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ABSTRACT

In this research, an electronic daughterboard to be used on the Microelectronics and
Photonics Test Bed satellite was designed. A printed circuit board with radiation-hardened
components was laid out to test various families of static RAM chips and an experimental
Gallium-Arsenide integrated circuit. Computer-aided-design tools produced by Cadence Design
Systems were used to logically and physically design the experiment. Output from the Cadence

software provides the information necessary to fabricate, assemble, and test the board.
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I. INTRODUCTION

A. OVERVIEW

In order to understand the effects of space radiation on several different new electronic and
opto-electronic technologies, the Department of Defense (DoD) has scheduled a satellite launch to
study the new devices. The satellite, the Microelectronics and Photonics Test Bed (MPTB), is a
satellite payload that will be used to measure the effects of space radiation on microelectronic and
photonic devices and subsystems. Changes in device characteristics caused by space radiation will
be measured in a controlled experiment. Total Ionizing Dose (TID), Dose-Rate Effects (DRE), and
Single Event Upsets (SEU) are phenomenon to be studied in the MPTB experiment.
Experimental results will be transmitted to ground stations for further analysis and dissemination.

This thesis documents the design of an experiment to test for memory errors caused from
TID, DRE and SEU on high-speed integrated circuit (IC) memory chips of various logic families.
The design contains a microcontroller to write test patterns to each memory chip and then monitor
the integrity of the data. Detected errors will then be compiled and recorded. Addditionally, the
experiment will be designed to control an experimental GaAs IC. The chip autonomously writes,
tests, and compiles its own test data, but requires input to start and set internal clock speed.
Finally, the output data of the experiment must be sent to the main control unit of the MPTB in

order to be transmitted to a ground station.

B. THESIS ORGANIZATION

The goal of this thesis is to design a printed circuit board (PCB) with radiation-hardened
components in order to test orbital radiation effects of the selected test chips and to relay this
information to the main control package of the MPTB. Chapter II will present an overview of the
radioactive environment of space and how this impacts semiconductor components. Chapter III
discusses the MPTB satellite and daughterboard interfacing to the satellite. Chapter IV will
discuss component selection and issues concerned with using the components together. Chapter V
discusses connectivity and operation of the designed PCB. Chapter VI presents a summary of the
Cadence Board Design tools. Chapter VII presents conclusions, future considerations, and

requirements.







II. SATELLITE ENVIRONMENT
A. RADIATION EFFECTS ON SEMICONDUCTORS

1. TIDs, DREs & SEUs

Tonizing radiation effects in space vehicle electronics can be separated into three areas:
total ionizing dose (TID), dose-rate effects (DRE), and single event upsets (SEU). Each of these
effects are distinct with respect to one another, however, the underlying result of all three effects is
the malfunction of electronic components in orbit. Reference 2 contains an in depth summary of
these problems. The remainder of this chapter shall point out the important aspects of effects.

TID is the long-term degradation of electronics due to the cumulative energy deposited in a
material. Effects include parametric failures or variations in device parameters such as leakage
current, threshold voltage, etc., and functional failures. Significant sources of TID exposure in the
space environment include trapped electrons, trapped protons, and solar flare protons.

Another negative cumulative effect on semiconductor devices is caused by neutron
bombardment. Neutrons and other high mass particles cause displacement damage from physical
interaction with the silicon lattice. This damage results in decreased minority carrier capacity,
increased junction leakage currents, and reduced carrier mobility. Significant numbers of neutrons
are present during solar flare activity.

DREs occur when a short-duration, high energy burst of radiation strikes a semiconductor
and induces an electric current in the semiconductors substrate. The induced current is potentially
sufficient to be destructive to electronic devices. One example of a DRE is latchup. Modemn
electronic components make extensive use of complementary field-effect transistors. An unwanted
by-product of this technology is the presence of parasitic bipolar-junction transistors (BJT) at the
well/substrate PN junction. A high energy burst of radiation can generate the necessary current to
“turn-on” the parasitic BJTs. This effectively creates a short-circuit between power and ground,
resulting in the disabling or destruction of the associated FET.

SEUs occur when a single ion strikes the material, depositing sufficient energy in the
device to cause a fault. SEUs may be divided into two main categories: soft errors and latchup. In
general, a soft error occurs when a transient pulse or bit-flip in the device causes a detectable error

at the device output. Therefore, soft errors are entirely device specific and are best categorized by




their impact on the device. Latchup may be physically destructive to the device, and can cause

permanent or semi-permanent functional problems.

2. Impact of Radiation Effects

Device parametric and permanent functional failure are the principal failure modes
associated with the TID environment. Since TID is a cumulative effect, total dose tolerances of
devices are characterized as mean-time-to-failure (MTTF), where the time-to-failure is the amount
of mission time until the device has encountered enough dose to cause failure. The mission orbit,
launch date, and launch length determine the external radiation environment. The device exposure
to this hazard is determined by the amount of shielding between the device and the external
environment.

The system-level impact of SEU depends on the type and location of the effect, as well as
on the design. Permanent device failure is obviously of great concern. The effects of propagation of
transient SEUs through a circuit, subsystem, and system are also of particular importance. For
example, a device error or failure may have effects propagating to critical mission elements, such
as a command error affecting thruster firing. There are also cases where SEUs may have little or

no observable effect on a system.

B. SOURCE OF ORBITAL RADIATION

The main sources of radiation that contribute to TID, DRE and SEU are:

e Protons and electrons trapped in the Van Allen belts.

¢ Cosmic ray protons and heavy ions.

e Neutron, protons and heavy ions from solar flares.

The levels of some of these sources are affected by the activity of the sun. The solar cycle
varies from a solar minimum to a solar maximum. An average cycle lasts about 11 '/, years. A
solar maximum lasts 1 to 2 years and is followed by a 3 to 4 year period of decreasing solar
activity after which a solar minimum occurs. A solar minimum lasts 1 to 2 years and is followed

by a period of increasing activity of 3 to 4 years.

1. Charged Particles Trapped in the Van Allen Belts

SEUs in high density electronic parts are primarily caused by proton bombardment in the
Van Allen Radiation Belt. It is difficult to shield against high energy protons that cause SEU
problems and contribute significantly to TID, within the weight budget of a spacecraft. The Van



Allen Radiation Belt is a region around the earth consisting primarily of positively charged protons
and negatively charged electrons. The belt is divided into an inner and outer zone. The inner zone
begins at a few hundred miles altitude at the equator to approximately 5,600 miles. The outer
region extends from 7,200 miles out, to approximately 44,000 miles out [Ref. 3, p.3]. The particle
density of the outer zone is higher by about an order of magnitude compared to the inner zone. An
area of particular interest is the South America Anomaly (SAA). The SAA is a region of the Van
Allen Belt where the lower boundary of the inner zone dips to a mere 50 to 100 nautical miles
above the surface of the earth. Thus, even satellites in the lowest orbits are effected. The level of
radioactive activity and the actual physical boundaries of the Van Allen Belt depend on particle
energy and are affected by secular variation in the magnetic field, magnetic perturbations, local

time effects, solar cycle variations, and individual solar events.

2. Cosmic Ray Protons and Heavy Ions

Galactic cosmic ray particles originate outside of the solar system. The flux levels of these
particles are low, but because they include highly energetic particles of heavy elements such as
iron, they produce intense ionization as they pass through matter. Cosmic ray particle population
also varies with the solar cycle. The earths magnetic field provides spacecraft with varying degrees
of protection from the cosmic rays, depending primarily on the inclination but also on the altitude
of the orbit. The energy levels of galactic cosmic ray particles also vary with the ionization state of

the particle

3. Protons, Neutrons, and Heavy Ions from Solar Flares

When solar flare activity is present, high concentrations of protons, neutrons, and heavy
ions are present in earth orbit. The level of solar flare activity from the sun varies with the 11 '
year solar cycle. The solar maximum is characterized by solar activity during which large flare
events can occur. Events last from several hours to a few days and energies may reach a few
hundred MeV. As with the galactic cosmic ray particles, the solar flare particles are attenuated by
the magnetosphere of the earth. As with the high energy trapped protons, they are difficult to
shield against. Therefore, in spite of their low numbers, they constitute a significant hazard to

electronics in terms of SEUs.




4. Variation In Radioactive Exposure

There are extremely large variations in the TID, DRE and SEU levels that a given
spacecraft encounters, depending on its orbit through the radiation sources. Low Earth Orbit
(LEOs) satellites pass through the particles trapped in the Van Allen belts several times each day,
especially in the vicinity of the SAA. The amount of radiation that a satellite is exposed to during
these passes varies greatly with orbit inclination and altitude. Highly Elliptical Orbits (HEOs) are
similar to LEOs in that they pass through the Van Allen belts each day. However, because of their
high altitude, they also have long exposures to the cosmic ray and solar flare environments
regardless of their inclination. In Geosynchronous Orbits (GEOs), the only trapped protons that
are present are below energy levels necessary to initiate the nuclear events in materials surrounding
the sensitive region of the device that cause SEUs. However, GEOs are almost fully exposed to the

galactic cosmic ray and solar flare particles.



III. MICROELECTRONICS & PHOTONICS TEST BED SATELLITE
A. DAUGHTERBOARD EXPERIMENT DESIGN

1. Overview

The design project is a daughterboard experiment for the MPTB. The experiment is
designed to test high-speed integrated circuit (IC) memory chips in the high radiation environment
the MPTB is scheduled to fly in. The daughterboard will perform two primary functions. First,
the daughterboard will write test patterns to memory chips, each of a different logic family. The
test patterns will be continuously monitored for evidence of SEUs, DREs, and TID. Second, the
daughterboard will control an experimental gallium-arsenide (GaAs) IC. Results will be compiled,

stored, and sent to the MPTBs Core Electronics Unit for transmission to a ground station.

2. High-Speed Logic

The high-speed logic test is designed to compare memory ICs of different logic families for
susceptibility to space radiation. The experimeht is not designed to compare the access speeds of
the different memory ICs. For the high speed logic experiment, a 256 x 4 gallium-arsenide (GaAs)
static random-access memory (SRAM) IC and a 256 x 4 emitter-coupled-logic (ECL) SRAM IC
were chosen to test. A 4k x 4 CMOS SRAM IC was added to provide a baseline for comparison.

a. GaAs

Gallium arsenide is the fastest logic technology with gate delays as low as 10
picoseconds [Ref.1, p.970]. GaAs technology utilizes field-effect transistors, but because the
mobility of electrons for gallium-arsenide is five times that of silicon, GaAs gates are substantially
faster then their silicon counterparts. GaAs ICs also consume considerably less power than CMOS
circuits of comparable speed and functionality. Furthermore, it is also less expensive than ECL or
BiCMOS, and it the fastest commercially available logic family. On the negative side, this

technology suffers from a relatively narrow noise margin.

b. ECL

Emitter coupled logic is the fastest technology based on bipolar junction
transistors. Gate delay for this logic is as low as 1 nanosecond [Ref. 4, p.175]. The disadvantages
to ECL include high current levels, causing high power dissipation and heat buildup, which is

difficult to dissipate. Another negative attribute of ECL is poor IC integration. Voltage levels for




this family are -5.2 and 0 volts for a logical one and zero respectively, making ECL chips

compatible with CMOS and TTL only through the use of logic converters.

¢ CMOS

Complimentary metal oxide (CMOS) semiconductors are by far the most popular
family of IC logic. Strengths of this family include very low power dissipation, the capability for
very high degrees of integration, and low cost to manufacture. However, silicon FETs do not

possess the gate speeds as other logic families.

3. Experimental GaAs IC

The GaAs experimental chip is semi-autonomous. The chip generates its own test patterns
at eight different clock speeds, monitors itself for errors, and counts the number of SEUs that
occur. The chip does require outside inputs to begin execution, select a clock speed, and latch

results.

B. MPTB FUNCTIONAL DESCRIPTION
The MPTB consists of a central Core Electronics Unit (CEU) and three experiment panels.
MPTB experiments occupy daughterboard slots on each panel. Up to eight daughterboards may be

fitted on each panel. A block diagram is shown in Figure 1.

Figure 1: MPTB Functional Layout



C. DAUGHTERBOARD INTERFACE WITH SATELLITE

1. Connectivity
The CEU manages overall operation of the MPTB, including sending telemetry to ground
stations. Daughterboard experiments communicate with the CEU via Experimental Panel

Controllers (EPC) . Figure 2 shows a block diagram of the EPC.

PROCESSOR MODULE MEASUREMENT TOOLS POWER MODULE

Micro-  feuad RS-422 AD 28 V FROM CORE
controller Interface Converter

I C 1T 1

54 kB 128 Channell Housheeping 5V
Analog Mux Comarer

Experiment |]] Experiment
Daughterboard Daughterboard

Experiment |]| Experiment
Daughterboard Daughterboard

Experiment |]| Experiment
Daughterboard Daughterboard

Experiment ||| Experiment
Daughterboard Daughterboard

Figure 2: Experimental Panel Controller

Connection from the EPC to the daughterboard experiment is made via a 96-pin connector
( part # ELCO 10-8477-096-002-904 ). The pin assignments are tabulated on the next page in
Table 1.




Pin RowA | RowB | Row C Pin RowA | RowB | Row C
1 ADDRO ADDR? DATA0 17 52V 52V 52V
2 ADDRI1 ADDRS DATAL 18 52V 52V 52V
3 ADDR2 ADDRY | DATA2 19 52V 52V 52V
4 ADDR3 | ADDR10 | DATA3 20 GND GND GND
5 ADDR4 RD* DATA4 2 1 GND GND GND
6 ADDRS WR* DATAS 22 +15V +15V +15V
7 ADDR6 INT* DATAG 23 A8V 15V A5V
8 BD_SEL* |INT_RESET*j DATA? 24 | ANA_RTN | ANA_RTN | ANA_RIN
9 unassigned RESET* unassigned 25 ANA_RTN | ANA_RTN | D/A_REF
10 GND GND GND 26 | aNaLoci |aNa RTN.S| DAV
11 GND GND GND 27 | aNaLocz | aNaLoc? | ANALOGI2
12 +5V +5V +5V 28 | ANALOG3 | ANALOGS | ANALOG13
13 +5V +5v +5V 29 | ANALOG4 | ANALOGY | ANALOG14
14 +8V +5v +5v 30 | ANALOGS | ANALOG10| Dosim G
15 GND GND GND 31 | aNaLoGs | ANALOGI1| Dosim_s
16 GND GND GND 32 Temp_High | Temp_rtn Dosim_D

The panel controller provides both electric power and communication to the daughterboard
via the ELCO connector. Power supplies of interest include Vec ( +5 V'), Vee (-52V), and
GND. Communication of data from the daughterboard is available via an 11-bit address bus and
an 8-bit data bus. The eleven bit address defines an address space of two kilobytes of shared
memory space. These signals, as well as the memory read and write strobes from the EPC

microcontroller, are sent via Harris HCS245MS bus transceivers. Figure 3 on the following page

details this operation.
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Table 1: ELCO Connector Pin Assignments




BUFF_DATA<7..0> A7 B7 [ DATA7

BD_SEL*

BUFF_ADDR<10..0>

B8D_SEL*

111

5
SIGNALS TO DAUGHTERBOARD

BD_RD*»—
BD_WR*s—

SIGNALS FROM PANEL CONTROLLER

Figure 3: Daughterboard Communication Circuitry

These bus transceivers are mounted on the EPC motherboard. Output from the bus transceivers
are connected to the 96-pin daughterboard connector. The DIR pins are tied to ground on the
bottom two bus transceivers which sets the transmission direction from the panel controller side to
the daughterboard side. The flow on the top transceiver is bi-directional. This DIR pin is tied to

the EPC microcontroller read strobe to facilitate direction of data flow.

2. Communication Resources

Communication between the daughterboard and the EPC is accomplished via the address,
data, read/write, and interrupt pins of the 96-pin connector. As indicated on Table 1, pins 5B, 6B,
7B, 8A, 8B, and 9B are assigned to RD*, WR*, INT*, BD_SEL*, INT_RESET*, and RESET*,

respectively.

a. RD*and WR*
These signals are individually driven low when the ECP microcontroller is reading

from or writing to shared memory.
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b. INT*
The daughterboard can pull this line low to send an interrupt to the ECP

microcontroller. The purpose of this is to tell the ECP that the daughterboard has data in shared
memory to pass on. The daughterboard must not modify the data until the INT* line is reset by the

ECP microcontroller.

¢. INT RESET*
This line is driven low by the ECP microcontroller to reset a daughterboard INT*

line. This is done when the ECP microcontroller has read the necessary data stored in shared
memory. The ECP will keep this signal low until the daughterboard INT* line returns to a logical

one level.

d. BD SEL*

This signal is driven low when the ECP microcontroller selects the daughterboard.
From the time of the falling edge of this signal, the daughterboard has 657 nanoseconds [Ref. 2]

until the EPC microcontroller takes control of the shared memory.

e. RESET*
This signal is driven low by the ECP to reset all daughterboards.

3. Communication Interface

Data may be passed between the ECP and the daughterboard via two software protocols,
Type 1 Interface and Type 2 Interface. Each interface is designed to be as modular as possible to

facilitate the swapping of daughterboards if the need arose.

a. Type I Interface

Type 1 provides for a simple start/stop command structure. This protocol is
envisioned for use on memory experiment daughterboards. It provides for recording the address
range of a particular segment of a test and the test pattern used. It can report errors for specific
addresses and error count for a time period. This method uses the INT* and INT_RESET* signal

lines to control data flow.
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b. Type Il Interface

This interface is designed for experiments that require more complex commands
and/or will generate complex or variable error messages. Since the daughterboard for this thesis

will most likely use Type I Interface, no further comment shall be made.
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IV. DAUGHTERBOARD COMPONENT SUMMARY

A. OVERVIEW

Circuit board design begins with a conceptual idea or a design proposal. An important
aspect of turning a design proposal into a working design is finding a suitable place to start. For
the MPTB daughterboard design, the place to start was with the microcontroller. There are many
microcontrollers and microprocessors available to choose from. However, the requirement that the
microcontroller needs to be radiation hardened greatly narrows the list of choices. With a
microcontroller chosen, one may proceed with basic needs: memory, address decoding, non-
volatile storage, etc. The next element to be considered is communication with the daughterboard
panel controller. As the protocol for accomplishing this is usually dictated by the controlling
device, it simply remains to implement the necessary signals. Once this is complete, one may wire
up the memory chips to be tested to the microcontroller bus and control signals. From the aspect
of a memory experiment, the daughterboard is essentially complete.

This chapter is dedicated to explaining the operation of the daughterboard. The first
section will summarize the individual components on the board. Subsequent sections will explain

the operation of various subsections of the design.

B. SUMMARY OF DAUGHTERBOARD COMPONENTS

From this point forward, the following convention shall be used. Pins with active-low
signals will be designated with an asterisk. For example, a component with an active low chip-
select pin, CS, shall be designated CS*. Datasheets for the following components are available in
Appendix B.

1. UT69RHOS51 Microcontroller
The UT69RHOS51 is a radiation hardened CMOS microcontroller made by United

Technologies Corporation (UTMC). The chip is based on the widely used Intel 8051
microcontroller and uses the same MCS51 assembly language. It has four 8-bit programmable
/O ports numbered Port 0 to Port 3. Port 0 and Port 2 are usually used as a 16-bit address bus,
allowing it to address 65 kilobytes of memory. Port 0, which comprises the low byte of the address
bus, is multiplexed with the 8-bit data bus. Read and Write strobes on Port 3 control external data
reads and writes. Finally, the UT69RHO51 has two pins on Port 3 for external interrupts.
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2. UT22VP10
The UT22VP10 is a radiation hardened programmable array logic (PAL) made by UTMC.

The TTL version was chosen because the it can source much more current to the outputs. This IC
will be used to implement all random logic functions (AND, NAND, OR, NOR, NOT) in one IC.
The UT22VP10 features up to eleven inputs and 10 outputs.

3. HS138MS
The HS138MS is a radiation-hardened 3-to-8 CMOS decoder made by the Harris

Corporation. The purpose of this chip is to provide address decoding. The chip has three inputs
(A0..2) and eight active-low outputs (Y7..0*). Chip select is accomplished via three enable inputs
(E1*, E2*, E3), allowing up to three separate signals to control the device. All outputs have
logical ones written to them when any one of the enables is not set This IC will be used for address

decoding for the various memories on the daughterboard.

4. HCST541MS
The HCST541MS is a radiation-hardened 8-bit tri-state buffer. This IC is used to isolate

components on the data bus when those components are not selected. The ‘541 has an 8-bit input
(A7..0), 8-bit output (Y7..0), and two output enable pins (OE2*,0E1¥*). The separate output

enable pins allow for added flexibility for output control.

5. HCS573MS
The HS573MS is a radiation-hardened 8-bit CMOS latch made by Harris. The purpose of

this chip is to latch the lower byte of the address of the microcontroller. Recalling that the lower
address byte of the microcontroller is multiplexed with the data outputs, the latch grabs the address
byte to prevent address timing difficulties that may be encountered when a microcontroller
addresses different types of memories with their own unique timing characteristics. The ‘573 has
an 8-bit input (D7..0) and an 8-bit tri-state output (Q7..0). Chip operation is controlled by an
active-low output enable (OE*) and an active-low latch enable (LE*). The latch is logically
transparent when latch enable is high. Inputs are latched on a high-low latch enable transition. The
*573 is functionally similar to the ‘373 latch commonly found on TTL/CMOS ICs. However, the

‘573 features a “broadside” pinout; that is, all inputs on one side and outputs on the other.
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6. HS-6664RH

The HCS6664RH is a radiation-hardened 8k x 8 CMOS PROM made by Harris. The
purpose of using this chip is to provide non-volatile memory storage for the daughterboard. The
‘6664 features a 13-bit latched address input (A12..0) and 8-bit tri-state data outputs (DQ7..0).
The chip may be programmed by setting program select (P*) low. Two other inputs, chip select

(E*) and output select (G*), control overall chip functions and output functions respectively.

7. HS-65647RH

The HS-656457RH is a radiation-hardened 8k x 8 CMOS SRAM made by Harris. The
purpose of the ‘65647 is to provide memory space for the microcontroller to do calculations. The
chip features a 13-bit address input (A12..0) and 8-bit tri-state data output (DQ7..0). Control
signals consist of two chip select pins (E1*, E2), one output enable (G*), and one write enable
(W*).

8. HS-82C85RH

The HS-82C85RH is a radiation hardened CMOS clock generator made by Harris. The
purpose of the chip is to input an oscillating waveform and output a consistent, square-wave, clock
signal. The chip has two crystal inputs (X1, X2). Three sets of control pins, a speed operation pin
(FST/SLO), crystal/oscillator select pin (F/C), and three start/stop pins (S2..0) are used to control
chip operation. Clock outputs are available in either a one-to-one ratio with the input (OSC) or a

divide-by-three ratio with the input (CLK50).

9. 100328

The 100328 is an octal bi-directional ECL/TTL logic converter. A radiation hardened
version is available from National Semiconductor. This IC is used to convert logic signals to and
from the ECL memory chip to be tested on the daughterboard. Inputs/outputs (I/O) consist of eight
TTL I/O pins (T7..0) and eight ECL I/O pins (E7..0). The logic level on the direction control pin
(DIR) controls if the chip is in ECL-to-TTL or TTL-to-ECL mode. In either mode, outputs may
be latched. The latch enable pin (LE) implements this function. Finally, a chip select pin (OE)
enables the /O pins. When not enabled, the ECL pins are cut-off and the TTL pins are tri-stated.

10. F10422
The F10422 is a 256 x 4 ECL SRAM made by National Semiconductor. This is one of

four ICs to serve as experiment chips on the daughterboard. This chip has eight address inputs
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(A7..0), four data inputs (D3..0), and four data outputs (03..0). Output from individual data pins
may be individually selected via four-bit select (BS3..0). A write enable (WE*) determines if data

inputs or outputs are active.

11. VS12G422T
The VS12G422T is a 256 x 4 GaAs SRAM made by Vitesse. This is another of the four

components to be tested for the daughterboard experiment. This chip has eight address inputs
(A7..0), four data inputs (D3..0), and four data outputs (03..0). A write enable (WE*) and an
output enable (OE*) determines if the data inputs or data outputs pins are active. Chip select is

accomplished via two pins (CS1*, CS2).

12. IDT6168
The IDT6168 is a 4k x 4 CMOS SRAM made by Integrated Device Technology, Inc.

This chip is another IC to be tested for the daughterboard experiment. The chip has twelve address
inputs (A11..0) and four data pins (/03..0). Output is entirely controlled by the logic level on the
write enable pin (WE*). Chip select is accomplished via a single pin (CS¥).

13. Experimental GaAs IC

This chip is an experimental gallium-arsenide IC being designed at the Naval Postgraduate
School. The IC is a semi-autonomous test package. The chip writes test patterns to its own flip-
flops, and detects and counts SEUs. Input is needed from an outside controller to select one of
eight clock speeds, begin execution, and read output results. Three clock select pins (SEL2..0)
determine clock speed. A one-to-zero transition on the reset pin (RESET) zeros the two SEU
counters and begins execution. A one-to-zero transition on two output control pins (READ_SR,
READ _LFSR) latches the current SEU count in the respective counters into two 8-bit output
registers (SR7..0, LFSR7.0). The chip also produces two counter overflow signals
(SR_OVERFLOW, LFSR_OVERFLOW) and one signal indicating operation has terminated
(SEU_ON_RESET).

14. ELCO 10-8477-096-002-904

This connector is specified in the MPTB Interface Control Document as the connector for

daughterboards.
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15. Capacitors
a. Phillips Surface Mount

These capacitors are connected on all components between power and ground to

filter off any AC current noise present from the switching of the component logic.

b. Panasonic NHE
This capacitor is used to filter any noise from the -2V power supply to the
Experimental GaAs IC.

16. Resistors
a. Phillips Surface Mount

These surface mount resistors are used as pull-up resistors for various component

which need pins tied to logical one.

b. Ohmite Vitreous Enamel Conformal

These resistors are utilized in lieu of the surface mount resistors when the amount

of power dissipated is expected to be more than the surface mount resistors are designed to handle.

17. Crystal Oscillator

This is a quartz crystal made by Raltron. It provides an oscillator input to the Harris clock
generator. A 36 MHz crystal is planned for the daughterboard. This is achieved by using the 3"
overtone of a 12 MHz fundamental frequency.

18. Zener Diode

This part is made by the Motorola Corporation. This element is used to regulate a -2 volt
power supply for the experimental GaAs chip. Zener diodes maintain a specific voltage drop for
varying currents. Thus, as the amount of current drawn by the GaAs IC varies, the diode will

compensate for this and continue to supply -2 V.

C. COMPONENT ELECTRICAL REQUIREMENTS

The majority of the logic components of this design use +5V and Ground as a logical one
and zero, respectively. Those parts that do not use these voltages have logic converters to translate
their respective logic levels. However, components which use the same voltage levels cannot be
automatically connected together and expected to function correctly. For component pins which

drive signals to multiple ICs, such as data and address lines, a critical issue is whether those pins
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can source or sink enough current. A manufactures datasheet usually provides two parameters, Ioy
and Io., to determine how much current output pins can handle. Ioy is defined as the maximum
current that the output can source when driving a logical one and still maintain the required
minimum voltage level for a logical one, Vou. Iov is defined as the maximum current that the
output can sink when driving a logical zero signal and still maintain an output voltage no greater
than the maximum voltage for a logical zero, Vor. The amount of current required for an output to

source or sink is determined by Equation 4.1.
Lsotres = Z Iy + Z Iipk Equation 4.1

I is the amount of current an input draws when driven high. Irgax or “leakage” current is the
amount of current a connected but not enabled input pin draws. The amount of current for an

output pin to sink when driving a signal low is defined by Equation 4.2.

Tong = Z I, + Z Iigy Equation 4.2

I is the amount of current drawn from an input pin when being driven low. Iigax in this case is
the amount of current a connected but not enabled input pin sources.
A summary of input and output currents for the components to be used in the design are

tabulated in Table 2:

Component Ion(mA) | Iop(mA) | Im(pA) | In (A) | Iieak (pA)
‘8051 Port 0 7.0 7.0 10 50 10
‘8051 Port 1,2,3 0.06 3.5 10 10 10
UT22VP10 12.0 12.0 10 10 10
HS-6664RH 2.0 48 1 1 10
HS-65647RH 5.0 8.0 1 1 60
HS-82C85RH 2.5 5.0 1 1 5
HCS138MS 6.0 6.0 5 5 5
HCS573MS 6.0 6.0 5 5 5
HCTS541MS 6.0 6.0 5 5 5
VS12G422T 52 8.0 100 100 1000
IDT6168 8.0 4.0 10 10 10
F10422 n/a n/a 220 50 n/a
100328 (TTL) 1.0 24.0 70 1000 70
100328 (ECL) n/a n/a 500 0.5 n/a

Table 2: Summary Of Component Pin Currents
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An output pin usually cannot source enough power only when it is hooked up to multiple
inputs. The only component on the design where this condition is present is the microcontroller.
Port 0 of the ‘8051 is hooked up to the most components. However, referencing Table 2, these
pins can source 7.0 mA current. With typical input loads of a few micro-amperes, no problem
exists here. However, Ports 1, 2 and 3 can only source 60 pA to hold attached signals high. This
is a problem for only the write strobe on Port 3. This signal is routed to two HS-65647 RAMs,
the IDT6168, the VS12G422T, and one of the 100328s. Referencing Table 2, the input leakage
currents to all the aforementioned chips totals 182 pA. Thus, the write strobe does not source
enough current to maintain a logical one. Without correction, WR* is virtually tied low.

The solution is to tie this line high via a pull-up resistor. However, the resistor must be
chosen such that it sources enough current to keep the line high when not active. It also must pull
the line low when WR* is active. Equation 4.3 [Ref. 5, p.693] is used to calculate the maximum

resistor value.

Vop =V,
R,. = 2 = uation 4.3
MY mx Ty, + Y Ty =
Using values from Table 2, Vpp = 5V, and Voy = 3.2V (a conservative value),
R 0= o2 10,000 Q
MIX T (100 + 1+1+10+70)
To calculate the minimum resistor value, Equation 4.4 is utilized.
Vo, -V,
2o oL Equation 4.4

Ry = —2—&—
M IOL - ZIL

Using values from Table 2, Vpp =5 and Vo = 0.4V,

5-04
35- (1000+100+10+1+1)

~ 2,000Q2

RMIN =

Therefore, any value between 2-10 kW will allow the strobe to work correctly. Calculating the

median voltage, the WR* signal is tied high via a 6 kQ resistor.
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D. TIMING ANALYSIS

Whenever memories and a microprocessor are tied together, the RAM speed must checked.
One must analyze the timing diagrams of the components to ensure minimum and maximum setup,
hold, and valid times are not compromised. Figure 4 below depicts the ‘8051 read cycle. The
daughterboard will be using a 12 MHz clock. Therefore, each clock period, Teik, is 83
nanoseconds. Using this time to reference the UT69RHOS51 datasheet, two representative times are

calculated for the microcontrollers memory access time parameters. The first, tiipy , is the time
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PORT 2 )ﬁ P2.0 - P2.7 OR A3 -A15 FROM DPH X AB - A15 FROM PCH

Figure 4: Microcontroller External Memory Read Cycle

from when ALE goes low to the time valid data is present on the data bus. With an 83 ns period,
tuov = 514 ns. When ALE goes low on the daughterboard, the HCS138MS decoder chip is
enabled. The maximum propagation time from enable to output for the decoder is 34 ns. This
time must be subtracted from t;;py . The result, 480 ns, is the maximum time a memory chip has
from enable to data-valid.

Another critical access time is tg;py. This is the time from the read strobe goes active to
the time valid data is present on the bus. This time at 12 MHz is 250 ns. The read strobe passes
through the UT22VP10 PAL. This incurs a propagation delay of 25 ns. Thus, the access time is
225 ns. Table 3 below compares these times with the corresponding access times for all memories.

As one can see, even the slowest SRAM can meet these maximum time by a wide margin.
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Component tLipy tripv
UT69RHO51 480 225
HS-6664RH 60 20
HS-65647RH 50 15
F10422 10 n/a
VS12G422T 4 4
IDT6168 70 n/a

Table 3: Summary of Memory Access Time

The overall conclusion to be drawn from this is that all memories utilized in the
daughterboard are significantly faster then they need be. However, one must bear in mind that the
daughterboard is designed for testing radiation hardness, not speed.
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V. DAUGHTERBOARD OPERATION

A. MICROCONTROLLER CORE SECTION

The microcontroller is the core of the entire daughterboard. This section consists of one
UT69RHO051 microcontroller, one HCS573MS latch, one HCS138MS decoder, two HS-6664RH
PROMs, and two HS-65647RH SRAMs. Figure 5 on the next page depicts this section of the
daughterboard.

1. Latch Connection

The first component connected is the HCS573MS (‘573). The inputs of this device are
connected to Port 0 of the microcontroller, LE* is connected to ALE*. When ALE* goes low, the
lower byte the microcontrollers address is latched. Therefore, from this point forward, reference to
the address bus shall include the upper byte coming from the microcontroller and the lower byte
coming from the latch. Reference to the data bus shall pertain to the Port 0 pins of the

microcontroller.

2. Decoder Connection

The next component to connect to the microcontroller is the HCSI38MS (°138).
Connecting address pins A15..12 to the A2..0 input pins of the ‘138, the 65k address space of the
‘8051 is divided into eight 8k segments. The outputs of the decoder, Y7..0, are used as enable
signals for each segment. ALE* from the ‘8051 is wired to ‘138 enable E1* to synchronize the
address decoding with the latch of the lower address byte of the ‘8051. Not doing this will cause
components with latched address inputs to incorrectly decode the lower address byte. The other

two enable inputs for the 138, E2* and E3, are tied low and high, respectively.

3. Combining PSEN* and RD* ‘

The ‘8051 actually has the ability to address two separate 65k blocks of memory. Two
read strobes, Program Store Enable (PSEN*) and External Data Read (RD*), exist on the
microcontroller, The MCS51 assembly language has separate move instructions to choose between
the two address spaces. In order to simplify programming, a common practice is to combine
address spaces by wiring the two read strobes into an AND gate. Both strobes are active-low.
Thus, when either is active, an active-low signal will appear at the output of the AND gate. From

this point forward, this output will be referred to as “the” read strobe or “RD*” signal.
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4. SRAM Connection

It was decided that the amount of SRAM needed for the daughterboard was 16k. This was
a compromise between using 8k, which had the possibility of being too small, and 32k, which took
up half the address space of the ‘8051. Therefore, two HS-65647RH (*65647) are used. Wiring
to the ‘65647s is straight-forward. Address pins A12..0 are connected to the address bus, data
pins DQ7..0 are connected to the data bus. The board read and write strobes are wired to the
output enable pin (G*) and the write enable pin (W*). Recalling the MPTB ICD specifies a shared
memory space of 2 kilobytes, this necessitates that at least one of the ‘65647 chips must have the
first 8k of address space. Therefore, the YO* signal from the ‘138 decoder is connected to the
chip-select pin, E1*, of the first ‘65647 (designated RAM1 on Figure 5). Y1* of the decoder is
connected to E1* of the other ‘65647 (RAM2 on Figure 5). Together, the two SRAMs occupy a
continuous memory space form 16k to 0. The final connections are to tie E2 on both SRAMs high

since only one chip-select is necessary.

5. PROM Connection

It was decided that the amount of SRAM needed for the daughterboard was 6k. Two HS-
6664RH (‘6664) are used to implement this. Wiring to the ‘6664s is straight-forward. ~Address
pins A12..0 are connected to the address bus and data pins DQ7..0 are connected to the data bus.
The board read strobe is wired to the output enable pin (G*). The Y3* signal from the ‘138
decoder is connected to the chip-select pin, E*, of the first ‘6664 (designated ROM1 on Figure 5).
Y4* of the decoder is connected to E2* of the other ‘6664 (ROM2 on Figure 5). Together, both

ROM chips occupy a continuous memory space from 16-32k.

6. Clock Input

The CLOCKS50 pin of the HS-82C85RH (82C85) provides the ‘8051 with a 12ZMHz
clock signal. This is connected to XTALI of the ‘8051, as depicted on Figure 6. The frequency
source of the ‘82C85 is derived from a 36 MHz crystal oscillator connected to the X1 and X2 pins
of the clock generator. Several pins on the ‘82C85 are tied either high or low to set the desired
operation of the chip. The F/C pin is tied low to select crystal oscillator input. The FST/SLO pin
is tied high so that the output on the OSC and CLOCKS50 pins are 36 MHz and 12 MHz,
respectively (selecting low has a divide by 768 effect). Finally, S2*, S1, and SO are tied high, low

and low respectively to disable the stop-clock function. Connection to the crystal is done via two
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Figure 6: Daughterboard Clock Signal Source

47 pF capacitors in order to provide the most stable operation of the OSC output (which provides
the clock to the experimental GaAs IC). This is accomplished by matching the load capacitance of
the crystal to the combined capacitance of the capacitors. This relationship is defined in Equation
5.1 below.

c _CGC2

= Equation 5.1
crystal C; + Cz qu n

The load capacitance of the crystal is 24 pF. Therefore, C1 =C2 = 48 pF. The closest
capacitors available is 47 pF (+/- 5 %).

7. Miscellaneous Microcontroller Connections.

The ‘8051 has 256 words of internal memory. This unnecessarily complicates the memory

address space and is not recommended to use. This memory is of little use because of its small size
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and complicates microcontroller programming. Wiring EA* on the microcontroller to ground

disables this memory.

B. SATELLITE INTERFACE SECTION

As previously stated, communication between the daughterboard and the EPC via a 96-pin
connector. The communication signals between the two components was discussed in Chapter III.
Actual connection is depicted in Figure 7. This interface has three basic operations. First, the EPC
requests attention from the daughterboard via an interrupt. Second, the daughterboard may

interrupt the EPC. Third, the daughterboard transfers information to the EPC.
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Figure 7: Interface To Satellite
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1. Interrupt From EPC To Daughterboard
The BD_SEL* signal from EPC is connected to the INTO* pin of the ‘8051

microcontroller. When the EPC drives the BD_SEL* signal low, it activates Interrupt O on the
daughterboard microcontroller. As previously stated, the daughterboard has 657 nanoseconds
before the EPC microcontroller begins to access the shared memory in the Harris SRAM. When
the EPC has finished its memory access, it negates the BD_DEL* signal, allowing the

daughterboard microcontroller to resume processing.

2. Interrupt From Daughterboard To EPC
The daughterboard ‘8051 may send an interrupt to the EPC. The daughterboard must then

wait for a response from the EPC. When the EPC responds, it will initiate a read from shared
memory. Implementation of this handshaking protocol is implement by connecting the INT* and
INT_RESET* from the EPC via the connector, to ‘8051 Port 1 pins 7 (P1.7) and 6 (P1.6),
respectively. This implements a handshaking protocol between daughterboard and panel controller.

Any ‘8051 Port pin may be programmed, provided the pin is not being used to fulfill
another task. Ports 0, 2, and 3 of the microcontroller are used for the address bus, data bus,
read/write strobes, and interrupts. Until this point, the Port 1 pins are unused. Thus, a subroutine
may be written to drive P1.7 low to send an interrupt to the EPC. The subroutine can then instruct
the daughterboard ‘8051 to poll P1.6 for a response. When the EPC drives INT_RESET* low, the
daughterboard would have the attention of the EPC, allowing data transfer to take place. Using
the Port pins in this fashion works well in this case because the microcontroller initiates contact
and knows it only has to poll for a response for a limited time. If contact was not initiated from the
daughterboard, the microcontroller would be forced to continuously poll a Port pin(s). This would

be taxing on the microcontrollers resources.

3. EPC Accessing Shared Memory
The EPC has access to the daughterboards lower 2 kilobytes of address space and the

boards data bus. The read and write strobes from the connector are connected to the read/write
signal lines of the daughterboard. Once communication is established between daughterboard and

EPC, R/W cycles proceed uneventfully.
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C. MEMORY TEST SECTION
This section contains the three memory chips of different logic families. ECL-TTL level

converters are required for the ECL SRAM. Additional logic gates are required for address
decoding. Figure 8 depicts the logical layout.

1. CMOS SRAM
Connection of the IDT6168 (‘6168) is straight-forward. Its address pins (A11..0) are

tapped into the lower 12 bits of the daughterboard address bus. The data pins (I/03..0) are tapped
into the lower four bits of the data bus. R/W cycles are controlled exclusively by the write-enable
pin, WE*. If the chip is selected and WE* is not asserted, a read operation is completed. The chip-
select pin CS* is connected to the Y4* output of the ‘138 decoder. This allocates the ‘6168
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address space 32k to 40k. However, the chip only utilizes the lower half of its allocated 8k address
memory space. The upper 4k of the memory space is unused. This inefficient use of address

space was chosen to minimize the number of gates required for address decoding.

2. GaAs SRAM
Connection of the VS12G422T (‘422T) requires its address pins (A7..0) to be connected

to the lower byte of the daughterboard address bus. The separate data input and data output pins
are connected to their respective data bus lines. The microcontroller read and write strobes are
connected to OE* and WE*, respectively. The 422T is allocated memory address space from 40k
to 44k. Decoding of this address space is accomplished by routing theY5* output of the “138
decoder and the A12 address line into a 1-to-2 decoder. The 1-to-2 decoder is implemented in
Figure 8 with two NAND gates and two inverters. This divides the 8k address space defined by
the decoder into two 4k blocks. The ‘422T is allocated the lower half by connecting the CS1* pin
of the ‘422T to the lower NAND gate of the 1-to-2 decoder. The ‘422T only uses 256 of the 4,000

locations it is allocated.

3. ECLRAM
Connection of the F10422 (‘422E) is considerably more involved. ECL technology uses

-5.2 volts and ground for logical zero and one, respectively. Thus, all signals to and from the ECL
SRAM must pass through 100328 ECL-TTL logic converters. Three 100328s are required to
implement translate all necessary signals to and from the ECL chip. The first converter is subtitled
“ADDR” in Figure 8. The lower byte of the daughterboard address bus is routed to the TTL side.
The signals come out the ECL side and into the address pins of the ‘422E. The 100328s are bi-
directional. Since address information only propagate from the TTL side to the ECL side, the DIR
pin of this converter is tied high so that signals only travel in the desired direction.

The lower four data bus lines of the daughterboard are connected to the TTL side of the
100328, labeled “DATA” in Figure 8. The signals route from the TTL side to the ECL side into
the corresponding data-in pins (D3..0) and data-out pins (03..0). Since the data lines need to be
bi-directional, the DIR pin of this 100328 is connected to the read strobe of the daughterboard. On
read operations, the read strobe is at logic level zero, allowing information on the 100328 to flow
from the ECL to the TTL side. During memory write operations, the read strobe is at logic level

one, which sets the converter to allow data to travel from the TTL side to the ECL side.
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The third 100328, subtitled “RD/WR” on Figure 8, is utilized to pass the daughterboard
read and write strobes to the ‘422E. These signals could not be sent through the “DATA” 100328

because when the direction of the converter is set in the ECL to TTL direction, the read and write

strobes would be cut off. Therefore, the separate IC was required. The read strobe outputs the
ECL side of the 100328 and connects to the four select lines, BS3..0 of the F10422. There is no
need to individually access the data output lines, so all four are shorted together. The write strobe
proceeds from the logic converter and connects to the write enable pin, WE*. The signal direction
on this 100328 is exclusively from the TTL side to the ECL side, so the DIR pin is tied high.

Finally, the ECL SRAM is allocated address locations 44k to 48k. Address decoding is
accomplished using the other output of the 1-to-2 decoder described in the GaAs SRAM section.
This enable line is not connected to the ‘422E, but tied to the OE pins on all three 100328s. When
the address decoders select the ECL SRAM, they enable the logic converters to allow transactions
to the ECL chip to occur. When not selected, the TTL side of the three 100328s are in the high
impedance state, effectively isolating the ‘422T.

D. EXPERIMENTAL GALLIUM-ARSENIDE IC
The operation of this chip has been described previously. However, considerable logic is
required to implement its operation. Figure 9 logically depicts this part of the daughterboard.

Operation of the circuit is describe in the following subsections.

1. Address Decoding

The Experimental GaAs chip (‘XGaAs) is allocated address space 48k to 56k. This
address space is used to provide four enable lines for three HCST541MS (“541) tri-state buffers
and one HCS573MS (°573) latch. Address lines A12 and All input to a two-to-four decoder
which is created from four AND gates and two inverters. These outputs are each input into a
NAND gate with the Y6* output of the ‘138 decoder. The ‘138 output acts a master enable signal.
The net effect is that four active-low enable signals are created, INPUT EN* SEU EN*
LFSR_EN*, and SR_EN*. Utilization of these signals is described shortly.
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2. Control Inputs

The ‘XGaAs has seven inputs to control chip operation. To manipulate these control lines,
the outputs of a “573 latch is utilized. The inputs to the latch are connected to address lines A6..0.
The INPUT_EN* is connected to the chip-select pin, OE* of the ‘573. The ‘8051 ALE* signal is
attached to the LE*. Recall that when ALE* goes low, the inputs are latched on the output side of
the °573. Therefore, when the latch is selected via address decoding of address lines Al5..11,
variations of A6..0 may be used to provide up to 2’ separate input signals to the ‘XGaAs.

3. Reading Counter Outputs

Recall the ‘XGaAs has two counter outputs, LFSR7..0 and SR7..0. These outputs are not
tri-stated. In order to connect them to the daughterboard data bus for reading, the ‘541 tri-state
buffers must be utilized to isolate these signals when not selected for reading. The inputs of two of
the buffers are connected to the two counter outputs. The LFSR_EN* enable signal is connected
to the output select pins, OE1..0, of the ‘541 which is connected to the inputs LFSR7..0. The
SR_EN* signal is connected the tri-state buffer that is connected SR7..0. Thus, the proper address

decoding to activate either of the enable inputs will select the corresponding counter to be read.

4. Responding To Interrupts

Recall that the ‘XGaAs has three active-high interrupt signals. Unfortunately, the ‘8051
only has one remaining external interrupt. In order to accommodate this problem, the three
interrupt signals form the ‘XGaAs are routed to the inputs of a three input NOR gate. The output
of this gate is connected to the remaining external interrupt pin on the microcontroller, INT1*.
Each of the three signals are also routed on the low three bits of the data bus via another ‘541
buffer. The SEU_EN* signal is connected to the OE1..0* pins of the tri-state buffer. Therefore, if
one or more of the three interrupt signals goes active, this will produce a logic zero on the NOR
gate, subsequently sending an interrupt to the microcontroller. An interrupt handling subroutine
may be written to perform a read to the ‘541 buffer if an interrupt is detected. The read bits could
then be tested to determine which of the three interrupt conditions was activated. The interrupt

handling subroutine could then take appropriate action.

5. Power Supply
The ‘XGaAs presents a unique problem in that it requires a negative two volt power

supply. This is the only instance on the entire daughterboard where the required power supply is
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not provided by the EPC. The two resistors, one capacitor, and one zener diode depicted in Figure
9 forms a voltage regulator circuit that produces the required -2 volts. The circuit uses the -5.2
available voltage supply. A 5 kQ resistor and a 2 V zener diode are connected in series to ground.
The diode serves to stabilize the voltage if fluctuations in the current drawn occur. The voltage
between the resistor and the diode is at the required -2 V. A 1000uF capacitor is connected in
parallel to ground to filter off any AC noise. Finally, a 2 kQ resistor is added to complete the
circuit. The four pins depicted on the bottom of the ‘XGaAs chip in Figure 9 are four pins that
require the -2 V power supply. Thus, at the point shown in the diagram, a stable -2 V source is
available for the ‘XGaAs IC.

E. PROGRAMMABLE ARRAY LOGIC

The previous sections each had basic logic gates decoding address space, inverting
signals, etc. These gates were shown in each section in order to make each section more
understandable. The finished daughterboard design actually implements all of these gates in a
single UT22VP10 PAL. Figure 10 on the next page shows the PAL with its input and outputs
labeled with the assigned signals. The various logic gate structures utilized in the design are shown

for reference.

F. COMPLETE DAUGHTERBOARD DESIGN
The complete logical design for the MPTB motherboard is a compilation of all the

previous sections. Figure 11 on page 37 shows the entire design. Each of the previous sections
previously discussed is incorporated. Within each design subsection, placement of components
relative to one another is the same as in Figure 11. However, note that all logic gates have been

remove and the PAL displayed in their place.
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VI. CADENCE BOARD DESIGN TOOLS

A. OVERVIEW

The Cadence Board Design Tools are a subset of CAD tools of the greater Cadence CAD
tool set. Design begins concurrently in Rapid Part and Concept. Rapid Part is a component
library development tool, Concept is a schematic capture tool. Once complete, the information is
compiled into a net-list for input into Allegro. Allegro is a CAD tool for designing a printed circuit
board, including wiring and component layout. Qutput from Allegro may be sent to a printed
circuit board company for board fabrication

The following sections contain a summary of the use of each CAD tool to give an idea of a
beginning to end board design in Cadence. Also mentioned are some tips and tricks to help with

the programs.

B. RAPID PART

The purpose of Rapid Part is to produce a symbol that reflects the correct pinout of a
component one intends to use. If a component comes in several package types, Rapid Part can
generate multiple versions of the same component, ie DIP, flatpack, quad-flatpack, etc. Another
key piece of information inputted is the JEDEC type of each package. A JEDEC is the footprint a
particular IC package makes on a printed circuit boards. It contains precise information on pin-
hole spacing and pin-hole size for the actual design of the board. Appendix B of the Allegro
Library Development manual contains a listing of standard JEDECs . If the correct footprint is

not available in the Allegro library, the user has the ability to make their own.

C. CONCEPT

Once a library of parts has been created in Rapid Part, or at least enough components have
been created to get started, Concept is used to logically wire the components together. Before
using the program, it is strongly recommended that the Concept Stopwatch Design Tutorial be
completed in order to become familiar with Concept. This tutorial is an efficient method to learn
the program.

When initially setting up the program in GLOBAL SETUP, component libraries needed
for the design must be entered. For basic logic design, the following libraries need to be included:
LSTTL, ELEMENT, STANDARD, and any local libraries. LSTTL will give one a complete
library of logic gates with standard symbol shapes. The ELEMENT library contains basic discrete
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components such as resistors and capacitors. If a pin needs to be tied high or low, the ELEMENT
library contains VCC and GND. The STANDARD library contains the full set of MERGES and
TAPS. Any local libraries will contain parts created in Rapid Part.

An important issue not covered in the tutorial is the management of busses. It is
recommended one thoroughly read the uses of TAPS and MERGES in the Concept Schematic User
Guide. A tap is used to split off a subset of lines from a larger bus. When the TAP is used,
signals split off bear the same signal name and properties. For instance, if one has an eight-bit bus
called DATA<7..0>, using the command TAP 6..3 will tap into lines 6, 5, 4, 3. A wire connected
to this tap will automatically inherit the signal name DATA<6..3>. MERGES can also be used to
divide buses. However, since the number of total lines coming in one end of a merge must equal
the number lines of exiting, one of the outputs from the merge must be left dangling with the
appropriate unused signals assigned to it.

Concept deals with the connection of signal pins. A problem arises as power and ground
pins are not usually shown. On a circuit board, it is a standard practice to wire a capacitor
between the power and ground pins to filter off any AC noise generated from switching logic. But
with no power and ground pins on the logic symbols, accomplishing this is confusing. The solution
is to place a capacitor next to the logic component and connect the ends of the capacitor to VCC

and GND symbols in the ELEMENT library as shown in Figure 12. This will allow connections
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Figure 12: Placing Capacitors

40



between the capacitors to the power and ground pins on each component in Allegro. Not taking

this step will cause Allegro to mark a design error.

D. VALID COMPILER AND PACKAGER XL

Once a logical design is complete, one needs to run the design through Valid Compiler and
Valid Packager to format the design to import into Allegro. Valid Compiler produces a net-list.
This is simply a file that lists every electrical connection between all components. Packager XL is
a program that combines gates of the same type into one IC. For instance, when AND gates are
placed on a design, they are placed individually. Most AND gate components usually incorporate
several gates in one IC package. Thus, if a design has 32 OR gates, twenty-five inverters, and 37
AND gates, Packager XL will group the gates in “real-world” components which have 4, 6, 8, ...

components per IC.

E. ALLEGRO

1. Library Development

More time is usually spent in Cadence crcéting and modifying libraries than anything else.
Recall that in Rapid Part a JEDEC type or physical footprint was specified. At this point any
JEDEC types not in the Allegro library must be created. JEDECs are defined by corresponding
symbols in order to use them in Allegro. A symbol consists of two elements, padstacks, and
drawings. For printed circuit boards, component pins are mounted in holes or on pads. A printed
circuit board typically consists of 4 to 7 layers. A padstack simply defines how a hole or pad
interacts with each individual layer. The “drawing” is simply a physical representation of the

device. The drawing, with one or more padstacks, is combined to form a symbol.

2. Prepare Design
The first part of preparing a design for a printed circuit board is to define the boards

outline. Once this is drawn, the cross section of the board is defined. For example, a four layer
board would be defined such that wires could be routed on the top and bottom layer. The middle
two layers are usually thin planes of copper connected to Vcc and GND. Once this is complete,
CONSTRAINTS are defined. CONSTRAINTS are definitions of wire width, minimum spacing
between components, spacing between wires and spacing between wires and component pins. The
last steps are to add the Component and Route KEEPINS. KEEPINS are boundaries defined for

the placement of components and wires. When components are mounted on a board, a minimum
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distance from the board edge to place the components must be defined The same must be defined
for wires. KEEPINS simply define these boundaries to keep components and wires from getting

closer to the edge of the board than desired.

3. Placing Components
At this point, the design has the board defined. Components are ready to be placed.
Placing components is application of common sense. The ultimate goal is to place the components
to minimize the amount of wiring needed. For the daughterboard design, the following placement
decisions were completed.
e The microcontroller was placed next to the designated address and data pins
on the ELCO connector.
e The ‘573 latch and ‘138 decoder were placed next to the microcontroller since
all memory transactions utilize these components.
e The two Harris SRAMs and PROMs were placed together due to similar
pinouts allowed efficient busses to be wired.
e The test memories and the XGaAs IC were placed adjacent to one another.
e The 100328 logic converters were placed next to the ECL SRAM.
e Capacitors, resistors, and other discrete elements were placed next to the pins
of components they were connected to.
e The ‘XGaAs IC was placed near the edge. of the board to aid in mounting.

Figure 13 on the next page shows the final placement of the daughterboard components.

4. Routing

Routing wires is the most dynamic and time consuming design process. The Automatic
Router is recommended to begin routing with. The highest success rate occurs when the autorouter
is started before a single wire is manually placed. The autorouter wires in a “Manhattan” style.
For instance, if the printed circuit board has two board layers to make connections on, the router
connects all the horizontal lines on one layer and the vertical wires on the other layer. Interactive
routing method may be used to finish the routing, and/or clean up the design. Once the wires are
complete, power and ground planes are defined in the internal layers of the board. A function
called auto-voiding automatically creates holes in the planes for pins not directly connected to

cither plane. Auto-voiding will also connect Ve, Ve, and GND pins of each component to the
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appropriate plane. Figure 14 on page 44 shows the routing on both sides of the circuit board.

Figures 15 and 16 on pages 45 and 46 show routing on the top and bottom layers, respectively.
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Figure 13: Daughterboard Component Placement
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Figure 16: Bottom Layer Routing
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! 5. Creating Output
. At this point, the design is ready to create the NCDRILL and NCROUTE files. These text
files contain coordinates for all holes to be drilled and information on cutting out the circuit board
shape. A copy of the output files for the daughterboard design is included in Appendix B. With
this information, a printed circuit board fabricator has the necessary information to build the board

to design specifications. This completes the daughterboard design.
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VII. CONCLUSIONS

A. DESIGN CONCLUSIONS

The daughterboard design will provide an excellent method for gauging orbital radiation
effects. The radiation hardened components will provide a stable mechanism to evaluate the
‘XGaAs IC and three different logic families of SRAM. During the design process, the Cadence
Design Software proved to be an effective tool on developing the circuit board design. Cadence
provides useful tools for all aspects of the design process, from library development to physical
layout. Because of the flexibility of Cadence, future modifications to the design could incorporate
a 32 bit microcontroller, a faster bus speed, larger memories, and follow-on versions of the

‘XGaAs IC.

B. BOARD FABRICATION

Many PCB fabricators should be able to utilize the Cadence output files to create the PCB.
One nearby fabricator who has worked with NPS is West Coast Circuits in Watsonville, CA (408)
728-4271.

C. COMPONENT COST

Table 4 below summarizes the cost of the individual components.

Component Cost (9) Distributor Phone
UT69RHOS1 2500 UTMC (805) 445-6665
UT22VP10 1800 UTMC (805) 445-6665
HS-6664RH 2000 Ewing Foley (408) 342-1220
HS-65647RH 1590 Ewing Foley (408) 342-1220
HS-82C85RH 1350 Ewing Foley (408) 342-1220
HCS138MS 209 Ewing Foley (408) 342-1220
HCSS573MS 215 Ewing Foley (408) 342-1220
HCTSS541MS 215 Ewing Foley (408) 342-1220
VS12G422T n/a n/a n/a

IDT6168 15 IDT (408) 943-9270
F10422 22 Future Electronics (408) 433-0822
100328 250 Future Electronics (408) 433-0822

Table 4: Component Cost
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D. PROGRAMMING & TESTING

Software for the daughterboard will have to be developed from the MCS51 programming
language. Extensive documentation is available in the Intel Microcontroller Handbook. Once the
software is written, it will need to be “burned” into the HS-6664RH PROMs. A possible
consideration to troubleshoot the daughterboard would be to design a circuit board to mimic the
daughterboard panel controller. Access to the daughterboard is available via the ELCO
connector. The female opposite of the connector could be connected to the HP 64000 analyzer
units to simulate the EPC.

When the UT22VP10 is purchased, the IC will need to be burned-in.  Figure 11 depicts a
summary of the logic. Sum-of-products equations can be easily generated for this device. For
instance, the AND function combining the PSEN* and RD* signals of the ‘8051 microcontroller

would be defined as follows:
1o07=I4 *I5 Equation 7.1

1/07 corresponds to output pin 7 on the UT22VP10, 14 and IS correspond to input pins 4 and 5.
By connecting 14 and I5 to PSEN* and RD*, respectively, the output of /O7 will be the desired
product of the two input signals.

Radiation hardened components are expensive and generally require several months to
order from the manufacturer. However, for the purposes of testing the design, it would be
beneficial to construct a second daughterboard with commercial components, that is non-radiation
hardened components. These components are widely available, are logically equivalent and have
the same pin-out as their radiation hardened counterparts, and cost less than a few dollars each.

Building a second board would also provide the Experimental GaAs IC

E. SUMMARY
The daughterboard design is a remarkable testament to demonstrating the skills one has

acquired in graduate education. This design project completes several months of component
familiarization and evaluation, CAD tool familiarization, and application of electrical engineering
theory. At this point, the daughterboard is ready to be fabricated and components may be ordered.
Possible changes to the Experimental GaAs IC, which is still in the design phase, may necessitate

minor changes to the daughterboard design.
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APPENDIX A. MPTB INTERFACE CONTROL DOCUMENT

The following pages contain the MPTB Interface Control Document, Revision D Draft,
December 8, 1995,
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MICROELECTRONICS
AND
PHOTONICS
TEST BED (MPTB)
EXPERIMENT DAUGHTERBOARD
INTERFACE CONTROL
DOCUMENT (ICD)
REVISION D
- DRAFT
DECEMBER 8, 1995



1.0 SCOPE
1.1 SCOPE

This Interface Control Document (ICD) defines and controls the design at the interface
between daughterboard and motherboard on each Experiment Panel of the Microelectronics
and Photonics Test Bed (MPTB). This ICD is intended to ensure compatibility between
daughterboard and motherboard by documenting form, fit, and functional interface
agreements required to satisfy design, test, and integration.

1.2 MPTB MISSION DEFINITION

The Microelectronics and Photonics Test Bed (MPTB) is a satellite payload that will be
used to measure the effects of space radiation on microelectronic and photonic devices and
subsystems. Functional electronics changes caused by ionizing particles and total-dose
radiation will be measured in a controlled experiment, with device data telemetered to the
ground. The following effects will be measured: single event upsets, single event latchup,
bit error rate effects, timing degradation, threshold voltage shitts, leakage current increases,
and functional failure. .

1.3 INTERFACE ITEM DESCRIPTION

1.3.1 MPTB Experiment Description. MPTB consists of a redundant Core Electronics
Unit (CEU), and three experiment panels, each up to eight daughterboard slots. A block
diagram is shown in Figure 1.
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Figure 1 - MPTB Block Diagram




1.3.2 Experiment Panel Description. An experiment panel consists of an 80C51
microcontroller, analog measurement tools, power supplies, and up to eight

daughterboards as shown in Figure 2.

1.3.3 Daughterboards. A daughterboard contains an individual microelectronics of
photonics experiment along with the circuitry necessary to interface with the experiment
panel motherboard interface.
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Figure 2 - Experiment Panel Block Diagram

2.0 APPLICABLE DOCUMENTS

The following documents of the issue specified contribute to the definition of the
experiment /space interface and form a part of this document to the extent specified herein.
Where requirements of the referenced documents differ from those requirements stated
herein, the requirements specified herein have precedence.

2.1 GOVERNMENT DOCUMENTS

Military Documents Title

MIL-STD-461C Electromagnetic Emission and

4 Aug 86 Susceptibility Requirements for the
Notice 1 . Control of Electromagnetic Interference
1 Apr 87

Notice 2

15 Oct 87

MIL-STD-1540B Test Requigsments for Space Vehicles



(USAF)

10 Oct 82

Notice 1, 31 Jul 89
Notice 2, 8 Feb 91
Notice 3, Feb 12 91

MIL-STD-1541A Electromagnetic Compatibility
(USAF) Requirements for Space Systems
30 Dec 87

2.2 NON-GOVERNMENT DOCUMENTS
INTEL 270646 Embedded Microcontrollers

3.0 DAUGHTERBOARD REQUIREMENTS
3.1 STRUCTURAL AND MECHANICAL REQUIREMENTS

3.1.1 Board Configuration and Envelope

3.1.1.1 Single Slot Board Configuration and Envelope The configuration and envelope of
a single slot double-sided daughterboard is shown in Figure 3.

3.1.1.2 Double Slot Board Configuration and Envelope The configuration and envelope of
a double slot double-sided daughterboard is shown in Figure 4.

L

3.1.3 Mass Properties

3.1.3 Single B nfi ion M jes The total weight of a single slot MPTB
daughterboard shall not exceed 0.5 pounds (227 grams). This weight includes the VME
connector, mounting screws, and any stiffeners that are required.

3.1.3 Double Board Configuration Mass Properties The total weight of a double slot
MPTB daughterboard shall not exceed 1 pound (454 grams). This weight includes the
VME connectors, mounting screws, and any stiffeners that are required.

3.1.4 Connector Physical The daughterboard/motherboard interface requires 3-row, 96
pin inverted male DIN connectors (#ELCO 10-8477-096-002-904, military part number
M55302/157-02) for the daughterboard, and 3-row, 96 pin, straight-thru, female DIN
connectors(#]ELCO 20-8457-096-002-908, military part number M55302/132-01). A
mechanical drawing of the connector is on the following page.

3.1.5 Materials Selection All materials exposed to the environment shall meet NASA
Specification SP-R-0022 with less than 1.0% TML and less than 0.1% CVCM.




3.2 ELECTRICAL INTERFACE

3.2.1 Yoltages. Each daughterboard will be provided switched +5V, -5.2V, and +/-15V.
All voltages are +/- 5%. The output ripple in a 2 Mhz bandwidth at full load for each of the
power supplies is shown in the table below.

Power Supply Output Voltage | Peak to Peak Output Voltage Level
+5V 80 mV
-5.2V 65 mV
+/-15V 30 mV

3.2.2 Grounding.

3.2.2.1 GND. This is signal ground, which is the return for the +5V and the -5.2V
supplies.

*
3.2.2.2 ANA_RTN. This is return for the +/-15V supplies.

3.3.2.3 Ground Isolation. ANA_RTN must be isolated by at least 100 KOhms from
GND. Additionally, both ANA_RTN and GDN must be isolated by atleast 1 MOhm from
the chassis ground (tie in points on board, thermal conductance strip, and keep out area
around board will be tied to chassis ground.).

3.2.2 Power.

3.2.2.1 Single Board Configuration Power. The maximum power used by any single slot
daughterboard shall not exceed 10 Watts. The orbital average power for each
daughterboard will be approximately 2 Watts. -

3.2.2.2 Double Board Configuration Power. The maximum power used by any double
slot daughterboard shall not exceed 20 Watts. The orbital average power for each double
slot daughterboard will be approximately 4 Watts.

3.2.3 Low Power Option.

3.2.3 Single Board Configuration Low Power Option. If a single slot daughterboard is to
be biased at all times (for a total dose experiment), the daughterboard shall have a low

power mode that shall not exceed 0.5 Watts.

3.2.3 Double Board Configuration Low Power Option. If a double slot daughterboard is
to be biased at all times (for a total dose experiment), the daughterboard shall have a low
power mode that shall not exceed 1 Watt.

3.2.4 Connector Pin-out.

3.2.4.1 Single Slot Connector Pin-out. Sinlge slot daughterboard pin assignments are
shown on the following page. The pin locations are referenced to the daughterboard
connector.



Pin Row A Row B Row C

1 ADDRO ADDR7 DATAO

2 ADDRI1 ADDRS DATAI

3 ADDR2 ADDR9 DATA2

4 ADDR3 ADDRI10 DATA3

5 ADDR4 RD* DATA4

6 ADDRS WR* DATAS

7 ADDR6 INT* DATA6

8 BD_SEL* INT* RESET* DATA7

9 unassigned RESET* unassigned

10 GND GND GND

11 GND GND GND

12 +5V +5V +5V

13 +5V +5V +5V

14 +5V +5V +5V

15 GND GND GND

16 GND GND GND

17 -5.2V -5.2V -5.2V

18 -5.2V -5.2V -5.2V

19 -5.2V -5.2V -5.2V

20 GND GND GND

21 GND GND GND

22 +15V +15V +15V

23 -15V -15v -15V

24 ANA_RTN ANA_RTN ANA_RTN

25 ANA_RTN ANA_RTN D/A_REF_RTN
26 ANALOGI1 ANA_RTN_SENSE|D/A_V

27 ANALOG2 ANALOG7 ANALOGI12

28 ANALOG3 ANALOGS ANALOGI13

29 ANALOG4 ANALOG9 ANALOGI14

30 ANALOGS ANALOGI10 Dosimeter_G

31 ANALOG6 ANALOGI11 Dosimeter_S

32 Temp_sense_High Temp_scnscﬁ_Rtn Dosimeter_D

3.2.4.2 Double Slot Connector Pin-out. A double slot daughterboard will contain two
independent single slot connectors.

3.2.5 Digital Interface.

3.2.5.1 Single Slot Digital Interf; nd Schematic. The digital interface between the
motherboard and a single slot daughterboard will use Harris HCS245 transceivers. This
interface circuitry resides on the motherboard. A schematic is shown in Figure 5. The
signals on the left side of the schematic come from the controller. The signals on the right
side of the schematic are connected to the 96 pin DIN connector for the daughterboard.
Note that the signals on the right side of the schematic are tri-stated unless that
daughterboard is selected.




3.2.5.2 Double Slot Digital Interface. The digital interface between the motherboard and a
dougle slot daughterboards will consist of two independent single slot digital interface
circuits shown in Figure 5.

NCSR 4GNS
i —Th
5> BATAQ
S— % B
M 30 DATA
i i
— AT : _—-—-————é A¥A6
A8 B¢ 35 DA A7
BUFF_DATA(7: 0] 3
BD_SELK
HCER 48K3 l
o2 1.
SIGNALS FROK THE EXPERINENT Y| — ABR]  szenaLs To THE DAVGHTERBOARD
PANEL CONTROLLER sz At 3
. 84 M ﬂ A3
25 A8 s
28 AS
57 A7 RG
o is 3 Uity
BUFF_ADDR (10: 0 2 -
At D"“;-_ a -
13 -
A9
] %}i Ahgumo
i B4 A}—
BD_AO* w7 o R
fofiae =M % (e

Figure 5 - Interface Circuitry

3.2.7 Analog Measurement Interface.

3.2.7.1 Single Slot Analog Measurement Interface. The analog interface will consist of 14
analog lines and one analog return line (ANA_RTN_SENSE). The voltage measurement
range will be between -4 and 6.24 Volts, differentially measured between ANALOGn (n is
from 1 to 14) and ANA_RTN_SENSE. The measurement resolution is 2.5 mV.

3.2.7.2 Analog:Measurement Interface. The analog interface will consist of 28 analog
lines and two analog return lines. The voltage measurement range will be between -4 and
6.24 Volts. The measurement resolution is 2.5 mV.



3.2.7.3 Current Sensing Circuitry. The recommended current sensing circuitry is shown
in Figure 6.
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Figure 6 - Current Sensing Circuitry .
3.2.7.4 Temperature Sénsing Circuitry. The temperature sensing circruitry is shown in
Figure 7. The AD590 will be provided by NRL. The AD590 is in a 2-pin flatpack package
shown on the following page.
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Figure 7 - Temperature Sensing Circuitry

3.2.7.5 Dosimeter Circuit. The dosimeter circuit is shown in Figure 8. The dosimeter
will be provided by NRL. The dosimeter is in an 8-pin TO-5 (TO-99) package. The
mechanical drawing is on the page following the 2-pin flatpack.
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Figure 8 - Dosimeter Circuitry

3.2.8 Digital to Analog Interface.

3.2.8.1 Single Slot Digital to Analog Interface. A single slot daughterboard will have a
single digital to analog interface with a voltage range between -4 and 6.24 volts referenced
differentially between signals D/A_V (pin C26) and D/A_REF_RTN (C25).
Daughterboards using these signals shall provide a minimum of 1 Megaohm input

impedance on each signal. The voltage is from a 12-bit D/A converter, the Analog Devices
ADS565ATD. The voltage resolution is 2.5 mV.

3.2.8.2 Double Slot Digital to Analog Interface. A double slot daughterboard will have
two independent digital to analog interfaces as described in 3.2.8.1. These two interfaces
are independently switched; when one is on, the other will be off. They can both be off at
the same time though. '

3.2.9 Electromagnetic Compatibility. The daughterboard shall pass the CEO1 and CEO3
tests with connected to a Line Impedance and Source Network that simulates the
Experiment Panel's power outputs. The test levels shall follow CEO1 and CE03, except
the initial value is based on -40dB of the maximum normal operating load current. The
MPTB experiment must meet the EMI requirements set in Figures 9 and 10. The MPTB
designers will work with the individual experimenter designers to insure compatibility at
the daughterboard level.
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3.3 SIGNAL INTERFACE

This section defines signal interfaces between the 8051 microcontroller on the experiment
panel and the daughterboards. :

3.3.1 RD*. An 8051 external data read cycle. The 8051 is running at 12 Mhz. Read
cycle timing is shown in Figure 11.

3.3.2 WR* An 8051 external data write cycle. The 8051 is running at 12 Mhz. Write
cycle timing is shown in Figure 12.

3.3.3 INT*. The daughterboard can pull this line low interrupt the processor. This tells
the processor that the daughterboard has data to pass on. The daughterboard shall not
modify this data until this line is reset. _

3.3.4 INT* RESET*. This signal is driven low by the processor to reset a
daughterboard’s INT* line. This will be done after the processor has read all the necessary
information from the daughterboard. The INT*_RESET* lire will remain low until the
daughterboard’s INT* returns to a high logic level. :

3.3.5 BDSEL*. This signal is driven low when the particular daughterboard is selected.
After the falling edge, the daughterboard will have no more than 657 nanoseconds before it
must give the panel controller full control of any shared memory. When BDSEL* returns
high, the daughterboard may resume control of any shared memory.

3.3.6 RESET*. This signal is driven low to reset the daughterboards.

3.4 SOFTWARE INTERFACE

3.4.1 Overview The Digital Interface between the Experiment Panel Controller (EPP) and
the various experiments (DUTs) is done completely in a 2k section of the EPP's data
memory. (One 2k section of EPP memory for each DUT) The EPP will need to send
commands and collect error messages from the DUTs. This section discusses the way this
digital information is passed between the EPP and the DUTs. There are additional
resources, that are not discussed in this section of the document, for the exchange of analog
data between the EPP and the DUTs . MPTB also has a goal of DUT modularity, that is if
a particular DUT is unavailable or a more important DUT is found the new board can be
plugged right in to the old slot with little impact. To achieve this goal Flight Software will
be supporting two standard interfaces. ;

3.4.2. Type I Interface: Fixed, Simple Interface This interface type is designed for
experiments that require very basic start/stop commands and/or will generate the same error
message every time. Both the command and the telemetry Type Iinterfaces will have fixed
locations for all input and output. Due to its generality, there may be bytes that are not used
by a particular experiment. Each experiment will have the option of using either the Type I
command interface or the Type I telemetry interface or both interfaces.

3.4.2.1 Type I Command Interface. The Command Interface for Type I DUTs will start at
location 0x000 of-the 2k memory mapped interface. The interface will be the same for all
Type I DUTs. Figure 13 shows the command interface. The Command Byte of the
interface is used to both indicate that a command is present and what that command is. All
other command data are written prior to writing the command byte.
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0x00 | Command

001 {|MSB of Start Addr
002} Start Addr

003| Start Addr

004} LSB of Start Addr

005! MSB of Stop Addr
006 | Stop Addr

007 | Stop Addr

008 | LSB of Stop Addr
009{MSB of Pattern Data
00A| Pattern Data

00B| Pattern Data

00C| LLSB of Pattern Data
ooD| MSB of Refresh Rate
00E| LSB of Refresh Rate
RESERVED. . .

Figure 13: Type I Command Interface

A command of zero (0x00) will be used to stop the current experiment during execution.
Typically a memory experiment would need a start address (up to 32 bits) and a stop
address (up to 32 bits) over which the particular test will run. It would also need the data
pattern (up to 32 bits) to write for this test. For those experiments requiring a refresh rate a
16 bit location is available. The locations for each data item will be the same for ALL users
of this interface. If an experiment needs less than 32 bits of addressing, it will still find the
start address at 0x001 and the stop address at 0x005. This interface is primarily for
memory experiments although any experiment desiring a simple interface may use the data
in the above locations in any way suitable to the experiment.

3.4.2.2 Type I Telemetry Interface The Telemetry Interface for Type I DUTs will start at
location Ox110 of the 2k memory mapped interface. The interface will be the same for all
Type I DUTs. Figure 14 shows the Telemetry interface. All bytes, including the counter
bytes, are collected whenever the DUT asserts the interrupt line. The counter bytes are
intended to be used in a solar flare scenario. In such a situation, the experiment would just
scan its DUT and rather than report details on each error, it would just count all errors and
periodically assert the interrupt line. In all modes the experiment would stop once it asserts
the interrupt line and resume only after the EPP collects its data and clears the interrupt.
The interrupt line, when asserted by a DUT, triggers a time stamp that is stored with the
data the EPP collects from the DUTs. The labelsin Fig. 14 were assigned with a memory
experiment in mind, as long as a DUT ALWAYS uses the same location for a specific item
any data may be put in any location with the exception of the counter bytes that must be
used as counter or not used.



0x11 {MSB of Error Addr
0

111{ Error Addr
112 | Exror Addr
113 | LSB of Error Addr
114 | MSB of Read Data
115] Read Data
116 { Read Data
117 | LSB of Read Data
118 MSB of Written Data
119 | Written Data
11A]|Written Data
11B|{ LSB of Written Data
11C{MSB of Counter 1
11| LSB of Counter 1
11E{MSB of Counter 2
11F | LSB of Counter 2
120 | MSB of Counter 3
121 | LSB of Counter 3
122 RESERVED. ..
123 RESERVED... -

Figure 14: Type I Telemetry Interface

3.43 Type II Interface: Variable, Packet Oriented Interface This interface type is
designed for experiments that require more complex commands and/or will generate more
complex or variable error messages. Both the command and the telemetry Type II interface
will have variable length areas for all input and output. The EPP, for commanding, and the
DUT, for telemetry messages, will be responsible for using a byte count to give the length
of the command/telemetry message. Each experiment will have the option of using either
the Type I command interface or the Type II telemetry interface or both interfaces.

3.4.3.1 Type IT Command Interface The Command Interface for Type Il DUTs will start
at 0x000 of the 2k memory mapped interface. The EPP and the DUT must use the
software semaphore (location 0x000) to synchronize the passing of data. IMMEDIATELY
upon startup the DUT MUST give the semaphore. (write 0xC3 to location 0x0000) The
EPP will write the new command data, including the byte count, then set the semaphore to
indicate a new command is ready. (write 0x3C to location 0x0000) Upon detecting the
semaphore set for a new command, the DUT reads the byte count, followed by reading the
command data. After it has collected the current command, the DUT sets the semaphore to
indicate it has read the command. (write 0xC3 to location 0x0000) As indicated in Fig.15,
any command may contain up to 255 bytes of actual data. '




0x00 | Software Semaphore

001 | Command Byte Count
002 Byte 1 of CMD Data
...Bytes 2 - 254...
100 | Byte 255 of CMD Data
RESERVED. ..

Figure 15: Type II Command Interface
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3.4.3.2 Tyve II Telemetry Interface The Telemetry Interface for Type I DUTs will start at
location Ox110 of the 2k memory mapped interface. The communication synchronization
will be accomplished by the interrupt line. When the DUT has data for the EPP to collect,
it will assert the interrupt line. The EPP will then collect the data stored in the DUTs
telemetry area. No additional data may be written by the DUT until the EPP clears the
interrupt indicating it has read all the data. Due to downlink formatting the TLM data will
be limited to 242 bytes of data per interrupt (see Figure 16).

0x110 | TLM Byte Count

111 Byte 1 of TIM Data oo
...Bytes 2 - 241...
202 { Byte 242 of TLM Data
203| RESERVED. ..

Figure 16: Type II Telemetry Interface
3.5 THERMAL

3.5.1 Heat Dissipation. The daughtcrbdard shall have the ability to dissipate enough heat
such that, at maximum power, the temperature does not exceed the maximum operating
junction temperature.

3.5.2 Operating temperature range. The operating temperature range is -10C to +50C.
3.5.3 Survival temperature range. The survival temperature range is -40C to +60C.
3.6 FLIGHT ENVIRONMENT

The following parameters represent the induced flight environments to which the
interfacing experiment is exposed during ascent and earth orbit. The experiment is
expected to survive and/or operate when exposed to any feasible combination of those
parameters encountered from ascent through mission operation.

3.6.1 Acoustic. Maximum expected flight acoustic environment at the MPTB interface
with the host vehicle is shown in Figure 17.



1/3 Octave Band | Sound Pressure
Center Frequency Level
(Hz) (dB)
¢
32 120.7
40 1223
50 125.0
63 126.5
80 127.5
100 129.0
125 130.0
160 130.5
200 131.0
250 131.5
¢ 315 128.0
400 126.0
500 124.0
630 122.0
800 120.0
1000 118.0
1250 116.5
1600 114.5
2000 113.0
2500 111.5
3150 110.0
4000 108.5
5000 107.0
6300 106.0
8000 105.5
10000 105.0
Overall 139.5

Figure 17 - Acoustic Environment




3.6.2 Yibration. Maximum predicted launch vibration levels for the at the MPTB interface
with the host vehicle are shown in Figure 18.
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Figure 18 - Maximum Expected Launch Vibration LevVels

3.6.3. Shock. The predicted pryro-shock levels at the MPTB interface with the host
vehicle are shown in Figure 19.

10000 — — —
] Shock Spectra
1 Q=10
% i
o 1000
(=9
Q
g P’
‘E 7
(5]
° /
g 100 -
<€ -
2
10
100 1000 10000

Frequency - Hz
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5.0 TEST

The MPTB daughterboard will undergo environmental and functional testing at NRL after
integration into the experiment panels.

5.1 PRE-INTEGRATION TESTS

5.1.1 Visual Inspection. Each flight daughterboard will be visually inspected for flight
worthiness.

5.1.2 Physical Properties Inspected. Each flight daughterboard will be measured and
weighed to insure that it falls within the defined envelope and weight.

5.1.2 Interface Verification Test. Each daughterboard will be inserted into a test
experiment panel motherboard to test out its interfaces.

5.1.2.1 Digital Interface Test. The waveforms described in Section 3.3 will be tested.
Data set up and hold times will be measured.

5.2 POST-INTEGRATION TESTS
5.2.1 Tests Performed at NRL..

5.2.1.1 Test Performed on the Engineering Model - Qual Level Test

. Random vibration at flight level +6dB, 3 axes for 3 minutes each
Acoustic at flight level +6dB for 2 minutes

Flight shock level, 3 axes, 3 shocks each

Thermal Cycle: -20C to +60C, 9 cycles -
EMI testing

DAL

5.2.1.2 Test Performed on the Flight Unit
Random vibration at flight level, 3 axes for 1 minute each

Acoustic at flight level for 1 minute

Flight shock level, 3 axes, 1 shock each

Thermal Cycle: -10C to +50C, 9 cycles at box level
Thermal Vacuum: -10C to +50C, 3 cycles at system level
EMI testing

SRR ol e




6.0 ACCEPTANCE CRITERIA

To be accepted as a candidate flight board for the USA experiment, a daughterboard must
meet the following criteria:

1. NRL review during PDR and CDR.

2. Delivery of engineering model prior to qualification testing.

3. Delivery of flight daughterboard before final integration and test.
4, Satisfactorily complete pre-integration testing.

5. Satisfactorily complete environmental testing.

6.1 Deliverables

Engineering Model.

Flight daughterboard.

Full board schematic.

List of discrete analog input and outputs.
Command and digital daga interface description.
Documentation describing board functions.

ARl ol ol

APPENDIX - SUGGESTED INTERFACE DEVELOPMENT TOOLS

The flight software on MPTB will be developed using Nohau’s Emul51-PC emulation
hardware, Chip Tools’s Simulator and Debugger, and Franklin Software’s C51 compiler
and A51 assembler. The processor is an 8051FC running at 12 Mhz. These tools will be
hosted on a PC running DOS and Windows 3.1. The ONLY interface to the
daughterboards from the EPP is through the memory mapped interface. Data into and out
of the daughterboards will be done as described in Section 3.4 of this document.
Replication of the circuitry in Figure 5 would be desirable to emulate the hardware--
interface. The BD_SEL* line can be generated by decoding the upper 5 bits of the 8051
address bus to memory map the daughterboard’s 2K memory location into the upper 16K
locations in the 8051’s memory map.



APPENDIX B. NCDRILL AND NCROUTE FILES

The outputs below are a print out of the NCDRILL and NCROUTE tape files.

A. NCDRILL FILE

; LEADER: 12

; HEADER:
;CODE : ASCI
;FILE : ncdr
;Holesize 1.
;Holesize 2
;Holesize 3
;Holesize 4
;Holesize 5.
;Holesize 6.
;Holesize 7
;Holesize 8
;Holesize 9
;Holesize 1
G390
X00400Y02800
R13X00100
X01700Y03400
R13X-00100
X00400Y03550
R13X00100
X01700Y04150
R13X-00100
X00400Y04300
R13X00100
X01700Y04900
R13X-00100
X00400Y05050
R13X00100
X01700Y05650
R13X-00100
X00600Y02350
R11X00100
X01700Y02650
R11X-00100
X00500Y01800
R0O9X00100
X01400Y02100
R0O9X-00100
X00500Y00900
R19X00100
X02400Y01500
R19X-00100
X01800Y01800
RO7X00100
X02500Y02100
R0O7X-00100
X02100Y02500
R11X00100
X03200Y02900

0.

I
i

111 for layers TOP and BOTTOM
26.000000 PLATED MILS
28.000000 PLATED MILS
36.000000 PLATED MILS
39.000000 PLATED MILS
44,000000 PLATED MILS
45.000000 PLATED MILS
110.000000 PLATED MILS
120.000000 PLATED MILS
140.000000 PLATED MILS

= 150.000000 PLATED MILS

73




R11X-00100
X02100Y03200
R11X00100
X03200Y03600
R11X-00100
X02100Y03800
R09X00100
¥03000Y04100
R09X~-00100
X02100Y04300
R09X00100
X03000Y04600
R09%X-00100
¥02100Y04800
R09X00100
¥X03000Y05100
R09X-00100
X02100Y05300
R09X001060
X03000Y05600
R09X-00100
¥X03030Y00840
R11X00100
X04130Y01440
R11X-00100
X03500Y01800
R11X00100
¥04600Y02200
R11X-00100
¥X03500Y02500
R11X00100
X04600Y02900
R11X-00100
¥03600Y03200
R09X00100
X04500Y03500
R09X-00100
X03600Y03800
R10X00100
X04600Y04200
R10X-00100
MOO
X04250Y01940
X00800Y02000
¥X01570Y02320
X01640Y02620
X01740Y00930
X02100Y02250
X01200Y02250
X00790Y02630
X00760Y04010
X03880Y03970
X02800Y02170
X04360Y04230
¥X02780Y00930
X01480Y00860
X04150Y04030
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X04000Y04030
X01370Y01930
X04300Y02020
X01430Y03460
X02740Y02050
X02580Y01960
X03840Y05200
X04170Y04740
X03830Y05070
X04170Y05200
X03530Y04500
X03630Y03050
¥X03500Y03050
X01270Y01440
X01570Y01440
X00730Y01830
X01530Y01830
X01550Y02780
X01040Y02710
X01070Y01530
X01630Y01740
X00960Y01740
X00920Y00400
X04070Y04330
X00990Y00380
X01640Y02710
X00940Y02680
X01780Y02750
X01760Y01470
X00830Y01470
X04360Y03550
X01230Y02760
X01030Y01560
X04390Y04080
X01330Y01860
X01290Y00390
X04220Y05650
X03550Y05270
X03550Y04660
X03880Y05300
X03830Y04580
X02900Y04900
X02570Y04450
X04490Y04940
X04510Y04710
X02430Y04480
X02500Y04960
X02400Y04740
X03840Y04770
X03830Y04630
X02930Y05050
X02800Y05230
X02530Y05730
X04410Y05400
X02430Y05730
X04410Y05760
X01240Y01380
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X01250Y03360
X00880Y00480
X02000Y01560
X01970Y02380
X00800Y02440
X00800Y02590
X00840Y02400
X00840Y01410
X01170Y01600
X02250Y04060
X02050Y03020
¥01220Y03020
X01910Y05590
X00540Y04420
X01890Y04870
X01820Y05260
X01820Y02560
X01120Y02590
X01850Y04760
X01850Y02590
X01160Y03780
X04000Y05390
X02360Y02260
X01300Y02280
X03940Y03930
X02400Y03940
X04470Y05120
X04470Y03890
X02270Y02220
X01420Y02220
X02560Y05010
X02170Y02350
X02100Y04370
X01340Y04330
X03020Y02000
X01500Y02000
X01500Y01650
X02330Y03090
X00800Y02190
X02400Y02290
X01410Y00480
¥01410Y00800
X01610Y01010
¥03890Y02410
X02400Y03400
X02300Y03320
X04370Y03290
X02200Y03290
X04330Y03260
X02100Y03260
X04200Y03130
X02230Y02630
¥X04370Y03020
X02300Y03020
X02430Y02660
X02830Y04020
X04180Y02260
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X02400Y02570
X02300Y02600
X02200Y02790
X03780Y02700
X02100Y02970
X00630Y02220
X00670Y02160
X01560Y02130
X02980Y03140
X00700Y03170
X01140Y00600
X01070Y02770
X00800Y03140
X03080Y03110
X03670Y03170
X01040Y01640
X01340Y01640
X03860Y03830
X03200Y03800
X01060Y02820
X01000Y03750
X00870Y00610
X03700Y03660
X03100Y03660
X01150Y02130
X03000Y03740
X01200Y03720
X00730Y02730
X00750Y00790
X02930Y03840
X03570Y03860
X00660Y02850
X00770Y00680
X02700Y03700
X02540Y02860
¥X04140Y02120
X04320Y05660
X04030Y05650
X04740Y05450
X02040Y05430
X00290Y05520
X04760Y05230
X03580Y05200
X04760Y04970
X04330Y04740
X04010Y04740
X03940Y04910
X02040Y04920
X00290Y04720
X02040Y04430
X03490Y04020
X02040Y03920
X00300Y03970
X02040Y03530
X03380Y03490
X02040Y03280
X00300Y03220
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X04720Y02820
¥03220Y02750
X02020Y02720
X04550Y02350
X00540Y02480
X04770Y01810
X01690Y01850
X00350Y01930
X02900Y01220
¥00340Y01320
X04770Y04730
X04370Y05350
¥04420Y04830
X03560Y04820
X04420Y05330
X04170Y05390
X04780Y04530
X03240Y04200
X00290Y04280
X02670Y02160
X00440Y02140
X04760Y01260
X04420Y01230
MOO
X03250Y05100
X03250Y05600
X03370Y05100
X03370Y05600
X03070Y01900
¥03270Y01900
X03700Y05500
X03700Y05600
MO0
X00950Y00550
R31X00100
X00950Y00450
R31X00100
X00950Y00350
R31X00100
M0O
X03500Y05100
MO0
X03500Y05600
MO0O
X00500Y00625
X00500Y00275
X04500Y00275
X04500Y00625
M0O
X00728Y00450
X04272Y00450
MO0
X00500Y00450
X04500Y00450
MO0
X00250Y00150
x00150Y02320
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X00250Y05850
X02450Y05850
X04700Y05850
X04850Y02340
X04750Y00150
M30

B. NCROUTE FILE

;EXTENTS: -1.000 -1.000 10.000 7.500
; LEADER: 12

;HEADER: none

;CODE : ASCII

;PILE : brd23 for board
/tmp_mnt/h/galaxy_ul/mooney/thesis/project/brd23.brd
%

G90

Fl

M1l6

TO1

M16

G00X05000Y06000

M15

G01X05000Y00190
G01X04810Y00000
G01X00190Y00000
G01xX00000Y00190
G01X00000Y06000
G01X05000Y06000

M16

G40

M30
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APPENDIX C. DATASHEETS

The following Pages include manufacturer datasheets from the following companies:

o UTMC

e Harris

e Vitesse

e IDT

e National Semiconductor
e ELCO

o Phillips

® Ralton

e Ohmite

e Motorola
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Military Standard Products

UT69RHO051 MicroController

Product Brief

MICROELECTRONICS

UNITED
\\"/4 TECHNOLOGIES
CENTER

March 1995

FEATURES O Flexible clock operation
. - 1Hz to 20MHz with external clock

U] Three 16-bit timer/oounters - 2MHz 10 20MHz using internal oscillator with

- High speed output external crystal

- Compare/capture . .

- Pulse width modulator [0 Radiaton-hardened process and design; total dose

- Watchdog timer capabilities trradiation testing MIL-STD-883 Method 1019

. - Touwl dose: 1.0E6 rads(Si)

[J 256 bytes of on-chip data RAM - Single event upset: <25.6E-6 errors/device-day
D 32 programmable I/O lines - Latchup immune

7 intemu [0 Post-radiation AC/DC perfonnance characteristics
U .7 intemmupt sources guaranteed 1o MIL-STD-883 Method 1019 testing at
0 Programmable serial channel with: 1.0E6 rads (Si)

- Framing emror detecti

- Autou;agxic adiiresscrégggnition 0O Built on low-power, 1.2u CMOS process
O TTL and CMOS compatible logic levels O Packaging optons:

- 40-pin DIP

0O 64K external data and program memory space - 44-lead flatpack

O MCS®-51 fully compatible instruction set
P0.0 - P0.7 P20 -P2.7

- mm e —— v r v me - Y Y YY- -~~~ ~-vevrcamanana ~
’ 2 PORTO PORT 2 )

: i DRIVERS DRIVERS .

' §% 1 L 3 4 '

5 y L3

<8 _

' 3z —'lJ‘M PORT0 PORT 2 '

' s JATCH '

X 3 PROGRAM '

’ ADDRESS :

" s | REGISTER '

’ 1]

B TACK

» |REGiSTER POINTER BUFFER :

' SPECIAL FUNCTION PC '

: REGISTERS, [incremenTER[¢ ]

= oy =

: x [Z , PROGRAM ‘

; 6% gg senmé. PORT COUNTER :

A&E b im it §§ T z—*{oPTE '

:‘ -3

RST — o | 2= PORT PORT 3 X
‘ ¥ ATCH LATCH .

[} L]

[] )

| osc PORT 1 PORT 3 .

' DRIVERS [&— —i{ DRIVERS '

-~ L]

3
|9
=

ixw.z ---------------- “” """"""
R A

l..ﬂ__r_a P1.0-P17 P3.0-P3.7

Figure 1. UT69RHO051 MicroController Block

-
S

e~
T
TOTAL P.D1




1.0 INTRODUCTION

The UT69RHO51 is a radiation-tolerant 8-bit
microcontroller that is pin equivalent to the Intel 8XC51FC
microcontroller. The UT69RHO51’s static design allows
operation from 1Hz to 20MHz. This product brief will
describe hardware and software interfaces to the
UT69RHOS1.

2.0 SIGNAL DESCRIPTION
Vpp: +5V Supply voltage
Vss: Circuit Ground

Port 0 (P0.0 - P0.7): Port 0 is an 8-bit port. Its pins are used
as the low-order multiplexed address and data bus during
accesses to external program and data memory. Port 0 pins
use strong internal pullups when emitting 1’s, and are TTL
compatible.

Port 1 (P1.0 - P1.7): Port 1 is an 8-bit bidirectional /O port
with internal pullups. The output buffers can drive TTL
loads. When the Port 1 pins have 1’s written to them, they
are pulled high by the internal pullups and can be used as
inputs in this state. As inputs, any pins that are externally
pulled low will source current because of the pullups. In
addition, Port 1 pins have the alternate uses shown in

table 1.

Port 2 (P2.0 - P2.7): Port 2 is an 8-bit port. Its pins are used
as the high-order address bus during accesses to external
Program Memory and during accesses to external Data
Memory that uses 16-bit addresses (i.e., MOVX@DPTR). It
uses strong internal pullups when emitting 1’s in this mode.
During operations that do not require a 16-bit address, Port
2 emits the contents of the P2 Special Function Registers
(SFR). The pins have internal pullups and can drive TTL
loads.

Port 3 (p3.0 - p3.7): Port3 is an 8-bit bidirectional /O port
with internal pullups. The output buffers can drive TTL
loads. When the Port 3 pins have 1’s written to them, they
are pulled high by the internal pullups and can be used as
inputs in this state. As inputs, any pins that are externally
pulled low will source current because of the pullups. In
addition, Port 3 pins have the alternate uses shown in

table 2.

Table 1. Port 1 Alternate Functions

Port Alternate Alternate Function

Pin Name

P1.0 T2 External clock input to Timer/
Counter 2

P1.1 T2EX Timer/Counter 2 Capture/Reload

{ trigger and direction control

P1.2 ECI External count input to PCA

P1.3 CEX0 External I/O for PCA capture/
compare Module 0

P1.4 CEX1 External I/O for PCA capture/

compare Module 1

P1.5 CEX2 External /O for PCA capture/
compare Module 2

P1.6 CEX3 External I/O for PCA capture/
compare Module 3

PL7 CEX4 External I/O for PCA capture/

compare Module 4

Table 2. Port 3 Alternate Functions

Port Alternate Alternate Function

Pin Name

P3.0 RXD Serial port input

P3.1 TXD Serial port output

P3.2 IN External interrupt O

P3.3 INT1 External interrupt 1

P34 T0 External clock input for Timer 0

P3.5 Tl External clock input for Timer 1

P3.6 WR External Data Memory write
strobe

P3.7 RD External Data Memory read
strobe

RST: Reset Input. A high on this input for one oscillator
period while the oscillator is running resets the device. Al
ports and SFRs reset to their default conditions. Internal
data memory is undefined after reset. Program execution
begins within 12 oscillator periods (one machine cycle)
after the RST signal is brought low. RST contains an
internal pulldown resistor to allow implementing power-up
reset with only an external capacitor.




ALE: Address Latch Enable. The ALE output is a pulse for
latching the low byte of the address during accesses to
external memory. In normal operation the ALE pulse is
output every sixth oscillator cycle and may be used for
external timing or clocking. However, during each access to
external Data Memory (MOVX instruction), one ALE pulse
is skipped.

PSEN: Program Store Enable. This active low signal is the
read strobe to the external program memory. PSEN is
activated every sixth oscillator cycle except that two PSEN
activations are skipped during external data memory
accesses.

EA: External Access Enable. This pin should be strapped to
Vss (Ground) for the UT69RHOS1.

XTAL1: Input to the inverting oscillator amplifier.
XTAL2: Output from the inverting oscillator amplifier.

N
(T2) P1.0 1 40 =3 Vpp
(T2EX) P11 EH2 3933 PO.O (ADO)
(ECH) P12 33 38 3 Po.1 (AD1)
(CEX0) P13 &H4 373 Po.2 (AD2)
(CEX1) P14 Os 36 3 P03 (AD3)
(CEX2) P15 LH6 3583 Po.4 (AD4)
(CEX3) P16 &J7 343 P05 (AD5)
(CEX4) P17 .8 33 Po.6 (ADS)
RST (59 323 PoO.7 (AD7)
(RXD) P3.0 C3 10 313 EA
(TXD) P3.1 T 11 30 3 ALE
INTO P3.2 C]12 29 &2 PSEN
%INﬂg pP3.3 CJ13 283 P27 (A15)
(T0) P3.4 C]14 2783 P26 (A14)
) P35 .15 26 3 P25 (A13)
(WR) P3.6 .16 253 P24 (A12)
(RD) P37 (18 243 P23 (A11)
XTAL2 17 23 3 P22 (A10)
XTAL1 CJ 19 22 3 P21 (A9)
Vgg 520 213 P20 (A8)

Figure 2. UT69RH051 Pin Connections

2.1 Hardware/Software Interface

2.1.1 Memory

The UT69RHO051 has a separate address space for Program
and Data Memory. Internally the UT69RHO51 contains 256
bytes of Data Memory. It can address up to 64Kbytes of
external Data Memory and 64Kbytes of external Program
Memory.

2.1.1.1 Program Memory

There is no internal program memory in the UT69RHO51.
All program memory is accessed as external through ports
PO and P2. The EA pin must be tied to Vss (ground) to
enable access to external locations 0000y through 7FFFy.

2.1.1.2 Data Memory

The UT69RHO051 implements 256 bytes of internal data
RAM. The upper 128 bytes of this RAM occupy a parallel
address space to the SFRs. The CPU determines if the
internal access to an address above 7FH is to the upper 128
bytes of RAM or to the SFR space by the addressing mode
of the instruction. If direct addressing is used, the access is
to the SFR space. If indirect addressing is used, the access is
to the internal RAM. Stack operations are indirectly
addressed so the upper portion of RAM can be used as stack
space. Figure 3 shows the organization of the internal Data
Memory.

The first 32 bytes are reserved for four register banks of
eight bytes each. The processor uses one of the four banks
as its working registers depending on the RS1 and RS0 bits
in the PSW SFR. At reset, bank 0 is selected. If four register
banks are not required, use the unused banks as general
purpose scratch pad memory. The next 16 bytes (128 bits)
are individually bit addressable. The remaining bytes are
byte addressable and can be used as general purpose scratch
pad memory. For addresses 0 - 7Fy, use either direct or
indirect addressing. For addresses larger than 7Fy, use only
indirect addressing.

In addition to the internal Data Memory, the processor can
access 64 Kbytes of external Data Memory. The MOVX
instruction accesses external Data Memory.

2.1.2 Special Function Registers

Table 3 contains the SFR memory map. Unoccupied
addresses are not implemented on the device. Read accesses
to these addresses will return unknown values and write
accesses will have no effect.




8 BYTES
>

|
F8 FF
] F7
INDIRECT o o
ACCESS o .
ONLY o .
58 8F  SCRATCH
80 g7  PAD AREA
78 7F
70 77
L J [
[} [ ]
[ ] [
38 3F
DIRECTOR 30 37
INDIRECT
ACCESS 28 2F BIT
ADDRESSABLE
20 27 SEGMENT
18 1F
10 17 REGISTER
BANKS
08 OF
00 07

Figure 3. Internal Data Memory Organization

2.1.3 Reset

The reset input is the RST pin. To reset, hold a the RST pin
high for a minimum of 24 oscillator period while the
oscillator is running. The CPU generates an internal reset
from the external signal. The ports pins are driven to the
reset state as soon as a valid high is detected on the RST

pin.

While RST is high, PSEN, ALE, and the port pins are
pulled weakly high. All SFRs are reset to their reset values
as shown in table 3. The internal Data Memory content is
indeterminate.

The processor will begin operation one machine cycle after
the RST line is brought low. A memory access occurs
immediately after the RST line is brought low, but the data
is not brought into the processor. The memory access
repeats on the next machine cycle and actual processing
begins at that time.

2.1.4 Instruction Set
The instruction set for the UT69RHO051 is compatible to the
Intel MCS-51 instruction set used on the 8XCS1FC.




F8

FO

E8

D8

C8

Cco

B8

BO

A8

A0

98

88

80

Table 3. SFR Memory Registers

CH CCAPOH CCAPIH CCAP2H CCAP3H CCAP4H
00000000 XXXXXXXX | XXXXXXXX | XXXXXXXX XXXXXXXX | XXXXXXXX
B
00000000
CL CCAPOL CCAPIL CCAP2L CCAP3L CCAP4L
00000000 XXXXXXXX | XXXXXXXX | XXXXXXXX XXXXXXXX | XXXXXXXX
ACC
00000000
CCON CMOD CCAPMO CCAPM1 CCAPM2 CCAPM3 CCAPM4
00X00000 OOXXX000 X 00000000 X 00000000 X 00000000 X 00000000 X 00000000
PSW
00000000
T2CON T2MOD RCAP2L RCAP2H TL2 TH2
00000000 XXXXXX00 00000000 00000000 00000000 00000000
P SADEN
X0000000 00000000
P3 IPH
11111111 X 00000000
IE SADDR
00000000 00000000
P2
11111111
SCON SBUF
00000000 XXXXXXXX
P1
11111111
TCON TMOD TLO TL1 THO TH1
00000000 00000000 00000000 00000000 00000000 00000000
PO SP DPL DPH PCON
11111111 00000111 00000000 00000000 00XX00XX
Notes:

1. Values shown are the reset values of the registers.
2. X = undefined.

FF

EF
E7
DF
D7
CF
Cc1 »
BF

B7

A7
9F
97
8F

87




3.0 RADIATION HARDNESS

The UT69RHO051 incorporates special design and layout
features which allow operation in high-level radiation

environments. UTMC has developed special

low-temperature processing techniques designed to
enhance the total-dose radiation hardness of both the
gate oxide and the field oxide while maintaining the

circuit density and reliability. For transient radiation

caused by rail collapse.

RADIATION HARDNESS DESIGN SPECIFICATIONS !

hardness and latchup immunity, UTMC builds all
radiation-hardened products on epitaxial wafers using an
advanced twin-tub CMOS process. In addition, UTMC
pays special attention to power and ground distribution
during the design phase, minimizing dose-rate upset

PARAMETER CONDITION MINIMUM UNIT
Total Dose +25°C per MIL-STD-883 Method 1019 1.0E6 rads(Si)
Dose Rate Upset < 4ys pulsewidth 1.0E8 rads(Si)/sec
Dose Rate Survival 20ns pulsewidth 1.0E10 rads(Si)/sec
LET Threshold -55°C to +125°C 36 MeV-
cm?/mg
Neutron Fluence 1MeV equivalent 1.0E14 n/cm?
Note:
1. The UT69RHO51 will not latchup during radiation exposure under recommended operating conditions.
4.0 ABSOLUTE MAXIMUM RATINGS !
(Referenced to Vss)
SYMBOL PARAMETER "LIMITS UNITS
Vbbb DC Supply Voltage 05t70 v
Vio Voltage on Any Pin 05to Vpp+3V v
TstG Storage Temperature -65 to +150 °C
Pp Maximum Power Dissipation 750 mW
T Maximum Junction Temperature 175 °C
8¢ Thermal Resistance, Junction-to-Case 2 10 °C/W
I DC Input Current +10 mA
Notes:

1. Stresses outside the listed absolute maximum ratings may cause permanent damage to the device. This is a stress rating only, and functional operation
of the device at these or any other conditions beyond limits indicated in the operational sections of this specification is not recommended. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

2. Test per MIL-STD-883, Method 1012.
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6.0 DC ELECTRICAL CHARACTERISTICS (Pre/Post-Radiation)*
Vpp = 5.0V £10%; TA = -55°C < T¢c < +125°C)

SYMBOL PARAMETER CONDITION MINIMUM | MAXIMUM {UNIT
ViL Low-level Input Voltage 0.5 .8 \"
Vig High-level Input Voltage 2.0 Vpp+0.3 v

(except XTAL2, RST,
Vim High-level Input Voltage 3.85 Vpp+0.3 \"
(XTAL, RST)
VoL |Low-level Output Voltage! IoL = 100pA 0.3 \Y
(Ports 1,2 and 3)
IoL = 1.6mA 0.45 \%
IoL = 3.5mA 1.0 \"
VoLi |Low-level Output Voltage! IoL = 200uA 0.3 \'
(Port 0, ALE/PROG, PSE
IoL = 3.2mA 0.45 \%
IoL = 7.0mA 1.0 A\
Vou High-level Output Voltage Ioy = -10pA 42 v
(Ports 1,2,and 3 .
ALE/PROG and PSEN) lon = -30uA 38 v
Ion = -60uA 3.0 v
Voui High-level Output Voltage Iog = -200pA 42 v
(Port 0 in External Bus Mode)
Ioyg = -3.2mA 3.8 A\
IOH = -7.0mA 3.0 v
I Logical 0 Input Current VIn = 045V -50 HA
(Ports 1, 2, and 3)
Itg Input Leakage Current VIN = VL or Vig +10 HA
(Port 0)
ITL Logical 1 to 0 Transition Current | ViN = 2V -650 HA
(Ports 1, 2, and 3)
Cio Pin Capacitance @ 1IMHZ, 25°C 10 pF
Icc Power Supply Current: Note 2 52 “mA
(Running at 16MHz)
Notes:

* Post-radiation performance guaranteed at 25°C per MIL-STD-883.

L

Under steady state (non-transient) conditions, Lo must be limited externally as follows:
OmA

Maximum Ig, per port pin: 1
Maximum Lo, per 8-bit port-
Port 0: 26mA
Ports 1,2, & 3: 15SmA
Maximum total Loy for all output pins: 7imA

If Lo exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test

conditions.
. See figures 4, 5, and 6 for test conditions.
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| lcc
Voo 1’129
\/
.. =
EA

RST

(NCy— XTAL2
SIGNAL__" XTAL1

[ LVss

teLeH = toucL = 5ns

Figure 4. Ipp Test Condition, Active Mode
All other pins disconnected

UosTmTETTTTT Zﬁ ' 7 Voo N
0.45V 0.2 Vpp -0.1 HeX

terex tcLeH
teLeL

2N

teneL

Figure 5. Clock Signal Waveform for Icc Tests in Active and Idle Modes
tcLCH = tCHCL = Sns
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7.0 AC CHARACTERISTICS READ CYCLE (Post-Radiation)*

(Vpp = 5.0V % 10%; -55°C < T¢ < +125°C)

SYMBOL PARAMETER MINIMUM MAXIMUM UNIT
tcLeL Clock Period 50 ns
tcLeL Oscillator Frequency 16 MHz
tLHLL ALE Pulse Width 2 tcLcL-40 ns
tAvLL Address Valid to ALE Low tcLcL-40 ns
tLLAX Address Hold after ALE Low teeL-30 ns
tLLv ALE Low to Valid Instruction In 4 tcrcL-100 ns
tLpL ALE Low to PSEN Low tcLeL-30 ns
tpLPH PSEN Pulse Width 3 tcLeL-45 ns
tpLIV PSEN Low to Valid Instruction In 3 tcLcL-105 ns
tpxIX Input Instruction Hold after PSEN 0 ns
tpXIZ Input Instruction Float After PSEN teLcL-25 ns
tAVIV Address to Valid Instruction In 5 tcLcL-105 ns
tpLAZ PSEN Low to Address Float 10 ns
tRLRH RD Pulse Width 6 tcLeL-100 ns
tWLWH WR Pulse Width 6 torcr-100 ns
tRLDV RD Low to Valid Data In 5tcLcL-165 ns
tRHDX Data Hold After RD 0 ns
tRHDZ Data Float After RD 2 tcLcL-60 ns
tLLDV ALE Low Valid Data In 8 tcLcL-150 ns
tAVDV Address to Valid Data In 9 tcLcL-165 ns
tLLwL ALE Low to RD or WR Low 3 tcreL-50 3 tcLeL+50 ns
tAVWL Address Valid to WR Low 4 tcpcL-130 ns
tovwx Data Valid Before WR tcLcL-50 ns
twHQX Data Hold After WR tcLeL-50 ns
tQvwH Data Valid to WR High 7 tcreL-150 ns
tRLAZ RD Low to Address Float 0 ns
tWHLH RD or WR High to ALE High tcrcL-40 tcLoL+40 ns

Note:
* Post-radiation performance guaranteed at 25°C per MIL-STD-883 Method 1019 at 1.0E6 rads(Si).
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8.0 SERIAL PORT TIMING CHARACTERISTICS
(Vpp = 5.0V £ 10%; -55°C < Tc < +125°C)

SYMBOL PARAMETER MINIMUM MAXIMUM UNIT
txIXL Serial Port Clock Period 12 tepcpL-10 12 tcrcL+10 ns
tQvxH Output Data Setup to Clock Rising Edge 10 tepcpL-133 ns
tXHQX Output Data Hold after Clock Rising Edge 2 tcreL-70 ns
tXHDX Input Data Hold after Clock Rising Edge 0 ns
tXHDV Clock Rising Edge to Input Data Valid 10 tep o -133 ns

| o J_ v |z | 3 | & | s | ¢ | 7 | & | -
we JLALLL LALLM
[
croct L e rerererer
|
OUTPUT DATA Tawa
(WRITE TO SBUF) AN °X1)(2X3)(4J(5X6X7/
TxHOV “—ﬂ—. I'—Txnnx ss‘? n
N Lean

( ’ SETRI

Figure 9. Serial Port Timing Waveforms

9.0 EXTERNAL CLOCK DRIVE TIMING CHARACTERISTICS

MAXIMUM UNIT

SYMBOL PARAMETER MINIMUM
1/tcLcL Oscillator Frequency 16 MH:z
tcHCx High Time 20 ns
tcLex Low Time 20 ns
tcLcH Rise Time 20 ns
tCHCL Fall Time 20 ns

Vpp - 0.5
0.7 Vpp
0.2 Vpp - 0.1
045V teHex
tcLeH

tetex
tened +—
teieL

Figure 10. External Clock Drive Timing Waveforms
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Figure 12. 44-Lead Flatpack
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10.0 PACKAGING

E
> 0.595+0.010
s2
S1 g 0.005 MIN. typ.
0.005 MIN. TYR .
} [(o.100]

| =

D .
2.000 *0.025
l b
0.018 =% 0.002
- ¥
Ja.\ 1’
PIN 1 1.D. _/ A , L
(Geometry OPTIONAL) 0.185 MAX. gfgg
TOP VIEW SIDE VIEW
Notes:
C 1. All package finishes are per MIL-I-38535.
" 0.010 + ggg? 2. Letter designations are for cross-reference MIL-STD-1835.
E
= 0.600 *0.010 -
(AT SEATING PLANE)
END VIEW

Figure 11. 40-pin Side-Brazed DIP




APPENDIX A
Difference Between Intel $XC51FC and UTMC69RHO051

There are a few areas in which the UT69RHO51 differs from
the 8XCS51FC. These differences will be covered in this
section. In this discussion, 8XC51FC will be used
generically to refer to all speed grades of the Intel
8XCS1FC family, including the 20MHz 8XCS1FC-1.

1.0 RESET

The UT69RHO51 requires the RST input to be held high for
at least 24 oscillator periods to guarantee the reset is
completed in the chip. Also, the port pins are reset
asynchronously as soon as the RST pin is pulled high. On
the UT69RHO51 all portions of the chip are reset
synchronously when the RST pin is high during a rising
edge of the input clock. When coming out of reset, the
8XCSI1FC takes 1 to 2 machine cycles to begin driving ALE
and PSEN immediately after the RST is removed but the
access during the first machine cycle after reset is ignored
by the processor. The second cycle will repeat the access
and processing will begin.

2.0 POWER SAVING MODES OF OPERATION

2.1 Idle Mode

Idle mode and the corresponding control bit in the PCON
SFR have not been implemented in the UT69RHOS1.
Setting the idle control bit will have no effect.

2.2 Power Down Mode

Power down mode and the corresponding control bit in the
PCON register have not been implemented in the
UT69RHO51. Setting the power down control bit will have
no effect. Also, the Power Off Flag in the PCON has not
been implemented.

3.0 ON CIRCUIT EMULATION

The On Circuit Emulation mode of operation in the
8XCS1FC has not been implemented in the UT69RHO51.

4.0 OPERATING CONDITIONS

The operating voltage range for the 8XC51FC is 5V +20%.

The operating temperature range is 0° to 70°C. On the
UT69RHO51, the operating voltage range is SV £ 10%. The
operating temperature range is -55° to +125°C.
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(, APPENDIX B
- Impact of External Program ROM
The 8051 family of microcontrollers, including the ports are dedicated to the program ROM interface and can
8XCS1FC, use ports 0 and 2 to access external memory. In not be used as Input/Output ports. The UT69RHOS51 uses
implementations with external program memory, these two external program ROM, so ports 0 and 2 will not be
available for I/O.

e
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Baltimore Sales Office

UTM Boston Sales Office

1575 Garden of the Gods Road 9891 Broken Land Parkway, Suite 300 140 Wood Road, Suite 200
Colorado Springs, CO 80907-3486 Columbia, MD 21046 Braintree, MA 02184
800-722-1575 410-312-5734 617-356-5600

Melbourne Sales Office South LA Sales Office North LA Sales Office
1901 S. Harbor City Bivd., Suite 802 101 Columbia Street, Suite 130 77 Fulton Lane, Suite 3
Melboume, FL 32901 Aliso Viejo, CA 92656 Camarilio, CA 93010
407-951-4164 714—362-{2060 805-445-6665

N UNITED

N4 TECHNOLOGIES

% MICROELECTRONICS
CENTER
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tive to verify that the information in this data sheet is current before
using this product. UTMC does not assume any responsibility or liability
arising out of the application or use of any product or service described
herein, except as expressly agreed to in writing by UTMC; nor does the
purchase, lease, or use of a product or service from UTMC convey a
license under anf' patent rights, copyrights, trademark rights, or any
other of the intellectual rights of UTMC or of third partes.
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UT22VP10 Umversal RADPAL

me
O H1gh speed Universal RADPAL
. 'tPD 25ns maxmmm
fMAXl Mﬁmanmnm external frequency
- Supported by mdustry-smndard programmer
- Amm-phous si]xTon anti-fuse
O Asynchronous & synchronous RADPAL operauon
Synchmnous PRESET
« - ‘Asynchronous RESET

O Up;roZZmputand 10 outpat drivers may be
codﬁgnred :

QMOS & m-eompatib)e input and output levels

- {Three-state output drivers
8] Vanable product tu’ms, 8 to 16 per output
0 10 nser-pmgraunmble output macmcells

O Low operating current
- Ipp: 60mA @ IMHz

0O Vop: 50 volts =10%

O Radiation-hardened process and design; total dose
irradiation testing to MIL-STD-883, Method 1019
- Total dose: 1.066 rads(Si)
+ Single event effects:
Upset threshold 50 MeV-cm?/mg (min)
Latchup immune
- Neutron fluence: LOE14 nfcm?

0O OML Q & V compliant part {check factory for
availability)

O Packaging options:
- 24-pin 100-mil center DIP (0.300 x 1.2)

- Registered of combinatorial «  24-leadflatpack (45 x 64)
- Output driver polar:tyoontml selectable - 28-ecad quad-flatpack (45 x .45)
- Zfeedbackpaths available {1 Standard Military Drawing 5%62-84754 available
' 3] |12 '} 9 3|})2 1
| ;
MR ¥
S | PROGRAMMABLE AND ARRAY LOGIC =
i i ] {132 X 44 )
As gﬁﬁ H@ﬁl}\l@“ géu g 16 A@u A?ﬁ gﬁqgﬁ
wtwﬁw.‘w Maorocetl (1] Macrocetl [T} Macrocat [ Meecr E-_*t‘ww
) H -l b4 ) v M b4 b H -
: \/
, 0 Voo
U 15 BRL | " , B 22 2

Figure 1. Block Diagram
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PR(’)DUCI‘ DESCRIPTION

Thc UT22VP10 RADPAL is a fuge programmsble logic
array device. The familiar sum-of-products (AND-OR)
!ogip structure is complemented with 2 programmable
macrocell. The UTZZVP10 is available in 24-pin DIB,
24-kead flatpack, an{l 28-lead quad-flatpack package of-
fe:ingpmdcﬁnguptozz inputs and 10 outputs. Amor-
phaus siicon anti-fuse technology provides the program-
uudgofeadn output The user specifies whether each of
the potenual outputs is registered or combinatorial. Out.
put polarity is also mdmdually selected, allmng for
greater flexibility fof output confignration. A unique out-
put Enable function allows the wser to configure bidirec-
tiodsl /O on an individual basis.

Thd UT22VP10 architecture implements variable prod-
uctu:mpnmdmg to 16 product tezms to outputs.

'I‘lnsﬁmnrc the user with increased logic func-
tio (flexibility, Other features include cormmon synchro-
nous preset and reset. These features etim-

maﬂet!zeneedfotpérfamingthe imitialization function.
The UT22VP10 provides a device with the flexibility to

implement logic functions in the 500 to 800 gate com-

) phwmﬂexmlcard:msuppomthemple-

mentation of logic finctions requiring up to 21 inpats

and(onlyamg)computordowntolzinputsandlo

outguts. {
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PIN NAMES
CPA1 Clock/Data Input
I Data Input
/0 Data Input/Output
Yobp Power
Vss Ground
FUNCTION DESCRIPTION

The UT22VP10 RADPAL implements logic functions as

sum-of-products expressions in 3 one~-time program-
mable-AND/fixed-OR logic array, User-defined func-

" tions are created by programming the coanections of

input ugnah into the array. User-configurable output
structures in the form of 1/O macromlls further increase
logic flexibility.
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Tabie 1. Macrocell Configuration Table

The U'rzzvmo RADPAL architectore (figure 1) has 12
dedx:alcd inputs and 10.1/Os to provide up to 22 inputs
and 10 outputs for creaﬁng logic functions. At the core
of the de-me is 2 one-time programmable-anti-fuse AND
arrayt}mdnvesaﬁxediORarray With this structure,
the UT22VP10 can nnplement vp to 10 sum-of-products
logic expressions.

Associa‘tedwimead:oﬁthe 10 OR functions is a macro-

is independently programmed to one of six
dxﬂ‘crent configurations: The one-time programmable

mamceﬂsalioweachmtocreetcsequcnmlormm
natorial logmfunctnomw:theatherAahve-H:ghoer-

nvo-l.oév polarity.

LOGIC ARRAY

’I‘heone-dmepmgrammabkANDarrayotthc .
UTZZVPIORAD?ALxsfmmed by input lines intersecting
product tum.'l‘hemmtlmes and product terms are
used asfollows: ;

44|npm:hnes

. %xnpﬂﬁmcanydwmaﬁwmpkmmdwag-
nalst;m!iedwtbcmpmpm

= 20 lines carry the true and complemeat valnes of feed-
m&inpmagmlsmmeloms

mprogiuctterms:

o 120 piroduct terms (arranged in 2 groups of 8, 10, 12, 14,
and 15) used 1o form kogic sums

* 10 output enable terms, (one for each 110)

_* 1 global synchronous preset term

* | global agynchronous reset term

At eachlinput. Bine/product-term intersection there is an
anti-fuse cell which deteymines whether or not thereis a
logu:léonnedxmatthatmtcrsectm}spmdmtcm
whlchﬁconmdtoboth the true and complement of
an mpui signal will always be logical zero, and thus will

i
Cs Cy Co Qutput Type Polarity Feedback
0 ) 0 " Registered Active LOW Registered
) 0 1 Registered Active HIGH Registered
X 1 0 Combinatorial Active LOW 73
X i 1 Combinatoral Active HIGH i7e
1 0 a Registered Active LOW 73}
1 o 1 Registered Active HIGH 70
OVERVIEW not effect the OR function that it derives. When there

are no connections on a product term, a Dow’t Care
state exists and that term will always be & logical one.

FRODUCT TERMS

The UT22VP10 provides 120 product terms that drive
the 10 OR functions, The 120 product terms connect to
the outputs in groups of 8, 10, 12, 14, and 16 to from log-
ical sums,

' MACROCELL ARCRITECTURE

The output macrocell provides complete control over the
architecture of each output. Coafiguring each output
independently permits users to tailor the configuration
of the UT22VP10 to meet design requirements.

Each J/O macrocell (see figure 2) consists of a D flip-fiop
and two signal-select multiplexers. Three configuration
sefect bits controlling the multiplexers determine the
configuration of each UTZZVP10 macrocell. The config-
uration select bits determine output polarity, output type
(registered or combinatorial) and input feedback type
(registered or I/0). See figure 3 for equivalent circuits
for the macrocell configurations.

OUTPUT FUNCTIONS

The signal from the OR array may be fed directly to the
output pin (combinatorial function) or Jatched in the D
flip-flop (registered function). The D flip-fiop latches
data on the rising edge of the clock. When the synchro-
nous preset term is satistled, the Q output of the D flip-
flop output will be set logical one at the next rising edge
of the clock input. Satisfying the asynchronous clear term
sets Q logical zero, regardiess of the clock state. If both
terms are satisfied simuftaneously, the clear will override
the preset.
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: Figure 2. Macrocell
odmrrpoumh REGISTER FEEDBACK

Eath macrocell can'be configured to implement Active-
H:ghor Active Lowlogic. Programmable polarity elimi-
nates the need for external inverters. Unprogrammed
device ocutputs are logical one (inputs don’t care).

OUTPUT ENABLE

Th#onqm:otmh‘UOmaaocell ¢an be enabled or dis-
abled under the cantrol s programmable output enable
product term. The dutpat signal is propagated to the YO
pin:when the logical conditions programmed on the out-
putenable term aresatisfied. Otherwise, the output
buffer is driven into the high-impedance state.

The output enable term allows the 1O pin to function a3

‘a dédicated input, dedicated output, ar bidirectional I/O.

‘When cvery connection & unprogrammed, the outpot
engble product term permanently enabies the outpat
buffer and yiekis a dedicated output. If every connection
is programmed, the cnable term is Jogically low and the
1/ functions as a dedicated input,

The feedback signal to the AND array is taken from the
Q output when the J/O macrocell implements a regis-
tered function {C3 = 8, Cy = 0).

. BIDIRECTIONAL 1/O

The feedback signal is taken from the /O pin when the
macrocell implements a combinatorial function (Cy = 1)
or a registered function (Cz = 1, Cy = 0). In this case,
the pin can be used as a dedicated input, a dedicated
oufput, or 3 bidirectional 1/0.

POWER-ON RESET

"I ease system initialization, all D flip-flops will power-
up o a reset condition and the Q-output will be fow. The
actual output of the UT22VF10 will depend on the pro-
grammed output polarity. The Vpp rise must be mono-
tonic and the reset delay time is Sps maximam.

ANTI-FUSE SECURITY

The UT22VP10 provides a special security bit that pre-

vents unauthorized reading or copying of designs pro-
grammedmtothcdm‘l'hesemmybnmsctbyths

PLD programemer, at the conclusion of the programming
cycle, Oncethescumtybxtxssetnzsunpomibletove Q
(read) or program the UTZZVFP10..
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f@ mso;.;m-: MAXIMUM RATINGS?

T SYMBOL PARAMETER Lot UNITS

T Vop Supply voltage 031070 v
Vio . Input voltage any pin 03t Vpp +3 v

¢ Tste Storage Temperature range -65 to +150 °C

Ty Maximum junction temperature +175 °C

: Ts Lead temperature (soldering 5 seconds) +300 °C

;. O Thermal registance junction to case 20 W

I DCinput current =10 oA
Pp’ Maximum power dissipation 16 W

Notea: {

1. mmmwwmmnq mmdwmhmns-h;mmﬁngmly.wwkndh
MwJaMummmwmwhmmmmhmm Exposarz to sheclule maximom rating
for extended periods may affect deviee relishility,

2 (ccooxx + log) S5V,

RECOMMENDED OPERATING CONDITIONS

| SYMBOL PARAMETER Ty UNITS
T Supply voltage 151055 v
VN Input voltage any pin 0to Vpp v
O Tc Rmperature range S5t0 + 125 °C

|
¢
}
1
;




100328
Low Power Octal ECL/TTL

General Description

Tha 100328 is an octal latched bi-directional translator de-
signed 10 corvert TTL logic leveis to 100K ECL logic levele
and vice versa. The direction of this transiation is deter
mined by the DIR input A LOW on the output enabie input
(OF) hoids the ECL cutputs in a cut-off atate and the TTL
outputs at a high impedance level. A HIGH on the laich
enable input (LE) latches the data at both inputs even
though only ons output is enabled at the time. A LOW on LE
makes the 100328 tranaparent.

The cut-off state is designed to be mors negative than a
normal ECL LOW level. This allows the output emitter-lo-
iowers to tum off when the termination supply is —2.0V,
presenting a high impsdance 1o the data bus. This high im=
pedance reduces termination power and prevents loss of
low state ncise margin when severa! loads share the bus.

&National Semiconductor

Bi-Directional Translator with Latch

July 1992

The 100328 is designed with FAST® TTL output buffers,
featuring optima) DC drive and capabie of quickly charging
and discharging highly capacitive ioads. All inputs have
60 k(3 pull-down resistors.

Features

u kientical performance to the 100128 at 50% of the
supply current

® Bi-directional ransiation

8 2000V ESD protection

8 Latched outputs

8 FAST® TTL outputs

® TRI-STATE® outputs

B Voitage compensated operating range =
4.2V to —8.7V

B Avadabie to industrial grade temperature range

B Avallable to MIL-STD-383

Logic Symbol
(it tgl Pin Names Description
PRERTIR R Eo-E7 ECL Datal/O
U To-T7 TTL Data I/0
—oe = Q€ Output Enabile Input
b LYy LE Latch Enabie Input
YT DR Diraction Control Input
TUR/ 10241 Al ire funcion et 100K ECL levets except for Te=T.
Connection Diagrams
24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpek
L TiTa TaVeesTe Ta b fo LEVee¥g¥m T
£ 2 S o L Js ofr.sfes]e o o]
P Y sh OoOn(] 423220018
(X H ni-g T [T, g =4 e
=0 ity ¥ @ mom -2 171,
s P! wd 00 Voep 6={3 whry
ve{s 19f~vee "::: g’:: [P 18f1,
vm:r 1:-\15 3= e DL 41y
m-s 7Yy ] ™13 [ 1) 15Ty
:,ml‘l. ::-;. OO O 7 8 0 10 1112
7] 1 SEnNooaa
= 1f-1 LG GVash by b e s
T BrEn TURIG218-3
TUP/16210-2
FAST® umi TRISTATE® wm g of Nasornt
L TL/108 OO -B30M08/ Potmad m UL 8. A

4338 Yim Jojejsuel ] [euolIB.|d-1g 1LL/T1D3 [BI90 18MOd MO 8ZEOOL




Functional Dlagram

SEE DETAL
ECLO wt—rijin{ ; me
]
o nid
| Sy
[ 28] mi
p—ad p—d
ICL? - TTL2
ot
KL = IS
— Pt
L4 = » TTLY
pet—9
®Ls > L
g fen—q
soLe > TTLS
o—— —
wL? - T7
et
(LE) LATCH UNABLE —
(Om) ECUTTL oEco0E |-
(O) OUTPUT ENABLE —n4
TUP/16219-8

Nete LE. DIR, and O use ECL. 1090 ievels

Detall
»
nlu‘-“ﬁk‘ LaTcH 'onnmuv rTEn
oa
e
(7% ™m
e O
-~ N ™ - §6L
SUTRT | TnaxataTow
susFER
LATCH
AR
ENARLE
TUr6210-4
Truth Table
ECL T
OF | DIR | LE | 5oy Port | Notes
LOW
L X L {cutom z
L L H Inout 2 1,3
Low
L ol M| coom | et 2,3
H L L L L 1.4
H L L H H 1,4
H L H X Latched 1,3
H H L L L 2,4
H H L H H 2,4
H H H Latched X 2,3
M = HIGH Voitage Level
L = LOW Volage Lovel
X = Dont Care
Z = High Impedance

Nete 1: ECL input © TTL auiput mode.
Nets £ TTL input 10 ECL ouput mode.
Note & Rataine dets present before LE set HIGH,
Nete & Lacch s Teneparent.




Absoclute Maximum Ratings (Note 1)

i Miittary/Asrospace specified davices are required, Voitage Applied to Output

pisass contact the National Semiconducior Sales In HIGH State

Office/Distributors for availability and specifications TRISTATE Output —-0.5Vip +5.5V
Storage Temcerature (Tgrg) -88Cto +150°C Current Appilied to TTL

Maximum Junction Temperature (T.) Output in LOW State (Max) Twice the Rated lo_ (MA)

Ceramic +176°C ESD (Note 2 22000V

Pastic +150°C
VEz Pin Potential to Recommended Operating

Ground Pin -7.0V tp +0.6V c°nd|t|°ns
VTL Pin Potential t0 Case Tompurature (Te)

Ground Pin -05Vip + 6.0V Commercial @Clo +86°C
ECL Inout Voitage (DC) Veg 0 +0.5V Industrial —40°C 1o +86°C
ECL Output Current Miitary —56°Ctp +126°C

{DC Output HIGH) —§0 mA ECL Supply Voitage (Veg) -5V —42V
TTL Input Voitage (Note 3) —0.6Vio +6.0v TTL Supply Voitage (YT +45V 1D +55V
TTL Input Current (Note 3) ~30mAto +50mA
Nodm 1= Absokite meximum reings e 1hoes veiuas beyond which the de-
vics muy be damaged or have is uselul e impaired. Funciional operation
under heas condiions i3 nct implled.

Nets & ESD eeting conforms 1o MIL-8TD-883, Mathod 3013.
Nodn 3: Ether voilage it or curment Imit is sutficlert 10 prowect Inpute.
Commerclal Version
TTL-to-ECL DC Electrical Characteristics
VEE = —42V to —6.7V, VoL = VOooA ™ GND, Tg = C°C o +86°C, VITL = +4.5V to + 6.6V (Note 4)
Symbol Pacameter Min Typ Max Units Conditions
Vo Output HIGH Voitage -1025 —966 —870 mv Vin = Virdex) OF ViLodn)
VoL Output LOW Veltage -1830 -1706 —1a00 mv Loading with 500 to — 2¥
Cutoft Voltage OE or DIR Low,
—2000 — 1960 mv VIN = VirMax) O ViL(Min),
Loading with 5002 to —2V
VoHG Output HIGH Voitage ~1036 mv ViN = Vis(un) Of Vit uex)
Comner Pont High Loading with 500 o —2V
Voare Output LOW Voitage _
Comner Point Low 1610 i
Vi Input HIGH Voitage 20 50 v Over V. Veg, Te Range
Vo Input LOW Volitage 0 0.8 v Over VML, Veg, Tc Range
m Input HIGH Current 70 pA iy = +27V
Breakdown Test 1.0 mA VN = +6.6V
e Input LOW Cusrent —700 pA Yy = +0.6V
Veen Input Clarmp —12 v N = —18mA
Diode Voitage
lgg Vee Supply Current LE Low, OE and DIR High
Inputs Open
-15 -75 mA VEE = —4.2ViD —48V
—189 -75 Vee = —4.2v i —5.7V

Note & The specified Smits represent the ‘worst case’™ vaiue for 1 parameter. Since theee vaiuse
ystem operaing rangss. Condions for testing shown in the Wbies are chosen 1o

Immuniy and guerdbanding can be by g the
ouaraniee operafion under '‘worst case'* conditicna.

addiional noiwe

y occur mt the




Commerclal Verslon (contrued)

ECL-to-TTL DC Electrical Characteristics
Veg = —4.2¥ o —5.7V, Voo = Veca = GND, Tc = 0°Cto +85°C, C_ = 50 pF, ¥m_ = +45Vto + 6.5V (Note)

Symbol Parameter Min Typ Max Units Conditions
Vou Output HIGH Volitage 27 a1 v loH = —3mA, W = 475V
24 2.9 v low = —3 MA, VL ™ 4.50V

VoL Output LOW Voitage 0.3 0.5 v loL = 24 mA, V= 4.50V
Vi Input HIGH Voitege —1186 - 870 mv Guaranteed HIGH Signal for All Inouts
Vi Input LOW Voitage’ —1830 ~1476 mv Guaranteed LOW Signal for All Inouts
IH Input HIGH Current 360 A VIN = V|H (M)
I Input LOW Current 0.50 pA Vin = YiL (Min)
oyt m;:;iw 70 pA VouT = +2.7V
o m::: Current -700 BA Vour = +05V
los &u:::&\oncm -150 —€0 mA Vour = 0.0V, Vrm = +5.5V
m V1L Supply Current 74 mA TTL Outputs LOW

49 mA TTL Outputs HIGH

7 mA TTL Outputs in TRI-STATE

DIP TTL-to-ECL AC Electrical Characteristics

Veg = —4.2V 10 6.7V, V1L = +4.5V 10 +6.5V, Voo = Voca = GND (Nots)

. Poramete Tc = 0C Tc = 25°C Tc = 65°C
Min Max Min Max Min Max
(=T TNt Eq ne
o (ran I 4 as | 11 a8 | 14 as | P raz
toLH LEtE, ns
w7 38 | 17 37 | 19 a9 Fguree 142
toHL ns
thz g:‘:f; ) 13 42 | 15 44 | 17 48 ne | Fgues 142
toriz oofg'::"m on 15 45 | 16 45 | 18 48 e | Fgum182
towz :‘::f"m - 18 43 | 18 43 | 17 45 ns | Foguwes 1482
[ TotoLE 14 11 1.1 ns | Figues1482
thoid TotoLE 1.1 11 11 n | Fpre14&2
tow(H) Pulse Width LE 21 21 21 ne Figures 142
m ;":‘”‘b o """w* oo | 08 18 [ 08 18 | os 16 | Fouwes142

Netec The specified Irils represert 1he “‘worst” 2088 VaL for tha paremetr. Sinos thase vehuas Aommally 0ocLr 6t The tsmpargiurs exremas, addiionsl nolss

ty &

nd g
operetion

guarsre

xing cen be by

]

under “werst cess” condiions.

system op

@ ranges. Conditions for jewling 3hown in e tabiea sre chouen ©




IDTE188SA/LA
CMOS STATIC RAM 16K (4K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (CONTINUED) (vcc = 5.0V + 10%, All Temperature Ranges)

6168SA35 6168SA452| 6168SA552 | 6168SAT0W
8168LA35 | 8168LA45?| 6168LAS59 | 8168LAT0D
Symbo Parameter Min. | Max [Min | Max.[ Min. | Max. | Min. [ Max | Unk
Write Cycle
twe Write Cycle Time 30 —_— 40 —_ S0 - 80 —-_ ns
tow Chip Select to End-of-Write 30 — 40 — 50 — 60 — ns
AW Addrass Vaid to End-of-Write 30 — 40 — 50 — 60 — ns
tAs Address Set-up Time 0 — 0 — 0 — 0 — ns
twp Write Puise Width 30 —_ 40 — 50 — 60 — ns
twr Write Recovery Time 0 — 0 — 0 - 0 — ns
tow DataValid to End-of-Writa 15 — 20 — 20 — 25 — ns
toH Data Hold Time 0 — 3 - 3 - 3 - ns
twHz@ Write Enabie to Output in High-Z 13 — 20 — 25 —_ 30 ns |
tow®d Output Active from End-of-Write 0 - 0 - 0 — 0 — ns
NOTES: 3090thi 1

1. 0° to +70°C temperature range only.

2. -55°C to +125°C temperature range only. Also available 85ns and 100ns devices.
3. This parametar is guarartsed with the AC Load (Figure 2) by device characterization, but is not production tesied.

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)™ %9

twe

ADDRESS %

X

-t taw o
AN /4

e 145 =t} twp -l LW —e]

N A
WE N /
- twuz“’ — - tow (6) - — 1cu1m
DATAour ——————— PREVIOUS DATA VAUD DATA @
tow . tDH
DATAN DATA VALID

3080 drw 08
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IDT8168SA/LA
CMOS STATIC RAM 18K (4K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)("" % 8

- twe -

ADDRESS X X

- taw -

= NF 7F
ot tow N (3)*

a— [AS -

=\ Vi

DATAIN DATA VALID
3080 drw 10
NOTES:
1. WE or T3 must be HIGH during all address vansilons.
2. A write occurs during the overiap of a LOW CS and a LOWWE
3. twR Is measured from the sarlier of CS or WE going HIGH 1o the end of the writs cycle.
4. During this period, the VO pins ara in the output stata and input signals should nat be applled.
5. If the CS LOW mransition occurs simukaneously with or after the WE LOW transition, the outputs remain In the high impedance state.
6. Transition is measured :1200mV from sieady state.
ORDERING INFORMATION
IDT 6168 XX XXX XX X
Device Power Speed Package Process/
Type Temperature
Range
Blank Commerdal (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B
P 300mil Plastic DIP (P20-1)
D 300mil Ceramic DIP (D20-1)
L Leadless Chip Carrier (L20-1)
SO 300mil Smalt Outiine IC, Gull Wing (S020-2)
E 300mit CERPACK (E20-1)
15 h
20
25
35
45 Mil On Speed in nanoseconds
55 Mlg'ryy Oni e
70 Miltary On
85 Military On%
100 Milicary On
SA Standard Power
LA Low Power
3000 arw 11
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IDT6168SA/LA

CMOS STATIC RAM 18K (4K x 4.BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V £ 10%, All Temperature Ranges)

6168SA15 | 6168SA20/25
8168LA20/25
Symbol Parameter Min. [ Max. | Min. | Max.| Unit
Read Cycle
trRC Read Cycle Time 15 — | 20/25f — ns
tAA Address Access Time — 15 — | 20/25( ns
tAcs Chip Select Access Time - 15 — | 20125} ns
terzd Chip Select to Outpit in Low-Z 3 — 5 — ns
tcHz@ Chip Deselect to Output in High-Z — 8 — 10 | ns
toH Output Hold from Address Change 3 - 3 - ns
tPUE’ Chip Select to Power-Up Time 0 — (o] — ns
teo@ Chip Deselect to Power-Down Time — 15 — | 20/25| ne
3000 diw 12
AC ELECTRICAL CHARACTERISTICS (CONTINUED) (vcc = 5.0V 1 10%, All Temperature Ranges)
8168SA35 | 6168SA45™® | 616BSASH® | 6168SA70
B168LA3S | 8168LAASM | 6168LASSM™M | B168LA700
Symbol Parameter Min. | Max. | Min. | Max.[ Min. | Max. | Min. | Max | Unit
Read Cycile
tRC Read Cycle Time 35 - 45 - 55 - 70 - ns
tAA Address Access Time - 35 - 45 — 55 — 70 ns
tACs Chip Select Access Time — 35 — 45 - 55 — 70 ns
tcwz®? Chip Select to Output in Low-Z 5 — 5 — ] — 5 — | ns
teHZ) Chip Deselect to Output in High-Z — 15 — 25 — 25 — 30 ns
toH Output Hold from Address Change 3 — 3 — 3 — 3 — ns
@ Chip Select to Power-Up Time 0 - 0 - 0 - 0 — | ns
tpp@ Chip Desalect to Power-Down Time — 35 — | 40 | — 50 | — 60 | ns
NOTES: 3000 thi 13
1. =55°C 10 +125°C temperature range only. Also avallable 85ns and 100ns dévices.
2. This paramater is guarantsed with AC Test load (Figure 2) by device charactarization, but is not production tested.
TIMING WAVEFORM OF READ CYCLE NO. 1(1-2)
- tRe ol
ADDRESS Xﬁ
1AA |
- 1OH ol
DATAoUT PREVIOUS DATA VALID DATA VALID
3000 drw 07
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IDTE168SA/LA
CMOS STATIC RAM 16K (4K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO, 29

o) N

DATAouT

\

'

< tacs

g tcx_z(‘) ————]

HIGH IMPEDANCE

Vec  SUPPLY '©
CURRENT

Ise

3
- 1CHZ

DATAourt VALID

HIGH IMPEDANCE

NOTES:
. Eb HIGH for Read cycle.
. CSis LOW for Read cycle.

. Address vaid priertooroohcidertuﬂmfgnmﬁon LOW.

1
2
3. Device is continuously selaected, C5 is LOW.
3
4

. Transkion is measured £+200mV from steady state.

3090 drw 08

AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 10%, All Temperature Ranges)

Symbol| Parameter

6168SA15 | 6168LA20/25

6168SA20/25

Min. | Max.| Min, | Max.

g
=

Write Cycle

Write Cycle Time

18 —

Chip Select to End-of-Wrke

15 —

Address Vaid to End-of-Write

15 _

Address Set-up Time

0 -—

Write Pulse Width

15 —

HHABH

Write Recovery Time

g

Data Vald to End-of-Write

{OH Data Hold Time

o|3|e|3|o|3 (3|3
|

o|w|Oo
I

twriz® | Write Enable to Outpit

in High-Z

tow® Output Active from End-of-Write

I
53333883333
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IDT6168SA/LA

CMOS STATIC RAM 16K (4K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DATA RETENTION CHARACTERISTICS (LA Version Only)
VLC = 0.2V, VHC = Vee - 0.2V

Symbol
VDR
Iccor

IDT6168LA
Parameter Test Condition Min. Typ.(0 Max. Unit
Vvee for Data Retertion 2.0 — — Vv
Data Retention Current _ MIL. - 0.5@ 100@ pA
CS2VHe — 1.00 1500
VIN 2 VHC COM'L. - 0.5 2013 A
orsV.C —_ 1.08 30
LCOR® Chip Dessalect 1o Data 0 - - ns
Retention Time
RS Operation Recovery Time R - - ns
NOTES: 3000 thi 10
1. Ta= +25°C.
2. &Vee s 2V
3. avce =3V
4. tre = Read Cycle Time.
5. This parameter is guaranteed by device characterization, but is net production tested.
LOW Vcc DATA RETENTION WAVEFORM
DATA
fetp——— RETENTION
MODE
Vee 4.5V 5( 4.5v
/ \ : / A \
[53] / / / / / / / VIH Vor ViH (\\\\\\\
30090 dre 04
AC TEST CONDITIONS
Input Pulsa Levels GND to 3.0V
Input Rise/Fall Times sns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5v
AC Test Load See Figures 1 and 2
3080 thi 11
5V
4800 4800
DATAouT DATAOUT *
255Q 30pF* 255Q 5pF*
3090 drw 06 3090 drw 08
Figure 1. AC Tast Load Figure 2. AC Test Load

(for tcuz, teLz, twiz and tow)

*Includes scope and jig capacitances
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IDT6168SA/LA
CMOS STATIC RAM 16K (4K x 4-BiT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS™
(Vee = 5.0V + 10%, VLc = 0.2V, VHC = Vce - 0.2V)

6168SA1S 6168SA20
6168LA20
Symbol Parameter Power | Com’l.| Mil. |Com’l.{ Mil. | Unit
ket Operating Power Supply Current SA 110 | 120 90 100 | mA
CS g ViL Outputs Open,
Ve = Max., f = 0 LA -_— —_ 70 80
iccz Dynamic Operating Current SA 145 | 165 120 120 | mA
CS < Vi, Outputs Open,
Ve = Max., f = fuax® LA — —_ 100 | 110
Iss Standby Power Supply Current SA 55 60 45 A5 | mA
(TTL Level)
CS 2 ViH, Vee = Max., LA — — 30 35
Outputs Open, f = fuax®
Is81 Full Standby Power Supply Curent SA 20 20 20 20 | mA
{CMOS Level) .
C3 2 VHe, Vee = Max., LA - | = 0.5 5
VIN2 VHC or VINS VLG, f = 08
3090 thi 07

DC ELECTRICAL CHARACTERISTICS (CONTINUED)("
(Vee = 5.0V £ 10%, VLc = 0.2V, VHC = Vcc - 0.2V)

6168SA25 6168SA35 6168SA45/55 | 6168SA709@
6168LA25 616BLA3S 6168LA4S/55 | 8168LAT0D
Symbol Parametor Power [Coml.] Wil. [Com'L | Mil. [Com1.] Mil. |Coml.| Wil. | Unit
lect Operating Power Supply Cument SA 90 100 | 90 00| — | 100 | — | 100 | mA
CS g VL, Outputs Open,
vece = Max., f = O LA 70 go | 70 80 — 80 - 80
kcc Dynamic Operating Current SA 110 120 | 100 110 - 110 - 110 mA
CS < Vi, Outputs Open,
Vce = Max., f = fuax® LA 90 100 80 90 — 80 — 80
Iss Standby Powsr Supply Current SA 35 45 30 35 — 35 — 35 mA
(TTL Level) ,
CS 2 ViH, Vee = Max., LA 25 0 | 20 25 — | 2si20] — 20
Outputs Open, f = fMax®
Isa1 Full Standby Power Supply Current SA 3 10 3 10 — 10 — 10 mA
(CMOS Level)
CS 2 VHe, Vee = Max., LA 0.5 03 | 05 0.3 - 0.3 - 0.3
VIN2 VHC or VINS VLG, f = 09
NOTES: 3090t 08

1. Al values are maximum guaranteed values.
2. Also available 85 and 100ns military devices.
3. fwax = 1rc, only addrass inputs are cycling at fuax. f = 0 means na address inputs are changing.

DC ELECTRICAL CHARACTERISTICS Vcc=5.0V£10%

IDT6168SA IDT6168LA
Symbol Parameter Test Condition Min. Max. Min. Max, Unit

| input Leakage Current | Vcc = Max., MIL — 10 —_ 5 WA
VIN =« GND to Vee COM'L — 2 — 2

liLoj Output Leakage Currert| Vee = Max., CS = ViH, MIL — 10 - 5 HA
Vout = GND to Vce COM'L — 2 — 2

Vou Output LOW Voltage loL = 10mA, Vce = Min. — 0.5 — 05 Vv
loL = 8mA, Vcc = Min. - 04 - 0.4

VOH Output HIGH Voltage IoH = —4mA, Vce = Min. 24 — 2.4 — v

3090t 09
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CMOS STATIC RAM IDT6168SA
dt 16K (4K x 4-BIT) IDT6168LA
Integrated D:vice Tecimology, Inc.
FEATURES: provides a cost-effective approach for high-speed memory
. applications.

High-speed (equal access and cycle time)

— Military: 15/20/25/35/45/55/10/85/100ns (max.)

— Commerclal: 15/20/25/35ns (max.)

Low power consumption

Battery backup operation—2V data retention voltage

(IDT6168LA onty)

Available in high-density 20-pin ceramic or plastic DIP, 20-

pin SOIC, 20-pin CERPACK and 20-pin leadless chip carrier

+ Produced with advanced CMOS high-performance
technology

+ CMOS process virtually efiminates alpha particle soft-error

rates

Bidirectional data input and output

Military product compliant to MIL-STD-883, Class B

DESCRIPTION:

The IDT6168 Is a 16,384-bit high-speed static RAM orga-
nized as 4K x 4. Itls fabricated using IDT's high-performance,
high-reliability CMOS technology. This state-of-the-art tech-
nology, combined with innovative circuit design techniques,

Accaess times as fast 15ns are avallable. The circult also

offers a reduced power standby mode. When TS goes HIGH,
the circuit will automatically go to, and remain in, a standby
mode as long as CS remains HIGH. This capability provides
significant system-leve! power and cooling savings. The low-
pawer (LA) version also offers a battery backup data retention
capability where the circuit typically consumes only 1uW
operating off a 2V battery. All inputs and outputs of the
IDT6168 are TTL-compatible and operate from a single 5V
supply.
The IDT6168 is packaged in either a space saving 20-pin,
300-mil ceramic or plastic DIP, 20-pin CERPACK, 20-pin
SOIC, or 20-pin leadless chip carrier, providing high board-
level packing densities.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM
o —>—
, —  Vec
. le—  GND
. _
. ADDRESS
16.384-BIT
. DECODER MEMORY ARRAY
A ——>——
[ ) [ ] [ ]
V0o ‘ ? /0 CONTROL
vor g ' INPUT
' DATA ——ﬁ t—
V02 j—- CONTROL
) g
6] 3— L
T
S )— x|
3090 drw 01
Wit ——d F
The IDT logo is & regrtered trademark of Integrated Device Tachnolagy. inc
MILITARY AND COMMERCIAL TEMPERATURE RANGE MAY 1994

©1994 ntagratad Device Technology, Inc.

Dsc-11211




IDTE168SA/LA
CMOS STATIC RAM 16K (4K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS

o/
Ao} 20 {]vce
a2 1] An
A3 p70:1. 18 [ A0
rmOe  ooq T HA
Als  so20-2, | JAs
AsC]s  &E207 45 [yo,
As]? 1 [Jvoa
Aarl] e 13 ] vo1
cs(]s 12 [T y0o
GND [] 10 " [IWE
3080 drw 02
DIP/SOIC/SOJ/CERPACK
TOP VIEW
INDEX - 8 =
\F 225 <
[OR S
2 LJ 20 19
Az [1s ! 18 C]Aw0
A3 [14 17 []As
Ad [Is 16 []As
As [Je L20-1 15 L]1/0a
Ae [J7 1 L]0z
Ar [Js 13 L]0
g4 10 11 12
N hhm S
3000 drw 03
BSE S
5 =
LCC
TOP VIEW
PIN DESCRIPTIONS
Name Description
Ao-A11 Address Inputs
ok} Chip Select
WE Write Enable
003 Data Input/Output
Vce Power
GND Ground
3090 thi 01
CAPACITANCE (Ta = +25°C, F = 1.0MHz)

Symbol | Parameter® Conditions | Max. | Unit |
CiN input Capacitance ViN =0V 7 pF
Cro I/O Capacitance Vour = OV 7 pF

NOTE: 3080 thi 02

1. This parameter is detarmined by device characterization, bt is not
production testad.

TRUTH TABLE®

Mode [of: WE Output Power
Standby H X High-Z Standby
Read L H Dout Active
Write L L DIN Active
NOTE: 3080 tHd 03

1. H=VH, L= Vi, X = Don't Care
ABSOLUTE MAXIMUM RATINGS"
Symbol Rating Com’l. Mil. Unit
VTERM | Terminal Voitage |-0.5t0 +7.0| -0.5t0 +7.0
with Respect
to GND
TA Operating Oto +70 ~5510+125 | °C
Temperature
Taias Temperature |-5510+125| -65t0+135 | °C
Under Bias
TsTG Storage -55t0+125| -65t0+150 | °C
Temperature
PT Power Dissipation 1.0 1.0 w
lout DC Output 50 50 mA
Current
NOTE: 3090 thi 04

1. Sgesses greater than those listad under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the davica at these or any other
condltiorsd:ovemoselndlcatedhmeoperabnalsecdmdd’is
specification is not implied. Exposure to absolute maximum rating

conditions for exiended periods may affect relability.

RECOMMENDED DC OPERATING
CONDITIONS

Symbot Parameter Min. | Typ. | Max | Unit
Vce Supply Vokage 45 | sof ss | Vv
GND | Supply Vokage 0 0 0 Y
ViH input High Vokage 2.2 60 | V

ViL Input Low Voitage 05" — | 08 \'}
NOTE: 3080 thl 05

1. ViL (min.) = 3.0V for pulse width Jess than 20ns, once per cycle.

RECOMMENDED OPERATING
TEMPERATURE AND SUPPLY VOLTAGE
Grade Temporature GND vce
Military -55°C to +125°C ov 5V 10%
Commercial 0°Cto +70°C ov 5V 10%
3090 thi 08
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F10422

Fig. 4 Write Mode Timing

BIT SELECT L
\
!
|
ADDRESS 50% ;
DATA INPUT {

50"7

WRITE ENABLE

DATA QUTPUT

Note

50‘/.\

| 4

/]

|-ty 14 D o

/

--tws D4 - tWHA -
i twsa tw twHCS
50%
tws > - twR > |

- twscs

Timing Diagram represents one solution which results in an optimum cycle time. Timing may be changed 1o fit vanous applications as long as the worst case

irmits are not violated.
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F10422

Fig. 1 AC Test Circuit

GND

[o]) 03

Ili-—-)
||I——-)

0,

||}——;

1

||I-——-)

0.01 4F

am
<

||H
| <
om

Notes

All Timing Measurements Referenced to 50% of Input Levels
CL = 30 pF including Fixture and Stray Capacitance

RL = 500Nto-20V

Fig. 2 Input Levels

-09vV

-17V

—p=i 1, [e—t, =ty =25ns TYP—»! ty |-—

4-34

Fig. 3 Read Mode Timing

a Read Mode Propagation Delay from Bit Select

BIT SELECT

tRcs —»

DATA OUTPUT

b Read Mode Propagation Delay from Address

ADDRESS 50%

DATA QUTPUT 50%
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F10422

DC Characteristics: Veg = -52 V,Vcc = Vcca=GND, Ta =

0°C to +75°C unless otherwise specified!

Symbol | Characteristic Min Typ Max Unit Condition
m Input HIGH Current 220 uA VIN = ViH(max)
(nput LOW Current, BSo-8S3 05 _
I WE. Ao-A7. Do-D3 50 170 kA VIN = ViL(min)
lee Power Supply Current -230 -180 mA All Inputs and Outputs Open

AC Characteristics: Vee = -5.2V £5%, Vcc =Vceca = GND, Output Load = 50 (Y and 30 pF to-2.0 V,

Ta =0°C to +75°C

Symbol | Characteristic Min Typ Max Unit Condition
Read Timing
tags Bit Select Access Time 3.0 50 ns
tRBS Bit Select Recovery Time 30 50 ns Figures 3a, 3b
taa Address Access Time?2 7.0 10 ns
Write Timing
tw Write Pulse Width 70 5.0 ns
to Guarantee Writing twsa = 1ns | Measured at
twsp Data Setup Time 1.0 0 ns Figure 4 50% of Input to
prior to Write Vahd Qutput
twHD Data Hold Time after Write 20 0 ns (ViL(max) for
twsa Address Setup Time 1.0 0 ns Vou or ViH(min)
prior to Write for Vor)
twHA Address Hold Time after Write 20- 0 ns
twsBs Bit Select Setup Time 1.0 0 ns
prior to Write tw = 7ns
twres | Bit Select Hold Time 20 0 ns Figure 4
after Write
tws Write Disable Time 30 5.0 ns
twr Write Recovery Time 6.0 12 ns
te Qutput Rise Time 3.0 ns Measured between 20% and
t Output Fall Time 3.0 ns 80% or 80% and 20%. Figure 2
Cin Input Pin Capacitance 40 50 pF Measured with a Pulse
Court Output Pin Capacitance 7.0 8.0 pF Technique

1 See Family Characteristics for other dc specifications

2 The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern
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F10422

Logic Diagram
8BS Qo__ D1 85 Oz __ D3
loo Bj“ mlT l853 03
WE—O
Ay ——1
Ay —
A ROW 256 256 256 256
2 7] seLecT BITS BITS BITS BITS
A3 —
Ay —
T v Zx 43
COLUMN
.SELECT
As Ag Az

Functional Description : The outputs of the F10422 are unterminated emitt
The F10422 is a fully decoded 1024-bit read/write followers, which aliow maximum flexibility in choc
random access memory, organized 256 words by four output connection configurations. In many applic:
bits. Word selection is achieved by means of an 8-bit it is desirable to tie the outputs of several F10422
address, Ag through A7. devices together to allow easy expansion. In othet

applications the wired-OR need not be used. In ei'
Four Bit Select inputs are provided for logic flexibility. case an exterrral 50 () pull-down resistor to -2V 0
For larger memories, the fast bit select access time equivalent network must be used to provide a LOY
permits the decoding of individual bit selects from the the output.
address without increasing address access time.

Truth Table
The read and write operations are controlled by the state

) ! = T Inputs Outputs

of the active-LOW Write Enable (WE) input. With WE P P Mo
held LOW and the bit selected, the data at Do~ D3 is written BSn WE Dn On
:ntolthg addressed location. Since the Iwrflte fur:ctlon is H X X L Not Se
evel triggered, data must. be heid stap e ‘or atleast L L L L Write
twsD(min) Plus tw(min) to insure a valid write. Toread, WE L L H L Write '
is held HIGH and the bit selected. Non-inverted data is L H X Data Read
then presented at the output (O).

Each bit has independent BS. D, and O. but all have common WE

L = LOW Voltage Levels = -1.7 V (Nominal)

H = HIGH Voitage Leveis = -09 V (Nommal)
X = Don't Care
Data = Previously stored data
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F10422
256 x 4-Bit Static
Random Access Memory

F10K ECL Product

Description

The F10422 is a 1024-bit read/write Random Access
Memory (RAM), organized 256 words by four bits per
word. It is designed for high-speed scratchpad, contro!
and buffer storage applications. The device includes full
on-chip address decoding, separate Data input and
non-inverting Data output lines, as well as four
active-LOW Bit Select lines.

® Address Access Time-10 ns Max
® Bit Select Access Time-5.0 ns Max
® Four Bits Can be Independently Selected
® Open-emitter Outputs for Easy Memory Expansion
® Power Dissipation-0.92 mW/Bit Typ
® Power Dissipation Decreases with Increasing
Temperature
Pin Names .
WE Write Enable Input | Active LOW:
BS0-BS3 Bit Select Inputs  Active LOW_
Ap-A7 Address Inputs
Do-D3 Data Inputs
00-03 Data Outputs
Logic Symbol
3 5 20 22 8 6 7 18 19
B8Sy BS, BS; BS; WE Dy Dy D; D3
13 Ag
14 —ot Ay
15~y A2
16 ——de Aj '
. N F10422
9 — A
10 —— Ag
11— A;
0o 04 02 O3
4 21 2I3
Vee = Pin 24
Veca = Pinid
Vgg = Pin 12

4-31

Connection Diagrams

24-Pin DIP (Top View)

Veea [ 1 -/ zaDVcc
O[]z 23170
8So ] 3 22[] 8BS,
014 21[Jo2 ~
8BS [s 20 []85;
0o (] 191] 0y
o7 18 []D2
we[ s 17 [ ] A
as(Jo 16 [JAs
A [ 10 151 A
Ay [ 16 A
VEEqm 13[ ] A

Note
The 24-pin flatpak version has the same pinout connections as the
Dual In-Line package

Ordering Information ({See Section 5;

Package Outline Order Code
Ceramic DIP 8Y DC
Flatpak 4V FC




VS12G422T

Connection Diagram (22-pin DIP - Top View)

A, O] ~ 2| Vee
42[: 2 n([JA,
A, )3 20 [ JWE
Ao[: ‘4 e 19 :10_3_1
AsC]ls § 1O0E
AsC]ls & v |ICS2
A7 & |00
GND []|s 151 D3
D,(]|° 14| ]02
0l 13|[JD2
D,Oin 12 (o
Pin Description
Pin # Name |lO Description
1-7, 21 A,-A, | | | Address inputs

9.11.13,15 | Dp- D,

Data Inputs

19 cs

Chip select input (Active LOW)

10,12, 14,16 | 9979y

Data outputs

17 Cs, i | chip select input (Active HIGH)
20 WE ! Write enable input (Active LOW)
18 OE | Output enable input (Active LOW)
22 Vee 5.0 V supply connection

8 GND Ground connection (0 V)

VITESSE
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AC Test Loading Condition

The following conditions apply t0 the
indicated on pages 4-3 and 4-4.

R, =470Q
5V

e I
IcL -

30 pF

AC Test Input Levels (Figuré 2)

(Figure 1)

*AC Performance Characteristics”

Equivalent .

Output O______M-———O 1.62V

Rruev =1520Q

The following conditions apply to the "AC Performance Characteristics™ indicated on pages 4-3

and 4-4.

30V pp ll
GND t o

) t
el ez A Ptomenen =t b geezaceutomin
Address Designators
Address \ Address ‘ Pin Number
Name Function 22-pin DIP | 28-pin LCC
A, AX, 4 21
A, AX, 3 20
A, AX, 2 19
A, AX, 1 17
A, AX, 21 16
A AY, 5 22
A AY, 6 23
A, AY, 7 24
4-5 VITESSE
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VS12G422T

AC Performance Characteristics - continued "/

(Over guaranteed operating conditions, GND = 0 V)

2. Write Mode:

twe
Address
A -A;
- tysa—* = ™
Cs,-CS, X
Chip Select
e twscs™] * twres™
Dy-Dj
Data In
1t on—bre ty >t 0>
wE \\ A[
+ tzws g S ol 7]
Data
Outputs >
0,-03
6ns 5ns 4ns
Paramters Description Min | Max | Min | Max | Min | Max Units
Lo Write cycle time . 6 - 5 — 4 —_ ns
tos @ Wirite disable to HIGH Z - 5 — 4 — | 35 ns
tn Write recovery time - 4.5 — 3.5 - 3 ns
t, Write pulse width 4 — 3 — | 25| — ns
toso Data setup time prior to write 0 — o] — 0 — T ons
Lo Data hold time after write 2 - 2 — 15 | — ns
t. @ Address setup time 0 — 0 — 0o | — ns
o Address hold time 2 - 2 - 1.5 | — ns
toscs Chip select setup time 0 — 0 — 0 — ns
tncs Chip select hold time 2 — 2 — 15| — ns

Notes: 1) Test conditions assume signal ransition times of 3 ns or less. Timing reference levels of 1.5 V and oulput Joading
of the specified lOL/’OH and 30 pF load capacitance as in figure 1 on page 4-5
2) Transition is measured at steady slate HIGH level -250 mV or steady state LOW level +250 mV on the output
from 1.5 V level on the input with load shown in figure 1 on page 4-5

3) t, measured at t,s0 = Min; tsa measured att,, = min

VITESSE
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AC Performance Characteristics ("
(Over guaranteed operating conditions, GND = 0 V)

1. Read Mode:

Address * i 1
X
n taa
“ N\ /
y N\

-

|

"{ [+—tzr0s

1 770\ 1CA '

Data
Outputs DATA VALID N —
0,-0,
—cs —’J * tzrcs*
6 ns §ns 4ns
Parameters Description Min | Max | Min |(Max |Min |Max Units
tec Read cycle time 6 - 5 4 ns
tcs Chip select time — 4 - 35 2.5 ns
tees” Chip select to HIGH Z - N 5 — 4 35 ns
Lios Output enable time — 4 — 35 25 ns
tyaos™? Output enable to HIGH Z — 5 — 4 3.5 ns
t., Address access time - 6 - 5 4 ns

Notes: 1) Test conditions assume signal ransition times of 3 ns or less. Timing reference levels of 1.5 V and output loading
of the specified ’oa.”ou and 30 pF load capacitance as in figure 1 on page 4-5

2) Transition is measured at steady state HIGH level -250 mV or steady state LOW level +250 mV on the output
from 1.5 V level on the input with load shown in figure 1 on page 4-5

4-3
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VS12G422T

Truth Table

Inputs
— — — Output Mod.
oE | Cs, | cs, | WE P oae
X H X X HIGH Z Not Selected
X X L X HIGH Z Not Selected
L L H H Dour READ
X L H L HIGH Z WRITE
H X X X HIGH Z Output Disabled
H = HIGH Voltage Level (2.4 V) X = Don't Care (HIGH or LOW)
L = LOW Voitage Level (0.4 V) HIGH Z = High-Impedence
Absolute Maximum Ratings
POWET SUPPlY VOIAGE (Vg ) rorreessssmmeverssssessssssss s s s 0.5Vt +6.0V
INPUL VOUAGE APPIET, (Vi ) crvvrrssisossisssssssoss st e -1.0Vto+70V
Input Current, (1), (DC, output LOW) .o s -30 to +30 mA
Output Current, (I,,,), (DC, output LOW) oo e 20 mA
Maximum Junction Temperature, (1;) ........................................................................................................... 150°C
Case Temperature Under Bias, 0 -55° to +125°C
SH078GE TEMPRIAIUIEN), (T 1) vt -65° to +150°C

Recommended Operating Conditions

POWET SUPPLY VOIAGE, (Vg ) oo sesesesssmsssosssssesssssmsss 475t05.25V

Operating Temperature Range B e 0° to +70°C

NOTES: (1) CAUTION: Stresses listed under "Absolute Maximum Ratings™ may be applied 1o devices one at a ime without
causing permanent damage. Functionalily at or above the values listed is not implied. Exposure 10 these values for

extended periods may affect device reliability.
(2) Both lower and upper limits of specification are case temperatures.

DC Character jsticS (Over recommended operating conditions)

Commercial Range
5,6 ns 4ns
Parameters Description Min Max Min Max Test Conditions
Vou Output HIGH voltage 24V - 24V — Voo =MIN, 15, = -5.2mA
Yo Output LOW voltage — 0.5V — 0.5V |V, .=MIN/, =80 mA
V., Input HIGH voltage 20V — 20V | -
V. Input LOW voltage - o8V — 0.8V
1y input LOAD current -100 pA | 100 A | -100 pA | 100 LA |GND sV, SV
Veo Input diode clamp vohtage (* A0V | V#t | -10V Vool |w =t 30 mA
v, sV 9%

- -10mA | 1.0m 10mA | 1.0mA |‘oL= "our - ' OH
IOZ Output current (HIGH-2) 1 0 mA bout Bisabled
lee Power supply current (from V.. —_ 250 mA — 350 MA |Vee=MAX. I5r =0 mA

Notes: (1) Clamped by input Schottky diodes to GND and Vee

VITESSE 4-2



VS12G422T
256 x 4 Static RAM

Features

. 256 words by 4-bit static RAM for cache and
control store applications

« Very fast: Choice of 4, 5, and 6 ns maximum
address access times

« TTL compatible inputs and outputs

+ Single +5.0 Volt power supply

« Very low sensitivity to radiation

+ Standard 22-pin DIP

« Fully static operation - equal access and
cycle times

+ Pin compatible with standard silicon -422
and -122 products

Functional Description

The Vitesse VS12G422T is a very high
speed, fully decoded 1024-bit read write static
random access memory organized as 256
words by 4 bits. All inputs and outputs of this
RAM is TTL compatible and operation is from a
standard +5.0 Volt power supply.

Fully static asynchronous internal circuits
are used, which require no clocks or refreshing
for operation. Memory expansion is provided
by an active LOW chip select input (CS,), an
active HIGH chip select input (CS,) and three-
state outputs. Due to its static operation, the
VS12G422T offers equal read and write cycle
times, which further simplities system design.

This RAM is packaged in a standard 22-pin
DIP. Refer to Section 6, "Packaging” for a
complete description of this package.

The high speed and standard pinout of the
VS12G422Tmakes it ideal for both existing and
new designs in cache memory, signal proces-
sing, and video applications where access time
is the critical parameter. The low sensitvity to
radiation of this product makes it highly suitable
for aerospace applications where high radiation
tolerance is negessary. The VS12G422T is
fabricated in gallium arsenide using the Vitesse
H-GaAs™ E/D MESFET process which

achieves high speed and low power dissipation.

Block Diagram
Do O Dz

CONTROL

INPUT DATA

R/

32X32
MEMORY

ZERZE

ROW SELECT

OUTPUT
DATA o)
CONTROL

COLUMN
SELECT

122vOZISA

VITESSE

' ARRAY -
i
A
4-1




HS-65647RH

Packaging
- 2 l K36-A
o — { %: 36 LEAD CERAMIC METAL SEAL FLATPACK PACKAGE
T——% P NG, 1 E INCHES MILLIMETERS
—] = symsoL | MIN MAX MIN MAX ] NOTES
e — b= ° A - jossf - pes f o
— —— b 0.006 0013 | 0.15 0.33 .
:=: — b1 0.006 0.010 0.15 0.25
— — | < 0004 | 0011 | 010 0.28 ;
b L ] 3 i 1 0004 | 0008 | 0.10 0.20 -
i i l - D 0620 | 0640 | 1575 | 1626 3
1] 0004 GNH [a- 8o C) @] .00 (Y H |A-8 Ofo X E 0.620 0640 | 15.75 8.64 .
Q c _ -
A ¥ —— L E2 0470 | 0490 | 1194 | 1245 ;
! Py L] } £] E3 0.030 - 0.78 . 7
E3 [ee— [>] e 0.025 BSC 0.64 BSC -
SEATING AND
BASE PLANE o1 LEADFINISH k - - . N
0.240 0.280 6.10 .1 -
BASE E © 0.026 0.045 0.66 1.14 8
METAL 5 - - - - -
l‘— o ‘j ) v - 0.0015 - 0.04 -
l L et
at—— (b)) ——3n4 N 36 36 -
SECTIONA-A Rev. 0 5/18/94

NOTES:

1. Index area: A natch or a pin ona identification mark shal be locat-
od adjacent 1o pin one and shall be located within the shaded
area shown. The manufacturer’s kientification shall not be used
as a pin one identification mark. Akernately, a tab (dmension k)
may be used to identify pin one.

2. It a pin one identification mark is used in addition 10 a tab, the Im-
lts of dimension k do not apply.

3. This dimension allows for off-center id, meniscus, and glass
overrun.

4. Dimensions b1 and c1 apply to lead basa metal only. Dimension
M applies to lead plating and finish thickness. The maximum Im-
its of lead dimensions b and ¢ or M shall be measured & the cen-
troid of the finished lead surfaces, when solder dip or tin plate
lead finish is applied.

5. N is the maximum number of erminal positions.
6. Measurs dimension S1 at all four comers.

7. Forbottom-brazed lead packages, no organic or polymeric mate-
rials shall be molded to the bottom of the package to cover the
leads.

8. Dimension Q shall be maasured at the point of exk (beyond the
meniscus) of the lead from the body. Dimension Q minimum
shall be reduced by 0.0015 inch {0.038mm) maximum when sol-
der dip lead finish Is applied.

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982.
10. Cortroling dimension: INCH.

Spec Number 518729
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Thickness: 8KA £ 1kA

WORST CASE CURRENT DENSITY:
1.5 x 10° Amps/cm?

GLASSIVATION:
Type: SiO,

HS-65647RH
HS-85647RH

500A t 2A
Metal 2 Thickness: 10kA + 2kA

313x291x 21 t1mils

METALLIZATION:

Type: Al/SI/Cu
Metal 1 Thickness: 7

Metallization Mask Layout

Metallization Topology

DIE DIMENSIONS:

w [=]
|4 g
b l._ " o w AL ' g ,os - 4 s ﬂ . o = ’.I). N
on it T MigEs
2 2 lu. mm ‘1? 4 (2 oy
i 1
uv €2 &f ; Lw,ﬂﬁvm
Highei &
ev (v2) (1§ m > B
3 SRR | (s1) LDa
> \n.r
ov ) | “} (81) 90a
z3 (02 [JRY §
m 2 [ «w sia
aon 62 f. :
| .., i [ (ov) voa
u SRR 1) tba
Ziv (2) LN
v (s) “ 3 (r1) ssA
< aaa

~ (€1) zba

i
s o B

WBIBVNRNIBNsc o weren-ucwevrn wmenns VL,

z1) 1ba

w

<
—
n
-~

'

o

e

T e 1

v (D)

30 C,V O O
-

?‘"n*

"" "3
g
P
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HS-65647RH

Irradiation Circuit

HS-865647RH (8K x 8 TSOS4 SRAM) 28 LEAD CERAMIC DIP

vDD
4

NOTES:

1. VDD = 5.5V +0.5V
R =10kQ £ 10%

2. Group € sample size is two die/wafar.

Test Patterns
MARCH (INPATTERN

After a background of zeros is written, each cell {from begin-
ning to end in sequence) is read, written to a one and
reread. When the array is full of ones each cell (from the end
to the beginning) is read, restored to a zero and reread.

After this the pattem is repeated but with complemented
data.

MASEST PATTERN (Multiple Address Select Pattern)

A checkerboard pattern is written into the memory. Then the
first cell is read, then its binary address complement is read.
The second cell is read and then its binary address comple-
ment is read. This pattern of incrementing the address and
then reading its binary address complement is repeated until
the entire memory is read.

This is then repeated but using a checkerboard bar pattern,
GALROW PATTERN (Row Galloping Pattern)

After a background of zeros is written into the memory a one
Is written into the first cell. It is then read akernately with

each other cell in the row. The test cell is then rewritten back
to a zero. The test ceil is then incremented and the
sequence is repeated until all cells in the memory have been
used as atest cell.

This is pattern then repeated but using complemented data.
GALCOL PATTERN (Column Galloping Pattern)

After a background of zeros is written into the memory a one
is written into the first cell. It is then read alternately with
each other cell in the column. The test cell is then rewritten
back to a zero. The test cel is then incremented and the
sequence is repeated untif all cells in the memory have been
used as atest cell.

This is pattern then repeated but using complemented data.

CHECKERBOARD PATTERN and CHECKERBOARD
BAR

A checkerboard is written {(101010) into the memory and
then the pattern is read back. This is then repeated but using
complemented data.

13
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HS-65647RH

Burn-in Circuits
HS-65647RH 28 LEAD FLATPACK AND CERAMIC DIP

VOO
[«
N bl P voo | ¥
F13 — ] Atz w2 AA— Fo
FB _vai- A7 E2 ,ﬂ.‘w.__._.
4
F1 — AW M M2
FE— ] As A2 aa—— Fo
s — M A R a—— 2
»
4 —AAA— AA
:: A : A:; n "
. VW 1
F2 —AM— A1 e[ P
f ;Jwv% A0 oa? P22 e
F14 ;‘W\J— o oo | AT g
F14 =AM Dt S HIALIVYYL P
TRLDVIWLE P CVRLIVINL
2 fvss oas 52 g
k-
DYNAMIC CONFIGURATION
NOTES:
1. VDD = 5.5VMin
2. R=10kQ £ 10%, except R2 = 47kQ £ 10%
3. VIH: VDD £ 0.5V, VIL: 0.4V 0.4V
4. FO = 100kHz £ 10%, 50% Duty Cyde
5. F_'l- FO2; F2aF1/2;F3=F2/2,.. .F14 = F13/2
8. FO = invertad FO
HS-85647RH 36 LEAD FLATPACK
: VoD
o
l_1 vss vss | ¥
? | voo voo | 3
NC 3 NC nc —u——— NG
F13 —AAA— M2 w2 on—r
2 — A a7 B2 [ 2 an
Fl "-—NW% AS As .lm.__ 2]
1 —AMA— %8 As —NW——: o
[ —M M AN >y e
FA —apA— A3 G L AMA— T
F3 _wv.‘_o_.. A0 .lm__. (23]
F2 — ] At ) WYV
12 2%, .02
Ft —AAMAV— A0 Q7 ——AWNV—— F14
Fie B2, 0, 3 | one oas [ 2 A2
Fs B2, AN——:: pat pas -2 AL P
F1a B2 o0 — 1 0ge oot 2 A2 Frg
NC i NC oo A‘N\@B— 4
7 | voo voo | 2
) vss |19
. 4
. .
DYNAMIC CONFIGURATION
NOTES:
1. VDD = §.5V Min
2. R= 10k £ 10%, except R2 = 4.7kQ £ 10%
3. VIH: VDD £0.5V, VIL: 0.4V+0.4V
4. FO = 100kHz £ 10%, 50% Duty Cyde
5. ﬂ- FOr2; FZ = F1/2; F3=F2/2;...F14 = F13/2
6. FO=invansd FO

HS-65647RH 28 LEAD FLATPACK AND CERAMIC DIP

vDD

Q
) L%
NC —]{ NC vDD
b A A12 wl T aa—t
AV‘V‘ 3 ‘7 Ez 2'1""‘
V‘V‘ ‘ “ ” 25 "VAV
AAA s AS AS 4 IV
L A AL A B aan
7 2
AAA— A3 <] AAA
L A a2 a0 B .
1 9 —”-‘V\/\v——4
AN A1 E1 —AAN—]
kil Y o7l
1 "
nc L DQe a
12 17
Ne T oq1 DQs NC
NC T DQ2 DQ4 L NC
M uss oqa 15— ne
STATIC CONFIGURATION
NOTES:
1. VDD = 5.5V Min
2. R=10kQ +10%
HS-85647RH 36 LEAD FLATPACK
VDO
3 Q
VSS vsSs »
2 lvoo voo | ¥
3 U
NG nc nC nc
AML A12 w nM"
>—-4w~% A e[ 2
‘vWT AS AB 1\N\r‘
4r——‘\NVT‘ AS A» __:;M_.n
VWA ; M AN —_ry {
—A—{ A3 [ St VYW
AAA 19 2 Al0 z A’
1 g Y
L aA—] a1 LYV
.»——aw»:L ~ o [ 2 — e
nc 1: DQo [ ) K
" ——0ay oos | 3 —
wc ) oot [ 2 nc
[Pl [ o [ B e
1 2
voo Voo
l__1!_vss vss |18
. 2
=4
STATIC CONFIGURATION

NOTES:

1. VDD = 5.5V Min
2. R=10kQ + 10%

Spec Number 518729
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HS-65647RH

Performance Curves
HS-65647RH TYPICAL PERFORMANCE CHARACTERISTICS
Tp = +25°C, Unless Otherwise Specified
13 7
12 - -

o i rr1rr1rrrrr1rrid ° T |
o 200 400 600 $00 1000 1200 1400 a1 0.1 10 100
TOTAL DOSE (KRAD) ANNEAL TIME (HOURS)
FIGURE 6 FIGURE 7
10 100
P - 90
8 o 20
7 = 70
s = (%)

‘-—_—\-—-

100SB (mA)
IDDEN §nA)
]
L1

° TT1ir1rrirrrvirrivnril
60 40 20 0 20 40 S0 8 100 120

TEMPERATURE (°C)
FIGURE 9
120
. 108 =
110 = 1&:
100 — e -
%0 -] “E
% ] %
. -
e =3
% ] § 78
50 - 14+
40 o u:
% 62
— “_
DT T TTTTTTTTTTTTTTOII og;;:::;:"m
£40 40 -20 (] 20 40 [ ] 80 100 120
Y
TEMPERATURE (°C) FREQUENCY )
FIGURE 10 FIGURE 11
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HS-65647RH

Timing Waveforms (Continued)

e TAVAX »
A
TAVEIL -»»fte—————— TEILEIH ———————— et~ TETHAX

TAVE2H

— TE1HDX

FIGURE 4. WRITE CYCLE ll: EARLY WRITE - CONTROLLED 8Y E1

| TAVAX 4
A j
fet— TAVE2H —» TE2HEL ————————————— s~ TEZLAX

TIITH TAVER.
w i
3}
E2 : \
e———— TOVE2L ———»+=-TE2LDX
)

FIGURE 5. WRITE CYCLE lli: EARLY WRITE - CONTROLLED BY E2

Spec Number 518729
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HS-65647RH

Timing Waveforms

TAVAX ———————3f
A ADDRESS 1 XX ADDRESS 2 XX
TAVQV et TAXQX ——3n=
Q DATA1 DATA 2

FIGURE 1. READ CYCLE I: W, E2 HIGH; G, E1 LOW

- TAVAX
A
TAVQV -
:_— TEILQY ——
TEILQX ——>
£2 R
G
{et——— TGLQV —
e TGLOX
Q
™ |
FIGURE 2. READ CYCLE Il: W HIGH
l—: TAVAX |
A XX XX
—=  TAVWL TWLWH - TWHAX L‘—
w A\ y
pe— TWHQX —3
TOVWH > TWHDX -
D -

—a4 TWLQZ
a XXX X XXX XXX XX XXX

FIGURE 3. WRITE CYCLE I: LATE WRITE
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HS-65647RH

Harris Space Level Product Flow -8

GAMMA Radlation Verification (Each Wafer) Method 1019,
2 Samples/Wafer, 0 Rejects

Periodic- Wire Bond Pull Monitor, Method 2011
Periodic- Die Shear Monitor, Method 2018 or 2027
100% Internal Visual Inspection, Method 2010, Condtion B

100% Temperature Cycle, Method 1010, Condition C,
10 Cycles

100% Constant Acceleration, Method 2001, Condition per
Method 5004

100% External Visua
100% Initial Electrical Test

NOTES:

1. Failures from subgroup 1, 7 are ussd for calculating PDA. The maximum allowable PDA = 5%.
Altemate Group A testing may be performed as allowed by MIL-STD-883, Method 5005.

Group B, C and D inspections are optional and will not be performed unless required by the P.O. When required. the P.O. should include
separate line koms for Group B Text, Group C Test, Group C Samples, Group D Test and Group D Samples.

. Group C and/or Group D Generic Data, as defined by MIL-I-38535, Is optional and will not be supplied unless required by the P.O. When
required, the P.0. should include a separate line item for Group C Generic Data and/or Group D Generic Data. Generic data is not guar-

2.
3.

arteed to be available and is therefore not available in all cases.
. Data Package Corserts:

« Cover Sheet (Harris Name and/or Logo, P.O. Number, Customer Part Number, Lot Date Code, Harris Part Number, Lot Number, Quantity).
« GAMMA Radiation Report. Contains Cover page, disposition, Rad Dose, Lot Number, Test Package used, Specification Numbers, Test

equipment, etc. Radiation Read and Record data on fie at Harris.

» Screening, Electrical, and Group A attribuges (Screening attributes begin after package seal).
« Group B, C and D amrbures and/or Generic data Is included when required by the P.O.
* The Centificate of Conformance is a part of the shipping involce and Is not part of the Data Book. The Certificate of Conformance is signed

by an authorized Quality Represertative.

100% Dynamic Bum-in, Condition D, 160 Hours, +125°C or
Equivalent, Method 1015

100% Interim Electrical Test

100% PDA, Method 5004 (Note 1)

100% Final Electrical Test

100% Fine/Gross Leak, Method 1014

100% External Visual, Method 2009

Sample - Group A, Method 5005 (Note 2)
Sample - Group B, Method 5005 (Note 3)
Sample - Group C, Method 5005 (Notes 3 and 4)
Sample - Group D, Method 5005 (Notes 3 and 4)
100% Data Package Generation (Note 5)

Spec Number 518729




HS-65647RH

Harris Space Level Product Flow -Q

Wafer Lot Acceptance (All Lots) Method 5007
(Includes SEM)

GAMMA Radiation Verification (Each Wafer) Method 1018,
2 Samples/Wafer, O Rejects

100% Nondestructive Bond Pull, Method 2023

Sample - Wire Bond Pull Monitor, Method 2011

Sample - Die Shear Monitor, Method 2018 or 2027

100% Intemal Visual Inspection, Method 2010, Condition A

100% Temperature Cycle, Method 1010, Condition C,
10 Cycles

100% Constant Acceleration, Method 2001, Condition per
Method 5004

100% PIND, Method 2020, Condition A
100% External Visua

100% Sernalization

100% Initial Electrical Test (TO)

100% Static Burn-In 1, Condition A or B, 72 Hours Min,
+125°C Min, Method 1015

NOTES:

100% Interim Electrical Test 1 (T1)
100% Delta Calculation (TQ-T1)
100% PDA 1, Method 5004 (Note 1)

100% Dynamic Bum-In, Condition D, 240 Hours, +125°C or
Equivalert, Method 1015

100% Interim Electrical Test 2(T2)

100% Delta Calkculation (TO-T2)

100% PDA 2, Method 5004 (Note 1)

100% Final Electrical Test

100% Fine/Gross Leak, Method 1014

100% Radiographic (X-Ray), Method 2012 (Note 2)
100% External Visual, Method 2009 '
Sample - Group A, Method 5005 (Note 3)
Sample - Group B, Method 5005 (Note 4)
Sample - Group D, Method 5005 (Notes 4 and 5)
100% Data Package Generation {Note 6)

1. Failures from subgroup 1, 7 and dekas are usad for calculating PDA. The maximum allowable PDA = 5% with no more than 3% of the

faillures from subgroup 7.

2. Radiographic (X-Ray) inspection may be paiformed at any point after seriaiization as allowed by Method 5004.

3. Altemate Group A testing may be performed as allowed by MIL-STD-883, Method 5005.

4. GroupBandDi'specﬂomareopdonalandwilnotbopsrfom\oduiessreqdredbyh P.O. Whan raquired, the P.O. should inciude
separata ine kems far Group B Tast, Group Samples, Group D Tast and Group D Samples.

5. Group D Generic Data, as defined by MIL-1-38535, is optional and will not be supplied unless required by the P.O. When raquired, the
P.0. should indude a saparata line Rem for Group D Generic Data. Generic data s nat guarantsed to be available and is therefore nat

available in all cases.
6. Data Package Contents:

« CoverSheet (Haris Name and/or Loga, P.O. Number, Custorner Part Numbar, Lot Date Code, Harris Part Numbaer, Lot Number, QuantRy).

+ Wafer Lot Acceptance Report (Method 5007). Includes reproductions of SEM photas with percent of stsp coverage.
. GAMMA Radiation Report. Cortains Cover page, disposiion, Rad Dosa, Lot Number, Test Package used, Spacification Numbers, Test

equipment, elc. Radiation Read and Record data on fie &t Harris.

« X-Ray report and fim. Includes penetrometer measurements.

« Scresning, Electrical, and Group A attributes (Screening awrbutas begin afer package seal).

+ Lot Serial Number Sheet (Good unks serial number and lot numben).

. VulablesoanwDekaopemdom).oanlsiderdﬂedbyseﬂalmnber.Dmreaderhdudealotmmberandda\edtest.
. GmBandDanbmesandlorGemdcdatalsmmedwlmraqiedbymeP.O.

. TheCuMofCaimbapmdmesﬂppmwmwbmtpatdmeDamBookTheCen‘ﬂcateofCodombsigued

by an ahorized Quality Representative.
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HS-65647RH
TABLE 5. BURN-IN DELTA PARAMETERS (+25°C), GROUP B, SUBGROUP §
PARAMETER SYMBOL DELTA LIMITS
Standby Supply Currert IDDSB +150uA
High Impedancs Output Laakage Current I0ZH, I0ZL + 2pA
Inpux Leakage Currert ItH, lIiL + 150rA
Low Leve! Output Vokage VOL +60mV
Oupw High Vokage VOH £150mV
TABLE 6. APPLICABLE SUBGROUPS
GROUP A SUBGROUPS
CONFORMANCE MIL-STD-883 RECORDED RECCRDED
GROUP METHOD TESTED FOR-Q FOR-Q TESTEDFOR -8 FOR -8
inkial Test 100% 5004 .79 1 (Nota 2) 1.7,9
Intefim Test 100% 5004 1.7.9.A 1. A(Nots 2) 1.7.9
PDA 100% 5004 1.7,A - 1.7
Final Test 100% 5004 2,3, 8A,8B,10, 1 2,3,8A, 8B, 10, 11
Group A {(Note 1) Sample 5005 1,2,3,7,8A,8B,9,10, 1 . 1.2 3,17681A1, 8B, 9,
Subgroup BS Sampie 5005 1,.2,3,7,8A,88,9,10, 11,4 | 1.2,3,A(Note 2) N/A
| Subgroup B6 Sampla 5005 1.7.9 - N/A
Group C Sample 5005 N/A NA 1.2,3,7,8A,88B.9,
10. 11
Group D Sampie 5005 1.2,9 - 1,7,9
Group E, Subgroup 2 Sampie 5005 1.2.9 - 1.7.9
NOTES:
1. Ahamata Group A testing In accordancs with MIL-STD-883 method 5005 may be exercised.
2. Table 5 paramaters only
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

LUMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN |} MAX | UNITS

Writa Enable High to Out- TWHQX | VDD = 4.5V and 5.5V 1 -55°C < Ty < +125°C [0} - ns
pu ON
Chip Enabie to Ouput ON TEILQX | VDD = 4.5V and 5.5V 1 -§59C S Ty < +125°C [ - ns

TE2HQX
Output Enabie to Outpx TGLQX | VDD = 4.5V and 5.5V 1 -55°C S Ty < +125°C 0 - ns
ON
Chip Enabie ta Output in TE1HQZ | VDD = 4.5V and 5.5V 1 -65°C < Ty £ +125°C - 15 ns
High Z TE2LQZ
Outpue Disable to Ouput in TGHQZ | VDD = 4.5V and 5.5V 1 55°%C < Ty € +125°C - 15 ns
High Z
Output Hold from Address TAXQX | VDD = 4.5V and 5.5V 1 -55°C £ T, £ +125°C 0 - ns
Change

NOTES:
1. The parameters lIsiad are controlied via dasign of procass parameters and are nat directly tasted. These parameters are
characierized upon initial design release and upon design changes which would affect these characteristics.
2. Applies © DIP devices types only.
3. Applies © Flatpack device types only.
4. All measuremerts referenced to device GND.
TABLE 4. POST 300K RAD DC ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS TEMPERATURE MIN | MAX | UNITS
Standby Supply Current IDDSB | VDD = 5.5V, IO = OmA, ET = VDD, +25°C - 10 mA
E2 =0V, V1 = VDD or GND
Enabled Supply Current IDDEN | VDD = 5.5V, 10 = OmA, E1 = 0.0V, +25°C - 82 mA
E2 = VDD, VI =« VDD or GND

Operating Supply Curert IDDOP | VDD = 5.5V, IO = OMA, f = 2MH2, +25°C - 100 mA
(Note 2) E = 0V.M = VDD or GND
Data Retartion Supply Currant IDDDR VDD = 2.0V, |0 = OmA, E « VDD +25°C - 6 mA

NOTES:

1. DC parametars not ksted in this table are tested et the +25°C pre-imadiation test limits. Al AC parameters are tostod at the +25°C pre-

iradiaton test iimits.

2. Typical IDDOP derating = ImAMHZ (3mA Increase in IDDOP per 1MHz increase in address frequency.)

Spec Number 518729
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

UmITS
(NOTES1,2,3)| GROUPA
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN | MAX | UNITS

Address Accass Time TAVQV | VDD = 4.5V 9,10, 1 -§5°C, +25°C, +85°C, +125°C | - 50 ns

Output Enable Access Time | TGLQY | VDD = 4.5V 9,10, 11 -5§5°C, +25°C, +85°C, +125°C | - 15 ns

Chip Enabla Accass Time TEILQV | VDD = 4.5V 9,10, 11 -§5°C, +25°C, +85°C, +125°C | - 50 ns
TE2HQV

Write Recovery Time TWHAX | VDD = 4.5V 9,10, 1 -559C, +259C, +85°C, +125°C | © - rs
TETHAX
TE2LAX

Chip Enable o End-of-Write | TEILETH | VDD = 4.5V 9.10. 1 -550C, +25°C, +85°C, +125°C | 35° - ns
TE2HE2L

Address Sewp Time TAVWL | VDD = 4.5V 9,10, M -55°C, +25°C, +85°C, +125°C | § - ns
TAVEIL
TAVE2H

Writa Enable Puise Width TWLWH | VDD = 4.5V 9,10, 11 -§5°C, +25°C, +85°C, +125°C | 25 . s

Data Setup Time TOVWH | VDD = 4.5V 9,10, 11 -55°C, +25°C, +85°C, +125°C | 30 - ns
TDVETH |VDD = 4.5V 9,10, 11 | -55°C, +25°C, +85°C, +125°C | 30 | - s
TDVE2L

Data Hold Time TWHDX | VDD = 4.5V 9,10, 1 -55°C, +25°C, +86°C, +125°C | © . ns

Address Hold Time TAVETH | VDD =4.5v 9,10, 1 -5§50C, +25°C, +85°C, +125°C | 40 . s
TAVE2L
TE2LDX | VDD = 4.5V 9,10, 1 -559C, +25°C, +85°C, +125°C | © . ns
TE1HDX

NOTES:

1. AC measurements tested at worst case VOD. Guararteed over full oparating rangs.

2. AC measuremernts assume transition ime < 5ns: inputlevels = 0.0V to VDD:; timing reference lovels = 2.0V; output load = 1 TTL equivalert

load and CL 2 50pF, for CL > 50pF. access times are derated 0.15nsipF.
3. For timing waveforms, see Low Voitage Data Retention and Read/Write Cycles.

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS
Inpue Capachance CIN VDD = Open, = 1MHz 1.2,4 Ta = +25°C - 12 oF
VDD = Open, { = 1MHz 1,2,4 Ta = +25°C . 12 pF
140 Capecitance c/O0 | VDD = Open, = 1MHz 1,2,4 Ta = +25°C . 12 pF
VDD = Open. { = 1MHz 1.2.4 Tp = +25°%C . 12 pF
:‘vngnable toOupain | TWLQZ | VDD =4.5Vand 5.5V B5C<TAs+125°C | - 10 ns
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Absolute Maximum Ratings Reliability information
Supply VOREGE . ...t e +1.0V  Thermal Resistance 65 8)c
Inpwt, Cutputor /O Voltage . ........... GND-0.3V o VDD+0.3V 28 Laad SBOIP Package. ............ 45°CW  8.0°CW
Storage Temperatre Range . ................ 65°C to +150°C 28/36 Lead Caramic Flatpack Package.. 53.4°CW 7.4°CW
Junction Temperatire. . .. .......covvrninnrinnanns +175°C  Maximum Package Power Dissipation at +125°C Ambient
Lead Temperature (Soldering 10s). ................... +300°C 28 Load SBDIPPackage. ...........covvvviennnnnnn 11w
Typical Derating Factor. .. ......... 3mA/MHZ Increase in IDDOP 28/36 Lead Ceramic Flatpack Package. . .............. 0.94W
ESDClassification .. .......coviiiinerriiie i Class 1  If device power axcesds package dissipation capability, provide heat
sinking or derate inearty at tha fallowing rata:
28Load SBDIPPackage. .........c.coeivinnniinn 2.2mwWiC
28/36 Load Ceramic Flappack Package. ............ 18.7mwW/C

CAUTION: Stresses above these isted in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and opération
of the device at these or any 0ther conditions above those indicated in the aperatanal sections of this specification is not imptied.

Operating Conditions
Operating Vokage Range (VDD) ............... +4.5Vw +5.5V  InputHighVokage (MIH) .. .................... 0.8VDD w0 VDD
Openating Temperature Range (Ta) . ........... -55°Cta +125°C  Data Retantion Supply VOIlBge . .. . .....ovvvvnvncrnn.. 2.0V
Inpwlowwvoltage (VIL) ...........cevvevnnnn OV +0.2VDD InpuRissand FallTime...............ccovivnnn, 40ns Max.
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
(NOTE 1) GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN | MAX | UNITS
High Level Ouput VOH | VDD =4.5V, 10 = -SmA 1,23 -55°C, +25°C, vDo-| - v
Vokage Vi = VDD or GND +85°C, +125°C 04
Low Level Outpix VOL | VDD =4.5V,10=8.0mA 1,2,3 -55°C, +25°C, . 0.4 v
Voltage Vi = VDD or GND +85°C, +125°C
High impedance Outpie | 10ZLor | VDD = 5.5V, VO = GND or 1,3 65°C, +25°C -10 10 pA
Leakage Current 10ZH VDD, VI = VDD or GND
E1=VDD, E2=0V 2 +85°C 30 | 30 YA
_ 2 +125°C 60 | 60 | wA
Input Leakage Curment IHorllL | VDD = 5.5V, Vi= VDD or 1,2,3 -§5°C, +25°C, 10| 10 HA
GND +85°C, +125°C
Standby Supply Curert | IDDSB | VDD = 5.5V, 10 = OmA, 1,3 -559C, +25°C . 500 m
(Nota 3) | VI = VDD or GND
£1-VDD, E2= 0V 2 +85°C A
2 +125°C - 10 mA
Enable Supply Current IDDEN | VDD = 5.5V, 10 = OmA, 3 -85°C . 77 mA
V1= VDD or GND
E1=00V, E2= VDD 1 +25°C - | B[ m
2 +85°C, +125°C - 64 mA
Operating Supply IDDOP | YOD = 5.5V, 10 = OmA, 3 -55°C - 100 mA
Curent (Nots 2) Vi = VDD or GND,
E2= VDD, E1=0V, 1 +25°C i e
f= 2MHz 2 +85°C, +125°C - 75 mA
Data Retentdon Supply IDDDR | VDD = 2.0V, |0 = OmA, 1,3 -559C, +25°C - 50 WA
Current V1= VDD or GND
E7= VDD, E22 0V 2 +85°C I
2 +125°C - 4 mA
Functional Tasts FT VDD = 4.5V and 5.5V 7. 8A,88 -55°C, +25°C, - - -
Vi = VDD or GND, I = 1MHz +85°C, +125°C
Noiss Immunity FN VDD = 4.5, VIL = 0.2 VDD 7,8A, 88 -55°C, +25°C, - - -
Functional Test VIH = 0.8 VDD, { = 1MHz +85°C, +125°C

NOTES:
1. All voltages referenced to davice GND.
2. Typical IDDOP derating = 3mAMHz (3mA increase in IDDOP per 1MHz increase in address frequency.)
3. In order for this device to b in low power standby mode. E2 must be disabled (low).
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Pinouts

HS1-65647RH 28 LEAD CERAMIC DUAL-IN-LINE
METAL SEAL PACKAGE (SBDIP)
MIL-STD-1835 CDIP2-T28
TOP VIEW

HS9-65647RH 28 LEAD CERAMIC METAL
SEAL FLATPACK PACKAGE (FLATPACK)
MIL-STD-1835 CDFP3-F28

TOP VIEW
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HSSA-85647RH 36 LEAD CERAMIC METAL
SEAL FLATPACK PACKAGE (FLATPACK)

HARRIS OUTLINE K36.A
TOP VIEW
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HS-65647RH

Radiation Hardened

August 1995 8K x 8 SOS CMOS Static RAM
Features Functional Diagram
» 1.2 Micron Radiation Hardened SOS CMOS
- Total Dose 3 x 10° RAD (Si) " cow [E1  1zsxsiz
- Transient Upset >1 x 10" RAD (Si)/s row & 91 loecooer| o] wmemoRy ARRAY
- Single Event Upset < 1 x 10°"'2 Errors/Bit-Day 2
» Latch-up Free — ess0ae
Yoo
» LET Threshold >250 MEV/mg/cm?2 :__k 1T e B
+ Low Standby Supply Current 10mA (Max) ° c%g?rr
» Low Operating Supply Current 100mA (2MHz) E— COLUMN DECOOER
+ Fast Access Time 50ns (Max), 35ns (Typ) dd { oo
» High Output Drive Capability Eze cossve
+ Gated Input Buffers (Gated by E2) L _
* E‘ .
Six Transistor Memory Cell = o] cowtmoL
¢ Fully Static Design CIRCUIT
+ Asynchronous Operation W
+ CMOS Inputs
* 5V Single Power Supply TRUTH TABLE
» Military Temperature Range -55°C 10 +125°C — — —
+ Industry Standard JEDEC Pinout E1 E2 G w MODE
. s 0 X X Low Powsr Standb
Description Y
The Harris HS-65647RH is a fully asynchronous 8K x 8 ! ! X X Disabled
radiation hardened static RAM. This RAM is fabricated using 0 1 9 1 Enabled
the Harris 1.2 micron silicon-on-sapphire CMOS technology.
This technology gives exceptional hardness to all types of 0 1 0 1 Read
radiation, including neutron fluence, total ionizing dose, high
intensity lonizing dose rates, and cosmic rays. o 1 X o Writa
Low power operation is provided by a fully static design. Low
standby power can be achieved without pull-up resistors,
due to the gated input buffer design.
Ordering Information
PART NUMBER TEMPERATURE RANGE PACKAGE
HS$1-65647RH-Q -55°C to +125°C 28 Lead SBDIP
HS1-65647RH-8 -55°C to +125°C 28 Lead SBOIP
HS1-65647RH/Prata -55°C to +125°C 28 Lead SBDIP
HS1-85647RH/Sample +25°C 28 Lead SBDIP
HS9-65647RH-Q -55°C 10 +125°C 28 Lead Ceramic Flatpack
HS9-65647RH-8 -§5°C to +125°C 28 Laad Ceramic Flatpack
HS9-85647RH/Prato -55°C to +125°C 28 Lead Ceramic Flatpack
HS9-65647RH/Sample +25°C 28 Load Ceramic Flatpack
HS9A-65647RH-Q -55°Cto +125°C 38 Lead Ceramic Flatpack

CAUTION: Thess devices ane sensitive Io electrostatic dischange. Usars should foliow proper 1.C. Handling Procadurss.

Copyright © Harris Corporation 1886

1
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DESIGN INFORMATION (continueq

Tha information contained in this section has been deveioped through characterization by Harmis Semiconductor and Is for usa as
application and design information only. No guaramee is impled.

HS-6664RH PROGRAMMING CYCLE

PROGRAMMING - VERIFY >

VDOPROG 4
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i
J
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VILVOL— v READ DATA

HS-8664RH POST PROGRAMMING VERIFY CYCLE
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HS-6664RH

DESIGN INFORMATION (continued

The information contained in this section has been deveioped through characierization by Hamis Semiconductor and Is for use as

application and design information only. No guaramee is impled.

Background Information Programming

The HS-6664 CMOS PROM is manufactured with all bits
comtaining a logical zero (output low). Any bit can be
programmed selectively to a logical one (output high) state
by following the procedure shown below. To accomplish this,
a programmer can be buik that meets the specifications
shown, or use of an approved commercial programmer Is

recommended.
Programming Sequence of Events
1. Apply a voltage of VDD1 to VDD of the PROM.

2. Read all fuse locations 1o verify that the PROM is blank

{output low).

Piace the PROM in the initial state for programming:

E=VIH,P=VIH, G = VI

. Apply the correct binary address for the word to be pro-
grammed. No inputs should be left open circuiL

. Aftera delay of id, apply voitage of VIL to E (pin 20)to ac-
cess the addressed word.

. The address may be held through the cycle, but must be

held valid at least for a time equal to td after the faling
edge of E. None of the inputs should be allowed to float

10 an invaiid logic level,
. Afer a delay of id, disable the outputs by applying a voit-
age of VIH to G (pin 22).
. After a delay of td, appty voitage of VIL to P (pin 27).
. After delay of 1d, raise VDD (pin 28) to VDDPROG with a
rise time of tr. Al outputs at VIH should track VDD within
VDD-2.0V to VDD+0.3V. This could be accomplished by
puling outputs at VIH to VDD through puil-up resistors of
value Rn.
Afer a delay of td, pull the output which corresponds to
the bit to be programmed to VIL. Only one bit should be
programmed st a time.
ANer a delay of tpw, allow the output 1o be pulled to VIH
through pull-up resistor Rn.
After a delay of td, reduce VDD (pin 28) to VDD1 with a
fall ime of tf. All outputs at VIH should track VDD with
VDD-2.0V to VDD+0.3V. This could be accomplished by
pulling outputs at VIH to VDD through pull-up resistors of
vaiue Rn.
Apply a voltage of VIH to P (pin 27).
Afer a delay of td, apply a voitage of VIL to G (pin 22).

3

10.

1.

12.

13.
14.

15. Afer a delay of td, examine the outputs for correct data.
If any location verifies incorrectly, it should be considered
a programming reject.

16. Repeat steps 3 through 15 for all other bits to be pro-
grammed in the PROM.

Post-Programming Verification

17. Place the PROM in the post-programming verification
mode:
E = VIH, G = VIL, P = VIH, VDD (pin 28) = VDD1.

18. Apply the correct binary address of the word 10 be veri-
fied to the PROM. ‘

19, ARer a delay of id, apply a voltage of VIL to E (pin 20).

20. After a delay of td, examine the outputs for correct data.
If any location fails to verify correctly, the PROM should
be considered a programming reject.

21. Repeat steps 17 through 20 for all possible programming
locations.

Post-Programming Read

22. Apply a voltage of VDD2 = 4.0V to VDD (pin 28).

23. Afer a delay of id, apply a voitage of VIH to E (pin 20).

24. Apply the correct binary address of the word 1o be read.

25. Aler a delay of TAVEL, apply a voitage of VIL to E (pin

20).

ARer a delay of TELQV, examine the outputs for correct

data. If any location falls 1o verify correctly, the PROM

should be considered a programming reject.

Repeat steps 23 through 26 for all address locations.

Apply a voltage of VDD2 = 6.0V to VDD (pin 28).

Repeat steps 23 through 26 for all address locations.

26.

27.
28.
29.

12
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HARRUS HS-6664RH

DESIGN INFORMATION
September 1995 8K x 8 CMOS PROM

The information contained in this section has been developed through characterization by Hamis Semiconductor and Is for use as
application and design information only. No guaramtee is impled.

Background Information HS-6664RH Programming
PROGRAMMING SPECIFICATIONS

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Input *0” VviL 0.0 Q.2 0.8 v
Vokage "1° VIH VDD-2 VDD | VDD+0.3 v 6
Programming VDD VDDPROG 9.0 9.0 9.0 v 2
Operating VDD vDD1 45 55 85 v
Spedal Varfy VvDD2 40 . 6.0 v 3
Delay Time ud 1.0 10 i}
Risa Time tr 10 10.0 10.0 us
Fall Time d 10 10.0 10.0 i
Chip Enable Pulse Width TEHEL 20 - - s
Address Valid to Chip Enabie Low Time TAVEL 0 - ns
Chip Enable Low to Oupue Valid Time TELQV - - 60 s
Programming Pulse Width tpw . 90 100 110 ks 4
InpLx Leakage & VDD = VDDPROG i1 -10 +1.0 10 HA
Data Output Current at VDD = VDDPROG 1OP . 5.0 -10 mA
Output Pull-Up Resistor Rn 5 10 15 kQ 5
Ambilent Temperature Ta - 25 °c
NOTES:
1. All inputs must rack VDD (pin 28) within these Imits.
2. VODPROG must be capabla of supplying 500mA. VDDPROG Powar Supply tolerancs 13% (Max.)
3. See Steps 22 through 29 of the Programming Algorithm.
4. Sea Stap 11 of tha Programming Algorithm.
5. All outputs should be pullad up to VDO through a resistor of value Rn.
6. Excapt during programming (See Programming Cycle Waveforms).

Spec Number 518741
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Packaging (Continued)
—f | K28.A MIL-STD-1835 CDFP3-F28 (F-11A, CONFIGURATION B)
L_,;__z -_%I_L: 28 LEAD CERAMIC METAL SEAL FLATPACK PACKAGE
= = s = INCHES MILLIMETERS
— o B—
——g —— sYmMBoL| MIN MAX MIN MAX | NOTES
E%—— - D A 0045 | 0115 | 1.4 2.92 -
—] re—— b 0015 | 0022 | o038 0.56 .
— S=——1 b1 | 0015 | 0018 | 038 | o048 .
[ eov—— —— ¢ 0.004 0.009 0.10 0.23
b —] —— ¥

I I ¢l 0.004 0.006 0.70 0.15 -
3 ‘ D 0.740 - 13.80 3

r3 Yo, 0 o) o, - o, (1 (e, e, — =T e T T

{ 9 I £ _f_ E1 . 0.550 . 13.97 3
A ¥ ——Ln = E2 0.180 . 4.57 . -
T ] I-_Lj:l 4_:1::‘ ’::L__ITE £3 | 0030 - 0.76 3 7
| I > a ° 0.050 BSC 127 8SC -
BASE PLAN c1  LEADFIMSH k 0.008 0.015 0.20 0.38 2
L 0.250 | 0.370 | 6.35 9.40 .
Q 0.026 | 0045 | 0.66 1.14 8
St 0.00 - 0.00 . 6
M - 0.0015 - 0.04 -
) —»d N 28 28 -

SECTION A-A Rav. 0 5/18/94

NOTES:

1. Index area: A notch or a pin one identification mark shall be locat-
ed adjacent 10 pin one and shall be locatsd within the shaded
area shown. Tha mamufaciurer's identification shall not be used
as a pin one identification mark. Aemnataly, a tab (dmansion k)
may be used to identfy pin ohe.

2. It a pin one identification mark is used in addition 1 a tab, the im-
its of dimension k do not apply.

3. This dimension allows for off-center §d, meniscus, and giass
ovefrun.

4. Dimensions b1 and ¢1 apply to lead base metal only. Dimension
M applies to lead plating and finish thicknass. The maximum km-
its of lead dimensions b and ¢ ar M shail be measured at the can-
troid of the finished lead surfaces, whan soider dip or tin piate
lead finish Is applied.

5. N is the meximum number of lerminal positions.

6. Measure dimension S1 at all four comers.

7. Forbottorn-brazed lead packages, no organic or polyrmeric mate-
rials shall be moided to the bottom of the package to covar the
leads.

8. Dimension Q shall be measured a the point of exit (beyond the
meniscus) of the lead from the body. Dimension Q minimum
shall be reduced by 0.0015 inch (0.038mm) maximum when sol-
der dip lead finish is applied.

9. Dimensioning and toleranding per ANSI Y14.5M - 1982.
10. Controlling dimension: INCH.

Spec Number 518741
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Packaging
¢1 LEAD FINISH D28.6 MIL-STD-1835 CDIP2-T28 (D-16, CONFIGURATION C)
_L 28 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE
F . INCHES MILLIMETERS
ft BAsE [
Fl METAL SYMBOL| MIN MAX MIN MAX | NOTES
} B o) ey
F | le—b1— T A . 0.232 - 5.92 .
M R b 0.014 0.026 0.36 0.66 2
' b1 0.014 0.023 0.36 0.58 3
ra ]
0 Ee Q) Ee) bz 0045 | 0085 | 114 1.65 -
aase D—f { b3 0.023 0.045 0.58 1.14 4
PLANE\ s2 3 0.008 0.018 0.20 0.46 2
SEATING
EATING 1 0.008 0.015 0.20 0.38 3
s D - 1.490 . 37.85 .
b; J AA E 0.500 0.610 § 12.70 15.49 .
b e 0.100 BSC 254 BSC .
eA 0.600 BSC 15.24 BSC -
aAR 0.300 BSC 162BsCc | -
No";ES: A , b locat C 0125 | 0200 | 338 | 508 -
1. Index area: A notch or a pin one identification mark shal -
od adjacent to pin one and shail be located within the shaded Q 0015 | 0060 j 038 152 5
area shown. The manufactursr’s identification shail not be used S1 0.008 - 0.13 - 8
as a pin one identification mark. S2 0.005 - 0.13 " 7
2. The maximum limits of lead dimensions b and ¢ or M shall be 0 90° 105° -
measurad at the centroid of the finishad lead surfaces, when g 9 105
soider dip or tin plats lead finish s applied. aaa - 0.015 - 0.38 -
3. Dimensions b1 and c1 apply to lead base metal only. Dimension bbb - 0.030 - 0.76 -
M applies 1o lead piating and finish thickness. o . 0.010 . 0.2§ .
4. Comer leads (1, N, N/2, and N/2+1) may be configured with a M . 0.0015 . 0.038 2
partial load paddie. For this configuration dimension b3 replaces
dimension b2. N 28 28 8
Rev. 0 5/18/04

5. Dimension Q shall be measured from the seating piane to the
base plane.

8. Measure dimension S1 at all four comers.

7. Measure dimension S2 from the top of the ceramic body to the
nearest metalizadon or lead.

8. N is the maximum number of laminal positions.

9. Braze fillets shall be concave.
10. Dimensioning and tolerancing par ANSI Y14.5M - 1982.
11. Corwroling dmension: INCH.
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HS-6664RH

Metallization Topology

DIE DIMENSIONS: WORST CASE CURRENT DENSITY:
271 % 307 x 19 £1mils 2 x 108 Alem?
METAL‘L;‘I‘ZAATIOEA _ SUBSTRATE POTENTIAL: VDD
M1 B i;ooAs%C” TRANSISTOR COUNT: 110, 874
M2: 10kA x 2kASVAI/Cu GATE COUNT: 27, 719 (Based on 2-Input NAND)
GLASSIVATION:
Type: SiO,
Thickness: 8kA £ 1kA
Metallization Mask Layout
HS-6684RM
~ 3 2 -
', 2% 2% % & e 222 20
€ €€z &8 §§ §8 8§ 88 ¢
9099 ¢ giEng g9 Qo u e O
e . XIS \.v.'r.r

P m&-—-——----

- L
QY TSI g
NRAOUH LRSI ARG

B e L

e ad [0 1

[Soyrte » Sylyaysyapase g = o

8
voo O3
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HS-6664RH

Harris - Space Level (-Q) Product Flow (Now 1)

SEM - Traceable to Diffusion Method 2018

Wafer Lot Acceptance Method 5007

Internal Visual Inspection Method 2010, Condition A
Gamma Radiation Assurance Tests Method 1019
Nondestructive Bond Pull Method 2023

Customer Pre-Cap Visual Inspection (Note 2)

Temperature Cycling Method 1010, Condition C

Constant Acceleration Method 2001, Condition E Min, Y1
Particle Impact Noise Detection Method 2020, Condition A
Electrical Tests (Harris’ Option)

Serialization

X-Ray Inspection Method 2012

Electrical Tests - Subgroup 1; Read and Record (T0)

Static Bum-In Method 1015, Condition B, 72 Hrs, +125°C Min,
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1)
Bum-in Delta Calculation (TO -T1)

PDA Calculation 3% Subgroup 7
5% Subgroups 1,7, A

Dynamic Bumn-in Method 1015, Condition D, 240 Hrs, +125°C
(Note 3)

Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2)
NOTES:

Alternate Group A - Subgroups 1, 7, 9 Method 5005; Para
3511
Bum-in Deita Caleulation (T0 - T2)
PDA Calcuiation 3% Subgroup 7
5% Subgroups 1, 2, A
Electrical Tests - Subgroup 3; Read and Record

Alternate Group A - Subgroups 3, 88, 11; Method 5005; Para
3.5.1.1

Marking
Electrical Tests - Subgroup 2; Read and Record
Altemate Group A - Subgroups 2, 8A, 10; Method 5005;
Para 3.5.1.1
Gross Leak Tests Method 1014, 100%
Fine Leak Tests Method 1014, 100%
Customer Source Inspection (Note 2)
Group B Inspection Method 5005 (Note 2)
End-Point Electrical Parameters: B-S - Subgroups 1, 2, 3,
7,8A, 8B, 9,10, 11; B-6 - Subgroups 1, 7,9
Group D Inspection Method 5005 (Notes 2, 4)
End-Point Electrical Parameters: Subgroups 1,7, 9
External Visual Inspection Method 2008
Data Package Generation (Note 4)

1. The notas of Mathod 5004, Table 1 shall apply; Unless Otharwise Spadified.
2. Thesa siaps are optional, and should be listad on the individual purchase order(s), when required.
3. Harris reserves the right of performing bum-in time temperaturs regression as defined by Table 1 of Method 1015.

4. Data package contains:
Assembly Atributes (post seal)
Test Auributes (includes Group A)
Shippable Serial Number List

Radistion Testing Certificata of Conformence

Wafar Lot Acceptance Report (Including SEM Repory)
X-Ray Report and Fim

Test Variables Dxta

Harris -8 Product Flow

Internal Visual Inspection Method 2010 Condition B
Alternate

Gamma Radlation Assurance Tests Method 1019
Customer Pre-Cap Visual inspection (Note 1)
Temperature Cycling Method 1010, Condition C
Fine and Gross Leak Tests Method 1014

Constant Acceleration Method 2001 Y1 30KG

Initial Electrical Tests

Dynamic Burn-in Method 1015, Condition D, 160 Hrs, +125°C
+25°C Electrical Tests - Subgroups 1, 7, 9

NOTES:
1. These sieps are optdonal, and must be negotiated as part of order.
2. Group B, C and D data package contains Attrbiras Data.

PDA Calculation 5% Subgroups 1, 7

Electrical Tests +1259C, -55°C

Group A Inspection Method 5005. 5% PDA (Note 3)
Brand

Customer Source Inspection (Note 1)

Group B Inspection Method 5005 (Notes 1, 2)
Group C Inspection Method 5005 (Notes 1, 2)
Group D Inspection Method 5005 (Notes 1, 2)
External Visual Inspection Method 2009

Data Package Generation (Note 4)

3. Harmis reserves the right to perform Akernate Group A. The 5% PDA is stll applicable.

4, -8’ Data package comains:
Assembly Attribures (post seal)
Test Attributes (inciudes Group A)
Radiation Testing Castificate of Conformance
Centificate of Conformance (as found on shipper)
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HS-6664RH

Burn-in Circuits

HS1-6684RH 28 LEAD (8K x 8 PROM DIF)
HSS-6664RH 28 LEAD (8K x 8 PROM FLATPACK)

HS1-6664RH 28 LEAD (8K x 8 PROM D!P)
HS9-6664RH 28 LEAD (8K x 8 PROM FLATPACK)

VDD
9
2 g
27 21
'_zi]lc NC M e
= a8 As
£ s L
2} a— g
A M— AL
E 1 A'AvA" E1
= i 227 LoAD
ELO. Ne 92 Loap
T2 e " LoaD
e} e [15-22* LoaD
> ne 322 Loap
TOAD:
= Vaa-GNO out _JWg._mm voOrz
STATIC CONFIGURATION DYNAMIC CONFIGURATION

NOTES:

1. Power Supply: VDD = 5.5V (Min)
2. Resistors = 10kQ  10%

NOTES:
1. Power Supply: VDD = 5.5V (Min)
. VIH = VDD to VDD-1.0V
. VIL=0.0V10 0.8V
. Resisors = 10KQ £ 10%
. FO = 100KHz + 10%, 50% Duty Cycle

BN

F13 = F122

VoD

F9
F10
F12
Fo
m
fo

. F1=FO/2: F2=F1/2;F3 = F2/2, F4 = F3/2, FS = F4/2; . ..

Irradiation Circuit

NOTES:

HS1-6664RH 28 LEAD (8K x 8 PROM DIP)

-

1. Power Supply: VOD = 5.5V 0.5V

2. All Resistors = 47KQ £ 10%
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Specifications HS-6664RH

TABLE 6. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD .Q SUBGROUPS 8 SUBGROUPS
Inkial Tost 1009%/5004 11,9 17,9
Intsrim Tast 100%/5004 17,9 .19

PDA 1and 2 100%/5004 17,4 1.7

Final Test 100%/5004 2.3, 6A, 8B, 10, 11 2.3, 8A, 88, 10, 11
Group A Samples/5005 1.2.3,7.8A.88,9, 10, 11 1.2.3.7,8A.88.9, 10, 1
Group B 85 Samples/S005 1.2,3,7,8A, 88 NA
(Optional) Others Samples/5005 1.7.9 N/A

Group C (Optional) Samplas/5005 N/A 1.7.9
Group D (Optional) Samples/5005 17,9 1,79
Group E, Subgroup 2 (Nota 1) | Samples/5005 1.7,9 1.7.9

NOTE:

1. Hanmis may exsrcise ks option to parform to a small lot sampling plan of 5 units per lot.

Timing Waveform
READ CYCLE

TAVEL
TELAX
TELEH
v
1.5V 13V } 1.8V 13V
E ov
TEHEL —»dt——— TELQV —— —— 3 pt— TEHQZ
F el TGLQV —» LX)
15V 15V
o
GLQOX
. TGHQZ  jet——
DATA VALID
Qo0-Q7 DATA
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Specifications HS-6664RH

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)
Device Guaranteed and 100% Tested.

LTS
(NOTES 1,2,3) GROUP A
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS
Chip Enable Low Width TELEH VDD = 4.5V and 5.5V 9,10, 11 H5°CSTos+125°C| 60 - ns
Chip Enable High Width TEHEL |VDD=4.5Vand5.5V| 9,10, 11 55°C STy <+125°C | 20 - s
Read Cycle Time TELEL |VOD=4.5Vand5.5V| 9,101 55°C<Tos+125°C| 80 - ns

NOTES:
1. All voltages referenced 1o device GND.
2. AC measurements assume transition ime < 5ns; inpLt levels = 0.0V to 3.0V; timing reference levels = 1.5V; ouputload = 1 TTL squivalert
load and CL 2 50pF.
3. All ests performed with P hardwired to VDD.
4., Address Access Time (TAVQV) = TELQV + TAVEL = 65ns (maximum).

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC

(NOTE 2) UMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX | UNITS
Input Capacitance CIN VDD = Open, f= 1IMH2 1.3 Ta=+25°C - 15 pF
IO Capeditance CUQ | VDD = Open, f = 1MHz 1,3 Ta=+25°C - 12 pF
Chip Enable Time TELQX | VDD = 4.5V and 5.5V 3 55°9C € T < +125°C 5 . ns
Ourput Enable Time TGLQX | VDD « 4.5V and 5.5V 3 55°C S To < +125°C 5 - ns
Chip Disable Time TEHQZ | VDD = 4.5V and 5.5V 3 -559C S To $+125°C - 15 ns
Output Disable Time TGHQZ | VDD = 4.5V and 5.5V 3 -559C < Ty S +125°C - 15 ns

NOTES:
1. Al measurements referenced 1o device GND.
2. Al tasts parformad with P hardwired to VDD.

3. The parameters listad are controlled via design or process parameters and are not directly tested. Thess parameters are characterized
mnimmamawms@upmmmmeswhhhwwaﬂmmmm.

TABLE 4. POST 100K RAD AC AND DC ELECTRICAL PERFORMANCE CHARACTERISTICS

NOTE: All AC and DC parametars are testad at the +25°C pre-imadiation limits.

TABLE 5. BURN-IN DELTA PARAMETERS (+25°C)

PARAMETER SYMBOL DELTA LIMITS
Standby Supply Current 1DDSB +501A
Input Leakage Currant 10Z 1A

" £100nA
Output Low Vaitage VoL +60mV
Outptx High Vokage VOH +400mV

Spec Number 518741



Specifications HS-6664RH

Absolute Maximum Ratings Reliability Information

Supply Voitage (All Vokages Reference to Devica GND). . .. . +1.0V  Thermal Resistancs 84 8)c
input or Output Vokage Braze Seal DIP Packaga............. 400°CW  4.0°CW
Appliod for All Grades. . . .............. GND-0.3Vto VDD+0.3Y  Braze Seal Flapack Package . ... .... 534°CW  6.0°CW
Storage Temperatue Range ................. -65°C 0 +150°C  Maximum Package Power Dissipation at +125°C

Junction Temperatire. . . ........cooviiveeiannnn.., +175°C Braze SealDIPPackage......................cnn. 1.75W
Lead Temperature (Soldering 108). ................... +300°C  Braze Seal Flatpack Package . ..................... 936mW
ESDClassification . ............coviiiiieennnnennn, Class1 GateCoumt..............coviiiiieennnnnnnn. 26,817 Gatas

CAUTION: Stresses above those listad i “ADsoiute Maximum Ratings” may cause permanent damage (o the device. This is a stress only rating and aperation
of the device af these Or any Xxher conditions above those indicated in the operational sections of this specification ia not implied.

Operating Conditions
Qperating Supply Voltage Range (VDD) ......... +4.5V0 +5.5Y InplowVoltage(VIL). ... oVt +0.8Y
Operating Temperature Range (Ta) . .. ......... -55°C1t0 +125°C  InputHighVokage (VIH) .................outnn +2.4V 0 VDD
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
Devica Guaranteed and 100% Tested.
LIME
(NOTES 1. 2) GROUP A ™
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE MIN | MAX | UNITS
High Level Oupu VOH1 VDD = 4.5V, IO = -2.0mA 1,23 55°C S TA$+125°C | 3.5 - v
Vokage
Outpux High VoRage VOH2 | VDD = 4.5V, 10 = 100uA 3 -55°C STy £ +125°C | VDD - v
0.3V
Low Level Output yoL VDD = 4.5V, 0 = 4.8mA 1.2.3 -55°CSTas+125°C| - 04 v
Vokage
High Impedancs Output 102 VDD = 5.5V, G = 5.5V, .23 -55°C STy $+125°C | -10.0 | 10.0 HA
Loakage Currere VVO = GND or VDD
input Leakage Cument H VDD = 5.5V, Vi= GND or 1.2.3 -55°C STas+125°C| 10 | 1.0 pA
VDD, P Not Tested
Standby Supply Cumrent IDDSB | VDD = 5.5V, 10 = OmA, .23 -55°C < Ty 5 +125°C - 500 VA
Vi= VDD or GND
Operating Supply IDDOP | VDD = 5.5V, G = VDD, 1,23 55°CgTas+125°C| - 15 mA
Current (Note 3), f = 1MHz, )
10 = OmMA, V1 = VDD or GND
Functional Test FT VDD = 4.5V (Noto 4) 7.8A.88 -55°C STy < +125°C - - -
NOTES:
1. All voliages referenced to devicea GND.
2. All wasts performed with P hardwired to VDD.
3. Typical derating = 1SmA/MHz increase in IDDOP.
4. Testad as follows: { = 1MHz, VIH = 2.4V, VIL = 0.45V, |OH = -1mA, IOL = +1mA, VOH 2 1.5V, VOL < 1.5V.
TABLE 2 AC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guararteed and 100% Tested.
LTS
(NOTES 1.2, 3) GROUP A
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE MIN | MAX | UNITS
Output Enable Accass Time TGLQV VDD = 4.5V and 5.5V 9,10, 11 -55°C T, s +125°C - 20 ns
Chip Enable Access Time TELQV | VDD =45vVand5.5V] 9,10 11 55°C<Tas+125°C| - 60 rs
Address Setup Time TAVEL |VDD=4.5Vend5.5V] 910,11 -S5°CsTas+125°C| § - ns
Address Hold Time TELAX |VDD=4.5Vand5.5V] 9,10, 11 -55°C STy s+125°C| 12 - ns
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Functional Diagram
NSB
A2
A3 — A,
w] e 7| carmeow | zax 258
A8 —1 REGISTER A, DECODER 7 MATRIX 10F8
AT e "
” w——
Ls8
e] E 2l 2p u2p 2p 2P 2P 2P 2P
112
o GATED COLUMN DECODER ,
PROGRAMMING. AND DATA . Qo-Q7
OUTPUT CONTROL 73
E E
AYs Ays
G
E LATCHED ADDRESS
REGISTER

] D111 ]

A0

1 P must be hardwired at all times to VDD, except during programming.

Al A0 Ay AN

TRUTH TABLE
E (] MODE
o 0 Enabled
0 1 Output Disabled
1 X Disabled

A12
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HS-6664RH

Radiation Hardened
8K x 8 CMOS PROM

Features

» 1.2 Micron Radiation Hardened Bulk CMOS
* Total Dose 3 x 10° RAD (Si)

- Transient Output Upset >5 x 10% RAD (Si)/s
* LET >100 MEV-cm¥mg

* Fast Access Time - 35ns (Typical)

*» Single SV Power Supply
* Single Pulse 10V Field Programmable

+ Synchronous Operation

» On-Chip Address Latches

» Three-State Cutputs

* NiCr Fuses

+ Low Standby Current <S00pA (Pre-Rad)

» Low Operating Current <15mA/MHz

+ Military Temperature Range -55°C to +125°C

Description

The Harris HS-6664RH is a radiation hardened 64K
CMOS PROM, organized in an 8K word by 8-bit for-
mat. The chip is manufactured using a radiation
hardened CMOS process, and utilizes synchronous
circuit design techniques to achieve high speed
performance with very low power dissipation.

On-chip adkkress laiches are provided, allowing easy
interfacing with microprocessors that use 2a
multiplexed address/data bus structure. The output
enable control (G) simplifies system interfacing by
allowing output data bus control in addition to the chip
enable contro! (E). All bits are manufactured storing a
logical "0° and can be selectively programmed for a
logical "1° at any bit location.

Applications for the HS-6664RH CMOS PROM
include low power microprocessor based instrumenta-
tion and communications systems, remote data acquil-
sition and processing systems, and processor control
storage.

Pinouts

28 LEAD CERAMIC SBDIP
CASE OUTLINE D28.8 MIL-STD-1835, CDIP2-T28
TOP VIEW

28 LEAD FLATPACK

CASE OUTLINE K28.A MIL-STD-1835, COFP3-F28

' TOP VIEW
NC e=—2—J1¢ 2 ——{¢=— VDD
A2 == =——f2 2 ——— Pt
YR ——F—— [ 28 f——— ——— NC
Iy — ——F— V1 3 —— .
= — T ———— N
Me— s Il —F—Ru
It ———§F —— |} ol ————— K
-y —§— 1} Pl ———F——— W8
Il —F—— 1) 0fp——=—xF

e ——= DQ7
———Jr e ]
= ==——= DQS
P ——— D4

—{— D@

AQ s =]
DQO s ———
o ool ——
DQ2 s

GND ==—=0—

- A A b
> WU N~O
N T
N &~ 8 ©

1 P must ba hardwired at all times to VDD, except during programming.

CAUTION: These devices are sensitive 1o eectrostatic discharge. Users should fotiow proper 1.C. Handling Procedures:

Copyright © Harris Corporation 1385
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ORDERING INFORMATION _
UT22ZVP10: Prototypes and Military Temperature Range
UT 2VP10 s 88 8 s

T -[————-Leadﬂnlsh:l

A) = Hot solder dipped
gﬁw

[ S

= Prototype flow *
e ————— Package

r
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Pactory opdon (gold or solder) ?
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SEE DETAL A et
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TOP VIEW 0030 (W] c| A (M} o
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- 0.980 SQ. REF. SIDE VIEW

SQUARE CORNERS.
THIS PAD ONLY.

DETAIL A
PIN1ID

1. All cxposed metalized mangpldphadovef
nicke] per MIL {38535,
2. Lead finishes asc in acoordance with MIL-1-38535.
3. Dimension Jotters refer to MIL-STD-1835,
Lead position sad coplanarity are not messared.
Mark ia not subject 10 viseal axeking criterda.
Mark iz on tid sad its gymbol is veador option.
For soldar coated Jeads, inaroase maximum limit by 0.003
inch as mestwrod at the center of the flaz.

Figare 9. 28-Lead Quad-Flatpack (.45 x 45)
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8o A
| 4 15 e PIN NO, 11D,
0.015 0.008 A
0.008
‘ o
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€ : M
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0.50 88C I
P— |
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Jl
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]
- 4 — |
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L -i—- . S o u.&a
=T {E
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Notes:

1. All exposed metakized arcas arc gold plated over electroplated
nicks! per MIL-I-38535. :

2. The §id s electrically coanerted to Vg

3. Lead finishes wro in acoordence with MIL-I-38535.

4, Disvession Jetters refer (o MIL-STD-1835.
Lead position and coplanarity are aot messured.
D mark symbal ix vendor option.
For solder coated leads, inaease maxiomm Fmit by 0.003 inch
a3 measured at the ceater of the flat.

Fignre 8. 24-Lead Flatpack (45 x .64)

£
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Figure 7. 24-Pin 100-mil Center DIP (0.300 x 1.2)
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POWER-UP RESET ' power-up reset and the wide range of ways Vpp can rise Q
The power-up reset feature ensures that all flip-flops will to its steady state, the following two conditions are re-
be reset to LOW after the device has been powered up, quired to ensure a valid power-up reset.
The oatput state will depend on the programmed pat- * The Vpp rise must be monotonic
m.’ghb&amhvﬂmblehﬁmpIHyMgMMdﬁne » Following reset, the clock input must nat be driven from
initiatization. See figure 6 for a timing diagram. Due to LOW to HIGH tnsil all applicable input and feedback
the synchronous operaticn of the setup imes are met,
. b
e, Vop
POWER y
4 .
REGISTERED '

heTeion ' ///
cxon . \\\ J

tw

Figure & Power.-Up Reset Waveform

RADIATION HARDNESS

The UT22VP10 RADPAL nmorporates special design and - and reliability. For transient radiation hardness and
layout features which allow operation in high-level radi- latchup immaunity, UTMC builds all radiation-hardened
ation environments, UTMC has developed special Jow- products on epitaxial wafers using an advanced twin-tub

wmpmnmprooemngtechmquudwgnedtoenhame CMOS process.
thetotal«dosc radistion hardness of both the gate oxide
andthqﬁeldmdewhﬂemunhimngthemmtdmty

mnuznou HARDNESS DESIGN SPECIFICATIONS !

PARAMETER j CONDITION MINIMUM UNIT
Total Dose | #25°Cper MIL-STD-883 Method 1019 1.0E6 rads(S)
LET Threshold -55°C to +125°C 50 MeV-cm?/mg
Nentr;n Fluence 1MeV equivalent 1.0E14 wem?

Note: | ]
1 mmmmmmmwwwmmx

T ——————

12
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‘@ AC CHARACTERISTICS READ CYCLE (Post-Radiation) 12
(Vpp = 5.0V *=10%; -55°C < T < +125°C)
S‘GV'MBOL PARAMETER MINIBUM MAXIMUM UNIT
“tpD Tnput to output propagstion delay - 25 ns
tEA Inpat to output enable delay - 2% s
tER Inpat to cutput disable delay - ya) ns
tco Clock to output delay , - 15 ns
tem Clock to combinatarial outpat delay via internal regis- - 28 ns
: tered foedback
ts Input cr feedback setup time 18 - ns
. 1g Input or feedback hold time Y - ns
tp External clock period (too + &) 33 - ns
tWH, WL Clock width, clock high time, clock low time 14 - ns
fuaxa External maximam frequency (1/(tco +t)) 30 - MHz
fuax2 Data path maximum frequency (1/(twx + twi)) 36 - MHz
fraxs Internal feedback maximum frequency (1/(tco + Lcp)) 32 - MHz
tep Register clock to feedback input - 13 ns
. taw Asynchronous reset width _ 25 - ns
@ tAR Asynchronous resct recovery time 25 - ns
tAp Input to asynchronous reset - 25 ns
tspr Synchronous preset recavery time 25 - ns
PR Power up reset time 10 - ps
Notea: .
;: quwcwmnw 1019 st LOES cade(Si).

@ |
) M
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DC ELRECTRICAL CHARACTERISTICS 2
(Yop = SOV £10%; Ves = 0V 1,-55°C < T¢ < +125°C)

SYMBOL PARAMETER CONDITION MINIMUM | MAXIMUM | UNTT
Vi, |Low-level input voitage TIL - 8 A
Vm . { High-level input voltage TTL 2.2 - v
Vi | Lowdevelinput voltage CMOS - 3*Vpp | V
Vi High-level input voltage CMOS ‘ 7*VoD - v
VéL Low-level output voltage IoL = 120mA, Vpp = 45V (TTL) 4 \'4
Vou {High-fevel outpat voitage lox = -12.0mA, Vpp = 45V (TTL) 24 - v
VoL | Low-level output voltage Tow = 200pA,Vpp = 4.5Y (CMOS) - Vss+0.05 | V

Vou |High-level output voltage Iog = -200pA, Vpp ~ 45V Vpp-L0.05 - v
: (QMOS)
Tiw  |Inputleakage current V= Vpp and Vss -10 10 pA
Ioz | Three-state output leakage Vo= Vpp and Vsg -10 10 pA
3 current Vpp =55V
Iog?# | Short.circuit output current Vpp = 5.5V, Vo = Vpp -160 160 mA
Vpp =55V, Vg =0V
Coi® |lnputcapacitance F=1MHz @0V - 15 pF
Cyo’ |Bidircctional capacitance =1MHz @0V - 15 pF
Ia: Output three-state, W Vpp = 55V - 120 mA 0

L
2.
3.
4.
s

Notes: * :

Madionns aliowsble rohutive shift oquals S0mV. ‘
Al specifications valid for radiation dose = 1E6 rads(S0).
Durition 20t %0 £xceed 1 second, one output ot a time.

Gusranteed, but sot
Tested for inital qualification ondy.

oo



Commerclal Verslon continued)
DIP ECL-to-TTL AC Electrical Characteristics

VEE = —4.2V 1D =57V, ¥ITL = +4.5V b +56Y, Ve = Veca = GND, QL = 60 pF

gymbal Parameter To=0C To = 25°C To = 85°C Units | Conditions
Min Max Min Max Min Max

tLH EntoTp

v Craraaront 23 se 24 56 26 59 ns Figures 34 4

m LE® T 34 72 34 72 33 77 ne Fipres 344

tezH OEto Ty ad 845 3.7 8.95 4.0 8.7

v (Enable Time) 38 8.2 40 8.2 43 .06 ™ Fiproe345

tor2 OEtoTa 32 895 33 8.95 a5 82

tpz (Disable Time) 30 17 3.4 87 4 2.06 ne Fipuoe34 5

2 DiRw T, 27 a2 28 87 3.1 895

2 (Disabie Time) 28 7.45 3.1 7.85 40 82 ne Fipues 348

toat EntoLE 1.1 11 1.1 ns Figres34& 4

thod E,toLE 21 2.1 268 e Figres 3& 4

towdH) Pulse Width LE 4 4 4 e Figures 34 4




SOIC, PCC and Cerpak TTL-to-ECL AC Electrical Characterlstics

VEg = —42V 1 —6.TV, Ve = +4.5V o +6.6V

Tc = 0°C

Te = 258°C

Te = 85°C

Symbol Paramater Units Conditions
Min Max Min Max Min Max
toLH TatDEn ns
oL P " 1.1 a3 1.1 34 i1 38 e Figures 1 82
L LEto &y re
vl 1.7 3.4 1.7 35 19 37 re Figree 182
thzH OE 1o Ep
(Cutoft to High) 13 4.0 1.5 4.2 17 48 n Figures 142
tpHZ OE o Ep
[ to CutoM) 16 4.3 1.6 43 18 4.4 ™ Figures 1 &2
thrz DR to Ep
(Hioh to Cutof) 18 4.1 16 4.1 1.7 43 e Figures 1 & 2
tont TaioOLE 1.0 1.0 1.0 n Figuros 142
thold TatoLE 1.0 1.0 10 ne Figres 182
LowlH) Puise Width LE 20 20 20 ns Figres 1 82
L4 Tranaition Time
HL 20% 1o 80%, 80% 1o 20% 08 1.8 0.6 1.6 08 18 ns Figures 1 &2
tosHL Maxmum Skew Common Edge PCC Onty
Output-to-Output Variation 200 200 200 ps {Nots 1)
Data to Output Path
togH Maximum Skew Common Edge PCC Only
Output-to-Output Varigtion 200 200 200 e {Note 1)
Oata to Output Path :
tosT Maximum Skew Opposite Edge PCC Onty
Output-to-Output Variation 850 860 850 ps (Note 1)
Datz to Output Path
e Maximum Skew PCG Only
Pin (Signai) Transition Vasiation 680 a50 880 pe (Note 1)
Dats to Output Path

Nots 1 Outp-to-Ouput Skaw is definad a8 The sheokte veiue of the dference between the sciusi
device. The specificaions ooty 10 8Ny ouIpUts Seniching in the same drection sither HIGH 10 LOW (logia ). 0f LOW %0 HIGH (omu4. O in opposite directons both

HL and LH (loar). Paramisars togr and Ly guarsnieed by design.

deigy for Ay OULDLES Within the seme peckaged




Commerclal Version continued)

SOIC, PCC and Cerpak ECL-to-TTL AC Electrical Characteristics

Vge = —4.2Y 10 =57V, Yy = +4.5V 1o +55Y,CL = 50 pF

To = 0C

Te = 25°C

Te

= 35C

Symbeol Parameter Units Conditions
Mtn Max Min Mex Min Max

tH EatoTn

tPHL Py rent) 23 64 24 64 28 87 n Figares 38 4

::: LEwo T 31 70 | 31 70 | 33 15 ns | Figes3&4

zH OEt T, a4 625 | 27 a15 | 40 95

ez (Enablo Time) an 00 | 40 90 | 43 75 | "™ | fouws3ss

iz OEtoTn 32 876 | 33 8715 | 36 90

o2 (Disable Tima) 20 75 | a4 65 | 41 o35 | ™ | Peums34s

toriz DIR16 Tn 27 80 | 2B 85 | 31 A7

taz (Disable Time) 28 726 | a1 175 | 40 %0 s | Fues3so

tat Eq®LE 1.0 10 10 ne | Figuwe3&4

Lhokd EntLE 20 20 26 ns Figures 38 4

W Puise Width LE 4.0 4.0 4.0 s Fipros 344

tosHL Maximum Skew Common Edge PCC Only
Output-to-Output Variation 800 800 800 pe (Note 1)
Data to Output Path

tosiH Maximum Skew Common Edge PCC Only
Output-io-Output Variation . 850 860 860 ps | (Note1)
Data to Output Path

tost Maximum Skew Opposite Edge PCC Only
Output-do-Output Variation 1350 1350 1360 ps (Note 1)
Data to Output Path

oe Maximum Skow PCC Only
Pin (Signa) Transition Variation 850 860 960 ps | (Nowe1)
Deta to Output Path

Note - OUpE-0-Ouput Skew |3 defined &3 he asoke velus of the dileronce bewween 1he acusi
m.mmmmmwm—mwmmummmmwmwwamumnmm,ahmmm

H. and LH Gosr>

\owr 1 e Gareriwed by desin.

delgy fr any cupUts within the 3ame packaged




industrial Version

PCC TTL-to-ECL DC Electrical Characteristics

VYeg = —42VI0 —6.7V, Voo = Veea = GND, Tc = —40°Cto +85°C, VL

= + 4.5V o +5.5Y (Note)

$ymbol Parameter To = —4%C To=0Clo +87C | Conditions
Min Max Min Max
Vou Output HIGH Vottage —1086 —870 | —1025 —870 mY | Vv = ik OF YiLen
Vou Output LOW Voitage Ties0 1578 | —18%0 -1 | mv | LosdmwihEono -2V
Cutoft Voltage OE or DIR Low,
- 1900 —~1960 mv ViIN™ ViHpdax) OF ViL(Miny
Loading with 500 to —2V
Vore Output HIGH Voitage —~1096 1038 my VI = ViKHMia) O ViLMax)
Corner Paint High Loading with 500 o —2V
Vo | OutputLOW Voitage _ _
Comer Point Low 1588 1610 myv
Vi Input HIGH Voltage 20 5.0 20 6.0 v Over V1L, Veg, Tc Range
Vi Input LOW Voltago 0 08 0 08 V | OverVym. Vee Tc Range
b input HIGH Current 70 70 pA VN = +27V
Breakdown Test 1.0 1.0 mA vy = +55V
I Input LOW Current —-700 —700 pA | vy = +oBY
Veco input Giamp Diode Voitage | —1.2 -1.2 V | In=—18mA
133 Ve Swpply Current LE Low, OE and DIR High
Inputs Open
-159 -70 —159 -75 mA | VEE= —42Vio —48V
-168 -70 -189 =75 Vgg = —4.2Vio —5.7V

PCC ECL-to-TTL DC Electrical Characteristics
Veg = —42V 1o —8.7V,Ver = Yeeca = GND, Te = —40°C 1o +85°C, C_ = 50 oF, Vyr = +4.5V to + 5.5V (Note)

8ymbol Parameter Te= —4C | Tc=0CW+E5C | Conditions
_ Min Max Min Mex
VOH Output HIGH Voitage 27 27 v oK = —3mA, V¥, = 4.75V
24 2.4 V | lon™ —3mA, V= 4.60V
VoL Output LOW Voitage 06 c.5 v | oL = 24 mA, viT = 4.60V
ViH Input HIGH Voitage —-1170 —870 -1165 -870 mV | Guaranteed HIGH Signal for All Inouts
Vi Input LOW Voitage —1830 ~1480 -1830 —1475 my Guaranteed LOW Signal for Al inputs
Y input HIGH Current 426 360 pA | ViIN = ViH (Max)
(Y] Input LOW Current 0.50 0.60 pA | ViN = Vin (Min)
lozur TRILSTATE Current -
Output High 70 70 pA | Vour = +27v
ozt TRI-STATE Current _ _ -
Output Low 700 700 pA | vour = +08Y
los Outout Short-Cirouit | _ _ _ _ - -
Current 160 80 150 4] mA | Vour = 0.0V, W = +6.6Y
L VoL Supply Current T4 74 mA TTL Outputs LOW
43 49 mA | TTL Outputs HIGH
67 67 mA TTL Outputs in TRI-STATE
y ocour st e axremes, addional nome

HtTmmmwh'mm'umMNm.smmw
Imenunity and guardbending cen be achisved by g he bie system g ranges. (
guaaniees

for Wsing shown In Tha teblas ere chosen 10




Industrial Version (Continued)

PCC TTL-to-ECL AC Electrical Characteristics
VEE = —42¥V 10 =57V, V. = +46V D +55V

Symbol Parameter To = —40C To = 29C To=85C | yats | Conditions
Min Max Min Max Min Max
tLH TatoEn e
hwl 0 " 1.0 33 1.4 34 | 14 38 ot Figues 182
tLH LEVEn [
1.7 .4 1. 1. 8.7 182
oL k) 7 a5 9 " Firures
oy OE©En
(ot ® High) 12 40 15 42 | 17 48 ™ Fgues 182
o2 QE © En
(Fin 1o CutoM) 15 45 | 18 43 | 18 44 m Fguvs 182
tppz DR E,
(righ %o Guom 18 a4 158 4 17 43 ne Fouve 182
togt TatoLE 2.5 1.0 1.0 s Figuree 18 2
thoid TatOLE 1.0 1.0 1.0 ns Figures 18 2
tondH) Pules Width LE 25 20 20 . Figuos 182
tnu Transition Time
Nivlg 20% maox so%tozo% | 04 23 | 08 18 | o8 16 ns Fgues 182
PCC ECL-to-TTL AC Electrical Characteristics
Ve = —42V D —57V, VT = +4.5V © +55V,CL = 50 oF
Symbel Pen Tg=0C Te = 2°C Tec = 86°C Units Conditions
Min Max Min Max Min Max
tan Epto Ty
4 4 4 A &4
vy Crrangparent 23 5 2, 5. 28 57 ne pres 3
':-H’: LE®DTa 31 7.4 31 70 33 75 ne Fiproe 34 4
tozn OEtoTn 34 83 37 875 40 9.5
trz (Enable Time) 37 0.0 40 2.0 43 278 ns Figres345
oz OEt0Th 32 9.0 33 875 35 80
tpLz (Disable Time) 30 75 3.4 85 a1 075 s Fipres 345
2z DRt Tn 27 a0 28 85 3.4 875
2 (Disable Time) 28 23 2.1 278 40 20 ™ Fres346
tout EntoLE 26 10 10 ne Fires 34 4
thold EqtOLE 23 20 25 ns Figres34& 4
towdH) Puise Width LE 40 40 40 ne Figuras 34 4




Mllitary Version

TTL-to-ECL DC Electrical Characteristics
Veg = —4.2¥ 10 =67V, Voo = Veea = GND, Tc = —65°Cto + 125'C, WL = +4.5V to +6.5V

Symbol Parsmeter Min Max Units To Conditions Notes
VoH Output HIGH Voitage eCto
-~1026 ~870 my +126'C
—1086 | —870 mv —55°C | VIN = Viy (Max)
YoL Output LOW Yoitage oClo o Vi (Min)
~1830 | —1620 my +126C Loading with
500 to —2.0V 1,2,3
—1830 | —1555 | mY —55C
Cutoft Voitage _ o*Cto
1960 | mv +126°C OE or DIiR Low
-1860 mv —55C
VoHe Output HIGH Yoitage | _ @Cto
1036 mv +126C
—1086 mv —55°C | VN = V| (Min) Loading with 1,23
Yoic | OutputLOW Vohage e | ™ | ocw orViL(Mmx) | 50N0to~20V |
+126°C
—1555 my -55C
ViH Input HIGH Voitage 20 v —65'Cto | OverVyn, Veg Tc Range 1,2,3.4
+125C
YL Input LOW Voitage ~85'Cto | Over vV, Vee, Tc Range
08 v +125°C 1,284
I Input HIGH Current 20 uA —65'C o Ve = 427V
126°C .23
Breakdown Test -66Cto '
1.0 mA +126°C VN = +55V
L Input LOW Current _ —65Cto | Y = +0.5V
10 mA +126C 1,23
Yeco Input Clamp _ —65Cto | Iy = —18mA
Diode Voitage 12 v +125°C 123
153 Vee Supply Current LE Low, OE and DIR High
—65°Cto | Inputs Open 1.2.3
-166 -85 A +126'C | Vgg = —4.2Vip —4.8Y !
-178 —e5 Ve = —42¥ 10 -5.7V

10




Military Verslon contirued)
ECL-to-TTL DC Electrical Characteristics

VEE = —42V 10 —87V,Vce = Voca = GND, Tg = —56°C o +126°C, C_ = 50 pF, VrmL = +4.5V to + 65V

Symbol Parameter Min Max | Units Teo Conditions Notes
Vou Output HGH Vo'tage 26 my | G +H126°C | lon = —1 mA, VT = 450V
2.4 -55C lon = —3 mA, Vr1 = 450V 1.2.3
YoL Output LOW Yoltage ~B5C i -
06 mv +126°C IoL = 24 MA, Wy = 4.60V
Vi Input HIGH Voltage _ _ —-585C Guaranteed HIGH Signal
1166 870 my +126°C for AR 1,2,3,4
ViL InputLOW Voitage | _ _ —65°Ctp Guaranteed LOW Signal
1830 14786 mv +125°C for Al 1,2,3,4
[ input HIGH Current 350 oA 0Cto Vgg = ~-5.7V 12,9
500 +126°C VIN = ViH (M) )
n Input LOW Current —68C o Ve = —42V
0.50 wA +126°C ViIN = Vi (Min) 123
lopm | TRHSTATE Current —85'Cto
Oupat High 70 A Ppybs Vour = +27V 1,2,3
loaTt TRESTATE Gurrent _ —865°C to -
o Low 1.0 mA +125'C Vour = +0.5v 1,2,3
los Output ShortCircult | _ B ~65°C to - -
GURRENT 150 0 | mA 12600 Vout = 0.0V, Ve = +5.5V 1,23
o - V. Suppty Current 75 mA —65Cip TTLOutputs Low
50 mA +126°C TTL Output High 1,2,3
70 mA - TTL Output in TRI-STATE

Nota £ F100K 300 Serdes ooid lempersiure Masing 8 parkymed by temparsture sosidng (10 puarertos jundtion tampersirs squeis — S8°C), then welirg
immedialely without slowing 1or $he unction temperaturs 1o stabiiae dus © hest desipslion aher power<4p. This provcies “ookd start” apecs which aan be

coniderse § wors oase condiion #t Coid 1eTparsres.

Node &: Gcreen temed 100% an each devios st — 68°C, +96°C, and + 189°C, Subgrewpe, 1,.83,7, and 8.
Note 2 Sempia wstad (Method 5005, Tabie 1) on ssch menulscurad ot et —32°C, +25°C, and + 126°C, Subgroups A1, 2.3, 7, and 8.
Note & Guaranised by sppiying specilied input condiion and testing VoH /VOL.

TTL-to-ECL AC Electrical Characteristics

VEE ™ —42V 1D —57V,Vq = +46V D +5.5V,Ver = Veoa = GND

Symbol Par To= —85C | Tc=20C | To= +138C |y | Conditions | Notes
Min Max Min Max Min Max
thLH TNDEn ns
0.8 34 1.1 as 0.8 a7 Figias 14 2
toHL (Transparent) ns 1.2.3
o1 LEWE, ns
1.2 8 14 3.7 1.1 38 Figuroa 14 2
toHL ns
b2y OELE,
(Cutoft to HIGH) 08 a6 15 4.0 20 82 e | Figues 142
toHz CEvE,
(HIGH to Cutoff) 1.6 4.6 1.8 42 18 43 e | Figures 142
tonz DR E,
(HIGH to Cuto 1.6 47 1.8 43 1.7 43 ne |Figures 142 | 1,23
toat TaOLE 2.5 20 25 ns Fiquas 142 4
thold TatoLE 25 20 26 ne | Fiowes 142
wlH) | Pulse Width LE 25 20 25 m | Frrwres 142 4
iy Transition Time
N 20% 1o BO%, BO% 10 20% 0.4 23 05 2.1 04 24 ns | Figures 142 4

1




Miiitary Verslon (Contrued)

ECL-to-TTL AC Electrical Characteristics
Yeg = —42V 0 —5.7V, VT = +45V 1D +5.5V, Voe = Yoca = GND, CL = 50 pF

Symbol |  Par To= ~8C To = 24°C To= *125C | yuise | Conditions | Notes
Min Max Mn Max Min Max

PLH Ento Tn

ho a o | 21 a0 20 58 22 83 ns | Frums344 2

:‘H-*: LEV Tn a 70 a 1 a3 715 | m | Fgres3ss

- OEto Ty 32 80 37 20 0 82

o (Enable Tme) | 3.6 80 40 85 a3 98 ™ | Figres34s

o4z OE®Tn 32 a5 33 20 35 84

iz (Disable Time) | 3.0 80 34 75 4.1 wo | ™ |FoumsIas | 1,23

pHz DR T, 26 70 26 70 29 80

oz [Disable Tme) | 2.7 70 a1 70 40 100 | Firse3so

ot EqtoLE 25 20 25 | Fgmesds |

thokd Ento LE 30 2.5 30 ns Fipres 34 4

\owlH) | PusowianLE | 25 20 50 ™ | Figres384 | 4

Note T F100K 300 Series coid W mpersture mbmwmuﬁvﬂommmmh—smmulw
mm.wmw-m‘mwmnunum-mmmmammn

Note 2 Saeen wsted 100% On sech device st + 25°C, Lemperalre only, SUDOW A9

Nots 3: Sampia taged (Method 3005, Tebia 1) on sech mig. kit &t + 25°C, Subgroup A9, end &t +128°C ond —B5°C tempangiures, Subgroups A10 and A11.

Meate & Not tewbed st +26°C, + 129°C ad —66'C

(donign




Test Clrcultry (TTL-to-ECL)

Y =
Voo = O¥
Vp = -45V
| TTL INPUT FORCE/SENSE CIRCUN H : OUTPUT SENSE CIRCUIT :
1 1 i FaR LI, ¥ a WP
l i ET A '
> 308
i T ' 3 = N H
i 1 £ (ouT) 1 1
: 1 T 0 : 2:1 DIVIOER — :
< -
: | 318 H
1 e om ocfd | AVALDIT CoeurT For |
! 1 1 -4 ~2V/500 TERMNATION ¢
: -0.95V [ L L L L T Y
'. P D R R DD W D R R g
H 5L INPUT FORGE/ SENSE CIRCUIT i
' ~0.95¥ 1
prmananma=my 1 . I 1
1 ECL NPUT FORCE/SENSE T = =1.71Y 1
1 cmeur 1 A s e A '
hoom on e @ omd .
Y .1
> 500
1 3 = = & |
1 5
: ! 21 bvER — :
' < 10a 1
<
: 1 EOUIVALENT CIRCUIT FOR :
) -av ~2v/300 TERMINATION
P T L L T Y T Y]

TUR/1ane-7

Nots & Ry =500 termineon. When an input ar culgut ia baing moniored by 8 300pe, Ry is sLppied by the scope’s 500 resistance. When sn input or gt ie not
being moniored, an oaemel SO0 resisiance must be applied 10 serve es Ry,
Nete £ TTL and ECL foroe 3ignais are brought 10 the DUT vie 300 oosx ines.
Nete 3 Vry_ I8 decoupied 10 ground with 0.1 5 10 ground, Vs is decoupiad to ground with 0.01 u* end Voo Is connadted 1 ground.
Nets & For ECL input pirg, the squivelent foroe/senss craulty is optionsl.
FIGURE 1. TTL-to-ECL AC Test Ciroult

Switching Waveforms (TTL-to-ECL)

LATCH ENADLE L;_m f
oty —od

£CL OUTMUT
=2.0v

Yo 4% . - wa v S
FIGURE 2. TTL to ECL Transition—Propagation Delay and Transition Times
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Test Clrcultry (ECL-to-TTL)

ey ~7V/500 TEAMMATION |

L

¥ = 3¥
Yo = Y P W FoR/SDSE GO
Vi = -45Y ] -85V I
) [
p------------------. [] '(u. - 71y 1
) TIL QUTPUT SINSE CARCUI H ' H
) ot p! 1 fatill .l a W [
' ' | Fe Y Y. .1
1 - - 1 1 < 1
1 w/a ™ mnmu; : ! $ %a a8 L :
! 1
! ' el 2:1 DVIOER L 1
! 1 (oum) ) & = H
' I 3 1002 H
| uwel | COUIVALENT CHCUT FOR
H ]
1 .
I
1
)

'--------------------‘
] ~0.08Y 1
peememEem=ay [ ] I I []
1 ECL INPUT FORCE/SENSE ] m -1.71¥ 1
1 CIRCUIT ] 1
b - 1 [\ soacoax A - ]
1 fm Y Y.§ o
1| 3¢ =% i
1 - - 1
H f 201 DIVILR = :
1 i: 1000 1
: 4 DOUIVALENT CIRCUT FOR :
H ey ~2V/500 TERMATION |
teswoeneeressawwewnoswed

TL/R/10210=10

Nate 1:&-mmwmmuwhmww-mﬂ‘hwwnm'lmmumwm-nhmumhnu
being moniored, Bn exiernal 500 resistence Ut be wppiied 10 serve e Ry,
mtmmm&hwlwuwmmuoWonymnnum
Note ¥ TTL and ECL foroe sipnals ers brought © the DUT vis 200 coux ines.
Mots & VrrL I8 decoupied 1 ground with .1 aF, Ve 18 decoupied 1o ground with 0.01 wF and Voo I8 cennecied 10 ground.

FIGURE 3. ECL40-TTL AC Test Gircuit
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Switching Waveforms (ECL-to-TTL)

Netxc DIR Is LOW, and OF 5 HGH

T/AI10210-11

FQURE 4. ECL-%0-TTL Transition—Propagation Delay and Transition Times

OUTPUT ENABLE N

/_——\_ (X7]
. ourPur / 1.5

Netx DiR Is LOW, LE is HIGH

—

FIGURE 5. ECL40-TTL Transition, OE %0 TTL Output, Enable and Disable Times

Neodx OF Is HIGH, LE b HIGH

_L vm(m)
w
3.3¥
0.3V
Y Yo (M)
TUR/1RI0=14
w po—
\ '_an You (1T
™
b
T
/| '—rw Vo (T)
TUP0210-18

FIGURE 8. ECL-30-TTL Transition, DIR 1o TTL Output, Disable Time
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Applications
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Ordering Information
deMuwnborhmodlofumpartdasimplmodpumu*ngeodommuApankmtypemdhmpormmrmgeua

defined a8 follows:
100326 D C %—
Device Type (Basic) :[_ Speoigl Variation
QB = Miitary grade device with

mnp environmental and bum-in
F = Quad Carpak

P = Piastic DIP Temperature Range

Q = Plastic Leaded Chip Carrier (PCC) C = Commercial (0"Cto +85C)
8 = Small Outiine (SOIC) | = Industrial (— 40°C 1o +85°C)

{PCC Only)
M = Military (—55'Cto +125°C)
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Physical DImenslons inches (milimeters)
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Physical DImensions ncnes (miimetsrs) (Continuad)
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100328 Low Power Octal ECL/TTL Bi-Directional Translator with Latch

Physical DImens!on$ inches (miimeters) (Continued)
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used hersin:

1. Life support devices or systems are devices of 2. A critical component is any component of a e
systems which, (a) are intanded for surgica! implant
Into the body, of (5) support or sustain Iife, and whose
faiure to perform, when properly used in sccordance
with instructions for use provided in the labeling, can
be reasonably expected to result in & significant injury

to the user.
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SEMICONDUCTOR

HCS138MS

Radiation Hardened Inverting
3-to-8 Line Decoder/Demultiplexer

August 1995
Features Pinouts
» 3 Micron Radiation Hardened SOS CMOS 18 LEAD CERAMIC DUAL-IN-LINE
METAL SEAL PACKAGE (SBDIP)
+ Total Dose 200K RAD (Si) MIL-STD-1835 CDIP2-T16
+ SEP Effective LET No Upsets: >100 MEV-cm?/mg TOP VIEW
» Single Evert Upset (SEU) Immunity < 2 x 10 Errors/ ao 7] ] vee
Bit-Day (Typ) m 7] ] Yo
» Dose Rate Survivability: >1 x 10'2 RAD (Si)/s Az 3] hg Vi
« Latch-Up Free Under Any Conditions 40 3] V2
» Fanout {Over Temperature Range) e E ::12] :_i
. Standard Outputs - 10 LSTTL Loads :{E %ﬁ
i K i
» Military Temperature Range: -55°C to +125°C oxp [5] 5] v
» Significant Power Reduction Compared to LSTTL ICs
» DC Operating Voitage Range: 4.5V to 5.5V
* Input Logic Levels 16 LEAD CERAMIC METAL SEAL
. = FLATPACK PACKAGE (FLATPACK)
VIL = 0.3 VCC Max MIL-STD-1835 CDFP4-F16
- VIH = 0.7 VCC Min TOP VIEW
+ Input Current Levels i s 5¢:A at VOL, VOH
. e Ac 1e 18 ——————— VCC
Description A 2 Bp———— W
The Harris HCS138MS is a Radiation Hardened 3-to-8 line A2 ———13 Up———an
Decoder/Demubtipiexer. The outputs are active In the low | X eeeneem— ) NnpE——mmw
state. Two active low and one active high enables (E1, E2, B ———is 12—V
E3) are provided. If the device is enabled, the binary inputs —] _
(A0, A1, A2) determine which one of the eight normally high ; : :; Y_:
outputs will go 1o a low logic level. ] —|
GND ————1 ) evemm—— (]
The HCS138MS utiizes advanced CMOS/SOS technology
to achieve high-speed operation. This device is a member of
radiation hardened, high-speed, CMOS/SOS Logic Family.
The HCS138MS is supplied in a 16 lead Ceramic flatpack
(K suffix) or a SBDIP Package (D suffix).
Ordering Information
PART NUMBER TEMPERATURE RANGE SCREENING LEVEL PACKAGE
HCS138DMSR -55°C 10 +125°C Hamis Class S Equivalent 16 Lead SBDIP
HCS138KMSR -55°C to +125°C Harris Class S Equivalent 16 Lead Ceramic Flatpack
HCS138D/Sample +25°C Sample 16 Lead SBDIP
HCS138K/Sample © +25°C Sample 16 Lead Ceramic Flatpack
HCS138HMSR +25°C Die Die

CAUTION: Thess devices are sensitve to plectrostatic discharge. Usars should foliow proper 1.C. Handling Procadures.

Copyrignt © Harris Corporation 1985

1
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HCS138MS

Functional Diagram

TRUTH TABLE

OUTPUTS

INPUTS

Al

ENABLE

E3

H = High Level, L = Low Level, X = Don't Care
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Specifications HCS 138MS

Absolute Maximum Ratings

Supply Voltage (VCC).......oovivivnineeninnns 0.5V +7.0V
input Votage Range, Al inputs .. ........... 0.5V o VCC +0.5V
DCinpur Cumrent Ay Ore Input .........ooveenennnnnns 10mA
DC Dran Curret, Ay One OUtPUL .. ...veveevnniinenns +25mA
(All Vokage Referece to the VSS Terminal)

Storage Temperatre Range (TSTG)........... 65°C 0 +150°C
Lead Temparature (Sokiering 10S8C) . . ... . ...vevvverss +265°C
Junction Tomperature (TJ) . ........oveveieenreinnnn +175°C
ESDClassification . .........cvviveennnrrenneanans Class 1

Reliability Information

Themal Resistance :J" 6)c
SBDIPPackage.................... 73°CW  24°CW
Ceramic Flatpack Package ........... 194°CW  28°CW

Maximum Package Power Dissipation at +125°C Ambient
SBOIPPBCKAB. . .t v evvvneeiniiii i 0.68W
Cemamic Flatpack Package ......................... 0.44W

if davice power exceeds package dissipation capabliity, provide heat

sinking or derate Enearty at the following rate:
SBDIPPackage...........oveiiiiiii i, 13.7mwrc
Ceramic Flatpack Package .. .................... 8.8mWPC

CAUTION: As with & semiconductors, stress Ested under “Absoiute Maximum Ratngs® may be apphed © devices (one at 8 time) without resulting in permenent
demage. This is a stress rating only. Exposure (o absoire maximum reting conditons for extended penads mey affect device rediabiiy. The condiions isted
under “Electical Performance Characteristics” are the only conarions recommended for satisfactory device operation..

Operating Conditions
SupplyVoltage . .. ..o +H5Vw+55V  InplowVoltage (VIL). .................. 0.0V 10 30% of VCC
Inplt Rise and Fall Times at VCC = 4.5V (TR TF) .. ... 500nsMax InputHighVokage VIH).................. 70% of VCC 18 VCC
Operating Temperature Range (Tp) . ........... -§5°C to +125°C
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
GROUP LIMITS
(NOTE 1) A SUB-
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX | UNITS
Quiescent Current icCC VCC = 5.5V, 1 +25°C - 40 HA
VIN = VCC or GND
2,3 +125°C, -55°C - 750 17.3
Output Current 1oL VCC = 4.5V, VIH = 4.5V, 1 +25°C 7.2 - mA
(Sink) VOUT = 0.4V, VIL = OV
2,3 +125°C, -55°C 6.0 - mA
Outpie Currert IOH VCC = 4.5V, VIH = 4.5V, 1 +25°C 7.2 - mA
(Sourca) VOUT = VCC -0.4V,
VIL =0V 2,3 +125°C, -55°C 6.0 - mA
Outpix Voltage Low voL VCC = 4.5V, VIH = 3.15V, 1,23 +25°C, +125°C, -55°C - 0.1 v
0L = 50pA, VIL = 1.35V
VCC = 5.5V, VIH = 3.85V, .23 +25°C, +125°C, -55°C 0.1 v
IOL = 50pA, VIL = 1.65V
Cutput Voitage High VOH VCC = 4.5V, VIH = 3.15V, 1,2,3 +25°C, +125°C, -55°C vCC - v
IOH = -500A, VIL = 1.35V : 0.1
VCC = 5.5V, VIH = 3.85V, 1,23 +25°C, +125°C, -55°C | VvCC - v
IOH = -SOpA, VIL = 1.85V Q.1
Input Leakage IIN VCC = 5.5V, VIN = VCC of 1 +25°C 0.5 HA
Cument GND
2,3 +125°C, -55°C - +5.0 HA
Noise immunity FN YCC = 4.5V, 7,8A, 88 | +25°C, +125°C, -55°C - - -
Functional Test ViH = 0.70(VCC),
VIL = 0.30(VCC) (Note 2)
NOTES:
1. All voltages reference to devica GND.

2. For functional tests VO 2 4.0V is recognized as a logic 1, and VO < 0.5V is recognized as a logic "0".
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Specifications HCS138MS

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

GROUP LIMITS
(NOTES 1, 2) A SUB-
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX | uNITS
Address 10 Output TPLH VCC = 4.5V 9 +25°C 2 28 )
10, 1 +125°C, -55°C 2 34 ns
TPHL VCC = 4.5V 9 +25°C 2 28 s
0.1 +125°C, -55°C 2 34 ns
Enable to Cutput TPLH VCC = 4.5V 9 +25°C 2 27 s
10, 1 +125°C, -55°C 2 33 ns
TPHL VCC = 4.5V 9 +25°C 2 27 ns
10. 11 +125°C, -55°C 2 33 ns
NOTES:
1. All vohtages referenced to device GND.
2. AC measurements assume RL = 500, CL = 50pF, Inpt TR = TF = 3ns, VIL = GND, VIH = VCC.
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX | UNITS
Capackance Power CPD VCC = 5.0V, f = IMHz 1 +25°C - 78 pF
Dissipation
1 +125°C . 13 pF
Inpux Capacitancs CIN VCC = 5.0V, = 1MHz 1 +25°C - 10 pF
1 +125°C . 10 pF
Output Transition TTHL VCC = 4.5V 1 +25°C - 15 (5
Time TTLH
1 +125°C - 22 ns
NOTE:

1. The parameters Isiad in Table 3 are controlled via design or process parameters. Min and Max Limks are guaraniaed but not directly
tested. These parametars are charactarized upon inkial design release and upan design changes which affect thesa charactaristics.

TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS

200K RAD
LUMITS
(NOTES 1, 2)

PARAMETER SYMBOL CONDITIONS TEMPERATURE MIN MAX | UNITS
Quiescent Cuirent ICC VCC = 5.5V, VIN = VCC or GND ’ +25°C - 0.75 mA
Outpie Currerk (Sink) 0L VCC = 4.5V, VIN = VCC or GND, +25°C 6.0 mA

VOUT = 0.4V
Outpx Currer 1OH VCC = 4.5V, VIN = VCC or GND, +25°C 6.0 - mA
(Source) YOUT = VCC -0.4V
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Specifications HCS138MS

TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

200K RAD
UMTS
(NOTES 1, 2)
PARAMETER SYMBOL CONDITIONS TEMPERATURE MIN MAX | UNITS
Outpue Voltage Low YOL VCC = 4.5V and 5.5V, VIH = 0.70(VCC), +25°C - 0.1 v
VIL = 0.30(VCC), IOL = 50uA
Output Valtage High VOH VCC = 4.5V and 5.5V, VIH = 0.70(VCC), +25°C vCC . v
VIL = 0.30(VCC), IOH = -504A 0.1
Inpue Leakage Current IIN VCC = 5.5V, VIN = VCC or GND +25°C - +5 HA
Noise immunity FN VCC = 4.5V, VIH = 0.70(VCC), +25°C . - -
Functional Test VIL = 0.30(VCC), (Nore 3)
Address 1 Ouput TPLH VCC = 4.5V +25°C 2 K7} ns
TPHL VCC = 4.5V +25°C 2 34 ns
Enable 1o Oupi TPLH VCC = 4.5V +25°C 2 33 ns
TPHL VCC = 4.5V +25°C 2 33 ns
NOTES:
1. All voltages referencad to device GND.
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC.
3. For functional tests VO 2 4.0V is recognized as a logic *1”, and VO 0.5V is recognized as a logic 0"
TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C)
GROUP B
PARAMETER SUBGROUP DELTA UMIT
ICC 5 12uA
IOUIOH 5 -15% of 0 Hour
TABLE &. APPLICABLE SUBGROUPS
CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD
Inkial Test (Prebum-in) 1009%/5004 1,7,8 ICC, IOLH
Interim Test 1 (Postbum-in) 100%/5004 1.72.9 ICC, IOLH
Interim Test O (Postbum-In) 100%/5004 1.7.9 ICC. I0UH
PDA 100%/5004 1,7, 9, Detas
Insrim Test III (Postbum-in) 100%/5004 17,9 ICC, IOUH
PDA 100%/5004 1.7.9, Dekas
Final Test 1009%/5004 2.3, 8A, 8B, 10, 11
Group A (Note 1) Sample/5005 1,2,3,7,84,88,9,10, "
Group B Subgroup B-5 Sample/5005 | 1,2, 3,7, 8A,8B,9,10, 11, Deltas | Subgroups 1, 2,3, 9, 10, 11
Subgroup B-6 Sample/5005 1.7,9
Group D Sample/5005 1.7.9
NOTE:

1. Altamate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised.
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Specifications HCS138MS

TABLE 7. TOTAL DOSE IRRADIATICN

TEST READ AND RECORD
CONFORMANCE
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD
Group E Subgroup 2 5005 1,79 Table 4 1,9 Table 4 (Nots 1)
NOTE:
1. Except FN test which will be performed 100% Go/No-Go.
TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS
OSCILLATOR
OPEN GROUND M2VCC=3V+0.5V | VCC=6V+O.5V S0KHZ 25kHz
STATIC BURN-IN | TEST CONNECTIONS (Note 1)
7,8-15 1-68 18
STATIC BURN-IN Il TEST CONNECTIONS (Note 1)
7.8-15 8 . 1-6,18 . .
DYNAMIC BURN-IN TEST CONNECTIONS (Nots 2)
. 4,58 7,9-15 3,6,16 2 1
NOTES:
1. Each pin axcept VCC and GND will have a resistor of 10K + 5% for static bum-in
2. Each pin except VCC and GND will have & resistor of 880¢2 + 5% for dynamic bum-in
TABLE 8. IRRADIATION TEST CONNECTIONS
OPEN GROUND VCC = SV+0.5V
7.9-15 8 1-6,16

NOTE: Each pin except VCC and GND will have a resistor of 47K £ 5% for imadiation tasting.

Group E, Subgroup 2, sample siza Is 4 dica/waler 0 failures.

Spec Number 518751



HCS138MS

Harris Space Level Product Flow - 'MS’
Wafer Lot Acceptance (All Lots) Method 5007
(Includes SEM)

GAMMA Radiation Verification (Each Wafer) Method 1018,
4 Samples/Wafer, O Rejects

100% Nondestructive Bond Pull, Method 2023

Sample - Wire Bond Pull Monitor, Method 2011

Sample - Die Shear Monitor, Method 2018 or 2027

100% Internal Visual Inspection, Method 2010, Condition A

100% Temperature Cycle, Method 1010, Condition C,
10 Cycles

100% Constant Acceleration, Method 2001, Condition per
Method 5004

100% PIND, Method 2020, Condition A
100% External Visual

100% Serialization

100% Initial Electrical Test (TO)

100% Static Bumn-in 1, Condition A or B, 24 hrs. min,,
+125°C min., Method 1015

NOTES:

100% Interim Electrical Test 1 (T1)
100% Delta Calculation (T0-T1)

100% Static Bumdn 2, Condition A or B, 24 hrs. min.,
+125°C min., Method 1015

100% Interim Electrical Test 2 (T2)
100% Delta Caiculation (T0-T2)
100% PDA 1, Method 5004 (Notes 1and 2)

100% Dynamic Bumn-In, Condition D, 240 hrs., +125°C or
Equivalent, Method 1015

100% Interim Electrical Test 3 (T3)

100% Delta Calkeulation (T0-T3)

100% PDA 2, Method 5004 (Note 2)

100% Final Electrical Test

100% Fine/Gross Leak, Method 1014
100% Radiographic, Method 2012 (Note 3)
100% External Visual, Method 2009
Sample - Group A, Method 5005 (Note 4)
100% Data Package Generation (Note 5)

1. Failures from Interim electrical test 1 and 2 ar’econbhgdtordetamini’g PDA 1.
2. Failures from subgroup 1. 7, 9 and deltas are used for caiculating PDA. The maximum allowable PDA = 5% with no more than 3% of the

falures from subgroup 7.

3. Radiographic (X-Ray) inspection may be performed at any point after serialization as alowed by Method 5004.
4. Altsmate Group A tosting may be performed as allowed by MIL-STD-883, Method 5005.

S. Data Package Contents:

+ Covar Sheet (Hamts Name andior Logo, P.0. Numbear, Customer Part Number, Lot Dats Code, Harris Part Numbar, Lat Number, Quanthy).
- Wafer Lot Acceptance Report (Method 5007). Inciudes reproductions of SEM photos with percent of step coverage.
- GAMMA Radiation Repon. Contains Cover page, disposiion, Rad Dose, Lot Number, Test Package used, Specification Numbers, Test

squipmert, sic. Radiation Read and Record data on fie at Hamis.

+ X-Ray report and fim. Includes penetrometsr measurements.

« Screening. Elactrical, and Group A attribites (Screening atrbites begin afier package seal).

« Lot Serial Number Sheet (Good uniks serial number and lot number).

« Variables Data (A Deka operations). Data s identfied by serial number. Data header includes ot number and date of test.

. ﬂ\ecwﬁmofcwombapmdmesﬁppigiwdcamdbnotpmdthebmBookTheCenfmofCodombdg'ed

by an authorized Quality Represertatve.
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HCS138MS

AC Timing Diagrams

AC Load Circuit

ouT

AC VOLTAGE LEVELS
PARAMETER HCS UNITS
vce 4.50 v
VIH 4.50 v
Vs 2.25 v
VIL 0 v
GND 0 Y

£

B
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HCS138MS

Die Characteristics
DIE DIMENSIONS:

KA £ 1KA

85 x 101 mils
Metal Thickness: 11
GLASSIVATION:

METALLIZATION:
Type: SiAl

kA £ 2.6KA

WORST CASE CURRENT DENSITY:

Thickness: 13

Type: Si02

<2.0 x 10°A/cm?

BOND PAD SIZE:

100um x 100um

4 x 4 mils

Metallization Mask Layout

HCS138MS

Yo
a8

NOTE: The die diagram Is a generic pkot from a similar HCS davice. kis intended 1o indicate approximate die size and bond pad location.

The mask series for the HCS138 is TA14361A.
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HCS573MS

Radiation Hardened
Octal Transparent Latch, Three-State

% SEMICONDUCTOR

September 1995
Features Pinouts
» 3 Micron Radiation Hardened SOS CMOS 20 LEAD CERAMIC DUAL-IN-LINE
METAL SEAL PACKAGE (SBDiP)

» Total Dose 200K RAD (Si)

MIL-STD-1835 CDIP2-T20, LEAD FINISH C

+ SEP Effective LET No Upsets: >100 MEV-cm?/mg TOP VIEW
» Si Event U SEU) Immunity < 2 x 10 Errors/Bit-
Dar;g:'yp) pset (SEU) unity = 5 vec
- Dose Rata Survivability: >1 x 10'2RAD (Si)/s Do[2 19 Qo
» Dose Rate Upset >10" RAD (Si)/s 20ns Pulse o1 3] i o
+ Latch-Up Free Under Any Conditions 02[4 1] @2
« Fanout (Over Temperature Range) o3 5] [iq
. Bus Driver Outputs - 15 LSTTL Loads 04 [¢] 1 o4
» Military Temperature Range: -§5°C to +125°C Ds |7 1 as
» Significart Power Reduction Compared to LSTTLICs Do [3] ER
- DC Operating Voltage Range: 4.5V to 5.5V o7 [ 14 a7
- Input Logic Levels e 1] L€

- VIL=0.3 VCC Max
« VIH = 0.7 VCC Min
» Input Current Levels li < SuA at VOL, VOH

Description

The Harris HCS573MS is a Radiation Hardened octal transpar-
ent three-state latch with an active low output enable. The
HCSS73MS wilizes advanced CMOS/SOS technology. The

20 LEAD CERAMIC METAL SEAL
FLATPACK PACKAGE (FLATPACK)
MIL-STD-1835 CDFP4-F20, LEAD FINISH C

TOP VIEW

0f —————

———— wC

outputs are transparent to the inputs when the Latch Enable ([E) | 0o ——— wEe———
is HIGH. When the Laich Enable (LE) goes LOW, the data is D1 C——— v
latched. The Output Enable (OE) controls the tri-state outputs. 02 e vEe—— @

When the Output Enable (OE) is HIGH, the outputs are in the
high impedance state. The latch operation is independent of the
state of the Output Enable.

The HCS573MS utilizes advanced CMOS/SOS technology to
achieve high-speed operation. This device is a member of

Dy —————]
0 J) eme———
Ds ————3
Ds ————
DU esvemms——

O B N AV N A

1
18
14
17
12

@
s
———— 1 s
—————7 Q¢
e—— ¢ 1

radiation hardened, high-speed, CMOS/SOS Logic Family. GND —————] 10 " —

The HCS573MS Is supplied in a 20 lead Ceramic flatpack

(K suffix) or a SBDIP Package (D suffix).

Ordering Information

PART NUMBER TEMPERATURE RANGE SCREENING LEVEL PACKAGE

HCS573DMSR -55°C 10 +125°C Harris Class S Equivalent 20 Lead SBDIP
HCS573KMSR -55°C w0 +125°C Harris Class S Equivalernt 20 Lead Ceramic Flatpack
HCS573D/Sanple +25°C Sample 20 Lead SBDIP
HCS573K/Sample +25°C Sample 20 Lead Ceramic Flatpack
HCS573HMSR +25°C Die Die

CAUTION: These devices ane sensitive to slectrostatic discharge. Users should follow proper |.C. Handling Procedurss.
Copyrignt © Harris Corporation 1985 1
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Functional Diagram

oplopen (B R

LE
Dn : an r— —
O—Do- ot _L_|>.._ ‘
. A
tE OF
?
P
N
®
LE
TRUTH TABLE
OUTPUT ENABLE LATCH ENABLE DATA OUTPUT
L H H H
L H L L
L L 1 L
L L h H
H X X r4
H = High Lavel
L = Low Lavel
X = immatarial
Z = High Impadance

| « Low vokage leval prior to the high-io-low latch enable transkion
h = High vokage level prior to the high-to-low latch enable transkion
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Specifications HCS573MS

Absolute Maximum Ratings Reliability Information

Supply Voltage (VCC). . . ..o veeviinnnvnnnens 0.5V +7.0V  Themal Resistance Ba 8ic

Input VoRage Range, Al lnputs .. ........... OSVIDVCC +0.5V  SBDIPPACKAgB. ... ..oovverrerrnnes JOCW  24°CW

DCinput Current Ay Ong INPUL ....oooviineiieiennnns 110mA Ceramic Fiatpack Package ........... 107°CW  28°CAW

DCOraNCumert AnyOne OUtPUL .. .....ovivvevenienns +25mA  Maximum Package Power Dissipation at +125°C Amblert

{All Vokage Refersnce to the VSS Terminal) SBDIPPAcKage. .....covvvevrreninnnieinaiaieiess 0.65W

Storage Temperawre Range (TSTG)........... £5°C t0 +150°C Ceramic Flatpack Package .. ........ocoorievnninans 0.47TW

Lead Temperature (Sokdaring 10s8C). . .............c0t +265°C I devica powsr exceads package dissipation capability, provide heat

Junction Tomperatwre (TJ) .. ....oovieeieeenarienens +175°C  sinking or derate incarty at the following rate:

ESD Classification .. ....ovcvvvninvnranennanneens Class 1 SBDIPPACKAgs. . ..o oveveiii e 13.9mWrC
Ceramic Flatpack Package .. ...........coeeennns 9.3mW/P°C

CAUTION: A3 with af semiconductors, stress Ested under *Absoiute Maximum m'myuawwm{mmam)wnwmhmm
damage. This is & stress rating only. Ewmmmmmmmm“mwmsmymmm The conditions kisted
under “Electrical Performance Characteristics™ ar the only conaitions recommended for satisfactory device operaton..

Operating Conditions

Supply Voitage (VCC).. . ... ovvivvnnaieenns +H45V+55V  InplowVoltage (VIL). ...........ovvent 0.0V to 30% of VCC
Inpue Rise and Fall Times at VCC = 4.5V (TR, TF) ... 500nsMax InputHighVokage (VIH) ............vevtee 70% of VCC 1 VCC
Operating Temperature Range (Ta) . ........... -55°Cto +125°C

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS

GROUP LIMITS
(NOTE 1) A SUB-
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX | UNITS
Quiescent Current ICC VCC = 5.5V, 1 +25°C - 40 WA
VIN=VCCorGND
2,3 +125°C, -55°C - 750 vA
Output Current 0L VCC = 4.5V, VIH = 4.5V, 1 +25°C 7.2 - mA
(Sink) VOUT = 0.4V, VIL = OV
2.3 +125°C, -55°C 6.0 - mA
Output Currert IOH VCC = 4.5V, VIH =« 4.5V, 1 +25°C -1.2 - mA
(Source) . VOUT = VCC -0.4V,
VIL = OV 2,3 +125°C, -55°C 6.0 - mA
Outpur Voitage Low VOL VCC = 4.5V, VIH = 3.15V, 1.2, 3 +25°C, +125°C, -55°C - 0.1 V')
IOL = 50pA, VIL = 1.35V
VCC = 5.5V, VIH = 3.85V, .23 +25°C, +125°C, -55°C - 0.1 ']
IOL = 50pA, VIL = 1.65V
Output Voitage High VOH VCC = 4.5V, VIH = 3.15V, 1,23 +25°C, +125°C, -55°C VvCC - v
{OH = -50uA, VIL = 1.35V 0.1
VCC = 5.5V, VIH = 3.85V, 1,23 +25°C, +125°C, -55°C vCcC - \")
IOH = -SOUA, VIL = 1.65V Q.1
Inpik Leakage IiN VCC = 5.5V, VIN = VCC of 1 +25°C - 0.5 WA
Cument GND
2,3 +125°C, -55°C - 5.0 pA
Outpwt Leakage 102 VCC =55V, VIN=0QVor 1 +25°C - 1.0 pA
Cument vce
2,3 +125%C, -55°C - +50 A
Noise immunity FN VCC = 4.5V, 7,84, 88 | +25°C, +125°C, -55°C - B .
Functional Test VIH = 0.70(VCC),
VIL = 0.30(VCC) (Note 2)
NOTES:

1. All voltages refarence to device GND.
2. For functional tasts VO 2 4.0V is recognized as a logic *17, and VO < 0.5V Is recognized as a logic 0"
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Specifications HCS573MS

TABLE 2 AC ELECTRICAL PERFORMANCE CHARACTERISTICS

GROUP LMITS
(NOTES 1, 2) A SUB-
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MiN MAX | UNITS
Datato On TPLH VCC = 4.5V 9 +25°C 2 24 ns
TPHL
10, 11 +125°C, -55°C 2 29 ns
LEwon TPLH | VCC=4.5V 9 +25°C 2 27 ns
10, 11 +128°C, -55°C 2 35 ns
TPHL VCC = 4.5V 9 +25°C 2 N rs
0.1 +125°C, -55°C 2 40 ns
Enable to Output TPZL VCC = 4.5V 9 +25°C 2 27 s
10, 11 +125°C, -55°C 2 33 ns
TPZH VCC = 4.5V 9 +25°C 2 24 s
10,11 +125°C, -55°C 2 29 ns
Disable to Outpix TPLZ VCC = 4.5V 9 +25°C 2 25 ns
10, 11 +125°C, -55°C 2 29 ns
TPHZ VCC = 4.5V 9 +25°C 2 21 ns
10, 11 +1259C, -55°C 2 28 ns
NOTES:
1. All vohtages referencad to device GND.
2. AC measuremernts assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC.
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX | UNITS
Capacitance Power CPD VCC = 5.0V, f = IMHz 1 +25°C - 30 pF
Dissipation
1 +125°C, -55°C - 60 pF
Input Capacitance CIN VCC = 5.0V, f= IMHz 1 +25°C - 10 pF
1 +125°C, -55°C - 10 pF
Output Transition TTHL VCC = 4.5V 1 +25°C . 12 s
Time TTLH
1 +1259C, -55°C - 18 ns
Setup Time Data TSU VCC =45V 1 +25°C 10 ns
LE
1 +125°C, -55°C 15 . ns
Hold Time Data 10 TH VCC = 4.5V 1 +25°C 8 - ns
LE
1 +125°C, -55°C 12 . ns
Pulse Width LE ™ VCC = 4.5V 1 +25°C 16 - ns
1 +1259C, -55°C 24 - ns
NOTE:

1. The parameters lisiad in Table 3 are controlled via design or procass parameters. Min and Max Limits are gquarantsed but not directly
tested. These parameters are characterized upon inkial design release and upon design changes which affact thase charactaristics.
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Specifications HCS573MS
TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS
200K RAD
LIMITS
(NOTES 1,2)

PARAMETER SYMBOL CONDITIONS TEMPERATURE | MIN MAX | UNITS
Quiescant Current ICC VCC = 5,5V, VIN = VCC or GND +25°C - 0.75 mA
Outpix Currant (Sink) 0L VCC = 4.5V, VIN = VCC or GND, +25°C 6.0 - mA

VOUT = 0.4V
Outpue Currant [o],] VCC = 4.5V, VIN = VCC or GND, +25°C 60 - mA
(Source) VOUT =« VCC 0.4V
Output Valtage Low VoL VCC = 4.5V or 5.5V, VIH = 0.70(VCC), +25°C - 0.1 v
WIL = 0.30(VCC), IOL = 50uA
Outpix Vottage High VOH VCC = 4.5V or 5.5V, VIH = 0.70(VCC), +25°C vce . v
VIL = 0.30(VCC), IOH = -50pA 0.1
Input Leakage Currert IIN VCC = 5.5V, VIN = VCC or GND +25°C - 15 A
Tri-State Output 102 Applied Voltage = OV or VCC, VCC = 5.5V +25°C - +50 pA
Leakage Current
Noise immunity FN VCC = 4.5V, VIH = 0.70(VCC), +25°C - - -
Functional Test VIL = 0.30(VCC), (Note 3) .
Data to Qn TPHL VCC = 4.5V +25°C 2 29 s
TPLH
LEN 1 Qn TPLH VCC = 4.5V +25°C 2 35 rs
TPHL VCC = 4.5V +25°C 2 40 ns
Enable 1o Owuepit TPZL VCC = 4.5V +25°C 2 33 ns
TPZH VCC = 4.5V +25°C 2 29 s
Disabile o Output TPLZ VCC = 4.5V +25°C 2 29 ns
TPHZ VCC = 4.5V +25°C 2 25 s
NOTES:

1. All voltages referenced to device GND.
2. AC measursments assume RL = 5000, CL = 50pF, Inpit TR = TF = 3ns, VIL = GND, VIH = VCC.
3. Forfunctbnaltestsvou.owsracogizadasalog’c‘1'.a1dVOsO.5Vlsmcogizedasalo§c‘0’.

TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C)

GROUP B
PARAMETER SUBGROUP DELTA LIMIT
ICC 5 12pA
I0L/1I0H 5 © -15% of 0 Hour
I0ZLAOZH S +200nA
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TABLE 6. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHCD GROUP A SUBGROUPS READ AND RECORD
Inktial Test (Prebum-in) 1009%/5004 17,8 1CC, I0UH
Irtarim Test 1 (Postbum-In) 100%/5004 1.7,9 ICC, IOLMH
Intarim Test I (Postbum-In} 100%/5004 1,79 ICC, IOUH
PDA 100%/5004 1.7, 9, Dokas
Interim Test III (Postbum-in) 100%/5004 1.7.9 ICC. IO0UH
PDA 100%/5004 1, 7.9, Dekas
Final Test 100%/5004 2,3,8A, 88,10, 11
Group A (Nots 1) Sample/5005 1,2,3,7,.8A,88,9.10, N
Group B Subgroup B-5 Sample/5005 1,2,3,7,8A,8B,9, 10, 11, Deltas | Subgroups 1,2, 3, 9, 10, 11,
{Note 2)
Subgroup B-8 Sample/5005 1,79
Group D Sample/5005 179

NOTES:
1. Altemate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised.

2. Table 5 parametars only.

TABLE 7. TOTAL DOSE IRRADIATION

CONFORMANCE TEST READ AND RECORD
GROUPS METHOD PRERAD | POSTRAD PRE RAD POST RAD
Group E Subgroup 2 5005 .79 | Tabled 1.9 Table 4 (Nota 1)
NOTE:
1. Excapt FN tast which wil be performed 100% Go/No-Go.
TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS
OSCILLATOR
OPEN GROUND 42VCC=3V+0.5vV | vec-sviosv 50kHz | 25kHz
STATIC BURN-IN | TEST CONNECTIONS (Note 1)
12-18 ] 1-1 ] . | 20 ] - | -
STATIC BURN-IN Il TEST CONNECTIONS (Note 1)
12-19 | 10 | . l 1-9,1,20 | . | .
DYNAMIC BURN-IN TEST CONNECTIONS (Nots 2)
. I 1,10 | 12-19 | 20 I 1 | 2-9

NOTES:
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static bum-in
2. Each pin except VCC and GND will have a resistor of 680Q ¢ 5% for dynamic bum-in

TABLE 9. IRRADIATION TEST CONNECTIONS

OPEN GROUND VCC = 5V 0.5V

12-19 10 1-9,11, 20

NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for imadiation testing.
Group E, Subgroup 2, sample size Is 4 diceMvafer 0 failures.
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Harris Space Level Product Flow - 'MS’
Wafer Lot Acceptance (All Lots) Method 5007
(Includes SEM)

GAMMA Radiation Verification (Each Wafer) Method 1019,
4 Samples/Wafer, O Rejects

100% Nondestructive Bond Pull, Method 2023

Sample - Wire Bond Pull Monitor, Method 2011

Sample - Die Shear Monitor, Method 2018 or 2027

100% Internal Visual Inspection, Method 2010, Condiion A

100% Temperature Cycle, Method 1010, Condition C,
10 Cycles

100% Constant Acceleration, Method 2001, Conddition per
Method 5004

100% PIND, Method 2020, Condition A
100% External Visual

100% Serialization

100% Initial Electrical Test (TO)

100% Static Burn-in 1, Condition A or B, 24 hrs. min,,
+125°C min., Method 1015

NOTES:

100% Interim Electrical Test 1 (T1)
100% Delta Calculation (TO-T1)

100% Static Bumn-n 2, Condition A or B, 24 hrs. min,,
+125°C min., Method 1015

100% Interim Electrical Test 2 (T2)
100% Delta Calculation (TO-T2)
100% PDA 1, Method 5004 (Notes 1and 2)

100% Dynamic Bum-In, Condition D, 240 hrs., +125°C or
Equivaient, Method 1015

100% Interim Electrical Test 3 (T3)

1009% Detta Caleulation (T0-T3)

100% PDA 2, Mathod 5004 (Note 2)

100% Final Electrical Test

100% Fine/Gross Leak, Method 1014
100% Radiographic, Method 2012 (Note 3)
100% External Visual, Method 2009
Sample - Group A, Method 5005 (Note 4)
100% Data Package Generation (Note 5)

1. Failures from Intsfim electrical test 1 and 2 are combined for determining PDA 1.
2. Failures from subgroup 1, 7. 9 and deltas are used for caiculating PDA. The maximum allowable PDA = 5% with no more than 3% of the

failures from subgroup 7.

3. Radiographic (X-Ray) inspection may be performed & any point afer serialization as allowed by Method 5004.
4. Altemate Group A testing may be performed as allowed by MIL-STD-883, Method 5005.

5. Dsta Packags Conlents:

« Caver Sheat (Haris Name and/or Logo, P.O. Numbar, Custormer Part Number, Lot Data Code, Harris Part Numbar, Lot Number, Quantiy).
+ Wafer Lot Acceptance Report (Method 5007). Includes reproductions of SEM photos with percent of stap coverage.
+ GAMMA Radiation Report. Contains Cover page, disposiion, Rad Dase, Lot Number, Test Package used, Specification Numbers, Test

squipment, sic. Radiation Read and Record data on fie at Haris.

« X-Ray report and film. Includas penetrometar measurements.

« Screening, Electrical, and Group A atiribuges (Screening atrbures begin aher package saal).

« Lot Serial Number Sheet (Good unis serial number and kot numbar).

« Variables Data (All Deka operations). Data is identified by sefial number. Data header inciudes lot numbaer and date of test

. Tmcmeofcwommbapmdmesuppmwma\dbmtpmdnomBook.TheCenI"caeofCodombsgxed

by an authorized Qualkity Representative.

Spec Number 518771




HCS573MS

AC Timing Diagrams

INPUT
LEVEL
DATA

FIGURE 1. LATCH ENABLE PROPAGATION DELAYS FIGURE 2. LATCH ENABLE PREREQUISITE TIMES
AC VOLTAGE LEVELS
PARAMETER HCS UNITS
vee 4.50 v
VIK 4.50 v
VS 2.25 v
viL 0 v
GND 0 v
FIGURE 3. DATA SET-UP AND HOLD TIMES
AC Load Circuit
DUT TEST
POINT

g
—i)
Vé‘
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Three-State Low Timing Diagram Three-State Low Load Circuit
vce
RL
DUT TEST
cL
CL = s0pF
RL = $000 -
THREE-STATE LOW VOLTAGE LEVELS
PARAMETER HCS UNITS
vee 4.50 v
VIH 4.50 v
VS 2.25 v
VT 2.25 v
W 0.90 1}
GND 0 v
Three-State HighTiming Diagram Three-State High Load Circuit
VH DUT » 9 TEST
POINT
Vs WNPUT 1
Vi cL RL
CL = 80pF
RL = 5000 —

THREE-STATE HIGH VOLTAGE LEVELS

PARAMETER HCS UNITS
vce 4.50 v
VIH 4.50 \
VS 2.25 v
vT 2.25 v
ww 3.60 v
GND 0 v
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Die Characteristics

DIE DIMENSIONS:
101 x 85 mils

METALLIZATION:
Type: SiAl
Metal Thickness: 11kA + 1kA

GLASSIVATION:
Type: SiO;
Thickness: 13kA = 2.6kA

WORST CASE CURRENT DENSITY:
<2.0 x 105A/em?

BOND PAD SIZE:

100um x 100um
4 x 4 mils

Metallization Mask Layout

IR
S onaz

AT
e
1 onas

e

10
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HCTS541MS

Radiation Hardened Non-Inverting
Octal Buffer/Line Driver, Three-State

August 1995
Features Pinouts
» 3 Micron Radiation Hardened CMOS SOS 20 LEAD CERAMIC DUAL-IN-LINE
METAL SEAL PACKAGE (SBDIP)
+ Total Dose 200K RAD (Si) MIL-STD-1835 CDiP2-T20
TOP VIEW

« SEP Effective LET No Upsets: >100 MEV-cmZimg

+ Single Event Upsat (SEU) Immunity < 2 x 10 Errors/
Bit-Day (Typ)

+ Dose Rate Survivability: >1 x 10'2RAD (Si)/s

+ Dose Rate Upset >10'° RAD (Si)/s 20ns Pulse

» Latch-Up Free Under Any Conditions

¢ Fanout (Over Temperature Range)
- Bus Driver Outputs - 15 LSTTL Loads

* Military Temperature Range: -55°C to +125°C

» Significant Power Reduction Compared to LSTTL ICs
+ DC Operating Voitage Range: 4.5V to 5.5V

+ LSTTL Input Compatibilky

- VIL = 0.8V Max 20 LEAD CERAMIC METAL SEAL
- VIH = VCC/2 Min FLATPACK PACKAGE (FLATPACK)
MIL-STD-1835 CDFP4-F20
TOP VIEW

* Input Current Levels li < 5uA at VOL, VOH

———— VC
1 p——— o&2
s Y0
nE———mn
L} me— i ¢
3] o——— £
ME———— Y4
B———— Y
RE———1Y$

Description

The Harris HCTS541MS is a Radiation Hardened non-
inverting octal bufferfline driver, three-state outputs. The
output enable pins (OEN1 and OEN2) control the three-state
outputs. If either enable Is high the outputs will be in the high
impedance state. For data output both enables (OEN1 and
OEN2) must be low.

The HCTSS541MS utilizes advanced CMOS/SOS technology

xzzzee2z 9

10 achieve high-speed operation. This device is amember of | SN0 == " Y1

radiation hardened, high-speed, CMOS/SOS Logic Family.

The HCTSS4 is supplied in a 20 lead Ceramic flatpack

(K suffix) or a SBDIP Package (D suffix).

Ordering Information

PART NUMBER TEMPERATURE RANGE SCREENING LEVEL PACKAGE

HCTS541DMSR -55°C o +125°C Harris Class S Equivalent 20 Lead SBDIP
HCTS541KMSR -55°C 10 +125°C Harris Ciass S Equivalent 20 Lead Caramic Flatpack
HCTS5410/Sample +25°C Sample 20 Laad SBDIP
HCTS541K/Sample +25°C Sampie 20 Lead Ceramic Flatpack
HCTS541HMSR «25°C Die Die

CAUTION: These devices are sensitive 10 eectrostatic dischange. Usars should foliow proper |.C. Handling Procadures.
Copyrignt © Harris Corporation 1885

Spec Number 518630
File Number 3073.1
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Functional Block Diagram

TTL
O
(D> =
()
LEIN
TRUTH TABLE
INPUTS
OF1 OF2 An OUTPUTS
L L H H
H X X z
X H X z
L L L L

H = High Voktage Leval, L = Low Vokage Level, X = Immaterial, Z = High Impedance
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Specifications HCTS541MS

Absolute Maximum Ratings

Supply Voltage (VCC). .. . .vvvvverrrenneneennses 0.5 +7.0V
Input Viokage Range, AR Inputs . ............ 0.5V to VCC +0.5V
DCinput Curment Ay One Input . ......eiieeeeennes $10mA
DC Drain Current, Any On@ QUK. . .....ovvvvnniennen £25mA
(All Voltage Raferenca 1o the VSS Teminal)

Storage Temperatre Range (TSTG)........... -65°C 0 +150°C
Lead Temperature (Saldering 10S8C) . . ... vovveneeenee +265°C
Junction Temperatwre (TJ) ... ....covvrnriniinenanns +175°C
ESDClassification . ........ovvviinnrveeinenneens Class 1

Reliability information

Thermal Resistance 05 1%
SBDIPPaCKage. . ...oovvvrereenrens 7°CMW  24°CW
Ceramic Flatpack Package ........... 107°CW  28°CW

Maximum Packags Power Dissipation at +125°C Ambiernt
SBDIP PACKAQO. . oo vt 0.65W
Coramic Flatpack Package .. ........oovvveoenanres 0.47TW

If davice power excaeds package dissipation capabiity, provide heat
sinking or derate inearty at the following rate:
SBDIP Packag@. . ..o cevvvrvernarn e 13.9mwWreC
Coramic FIatpack PAcKAgS .. . ......ooovrernceess 9.3mwW/rPC

CAUTION: As with a2 semiconductors, stress Ested under "Absfute Maxmum mm‘muawomm«am)mmwmmm
damage. This is & Strass rating only. Exposire to absoife maximum mwmmforonuﬂadpaiodsmoymmmbm The condions lsted
under “Electrical Parformarnce Characteristics™ ar the only condiions recommended for satisfactory device operation.

Operating Conditions
Supply Voltage (VCC).. .. ..o veiiniinnnes +4.5VI0+55V Inpxlowvoltage (VIL). ........ovivininnnnn 0.0V10 0.8V
Operating Temperature Range (Ta) ... ......... 55°Cw +125°C  InputHigh Vokage (VIH) .........cooveevnnennn VCC/2 o VCC
IrpaRlsonndFsllTh\esaH.SVVCC (TR, TF).......500ns Max
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
GROUP LIMITS
(NOTE 1) A SUB-
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX | UNITS
Quiescent Current IcC VCC = 5.5V, _ 1 +25°C . 40 HA
VIN = YCC or GND
2.3 +125°C, -55°C - 750 WA
Output Currert 1oL VCC = 4.5V, VIH = 4.5V, 1 +25°C 7.2 - mA
(Sink) VOUT = 0.4V, VIL = OV
2,3 +125°C, -55°C 6.0 - mA
Outpie Current IOH VCC = 4.5V, VIH = 4.5V, 1 +25°C -7.2 - mA
{Sourcs) VOUT = VCC - 0.4V,
VIL = OV 2,3 +125°C, -55°C €0 - mA
Output Vohage Low voL VCC = 4.5V, VIH = 2.25V, 1,23 +25°C, +125°C, -55°C . 0.1 v
IOL = 50pA, VIL = 0.8V
VCC = 5.5V, VIH = 2.75V, .23 +250C, +125°C, -55°C - 0.1 A
IOL = 50pA, VIL = 0.8V
Output Voitage High VOH VCC = 4.5V, VIH = 2.25V, 1,23 +25°C, +125°C, -55°C vCcC - \'
IOH = -50uA, VIL = 0.8V 0.1
VCC = 5.5V, VIH = 2.75V, 1.2, 3 +25°C, +125°C, -55°C vCcC - v
IOH = -SOuA, VIL = 0.8V 0.1
Input Leakage IIN VCC = 5.5V, VIN = VCC of 1 +25°C 0.5 WA
Cument GND
2,3 +125°C, -55°C - $5.0 pA
Three-State Output 10Z Applied Voltage = 0V or 1 +25°C - 1 rA
Leakage Currert VCC, VCC = 5.8V
2,3 +125°C, -55°C - +50 pA
Naise immunity FN VCC=4.5V,VIH=225V, | 7,84, 88 | +25°C, +125°C, -55°C . - -
Functional Test VIL = 0.8V (Note 2)
NOTES:

1. All vohages referenced to device GND.

2. For functional tasts, VO 2 4.0V Is recognized as a logic*1°, and VO 0.5V Is recognized as a logic °0".
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

GRCUP LIMITS
(NOTES 1, 2) A SUB-
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX UNITS
Deta to Output TPHL, | VCC= 4.5V 9 +25°C 2 20 s
TPLH
VCC = 4.5V 10, 11 +125°C, -55°C 2 22 ns
Enabile to Output TPZL VCC = 4.5V 9 +25°C 2 23 ns
0.1 +125°C, -55°C 2 26 ns
TPZH VCC = 4.5V 9 +25°C 2 20 =Y
10, 11 +125%C, -55°C 2 21 ns
Disabie to Output TPLZ VCC = 4.5V 9 +25°C 2 22 s
10, 11 +125°C, -55°C 2 23 ns
TPHZ VCC = 4.5V 9 +25°C 2 21 ns
10, 11 +125°C, -55°C 2 22 ns
NOTES:
1. All voltages referencad to devica GND.
2. AC measurements assume RL = 5000, CL = 50pF, Inpk TR = TF = 3ns, VIL = GND, VIH = 3V.
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS
Capackancse Powar CPD VCC=5.0V.f =« IMHz 1 +25°C - 38 pF
Dissipaton
1 +125°C, -55°C . 60 pF
Input Capacitance CIN VCC = 5.0V, f= 1IMHz 1 +25°C - 10 pF
1 +125°C - 10 pF
Output Transition TTHL, VCC = 4.5V 1 +25°C - 12 ns
Time TTLH
1 +125°C, -55°C - 18 ns
NOTE:

1. The paramatars listed in Table 3 are controlled via design or process parametars. Min and Max Limits are guarantsed but not dirsctly
tested. These parametars are characterized upon initial design release and upon design changes which affect these characleristics.
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS

200K RAD
LIMITS
(NOTES 1, 2)

PARAMETER SYMBOL CONDITIONS TEMPERATURE MIN MAX | UNITS
Quiescent Curment IcC VCC = 5.5V, VIN =« VCC or GND +25°C - 0.78 mA
Outpix Currert (Sink) oL VCC = 4.5V, VIN = VCC or GND, +25°C 8.0 - mA

VOUT = 0.4V
Outpx Currert I0H VCC = 4.5V, VIN = VCC or GND, +25°C 60 - mA
{Source) VOUT = VCC -0.4V
Output Volage Low VOL VCC = 4.5V or 5.5V, VIH = VCC/2, +25°C - 0.1 \
WVIL = 0.8V, IOL = 50pA
Outpue Vokage High VOH VCC = 4.5V or 5.5V, VIH = VCC/2, +25°C vce . v
VIL = 0.8V, IOH = -50uA 0.1
Inpux Leakage Currert IN VCC = 5.5V, VIN = VCC or GND +25°C - 15 pA
Three-State Output 102 Applied Voltage = OV or VCC, VCC = 5.5V +25°C . +50 HA
Leakage Current
Noise Immunity FN VCC = 4.5V, VIH = 2.25V, +25°C - - -
Functional Test VIL = 0.8V, (Nota 3) )
Dela to Output TPHL, VCC = 4.5V +25°C 2 22 ns
TPLH
Enable 10 Output TPZL VCC = 4.5V +25°C 2 26 ns
TPZH VCC = 4.5V +25°C 2 21 ns
Disable to Output TPLZ VCC = 4.5V +25°C 2 23 s
TPHZ VCC = 4.5V +25°C 2 22 ns
NOTES:

1. All voliages referenced to device GND.
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V.
3. For functional tests VO 2 4.0V is recognized as a logic *1°, and VO < 0.5V is recognized as a logic *0".

TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C)

GROUP B
PARAMETER SUBGROUP DELTA LIMIT
icC ) 12pA
IOU/KOH 5 -15% of 0 Hour
I0ZLNOZH 5 +200nA
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TABLE 8. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD

Inkial Test (Prebum-in) 100%/5004 179 ICC. IOUH, 102LH

Intarim Test 1 (Pastbum-in) 100%/5004 1.7.9 ICC, IOLH, I0ZLH

Irtsrim Test I (Postbum-n) 10096/5004 17,9 iCC, IOUMH, 10ZUH

PDA 1009%/5004 1,7, 9, Dokas

Interim Test I (Postbum-in) 100%/5004 1,7.9

PDA 100%/5004 1,7, 8, Deltas

Final Test 100%/5004 2,3, 8A 88,101

Group A (Nots 1) Sample/5005 1,2,3,7,8A,88,9,10, 11

Group B Subgroup B-5 Sample/5005 1,2,3,7,8A,88,9, 10, 11, Deltas | Subgroups 1,2, 3,9, 10, 1
Subgroup B-8 Sampla/5005 1,79

Group D Sample/5008 1,79

NOTE: 1. Akematad Group A Inspection in accordance with Method 5005 of MIL-STD-883 may be exercisad.

TABLE 7. TOTAL DOSE IRRADIATION

TEST READ AND RECORD
CONFORMANCE
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD
Group E Subgroup 2 5005 1.7.8 Table 4 1.9 Table 4 (Nota 1)

NOTE: 1. Except FN test which will be performed 100% Go/No-Go.

TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS

OSCILLATOR
OPEN GROUND 12VCC=3V+0.5V | VCCs=BV0.5V S0kHz 25kHz
STATIC BURN-IN | TEST CONNECTIONS (Note 1)
11-18 1-10,18 - 20 - .
STATIC BURN-IN Il TEST CONNECTIONS (Note 1)
11-18 10 - 1-9,18,20 - -
DYNAMIC BURN-IN TEST CONNECTIONS (Nota 2)
- 10 11-18 20 1,19 2-9
NOTES:
1. Each pin excapt VCC and GND will have a resistor of 10kQ + 5% for static bum-in
2. Each pin except VCC and GND will have a resistor of 680 ¢ 5% for dynamic bum-in
TABLE 9. IRRADIATION TEST CONNECTIONS
OPEN GROUND VCC = 5V+0.5V
11-18 10 1-9,18,20

NOTE: Each pin except VCC and GND will have a resistor of 47KQ ¢ 5% for iradiation wasting.

Group E, Subgroup 2, sampie size Is 4 dicaiwafer 0 failures.
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Harris Space Level Product Flow - 'MS’
Wafer Lot Acceptance (All Lots) Method 5007
(Includes SEM)

GAMMA Radiation Verification (Each Wafer) Method 1018,
4 Samples/Wafer, 0 Rejects

100% Nondestructive Bond Pull, Method 2023

Sample - Wire Bond Pull Monitor, Method 2011

Sample - Die Shear Monitar, Method 2019 or 2027

100% Intemal Visual Inspection, Method 2010, Condition A

100% Temperature Cycle, Method 1010, Condition C,
10 Cycles

100% Constant Acceleration, Method 2001, Congdition per
Method 5004

100% PIND, Method 2020, Condition A
100% Extemal Visua

100% Serialization

100% Initial Electrical Test (TO)

100% Static Burn-in 1, Condition A o B, 24 hrs. min.,
+125°C min,, Method 1015

NOTES:

100% Interim Electrical Test 1 (T1)
100% Delta Calculation (TO-T1)

100% Static Bun4n 2, Condition A or B, 24 hrs. min,,
+125°C min., Method 1015

100% Interim Electrical Test 2 (T2)
100% Dela Cakulation (T0-T2)
100% PDA 1, Method 5004 (Notes 1and 2)

100% Dynamic Bum-In, Condition D, 240 hrs., +125°C or
Equivalent, Method 1015

100% Interim Electrical Test 3 (T3)

100% Delta Cakeulation (TO-T3)

100% PDA 2, Mathod 5004 (Note 2)

100% Final Electrical Test

100% Fine/Gross Leak, Method 1014
100% Radiographic, Method 2012 (Note 3)
100% External Visual, Method 2009
Sample - Group A, Method 5005 (Note 4)
100% Data Package Generation (Note 5)

1. Failures from Interim alectrical test 1 and 2 are combined for determining PDA 1.
2. Failures from subgroup 1. 7,8 and deftas are used for calculating PDA. The maximum allowable PDA = 5% with no more than 3% of the

fallures from subgroup 7.

3. Radiographic (X-Ray) inspection may be performed & any poirt after serialization as allowed by Method 5004.
4, Altemata Group A testing may be performed as allowed by MIL-STD-883, Method 5005.

5. Data Package Cortents:

« Cover Sheat (Harris Name and/or Loga, P.0. Number, Customer Part Number, Lot Data Code, Harris Part Number, Lat Numbar, Quanthy).
« Wafer Lot Acceptance Report (Method 5007). Inckudes reproductions of SEM photos with percert of step caverage.
« GAMMA Radiation Report. Contains Cover page, disposition, Rad Dose, Lot Number, Test Package used, Specificaton Numbers, Test

equipment, eic. Radiation Read and Record data on file at Haris.

« X-Ray report and fiim. includes panetrometar measurements.

« Scrasning, Electrical, and Group A atrribizes (Screening atrbutes begin afar packaga seal).

- Lot Serial Nurber Sheet (Good units serial number and kot number).

« Varlables Data (Al Deka operations). Data ks identified by serial number. Data header includes lot number and daie of tost.

« The Certificate of Conformance is a part of the shipping invoice and is not part of the Data Book. The Certificate of Conformance s signed

by an authorized Quality Represertative.
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AC Timing Diagrams AC Load Circuit
ot T %
cL = ¥ RL
CL = $0pF
RL « $00Q E—
AC VOLTAGE LEVELS
PARAMETER HCTS UNITS
vCcC 4.50 \'
ViH 3.00 \'
Vs 1.30 v
viL 0 \"
VSS 0 v
Three-State Low Timing Diagrams Three-State Low Load Circuit

THREE-STATE LOW VOLTAGE LEVELS

PARAMETER HCTS UNITS
vCC 4.50 \)
VIH 3.00 A
Vs 1.30 v
\u 1.30 v
W 0.90 v
GND 0 v
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Three-State High Timing Diagrams

THREE-STATE HIGH VOLTAGE LEVELS

PARAMETER HCTS UNITS
vce 4.50 v
VIH 3.00 Vv
VS 1.30 \)
vT 1.30 v
W 3.60 v
GND 0 v

Three-State High Load Circuit
wr Fean
T " o=
cL
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Die Characteristics

DIE DIMENSIONS:
101 x 85 mils

METALLIZATION:

Type: SiAl

Metal Thickness: 11kA £ 1kA
GLASSIVATION:

Type: SiO;

Thickness: 13kA £ 2.6kA

WORST CASE CURRENT DENSITY:
<2.0 x 10%A/cm?

BOND PAD SIZE:
100um x 100um

4 mils x 4 mils

Metallization Mask Layout
HCTSS41MS

NOTE: The die diagram is a generic plot from a similar HCS device. K is itended to indicate approximate die size and bond pad location.

The mask series for the HCTS541 is TAT4456A.

v

10
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SEMICONDUCTOR

HS-82C85RH

Radiation Hardened
CMOS Static Clock Controller/Generator

August 1995
Features Pinouts
* Radiation Hardened 24 LEAD CERAMIC DUAL-IN-LINE
- Total Dose > 10° RAD (Si) METAL SEAL PACKAGE (SBDIP)
. Transient Upset > 10° RAD (Si)/s MIL-STD-1835 CDIP2-T24
- Latch Up Free EP1-CMOS TOP VIEW
Very Low Power Consumption

Pin Compatible with NMOS 8285 and Harris 82C85

Generates System Clocks for Microprocessors and Peripherals

Complete Control Over System Clock Operation for Very Low

System Power

- Stop-Oscillator

- Stop-Clock

- Low Frequency (Slo) Mode

- Full Speed Operation

» DC to 15MHz Operation (DC to 5MHz System Clock)

+ Generates Both 50% and 33% Duty Cycle Clocks (Synchronized)

+ Uses Either Parallel Mode Crystal Circuk or External Frequency
Source

+ Hardened Field, Seif-Aligned, Junction isolated CMOS Process

¢ Single SV Supply
« Military Temperature Range -55°C to +125°C

Description

The Harris HS-82C85RH Is a high performance, radiation hardened
CMOS Clock Controller/Generator designed to support systems wtilizing

* o o o

24 LEAD CERAMIC METAL SEAL
FLATPACK PACKAGE (FLATPACK)
MIL-STD-1835 COFP4-F24

radiation hardened statc CMOS microprocessors such as the TOP VIEW
HS-80C86RH. The HS-82C85RH cortains a crystal controlled oscillator, csvnecgfTe 2 = voo
reset pulse conditioning, haltrestart logic, and divide-by-256 circuitry. PCLK = 2 nl—x
These features provide the means 1o stop the system clock, stop the clock AN zEaox
osdillator, or run the system at a low frequency (CLK/256), enhancing ROYI= =4 4 21 = — A3VRE
controi of static system power dissipation and aliowing system shit-down | peapyp= =45 20 E = EFl
during periods of extemal stress. ROY2L- =18 Wk
Static CMOS clircult design insures low operating power and permits AEN2E= 337 B p=30sC
operation with an external frequency source from DC to 15MHz. Crystal cXe==}s 17 ==aRE
controlled operation to 1SMHz is guaranteed with the use of a parallel, GNOL=3 9 18 = =3 RESET
fundamental mode crystal and two small load capacitors, Outputs are | CLKSOE= 310 18 |= = S28TOP
guaranteed compatible with both CMOS and TTL specifications. The | STARTIZ S 1 e g
Harris hardened flekd CMOS process results in performance equal to or | STOFSTEEH 12 il = =R
greater than existing radiation resistant products at a fraction of the power.
Ordering Information
PART NUMBER TEMPERATURE RANGE PACKAGE

HS1-82C85RH-Q -5§5°C to +125°C 24 Lead SBDIP

HS1.82C85RH-8 -559C to +125°C 24 Lead SBOIP

HS1-82C85RH/Sample +25°C 24 Lead SBDIP

HS9-82C85RH/Prot -55°C 10 +125°C 24 Lead Ceramic Flatpack

HS9-82C85RH-Q -55°C to +125°C 24 Lead Ceramic Flatpack

HS9-82C85RH-8 -§5°C 0 +125°C 24 Lead Ceramic Flatpack

HS9-82C85RH/Sample +25°%C 24 Lead Ceramic Flatpack

CAUTION: These devices ane sensitive 1o electrostatic dischange. Users should follow proper |.C. Handling Procedures.
Copyrignt © Harris Corporation 1985 1

Spec Number 518061
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HS-82C85RH

Pin Description

PIN

PIN
NUMBER

TYPE

DESCRIPTION

X1
X2

23
22

CRYSTAL CONNECTIONS: X1 and X2 are the crystal oscillator connections. The crystal
ﬂequemynwbemmemumaﬂnundesndpromordodﬂrequancy. X1 is the
esdilator circult input and X2 Is the output of the osciflator circuit.

EFI

20

EXTERNAL FREQUENCY IN: When F/C is HIGH, CLK is generated from the EF| input signal.
This inpL signal should be a square wave with a frequency of three times the maximum dasired

CLK output fraquency.

Fic

19

FREQUENCY/CRYSTAL SELECT: F/C selects either the crystal oscillator or the EFlinput as the
main frequency source. When F/C is LOW, the HS-82CBSRH clocks are darived from the crystal
oscilator cicult. Whan F/C Is HIGH, CLK ks genaratad from the EFl input. FAC cannot be dynam-
icalty swkched during nomal operation.

START

1

Abu-to-lighnmlbnonSTARTwilmstaﬂhCLK. CLKSO and PCLK outputs aftar the
appropriate restart sequence ls completed.

When in the crystal mode (F/C LOW) wkh the oscillator stopped, the osclllator will be restarted
when a Start command Is received. The CLK, CLK50 and PCLK outputs will start aftar the oscil-
lator inpie signal (X1) reaches the Schmitt trigger Inpuk threshold and an 8K intsmal countsr
reaches tarminal count. If F/C is HIGH (EFI mode), CLK, CLK50 and PCLK will restart within 3 EF|
cycies afler START is recognized.

The HS-82C8SRH wil restart in the same mode (SLO/FST) in which it stopped. A high level on
START disables the STOP mode.

‘28

;
g

13

15

G2/5TOP, S1, SO are used to siop the HS-82CBSRH clock autputs (CLK, CLK50, PCLK) and are
samplad by the rising edge of CLK. CLK, CLK50 and PCLK are stopped by S2/STOP,S1, SO being
inthe LHH state on the low-to-high transiion of CLK. This LHH state must follow a passive HHH
*ate accurving on the pravious low-t0-high CLK transition. CLK and CLKS0 stop inthe high state.
PCLK stops in It's current state (high or low).

When in the crystal mode (F/C) low and a STOP command is issued, the HS-82C85RH oscilator
will stop along with the CLK, CLK50 and PCLK outputs. When in the EFI moda, only the CLK,
CLKS0 and PCLK ourputs will be hahied. The oscillator circuit if operational, will continue to run.
The oscilator and/or clock is restartsd by the START input signal going true (HIGH) or the reset
inpue (RES) going low.

SLOFST

12

SLO/FST Is a lavel-triggersd input. When HIGH, the CLK and CLK50 ouputs run atthe maximum
frequency (crystal or EFI fraquency divided by 3). When LOW, CLK and CLKSO frequencies are
equal 1o the crysial or EF! frequency divided by 768. SLO/FST mode changes are intemally
synchronized to eiminaie gikches on the CLK and CLK50. START and STOP control of the
oscilator or EF! is available In either the SLOW or FAST frequency modes.

The SLOFST inpw must be held LOW for at least 195 OSC/EF| clock cydes before k will be
recognized. This eliminates unwared frequency changes which could be caused by giitches or
noise ransients. The SLOFST inpix must be held HIGH for at least 6 OSC/EFI clock pulses
guarartee a transijon to FAST mode operation.

CLK

PROCESSOR CLOCK: CLK is the dock outpix used by the HS-BOC86RH processor and other
paripheral devices. When SLO/FST Is high, CLK has an output frequency which is aqual o the
aystal or EF input frequency divided by three. When SLO/FSTis low, CLK has an output frequen-
cy which Is equal w the crystal or EF| input frequency divide by 768. CLK has a 33% duy cyde.

CLKS0

10

50% DUTY CYCLE CLOCK: CLKSO is an auxliary clock with a 50% duty cycie and is synchro-
nized to the falling edge of CLK. When SLO/FST s high, CLK50 has an outpw frequency which
Is equal to the crystal or EFl input frequency divided by 3. When SLO/FST is low, CLKS0 has an
output frequency equal © the crystal or EFI input frequency divided by 768.

PERIPHERAL CLOCK: PCLK Is a peripheral clock signal whose outpux frequency is equal t the
aysal or EFI input frequency divided by six and has a 50% duty cyde. PCLK frequency is
unaffacted by the state of the SLO/FST input.

0sC

18

OSCILLATOR QUTPUT: OSC is the outpir of the intemal oscillator circuitry. ks frequency is
equal to that of the crystal oscillator circuit. OSC Is unaffectad by the state of the SLO/FST inpue.
When the HS-82C85RH is in the crystal mode (FIC LOW) and a STOP command s issued, the
0SC output will stop in the HIGH state. When the HS-82C85RH is in the EFI mode (F/C HIGH),
the oscillator (if operational) will continue 10 run when a STOP command Is issued and OSC
remains active.
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HS-82C85RH

Pin Description (continued)

PIN
PiIN NUMBER TYPE DESCRIPTION
e ———— T —

RES 17 | RESET IN: RES Is an active LOW signal which is usad 1o generate RESET. The HS-82C85RH
provides a Schmitt trigger Input so that an RC connection can be used to establish the power-up
rasat of proper duration. RES starts crystal oscillator operation.

RESET 16 o RESET: RESET bs an active HIGH signal which is used to reset the HS-80C86RH processor. ks
timing charactaristics are determined by RES. RESET Is guaramsed to be HIGH for a minimum
of 16 CLK pulses after the rising edge of RES.

CSYNC 1 1 CLOCK SYNCHRONIZATION: CSYNC Is an active HIGH signal which alows muliple HS-
82C85RHSs t be synchronized to provide multiple in-phase clock signals. When CSYNC is HIGH,
the Internal countars are reset and force CLK, CLK50 and PCLK into a HIGH state. When CSYNC
is LOW, the intama! countsrs are allowed to count and the CLK,CLKS0 and PCLK outputs are
active. CSYNC must be externally synchronized to EFI.

AENT 3 [ ADDRESS ENABLE: AEN Is an active LOW signal. AEN serves 1o quallfy ks respective Bus
N2 7 i Ready Signal (RDY1 or RDY2). AENT validates RDY1 while AENZ vaidates RDY2. Two AEN
signal inputs are useful in system configurations which permit the Processor 10 access two Muki-

Master System Buses.

RDY1 4 | BUS READY: (Transfor Compiete). RDY is an active HIGH signal which is an indication from a

RDY2 6 | devbelocatedonthosystamdatabt.lsmatdatahasboenrecsmd,orbavalabh.RDHis
qualified by AENT while RDY2 is qualified by AEN2.

ASYNC 2 | READY SYNCHRONIZATION SELECT: ASYNC is an input which dafines the synchronization
mode of the READY logic. When ASYNC is LOW, two stages of READY synchronization are pro-
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided.

READY 5 0 READY: READY is an active HIGH signal which s used 10 iInform the HS-80C86RH that k may
conciude a pending data transfer.

GND 9 1 Ground

vDD 24 | +5Y power supply

Functional Diagram
— RESEY PULSE D % RESET
RES (1 CONDITIONING
s D LOGIC
RESTART
START (1) [p——] LOGC RESTART
CSYNC (1) SYNC
D LoGic SYNC —D mcx
cLOCK
LOGIC
STOKFST 12 [ “3
SPEED SELECT
+2580R+1 I MASTER —L> (10 CLKs0
FEOn D [EXTERNAL s
QUENCY
EF1 20 D____ SELECT [
PERIPHERAL
T3 SELECTED OSC g [ @ Pei
X2 22 [——— +o
xi @y Ey——] ) mosc
)
%25870F (18 ) -
sTOP
:(‘, ::: D—1 loac |™
D—
r
RDY1 (8 D—
READY

RN o) D——1 reany SYNC D @ ReAoy

AENzZ () [D—] SELECT

ROY2 (6 [D— aog:g

ASWE @) ) @
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Specifications HS-82C85RH

Absolute Maximum Ratings

SUPDHY VORBGE . ..« v vev e eneennnieneeineneaees +6.5V
Input, Output or O Voltage . ............ VSS-0.3V to VDD+0.3V
Storage Temperatre RaNge . ................ -65°C to +150°C
JUNCHON TOMPOATUN. . . . ov e veeteeenrneensnenennns +175°C
Lead Temperature (Saldering 10s) . . .........covnvenes +300°C
Typical Darating Factor. .. ....... 5.33mA/MHz Increase in IDDOP
ESDClassification .. .......coivvenirnvanneennanans Class 1

Reliability Information

Thermal Resistance BM ex
SBDIP Package. . .....ovouevereenns 520CW  12°CW
Coramic Flapack Package ........... 70°CW  10°CaW

Maximum Package Power Dissipation at +125°C Amblent
SBDIP PACKAgB. . .. v e nersenneeneeniiennianes 0.96W
Caramic Flapack Package ...........cooiveninnnnns 0.77W

if device power exceads package dissipation capability, provide haat
sinking or derate inearly at the following rate:

CAUTION: Stresses above those listed in “Absoiute Maximum Reatings® may cause permanent camage i the device. This is a stress only reting and operation
of the device f these of any ather CoNcitions above Moa indicated in the operatonal sections of this specificetion is not impied.

Operating Conditions
OperatingVokage Range . .. ............... ... +4.5VD +5.5V InputlowVoltage ..............c..iiiii 0V to +0.8V
Operating Temperature Range.. . ............. 55°C 10 +125°C  InputHIghVORAgR. .. ..o vevnivi i eninns 3.5V VDD
RESET inputHighVoltage ... ................... 3.5Vw VDD
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
LINITS
GROUP A
PARAMETER SYMBOL CONDITIONS SUBGROUP TEMPERATURE MIN | MAX | UNITS
CLK or CLK50 Outpes VOH VDD = 4.5V, 10 = -5.0mA, .23 -§5°C, +25°C, YDD - v
High Voltage VIN = OV or 4.5V +125°C 0.4
Output High Vokage VOH VDD = 4.5V, 10 = -22.5mA, 1,23 -55°C, +25°C, VDD . \
VIN = 0V or 4.5V +125°C 0.4
Outpix Low Voltaga VoL VDD = 4.5V, 10 = 5.0mA, 1.2,3 -55°C, +25°C, - 0.4 v
VIN = OV or 4.5V +125°C
InpLx Leakage Cur- liLorliH | VDD = 5.5V, VIN=0Vor 1.2,3 -§5°C, +25°C, 1.0 1.0 WA
remt 5.5V, Input Pins except: 1110 +125°C
15,21, 23
Bus Hold High Lesk- 1BHH VDD = 4.5V, 5.5V, VIN= 1,23 -5§5°C, +25°C, 200 | -20 BA
age Currant (Now 1) 3.0V, Pins: 1110 15, 21 +125°C
Standby Powsr Sup- IDDSB VDD = 5.5V, VIN = GND or 1,23 -55°C, +25°C, - 100 HA
ply Current VDD, 10 = OmA +125°C
Operating Power IDDOP | VDD = 5.5V, VIN= GND or 1,23 -55°C, +25°C, - 80 mA
Supply Curment VDD, IO = OmA, Crystal +125°C
Frequency = 15MHz
Functional Tests FT VDD = 4.5V and 5.5V, 7. 8A,. 8B -56°C, +25°C, - - -
VIN=GND or VDD, { = 1MHz +126°C
Noise Immunity FN VDD = 5.5V, 7,8A, 88 55°C, +25°C, - - -
Functional Tast VIN = GND or 3.5V and +125°C
VDD = 4.5V,
VIN = 0.8V or YDD
NOTE:

1. IBHH should be measured after raising VIN to VDD and then lowering to 3.0V
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 4.5V, T, = -55°C to +125°C

GROUP A LTS
PARAMETER SYMBOL | CONDITIONS | SUBGROUP TEMPERATURE MIN | MAX | UNITS
TIMING REQUIREMENTS
Extamal Frequency High TEHEL |90%-90% 9,10, 1 55°C, +25°C, +125°C 25 . ns
Time VIN
Extamal Fraquency Low TELEH ]10%-10% 9,10, 1 -559C, +25°C, +125°C 25 - ns
Time VIN
EFI or Crystal Perlod TELEL 9.10. 11 -$5°C, +25°C, +125°C 65 - ns
External Frequency Input TEFIDC 9,10, 1 -559C, +25°C, +125°C 45 11 %
Duy Cydle
Crystal Frequency FX 9,10, 11 -559C, +25°C, +125°C 24 15 MHz
RDY1, RDY2 Active Setup | TRIVCL ASYNC = g, 10, 11 .559C, +25°C, +125°C 55 . ns
1 CLK High
RDY1, RDY2 Active Setup TR1VCH IEYNC = Low 9,10, 11 -559C, +25°C, +125°C 55 - ns
to CLK
RDY1, RDY2 Inactive Setup | TR1VCL 9,10, 11 -559C, +25°C, +125°C 55 - ns
w CLK
RDY1,RDY2 Hold o CLK | TCLRiIX 9,10, 11 55°C, +25°C, +125°C ) - ns
ASYNC Setup to CLK TAYVCL 9,10, 1 -559C, +25°C, +125°C 84 . ns
ASYNC Hold 10 CLK TCLAYX 9 10, 1 -55°C, +25°C, +125°C 0 - ns
[AENT, AENZ Setp o TAIVRIV 9.10,11 | -55°C, +25°C. +125°C 25 - ns
RDY1, RDY2
AENT, AENZ Hold to CLK TCLAIX 9,10, 11 -559C, +25°C, +125°C ()} . ns
CSYNC Setup to EFI TYHEH 9,10, 1 550C, +25°C, +125°C 17 - ns
CSYNC Hold 10 EFI TEHYL 9,10, 1 -559C, +25°C, +125°C 17 - ns
CSYNC Puisa Width TYHYL 8,10, 1 -55°C, +25°C, +125°C 2TELEL - ns
[RES Setwp to CLK THHCL |Note3 9, 10, 11 -559C, +25°C, +125°C 10§ . ns
SO, S1, 52/STOP Setwpto | TSVCH 910,11 | -55°C, +25°C, +125°C 55 . ns
CLK
SO, S1, 52/STOP Hokd 1o TCHSX 9,10, 11 -55°C, +25°C, +125°C 55 - ns
CLK
[RES, START Setp to CLK | TRSVCH | Nots 3 9,10, 11 -550C, +25°C, +125°C 105 . ns
—R-'ﬁ(ww) orSTART (High) { TSHSL 9,10, 11 -55°C, +25°C, +125°C | 2/3TCLCL - ns
Puise Width
SLO/FST Sewp 1 PCLK TSFPC | Nots3 g, 10. 11 -559C, +25°C, +125°C | TEHEL+170 | - ns
TIMING RESPONSES
CLK/CLK50 Cycle Period TCLCL 9,10, 11 550C, +25°C, +125°C 200 . ns
CLK HIGH Time TCHCL 9,10, N -55°C, +25°C, +125°C | (13 TgLCL) . ns
+
CLK LOW TCLCH 9,10, 11 55°C, +25°C, +125°C | (213 T1OSLCL) . ns
CLKSO HIGH Time T5CHCL 9,10, 1 .559C, +259C, +125°C | iz TeLeyy | - ns
15
CLK50 LOW Time T5CLCH 8,10, 11 -55°C, +25°C, +125°C | (112 1;CSLCL) ns
PCLK HIGH Time TPHPL 9,10, 11 -55°C, +25°C, +125°C | TCLCL-20 - ns
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 4.5V, T, = -55°C to +125°C (Continued)

GROUP A LTS
PARAMETER SYMBOL | CONDITIONS | SUBGROUP TEMPERATURE MIN MAX | UNITS
PCLK LOW Time TPLPH 9,10, 1 -550C, +25°C, +125°C | TCLCL-20 - ns
Ready Inactive to CLK TRYLCL |Note 4 9,10, 1 -559C, +25°C, +125°C 8 - ns
Ready Active © CLK TRYHCH | Note 3 9,10, 11 -559C, +25°C, +125°C | 2/3(TCLCY) - ns
-15
CLK © Reset Delay TCUL $ 10. 1 -55°C, +25°C, +125°C - 65 ns
CLK 1o PCLK HIGH Dslay TCLPH 9, 10, 11 -559C, +25°C, +125°C - 40 ns
CLK 1o PCLK LOW Delay TCLPL 9,10, 11 -55°C, +25°C, +125°C - 40 ns
0SC o CLK HIGH Delay TOHCH 8,10, 11 -55°C, +25°C, +125°C 5 60 ns
0SC w CLK LOW Dalay TOHCL 9,10, 11 -55°C, +25°C, +125°C 2 70 ns
OSC LOW to CLKSO HIGH TOLCH 9, 10, 11 -55°C, +25°C, +125°C 5 80 ns
Delay
CLK LOW to CLK50 LOW TCLCS0L 8, 10, 1 -§5°C, +25°C, +125°C - 10 ns
Skow
NOTES:
1. ACs tastad at worst case VDD, guaranteed over full operating range
2. Setup and hold nacessary only 10 guaraniae racognition at next dock
3. Applies only to T3, TW stalss
4, Applies only 10 T2 siates
5. All timing delays are measured a 1.5V, unless otherwisa noted
6. Timing measurements made with EF| duty cyde = 50%
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITION TEMPERATURE MIN MAX UNITS

Input Capacitance CN VDD = Open, f = IMHZ, Nota 2 Ta = +25°C - 5 pF
Output Capaditance cout VDD = Open, f = 1MHz, Note 2 Ta = +25°C - 1§ pF
RESET input (+)VT - ()VT | VDD = 4.5V and 5.5V -559C « T, < +125°C 0.25 ']
Hystsresis
TIMING REQUIREMENTS
RES or START Vaid TSTART | VDD = 4.5V and 5.5V .85°C < Tp < +125°C | 2TELEL - ns
10 CLK Low +3
STOP Command TSTOP VDD = 4.5V and 5.5V -58°C < To<+125°C | TCLCL+ | 3TCHCH ns
Vaiid to CLK High TCLCH +55
TIMING RESPONSES
CLK/CLKS50 Rise TCHICH2 | VDD =4.5Vand 5.5V, 1.0Vio | -55°C <« To < +125°C - 15 ns
Time 35V
CLK/CLKS0 Fall Time TCL1CL2 VDD =4.5Vand 5.5V,3.5V0 | -55°C < Ta < +125°C 15 ns

1.0V
Oupix Rise Time TOLOH VDD =4.5Vand 5.5V, 08Vt | -55°C < Tp < +125°C - 25 ns
(Except CLK) 2.0V
Outpix Fall Time TOHOL VDD - 4.5Vand 5.5V, 20V | -55°C < Tp < +125°C - 25 ns
(Except CLK) 0.8V
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

UMITS
PARAMETER SYMBOL CONDITION TEMPERATURE MIN MAX | uNnITS
Start/Rasst Vaid 1o TOST VDD = 4.5Vand 5.5V (TYP) | -55°C < Tp < +125°C . ms
CLK Low Nots 3
RESET Outpux Time TRST VDD = 4.5V and 5.5V -559% < Ty < +125°C 16 ms
High (TcLey
NOTES:

1. The parameters listed in

characierized upon initial design release and upon design

table

2. All measurements referencad to device ground.

3. Oscillator start-up ime depends on several factors including crystal frequency, crystal manufacturer, capacitive load, 1emperature, power
supply voltage, etc. This parameter is given for information only.

TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS
See +25°C limits in Table 1 and Table 2 for Post RAD limits (Subgroups 1. 7, 9)

TABLE 5. BURN-IN DELTA PARAMETERS (+25°C)

Sammddeadesimorpmcesspammewsandammded.Theseparametefsan;
changes which would affact these charactaristics.

PARAMETER SYMBOL DELTA LIMITS

Static Current IDDSB +20pA

Inpwk Leakage Cument L IH 1200nA

Low Levai Output Voitage VOL +80mvV

High Level Output Vokage VOH +150mV

TABLE 6. APPLICABLE SUBGROUPS
GROUP A SUBGROUPS
CONFORMANCE MIL-STD-883 RECORDED RECORDED
GROUP METHOD TESTED FOR-Q FOR-Q TESTEDFOR-8 FOR -8
Inktial Test 100% 5004 1.7.9 1 (Nota 2) 1.7.9
Interim Test 100% 5004 1.7.94 1, A(Nots 2) .79
PDA 100% 5004 174 - 1,7
Final Test 100% 5004 2, 3,8A,8B,10, 11 - 2,3,8A 88,10, 1
Group A (Note 1) Sample 5005 1,2.3.7,8A,8B,9, 10, - 1.2, 3,17. 8:;. 8B, 9.
Q,
Subgroup BS Sample 5005 1,2,3,7,8A,8B,9,10.11.A | 1,2, 3. A(Note 2) N/A
Subgroup B6 Sample 5005 1.1.9 - N/A
Group C Sample 5005 N/A N/A 1.2,3,7.8A,8B,9,
10. M1
Group D Sample 5005 1.9 - 1.7.9
Group E, Subgroup 2 Sample 5005 1.7,9 - 1,7,9
NOTES:

1. Altemate Group A testing in accordanca with MIL-STD-883 method 5005 may be exercised.

2. Tabla 5§ parameters only
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Harris Space Level Product Flow -Q

Wafer Lot Acceptance (All Lots) Method 5007
(includes SEM)

GAMMA Radiation Verification (Each Wafer) Method 1019,
2 Samples/Wafer, 0 Rejects

100% Die Attach

100% Nondestructive Bond Pull, Method 2023

Sample - Wire Bond Pull Monitor, Method 2011

Sample - Die Shear Monitor, Method 2019 or 2027

100% Internal Visual Inspection, Method 2010, Condition A

CS! and/or GSI PreCap (Note 6)

100% Temperature Cycle, Method 1010, Condition C,
10 Cycles

100% Constant Acceleration, Method 2001, Condition per
Mathod 5004

100% PIND, Method 2020, Condition A
100% External Visual

100% Serialization

100% Initial Electrical Test (TO)

100% Static Burn-in 1, Condition A of B, 72 Hours Min,

+125°C Min, Method 1015
NOTES:

100% Interim Electrical Test 1 (T1)
100% Delta Cakeulation (TO-T1)
100% PDA 1, Method 5004 (Note 1)

100% Dynamic Bumn-In, Condition D, 240 Hours, +125°C or
Equivalent, Method 1015

100% Interim Electrical Test 2(T2)

100% Delta Calculation (T0-T2)

100% PDA 2, Method 5004 (Note 1)

100% Final Electrical Test

100% Fine/Gross Leak, Method 1014

100% Radiographic (X-Ray), Method 2012 (Note 2)
100% External Visual, Method 2009

Sample - Group A, Method 5005 (Note 3)
Sample - Group B, Method 5005 (Note 4)
Sample - Group D, Method 5005 (Nates 4 and 5)
100% Data Package Generation (Note 7)

CSl and/or GSI Final (Note 6)

1. Failures from subgroup 1, 7 and deXas are used for calculating PDA. The maximum allowable PDA = 5% with no more than 3% of the

fakures from subgroup 7.

2. Radlographic (X-Ray) inspaction may be performed at any point afwer seriafization as allowed by Method 5004.
3. Altlemate Group A testing may be performed as allowed by MIL-STD-883, Method 5005.

4. Group B and D inspections are optional and wil not ba perfonmed uniass required by the P.O. When required, the P.O. should include
separate line kems for Group B Test, Group B Samples, Group D Test and Group D Samples.

5. Group D Generic Data, as definad by MIL-1-38535, is optional and will not be supplied uniess required by the P.O. When required, the
P.O. shouk include a separate ine kem for Group D Generic Data. Generic data is not guararteed to be available and is therefore not
available In all cases.

6. CSl and/or GS| inspections are optional and wil not be performed unless required by theP.O. When required, the P.O. should Inciude
soparate ne kems for CSI PreCap inspection, CSl final inspection, GSI| PreCap inspection, and/or GSI final inspaction.

7. Data Package Conterss:
« Cover Sheet (Harris Name and/or Logo, P.O. Number, Custormer Part Number, Lot Date Code, Harris Part Number, Lot Number, Quantity).
+ Wafer Lot Acceptance Report (Method 5007). Includes reproductions of SEM photos with percent of step coverage.

« GAMMA Radiation Report. Contains Caver page, dispostion, Rad Dase, Lot Number, Tast Package used, Speciication Numbers, Test
equipment. etc. Radiation Read and Record deta on file at Harris.

+ X-Ray repart and film. Includes penetrometar measurements.

+ Screening, Electrical, and Group A attributas (Screening atiributes begin afier package seal).

+ Lot Serial Numbar Sheet (Good unks sarial number and ot number).

« Variables Data (Al Deka operations). Data Is identified by serial number. Data header includes lot number and date of test.
« Group B and D autributaes and/or Generic data s inckuded when required by the P.O.

« The Certificate of Conformanca Is a part of the shipping iwolcs and is not part of the Data Book. The Certificate of Conformance is signed
by an authorized Quality Represertative.
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Harris Space Level Product Flow -8
GAMMA Radiation Verification (Each Wafer) Method 1019,  100% Dynamic Bum-In, Condition D, 160 Hours, +125°C or

2 Samples/Wafer, O Rejects Equivalert, Method 1015
100% Die Attach 100% Interim Electrical Test
Periodic- Wire Bond Pull Monitor, Method 2011 100% PDA, Method 5004 (Note 1)
Periodic- Die Shear Monitor, Method 2018 or 2027 100% Fina Electrical Test
100% Intemal Visual Inspection, Method 2010, Condition B 100% Fine/Gross Leak, Method 1014
CSl anvor GSI PreCap (Note 5) 100% Extemnal Visual, Method 2009
100% Temperature Cycle, Method 1010, Condition C, Sample - Group A, Method 5005 (Note 2)
10 Cycles Sample - Group B, Method 5005 (Note 3)
100% Constant Acceleration, Method 2001, Condiition per Sample - Group C, Method 5005 (Notes 3 and 4)
Method 5004 Sample - Group D, Method 5005 (Notes 3 and 4)
100% Extemal Visual 100% Data Package Generation (Note 6)
100% Initial Electrical Test CS| andior GS! Final (Note 5)
NOTES:

1. Failures from subgroup 1, 7 are used for calculating PDA. The maximum allowable PDA = 5%.

2. Altemata Group A testing may be performed as allowed by MIL-STD-883, Method 5005.

3. Group B, C and D inspections are optional and will not be performed unless required by the P.O. When required, the P.0. should include
saparate ine kems for Group B Test, Group C Test. Group C Samples, Group D Test and Group D Samples.

4. Group C and/or Group D Generic Data, as defined by MIL-1-38535, is optional and will not be suppiied uniess required by the P.O. When
required, the P.0. shouid include a separate Tne item for Group C Generic Data and/or Group D Generic Data. Generlc data is not guar-
arteed to be available and is therefore not available in all cases.

5. CS| andior GS! inspections are optional and will not be perfomed unless required by theP.0. When required, the P.O. should include
separate Ine kems for CS! PreCap inspection, CS! final inspection, GS! PreCap inspection, and/or GS| final inspection.

6. Data Package Contarts:
« Cover Sheet (Harris Name and/or Logo, P.O. Number, Custorner Part Number, Lot Date Code, Harris Part Number, Lot Number, Quantiy).
« GAMMA Radiation Rapont. Contains Cover page, disposkion. Rad Dose, Lot Number, Test Package used, Specificaton Numbers, Test

equipment, etc. Radiation Read and Record data on file & Harris.

» Screening. Electrical, and Group A attributes (Scresning atrbutes begin after package sedl).
« Group B, C and D aurbutes andior Generic data is included when required by the PO.
. TheCerMofCuformBapmdmesﬂpphgiwdcemdbmtpmdmmBooLTheCenl'k:aedCodommlsslgnd

by an authorized Quality Represertative.
AC Test Circuit
VDD
R (NOTES 1. 2
FROM OUTPUT
UNDER TEST
CL (NOTE &
NOTES:

1. R=3700Q at V = 2.25 for CLK and CLK50 outpies.
2. R=484Q a1V = 2.87 for all other outputs.

3. CL = 50pF.
4. CL Includas probe and jig capackance.
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Waveforms

CLK AND CLK50

e
TCLPH —-{lwe —a] |ae— TCLPL !

tt— TPHPL —~f-«— TPLPH ——|

FIGURE 1. WAVEFORMS FOR CLOCKS
NOTE: Al iming measurements are made at 1.5V, unless otherwise noted

u/-\/] .,/ /L

TRIVCH he— _’1 TRIVEL ==

RDY1, 2 %
TAIVRIV -]

AENT2 \

TAYVCL
ASYNC

TCLAYX -~

READY

~{ TRYHCH jee- TRYLCL -] |

FIGURE 2. WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES)
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Waveforms (Continued)

—={ TCLR1X [

ax N/ S\ /.

START

TRIVCL —=f r— ={ TRIVCL |=-
4“
TAIVR‘W——I TCLR1X —>»1 pest—

e TRYLCL 3] e
FIGURE 3. WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES)

FIGURE 4. CLOCK STOP (F/C HIGH OR F/C LOW)

Spec Number 518061
M




HS-82C85RH

Waveforms (Continued)

B

START

START

je— TSHSL

FIGURE 5. CLOCK START (F/C HIGH)

RES

-

lt— TSHSL
s —7
) —| |je— THHCL —] |e— THHCL
aax
e— TCLL «— TCLL
£y 5y
e

=

FIGURE 6. CLOCK START (F/C LOW)

RESET  mmiaf
TRST ——»=

FIGURE 7. RESET TIMING (CLK RUNNING WITH F/C LOW - 0SC MODE; CLK RUNNING - OR STOPPED WITH F/C HIGH EFI MODE)

12
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Waveforms (Continued)

— jc— TSHSL

RES i}
T
RESET N A
e TRST
STARTUP
T™E c
osc

' TOST —>|

FIGURE 8. RESET TIMING OSCILLATOR STOPPED (FIC LOW)

NOTE: CLK. CLK50, PCLK ramain In the high state und RES goes high and 8192 vald osclator cycles have bean registared by the
HS-82C85RH intemal courter TOST time period). After RES goes high and CLK, CLK50, PCLK bacome active, the RESET outpit

wil remain high for a minimum of 16 CLK cycles (TRST).

caxso LN T L_AnnnnL

FIGURE 9. SLOFST TIMING OVERVIEW

I-—mmonosc-c:-ass
enoncse. TN
PCLK 1 5"t .. b e
Lo [,
e i
e __ LI M. _T1 I L

g B I B N I L—

FIGURE 10. FAST TO SLOW CLOCK MODE TRANSITION
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Waveforms (Continued)

eronose L AN
PCLK L ... I b L1
vt b | rsrees
StomsT ]
-~ pe—3EFIPULSES
ax 1 1 L
oo T LT L I"LILIrLr

FIGURE 11. SLOW TO FAST CLOCK MODE TRANSITION
11 TSFPC Is not met on one edge of PCLK, SLO/FST will be recognized on the next edge of PCLK.

fd PULSE —
m— X1 CLK LOADt GENERATOR EFl CLK LOAD t

CLKSO }—4 LOAD? VOD er——eedl FIC CLKSOp—4 LOAD?
FE CSYNG
CSYNC
FIGURE 12. CLOCK HIGH AND LOW TIME (USING X1, X2) FIGURE 13. CLOCK HIGH AND LOW TIME (USING EFI)
VoD T = L GENERATOR EFI Ctxf—) LoAD t

= x2 2 AENY
§ TRIGGER
Q_ READY ] oAD't PULSE RDY2

TRIGGER wor2 GENERATOR
GENERATOR AENZ
1 L, CSYNC
AEN2 L
CSYNC  OSC - READY p—1 LOADf
FIGURE 14. READY TO CLOCK (USING X1, X2) FIGURE 15. READY TO CLOCK (USING EFI)
1 CL = 50pF

Spec Number 518061
14




HS-82C85RH

Burn-in Circuits

STATIC CONFIGURATION DYNAMIC CONFIGURATION
NOTES: NOTES:
1. R=10k2x 10% 1. R=10kQ £ 10%
2. VDD = 6.0V £ 5% 2. VDD = 6.0V + 5% (Burn-In); VDD = 5.5V 5% (Life Test)
3. Tp = +125°C Min 3. Tp = +125°C Min
4. Package Code: SZ (24 Lead DIP) 4. Package Code: SZ (24 Lead DIP)
5. FOis 50% duty cycle square wave puise burst. FO is left 5. FD = 10kHz 50% duty cycle
low after pulse burst 6. F1= FO/2; F2 = F1/2; F3 = F2/2, F4 = F3/2; F5 = F4/2
Irradiation Circuit
bw—gl vV B—
Loap —2] 5wy
G — e -
+—w—4] T —vw—1p sV
LOAD 5 o —vwW—¢ I
t—w—s] o —w—t
+—w— [{s}— LoD
toap —{7] F—w—t
J:————E [1e}—— LoAD 27Ka
= |ioap 10 [sl—vw\—t 1
t+—w—f F—vw—1t -
t+—w—T2 E—w—1
NOTES:

1. R=47kQ+ 10%

2. Pins tied to VSS (0V): Pn9

3. Pins wih loads: 2, 5, 8, 10, 16, 18, 22

4. Pinstedto VOD: 1,3.4,6,7,11-15,17,19-21, 23, 24
5. VDD = 5.5V £0.5V

15
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- Functional Description

The HS-82CB5RH Static Clock Controller/Generator
provides simple and complete contol of staic CMOS
system operating modes. The HS-82C85RH can operate
with either an external crystal or an external frequency
source and can support full speed, slow, stop-clock and
stop-oscillator operation. While it is directly compatible with
the Harris HS-80C86RH CMOS 16-bit static microprocessor,
the HS-82C85RH can aiso be used for general purpose
system clock control.

Separate signals are provided on the HS-82C85RH for stop
and start control of the crystal oscillator and clock outputs. A
single conurol line detemrmines fast (crystal/EF1 frequency
divided by 3) or slow (crystal/EF| frequency divided by 768)
mode operation, A clock synchronization inpuk is provided to
allow the uss of mukipie HS-82C85RHSs in the same system.
The HS-82C85RH generates the proper HS-BOCBERH reset
pulse, and it aiso handles all data transfer timing by generat-
ing the HS-80C86RH ready signal.

Automatic maximum mode HS-80CB6RH software HALT
instruction decode logic Is present to ease the design of
software-based clock control systems and provides com-
plete software control of STOP mode operation.Automatic
minimum mode software HALT instruction decoding can be
easily implemented with a single 74HC74 device. Restart
logic insures valid clock start-up and complete synchroniza-
tion of CLK, CLKSO0 and PCLK.

Static Operating Modes

The HS-82C85RH Static Clock Controller can be dynami-
caly set to operate in any one of four modes at anyone time:
FAST, SLOW, STOP-CLOCK and STOP-OSCILLATOR.
Each mode has distinct power and performance characteris-
tics which can be matched to the needs of a particular sys-
tem at a specific time (See Table 1).

Keep in mind that a single system may require all of these
operating modes at one time or another during normal opes-
ation. A design need not be limited to a single operating
mode or a spedific combination of modes. The appropriate
operating mode can be matched to the power-performance
level needed at a specific ime or in a particular circum-
stance.

Resat Logic

The HS-82C85RH reset logc provides a Schmitt trigger
input (RES) and a synchronizing fip-flop to generate there
set timing. The reset signal is synchronized to the falling
edge of CLK. A simple RC network can be used to provide
poweron reset by utlizing this function of the
HS-82C85RH.When in the crystal oscillator (F/C = LOW) or
the EFI (F/C = HIGH) mode, a LOW state on the RES input
will set the RESET output to the HIGH state. It wil also
restart the oscillator circuit if it is in the idle state. The
RESET output is guarantsed to stay in the HIGH state for a
minimum of 16 CLK cycles after a low-to-high transition of
the RES input

An oscillator restart count sequence will not be disturbed by
RESET if this count is already in progress. After the restart
counter expires, the RESET output will stay HIGH at ieast
for 16 periods of CLK before going LOW. RESET can be
kept high beyond this time by a continuing low input on the
RES input.

If FIC is low (crystal oscillator mode), a low state on RES
starts the crystal oscilator circuit. The stopped outputs
remain inactive, until the osciltator signal amplitude reaches
the X1 Schmitt trigger input threshoid voitage and 8192
cycles of the crystal oscillator output are counted by an inter-
nal counter. After this count is complete, the stopped outputs
(CLK, CLK50, PCLK) start cleanly with the proper phase
relationships.

This 8192 count requirement insures that the CLK, CLK50
and PCLK outputs will meet minimum clock reguirements
and will not be affected by unstable oscillator characteristics
which may exist during the oscillator start-up sequence. This
sequence is also folowed when a START command is
issued while the HS-82C85RH oscillator is stopped.

Oscillator/Clock Start Control

Once the oscillator Is stopped (or committed 10 stop) or at
power-on, the restart sequence Is initiated by a HIGH state
on START or LOW state on RES. If F/C is HIGH, then restart
occurs immediately after the START or RES input is syn-
chronized intemally. This insures that stopped outputs (CLK,
PCLK, OSC and CLK50) start cleanly with the proper phase
relationship.

TABLE 1. STATIC SYSTEM OPERATING MODE CHARACTERISTICS

OPERATING
MODE DESCRIPTION POWER LEVEL PERFORMANCE

Stop-Oscilator All systam clocks and main dack ascillator ae | Maximum savings Slowest response dus 10
stopped ) ascillator restart ime

Stop-Clock Systam CPU and peripherals clocks stop but Reduced sysiem power Fast restart - no oscilator
main clock oscillator continues 10 run at rated restart time
frequency

Slow Systam CPU clocks are slowad while peripheral | Power dissipation sightly high- | Continuous operation at low
clock and main clock osclllator run 2t rated er than Stop-Clock frequency
frequency

Fast All clocks and oscillators run at ratad frequency | Highest power Fastast response

Spec Number 518061
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If F/C Is low (crystal osclllator mode), a HIGH state on the
START input or a low state on RES causes the crystal
oscillator to be restarted. The stopped oulputs remain
stopped, until the oscillator signal ampiitude reaches the X1
Schmitt trigger input threshokd voitage and 8192 cycles of
the crystal oscillator output are counted by an intema
counter. After this count is complete, the stopped outputs
(CLK, CLKS0, PCLK) start cleanly with the proper phase
relationships.

Typically, any input signal which meets the START Input
timing requirements can be used to start the HS-82C85RH.
In many cases, this would be the INT output from an
HS-82C59A CMOS Priority interrupt Controller (See Figure
16). This output, which is active high, can be connected 1o
both the HS-82C85RH START pin and to the INTR input on
the microprocessor.

HS-82C39A HS-82C35RH

HS-80CSRH
NTR
aK

INT START

FIGURE 18. START CONTROL USING HS-82CS9ARH INTER-
RUPT CONTROLLER

When the INT output becomes active (as a resuk of a
*restart” IRQ or a system reset), the oscillator/clock circuit on
the HS-82C8SRH will restart. Upon completion of the
appropriate restart sequence, the CLK signal to the CPU will
become active. The CPU can then respond to the still-pend-

Ing interrupt request.

Oscillator/Clock Stop Control

The S0, S1, and S2/STOP control lines determine when the
HS-82C85RH clock outputs or oscillator will stop. These
three lines are designed to connect directly to the MAXimum
mode HS-80CB6RH status lines as shown in Figure 17,

’/ﬁ 23T0P
§1 $1
k- so
MINMAX —1
HS-S0C98RH HS-82C85RH

FIGURE 17. STOP CONTROL USING HS-80C86RH MAXIMUM
MODE STATUS LINES

When used in this configuration, the HS-82C85RH will
automatically recognize a software HALT command from the
HS-80C86RH and stop the system clocks or oscillator. This
allows complete software cortrol of the STOP function.

If the HS-BOCBERH is used in the MINimum_mode, the
HS-82C85RH can be controlled using the S2/STOP input
(with SO and S1 held high). This can be done using the cir-
cuit shown in Figure 18. Since the HS-80C86RH, when exe-
cuting a hatt instruction in minimum mode, issues a single
ALE puise with no corresponding bus signals (DEN remains
high), the ALE pulse wil be clocked through the 74HC74 and
put the HS-82C8SRH into stop mode.

The HS-82C85RH status Inputs S2/STOP, S1, SO are
sampled on the rising edge of CLK. The oscillator (F/C LOW
only) and clock outputs are stopped by S2/STOP. S1, S0
being in the LHH state on a low-to-high transition of CLK.
This LHH state must follow a passive HHH state occurring
on the previous low-to-high CLK transition.CLK and CLKSQ
will stop in the logic HIGH state after two additional complete
cycles of CLK. PCLK stops In its current state (HIGH or
LOW). This is true for both SLOW and FAST mode
operation.

Stop-Oscillator Mode

When the HS-82C85RH is stopped while in the crystal mode
(FIC LOW), the oscillator, in addition to all system clock
signals (CLK, CLK50 and PCLK), are stopped. CLK and

ucRmBPROCEm”RSSOR“ o S S S S S T ST u.oc}&s'c%ﬁrmm" LERY
; 74HC74 QUAD D FLIP-FLOP WITH CLEAR
; Voo GENERATOR
ALE 10 1q 20 20 30 3Q © & so
1
«
s2/5T0P
oK
RESET

FIGURE 18. STOP CONTROL USING HS-80C86RH IN MIN/MUM MODE
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CLKS0 stop in the high state. PCLK stops In s current state
(high or low).

Wih the osdillator stopped, HS-82C85RH power drops to its
lowest level. All clocks and oscillators are stopped. All
devices in the system which are driven by the HS-82C85RH
go into the lowest power standby mode.The HS-82C85RH
also goes into standby and requires a power supply current
of less than 100mA.

Stop-Clock Mode

When the HS-82C85RH is in the EF! mode (F/C HIGH) and
a STOP command is issued, all system clock signals (CLK,
CLKS0 and PCLK) are stopped. CLK and CLKS0 stop in the
high state. PCLK stops in its current state (high or low).

The HS-82C8B5RH can also provide its own EFI source
simply by connecting the OSC output to the EF1 input and
pulling the F/C input HIGH. This puts the HS-82C85RH into
the External Frequency Mode using its own oscillator as an
extemal source signal (See Figure 19). In this configuration,
when the HS-82C85RH is stopped in the EFl mode, the
oscillator continues to run. Only the clocks to the CPU and
penipherals (CLK, CLK50 and PCLK) are stopped.

| 1[0
X1 x2
ER os¢
L1
—) S25T0P
ConTRoL ¢ = 1 START Jo— CONTROL
—y S0

FIGURE 19. STOP-CLOCK MODE IN EFi MODE WITH OSCILLA-
TOR AS FREQUENCY SOURCE

Clock Slow/Fast Operation

The SLO/FST input determines whether the CLK and CLKS0
outputs run at full speed (crystal or EF| frequency divided by
3) or at slow speed {crystal or EF1 frequency divided by 768)
(See Figure 20). When in the SLOW mode,HS-82C85RH
stop-clock and stop-oscillator functions operate in the same
manner as in the FAST mode, and the frequency of PCLK is
unaffected.

The SLOW mode allows the CPU and the system to operate
at a reduced rate which, in tum, reduces system power. For
example, the operating power for the HS-80C86RH CPU is
10mAMHz of clock frequency. When the SLOW mode is
used in a typical SMHz system, CLK and CLK50 run at
approximately 20kHz. At this reduced frequency, the
average operating cument of the CPU drops to 200mA.
Adding the HS-80C86RH 500mA standby current brings the
total current to 700mA.

While the CPU and peripherals run siower and the
HS-82C85RH CLK and CLK50 outputs switch at a reduced
frequency, the main HS-82CB5RH oscillator is still running at
the maximum frequency (determined by the crystal or EFi
input frequency.) Since CMOS power is directly related to
operating frequency, HS-82C85RH power supply current will
typically be reduced by 25% - 35%.

internal logic requires that the SLO/FST pin be held low for
at least 195 osdillator or EFI clock pulses before the SLOW
mode command is recognized. This requirement eliminates
unwanted FAST-to-SLOW mode frequency changes which
could be caused by glitches or noise spikes.

To guarantee FAST mode recognition, the SLO/FST pin
must be held high for at least 3 OSC or EFI pulses. The
HS-82C85RH wil begin FAST mode operation on the next
PCLK edge after FAST command recognition. Proper CLK
and CLKSO phase relationships are maintained and mini-
mum pulse width specifications are met.

FAST-o-SLOW or SLOW-to-FAST mode changes will occur
on the next rising or falling edge of PCLK. It is important to
remember that the transition time for operating frequency
changes, which are dependent upon PCLK, will vary with the
HS-82C85RH oscillator or EFI frequency.

FIGURE 20. SLOW/FAST TIMING OVERVIEW
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Slow/Fast Mode Control

The HS-82CSSARH programmable peripheral interface can
be used to provide siow/fast mode control by connecting one
of the port pins directly to the SLO/FST pin (See Figure 21).
With the port pin configured as an output, software control of
the SLO/FST pin is provided by simply writing a logical one
(FAST mode) or logical zero (SLOW Mode) to the
comesponding port. PORT C is well-suited for this function
due to its bit set and reset capabilities.

oK of Ctx
HS-2C85RH
CLOCK HS-32CS5RH HS-80CRH
CONTROLLER PERIPHERAL MPROCESSOR
GENERATOR INTERFACE
30FST ke pCo ("l: Do-8

FIGURE 21. SLOW/FAST MODE CONTROL USING HS-82C55RH
PERIPHERAL INTERFACE

Alternate Operating Modes

Using akemate modes of operation (slow, stop-clock, stop-
oscillator) will reduce the average System operating power
dissipation in a static CMOS system (See Table 2). This
does not mean that system speed or throughput must be
reduced. When used appropriately, the slow, stop-clock,
stop-oscillator modes can make your design more power-
efficient while maintaining maximum systern performance.

TABLE 2 TYPICAL SYSTEM POWER SUPPLY CURRENTFOR
STATIC CMOS OPERATING MODES

Oscillator

The oscillator circuit of the HS-82C85RH Is designed
primarily for use with an external parallel resonant,
fundamental mode crystal from which the basic operating
frequency is derived. The crystal frequency must be three
times the required CPU clock. X1 and X2 are the two crystal
input connections. The output of the oscillator is buffered
and available at the OSC output (pin 18) for generation of
other system timing signals.

For the most stable operation of the oscilator (OSC) output
circuit, two capacitors {C1 C2) are recommended.
Capacitors C1 and C2 are chosen such that ther combined
capacitance matches the load capacitance as specified by
the crystal manufacturer. This insures operation within the
frequency tolerance specified by the crystal manufacturer.

The crystalicapacitor configuration and the formula used to -
determine the capacitor values are shown in Figure 22.
Crystal Specifications are shown in Table 3. For addkional
information on crystal operation, see Harris publication Tech
Brief 47.

- x1
| =1
um‘z:ﬁssn%'f =
2
“F
cT ___c1-cz kuding stray capacitancs)
- Gircg (rehuding smay

FIGURE 22. CRYSTAL CONNECTION

STOP- STOP-
FAST SLOW CLOCK 0sC TABLE 3. CRYSTAL SPECIFICATIONS
CPU Frequency 5MHz 20KHz oC DC PARAMETER TYPICAL CRYSTAL SPECIFICATION
XTAL Frequency | 15MHz | 15MHz | 15MHz DC Frequency 2.4MHz 10 15MHz
(D] Type of Operaton Parallel Resonant, Fund. Mode
HS-80C86RH 50mA 2.5mA 250pA 250pA Load Capeditance 20pF or 32pF
HS-82C85RH 24.7mA | 169mA | 14.1mA | 24.4pA R SERIES (Max) 5602 (f = 1SMHz, CL = 32pF),
HS-82C08RH T0mA | 100pA | 10pA | 1OuA 1050 ¢ = 15MHz, CL = 20pF)
82C82 1.7mA | 65mA | 10 1 .
wA it Frequency Source Selection
HS-82CS4RH UIA | 915044 | 10WA | 1A The F/C inpLt is a strapping pin that selects either the crystal
HS-82CS5ARH 3.2pA 1.20A 1.04A 1.0nA oscillator or the EF! input as the source frequency for clock
TAHCX ! ! Y - generation. If the EFI input is selected as the source, the
4HCXX + Other | 29mA | 110.04A | 90.04A | S0.0KA | ocyinenr section (OSC output) can be used independently
HS-65262RH 40mA | 5004A | 10.0uA | 10.04A | for another clock source. If a crystal is not used, then crysial
HS-6617RH B.3mA | 5250A | 1208A | 12.0pA input X1 {pin 23) must be tied to VDD or GND and X2 (pin
22) should be left open. If the EFi mode is not used, then EFI

NOTE: Allmeasuraments taken 2t room tamperature, VDD = +5.0V.  (pin 20) should be tied to VDD or GND.

Power supply curment levels will be dependent upon system
configuration and frequency of operation.
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Clock Generator

The clock generator consists of two synchronous divide-by-
three counters with special clear inputs that inhibit the count-
ing. One counter generates a 33% duty cycle waveform
(CLK) and the other generates a 50% duty cycie waveform
{CLKS0). These two counters are negative-edge synchro-
nized, with the low-going transitions of both waveforms
occurring on the same oscillator transition.The CLK and
CLKS0 output frequencies are one-third of the base input
frequency when SLO/FST is high and are equal to the base
input frequency divided by 768 when SLO/FST is low.

The CLK output is a 33% duty cycie dock signal designed 1o
drive the HS-BOCB6RH microprocessor directly. CLKS0 has
a 50% duty cycle output synchronous with CLK, designed 10
drive coprocessors and peripherals requiring a 50% duty
cycle clock.

PCLK is a peripheral clock signal with an output frequency
equal to the oscilator or EFI frequency divided by 6. PCLK
has a 50% duty cycle. PCLK is unaffected by SLO/FST.
When the HS-82C85RH is placed in the STOP mode, PCLK
will remain in its current state (logic high or logic low) urtil a
RES or START command restarts the HS-82C8SRH clock
circuitry. PCLK is negative-edge synchronized with CLK and
CLKSO0.

Since PCLK continues 0 run at the same frequency
regardiess of the state of the SLO/FST pin, it can be used by
other devices in the system which need a fixed high
frequency clock. For example, PCLK could be used to clock
an HS-82C54RH programmable interval timer to produce a
real-time clock for the system or as a baud rate generator 10
maintain serial data communications during SLOW mode
operation,

Clock Synchronization

The clock synchronization (CSYNC) input allows the output
clocks to be synchronized with an external event (such as
anather HS-82C85RH clock signal). CSYNC going active
causes all clocks (CLK, CLKSO and PCLK) to stop in the
HIGH state.

It is necessary to synchronize the CSYNC input to the EF|
clock using two flip-flops as shown in Figure 23. Multiple

external fip-flops are necessary to minimize the occur-
rence of metastable (or indeterminate) states.

Ready Synchronization

Two RDY inputs (RDY1, RDY2) are provided to accommo-
date two system buses. Each RDY input is qualified by its
corresponding AEN input (AEN1, AEN2). Reception of a
valid RDY signal causes the HS-82C85RH to output READY
high, informing the HS-80C86RH that the pending data
transfer may be concluded. (See HS-80CB6RH data sheet
system timing).

Synchronization is required for all asynchronous active-
going edges of either RDY input to guarantee that the RDY
set up and hold times are met. Inactive-going edges of RDY
in normally ready systems do not require synchronization
but must satisfy RDY setup and hold as a matter of proper
system design.

The ASYNC input defines two modes of RDY synchroniza-
tion operation. When ASYNC is LOW, two stages of
synchronization are provided for active RDY input signals,
Positive-going asynchronous RDY inputs will first be
synchronized 10 fip-flop one a& the rising edge of CLK
(requiring a setup time TR1VCH) and then synchronized to
fip-flop two at the next falling edge of CLK, after which time
the READY output will go HIGH.

Negative-going asynchronous RDY inputs will be synchro-
nized directly to fip-flop two at the falling edge of CLK, after
which time the RDY output will go Inactive. This mode of
operation Is intended for use by asynchronous (normalty not
ready) devices in the system which cannot be guaranteed by
design to meet the required RDY setup timing (TR1VCL) on
each bus cycle.

When ASYNC is high or left open, the first RDY fiip-flop is
bypassed in the RDY synchronization logic. RDY inputs are
synchronized by fip-flop two on the faling edge of CLK
before they are presented o the processor. This mode is
available for synchronous devices that can be guaranteed to
meet the required RDY setup time. ASYNC can be changed
on every bus cycle to select the appropriate mode of
synchronization for each device in the system.

CSYNC WITH HS 32C3SRH(S)
EFl
HS-82C85RH
CiK o
SYNCH > D Q o
a csyne
ER »-D: >4 >t -I
{TO OTHER HS-82CS5RtS)

FIGURE 23. CSYNC SYNCHRONIZATION METHODS
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Metallization Topology

DIE DIMENSIONS:
2770um x 3130um x 483um + 25um

METALLIZATION:
Type: AVSI
Thickness: 11kA + 2kA

GLASSIVATION:
Type: SiO2
Thickness: BkA + 1kA

WORST CASE CURRENT DENSITY:
1.6x 10* A/

Metallization Mask Layout

ROY1 (&)
READY (%)

ROY2 @
AENZ (0

K m

0 EFR
(19 FC

(18) OSC

(' RES

(18) RESET
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.Tuning, Hot-Carrier and Switching Diod

CASE29-04 k)
TO-226AA
(T0~82} \ g

Abrupt Junction Tuning Hyper Abrupt Junction Tuning Diodes
Diodes . 2
Motorola supphies voltage-variable capackance diodes
seeving the entire fange of frequencies from HF “: STYLEAS CASE 51-02 i ;:‘;_s;;‘uc |
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CASE 132 O=—{ip—o
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%d.?m‘”m“”“ﬁ ok ke, gones =S R
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u The following ts a fisting of hyper-abrupt tuning diodes intended for high frequency., mmwwwm
MYV104 ° w | a2 |30 25 100 2 - 15 OGN | Co Rate@ s 2
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Resistors OHMITE
*"treous Enamel Molded 2!/ Watts (continued) 5 Watts {continued)

ewound Resistors Stock wr%;s Stock
) . 1-49 -
8 -— A 1.5
ma (381 mm) 296-0701 | 92015R 145 | 1. 296-0765
206-0702 | 92J22R 1.45 . 296-0771
| AR AR R
- 07 . . -
Dimensions 296-6706 | 92J100 145 | 1.23 296-0773
Power | Max. Length-A | Max. Dia.-B | | pags | Weight 296-0707 92J120 1.45 1.23 296-0774
i [ n Lol e el | 0 Cmemlom g iR B
1w | 437 | 1117 140 | 36| 24 50 296-0711 | 924270 145 | 1.23 296-0777
AW | 390 | 99| 219|561 2 80 296-0712 | 924330 145 | 1.23 296-0778
3w | 562 (143 | 234 {591 20 | 120 296-0713 | 92J3%0 145 | 1.23
5W .353 34.2 %ﬁ s.g gg é 38 206-0675 | 92J470 145 | 123 gg&gm
W[ 179 | 496 | 8 : 2960714 | 920510 184 | 156 296-0782
s | | |2 S
» Molded Construction Provides 00n§is1em Shape And 296-0718 92J1K0 2:11 1:78
Size (Permits Mounting in Clips Which Extends Power 296-0680 | 92J1K2 211 1.79 296-0786 . .
Rating) . . 296-0685 | 92.1K8 21 | 178 pe-orel 1211
» Meets Mil-R-26 Requirements For insulated Resistors el 132 .
» Ali-Welded Construction 31 Watts . .
d ) 206-0789 214 | 182
» Flame Resistant Vitreous Enamel Coating 7 % | 910 Y 2 2960791 2 )
> 5% Tolerance ' 2060695 | 93J2R0 14 | 122 218 | 182
Molded construction provides consistent shape and size 296-0722 | 93J3RO 1.4 | 122 250 | 213
* which permits mounting in clips to extend power rating. 296-0700 | 93J4R7 1.44 1.2 2.50 213
Mechanical integrity Is enhanced by-the ail-welded 2960723 | 93J5RO 1.4 1.2 250 | 213
construction and the vitreous enamei coating is flame 296-0724 | 93J10R 1.2 1.03 250 | 2
resistant, The durable vitreous enamel coating, which is 206-0728 | 93J15R 121 | 1.8 R
silicone-free, permits the resistors to maintain a hard 296-0727 | 93J16R 1.21 1.03 3.04 2.58
coating while operating at high temperatures. Ceramic core 206-0728 | 93J22R 1.21 1.03 . 3.04 258
with solder coated axial leads. 206-0729 | 93J33R 121 | 1.03 "3.08 | 258
2960731 | 93J39R 121 | 1.03 3.04 | 258
1tk Watts 206-0732 | 9347R 121 | 18 TR
Stock MiS | onms EACH 2960705 | 93J50R 121 | 1.03 304 | 258
No. Type 143 | 50-99 206-0733 | 93J68R 1.21 | 1.63 3.04 | 258
s5065s | oro T3 | ae2 296-0734 | 93J82R 1.21 1.5 363 | 3.09
296-0710 | 93100 121 | 1. 363 | 3.9
260838 | Rl S| 3% 302 206-0736 | 93120 121 | 188
296-06 - ‘ 206-9737 | 930130 121 | 1.03
296-0660 | 91J2R4 24 | 35 | 3.2
296-0658 | 91J2R7 27 | 355 | 3.02 zso-mg g%}% }g} }.g 231 | 1.96
296073 21 . 31 | 198
296-0650 | 91J3R3 | 33 | 355 | 3.2 7960715 | 931220 i IRy 231 L 1% -
206-0661 | 91J10R 10 | 280 | 238
208-0662 | 91J15R | 15 | 280 | 2.38 e | S 121, 231.| 198
91J18R 18 | 280 | 238 - Seuas | 93n% 3l 1s 231 1
206-0664 | 91J22R 22 | 280 | 238 R 1'21 e - & L
206-07 . . 231 | 1.9
296-0666 | O91J33R 81N 23 2060748 | 93U510 155 | 132 231 | 198
290-062‘; 9}Jsg§ gg -g %'35 206-0747 | 93J680 155 | 1.32 231 | 196
e | SR | S | 20 | 238 2emR | e 1551132 231 | 1%
295-0671 91J75R 75 2.80 2.38 208-0749 93J1K8 1:75 1_50 2:31 1:”
206-0672 | 91J491R 9N 2.80 2.38 2068751 | 93J2K0 178 | 150 23 1.9
206-0665 | 914100 | 100 | 3.08 | 2.62 2960725 | 93JoK4 176 | 1.50 231 | 1.96
296-0674 91J180 180 3.08 2.62 298-8753 93J4K0 2.15 1.83 2.23 1'9‘
296-0878 914220 220 3.08 2.62 208-0754 93J4K7 2.15 1.83 ) 2:2’ a 1:9‘
Teourh | ouaa | b | do | re e | me 248.| 211 )
s | m e mER ke o || |
2060682 | 9120 | 820 | 308 | 262 4 | S0 ‘ ' 26 | 22
296-0670 | 91J1K0 1K | 3.15.| 2.68 o 2921 243
296-0683 | 91J1K2 | 12K | 3.5 | 2.68 SWatls . - 2.82 | 248
208-0684 | 91JIK5 | 15K | 3.15 | 2.68 206-0745 | 95J1R0 172 | 148 ° 202 | 248
mws nmC | 4 (35| BRI RR G| 2 1
= ' - : 2060758 | 95J2R4 172 | 148 381 18
2/ Waits B _206-0761" | 95J3R0 172 | 148 388 [ 3217
206-0688 | 92JiRO 1 {13 | 147 206-0762 | 95J3R3 172 | 148 - 3.85¢}: .27
295-06:!1! gggg 15 | 1.3 1.4; 206-0763 gggg Hg %4‘: X gg . gg ,,_
296-06! J RS 14 296-0750 . . 48 E 3.85° | 3.27°)"
296-0692 | 92J2R2 z.g Hg 1.47 296-0755-| 95J6R8 172 | 148 8 7327
296-0693 | 92J3R0 3|13 | 147 206-0760 | 95J10R 152 .} 129, . A8 | 379
" 206-0694 | 92J3R } o147 ~ 2080784 - | * 95J15R 152 | 1.29 448715 379
295-0696 . szung si };33 147 - 296-0768 - |- 95J18R 152 | 129 RIS 3;;
296-0637 | 92J4R7 47 | 13| 14 296-0767 | 95)22 152 | 1.29 : :-g, ;.g-n;
295-0698. | 92J7R5 75 | 113 | 147 296-0768 | 95J25R 152 | 1.29 A8 |30
295-0699 | 92J10R 10 | 145 | 1.23 206-0769 -| 95J30R 452 | 1.28 ) 4 y

kAl tems Listed Ara In Stock Ready For Shipment To; You...

YR




: REISE‘RR‘_I L - Microprocessor Crystals, Crystal:

MIGFODWGBSSW Crystal Umts ... 7 |Clock Oscillators - TTL Compatible
' U R " I Specifications A =

“998-8238 | A-11.059218 ] 11.05920 tHCAMU " 998-1190 |COT100-32.000 * {32.00000{ 14Pin | 3.34
996-1198 | CO1100-36.000  {36.00000| 14 Fin | 3.7
9981208 |CO110040.000  |40.00000| 14 Pin | 3.7
961210 {CO110048.000 |48.00000{ 14 Pin | 3.7
9981228 | C01100-50.000 150.00000| 14in | 3.7
98-1230 |C01100-66.668 |66.66600 | 14 Pin | 3.82
996-1248 [C01100-80.000 {80.00000| 14 Pin | 6.5

AL . MECHACAL

50

50

40

3%

3

30

996-0249 | A-12.0000-18 |12.00000 { HC4U | 30
9960250 A—12288-18 -|1228800 {HCAu 30, | 138 | 1.2

¢

%

%

&:]

20

20

20

)

Model ,C 71 | CO1000Famdy - (013000 Famidy | COGOOD Famdy . 35
Package - - 14 Pn DIP §Pin OIP 4P OP .-
"‘1'_'_"'“"" ELEIUTT __Souzn o)
: : o wn&oﬂm&:ggo £100ppm coetoo/lccoot'ﬂ
- : +50 ppm 06050
-mrmm’m‘-cmiwc«w *”MW“‘WW‘“W”*' i - C010257 C013025 - £ 25 ppm +- CO6RS/C01
Agng ey oAbl oc o3 ,tSW"./M v i s . Operating:0°to +70°C .. — Swmge S bk,
Toad Caatitaicd * A1.7 . © | 12082 pF . ) = Bl 5V0C 2 05V 0C 5V DCA 0500
SR T e - =
ShontCapackace - ', © . T JTeEmax o . U7 GOmA - 250KH2 10 2.099 Mz - 30mA - 500K R0 19,
Drive Level. - ‘g L T W T 35mA-3MHz1031.999 MHz 30mA - 20.000 Mz
= Tt = S . 45mA - 32 Mz to B0 MHz wasooongﬁ
Parf Numberlng 8ystem < - ' - =
Examplei- A3 579545-18 - PR P e 40 to 60% Normal, . 40 to 60%|
PRI 1Y (L T PTTRLLT T 451055% Tight @ 1.4V DC 4510 55% Tight @
T e i Cpi5msmax-UnderdMHz P
Ostpmt | +10ns max - 9 MHZ 10 32 Mz 10 - 500Kz 10
_ .+ /605 max - 32 Mz o 80 Mz Bas - 24.000 Mzt
;-5 LT | o 04V max Sk to 16mA 05V (10N
% [ Loge [ §7 . +24V min, Sourcs 0AmA - 4.5V (90% Vix
ommu SETLEnr  Twi0TiLloads - - |  CL-15pF(hyp) (1OTT
- SErpquency nchesive of reom jolerance, mmmrcmn‘ e
ziﬁmm‘,m“ Mmmuu oo
Part Nnmbariny smm
Enth
4l ool - 1' < 100 -] a0 -
CO1-TTL, Fil Sizs . - 100 - 100 ppm (in MHz) N Normal
€013 - TTL, Half Sz 050.- 50 ppm v {Usually Ot
C08-HCMOS, F Sin |- 025 - 25 ppm . T-Tight' (4
12 ueuoamlsq. Dam
N Stk | e Freq. | Hoider EACH rnoe
= No. | -Tpe .| (WMD) | (O [739 | tonup B
i A1 & | menw[cormooTeaz [Tsiw| En |38 38 o Ra
3‘ f, 9961118 |CO100-3.579545 3579545 | 14Pin | 3.34 | 280  — e
LA 2 | eee1128 {C011004000  [4000000) 14 | 3.34 | 280 5{“ f o~
0001871 | 50 | ll B 4T | s [cotiorr00m [1000000] 14re | 334 | 280 BT o ]
AB14418 0 | Headny 50| 120 | 108 043 N 2 E | see-1148 |cO1100-11.0592 [11.05020 14Pn | 3.34 | 2.80 T —
9980208 |A-73728-18". |7.372800 { heAst 1207 1 (O "‘"‘)I I K18 | w115 fcorjoo1431818{ 1431818 1P | 334 | 2.88 @ mmy
996-218 {A-8.000-18 ' 18.000000 HCas 35 | 128 -] v.88 o RYE | em11escortos1em2 [18.43200] 14pi | 3.38 | 2.8 !, .
9900228 | A-9.8304-18  |9.830400 { He4sU 128 | 18 - & | sse117{cor10024000 |2400000] 14 | 3.34 | 280 [P
1:1.29 {108 AL~ e 288
. 338
3.39

996-8288 | A-14 3131818 1431818 | Hod |
9966278 | A-14.7456-18 - | 1474560 { HCAS |
906-2288 | A-15.000-18 - | 15.00000 | Ho4an [
998-0298 | A-16.000-18 _ | 16.00000 | HC
906-0300 | A-13432-18 11843200 |

{5.0 mm)

EIVIRONMENT,
. X 6 omperanae Oycle: | L, 010 1: oyctes. Gross Laak Test - tested
W1 | A20.000:18 | 20.00000 e s T e T o
9960320 A-34.000-18. - {24.00000 Shack el dhects foage 0 doms, cac ofhel
998:833¢ | 424576018 -] 2457600 S L[ oo TRl o 0. 200w 356 BT WB vasiaod . b
: g Re R - Durstion - 12 howrs. Marng ik . Epoxy, hestcond. . -
.mwwmm- Tttt e s ; LT = l‘ilu": .ﬁirﬂnm 2 +85° C, 250 howrs. Solvent Resistance:  isopropyl alcotial, Trichak

Niso-Availabie:

» Microprocessor Crystal Units HC~49 Short (AT Strip) -

Tuning Fork 0uartz=

Specifications’ ¢ “ <

Holdor Type /ltem -, ... - .
- Nomial Froqumcy 4° C > Mimpmcassof cml Units Surface Mount - TT-SMD

Ternover Temperatmrs .. » Clock Mllator: . Dual Output

Parabolic Carvatars Coastant » Clock Oscillators - Enable/Disable

Qeaiity Factor _ », . > Clock Oscillators < ECL Compatible

Equivalent Series Resistaacs Ry » Clock Oscillators - HCMOS Compatible

Motisna! Capaciiance C1 _ » Voltage Controlled Crystal Oscillators - VCX0

Shumt Capackaecs Co > Temperature Compensated Crystal Oscillators - TCXO

Cagacitance Ratie » Monolithic Crystal Fitters

Motioas! indactancs L1

Aqing (First Yean) — » Ceramic Resonators - 200 to 800 KHz, 2.000 to 12.000 MHz

Operating Toemperaturs Range | -10° Cto +60° C

Raltron manufactures one of the most complete product lmes of frequency m
Siocige Teperstars Rasge | 30° Cto +100°C Punﬂg oscillators, ﬁlterg ancg o

e components mcludm high ual:? crysta
- onators both through~ ole an ace mount.

ooy | Because the product line s So complete, the inventory so large, Ratron anc
D offer pricing that is always competitive, and often far lower than the competiti

Stk | Mwy Exch
- No. e [0 | B0
050 | 0.5

‘Call Your Nearest Allied Location ( 1-800-433-5700) For Quick




&) PHILIPS r]c]D]

The ronadle resistor source

SEI SEI Electronics Inc. |

FORMERLY STACKPOLE ELECTRONKSS INC

prolective coal (overglare)
o resistor layer

ianer slectrode
¢ end terminati

- ol
—¢ carami¢ sudsirate

-0

lesistors and Kits
erie ) Commercial SMD Chip Resistors

'e surface mounted chip resistor consists of a glass passnvated thick film resistive paste screened onto a high purity alumina
ramic substrate. The nominal resistance value is achieved by varying the compaosition of the paste prior to the screening process

-d by laser trimming the film after it has been screened on. To insure mechanical and environmental integrity. the chig is covered protective coat
th a silicon based “procoat.” The conductive layer consists of a precious metal and a wrap around termination 1S deposited at
ch end to allow mechanical and electrical attachment. These chip resistors and adaptable to high speed automated mechanization N
sembly. They allow excellent pnnted circuit board density as well as utilization of both board sides. Zero ohm jumper available as
stom order in full reels only.
A
Stack Mir.'s Philips Tol. Wattage Value Value Dimensions (in.) PER PX.1100
No. Type No. % @70°C Range Chart A B ¢ 0 E 1.5 §-25
297-91XX 901206 9C12063A-FK 1 ‘s 10Qt1M 0 126 063 023 .016 .020 3.73 3.00
297-93XX 901206 9012063A-JL 5 Ya 10Qt01M ¢ 126 063 023 016 .020 2.76 2.29 -
297-95XX 9C0805 9C08052A-JL 5 e 10Qto1M C 079 049 .024 016 016 3.3 2.63
297-96XX 9C0805 9C08052A-FK 1 10 10Qto1M D 079 049 .024 016 016 4.08 3.26
han C 5% Values
Ohms X Ohms XX Ohms X Ohms XX Ohms XX Ohms XX Ohms X Ohms XX Ohms XX
10 10 39 18 200 26 470 34 2700 42 5600 50 30K 58 100 K 66 390 K 74
20 12 47 20 270 28 560 36 3000 44 10K 52 38K 60 200K 68 470K 76
27 14 56 22 300 30 1000 38 3900 46 20K 54 47K 62 270K 70 560 K 78
30 16 100 24 390 32 2000 40 4700 48 27K 56 56 K 64 300K 72 1 Meg 80
« — A Series 9B Precision MELF Surface Mount Resistors
f — § The MELF resistor consists of a high alumina core on which metal film is deposited. A cap is applied at each end and the resistor is
spiralied to value. The resistor is then coated, color coded, and end caps treated to facilitate soldering. Zero ohm jumper available
C as custom order in full reels onty.
Stock Mir's Philips Tal. Wattage Value Value Dimensions (in.) PER PK.1000
No. Type No. % @70°C Range Chart A B c D 1-9 10-49
2. X 980805 9B08052A-FC 1 ' 10Qt1M D 087 - 039 014 002 130.00 120.00
29701 XX 9B1406 9B14064A-FC 1 s 10Qo 1M ] 136 .055 023 006 65.00 55.00
shat D 1% Values
Ohms XX Ohms X Ohms XX Ohms X Ohms XX Ohms XX Ohms x Ohms 44
10 03 499 15 200 27 1K 39 4.99K 51 20K 63 100 K 75 499 K 87
15 06 75 18 301 30 1.5K 42 75K 54 30.1K 66 150 K 78 750K 90
20 09 100 21 499 33 2K 45 10K 57 499K 69 200 K 81 1 Meg 93
30.1 12 150 24 750 36 301K 48 15K 60 75K 72 301K 84 - =
ACD Chip SEl Kits
Resistor Kits

» Economicat Pricing
» Great for Enginsering Labs Or

Prototypin
» Packaged fn Plastic Boxes

Thin Film Kits
Thick Fitm Kits
0805 Thick Film 5% 1206 Thick Film 5%
Provides MCOB0S 5% parts, 122 values, 10 pieces each. 10 2 Provides MC1A 5% parts, 24 values, 10 pieces each. 10 Q to
to 1 M (including zero ohm) in 200 ppm parts. 1220 pieces 1 M (includirzsggéro ohm)in 200 ppm parts. 240 pieces total.
total. 849-5020. 1206C10 EACH  25.
849-5000. 0805J10.......cc.ooovoeeee EACH 55.88

1206 Thick Film 5%

Provides MC1A 5% parts, 122 values, 10 pieces each. 10 Qto | Surface mount thick film chip resistor design kits for

0805 Thick Film 5% 1 M (including zero ohm) in 200 ppm parts.1220 pieces total. RMC-1/s {1206 size) in 5% and 1% tolerances, RMC-'/o
Same as above, except 50 pieces each, 6100 pieces tota 848-5025. 120610 EACH 55.89 | (0805 size) in 5% and 1% tolerances and RMC-'is (0603
849-5005. 0805J50 : p'eﬁcﬁ 116.65 ik Ei size) in 5% tolerance only. Kits have 30 samples per value.

£5 1206 Thick Film 5% 5% kits have 60 values (E24) and 1% Kits have 120 values

Same as above, except 50 pieces each, 6100 pieces total.

(E96). Kit includes product specifications, packaging

0805 Thick Film 1% 84%-5030. 120650 EACH 115.00 %uidelines, performaifllacbeleqat?&rad the %hil?( sacrrj:gl_es.

ji~a MCR i 0805 Thin Film 0.5% eplacement parts avai in piece bulk packaging

:)' )ooaog LZ‘,&“’}SJ;E?';;’?;;,""“’“S each. 10 Q Provides BLU-0805 0.5% parts, 97 values, 100 pieces each. | or 5000 piece tape and reel. Packaged in plastic notebook
84 \/aaoggw ......... EACH 58.50 10“5?3};0080%%?000% parts. 9700 pieces m?‘A’cn as.00 | 2T three-ring binder.

- R ) 894-0100. RMC-"/a. 5% 1206 it ...cvcoovecrevvneneenon EACH 79.00

. 1206 Thin Film 1% 894-0105. RMC-"/s. 1% 1206 kit .EACH 115.50

0805 Thick Film 1% Provides BLU-1206 1% parts, 106 values, 100 pieces each. | 894-0110. RMC-/io. 5% 0805 kit EACH 79.00

Same as above, except 50 pieces each, 3600 pieces total.
849-5015. 0805F50 EACH 1

10 Q to 240 KQ in 25 ppm parts. 10,600 pieces total.
849-5050. B1206F100 .......cvorvemreccnccrerccrecnsinns EACH 1725.00

Depend On Allied For The Latest In Industrial Electronics Components

'EACH 115.50

894-0115. RMC-'/10. 1% 0805 kit .
.EACH 107.75

894-0120, RMC-'/16. 5% 0603 kit...

ALLIED » 1153

L




@ ‘PHILIPS NEW—

Monolithic SMD® Chip Capacitors

» Monolithic Constmctibn

Monolithic ceramic capacitors consist of alternating ceramic {15 to 30 microns) onto which
metal electrodes are prirted. The stacked layers, cut into individual chips, are then sintered at
a very high témperature to-form a monolithic device. Alternating electrode layers are
connected to end terminations coméﬁen' the functional unit. Temperature Characteristics:
COG — 0 +30 ppmy°C, -55°C to +125°C; X7R — +15% AC, -55°C to +125°C; YOV — +22%
t0 ~82% AC, —30°C to +85°C; Z5U — +22% to -56% AG, +10°C to +85°C. Termination:
B — NUSn. Packaging: B — T&R 7" reel; 2 — 7" paper tape. Marking: 0 — no mark. i
CMC Case Size Dimensions — Millimeters (Inches)
Case| Len Width Height (H) | Term. Width (P) | Spacing ()
Size (L (W) Min. | Max. | Min. | Max. Min. - Ceramic Dielectric
0603 | 1.6¢.10 080+.10 | 070 | 090 | 0.25 } 0.65 0.40 /—————'lnne' Electrods
(.063 £.004) | {.032 £ .004) (.028) | (-036) | (.010) (.026) {.016)
Y S -
08051 20:.10 | 125¢.10 | 051 | 130 | 025 | 0.7 0.55 e Termination (Ag)
(.079 +.004) | {.049 + .004) (.021) | (.052) [ (010 (.030) (.022) RSN Nicke! Plated Barrier Layer
12069 3.2+.15 16+.15 051 | 1.60 | 0.25 | 0.75 1.40 TinLead Plating -
(.126 £ .006) | (.063 £ .006) (.021) | (.064) | (.010) {.030) {.056) :
Stock Mir's Value Temperaturs | Reel PER REEL
No. Tyve (9F) Vaitage Coefficient Tolerance Quantity Iy
748-5002 0603CG100J9820 10 50V C0G 5% 4000 | 197.20
748-5004 0603CG180J9BB0O 18 50V C0G 5% 4000 215.13
748-5008 0603CG220J98B0 - 22 50V - C0G 5% 4000 215.13
748-5010 0603CG270J9880 27 50V C0G 5% 4000 215.13
748-5012 0603CG470J98B0 47 50V C0G 5% 4000 215.13
748-5016 0603CG101J9820 100 50V CoG 5% 4000 . 21513
748-5018 06032R331K9820 330 S0V . X7R 10% 4000 178.04
748-5020 06032R102K98B0 1000 50V X7R 10% 4000 178.04
748-5022 06032R222K9820 2200 50V X7R 10% 4000 178.04
748-5024 06032R472K9BBO 4700 50V X7R 10% 4000 20711
748-5026 . 06032R103K9BBO 10000 S50V X7R 10% 4000 222.55
748-5028 06032F103M3B20 10000 50V Y5V 20% 4000 207.M
748-5030 06032F473M9B20 47000 50V YSV 20% 4000 215.13
748-5032 06032F104M8B20 100000 25V Y5V 20% 4000 215.13
748-5034 0805CG100J9880 10 50V C0G 5% 4000 126.11
748-5036 0805CG150J9880 15 50V C0G 5% 4000 148.36
748-5040 0805CG220J9B80 22 50V C0G - 5% 4000 126.11
748-5042 0805CG270J9880 27 50V C0G 5% 4000 148.36
748-5044 0805CG330J9880 33 50V C0G 5% 4000 126.11
748-5046 0805CG470J9BB0 47 50V C0G 5% 4000 148.36
748-5050 0805CG560J98B0 56 50V C0G 5% 4000 148.36
748-5052 0805668049880 68 50V C0G- 5% 4000 200.29
748-5054 0805CG101J9880 100 50V C0G 5% 4000 148.36
748-5056 0805CG221J98B0 220 50V« C0G 5% 4000 148.36
748-5058 0805C627149880 270 50V C0G 5% 4000 200.29
748-5060 0805CG331J98B0 330 50.V C0G 5% 4000 200.29
748-5062 0805CG471J9880 470 S50V CoG - 5% 3000 150.22
748-5064 0805CG 1029880 '1000 50V C0G 5% 3000 122.40 1
748-5066 08052R102K98B0 1000 50V X7R - 10% 4000 148.36
748-5068 08052R472K9BB0 4700 50V X7R 10% 4000 . 170.62
748-5070 08052R103K9BBO 10000 50V X7R 10% 4000 152.07
- 748-5072 08052R473M8BB0 47000 25V X7R 20% 4000 192.87
748-5074 08052R104M88B0 100000 25V X7R 20% 2000 111.27
748-5076 "120606220J9880 22 50V . C0G ’ 5% 4000 152.07
748-5078 12060G270J98B0 27 50V C0G 5% 4000 218.84
748-5080 1206CG330J988B0 KX} 50V C0G 5% 4000 152.07
748-5082 12060G470J9880 47 50V C0G 5% 4000 152.07
748-5084 1206CG101J9BBO 100 50V C0G 5% 4000 152.07 |
- 748-5086 12060G221J9880 220 50V CoG 5% 4000 152.07
ol
- 748-5088 1206CG331J9880 © 330 50V C0G 5% 4000 189.16 :
748-5090 12060G471J9880 470 50V C0G 5% 4000 189.16
748-5092 1206CG102J9880 1000 50V C0G 5% 4000 204.00
748-5094 12060G222J9880 2200 50V C0G 5% 3000 300.44
748-5096 12062R102K9BB0 1000 50V X7R 10% 4000 178.04
748-5098 12062R103K98B0 -10000 50V X7R 10% 4000 152.07
748-5100 12062R473K9BB0 47000 50V X7R 10% 4000 204.00 :
748-5102 12062R104K9B8B0 100000 50V X7R 10% 4000 218.84 \
748-5104 12062E103M9BBO 10000 50V 50 20% 4000 152.07
748-5106 12062E473M38B0 47000 50V 25U 20% 4000 152.07
748-5108 12062E104M9BB0 100000 50V 25U 20% 4000 152.07 |

1152 <« ALLIED ‘Products Not Cataloged Are Available — Call 1-800-433-5700 For Price Ant



PANASONIC NHE CROSS REFERENCES:
Elna: RE3; Marcon: BSM; T VT,
Rubycon: SSP; UCC: KME.

ture Radial Lead Aluminum Electrolytic Capacitors
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 Add 0,02 per.1,000mF for capechors with more than 1,000uF.
1 =0.01 GVor SpA, whichever is greater

NI~ where T3 OC leakage current in uA
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