0D0O0S5 11111111111 12

40006 000000000000 00 Note 3—1 A1023 010101010101 o6

TB12 140  Nowa

TB11 210

T810 209

TB09 706

TB08 250

1807 810

TBOS 200

7805 205

TBO4 384

1803 611

TB02 465

TBO1 160

\|23&56759mu|2\3u|5|517mwznn22117‘75267725zn:wai32333‘3535:73339«)A|uu«nstsn1349505\5253545556575559605|szs.!sassessvsaesw7|727:71757617737950 /

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 ‘“1** bits in each output column or bit position.

Note 5:  Specify product type.

Note 6: Must type POS logic.

Note 7: POSITIVE LOGIC ON ADDRESS AND QUTPUTS.

Note 8: 1’ more positive output. ‘0"’ more negative output.

Note 9: Leading zeroes must be punched.
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AN-100 Custom ROM Programming

Card format for the MM5215.

~

1234567891011121314 1516 1718 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 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

MME215 Note 5

NEG Note & oz o1 [ Note3 2

40000 000000000000 00 A0001 000000000000 o0 A0002 010101070101 06

40008 1111 11111111 12 A0004 010101010101 06 A0005 11111111111 12

40006 000000000000 00 A1023 010101010101 06

T812 140

TB11 210

TB10 209

TBOS 706  Notwd

1808 250

T8O 810

TBOG 200

1805 205

TBO4 520

T803 611

TBO2 465

7801 180

72345

678910111213 14 15 16 17 18 19 20 2152 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 36 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 64 55 56 57 68 50 60 61 62 63 64 65 66 6768 69 70 71 72 73 74 76 76 77 76,78 80 /

Note 1:  Punch three input addresses per card with the first in columns 1--25, Note5: Specify product type.
the second in columns 2650, and the third in columns 51—80. Note 6:  Must type negative logic.

Note 2:  The ROM input address is expressed in decimal form and 1s 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.

Note9: Leading zeroes must be punched.

Card format for the MM4229/MM5229.

Note7: NEGATIVE LOGIC ON ADDRESS AND OUTPUTS.
Note 8:  "“1” more negative output. “0’" more positive output.

~

12345678910111213 1415 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 50 51 52 53 54 65 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

MMa229

Pos

CE1-0 Notw2

A 006 000000000000 00 ) Note 3= A 256 010101010101 068

TB1z 140 Nows

TB11 210

T510 209

T600 706

TB08 250

T807 810

TBO6 200

TB05 205

T804 520

T803 611

T802 465

TBOT 180

Note 10

YeusTomen ParTeRN

1D NO.

\12145B7ssm||vzmutsvsnvsiszoﬂ77232475752725203031JZJJJA15:46.’!7Jsxmu42‘:«4506‘7‘5«9905!525:s¢5ssss7ses?somszsaussasevsewmn72737‘75u17nnmj

Note 1:  The code is Hollerith as punched on IBM Model 029. Note 7:  The total number of *1's” in each input word.
Note 2: Corresponds to Pin 16 Note 8: The total number of *1's” in each output column.
Note 3: Corresponds to Pin 15 Note 9: Leading zeros must be punched.

Note 4:  Corresponds to Pin 14

Note 5:  The ROM input address is expressed in decimal form and is
preceded by the letter A.

Note 6:  All 256 address (0-265) must be coded.

punch the first column.
Note 11: Positive logic on address and outputs
voltage “0'" more negative voltage.

Note 10: The customer may use his own {D designation if he does not

1" more positive
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TRIG FUNCTION GENERATORS

Accuracy is the major design variable of trigono-
metric lookup tables built with MOS 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 o .00000000 0.000
1 0.7 00000011 0.012
2 1.4 00000110 0.023
3 21 00001001 0.035
127 89.3 A 0.996

TABLE 1. MM422BM/MM522BM Sine Function Generator

If one simply cascaded ROMs to improve input ’

resolution and output accuracy for a high-accuracy
trig solution (X=sin 0) as in Figure 1, large num-
bers of ROMs might be needed. This 24-ROM
system stores 2048 12-bit values of sin x (or other
trig functions), giving angular resolution of 1 part
in 2'! (0.05%) and output accuracy of 1 part in
2'? (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 6, the Figure 2 system
divides the angle into two parts and implements
the equation

x =sin § =sin (M + L)

=sin M cos L + cos M sin L

1t 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 § and L be the 3 least
significant bits of 6 (0 being the 11-bit input
angular increments, equal to 90°/2048, or
0.044 deg.) as in Table 2.

With an 8-bit address, the three 2566x4 ROMs will
give the 12-bit value of sin M at increments of
M =90°/28, or 0.352 deg. The cos L can only vary
between 1 and 0.99998. So we assume cos L=1
and store values of sin M at 0.352 deg. resolution

Application Notes/Briefs
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MOS Brief 10 Trig Function Generators

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 cosMsin L
= 0.00539 where cos M.x =1, sinLmax
=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.

caavoureur [ 2
smosTsices | ] Zout_ o
p— *>—
— M
ome283
szt P—1 Aaooen
j— s
aNexT p— —
MOST SIG BITS
— I
—_ <
L CARRY INPUT
= CARRY OUTPUT
four .,
j— >—
-— b2
p—] omezs
szt ADDER
J— b
1 — I
R .
1 CARRY INPUT
= CARRY OUTPUT
—_ vt
u— Y
oMa283
st ADDER
— b——2n
— o
—_—
< J.uunv INPUT
4 | — —
w522
3LEAST SIG BITS = | o] .
——— (128 x 8 MODE)
ce

=:m522 in 128 X 8 MODE generates cos (M; — 2.8)
sin L 3 MM521 generate sin M

sin 0 = sinM + cos (Mg — 2.8) sin L

FIGURE 2. Four-ROM Lookup 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 X, = 90°/2*
=5.63 deg. Sin L (the 3 least significant bits of §)
has the same maximum as before and cos M, hasa
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 My 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 Mg,
each sector into 16 subsections with M, and each
subsection into 8 interpolation segments with L.

Since we are using an approximation, accuracy is
not quite as good as the Figure 1 system. The
additional error term is cos L, assumed 1 but
actually is a variable between 1 and 0.99998. At
every eighth increment, L is zero, making cos M

™M
ADDRESS | M, L
0 0
1 1)L =0.044°
2 10
3 11
4 100
5 101
6 110
7 11
8 1{0 0 0{M=0352"
9 1o 01
v 1 —
O s e
32 100000
64 1000{000
128 1/0 0 00|00 0|M =563
256 10/0000[000
512 100{0000(000
1024 1000/0000f000
20481 1 11 1f1 1111 1

TABLE 2. Programming of 2048-Increment Sine Table

sin L=0, 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 6 =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 angular ranges.

This example has a binary fraction output, like the
sine function generator in Table 1. For instance,
the 8-bit output at the 64th increment repre-
senting sin x =sin 45° is 10110101. This equals
1X27P 40X 22+1X 23 +1X27% 40X 275
+1X 278 +0X 277 +1X 278, 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 ASCll-addressed char-
acter generators for electronic, electrical and elec-
tromechanical display and printout systems. All
interface with TTL logic and operate off 12-volt
power supplies. Write for data sheets, or use one of
our programming tables to jot down any special
input-output logic functions you need.
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MASK PROGRAMMING SPECIALIZES
MOS SHIFT REGISTER DESIGNS

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

Utilizing this technique, National Semiconductor
has developed two variable-length dynamic MOS
register designs. Both of them, MM4007/MM5007
and MM4019/MM5019, are bipolar compatible.
Dual registers 20 to 256 bits long, single registers
40 to 512 bits 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 1A).

Application Notes/Briefs

There are enough storage cells, 1/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, M5 and Mg, is 20 bits.
The programmable parts, P4 and Pg, may be O to
80 bits long. Lengths need not be equal. For
instance, register A may be 29 bits and register B
76 bits (P = 9, Pg = 56).

Voo

Vss
TOP VIEW

FIGURE 1. Dual Shift Registers

An MM4019/MM5019 chip is similarly organized,
except that My and Mg are 40 bits and P, and
Pg 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 /O pinouts are selectable. The 1/0
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
MM4007/MM5007 MM4019/MM5019
m P TOTAL M P TOTAL
(BITS) (BITS) (BITS) (BITS) (BITS) (BITS)
A. DUAL REGISTERS
A Register 20 0to 80 20 to 100 40 0to 216 40 to 256
B Register 20 0to 80 20 to 100 40 0to 216 40 to 256
Ma + Mg Pa+Pg Ma + Mg Pa +Pg
B. SINGLE REGISTERS
40 0to 160 40 to 200 80 0 to 432 80to 512
C. TAPPED SINGLE REGISTERS
Total register length same as single registers with tap locations determined by either half of the dual registers.
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Mask Programming Specializes MOS Shift Register Designs

MOS Brief 14

SINGLE-REGISTER OPTIONS

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

This extends the maximum length of an MM4007/
MM5007 to 200 bits and the MM4019/MM5019
maximum to 512 bits. However, each half still
has the same minimum, so the minimums become
40 and 80 bits, respectively (Table 1B). Again,
the customer specifies the most convenient 1/O
pin connections.

TOP VIEW

FIGURE 2a

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.

NC
OPTIONAL
TAP
LOCATION

OUTPUT B

Vss
TOP VIEW

FIGURE 3a

Vg

NC
OPTIONAL
TAP
LOCATION

Vss
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
DTL data without input pull-up resistors and
driving TTL or DTL loads without output pull-
down resistors. They operate on standard +5V
and -12V supplies. The clock frequency range
is also the same, from 300 Hz to 2.5 MHz,
guaranteed.

Either TO-99 or dual-in-line packages may be
specified. MM4007 and MM4019 operate at -55°C
to +125°C. MM5007 and MM5019 are commerical
types, specified for ~25°C to +70°C.
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Application Notes/Briefs

DOUBLE-CLOCKING CUTS STANDARD
REGISTERS TO NON-STANDARD SIZES

INTRODUCTION

It may be more economical to make a standard Suppose a parallel array of eight 1991-bit registers
MOS register appear shorter, logically, than to is needed to store 1991 8-bit words in a buffer
have a special register made to order. A double- memory. Each could be a subassembly as in
clocking technique uses up the unwanted length Figure 2. The MM5013 and MM5016 are standard
by causing input bits to be stored twice and then 1024-bit and 512-bit register and the MM5019 is
to be read out as individual bits when they reach mask-programmed to order in sizes up to single
the end of the register. 512 or dual 256-bits.

Figure 1 shows the clock format. A double clock The design in Figure 3 provides the same length
applied for N of the normal input data intervals with two MM5013 registers. The eight registers
at a fixed portion of the total recirculation time are assembled with 16 instead of 24 packages.

Also, the second MM5013 costs less than an

on “ —“ U “ 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
sour U lf i U 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.

DOUBLE-CLOCK NORMAL-CLOCK

FIGURE 1. Clock rate is doubled for N data input periods In the example, N =2048—1991, or 57. Therefore
to make the register appear shorter by N bits, the registers should be clocked at double frequency

and then resumes normal frequency. . . .
v for the first 57 data periods of the recircula-
tion time. The extra logic decodes the bit-counter

s9zIS piepuelS-uop 03 siaysibay piepuers sin) Bunyoo|n-aiqnoq  9L-jaug SOW

will shorten the register by N stages and clock output and generates the 114 clocks needed.
periods. If N is 2, a 1-0 input data sequence would

be stored as 1-1-0-0. Since these appear as the There are some limitations to this technique.
output at the time the clock is again doubled, the Obviously, the normal rate should not be more
output gate only detects 1-0. than half the maximum clock rate for the registers

DATA |NpuT—D)—_— MM5013 — MM5016 — MM5019 _Do._nnA QUTPUT

1024-81TS + 512.BI1TS + 455-BITS = | 1991-BITS

FIGURE 2. Mask-programmable MM5019 register may be used to assemble odd-length registers.
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MOS Brief-16 Double-Clocking Cuts Standard Registers to Non-Standard Sizes

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
f(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

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.

1024.81TS 1024-BITS
DATA INPUT —D.-{ MM5013 MM5013 __D_ DATA QUTPUT
1 —3
I
l__—_—_______'—'—_'*'j
| ] %
| As—]s 0 1 |
| 172 0M7473 " ] N % | N 1
| ax O 1/2 OM7473 I 1/2 oM7473 £ D I
A _ - @
I K ook 8 } 1K ok @
I 1 :
| I
L - _ ___{ _1
[e]
CLOCK
A Ay Ay Y n B A P Ay Ao
I 1T¢ I P171¢ l 1 |
DM7ag3 DM7a83 oM7493

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

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

Clock Frequency ¢¢: 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 ¢4: ¢ is defined to be that minimum
amount of time that must expire after ¢, has
undergone a V| to Vg transition and the start
of a ¢, Vg to Vg transition. The same spacings
apply, when ¢, preceeds ¢, .

Clock Phase Delay ¢q, ad: The time between the
Vg levels of ¢y and douT. g is the time be-
tween the trailing edge of ¢, and the leading
edge of poyT. Py is the time between the trailing
edge of oyt and the leading edge of ¢p.

Clock Pulse Risetime, t,: The time delay between
the 10% and 90% voltage points on the clock pulse
as it traverses between its logic Vg and logic Vi
levels.

Clock Pulse Falltime, t¢4: The time delay between
the 10% to 90% voltage points on the clock pulse
as it traverses between its logic V4 and logic Vg
levels.

Clock Pulse Width, ¢py: The duration of time
that the clock pulse is greater than 1.5V.

Clock Input Levels: The voltage levels (logic Vg
or Vg) which the clock driver must assume to
insure proper device operation.

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

Data Setup Time, tys: 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, ty,,: The time during which the
data pulse is in its V| ,y or V,_ state.

Data Hold Time, tgnh: 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 V| or V,) which the data input terminal
must assume to insure proper logic inputs.

Definition of Terms

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

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

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

Partial Bit Times T\y, Toyt: The time between
leading edges of clocks, measured at the Vgy
levels. T is the time between the leading edge of
¢in and the leading edge of ¢out. TouT is the
time between the leading edge of ¢yt and the
leading edge of @y.

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, Vg, 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 Vgg 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 Vgs.

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

Vgs Current Drain: The average current flow into
the Vgg terminal of the package. It is equal to the
sum of the lgg and Ipp currents.

Power Supply Voltage, V5 p: The negative power
supply potential required for proper device opera-
tion, referenced to Vgg.

Clock Input Voltage Levels, VsV, The voltage
levels (logic “1” or “0”) which the clock driver
must assume to insure proper device operation.
Data Output Voltage Levels, Vg, Vo : The out-
put voltage levels (logic 1" or “0”) which the
output will assume with a specified load connected
between output and Vgg line.
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Definition of Terms

Data Input Voltage Levels, V|V : The voltage
levels (logic “1" or “0") which the data input
terminal must assume to insure proper logic
inputs.

Control Release Time, t;,: The maximum time
that a load command signal can be changed prior
to the V4 to Vg transition of the output clock,
¢ouT, without affecting the data during bit
time t,.

Control Initiate Window: The time in which a load
command signal must be applied to affect bit time
t,,. This time extends from the start of t., to the
start of t .

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

National does not assume any responsibility 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.
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NN Physical Dimensions

PACKAGES

DUAL-IN-LINE PACKAGES

(N)

)

(D)

(Q)

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.

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.

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.

Devices ordered with the “’Q’’ suffix are supplied in a glass/metal dual-in-line with a quartz cover.

METAL CAN PACKAGES

(H)

(G)

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.

Devices ordered with the G’ suffix are supplied 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)

(F)

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.

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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imensions

Physical D
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