

































































































































































































































































































































































































































































































































































requirements of long loop parts may be more demanding
than those of the short loop configuration. Charge
biasing (fat zero) is generally done in surface channel
devices to increase noise immunity and may or may not
be done in bulk devices. Surface channel CCD designs
produce a less complex manufacturing sequence, as well
as more efficient sense amplifier realizations.

While long loop CCDs may be clocked faster than short
loop components, clock rate is not usually the most
important speed parameter in a CCD. Latency time, or
the amount of time it takes to get to any given word, is
generally a more critical requirement. Due to the rela-
tively few clock cycles required both the average and
maximum latency times of a short loop CCD are much
less than those of a long loop CCD. When applying long
loop CCDs it is normal to use them in a serial mode, in
other words, treating the device as 16 (in a 64k-bit part)
dynamic shift registers. Another mode becomes available
with a short loop CCD. A page (each position in the shift
registers is known as a page) in a short loop part is 256
bits wide, a size practical for treatment as read/write
memory. With this treatment comes high data rate and
greatly reduced power dissipation. Because National
Semiconductor is interested in bringing viable memory
components with a wide range of applications to the
market place, the MM2464 is configured as a 64k short
loop device.

MM2464 TTL COMPATIBLE 65,536-BIT CCD

The single most significant improvement achieved by the
MM2464 over existing 64k CCDs is its ease of interface.
Previous CCDs have required multiple (3 or more) high
level clocks and exhibited very large clock and clock-to-

4-BITS/R

clock capacitance. Many system designs constrained by
such high capacitance have required as many as one
clock driver package for every three CCD packages. Even
more devastating than the parts count requirement has
been the effect of these clock drivers on system power
levels. Although the CCD itself is inherently a low power
device at lower clock speeds, addition of clock drivers
has raised system power requirements significantly. This
is not true of the MM2464, where a single DS3628 5-volt
clock driver can easily service a megabyte or more of
memory. Alternatively, TTL or CMQOS can be used to
provide clock signals. The MM2464 requires only 2 TTL
level clock signals, SENSE ENABLE (SE) and SYNCH-
RONIZE (SYNC). SYNC occurs once for every four SE
cycles. To the user it appears as if SE is clocking the
256-bit shift registers, and indeed, the device may be
viewed in this manner. By examining the diagram (figure
2) below one can see this is not actually the case.

Each of the 256-bit shift registers is composed of four
63-bit CCDs and a decoding/sense amplifier/multiplexing
circuit, with SYNC providing the stimulus for clocking
the array. The arrangement provides a major advantage
over a continuous 256-bit register while maintaining a
single sense amplifier. As power dissipation in a CCD is
directly dependent upon clock rate (CV2f), higher
speeds are made possible for a given power dissipation as
SYNC occurs at one fourth the rate of SE. SE provides
the clocking signal for the multiplexion, selecting each
of the four register outputs for amplification. Upon
completion of this refresh operation for the four bits in
the holding register, SYNC clocks four new data bits
into the register and the sequence is repeated. This one
bit delay in the holding register provides the extra four
bits to produce the 256-bit register (63 x 4 + 4 = 256).
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257 of these registers are provided on the MM2464. The
odd (or 257th) register provides a reference level for the
sense amplifiers, thus the requirement for a number of
clock cycles immediately following power-up to stabilize
the reference voltages. This technique of providing
power supply and temperature stable reference voltages
reveals another advantage of the short loop configura-
tion. Addition of a 256-bit reference loop requires only
1/256 of the device die area to accomplish. In a 4096-
bit oriented device 1/16 of the die area would be
necessary to construct a similar reference loop. Through
comparison and feedback techniques utilizing the refer-
ence loop, noise immunity is significantly enhanced.
The remaining 256 registers are available as storage.

Each register 1/0O in the memory array is accessible
through a data steering multiplexer controlled by an
eight-bit address port. A TRI-STATE® Data output and
a Data input are provided which may be tied together in
common bus systems provided the Write Enable (WE)
signal is lowered prior to or simultaneously with Chip
Enable (CE) when writing data into the part. The 256-
bit page may be utilized as RAM within the restraints
imposed by the timing limitations expressed in the AC
electrical characteristics in the MM2464 data sheet.

A refresh cycle in the MM2464 is defined as a single
passage of all data bits through the sense amplifier for
regeneration. Thus, refresh takes place every 256 SE
cycles. It is worthwhile to recall that refresh in a CCD is
required because of charge degradation due to thermally
generated ‘‘dark current’”” and transfer inefficiency
between cells. Therefore, in systems with controlled
environments, refresh, or maximum page time require-
ments, may be adapted to temperature conditions (for
refresh, 2tREF for every 10°C decrease in temperature).

SYSTEM DESIGN CONSIDERATIONS

Power Supply Considerations

Power supply voltage requirements of the MM2464 are
12V, -5V and ground. Power supply current may vary
widely according to system design and clock speed.
This variation is reflected in the equation below.

tCE N 1SSY1
IDDAVE =T|DD1 +Tlnoz + " IDD3 + IDD4

IDD1-1DD4 are parameters listed in the data sheet and
t should be a span of time covering all modes of use of
the component (i.e., t will be the period of a cyclic wave
form which reflects the system operation). In most
systems, the first two terms of the Ipp equation will be
first order effects and the latter two of second order.
tcE is the amount of time (during t) in which the chip
enable line is active; therefore, some attention should be
given to generating a minimum chip enable “on time"’
(tcg) in power critical systems. Likewise, as “N" is the
number of SE cycles during t, clock frequencies should
not exceed those needed for required system perfor-
mance. Adaptive clocking (i.e., minimum clock rate
during periods when the system is not in use) may also
be attractive. Although not so critical, the third portion
of the current may be minimized, as can the first, by
careful control circuitry design. This term reflects the

period of time between the rise of SE and the rise of
SYNC. Ipp4 is a constant term for each device. A brief
study of the equation and the values for the Ippj in
the data sheet indicate the page mode of operation can
be extremely attractive. Figure 3 reflects the Vpp
power supply current versus the modes and frequencies
of operation.

80
70 F
1pD vs DATA OR CLOCK RATE
60 |-
50
mA semac !
» MODE / /
/I 2ms
/ REFRESH
k) o 'y /4ms
REFRESH OR /, REFRESH
SEARCH MODE y 4 10ms
20k REFRESH
10
1 11 1111 1 L1111 1

100 kHz 1MHz

Figure 3. Ipp vs Clock or Data Rate @ +70°C

The reduced number of clock cycles permits far lower
power supply drain in page mode than that in serial
mode even though data rates are higher. The page mode
current characteristics shown are plotted versus data rate
and reflect the use of a burst refresh scheme where the
burst frequency is either the maximum clock frequency
of the CCD or a frequency,

1
tRer - N-tcye
256

where tcyC is the read or write cycle time in page mode
and N is the number of memory access cycles required
during the refresh period tRgF to achieve a given data
rate.

Obviously, under the condition of current drain

described above, current variations will exist on system
power supply lines. It is advisable to provide bypass

capacitors to ground, located in close proximity to the
Vpp pin, for each MM2464 in the system. It is further
recommended to make these capacitors relatively large
(0.1uF) in the early development stages and adjust the
size for acceptable noise levels after printed circuit board
layout is implemented. Similar precautions should be
made with respect to Vgp transient currents. Power
supply layout and distribution should follow the same
rules as those utilized in dynamic RAM design.* Clock
and data distribution will be far less critical than in CCD
or RAM designs with high voltage and/or high capacitance
clocks; however, good practices will always provide more
margin for noise immunity and device variation.

*Dynamic RAM Board Design Made Easy, Memory Applications
Handbook.




Clock Generation

Ease of clock implementation will be a function of desired system requirements. Figure 4 depicts one logic realization for SE
and SYNC at a 1 MHz clock rate; figure 5 shows the waveforms. Several clock generation circuits are depicted; selection of one
of these will depend upon design preferences. The circuit schematic of figure 6 presents alteration of the 1 MHz generator to
allow maximum clock rates. (Refer to section on Serial Mode Techniques.) Figure 7 presents a less complex circuit which may
be realized with CMOS logic. Each of these implementations has been achieved with a clock enable input to allow page or search
mode operation. Note that if clock rates exceeding 770 kHz are not required a simple 50% duty cycle SE clock may be utilized
as in figure 8.
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Refresh Techniques

Several techniques of achieving refresh are available to
the system designer. Among these are burst refresh
(where a burst consists of 266/b clock cycles at maxi-
mum clock frequency and b is the number of bursts
during tRgg — b = tReF/tpTMT), distributed refresh
(one clock cycle each tRgF/256 microseconds) and
adaptive refresh. An adaptive refresh circuit monitors
system utilization of the CCDs and the various timing
restrictions placed upon the memory, assuming com-
mand of the system to provide clocking when those
restrictions are exceeded. In the case of the adaptive
refresh sub-system shown in figures 9 and 10, tem-
perature has been added as a parameter in determining
the maximum page times and tREF, the refresh time.

tREF/256

Tc0 yp  REFRESH

COUNTER DOWN <—|
CARRY

SE CLOCK

tye

f

SE SE -t

CLOCK ENABLE

CLOCK
SYNC -~ GENERATOR

Figure 9. Block Diagram of Adaptive Refresh Circuit

The temperature controlled oscillator generates the
clocks for two counters. The refresh counter is counted
up by the TCO and down by the SE clock; if a carry is
generated a clock cycle is required. A counter determines
page time and is reset each time SE occurs; if a carry is
generated a clock cycle is enabled. Although this type of
refresh control is the most flexible method, many appli-
cations such as CRT display and other serial data
systems will not need refresh control or may use much
less complex techniques requiring fewer components.

Search Techniques

Search mode differs from refresh mode only in speed.
While refresh mode implies clocking at very low rates
to maintain data integrity, search mode is intended to
advance the shift registers to a desired page as quickly
as feasible. To achieve this, a counter must keep track
of the present page location. In order to access a par-
ticular page, the controlling system loads the corre-
sponding address into a register, the output of which is
compared to the count state. When the proper page is
reached, the clock is stopped and the system is signaled
that it may access the requested page. Figure 11 depicts
a block diagram of the circuit.

Ttp-rM =1SCY1MAX Or tSSY1MAX . whichever is less.

Page Mode

As mentioned previously, the MM2464 may be treated
as read/write memory, and the same design techniques
may be used for the CCD as are used for static RAM.
An address latch or register may be desirable at the card
edge for buffering and to meet address hold time require-
ments. Chip enable and READ/WRITE input specifica-
tions should be noted. A ready or busy signal should be
sent to the main system to prevent short cycling of the
system or the MM2464. This signal may be the “‘page
change required” signal of figure 10 in faster systems
or a decoded output of the page time counter in those
with slower reaction times.

Serial Mode

Serial mode consists of treating the MM2464 as a series
of addressable parallel shift registers, a worthwhile
configuration in display and scanner applications.
However, because of the power and speed considerations
and because there is no penalty in support parts count,
use of the CCD in page mode with addressing being per-
formed by a counter is advisable in the majority of cases.
One exception to this will occur in systems where data
may be accepted with a random starting location. In
this case there is no latency time; the shift register
desired is immediately selected and data manipulation
commenced at once. When using the MM2464 in this
mode, care should be exercised with respect to clocking
schemes such as the one shown in figure 6. Here the SE
off time with no SYNC pulse (tgc1) has been reduced
to data sheet minimum; this time is less than the mini-
mum chip enable time (tCg). Regardless of mode of
operation, attention should be paid to the parameters
describing the relationship of SE and SYNC to CE. One
way of doing this is to assure that chip enable is active
(low) only when both SE and SYNC are in the low state.

MM2464 APPLICATIONS

The MM2464 may be considered as an alternate choice
to either read/write memory or rotating magnetic
memory in a wide variety of applications. And, as is the
case with most innovative products, heretofore uncon-
sidered applications will arise. Several factors can be
indicative of applicability.

= Bulk Store — wherever. large amounts of data must
be processed, analyzed or maintained.

= Serial Formats — where sequential ordering of infor-
mation is inherent in the system philosophy.

= Low Latency — where rotating memories must be
replaced or augmented to achieve greater bandwidth.

= Human Interface — where dense random access
storage is required and lower speed than conventional
RAM is not detrimental.

Examples of each of these will be examined in varying
depth.
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Bulk Store

Obviously, the CCD may be used, as indicated previously,
in page mode by a processor. However, the limitations
of maximum page-time may impose restrictions which
are unacceptable to the system designer. In such a case,
the addition of a R/W memory buffer may resolve the
dilemma. Figure 12 blocks out a memory configuration
consisting of a page mode driven array of MM2464s
which supplies data to, and accepts data from, a buffer
consisting of MMb5257 4k static RAM. A one-half
megabit memory consisting of sixteen memory devices
and associated logic will fit on a reasonably small printed
circuit board and consume far less power than a system
consisting of RAM alone.

This type of system is expandable in many ways. Addi-
tional CCD storage is easily added to form multiple
megabyte capability. A second RAM page may be added
for increased throughput. Loading or storing one page
while utilizing the other could result in effectively a zero
latency time. An expansion of utility can be achieved
by switching from the absolute addressing of figure 12
to a scheme in which the processor assigns a label to
each 4k page by writing the label in the first location in
the page. To find that page the control system compares
an inputted label to data in the shift register in location
zero while operating in serial mode. When the label is
found a switch is made to page mode and data is trans-

ferred to or from the buffer. In large systems, this
content addressable technique may be realized by the
implementation of wide word lengths and searching with
masked “‘don‘t care” states using either page/serial or
serial/page techniques. Information retrieval of the type
accomplished in large data processing systems thus may
be realized with minimal CPU time. Bulk memory
formats may consist of these techniques or others,
but in any case recognition of both the strengths and
weaknesses of CCDs can result in high performance
architectures.

Serial Formats

Sequentially formatted data obviously lends itself to
CCD application and especially to the ‘‘square’ arrange-
ment of the MM2464. The block diagram of figure 13
depicts a possible configuration for a CRT graphics
system. Four MM2464s are arranged in parallel. The
resulting 1024-bit word contains the video data for two
512-bit horizontal scan lines of the CRT. The scan lines
are arranged one above the other on the screen in an
interlaced display; therefore, one of the 512-bit words
is accessed during each vertical scan. The CCDs are read
via page mode (during the horizontal sweep) at a rate of
2.4MHz, allowing for 10 microseconds of horizontal
retrace time. Clocking the CCD once during horizontal
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retrace will not maintain data at extended temperature
ranges. In light of this, the clocking scheme shown in
figure 14 is proposed. Here the MM2464 is clocked eight
times during the first 31 horizontal retrace periods; on
the 32nd retrace the device is clocked nine times. Using
this method, the CCD page sequence is 0, 7, 15, .. .,
223,231,239, 248, 1, ... . Figure 11depicts a 512x 512
interlaced black and white or two-tone display. Figure 15
shows four of these 512x512 blocks combined to
produce sixteen gray levels or color tones. The D/A
function may be implemented with two National inte-
grated circuits, LM1889 and LM1886. Techniques
similar to the ones described here may be used in other
types of scanning devices.

Low Latency Applications

Multi-task or multiple user processing systems are often
limited in their performance by the latency time of disk
and tape memories. This performance can be improved
by addition of a buffer or swapping memory into which
the contents of the rotating memory may be loaded.
The lower latency time (orders of magnitude) and
density of the MM2464 make it an obvious choice for
the swapping memory, thus providing greatly increased
computer bandwidth at a fraction of the cost of other
techniques. The configuration of the MM2464 allows
construction of a disk-like sector oriented architecture
which permits the use of the same software drivers
utilized for the rotating device. Thus, the costly penal-
ties of software revision are avoided in addition to
accomplishing increased user capacity.

HUMAN INTERFACE APPLICATIONS

Moving from' the macro world of the mainframe com-
puter to the micro world of calculators, consider a
single-chip microprocessor or calculator oriented device
such as an INS8030 or COP420 coupled to a single

MM2464. The combination of low power operation and
ease of interface of the MM2464 and the programmability
of the processing device results in a programmable cal-
culator with 8192 possible (8-bit) program steps or
memory locations. The processor can easily drive the
two CCD clocks, data input and chip enable with flag
and data lines as well as the address port with its own
address lines or latched data port.

Further application of CCDs may be found in distributed
systems such as point-of-sale terminals which reload data
each day from a central processing or storage unit and
require only human interface speed for random access.

SUMMARY

CCD memory technology has progressed to the point
where a practical device for bulk memory storage has
evolved. This device, the MM2464, is a TTL compatible
65,5636-bit CCD organized as 256 pages of 256-bit
memory. The CCD fulfills a requirement for a dense
memory with access times far less than those of rotating
magnetic media. A wide variety of applications exist for
charge coupled devices in many differing types of systems.

A debt of gratitude is owed to Bob Pease of National’s
Advanced Linear Integrated Circuit design group and
Nello Sevastopoulos and his staff in the Linear Applica-
tions section for their contribution of time and effort
in conceiving and testing the temperature controlled
oscillator.

RECOMMENDED READING

Charge Coupled Devices: Technology and Applications,
Edited by R. Melen and D. Buss, IEEE Press, NY, 1977.

Charge Transfer Devices, and Thompson,

Academic Press, NY, 1975.
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Section 8

Memory
Support Components

Memory support components are unlike ladies’ support
garments. Memory support circuits don’t merely enhance
the appearance of memories; memories must have the
support circuits to work at all. A memory system does
not have the option of going braless; it must have the
necessary voltage regulators, clock drivers, and registers
to be functional. A few concepts are presented here.
For further, in-depth applications information, consult
the National Voltage Regulator Handbook and the
Interface Integrated Circuits Data Book.







Memory Support Circuits

National offers a selection of memory support circuits
to facilitate the interface of memory components in
systems architecture. The memory support circuits were
developed specifically to accommodate the addressing,
clocking, data 1/0, and control signals associated with
memory systems application as shown in figure 1.
Additional circuits are available to interface with data
bus structured computers and microprocessors. For
additional information contact National’s Interface
Product Marketing Manager.

FEATURES OF THE TTL LEVEL MOS DRIVERS

Figure 2 compares the switching response of the DS3628
with a 74S TTL gate. Two features can be observed from
the switching waveforms: 1) the DS3628 is as fast as
the 74S TTL driving TTL loads, and 2) the output high
level (VoH) of the DS3628 is higher than that of the
74S TTL.

In a memory system composed of MOS RAMs the load
is capacitive and not resistive. Figure 3 compares the
switching response of the DS3628 with a 74S TTL
gate driving capacitive loads of 50pF, 150pF, and
300pF. The switching waveforms show that the fall

time of the DS3628 is as fast as or faster than those
of the 74S TTL, but most obvious is the rise time of
the DS3628 — much faster than that of the 74S TTL.
In addition, the 74S has an objectionable glitch in its
rise time. The output high (VQH) level of the DS3628 is
higher driving capacitance due to a bootstrap effect in
the circuit.

The switching response of the circuits interfacing with a
memory array is important since any delay subtracts
from the overall memory access time. The switching
response driving a capacitive load is more important;
as an example, the address drivers might be expected to
drive 420pF in a memory containing 64 MOS RAMs
with 5pF input capacitance each plus 100 pF of board
capacitance. The same is typical of clock signals, select
signals, and read/write signals.

The input logic levels of MOS RAMs are generally higher
than TTL gate levels (typically 400 mV higher). There-
fore, the higher output high level (VQH) of the DS3628
is preferable for noise immunity and switching overdrive.

The features of the DS3628 are typical of the other
TTL level memory support circuits shown in the Selection
Guide.
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DAMPING RINGING OF CLOCK SIGNALS

Ringing of clock signals in a system where the logic
fan-out is less than 10 is not generally a big problem,
but with higher fan-out the increased capacitive load
associated with even a small amount of wiring inductance
is a problem. When the capacitance is small the switching
currents are small, but as the load increases the increased
current through the inductance makes the effect of the
inductance increase.

To reduce the associated ringing on the clock signals a
resistor may be placed in series with the output of the
clock driver to critically dampen the signal response.
Many of the memory support circuits are available with
this resistor in the output, such as the DS3649 which

has a 15 {2 dampening resistor, or the DS3679 which is
functionally the same without a dampening resistor.

FALL-THROUGH LATCH

In many memory applications a holding register is
required either for address or data 1/0. Most commer-
cially available registers have an objectionable propaga-
tion delay since the circuit’s response is the sum of many
gate delays. The address and data 1/O paths are critical
to the memory system access time and a faster register
is preferred. The memory support circuits provide a
selection of faster latches. These circuits are the
DS3645/75 and the DS3647/77/147/177 series. These
registers are faster since the latch function is in parallel
instead of series with the signal path.

DS3628 OUTPUT

74520 OUTPUT

Sns/DIV

Figure 2. Switching Response with TTL Load




Memory Support Circuit Selection Guide

4k 16k Timing
Available] 5 Volt | 12 Volt RAM RAM &

Second | Clock Clock | Address | Address | Data | Control
Device Number & Name Source | Drivers | Drivers | Drivers | Drivers 1/0 Drivers

DS3628
Octal TRI-STATE™" MOS Driver X X X

DS3640/70 .
Quad TRI-SHARE™" Port Driver

DS3642/72 X
Dual Bootstrapped MOS Clock Driver

DS3643/73
Quad Decoded MOS Clock Driver

DS3644/74 (3235, MC3460)
Quad MOS Clock Driver

DS3245
Quad MOS Clock Driver

DS3645/75
Hex TRI-STATE MOS Driver Latch

DS3646/76
6-Bit TRI-STATE MOS Refresh Counter/Driver

DS3647/77/147/177
Quad TRI-STATE MOS Memory 1/0 Register

DS3648/78
TRI-STATE MOS Multiplexer/Driver

DS3649/79
Hex TRI-STATE MOS Driver

DS36149/179
Hex MOS Driver

DS75322/DS3622
Dual TTL-to-MOS Driver

DS75361
Dual TTL-to-MOS Driver

DS75362
Dual TTL-to-MOS Driver

DS75364
Dual TTL-to-MOS Driver

DS75365
Quad TTL-to-MOS Driver

DP8304
8-Bit Bidirectional Transceiver

DP8216/26
4-Bit Bidirectional Transceiver

DS8T26/28
Quad TRI-STATE Bus Driver

DP8212
8-Bit Input/Output Port

CD4024B
7-Stage Ripple-Carry Binary Counter/Divider

*A trademark of National Semiconductor Corporation.
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Improving Power Supply
Reliability with IC
Power Regulators

Three-terminal IC power regulators include on-chip
overload protection against virtually any normal fault
condition. Current limiting protects against short circuits
fusing the aluminum interconnects on the chip. Safe-
area protection decreases the available output current at
high input voltages to insure that the internal power
transistor operates within its safe area. Finally, thermal
overload protection turns off the regulator at chip
temperatures of about 170°C, preventing destruction
due to excessive heating. Even though the IC is fully
protected against normal overloads, careful design must
be used to insure reliable operation in the system.

SHORT CIRCUITS CAN OVERLOAD THE INPUT

The IC is protected against short circuits, but the value
of the on-chip current limit can overload the input
rectifiers or transformer. The on-chip current limit is
usually set by the manufacturer so that with worst-case
production variations and operating temperature the
device will still provide rated output current. Older types
of regulators, such as the LM309, LM340 or LM7800
can have current limits of 3 times their rated output
current.

The current limit circuitry in these devices uses the
turn-on voltage of an emitter-base junction of a transis-
tor to set the current limit. The temperature coeffi-
cient of this junction combined with the temperature
coefficient of the internal resistors gives the current
limit a —0.5%/°C temperature coefficient. Since devices
must operate and provide rated current at 150°C,
the 25°C current limit is 120% higher than typical.
Production variations will add another +20% to initial
current limit tolerance so a typical 1A part may have a
3A current limit at 25°C. This magnitude of overload
current can blow the input transformer or rectifiers if
not considered in the initial design—even though it does
not damage the IC.

One way around this problem (other than fuses) is by
the use of minimum size heat sinks. The heat sink is
designed for only normal operation. Under overload
conditions, the device (and heat sink) are allowed to
heat up to the thermal shut-down temperature. When
the device shuts down, loading on the input is reduced.
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Newer regulators have improved current limiting cir-
cuitry. Devices like the LM117 adjustable reguiator,
LM123 3A,5V logic regulator or the LM120 negative
regulators have a relatively temperature-stable current
limit. Typically these devices hold the current limit
within £10% over the full —65°C to +150°C operating
range. A device rated for 1.5A output will typically have
a 2.2A current limit, greatly easing the problem of
input overloads.

Many of the older IC regulators can oscillate when in
current limit. This does not hurt the regulator and is
mostly dependent upon input bypassing capacitors.
Since there is a large variability between regulator types
and manufacturers, there is no single solution to elimina-
ting oscillations. Generally, if oscillations cause other
circuit problems, either a solid tantalum input capacitor
or a solid tantalum in series with 5Q to 1082 will cure
the problem. If one doesn’t work, try the other.

Start-up problems can occur from the current limit
circuitry too. At high input-output differentials, the
current limit is decreased by the safe-area protection.
In most regulators the decrease is linear, and at input-
output voltages of about 30V the output current can
decrease to zero. Normally this causes no problem since,
when the regulator is initially powered, the output
increases as the input increases. |f such a regulator is
running with, for example, 30V input and 15V output
and the output is momentarily shorted, the input-
output differential increases to 30V and available
output current is zero. Then the output of the regulator
stays at zero even if the short is removed. Of course,
if the input is turned OFF, then ON, the regulator
will come up to operating voltage again. The LM117 is
the only regulator which is designed with a new safe-area
protection circuit so output current does not decrease
to zero, even at 40V differential.

This type of start-up problem is particularly load
dependent. Loads to a separate negative supply or
constant-current devices are among the worst. Another,
usually overlooked, load is pilot lights. Incandescent
bulbs draw 8 times as much current when cold as when
operating. This severely adds to the load on a regulator,
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and may prevent turn-on. About the only solutions are
to use an LM117 type device, or bypass the regulator
with a resistor from input to output to supply some
start-up current to the load. Resistor bypassing will not
degrade regulation if, under worst-case conditions of
maximum input voltage and minimum load current, the
regulator is still delivering output current rather than
absorbing current from the resistor. Figure 1 shows the
output current of several different regulators as a func-
tion of output voltage and temperature.

When a positive regulator (except for the LM117) is
loaded to a negative supply, the problem of start-up
can be doubly bad. First, there is the problem of the
safe-area protection as mentioned earlier. Secondly,
the internal circuitry cannot supply much output cur-
rent when the output pin is driven more negative than
the ground pin of the regulator. Even with low input
voltages, some positive regulators will not start when
loaded by 50 mA to a negative supply. Clamping the
output to ground with a germanium or Schottky diode
usually solves this problem. Negative regulators, because
of different internal circuitry, do not suffer from this
problem.

DIODES PROTECT AGAINST CAPACITOR DIs-
CHARGE

It is well recognized that improper connections to a 3-
terminal regulator will cause its destruction. Wrong
polarity inputs or driving current into the output (such
as a short between a5V and 15V supply) can force high
currents through small area junctions in the IC, destroy-
ing them. However, improper polarities can be applied
accidently under many normal operating conditions,
and the transient condition is often gone before it is
recognized.

Perhaps the most likely sources of transients are external
capacitors used with regulators. Figure 2 shows the
discharge path for different capacitors used with a posi-
tive regulator. Input capacitance, C1, will not cause a
problem under any conditions. Capacitance on the
ground pin (or adjustment pin in the case of the LM117)
can discharge through 2 paths which have low current
junctions.

If the output is shorted, C2 will discharge through the
ground pin, possibly damaging the regulator. A reverse-
biased diode, D2, diverts the current around the regu-
lator, protecting it. If the input is shorted, C3 can
discharge through the output pin, again damaging the
regulator. Diode D1 protects against C3, preventing
damage. Also, with both D1 and D2 in the circuit,
when the input is shorted, C2 is discharged through both
diodes, rather than the ground pin.

In general, these protective diodes are a good idea on all
positive regulators. At higher output voltages, they
become more important since the energy stored in the
capacitors is larger. With negative regulators and the
LM117, there is an internal diode in parallel with D1
from output-to-input, eliminating the need for an
external diode if the output capacitor is less than 25 uF.

Another transient condition which has been shown to
cause problems is momentary loss of the ground con-
nection. This charges the output capacitor to the unregu-
lated input voltage minus a 1-2V drop across
the regulator. If the ground is then connected, the output
capacitor, C3, discharges through the regulator output
to the ground pin, destroying it. In most cases, this
problem occurs when a regulator (or card) is plugged
into a powered system and the input pin is connected

35 ——————
= = POSITIVE REGULATOR
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FIGURE 1. Comparison of LM117 Current
Limit with Older Positive Regulator
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before the ground. Control of the connector configura-
tion, such as using 2 ground pins to insure ground is
connected first, is the best way of preventing this prob-
lem. Electrical protection is cumbersome. About the
only way to protect the regulator electrically is to make
D2 a power zener 1V to 2V above the regulator voltage
and include 102 to 50% in the ground lead to limit
the current.

LOW OPERATING TEMPERATURE INCREASES LIFE

Like any semiconductor circuit, lower operating temper-
ature improves reliability. Operating life decreases at
high junction temperatures. Although many regulators
are rated to meet specifications at 150°C, it is not a
good idea to design for continuous operation at that
temperature. A reasonable maximum operating tempera-
ture would be 100°C for epoxy packaged devices and
125°C for hermetically sealed (TO-3) devices. Of course,
the lower the better, and decreasing the above tempera-
tures by 25°C for normal operation is still reasonable.

Another benefit of lowered operating temperatures is
improved power cycle life for low cost soft soldered
packages. Many of today’s power devices (transistors
included) are assembled using a TO-220 or TO-3 alumi-
num soft solder system. With temperature excursions,
the solder work-hardens and with enough cycles the
solder will ultimately fail. The larger the temperature
change, the sooner failure will occur. Failures can start
at about 5000 cycles with a 100°C temperature excur-
sion. This necessitates, for example, either a large heat
sink or a regulator assembled with a hard solder, such as
steel packages, for equipment that is continuously
cycled ON and OFF.

THERMAL LIMITING GIVES ABSOLUTE PROTEC-
TION

Without thermal overload protection, the other protec-
tion circuitry will only protect against short term
overloads. With thermal limiting, a regulator is not
destroyed by long time short circuits, overloads at high
temperatures or inadequate heat sinking. In fact, this
overload protection makes the IC regulator tolerant of
virtually any abuse, with the possible exception of high-
voltage transients, which are usually filtered by the
capacitors in most power supplies.

One problem with thermal limiting is testing. With a
3-terminal regulator, short-circuit protection and safe-
area protection are easily measured electrically. For
thermal limiting to operate properly, the electrical
circuitry on the IC must function and the IC chip must
be well die-attached to the package so there are no hot
spots. About the only way to insure that thermal limiting
works is to power the regulator, short the output, and
let it cook. If the regulator still works after 5 minutes
(or more) the thermal limit has protected the regulator.

This type of testing is time consuming and expensive for
the manufacturer so it is not always done. Some regula-
tors, such as the LM117, LM137, LM120 and LM123,
do receive an electrical burn-in in thermal shutdown as
part of their testing. This insures that the thermal
limiting works as well as reducing infant mortality. If it
is probable that a power supply will have overloads
which cause the IC to thermally limit, testing the regula-
tor is in order.
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A Cheap and Easy DC-DC Converter

A Cheap and Easy
DC-DC Converter

Many circuits do not live on a positive supply voltage
alone; they also require a negative supply voltage. A
separate transformer power supply can provide the
negative voltage, but this is not always a practical solu-
tion. If only a BV logic supply exists, for example, or if
the system is battery powered, an alternate method of
obtaining the negative supply voltage must be found.

A DC—-DC converter does the job well. Converters are
small and can be put on the circuit board that requires
the negative voltage. This enables the circuit board to
operate from a single positive supply and simplifies
power distribution. This application note describes a
simple and inexpensive do-it-yourself DC—DC converter
for obtaining a negative supply voltage from a positive
one.

The DC—DC converter (Figure 1) consists of a variable
duty cycle pulse generator that controls a transistor
switch which in turn drives a flyback circuit. The regula-
tor controls the duty cycle of the pulse generator
according to load requirements.

Vs

PULSE
GENERATOR

FLYBACK

REGULATOR CIRCUIT

$

-Vour

FIGURE 1. Block Diagram

The flyback circuit (Figure 2) develops the negative
output voltage. When Q1 is ON, current flows through
the inductor from Q1 to ground. When Q1 turns OFF,
the polarity of the voltage across the inductor reverses,
the diode becomes forward biased and a negative voltage
appears across the load and filter capacitor C1. When Q1
turns ON again, the voltage across the inductor imme-
diately returns to its original polarity, the diode becomes
reverse biased and the filter capacitor discharges through
the load maintaining the load current.

Vs

FIGURE 2. Flyback Circuit

The pulse generator (Figure 3) is a standard astable
LM555 circuit with a diode in parallel with the discharge
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resistor to enable the ton/(toN + toFF) of the switch-
ing transistor Q1 to be more than 50%.

Vs

°

I

L]' IT -O QUTPUT

LM555 02 & n2
‘P

FIGURE 3. Pulse Generator

The output voltage of the converter can be controlled by
varying the duty cycle of the pulse generator. This is
done by the regulator shown in Figure 4. When VBEQ2 +
Vz1 is developed across R5, Q2 turns ON and steals
current from the timing capacitor C2, thus controlling
the duty cycle of the pulse generator.

T0
c2

Vour

FIGURE 4. Regulator Circuit

Figure 5 shows the complete circuit for the DC—DC
converter. For this circuit, with I gAD = 200 mA and
Vg =5V, efficiency is about 60%, load regulation is 1.3%
and supply rejection is 30 dB.

~AAA
VW
N3

022 SR
LmSES 918 S 11k

G

c2
r— 0.01 4F +10%
1 L

— Y Y V¢
550 uH

R4
9.1k

+

c1* by

—1— 500 .F A v
RS
39K

O Voyr = -7V

AA

<
M4275 <

>
>
>
a2
2N2222
>
>
Vgpg=5.1V 2

*See Hints and Kinks
FIGURE 5. Complete Circuit
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DESIGN EQUATIONS

(Vs — VSAT) + [VouT — ¢1l
(Vs — VsAT)?

toN = (L) (ILoAD)

(Vg — VsaT) .

tOFF =
VouT - 1l

|
« oo |LOAD

tON
AVouT

tOFF
3¢2 - Vs

C2ln ———
3¢2 — 2Vg

tON
(0.693) C2

R4
VouT! = (VBEQ2 + VZ1) (1 + ﬁ?)

Where: ton = Time Q1 is ON
tOFF = Time Q1 is OFF
Vg = Supply voltage
VgAT = Saturation voltage of Q1
AVQUT = Peak-Peak output ripple
¢1=VBE D1
¢2= VBE D2

OUTPUT OF LM55S 5V

5V
Q1 COLLECTOR gy
-1V

Vour -8V
EY

TIMING CAPACITOR 333V
16V

FIGURE 6. Ideal Waveforms

SAMPLE CALCULATIONS
Given:

L =550 uH, ILOAD (MAX) = 200 mA, C2=0.01 uF,
¢2=20.60V

Vg =5V, VGaT = 1V, ¢1=0.7V,

VouT =-7V, AVoyT = 100 mVp-p

Calculate tON, tOFF and C1:

_ (550 uH) (0.2) (4 +7.7)

= 80 us
(@)2 K

_ (550 uH) (0.2) (4 +7.7)
(4) (7.7)

*

tOFF = A42ps

*See Hints and Kinks

* 1= 22 g0 pus= 160 uF
= — 80us=160u
0.1

Now calculate R1, R2:

—42 us
18-5
18- 10

* R1= = 4.5k

(0.01 uF) In

80 us

2= ——————— = 115k
(0.01 uF) (0.693)

Resistors R3, R4 and R5 can be calculated from the
following considerations:

For BQ‘I(MIN) = 20, VOUT low from the LM555 = 1V
VBE(Q1)(MAX) = 1.2V
For Ic(MAX) = 800 mA
1B(MAX) = 40 mA
_ (6—1-1.2)
40 mA

= 700

Allow for an overdrive factor of 3.5
R3 =200

Given:

VouTt

———— = 150 uA, V71 =5.1V,V = -7V
R4 + RS M Z1 ouT

Calculate R4, R5:

\ +V 5.7
RS = BEQ2 T VZ1 _ - 38k
VouTt 150 uA
R4 + R5
V 7
- ouT RG = — 38k = 8.7k

150 uA 150 uA

DERIVATION OF DESIGN EQUATIONS.
Flyback Circuit (Figure 7)

For the inductor

ton = QlsAT
toFF = QloFF

FIGURE 7. Flyback Circuit
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For At=1t0ON
Vs — VSaAT
AlINDUCTOR = — T tON (1
For At=tQFF
VouT — #1l
AlINDUCTOR = — tOFF (2)
For the capacitor
dy AV
IC1=C1 — ~ C1 —
dt At
For At=toN
IC1 10N = ILOAD
ILoA
AVoUT= —61—D tON (3)

Since the change in the energy stored in the inductor
during toN equals the energy lost by the inductor
during toFF, AINDUCTOR (1) = AlINDUCTOR (2).

Combining (1) and (2)

_ Vs —VsaT

—_————r (4)
Vout — o1l

tOFF

During tQFF the capacitor voltage will be restored
with an average current IC1.

AV
IC1=20C1 2vout

AOFF

Combining with (3)

Combining with (4)

;. 'LOAD VouT — 41l

(Vs = VsaT)

(5)

Vs

ol r]———-———OOI.ITPUT

cz

FIGURE 8. Pulse Generator--Astable LM555

During toFF AlINDUCTOR = ILOAD +1C1
From (5)

1LOAD [(Vs — VsAT) + VouT — ¢1l]
(Vg — VsAT)

AlNDUCTOR = (6)

From (1) and (6)

N- (L) (IlLoAD) [(Vs — VsaT) + IVouT — ¢1]

7
(Vs — VsaT)2 0

From (2) and (6)

_ (L) (ILoAD) (Vs — VSAT) + IVouT - ¢1l]
(Vs = VsaT) (IVouT ~ 411)

ICZ

FIGURE 9. Charge Circuit

tOFF (8)

Pulse Generator (Figures 8—10)

For the LM555

2V \%
Vs ZVTZ_S
3 3

From circuit theory:

—t/7
VT =VE +(Vj—VFle

a1

FIGURE 10. Discharge Circuit

(9)

Where VF = Final voltage on capacitor
Vi = Initial voltage on capacitor
VT = Threshold voltage

For charge time:

VE=Vg—¢2
_ 2Vs
3
_Vs
'3
72 R1C2

After substitution in (9)
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3¢9 — V
tOFF (output high) = —R1C2 In =02 S

— (10)
3¢2 — 2Vg

For discharge time:
VE = 0.04 (saturation voltage of discharge transistor)

V= —
™3

2Vg
=

3
T2~ R2C2

After substitution in (9)

Vg —0.12

1 {output low) = -R2C2 In —4———
ON P 2Vg —0.12

~ (0.693) R2C2 (11)

Regulator Circuit (Figure 11)

VouTt )
22 ) RE=V +V
(R4 +R5 BEQ2 ™ V21

Rearranging

R4
VouT =(VBgQ2 +Vz1) (1 + %) (12)

T0
€2

2Na275
Vz1=Vegp = 5.1V

Vout

FIGURE 11. Regulator Circuit

HINTS AND KINKS

The output voltage has more than the predicted amount
of ripple as well as some fast high amplitude spikes.
These anomalies are due to the reverse recovery time of
the rectifier diode and the pulse response of the filter
capacitor. The ripple can be reduced to the desired level
by increasing the size of the filter capacitor. The spikes,
however, are a bit more troublesome. The filter circuit

shown in Figure 12 eliminated the spikes on the proto-
type. The ferrite beads in conjunction with the ceramic
capacitor filter out the fast rising spikes. Paralleling the
2 halves of the filter capacitor has the effect of reducing
the ESR (Effective Series Resistance) of the filter
capacitor.

The full load regulation can be improved by decreasing
R1 to compensate for circuit losses.

FERRITE
BEADS

0.1 uF

I— CERAMIC

FIGURE 12. Filter Circuit for Removing Glitches

Figure 13 shows a simple scheme for short circuit
protection and Figure 14 shows a scheme for electronic
shutdown.

TOPING )
OF LM555 1LoAD
el D1
Vour
Rse
——o L

FIGURE 13. Short Circuit Protection

e
VBE

RSC e
Isc

TOPING
OF LM555

5V -—_I— SHUTDOWN
ov

FIGURE 14. Electronic Shutdown
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National's Voltage Regulator Guide

National’s Voltage
Regulator Guide

10, MAX GUARANTEED QUTPUT CURRENT — AMPS

[

| -

| L

1
-4 -1 15

L I
<12 -0 -9 -8 6

52 -5 0 +5

N N |
46 48 H10 M2 H5 418 424

Vo, NOMINAL REGULATED OUTPUT VOLTAGE - VOLTS

Note: All devices with TO-3 package designation (K and K STEEL) are supplied in steel TO-3 packages
uniess i i as (A1) i

TO-3 package.

THREE-TERMINAL VOLTAGE REGULATORS

Positive Output Voltage Negative Output Voltage
Output Fixed Adjustable 2 Fixed Adjustable 2
Current Output Voltage Output Voltage Output Voltage Output Voltage
3 Amp Device LM323 LM350 LM345
Qutput Voltage | +5.0V +1.2V to +33V| -5.0V, -5.2V
Package T0-3 TO-3 TO-3
1.5 Amp | Device LM340-XX, LM78XX LM317 LM320-XX, LM79XX LM337
Output Voltage | +6V, +6V, +8V, +10V, +1.2V to +37V | -56.0V, -5.2V, -6.0V, -8.0V, | -1.2V t0 -37V
+12V, +15V, +18V, +24V | High Voltage (HV) | -9.0V, 12V, -15V, -18V, High Voltage (HV)
+1.2V to +57V | -24V -1.2V to -47V
Package T0O-3, TO-220 TO-3,TO-220 | TO-3, TO-220 TO-3, TO-220
0.5 Amp | Device LM341-XX, LM78MXX LM317M LM320M, LM79MX X LM337M
Output Voltage | +5V, +6V, +8V, +10V, +1.2V to +37V | -6.0V, -5.2V, -6.0V, -8.0V, | -1.2V 10 -37V
+12V, 15V, +18V, +24V -9.0V, -12V, -15V, -18V,
-24vV
Package TO-202 T0-202, TO-39| T0O-202, TO-39 1 TO-202, TO-39
0.25 Amp | Device LM342-XX LM320ML
Output Voltage | +5V, +6V, +8V, +10V, -5.0V,-6.0V, -8.0V, -10V,
+12V, +18V, +18V, +24V -12V, -15V, -18V, -24V
Package TO-202 TO-202
0.10 Amp | Device LM340LA-XX, LM78L-XX LM320L-XX, LM79L-XX
Output Voltage | +5V, +6V, +8V, +10V, -5V, -6V, -8V, -9V,
+12V, +15V, +18V, +24V -12V, -15V, -18V, -24V
Package TO-39, TO-92 T0O-92, TO-39

Note 1: Some voltage options are rated only to 200mA
Note 2: Adjustable voltage regulators can regulate voltages to infinity.
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Section 9

Microprocessor
Guide

Microprocessors, or digital computers for $4 to $200,
are more than simply the well-publicized “in"’ things of
today’s technical press and the electronin industry.
These “‘microcomputers’ have caused a major upheaval
— computers are free — or nearly free. In the past,
computers used to occupy large air conditioned rooms,
consumed large amounts of power, and were so expensive
that even small amounts of rental time kept them out
of reach of the average application. Revolutions in high-
density digital silicon MOS fabrication have created new
low-cost IC components which allow single board
computers which can be economically applied in both
simple industrial controls and even consumer products.
National offers a full range of microprocessors and
support circuits for the full range of applications.







National’s
Full Spectrum
of Microprocessors

National Semiconductor offers the broadest line of

microprocessors of any semiconductor manufacturer in

the world. With 4-bit, 8-bit, 16-bit and bit-slice devices,

this selection offers the designer an intelligent choice in

capabilities, speeds and costs. Some of the benefits of

dealing with National are:

= Cost effectiveness — because of our variety of micro-
processors for a full range of applications

= 16-bit COMPUTATION microprocessors for precision
control functions

= 8-bitBYTE HANDLING microprocessors for terminals

4/8-bit LOW-COST CONTROL microprocessors for
industrial controllers

= Second sourced families

= Ready, off-the-shelf availability

= MICRO+ — special reliability and quality program

» Full development system support — all the way from
the high-powered Universal Development System (a

disk operating system with numerous software
packages) to low-cost development systems.

National Semiconductor also offers the most extensive

- line of CPU-to-peripheral support products — for digital
input/output, communications, peripheral control, and
memory. And National is constantly expanding these
support lines.

National’s INSB080A Family

Positioned between the cost-effective SC/MP and the
highly versatile 8900, National’s 8080A can be used in
systems which range from a few family components to
designs which utilize its full capabilities. National offers
the broadest line of peripheral circuits and memories to
complement the basic 8080A CPU. National's 8080A
features:

= Family approach to system design

= Complete CPU group

= Programmable input/output concepts

= Multiple source availability

® Complete line of support components

National’s INS2650 Family

The 2650 Family consists of a series of memory and
peripheral components built around the 2650A 8-bit
microprocessor. This second-sourced processor family
offers excellent byte and bit manipulation for a variety
of applications.

Seventy five variable-length instructions — one, two, and
three bytes — comprise the instruction set, thus mini-
mizing memory requirements. Some of National’s
INS2650 family features are:

= Single-phase clock
® Single 5-volt power supply
= TRI-STATE data and address signals

= Single-level, address-vectoring interrupt mechanism.

National’s INS8900 Famity

The 8900 is a complete, 16-bit “‘minicomputer on a
chip.” Its wide word length, hardware-vectored interrupt
structure, and sophisticated addressing modes make it
ideal for laboratory instrumentation, data acquisition
and process control application, where number handling
and fast response are most important.

Among the outstanding features of the 8900 are its 8-bit
or 16-bit data handling, exceptional data-processing
throughput, compatibility with National’s IMP-16
microprocessors, and large variety of support chips.

National’s SC/MP Family

SC/MP is National’s simple, cost-effective microprocessor.
It is the lowest-cost replacement for electrical,
mechanical and hydraulic control systems.

The growing family of SC/MP devices includes an NMOS
CPU (INS8060), a RAM-1/O chip with 16 1/0 lines, and
a variety of bus-oriented interface and memory devices.
The SC/MP CPU itself incorporates unique multiproces-
sor control logic to facilitate distributed processing
systems with the lowest number of components. The
INS8060 also has a built-in Clock, Parallel and Serial
1/0; it uses low power; and it can interface to standard
memory and peripheral products. Also available is a
BASIC-type high-level language called NIBL, which is
available in a MAXI-ROM form for fast software
development.

National’s INS4004 Family

INS4004 is National’s second source to the MCS-4
family. This was the first production microprocessor
system, and it is still a popular 4-bit microprocessor
because of its simplicity and low cost. Some of National’s
INS4004 features are:

= Four-bit parallel CPU

®  Applicable for use in test systems, terminals, billing
machines, process control, and random logic replace-
ment

® Readily interfaces with keyboards, switches, displays,
A/D converters, and various peripheral equipment

® Ability of CPU to address 4k 8-bit instruction words,
5,120 bits of RAM, up to 16 4-bit input ports, and
16 4-bit output ports

National’s IDM2900 Family

The IDM2900 Bipolar Slice Family uses very fast,
unique, low-power SCL (Schottky/ECL) technology.
The heart of the 2900 family is the 2901A 4-Bit Slice
CPU, which has become the industry standard in slice
architecture. The IDM2900 family may be used in
sundry combinations to emulate a multitude of CPU
architectures — in contrast to fixed-instruction micro-
processors. The word length of a 2900-based micro-
processor may be any multiple of 4 bits. Each 2900
device performs a basic function, which is controlled by
an appropriate microinstruction of a microprogrammed
system.
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National’s Fast IDM2900 Bit-slice Microprocessor Family

National's Fast
IDM2900 Bit-slice
Microprocessor Family

No matter how you slice it, the 60 nanosecond IDM2900
bipolar microprocessor family of components from
National Semiconductor is the best bit-slice solution to
your system design problems.

Until now, computer system designers had to choose
between high speed and low power. They couldn’t have
both. It was a choice between power-draining emitter
coupled logic on the one hand, and low power Schottky
designs, such as previous 2900 bit-slice architectures, on
the other.

With National’s IDM2900 series, systems designers can
have both — ECL speeds and LS bipolar power consump-
tion. We call this new technology “SCL.”"

The 60 ns Slice

Centerpiece of the industry’s new bipolar bit-slice stan-
dard is National’s IDM2901A, a 4-bit microprocessor
slice with an on-chip 16-word by 4-bit two-port RAM, a
high speed eight function arithmetic logic unit, as well as
the associated shifting, decoding and multiplexing
circuitry.

The IDM2901A features a typical microcycle time of
only 60 nanoseconds, a 30 to 50 percent improvement
over LS bipolar implementations of previous generations.
But power consumption is no more than that for low
power Schottky versions — only 800 milliwatts.

In addition, National’s IDM2901A has significantly
improved almost every timing parameter. The read-
modify-write cycle and the minimum clock period, for
example, are 43 percent less; and the maximum clock
frequency is 68 percent greater. Moreover, the IDM2901A
provides higher drive current capability, with attendant
1QS increase.

And also available is an even higher performance speed
selected version — the IDM2901A-1.

A Full Family

There's more to National’s bit-slice bipolar microproces-
sor story. In addition to the IDM2901A, twelve of the
industry standard components in the IDM2900 family
are being introduced, most with equivalent performance
and power consumption improvements. The new SCL
bipolar parts:

= |DM2902, a high speed carry lookahead generator
capable of anticipatory carry across four binary
adders or groups of adders. This part is frequently
used to propagate carry terms to the most significant
package when multiple 2901A parts are required.

= |DM2909A/2911A, four-bit-wide address controllers
used to sequence through a series of microinstructions
contained in ROM or PROM. The 2911A is function-
ally adequate for most applications; however, the
input word cannot be masked, as can be done with
the 2909A.

= IDM29702, a 64-bit RAM with TRI-STATETM*
outputs, organized as sixteen 4-bit words and fully
decoded with chip enable input. This part can be used
as a file extension register, a memory stack or for
other similar applications.

= |DM29703, a 64-bit RAM with open collector
outputs, organized as sixteen 4-bit words, and fully
decoded with chip-enable input. It is useful in systems
that use data bus lines with a defined pull-up imped-
ance.

= |DM29750, a 256-bit field programmable read only
memory with open collector outputs, organized as
thirty two 8-bit words, with on-chip decoding and
5-bit binary addressing. It is useful for logic replace-
ment, logic extension and as an external multiplexer.

= |IDM29751, TRI-STATE
IDM29750.

= |DM29760/61, field programmable 1024-bit PROMs
with open collector and TRI-STATE outputs, respec-
tively. These parts are frequently used for logic
replacement, gate matrices, multiplexers and so on.

= |DM29803, a branch controller with 16 separate
instructions that is capable of performing a 2-, 4-, 8-,
or 16-way branch in one microprogram execution
cycle. Useful in complex processor/controller systems
for address controller systems for address modifica-
tion and as a variable input mask for systems using
the 2909A/2911A address controllers.

= [DM29811, a next state controller unit that is used
with the 2909A/2911A for microprogram control.

" IDM29902, an eightline to three-line priority
encoder that is useful in interrupt-driven systems.

counterpart of * the

All these parts are plug- and function-compatible with
LS bipolar components of the previous generation of
2900 parts. And both commercial and military applica-
tions can be served by National’s IDM series of parts.

Increased Efficiency

To improve the efficiency and throughput of the 2900
architecture, National is also introducing new proprietary
bit-slice components that take advantage of the basic
process-related speed improvements. These include:

= |DM29901, an octal, edge-triggered flip-flop with
TRI-STATE outputs designed to drive high capaci-
tance loads or those of relatively low impedance.
This part is useful as a utility register or for temporary
data storage.

= [DM29903, a 16-word by 4-bit clocked RAM
organized as an addressable ‘D’ register file. Any
word can be asynchronously read out of or written
into on the next clock transition. The data is not
complemented; thus, this part is an ideal choice for
file extension.

With National’s family of standard 1DM2900 com-
ponents, system designers can have both ECL-type
throughputs and LS bipolar power consumption and
interface capability.

Used in a typical design, system microcycle time is in
the 100 to 150ns range, about one half to two thirds
that of previous LS bipolar parts.

Execution time for a typical operation, such as an add
and shift (multiply) is 95 ns maximum and 60 ns typical;
again, a significant gain over previous 2900 implemen-
tations.

National Semiconductor chose the 2900 four-bit bipolar
bit-slice architecture because, as the industry standard,
it is the most popular and widely understood. And,
except for speed, it has been the most versatile bit-slice
around. Now, with the IDM2900 family from National,
users get ECL high speeds, too.

*A trademark of National Semiconductor Corporation.
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Section 10

Systems
Applications

Memory system applications range from a chip used in a
microprocessor system to an add-on memory for a large
mainframe computer. Today’s memory components
allow the memory for many systems to be implemented
on a single card (or multiples of a single card). Examples
of this type of system are presented here.







Systems Application of
MM5270 4k Dynamic RAM

DESCRIPTION — STORAGE BOARD

This document describes the general features of the
1617 Storage Card. It includes a description of the
functional capabilities and the physical and electrical
specifications.

The 1617 Storage Board is a memory array capable
of storing up to 16,384 17-bit words. 17-bit words are
always stored or read and can be accessed in any
sequence. The storage element on the board is the
National Semiconductor MM5270 4k Dynamic RAM.

The memory capacity is 16k x 17 bits. The storage card
is organized as 4 rows of 4k RAMs with 17 memory
elements in each row.

MODES OF OPERATION

1. Read 2. Write 3. Refresh
ACCESS AND CYCLE TIMES
Read Access from Address . . .. ........... 340ns

Read Accessfrom CE. . . ... ............. 320ns
Read, Write, and Refresh

MEMORY — INTERFACE

MEASUREMENTS

All input/output signals are measured at the memory
board input/output connector. Times shown in the
Timing Diagrams (figures 1, 2, and 3) are measured
at the 1.5V point of the signal transition.

LOGIC LEVELS & LOADING

All of the interface signals are standard TTL levels.
Logic 0 = OV to +0.5V; logic 1 = +2.4V to +5.0V.
Input loading on all input signals is one standard TTL
load. Output drivers on all output signals are capable of
driving 10 standard TTL loads.

SIGNAL DESCRIPTION

This describes all input/output signals of the 1617. Refer
to the Timing Diagrams (figures 1, 2, and 3) in the
Appendix.

Chip Enable (CE)

CE initiates all cycles. This signal is active HIGH and
becomes the chip enable signal for the 4k RAMs. It has
a minimum HIGH time of 260ns and a minimum LOW
time of 200ns. Output data is latched on the storage
card coincident with the trailing (negative-going) edge
of Chip Enable.

Read/Write (R/W)

R/W is a control signal which is LOW for a Read cycle
and HIGH for a Write cycle. It must be valid at the
leading edge of CE and remain so for a minimum of
20ns after the trailing edge of CE. During a Refresh
cycle, R/W may assume either logic level.

Memory Select (MS)

MiS is a control signal which selects the storage board.
During Read and Write cycles it must be LOW a
minimum of 24 ns before the leading edge of CE and
remain so for a minimum of 20 ns after the trailing edge
of CE. During a Refresh cycle, ms may assume either
logic level.

Tri-Share Port (TSP)

TSP is a signal that controls Read, Write, or Refresh
operations for the 4k RAMs. During a Read cycle it
must be LOW for a minimum of 20 ns before the leading
edge of CE and remain so for a minimum of 30 ns after
the trailing edge of CE. During a Write .cycle TSP must
be LOW for a minimum of 20 ns before the leading edge
of CE and remain so for a minimum of 80ns before
returning HIGH. A LOW-to-HIGH transition of TSP
(after leading edge of CE) must occur a minimum of
150ns before the trailing edge of CE and remain HIGH
for at least 100 ns. During a Refresh cycle TSP must be
HIGH for a minimum of 20ns before the leading edge
of CE and remain so for a minimum of 80 ns after the
leading edge of CE.

Output Enable (DA)

DA is a control signal which enables the data out bus
(DO0-DO16) and allows the Read data to be latched
into the TRI-STATE® registers (DM8123). During a
Read cycle DA must be HIGH for a minimum of 180 ns
before the trailing edge of CE and remain so until the
trailing edge of CE or later. Data will remain on the bus
for a minimum of 10ns after DA goes LOW or MS goes
HIGH. During Write and Refresh cycles it must remain
LOW.

Refresh (REFH)

REFH is the memory Refresh signal. During a Refresh
cycle REFH must be HIGH for a minimum of 12ns
before the leading edge of CE and remain so for a
minimum of 20 ns after the trailing edge of CE. During
Read and Write cycles REFH must be LOW.
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Address In 0-11 (A0-A11)

A0-A11 are the 12 address lines which are the inputs
to the address drivers (DS3679) which drive the address
lines of the 4k RAMs. During all cycles, all address
(A0-A11) lines must be stable for a minimum of 20ns
before the leading edge of CE and remain so for a mini-
mum of 20 ns after the trailing edge of CE.

Address In 12-13 (A12, A13)

A12 and A13 are the two high-order address lines which
are decoded by the clock driver (DS3673) to select one
of the 4 rows of RAMs during Read and Write cycles.
During Read and Write cycles A12 and A13 must be
stable for a minimum of 20ns before the leading edge
of CE and remain so for a minimum of 20ns after the
trailing edge of CE. During Refresh cycles A12 and A13
may assumne either logic level.

Data In 0-16 (DI10-DI116)

DIO-DI16 are the 17 data input lines to the board.
During a Write cycie Data In must be stable for a mini-
mum of 150 ns before the trailing edge of CE and remain
so for a minimum of 50ns after the trailing edge of CE.
During Read and Refresh cycles, DIO-DI16 may
assume either logic level.

Data Out 0-16 (DO0-DO 16)

DOO0-DO 16 are the 17 data output lines of the board.
During a Read cycle Data Out will be valid a maximum
of 320 ns after the leading edge of CE. Data will remain
valid on the bus for a minimum of 10ns after DA goes
LOW or MS goes HIGH. During Write and Refresh cycles
DOO0- DO 16 will be in a high-impedance state.

REFRESH REQUIREMENTS

The 4k RAM is organized as 64 rows by 64 columns of
memory cells. The 64 rows correspond to the 64 binary
combinations of the 6 lower address (AQ-AbB) bits. Each
row (corresponding to one of the 64 combinations of
AD-A5) must be accessed (Refresh cycles) during any
2ms period. The logic states of A6-A11 must be stable
during a Refresh cycle but may assume either level.

POWER REQUIREMENTS

The DC voltages may be turned on or off in any
sequence.

+156V+5% -15V+10% +5V+5%
Normal 850 mA* 8mA 725 mA
(Read, Write,
Refresh)
Standby 90mA* 8mA 725mA

(Refresh only)
*Based on a 2 ms refresh rate.
DESCRIPTION — MECHANICAL

SIZE

The board size is 8.6x 11.0 inches. It is a 2-layer (no
internal layers) PC board with a maximum component
height of 0.45 inch. This allows card mounting on 5/8
inch centers. Power and ground and all signals enter and
exit the board via the 144-pin card edge connector.

1/0 CONNECTOR

There is one 1/O connector interface on each board, a
144-pin interface that supplies power and ground and
all signals. The pin spacing is 0.125 inch. Mating connec-
tor assemblies are manufactured by Dyna-Tech Inc.,
Santa Ana, California.

DESCRIPTION — ENVIRONMENTAL

OPERATING CONDITIONS

The 1617 Storage Card is capable of operating continu-
ously and reliably under any practical combination of
the following environmental stresses:

Cooling Required: Adequate cooling of the memory
card operating in its worst case power dissipation mode
will require a minimum air flow of 10 CFM.

Temperature: The range of ambient air temperature is
+10°C to +50°C.

Thermal Shock: The equipment is capable of operating
reliably through a thermal shock with a maximum rate
of £10°C per hour.

Humidity: The system is designed to operate reliably
in a relative humidity of up to 95% (without condensa-
tion).

Altitude: The system is designed to operate reliably at
altitudes from -1,000 feet MSL to +10,000 feet MSL.

SHIPPING AND STORAGE SPECIFICATION

When packaged for shipment, the 1617 withstands
stresses as normally encountered during shipment by
common carrier. In addition, the following specific
criteria are applicable:

Temperature: The card is capable of withstanding a
shipping temperature range of —40°C to +85°C.

Thermal Shock: The card is capable of withstanding a
shipping thermal shock of as high as +40°C in a period
of 2 minutes.

Altitude: The card is capable of withstanding a shipping
altitude of 40,000 feet.

RELIABILITY

The 1617 is designed for high reliability and maintain-
ability.

SERVICE LIFE

The 1617 is designed for a service life of ten years at
24 hours per day exclusive of time required for periodic
routine maintenance.

Quality and Workmanship: Workmanship, manufacture,
and testing are consistent with best commercial practices
of the computer industry.

Protective Features: The 1617 provides protection
features to minimize the risk of catastrophic failure
propagation.

MAINTENANCE AND MAINTAINABILITY

The 1617 is designed with sufficient tolerances that
no adjustments are required to insure proper operation;
therefore, the only unscheduled maintenance required
in the field would be that necessitated by a component
failure.
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Interchangeability: Maintenance is enhanced by reduc-
tion of the types of spares required. Since the memory
system is completely contained on one PC card and all
PC cards are interchangeable without adjustment, only
one type of spare is required.

Mean Time to Repair: The 1617 is designed with the
objective of rapid fault isolation and repair. Through use
of the manual trouble-shooting chart, it is possible to

APPENDIX
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localize a fault to the defective component quickly and
easily. Replacement of the defective component does
not require any special tools or fixtures beyond a
soldering iron and normal hand tools.

Spare Parts: The 1617 is designed to minimize the
variety of unique components. Components readily
available from distributors and multiple sources are used
wherever possible.
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SYSTEM DESCRIPTION

This section defines the functional capabilities of the
NS340 Storage Card. The NS340 Storage Card contains
a random-access semiconductor memory array utilizing
the MM5290 16k dynamic RAM and appropriate-drivers
and receivers to permit data storage and retrieval. Proper
DC power and |/O connections are required to operate
the card.

Memory Configurations

The NS340 Storage Card has a maximum storage capacity
of 131,072 (128k) words, each 22 bits long. Other
permissible memory configurations are shown in table 1.

Table 1. Memory Configurations

Single Byte Double Byte
256k x 8 128k x 16
256k x 9 128k x 18
256k x 10 128k x 20
256k x 11 128k x 22

Modes of Operation

The NS340 Storage Card has four basic modes of
operation:

READ

WRITE

READ/DELAYED WRITE

REFRESH

The first three mades are concerned with data storage
and retrieval. The last mode, REFRESH, is necessary to
prevent loss of the data stored in the NMOS storage
chips. NMOS Random Access Memory (RAM) devices
store data as an electrical charge on the gate capacitance
of a field-effect transistor. The stored charge tends to
deteriorate and must be renewed at least every two
milliseconds. Therefore, 1/128 of the memory (1/128
of each memory chip) is recharged (refreshed) every
15 microseconds. The seven low-order address bits
determine the portion of memory to be refreshed.

Access and Cycle Times

The access and cycle times are listed below.
READ, WRITE, REFRESH cycles:
Access Time 250 ns max
Cycle Time 450ns min
READ/DELAYED WRITE cycle:
Access Time 250 ns max

Cycle Time 500ns min
3450 ns max*

*READ/DELAYED WRITE timing includes processor
modification if the READ/DELAYED WRITE is actually
a READ/MODIFY/WRITE. A maximum modification
time of 2.8 microseconds is allowed.

NOTE
Prior to performing any valid memory operations,
the card must be initialized by executing a RE-
FRESH cycle at each valid REFRESH address
(128 cycles).

INTERFACE DESCRIPTION

Measurements

All timing measurements given above and in figures 1
through 4 are taken at the edge connectors of the NS340
Storage Card. Proper line termination, on both input and
output lines, is assumed and signal timing measurements
are referenced to the +1.5V level of the signal transition.

Input Definitions

Logic levels are defined as follows:
Logic HIGH +2.5V to +5V
Logic LOW 0V to +0.5V

SELECT (-SELECTO, 1): The -SELECT Oand -SELECT
1 signals enable the current memory operation to be
performed on either or both of bytes 0 and 1. The
—-SELECT signals must be true 20 ns before tg* and must
remain true a minimum of 275ns and a maximum of
10us after tg for a READ or WRITE cycle, and a
minimum of 300ns and a maximum of 10us after tg
for a READ/DELAYED WRITE cycle.

*tg is defined as the starting time of the memory or
REFRESH cycle at the NS340 Storage Card itself (i.e.,
the leading edge of ~ADSTB).

. ADDRESS (-ADD 00-16): All seventeen ADD lines are

used to select the desired memory word during READ,
WRITE, and READ/DELAYED WRITE cycles. The
—ADD 00-06 lines select 1/128 of the memory during
REFRESH cycles (see Refresh Control). The ADD lines
must be stable a minimum of 20ns before the leading
edge of —~ADSTB and must remain stable a minimum of
Ons after the trailing edge of ~ADSTB. However, it is
desirable to keep the ADD lines stable until the trailing
edge of -SELECT, as this helps reduce card noise to a
minimum.

ADDRESS STROBE (-ADSTB): The ADDRESS
STROBE signal is used to generate the internal row-
address and column-address strobes for the 16k storage
chips. The signal must be true at the start of the cycle
(time tg) and must remain true a minimum of 275ns
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and a maximum of 10us for a READ or WRITE cycle,
and a minimum of 300 ns and a maximum of 10 us for
a READ/DELAYED WRITE cycle.

DATA OUTPUT ENABLE (-DOENB): The 3647 TRI-
STATE® 1/0 register chips receive data that is read from
the memory chips, latch it, and send it to the host
system. Since these chips may provide either a uni-
directional or a bidirectional data interface, the -DOENB
signal enables the chips to function in the proper direc-
tion (A-to-B) for output of data. -DOENB must go true
50 ns minimum before data out is to be valid.

LATCH DATA OUT (-LCHDO): Data read from the
memory chips is latched into the 3647 output data
register chips by ~LCHDO. -LCHDO must be high for a
minimum of 100 ns before its leading edge. The leading
edge of —~LCHDO occurs a minimum of 10 ns before the
trailing edge of —~ADSTB, and a minimum of 250 ns after
0.

WRITE BYTE 0,1 (+WRTBO,1): The +WRTBO and
+WRTBI1 signals control whether data is written into the
byte 0 and/or byte 1 memory chips. Both of these
signals are gated by +WRTST. Data is written into byte O
(1) only if +WRTBO (1) and -SELECT 0 (1) are both
true.

WRITE STROBE (+WRTST): The +WRTST signal gates
the +WRTBO and +WRTB1 signals to the WRT inputs of
all 16k memory chips. During a WRITE cycle +WRTST
goes true a maximum of 25 ns after tg and remains true
until a minimum of 20ns after the trailing edge of
-ADSTB. During. a READ/DELAYED WRITE cycle,
this signal must go low a maximum of 25ns after tg
and remain low a minimum of 200 ns after tg. After this,
the signal is allowed to go high for 100 ns minimum to
gate the +WRT BO, B1 signals to the chips to perform
the WRITE portion of the cycle.

DATA IN (-DIBY000-10, -DIBY100-10): Data to be
stored into the memory is input via the DATA IN lines.
During a WRITE cycle, input data must be valid no more
than 50 ns after tg and remain valid at least until 150 ns
after tg. During a READ/DELAYED WRITE cycle,
inputdata must be valid at least 20 ns before the positive-
going edge of WRTST and remain valid at least until
20 ns after the trailing edge of ~ADSTB.

LATCH DATA IN (~LCHD!): Data to be stored into the
memory chips is latched into the input data register
(3675 chips) by the -LCHD! signal. ~-LCHDI must be
high for a minimum of 50ns before its ieading edge.
The -LCHDI signal occurs a minimum of 75 ns after the
leading edge of -ADSTB. -LCHDI cannot occur later
than 20 ns before the input data is to be off of the bus.

REFRESH (-RFSH): The -RFSH signal performs the
function of both -SELECT signals during a REFRESH
cycle. ~-RFSH gates ~ADD 00-06 to the memory chips,
disables the column-address strobe, and provides a row-
address strobe to each chip so that ~ADD 00-06 may be
latched into each chip’s address register. ~-RFSH goes
true a minimum of 10 ns before tg and must remain true
a minimum of 275 ns and a maximum of 10 us after tg.

Qutput Definitions

The only output from the NS340 Storage Card is via the
-DOBYO0 and -DOBY1 (DATA OUT) lines. These lines
are driven by 3647 TRI-STATE drivers, which can drive

up to -5.2 mA in the high level and 100 mA in the low
level. Data will be output from the ~-DOBYO (byte 0)
lines if -SELECTO and -DOENB are both true, and
from the -DOBY1 (byte 1) lines if -SELECT 1 and
~-DOENB are both true.

OPTIONS

The NS340 Storage Card contains optional features that
may be implemented by proper 1/O connector wiring.
The options are listed below.

External Column Address Strobe

Refresh Control:
Burst Mode
Distributed

These options are discussed in the following paragraphs.

External Column Address Strobe

A jumper option is provided on the card that allows the
storage chips to use either the internal column address
strobe signal generated from the —-ADSTB signal (from
the host system), or an external column address strobe
supplied from the host system. If the external strobe
(-CASTB) is used, it must go true a minimum of 75 ns
after ~ADSTB. -CASTB must be true for 180 ns mini-
mum and 270 ns maximum.

The -CASTB signal must be used if it is desired to per-
form page-mode memory operations. A memory ‘‘page’’
consists of 1/128 of the memory as addressed by one
row address (-ADD 00-06). If ~ADD 00-06 are held
constant, ~ADD 07-13 may be cycled to perform the
same type of memory operation at any or ail locations
of the memory “page.” After the initial memory opera-
tion is performed, ~CASTB goes high at 220ns after
the leading edge of -ADSTB. -CASTB then remains
high for 60ns, after which ~CASTB again goes low for
the next cycle. 20 ns before —~-CASTB goes low, the next
column address must be stable on the -ADD 07-13
lines. This procedure may be repeated to cycle all
address locations in the same memory ‘‘page.”

Refresh Control

REFRESH cycles may be performed in either of two
modes as described in the following paragraphs.

Burst Mode: Burst mode is intended for use in battery
backup mode, but may also be implemented in normal
mode. When this option is used, an external oscillator
with a period of 2ms must be used. At the start of every
2ms period, a seven-bit REFRESH counter is initialized
to zero. These 7 bits are used as address bits 0-6 to
address 1/128 of the memory for refreshing. At the
conclusion of each REFRESH cycle (450ns), this
counter is incremented and another REFRESH is
immediately performed. This continues until 128
REFRESH cycles have been performed, and all of the
memory is thus refreshed with a burst of 128 REFRESH
cycles. Total time to refresh the entire memory is
approximately 60 microseconds.

Distributed: This option is similar to burst mode, except
that one REFRESH cycle is performed every 15 micro-
seconds instead of 128 REFRESH cycles being per-
formed consecutively at the start of a 2ms period. This
option requires an external oscillator with a period of
15 microseconds, and utilizes a seven-bit REFRESH

10-8




address counter as does burst mode. Now however, the
REFRESH address counter is incremented at the end of
each 15 microsecond oscillator period instead of at the
end of each 450 ns REFRESH cycle.

POWER REQUIREMENTS

Parameters and Conditions

Three DC voltages are required to operate the NS340
Storage Card. These voltages and the current require-
ments are listed in this section.

Table 5 identifies the worst case power requirements
of the NS340 Storage Card. The conditions and para-
meters used are defined as follows:

Standby  Quiescent mode with one REFRESH
cycle every 15 us.

Operating 450ns cycle — continuous READ/
WRITE memory operation, including

REFRESH.
Typical Nominal supply voltages.

Maximum Worst case supply voltages.

Power Consumption

Table5. § d Power C p
. Standby
Operating (REFRESH only)
Voltage
Typ Max Typ Max
+12V 0.65A 0.92A 0.26 A 0.39A
+5V 1.63A 2.52A 14 A 23 A
-5V 0.01A 0.02A 0.01A 0.02A

MECHANICAL DESCRIPTION

The physical and mechanical details of the NS340 are
described in this section.

General

The NS340 Storage Card is completely contained on
one multilayer printed circuit board (internal voltage
and ground planes are used), which requires only the
application of DC power to become functional.

Dimensions

Thickness 0.0625 inches
Height 11.75 inches
Length 15.40 inches

The NS340 Storage Card is designed to mount on a
minimum center-to-center board spacing of 0.625".
Two card ejectors (BIRTCHER 83-1-2 or equivalent)
permit easy removal of the card.
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Systems Application
of MM74C929 CMOS RAM

SYSTEM DESCRIPTION

This section defines the functional capabilities of the
NS400-CL and NS400-CC Storage Cards. The NS400-CL
and NS400-CC Storage Cards each contain a static
random-access semiconductor memory array and appro-
priate drivers and receivers to permit data storage and
retrieval. Proper DC power and I/O connections are
required to operate the cards.

The NS400-CL and NS400-CC Storage Cards both
utilize the MM74C929 CMOS storage device to form
4kx8, 4kx9, or 4kx10 memory arrays. However, the
NS400-CL Storage Card uses CMOS logic for its array
and TTL for its 1/O interface, whereas the NS400-CC
Storage Card uses CMOS logic for its array and 1/O inter-
face. The NS400-CL Storage Card requires a supply
voltage of +5.0V * 5%. The NS400-CC, however, can
operate with any Ve voltage within the range of 3.5V
through 5.5V. An increase in Vgg will result in a
decrease in access time. Figure 2 shows a graph of access
time versus VG voltage for the NS400-CC Storage Card.

Because the NS400-CC can operate at a lower VcC
voltage, the card is more suitable in applications where
Ve is supplied from a battery. This is discussed later.

MODES OF OPERATION

The NS400-C Storage Cards have two basic modes of
operation: READ and WRITE. These two modes of
operation permit data storage into and data retrieval
from the memory array. Although the Storage Cards are
not designed to perform a dedicated READ/MODIFY/
WRITE cycle, such a cycle may be performed under
user control as a separate READ cycle and WRITE
cycle, with time allowed between the two cycles to
allow data modification.

ACCESS AND CYCLE TIMES

The access and cycle times are as follows:

Read Read or Write

Storage Card Type Access Time Cycle Time
NS400-CL 400 ns max 500ns
(Vce = +5.0V * 5%)
NS-410-CC 575 ns max 700ns
(Vee = +5.0V £ 5%) (25 pF data bus)

700 ns max

(150pF data bus)
NS400-CC 500ns-900ns™ 1100ns
(Veg=+3.5V - (25 pF data bus)
+55V) 600ns-1100ns™

(150pF data bus)

*For access time for any given supply voltage on the NS400-CC

Storage Card, consult figure 2.

INTERFACE DESCRIPTION

The following paragraphs describe the interface to the
NS400-C Storage Cards.

MEASUREMENTS

All timing measurements are taken at the edge connectors
of the Storage Card. Proper line termination, on both
input and output lines, is assumed. Signal timing mea-
surements for the TTL logic are referenced to the +1.5V
level of the signal transition.

INPUT DEFINITIONS

Logic Levels are defined as follows:

NS400-CL NS400-CC (+5V) NS400-CC (3.5V)

Logic 1 = HIGH +2.5V 1o +5.0V +35V t0+5.0V  +3.0V to +3.5V
Logic0=LOW 0V to +0.5V 0V to +1.5V 0V to +0.5V

Table I. Input Loading by Component Type

o NS400-CL NS400-CC
Logic 1 Logic 0 Logic 1 Logic 0
8097/80C97 40 uA 16mA 0.005uA | 0.005uA
741.842/74C42 | 20puA | 04mA 1uA 1uA
741.86/74C86 20uA | 0.36mA | 0.005uA | 0.005uA
741L.20/74C20 20uA | 0.36mA | 0.005uA | 0.005uA

Table 2. Input Loading by Signal Name

Signal NS400-CL NS400-CC
Logic 1 Logic 0 Logic 1 Logic 0
A0-A9 40 A 1.6mA 0.005uA | 0.005uA
DIO-DI9 40 uA 1.6mA 0.005uA | 0.005uA

A10, A11 20 uA 04mA TrA TuA
MEM EN 20 uA 0.36mA | 0.005uA | 0.005pA
A12, A13, A14 | 20uA 0.36mA | 0.005upA | 0.005uA
812,813,514 20 pA 0.36 mA | 0.005uA | 0.005uA
R/W 20 uA 0.36mA | 0.005uA | 0.005uA
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(MEM EN) « Card Types
~SELECT __{
ACKN
N$400-CC NS400-CC
Time NS400-CL Fixed Variable
o 11 0 ns max 70 ns max 70 ns max
READ/WRT
t2 Ons min Ons min 100 ns min
t3 2560nsmin  350nsmin  500ns min
oA 14 60nsmin  130nsmin  130ns min
t5 75nsmax  100nsmax 100 ns max
nara 16 100 ns min 350ns min 600 ns min
{000-00%) t7 Onsmax 100nsmax  100ns max
tg 500ns max  700ns max 1100 ns max
t9 250ns min ~ 350ns min 600 ns min
Figure 2. Read Cycle Timing
Table for Figure 2
Card Types MEMORY ENABLE (MEM EN)
NS400-CC NS400-CC MEMORY ENABLE, in conjunction with ADDRESS IN
Time  NS400-CL Fixed Variable lines A12-A14 and SELECT ADDRESS IN lines
S$12-S14, enables selection of the memory devices on
1 Ons max 70 ns max 70 ns max the Storage Card. When the card is selected, - SELECT
t 0ns min Onsmin 100 ns min ACKN is driven active. MEMORY ENABLE must be
3 250 ns min 350nsmin 500 ns min activated at tg and remain af:tive for a minimun? of
62 . 130 X 130 X 250ns for the NS400-CL version, 350 ns for the fixed
4 ns min nsmin ns min Vee NS400-CC version, and 600ns for the variable
5 100 ns min 350 ns min 600 ns min Ve NS400-CC version.
t6 400ns max 575nsmax  consult
(25 pF) figure 2 ADDRESS IN (A0-A14)
(710500ns':1)13x The fifteen ADDRESS IN lines are used as follows
, ) P ) during both READ and WRITE memory cycles:
7 52 nis min 52 ns min 10(2) ns min A12-A14 select 1 of up to 8 Storage Cards.
1
8 ns max ps max ks max A10, A11 select one of the four 1k columns of
t9 500ns max  700ns max 1100 ns max memory devices on the Storage Card.
t10  200nsmin  300nsmin 400 ns min AO-A9 select one of the 8, 9-, or 10-bit words in
111 250nsmin  350nsmin 600 ns min the selected memory device column of

the selected Storage Card.
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On the NS400-CL Storage Card, the ADDRESS IN lines
must be stable no later than tg and remain stable for the
duration of MEM EN (memory enable). On the NS400-CC
Storage Card, the ADDRESS IN lines must be stable not
later than 100ns after tg. The ADDRESS lines must
remain stable for the duration of MEM EN for fixed
Vg operation, or for a minimum of 100ns after the
trailing edge of MEM EN for variable Vgg operation.

SELECT ADDRESS IN ($12-814)

The three SELECT ADDRESS IN lines assign the
Storage Card to one of eight address ranges (one of
0002-1119). If ADDRESS IN lines A12-A14 respec-
tively mismatch the SELECT ADDRESS IN lines, the
Storage Card is selected if MEM EN is active. The
address range assignment and card selection are explained
in detail later.

DATA IN (DI0-Di9)

Data to be stored into the memory array enters via the
DI0-DI9 lines, and must be stable not later than 75ns
after tg for the NS400-CL card or 100ns after tg for
the NS400-CC card. For the NS400-CL card, data must
be stable for at least 100ns after the trailing edge of
MEM EN. For the NS400-CC card, data must be stable
for at least 350 ns after the trailing edge of MEM EN for
fixed Vg (+5.0V) operation, or for at least 600 ns after
the trailing edge of MEM EN for variable Vg (+#3.5V-
+5.5V) operation.

READ/WRITE (R/W)

The R/W signal controls the type of cycle to be per-
formed. R/W must be LOW for a READ cycle and HIGH
for a WRITE cycle. R/W must be stable at tg for the
NS400-CL card and be stable at a maximum of 100 ns
after tg for the NS400-CC card.

The R/W signal must remain stable until after the trailing
edge of MEM EN: 100ns minimum after the trailing
edge of MEM EN for the NS400-CL card, 350ns
minimum after MEM EN for the NS400-CC card with
fixed V¢ operation, and 600 ns minimum after MEM EN
for the NS400-CC card with variable Vg operation.

DATA STROBE (- DATA STB)

The DATA STROBE signal gates data read from the
memory array onto the DO (data out) lines. It must be
activated a minimum of 100ns before it is desired for
data to be valid on the DO lines.

OUTPUT DEFINITIONS

The NS400-CL and NS400-CC Storage Cards output
- SELECT ACKN during a WRITE cycle and Data Out
during a READ cycle. The output lines are defined in
the following paragraphs, and output drive is shown in
tables 3 and 4.

Table 3. Output Drive by Component Type
o NS400-CL NS400-CcC
i Logic 1 | Logic 0 Logic 1 Logic 0
8097/80C97 52mA | 32mA 435mA | 435mA
741L20/74C20 200uA | 3.6mA 1.75mA | 1.75mA

Table 4. Output Drive by Signal Name

NS400-CL NS400-CC
Signal
Logic 1 | Logic 0 Logic 1 Logic 0
DO0-DO9 52mA | 32mA 435mA | 4.35mA
SELECTACKN | 200uA | 3.6mA 1.75mA | 1.75mA

ACKNOWLEDGE (- SELECT ACKN)

The selected Storage Card generates — SELECT ACKN
in response to the correct ADDRESS IN (A12-A14) and
MEM EN. On the NS400-CL card, - SELECT ACKN
goes active a minimum of 60ns after tg and remains
active until 60ns after the trailing edge of both the
ADDRESS IN lines and MEM EN. On the NS400-CC
card, the minimum time is 130 ns in both cases instead
of60ns. ~SELECT ACKN may be jumpered to - DATA
STB to provide an instantaneous data strobe. Loading
and capacitance should be kept to a minimum on the
- SELECT ACKN line.

DATA OUT (D0O0-DO9)

Data read from the memory array during a READ cycle
is placed on the DO lines when — DATA STB is active.
Data is valid on the DO lines a maximum of 400 ns after
tg (NS400-CL) or 575ns to 700 ns after tg (NS400-CC
card with fixed V¢ operation). The time when data is
valid for an NS-400-CC card with variable V¢ operation
may be determined by consulting figure 1.

INTERFACE SIGNAL LIST

Table 5 lists the 1/O connector signal pin assignments.
The table lists by pin number, signal function (including
options available), and a mnemonic of each signal.

OPTIONS

The NS400-CL and NS400-CC Storage Cards contain
optional features that enable the cards to be used in a
variety of applications. The options are listed below:

TTL or CMOS interface

Variable Access — NS400-CC Storage Card

Delayed Data Strobe

Address Range Assignment

Storage Card Depopulation

These options are discussed in the following paragraphs.

TTL OR CMOS INTERFACE

As mentioned throughout this specification, there are
two types of NS400-C Storage Cards: the NS400-CL
and the NS400-CC. Each card utilizes the MM74C929
storage device for its memory array. However, the
NS400-CL card uses TTL drivers and receivers and a
TTL card-selection logic network, while the NS400-CC
card uses CMOS drivers and receivers and a CMOS card-
selection logic network. The NS400-CL card, although
low power, requires a fixed Vgg of +5.0V. The
NS400-CC card can operate with any Vg from +3.5V
to +6.5V. This is useful in applications where Vg must
be obtained from a low voltage battery, or when
operating the card in certain heavy industrial areas where
brown-outs are quite common and a +5.0V supply
operating from the AC line may put out a substantially
lower voltage than +5.0V due to the reduced AC input
voltage.
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VARIABLE ACCESS — NS400-CC CARD

The NS400-CC Storage Card, as discussed previously,
operates with any Vgg from +3.5V to +5.5V. Figure 1
shows VG voltage versus access time. Note that a higher
Vg results in a shorter access time and hence a shorter
cycle time, whereas a lower Vg results in a longer
access time and hence a longer cycle time. Varying V¢
from 3.5V to 5.5V changes the access time from a low
of 500ns to a high of 900 ns with a 25pF data bus, or
from a low of 600ns to a high of 1100 ns with a 150 pF
data bus.

DELAYED DATA STROBE

Both Storage Cards allow instantaneous or delayed
strobing out of data read from the memory array. In
many applications, - SELECT ACKN is jumpered to
- DATA STB. As soon as the card is selected, - SELECT
ACKN becomes active, and in turn activates - DATA
STB to permit instantaneous strobing of data to the
interface.

Data strobe can, however, be controlled externally after
the receipt of an acknowledge or the strobe can be tied
LOW for a constant enable.

ADDRESS RANGE ASSIGNMENT

Several Storage Cards may be used to form a memory
system. Cards may be connected in series to increase
word length and/or cards may be connected in parallel
to increase storage capacity.

When connecting cards in parallel, only one card must
output a particular 10-bit word, while all other cards
remain disabled. For this reason the card provides three
normally HIGH address-bit-select lines, called S12, S13,
and S14. $12, S13, and S14 can specify any one of eight
binary numbers.

A card is assigned a binary number by jumpering the
correct ones of S12, S13, and S14 to ground. When an
address enters the card, S12, S13, and S14 are compared
on a respective one-to-one basis with address input bits
A12, A13, and A14. If all corresponding bits of both
sets of address bits mismatch, the card will be selected
if MEM EN is active.

Table 6 shows the jumpering required for S12, S13, and
S14 to assign a card to one of the eight address ranges:

Table 6. Address Range Assignment

Address
Range
Assignment $14 S$13 S12
28k-32k X X X
24k-28k X X
20k-24k X X
16k~ 20k X
12k- 16k X X
8k-12k X
4k-8k X
0-4k

Note: X indicates a jumper to ground.

STORAGE CARD DEPOPULATION

The NS400-C Storage Cards may each provide 4kx8,
4kx 9, or 4kx 10 storage. The card must be fully popu-
lated to provide 4kx10 storage. To provide 4kx8 or
4kx 9 storage, chips need not be present in rows K and
L, or row L, respectively.

POWER REQUIREMENTS

Proper Vg voltage levels and current requirements for
the NS400-C Storage Cards are listed in tables 7 and 8,
which identify the worst case power requirements of
each Storage Card. The conditions and parameters are
defined as follows:

Standby  Quiescent mode — memory enable low
1/0. Pins 14, 17, 22, and 27 HIGH.
Operating Continuous READ and WRITE cycle

memory operation.
Typical Nominal supply voltages.

Max Worst case supply voltages.

POWER REQUIREMENTS FOR NS400-CL

One +5V supply is required to operate the NS400-CL
Storage Card. Table 7 identifies the worst case power
requirements of this card.

Table 7. NS400-CL Power Consumption

Voltage/Mode Typical Maximum
+4.75V Standby/ 250 mA 300mA

Operating 310 mA 370mA
+5.25V Standby/ 280 mA 345 mA

Operating 350 mA 420 mA

POWER REQUIREMENTS FOR NS400-CC

The NS400-CC Storage Card may be operated with any
Ve voltage from 3.5V to 6.5V, including a low voltage
battery. Table 8 identifies the worst case power require-
ments of this card.

Table 8. NS400-CC Power Consumption

V¢ Voltage/Mode Typical Maximum
3.5V Standby 23 uA 28 uA
1100 ns Operating 34 mA 41mA
4.75V Standby 30uA 36 uA
1100 ns Operating 54 mA 65 mA
700 ns Operating 72mA 87 mA
5.25V Standby 55 uA 66 uA
1100 ns Operating 62mA 74 mA
700 ns Operating 84 mA 101 mA
5.5V Standby 200 A 240 uA
1100 ns Operating 67 mA 80mA

POWER-UP CONSIDERATIONS

Memory enable (MEM EN) must be held LOW during
power-up to prevent memory device latch-up.

10-13




MECHANICAL DESCRIPTION

Both NS400-C Storage Cards are fabricated with two-
sided printed circuit boards and require only the applica-
tion of DC power to become functional.

DIMENSIONS

Thickness. . .. .. ... L 0.062"
Height. . . ... .. 3.93"”
Length . . ... ... ... ... . 6.3"

The cards are designed to mount on a minimum center-
to-center board spacing of 0.0625"”. No ejectors are
present on the card.

1/0 CONNECTORS

One 60-pin edge-type 1/0O connector provides an inter-
face to the NS400-CL or NS400-CC Storage Card. The
spacing of these connector fingers is 0.125"”, center-to-
center. The material is gold over copper. The recom-
mended mating connector is an ELCO 00-6307-060-309-
001 or equivalent.

ENVIRONMENTAL DESCRIPTION

The Storage Cards are designed to operate over a variety
of environmental conditions.

Operational environmental limits are defined below:

Temperature

Ambient air temperature range is 10°C to 50°C.

Thermal Shock

Both NS400-C Storage Cards can withstand a thermal
shock with a maximum rate of change of 30°C per hour
during operation.

Humidity

The Storage Cards have been designed to operate in a
relative humidity of up to 95% (without condensation).
Altitude

This system is capable of operation at altitudes from
-1,000 feet MSL to +10,000 feet MSL.

Cooling

Suggested minimum air flow for the NS400-CL and
NS400-CC Storage Cards is 15c¢fm and 10cfm respec-
tively.

SHIPPING AND STORAGE CONDITIONS

Non-operational environmental limits are detailed as
follows:

Temperature

The NS400-C Storage Cards can withstand a temperature
range of -40°C to +85°C during shipment or storage.

Thermal Shock

A thermal rate of change as high as 10°C per minute can
be tolerated.

Altitude
The maximum shipping altitude is 40,000 feet.

Mechanical Shock

The Storage Cards, each housed in its shipping container,
can tolerate mechanical shock resulting from drop tests
performed in accordance with MIL-STD-810B, Method
516, Procedure V, without exhibiting damage or degra-
dation.

RELIABILITY AND MAINTENANCE

The Storage Cards were designed to provide high reli-
ability of operation and rapid corrective maintenance in
case of component failure.

RELIABILITY

The cards were designed to the best commercial stan-
dards of workmanship, and a high degree of testing was
conducted (including tests over operating terhperature
range) to insure a reliable service of ten years at twenty-
four hours a day usage (exclusive of routine maintenance
time). The design is such that catastrophic failure occur-
rence is minimized and minimal propagation of such
failure will be experienced.
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Figure 6. NS400-CC Logic Diagram

NOTES:
1. ALL RESISTOR PACKS ARE IN OHMS, £5%,
1/8W.

~

ALL CAPACITOR VALUES ARE IN
MICROFARADS.

. ICs DESIGNATED €1-C4, D104, E1-E4, F1-F4,
G1-G4, H1-H4, 11-14, J1-J8, K1-K4, L1-L4 ARE ALL
TYPE MM74C929. TYPICAL PINOUT
CONFIGURATION IS AS SHOWN BELOW.

w

TYPICAL MM74C929
PINOUT CONFIGURATION
W vee [
AL DI
Al WE
Az A9
A3 A8
A A7
00

IC VOLTAGE AND GND PINS ARE AS FOLLOWS:
A1, A3, Ad, B1, B3, AND B4

GROUND PIN 8, Vgg PIN 16. A2, 82

GROUND PIN 7, VG PIN 14.

5. IC LOCATION DESIGNATION USED:

-







Section 11

Reliability

National consistently maintains tighter quality levels
than the industry for standard commercial products.
If you should decide that you need extraordinary
reliability levels, still tighter guarantees are available
from National through the B+, the A+, and the MICRO+
programs which are explained in brochures available
through your local National Field Sales Representative.







National’s
Reliability Programs

OVERVIEW

The Microcircuits Reliability Assurance Department
routinely conducts a number of large-scale programs
which generate reliability data on National’s products.
These programs include:

= Product reliability audits

= New-product qualification tests

= New-process qualification tests

= Customer-funded qualification programs

= Engineering investigations

Our Product Reliability Engineers and Failure Analysis
Engineers also work directly with many customers in

assisting their Component Reliability people in the
performance of reliability studies.

LIFE TEST DATA

Most of the reports generated by these reliability pro-
grams are proprietary to National or National’s cus-
tomers. However, we frequently do extract data for
uncontrolied circulation. Copies of these “‘declassified””
reports are maintained on file in Reliability Assurance.
On special request, we can assemble generic life test data
on virtually every device manufactured by National.

RELIABILITY BRIEFS

Reliability Assurance regularly publishes brief items of
current interest. These Reliability Briefs are distributed
to all National sales offices when they are first issued.
Additional copies are available upon request.

NATIONAL RELIABILITY REPORT LISTING

SPECIAL REPORTS

From time to time, Reliability Assurance also publishes
"tutorial’’ reports. These reports are intended to give
users of National’s microcircuits better insight into the
subject of IC reliability.

PACKAGE RELIABILITY

Package integrity remains the single largest stumbling
block to IC reliability. National has achieved a position
of leadership in package reliability. We maintain this
position with a heavy commitment to package-oriented
reliability studies. Much of this data has been ‘‘declas-
sified” and compiled into reports suitable for general
circulation.

HOW TO OBTAIN REPORTS

The following lists those reports and other literature
currently available from the Microcircuit Reliability
Assurance Department. To qgbtain copies, call (408)
737-6686 or write to:

Reliability Assurance, M/S 320
National Semiconductor Corporation

2900 Semiconductor Drive
Santa Clara, CA 95051

e Reliability Briefs Brief No.
Anti-Static Rails 2
Ultrasonic Cleaning 5
All That Glitters Is Not Gold 18
Epoxy B Flammability 23
Microcircuit Failure Analysis Requests 24

® Other General Reliability Publications Report No.
The A+ Reliability Program brochure

The B+ Reliability Program brochure

The MICRO+ Reliability Program brochure

Semiconductor Device Reliability and the Arrhenius Model G-11
(A primer on reliability nomenclature and temperature acceleration factor)

Microcircuit Failure Analysis Program G-19
Epoxy B and the Quiet Revolution G-21
National Epoxy B (The Epoxy B Story) —
The Automotive Environment: The Ultimate Challenge G-22

(A cost effective approach to reliability)
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NATIONAL RELIABILITY REPORT LISTING (continued)

Device Package Report No.
e Life Test Reports on Linear ICs
ALIC
LF311H Voltage Comparator H L-117
LM104 Voltage Regulator H L-98A
LM104H Voltage Regulator H L-100
LM108 Op Amp H L-96A
LM109 Voltage Regulator K L-92A
LM118 Op Amp H L-105
LM121H Precision Preamplifier H L-115
LM308 Op'Amp N L-102
LM308 Op Amp H L-86A
LM311D Voltage Comparator/Buffer D L-91A
LM318 Op Amp N L-106
CLiC
LM239D Voltage Comparator D L-104
LM324J Quad Op Amp J L-111
LM324N Quad Op Amp N L-109
LM324N Quad Op Amp N L-110
LM339N Quad Comparator N L-128
LM358 Quad Op Amp H L-101
LM373 Amplifier/Detector N L-136
LM380 Audio Power Amplifier N L-119
LM381N Low Noise Dual Preamplifier N L-125
LM390 Audio Power Amplifier N L-134
LM1821 TV Video Detector N L-123
LM1887N Chroma Subcarrier Regenerator N L-116
LM1901D Quad Comparator N L-112
LM2887 Chroma Subcarrier Regenerator N L-130
LM2900, Quad Amplifier N L-118
LM3900
SLIC
LF356 Op Amp H,N,J L-127
LM78L05 Three-Terminal Positive Voltage Regulator P L-122
LM105 Voltage Regulator P L-90
LM105H Voltage Regulator H L-99
LM301A Op Amp N L-88
LM301A (E) Op Amp H L-93
LM301AH, Op Amp H L-114
LM741H
LM307 Op Amp N L-87
LM340T Voltage Regulator T L-103
LM340T Three-Terminal Positive Voltage Regulator T L-126
LM341-5 Three-Terminal Voltage Regulator P L-131
LM375N Oscillator and Buffer N L-133
LM555H Timer H L-129
LM723 Voltage Regulator D L-97
LM723 Voltage Regulator H L-137
LM741 Op Amp H L-107
LM741J Op Amp J L-124
LM741C Op Amp N L-85
LM741C Op Amp N L-89
LM1496N Modulator-Demodulator N L-132
LM3046 Transistor Array N L-120
LM4250 Programmable Op Amp N L-121




(continued)

. Device Package Report No.
e Life Test Reports on Memories
DM745287, Titanium-Tungsten Schottky Bipolar PROMs N M-4
DM74S8387
DM7588N 256-Bit Programmable ROM N D-72
MM1702A Electrically Reprogrammable ROM Q M-1
MM2102 N-Channel Silicon Gate 1024-Bit Static RAM J,D,N M-2
MM2708 8k UV Erasable PROM Q M-5
MM5203Q 2k Static EPROM Q M-41
MM5280D N-Channel Silicon Gate 4096-Bit Dynamic RAM D M-3
MM5280J N-Channel Silicon Gate 4096-Bit Dynamic RAM in CERDIP J M-6
MM5270, Reliability Report on the 4k Dynamic RAM —_—
MM5280
® Life Test Reports on CMOS Logic ICs
74C and 4000 series — CMOS Logic in CERDIP J c9
54C and 4000 series — CMOS Logic in Hermetic DIP D C-10
74C and 4000 series — CMOS Logic in Epoxy B Package N C-11
e Life Test Reportson TTL ICs
DM74L95N Shift Register N D-80
DM74S30 Eight-Input Positive NAND Gate N D-74
DM5400J Quad Two-Input NAND Gate D D-76
DM7400 Quad Two-Input NAND Gate N D-82
DM54LS00J, Quad Two-Input NAND Gate N, J D-73
DM74LS00N
DM7093N TRI-STATE Quad Buffer N D-78
DM7406 Hex-Inverter Buffer/Driver N D-81
DM76563 Counter N D-83
o |ife Test Reports on Interface ICs
DM7880 Decoder/Driver . J. N D-79
* Life Test Reports on Microprocessor ICs
INS8080A, N-Channel Microprocessor D,N RM-14

SC/MP




NATIONAL RELIABILITY REPORT LISTING (continued)

e Package Reliability Reports

Package Subject Report No.
CERDIP National Semiconductor Ceramic Dual-In-Line Package Reliability Report G-17
EPOXY B The Reliability of Epoxy B in Accelerated Temperature and Humidity G-18

Environments
Hermetic DIP The Effects of High Humidity and Bias on Hermetic Dual-In-Line Package G-20
Epoxy B Power Cycle L-103
(TO-220)
Epoxy B Temperature and Humidity, Pressure Pot, Temperature Cycle, Thermal L-108
Shock
TO-5 Temperature Cycle, Thermal Shock L-114
Epoxy B Temperature and Humidity L-116
Epoxy B Temperature Cycle L-118
Epoxy B Temperature Cycle L-119
Epoxy B Power Cycle L-122
(TO-92)
Epoxy B Thermal Shock, Temperature Cycle, Pressure Pot L-123
CERDIP Thermal Shock, Temperature Cycle L-124
Epoxy B Thermal Shock, Pressure Pot, Power Cycle L-126
(TO-220)
TO-5, CERDIP, Thermal Shock, Temperature and Humidity L-127
Epoxy B
Epoxy B Temperature Cycle L-128
Epoxy B Temperature and Humidity, Pressure Pot, Power Cycle, Temperature Cycle, L-131
(TO-126) Thermal Shock, Solderability
Epoxy B Temperature and Humidity L-132
Epoxy B Temperature and Humidity L-133
Epoxy B Temperature and Humidity L-134
Epoxy B Temperature and Humidity L-136
Quartz-Lid DIP Temperature Cycle, Thermal Shock M-1
Epoxy B Temperature Cycle, Temperature and Humidity, Thermal Shock, M-2
Hermetic Solderability, Lead Integrity
Hermetic Thermal Shock, Temperature Cycle M-3
Epoxy B Temperature Cycle, Thermal Shock, Solderability, Lead Integrity M-4
Hermetic
CERDIP Thermal Shock, Temperature Cycle, Mechanical Shock, Vibration M-6
Hermetic Temperature Cycle RM-14
Epoxy B
CERDIP Temperature Cycle, Thermal Chock, Acceleration, Mechanicai Shock, Cc-9
Solderability, Moisture Resistance, High Temperature Storage
Epoxy B Temperature Cycle, Thermal Shock, Pressure Pot, Moisture Resistance c-1
CERDIP Temperature and Humidity, Pressure Pot, Temperature Cycle, Power D-73
Epoxy B Cycle
Epoxy B Pressure Pot, Temperature Cycle, Power Cycle D-74
CERDIP Temperature and Humidity D-79
Epoxy B
Epoxy B Temperature and Humidity, Temperature Cycle D-80
Epoxy B Temperature and Humidity, Pressure Pot, Temperature Cycle D-81
Epoxy B Temperature and Humidity, Pressure Pot, Temperature Cycle D-82
Epoxy B Temperature and Humidity, Temperature Cycle, Pressure Pot D-83




Section 12
Definitions
and Standards

Standardization of terms used in memory specifications
is essential. Excerpts of |EEE proposed standards are
presented here for future reference. A short list of
acronyms is also included in this section.







Definitions
of Frequently-Used
Acronyms

ACE
AsClI
BCD
BPNF
BRK
CAS
cco
CE
CERDIP
CFM
CMOS
cPU
CRT
CRTC
cs
DED
DI
DMA
DO
EPROM
12L
1/0
LCDS
LED
LSB
LS
MOS
MPS
MSB
msi
MSL
NSC
OE
PC
PROM
RAM
RAS
RMW
ROM
R/W
RWM
SE
TSP
TTL
WE

Asynchronous Communications Element (INS8250)
American Standard Code for Information Interchange
Binary Coded Decimal
Begin/Positive/Negative/Finish
Break

Column Address Strobe

Charge Coupled Device

Chip Enable

Ceramic Dual-In-Line Package
Cubic Feet per Minute
Complementary Metal Oxide Semiconductor
Central Processing Unit

Cathode Ray Tube

CRT Controller (DP8350)

Chip Select

Darkness Emitting Diode

Data Input

Direct Memory Access

Data Output

Erasable Programmable Read Only Memory
Integrated Injection Logic
Input/Output

Low Cost Development System
Light Emitting Diode

Least Significant Bit

Large Scale Integration

Metal Oxide Semiconductor

Mask Programming System

Most Significant Bit

Medium Scale Integration

Mean Sea Level

Memory Support for you

Output Enable

Printed Circuit

Programmable Read Only Memory
Random Access Memory

Row Address Strobe
Read/Modify/Write

Read Only Memory

Read/Write

Read/Write Memory

Sense Enable

Tri-Share Port

Transistor - Transistor - Logic
Write Enable
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Excerpts from the Proposed IEEE Standard for
Semiconductor Memory Data Sheet Generation*

Excerpts from the Proposed
IEEE Standard for
Semiconductor Memory
Data Sheet Generation*
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JEDEC JC-42 committee on Semiconductor Memories 11/16/77.
All rights to this material are reserved by the Institute of Electrical
and Efectronics Engineers, Inc.

Introduction

The purpose of this standard is to provide guidelines
under which data sheets for new semiconductor mem-
ories are to be generated. Following these standards
should produce data sheets that are concise and that
consistently define the operation and characteristics of
semiconductor memory devices.

Product Description

Product description consists of information typically
(but not necessarily) contained on the front pages of a
memory data sheet. It should include all of the following
information:

Product name and number

Manufacturer’s name

Summary of product features and advantages

Description of product

Identification of technology used

Logical block diagram

Pin assignments

Function tables

Logic symbol

Input/output definitions

Description of device operation

1. Logic Definitions

Care should be taken in all definitions and descriptive
information to consistently define logic states, particu-
larly in the use of the terms TRUE/FALSE, HIGH/LOW,
Active/Inactive, and ONE/ZERO. A logic TRUE is by
definition a logic ONE and is logically Active; it may be
electrically a HIGH or a LOW. Conversely, a logic
FALSE is by definition a logic ZERO and is logically
Inactive and may be an electrical HIGH or LOW. For
positive logic a logic TRUE is a HIGH and a logic FALSE
is a LOW while the opposite is true for negative logic.
For positive logic, a non-barred signal is TRUE (Active)
when HIGH, a barred signal is TRUE (Active) when
LOW. Positive logic is assumed unless otherwise stated.
This can be represented as:

Logical Terms Electrical Terms

Positive Logic

HIGH
LOwW

Negative Logic
LOwW
HIGH

Active=True=1
Inactive = False =0

HIGH is defined as the most positive and LOW as the
most negative electrical level.
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Since it is very common to mix active HIGH and active
LOW inputs/outputs on a single memory device, care
should be taken not to confuse HIGH with logic ONE.
It is recommended that input and output levels be
referred to as HIGH and LOW. When it becomes neces-
sary to describe the logical operation of a device, the
preferred terms are TRUE and FALSE. The use of ONE
(1) and ZERO (0) should be avoided on the data sheet.

2. Logic Diagrams

The logic diagram should logically and functionally
define the operation of the memory device. Drawings
should adhere to IEEE Standard 91-1973/ANSI
Y32.14-1973.

3. Input/Output Definitions (Pin Names)

Where multiple symbols of a single type are required,
such as for multiple addresses and/or data inputs/outputs,
numbering should begin at 0 and go to N-1. Unlike
address and data inputs, multiple control inputs which
perform the identical function, such as multiple chip
selects, etc., should be numbered from 1 to N. Control
inputs which do not perform identical functions should
be given separate names.

A logical bar should be used over I/O names and symbols
to designate negative TRUE (i.e., active LOW, low
TRUE). In cases where the use of a logical bar is not
practical a letter B may be appended to the pin name to
indicate that the signal is negative TRUE (i.e., RE would
be REB). The logical bar should be omitted when
forming symbols for timing intervals.

4. Absolute Maximum Ratings

The absolute maximum ratings define the range of
conditions to which the device can be submitted without
affecting the operation of the device after it is subse-
quently returned to the specified operating range. All
conditions which might impair the operation of the
device such as signal and power supply sequencing, time
limits on stress conditions, or static discharge conditions,
should be clearly stated. Since the absolute maximum
ratings are outside the operating range, device operation
is not implied.

5. Operating Conditions

The range of conditions under which the product speci-
fications are warranted should be clearly stated at the
beginning of the product specification section of the
data sheet or at each location in the data sheet where
device parameters are given. These conditions should
always include temperature and voltage range. If opera-
tion of the device also depended on transient conditions
on the power supplies or other inputs, these constraints
should be clearly stated in the operating conditions.
Additionally, timing measurement reference points and
output load conditions should be given. Where addi-
tional conditions are not specified, the parameter limits
shall be assumed to apply over the fuil operating range
of the device.

6. Electrical Parameter Nomenclature

Electrical parameters are specified with an initial symbol
that specifies the type of the parameter and subsequent
symbols that further define the type of measurement.

Initial symbols include:

V = Voltage
I = Current
P = Power

C = Capacitance

Although electrical parameters have traditionally heen
written as subscripted symbols, they may be used in the
non-subscripted format.

Subscripted Non-Subscripted
ViH VIH
loL oL
vee vCcC

7. Power Supply Nomenclature

Power supplies should be designated as a three-letter
symbol:

VCC = principal collector bias voltage

VEE = principal emitter bias voltage

VBB = principal base or substrate bias voltage

VDD = principal drain bias voltage

VGG = principal gate bias voltage

VSS = principal source bias voltage

If other designators are used, they should follow the
same format and should be defined in the data sheet.
The second and third letter in a power supply symbol
shall always be the same. In some systems, a single
power supply will be used for muitiple purposes such as
a collector bias supply for some devices and a drain bias
supply for other devices. On devices commonly used
with other logic families, the generic power supply name
can be substituted.

In all cases substitution of | or P for V in the above list
will define the current or power, respectively, associated
with that power supply. PD shall be the symbol for the
total power dissipation in the device with no external
load.

8. Other Electrical Parameter Nomenclature

The second letter of a non-power supply symbol desig-
nates the type of Input/Output pins to which the
measurement applies:

| =Input

O = Output

The third symbol designates the state applied to an
input or to the state of an output (or the state the
output would be in if not externally forced to some
other state) of this/these 1/O pin{s) during the measure-
ment.

H=HIGH

L=L0OW

Z = OFF (High Impedance state)
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A fourth symbol may designate an external condition
forced on an output.
S = Short circuit (connected to ground unless other-
wise specified)
H=HIGH
L = LOW
Z = OFF (High Impedance state)

Examples:
VOH = Voltage on an output in the HIGH state.
HL = Current through an input in the LOW state.

IOHS = Output short circuit (to ground unless
otherwise stated) current with the device
output driving HIGH.

I0ZH = Output current with the output in the
high-impedance state (OFF) and driven
HIGH.

Although the symbols may be used in a subscripted
form, they may also be listed as a single, uppercase, non-
subscripted line in data sheets and related material.
Conventional current (not electron current) flowing into
the device is defined as positive; current flowing out of
the device is defined as negative.

9. Timing Parameters

The timing parameters section of the data sheet defines
the time dependent performance of the device. The
timing parameters should be divided into two groups:
timing requirements of the device and timing responses
of the device. Timing requirements define the require-
ments on the input signals required for correct (specified)
device operation and are always measured from one
timing transition on an input or output to a timing
transition on a device jinput. Timing responses specify
device performance and are measured from an input or
output timing transition to a device output timing
transition. Timing requirements should be clearly
separated from timing responses by grouping in a
separate table or a separate section of a single table and
by appropriate labeling.

10. Logic States (Levels)

Logic states (levels) are defined as a condition on an
input or output. The states are:

1) HIGH = 2 Minimum VIH or VOH
2) LOW = < Maximum VIL or VOL
3) VALID = Defined data satisfying one of the

two above conditions, 1) or 2)

4) INVALID = Data either not satisfying 1) or 2)
above or undefined or don't care

5) OFF

In the high impedance third state
or OFF state

11. Transition Definitions

There are five kinds of transitions which are used as
beginnings and ends of time interval measurements. The
transitions are defined in reference to the final state to
which the change is made.

The five symbols and their definitions are:
H = A transition from any level to a HIGH logic level.
L = A transition from any level to a LOW logic level.

V = A transition from any level to a valid steady-state
level.

X =A transition from any level to an unknown,
changing, or don’t care level.

Z = A transition from any level to a high-impedance
“OFF" state.

12. Nomenclature for Timing Parameters

Timing parameters are the measurement of the time
elapsing between a transition on one pin and a transition
on the same or another pin. These timing intervals can
be written as:

TABCD or taABCD
where:

Tort indicates time.

A is the name of a signal or the terminal
at which a transition occurs marking
the beginning of the time interval
being specified.

B designates the direction (and possibly
the measurement point) for the
transition at terminal A.

C is the name of a signal or the terminal
at which a transition occurs marking
the end of the time interval being
specified.

D designates the direction (and possibly

the measurement point) of the
transition at terminal C.

An inverter provides a simple example. If the input is
labeled | and the output is labeled Y, then the two delay
parameters for the inverter become TIHYL and TILYH.

o

|eTinyL > | TiLyH >




The first interval is the delay from | HIGH to Y LOW
and the second from | LOW to Y HIGH.

All types of timing parameters can be described in this
format. Examples of timing intervals are:
1) Combinational Delays — from input transition to
output transition.
2) Set-up and Hold Times — from input transition
to another input transition.
3) Pulse Widths (Duration) — from input going
LOW (or HIGH) to the same input going HIGH
(or LOW).
4) Cycle Times — from an input transition to the
next occurrence of the same transition.
5) Transition Times — from the beginning of an
input or output transition to the end of the same
transition.

13. Transition Measurement Points

Transitions should be measured from fixed, clearly
defined voltage points. These voltage points should be
expressed as fixed voltages referenced to one of the
power supply pins.
Examples:

1.5 Volts

VDD - 2.0 Volts

2.0 Volts

It is recommended that timing points not be expressed
as a percentage, i.e., do not use 10% and 90%. Do use,
for example, 1.2 Volts and VDD - 1.2V.

Data sheets should clearly define both the beginning and
the ending voltage levels and the transition measuring
points for all transitions.

14. Incorporation of Transition Measurement Points
in Timing Parameter Nomenclature

In some cases, it is desirable to define more than one
timing point in a transition. Particularly in MOS circuits
it is desirable to define for a single LOW to HIGH
transition:

1) apoint at or near VIL

2) apoint at or near VIH

Likewise, when making a HIGH to LOW transition, two
similar timing points can be defined.

:3’0’0’0’0’0’0’0’0’0
Vo

\
RN

A VALID

Multiple Timing Points in a Transition

Where it is necessary to define more than one timing
point on a single transition, these timing points should
be followed by a number. For example, transition H1

would represent timing point 1 on that transition to a
HIGH level. Transition H2 would represent timing point
2 in the transition to a HIGH level. Similarly, transition
L2 would be timing point 2 in a transition to a LOW
level and transition point L1 would be timing point 1
during a transition to a LOW level.

Measurement points associated with high impedance
OFF state are dependent on external loads applied to
the device. Therefore, the data sheet should clearly show
the external load and the specific voltage measurement
points used to define the Z level.

The use of numbered timing points is illustrated below:

TEH1EHZ ———— TEH2EL2 —»‘

o @3\_
X

VALID

TAVEH1

®

o La—é

| -——TEH2AX

15. Refresh Time

Refresh is the operation of restoring charge in a dynamic
memory cell. Refresh time is the time between successive
refresh operations.

Since refresh is a complex operation to define logically
it is suggested that R be used as the symbol to define the
refresh operation. The symbol for refresh time is there-
fore written as TRVRV. TREF or tRgfF may also be
used to designate the refresh interval. A logical definition
of the meaning of refresh should be given in the data
sheet (e.g., cyclic, charge pump, planar, etc.).

16. Alternate Forms of Commonly Used Terms

Certain terms such as access, cycle, hold, set-up, pulse
duration, and transition times are commonly used to
define certain classes of timing intervals. An alternate
format for naming these intervals is desirable for reasons
of tradition and efficiency. These timing intervals can be
written as:

TX(Y) or tx(y)
where:

Tort indicates time.

X is the type of timing interval as shown in
section 17.
Y is a pin name as defined in section 3 and

tells something about the timing interval
X. See section 17.
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17. Symbols for Alternate Form

Symbol Interval Significance of Y
A Access Time Beginning measurement point
(o Cycle Time Measurement point
H Hold Time Ending measurement point
S Set-up Time Beginning measurement point
w Width (duration) Signal name
Time
T Transition Time Signal name

REF Refresh Time (not used)

18. Examples of Alternate Forms

TA(A) =TAvQv Address access

TA(E) = TEHQV Chip Enable access

TA (G) = TGHQV Qutput Enable access

TC(E) = TEHEHor Cycle time of Chip Enable
TELEL

TC (EH1) = TEH1EH1 Same as above with specified

measuring point

TH(A) = TEHAX Address hold time
TH (D) = TWHDX Data hold time from Write
TH (D) = TELDX Data hold time from Chip
Enable
TS(A) = TAVEH Address set-up time
TS(D) =TDVWL Data set-up time with respect
to Write Enable
TW(E) =TEHELor Chip Enable pulse width
TELEH (duration)
TW (W} = TWHWL or Write Enable pulse width
TWLWH (duration)
TT(E) = TEH1EH2or Chip Enable transition time
TEL2EL1
TREF = TRVRV Refresh time

Notice that in several cases the alternate form is
ambiguous. Care should be taken to precisely define the
interval by reference to the precise symbol in the TABCD
format. When the TX(Y) format is used, the TABCD
equivalent symbol should be included in the timing
parameter specification table to define the alternate
symbol. Either or both forms can be used in the timing
diagram and other sections of the data sheet once the
TX(Y) symbols have been defined by equating them to
a TABCD symbol.

Whenever the timing interval cannot be defined as one of
the seven types of intervals defined in the TX(Y) format,
it must be defined in the TABCD format. Use of the
TX(Y) format is optional since all intervals can be
defined in the TABCD format.

19. Additional Descriptive Information

In some cases it is desirable to include additional descrip-
tive information to further define a symbol. This infor-
mation sometimes limits the definition to a certain mode
of operation such as read or write or program mode.
This information can be included in the TX(Y) format
by adding it after the information in parentheses and can
be included in the TABCD format by including it in
parentheses after the normal symbol as shown below.

Examples:
1;_('?'_:2(5;0) } Read cycle time
TW (E) WR } Chip Enable duration for Write
TEHEL (WR) Cycle
TS(A) P } Address set-up time in program-
TAVEH (P) ming mode for a PROM

In each case, any additional descriptive information such
as RD for READ or P for PROGRAM should be defined
in words or table form.

20. Definition of Maximum and Minimum

In all tables in the product specification section, it is
important to define wherever possible values for maxi-
mum, typical, and minimum specifications. Typical
specifications can be especially important when using
statistical design techniques. Whether a parameter is
specified as aminimum or maximum depends on whether
it is considered from the system standpoint (what must
be done to the device) or from the device standpoint
{how the device responds to inputs). Timing requirements
should be specified from the system standpoint. There-
fore, set-up time is specified as a minimum since the
system must provide this set-up time to the device.
Timing responses are specified from a device standpoint.
Access time is specified as a maximum, since it is the
maximum response time of the device. The typical
values are measured under the nominal operating condi-
tions (voltage, temperature, etc.) and are defined as the
median value taken over a wide number of samples
which span the normal variations for that parameter
which are found in the production situation. It is partic-
ularly important in capacitance measurements and
current levels that typical as well as maximum levels be
given.

Care should be taken in defining three-state outputs to
always specify the minimum time to the output turning
ON and the maximum time to the output turning OFF
such that the user can insure that an overlap condition
does not occur.

21. Timing Diagrams

As described in section 10, five discrete logic levels
exist. These five logic states are shown graphically below
as used in timing diagrams.

HIGH =
LOW =

VALID
INVALID
OFF =

N X <




22. Transitions

Transitions from one state to another are shown by
connecting the symbol for one state with that of the
final state with a sloped line. The slope of the line
represents a non-zero transition time.

23. Uncertainties

In cases where the exact time of the transition may vary
or be unimportant, the transition should be drawn as a
series of parallel transition lines. This series of transition
lines should span the region in which the transition may

occur.
H L z H L z
X ) 4
A X X
A ) 4
AX X
AR ) 9
AXX X
A ‘.
H X
Definition of Input/Output (Pin) Names
Recommended
Symbol Name Definition

A Address Those input(s) whose logic states select a particular cell or group of cells.

D Data Input The input(s) whose logic state(s) determine(s) the data to be written into
the memory.

Q Data Qutput The output(s) whose logic state(s) represent(s) the data read from the
memory.

DQ Data Input/Output  The port(s) that function as data input during write operations and as
data output during read operations.

C Shift Clock The input(s) that when operated in a prescribed manner shift internal
data in a serial memory.

W Write Enable The input(s) that when true enable(s) writing data into the memory. The
data sheet must define the effect of both states of this input on the
reading of data and the condition of the output.

P Program The input(s) that when true enable(s) programming, or writing into, a
programmable read only memory (PROM).

G* Qutput Enable The input(s) that when false cause(s) the output to be in the OFF or high
impedance state. This pin must be true for the output to be in any other
state.

NC Not Connected The input(s)/output(s) that are not connected to any active part of the
circuit or any other pin or any conductive surface of the package.

E Chip Enable The input(s) that when true permit(s) input, internal transfer, manipula-
tion, refreshing, and output of data and when false causes the memory to
be in a reduced power standby mode.

S Chip Select The input(s) that when false prohibit(s) writing into the memory and

disables the output of the memory.

NOTE:

Chip Enable is a clock or strobe that significantly affects the power dissipation of the memory. Chip
Select is a logical function that gates the inputs and outputs. For example, Chip Enable may be the cycle
control of a dynamic memory or a power reduction input on a static memory.

RE

CE

Row Enable (RAS)

Column Enable (CAS)

The input which is used to strobe in the row address in multiplexed
address RAMs.

The input which is used to strobe in the column address in multiplexed
address RAMs.

*National will continue to use OD — Output Disable on selected parts — Ed.
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Section 13

National’s
Literature Index

National Semiconductor’s Data Bookshelf is a compen-
dium of information about a product line unmatched in
its breadth in the industry. The sixteen independent
volumes that comprise the Bookshelf — over 5000 pages
— describe in excess of 10,000 solid-state devices;
devices that span the entire spectrum of semiconductor
processes, and that range from the simplest of discrete
transistors to microprocessors.

Active and passive devices and circuits; hybrid and
monolithic structures; discrete and integrated com-
ponents . . . complete electrical and mechanical specifi-
cations; charts, graphs, and tables; test circuits and
waveforms; design and application information
Whatever you need you’ll find in the designer’s ultimate
reference source — National Semiconductor’'s Data
Bookshelf.







The Data Bookshelf:
Tools For The
Design Engineer

CMOS DATABOOK

National’'s Series 54C/74C logic is pin-for-pin, function-
for-function equivalent to standard 7400 TTL. As such,
you can take full advantage of your knowledge of 7400
when you use 54C/74C; all the design tricks of the one
work with the other. Further, 54C/74C logic follows
strict, consistent design rules set-up to simplify system
design by giving you realistic, workable parameters with
which to work.

The CMOS Databook completely specifies our 54C/74C
logic products, as well as Series-4000 CMOS. Functions
described include gates, buffers, flip-flops, counters,
shift registers, decoders/demultiplexers, arithmetic func-
tions, and more. For those who may be unfamiliar with
CMOS logic, the text incorporates a series of application
notes that define 54C/74C logic and show how to use it.

Mar. 1977, 560 pages, $4.00

INTERFACE DATABOOK

Peripheral/power drivers, level translators/buffers, line
drivers and receivers, memory and clock drivers, sense
amplifiers, display drivers, opto-couplers. .. you'll find
them all in the Interface Databook; page after page of
specifications that describe one of the industry’s
broadest line of interface products.

And to help you get the most from the circuitry, the text
includes application notes that discuss such topics as
transmission lines, data transmission in high-noise
environments, driving gas-discharge and LED displays,
and more. There are also product guides — listings that
help you pick just the right circuit for your job from the
many available; and even a cross-reference guide that
lists product type numbers from other makers and gives
the exact-replacement National part number.

The Interface Databook concludes with discussions of
MIL-STD-883 and MIL-M-38510, and three pages of di-
mensioned package-outline drawings.

1977, 560 pages, $4.00

LINEAR APPLICATIONS
HANDBOOK, VOL. |

This handbook provides you a fully-indexed, cross-
referenced collection of linear integrated-circuit applica-
tions for National’'s monolithic and hybrid circuits.

Individual application notes are normally written to ex-
plain the operation and use of one particular device, or
to detail various methods of accomplishing a given func-
tion. The organization of the Linear Applications Hand-
book takes advantage of this innate coherence: it keeps
each application note intact, arranges them in numerical
order, and provides detailed subject indices. The indices
are composed of more than a thousand references to
the main body of each text, and are the key to efficient
access to the linear-applications experience garnered by
National Semiconductor during the past eight years.

Feb. 1973, 432 pages, $4.00

LINEAR APPLICATIONS, VOL. II

The second volume of National's Linear Applications
Handbook picks up where Volume | left off. Applica-
tions, notes and briefs, and pertinent articles published
in the 3 years since Voiume | was printed are included
in this handbook. Volume i retains the same format as
Volume |, to facilitate its use.

In this volume, as in Volume |, application schematics
call out the generic family, which, by coincidence, is the
military temperature range version of the device. Gen-
erally, any device in the generic family will work in the
circuit. For example, an amplifier marked LM108 refers
to the generic 108 family, and does not imply that only
military-grade devices will work. Military (or industrial)
grade devices need only be considered when their
tighter electrical limits or wider temperature range war-
rant their use. As a reminder to our users, our number-
ing system is:

Device Specified

No. Grade Temperature Range
LM1XX Military —55°C < Tp < +125°C
LM2XX Industrial -25°C<Tp<+ 85C
LM3XX Commercial 0°C<Tp< + 70°C

Because commercial parts are less expensive than
military or industrial, these points should be kept in mind
when trying to determine the most cost-effective ap-
proach to a given design.

July 1976, 256 pages, $4.00

LINEAR DATABOOK

This edition of National’s Linear Databook has been re-
formatted to make it more useful. Several new sections
have been added which reflect National’s larger and
more diverse Linear product line. Added are Voltage
References, Instrumentation Amplifiers, Sample and
Hold circuits, and A/D and D/A converters. What was
formerly the Consumer section is now Audio, Radio and
TV, and the old Functional Blocks are now Industrial/
Automotive/Functional Blocks.

The BI-FET process is a technological breakthrough
pioneered by National, integrating implanted JFETs on
the same chip with standard bipolar transistors.

The dramatic results are order-of-magnitude improve-
ments in input characteristics, slew rates, and noise
specifications. Products include LF156 series op amps,
LF198 sample and hold, LF152 instrumentation
amplifier, and LF11331/LF11201 series quad analog
switches.

Guides pertinent to a particular section are now found at
the beginnning of that section. Included are section con-
tents, selection guides and/or definition of terms. This
now allows the user to find all information concerning
any particular product in one section without looking
through the entire catalog. Ordering information, table of
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contents, reliability programs, and any other information
common to all sections is located in the front or back of
the catalog.

National's Linear line is moving in new directions, sum-
marized by looking at several developments which have
taken place in the past year.

A family of 15 D/A and A/D products are being manu-
factured including 8-, 10- and 12-bit D/A and A/D con-
verters, successive approximation registers, dual slope
A/D’s for panel meters, and precision voltage refer-
ences. We have the distinct advantage of using any one
of our many processing technologies to optimize the
D/A, A/D design.

A low noise, ultra stable subsurface zener pioneered at
National, is combined with a temperature stabilizer on a
single chip to make the LM199 series precision voitage
references. The LM199 features 1 ppm/°C guaranteed
drift, 20 ppm long term stability, and 0.5Q dynamic im-
pedance at highly competitive prices. An LM129 series
unheated version is also available.

New directions in Linear are aimed at development of
building block circuits. Quad devices such as the
LM124, LM139 and LM1900 series are finding wide ac-
ceptance as cost-saving alternatives to single and dual
devices. The new LM148, LM149 quad 741 family is a
versatile addition to this group which provides class AB
outputs and wideband operation. The building block
trend also includes timers (LM556), audio, radio and TV
circuits, and in particular, automotive circuits (LM2907,
LM2917 frequency to voltage converter).

June 1976, 968 pages, $4.00

MEMORY DATABOOK

Most of National’'s memory and memory-related pro-
ducts, regardless of their technology, are grouped
together in the Memory Databook: a convenient,
single-volume source of information and specifications
about bipolar, MOS, and CMOS RAMs, field- and
mask-programmable ROMs (bipolar and MOS), MOS
shift registers, and PLAs.

In addition, the Memory Databook describes interface/
support circuits for memory operation, and National's
line of complete memory systems. Nor is how-to-use in-
formation neglected: there is a selection of memory-
oriented application notes, including one on designing
with PLAs. To aid you further, there are RAM, ROM,
and PROM cross-reference guides, and even a
production-status guide to National memories.

1977, 544 pages, $4.00

MICROPROCESSOR APPLICATIONS IN
BUSINESS, SCIENCE AND INDUSTRY

For years National's microprocessors have impacted
every facet of the application spectrum — from con-
sumer games and point-of-sale terminals to scientific in-
struments and heavy industrial controls. Their use is
growing rapidly. Today, those who are not actually using
or considering microprocessors in their products stand
to lose the competitive edge. And, that's why we have

prepared this booklet of articles reprinted from industrial
publications.

Starting with fundamentals, it details National's micro-
processor technology — the devices, the support
equipment, and the technical considerations. Equally
important, it describes the spectra of successful applica-
tions from successful companies. By examining the
technology and the applications you can see the micro-
processor solution to your problems.

1977, 128 pages, $3.00

MOS/LSI DATABOOK

This Databook presents National’s broad capability in
the MOS/LSI areas — the fastest growing segment of
the integrated circuit industry.

This 14 chapter, 750 page catalog covers a wide spec-
trum of product categories such as: Digital Electronic
Clock circuits, Counter/Timers, Electronic Organ circuits,
TV circuits, Analog-to-Digital (A/D) Converters, Com-
munications/CB Radio circuits, Digital Watch circuits,
Calculator circuits, and Keyboard Encoder circuits, all of
which are described in complete electrical and mechan-
ical specifications.

Custom MOS/LSI capabilities are also described for six
MOS technologies. In addition, National's new family of
Controller Oriented Processor Systems (COPS) is pre-
sented. This family addresses a wide variety of low-cost
controller applications such as: Appliance Timers, Photo
Timers, Lawn Sprinkler Controllers, Electronic Scales,
Electronic Cash Registers and Traffic Controllers.

Two support circuit sections are also included. These
are Display circuits and interface Drivers. A separate
section also covers Clock Modules, which describes
completed modules employing National’s electronic digi-
tal clock circuits and LED displays.

The MOS/LSI Databook presents state-of-the-art
semiconductor products with LSI complexity for all MOS
products except for MOS Memories and Micro-
processors which are represented in separate
Databooks.

1977, 720 pages, $4.00

PRESSURE TRANSDUCER HANDBOOK

This is the new catalog and handbook of integrated-
circuit pressure transducers from National Semicon-
ductor. In addition to complete specifications and a
quick selection guide for National’s IC transducer pro-
ducts, this edition includes comprehensive discussions
of transducer theory, device structure, reliability and in-
depth application data including circuits for the new
easy-to-use autoreference compensation technique for
improving accuracy in any application.

Because IC transducers are finding use in many and di-
verse disciplines, the breadth of application information
includes traditional, non-traditional and state-of-the-art
fields as well. National hopes this catalog/handbook
provides the requisite insight and data for your own
special applications.

1977, 142 pages, $3.00
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SC/MP MICROPROCESSOR
APPLICATIONS HANDBOOK

In conjunction with other SC/MP support documents,
this Applications Handbook provides the user with suffi-
cient information to build, checkout, and utilize a wide
variety of SC/MP based systems. The information is or-
ganized in capsule form; thus, the designer can, with
minimum effort, expand, modify, or customize a given
application.

The applications are organized by class — Analog-to-
Digital/Digital-to-Analog Systems, Keyboard/Display Sys-
tems, Multiprocessor Systems, and so on. Chapter | and
the appendices provide general design data as regards
the instruction set, addressing modes, input/output
capabilities, interrupt structures, and other applications
related features.

1977, 160 pages, $5.00

SPECIAL FUNCTION
DATABOOK

This collection of circuits contains detailed information
for the specification and application of a large number
and variety of products, which are grouped together be-
cause most of them are hybrid modules with unusual
characteristics.

In the Sample-and-Hold Amplifiers section, for example,
you'll find precision sample-and-holds, fast S/H, very-
fast S/H, and a compact, complete-with-everything S/H
module. Under the Analog Switch heading are DPDT
and DPST MOS/FET and JFET switches, quads, duals,
low-cost switches, high-speed switches, muitiplexers,
commutators, etc. And under Amplifiers you'll find mi-
cropower and low-power op amps, high-voltage types,
wideband types, high-slew-rate amps, and so on. Be-
sides the product categories just mentioned, the Special
Function Databook also describes AD/DA converters,
buffers, comparators, MOS clock drivers, digital drivers,
resistor arrays, and active filters; there are three op amp
selection guides, and FET op amp and analog switch
cross-reference listings as well.

Apr. 1976, 308 pages, $3.00

DISCRETE DATABOOK

National's discrete semiconductors are described and
specified in the Discrete Databook. In addition to
bipolar and JFET small-signal transistors, the text
covers multiple-bipolars, multiple JFETs, and power
transistors, including commercial, industrial, and JAN/
JANTX/JANTXV types.

Besides specification sheets and package outline draw-
ings, the book includes Process Characteristics sheets.
These sheets describe and illustrate the many chip
types used in National’s discretes, and fully specify (via
tables and curves) the performance of any device built
with given process. Thus, a relatively-limited number of
Process Characteristics sheets describes thousands of
devices; a Standard Transistor Parts List refers each
transistor type to a particular Process Characteristics
sheet that determines the specifications for the device.

The Discrete Databook includes a great deal of helpful
information apart from the specifications themselves:
MIL-STD qualification data; bipolar and FET dice avail-
ability; a bipolar-transistor equivalents list; how to
choose the proper JFET; a JFET applications guide;
and a JFET cross-reference listing. There is also an ex-
tensive glossary of JFET terms and symbols.

Feb. 1978, 480 pages, $4.00

TTL DATABOOK

This volume of the Data Bookshelf has become one of
the industry’s best-known sources of DTL/TTL/ECL pro-
duct information. It fully specifies National's extremely-
broad line of bipolar logic; standard 54/74TTL; low-
power 54L/74L; high-speed 54H/74H; ultrahigh-speed
Schottky 548/74S; low-power Schottky 71LS/81LS;
Series 9000 TTL; Series 10,000 ECL; and Series 930
DTL.

These logic families include just about any function a
designer is likely to need: gates; buffers/drivers; flip-
flops, latches, and storage registers; counters; shift reg-
isters; multiplexers/demultiplexers; decoders/decoder
drivers; display drivers; comparators; parity generators;
one-shots; multipliers; arithmetic circuits; etc. Specifica-
tions include complete electrical performance charac-
teristics and package dimensions; separate sections de-
scribe ac test circuits and switching waveforms.

Feb. 1976, 592 pages, $4.00

ORDERING INFORMATION

All orders must be prepaid. Domestic orders must be
accompanied by a check or a money order made pay-
able to National Semiconductor Corp.; orders destined
for shipment outside of the U.S. must be accompanied
by U.S. funds. Orders will be shipped by postage-paid
Third Class mail. Please allow approximately 6-8 weeks
for domestic delivery, longer for delivery outside of the
u.s.
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DATA BOOKSHELF ORDER FORM

Please send me the volumes of the National Semiconductor DATA BOOKSHELF that | have
selected below. | have enclosed a check or money order for the total amount of the order,
made payable to National Semiconductor Corp.

Name. Purchase Order #
Street Address.
City State/Country Zip
_____copies @ $4.00, CMOS Databook, 3/77 ................... Total $
___copies @ $4.00, Interface Databook, 1977 ................. Total $
_____copies @ $4.00, Linear Applications, Vol. | ................. Total $
____ copies @ $4.00, Linear Applications, Vol. Il ................ Total $
____ copies @ $4.00, Linear Databook, 6/76 .................... Total $
____ copies @ $4.00, Memory Databook, 1977 .................. Total $
____ copies @ $4.00, Memory Applications, 1978 ............... Total $
____ copies @ $3.00, Microprocessor Applications in
Business, Science and Industry, 1977 ...... Total $
____ copies @ $4.00, SC/MP Microprocessor Applications, 1977 .. Total $
____copies @ $4.00, MOS/LSI Databook, 1977 ................. Total $
___copies @ $3.00, Pressure Transducer Handbook, 1977 .. .... Total $
____ copies @ $3.00, Special Function Databook, 4/76........... Total $
____ copies @ $4.00, Discrete Databook, 2/78 .................. Total $
___copies @ $4.00, TTL Databook, 2/76 ...................... Total $
Subtotal $
(California Residents Add 6% Sales Tax*) $
Grand Total §
Mail To:

NATIONAL SEMICONDUCTOR CORP., c/o MIKE SMITH
P.O. BOX 60876, SUNNYVALE, CA. 94088

Postage will be paid by National Semiconductor Corp. Please allow 4-6 weeks for delivery.

*(San Francisco Bay Area Residents Add 6Y2% Sales Tax)
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Section 14

Memory Databook
Referral Index

Virtually no data sheets have been included in this
handbook. National’s Memory Databook contains a
complete collection of the specifications of your favorite
components. Be our guest and use this section to list
part numbers and Memory Databook page numbers for
future reference.







Referral Index to
National's Memory
Databook

This section provides a convenient place for you to make note of your favorite components from Nationali’s Memory
Databook.

Just jot down the part number and page for easy reference in the future. Space has been left for several editions of the
Memory Databook.

Part Number Page in ‘77 Edition Page in ‘78 Edition Edge Index

MOS RAMs

Bipolar RAMs

ooqejeq Alowapy S jeuoneN O} Xapu| [eusey

CMOS RAMs

N =

Charge Coupled Devices

MOS EPROMs
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Referral Index to
National’s Memory
Databook

Part Number Page in ‘77 Edition Page in ‘78 Edition

Bipolar PROMs

Edge Index

Bipolar ROMs

MOS ROMs

Character Generators

Code Converters

E B & N &
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Referral Index to
National’s Memory
Databook

Part Number Page in '77 Edition

Shift Registers

Page in ‘78 Edition

Edge Index

Interface
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ERRATA

The following two diagrams represent improved methods for implementing the memory design beginning on page 2-9. This
approach, implementing ““RAS/only refresh,” will result in significant power savings. These diagrams can replace pages 2-14 and

2-16.
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