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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 

Ionizing 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. Modern 

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: 

• Protons and electrons trapped in the Van Allen belts. 

• Cosmic ray protons and heavy ions. 

• 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 l2 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 V2 

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 experiment 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.l, 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. 

*.   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. 

a   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. 
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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. 
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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 Row A RowB RowC Pin Row A RowB RowC 

1 ADDRO ADDR7 DATAO 17 -5.2 V -5.2 V -5.2 V 

2 ADDR1 ADDR8 DATA1 18 -5.2 V -5.2 V -5.2 V 

3 ADDR2 ADDR9 DATA2 19 -5.2 V -5.2 V -5.2 V 

4 ADDR3 ADDR10 DATA3 20 GND GND GND 

5 ADDR4 RD« DATA4 21 GND GND GND 

6 ADDR5 WR« DATA5 22 +15 V +15 V +15 V 

7 ADDR6 INT" DATA6 23 -15 V -15 V -15 V 

8 BDJSEL« INT_RESET* DATA7 24 ANA_RTN ANA_RTN ANA_RTN 

9 unassigned RESET« unauigned 25 ANA_RTN ANA_RTN D/A_REF 

10 GND GND GND 26 ANALOG1 ANA_RTN_S D/A_V 

11 GND GND GND 27 ANALOG2 ANALOG7 ANALOG12 

12 +5V +5V +5V 28 ANALOGS ANALOG8 ANALOG13 

13 +5V +SV +SV 29 ANALOG4 ANALOG9 ANALOG14 

14 +5V +5V +5V 30 ANALOG5 ANALOG10 Do8im_G 

15 GND GND GND 31 ANALOG6 ANALOG11 Dosim_S 

16 GND GND GND 32 Temp_High Temp_rtn Dosim_D 

Table 1: ELCO Connector Pin Assignments 

The panel controller provides both electric power and communication to the daughterboard 

via the ELCO connector. Power supplies of interest include VCc ( +5 V ), VEE ( -5.2 V ), 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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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*andWR* 

These signals are individually driven low when the ECP microcontroller is reading 

from or writing to shared memory. 

11 



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. 

c   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 1 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 INTRESET* signal 

lines to control data flow. 

12 



b.   Type II 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. 

13 
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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.   UT69RH051 Microcontroller 

The UT69RH051 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 

I/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 UT69RH051 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 

(El*, 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*,OEl*). 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 (El*, 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 (XI, 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 I/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 (Al 1..0) and four data pins (1/03..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 (READSR, 

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 3rd 

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, I0H 

and IOL, to determine how much current output pins can handle. I0H 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, V0H- IOL 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, VOL. The amount of current required for an output to 

source or sink is determined by Equation 4.1. 

Equation 4.1 'SOURCE ~ 2-i hu + 2-i A LEAK 

Im is the amount of current an input draws when driven high. ILEAK 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. 

lSWK = Z/* + ZA LEAK Equation 4.2 

In, is the amount of current drawn from an input pin when being driven low.  ILEAK 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 IOH(mA) IOL(mA) Im(uA) IIL (uA) ILEAK (UA) 

'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 4.8 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 5.2 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 uA 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 uA. 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. 

V    -V r>  ' DP       * OH  — ..        A -, 
«Mtf = ^^  Equation 4.3 

Using values from Table 2, VDD = 5V, and V0H = 3.2V (a conservative value), 

^ = (100 + Ul+
210+70)"°'000n 

To calculate the minimum resistor value, Equation 4.4 is utilized. 

R™ =  T  VDDS^LJ EqUatl0n 4'4 

Using values from Table 2, VDD = 5 and V0L = 0.4V, 

 5-0.4  
RmN ~ 3.5- (1000 + 100+10+1 + 1) *2' 

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, TCLK, is 83 

nanoseconds. Using this time to reference the UT69RH051 datasheet, two representative times are 

calculated for the microcontrollers memory access time parameters.  The first, tu.Dv , is the time 
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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, 

tixov = 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 tLLDv • The result, 480 ns, is the maximum time a memory chip has 

from enable to data-valid. 

Another critical access time is tRLDv- 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 tlXDV tRLDV 

UT69RH051 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 

UT69RH051 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 HCS138MS ('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 El* 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 Y0* signal from the '138 decoder is connected to the 

chip-select pin, El*, of the first '65647 (designated RAM1 on Figure 5). Yl* of the decoder is 

connected to El* 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 CLOCK50 pin of the HS-82C85RH ('82C85) provides the '8051 with a 12MHz 

clock signal. This is connected to XT ALI 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 XI 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 CLOCK50 pins are 36 MHz and 12 MHz, 

respectively (selecting low has a divide by 768 effect). Finally, S2*, SI, 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 crystal Cx+C2 

Equation 5.1 

The load capacitance of the crystal is 24 pF.    Therefore, Cl =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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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 BDSEL* signal low, it activates Interrupt 0 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 (PI.7) and 6 (PI.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 PI.7 low to send an interrupt to the EPC. The subroutine can then instruct 

the daughterboard '8051 to poll PI .6 for a response. When the EPC drives INTRESET* 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 (1/03..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. GaAsSRAM 

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 l-to-2 decoder. The l-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 l-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 l-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*, SEUEN*, 

LFSR_EN*, and SR_EN*. Utilization of these signals is described shortly. 
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Figure 9: Experimental GaAs IC Implementation 
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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 INPUTJEN* 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 A15..11, 

variations of A6..0 may be used to provide up to 27 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 SEINEN* 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 lOOOuF capacitor is connected in 

parallel to ground to filter off any AC noise. Finally, a 2 kft 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. Output 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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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 creating 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. 

• The microcontroller was placed next to the designated address and data pins 

on the ELCO connector. 

• The '573 latch and ' 138 decoder were placed next to the microcontroller since 

all memory transactions utilize these components. 

• The two Harris SRAMs and PROMs were placed together due to similar 

pinouts allowed efficient busses to be wired. 

• The test memories and the 'XGaAs IC were placed adjacent to one another. 

• The 100328 logic converters were placed next to the ECL SRAM. 

• Capacitors, resistors, and other discrete elements were placed next to the pins 

of components they were connected to. 

• 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 

either plane.  Auto-voiding will also connect Vcc, VEE, 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 14: Top And Bottom Routing On Daughterboard 
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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 ($) Distributor Phone 

UT69RH051 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 

HCS573MS 215 Ewing Foley (408) 342-1220 

HCTS541MS 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: 

1/07 = 14*15 Equation 7.1 

1/07 corresponds to output pin 7 on the UT22VP10, 14 and 15 correspond to input pins 4 and 5. 

By connecting 14 and 15 to PSEN* and RD*, respectively, the output of 1/07 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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1.0 SCOPE 

1.1 SCOPE 

This Interface Control Document (LCD) 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 shifts, 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 

MIL-STD-461C 
4Aug86 
Notice 1 
1 Apr 87 
Notice 2 
15 Oct 87 

Title 

Electromagnetic Emission and 
Susceptibility Requirements for the 
Control of Electromagnetic Interference 

MLL-STD-1540B Test Requirements 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. 

3.1.3 Mass Properties 

3.1.3 Single Board Configuration Mass Properties 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 14 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 Voltages. 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 RowB RowC 
1 ADDRO ADDR7 DATAO 
2 ADDR1 ADDR8 DATA1 
3 ADDR2 ADDR9 DATA2 
4 ADDR3 ADDR10 DATA3 
5 ADDR4 RD* DATA4 
6 ADDR5 WR* DATA5 
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 ANALOG1 ANA   RTN_SENSE D/A_V 
27 ANALOG2 ANALOG7 ANALOG12 
28 ANALOG3 ANALOG8 ANALOG13 
29 ANALOG4 ANALOG9 ANALOG14 
30 ANALOG5 ANALOG10 Dosimeter_G 
31 ANALOG6 ANALOG11 Dosimeter_S 
32 Temp_sense_High Temp_sense_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 Interface and 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  Dnnhlft 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. 
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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 measuremerU resolute J* 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 Sensing 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. 

To 
Temp_Sense_High, 

A32 

—-AAA 
1 Kohms, 
RLR07 
(tolerance is 
not critical) 

+ AD590 AA/1—- 
To Temp_Sense_Rtn, 

B32 
1 Kohms, 
RLR07 
(tolerance is 
not critical) 

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 
AD565ATD. 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 CE01 and CE03 
tests with connected to a Line Impedance and Source Network that simulates the 
Experiment Panel's power outputs. The test levels shall follow CE01 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 
trie processor that the daughterboard has data to pass on. The daughterboard shall not 
modify this data until this line is reset. 

3 3 4 TNT* 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* line 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 Right Software will 
be supporting two standard interfaces. 

3.4.2. Type T 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 I interfaces 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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Stop Addr 
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Pattern Data 
Pattern Data 
LSB of Pattern Data 
MSB of Refresh Rate 
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 tesL 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 Tvoe T Telemetry Interface The Telemetry Interface for Type I DUTs will start at 
location 0x110 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 labels in 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. 
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Figure  14:    Type I Telemetry Interface 

IS 3.4.3 Type II Interface: Variable. Packet Oriented Interface This interface type 
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 II command interface or the Type II telemetry interface or both interfaces. 

3.4.3.1 Type II Command Interface The Command Interface for Type II 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 wül 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. 
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Figure  15:    Type II Command Interface 

in 

3.4.3.2 Type II Telemetry Interface The Telemetry Interface for Type II DUTs will start at 
location 0x110 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). 
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Figure  16:     Type II Telemetry Interface 

3.5 THERMAL 

3.5.1 Heat Dissipation. The daughterboard 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 
40 122.3 
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  Vibration. 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 LeVels 

3.6.3.  Shock. The predicted pryro-shock levels at the MPTB interface with the host 
vehicle are shown in Figure 19. 
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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 - Oual Level Test 
1. Random vibration at flight level +6dB, 3 axes for 3 minutes each 
2. Acoustic at flight level +6dB for 2 minutes 
3. Flight shock level, 3 axes, 3 shocks each 
4. Thermal Cycle: -20C to +60C, 9 cycles 
5. EMI testing 

5.2.1.2 Test Performed on the Flight Unit 
1. Random vibration at flight level, 3 axes for 1 minute each 
2. Acoustic at flight level for 1 minute 
3. Flight shock level, 3 axes, 1 shock each 
4. Thermal Cycle: -IOC to +50C, 9 cycles at box level 
5. Thermal Vacuum: -IOC to +50C, 3 cycles at system level 
6. EMI testing 



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 
1. Engineering Model. 
2. Flight daughterboard. 
3. Full board schematic. 
4. List of discrete analog input and outputs. 
5. Command and digital da^a interface description. 
5. Documentation describing board functions. 

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 8051 FC 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 805l'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 

12 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

LEADER 
HEADER 
CODE 
FILE 
Holesize 
Holesize 
Holesize 
Holesize 
Holesize 
Holesize 
Holesize 
Holesize 
Holesize 
Holesize 

G90 
X00400Y02800 
R13X00100 
X01700Y03400 
R13X-00100 
X00400Y03550 
R13X00100 
X01700Y04150 
R13X-00100 
X00400Y04300 
R13X00100 
X01700Y04900 
R13X-00100 
X00400Y05050 
R13X00100 
X01700Y05650 
R13X-00100 
X00600Y02350 
Rl1X00100 
X01700Y02650 
R11X-00100 
X00500Y01800 
R09X00100 
X01400Y02100 
R09X-00100 
X00500Y00900 
R19X00100 
X02400Y01500 
R19X-00100 
X01800Y01800 
R07X00100 
X02500Y02100 
R07X-00100 
X02100Y02500 
Rl1X00100 
X03200Y02900 

ASCII 
ncdrilll 

= 26 
= 28 
= 36 
= 39 
= 44 
= 45 
= 11 
= 12 
= 14 
= 1 

for layers TOP and BOTTOM 
.000000 PLATED MILS 
.000000 PLATED MILS 
.000000 PLATED MILS 
.000000 PLATED MILS 
.000000 PLATED MILS 
.000000 PLATED MILS 
0.000000 PLATED MILS 
0.000000 PLATED MILS 
0.000000 PLATED MILS 
50.000000 PLATED MILS 
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RllX-00100 
X02100Y03200 
RllXOOlOO 
X03200Y03600 
RllX-OOlOO 
X02100Y03800 
R09X00100 
X03000Y04100 
R09X-00100 
X02100Y04300 
R09X00100 
X03000Y04600 
R09X-00100 
X02100Y04800 
R09X00100 
X03000Y05100 
R09X-00100 
X02100Y05300 
R09X00100 
X03000Y05600 
R09X-00100 
X03030Y00840 
RllXOOlOO 
X04130Y01440 
RllX-OOlOO 
X03500Y01800 
RllXOOlOO 
X04600Y02200 
RllX-OOlOO 
X03500Y02500 
RllXOOlOO 
X04600Y02900 
RllX-OOlOO 
X03600Y03200 
R09X00100 
X04500Y03500 
R09X-00100 
X03600Y03800 
RIOXOOIOO 
X04600Y04200 
RIOX-OOIOO 
MOO 
X04250Y01940 
X00800Y02000 
X01570Y02320 
X01640Y02620 
X01740Y00930 
X02100Y02250 
X01200Y02250 
X00790Y02690 
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 
vnnQ-jnvm Ann 

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 
X01220Y03020 
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 
X01410Y00800 
X01610Y01010 
X03890Y02410 
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 
X03220Y02750 
X02020Y02720 
X04550Y02350 
X00540Y02480 
X04770Y01810 
X01690Y01850 
X00350Y01930 
X02900Y01220 
X00340Y01320 
X04770Y04730 
X04370Y05350 
X04420Y04830 
X03560Y04820 
X04420Y05330 
X04170Y05390 
X04780Y04530 
X03240Y04200 
X00290Y04280 
X02670Y02160 
X00440Y02140 
X04760Y01260 
X04420Y01230 
MOO 
X03250Y05100 
X03250Y05600 
X03370Y05100 
X03370Y05600 
X03070Y01900 
X03270Y01900 
X03700Y05500 
X03700Y05600 
MOO 
X00950Y00550 
R31X00100 
X00950Y00450 
R31X00100 
X00950Y00350 
R31X00100 
MOO 
X03500Y05100 
MOO 
X03500Y05600 
MOO 
X00500Y00625 
X00500Y00275 
X04500Y00275 
X04500Y00625 
MOO 
X00728Y00450 
X04272Y00450 
MOO 
X00500Y00450 
X04500Y00450 
MOO 
X00250Y00150 
X00150Y02320 
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X00250Y05850 
X02450Y05850 
X04700Y05850 
X04850Y02340 
X04750Y00150 
M30 

B.  NCROUTEFILE 

EXTENTS: -1.000  -1.000  10.000  7.500 
LEADER: 12 
HEADER: none 
CODE  : ASCII 
;FILE  : brd23 for board 
/tmp_mnt/h/galaxy_ul/mooney/thesis/project/brd23.brd 
% 
G90 
Fl 
Ml 6 
T01 
Ml 6 
G00X05000Y06000 
M15 
G01X05000Y00190 
G01X04810Y00000 
G01X00190Y00000 
G01X00000Y00190 
G01X00000Y06000 
G01X05000Y06000 
Ml 6 
G40 
M30 

79 



80 



APPENDIX C. DATASHEETS 

The following Pages include manufacturer datasheets from the following companies: 

UTMC 

Harris 

Vitesse 

IDT 

National Semiconductor 

ELCO 

Phillips 

Ralton 

Oh mite 

Motorola 
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Product Brief 

UNITED 
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MICROELECTRONICS 
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FEATURES 

D Three 16-bit timer/counters 
- High speed output 
- Compare/capture 
- Pulse width modulator 
- Watchdog timer capabilities 

D 256 bytes of on-chip data RAM 

D 32 programmable I/O lines 

O 7 interrupt sources 

D Programmable serial channel with: 
- Framing error detection 
- Automatic address recognition 

D TTL and CMOS compatible logic levels 

D 64K external data and program memory space 

D MCS®-51 fully compatible instruction set 

PSEN 
ALE 

irU 

»      RAM 

B 
REGISTER 

I 
L^C] 

I 

TMP2 

D Flexible clock operation 
- 1Hz to 20MHz with external clock 
- 2MHz to 20MHz using internal oscillator with 

external crystal 

D Radiation-hardened process and design: total dose 
irradiation testing MIL-STD-883 Method 1019 
- Total dose: 1.0E6 rads(Si) 
- Single event upset: <25.6E-6 errors/device-day 
- Latehup immune 

D Post-radiation AC/DC performance characteristics 
guaranteed to MIL-STD-883 Method 1019 testing at 
1.0E6rads(Si) 

D Built on low-power, l.2jiCMOS process 

D Packaging options: 
- 40-pin DIP 
- 44-lead flatpack 

P0.0 - P0.7 P2.0 - P2.7 
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Figure 1. UT69RH051 Microcontroller Block Diagram 
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1.0 INTRODUCTION 

The UT69RH051 is a radiation-tolerant 8-bit 
microcontroller that is pin equivalent to the Intel 8XC51FC 
microcontroller. The UT69RH051's static design allows 
operation from 1Hz to 20MHz. This product brief will 
describe hardware and software interfaces to the 
UT69RH051. 

2.0 SIGNAL DESCRIPTION 

VDD: +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 l's, and are TTL 
compatible. 

Port 1 (P1.0 - P1.7): Port 1 is an 8-bit bidirectional I/O port 
with internal pullups. The output buffers can drive TTL 
loads. When the Port 1 pins have l'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 l'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 I/O port 
with internal pullups. The output buffers can drive TTL 
loads. When the Port 3 pins have l'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 
Pin 

Alternate 
Name 

Alternate Function 

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

Pl.l T2EX Timer/Counter 2 Capture/Reload 
trigger and direction control 

P1.2 ECI External count input to PCA 

P1.3 CEXO 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 I/O for PCA capture/ 
compare Module 2 

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

P1.7 CEX4 External I/O for PCA capture/ 
compare Module 4                        | 

Table 2. Port 3 Alternate Functions 

Port 
Pin 

Alternate 
Name 

Alternate Function 

P3.0 RXD Serial port input 

P3.1 TXD Serial port output 

P3.2 INTO External interrupt 0 

P3.3 INT1 External interrupt 1 

P3.4 TO 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. All 
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. 
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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. 

EX: External Access Enable. This pin should be strapped to 
Vss (Ground) for the UT69RH051. 

XTAL1: Input to the inverting oscillator amplifier. 

XTAL2: Output from the inverting oscillator amplifier. 

(T2) 
(T2EX) 
(ECI) 
(CEXO) 
(CEX1) 
(CEX2) 
(CEX3) 
(CEX4) 

(RXD) 
(TXD) 

(INTT) 
(TO) 
(T1) 
(WR) 
(RÜ) 

^^ 
P1.0 C= 40 =3 VDD 
P1.1 cz 2 39 ZJ PO.O (ADO) 
P1.2 cz 3 38 P0.1 (AD1) 
P1.3 4 37 P0.2 (AD2) 
P1.4 tz 5 36 Z3 P0.3 (AD3) 
P1.5 6 35 ZJ P0.4 (AD4) 
P1.6 cz 7 34 Z3 P0.5 (AD5) 
P1.7 cz 8 33 Zl P0.6 (AD6) 
RST 9 32 Zl P0.7 (AD7) 
P3.0 10 31 Zl EÄ 
P3.1 cz 11 30 Zl ALE 
P3.2 cz 12 29 Zl P5ER 
P3.3 cz 13 28 Zl P2.7 (A15) 
P3.4 cz 14 27 Z) P2.6 (A14) 
P3.5 cz 15 26 ZJ P2.5 (A13) 
P3.6 cz 16 25 Zl P2.4 (A12) 
P3.7 cz 18 24 zi P2.3 (A11) 

XTAL2 cz 17 23 Zl P2.2 (A10) 
XTAL1 cz 19 22 ZJ P2.1 (A9) 

Vss cz 20 21 Zl P2.0 (A8) 

Figure 2. UT69RH051 Pin Connections 

2.1 Hardware/Software Interface 

2.1.1 Memory 
The UT69RH051 has a separate address space for Program 
and Data Memory. Internally the UT69RH051 contains 256 
bytes of Data Memory. It can address up to 64 Kbytes of 
external Data Memory and 64Kbytes of external Program 
Memory. 

2.1.1.1 Program Memory 
There is no internal program memory in the UT69RH051. 
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 0000H through 7FFFH. 

2.1.1.2 Data Memory 
The TJT69RH051 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 RSO 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 - 7FH, use either direct or 
indirect addressing. For addresses larger than 7FH, 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. 

2.12 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. 
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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, F3ER, AXE, 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 UT69RH051 is compatible to the 
Intel MCS-51 instruction set used on the 8XC51FC. 
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F8 

FO 

E8 

EO 

D8 

DO 

C8 

CO 

B8 

BO 

A8 

AO 

98 

90 

88 

80 

Table 3. SFR Memory Registers 

CH 
00000000 

CCAPOH 
XXXXXXXX 

CCAP1H 
XXXXXXXX 

CCAP2H 
XXXXXXXX 

CCAP3H 
XXXXXXXX 

CCAP4H 
XXXXXXXX 

FF 

B 
00000000 

1-/ 

CL 
00000000 

CCAPOL 
XXXXXXXX 

CCAP1L 
XXXXXXXX 

CCAP2L 
XXXXXXXX 

CCAP3L 
XXXXXXXX 

CCAP4L 
XXXXXXXX 

EF 

ACC 
00000000 

hi 

CCON 
00X00000 

CMOD 
OOXXXOOO 

CCAPMO 
xoooooooo 

CCAPM1 
XOOOOOOOO 

CCAPM2 
XOOOOOOOO 

CCAPM3 
XOOOOOOOO 

CCAPM4 
XOOOOOOOO 

DF 

PSW 
00000000 

D7 

T2C0N 
00000000 

T2MOD 
XXXXXXOO 

RCAP2L 
00000000 

RCAP2H 
00000000 

TL2 
00000000 

TH2 
00000000 

LF 

Cl 

IP 
xooooooo 

SADEN 
00000000 

BF 

P3 
11111111 

IPH 
XOOOOOOOO 

By 

IE 
00000000 

SADDR 
00000000 

AF 

P2 
11111111 

A) 

SCON 
00000000 

SBUF 
XXXXXXXX 

yF 

PI 
11111111 

91 

TCON 
00000000 

TMOD 
00000000 

TLO 
00000000 

TL1 
00000000 

THO 
00000000 

TH1 
00000000 

üb 

PO 
11111111 

SP 
00000111 

DPL 
1    00000000 

DPH 
00000000 

PCON 
OOXXOOXX 

" 

Note« 
1. Values shown are the reset values of the registers. 
2. X = undefined 
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3.0 RADIATION HARDNESS 

The UT69RH051 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 
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 
caused by rail collapse. 

t 

RADIATION HARDNESS DESIGN SPECIFICATIONS l 

PARAMETER 

Total Dose 

Dose Rate Upset 

Dose Rate Survival 

LET Threshold 

Neutron Fluence 

CONDITION 

+25°C per MIL-STD-883 Method 1019 

< 4us pulsewidth 

20ns pulsewidth 

-55°Cto+125°C 

lMeV equivalent 

Note: 
1. The UT69RH051 will not latchup during radiation exposure under recommended operating conditions. 

MINIMUM 

1.0E6 

1.0E8 

1.0E10 

36 

1.0E14 

UNIT 

rads(Si) 

rads(Si)/sec 

rads(Si)/sec 

MeV- 
cm2/mg 

n/cm2 

4.0 ABSOLUTE MAXIMUM RATINGS l 

(Referenced to Vss) 

SYMBOL 

VDD 

VI/O 

TsTG 

PD 

TJ 

eJC 

Notes: 

PARAMETER 

DC Supply Voltage 

Voltage on Any Pin 

Storage Temperature 

Maximum Power Dissipation 

Maximum Junction Temperature 

Thermal Resistance, Junction-to-Case' 

DC Input Current 

LIMITS 

-0.5 to 7.0 

-0.5toVDD+3V 

-65 to +150 

750 

175 

10 

±10 

UNITS 

V 

°c 
mW 

°C 

'C/W 

mA 

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 specificaoon 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)* 
VDD = 5.0V ± 10%; TA = -55°C < Tc < +125°C) 

SYMBOL PARAMETER CONDITION MINIMUM MAXIMUM UNIT 

VlL Low-level Input Voltage -0.5 .8 V 

VlH High-level Input Voltage 
(except XTAL2, RST, EÄ) 

2.0 VDD+0.3 V 

Vmi High-level Input Voltage 
(XTAL,RST) 

3.85 VDD+0.3 V 

VOL Low-level Output Voltage1 

(Ports 1,2 and 3) 
IOL = 100tiA 0.3 V 

IOL = l-6mA 0.45 V 

IOL 
= 3.5mA 1.0 V 

VOLI Low-level Output Voltage1 
IOL = 200nA 0.3 V 

(Port 0, ALE/PROG, PSEN) 
IOL = 3.2mA 0.45 V 

IOL = 7.0mA 1.0 V 

VOH High-level Output Voltage 
(Ports 1, 2, and 3 
ALE/PRÖGandPSfiN) 

IOH = -10nA 4.2 V 

IOH = -30nA 3.8 V 

IOH = -60txA 3.0 V 

VoHl High-level Output Voltage 
(Port 0 in External Bus Mode) 

IOH = -200^ 4.2 V 

IOH 
= -3.2mA 3.8 V 

IOH 
= -7.0mA 3.0 V 

IlL Logical 0 Input Current 
(Ports 1, 2, and 3) 

VIN = 0.45V -50 HA 

Iu Input Leakage Current 
(Port 0) 

VIN = VIL or VIH ±10 uA 

ITL Logical 1 to 0 Transition Current 
(Ports 1, 2, and 3) 

VIN = 2V -650 uA 

CIO Pin Capacitance @ 1MHZ, 25°C 10 pF 

Ice Power Supply Current: 
(Running at 16MHz) 

Note 2 52 mA 

Notes: 
*  Post-radiation performance guaranteed at 25°C per MIL-STD-883. 
1. Under steady state (non-transient) conditions, IOL must be limited externally as follows: 

Maximum IOL per port P'n: 10mA 
Maximum IOL per 8-bit port- 

Port 0: 
Ports 1, 2, & 3: 

Maximum total IQL for all output pins: 

26mA 
15mA 
71mA 

If IOL exceeds the test condition, VOL 
raay exceed the related specification. Pins are not guaranteed to sink current greater than the listed test 

conditions. 
2. See figures 4,5, and 6 for test conditions. 
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CLOCK 
SIGNAL 

*CLCH = *CJCL = 5ns 

Figure 4. IQD Test Condition, Active Mode 
AH other pins disconnected 

V0D-0.5 

0.45V 

•7VDO 

0.2 VDD -0.1 

tCHCL 
*CLCX 

tCHCX 

tCLCH 

tCLCL. 

\ 

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

(VDD = 5.0V ± 10%; -55°C < Tc < +125°C)  

t 

SYMBOL 

tCLCL 

1/tCLCL 

tLHLL 

tAVLL 

tLLAX 

tLLTV 

tLLPL 

tpLPH 

tpLIV 

tpxix 

tpxiz 

tAVTV 

tpLAZ 

tRLRH 

t\VLWH 

tRLDV 

tRHDX 

tRHDZ 

tLLDV 

tAVDV 

tLLWL 

tAVWL 

tQVWX 

t\VHQX 

tQVWH 

tRLAZ 

PARAMETER 

Clock Period 

Oscillator Frequency 

ALE Pulse Width 

Address Valid to ALE Low 

Address Hold after ALE Low 

ALE Low to Valid Instruction In 

ALE Low to PSEN" Low 

PSEN Pulse Width 

PSEN Low to Valid Instruction In 

Input Instruction Hold after PSEN 

Input Instruction Float After PSEN 

Address to Valid Instruction In 

PSEN Low to Address Float 

RD Pulse Width 

WR~ Pulse Width 

R"D LOW to Valid Data In 

Data Hold After R"D 

Data Float After RD 

ALE Low Valid Data In 

Address to Valid Data In 

ALE Low to R"D or WR Low 

Address Valid to WR Low 

Data Valid Before WR 

Data Hold After WR 

Data Valid to WR High 

RD Low to Address Float 

twHLH RD or WR High to ALE High 

MINIMUM 

50 

2 tcLCL-40 

tCLCL-40 

tCLCL-30 

tCLCL-30 

3 tcLCL-45 

0 

6 tcLCL-100 

6 tcLCL-100 

0 

3 tcLCL-50 

4 tcLCL-130 

tCLCL-50 

tCLCL-50 

7 tcLCL-150 

tCLCL-40 

•  P^t-radiation performance guaranteed at 25°C per MIL-STD-883 Method 1019 at 1.0E6 rads(Si). 

MAXIMUM 

16 

4 tcLCL-100 

3 tcLCL-105 

tCLCL-25 

5 tcLCL-105 

10 

5 tcLCL-165 

2 tcLCL-60 

8 tcLCL-150 

9 tcLCL-165 

3 tciXL+50 

tCLCL + 40 

UNIT 

ns 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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lLHU.- 

ALE 

P5EN 

PORTO 

PORT 2 

JT \ ^ x~ \ 

4— Uva-X- tujv-* 

H'LHM F 

s ^ 
-* 

1 P ~ tpuv             ^f 
\ 

4- tPLAZ 1 » — VXIZ 

KlAX ~j 

— 

«PXIX-P| 

>H A0-A7 INSTR IN >"^- ^          AO - A7       V—< 

!.._.. 

* A8-A15                                           X                             A8-A15 

Figure 6. External Program Memory Read Timing Waveforms 

ALE 

P5ER 

Nv 
tLHLL- 

PORT ■>: 

PORT 2 X 

Uvu. 

y 
r 

*LLDV- 

<U.WL > 

 \ 

*LLAX- 

AO -A7 FROM Rl OR DPL 

*AVWL" 

tfiLRH 

• *RUDV— 

- lRLAZ 

*AVDV 

y 
*RHDX- 

X. y 
tWHLH 

y 

«—» 

r DATA IN m< 
tRHDZ 

. AO • A7 FROM PCL?—t INSTR IN >-Q 

P2.0 - P2.7 OR A8 -A15 FROM DPH IX A8-A1SFROMPCH 

Figure 7. External Data Memory Read Cycle Waveforms 

ALE 

P5EN 

Wff 

PORTO 

PORT 2 

■\ 

\_ 
1LHU.- 

> 

'AVU. 

ILLWL * 

~ M 
*QVWX 

tLLAX*   4 H 
V 

i s    r 
AO -A7 FROM Rl OR DPL, < t 

*AVWL_ 

'WLWH- 

y 
■kivwH" 

V y 
•fyVHLH 

~X y 

DATA OUT 

— *WHQX 

X  /\A0 • A7 FROM PCy—SJNSTR IN 

P2.0 • P2.7 OR A8 -A15 FROM DPH X A8-A15FROMPCH 

Figure 8. External Data Memory Write Cycle Waveforms 
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8.0 SERIAL PORT TIMING CHARACTERISTICS 
(VDD = 5.0V ± 10%; -55°C < Tc < +125°C) 

SYMBOL PARAMETER MINIMUM MAXIMUM UNIT 

tXLXL Serial Port Clock Period 12 tcLCL-10 12tcLCL+10 ns 

tQVXH Output Data Setup to Clock Rising Edge 10 tcLCL-133 ns 

tXHQX Output Data Hold after Clock Rising Edge 2 tcLCL-70 ns 

tXHDX Input Data Hold after Clock Rising Edge 0 ns 

tXHDV Clock Rising Edge to Input Data Valid 10 tcLCL-133 ns 

CLOCK 

OUTPUT DATA 
(WRITE TO S8UF) 

INPUT DATA 
(CLEAR Rl) 

I     i    I     1    I     '    |     '    I    '    I    s    I     '    I    '    I    '    I ^ J^OJVTlJUUTJlJT-riJLAJlJl^JUUlJ 
P   TjCLXl. "I 

TQVXH-f<- 
TxHQX-* 

XZI XZI 
rTxHDX ' 

SETTI 

SETRI 

Figure 9. Serial Port Timing Waveforms 

9.0 EXTERNAL CLOCK DRIVE TIMING CHARACTERISTICS 

SYMBOL PARAMETER MINIMUM MAXIMUM UNIT 

1/tCLCL Oscillator Frequency 16 MHz 

tCHCX High Time 20 ns 

tCLCX Low Time 20 ns 

tCLCH Rise Time 20 ns 

tCHCL Fall Time 20 ns 

i 

VDD - 0.5 

0.45 V / 
0.7 V00 

0.2 VDD - 0.1 

*CHCL- 

tCLCX ' 

<CHCX -J 
*CLCH 

tCLCL' 

Figure 10. External Clock Drive Timing Waveforms 
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L 
TBD 

Figure 12. 44-Lcad Flatpack 
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10.0 PACKAGING 

K  0.595 ±0.010 

S1 
0.005 MIN. TYP. 

 L 

S2 
0.005 MIN. typ. 

T 

2.000 ±0.025 

PIN 1 I.D. 
(Geometry OPTIONAL) 

TOP VIEW 

A 
0.185 MAX. 

0.018 ±0.002 

SIDE VIEW 

0.010 + °-°°2 

-0.001 

0.600 ±0.010 
(AT SEATING PLANE) 

Notes: 
1. All package finishes are per MIL-I-38535. 
2. Letter designations are for cross-reference MIL-STD-1835. 

END VIEW 

Figure 11. 40-pin Side-Brazed DIP 
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APPENDIX A 
Difference Between Intel 8XC51FC and UTMC69RH051 

There are a few areas in which the UT69RH051 differs from 
the 8XC51FC. 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 
8XC51FC family, including the 20MHz 8XC51FC-1. 

1.0 RESET 

The UT69RH051 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 UT69RH051 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 
8XC51FC 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. 

22 Power Down Mode 

Power down mode and the corresponding control bit in the 
PCON register have not been implemented in the 
UT69RH051. 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 
8XC51FC has not been implemented in the UT69RH051. 

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 
UT69RH051, the operating voltage range is 5V ± 10%. The 
operating temperature range is -55° to +125°C. 

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 UT69RH051. 
Setting the idle control bit will have no effect. 

14 



APPENDIX B 
Impact of External Program ROM 

The 8051 family of microcontrollers, including the 
8XC51FC, use ports 0 and 2 to access external memory. In 
implementations with external program memory, these two 

ports are dedicated to the program ROM interface and can 
not be used as Input/Output ports. The UT69RH051 uses 
external program ROM, so ports 0 and 2 will not be 
available for I/O. 

C 
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Miftary Standard Product 

UT22VP10 Universal RADPAL 
f\ Preliminary Data Sheet 

7M 

UNITED! 

MICSOEUCTRONICS 
CENTER! Jury 1995 

FEATURES 

D High sf*ed Universal RADPAL 

• ltpx>: 25ns maximum 
• fk&AXV3QMHzjmariTr»im external frequency 
- Supported by industrystarKfard programmer 
• 'Amorphous gflioon anti-fuse 

D Asyrchrc*wcs & syricaronous RADEAL operation 
- SSyaduonous PRESET 
• Asynchronous RESET 

D UpftO 22 input and 10 output drivers may be 
configured 
- JCMOS & TTL-eompatible input and output levels 
- Three-stale output drivers 

L i 
D \&roble product terras, 8 to 16 per output 

Ci i 
D 10 user-programmable output macrooells 

- Registered or combinatorial operation 
- Output driver polarity control selectable 
- 2 feedback paths available 

D Low operating current 
- IDr>-6ömA@lMHz 

D VDD:5.Qvolts ±10% 

D Radiation-hardened process and design; total dose 
irradiation testing to MIL-STD-883, Method 1019 
• Total dose: L0E6rads(Si) 
• Single event effects: 

Upset threshold 50 MeV-cnvtymg (min) 
Latchup immune 

- Neutron flaence: LÜE14 n/em2 

D QMLQ&Voompliant part (check factory for 
availability) 

O Packaging options: 
- 24-pin 100-mfl center DIP (0300 x L2) 
• 24-lead flatpack (45 x .64) 
- 28-ieadquad-flatpack(.45x.45) 

D Standard Military Drawing 5962-94754 available 

a        7    | c |     s       4 

PROGRAMMABLE AND ARRAY LOGJC 
(132X44) 

RMWt 

cu Figure L Block Diagram 
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PRODUCT DESCRIPTION 

The UT22VP10 RADIäL is a fuse programmable logic 
array device. The familiar «urn-of-products (AND-OR) 
logfc structure is complemented with a programmable 
macroccB. The UT2ZVP10 fc availabk in 24-pin DIP, 
24-icad flatpack, and 28-lead quad-flatpack package of- 
ferfhgs providing op; to 22 inputs and 10 outputs. Amor- 
phous silicon anti-fiise technology provides the program- 
mirigof each output The user specifies whether each of 
the potential output* is registered or combinatorial. Out- 
pnt polarity is also i&fividually selected, allowing far 
greater flexibility fox output configuration. A unique out» 
pet enable fanction allows the user to configure bidirec- 
tional I/O on an indlvkhial basis. 

The! UT22VP10 architecture implements variable prod- 
set terms providing fe to 16 product terms to outputs. 
This feature provide« die user with increased logic tunc- 
tiort flexibility. Other features include common synchro- 
nous preset and asynchronous reset These features tHnv- 
ina» the need for performing the initialization function. 

ThelUTZZVPIO provides a device with the flexibility to 
implement logic functions in the 500 to 800 gate com- 
pkoBty.The flexible architecture supports the imple- 
mentation of logic functions requfringnp to 21 inputs 
and'ionly a single output or down to 12 inputs and 10 
outputs. 

DIF? & FIATPACK PIN CONFIGURATION 

QUAD-FLATPACK PIN CONFIGURATION 

I      t    CPrt Voo V«, too V01 
n n n n n n n 

• 

S 4 9 2 1 28 27 26 

m s 25 3 W2 

»c s 24 3  1*3 

iC 7 23 D iiw 

aC a 22 D Vcc 

IC 9 21 U w» 

Id « M U M» 

»c « 1» 3 MD7 
12 13 14 15 16 17 18 

U u u U U u u 
I      I    Y»VK    I   VOtVOl 

PIN NAMES 

CPfl Clock/Data Input 

I Data Input 

I/O Data Input/Output 

VDD Power 

Vss Ground 

CM 
I- 

4- 
I- 
1- 
1- 
1- 
1- 
-h 
-I- 
~l 

i 
1 24 
2 23 
3 22 
4 21 
5 20 
a           is 
7                  18 
»                17 
9                16 

18                15 
11 14 
12 t* 

i 
\ 

■ 

; 

■^ 

 1 

KM 
KOI 
KM 
uoa 
I/04 
vos 

W37 

i/ca 
i 

FUNCTION DESCRIPTION 

The UT22VP10 RADML implements logic functions as 
sum-of-products expressions in a one-time program- 
mable-AND/fijted-OR logic array. User-defined func- 
tions are created by progranunmg the connections of 
input signals into the array. User-configurable output 
structures in the form of I'D macrocells further increase 
logic flexibility. 

« 
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C' i labte 1. Macroceli G»figuratkm Table 

Cö Cl Co Output Typ© Polarity Feedback 

°; 0 0 Registered Active LOW Registered 

q 0 1 Registered Active HIGH Registered 

X 
1 

1 0 Combinatorial Active LOW I/O 

X l  : 1 Combinatorial Active HIGH vo 
li o ! 0 Registered Active LOW I/O 

i! o   1 1 Registered Active HIGH VO 

i 

»..    A        *              <nn             .« 

• 

OVERVIEW 

The UT22VP10 RADEAL architecture (figure 1) has 12 
dedicated inputs and ICH/Os to provide up to 22 inputs 
and 10 outputs for creating logic functions. At the core 
of the device is a one-time programmable :anti-fuse AND 
array titat drives a fixed JOR array. With this structure, 
the UTJSVPIO can implement up to 10 sum-of-products 
logic expressions. 

Associated with each of the 10 OR functions is a macro- 
cell which is independently programmed to one of six 
different configurations. Tie one-time programmable 
macro cells aBow each I/O tö create sequential orcombi< 
natorial logic functions with either Active-High or Ac- 
tive-LoV polarity. 

LOGIC ARRAY 

The one-time programriabte AND array of the 
UT22W10 RADfÄL is fanned by input lines intersecting 
product terms. The input tines and product terms are 
used as&flowK 

44inputünes 

• 24 inpnt fines cany dxitrae and complement of the sig- 
nafeajpBedtotbempikpms 

• 20 lines carry (he true and COmptemeat values of feed- 
back jar input signals firom the 10 VOs 

132 product terms: 

• 120rjjto4ictternis(arraiigedi«2giour«of8l10,12,1*. 
and 1J5) used to form logic soms 

• 10 a^pm enable tertn^ (one for each VO) 
• I global synchronous preset term 
• I global asynchroBoas reset term 

At eachjinput-Kne^prodoct-term intersection there is an 
anfrfiisb cell which determines whether or not there is a 
logical connection at that intersection. A product term 
which is| connected to both file true and complement of 
an input signal wflJ always be logical zoo, and thus will 

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

PRODUCT 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 ARCHITECTURE 

The output macroceli provides complete control over the 
architecture of each output. Configuring each output 
independently permits users to tailor the configuration 
of the UTZZVT10 to meet design requirements. 

Each I/O macroceli (see figure 2) consists of a D flip-flop 
and two signal-select multiplexers. Three configuration 
select bits controlling the multiplexers determine the 
configuration of each UT22VP10 macroceD. The config- 
uration select bits determine output polarity, output type 
(registered or combinatorial) and input feedback type 
(registered or I/O). See figure 3 for equivalent circuits 
for the macroceli configurations. 

OUTPUT FUNCTIONS 

The signal from the OR array may be fed directly to the 
output pin (combinatorial function) or latched in the D 
flip-flop (registered function). The D flip-flop latches 
data on the rising edge of the clock. When the synchro- 
nous preset term is satisfied, the Q output of the D flip- 
flop output will be set logical one at the next rising edge 
of the dock input. Satisfying the asynchronous dear term 
sets Q logical zero, regardless of the clock state. If both 
terms are satisfied simultaneously, the dear will override 
the preset 

J 
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Figure 2. MaoroceO 

OTJTPUT POLARITY 
i 

Each macrocell can be configured to implement Active- 
High or Active Low logic Programmable polarity elimi- 
nates the need for external inverters. Unprogrammed 
device outputs arc logical one [inputs don't care). 

OUTPUT ENABLE 

The output of each frO rnacrocetl can be enabled or dis- 
abfed under the control a programmable output enable 
product term. The output signal is propagated to the I/O 
pin when the logical conditions programmed on the out- 
put enable term are: satisfied. Otherwise, the output 
buffer is driven into the high-impedance state. 

The output enable term allow» the I/O pin to function as 
a dedicated input, dedicated output, or bidirectional I/O. 
Wbfcn every connection feunprograrnrned, the output 
enable product term permanently enables the output 
buffer and yields a dedicated output If every connection 
is programmed, the enable term is logically low and the 
I/O, functions as a dedicated input 

REGISTER FEEDBACK A, 

The feedback signal to die AND array is taken from the 
O output when the I/O macrocell implements a regis- 
tered function (C2 = 0, Cx = 0). 

BIDIRECTIONAL I/O 

The feedback signal is taken from the I/O pin when the 
macrocell implements a combinatorial function (Ci = 1) 
or a registered function (Q - 1, Q = 0). In this case, 
the pin can be used as a dedicated input, a dedicated 
output, or a bidirectional VO. 

FOWER.ON RESET    • 

To ease system initialization, all D flip-flops will power- 
up to a reset condition ami the Q output will be low. The 
actual output of the UT22VP10 wul depend on the pro- 
grammed output polarity. The VDD rise must be mono* 
tonic and the reset delay time is Sua maximum. 

AKn-FUSE SECURITY 

The UT22VP10 provides a special security bit that pre- 
vents unauthorized reading or copying of designs pro- 
grammed into the device. The security bh is set by the 
PLD programmer, at the conclusion of the prograroming jn. 
cycle. Once the security bit is set it is impossible to verify V 
(read) or program the UT22VP10. 
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Registered Fteedbadt, Registered, Active-Low Output (Qz = 0, Ci = 0, C, = 0) 

Registered Feedback, Registered, Active-High Output (C2 = fl, Ci = fl, C, = I) 

C^T" 

I/O Feedback, Combinatorial, Actrrt-Lw Output (C2 = X, Ct = 1, Q> = 0) 

Figure 3- Macrocell Configuration {continued on next page) 
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o 
4> 

S3- 

VO Feedback, Combinatorial, Adiye-High Output (Cfc = X, Ct = 1, C» « 1) 

I/O Rwrfbadc, Registered, Active-Low Output (Qx = l.Ci = 0, Q> = 0) 

VO Feedback, Registern), Active-High Output (C2 = 1, Ct = 0, Co = 1) 

0 

Figure 3. Macraccil Coofigaration 
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1 ABSOLUTE MAXIMUM RATINGS1 

j SYMBOL PARAMETER LIMIT UNITS 

1      VDD Supply voltage •0.3 to 7.0 V 

vw 
Input voltage any pin -QZtoVnxj+a V 

TSTG Storage Tfemperatare range -65 to +150 °C 

!      Tj Maximum junction temperature +175 «C 

Ts Lead temperature (soldering S seconds) +300 9C 

;   ©jc Thermal resistance junction to case 20 °c/w 

i. DC input current ±10 mA 

.     PD2 Maximum power dissipation L6 W 

TtetM: 
L S»*»e»c«-n-*-»H*~l-bK-nl_.7__i^ 

d*vWtothe»»cr*-y<_Ii-re«id_$gq»_«^ 
cauBSxmfot ««Ended periodinM(y«ff6Ct device ieEi!»%. 

RECOMMENDED OPERATING CONDITIONS 

SYMBOL 

VUD 

Vm 
TC 

PARAMETER 

Supply -roltage 

Input voltage any pin 

Temperatare range 

LIMIT 

4.5 to 5^ 

OtoVDD 
•55 to +125 

UNITS 

# 
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100328 
Low Power Octal ECL/TTL 
Bi-Dlrectional Translator with Latch 
General Description 
The 100328 b an octal latched W-drecttonal translator de- 
signed to convert TTL logic levels to 100K ECL logic levels 
and vice versa. The direction of this translation is deter- 
mined by the OR input A LOW on the output enable Input 
|OE) holda the ECL outputs in a cut-off state and the TTL 
outputs at a high impedance level. A HIGH on the latch 
enable input (LE) latohee the dele at both inputs even 
though only one output is enabled at the tkne. A LOW on LE 
makes the 100328 transparent 
The cut-off state is designed to be more negative than a 
normal ECL LOW level. Th* allowa the output emirter-toi- 
lowers to turn off when the termination supply Is -&OV, 
presenting a high impedance to the data bus. This high im- 
pedance reduce» termination power and prevents Icee of 
low state noiee margin when several loads share the bus. 

The 100328 is designed with FACT* TTL output buffers, 
featuring optimal DC drive end capable of quicWy charging 
and discharging highly capaciiva loads. All Inputs have 
SO Ml put-down fettstem. 

Features 
■ Identical Performance to the 100126 at 50% of the 

supply current 
■ Bf-otreorJonel translation 
■ 2O00V ESO protection 
■ Latched outputs 
■ FASTe TTL outputs 
■ TRt-STATE» outputs 
■ Voltage compensated operating range - 

-4.2V » -6.7V 
■ Avertable to MustrieJ grade temperature range 
■ Available to ML-STD-683 

Logic Symbol 

11111111 
\ ^ h h ; \ \ h 

f I f I 17 TI 

Connection Diagrams 

Pin Nsnwt DeoertptJon 

E0-E7 ECL Data I/O 
T0-T7 TTL Data I/O 
OE Output Enable Input 
LE Latch Enable Input 
DR Drection Control Input 
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Functional Diagram Detail 

_ Ut MTM. 

■       I»I 1«!     » Tat 

ten. 

«LI ■ 

(U) LATCH IN4UJLI - 

|0M|tCI/T1L- 

<0€>OUT»UTBU»LI- 

I I 

OfCOOC    -I 

. TTLJ 

■TTL» 

■ TTil 

-m» 

IMK LE. DIR, irat OE un SO. Ugis *»«k 

nuuwuroa 

^J- 

OUTPUT mm* 

-&n 

-<-■ 

Truth Table 
oe IHH LE ECL 

Port 
TTL 
Port 

NolM 

L X L LOW 
(Cut-OfT) 

Z 

L L H Incut z 1,3 

L H H LOW 
(Cut-Oft) 

Input 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 

H-MHV6KaB»LMl 
L- tOWVo«M*L«wl 
X- OontO» 

•Ml t: ECL input to TTL output mod*. 
NMi t TTL input IS ECL ou«ut moat. 
NM> 1: Unk» M pxMK brim U MI HKJH, 
NafetUehoi 



Absolute Maximum Ratings (Not«i) 
It UIHtary/Aeraapece specified davleea are required,          Vortag« Applied to Output 
ptMM  contact the  National   Samleonduetor  Sala»             hHGH Statt 
OHiee/DJea-feutort for avaiiabi'lty and epedfication«.               TFU-STATE Output                           -0.5V to + 5.6V 
Storage Temperature (TSTQ)                 -85*C to +150*C          Currant Applied to TTL 
Maximum Junction Temperature (Tj)                                           Output m LOW Stat» (Max)       Twiea tha Rated IOL (mA) 

Cararrac                                                          + 176*C          ESO(Note2)                                                      i 2000V 
Plastic                                                            +15CTC 

VEE pin potential to                                       Recommended Operating 
Ground Pin                                       -7.0Vto+0.6V          Condition 

Vm Pin Potential to                                                                 g^ Temperature (TrJ 
<**"*■*                                            -0.5V to + 6.0V            ^££T^                                         O-Cto+86-C 

ECL Input Voltage (DC)                              VEE«O+0£V             industrial                                         -4o»Cto+86,C 
ECL Output Currant                                                                  Miitaiy                                          -56«C to + 126H3 

(DC Output HK3H)                                               -60 mA           ECL Supply Voltage (VEE)                          -5.7V to-4.2V 
m.lnputVottaoa(Nota3)                      -0.6Vto+e.0V          TTL Supply Voltaga<VTnJ                      + 4.6Vto+5.6V 
rn.lnputCunant(Nota3)                 -30 mA to + 6.0 mA 
Nata fc/feaotowrweiwraar^antvaswiuaabayordvraVitiads- 
vtas majr M dsmagM or MM Mi uxfejl Ha bnparad. Ftinotoral spsmten 
undsr 9ms oondaons Is not Imoaid. 
Nata t: ESO IMdng oomorma to Ua.-8TOJB3, Uxhod »1». 
•Ma 1: Bum vcrag* aril or um Si* a suffldari to prowa Hum- 

Commercial Version 

TTL-to-ECL DC Electrical Characteristics 
VEE - -«.2V to -5.7V, Vcc - VOCA - QND, TQ - 0*C to +86*C, Vm. -  + 4.6V to + 6.6V (Note 4) 

Symbol Parameter Mr) Typ Max Unit* Condition« 

VOH Output HK3H Voltaoa -1026 —9oo -870 mv VH - V|H(U«»)OrV|LJyO,) 
LoarJng wfth son to - 2V 

VOL Output LOW Voltaoa -1830 -1706 -ieeo mv 

Cutoff voltage 
-2000 -I860 mV 

0E or OR Low, 

VW-V|H(Mrt <*%<**"). 
Loadng wftn son to-2V 

VOMC Output HIGH voltage 
Corner Point Hagri 

-1036 mV 
V« - ViHflÄflOrViLjijx) 
Loadsig with 50(1 to -2V 

VfXC Output LOW Voltaoa 
Comer Point Low 

-1810 mV 

V* Input UGH Vortage 2.0 5.0 V OrerVm, VEE, TC Range 

Vl Input LOW Voltage 0 0.8 V Over VTTL. VEE. TC Range 

llH Input UGH Current 70 1* V* - +2.7V 

Breakdown Teat 1.0 mA V»4 - +6.6V 

IlL Input LOW Currant -700 MA VM - +0.6V 

vreo Input CUsmp 
Diode Voltage 

-1i V 
\H- -18 mA 

IEE VEE Supply Current 

-15» 
-169 

-7S 
-75 

mA 

LE Low, OE and OR High 
Inputs Open 
VEE - -4-2V to -4*/ 
VEg - -4.2V to-5.7V 

Not» * Tha apaafta) knti rapraasnl tM "worst coat" wJus lor tu am». && 9M wtimttanrmtf tear* t»mivntonmtmvm.Kmoomi reim 
krmjn*/ and gij—ia>—iijinj oan ba asMavad ay diaraaafrj Via alawaaH a/sum oparamng ransaa. CaraHara tar taaSna anaan In Via aelsa ara ohassn to 
ojusrarsss opsrason undsr "worst oaaa" oondbons. 



Commercial Version (contmuad) 

ECL-to-TTL DC Electrical Characteristics 
VEE - -4.2V to -6.7V, Vcc - VcCA - QND, TC - 0*C to + B5,C, CL - 50 pF. Vm - +4-6V to +6.6V (Nota) 

Symbol Pamnatar lln TVP Max Urtta Condition« 

VOH Output WGH Vdtafl« 2.7 
2.4 

at 
2.9 

V 
V 

l0H--3mA,VTrL-4.75V 
IOH- -3mA,Vm.-4-50V 

VOL Output LOW Vottag« 0.3 0.5 V lot - 24 mA. V-m - 4.50V 

vn Input HIGH Vortag« -1186 -870 mV Quarantaad UGH Signal tor All Inputa 

V«. Input LOW Vortag« -1830 -1476 mV Guarantaad LOW Signal tor All Inputa 

I|H Input HIGH Current 360 «* VM - V|H (Max) 

IlL Input LOW Current 0.50 J*A V*-ViL(Min) 

k>rnT TRI-STATE Currant 

Output Ugh 
70 1* v0UT- + a7V 

IOZLT TRI-STATE Currant 

Output Low 
-700 MA vour- +o*v 

tos Output Short<*cu» 

Currant 
-150 -00 mA VOUT-0.0V.VTTL- +5.5V 

im VJTL Supply Currant 74 
49 
87 

mA 
mA 
mA 

TTLOutputiLOW 
TTLOutputaHlQH 
TTL Outputa in TRI-STATE 

DIP TTL-to-ECL AC Electrical C 
Vgs 4.2V to -6.7V,VTU ~ + 4.5V» +6.5\ 

Jharac 
'.Vcc- 

terlstlcs 
VCCA - QNO (Nota) 

•ynM Pmnwlw TC -crc TC-M*C TC- M*C 
Unrta Condraona 

Wn Max Hin      I Max wn      Max 

V>LH 
tPHL 

TNt0E„ 
(Tranaparant) 

1.1 as i.i 3.6 1.1       as 
na 
m 

Figur—142 

tptH 
tpHL 

LE*E„ 1.7 ae 1.7 3.7 1.9       a9 
na- 

na 
HgurmlS.2 

'f>ZH oetoEfl 
(CutpfftoWgh) 

1.3 42 1.5 4.4 1.7         4.8 na HgurmtS2 

tPHZ OEtoEn 
(Ugh to Cutoff) 

1.6 4.5 1.6 4.6 1.6         4.6 na Hgurm 112 

tPH2 DtRtoE« 
(Hkjh to Cutoff) 

1.8 4.3 1.6 43 1.7         4.5 na Hgurm tS2 

w T„toLE 1.1 1.1 1.1 na Figures tS 2 

thoU T„t0LE 1.1 1.1 1.1 na Hgurm 1S2 

WH) PulaaVWdtfiLE Z1 2.1 2.1 n» Hgurm 1i 2 

<TLH 
»THL 

Transiten Tim« 
20% to 80%, 80% to 20% 

0« 1.6 0.6 1.8 0.6          1.6 na Hgurm It2 

«laut» > 
r. 9ra thaaa >« 
«Km oparafcia 

turn na 
rangat 

mailv soar at to ummn mam*. mdMonal noha 

toiw» ud guantxrojng on M aUawaü b 
luwKn mniaaii undar NM can" ocnM or» 

nMinQ Vw Condi Bom «or «at no * wan in IV ti fjtn w*% chOMn to 



I0TS1S8SA/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) 

Symbol Parameter 

6168SA35 
8168LA35 

616BSA45» 
8168LA4S» 

6168SA55» 
6168LA55» 

6168SA70® 
8168LA70« 

Unit Mln. Max. Mia     Max. Min. Max. MJn.    Max. 

Write Cycle 

twc Write Cycle Time 30 — 40 — 50 — 80 — ns 

tew Chip Select to End-of-Wrle 30 — 40 — 50 — 60 — ns 

tAW Address Vald to End-of-Write 30 — 40 — 50 — 60 — ns 

tAS Address Set-up Time 0 — 0 — 0 — 0 — ns 

tWP Write Pulse Width 30 — 40 — 50 — 60 — ns 

tWR Write Recovery Time 0 — 0 — 0 — 0 — ns 

tDW Data Valid to End-of-Write 15 — 20 — 20 — 25 — ns 

tOH Data Hold Time 0 — 3 — 3 — 3 — ns 

tWHZ» Write Enable to Output in Hlgh-Z — 13 — 20 — 25 — 30 ns 

low*3) Output Active from End-of-Wiite 0 — 0 — 0 — 0 — ns 

NOTES: 
1. 0° to +70°C temperature range only. 
2. -55°C to +125°C temperature range only. Also avalable 85ns and 100ns devices. 
3. This pwamatar b guarantaad wtfi lha AC Load (Figur« 2) by davica characterisation, but is not production tastad. 

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)0,2'5) 

* twc — 

ADDRESS                ) i                                                   5 r 
«m //// 

f                                                               1 WE                                3 L 

—  tWHZW «•! i* i       m 
(6) 

tCHZ   «*■ 

DATAOUT   ( PREVIOUS DATA VAUD(4)) ( 
DATA.,,   > 
VAIinW   > 

tow IDH 

( 
r\*T* \;*i ir»             ^ .               y 

3080 drarO» 

62 



IDT6168SA/LA 
CMOS STATIC RAM 16K (4K X 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (Ü5 CONTROLLED TIMING)*1'* 5) 

ADDRESS 

CS 

twc 

X 
tAW 

\ 

US—m. 

/ 

tew 

WE 

DATAIN 

tow 

tWR   -a. 

i 
tOH 

DATA VALID 3 
3080 *» 10 

NOTES: 
1. 
2. 
3. 
4. 
5. 
6. 

WE or ES must be HIGH during all address ransHons.        
A write occurs during the overlap of a LOW CS and a LOW WE 
aw is measured from the earler of CS" or WE going HIGH lo the end of the writs cycle. 
Durrathis period, the I/O pins are in the output state and input signals should not be appied. 
If the CS LOW transition occurs simultaneously with or after the WE LOW transition, the ouoputs remain In the high impedance state. 
Transition is measured ±200mV from steady state. 

ORDERING INFORMATION 

IDT   6168 XX XXX XX 

Device 
Type 

Power    Speed     Package Process/ 
Temperature 

Range 

Blank 
B 

P 
D 
L 
SO 
E 

15 
20 
25 
35 
45 
55 
70 
85 
100 

SA 
LA 

Commercial (0°C to +70°C) 
Military (-55°C to+125X) 

Compliant to MIL-STD-883, Class B 

300mil Plastic DIP (P20-1) 
300mil Ceramic DIP (D20-1) 
Leadess Chip Carrier (L20-1) 
300mil Small Outine IC, Gull WTng (SO20-2) 
3O0mil CERPACK (E20-1) 

Military Only 
Military Only 
Military Only 
Military Only 
Military Only 

Standard Power 
Low Power 

y Speed in nanoseconds 

30Mdrw11 

5.2 



IDT6168SA/LA 
CMOS STATIC RAM 16K (4K X 4-BIT) MIUTARY AND COMMERCIAL TEMPERATURE RANGES 

AC ELECTRICAL CHARACTERISTICS (Vcc - 5.0V ± 10%, All Temperature Ranges) 

Symbol Parameter 

6168SA15 6168SA20/2S 

6168LA20/25 

Unit Min. Max Mbl. Max. 

Read Cycl« 

tRC Read Cycle Time 15 — 20/25 — ns 

tAA Address Access Time — 15 — 20/25 ns 

tACS Chip Select Access Time — 15 — 20/25 ns 

tCLZ« Chip Select to Output In Low-Z 3 — 5 — ns 

tCH2<2) Chip Deselect to Output In High-Z — 8 — 10 ns 

tOH Output Hold from Address Change 3 — 3 — ns 

tPU« Chip Select to Power-Up Time 0 — 0 — ns 

tPD™ Chip Deselect to Power-Down Time — 15 — 20/25 ns 

3080*»« 

AC ELECTRICAL CHARACTERISTICS (CONTINUED) (Vcc - 5,0V ± 10%, All Temperature Ranges) 

Symbol Parameter 

8168SA35 
B168LA35 

G168SA45<1> 
6168LA4S<1» 

616BSA58« 
6168LAS5« 

61B8SA70™ 
616SLA70TO 

Unit Min.    Max Min.    Max. Min. Max. Mbi. Max 

Read Cycle 

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 

tCLZ<« Chip Select to Output in Low-Z 5 — 5 — 5 — 5 — ns 

tCHZ(2> Chip Deselect to Output In High-Z — 15 — 25 — 25 — 30 ns 

tOH Output Hold from Address Change 3 — 3 — 3 — 3 — ns 

tPU<» Chip Select to Power-Up Time 0 — 0 — 0 — 0 — ns 

tPD<« Chip Deselect to Power-Down Time — 35 — 40 — 50 — 60 ns 

NOTES: 
1. -S5"C to f125°C «amparature range only. Also available 85ns and 100ns davteas. 
2. This parameter is guaranteed with AC Test load (Figure 2) by device characterization, but is not production 

30SOÖ13 

tested. 

TIMING WAVEFORM OF READ CYCLE NO. 1<1' 2) 

 .     tRC 

ADDRESS - - 

tAA 

tOH 

DATAOUT PREVIOUS DATA VALID mm 
3 

DATA VALID 

6.2 



IDT6168SA/LA 
CMOS STATIC RAM 16K (4K X 4-BIT) MIUTARY AND COMMERCIAL TEMPERATURE RANGES 

TIMING WAVEFORM OF READ CYCLE NO. 2(1'3) 

CS 

DATAOUT 

Vcc     SUPPLY 
CURRENT 

Ice 

ISB 

"Y 

IRC 

I 
tACS' 

■tCLZ 
(4) 

HIGH IMPEDANCE 

tPU- 

J- 
NOTES: 
1. WE is HIGH for Read cycle. 
2. CSis LOW for Read cycle. 
3. tevice is continuously selected, C3 is LOW. 
3. Address vaM prior to or coincident with S3 ransidon LOW. 
4. Transition is measured ±200rnV from steady state. 

-«( 

(3) 
-»• tCHZ   •> 

DATAOUT VALID 
HIGH MPEDANCE 

tPD 

"t 
3090 dn» OS 

AC ELECTRICAL CHARACTERISTICS (Vcc - 5.0V ± 10%. All Temperature Ranges) 

Symbol Parameter 

Write Cycle 
twc 

tew 

IAW 

(AS 

tWP 

tWR 

tow 

tOH 

tWHZ® 

tow*3» 

Write Cycle Time 

CNp Select to End-of-Write 

Address Vaid to End-of-Write 

Address Set-up Time 

Write Pulse Width 

Write Recovery Time 

Data Vald to End-of-Wrlta 
Data Hold Time 

Write Enable to Output In Hlgft-Z 

Output Active from End-of-Write 

6168SA15 

Min. Max. 

6168SA20/25 
6168LA20/2S 

Min.    Max. 

15 

15 

15 

15 

20 

20 

20 

20 

10 

Unit 

ns 
ns 

ns 
ns 

ns 

ns 
3090 fell« 

5.2 



IDT616BSA/LA 
CMOS STATIC RAM 16K (4K X 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 

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

Symbol Parameter 
IDT6168LA 

Unit Test Condition Min. Typ.«1) Max. 
VOR VCC for Data Retention 2.0 — — V 

ICCOR Data Retention Current 
csaVHc 
VIN ä VHC 

or S VLC 

MIL — 0.5» 
1.0» 

100» 
150» 

uA 

CÖM1. «_ O.S«> 
1.0» 

2ow 
30t3) 

HA 

tCCR<5> Chip Deselect to Data 
Retention Time 

0 — — ns 

tR<s> Operation Recovery Time tRC«> — — ns 

NOTES: 
1. TA.+25-C. 
2. atVcc-2V 
3. at Vcc = 3V 
4. IRC ■ Read Cycle Time. 
5. This parameter is guaranteed by device characterization, but is not production tested. 

XNOtbilO 

LOW Vcc DATA RETENTION WAVEFORM 

Vcc 4.SV 

tCOR 

™>///////J^ 
\ 

DATA 
RETENTION 

MODE 

VDR2:2V 

VDR 

7C~7^ 
tR 

^rWWWV 

AC TEST CONDITIONS 
Input Pulse Levels GND to 3.0V 

InpU Rise/Fall Times 5ns 

Input Timing Reference Levels 1.5V 

Output Reference Levels 1.5V 

AC Test Load See Figures 1 and 2 

DATAOUT 

255Q' 

3080*111 

5V 

\ 
480Q 

30pF* 

rt7 
Figur* 1. AC Test Load 

3OB0 *w 06 

DATAOUT 

25SQ 

5V 

480Q 

~    5pF* 

/T7 
Figure 2. AC Test Load 

(for ICHZ, tCLZ, twta and tow) 

30» ««06 

'Includes scope and Jg capacitances 

5J 



IDT616BSA/LA 
CMOS STATIC RAM 1BK (4K X 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 

DC ELECTRICAL CHARACTERISTICS™ 
(VCC - 5.0V ± 10%, VLC - 0.2V, VHC - VCC - 0.2V) 

Symbol Parameter Power 

6168SA1S 6168SA20 
6168LA20 

Unit Com'l. Mil. Corrrl. Mil. 

ICC1 Operating Power Supply Current 

CS i VIL Outputs Open, 
Vcc - Max., f - 0*3' 

SA 110 120 90 100 mA 

LA — — 70 80 

|CC2 Dynamic Operating Current 
CS £ VIL, Outputs Open, 
Vcc - Max., f - fuAX°> 

SA 145 165 120 120 mA 

LA — — 100 110 

ISB Standby Power Supply Current 
(TTL Level) 
CS&ViH.Vcc-Max., 
Outputs Open, f - fMAX0* 

SA 55 60 45 45 mA 

LA — — 30 35 

ISB1 Full Standby Power Supply Current 
(CMOS Level) 
ÜS" i VHC, Vcc - Max., 
VIN a VHC or VIN £ VLC, f - 0» 

SA 20 20 20 20 mA 

LA — — 0.5 5 

DC ELECTRICAL CHARACTERISTICS (CONTINUED)«1) 
(Vcc - 5.0V ± 10%, VLC - 0.2V, VHC - Vcc - 0.2V) 

3090 It* 07 

Symbol Parameter Power 

6168SA25 
6168LA25 

6168SA35 
6168LA3S 

6168SA4S/55 
6168LA45/55 

61685470» 
6168LA70® 

Unit Com'l. Ml. Com'L Mil. Com'l. Mil. Com'l. Mil. 

ICC1 Operating Power Supply Current 
CS £ Viu Outputs Open, 
Vcc - Max., f - tf3> 

SA 90 100 90 100 — 100 — 100 mA 

LA 70 80 70 80 — 80 — 80 

ICC2 Dynamic Operating Current 
CS 4 VIL, Outputs Open, 
Vcc - Max., f - «MAX»» 

SA 110 120 100 110 — 110 — 110 mA 

LA 90 100 80 90 — 80 — 80 

ISB Standby Power Supply Current 
0TL Level) 
CSfcViH. Vcc-Max., 
Outputs Open, f - fMAX?» 

SA 35 45 30 35 — 35 — 35 mA 

LA 25 30 20 25 — 25/20 — 20 

ISB1 Full Standby Power Supply Current 
(CMOS Level) 
CS i VHC, Vcc = Max., 
VIN S VHC or VIN S VLC f - 0« 

SA 3 10 3 10 — 10 — 10 mA 

LA 0.5 0.3 0.5 0.3 — 0.3 — 0.3 

NOTES: 
1. Al values are maximum guaranteed values. 
2. Abo avalabte 85 and 100na miltaiy device». 
3. fM*x = 1/RC, only address Inputs are cydngat ft«x. f = 0 means no address Inputs are changing. 

3oaota oa 

DC ELECTRICAL CHARACTERISTICS Vcc - 5.0V ± 10% 

Symbol Parameter 
IOT6168SA IDT6168LA 

Unit Test Condition Min. Max. Mia Max 

IM Input Leakage Current Vcc - Max., 
ViN-GNDtoVcc 

MIL 
COWL   

10 
2 

— 5 
2 

uA 

IM Output Leakage Current Vcc - Max.. CS - VIH, 

VouT-GNDtaVcc 
MIL 
COWL 

— 10 
2 — 

5 
2 

uA 

VOL Output LOW Voltage IOL ■ 10mA, Vcc »Min. — 0.5 — 0.5 V 

loL = 8mA. Vcc = Min. — 0.4 — 0.4 

VOH Output HIGH Voltage IOH - -4mA, Vcc » Min. 2.4 — 2.4 — V 

5J 



Integrated Device Technology, fc»c 

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

IDT6168SA 
IDT6168LA 

FEATURES: 
• High-speed (equal access and cycle time) 
- Military: 15/20/25/35/45/55/70/85/100ns (max.) 
— Commercial: 15/20/25/35ns(max.) 

• Lew power consumption 
• Battery backup operation—2V data retention voltage 

(IDT6168LAonly) 
• Available in high-density 20-pin ceramic or plastic DIP, 20- 

pin SOIC, 20- pin CERPACKand 20-pin leadless chip carrier 
• Produced with advanced CMOS high-performance 

technology 
• CMOS process virtually eliminates 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. It is fabricated using IDrs high-performance, 
high-reliability CMOS technology. This state-of-the-art tech- 
nology, combined with innovative circuit design techniques, 

provides a cost-effective approach for high-speed memory 
applications. 

Access times as fast 15ns are available. The circuit also 
offers a reduced power standby mode. When Ü3 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-level power and cooling savings. The low- 
power (LA) version also offers a battery backup data retention 
capability where the circuit typically consumes only 1>iW 
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 

Ao- 

A11- ÜZ 

ADDRESS 
DECODER 16.384-BIT 

MEMORY ARRAY 

Vcc 

GNO 

l/Oo- r=5- 
l/Oi 

1/02' 

1/03—f 

z?r 
;=^- 

cs- 

WE- 

3ZH-1 

rS 

^H 

INPUT 
DATA 

CONTROL 

I/O CONTROL 

^ 

r^z- 
fi=: 
<t 

3OWdrw01 
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IDT6168SA/LA 
CMOS STATIC RAM 16K (4K X 4-BIT) MUTARY AND COMMERCIAL TEMPERATURE RANGES 

PIN CONFIGURATIONS 

AoC 1 20 

AlC 19 

A2C 

A3C 

A4C 

AsC 

3 
.         P20-1. 

D20-1, 
5 SO20-2, 
6 &E20-1 

18 

17 

16 

IS 

AsC 7 14 

A7C 8 13 

csE 9 12 

GNDC 10 11 

I] vcc 
I] An 
HA10 

HA9 

13 As 
Hl/03 
Hi/02 
Hi/01 
Ul/Oo 
UWE 

DIP/SOIC/SOJ/CERPACK 
TOP VIEW 

INDEX 

A10 
A9 
As 
l/Oa 
I/02 
I/01 

3080 dm» 03 

TRUTH TABLED» 

Mode C5 W Output Power 

Standby H X Hlgh-Z Standby 

Read L H DOUT Active 

Write L L DIN Active 
NOTE: 
1. H = Vn, L = vt, X = Dont Care 

ABSOLUTE MAXIMUM RATINGS™ 

30*0 W 03 

Symbol Rating Com'l. Ml. Unit 

VTERM Terminal Voltage 
with Respect 

toGND 

-0.5 to +7.0 -0.5 to+7.0 V 

TA Operating 
Temperature 

0to*70 -55 to+125 °C 

TaiAs Temperature 
Under Bias 

-55 to+125 -65 to+135 °c 

TSTQ Storage 
Temperature 

-55 to+125 -6Sto*150 °c 

PT Power Dissipation 1.0 1.0 w 
lOUT IDC Output 

Current 
50 50 mA 

NOTE: 30BOW04 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS niay cause permanent damage to the devtee. This is a stress 
rating onry and functional operation of the device at these or any other 
conditions above (hose indicated In ihe operational sections of this 
specification is not impied. Exposure to absolute maximum rating 
conditions for extended periods may affect reiabfty. 

LCC 
TOP VIEW 

PIN DESCRIPTIONS 
Name Description 

A0-A11 Address inputs 

C5 Chip Select 

WE Write Enable 

I/O0-3 Data Input/Output 

Vcc Power 

GND Ground 
3090 lb; 01 

RECOMMENDED DC OPERATING 
CONDITIONS 

Symbol Parameter Mia Typ- Max Unit 

Vcc Supply Voltage 4.5 5.0 5.5 V 

GNO Supply Vokage 0 0 0 V 

VlH Input High Vokage 2.2 — 6.0 V 

VlL Input Low Voltage -OS'1» — 0.8 V 
NOTE: 30B01MOS 

1. VIL (min.) ■ -3.0V for pulse width less than 20ns, once per cycle. 

CAPACITANCE (TA = +25°C, F = 1.0MHz) 

Symbol Parameter*1' Conditions Max Unit 

ClN Input Capacitance VIN - ov 7 PF 

Ci/o I/O Capacitance VOUT - OV 7 pF 
NOTE: JO»«« 
1. This parameter is determined by device characterfeadon, but is not 

production tasted. 

RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 

Grade Temperature GND VCC 

Military -55°Cto+125°C OV 5V±10% 

Commercial 0°Cto+70°C OV 5V±10% 
3080 tbi 08 

SJ 



Fig. 4   Write Mode Timing 

F10422 

OATA OUTPUT 

Note 
Timing Diagram represents one solution which results in an optimum cycle time. Timing may be changed to fit various applications as long as the worst case 
limits are not violated. 
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F10422 

Fig. 1    AC Test Circuit 

GND 

-2 V 

-2 V 

Notes 
AM Timing Measurements Referenced to 50% of Inpul Levels 

CL  = 30 pF including Fixture and Stray Capacitance 

RL  = 50(lto-20V 

Fig. 2    Input Levels 

20% 

•l, = li = 2.5 ns TYP—H If 

■2 V 

■ -0.9 V 

■1.7 V 

Fig. 3   Read Mode Timing 

a   Read Mode Propagation Delay from Bit Select 

BIT SELECT 

-IACS" 

DATA OUTPUT 

■50% 

-IRCS 

b   Read Mode Propagation Delay from Address 

ADDRESS 50% 

-tAA - 

DATA OUTPUT 
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F10422 

DC Characteristics: VEE = -5.2 V, Vcc = VCCA = GND, TA = 0°C to +75°C unless otherwise specified' 

Symbol Characteristic Min Typ Max Unit Condition 

llH Input HIGH Current 220 MA VlN = VlH(max) 

IlL 
Input LOW Current, BSb-BSl 
WE! A0-A7, D0-D3 

0.5 
-50 170 

MA VlN = VlL(mm) 

lEE Power Supply Current -230 
f 

-180 mA All Inputs and Outputs Open 

AC Characteristics: VEE = -5.2 V ±5%, Vcc =VCCA = GND, Output Load = 50 n and 30 pF to -2.0 V, 
TA = 0°C to +75°C 

Symbol Characteristic Min Typ Max Unit Condition 

Read Timing 
tABS Bit Select Access Time 3.0 5.0 ns 
tRBS Bit Select Recovery Time 3.0 5.0 ns Figures 3a, 3b 
tAA Address Access Time2 7.0 10 ns 

Write Timing 
tw Write Pulse Width 

to Guarantee Writing 
7,0 5.0 ns 

twSA =  1 ns Measured at 
tWSD Data Setup Time 

prior to Write 
1.0 0 ns Figure 4 50% of Input to 

Valid Output 

tWHD Data Hold Time after Write 
Address Setup Time 

2.0 
1.0 

0 
0 

ns 
ns 

(Vli(max) for 

tWSA Voi Or ViH(min) 
prior to Write for VOH) 

tWHA Address Hold Time after Write 2.0- 0 ns 
tWSBS Bit Select Setup Time 

prior to Write 
1.0 0 ns 

tw = 7 ns 
tWHBS Bit Select Hold Time 

after Write 
2.0 0 ns Figure 4 

tws Write Disable Time 3.0 5.0 ns 
tWR Write Recovery Time 6.0 12 ns 

tr Output Rise Time 3.0 ns Measured betw een 20% and 
tf Output Fall Time 3.0 ns 80% or 80% and 20%, Figure 2 

ClN Input Pin Capacitance 4.0 5.0 PF Measured with a Pulse 
COUT Output Pin Capacitance 7.0 8.0 pF Technique 

1 See Family Characteristics for other de specifications 

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



F10422 

Logic Diagram 

BSo        Oo _    Oi BS2        02 _   D3 

WE 

Ao 

A, 

A2 

A3 

A4 

256 
BITS 

256 
BITS 

256 
BITS 

256 
BITS 

<><><> 

COLUMN 
.SELECT 

As A6 A? 

Functional Description 
The F10422 is a fully decoded 1024-bit read/write 
random access memory, organized 256 words by four 
bits. Word selection is achieved by means of an 8-bit 

address, Ao through A7. 

Four Bit Select inputs are provided for logic flexibility. 
For larger memories, the fast bit select access time 
permits the decoding of individual bit selects from the 
address without increasing address access time. 

The read and write operations are controlled by the state 
of the active-LOW Write Enable (WE) input. With WE 
held LOW and the bit selected, the data at Do- D3 is written 
into the addressed location. Since the write function is 
level triggered, data must be held stable for at least     
twSD{m,n) plus tw(min) to insure a valid write. To read, WE 
is held HIGH and the bit selected. Non-inverted data is 
then presented at the output (O). 

The outputs of the F10422 are unterminated emitt 
followers, which allow maximum flexibility in choc 
output connection configurations. In many applic: 
it is desirable to tie the outputs of several F10422 
devices together to allow easy expansion. In othei 
applications the wired-OR need not be used. In ei 
case an external 50 ft pull-down resistor to -2 V o 
equivalent network must be used to provide a LO\ 

the output. 

Truth Table 

Inputs Outputs 
Mo 

is; wr Dn On 

H 
L 
L 
L 

X 
L 
L 
H 

X 
L 
H 
X 

L 
L 
L 

Data 

NotS« 
Write' 
Write ' 
Read 

Each bit has independent BS? 0. and 0. but all have common WE 

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

H = HIGH Voltage Levels = -0.9 V (Nominal) 

X = Don't Care 
Data = Previously stored data 
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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, control 
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" 

BSÖ-BS3 
A0-A7 
D0-D3 
O0-O3 

Write Enable Input (Active LOW' 
Bit Select Inputs (Active LOW. 
Address Inputs 
Data Inputs 
Data Outputs 

Logic Symbol 

3        5      20      22      8 

inn 
6       7      18      19 

13 

14 • 

15 • 

16 ■ 

17 . 

9 ■ 

10 ■ 

11 - 

BSo BS,   BS2   BS3 WE    00     D,    D2     03 

Ao 

A, 

A2 

A3 

A4 

As 

A6 

A? 

F10422 

Oo 02 

F10422 
256 x 4-Bit Static 
Random Access Memory 
F10K ECL Product 

Connection Diagrams 

24-Pin DIP (Top View) 

VCCAE 1       w     24 JVee 

oo[~_; 2 23 J03 

BSoC 3 22 ~|BS3 

o,r; 4 21 -Jo2 

BSiC 5 20 3*$2 

DoC 6 19 3°* 
o,C 7 18 -jo2 

wiC 8 3* 
ASC: 9 16 JA3 

A.C 10 15 IN' 
ArL 11 14   I] A, 

VEEQ 12 13 JA0 

D 

Nole 

The 24-pin flatpak version has !he same pmout cor. sections as the 
Dual lo-Line package 

Ordering Information (See Section 5i 

Package Outline Order Code 

Ceramic DIP 6Y DC 

Flatpak 4V FC 

vcc  = Pin 24 

VCCA =   Pi n 1 

VEE  = PIP. 12 
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I- 
CM 
CM 

ü 
CM 
T" 

> 

Connection Diagram (22-pin DIP - Top View) 

AaC 1 22 Dvcc 

4,r 2 21 DA4 

A ,C 3 20 3 we 
A0\Z 4 Q 19 Des, 
>»<C S $ 18 DOE 
A«r 6 17 DCS 2 

A7C 7 2 16 Jo3 

GND C 8 15 3D3 

D0\Z » 14 Do2 

o0C 10 13 3D2 

o,C 11 12 pOr 

Pin Description 

Pin* 
1-7,21 

9, 11. 13, 15 

19 

10, 12, 14, 16 

17 

20 

18 

22 

Name 

V47 

°o-°, 
cs. 

o0-°, 
cs. 

WE 

OE 

GND 

I/O Description 

Address inputs 

Data Inputs 

Chip select input (Active LOW) 

Data outputs 

Chip select input (Active HIGH> 

Write enable input (Active LOW) 

Output enable input (Active LOW) 

5.0 V supply connection 

Ground connection (0 V) 

VITESSE 4-6 



AC Test LM^Cend^J^)^^,,,^ 
The following conditions apply to the AC penormano« 

indicated on pages 4-3 and 4-4. 

5VO- 

Outpul O- 

/?,   - 470 n 

-vw- 

30 pF 

Equivalent ID: 

Output O- -VW^ —O 1-62 V 

RTHEV =i52n 

< i 

and 4-4. 

GND 
. (Not* 2: AC Pirtoimane» H 
' Char»£t»r«iic») 

GND 
(Not* 2: AC P«rformano 
Char»a»ristiC3) 

Address Designators 

Address 
Name 

Address 
Function 

Pin Number 
22-Pin DIP I 28-pin LCC 

A AX0 
4 21 

0 
A. AX, 3 20 

1 
A„ AX2 

2 19 
2 

A„ AX3 
1 17 

3 
A, AX4 

21 16 
4 

A AY5 

AY6 

5 22 
M5 
A^ 6 23 

6 
AY7 

7                 24 

4-5 
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I-    AC Performance Characteristics • continued(1) 

CM 
CM      (Over guaranteed operating conditions, GND = 0 V) 

CM 
T- 
if) 
> 

2. Write Mode: 

Address 

CS1 • CS 2 
Chip Select 

D0-D3 

Data In 

we 

Data 
Outputs 
O0-O3 

X 
*-1 

X 
X 

WSA~ 

*• fwscs-+ 

*- IwSD-* 

\ 

wc 

'zws 

X 
*" 'vVH/T* 

/ 

X 
'WHCS* 

X 
<-f WHO' 

'wn~* 

^-^ 

Description 

6 ns 5 ns 4ns 

Paramters Min Max Min Max Min Max Units 

rwc Write cycle time 6 — 5 — 4 — ns 

Write disable to HIGH Z — 5 — 4 — 3.5 ns 

'w? Write recovery time — 4.5 — 3.5 — 3 ns 

f w V Write pulse width 4 — 3 — 2.5 — ns 

wso Data setup time prior to write 0 — 0 — 0 — '    ns 

'WHO 
Data hold time after write 2 — 2 — 1.5 — ns 

t       P) 
'WSA 

Address setup time 0 — 0 — 0 — ns 

tVK« 
Address hold time 2 — 2 

J 
1.5 — ns 

"ivscs Chip select setup time 0 — 0 — 0 — ns 

'rtWCS 
Chip select hold time 2 — 2 — 1.5 — ns 

Notes:  1) Test conditions assume signal transition Hmes ol 3 ns or less.  Timing reference levels of 1.5 V and output loading 

of the specified l^/l^ 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 

3) tw measured at tWSA = min; tWSA measured at tw = min 

VITESSE 4-4 



AC Performance Characteristics(1) 

(Over guaranteed operating conditions, GND = 0V) 

1. Read Mode: 
■«  

Address 

C&, 

CSp 

OE 

WE 

Data 
Outputs ■ 
O0.O3 

X 
•AA 

/ 

Y 

'AC" 

'AOS- 

■'ACS' 

X 

/~ 

> f     DATA VALID      J 

* 'ZRCS* 

'ZROS 

C 

E 

Description 

6 na S ns 4 ns 

Parameters Min Max Min Max Min Max Units 

'*c Read cycle time 6 — 5 4 ns 

',CS Chip select time — 4 — 3.5 2.5 ns 

VHCS Chip select to HIGH Z — 5 — 4 3.5 ns 

'** Output enable time — 4 — 3.5 2.5 ns 

ZROS Output enable to HIGH Z — 5 — 4 3.5 ns 

*AA Address access time — 6 — 5 4 ns 

Notes: 1) Test conditions assume signal transition Hmes of 3 ns or less. Timing reference levels of 1.5 V and output loading 
of the specified l^/t^ 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 VITESSE 



H 
CM 

CM 
T- 

> 

Truth Table 
Inputs 

OE cs, cs2 WE 

X H X X 

X X L X 

L L H H 

X L H L 

H X X X 

Output 

HIGHZ 
HIGHZ 

Dour 
HIGHZ 

HIGHZ 

Mode 

Not Selected 

Not Selected 

READ 

WRITE 

Output Disabled 

H = HIGH Voltage Level (2.4 V) 

L = LOW Voltage Level (0.4 V) 

X = Don1 Care (HIGH or LOW) 
HIGH Z = High-lmpedence 

Absolute Maximum Ratings <1> 
AWJV/.W. -0.5 V to+6.0 V 
Power Supply Voltage (Vcc)  -1.0V to+7.0 V 

Input Voltage Applied, (VJ   _3Q tQ +3Q mA 

Input Current, (l„). (DC, output LOW)  2Q mA 

Output Current, (1^), (DC, output LOW) ..]50°C 

Maximum Junction Temperature, (T.J '^ ^ +125„c 

Case Temperature Under Bias, (Tc)  6g0 (Q +150.= c 

Storage Temperature^, (Tsra)  

Recommended Operating Conditions ^ Q ^ v 
Power Supply Voltage, (V^)  QO [Q +70„c 

Operating Temperature Range (2>  

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

DC Characteristics   (Over recommended operating conditions) 

Parameters 

'OH 

'OL 

Description 

Commercial Range 
5,6 ns 

Uln 

Output HIGH voltage 

Output LOW voltage 

Input HIGH voltage 

Input LOW voltage 

'IX 

'CD 

'oz 

'cc 

Input LOAD current 

Input diode clamp voltage 0) 

Output current (HIGH-Z) 

2.4 V 

Max 

2.0 V 

-100 nA 

-1.0V 

-1.0 mA 

Power supply current (from Vcc) 

0.5 V 

4 ns 

Uln 

2.4 V 

0.8 V 

100 nA 

vcc+l 

1.0 mA 

250 mA 

2.0 V 

Max 

0.5 V 

-100 uA 

-1.0V 

-1.0 mA 

0.8 V 

100 uA 

Test Conditions 

vcc = MIN 'OH 
= -5.2 mA 

vcc- = MIN, 
<OL = 

8.0 mA 

GND <T VIN S Vcc 

^c+1 

1.0 mA 

350 mA 

IIN = ± 30 mA 

V s VOUT s VOH 
Output Disabled 

Vcc=MAX./our=0mA 

Notes: (1) Clamped by input Schottky diodes to GND and V^. 
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VS12G422T 
256 x 4 Static RAM 

Features 
• 256 words by 4-bit static RAM for cache and 

control store applications 
. Very last: Choice ot 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 

< 
(J) 

to 
O 
ro 
ro 
H 

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 (53,), an 
active HIGH chip select input (CS2) and three- 
state outputs. Due to its static operation, the 
VS12G422T offers equal read and write cycle 
times, which further simplifies 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 neqessary. 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    D|    02    O3 

INPUT DATA 

CONTROL 

Ao_ 

A1 h- 
O 
ID 

A2 LU 
CO 

A3 
0 

A4 cr 
' 

cs2 

ÖS1 

LT<^ 

32X32 

MEMORY 

ARRAY 

-A 
-v 

OUTPUT 

DATA 

CONTROL 

Uo 

01 

02 

O3 

COLUMN 

SELECT 

A5     A6     A7 
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HS-65647RH 

Packaging 

4H 0JO4 eiHlABQI^    ^OQM<B)|H|A-B<DRg 

si 

1, 
SEATING AND 
BASE PLANE 

OD 

LEADFIWSH 

SECTION A A 

NOTES: 

1. Index area: A notch or a pin one identification mark shal be locat- 
ed adjacent to pin one and shall be located wkhln the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mart. Alternately, a tab (dimension k) 
may be used to identify pin one. 

2. lfapinoneideritincatlontr«tkisu9edinBddhionioattb,thelm- 
Its of dimension k do not apply. 

3. This dimension allows for off-center Id, mentecus.and glass 
overrun. 

4. Dimenstonsbl and d apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. The maximum Im- 
Its of lead dimensions band cor M shall be measured at the cen- 
troid of the finished lead surfaces, when solder dip or tin plats 
lead finish is applied. 

5. N is the maximum number of terminal positions. 

6. Measure dimension SI at al tour comers. 

7. Forbottorrvbrazedleadpaclu>o^roorg^u*orp 
rials shal be molded to the bottom of the package to cover the 
leads. 

8. DimensbnQ shal be measured at the point of exit (beyond the 
meniscus) of the lead from the body. Dtnension Q minimum 
shal be reduced by 0.0015 inch (0.038mm) maximum when sol- 
der dp lead finish is appled. 

9. Dimenstoring and toterandng per ANSI Y14.5M -1982. 

10. Controilng dimension: INCH. 

K36.A 
3« LEAD CERAMIC METAL SEAL FLATPACK PACKAGE 

SYMBOL 

INCHES MILLIMETERS 

NOTES MIN MAX MIN MAX 

A - 0.138 - 3.51 - 
b 0.006 0.013 0.15 0.33 • 

b1 0.008 0.010 0.15 025 - 
c 0.004 0.011 0.10 0.28 - 
d 0.004 0.008 0.10 0.20 - 
D 0.620 0.640 15.75 1626 3 

E 0.820 0.640 15.75 8.64 - 
El - 0.660 - 16.76 3 

E2 0.470 0.490 11.94 12.45 - 
E3 0.030 - 0.76 - 7 

• 0.02S BSC 0.64 BSC - 
k - - - - - 
L 0.240 0.280 6.10 7.11 - 
Q 0.026 0.045 0.66 1.14 a 
SI - - - - - 
M - 0.0015 - 0.04 - 
N 36 36 - 

Rev. 0 5/18/94 

Spec Number   518729 
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HS-65647RH 

Metallization Topology 
DIE DIMENSIONS: 

313 x 291 x 21 ±1 mils 

METALLIZATION: 
Type: Al/Si/Cu 
Metal 1 Thickness: 7500Ä ± 2kA 
Metal 2 Thickness: 10kA ± 2kA 

Metallization Mask Layout 

GLASSIVATION: 
Type: Si02 

Thickness: 8kA±1kA 

WORST CASE CURRENT DENSITY: 
1.5 xlO5 Amps/cm2 

HS-65647RH 

vss C 

VDD 

VSS 

VDD 

Spec Number   518729 
14 



HS-65647RH 

Irradiation Circuit 
HS-65647RH (8K x 8 TS0S4 SRAM) 28 LEAD CERAMIC DIP 

VDD 

-vw—E 
-vw—E 

-vw—E 
■vw—E 

AAA        |T 
VV»    12. 

vw—E 
-vw-£° 
-vw-E 
-vw—0 
-vw—E 
 E 

MC 

A12 

A7 

A* 

Ai 

A4 

A3 

A2 

A1 

AO 

DOP 

DQ1 

DQ2 

VSS 

VDD 

W 

E2 

AS 

AS 

A11 

G 

A10 

Ff 

DQ7 

DO« 

DOS 

DO« 

DQ3 

281 

23—vw- 
ff}—vw- 
m-vw- 
Ij} vw- 
23]     W^ 

p—vw- 
|j—vw- 

3-vw- 
§—vw- 
gj   VW 
jt] -VW 
15)    ^^ 

NOTES: 

1. VDD-5.5V±0.5V 
R-10kfl±1O% 

2. Group E sample size is wo dtetorafer. 

resf Patterns 
MARCH (IQPATTERN 

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 ful of ones each cell (from the end 
to the beginning) is read, restored to a zero and reread. 

After this the pattern 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 a»ernately with 

each other cell in the row. The test cell is then rewritten back 
to a zero. The test cell is then incremented and the 
sequence is repeated until all cells in the memory have been 
used as a test 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 eel is then incremented and the 
sequence is repeated until all cells in the memory have been 
used as a test 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. 
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Burn-In Circuits 
HS-65647RH 28 LEAD FLATPACK AND CERAMIC DIP HS-65M7RH 28 LEAD FLATPACK AND CERAMIC DIP 

DYNAMIC CONFIGURATION 
NOTES: 

1. VDD-5.5VMn 
2. R- 10ka±10%,exceptR2-47kfl± 10% 
3. VIH: VDD ± 0.5V, VIL 0.4V ± 0.4V 
4. FO - 100kHz 110%, 50% Duty Cyete 
5. M-F<y2;F2-F1/2;F3-F2/2;...F14-F13/2 
6. F0 - Inverted FO 

HS-S5647RH 3« LEAD FLATPACK 

STATIC CONFIGURATION 
NOTES: 

1. VDD-5.5VMIn 
2. R-10kil±10% 

HS-65647RH 3< LEAD FLATPACK 

DYNAMIC CONFIGURATION 
NOTES: 

1. VDD-5.5VMn 
2. R - lOkß ± 10%, except R2 - 4.7kQ ± 10% 
3. VIH: VDD±0.5V,VIL 0.4V ± 0.4V 
4. FO - 100kHz ± 10%, 50% Duty Cyda 
5. F1 - FO/2; F2 - F1/2; F3 - F2/2; . . . F14 - F13/2 
6. FO« Inverted FO 

STATIC CONFIGURATION 

NOTES: 
1. VDD-5.5VMIn 
2. R-10kfl±10% 

Spec Number   518729 
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Performance Curves 
HS-65«47RH TYPICAL PERFORMANCE CHARACTERISTICS 

TA - +2S°C, Unless Otherwise Specified 
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Timing Waveforms (continued) 
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Timing Waveforms 
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Harris Space Level Product Flow -8 
GAMMA Radiation Verification (Each Wafer) Method 1019. 

2 Samples/Wafer, 0 Rejects 

Periodic- Wire Bond Pull Monitor, Method 2011 

Periodic- Die Shear Monitor, Method 2019 or 2027 

100% Internal Visual Inspection, Method 2010, Condition B 

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

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

100% External Visual 

100% Initial Electrical Test 

100% Dynamic Burn-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) 

NOTES: 

1. Failures from subgroup 1, 7 are used for calculating PDA. The maximum alowabte PDA - 5%. 

2. Alternate Group A testing may be performed as «lowed by MIL-STD-883, Method 5005. 

3. Group B. C and D Inspections are optional and wll not be performed unless required by the P.O. When required, the P.O. should include 
separate Ine kerns 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-l-38535. is optional and wil not be supplied unless required by the P.O. When 
required, the P.O. should include a separate ine item for Group C Generic Data and/or Group 0 Generic Data. Generic data is not guar- 
anteed to be available and is therefore not available in all cases. 

5. Data Package Contents: 

• 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 ffle at Harris. 

• Screening, Electrical, and Group A attributes (Screening attributes begin after package seal). 

• Group B, C and D attributes andtor Generic data Is hduded when required by the P.O. 

• The Certificate of Conformance is a part of the shipping Invoice and b not part of the Data Book. The Certificate of Conformance is signed 
by an authorized Qualty Representative. 
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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) 

Harris Space Level Product Flow -Q 
Wafer Lot Acceptance (All Lots) Method 5007 100% Interim Electrical Test 1 (T1) 

(Includes SEM) 100% Delta Calculation (T0-T1) 

GAMMA Radiation Verification (Each Wafer) Method 1019,      100% PDA 1, Method 5004 (Note 1) 

2 Samples/Wafer. 0 Rejects 1Q0% Dynamic Burn-In, Condition D, 240 Hours, +125°C or 
100% Nondestructive Bond Pull, Method 2023 Equivalent, Method 1015 

Sample • Wire Bond Pull Monitor, Method 2011 100% Interim Electrical Test 2(T2) 

Sample • Die Shear Monitor, Method 2019 or 2027 100% Delta Calculation (T0-T2) 

100% Internal Visual Inspection, Method 2010, Condition A      100% PQA 2, Method 5004 (Note 1) 

100% Temperature Cycle, Method 1010, Condition C, 10o% Final Electrical Test 

10 Cycles 100% c-irie/Gross Leak, Method 1014 
100% Constant Acceleration, Method 2001, Condition per        1QQ% R8dograpnic rx-Ray), Metnod 2012 (Note 2) 

Method 5004 

100% PIND, Method 2020, Condition A 

100% External Visual 

100% Serialization 

100% Initial Electrical Test (TO) 

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

NOTES: 
1. Failures from subgroup 1, 7 and deltas ore used for calculating PDA. The maximum alowable PDA - 5% with no more than 3% of the 

falures from subgroup 7. 
2. Radiographic (X-Ray) inspection may be performed at any point after serlalzatton as slowed by Method 5004. 

3. Alternate Group A tasting may be performed as alowed by MIL-STD-883, Method 5005. 

4. Group B and D inspections are optional and wil not be performed unless required by the P.O. When required, the P.O. shouU include 
separate Ine »ems for Group B Test, Group Samples, Group D Test and Group D Samples. 

5. Group D Generic Data, as defined by MIL-l-38535, is optional and wil not be supplied unless required by the P.O. When required, the 
P.O. should indude a separate Ine »em for Group 0 Generic Data. Generic data is not guaranteed to be available and is therefore not 

avalable in all cases. 

6. Data Package Contents: 
• Cover Sheet (Harns Name andfar Logo, P.O. Number, Customer 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 s»p coverage. 

. 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. 

• X-Ray report and flm. Includes penetrometer measurements. 

• Screening, Electrical, and Group A attributes (Screening atrtutes begn after package seal). 

• Lot Serial Number Sheet (Good unteserial number and lot number). 

■ variable» Data (Al Delta operations). Data b Identified by serial number. Data header Includes lot number and dale of test 

• Group B and D attributes and/or Generic data is irclucW wr^ required by the P.O. 

• Tr»<^rtificareof(^cmianMbap*rt<*tosH^^ 
by an authorized Quaity Representative. 
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TABLE S. BURN-IN DELTA PARAMETERS (+2S°q. GROUP B. SUBGROUP S 

PARAMETER SYMBOL DELTA LIMITS 

Standby Supply Current IDDSB ±150jiA 

High Impedance Output Lsakage Currant IOZH, IOZL ±2jiA 

Input Leakage Current IIH, IIL ±150nA 

Law Level Output Votoge VOL ±60mV 

Output High Voltage VOH ±150mV 

TABLE 6. APPLICABLE SUBGROUPS 

CONFORMANCE 
GROUP 

MIL-STD-883 
METHOD 

GROUP A SUBGROUPS 

TESTED FOR-Q 
RECORDED 

FOR-Q TESTED FOR-8 
RECORDED 

FOR-« 

IntialTesl 100% 5004 1,7,9 1 (Note 2) 1.7,9 

Interim Test 100% 5004 1. 7. 9, A 1. A (Note 2) 1,7.9 

PDA 100% 5004 1.7, A - 1.7 

Final Test 100% 5004 2. 3. 8A,BB,10, 11 - 2, 3. 8A.8B, 10.11 

Group A (Note 1) Sample 5005 1, 2, 3, 7, 8A 8B, 9,10, 11 - 1,2,3,7,8A.8B, 9, 
10,11 

Subgroup B5 Sample 5005 1,2.3. 7. BA, 88.9.10,11. A 1.2. 3, A (Note 2) N/A 

Subgroup B6 Sample 5005 1,7,9 - N/A 

Group C Sample 5005 N/A N/A 1,2,3,7,8A.8B,9, 
10,11 

Group D Sample 5005 1,7,9 • 1,7,9 

Group E, Subgroup 2 Sample 5005 1,7.9 - 1.7.9 

NOTES: 

1. Alternate Group A testing in accordance with MIL-STD-883 method 5005 may be exercised. 

2. Table 5 parameters onty 
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Specifications HS-65G47RH 

TABLES. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 

LIMITS 

UNITS MIN MAX 

Write Enable High to Out- 
put ON 

TWHQX VDD - 4.5V and 5.5V -550CSTAä*125°C 0 * ns 

Chip Enable to Output ON TE1LQX 
TE2HQX 

VDD - 4.5V and 5.5V -55°CSTAS+125°C 0 ■ ns 

Output Enable to Output 
ON 

TGLQX VDD- 4.5V and 5.5V -55°CSTA£+125°C 0 - ns 

Chip Enable to Output in 
High 2 

TE1HQZ 
TE2LQZ 

VDD - 4.5V and 5.5V -55°CSTAS+125°C - 15 ns 

Output Disable to Output in 
HighZ 

TGHQZ VDD-4.5V and 5.5V -550CSTAS+125°C • 15 ns 

Output Hold from Address 
Change 

TAXQX VDD-4.5V and 5.5V -55°CSTAS+125°C 0 " ns 

NOTES: 
1. The parameters Isted are controlled via design or process parameters and are not directly tested. These parameters are 

characterized upon Initial design release and upon design changes which would affect these characteristics. 

2. Apples to DIP device types only. 

3. Apples to Flatpack device types only. 

4. All measurements referenced to device GND. 

TABLE 4. POST 300K RAD DC ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL CONDITIONS TEMPERATURE 

UMITS 

UMTS MIN MAX 

Standby Supply Current IDDSB VDO - 5.SV, K) - OmA, ET - VDD, 
E2-0V,VI-VDDorGND 

♦2S°C • 10 mA 

Enabled Supply Current IDDEN VDD - 5.5V, 10 - OmA, ET - 0.0V, 
E2-VDD, VI-VDD or GND 

+25°C - 82 mA 

Operating Supply Current 
(Note 2) 

IDDOP VDD - 5.5V, 10 - OmA, f - 2MHz. 
E-OV.Vt-VDDorGND 

+25°C - 100 mA 

Data Retention Supply Current IDDDR VDO - 2.0V, 10 - OmA E - VDD +25°C - 6 mA 

NOTES: 
1. DC parameters not Isted In this table are tested at the +25°C pre-irradiation test limits. Al AC parameters are tested at the +25°C pre- 

IrradiatJon test limits. 
2. Typical IDDOP derating - 3mA/MHz (3mA Increase in IDDOP per 1MHz Increase in address frequency.) 
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Specifications HS-65647RH 

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL 
(NOTES 1,2. 3) 
CONDITIONS 

GROUP A 
SUBGROUPS TEMPERATURE 

UMITS 

UNITS MIN MAX 

Address Accass Tim« TAVQV VDD - 4.5V 9,10, 11 -ss°c, ^""a ♦es°c *i2s°c • 50 ns 

Output Enable Access Time TGLQV VDD-4.5V 9,10,11 -55°C, +25°C, +85°C. +125°C - 15 r» 

Chip Enable Accass Urns TE1LQV 
TE2HQV 

VDD - 4.5V 9,10, 11 -55°C, +25°C, +85°C, +125°C - 50 ns 

Writs Recovery Time TWHAX 
TE1HAX 
TE2LAX 

VDD - 4.5V 9,10,11 •S5°C, +25°C. +85°C, +125°C 0 

' 

ns 

Chip Enable to End-of-Write TE1LE1H 
TE2HE2L 

VDD-4.5V 9,10,11 -55°C, +25°C. +85°C. +125°C 35 - ns 

Address Setup Time TAVWL 
TAVE1L 
TAVE2H 

VDD-4.5V 9,10, 11 -55°C,+25°C.+85°C.+125°C 5 ns 

Write Enable Putea Width TWLWH VDD - 4.5V 9,10,11 -5S°C, ^«"C, ♦8S°C. +12S°C 25 • ns 

Data Setup Time TDVWH VDD - 4.5V 9,10, 11 -55°C, +25°C. +85°C. +125°C 30 - ns 

TDVE1H 
TDVE2L 

VDD-4.5V 9,10, 11 •55°C,+25°C, +85°C, +125°C 30 - ns 

Data Hold Time TWHDX VDD - 4.5V 9,10, 11 -55°C, +25°C. +85°C. +125°C 0 - ns 

Address Hold FIT» TAVE1H 
TAVE2L 

VDD - 4.5V 9,10,11 -S5°C,+25QC.+85°C, ♦125°C 40 - ns 

TE2LDX 
TE1HDX 

VDD - 4.5V 9,10,11 -55°C, +25°C. +85°C, +125°C 0 • ns 

NOTES: 
1. AC measurements tested at worst case VDD. Guaranteed over ful operating range. 
2. AC measurements assume transition time S 5ns: input levels « O.OVto VDD; timing reference levels - 2.0V: output load 

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

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 

-1TTL equivalent 

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 

UMITS 

UMTS MIN MAX 

Input Capacitance CIN VDD - Open f-1MHz 1.2,4 TA - +25°C - 12 PF 

VDD-Opeaf-1MHz 1.2,4 TA - +25°C - 12 PF 

I/O Capacitance O/O VDD-Open, f-1MHz 1.2,4 TA - *25°C - 12 pF 

VDD-Open. f-1MHz 1.2,4 TA - +25°C - 12 PF 

Write Enable to Output in 
HlghZ 

TWLQZ VDD-4.5V and 5.5V 1 .&S°Cil/ll<i*n3iC - 10 ns 
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Specifications HS-65647RH 

Reliability Information 

Thermal Resistance 8^ 8X 

28 Lead SBDIP Package      45°OW    8.0°C/W 
28/36 Laad Ceramic Flatpack Package..    53.4°C/W   7.4°C/W 

Maximum Package Power Dissipation at »12S°C Ambient 
28 Lead SBDIP Package 1.11W 
28/36 Lead Ceramic Flatpack Package 0.94W 

If device power exceeds package dissipation capabity, provide heat 
sinking or derate inearty at the folowing rate: 

28 Lead SBDiP Package 22.2mW/C 
28/36 Lead Ceramic Flatpack Package 18.7mW/C 

CAUTION: Stresses abovethose listed m 'Absohm Maximum Ratings' may cause pemanent damage to the device. This is a stress only rating and operation 
ofthe<mk»attti*M»anyotn*reondimi3abovethOMindte«miinthe 

Absoluts Maximum Ratings 

Supply Voltage +7.0V 
Input. Output or I/O Voltage GND-0.3V» VDD+0.3V 
Storage Temperature Range -65°C to +150°C 
Junction Temperature ♦1750C 
Lead Temperature (Soldering 10s) +300°C 
Typical Derating Factor 3mA/MHz Increase in IDOOP 
ESD Classification Class 1 

Operating Conditions 
Operating Voltage Range (VDD) +4.5V»+5.5V 
Operating Temperature Range OA) -SS°C to *12S0C 
Inpu Low Voltage (VIL) 0Vto+0.2VDD 

Inpu High Voltage (VIH) 0.8VDD to VDD 
Data Retention Supply Voltage 2.0V 
Input Rise and Fall Time 40ns Max. 

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL 
(NOTE1) 

CONDmONS 
GROUP A 

SUBGROUPS TEMPERATURE 

UMITS 

UNTTS MIN MAX 

High Level Output 
Voltage 

VOH VDD - 4.5V, 10 - -5mA 
VI-VDDorGND 

1,2,3 -55°C, +25°C, 
♦85°C,+125°C 

VDD- 
0.4 

V 

Low Level Output 
Voltage 

VOL VDD - 4.5V, 10 - 8.0mA 
VI - VDD or GND 

1,2,3 -55°C, +25°C, 
♦85°C, +125°C " 

0.4 V 

High Impedance Output 
Leakage Current 

lOZLor 
IOZH 

VDD - 5.5V, VO - GND or 
VDD, VI- VDD or GND 
E1-VDD, E2-0V 

1,3 -55°C, +25°C -10 10 uA 

2 +BS°C -30 30 uA 

2 +125°C -60 60 MA 

Input Leakage Currant IIHorllL VDD . S.SV, VI - VDD or 
GND 

1,2,3 -S5°C, *25°C, 
+85°C. +125°C 

-1 0 1.0 MA 

Standby Supply Current IDDSB 
(Note 3) 

VDD - 5.5V, IO - OmA, 
VI • VDD or GND 
E1-VDD. E2-0V 

1,3 -55°C, ♦2S°C 500 MA 

2 +85°C 4 mA 

2 +125°C 10 mA 

Enable Supply Current IDDEN VDD - S.SV, IO - OmA, 
VI -VDD or GND 
E1-0.0V. E2-VDD 

3 -5S°C 77 mA 

1 +25°C 73 mA 

2 +85°C, +125°C 64 mA 

Operating Supply 
Current (Note 2) 

IDDOP VDD - 5.5V, IO • OmA, 
VI-VDD or GND. 
E2-VDD, E1-0V, 
r-2MHz 

3 -55°C 100 mA 

1 +25°C 86 mA 

2 ♦85°C,+12S°C 75 mA 

Data Retention Supply 
Current 

IDODR VDD - 2.0V, 10 - OmA, 
VI - VDD or GND 
E1-VDD, E2-0V 

1,3 -55°C, +25°C SO uA 

2 +85°C 1 mA 

2 ♦125°C 4 mA 

Functional Tests FT VDD-4.5V and 5.5V 
VI - VDD or GND, f- 1MHz 

7, 8A, 8B -55°C, +25°C, 
♦8S°C, *12S°C 

Noise Immunity 
Functional Test 

FN VDD - 4.5, VIL - 0.2 VDD 
VIH-0.8 VDD, f-1MHz 

7, 8A, SB -55°C, +25°C, 
♦8S°C, -rMS^ 

NOTES: 
1. All voltages referenced to device GND. 
2. Typical IDDOP derating - 3mA/MHz (3mA Increase in IDDOP per 1MHz increase in address frequency.) 

3. In orderforthis device to be in low power standby mode. E2must be disabled (low). 
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Pinouts 
HS1-65647RH 28 LEAD CERAMIC DUAL-tN-UNE 

METAL SEAL PACKAGE (SBDIP) 
MIL-STD-1835 CDIP2-T28 

TOP VIEW 

HS9-6S647RH 28 LEAD CERAMIC METAL 
SEAL FLATPACK PACKAGE (FLATPACK) 

MIL-STD-1835 CDFP3-F28 
TOP VIEW 

NC C 

A12 C 

A7 C 

M C 

«C 

A4 C 

AlC 

• 1 

A2C 

A1 C 

AOC 

OQO C 
DQ1 C 

OQ2 C 

ana C 

NC 

AllC 

A7C 

MC 

AiC 

A4C 

AlC 

A2C 

A1C 

AOC 

uqoc 
oqic 
DQlC 

GNDC 

DQOC 

OQ1C 

OQ2C 

HS8A-85W7RH 36 LEAD CERAMC METAL 
SEAL FLATPACK PACKAGE (FLATPACK) 

HARRIS OUTLINE K36A 
TOP VIEW 
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SEMICONDUCTOR HS-65647RH 
August 1995 

Radiation Hardened 
8K x 8 SOS CMOS Static RAM 

Features 
■ 1.2 Micron Radiation Hardened SOS CMOS 

■ Total Dos« 3 x 10s RAD (Si) 

■ Transient Upset >1 x 1011 RAD (Si)/s 
- Single Event Upset < 1 x 10"12 Errors^it-Day 

Latch-up Free 
LET Threshold >250 MEV7mg/cm2 

Low Standby Supply Current 10mA (Max) 

Low Operating Supply Current 100mA (2MHz) 

Fast Access Time 50ns (Max), 35ns (Typ) 

High Output Drive Capability 

Gated Input Buffers (Gated by EZ) 
Six Transistor Memory Cell 

Fully Static Design 
Asynchronous Operation 

CMOS Inputs 
5V Single Power Supply 
Military Temperature Range -55°C to +12S°C 
Industry Standard JEDEC Pinout 

Description 
The Harris HS-65647RH is a fully asynchronous 8K x 8 
radiation hardened static RAM. This RAM is fabricated using 
the Harris 1.2 micron silicon-on-sapphire CMOS technology. 
This technology gives exceptional hardness to all types of 
radiation, including neutron fluence, total ionizing dose, high 
intensity ionizing dose rates, and cosmic rays. 

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 

Functional Diagram 

™H5 
ROW 

KM 

K>7 

E2«- 

E1 »H 

G < 

W«-| 

ROW 
DECODER 

12« X 512 
MEMORY ARRAY 

MPUT 
DATA 

cKcurr 

COLUMN VO 

COLUMN DECODER 

A Al COL A 
3Ü, 

COKTROL 
CIRCUIT 

TRUTH TABLE 

E1 E2 W MODE 

Low Power Standby 

Disabled 

Enabled 

Read 

Write 

PART NUMBER TEMPERATURE RANGE PACKAGE 

HS1-65647RH-Q -55°CtO+125°C 28 Lead S8DIP 

HS1-65647RH-8 -55°Cto+125°C 28 Lead SBDIP 

HS1-65647RH/PKXO -55°CtO+125°C 28 Lead SBDIP 

HS1-65647RH/Sample +25°C 28 Lead SBDIP 

HS9-65647RH-Q -55°CtO+125°C 28 Lead Ceramic Flatpack 

HS9-6S647RH-8 -55°CtO+125°C 28 Lead Ceramic Flatpack 

HS9-65647RH/Proto -55°CtO+125°C 28 Lead Ceramic Flatpack 

HS9-65647RH/Sampte +25°C 28 Lead Ceramic Flatpack 

HS9A-65647RH-Q -S5°CtO+125°C 36 Lead Ceramic Flatpack 

CAUTION: These devices are sensitive «3 electrostatic discharge. Users should follow proper I.e. Handling Procedures. 
Copyright © Harris Corporation 189S .. 
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HS-6664RH 

DESIGN INFORMATION (continued) 

The Information contained In t/*s section has been developed through characterization by Harris Semiconductor and is for use as 
application and design Information only. No guarantee b hnpled. 

HS-6664RH PROGRAMMING CYCLE 

VDDPROG- 

A V1H. 

VI. 

V1H 

V0.-J 

VDOPROG-H 
G V1H. 

VL< 

VIH 
VL-J 

VDD 
VDOPROG-I 

TOO. 
GNO- 

VDDPROG- 
Q     V»WOH- 

VIUVOL. 

PROGRAMYHWG - VERIFY - 

VALID VALID 

-M-» 

■UJ 

TEHEL 

.' \ 

tpw-»+«-»»■ 

m READ DATA 

HS-6664RH POST PROGRAMMING VERIFY CYCLE 

* - i    y WL. 
VAUD 

TAVEL 

-  VW 
E   VIL 2-/ 

TEHEL 

I.QV-, 

*.OV, 

4.0V- 
VOO 

0.0V-L 

TEHEL 

Id 

TELQV 

VOH 

TEHEL 

/ 

/ \ 

READ 

mov, 

3 —< 

^ 

TELQV 

■5EÄD- rC ■READ" 
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HS-6664RH 

DESIGN INFORMATION (continued) 

77» information contained In this suction has been developed through characterization by Harris Semiconductor and Is for use as 
appBcatton and design Information only. No guarantee la Impled. 

Background Information Programming 
The HS-6664 CMOS PROM is manufactured with all bits 
containing 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 buil that meets the specifications 
shown, or use of an approved commercial programmer Is 
recommended. 

Programming Sequence of Events 

8 

Apply a voltage of VDD1 to VDD of the PROM. 

Read all fuse locations to verify that the PROM is blank 
(output low). 

Place the_PROM ivthe initial state for programming: 
E = VIH, P = VIH, G = VIL. 

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

5. After a delay of td, apply voltage of VIL to E (pin 20) to ac- 
cess the addressed word. 

6. 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 
to an invaid logic level. 

7. After a delay ofjd, disable the outputs by applying a volt- 
age of VIH to G (pin 22). 

After a delay of td, apply voltage of VIL to P (pin 27). 

9. After delay of td, raise VDD (pin 28) to VDD PROG with a 
rise time of tr. AI outputs at VIH should track VDD within 
VDD-2.0Vto VDD+0.3V. This could be accomplished by 
puling outputs at VIH to VDD through pull-up resistors of 
value Rn. 

After a delay of td, pull the output which corresponds to 
the bit to be programmed to VIL. Only one bit should be 
programmed at a time. 

After a delay of tpw, allow the output to be pulled to VIH 
through pull-up resistor Rn. 

After a delay of td, reduce VDD (pin 28) to VDD1 with a 
fall time of tf. All outputs at VIH should track VDD with 
VDD-2.0Vto VDD+0.3V. This could be accomplished by 
puling outputs at VIH to VDD through pull-up resistors of 
value Rn. 

13. Apply a voltage of VIH top (pin 27). _ 

14. After a delay of td, apply a voltage of VIL to G (pin 22). 

10 

11 

12. 

15. After 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 al 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 to be veri- 
fied to the PROM. 

19. After a delay of td, apply a voltage of VIL to E (pin 20). 

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

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

Post-Programming Read 

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

23. After a delay of td, apply a voltage of VIH to E (pH 20). 

24. Apply the correct binary address of the word to be read. 

25. After a delay of TAVEL, apply a voltage of VIL to E (pin 
20). 

26. After a delay of TELQV. examine the outputs «or correct 
data. If any location falls to verify correctly, the PROM 
should be considered a programming reject 

27. Repeat steps 23 through 26 for all address locations. 

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

29. Repeat steps 23 through 26 for all address locations. 

Spec Number   518741 
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SEMICONDUCTOR HS-6664RH 
DESIGN INFORMATION 
September 1995 8Kx8 CMOS PROM 

77» Information contained In this section has been developed through characterization by Harris Semiconductor and Is tor use as 
appDcation and design information only. No guarantee ö impled. 

Background Information HS-6664RH Programming 
PROGRAMMING SPECIFICATIONS 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input "0" VIL 0.0 0.2 0.8 V 

Voltage "V VIH VDD-2 VDD VDD+0.3 V 6 

Programming VDD VDDPROG 9.0 9.0 9.0 V 2 

Operating VDD VDD1 4.5 5.5 5.5 V 

Special Verify VDD2 4.0 - 6.0 V 3 

Delay Time id 1.0 1.0 - US 

Rise Tims tr 1.0 10.0 10.0 V* 

Fall Time tf 1.0 10.0 10.0 MS 

Chip Enable Putee Width TEHEL 20 • - ns 

Address VaM to Chip Enable Low Time TAVEL 0 - - ns 

Chip Enable Low to Output VaM Time TELQV - - 60 ns 

Programming PJse Width tpw 90 100 110 »is 4 

Input Leakage at VDD - VDDPROG tIP -10 +1.0 10 MA 

Data Output Current at VDD - VDDPROG K3P - -S.0 -10 mA 

Output Pull-Up Resistor Rn 5 10 15 kQ 5 

Ambient Temperature T* • 25 - °C 

NOTES: 

1. All Inputs must track VDD (pin 28) within these Imlts. 

2. VDDPROG must be capable of supplying 500mA. VC 

3. Sea Steps 22 through 29 of the Programming AJgoritf 

4. See Step 11 of the Programming Algorithm. 

5. All outputs should be pulled up to VDD through a rest 

DPROG Power Supply toterano 

m 

star of value Rn. 

i ±3% (Max ) 

6. Except during programming (See Programming Cycle i wavaiumcj. 

Spec Number   518741 
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HS-6664RH 

Packaging (Continued) 

SEATING AND 
BASE PLANE 

f^TP^4^TT* 
d       LEAD FIMSH 

SECTION A-A 

NOTES: 
1. Indexarea: A notch or a pin one identification mark shalbelocat- 

ad adjacent to pin on« and shall be located within the shaded 
area shown. The manufacturer's identification snail not be used 
as a pin one identification mark. Alternately, a tab (dimension k) 
may be used to identify pin one. 

2. rfapinonelderitlrlcatkximarkbu9edinadcWon«oatab,tnelm- 
its of dimension k do not apply. 

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

4. Dimensions b1 and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. The maximum Im- 
Its of lead dimensions band cor Mshail be measured at the cen- 
troid of the finished lead surfaces, when setter dip or tin plate 
lead finish is applied. 

5. N is the maximum number of terminal positions. 

6. Measure dimension SI at al tour comers, 

7. For bottom-brazed lead packages, no organic or fjolyrrierlc mate- 
rials shal be molded to the bottom of the package to cover the 
leads. 

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

9. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

10. Controllng dimension: INCH. 

K28.A MIL-STD-183S CDFP3-F28 (F-11A. CONFIGURATION B) 
28 LEAD CERAMIC METAL SEAL FLATPACK PACKAGE 

SYMBOL 

INCHES MILLIMETERS 

NOTES MIN MAX MIN MAX 

A 0.045 0.115 1.14 2.92 - 
b 0.015 0.022 0.38 0.56 - 

b1 0.015 0.019 0.38 0.48 - 

c 0.004 0.009 0.10 0.23 - 

cl 0.004 0.006 0.10 0.15 - 

D - 0.740 - 18.80 3 

E 0.460 0.520 11.68 13.21 - 

E1 - 0.550 - 13.97 3 

E2 0.180 - 4.57 - - 

E3 0.030 - 0.76 - 7 

e 0.050 BSC 1.27 BSC - 

k 0.008 0.015 0.20 0.38 2 

L 0.250 0.370 6.35 9.40 - 

Q 0.026 0.045 0.66 1.14 8 

S1 0.00 - 0.00 - 6 

M - 0.0015 - 0.04 - 

N 28 28 - 
Rev. 0 5/18/94 

Spec Number   518741 

10 



HS-6664RH 

Packaging 

LEAD FINISH 

S 
"i 

3      i " 

D28.6 MIL-STD-1835 CDIP2-T28 
28 LEAD CERAMIC DUAL-IN-LINE 

BASE 
PLANE 

SEATINGN- 
PLANE-" 

W>bb®lc|A.BQl5Ql 

D H   i_ 

SECTION A-A 

"□I^H&KKGtt 
NOTES: 

1. Index area: A notch or a pin one identification markshalbe locat- 
ed adjacent to pin one and shall be located wkhin the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions bände or Mshal be 
measured at the centroid of the finished lead surfaces, when 
solder dp or tin plate lead finish is applied. 

3. Dimensions b1 and d apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Comer leads (1. N. N/2, and N/2+1) may be configured wkh a 
partial lead paddte. For this configuration dimension b3 replaces 
dimension b2. 

5. Dimension Q shall be measured from the »eating plane to the 
base plane. 

8. Measure dimension SI at al four comers. 

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

8. N is the maximum number of lermhal positions. 

9. Braze filets shall be concave. 

10. Dimensioning and tolerandngparANSIY14.5M-1982. 

11. Controllng dimension: INCH. 

(D-10, CONFIGURATION C) 
METAL SEAL PACKAGE 

SYMBOL 

INCHES MILLIMETERS 

MIN MAX MIN MAX NOTES 

A - 0.232 - 5.92 • 
b 0.014 0.026 0.36 0.66 2 

b1 0.014 0.023 0.36 0.58 3 

b2 0.045 0.065 1.14 1.65 - 
b3 0.023 0.045 0.58 1.14 4 

c 0.008 0.018 0.20 0.46 2 

cl 0.008 0.015 0.20 0.38 3 

D - 1.490 - 37.85 

E 0.5O0 0.610 12.70 15.49 

a 0.100 BSC 2.54 BSC 

eA 0.6O0 BSC 15.24 BSC 

eA/2 0.300 BSC 7.62 BSC 

L 0.125 0.200 3.18 5.08 

Q 0.015 0.060 0.36 1.52 5 

SI O.MS - 0.13 - 6 

S2 0.005 - 0.13 - 7 

a 90° 105° 90° 105° - 
aae - 0.015 - 0.38 - 

bob - 0.030 - 0.76 - 
ccc • 0.010 - 0.25 - 
M - 0.0015 - 0.038 2 

N 28 28 8 

Rev. 0 5/18/94 
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HS-6664RH 

Metallization Topology 
DIE DIMENSIONS: 

271 x 307 x 19 ±1 mils 

METALLIZATION: 
M1: 6kA  ±1kAsi/Al/Cu 

2kA   ±5O0ÄTiW 
M2:  10kA±2kASi/AI/Cu 

GLASSIVATION: 
Type; Si02 

Thickness: 8kA±1kA 

Metallization Mask Layout 

WORST CASE CURRENT DENSITY: 
2 X 10s A/cm2 

SUBSTRATE POTENTIAL: VDD 

TRANSISTOR COUNT: 110. 874 

GATE COUNT: 27, 719 (Based on 2-lnput NAND) 

5 
3   5   3   3    5   5 
6   2   S   £   S   S 

HS-6684RH 

a 
§ la K9 .    ._    i   3   3    5 

.O O-CP O.Gi caw3?»  ÜLO O-O JCT-iQB' 

g   2 <      «    2    5     <7     g       *   *     g    g a z u 
lUI        O 

g < 
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HS-6664RH 

Harris - Space Level (-Q) Product Flow (Note D 

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 (TO) 

Static Bum-In Method 1015, Condition B, 72 Hrs, +125°C Min. 

Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 

Burn-In Delta Calculation (TO -T1) 

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

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

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

Alternate Group A - Subgroups 1, 7, 9: Method 5005; Para 
3.5.1.1 

Bum-In Delta Calculation (TO - T2) 

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

Electrical Tests - Subgroup 3; Read and Record 

Alternate Group A - Subgroups 3. 8B. 11; Method 5005; Para 
3.5.1.1 
Marking 

Electrical Tests - Subgroup 2; Read and Record 

Alternate 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-5 - Subgroups 1, 2. 3, 
7, 8A, SB, 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 2009 

Data Package Generation (Note 4) 

NOTES: 

1. The notes or Method 5004, Table 1 shal apply; Unless Otherwise Specified. 

2. Thesa slaps are optional, and should be listad on tha Individual purchasa order(s), whan required. 

3. Harris reserves the right of performing bum-in UrnetempBratUBreQjBSSionaso^fViedby Table 1 of Method 1015. 

4. Data package contains: Radatton Testing Certificate of Conformance 
Assembly Attributes (post seal)                                            Wafer Lot Acceptance Report (Including SEM Report) 
Test Attributes (Includes Group A)                                            X-Ray Report and Flm 
Shjppable Serial Number List Test variables Data 

Harris -8 Product Flow 
Internal Visual Inspection Method 2010 Condition B 
Alternate 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, CondWon C 

Fine and Gross Leak Tests Method 1014 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-In Method 1015, Condtion D, 160 Hrs, +125°C 

+25°C Electrical Tests - Subgroups 1, 7,9 

NOTES: 

1. These steps are optional, and must be negotiated as part of order. 

2. Group B, C and D data package contains Attributes Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA b stil applicable. 

4. '-8' Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (Includes Group A) 
Radatton Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 

PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -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) 
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HS-6664RH 

Bum-In Circuits 
HS1-6684RH 28 LEAD (8KxB PROM DIP) 

HS9-6864RH 28 LEAD (8K x 8 PROM FLATPACK) 

HS1-6664RH 28 LEAD (8K x 8 PROM DIP) 
HS9-6664RH 28 LEAD (8K X 8 PROM FLATPACK) 

, VDD 

VDO VDD 

HF  

5]A1 VW 

g|_  VW 
äjG VW 
E£%W- 

FlJ- 
Ft- 

Ncü£{7 
vw A12LI 
vw A7E 

F7      VW" 
A« 

F«. 
Ft. 

vw A8[I 
-vw- A4 

F4      VW    "E 
F3     -WV    ^fT 
F2     VW   A1[T 
Fi   vvv A°0s 

LOAD1^ 

LOAD ^15 

LOAD ^131 
vss 

L m 

1E1 VW 
I^LOAD 

IS^ LOAD 
ITI^LOAD 

«  V„-GNG 

STATIC CONFIGURATION 
NOTES: 

1. Power Supply: VDO - 5.5V (Min) 
2. Resistors - 10kfl ± 10% 

■ GND 
OUT. 

ij^LOAD 
ULPPLQAO 

LOAD: 
10KO 

—VVV VDO/2 

DYNAMIC CONFIGURATION 

NOTES: 
1. Power Supply: VDD - 5.5V (Min) 
2. VIH- VDDtoVDD-I.OV 

3. VIL-0.0Vto0.8V 
4. Resistors -10KÜ±10% 
5. F0 - lOOKHi ± 10%. 50% Duty Cycle 
6. F1 - F0/2; F2 - F1/2; F3 - F2/2; F4 - F3/2; F5 - F4/2;.. 

F13-F12/2 

Irradiation Circuit 
HS1-6664RH 28 LEAD (8K X 8 PROM DI P) 

VDO 

-±T VDO-GND 
NOTES: 

1. Power Supply: VDD - 5.5V   ±ß.5V 
2. All Resistors - 47KQ ± 10% 
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Specifications HS-6664RH 

TABLE 6. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD •Q SUBGROUPS -8 SUBGROUPS 

Initial Test 100%/5004 1,7,9 1,7,9 

Interim Test 100%/S004 1,7,9 1,7,9 

PDA 1 and 2 100%/5004 1,7, A 1,7 

Final Teat 10OW50O4 2,3. 8A.BB.10.11 2. 3, 8A, 8B, 10,11 

Group A Samptes/5005 1,2. 3.7.8A. 88,9,10,11 1. 2, 3. 7, 8A, 8B. 9,10.11 

Group B 
(•Optional) 

B5 Samptes/SOOS 1,2,3,7,8A,8B N/A 

Others Samptes/5005 1,7,9 N/A 

Group C (Optional) Samptes/5005 N/A 1.7.9 

Group D (Optional) Samples/5005 1,7,9 1,7,9 

Group E, Subgroup 2 (Note 1) Samples/5005 1,7,9 1,7,9 

NOTE: 

1. Harris may exercise Its option to perform to a smal lot sampling plan of 5 units per lot 

Timing Waveform 
READ CYCLE 

!"Kv.w.wKw 

ÜäÜäkMiHiÜikMl 
ADDRESSES 

-TAVQV 

TAVEL 

E 

5, 

-n'l.JV A-   1JV 1.JV 

-TEHEL 

DATA 
OUTPUT. 
Q0-Q7 

TELAX 

«  

TELEL 

•TELEH- 

-TELQV 

■\sv 
\ 

- TGLQV 

TGLQX 
« M 

■TELQX 

K 
•3.0V 

VALD 
ADDRESSES 

■ ov 

?ar\L 

IF 
TGHQZ 

VAUD 
DATA 

•TEHQZ 

■ 1.0V 

OV 

3 ■ TS 
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Specifications HS-6664RH 

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

PARAMETER SYMBOL 
(NOTES 1, 2, 3) 
CONDITIONS 

GROUP A 
SUBGROUPS TEMPERATURE 

LIMITS 

UMTS MIN MAX 

Chip Enable Low WWh TELEH VDD-4.5V and 5.5V 9,10.11 -55°CSTAS+125°C 60 - ns 

Chip Enable High Width TEHEL VDO-4.5Vand 5.5V 9,10,11 -55°CsTAS+125°C 20 - na 

Read Cycle Time TELEL VDD-4.5Vand 5.5V 9,10,11 -55°CSTAS+125°C 80 - ns 

NOTES: 

1. All voltages referenced to device GND. 

2. ACmeasuremertsassurr»transitioniJmes5ns;irx>K 
bad and CL 2 50pF. 

3. All »rats pertomied with P hardwired to VDO. 

4. Address Access Tims (TAVQV) • TELQV + TAVEL - 65ns (maximum). 

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 

PARAMETER SYMBOL 
(NOTE 2) 

CONDITIONS NOTES TEMPERATURE 

UMITS 

UNITS MIN MAX 

Input Capacitance CIN VDD - Open, f-1MHz 1,3 TA-+25"C - 15 PF 

I/O Capacitance Cl/O VDO- Open, f- 1MHz 1,3 TA - +25°C - 12 pF 

Chip Enable Tim» TELQX VDD-4.5V and 5.5V 3 -55°CSTAS+125°C 5 ■ ns 

Output Enable Time TGLQX VDO-4.5V and 5.5V 3 -55°CSTAS+125°C 5 - ns 

Chip Disable Time TEHQZ VDD -4.5Vand 5.5V 3 -55°CSTAS+125°C - 15 ns 

Output Disable Time TGHQZ VDD-4.5V and 5.5V 3 •55°CSTAS+125°C ■ 15 ns 

NOTES: 

1. Al measurements referenced B device GND. 

2. Al tests performed with P hardwired to VDD. 

3. The parameters listed are comrcJed via design or process parameters and am not directly tested. These parameters are characterized 
upon Initial design and after design or process changes which would affect these characteristics. 

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

NOTE:   All AC and DC parameters are tested at the i-250C pre-irradtalion limits. 

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

PARAMETER SYMBOL DELTA UMITS 

Standby Supply Current IDDSB ±50uA 

Input Leakage Current IOZ ±IMA 

II ±100nA 

Output Low Voltage VOL ±60mV 

Output Ugh Voltage VOH ±400mV 
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Specifications HS-6664RH 

Absolute Maximum Ratings Reliability Information 
Supply Voltage (All Voltages Reference to Device GND) +7.0V Thermal Resistance                                       8^           Qx 

Inpu or Output Votage Braze Seal DIP Package     40.0°CAV   4.0°C/W 
Applied for All Grade« GND-0.3V to VDD+0.3V        Braze Seal Ratpack Package     53.4°CAV    6.0°C/W 
Storage Temperature Range -65°C to +150°C Maximum Package Power Dissipation at +125°C 
Junction Temperature +175°C       Braze Seal DIP Package 1.75W 
Lead Temperatue (Soldering 10s) ♦300°C       Braze Seal Ratpack Package 936mW 
ESD Classification Class 1     Gate Court 26,817 Gates 

CAUTION: Stresses above those listed m 'Absolum Maximum Ratings' may causa permanent damage to the device. This is a sens» only raing and operation 
of the device at these or any other conditions above ffiose indicated in the cferationalsectlciuef this specification is not implied. 

Operating Conditions 
Operating Supply Voltage Range (VDD) +4.5Vto+5.5V    Input Low Voltage (VIL) 0Vto+O.8V 
Operating Temperature Range 0/j -S5°C to +125°C    Input High Voltage (VtH) +2.4V lo VDD 

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. 

PARAMETER SYMBOL 
(NOTES 1. 2) 
CONDITIONS 

GROUPA 
SUBGROUPS TEMPERATURE 

UMITS 

UNITS MIN MAX 

High Level Output 
Voltage 

VOH1 VDD - 4.5V 10 - -2.0mA 1.2.3 -55°CSTAS+125°C 3.5 - V 

Output High Voltage VOH2 VDD - 4.5V, 10 - 100MA 3 -55°C£TAS+125°C VDD 
-0.3V 

- V 

Low Level Output 
Voltage 

VOL VDD -4.5V, 10 -4.8mA 1.2.3 -55°C5TAs+125°C - 0.4 V 

High Impedance Output 
Leakage Current 

IOZ VDD - 5.5V. G - 5.5V. 
WO-GND or VDD 

1,2.3 -55°CSTAS+125°C -10.0 10.0 uA 

Input Leakage Current II VDD - 5.5V, VI - GND or 
VDD. P Not Tested 

1,2.3 -55°CSTAS+125°C -1.0 1.0 uA 

Standby Supply Current IDDSB VDD -5.5V. 10 -OmA. 
VI-VDDorGND 

1.2.3 -55°CiTAS+125°C - 500 HA 

Operating Supply 
Current 

IDDOP VDD - 5.5V. G- VDD. 
(Note 3), f - 1MHz, 
IO- OmA, VI -VDD or GND 

1,2.3 -55°CsTAs+125°C 15 mA 

Functional Test FT VDD-4.5V (Note 4) 7, 8A.8B -55°CsTAS+125°C - - - 
NOTES: 

1. All voltages referenced to device GND. 

2. All tests performed with P hardwired to VDD. 

3. Typical derating - ISmA/MHz Increase In IDDOP. 

4. Tested as follows: f- 1MHz. V1H - 2.4V, VIL - 0.45V, IOH - -1mA, IOL - +1mA, VOH 2 1.5V, VOL £ 1.5V. 

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

PARAMETER SYMBOL 
(NOTES 1. 2, 3) 
CONDITIONS 

GROUP A 
SUBGROUPS TEMPERATURE 

UMTS 

UMTS MIN MAX 

Output Enable Access Time TGLQV VDD -4.5V and 5.5V 9,10,11 -550Cs:TA5;+125oC - 20 ns 

Chip Enable Access Time TELQV VDD-4.5V and 5.5V 9,10,11 -55°CSTAS+125°C - 60 ns 

Address Setup Time TAVEL VDD-4.5Vand 5.SV 9,10,11 -S5°CSTAS*125°C S - ns 

Address Hold Time TELAX VDD-4.5Vand 5.5V 9,10,11 -550CSTAS+12S°C 12 - ns 

Spec Number   518741 



HS-6664RH 

Functional Diagram 

MSB 
A2—| 
A3- 
A4- 
AS- 
A«- 
A7  
A* — 

LSB 

TP 

LATCHED 
ADDRESS 
REGISTER 

^L 

* 

* 

GATED ROW 
DECODER 

2M 
2MX2M 
MATRIX 

-fr 

32 f 32 2'32^32r32l'32r32<32|r 

lOf« 

GATED COLUMN DECODER 
PROGRAMING. AND DATA 

OUTPUT CONTROL 

*,'• \'* 

-k 00-0.7 

LATCHED ADDRESS 
REGISTER 

-TTTTTT- 
AO      Al      AIO     A*      All     A12 

tP must be hardwired at al times toVDD, except during programming. 

TRUTH TABLE 

E G" MODE 

0 0 Enabled 

0 1 Output Disabled 

1 X Disabled 
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OCi SEMICONDUCTOR HS-6664RH 
September 1995 

Radiation Hardened 
8Kx8 CMOS PROM 

Features 
1.2 Micron Radiation Hardened Bulk CMOS 

Total Dose 3 x 10s RAD (SO 

Transient Output Upset >5 x 10* RAD (Si)/s 

LET >100 MEV-cm2/mg 

Fast Access Time - 35ns (Typical) 

Single 5V Power Supply 

Single Pulse 10V Field Programmable 

Synchronous Operation 

On-Chip Address Latches 

Three-State Outputs 

MCr Fuses 

Low Standby Current <500uA (Pre-Rad) 

Low Operating Current <1 SmA/MHz 

Military Temperature Range -5S°C to +12S°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 address latches are provided, allowing easy 
interfacing with microprocessors that use a 
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 control (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 acqui- 
sition and processing systems, and processor control 
storage. 

Pinouts 
28 LEAD CERAMIC S8D4P 

CASE OUTLINE D28.B MIL-STD-183S. CDIP2-T28 
TOP VIEW 

MC[T ajVDD 
A12[7 E|PT 

M\± »JHC 

A.E 3] At 

«E 24] A» 

A4[» 5] ATI 

AjJT Z2JG 
AZE 2]AIO 

Al[» sjr 
Aojiö 3DQ7 

DQ0Ü2 iÜDQi 
DQld 3°Q» 
DQ2{n 16JDQ4 

GNDJTC 15JDQS 

28 LEAD FLATPACK 
CASE OUTLINE K28A MIL-STD-1835, CDFP3-F28 

TOP VIEW 

GMD 

t P must be hardwired at all times to VDD, excapt during programming. 

CAUTION: Tha» devices are sensitive to etectrostatlc discharge. Users should follow proper I.e. Handling Procedures. 
Copyright © Harris Corporation 1SSS .. 

Spec Number   518741 
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ORDERING INFORMATION 
UT22VP10: Prototypes «od MUitary Temperature Range 
UT22VP10  • -••••• 

(A)  =  Hot »older drpped 
«5   = Odd 
(XS  - franry option (gold or solder)2 

recnäe 

«  Prototype flow * 

-Sa 

(P)   - 2*4e^cet«nieBoe*i««JDff(0L30<rbody) 
OS) - >Mead€W»mfcbo«tt)»*rMed<teaJ^4ke£Utt^(OJ30<rk^pitcli) 
fW) = 2Me*dcenmlc cop-teased cpi^fbij>*± (&.Q5Ö" lead pitch) 

Device TJrpe Modifier/Speed 
C-25) -    CMOSKklSMprocagitiaadeUy 
'25) =   Tn.WO',2Si»p<»p^Mii»daay 8 

1. LadiUk(AjC«>X)aD«ta 

tmn"if»iy«»iiiiriinTt^i ■ -'"—r^-r ~-i—«■—»■—-"—--J.~» Wtti a -STC, ma ta^eatmc, ai UPCBidbtk» 

tm2YPlfc QML da« Q St Class V 
S962 » 94754 Ü _Ll * 

■ Lead Fmafcl 

(A)  - Hot »older clipped 
(Q  = Gold 
PQ  = ftaoty option (gold or «older)* 

~Qoc Out&ac? 
(L)  = 2We*de*«i»k«kie*nzedDff<pJorrbo<«    ^^^   _, . _ 
00 - 34Je»dce*a»b«tae»-bnB*ddM^-ln»&^^ 
M - 284eadc8iuafetoi>4riaKlctiiad4Utpack<QjCt5(rk^ 9 

»Out 
 iXOML«i»SrWtoMIL-I-3«535 
CLASS Q, QML cpeSGod to ML-I-38S3S (3 

Deribv lyp 
«M =  CMCK I/O: 25nipropaytloa delay 

■Deriwljpe/Spewfc 
CMQSM*        .   . , 
TTL VOU 5m propagstroa dd«J 

• Drawing tfwmber: No option« 
»Ibal Doses 

fH) =   lE6iidf(S0pM59&*47S4 drawing 
(Rj  =  lES«(MSJ)p«59t12^47S4diawiB8 

- Federal Stock Ctaa TKiipumV. No options 

l J^^S^S^n^Trlüirr^- i-^—^t-" *->-i—->+-'*a*-»'*i*t-**«Tl*">- 

UTMCMnOS» 
lMMmfti CM» ted 
•00-122-1*3 

I 

HHHUNIItJU 
SPITIMINOLOGIES 
EVJiocROELJECmONICS 
MinwrnnBi 

United Technologies Microelectronics Cen»,IiÄ.(UTVq«*e<ve* 
the right to nnfee cbanges »my products tad acrocca hetct*« »nj 

chii .noax» 

tM Cfttanbta Sad, t«*> 1» 

BoMoaSttoOOoe    __ 

Bc^M.UA.IBlM 
anstatt 

nRdK»Urt.Mu3 

Mi H,< MM 

doe whhoot notice. Consult UtMC or nj mthoraed nk»ttaatttA- 

^Ä«K^McSaS)«n^toi«'«r^»yUT^i^ooe»*e    ,J 
nSSaeJa«c»ScoraaodBacr service from CTTMC <«mw »       W 

fetÄfflr^^ 

Gwrf** ISfS •/ Ufttoi %^ob«fc» Mfcmtetnakt CoMe»v be RADWJH-7-«-«* 
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8EE DETAIL 
A. PIN 1 10 

A 
0.100 MAX 

"I 

BACKSIDE 
PIN ID MARK 

l£D 

At 
0.065 ±0.007 

A ««-"    I 
c 
0.008 ±0001 

SIDE VIEW 

V SQUARE COTOCRS. 
THIS PAD OMY 

VIEW A* 

Figure 9.28-Lead Quad-Ffalpack (.45 x .45) 

DETAIL A 
PIN 1 ID 

HöttK 
L Anflrprwriavttlfacd area» an/gold pbtcd over 

efcrtroplatrd nickel per MIL+38S35. 
2. Lead Gnfake» «JC in accordance with ML-I-3SS35. 
1 Dlmenricwl«««! refer to MIL-StO-lS«. 

Lad paciUtM and coptaaarir/ are not manned. 
Mirk boot adject Urinal «anting criteria. 
Mark boa lid aetf to a7id>olk*eadt>r optica. 
For totter coaaed leads, tncraue DUXBCIIO limit by OJXB 
neb at neatwodtt die center of 4c flat. 

15 
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k 
0.015 
0X08 

»PLACES  ( 
0 JO BSC 

I A 
b 
QJ0B2 
0.015 

k 
0J51S. 
0.008 

i i  

&1E= 

aa PLACES 

m 
ruf- 

£ 

/= 

PIN Ntt 11D. A A 

r^|aC36<M)|HiA^(§)|D^ 

E1 
O450MAX. 

-I 
l-^ia010<M)iH} A.B®JDC§)i  A 

i 
! 

31 
4 PLACES 
0.000 MM. 

f1 

<2 

A 
0.115 
ao« 

fern 
a 
0JH5 
0.026 

L      ——J 
OSKJTYP. 
O250 

0J»20 
"<U50" JB. 

E2 
0.180 -J 

A 0X08 
0J)04 

loLOK Qlonwol 

63 
0.030 MM. Tff» 

L Al exceed otettEtedtmamicfDUpiated over dectrofdated 
nfcfcsl par MIL-I-38S3S. 

2. TheBdbrfearieallycDiifWYtwlwVg» 
3. Lead finith« are « acOTdance with MTL-I-3M35. 
4. Däneasion kttna refer to MIL-STD-183S. 

Ä Lead jxaitjoc and copbnarity an aot measured. 

Sftr solder coated leads, macase maximum tiniit by OÄDmcb 
as naaiured at tie center dl the flat 

<* 

^ 

Hgv« 8.24-Lcad FUtpack (>t5 x ^4) 
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« 

• 

1 0-310S 0.019 

01295*04310     H 

m 

14 

5 
o 
+1 
s 

29 

241 

24-LD 
6038 

- 

^ 

FtNlftCEX 
QEOMETRVOPT 

A 
0.166 
0L110 

4 
^*1 H-0J06O 
r—j] j   ao»5 
|f—  -j =3. r 

0.050 TYR 

[L *>~ 1 

1 

P          ^ .    J 

P£  

■ 

S1 
oooe 

MBtTYR 

I 

0.018*0.002 

C3IEIH0JE 

"H 

1 
S 

0.501 
(AT SCATINQ PLANE) 

TOP VIEW 

52 
O005M1N.- 
I_    0.12S    JL1 

1 
eA SEEDCTAItA 

0400*0010 

CffRMHC 
OJQZSMAX.)   BODY 

i 

BRAZE FILLET y 

0.150 MIN, 

FRONT VIEW 

LEAD 

•0,040 MAX. 

0L«O +0.002-J,. 
• OtOOl 

SIDE VIEW 

DETAIL A 
(NO SCALE 

NMCR 
I- P*cfag» nwfim*»L' Opaque ceramic 
2. Mocpoced'aiea«^ «CM are finished per Vm^3ÄS35, 

A Letter dcdfflttrio« are farcratneferesce to MIL-STD-183S. 
ftraofaier coated leads, iacnue nxämum Umt by 0.003 inch *» 

. Beamed at tfeeceate* of the flat 
£&NW>cring aqd lettering oa the ceramic are not subject to visual 

inftitupgahati. 

Figure 7.24-Phi lOO-mfl Center DIP (I J00 x L2) 
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POWER-UP RESET 

The pöwer-up reset feature ensure» that all flip-flops win 
be reset to LOW aftet the device ha« been powered up. 
The output state wfll depeod on the programmed pat- 
tern. 1}hb feature is valuable in simplifying state machine 
initiahzation. See figure 6 for a timing diagram. Due to 
the synchronous operation of the 

power-up reset and the wide range of ways VQQ can rise 
to ffs steady state, the following two conditions are re- 
quired to ensure a valid power-up reset. 

• TtieVoo rise must be monotonic 
■ Following reset, the ctocfcinpot must not be driven from 

LOW to HIGH cnul all applicable input and feedback 
setup times are met. 

POWER 

REGÄT6RS) 
ACTIVE-LOW 

OUTPUT 

1/ 
VDO 

■*! 

7ZZ 
CLOCK Si L 

«Wl 

Figure 6. Püww«Up Reset Waveform 

G 
RADIATION HARDNESS 

The UT22VP10 RADftU. incorporates special design and 
layout features whkh allow operation in high-level radi- 
ation environments. UTMC has developed special low- 
temperature processing techniques designed to enhance 
the total-dose radiation hardnesa of both the gate oxide 
and the! Geld oxide whfle maintaining the circuit density 

and reliability. For transient radiation hardness and 
latchup immunity, UTMC builds all radiation-hardened 
products on epitaxial wafers using an advanced twin-tub 
CMOS process. 

RADIATION HARDNESS DESIGN SPECIFICATIONS l 
1 

j        PARAMETER CONDITION MINIMUM UNIT 

TbtalDose 4-25«Cper MIL-STD-883 Method 1019 1.0E6 rads(Si) 

LETTlircahold SS^to+WC 50 MeV-cnAmg 

Neutron Fluence LMeV equivalent L0E14 n/cm2 

ftote 
1. TT*RAIÄü.v»ffliK*l*d^dori^ taxation «$**»• **i«r^^ 
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ft 1 ept 
PRODUCT 

TERMS .     *     . 
REGISTER 

3 

i 

PRODUCT 
TERMS 

i 
i 
• 

ctx 
• 
v     o 

REGISTER 
■-b- 

Ntue 
t<y defined u die propagrtfcm delay 6om Ü to D jcgawr input 

fMAXX Internal Feedback \'« + <<»J 

PRODUCT 
TERMS 

CLX _J  
0 Q 

REGISTER 

PRODUCT 
TERMS 

-£>—Q OUTPUT 

Clock to Combinatorial Output (tco2) 

• 

Figure 5. Signal Tttlu 

# 
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J J. fUOOJCkÄO X 

txpuron" 
ÖORECTIONAL 

C0NBWXDQM4L 
!    owmjr. 

sx: 
«Pt> 

—i 

3KE 

Combinatorial Output 

MPWon 
BiDStECTIOMAL 

MPUT 

CUJCX 

n&GBTEREO 
OUIWT 

X 
% 

X 
«M 

JF 
v», 

X* 
Registered Output 

a 

<wn 

^T-\. 
•WL 

MPVTOR 

WKJT 

OUTPUT 

XSIZZ>C 
«EHf 

> 

«*•»  «SA 

VT 

Clock Width Combinatorial Output 
(VO«-0JV?VöL + 0L5V) € 

Uw 

wpurAssaawG N^ VT 
Aswo^BOMoUB v^ 

»VVTASSERTMC 
SYNCHRONOUS 

PREÄT 

CLOCK 

=X5 

BEGWTWED 
OUTPUT 

Asynchronous Reset Synchronous Preset 

Nat«: 
1. VT-=L5V 
2. boot poke «mpftode 
3. h^otri»eaoduntil» 

OV to 3.0V. 
dmet 3m mirknum. 

Figure 4. AC Electrical 
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'Ä   AC CHARACTERISTICS READ CYCLE (Fort-Radiation)1-2 

~   (VDD =*5.0V ± 10%;-55'C<TC< +125*Q 

SYMBOL PARAMETER MINIMUM MAXIMUM UNIT 

tM> Input to output propagation delay - 25 ns 

tEA Input to output enable delay - 25 ns 

tEK Input to output disable delay - 25 ns 

k» Clock to output delay - 15 ns 

tcQ2 Clock; to combinatorial output delay via internal regis- 
tered feedback 

— 28 I» 

ts Input or feedback setup time 18 - ns 

»H Input or feedback hold time 0 - ns 

tp External clock period (too + ts) 33 - ns 

tyH,WI. Clock width, clock high, time, clock low time 14 - ns 

*MAX1 External maximum frequency (l/(tco + ts)) 30 - MHz 

&1AX2 Data path maximum frequency (l/(twH + t\VL)) 36 - MHz 

£MAX3 Internal feedback maximum frequency (l/(tco + *CP)) 32 - MHz 

«OP Register dock to feedback input - 13 ns 

«AW Asynchronous reset width 25 w ns 

UR Asynchronous reset recovery time 25 - ns 

tAP Input to asynchronous reset •* 25 ns 

JsPR Synchronous preset recovery time 25 - ns 

.»PR Power op reset time 1.0 - M» 

O 
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DC KtKCTRICAL CHARACTERISTICS 2 

(YDD = 5J>Y ± 10%; Vss = 0V », -55°C < Tc < +12S»C) 

SYMBOL PARAMETER CONDITION MINIMUM MAXIMUM UNIT 

ViL Low-level input voltage TTL - A V 

Vm High-level inpat voltage TTL 2,2 — V 

VIL Low-level input vokage CMOS - J*VDO V 

vm High-level input voltage CMOS •7*VDD — Y 

V6L Lew-level output voltage 1^= 12DmA, VDD = 45V (TTL) A V 

Von High-level output voltage IQH = -12.0mA, VDD = 45V (TTL) 2.4 — V 

VDL Low-level output voltage TOL - 200UA,VDD ' 45V (CMOS) - Vss+0.05 V 

VoH High-level output voltage Ioa--2Q0uA, VDD-4.5V 
(CMOS) 

VDD-O.05 V 

itH Input leakage current Vm-VDD and Vss -10 10 uA 

Tax. Three-state output leakage 
current 

Vo'VooandVss 
VDD o 55V 

-10 10 uA 

io^ Short-circuit output current VDD = 55V,V0 = VDD 
vDD=55yv0 = ov 

-160 160 mA 

OH
5 Input capacitance /=lMHz@0V - 15 pF 

Qybs Bidirectional capacitance /=lMHz@0V 15 pF 

Iöc Output three-Mate, worst-case 
pattern programmed, (MAXI 

VDD - 55V 
" 

120 xnA 

a 

Bottr ' 
L U«doiMnia<»iHci*liwesJ«fte<i«ab50iaV..       ^ 
2. AB licdfieiäocBTöJd tor nOaSoa. date £ IE6 r*dt(Si). 
>. Duritio»ace»exceedlseeood,oneootputfttttee. 
4. CoaNRMd, but «ot tested 
5. "Rated ftjrieiiülqMlifatiaoonJjr. 

€ 

< 



Commercial Version <con«nu«d) 

DIP ECL-to-TTL AC Electrical Characteristic« 
VEE 4.2V to -5.7V, Vm - +45V to +5.6V, Vcc - VCCA - QND. CL 60 pF 

Symbol Panrnttar To- <rc To- -28"C To- -IB-C Unit» Conditient 
Hn Max Mn Max wn Max 

tftH 
«PHL 

E„ioT„ 
(Transparent) 23 5.6 14 5.0 2.8 5.9 ne Figur0»3t4 

IfLH 
«FML 

LEtDTn 3.1 7.2 3.1 7.2 33 7.7 m Figur—3 A4 

tpZL 

OEtoTn 
(Enable Time) 

3.4 
3.8 

8.45 3.7 
AB 

«.95 4.0 
4.3 

9.7 
9.96 

in Ffrr—3A5 

tpHZ 

«R2 

OEtoTn 
(Disable Time) 

3.2 
3D 

8.95 
7.7 

3.3 
3.4 

8.95 
8.7 

3.5 
4.1 

92 
B. 96 

ne Ftpr—US 

IfHZ 
«PLZ 

DIRtoTn 
(TU—hi« Time) 

2.7 
7.48 

23 
3.1 

8.7 
7.96 

3.1 
4* 

8.95 
B-2 r» Figurm3A8 

W E„toLE 1.1 1.1 1.1 ns Figures3A4 

thou EntoLE 2.1 2.1 2.6 n» Rgtr—3A4 

Vwfrfl Pulte Width LE 4.1 4.1 4.1 ne Rgurm3A4 



SOIC, PCC and Cerpak TTL-to-ECL AC Electrical Characteristics 
VK 4.8V to -6.7V, VJTL -  + 4.SV to + 6.6V 

Symbol Parwnatar 
Tc-<rc Tc - WO Tc-e5"C Urals Condttona 

Kn       Max Min      Max Min       Max 

tPLH 

•pHL 

T„toE„ 
(Tranaparant) 

1.1        3.3 1.1        3.4 1.1         3.6 
na 
na 

figures! S2 

«PLH 
<PHL 

LEtoEn 1.7        3.4 1.7         3.5 1.9        3.7 
na 
na 

HgUTMttS 

•PZH OE«oEn 

(Cutoff to High) 
1.3         4.0 1.6         4.2 1.7         4.6 na Hgun$1i2 

«PHZ OEloE„ 
(High to Cutoff) 

1.6         4.3 1.6         4.3 1.6         4.4 na HgunttSS 

«PMZ DRtoEn 

(High to Cutoff) 
1.8         4.1 1.6         4.1 1.7         43 na Hgunt1t2 

W T„»LE 1.0 1.0 1.0 na figuntt42 

thoU TntDLE 1.0 1.0 1.0 na Fyurt1&2 

«pwM PvjtM Width LE 2.0 2.0 2.0 m FfgunttS2 

*TLH 

*THL 

Transition Ti ma 
20* to 80%, 80% to 20% 

0.6         1.6 0.6         1.6 0.6         1.6 na Rgur—112 

«OSHL Maxinum Sfcew Common Edga 
Outpul-toOutput Variation 
Cat« to Output Path 

200 200 200 P» 

PCC Only 
(Notol) 

«OSLH Maximum Skew Common Edga 
Output-to-Output Vartation 
Data to Output Path 

200 200 200 P» 
PCC Only 
(Notel) 

«OST Maximum SKsw Oppoala Edga 
OutpuMo-Output vartation 
Data to Output Path 

650 660 660 P» 

PCC Only 
(Nctal) 

«P. Maximum Skaw 
Hn (Signal) Transition Variation 
Data to Output Path 

650 650 660 pa 
PCC Only 
(NotaD 

IM»1:OiaMMoOu^a>^l»d*t»d«»lt»*»oli»v»l«o«lh«aWtn»iMb«l>iw 
dm». 1h» «MHMiona «Or to *r» autoua Mni in tM Mm* dnctien *m HKiH to UOW JOB»).«rLOW>oHOHfe»>jLWlnoppo«l«i»»<*x»lio«h 
HL md LH (1O«T). PnmMn tovT in) ip. guvMMd br dalgn. 



Commercial Version (Gontmu«fl 
SOIC, PCC and Cerpak ECL-to-TTL AC Electrical Characteristics 
VEE - -4-2V » -5.7V, Vm - +4-5V to +5.5V, CL - 50 pF 

Symbol PmiMttr 
Te-o«C Tc " 18*C Tc-tS*C Unit* Condition» 

Hn       Max Mm        Max Mm        Max 

tpHL 

E„tDT„ 
(Transparent) 

2J         6.4 2.4         6.4 23         5.7 n* Rpjm»3&4 

tpLH 

*PHL 

LEtOTn ai      no 3.1         7.0 33         7.5 rts F)guns3S4 

OEtDTn 
(Enable Time) 

3.4       8.25 
3.8         9.0 

3.7       8.75 
4.0         9.0 

4.0         9.5 
A3        9.75 

n» Hgurw$3S5 

*H2 OEtDT„ 
(DtubteTima) 

12         9.76 
ao      7.5 

3.3 &75 
3.4 9.6 

3.6         9.0 
4.1        9.78 

na Rgunt3t5 

tPHZ 

tfCZ 

CKRtoTn 
(OaableTime) 

Z7         8.0 
2.8         7.26 

2.8         8.6 
3.1         7.75 

3.1        8.76 
4.0         9.0 

na RprasSiB 

W En IDLE 1.0 1.0 1.0 na Bgun»3S4 

thoU EntOLE 2.0 2.0 23 na Rguns3S4 

tpwM Pulse WkthLE 4.0 4.0 4.0 na Ftgur»93i4 

tOSHL Maximum Skew Common Edge 
OutpuMo-Output Variation 

Data to Output Path 

BOO 800 «00 pa 

PCC Only 
(No«a1) 

*OSLH Maximum Skew Common Edge 
OulpuMoOulput Variation 
Data to Output Path 

850 850 860 PS 

PCC Only 

(Notal) 

tOST Maximum Skew Opposite Edofl 
Output4o-Output Variation 

Dau to Output Path 

1360 1360 1360 P» 

PCC Only 

(Hotel) 

»1» Maximum Skew 

Pin (Signal) Transition Variation 
Data to Output Path 

950 960 960 P» 

PCC Only 

(Notal) 

»to t Outu^OutM Sk» »drtntd n t» «aokat wu» <* tta «hnw» bemetn •»•c^prcpifle1cndil«y1a«riy<Matiw*tot»»^pa*i9id 
a«^.Th»a>»d«c««CT«eP»'o»i»«ut»ui»»»Wi<jlnm»i»iT»t«»clon«mwH^ 
HL »a LH Ooni Pwmfi low «" W »■■«■M "T *«Bn- 



Industrial Version 

PCC TTL-to-ECL DC Electrical Characteristics 
Vw--4iVtD-6.7V.Vcc- VcCA-QNCTc- -«rCto+SPC.Vm.- + 4.6V to + 6.6V (Note) 

Symbol Parameter 
To- -40*C To-OXto+WC 

UnHa Condition» 

afn         Max MM                Mas 

VOH Output HIGH Voltage -1086        -870 -1025            -870 mV V* - ViH(lJ»»)OrVif«n) 
Loadng with 50fJ to -2V 

VOL Output LOW Voltage -1830       -157S -1830           -1820 mV 

Cuton Voltage 
-1900 -1960 mV 

OE or DIR Low, 

Vn-V|Ha*u4orVKijjn> 
Loadhg with 50n to -2V 

VOHC Output HIGH Vortag* 

Com« Point Hgh 
-1096 -1035 

mV V* - ViHfMWOrViijyirt 
Loadng with 50OtD-2V 

Vote Output LOW Voltage 
Corner Point Low 

-1565 -1610 mV 

Vn Input HlQHVoRag« Z0            5.0 ZS>                6.0 V 0v8fVTa,VEE,TcRang» 

Vl Input LOW Voltage 0             0.8 0                 0.8 V Over VrrL.Vffi.Tc Range 

i|H Input HIGH Currvnt 70 70 («A VW - +27V 

Breakdown Tost 1.0 1.0 mA VH - +5.5V 

'IL Input LOW Current -700 -700 MA V*| - +0.6V 

Vroo Input damp Uooa Voltage -1.2 -1.2 V lM - -IBnnA 

lEE VEE Supply Current 

-1S9          -70 
-169          -70 

-1S9              -75 

-169              -75 

mA 

LE Low, OE and DIR High 

Inputs Open 
VEE- -4.2V to-4.8V 

VES- -45V to-5.7V 

PCC ECL-to-TTL DC Electrical Characteristics                            ... „,„*«, 
vj- -4iVtO -S.7V.Vcc - VCCA - GND. Tc - -«r-Cto + IM, CL - 50 pF, Vm -  + 4.5V to + 65V (Note) 

Symbol Parameter 
TC- -«re Te-0*CtO+*5*C Unite Condition» 

Wn         Max um          H*I 

VOH Output HIQH Voltage 2.7 
2.4 

2.7 

2.4 

V 

V 

IQH- -3mA,VTTL-4.7SV 

lOH- -3mA, Vm- 4.60V 

wOL Output LOW Voltage 0.6 as V Id - 24 mA, V-TTL - 4*0V 

VlH Input HIGH Voltage -1170      -670 -1165         -670 mV Guaranteed UGH Signal for All Input» 

V|L Input LOW Vortag« -1830     -1480 -1830          -1475 mv Guaranteed LOW Signal for Al Input» 

l|H Input HIGH Currant 426 350 fA VIN - VIH (Max) 

(H Input LOW Current 0.50 0.60 r* VIM - VIH (Min) 

lOZHT TRI-STATE Currant 

Output High 
70 70 >+ VOUT " +27V 

lOZLT TRI-STATE Currant 
Output Low 

-700 -700 >* VrjUT " +°-6V 

k» Output ShOrt-Orouit 

Current 
-ISO         -80 -150              -80 mA VouT-OOV.VtTL- +66V 

►m. V-m. Supply Currant 74 

49 
67 

74 

49 
67 

mA 

mA 
mA 

TTLOutputiLOW 

TTL Outputs HIGH 
TTL Output! in TRI-STATE 

gwn>«M «pwaejri ux»r "eonl ana" «rattorm. 



Industrial Version (Continued) 

PCC TTL-to-ECL AC Electrical Characteristics 
VEE 4.2V tD -5.7V, Vm - +45VtD +5.6V 

Symbol Parameter 
Tc - -40*C To-WC To -I5"C Unit» Condition» 

Min       Max MVi        Max Hn Max 

tpLH 

tpHL 

T„tDE„ 
(Transparent) 

1.0         33 1.1          3.4 1.1 33 
na 
ns 

Fguns lit 

tpLH 

tpHL 

LEtOE* 1.7         3.4 1.7         35 1.9 3.7 
ns 
na 

RgiMlii 

tpZH OEtoE„ 
(Cutoff to High) 

1.2         4.0 1.5         42 1.7 43 ns F&M1S2 

tpH2 OEtoEn 
(HkjhtoCutafr) 

1.5         4.5 1.6         43 1.6 4.4 nt Rgi**$1&2 

»W2 DRtoEn 

(HofttoCutefl) 
1.6         4.1 1.6         4.1 1.7 4J na FQurmltt 

W TntoLE 2.5 1.0 1.0 ns Flgumtlte 

thold TntoLE 1.0 1.0 1.0 ns Fgur*$t&2 

WH Pulse Width LE 2.5 2.0 2.0 ns figun*1&2 

Transiten Tim« 
20% to 80%, 80% to 20% 

0.4         2.3 0.6          1.6 0.6 1.6 mi F<pres)&2 

PCC ECL-to-TTL AC Electrical Characteristics 
VEE - -4.2V to -5.7V, Vm - +45V to +55V, G. - 50 pF 

Symbol Parameter 
Te = o*c TC = »PC TC = «S*C 

Units Candfttene 

■n          Max Nn          Max Min Max 

tpLH 

»PHL 

EntoT,, 
(Transparent) 

23           5.4 2.*           5.4 2.6 5.7 na Figv*t3&4 

*PHL 

LEtoT« 
3.1            7.4 3.1            7.0 33 7.6 na Rgur—3A4 

tWH OEtoTn 
(Enobl« Tim«) 

3.4           8.3 
3.7            B.0 

3.7          8.75 
4.0           8.0 

4.0 
43 

9.5 
8.7S 

ns Rguras3tS 

tpHZ 

tpLZ 

OEtOTn 
(Diaabta Time) 

32           9.0 
3.0            7.S 

33         8.75 
3.4           8.8 

3.5 
4.1 

9.0 
17S 

ns Figur»s3tS 

»PL? 

CXRtOTn 
(Disable Time) 

2.7          8.0 
2J           7.3 

24           8.5 
3.1           7.75 

3.1 
4.0 

8,75 
8.0 

ns Figur933ie 

UM E„toLE 2.6 1.0 1.0 na Figur—3 A4 

ttaU E„toLE 23 2.0 23 na Figv0t3&4 

«p«M Pulse WWh LE 4.0 4.0 4.0 ns Ftguraa3A4 



Military Version 
TTL-to-ECL DC Electrical Characteristics 
Vee - -4.2V 10 -6.7V. Vcc - VCCA - ÖND. TC - -66« to + 125«, Vm. - +4.5V to +6.6V 

Symbol Parameter Mm Max Untta To Cendttiona Note* 

VOH Output HÖH Vortag« -1026 -870 mV 
ore to 

+ 126« 

V|N - V|H (Max) 
wV|L(Min) 

Loadngwith 
60n«D-2.0V 1,2.3 

-1086 —870 mV -SFC 

VOL Output LOW Voltage 
-1830 -1620 mV 

Ore to 
+ 126« 

-1830 -1555 mV -55« 

Cutoff Vortag« -1660 mV 
PCto 

+ 125« OE or DIR Low 

-1860 mV -55« 

VOHC Output HiQH Voltes« -1036 mV 
f/Cto 

+ 126« 

Vn - V|H (Min) 
orV|L<M«) 

Loading with 
5OO0l0-2i)V 1,2,3 -1086 mV -66« 

Vox Output LOW Voltage -1610 
mV 0*Cto 

+ 126« 

-1555 mV -55« 

VlH Input HIGH Vol tag« 2.0 V 
-65« ID 
+ 125« 

Ov«rVTTL, VEE, TC Rang« 1.2,3,4 

VlL Input LOW Vol tag« 0.8 V 
-66« to 
+ 126« 

0v«rvm. VEE. TC Rang« 1,2,3.4 

in Input HIGH Current 70 MA 
-65« to 

126« 
V* - +2.7V 

1.2.3 

Breakdown Test 1.0 mA 
-66« ID 
+ 126« 

VM - +5.5V 

>L Input LOW Currant -1.0 mA 
-65« to 
+ 126« 

V* - +0.5V 1.2,3 

VFCO Input Clamp 
Died« Vortag« 

-1.2 V -55« to 
+ 12PC 

lM - -18 mA 1.2,3 

IEE VEE Supply Currant 

-166 

-176 

-«5 

-85 
mA 

-66« to 
+ 126« 

LELOW.OEandDIRHSfi 
Inputs Open 
VJB- -4.2V to-4.8V 
VEE- -4.2V to-5.7V 

1,2,3 

10 



Military Version (Contjnuad) 

ECL-to-TTL DC Electrical Characteristics 
VEE - -4.2V to -5.7V, Vcc - Vcc* " 8ND, Tc - -56*C to + 126*C, Q. - 50 pF, Vm - +4.SV to + SSV 

Symbol Paramotar urn Max Units To Condition* Notas 

VOH Output HQH Voltage is 
mV 

0*Cto+126*C 

-55*C 

lOH- -1mA,VTTL-4.60V 

IOH - -3 mA, VTTL - 4-50V 
1.2,3 

VOL Output LOW Voltag« 
0£ mV 

-5S*C 

+ 125*C 
IQ,. - 24 mA,Vm.-4.60V 

VlH Input HIGH Voltag« 
-11« -«70 mV 

-58«C 

+125-C 

GuarantMd HIGH Hund 

for Al Input» 
1.2,3,4 

VlL Input LOW Vortag« 
-1830 -147S mV 

-6s*Cto 
+125*C 

QuvmntMd LOW Signal 

for Al Input» 
1,43.4 

1* Input HIQH Currant 360 
500 

f*A 
0*Cto 

+ 126T 

Vo - -5.7V 

Vw - VlH (Max) 
1.2.S 

ll Input LOW Currant 
0.50 »•A 

-66*C to 

+ 126*0 
VEE = -■»•» 
Vn-ViL(Min) 

1.2,8 

IQZHT TRJ-STATE Currant 
Output High 

70 C* 
-65>Cto 
+ 125*C 

VQUT- +2.7V 1.2.3 

IOZLT THWSTATE Currant 
Output Low 

-1.0 mA 
-65*Cfo 
+ 125*0 

VQUT- +0£V 1.2.3 

>OS Output Short-Clrcult 
CURRENT 

-150 -80 mA 
-SS'Cto 
+ 126*C VOLT-cov, VTTL- +5.5V 1,2,3 

im VTTL Supply Currant 75 
60 
70 

mA 
mA 
mA 

-66*CfD 
+ 12PC 

TTL Outputs LOW 
TTL Output High 

TTL Output In TRI-STATE 
1,2,3 

Nata t »100K «» Sanaa ectt tanrcanwra Ma» Q ■ parlormad by Hsnln io«l*x Do 
■iimJaWi «Snout wKmrg tort» junction ttrnparabn to tfatflja dua to haat daaipaMn at 
coralond ■ worn ona oondNon at cold wripanawasi 
M>«ii:«aMnwiHd100««iMohd«aM«-trc +tro.«nd +1 a*C tub**«*, 1.1», 
la*t:San^lailad(lla<r«l!<MS,T«bMonaa*!iw<u«KaiM^ «fSrQwd 
MM* t Oijaiinalld by apphing »nn»irl Input conbSaon and «Ming Vrju/VoL. 

TTL-to-ECL AC Electrical Characteristics 
VEE - -4*v » -"v. VTTL - +*&* * +5^v. v«; - Vcc* - GND 

jiaiani Junofon «ynparaim aquait -STG). than 
Mr powaMar TNa prondaa "oak) atart" apaoa aMati 

7. and a. 

* :arC Subgroup* Al. f,», 7, and I. 

Symbol Paranwtar 
-H*C 

Mm        Max 

TC-arc 

Min 

TQ - +iat*c 

Min       Max 
Unit« Condition« 

tpLH 
tpHL 

TNtoEn 

(Transparent) 
as 3.4 a* 0.8       17 

n* 

rrs 
Ftgunal&l 

1.2,3 
IpLH 
»PUL 

LEtoE„ 
1.2 3.« 1.4 3.7 1.1        a« 

m 
n* 

Fifur—1A2 

*PZH OEteE„ 
(Cutoff to HIGH) 

0.8 3.6 1.5 4.0 2.0 SJ Rgu/Ptlit 

«PH2 OEtoE„ 

(HK3H to Cutoff) 
1.6 4.6 1.6 42 1.6 4.3 Figur»» Hi 

1»H2 QRtoEn 
(UGH to Cutoff) 

1.6 4.7 1.6 4.3 1.7 4.3 Figuml&e 1.2.3 

TntDLE ^5 2.0 2.5 Fjguns1&2 

»hold TntoLE 8.5 2.0 e& FigunalAS 

W") Pulse Width l£ 2.5 2.0 2.5 FJgures1&2 

•TLH 

tTHL 

Transition Tin« 

20% to 80%, 80% to 20% 
0.4 2.3 0£ 

11 

2.1 0.4 2.4 Figures 112 



Military Version (contw*o) 

ECL-to-TTL AC Electrical Characteristics 
VEE - -4.2V ID -6.7V. Vm - + 4.5V ID + 6.6V, V«; - VcCA - GND, Q. - 50 pF 

Symbol 

tf>HL 

tpZL 

1PHZ 

Hi 

¥HZ 
tOLZ 

th<* 

W") 

PaWMtf 

E„tDT„ 
(Transparent) 

LEtoTn 

OEtoTn 
(EniblcTim«) 

OEtoTn 
(DtMbMTkn«) 

DRtoTn 

(DiMlMTkn«) 

E„toLE 

E„tOl£ 

PuteWkfthUE 

Tc -src 
Mfl 

11 8.0 

3.1 7.0 

a2 
3.6 

6.0 
8.0 

3J 
3.0 

8.5 
8.0 

i7 
7.0 
7.0 

2.B 

ao 
2.5 

T0-J9*C 

Wn 

2.0 M 

11 e.5 

a7 
4.0 

6.0 

3.4 
ao 
7.6 

2.6 
3.1 

7.0 
7.0 

2.0 

15 

ao 

T0- + 12a"C 

Wn 

22 &3 

as 7.5 

4.0 
4.3 ae 
as 
4.1 

8.4 
10.0 

2.8 
4.0 

8.0 
10.0 

2.B 

ao 
ao 

Unite 

m 

n% 

Condition» 

figun*3&4 

Hprsa3S4 

Rgms3SS 

F&MS9&5 

Rgurm3t\8 

Fjgura«3A4 

Rguns3&4 

Rgunt3S4 

MOtM 

1,43 

1.2.3 

Mai» * F100K 900 SWM CO« Umponun Ming k> patomod by »Urtn MMing (to guarant» junctor tome*»»» «ojjak -»PO. thin Mrtng 
>nina«»t ctur powcM*. Tt* mMH "cold «on*' apM wnWi 0.« b* nnAMrad • «on» MM oondton «! ooW Mmpmint 

Nek f: Sawi acttd 100* on wen dt*» at + »C. torrpntn only, Subgroup A*. 
M> k tamp* t—«1 (M«n«d 1005, Tel* I) on Men mtj. lot • +OTC. **OW A». •"« « + «»« Md-6« t»^«»», Sl*QT0up»A10 «ndA11 
MU*N«MjMit+K'C, ^ISWrt-K-CtomprilurttiWkBncnmöBtaKMid*). 

12 



Test Circuitry (TTL-to-ECL) 
Vi-w 

\k--4jV 

TTL INPUT fOKl/SBISl CMCUI 

«I 

»in.. 

»r 
son 

; _L       JL   M0;: 

m INPUT SENK 
- 10:1 MV»E1 

CHCWT - S00O TO «WUND 
b______ —— — •>-—a—-• 

,_____-_--_< 
cci MPur ro«c£/sDiÄ i_ 

eneuir r 

TO« 

LE   MR   « n 

ECL OUTPUT SENSE 3KUT 

.voacau, 

; I jofl JL 
jT**^ 

110a 

-4V 

zti prvno        -är 

BUTVAIöT cucurr rot 
-2V/SOA TUMMUTION 

«. MPVT FOKE/SEUSE CtRCUTT 
-0.MV , 

fW- -1.71V 

/^soaco**^ 

±*Ü 
mon 

M BtVKI -^r 

EQUVM.OIT CWCUIT FOI 
-JV/40Ö TCMAtUTION 

TL/*/ioti*-r 

No» t B, - 50« ttnrimton. Wtion mn Input« cu*U ii Winy montorad Bf • loop» Rt I» nnmOftt»iaVtlor>matm.1&mmir(fäaioi»iiiAMntt 
MWg monfcwd. m Mwl Wn rwlmnM nm b» nofcd 10 wry« ■» H,. 
•Mi £ TTL ind BCL «ore« rigmk «• Draught 10 ON DtTT «to «Oft oon In» 
NM * vtn.» äten^ö to »round «<th 0.1 «* to »raund, YR * doooupipd to »rond «» 0.01 ^P ml Vx » otw>«»«Ho»ound. 
Not» * Por KLtoeui pk« tho MMwMnt tatm/tim* arany k oKtor«L 

FIQUM 1. T-IVto-ICL AC TMi CIrauH 

Switching Waveforms (TTL-to-ECL) 

DOQC= TTIOATA 

LLo/r^-/: t—Kff 

HRCCTIOW COHTKH 

OUTPUT WULE 

> r 
~\—F 

1 111 1 1     T* *^       1    7*       '     *T 

Vo      «i St Vt «PHI Vw Vw 
FIGURE 2. TIL to ECL TmnHtion—Prop»B»tton Daisy »nd TUntltton Tim« 
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Test Circuitry (ECL-to-TTL) 
»in-»» 

m OUTPUT SCNÄCBCUIT 

♦7V» 

u/a TM-STATE wa-up 
MOO ' 

Bo«::  —        ■=" "'JQj 
— loti wviia 

L_______~~- —•---• 

I ia Mrur ro«t/sow 
| CIRCUIT 

Ml i uflJ 
'<*>        1    *       ' HMD i 

ta mwr fOKt/iaat aicun 
-OJJV, 

-1.7 IV 

Vx 

COUIVAUNT OKUT FM 
-IV/M& TtKy»UTKM 

.____-_- — ---- — --<• 

Ca INPUT FOftX/KNSC CMCUIT 

j^T"»'^    T 

Zii nvnai       -±r 

'** 

nuvALorr ciKvrr FOI 
-iv/soA TONUUTIM 

_■■«-- — -••-- — -< 
TL/P/10il»-IO 

IM.l:ll,-M«nrf-^V^onlr^or«^lib^monrto^byiloo^^ 
M>ig mor*»* on «ittmol SOO mMonso ml M «*0od 10 MM «■ P* 
IM. t Tho TTL Trt-SOÜ* pull up w«loH b oomcM »0 +7V on» lor ZL onri LZ MM. 
lloUJ:TUojidKX»)rt)o*f«limbra*«»>»ioOW*SOOoooxlnoo.   
Mol« «■Vin.fciUnmiHrllOf-r.wllThlllyr Un-T-1 f-1 "T"-'■-*'■»'" p* tnd Vfco » oonr»<*od 10 ground 

FIGURE 3. ECL-tO-Ttl. AC Te«t Circuit 
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Switching Waveforms (ECL-to-TTL) 

DQGC EO.MU 

T—'i—r 
LATCH ENABLE 

TTL OUTPUT 

L 
I      I   i   I 

A i,    r 

EXi i i   i fcl 
I       I    i 

-i        r—•< 
^ *»    ^ *" TlyP/1«l»-1l 

IMK HR b UM. ud QE k HÖH 
HQURE 4. ECL-to-TTL TrarwWon   Propagation May and TrwiaMton TknM 

OUTPUT DUIU 

TTL OUTPUT 

Vm- 

«m.- 

yT 
Vm- 

(JV 

:13» 

Vu- 

"T 
•ov 

■SJV 

Vot<m.) 
cOmhLOW.LEIiHBH TUP/I«I»-H 

FKURE S. ECL-to-TTI. Tranaitio«, OE M TIL Output EmM* ami DiaaM« Tun«« 

DKCTION eoxntoi X 
TTL OUTPUT 

TTL OUTPUT 

•f«   •- 

-   W 

! OE k HK3H, LE h HBH 
T 

V^fTTL) 

•SJV 

»O.CT1L) 

FIGURE 8. ECL40-TTL Tranaltton, DIR to TTL Output, DlaaWt Tim« 
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Applications 

T«0M« 
-»   Minn 

or   TU 

««re or* 
UTCM 

«rfTCDHTK). 
m* wi* «re* r 

rmrt 
MT« 

un 

GlCHI 
111 CTTT1 

«gun 
tUO/T 

tMAJU «WUT HU 

HCMCRT im ttriA LAICH in» 

oc    to. 

IX 

IDMJ. 

D 
NIP 

iiiuai 
wmr 

MURE 7. Apptcattona Magram-MOS/TTL SHAM Interlace Ue»g 100328 ECL-TTL Latched Tranelator 

Ordering Information 
The device "mber k uMd to itttn pwt ol • *r,piMad purehw-ig code A* A package typ. and torpor, rang« art 

defined a» »otlowB: 

100328     D    C 

Devtoe Type (Basic) - 

Package Code— ~ 
D - Ceramic DP 
F-QuadCerpaK 
P - Piaatic DIP   
Q - Plastic Loaded Chip Carrier (PCO 
S - Small Outline (SOIC) 

SpeoiaJ variation 
QB - Military grade device with 

environmental and bum-in 
proceeding 

-Temperature Range   
C - Commercial (ITC to +»SK) 
I- industrial (-*rCto+o5"C) 

(PCCOnly) 
M - M»ary(-S5*Cto +125*C) 
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Physical Dimensions incnw(rniimMtars) 

r 
am ■ 
■H 

" * * r, I-, ^ IM"I i-i n t~i n 

>UUUiJiJiyiUl>i>"J'jy 

mn Hü» ~       M» 

24-LMd C*f»mie Du»HrvUiw Pftdog« (0.400* «Mi) P) 
NS Paefcsga Numb» J34I 

TOTffTOn 
5    4    5    I    7    1    t   10  11 

-Wi™ l»[¥¥?®l»lc© 

15« 11 
'■ nr us. i£*DS- 

} 
Mi LEAP 

M-LMd MokM Packsg« (a300- WM«) (S) 
MS Package Number U24« 

• • UAX TTP- 
.0900 ULLUK' 
f$i*TYP ALL LEADS 
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Physical Dimensions mchM<miim«t«)(Contmu«f) 

Bt.MS.OAU 
' IUI-1 --N) 

n r-i r-i n n n n n n n 

LTUUUUUU 
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Ö3 SEMICONDUCTOR 

August 1995 

HCS138MS 
Radiation Hardened inverting 

3-to-8 Line Decoder/Demultiplexer 

Features 
• 3 Micron Raolation Hardened SOS CMOS 

• Total Dose 200K RAD (SO 

• SEP Effective LET No Upsets: >100 MEV-cm2/mg 

■ Single Event Upset (SEU) Immunity < 2 x lO* Errors/ 
Bit-Day (Typ) 

• Dose Rate Survivability: >1 x 1012 RAD (Si)/s 

• Latch-Up Free Under Any Conditions 

• Fanout (Over Temperature Range) 

■ Standard Outputs • 10 LSTTL Loads 

• Military Temperature Range: -SS°C to +12S°C 

• Significant Power Reduction Compared to LSTTL ICs 

• DC Operating Voltage Range: 4.SV to 5.5V 

• Input Logic Levels 

• VIL = 0.3 VCC Max 
- V1H = 0.7 VCC Min 

• Input Current Levels li s5uA at VOL, VOH 

Description 
The Harris HCS138MS is a Radiation Hardened 3-to-8 line 
Decoder/Demutiplexer. The outputs are active in the low 
state. Two active low and one active high enables (E1. E2, 
E3) are provided. If the device Is enabled, the binary inputs 
(A0, A1. A2) determine which one of the eight normally high 
outputs will go to a low logic level. 

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 

Pinouts 
16 LEAD CERAMIC DUAL-M-LINE 
METAL SEAL PACKAGE (SBDIP) 

MIL-STD-1835 CDIP2-T16 
TOP VIEW 

16 LEAD CERAMIC METAL SEAL 
FLATPACK PACKAGE (FLATPACK) 

ML-STD-183S CDFP4-F16 
TOP VIEW 

] VCC 

GNO t 

PART NUMBER TEMPERATURE RANGE SCREENING LEVEL PACKAGE 

HCS138DMSR -55°CtO+125°C Harris Class S Equivalent 16 Lead SBDIP 

HCS138KMSR -5S°Cto»12S°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: The» devices are sensitive to electrostatic discharge. Users should follow proper I.e. Handling Procedures. 
Copyright C Harm Corporation 1995 -, 

Spec Number   518751 

File Number   2473.2 



HCS138MS 

Functional Diagram 

M 

Al 

A2 

H>H>->^ri 
H>i>t>i>: 

E,S-£>o  

=E£>-=3> 
FO—Z^HX* 

EO-=£> 
S3-=3>-{>^ 
^>-=i> 
L3> 
3D— =£> 

17 _ 
YS 

^HH^1 

TRUTH TABLE 

INPUTS 

ENABLE OUTPUTS 

E3 E2 El A2 A1 AO YÖ Y? Y2 Y3 Y4 Y5 Y6 Y7 

X X H X X X H H H H H H H H 

L X X X X X H H H H H H H H 

X H X X X X H H H H H H H H 

H L L L L L L H H H H H H H 

H L L L L H H L H H H H H H 

H L L L H L H H L H H H H H 

H L L L H H H H H L H H H H 

H L L H L L H H H H L H H H 

H L L H L H H H H H H L H H 

H L L H H L H H H H H H L H 

H L L H H H H H H H H H H L 

H - High Level, L - Low Level, X - Dont Care 

Spec Number   518751 



Specifications HCS138MS 

Reliability Information 
Thermal Resistance Bj* 8JC 

SBDIPPackagB      73°C/W     24°C/W 
Ceramic Flatpaek Package     114°CArV    29°C/W 

Maximum Package Power Dissipation at +125°C Ambient 
SBCHP Package 0.68W 
Ceramic Flatpaek Package 0.44W 

IT device power exceeds package dssJpation capablty, provide heat 
sinking or derate Ineaily at the folowing rate: 

SBDIP Package 13.7mW/°C 
Ceramic Flatpaek Package 8.8mW/°C 

CAUTION: As with ai semiconductors, stress Ssted under 'Absoluts ttoxtoum Ratings'may b» ap^ » dmric* (or* « a t^) wKhout n*j^ In ptmamnt 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended portals may atlect device raB*tmy. The conditions tttad 
under -Electrical Performance Characteristics' am the only coMüons recommended for satisfactory device operation. 

Absolute Maximum Ratings 
Supply Voltage (VCC) -0.5V to +7.0V 
Input Vottage Range, Al Inputs -0.5V Is VCC +0.5V 
DC Input Current Any One Input ±10mA 
DC Drain Currant Any One Output ±25mA 
(All Voltage Reference to the VSS Terminal) 
Storage Temperature Range (TSTG) -65°Cto +150°C 
Lead Temperature (Soldering 10sac) +265°C 
Junction Temperature (TJ) +175°C 
ESD Oassfflcaiion Class 1 

Operating Conditions 
Supply Voltage +4.5V to +5.5V    Input Low Voltage (V1L) 0.0V to 30% of VCC 
Input Rise and Fall Times at VCC - 4.5V (TR TF) 500ns Max    Input High Voltage (VIH) 70% of VCC lo VCC 
Operating Temperatur» Range 0A) -S5°C to ♦12S°C 

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL 
(NOTE1) 

CONDITIONS 

GROUP 
A SUB- 

GROUPS TEMPERATURE 

UMITS 

UNITS MIN MAX 

Quiescent Current ICC VCC - 5.5V, 
VIN-VCCorGND 

1 +25°C - 40 MA 

2,3 +125°C, -55°C - 750 uA 

Output Currant 
(Sink) 

IOL VCC - 4.SV, VIH - 4.SV, 
VOUT-0.4V,VIL-0V 

1 ♦25°C 7.2 - mA 

2,3 +125°C, -55°C 6.0 - mA 

Output Current 
(Source) 

IOH VCC - 4.5V, VIH - 4.5V, 
VOUT - VCC -0.4V, 
VU-OV 

1 +25°C -7.2 - mA 

2,3 +125°C, -55°C -«.0 - mA 

Output Voltage Low VOL VCC-4.5V, VIH-3.15 V, 

IOL - 50jiA- VIL - 1.35V 

1,2,3 +25°C, +125°C, -55°C - 0.1 V 

VCC - 5.5V, VIH - 3.85V, 
IOL-50MAVIL-1.6SV 

1,2,3 +25°C,+125°C.-55°C - 0.1 V 

Output Voltage High VOH VCC-4.5V, VIH-3.15V, 
IOH - -SOjlA. VIL - 1.35V 

1,2,3 +25°C, +125°C, -55°C VCC 
-0.1 

- V 

VCC - 5.5V, VIH - 3.85V, 
IOH - -SOnA VIL - 1.65V 

1,2,3 +25°C, +125°C. -55°C VCC 
-0.1 

- V 

Input Leakage 
Current 

UN VCC - 5.5V. VIN - VCC or 
GND 

1 +25°C - ±0.5 uA 

2,3 +125°C,-55°C ■ ±5.0 uA 

Noise Immunity 
Functional Test 

FN VCC-4.5V, 
VIH - 0.70(VCC), 
V1L-0.30(VCC)(Note2) 

7.8A8B +25°C, +125°C, -55°C 

NOTES: 

1. Ail voltages reference to device 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". 

Spec Number   518751 



Specifications HCS138MS 

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL 
(NOTES 1. 2) 
CONDITIONS 

GROUP 
A SUB- 

GROUPS TEMPERATURE 

UMITS 

UMTS MIN MAX 

Address to Output TPLH VCC - 4.5V 0 ♦2S°C 2 28 ns 

10,11 +1Z5°C, -55°C 2 34 ns 

TPHL VCC - 4.5V 9 +25°C 2 28 ns 

10,11 +125°C. -55°C 2 34 ns 

Enable to Output TPLH VCC - 4.5V 9 ♦25°C 2 27 ns 

10,11 +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 voltages referenced to device GND. 

2. AC measurements assume RL - 500A CL - 50pF. Input TR - TF - 3ns. VIL - GND, VIH - VCC. 

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 

UMITS 

UMTS MIN MAX 

Capacitance Power 
Dissipation 

CPD VCC-5.0V, f-1MHz +25°C - 78 PF 

+125°C - 113 pF 

Input Capacitance CIN VCC-5.0V,f-1MHl +25°C - 10 pF 

♦125°C • 10 PF 

Output Transition 
Time 

TTHL 
TTLH 

VCC-4.5V ♦2S°C - 15 ns 

+125°C - 22 ns 

NOTE: 
1. The parameters Isted In Table 3 are controled via design or process parameters. Mn and Max Llmts are guaranteed but not directly 

tested. These parameters are characterized upon inMal design release and upon design changes which affect these characteristics. 

TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL 
(NOTES 1, 2) 
CONDITIONS TEMPERATURE 

20GKRAD 
UMITS 

UNITS MIN MAX 

Quiescent Current ICC VCC - 5.5V, VIN - VCC or GND +25°C • 0.75 mA 

Output Current (Sink) IOL VCC - 4.5V, VIN-VCC or GND, 
VOUT - 0.4V 

+25°C 6.0 " mA 

Output Current 
(Source) 

IOH VCC-4.5V, VIN-VCC or GND, 
VOUT - VCC -0.4V 

+25°C -6.0 " mA 

Spec Number   518751 



Specifications HCS138MS 

TABLE 4 DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 

PARAMETER SYMBOL 
(NOTES 1, 2) 
CONDITIONS TEMPERATURE 

200KRAD 
UMTTS 

UMTS MIN MAX 

Output Voltage Low VOL VCC - 4.5V and 5.5V, VIH - 0.70(VCC), 
VIL-0.30(VCC),IOL-50»iA 

+25°C - 0.1 V 

Output Voltage High VOH VCC - 4.5V and 5.5V, VIH • 0.70(VCC), 
VIL - 0.30(VCC), IOH - -50nA 

+25°C VCC 
-0.1 

- V 

Input Leakage Current UN VCC - 5.5V, V1N - VCC or GND +25°C - ±5 MA 

Noise hi munity 
Functional Test 

FN VCC - 4.5V, VIH ■ 0.70(VCq, 
VIL-0.30(VCC). (No» 3) 

+25°C - • - 

Address 10 Output TPLH VCC-4.5V +25°C 2 34 ns 

TPHL VCC - 4.5V +25°C 2 34 ns 

Enable to Output TPLH VCC-4.5V +25°C 2 33 ns 

TPHL VCC - 4.5V ♦2S°C 2 33 ns 

NOTES: 

1. All voltages referenced to device GND. 

2. AC measurements assume RL - 5O0O, CL - 50pF, Input TR - TF - 3ns. VIL - GND. VIH 

3. For functional tests VO 2 4.0V Is recognized as a logic 1', and VO £ 0.5V is recognized a 

-VCC. 

>a logic "0" 

TABLE S. BURN-IN AND OPERATING LIFE TEST. DELTA PARAMETERS (+2S°C) 

PARAMETER 
GROUPB 

SUBGROUP DELTA LIMIT 

ICC 5 12|iA 

lOL/KDH 5 -15% Of 0 Hour 

TABLE 6. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 

Initial Test (Prebum-in) 100%/5004 1.7,9 ICC, IOL/H 

Interim Test I (Postbum-ln) 100%/5004 1,7.9 ICC. IOL/H 

interim Test 0 (Postbum-ln) 100%/5004 1.7,8 ICC, IOL/H 

PDA 100%/5004 1, 7. 9, Deltas 

Interim Test in (Postbum-ln) 100%/5004 1,7,9 ICC, IOL/H 

PDA 100%/5004 1,7,9, Deltas 

Final Test 100%/5004 2,3. 8A.8B, 10,11 

Group A (Note 1) Sample/5005 1,2, 3, 7,8A8B,9, 10,11 

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. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 

Spec Number   518751 



Specifications HCS138MS 

TABLE 7. TOTAL DOSE IRRADIATION 

CONFORMANCE 
GROUPS METHOD 

TEST READ AND RECORD 

PRE RAD POST RAD PRE RAD POST RAD 

Group E Subgroup 2 5005 1,7,9 Table 4 1,9 Table 4 (Note 1) 

NOTE: 
1. Except FNwst which wll be performed 100% Go/No-Go. 

TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 

OPEN GROUND 1/2 VCC-3V± 0.5V VCC-6V±0.SV 

OSCILLATOR 

SOkHz 25kHz 

STATIC BURN-IN I TEST CONNECTIONS (Now 1) 

7,9-15 1-6,8 16 

STATIC BURN-IN II TEST CONNECTIONS (Note 1) 

7,9-15 e - 1-6,16 - - 

DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 

■ 4,5,8 7,9-15 3, 6, 16 2 1 

NOTES: 
1. Each pin except VCC and GND wil hove a resistor of 10Kil± 5% for static bum-in 

2. Each ph except VCC and GND wll have a resistor of 680O ± 5% for dynamic bum-In 

TABLE 9. IRRADIATION TEST CONNECTIONS 

OPEN GROUND VCC-SV±0.5V 

7,9-15 8 1-6,16 

NOTE: Each pin except VCC and GND wll have a resistor of 47Kfl ± 5% for irradiation tasting. 
Group E, Subgroup 2, sample size Is 4 dice/wafer 0 failures. 

Spec Number   518751 



HCS138MS 

Harris Space Lewi Product Flow - 'MS' 
Wafer Lot Acceptance (Ail Lots) Method 5007 

(Includes SEM) 

GAMMA Radiation Verification (Each Wafer) Method 1019, 
4 Samples/Wafer, 0 Rejects 

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 

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 Bum-In 1, Condition A or B, 24 hrs. min., 
+125°C min., Method 1015 

100% Interim Electrical Test 1 (T1) 

100% Delta Calculation (T0-T1) 

100% Static Bum-In 2, Condition A or B, 24 hrs. min., 
+125°C min.. Method 1015 

100% Interim Electrical Test 2 (T2) 

100% Delta Calculation (T0-T2) 

100% PDA 1, Method 5004 (Notes land 2) 

100% Dynamic Bum-In, Condition D, 240 hrs., +125°C or 
Equivalent, Method 1015 

100% Interim Electrical Test 3 (T3) 

100% Delta Calculation (T0-T3) 

100% PDA 2, Method 5004 (Note 2) 

100% Final Electrical Test 

100% Fine/Gross Leak. Method 1014 

100% Radographic, Method 2012 (Note 3) 

100% External Visual. Method 2009 

Sample - Group A. Method 5005 (Note 4) 

100% Data Package Generation (Note 5) 

NOTES: 
1. Failures from Interim electrical test land 2 are combined for determining PDA 1. 
2. Failure» from subgroup 1,7.9 and deltas are used for calculating PDA. The maximum alowable PDA - 5% wkh no more than 3% of the 

falures from subgroup 7. 

3. Radbgraphfc (X-Ray) Inspection may be performed at any point after serialzation as alowed by Method 5004. 

4. Alternate Group A testing may be performed as alowed by MIL-STD-883, Method 5005. 

5. Data Package Contents 
• Cover Sheet (Hams Name andtar Logo, P.O. Number, Customer Part Number, Lot Data Code, Harris Part Number, Lot Number, Quantity). 

• Wafer Lot Acceptance Report (Method S007). Inckjaes reproductions of SEM photos with percent of step coverage. 

• GAMMA Radiation Repon. Contains Cover page, disposition, Rad Dose, Lot Number, Test Package used. Specification Numbers, Test 
equipment, etc. Reflation Read and Record data on fie at Harris. 

• X-Ray report and fflm. Includes penetrometBr measurements. 

• Screening, Electrical, and Group A attributes (Screening attributes begin after package seal). 

• Lot Serial Number Sheet (Gc«d units serial number and lot number). 

• variables Data (Al Deka operations). Data is identified by serial number. Data header includes lot number and date of test 

• Tr» Certificate ofCorrformance tea part of the sNpc^iw 
by an authorized Qualty Representative. 

Spec Number   518751 



HCS138MS 

AC Timing Diagrams 

VH • 

VL • 

VOH 

VOL- 

VOH 

VOL. 

2XEX 
TPLH 

TPHL 

TTLH 

I 2^      OUTPUT       ^r 

j'        OUTPUT        * t 

TTHL 

AC VOLTAGE LEVELS 

PARAMETER HCS UNITS 

VCC 4.50 V 

VIH 4.50 V 

VS 2.25 V 

VIL 0 V 

GND 0 V 

AC Load Circuit 

OUT 

et i 

CL-MpF 
RL-W0O 

TEST 
POINT 

RL 
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HCS138MS 

Die Characteristics 
DIE DIMENSIONS: 

85x101 mils 

METALLIZATION: 
Type: SiAl 
Metal Thickness: 11 kA±1kA 

GLASSIVATION: 
Type: Si02 
Thickness: 13kA±2.6kA 

WORST CASE CURRENT DENSITY: 
<2.0x105A/cm2 

BOND PAD SIZE: 
lOOjjmxIOOitm 
4x4 mils 

Metallization Mask Layout 
HCS138MS 

"P> <; 

E1W  i 

E» 

EJ» 

P4)Y1 

P3»Y2 

(12) YJ 

(11) W 

NOTE: The de diagram Is a generic plot from a similar HCS device, k Is intended to Indicate approximate die size and bond pad location. 
The mask series for the HCS138 is TA14361A. 

Spec Number   518751 
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HCS573MS 
Radiation Hardened 

Octal Transparent Latch, Three-State 

Features 
• 3 Micron Radiation Hardened SOS CMOS 

• Total Dose 200K RAO (Si) 

• SEP Effective LET No Upsets: >100 MEV-cm2/mg 
• Single Event Upset (SEU) Immunity < 2 x 10"' Errors/Bit- 

Day (Typ) 
■ Dose Rate Survivability: >1 x 1012 RAD (Si)/s 

• Dose Rate Upset >1010 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*0 to +12S°C 
> Significant Power Reduction Compared to LSTTL ICs 

• DC Operating Vortage Range: 4.5V to 5.5V 

• Input Logic Levels 
- VIL = 0.3 VCC Max 
- VIH = 0.7 VCC Min 

• Input Current Levels li ^ 5^A 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 utilizes advanced CMOS/SOS technology. The 
outputs are transparent to the inputs when the Latch Enable (LE) 
is HIGH. When the Latch Enable (LE) goes LOW, the data is 
latched. The Output EnaWeJOE) controls the tri-state outputs. 
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 
radiation hardened, high-speed. CMOS/SOS Logic Family. 

The HCS573MS is supplied in a 20 lead Ceramic flatpack 
(K suffix) or a SBDIP Package (D suffix). 

TOUtS 
20 LEAD CERAMIC DUAL-IN-UNE 
METAL SEAL PACKAGE (SBDIP) 

MIL-STD-1835 CDIP2-T20, LEAD FINISH C 
TOP VIEW 

öco 5g vcc 
DoQ g» 
DlQ goi 
D2[4 2*3 <* 
03 ff i|oa 

D4[e i3|<M 
DsQ il] 06 

DSQ 3 Qi 

D7[9 2lQ7 
GNOfJc iiju 

20 LEAD CERAMIC METAL SEAL 
FLATPACK PACKAGE (FLATPACK) 

MIL-STD-1B35 CDFP4-F20. LEAD FINISH C 
TOP VIEW 

OE  t VCC 

ONO I 

Ordering Information 

PART NUMBER TEMPERATURE RANGE SCREENING LEVEL PACKAGE 

HCS573DMSR -55°CtO+125°C Harris Class S Equivalent 20 Lead SBDIP 

HCS573KMSR -55°CtO+12S°C Harris Class S Equvaleit 20 Lead Ceramic Flatpack 

HCS573D/Sampte +25°C Sample 20 Lead SBDIP 

HCS573K/Sampte +25°C Sample 20 Lead Ceramic Flatpack 

HCS573HMSR +2S°C Die Die 

CAUTION: These devices an» sensitive to electrostatic discharge. Users should follow proper I.e. Handling Procedures. 
Copyright C Harris Corporation 1995 « 

Spec Number   518771 

File Number   4056 



HCS573MS 

Functional Diagram 

OE 

n   o-^^i-^H)^ 

LE 

LE 

TRUTH TABLE 

H - High Level 

L - Low Laval 

X« Immaterial 

Z - High Impedance 
I ■ Low voltage level prior to the high-to-low latch enable transtton 
h - High voltage level prior» the high-to-low latch enable transition 

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 Z 
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Specifications HCS573MS 

Reliability Information 

fljA 9JC 
72°C/W     24°C/W 

Absolute Maximum Ratings 
Supply Voltage (VCC) -05V to +7.0V Thermal Resistance 
InputVWtage Range, Al Inputs -0.5V to VCC *0.5V SBDIP Package.. 
DCIr^n^AnyOneNxn ±10mA Cen.micFl^ck Package ... ..„.. ••    *™W    28°C/W 
DC Drar Current Any One Output ±2SmA Maximum PackagePower Dissipation at +125^C Ambient 
(All Voltage Reference to the VSSTenninai) SBDIP Package^..... 0.69W 
Storage Temperatue Range (TSTG) ^5°Cto+150°C       Ceramic Flatpack Package ... JMW 
LeadTrnperatLre (Soldering 10sec) +265°C If device power exceeds package dtesipatjon capablty, provide heal 
junction Temperature fJJ) +175°c ^nWr^ or derate inearty at the folowing rate:               ,,_„,.,., 
ESD Classification Classl       SBDiPPackage  'JÄE 

Cerarric Flatpack Package 9.3rrtW/uC 

CAW-ION: As mm at »miconMetai* sam» isimlun&'AbioHM 

undar'Stearicai Paitotmanca Characteristic? am 0* only cartoons racommanötf to satis/May &v& operation.. 

Operating Conditions 

SuDoWVbtaqervcC)      +4.5VID+5.5V    Input LJOW Voltage (V1L) 00Vto3^of^ 
Inpu Rise andFall Times at VCC- 4.5V (TRTF) SOOnsMax     InputHigh Vbtege (VIH) 70% of VCC 10 VCC 
Operating Temperature Range (Tp) -SS°C to ♦12S°C  ^^^ 

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 

NOTES: 
1. All voltages reference to device GND. 
2. For functional »sts VO i 4.0V is recognized as a logic "1", and VO S 0.5V is recognized as a logic *0". 

PARAMETER SYMBOL 
(N0TE1) 

CONDITIONS 

GROUP 
A SUB- 

GROUPS TEMPERATURE 

UMITS 

UNITS MIN MAX 

Quiescent Current ICC VCC - 5.5V, 
VIN-VCCorGND 

1 +25°C - 40 uA 

2,3 +125°C. -55°C - 750 MA 

Output Currant 
(Sink) 

IOL VCC - 4.5V, VIH - 4.SV, 
VOUT-0.4V,V1L-OV 

1 ♦25°C 7.2 - (M 

2,3 +125°C.-55°C 6.0 - mA 

Output Current 
(Source) 

IOH VCC - 4.5V, VIH - 4.5V, 
VOUT - VCC -0.4V, 
VIL-OV 

1 +25°C -7.2 - mA 

2,3 +125°C. -55°C -6.0 - mA 

Output Voltage Low VOL VCC - 4.5V, VIH - 3.15V, 
IOL -50(iA,VlL- 1.35V 

1,2,3 +25°C, +125°C, -55°C - 0.1 V 

VCC - 5.5V. VIH - 3.85V, 
IOL-50|iA, VIL-1.65V 

1,2,3 +25°C, +125°C. -55°C - 0.1 V 

Output Voltage High VOH VCC-4.5V, VIH-3.15V, 
IOH - -50HA. VIL - 1.35V 

1,2,3 +25°C, +125°C, -55°C VCC 
-0.1 

■ V 

VCC - 5.5V, VIH - 3.85V, 
IOH - -SOfiA, VIL - 1.65V 

1,2,3 +25°C, +125°C, -55°C VCC 
■0.1 

" V 

Input Leakage 
Current 

UN VCC - 5.5V. VIN - VCC or 
GND 

1 +Z5°C - ±0.5 uA 

2,3 +125°C, -55°C - ±5.0 uA 

Output Leakage 
Current 

I0Z VCC-5.5V. VIN-0V or 
VCC 

1 +25°C - ±1.0 MA 

2,3 +125°C.-55°C - ±50 MA 

Noise Immunity 
Functional Test 

FN VCC-4.SV, 
VIH - 0.70(VCC). 
VIL - 0.30(VCC) (Note 2) 

7, 8A, 88 ♦25°C, *12S°C, -55°C 

Spec Number   518771 



Specifications HCSS73MS 

TABLE Z AC ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL 
(NOTES 1, 2) 
CONDITIONS 

GROUP 
A SUB- 

GROUPS TEMPERATURE 

UMITS 

UMTS MIN MAX 

Data to On TPLH 
TPHL 

VCC ■ 4.5V 9 +25°C 2 24 re 

10,11 +125°C, -5S°C 2 29 ns 

LEtoQn TPLH VCC - 4.5V 9 +25°C 2 27 ns 

10,11 ♦125°C, -5S°C 2 35 ns 

TPHL VCC - 4.5V 9 ♦25°C 2 31 ns 

10,11 +125°C, -55°C 2 40 ns 

Enable to Output TPZL VCC-4.5V 9 ♦25°C 2 27 ns 

10,11 +125°C. -55°C 2 33 ns 

TPZH VCC - 4.SV 9 +25°C 2 24 ns 

10,11 +125°C, -55°C 2 29 ns 

Disable to Output TPLZ VCC - 4.5V » +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 ♦125°C, -5S°C 2 25 ns 

NOTES: 

1. All voltages raferen 

2. AC measurements 

csd to device GND. 

assume RL - 500tt CL - 50pF. Input TR - TF - 3m. VIL - GND, VIH - VCC. 

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 

UMITS 

UMTS MIN MAX 

Capacitance Power 
Dissipation 

CPD VCC- 5.0V,f-IMHz +25°C • 30 pF 

+125°C,-55°C - 60 pF 

Input Capacitance CIN VCC- 5.0V, f-1MHz +25°C - 10 PF 

+125°C. -55°C - 10 PF 

Output Transition 
Time 

TTHL 
TTLH 

VCC-4.5V ♦2S°C - 12 ns 

+125°C, -55°C - 18 ns 

Setup Tme Data to 
LE 

TSU VCC-4.5V +25°C 10 - ns 

+125°C, -55°C 15 - ns 

Hold Time Data to 
LE 

TH VCC - 4.5V +25°C 8 - ns 

+125°C,-55°C 12 - ns 

Pulsa Width LE TW VCC-4.5V +25°C 16 - ns 

+125°C, -55°C 24 - ns 

NOTE: 

1. The parameters Is* 
tested. These parar 

id in Table 3 are controRed via design or pro 
neters are charactsrized upon initial design 

cess parameters. Min and Max Limits an 
release and upon design changes which 

i guaranty 
affect thes 

ed but not 
A charade 

directly 
ristics. 
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Specifications HCS573MS 

TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL 
(NOTES 1, 2) 
CONDITIONS TEMPERATURE 

200KRAD 
UMITS 

UNITS MIN MAX 

Quiescent Current ICC VCC - 5.5V, V1N - VCC or GND +25°C - 0.75 mA 

Output Current (Sink) IOL VCC - 4.5V, VIN - VCC or GND, 
VOUT-0.4V 

+25°C 6.0 
' 

mA 

Output Currant 
(Source) 

IOH VCC - 4.5V, VIN - VCC or GND, 
VOUT - VCC -0.4V 

+25°C -6.0 " mA 

Output Voltage Low VOL VCC - 4.5V or 5.5V, V1H - 0.70(VCC), 
VIL-0.30(VCC),IOL-50uA 

+25°C " 0.1 V 

Output Voltage High VOH VCC - 4.5V or 5.SV, V1H - 0.70(VCC), 
VIL - 0.30(VCC), IOH - -50fiA 

+25°C VCC 
-0.1 

" V 

Input Leakage Current UN VCC - 5.5V, VIN - VCC or GND +Z5°C - ±5 HA 

Tri-State Output 
Leakage Cunant 

102 Applied Voltage - OV or VCC, VCC - 5.5V +25°C ■ ±50 uA 

Noise Immunity 
Functional Teat 

FN VCC - 4.5V, VIH - 0.70(VCC), 
VIL - 0.30(VCC), (Note 3) 

+Z5°C 

Data to Qn TPHL 
TPLH 

VCC - 4.5V ♦25°C 2 29 ns 

LENioQn TPLH VCC - 4.5V +25°C 2 35 ns 

TPHL VCC - 4.5V +25°C 2 40 ns 

Enable to Output TPZL VCC - 4.5V +25°C 2 33 ns 

TPZH VCC-4.5V +25°C 2 29 ns 

Disable to Output TPLZ VCC-4.5V +25°C 2 29 ns 

TPHZ VCC-4.5V ♦25°C 2 25 ns 

NOTES: 

1. All vottages referenced to device GND. 
2. AC measurements assume RL - 500Q, 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 VOs0.5V is recognized as a logic'0'. 

TABLE 5. BURN-IN AND OPERATING UFE TEST, DELTA PARAMETERS (+25°C) 

PARAMETER 
GROUPB 

SUBGROUP DELTA LIMIT 

ICC 5 12)iA 

IOL/IOH 5 -15%Of0Hour 

IOZL/IOZH 5 ±200nA 
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Specifications HCSS73MS 

TABLES. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 

Initial Test (Prebum-in) 1009Ü5004 1.7,9 ICC, IOIVH 

Interim Test I (Postbum-ln) 100%/S004 1,7,9 ICC, IOUH 

Interim Test n (Postbum-ln) 100%/5004 1,7,9 ICC, IOL/H 

PDA 100%/5004 1,7. 9, Deltas 

interim Test in (Postt>um-ln) 100%/5004 1,7,9 ICC, IOUH 

PDA 1009U5004 1, 7, 9, Dote 

Final Test 1009U5004 2,3, 8A BB, 10,11 

Group A (Note 1) Sample/5005 1, 2, 3, 7. 8A, 8B, 9.10,11 

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-6 Sample/5005 1,7,9 

Group D Sample/5005 1,7,9 

NOTES: 
1. Alternate Group A testing in accordance with method 5005 of MIL-STD-8B3 may be exerdsed. 

2. Table 5 parameters only. 

TABLE 7. TOTAL DOSE IRRADIATION 

CONFORMANCE 
GROUPS METHOD 

TEST READ AND RECORD 

PRE RAD POST RAD PRE RAD POST RAD 

Group E Subgroup 2 5005 1,7,9 Table 4 1,9 Table 4 (Note 1) 

NOTE: 
1. Except FN test which wll be performed 100% Go/No-Go. 

TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 

OPEN GROUND 1/2 VCC-3V± 0.5V VCC - 6V 10.5V 

OSCILLATOR 

50kHz 25kHz 

STATIC BURN-IN 1 TEST CONNECTIONS (Note 1) 

12-19 1-11 - 20 - - 

STATIC BURN-IN II TEST CONNECTIONS (Note 1) 

12-19 ,0                | 1-9,11,20 • - 

DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 

|              1.10              |             12-19 20 11 2-9 

NOTES: 
1. Each pin except VCC and GND wll have a resistor oflOkfl ± 5% for static bum-In 

2. Each pin except VCC and GND wil have a resistor of 680015% 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 wll have a resistor of 47KO * 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCS573MS 

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, 0 Rejects 

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 

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 Burn-In 1, Condition A or B, 24 hrs. min., 
+125°C min., Method 1015 

100% Interim Electrical Test 1 (T1) 

100% Delta Calculation (T0-T1) 

100% Static Burn-In 2, Condition A or B, 24 hrs. min., 
+125°C mln.. Method 1015 

100% Interim Electrical Test 2 (T2) 

100% Delta Calculation (T0-T2) 

100% PDA 1, Method 5004 (Notes land 2) 

100% Dynamic Bum-In, Condition D, 240 hrs., +125°C or 
Equivalent, Method 1015 

100% Interim Electrical Test 3 (T3) 

100% Delta Calculation (T0-T3) 

100% PDA 2, Method 5004 (Note 2) 

100% Final Electrical Test 

100% Fine/Gross Leak. Method 1014 

100% Radographic, Method 2012 (Note 3) 

100% External Visual. Method 2009 

Sample - Group A. Method 5005 (Note 4) 

100% Data Package Generation (Note 5) 

NOTES: 
1. Failures from Interim electrical test land 2 are combined for determining PDA 1. 
2. Failures from subgroup 1, 7.9 and deltas are used for calculating PDA. The maximum alowable 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 seriaization as alowed by Method 5004. 

4. Alternate Group A testing may be performed as alowed by MIL-STD-883, Method 5005. 

5. Data Package Contents: 
. CwerSheetfHarrfe tame and/a Lc^.RO^ 
• WafBT Lot Acceptance Report (Method SC07). Includes reproductions of SEM photos with percent of step coverage. 

• GAMMA Radiation Report. Contarrs Cover page, disposition. Rad Dose, Lot Number, Test Package used, Spedfcation Numbers, Tea 
equipment, et. Radtation Read and Record data on ffle at Hams. 

• X-Ray report and fSm. Includes penetrometer measurements. 

• Screening, Electrical, and Group A attributes (Screening attributes begin after package seal). 

• Lot Serial Number Sheet (Good units serial number and lotnumbar). 

• variables Data (Al Delta operations). Data is identified by serial number. Data header includes lot number and date of test 

• TheCertrV*teofCk>rtc>miaric«bapartofte 
by an authorized Qualty Representative. 
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AC riming Diagrams 

■PUT 
LEVEL 

FIGURE 1. LATCH ENABLE PROPAGATION DELAYS 

VOH 

VOL« 

TTLH -»H    I—- -**j    h*- TTHL 

■*■ «OK        W*"^ 

20% -a * OUTPUT J ^ 20% 

FIGURE! DATA SET-UP AND HOLD TIMES 

AC Load Circuit 

our —• 

CL :: 

CL-MpF 
RL-800O 

FIGURE 2. LATCH ENABLE PREREQUISITE TIMES 

AC VOLTAGE LEVELS 

PARAMETER HCS UNITS 

VCC 4.50 V 

VIH 4.50 V 

VS 2.25 V 

VIL 0 V 

GND 0 V 

TEST 
POINT 

RL 

Spec Number   518771 



HCSS73MS 

Three-State Low Timing Diagram 

VH 

VL 

VOZ. 

VOL 

VS MPUT 

* 
TPZL 

TPLZ 

OUTPUT VlV       OUTPUT       T' VW 

Three-State HighTiming Diagram 

VH 

VL 

VOH 

VS MPUT 

TPZH 

VOZ. 

X 
TPH2 

Vf 2 OUTPUT       JrVW 

THREE-STATE HIGH VOLTAGE LEVELS 

Three-State Low Load Circuit 

vcc 

DUT 

CL-MpF J_ 

RL-MOn """ 

RL 

TEST 
POIMT 

Ct 

THREE-STATE LOW VOLTAGE LEVELS 

PARAMETER HCS UNITS 

VCC 4.50 V 

VIH 4.SO V 

VS 2.25 V 

VT 2.25 V 

VW 0.90 V 

GND 0 V 

Three-State High Load Circuit 

DUT 

CL i 

CL-«OpF 
RL-fOOO 

TEST 
POINT 

RL 

PARAMETER HCS UNITS 

VCC 4.50 V 

VIH 4.50 V 

VS 2.25 V 

VT 2.25 V 

VW 3.60 V 

GND 0 V 
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Die Characteristics 
DIE DIMENSIONS: 

101 x 86 mils 

METALLIZATION: 
Type: SiAl 
Metal Thickness: 11 kA±1kA 

GLASSIVATION: 
Type; SiÜ2 
Thickness: 13kA ± 2.6kA 

WORST CASE CURRENT DENSITY: 
<2.0 x 105A/cm2 

BOND PAD SIZE: 
10Q^mx 100)1171 
4x4 mils 

Metallization Mask Layout 
HCS573MS 

(1«Q1 

(17) Q2 

0t)Q3 

<1S)Q4 

(14)0« 

<13)Q6 

Spec Number   518771 
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SEMICONDUCTOR 

August 1995 

HCTS541MS 
Radiation Hardened Non-Inverting 

Octal Buffer/Line Driver, Three-State 

Features 
3 Micron Radiation Hardened CMOS SOS 

Total Dose 200K RAD (SI) 

SEP Effective LET No Upsets: >100 MEV-cm2/mg 

Single Event Upset (SEU) Immunity < 2 x 104 Errors/ 
Bh-Day (Typ) 

Dose Rate Survtvability: >1 x 1012 RAD (Sl)fc 

Dose Rate Upset >1010 RAD (Sl)/s 20ns Pulse 

Latch-Up Free Under Any Conditions 

Fanout (Over Temperature Range) 
- Bus Driver Outputs -15 LSTTL Loads 

Military Temperature Range: -5S°C to +125°C 

Significant Power Reduction Compared to LSTTL ICs 

DC Operating voltage Range: 4.5V to 5.5V 

LSTTL Input Compatibility 
- VU = 0.8V Max 

- V1H = VCC/2 Wn 

• Input Current Levels li s 5tiA at VOL. VOH 

Description 
The Harris HCTS541MS is a Radiation Hardened non- 
inverting octal buffer/line 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 Ngh 
impedance state. For data output both enables (OEN1 and 
OEN2) must be low. 

The HCTSS41MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 

The HCTS54 is supplied In a 20 lead Ceramic flatpack 
(K suffix) or a SBDIP Package (D suffix). 

Pinouts ts 
20 LEAD CERAMIC DUAL-W-LINE 
METAL SEAL PACKAGE (SBDIP) 

MIL-STD-1S35 CDJP2-T20 
TOP VIEW 

orrrj SJvcc 
A0[J goes 
AI rj gro 

"E g Yi 
AJQ i^Yi 
MQ igyj 

A» [7 53 Y4 
MQ I5|Y* 

A7[9 I|Y» 

QNOrjc 7i]Y7 

20 LEAD CERAMIC METAL SEAL 
FLATPACK PACKAGE (FLATPACK) 

MIL-STD-1835 CDFP4-F20 
TOP VIEW 

ÖET C 
A0 C 
Al C 
A2 C 
A3 C 
A4 C 
AS C 
A» C 
A7  C 

GNTJ  C 

20 

Ordering Information 

3 VCC 
3 ÖE2 
3 YO 
3 Y1 
3 Y2 
3 YJ 
3 Y4 
3 Y* 
3 Y» 
3 Y7 

PART NUMBER TEMPERATURE RANGE SCREENING LEVEL PACKAGE 

HCTS541DMSR -55°CtD+125°C Hams Class S Equivalent 20 Lead SBDIP 

HCTS541KMSR -55°CtO+125°C Harris Class S Equivalent 20 Lead Ceramic Flatpadc 

HCTSS41Dr5ample +25°C Sample 20 Lead SBDIP 

HCTS541K/Sampte +25°C Sample 20 Lead Ceramic Flatpadc 

HCTSS41HMSR ♦2S°C Die Die 

CAUTION: The» devices an» sensitive to electrostatic discharge. Users should follow proper I.e. Handling Procedures. 
Copyright © Harris Corporation 1895 ^ 

Spec Number   518630 
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HCTS541MS 

Functional Block Diagram 

TTL r< 
•—VDD 

<D-£H~£'~ 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

^rpipi i * 

-*-© 

OE 

TTL 

0—^H       't—© 

r-0 

r~© 

5C 

TRUTH TABLE 

INPUTS 

OUTPUTS ÖE1 QE2 An 

L L H H 

H X X Z 

X H X Z 

L L L L 

H > High Voltage Laval, L - Low Voltage Level, X - Immaterial, Z - High Impedance 

VTJO 
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Specifications HCTS541MS 

Absolute Maximum Ratings Reliability Information 

Supp*Vc^(VCC) Äü™£*% ^££T                          •■•     «&"     24°§W 
Input Voftage Range, Al Inputs -0.5V to VCC +0.5V       SBöHKacKaga .„ ..     ln7orjw/    ,a°e/w 
D^nDuaTrrentAuivOnehput ±10mA       Ceramic Flatpack Package   J?7!0^    2rCW 

ScSSSSS^Sx ±25mA Maximum PaclcagoPo^ C^pation at .^Ambient 
(All Voltage Reference to the VSSTerminal) 5BDt^J

P^f?tl't^U       D47W 
StoraoTfemDerature Range (TSTG) -65°Cto +150°C       Ceramic Flatpack Package  • • MJW 
LÄ^TSlOsec *'65°C lfoevicepc«erexceedspaci(a9e^tion<^Ity,pn>v«J^ 
L^SS-^SoJ: +175°C ^^^rateineanyatthefolowlngrate: 
ESDClassificaton Oassl       SBDIPPackagGL.^^ 1 -JJJc 

Ceramic Flatpack Package 9.3mw/"L. 

,tom»» ra*««*ra/*^o^.öpo^»*»^™*^ no commons*** 
uncfr^lecai&PtformaKe Characteristic? an 0* only cartoons wcomnwnoW to sattäsory daw operation.  ^^ 

Operating Conditions 

SuDDtvVbhac»(VCC)  +4.5Vto+5.5V Input Low Voltage (VIL) .■J?f»B?i)f 
OpSÄiraSeRangeCT,) ..S-C-US-C Inpu Hkjh Vokaga (VIH) VCC/2toVCC 
IrpUF^ and FiUl Times at 4.5V VCC (TR. TF) SOOnsMax          ^ 

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL 
(NOTED 

CONDITIONS 

GROUP 
A SUB- 

GROUPS TEMPERATURE 

UMITS 

UMTS MIN MAX 

Quiescent Current ICC VCC - 5.5V, 
VIN-VCCorGND 

1 +25°C - 40 MA 

2,3 +125°C. -55°C - 750 MA 

Output Current 
(Sink) 

IOL VCC - 4.SV, VIH - 4.SV, 
VOUT-0.4V,VIL-0V 

1 *25°C 7.2 - mA 

2,3 +125°C. -55°C 6.0 - mA 

Output Current 
(Soiree) 

IOH VCC 4.5V, VIH-4.5V, 
VOUT - VCC • 0.4V, 
VIL-OV 

1 +25°C -7.2 - mA 

2,3 +125°C. -55°C -«.0 - mA 

Output Voltage Low VOL VCC-4.5V, VIH-2.25V, 
IOL - 50|iA, VIL ■ 0.8V 

1,2,3 +25°C, +125°C, -55°C - 0.1 V 

VCC - 5.5V. VIH - 2.75V, 
IOL -äOjjA, VIL -0.8V 

1,2,3 +25°C, +125°C. -55°C - 0.1 V 

Output Voltage High VOH VCC - 4.5V, VIH - 2.25V, 
IOH - -50jiA. VIL - 0.8V 

1,2,3 +25°C, +125°C, -55°C VCC 
-0.1 

V 

VCC - 5.5V, VIH - 2.75V, 
IOH - -SOnA, VIL - 0.8V 

1,2,3 ♦25°C. +125°C, -55°C VCC 
■0.1 ' 

V 

Input Leakage 
Current 

UN VCC - 5.5V. VIN - VCC or 
GND 

1 +E5°C - ±0.5 MA 

2,3 ♦125°C, -550C - ±5.0 uA 

Three-State Output 
Leakage Current 

I0Z Applied Voltage -0V or 
VCC. VCC - 5.5V 

1 +25°C - 11 MA 

2,3 +125°C.-55°C - ±50 MA 

Noise Immunity 
Functional Test 

FN VCC - 4.SV, VIH - 2.25V, 
VIL-0.8V (Note 2) 

7, 8A, 8B ♦25°C, +12S°C, -55°C 

NOTES: 
1. All voltages referenced to device GND. 
2. For functional tests, VO £ 4.0V is recognized as a logic "1*, and VO so.SV is recognized as a logic 'V. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL 
(NOTES 1. 2) 
CONDITIONS 

GROUP 
A SUB- 

GROUPS TEMPERATURE 

UMITS 

UMTS MIN MAX 

Data to Output TPHL. 
TPLH 

VCC - 4.5V 9 ♦25°C 2 20 ns 

VCC - 4.5V 10.11 +125°C, -55°C 2 22 ns 

Enable to Output TPZL VCC - 4.5V 0 +25°C 2 23 ns 

10,11 ♦125°C, -55°C 2 26 ns 

TPZH VCC - 4.SV 9 ♦25°C 2 20 ns 

10,11 +125°C, -55°C 2 21 ns 

Disable to Output TPU VCC-4.5V e +25^ 2 22 ns 

10,11 +125°C, -55°C 2 23 ns 

TPHZ VCC-4.5V 9 +25°C 2 21 ns 

10,11 ♦125°C, -5S°C 2 22 ns 

NOTES: 

1. All voltages referenced to device GND. 

2. AC measurements assume RL - 500O, CL - 50pF. input TR - TF - 3ns. VIL - GND, VIH - 3V. 

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 

NOTE: 

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 

UMITS 

UNITS MIN MAX 

Capacitance Power 
Dissipation 

CPD VCC - 5.0V, f-1MHZ +25°C - 38 PF 

+125*0, -55°C • 60 PF 

Input Capacitance CIN VCC - 5.0V, f-1MHz ♦2S°C - 10 pF 

♦125°C - 10 PF 

Output Transition 
Tims 

TTHL, 
TTLH 

VCC-4.5V ♦2S°C - 12 ns 

+125°C, -55°C - 18 ns 

1. The parameters isied in Table 3 are controled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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Specifications HCTS541MS 

TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL 

(NOTES 1, 2) 
CONDITIONS TEMPERATURE 

200KRAD 
LIMITS 

UMTS MIN MAX 

Quiescent Current ICC VCC - 5.5V, VIN - VCC or GND +25°C - 0.75 mA 

Output Currant (Sink) IOL VCC - 4.5V, VIN - VCC or GND, 
VOUT-0.4V 

♦25°C 6.0 ■ mA 

Output Current 
(Source) 

IOH VCC - 4.5V. VIN - VCC or GND, 
VOUT - VCC -0.4V 

+250C -€.0 * mA 

Output Votage Low VOL VCC - 4.5V or 5.5V, VIH - VCC/2. 
VIL • 0.8V, IOL - K*lA 

+25"C " 0.1 V 

Output Voltage High VOH VCC - 4.5V or 5.5V, VIH - VCC/2, 
VIL - 0.8V, IOH - -SOuA 

+25°C VCC 
-0.1 

V 

Input Leakage Current UN VCC - 5.5V, VIN - VCC or GND +25°C - 15 MA 

Three-State Output 
Leakage Currant 

IOZ Applied Voltage - OV or S/CC, VCC - 5.5V +25°C - ±50 uA 

No be knmunlty 
Functional Test 

FN VCC - 4.5V, VIH - 2.25V, 
VIL-0.8V, (Note 3) 

+25°C ■ " 

Data to Output TPHL, 
TPLH 

VCC - 4.5V ♦2S°C 2 22 re 

Enable to 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 ns 

TPHZ VCC-4.5V +25°C 2 22 ns 

NOTES: 

1. All voltages referenced to device GND. 

2. AC measurements assume RL- 500O, CL - 50pF. Input TR-TF - 3ns. VIL - GND, VIH - 3V. 

3. For functional test» VO z 4.0V b recognised as a logic T, and VO £ 0.5V b recognized as a logic "0". 

TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25*0 

PARAMETER 
GROUP B 

SUBGROUP DELTA LIMIT 

ICC 5 12|iA 

IOL/IOH 5 -15% of 0 Hour 

IOZL/IOZH 5 ±200nA 
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TABLES. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 

Initial Test (Prebum-tn) 1009W5004 1.7.9 ICC, IOL/H, IOZL/H 

Interim Test] (Postbum-ln) 100%/5004 1.7.9 ICC, IOL/H, IOZL/H 

Interim Test D. (Postbum-ln) 1009Ü5004 1,7,9 CC, IOL/H, IOZL/H 

PDA 1009W5004 1, 7. 9, Deltas 

Interim Test in (Postbum-ln) 100%/50O4 1.7,9 

PDA 100%/5004 1, 7,9, Deltas 

Final Test 100%/5004 2. 3, BA, 8B, 10,11 

Group A (Note 1) Sample/5005 1, 2. 3, 7, 8A. 88, 9.10,11 

Group B Subgroup B-5 Sampte/SOOS 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. Alternated Group A Inspection In accordance with Method 5005 of MIL-STD-883 may be exercised. 

TABLE 7. TOTAL DOSE IRRADIATION 

CONFORMANCE 
GROUPS METHOD 

TEST READ AND RECORD 

PRE RAD POST RAD PRE RAD POST RAD 

Group E Subgroup 2 5005 1.7,9 Table 4 1,9 Table 4 (Note 1) 

NOTE: 1. Except FN test which wil be performed 100% Go/No-Go. 

TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 

OPEN GROUND 1/2 VCC-3V± 0.5V VCC-SV± 0.5V 

OSCILLATOR 

50kHz 25kHz 

STATIC BURN-IN 1 TEST CONNECTIONS (Note 1) 

11-18 1 - 10, 19 - 20 - - 

STATIC BURN-IN II TEST CONNECTIONS (Note 1) 

11-18 10 - 1 - 9, 19, 20 - - 

DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 

- 10 11-18 20 1.19 2   9 

NOTES: 

1. Each pin except VCC and GNDwII have a resistor of 10kO± 594 for static bum-in 

2. Each pin except VCC and GND wll have a resistor of 680O ± 5% for dynamic bum-in 

TABLE 9. IRRADIATION TEST CONNECTIONS 

OPEN GROUND VCC 5V +0.5V 

11-18 10 1-9,19,20 

NOTE: Each pin except VCC and GND wil have a resistor of 47KO ± 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 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, 0 Rejects 

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 

100% Temperature Cyde, 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 Burn-In 1, Condition A or B, 24 hrs. min., 
+125°C min., Method 1015 

100% Interim Electrical Test 1 (T1) 

100% Delta Calculation (T0-T1) 

100% Static Bum-In 2, Condition A or B, 24 hrs. min., 
+125°C min.. Method 1015 

100% Interim Electrical Test 2 (T2) 

100% Delta Calculation (T0-T2) 

100% PDA 1, Method 5004 (Notes land 2) 

100% Dynamic Bum-In, Condition D, 240 hrs., +125°C or 
Equivalent, Method 1015 

100% Interim Electrical Test 3 (T3) 

100% Delta Calculation (T0-T3) 

100% PDA 2, Method 5004 (Note 2) 

100% Final Electrical Test 

100% Fine/Gross Leak. Method 1014 

100% Radographic, Method 2012 (Note 3) 

100% External Visual. Method 2009 

Sample - Group A, Method 5005 (Note 4) 

100% Data Package Generation (Note 5) 

NOTES: 
1. Failures from Interim electrical test land 2 are combined for determining PDA 1. 
2. Failures from subgroup 1, 7.9 and deltas are used for calculating PDA. The maximum artowable PDA - 5% wtti no more than 3% of the 

falures from subgroup 7. 
3. Radiographic (X-Ray) Inspection may be performed at any point after seriaization as alowed by Method 5004. 

4. Alternate Group A testing may be performed as alowed by MIL-STD-883, Method 5005. 

5. Data Package Contents: 

• Cover Sheet (Hams Name and/or Logo, P.O. Number, Customer Part Number, Lot Date Code, Harris Part Number, Lot Number, Quantity). 

. Wafer Lot Acceptance Report (Method S007). Includes reproductions of SEM photos with percent of stop coverage. 

• GAMMA Radiation Report. Contains Cover page, disposition, Rad Dose, Lot Number, Test Package used. Specification Numbers, Test 
equipment, et. Radation Read and Record data on fie at Harris. 

• X-Ray report and fflm. Includes penetrometer measurements. 

• Screening, Electrical, and Group A attributes (Screening attributes begin after package seal). 

• Ux Serial Number Sheet (Good units serial number and lot number). 

« variables Data (Al Delta operations). Data Is identified by serial number. Data header includes lot number and date of test 

• The Certificate of Conformance b a part of the shipping invoi« and to n« pan c>f the Data Boot The Ceni^^ 
by an authorized Quality Representative. 
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AC Timing Diagrams 

VH 

VL 

VOH 

2><EX 
TPLH 

VOL- 

TPHL 

VS jt       OUTPUT       V 

VOH 

VOL. 

TTLH -»H    [*- -*]    t~- TTHL 

n%-, * OUTPUT        ^ ip ">* 

AC VOLTAGE LEVELS 

Three-State Low Timing Diagrams 

VH 

VL 

VOZ. 

B>CüCK 
TPZL 

VOL 

TPL2 

OUTPUT       J^VW VT*r       OUTPUT       -y-\ 

THREE-STATE LOW VOLTAGE LEVELS 

PARAMETER 

VCC 

VIH 

VS 

VT 

VW 

GND 

HCTS 

4.50 

3.00 

1.30 

1.30 

0.90 

UNITS 

PARAMETER HCTS UNITS 

VCC 4.50 V 

VIH 3.00 V 

VS 1.30 V 

VIL 0 V 

VSS 0 V 

AC Load Circuit 

DUT 

Threo-Stato Low Load Circuit 

DUT ' 

RL 

.TEST 
POINT 

^CL 
CL-Mpf 

RL-M0O 
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Three-State High Timing Diagrams 

3(C VL 

VOH 

MPUT 

TPZH 

VOZ. 

X 
TPHZ 

vr/   CXJTPUT    Vvw 

THREE-STATE HIGH VOLTAGE LEVELS 

PARAMETER HCTS UNITS 

VCC 4.50 V 

VIH 3.00 V 

VS 1.30 V 

VT 1.30 V 

VW 3.60 V 

GND 0 V 

Three-State High Load Circuit 

an—* TEST 
POINT 

RL CL-«0pF 

RL-MOQ 

CL 
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Die Characteristics 
DIE DIMENSIONS: 

101 x 85 mils 

METALLIZATION: 
Type: SiAI 
Metal Thickness: IlkA ± 1kA 

GLASSIVATION: 
Type: Si02 
Thickness: 13kA±2.6kA 

WORST CASE CURRENT DENSITY: 
<2.0x105A/cm2 

BOND PAD SIZE: 
lOOtimxIOOum 
4 mils x 4 mils 

Metallization Mask Layout 
HCTS541MS 

Al »; <«) vo 

<17) Y1 

O« YZ 

(15) YJ 

;!   (14) Y4 

<«) Y» 

NOTE: The de diagram te a generic pkx from a similar HCS device, k is intended to indicate approximate die size and bond pad location 
The mask series for the HCTS541 is TA14456A. 
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ÖJ SEMICONDUCTOR 

August 1995 

HS-82C85RH 
Radiation Hardened 

CMOS Static Clock Controller/Generator 

Features 
• Radiation Hardened 

■ Total Dose > 10* RAD (Si) 
• Transient Upset > 10s RAD (Si)/s 
- Latch Up Free EPI-CMOS 

• Very Low Power Consumption 
• Pin CompatWe 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 Clrcuk or External Frequency 

Source 
• Hardened Field. Self-Aligned, Junction Isolated CMOS Process 

• Single SV Supply 
• Military Temperature Range -SS°C to +12S°C 

Description 
The Harris HS-82C85RH Is a high performance, radiation hardened 
CMOS Clock Controller/Generator designed to support systems utilizing 
radiation hardened static CMOS microprocessors such as the 
HS-80C86RH. The HS-82C85RH contains a crystal controlled oscillator, 
reset pulse conditioning, haifrestart logic, and divide-by-256 circuitry. 
These features provide the means to stop the system clock, stop the clock 
oscillator, or run the system at a low frequency (CLK/256), enhancing 
control of static system power dissipation and allowing system shut-down 
during periods of external stress. 
Static CMOS circuit design insures low operating power and permits 
operation with an external frequency source from DC to 15MHz. Crystal 
controlled operation to 15MHz is guaranteed with the use of a parallel, 
fundamental mode crystal and two small toad capacitors. Outputs are 
guaranteed compatible with both CMOS and TTL specifications. The 
Harris hardened field CMOS process results In performance equal to or 
greater than existing radiation resistant products at a fraction of the power. 

Pinouts 
24 LEAD CERAMIC DUAL-M-LINE 
METAL SEAL PACKAGE (SBDIP) 

MIL-STD-1835 CWP2-T24 
TOP VIEW 

24 LEAD CERAMIC METAL SEAL 
FLATPACK PACKAGE (FLATPACK) 

MIL-STD-1835 CDFP4-F24 
TOP VIEW 

CSYNC^: 
PCLKCZ 
ÄEÜTCZ 
ROYlcr 

READYCZ 
R0Y2IZZ 
AEN2CZ 
CLKCZ 
GHDCZZ 

CLK50EZ 
STARTE: = 

STöVFSTC±: 

i • 
2 
i 
4 
S 
• 
7 
( 
8 
10 
11 
12 

24 
»  ZZ3*1 

IVDO 

22 = 3X2 
21 rraASYMC 
20 Z=JEFI 
19 rzafC 
11 -3J0SC 
17 = raRE5 
If - 3 RESET 
15 ZZ3S2ST0P 
14 = =JS1 
13 ■frisa 

Ordering Information 
PART NUMBER TEMPERATURE RANGE PACKAGE 

HS1-82C85RH-Q -S5°Cto*12S°C 24 Lead SBDIP 

HS1-82C85RH-8 .55°CtO+12S°C 24 Lead SBDIP 

HS1-82C85RH/Sample +25°C 24 Lead SBDIP 

HS9-82C85RH/Prott> -55°Ct0+125°C 24 Lead Ceramic Flatpack 

HS9-82C85RH-Q -S5°CtO+12S°C 24 Lead Ceramic Flatpack 

HS9-82C85RH-8 -S5°Cto+12S°C 24 Lead Ceramic Flatpack 

HS9-82C85RH/Sample +25°C 24 Lead Ceramic Flatpack 

CAUTION: The» devices are sensitive to electrostatic discharge. Users should follow proper i.e. Handling Procedures. 

Copyright C Harris Corporation 1995 •« 
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HS-82C85RH 

Pin Description 

PIN 
PIN 

NUMBER TYPE DESCRIPTION 

XI 
X2 

23 
22 

1 
0 

CRYSTAL CONNECTIONS: X1 and X2 are the crystal oscillator connections. The crystal 
frequency must be three time» the maximum desired processor dock frequency. X1 is the 
c«cllatarcira*irpaandX2bthe«J^utc/tr»09dlaiordrcuiL 

EFI 20 1 EXTERNAL FREQUENCY IN: When F/C is HIGH, CLK b generated from the EFI input signal. 
This input signal shouW be a square wave wkh a frequency of three times the maximum desired 

CLK output frequency. 

F/C 19 1 FREQUENCY/CRYSTAL SE LECT: F/C selects either the crystal osdlator ortheEFIinputasihe 
main frequency source. When F/C is LOW, the HS-82CB5RH clocks are derived from the crystal 
osdlator circut When F/C is HIGH, CLK Is generated from the EFI input. F/C cannot be dynam- 

icaly switched during normal operation. 

START 11 1 A low-to-high transUon on START wil restart the CLK, CLKSO and PCLK oUputs after the 

appropriate restart sequence is completed. 

When k\ the crystal mode (F/C LOW) with the osdlator stopped, the osdlator wil be restarted 
when a Start command Is received. The CLK, CLK50 and PCLK oixputs wil start after the osdl- 
lator input signal (X1) reaches the Schmitt trigger input threshold and an 8K Internal counter 
reaches terminal count If F/C Is HIGH (EFI mode), CLK, CLK50 and PCLK wil restart within 3 EFI 
cycles after START is recognized. 

The HS-82C8SRH wil «start In the same mod« (SLO/FST) In which It stopped. A high level on 

START disables the STOP mode. 

SO 
SI 

13 
14 
15 

1 
1 
1 

S2/STOP, SI, SO am used to stop the HS-82C8SRH clock outputs (CLK, CLK50, PCLK) and are 
sampled by the rising edge of CLK. CLK, CLK50 and PCLK are stopped by S2/STOP.S1. SO bang 
in the LHH state on the 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 CLK50 stop in the high state. 
PCLK stops In Its current state (high or tow). 

When in the crystal mode (F/C) low and a STOP command is issued, the HS-82C8SRH osdlator 
wil stop along with the CLK, CLKSO and PCLK outputs. When in the EFI mode, only the CLK, 
CLK50 and PCLK outputs wil be halted. The osdlator drcuit if operationaL wil continue to run. 
The osdlator and/or dock Is restarted by the START input signal going true (HIGH) or the reset 
krput (RES) going low. 

S2/STOP 

SLO/FST 12 1 SLO/FST Is a level-triggered input When HIGH, the CLK and CLK50 outputs run at the maximum 
frequency (crystal or EFI frequency divided by 3). When LOW, CLK and CLK50 frequencies are 
equal to the crystal or EFI frequency divided by 768. SLO/FST mode changes are Hamally 
synchronized to elmlnate gltches on the CLK and CLK50. START and STOP control of the 
osdlator or EFI b avaiabie In either the SLOW or FAST frequency modes. 

The SLO/FST Input must be held LOW for at toast 195 OSC/EFI dock cycles before k wil be 
recognized. Thb elminates unwanted frequency changes which could be caused by gltches or 
noise transients. The SLO/FST input must be held HIGH for at least 6 OSC/EFI dock pulses to 
guarantee a transUon to FAST mode operation. 

CLK 8 0 PROCESSOR CLOCK: CLK is the dock output used by the HS-80C86RH processor and other 
peripheral devices. When SLO/FST is high, CLK has an output frequency which is equal to the 
crystal or EFI input frequency divided by three. When SLO/FST is tow, CLK has an output frequen- 
cy which is equaltothe crystal or EFI input frequency divide by 768. CLK has a 33% duty cycle. 

CLK50 10 0 50% DUTY CYCLE CLOCK: CLKSO Is an auxiliary dock wüh a 50% duty cycle and b synchro- 
nized to the faling edge of CLK. When SLO/FST is high, CLK50 has an output frequency which 
b equal to the crystal or EFI input frequency divided by 3. When SLO/FST b tow. CLK50 has an 
output frequency equal to the crystal or EFI inpm frequency divided by 768. 

PCLK 2 0 PERIPHERAL CLOCK: PCLK b a peripheral dock signal whose output frequency »equal to the 
crystal or EFI input frequency divided by six and has a 50% duty cycle. PCLK frequency te 
unaffected by the state of the SLO/FST input 

OSC 18 0 OSCILLATOR OUTPUT: OSC is the output of the internal osdlator circuitry, te frequency is 
equal to that of the crystal escalator drciiL OSC is unaffected by the state of the SLO/FST input. 

When the HS-82C85RH is in the crystal mode (F/C LOW) and a STOP command Is issued, the 
OSC output wil stop In the HIGH state. When the HS-82C8SRH is in the EFI mode (F/C HIGH), 
the osdlator Of operational) wil continue to run when a STOP command b issued and OSC 
remains active. 
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HS-82C85RH 

Pin Description (continued) 

PIN 

RES 

RESET 

CSYNC 

AEN1 
AEN2 

RDY1 
RDY2 

ASYNC 

READY 

GND 

VDD 

PIN 
NUMBER 

17 

16 

21 

24 

TYPE DESCRIPTION 

RESET IN: RES is an active LOW signal which is used to generate RESET. The HS-82C85RH 
provides a Schmht triggerjnput so that an RC connection can bo used to establsh the power-up 
reset of proper duration. RES stairs crystal osdlator operation. 

RESET: RESET is an active HIGH signal which is used to reset the HS-80C86RH processor, ks 
timing characteristics are determined by RES. RESET is guaranteed to be HIGH for a minimum 
of 16 CLK pulses afterthe rising edge of RES.   

CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which alows multiple HS- 
82C85RHS to be synchronized to provide multiple in-phase dock signals. When CSYNC is HIGH, 
the Kernel counters are resetand force CLK, CLK50 and PCLK Into a HIGH state. When CSYNC 
is LOW, the internal counters are allowed to court and the CLK.CLKSO and PCLK outputs are 
active. CSYNC must be externally synchronized to EFI. 

ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualfy fcs respective Bus 
Ready Signal (RDY1 or RDYZ). AEN1 vaMates RDY1 whle AEN2 vaWates RDY2. Two AEN 
signal inputs are useful in system configurattors which perrrtt the processor to access two rvUd- 

Master System Buses.   

BUS READY: (Transfer Complete). RDY is an active HIGH signal which is an indication from a 
device located on the system data bus that data has been received, or is avalabte. RDY1 is 
quaifled by ÄEN1 while RDY2 is qualified by AEN2. 

READY SYNCHRONIZATION SELECT: ASYNC is an input which defines 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: READY is an active HIGH signal which is used IO Inform the HS-80C86RH that k may 

conclude a pending data transfer.   

Ground 

+5V power supply 

Functional Diagram 

RES (17) ^}- 

START <11) 

CSYNC (1) 

STCWFST(IZ) 

F«T(19) 

EH pot 

X2(2Z) 

XI (23) 

S2/ST5PC1S) 

SI (14) 

SO (13) 

RDY1 (4) 

XElTO) 

ÄEN2P) 

ROY2(t) 

ÄSYÜcTpl) 

RESTART 
LOGIC 

RESET PULSE 
CONDmONlNG 

LOGIC 

■O m RESET 

RESTART 

EXTERNAL 
FREQUENCY 

SELECT 

| osc 

OSCUATOR 

STOP 
LOGIC 

SYNC 
LOGIC SYNC 

SPEED SELECT 
*25»OR*1 MASTER 

OSC 

CLOCK 
LOGIC 

SELECTED OSC PERIPHERAL 
CLOCK 

HALT 

READY 
SELECT 

■O «CLK 

(14CLK50 

READY 
SYNC -O « READY 

(24) VDD 
<a)GMD 
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Specifications HS-82C85RH 

Absolute Maximum Ratings Reliability Information 
Supply Voltage   +6-5V    Thermal Resistance 8^ 6^ 
Input. Output or IX) Voltage VSS-0.3V to VDD+0.3V       SBDIP Package      52°C/W     12°C/W 
Storage Temperature Range -65°Cto+150°C       Ceramic Flatpack Package      70°C/W     10°C/W 
Junction Temperature +175°C    Maximum Package Power Dissipation at +125°C Ambient 
Lead Temperature (Soldering 10s) +300°C       SBDIP Package 0.96W 
Typical Derating Factor 5.33mA/MHi Increase In IDOOP       Ceramic Fiatpack Package 0.71W 
ESD Classincaaon Class 1     If device power exceeds package dfesipatton capacity, provide heat 

sinking or derate Inearty at the fblowing rate: 
SBDIP Package 19.2mW/C 
Ceramic Flatpack Package l4.3mW/C 

CAUTl(M:5tnt»*s above those listeam'AbtelumMajdmum Rating^ may eauMp This Is a stress onlyrating andoperation 
0/ tfw device at these or any other conations above those moaned in the aporattonaiseatons of this specification is net Implied. 

Operating Conditions 
Operating Voltage Range *4.5V to »5.5V     Input Low Voltage OV to tO.BV 
Operating Temperature Range -55°C to +125°C    Input High Voltage 3.5V to VDD 
RESET Input High Voltage 3.5V to VDD 

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL CONDITIONS 
GROUP A 

SUBGROUP TEMPERATURE 

LkMHTS 

UMTS MIN MAX 

CLK or CLK50 Output 
High Voltage 

VOH VDD - 4.5V. 10 - -5.0mA, 
VIN-0VOT4.5V 

1,2.3 -55°C. +25°C, 
+125°C 

VDD 
-0.4 

" V 

Output Ugh Vokage VOH VDD « 4.SV, IO - -2.5mA, 
VIN-0Vor4.5V 

1,2.3 -S5°C, »25°C, 
+125°C 

VDD 
-0.4 

■ V 

Output Low Voltage VOL VDD-4.5V. 10-5.0mA, 
VIN-0VOT4.5V 

1,2.3 -55°C, +25°C, 
+125°C 

" 0.4 V 

Input Leakage Cur- 
rent 

IILorllH VDD-5.5V,VIN-OVor 
5.5V, Input Pins except 11 to 
15,21,23 

1,2.3 -55°C, +25°C, 
+125°C 

-1.0 1.0 uA 

Bus Hold High Leak- 
age Current (Note 1) 

IBHH VDD - 4.SV, 5.SV, V1N - 
3.0V, Pins: 11 to 15.21 

1,2,3 -55°C, ♦25°C, 
+125°C 

-200 -20 MA 

Standby Power Sup- 
ply Current 

IDDSB VDD-5.5V,VIN-GNDor 
VDD, 10 « OmA 

1,2,3 -55°C, +25°C, 
+125°C 

* 100 MA 

Operating Power 
Supply Current 

IDDOP VDD-5.5V.VlN-GNDor 
VDD, 10 - OmA, Crystal 
Frequency -15MHz 

1,2.3 -55°C. +25°C, 
+125°C 

80 mA 

Functional Tests FT VDD-4.5V and 5.5V. 
V1N-GNDorVDD.f-1MHz 

7, 8A.BB -55°C. +25°C. 
+125°C 

■ " " 

Noise Immunity 
Functional Test 

FN VDD - 5.5V, 
V1N-GN Dor 3.5V and 
VDD - 4.5V, 
VIN-0.8V or VDD 

7, 8A, 8B -55°C, »25°C, 
+125°C 

NOTE: 

1. IBHHsr»uldberr^suredanerraisirxjVlNtDWDandtr^lc*wingto3.0V 
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Specifications HS-82C85RH 

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD - 4.5V, TA - -55°CtD+125°C 

PARAMETER SYMBOL CONDITIONS 
GROUP A 

SUBGROUP TEMPERATURE 

UMITS 

UNTTS MIN MAX 

TIMING REQUIREMENTS 

External Frequency Ugh 
Tims 

TEHEL 90%-90% 
VIN 

9,10,11 -55°C, +25°C, +12S°C 25 
' 

ns 

External Frequency Low 
Tims 

TELEH 10%-10% 
VIN 

9,10,11 -55°C, +2S°C, +125°C 25 
' 

ns 

EFI or Crystal Period TELEL 9,10.11 -55°C. +25°C. +125°C 65 - ns 

External Frequency Input 
DutyCyde 

TEFIDC 9,10,11 -55°C. +25°C. +125°C 45 55 % 

Crystal Frequency FX 9,10.11 -i5aC. +25°C. +125°C 2.4 15 MHz 

RDY1.RDY2 Active Setup 
toCLK 

TR1VCL ASYNC- 
Hio* 

9,10,11 ■55°C, +25°C, +12S°C 55 ns 

RDY1.RDY2 Active Setup 
toCLK 

TR1VCH ASYNC - Low 9,10,11 ■55°C, +25°C,+125°C 55 ns 

RDY1.RDY2 inactive Setup 
toCLK 

TR1VCL 9,10,11 -55°C, +2S°C, +125°C 55 ns 

RDY1,RDY2HokJtoCLK TCLR1X 9,10,11 -55°C, +2S°C, +125°C 0 ns 

ASYNC Setup to CLK TAYVCL 9,10,11 -55°C, +25°C, +125°C 84 ns 

ASYNC Hold to CLK TCLAYX 9, 10.11 -55°C. +25°C. +125°C 0 ns 

AEN1.AEN2 Setup to 
RDY1.RDY2 

TA1VR1V 9.10,11 -55°C, +25°C.+125°C 25 ns 

AEN1,AEN2HoWtoCLK TCLA1X 9,10,11 •55°C, +25°C. +125°C 0 ns 

CSYNC Setup to EFI TYHEH 9,10,11 -S5°C, *ZS°C, *125°C 17 ns 

CSYNC Hold 10 EFI TEHYL 9,10,11 -55°C, +25°C, +125°C 17 ns 

CSYNC Pulse Width TYHYL 9,10.11 -55°C, +25°C. +125°C 2TELEL ns 

RES Setup to CLK TI1HCL Note 3 9,10,11 •55°C, -^"O, *12S°C 105 ns 

SO, SI, S2/ST0P Setup to 
CLK 

TSVCH 9,10,11 -SS°C, +25°C, +125°C 55 ns 

SO, S1, S2/ST0P Hold to 
CLK 

TCHSX 9,10,11 -55°C, +2S°C,+125°C 55 ns 

RES, START Setup to CLK TRSVCH Note 3 9, 10, 11 -55°C,+25°C, +125°C 105 ns 

RES(Low)orSTART(Hgh) 
Purse Width 

TSHSL 9, 10, 11 -55°C. +25°C. +125°C 2/3 TCLCL * ns 

SLÖ7FST Setup to PCLK TSFPC Note 3 9,10.11 -55°C, +25°C.+125°C TEHEL+170 - ns 

TIMING RESPONSES 

CLK/CLK50 Cycle Period TCLa 9,10,11 -55°C, +25°C, +125°C 200 - ns 

CLK HIGH Time TCHCL 9,10,11 -55°C, +25°C, +125°C (1/3 TCLCL) 
+3 

■ ns 

CLK LOW TCLCH 9, 10,11 -55°C, +25°C, +12S°C (2/3 TCLCL) 
-15 " 

ns 

CLKSO HIGH Time T5CHCL 9, 10,11 -55°C, +25°C,+125°C (1/2 TCLCL) 
-7.5 

ns 

CLK50 LOW Trie T5CLCH 9,10.11 -55°C, +25°C. +125°C (1/2 TCLCL) 
-7.5 ' 

ns 

PCLK HIGH Time TPHPL 9,10.11 -55°C. +25°C, +125°C TCLCL-20 - ns 
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Specifications HS-82C85RH 

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD - 4.5V, TA - .55°CtD +125°C (Continued) 

PARAMETER SYMBOL CONDITIONS 
GROUP A 

SUBGROUP TEMPERATURE 

UMTS 

UI*TS MIN MAX 

PCLKLOWTlmB TPLPH 9,10,11 -55°C, +25°C, +125°C TCLCL-20 • ns 

Ready Inactive to CLK TRYLCL Note 4 8,10,11 -55°C, +25°C, +125°C -8 - ns 

Ready Active to CLK TRYHCH Notes 9,10.11 -55°C. +25°C. +125°C 2/3(TCLCL) 
-15 

ns 

CLK to Reset Delay TCUL 9,10,11 -55°C, +25°C. +125°C - 65 ns 

CLK lo PCLK HIGH Delay TCLPH 9,10,11 -55°C, +2S°C, +12S°C - 40 ns 

CLK to PCLK LOW Delay TCLPL 9,10,11 -55°C, »as^, *12S°C ■ 40 ns 

OSC to CLK HIGH Delay TOHCH 9,10,11 ■55°C, +25°C, +125°C -5 60 ns 

OSC to CLK LOW Delay TOHCL 9,10,11 -55°C, +25°C. +125°C 2 70 ns 

OSCLOWtoCLKSOHIGH 
Delay 

TOLCH 8,10,11 -SS°C, ♦2S°C, ♦12S°C -5 60 ns 

CLK LOW lo CLK50 LOW 
Skew 

TCLC50L 9. 10,11 -SS°C, ♦2S°C, +12S°C * 10 ns 

NOTES: 
1. ACs tested at worst case VDD, guaranteed over full operating range 
2. Setup and hold necessary only lo guarantee recognition at next dock 

3. Apples only to T3, TW states 
4. Apples only to T2 states 

5. All timing delays are measured at 1.5V, unless otherwise noted 
6. Timing measurements made with EFI duty cycle • 50% 

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL CONDITION TEMPERATURE 

UMITS 

UMTS MIN MAX 

Input Capacitance CIN VDD - Open f-1MHz. Note 2 TA-+25°C - 5 PF 

Output Capacitance COUT VDD - Open, f- 1MHz, Note 2 TA - ♦2S°C - 15 PF 

RESET Input 
Hysteresis 

(+)VT - (-)VT VDD-4.5V and 5.5V -55°C<TA<+125°C 0.25 • V 

TIMING REQUIREMENTS 

RES or START Vald 
to CLK Low 

TSTART VDD-4.5V and 5.5V •55°C<TA<+125°C 2TELEL 
+3 

- ns 

STOP Command 
Vald to CLK High 

TSTOP VDD »4.5Vand 5.5V -5S°C<TA<+125°C TCLCL+ 
TCLCH 

3TCHCH 
+55 

ns 

TIMING RESPONSES 

CLK/CLK50 Rise 
Time 

TCH1CH2 VDD-4.5V and 5.5V, 1.0V to 
3.5V 

-55°C<TA<+125°C ■ 15 ns 

CLK/CLK50 Fall Time TCL1CL2 VDD-4.5V and 5.5 V, 3.5V to 
1.0V 

-55C,C<TA<+1250C - 15 ns 

Output Rise Time 
(Except CLK) 

TOLOH VDD-4.5V and 5.5V, 0.8V to 
2.0V 

-55°C < TA < +125°C - 25 ns 

Output Fall Time 
(Except CLK) 

TOHOL VDD-4.5V and 5.5V, 2.0V to 
O.BV 

-55°C<TA<+125°C - 25 ns 
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Specifications HS-82C85RH 

TABLE i ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL CONDITION TEMPERATURE 

UMITS 

UNITS MIN MAX 

Start/Ras« Vald to 
CLKLow 

TOST VDD-4.5V and 5.5V (TYP) 
Not» 3 

-55°C<TA<+125°C " 3 ms 

RESET Output Time 
High 

TRST VDD -4.5V and 5.5V -55"C<TA<+1250C 16 
(TCLCL) 

m* 

NOTES: 
1 The parameters feted In table 3 are ccwolted via design wpnxsssparamoersa^ 

characterized upon initial design release and upon design changes which wouU affect these cnaracteristics. 

2. All measurements referenced to device ground. 

3. Oscilator start-up Urne depends on several factors Including crystal frequency, crystal manufacturer, capacWve load, temperature, 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 IWts (Subgroups 1.7,9) 

TABLE 6. BURN-IN DELTA PARAMETERS (+25°C) 

PARAMETER SYMBOL DELTA UMITS 

Static Current IDDSB ±20|tA 

Input Leakage Current IIL. IIH ±200nA 

Low Level Output Voltage VOL ±flOrnV 

High Level Oupu Voltage VOH ±150mV 

TABLE 6. APPLICABLE SUBGROUPS 

CONFORMANCE 
GROUP 

MIL-STD-883 
METHOD 

GROUP A SUBGROUPS 

TESTED FOR -Q 

RECORDED 
FOR-Q TESTED FOR -8 

RECORDED 
FOR-« 

Initial Test 100% 5004 1,7.9 1 (Note 2) 1.7.9 

Interim Test 100% 5004 1, 7, 9. A 1,A(Note2) 1,7,9 

PDA 100% 5004 1,7, A ■ 1,7 

Final Test 100% 5004 2, 3, 8A, 8B, 10, 11 - 2,3,8A8B, 10,11 

Group A (Note 1) Sample 5005 1,2. 3.7, BA. SB. 9. 10,11 
" 

1. 2. 3, 7, 8A, 8B, 9. 
10,11 

Subgroup B5 Sample 5005 1,2. 3. 7, 8A.8B.9,10,11.A 1.2. 3. A (Note 2) N/A 

Subgroup B6 Sample 5005 1,7,9 - N/A 

Group C Sample 5005 N/A N/A 1.2,3,7,8A.BB, 9, 
10,11 

Group D Sample 5005 1,7,9 - 1.7.9 

Group E, Subgroup 2 Sample 5005 1,7,9 - 1,7,9 

NOTES: 

1. Alternate Group A testing in accordance vrth MIL-STD-883 method 5005 may be exercised. 
2. Table 5 parameters only 
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HS-82C85RH 

100% Interim Electrical Test 1 (T1) 

100% Delta Calculation (T0-T1) 

100% PDA 1, Method 5004 (Note 1) 

100% Dynamic Burn-In, Condtion 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 (Notes 4 and 5) 

100% Data Package Generation (Note 7) 

CSI and/or GSI Final (Note 6) 

Harris Space Lovol 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 

CSI and/or GSI PreCap (Note 6) 

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

100% Constant Acceleration, Method 2001. CondWon 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, 72 Hours Min, 
+125°C Min, Method 1015 

NOTES: 

1. Failures from subgroup 1,7 and deltas are used for calculating PDA. The maximum alowabte PDA - 5% with no more than 3% of the 
faiures from subgroup 7. 

2. Radiographic (X-Ray) Inspection may be performed at any point after seriaization as alowed by Method 5004. 

3. Alternate Group A testing may be performed as «lowed by MIL-STD-883, Method 5005. 

4. Group B and D hspections are optional and wil not be performed unless required by the P.O. When required, the P.O. should include 
separate Ine kerns for Group B Test Group B Samples, Group D Test and Group D Samples. 

5. Group D Generic Data as defined by MIL-l-38535, is optional and wil not be supplied unless required by the P.O. When required, the 
P.O. should include a separate Ine kern for Group D Generic Data. Generic data is not guaranteed to be available and is therefore not 
avaSaote in all cases. 

6. CSI and/or GSI Inspections are optional and wil not be performed unless required by theP.O. When required, the P.O. should Include 
separate Ine kerns for CSI PreCap inspection. CSI final Inspection. GSI PreCap inspection, and/or GSI final inspection. 

7. Data Package Contents: 

• CoverSheet (Harris Name andfor Logo, P.O. Number, Customer 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 Cover page, dispostion, Rad Dose, Lot Number, Test Package used, Specification Numbers, Test 
equipment etc Radiation Read and Record data on tie at Harris. 

• X-Ray report and ffcrt. Includes penetrometBr measurements. 

• Screening, Electrical, and Group A attributes (Screening attributes begin after package seal). 

• Lot Serial Number Sheet (Good unfcs serial number and lot number). 

• variables Data (Al Delta operations). Data is identified by serial number. Data header includes lot number and date of test 

• Group B and D attributes and/or Generic data isincluded when required by theP.O. 

• The Certificate of Conformance is a part of the shipping invoice and is r« part erf the Data BooltTte Certificate of Caftrm 
by an authorized Quality Representative. 
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HS-82C85RH 

Harris Space Level Product Flow -8 
GAMMA Radiation Verification (Each Wafer) Method 1019. 

2 Samples/Wafer, 0 Rejects 

100% Die Attach 

Periodic- Wire Bond Pull Monitor, Method 2011 

Periodic- Die Shear Monitor, Method 2019 or 2027 

100% Internal Visual Inspection, Method 2010, Condition B 

CSI an/or GSI PreCap (Note 5) 

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

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

100% External Visual 

100% Initial Electrical Test 

100% Dynamic Burn-In. Condition D, 160 Hours, +125°Cor 
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 6) 

CSI and/or GSI Final (Note 5) 

NOTES: 
1. Failures from subgroup 1,7 are used for calculating PDA. The maximum alowabte PDA - 5%. 

2. Alternate Group A testing may be performed as alowed by MIL-STD-883, Method 5005. 

3. Group B. C and D inspections are optional and wll not be pen^rmed unless i**u*ed by tr»P.O^ 
separate Ine terns for Group B Test GroupC Test Group C Samples, Group D Test and Group D Samples. 

4 Group C and/or Croup D Generic Data, as denned by MIL-l-38535. is optional and wil not be supplied unless required by the P.O. When 
required, the P.O. should Include a separate Ine item for Group C Generic Data arxl/or Group D Generic Data. Generic data is not guar- 

anteed to be available and b therefore not available in all cases. 

5 CSI and/or GSI Inspections are optional and wll not be performed unless required by theP.O. When required, the P.O. should include 
separate Ine terns for CSI PreCap Inspection. CSI final inspection, GSI PreCap inspection, and/or GSI final Inspection. 

6. Data Package Contents: 
• 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 Hams. 

• Screening. Electrical, and Group A attributes (Screening attributes begin after package seal). 

• Group B,C and D attributes and/or Generic data is included when required by the P.O. 

• The Certificate of Conformance ts a part of the sHppirg Invoice and is n« part of the Data Bo^ 
by an authorized Qualty Representative. 

AC Test Circuit 

VDD 

!E 
FROM OUTPUT 

UNDER TEST 

NOTES: 
1. R - 370Q at V - 2.25 forCLK and CLK50 outputs. 

2. R-494Q at V-2.87 for all other outputs. 

3. CL - 50pF. 

4. CL Includes probe and jig capadtance. 

R (NOTES 1. 2) 

CLWOTE4) 
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Waveforms 

En i 

osco 

CLKO 

CLK50O 

PCUCO 

TPHPL —- TPLPH —»j -TYHEH 
-♦]    U+-TEHYL 

CSYNCI ^.^      •     l
b_, 

TYHYL     r~- 

FIGURE 1. WAVEFORMS FOR CLOCKS 

NOTE: Al timing measurements are made at 1.5V, unless otherwise noted 
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TCLAYX 

m 

TRYHCH 

■*■ 

TCLR1X 

CUCANDCLK50 

16V 

1.0V 

TCH1CH2 -M <•- iunion 

rL2CL1-J-||-^ 

■*- 

TR1VCL 

/ffil 
TCIA1X H h 

ijyjwjjj^iyyTjjjjjTyjyjyTTyjwjTw» 

■B- 

TRYLCL 

y-v 

r 

FIGURE Z WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 
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HS-82C85RH 

Waveforms (Continued) 

cue 

R0Y1.2 

AEN1.2 

X37HC" 

READY 

TR1VCL 

TA1VR1V- 

TAYVCL 

TCLAYX -*- 

m 

TRYHCH 

■ft- 

TCLR1X 

TR1VCL 

<^w 
TCLA1X H h 

.v>.W.v.^.^.W.v>.iAv.X,.v,.>v, 
l~ XXXXffXXXXv,,,,.v,.- • ■ ■ 

■*• 

TRYLCL 

m. 

FIGURE 1 WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 

EH 

cut 

CLKM 

PCLK 
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TCHSX 
T5VCH 

si     x-x-xy; 

i        i 
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vtrrrwfvn ■ i 11 
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sasTOP    -x-:-x-xj 

mTSVCH 

t-TCHSX   
n i I.I.I.I.I.J, 

RES 

START 
IT TRSVCH 

FIGURE 4. CLOCK STOP (F/C HIGH OR F/C LOW) 
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HS-82C85RH 

Waveforms (con*iu«d) 

EFI jiruTJTJinJinnruinjiJiru^^ 

CLK 

CLKM 

PCUC 

SO 

TSTART- 

>        v r 

iiiiiffiiiiiiii*iii*i*i*i*"*h^^ 

sasTOP     frx-:*:**:-x*x*x-x-x*x*: "•v>>^.-.-.-.-.-.-.'.-.-.-.-.-.-.v.v.-.^v///////.v.-.v.-.v.v.v.v.v.v.'.-l 

RES 

START 

FIGURE 5. CLOCK START (FC HIGH) 

START 

OSC 

CLK 

CLKM 

PCUC 

^^mmt^t^rVfTffTfTPffTrfTfTffffffffffTfi'ffi'Tffi'fffVff^f^^f^^ff^wff 

h" OSCILLATOR   *|*     CYCLES" 
STARTUP 1  wn«» 

"\        > v        ' N. 

B     "\_=S 

FIGURE 6. CLOCK START (F/C LOW) 

TSHSL 

■* T 
-Hh- THHCL 

CLK 

RESET =^-f 
FIGURE 7. RESET TIMING (CLK RUNNING WITH F/C LOW ■ OSC MODE; CLK RUNNING ■ OR STOPPED WITH F/C HIGH EFI MODE) 
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HS-B2C85RH 

Waveforms (continued) 

RES 

CLK 

—M |*-TSHSL 

RESET 

OSC 
STARTUP 

TIME 

OSC iüWMytt 

-TOST—»| 
FIGURE 8. RESET TIMNG OSCILLATOR STOPPED (F/C LOW) 

NOTE: CLK. CLK50. PCLK remain h the hkjh state und RES goes_high and 8192 vald osdlator cydes have ^"»J^**? _ 
HS*2C85RH ttemal counter TOST time period). After RES goes high and CLK. CLK50. PCLK become active, the RESET output 
wll remain high for a minimum of 16 CLK cycles fTRST). 

EFIOROSC ^Xvy^ 

jijijTjijriJTnjijruTn^^ PCLK 

sLOffST 

CLK UUUUUL 1_JUUUUIJUL 

J i_nnjuuuuL 
FIGURE 9. SLOFST TIMING OVERVIEW 

EFIOROSC 
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i 

PCLK ' 

T^^h^l^TSFPcr 
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« -JT-JT—n»n-JT 
CLKSO _TLrun.rLJi j 

FIGURE 10. FAST TO SLOW CLOCK MODE TRANSITION 
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HS-82C85RH 

Waveforms (contkiiwcQ 

EROROSC jiniuijuijinnrÄiiiJinnnnjiiu^ 
PCUC 

SLO/TST 

cue 

CLK50 J 
FIGURE 11. SLOW TO FAST CLOCK MODE TRANSITION 

t If TSFPC Is not mat on one edge of PCUC STÖTFST wfl be recognized on the next edge of PCUC. 

ISMfc I 

XI cue 
1 C1£ 

°   T «i 
CLKM 

CSYNC 

LOADT 

H. LOADT 

PULSE En 

F/C 

CSYNC 

cue 

CLKM 

GENERATOR 

VDC   

-EED 

LOADt 

FIGURE 12. CLOCK HIGH AND LOW TIME (USING XI. X2) FIGURE 13. CLOCK HIGH AND LOW TWE (USING EFI) 

VOO 

15MHz r~c7|r 

C2: 

TRIGGER 
PULSE 

GENERATOR 

ÄEÜF CLK 

XI 

-\   LOAOt   | | GENERATOR [ 

xz 
READY 

RDY2 

FC 
AEN2 
CSYNC OSC 

VDD 

LOADt 1 TRIGGER 
PULSE 

GENERATOR 

F 

EFI CUC 

F/C 

ATHT 

RDY2 

SHE 

CSYNC 

READY 

H LOADt 

-i LOADt 

FIGURE 14. READY TO CLOCK (USING XI, X2) 

t CL - SOpF 

FIGURE 15. READY TO CLOCK (USING EFI) 
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Bum-In Circuits 
a VDO 

F0- 

F2- 

FJ. 

F1- 

F4- 

-»AV-E 
LOAD—[7 

—»M-E 
—«AVE 
LOAD—fs 

-^^A-E 
-vw-E 

LOAD—E 

E 
LOAD—JTÖ 

-w-El 

13 *v— 
z|—LOAD 

§-AV- 
3-AV  
ii—LOAD 

-O VDO 

-OF0 

3-*v— 
jj§—LOAD 

U-AV— 
3-iW- 
g *v 

Fl 

F« 

Fl 

. F4 

VDO 

L7KO 

LOAD' 

2.7KO 

STATIC CONFIGURATION 

NOTES: 
1. R-10kß±10% 
2. VDD-6.0V ±594 
3. TA-+125°CMn 
4. Package Cod«: SZ (24 Land DIP) 
5. F0b5O%dutycyctesquanswavGpulsebursLF0isteft 

low after pub« burst 

DYNAMIC CONFIGURATION 

NOTES: 
1. R-l0kQ±10% 
2. VDD - 6.0V± 5% (Burn-In); VDD - 5.5V ± 5% (Life Tea) 
3. TA-+125°CMn 
4. Package Code: SZ (24 Lead DIP) 
5. F0-10kHz, 50% duty cyde 
6. F1 - FO/2; F2 - F1/2; F3 - F2/2, F4 - F3/2; F5 - F4/2 

Irradiation Circuit 

o SSV 

LOAD 

uv 9 

2.7KO 

2.7KO 

NOTES: 

1. R-47U1±10% 
2. Pins tied to VSS(0V): Pin9 
3. Pins with loads: 2, 5. 8,10,16,18, 22 
4. Pins tied to VDD: 1,3,4,6,7,11-15,17,19-21,23,24 
5. VDD- 5.5V±0.5V 

Spec Number   518061 

15 



HS-82C85RH 

Functional Description 
The HS-82C85RH Static Clock Controller/Generator 
provides simple and complete control of static CMOS 
system operating modes. The HS-82C8SRH can operate 
with either an external crystal or an external frequency 
source and can support full speed, slow, stop-dock and 
stop-oscilator operation. Whie it is directly compatible with 
the Harris HS-80C86RH CMOS 16-bit static microprocessor, 
the HS-82C85RH can also 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 control line determines fast (crystal/En frequency 
divided by 3) or slow (crystal/EFI frequency divided by 768) 
mode operation. A clock synchronization input is provided to 
allow the use of muHpJe HS-82C8SRHs in the same system. 
The HS-82C8SRH generates the proper HS-80C86RH reset 
pulse, and it also handles all data transfer timing by generat- 
ing the HS-80C86RH ready signal. 

Automatic maximum mode HS-80C86RH 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 dock start-up and complete synchroniza- 
tion of CLK. CLKSO 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 oper- 
ation. A design need not be limited to a single operating 
mode or a specific combination of modes. The appropriate 
operating mode can be matched to the power-performance 
level needed at a specific time or in a particular circum- 
stance. 

Reset Logic 

The HS-82C85RH reset logic provides a Schmitt trigger 
input (RES) and a synchronizing tip-flop to generate there 
set timing. The reset signal is synchronized to the failing 
edge of CLK. A simple RC network can be used to provide 
power-on reset by utilizing 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 guaranteed to stay in the HIGH state for a 
minimum of 16 CLK cycles after a low-to-high transition of 
the RES input 

An oscilator 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 least 
(or 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 F/C is low (crystal oscillator mode), a low state on RES 
starts the crystal oscilator circuit. The stopped outputs 
remain inactive, until the oscillator signal amplitude reaches 
the X1 Schmitt trigger input threshold voltage 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 dock requirements 
and will not be affected by unstable osdllator 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 osdllator Is stopped (or committed to 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 internally. This insures that stopped outputs (CLK, 
PCLK, OSC and CLK50) start deanry with the proper phase 
relationship. 

TABLE 1. STATIC SYSTEM OPERATING MODE CHARACTERISTICS 

OPERATING 
MODE DESCRIPTION POWER LEVEL PERFORMANCE 

Stop-Ostilator All system clocks and main dock osdlaw are 
stopped 

Maximum savings Slowest response due to 
oscilator restart time 

Stop-Ckx* System CPU and peripherals docks stop but 
main clock oscilator continues to run at rated 
frequency 

Reduced system power Fast restart - no oscilator 
restart time 

Slow System CPU clocks are slowed while peripheral 
dock and main dock oscilator run at rated 
frequency 

Power dissipation sightly high- 
er than Stop-Clock 

Continuous operation at low 
frequency 

Fast All clocks and oacllatora iun at rated frequency Highest power Fastest response 
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HS-82C85RH 

If F/C Is low (crystal oscillator mode), a HIGH state on the 
START input or a low state on RES causes the crystal 
oscillator to be restarted. The stopped outputs remain 
stopped, until the oscillator signal ampitude reaches the X1 
Schmitt trigger input threshold voltage and 8192 cydes of 
the crystal oscillator output are counted by an internal 
counter. After this count is complete, the stopped outputs 
(CLK, CLKSO, 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 to 
both the HS-82C85RH START pin and to the INTR input on 
the microprocessor. 

HS-KCS9A 

MT 

HS42CURH 

CLK 
START 

HS-MCMRH 

MTR 

cue 

FIGURE 1B. START CONTROL USING HS-82CS9ARH INTER- 
RUPT CONTROLLER 

When the INT output becomes active (as a result of a 
"restart' IRQ or a system reset), the oscilator/cbck circuit on 
the HS-82C85RH 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 requesL 

Oscillator/Clock Stop Control 

The SO, S1, and S27STOP control lines determine when the 
HS-82C85RH clock outputs or oscilator will stop. These 
three lines are designed to connect directly to the MAXhium 
mode HS-80C86RH status lines as shown in Figure 17. 

HS-WCMRH 
MCROPROCESSOR 

ALE 

DEN 

RESET 

MNMÄX 

HS40CMRH HS-KCWRH 

FIGURE 17. STOP CONTROL USING HS-80C86RH MAXIMUM 
MODE STATUS UN ES 

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 control of the STOP function. 

If the HS-80C86RH 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 halt Instruction in minimum mode, Issues a single 
ALE pulse with no corresponding bus signals (DEN remains 
high), the ALE pulse wil be clocked through the 74HC74 and 
put the HS-82C85RH 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, SO 
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 CLK50 
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 
(F/C LOW), the oscillator, in addition to all system dock 
signals (CLK, CLK50 and PCLK), are stopped. CLK and 

74HC74 QUAD D PUP-FLOP WITH CLEAR 

1D 10 20 20 » 3Q 40 

«5 

VDD 

fc 

CTR" CLK 

£ 
T ■ | 
I   TO HS40CMRH 1 

J   «PERIPHERALS' " 

VDD 

_l 
FIGURE 18. STOP CONTROL USING HS-80CB6RH IN MINIMUM MODE 

HS-«2C*SRH 
CLOCK CONTROLLER* 

GENERATOR 

SO 

SI 

S2/STOP 

CLK 

RESET 
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CLKSO stop In the high state. PCLK stops In Is current state 
(high or low). 

Wlh the oscillator stopped. HS-82C8SRH power drops to Its 
lowest level. All clocks and oscillators are stopped. All 
devices in the system which are driven by the HS-82C8SRH 
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 EFI mode (F/C HIGH) and 
a STOP command is issued, all system dock signals (CLK, 
CLKSO and PCLK) are stopped. CLK and CLK50 stop In the 
high state. PCLK stops in Its current state (high or low). 

The HS-82C85RH can also provide its own EFI source 
simply by connecting the OSC output to the EFI input and 
puling the F/C input HIGH. This puts the HS-82C85RH Into 
the External Frequency Mode using its own oscillator as an 
external source signal (See Figure 19). In this configuration, 
when the HS-82C85RH is stopped in the EFI mode, the 
oscillator continues to run. Only the clocks to the CPU and 
peripherals (CLK, CLK50 and PCLK) are stopped. 

-JITI— 

I -1UI— 
| 

XI 

EH 

re 

X2 

OSC 

VDO r 
S25TÖP 

STOP SI START 
S 

CONTROL 

so * 

START 
CONTROL 

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 CLKSO 
outputs run at full speed (crystal or EFI frequency divided by 
3) or at slow speed (crystal or EFI 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 turn, reduces system power, For 
example, the operating power for the HS-80C86RH CPU is 
10mA/MHz of clock frequency. When the SLOW mode is 
used in a typical 5MHz system, CLK and CLK50 run at 
approximately 20kHz. At this reduced frequency, the 
average operating current of the CPU drops to 200mA. 
Adding the HS-80C8GRH 500mA standby current brings the 
total current to 700mA. 

While the CPU and peripherals run slower and the 
HS-82C85RH CLK and CLK50 outputs switch at a reduced 
frequency, the main HS-82C85RH oscillator is still ruining 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 osdllator 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-to-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. 

En OR OSC 

PCLK 

STOFST 

jinnjTJTjrnjTJTRj^^ 
r 

cue 

CLKSO 

UlIULtyL 1_IUULUUUL 

UUUUUL l_JUUinfUUL 
FIGURE». SLOW/FAST TIMING OVERVIEW 
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Slow/Fast Mode Control 

The HS-82CSSARH programmable peripheral interface can 
be used to provide slow/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 
corresponding port. PORT C is well-suited for this function 
due to its bit set and reset capabilities. 

cue 

HS-CCSSRH 
CLOCK 

CONTROLLER 
GENERATOR 

STJÖIFST 

cue 

HS-MCMRH 
MPROCESSOR 

DC-« 

HS-I2CS5RH 
PERIPHERAL 
INTERFACE 

PCO c= 

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 their 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 crystal/capacitor configuration and the formula used to 
determine the capacitor values are shown in Figure 22. 
Crystal Specifications are shown in Table 3. For additional 
information on crystal operation, see Harris publication Tech 
Brief 47. 

FtGUREzl. SLOW/FAST MODE CONTROL USING HS-82CS5RH 
PERIPHERAL INTERFACE 

Alternate Operating Modes 

Using alternate modes of operation (slow, stop-dock, 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-dock, 
stop-oscilator modes can make your design more power- 
effident while maintaining maximum system performance. 

TABLE 2. TYPKALSYSTEM POWER SUPPLY CURRENT FOR 
STATIC CMOS OPERATING MOOES 

FAST SLOW 
STOP- 
CLOCK 

STOP- 
OSC 

CPU Frequency 5MHz 20KHZ DC DC 

XTAL Frequency 15MHz 15MHz 15MHZ DC 

100 

HS-80C86RH 50mA 2.5mA 250MA 250MA 

HS-82C8SRH 24.7mA 16.9mA 14.1mA 24.4MA 

HS-82C08RH 1.0mA 10.0»lA 1.0MA 1.0MA 

B2C82 1.7mA 6.5mA 1.0MA 1.0MA 

HS-82C54RH 943.0MA 915.0MA 1.0MA 1.0MA 

HS-82C55ARH 3.2>IA 1.2JIA 1.0MA LOJIA 

74HCXX +Other 2.9mA 110.0MA 90.0MA 90.0MA 

HS-6S262RH 4.0mA 50.0MA 10.0MA 10.0MA 

HS-6617RH 6.3mA 52.5MA 1 2.0MA 12.0MA J 

NOTE: AllrneasurarrenBtatenatrocfflterrperatur8.VDD-+5.0\/. 
Power supply curoent levels wil be dependent upon system 
configuration and frequency of operation. 

CRYSTAL 
2.4MHz-ItMHZ i_ 

C2 

XZ 

CT- —!— (Including stray capacitance) 
C1 + C2 

FIGURE 22. CRYSTAL CONNECTION 

TABLE 3. CRYSTAL SPECIFICATIONS 

PARAMETER TYPICAL CRYSTAL SPECIFICATION 

Frequency 2.4MHz to 15MHZ 

Type of Operation Paralel Resonant Fund. Mode 

Load Caoadtanca 20pF or 32pF 

R SERIES (Max) 560tf- 15MHz, CL-32pO, 
105fl (T - 1SMHz, CL - 20pF) 

Frequency Source Selection 

The F/C input is a strapping pin that selects either the crystal 
osdllator or the EFI input as the source frequency for dock 
generation. If the EFI input is selected as the source, the 
osdllator section (OSC output) can be used independently 
for another dock source. If a crystal is not used, then crystal 
input XI (pin 23) must be tied to VDD or GND and X2 (pin 
22) should be left open. If the ER mode is not used, then EFI 

(pin 20) should be tied to VDD or GND. 
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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 cycle waveform 
(CLK50). 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 
CLK50 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 cycle dock signal designed to 
drive the HS-80C86RH microprocessor directly. CLKSO has 
a 50% duty cycle output synchronous with CLK, designed to 
drive coprocessors and peripherals requiring a 50% duty 
cyde clock. 

PCLK is a peripheral dock signal with an output frequency 
equal to the oscllator or EFI frequency divided by 6. PCLK 
has a 50% duty cyde. PCLK is unaffected by SLO/FST. 
When the HS-82C85RH is placed in the STOP mode, PCLK 
wil remain in its current state (logic high or logic low) until a 
RES or START command restarts the HS-82C85RH dock 
circuitry. PCLK is negative-edge synchronized with CLK and 
CLKSO. 

Since PCLK continues to run at the same frequency 
regardless 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 dock 
an HS-82C54RH programmable interval timer to produce a 
real-time clock for the system or as a baud rate generator to 
maintain serial data communications during SLOW mode 
operation. 

Clock Synchronization 

The dock synchronization (CSYNC) input allows the output 
clocks to be synchronized with an external event (such as 
another 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 EFI 
clock using two flip-flops as shown in Figure 23. Multiple 

external flip-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 conduded. (See HS-80C86RH 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 to ffp-flop one at the rising edge of CLK 
(requiring a setup time TR1VCH) and then synchronized to 
flp-ftop 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 flp-ftop 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 (normally 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 ffp-flop is 
bypassed in the RDY synchronization logic. RDY inputs are 
synchronized by ffp-flop two on the fating edge of CLK 
before they are presented to 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 cyde to select the appropriate mode of 
synchronization for each device in the system. 

CSYNC WITH HS420SRHW f\ X 
HS-82C8SRH1 

CLK ^_ ■   D 

Q    - -   CSYNC 
SVNCH *~ 

ER >- 
■>► >t 

(TO OTHER HS-ttCSSRHs) 

FIGURE». CSYNC SYNCHRONIZATION METHODS 
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Metallization Topology 
DIE DIMENSIONS: 

2770)im x 3130nm x 483nm ± 25fim 

METAUJZATION: 
Type: AI/SI 
Thickness: 11 kA±2kA 

GLASS IVATION: 
Type: Si02 
Thickness: 8kA±1kA 

WORST CASE CURRENT DENSITY: 
1.6x10* A/cm2 

Metallization Mask Layout 
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MOTOROLA -NEW- 

Abrupt Junction Tuning 
Diodes  , 
Motoroü suppfes voftaoje-vanaWe rapaöance diodes 
serving the entire range of frequencies Irom HF 
through UHF. Used ii Rf receivers and transmitters, 
they have a variety of applications 

Two famäes ol devices are available: Aowpt Junction 
and Hyper Abrupt Junction. The Abrupt Junction 
family »dudes devices suitable for vtrtuafy aH tuned- 
circuit and narrow-range tuning applications 
throughout the spectrum. 

General Pnraosi Plastic abrupt Taiiii Diodes 
Capjcrtaoc« Ratio O 2.B Vofts/30 Vofe 
CM 182 — TO-22WC (TO-92) — 2-Uatl 
The Mowing is a isting of plastic padaga, general- 
purpose, abrupt tuning diodes. These devices exhibit 
high Q characteristics. 

CASE29-M 

TO-226AA 
(TO-W) 

CASE '12 
TO-22SAC 

(TO-92) 

CASE 318-07 
TO-2MAB 

SOT-23 

C-TO* Arndt 
STYLE 6 

Ci S VMJV.l.t MHz 
Vw 

Cap.Rata 
C4/C30 

a 

£ 
4.0 V, 50 MHz 

Typt Iff) 
Mil. Harnt* 

(V) Mil. Typ. 

MV2101 6.1 6.8 7.5 30 2.5 400 
MV2104 10.8 12.0 13.2 30 2.5 350 
MV2108 24.3 270 29.7 30 2.5 250 
MV2109 29.7 33.0 36.3 30 2.5 200 
MV2111 42.3 47.0 51.7 30 2.5 150 
MV2115 90.0 100 0 110.0 30 2.6 

Aonpt TUMI Diodes Mr FM RadM — Danl 
On 2M4—TO-22SAA fTO-92) 
The loJowiig is a fating of abrupt tuning rjndes that are available as Dual units in a angle package 

Ci9W Cap Raw. 
C3«0 
Ma. 

Q 
3.0 V. SO MHz 

Min. 

«on 
(V) 

Denn» 
Martini Type Iff. £ (V) 

Style 

MV104 37 42 3.0 2.5 100 32 - 15 

Abmpt TaUnj Dans lot FM Radio — Deal 
Can 318-07 — TO-236 AS (SOT-23) 

■OrT». lach Diode. 

Hot-Carrier (Schottky) Diodes 
Hot-Carrier diodes are idea, for VHF 
and UHF mixer and detector 
appfcatJons as wel as many higher 
frequency applications. They 
provide stable electrical 
characteristics by eliminating the 
port-contact diode presently used 
n many appficabons 

Hot-Carrier (Schottky) 
Diodes 

CASE 182 
TO-226AC 
(TO-«) 

CAS€J18-07 
TO-JMAB 

SOT-23 

CM 182 —T0-22SAC (TO-92) 
The following is a listing of he 
carrier (Schottky) diodes that 
The following is a listing of hot 

"chonkyl diodes 
exhibit low forward voltage drop 

STYLES 

3 H =5    ' 
SMGLE 

STYLE 11 

■Ml     M    ° 1 
0     SERIES 

STYLE 9 

H   I   M 

COUMON CATHODE 

tor improved circuit efficiency. 

-   Mk.'i 
Typt 

Vorn 
(V) 

CrtJ*. VrOlla» hOV> 
(»A) 
Max. 

Minority 

(HIT*. 

Ounce 
Martini Stylt 

MBOTOt 
UBD301 
MBO101 

70.0 
30.0 

7.0 

1.0 029 V 
1.5015 V 
I.OOOV 

1.0 
0.6 
0.6 

200 935.0 V 
200 0 25.0 V 
250 0 3.0 V 

15 
15 

1 1 
1 
1 

Can 31M7—T0-236U (SOT-23) 

MM8O701LTI 70.0 19020V 1.0 200 0 35.0 V 15 5H 8 
MMB0301LT1 30.0 1.5015V 0.6 200 0 25.0 V 15 4T 8 
MMB0101LT1 7.0 I.OOOV 0.6 250 93.0 V — 4M 8 
MMB0352LT1' 7.0 I.OOOV 0.6 25093.0 V — M5G It 
MMB0354UT 7.0 I.OOOV 0.6 25093.0 V — M6H 9 

Switching Diodes 
Smal-signal switching diodes are intended for low current switching and steering applications. Hot-Carrier, PIN and 
generat-purpose diodes aflow a wide selection for specific application requirements. 

PIN Switching Diodes 
CM« 1C—TD-22WC (TO-92) 
Thetctowng PIN dndes are designed for Vt* band switching and general-purpose low current switching apptotions. 

V« CiOV«O10MHz kOVn 
m 
Mai. 

Series 
Resistance Devke 

Martin, Typt & (V) 
Style 

MPN3700 
MPK3404 

200 
20 

1.0 
2.0 

20 
15 

010150 
0.19 25 V 

1.00910 mA 
0.85 910 mA 

— 1 
1 

Tuning, Hot-Carrier and Switching Diod 

Hyper Abrupt Junction Tuning Diodes 

CASE 51-02 
00-204 AA 

(00-7) 

CASE 182 
TO-228AC 

(TO-92) 

-M- 

CAS6 318-07 
TO-23CA8 

SOT-23 
CASE31SE 
SOT-223 

-M- 

Tuning Diodes—Hyper-Muupt Junction 
The Hyper-Abrupt far*/ exhibits higher capacitance, and a much larger capacitance rat». It is paraculany wet suite 
wider-range appfcatlon such as AM/FM radio and TV tuning. 

Hyptc-Abnipt Taniasf Di 
Can 182 — T0-Z2&C (TO*) 

s-Sagit 

Ihe lolowing is a listing of hyper-abrupt tuning diodes intended tor high frequency, FM radio, and TV tuner appfca» 

CrOVilf-UNHz) Cap. Ratio «JV> 0 
V«> 
(V) 

Device 
Martini 

fa 
St Typt £ £ (V) Ma. Mai (V) 

3.0 V 
MM. 

50 MHz 
Mix 

MV209 26.0 32.0 3.0 5.0 6.5 3/25 200 - 30 - 
Hyetf-AaiitlTimlni Diaai r>Tltee««nmiarc«BiKii —Sieg» 
Can 31 »>Ä—TM3M1 (SOT-23) 

MMBV105GLT1 1« 28 25.0 4.0 6.0 3/25 200 _ 30 M4E 
MMBV109U1 26.0 370 30 50 6.5 3/25 200 — 30 H4A 
MMBV409U1 26.0 32 0 3 0 15 2.0 3/8 200 — 20 X5 
MM8V3102LT1 20.0 .25.0 3.0 4.5 — 3/25 200 

— 
30 M4C 

Hypv-Atnat Taaa Dans Fez CM 
Can I1M7 - TTM36AI (SOT-23) 

Dan» Fez Cnaaanli itiem - On! 

MM8V609LT1      269     32.0       3.0     1.8     2.4     3/8 

Hypec-Abnat TwiM DMes For Lnr FiMnncy Apptothas—Single 
On IE - T0-22MC (TO«) 
The blowing is a listing of AM. 
Irequency circuit apc4fcaoons. 

hyper-abrupt tuning diodes that have a targe capacity range and redesigned to 

D01.1 MHz Op.RautOV» 
Van 
(V) Typt fi '£ (V) Ma. (V) 

Styl) 

MVAM108 
MVAM109 
MVAM115 
MVAM125 

440 
400 
440 
440 

560 
520 
560 
560 

1.0 
1.0 
1.0 
1.0 

15 
12 
15 
15 

1.0/8.0 
1.0/9.0 
1.0/15.0 
1.0/25.0 

12 
15 
18 
28 

1 
1 
1 
1 

Hyper-Abnof Htgk btacanct Voaan VKbate Okie» - Strata Mo«* 
KM 1 - AM*, 2.4 - CJfttiT- HC, (On 318£ - SOT-223) 
The Mowing are high capacitance votage variable diodes intended lor low frequency appt 
urge riming capacitance. 

cations and circuits rec? 

ST la 
nA 

CrOM.OMHz 
Op. RUM 

Ma. 
a 

Mia. 
Mti.'l 
Type (pF) 

Ma. £ 
Style 

( 
MV7005T1 
MV7404T1 

15 
12 

100 
100 

400 
96 

520 
144 

12' 
10" 

15*" 
200/ 

'■ 
'V«.1 0 V/V«=9.0V. "V»=2.0 V/Vn-10 V. Y«=.1.0 V. 1.1.0 MHz. 1/»=2.0 V. 1=1.0 MHz. 

STYLE 9 

-M 1 M> 

CASE182 
TO-22SAC 

(TO-92) 

-O I 

Anode 

CASE 318-07 

TO-23SAB 
SOT-23 

STYLE 8 ' 

10 W 03 

COMMON CATHOOE 

STYLE 12 

-M 1—*" 

COMMON ANOOE 

758 * AWED Need Larger Quantity Prices? Call 1-800-433-5700 For Promot Handli 



Resistors OHMITE* 

'treous Enamel Molded 
ewound Resistors 

2V< Watts (continued) 5 Watts (continued) 

!=L 

Dimensions 

ft 

Power Max. Length-A Mai. Dia.-B Leads 
Ga. 

Weight 
Rating In. mm In. mm (9) 

IV2W .437 11.1 .140 3.6 24 50 
2V<W .390 9.9 .219 5.6 20 .30 
3'/«W .562 14.3 .234 5.9 20 1.20 

5W .953 24.2 .234 5.9 20 1.80 
11 W 1.796 45.6 .343 87 20 6.40 

Features 
► Molded Construction Provides Consistent Shape And 

Size (Permits Mounting In Clips Which Eitends Power 
Rating) 

► Meets Mil-R-26 Requirements For Insulated Resistors 
► All-Welded Construction 
► name Resistant Vitreous Enamel Coating 
► 5% Tolerance 

Molded construction provides consistent shape and size 
which permits mounting in clips to extend power rating. 
Mechanical integrity is enhanced by the all-welded 
construction and the vitreous enamel coating is flame 
resistant. The durable vitreous enamel coating, which is 
silicone-free, permits the resistors to maintain a hard 
coating while operating at high temperatures. Ceramic core 
with solder coated axial leads. 

Vh Watts   

Stock Mlr.'s 
Type 

Ohms 
EACH 

No. 1-49 50-99 

.96-0655 
2964)658 
29641657 
296-0660 
2964)658 

91J1R0 
91J1R5 
91J2R0 
91J2R4 
91J2R7 

1 
1.5 

2 
2.4 
2.7 

3.55 
3.55 
3.55 
3.55 
3.55 

3.02 
3.02 
3.02 
3.02 
3.02 

296-0659 
296-0661 
2964)662 
296-0663 
296-0664 

91J3R3 
91J10R 
91J15R 
91J18R 
91J22R 

3.3 
10 
15 
18 
22 

3.55 
2.80 
2.80 
2.80 
2.80 

3.02 
2.38 
2.38 
2.38 
2.38 

2964)666 
2964)667 
2964)668 
296-0669 
2964)671 

91J33R 
91J36R 
91J47R 
91J50R 
91J75R 

33 
36 
47 
50 
75 

2.80 
2.80 
2.80 
2.80 
2.80 

2.38 
2.38 
2.38 
2.38 
2.38 

2964)672 
296-0665 
296-0673 
2964)674 
2964)676 

91J91R 
91J100 
91J120 
91J180 
91J220 

91 
100 
120 
180 
220 

2.88 
3.08 
3.08 
3.08 
3.08 

2.38 
2.62 
2.82 
2.62 
2.62 

296-0677 
2964)678 
2964)679 
2964)681 
296-0682 

91J270 
91J330 
91J470 
91J620 
91J820 

270 
330 
470 
620 
820 

3.08 
3.08 
3.08 
3.08 
3.08. 

2.62 
2.62 
2.62 
2.62 
2.62 

2964)670 
2964)683 
2964)684 
2964X88 
296-0687 

91J1K0 
91J1K2 
91J1K5 
91J2K0 
91J2K2 

1K 
1.2K 
1.5K 

2K 
2.2K 

3.15 
3.15 
3.15 
3.15 
3.15 

2.68 
2.68 
2.68 
2.68 
2.68 

7/4 Watts 

2964)688 92J1R0 1 1.73 1.47 
296-0689 92J1R5 1.5 1.73 1.47 
296-0691 . 92J2R0 2. 1.73 1.47 
2964)692 92J2R2 2.2 1.73 1.47 
2964)693 92J3R0 3 1.73 1.47 

' 296-0694 92J3R3 3.3 1.73 -1.47 
296-0696 > 92J4R0 4 1.73 1.47 
296-0697 92J4R7 4.7 1.73 1.47 
296-0698 92J7R5 7.5 1.73 1.47 
296-0699 92J10R 10 1.45 1.23 

Stock Mtr.'s Ohms 
EACH 

No. Type 1-49 50-99 

295-0701 92J15R 15 1.45 1.23 
295-0702 92J22R 22 1.45 1.23 
296-0703 92J47R 47 1.45 1.23 
296-0704 92J62R 62 1.45 1.23 
296-0706 92J100 100 1.45 1.23 
296-0707 92J120 120 1.45 1.23 

2964)708 92J180 180 1.45 1.23 
296-0709 92J220 220 1.45 1.23 
296-0711 92J270 270 1.45 1.23 
296-0712 92J330 330 1.45 1.23 
296-0713 92J390 390 1.45 1.23 
296-0675 92J470 470 1.45 1.23 

2964)714 92J510 510 1.84 1.56 
2954)716 92J680 680 1.84 1.56 
2964)717 92J820 820 1.84 1.56 
2964)718 92J1K0 1K 2.11 1.79 
296-0680 92J1K2 1.2K 2.11 1.79 
296-0685 92J1K8 1.8K 2.11 1.79 

31/4 Watts 

296-0690 93J1R0 1 1.44 1.22 
296-0695 93J2R0 2 1.44 1.22 
2964)722 93J3R0 3 1.44 1.22 
2964)700 93J4R7 4.7 1.44 1.22 
2964)723 93J5R0 5 1.44 1.22 
29641724 93J10R 10 1.21 1.03 

296-0726 93J15R 15 1.21 1.03 
2964)727 93J16R 16 1.21 1.03 
29641728 93J22R 22 1.21 1.03 
296-0729 93J33R 33 1.21 1.03 
296-0731 93J39R 39 1.21 1.03 
2964i732 93J47R 47 1.21 1.03 

296-0705 93J50R 50 1.21 1.03 
2964)733 93J68R 68 1.21 1.03 
29641734 93J82R 82 1.21 1.03 
2964)710 93J100 100 1.21 1.03 
2964)736 93J120 120 1.21 1.03 
2964)737 93J130 130 1.21 1.03 

296-0738 93J150 150 1.21 1.03 
2964)739 93J180 180 1.21 1.03 
2964715 93J220 220 1.21 1.03 
296-0741 93J270 270 1.21 1.03 
2964(742 93J330 330 1.21 1.03 

'   296-0743 93J390 390 1.21 1.03 

2964)744 93J470 470 1.21 1.03 
2964)748 93J510 510 1.55 1.32 
296-0747 93J680 680 1.55 1.32 
296-0748 93J820 820 1.55 1.32 
29641720 93J1K0 1K 1.76 1.50   - 
29641749 93J1K8 1.8K 1.76 1.50 

298-1751 93J2K0 2K 1.78 1.50 
296-0725 93J2K4 2.4K 1.76 1.50 
2984)752 93J3K3 3.3K 2.15 1.83 
2964753 93J4K0 4K 2.15 1.83 
2964)754 93J4K7 4.7K 2.15 1.83 

29641756 93J5K0 5K- 2.48 2.11 
2964)730 93J5K6 5.6K 2.48' 2.11 
2964)735 93J6K8 6.8K 2.48 2.11 
2964)740 93J10IC 10K 2.48 2.11 

5 Watts 

29641745 95J1R0 1 1.72 1.48 
296-0757 95J1R2 1.2 1.72 1.46 
2964)758 9532R0 2 1.72 1.46 
2964)759 95J2R4 2.4 1.72 1.46 
296-0761 95J3R0 3 1.72 1.46 

296-0762 95J3R3 3.-3 " 1.72 1.46 
2964176» 95J4R0 4 1.72 1.46 
29641750 95J5R0 .     5 1.72 t.48 

296-0755- 95J6R8 - 6.8 1.72 1.48 

2964)760 95J10R 10. 1.52 . 1.29. . 

296-0784: 95J15R 15 1.52.- 1.29 
2964766 . 95J18R 18 1.52 1.29 
2964)767 95J22R 22 1.52 1.29: 
2964)768 95J25R 25 1.52 1.29 
29641769 95J30R 30 1.52 1.29 

Stock Mlr.'s 
Type Ohms 

EACH 

No. 1-49 50-99 

296-0755 95J33R 33 1.52 1.29 
296-0771 95J39R 39 1.52 1.29 
296-0772 95J40R 40 1.52 1.29 
296-0770 95J50R 50 1.52 1.29 
296-0773 95J62R 62 1.52 1.29 

295-0774 95J75R 75 1.52 1.29 
296-0776 95J82R 82 1.52 1.29 
296-0775 95J100 100 1.52 1.29 
296-0777 95J120 120 1.52 1.29 
296-0778 95J150 150 1.52 1.29 

296-0779 95J180 180 1.52 1.29 
296-0781 95J20O- 200 1.52 1.29 
296-0782 95J220 220 1.52 1.29- 
296-0783 95J250 250 1.52 1.29 
296-0784 95J270 270 1.52 1.29 

296-0786 95J330 330 1.52 1.29 
296-0787 95J400 400 1.52 1.29 
296-0788 95J470 470 1.52. 1.29 
296-0780 95J1K0 1K 1.84 1.56 
296-0789 95J1K2 1.2K 2.14 1.82 

296-0791 95J1K5 1.5K 2.14 1.82 
296-0792 95J2K0 2K 2.14 1.82 
296-0785 95J2K5 2.5K 2.50 2.13 
2964)793 95J3K0 3K 2.50 2.13 
296-0794 95J3K3 3.3K 2.50 2.13 

296-0796 95J4K7 4.7K 2.50 2.13 
2964)790 95J5K0 5K 3.04 2.58 
29641795 95J5K6 '   5.6K 3.04 2.58 
2964)797 95J6K0 6K 3.04 2.58 
296-0800 95J10K 10K 3.04 2.58 
296-0805 95J12K 12K 3.04 2.58 

2964)801 95J15K 15K 3.04 2.58 
296-0810 95J16K 16K 3.04 2.58 
296-0803 95J18K 18K 3.04 2.58 
2964)815 95J20K 20K 3.63 3.09 
296-0806 95J25K 25K 3.63 3.09 

11 Watts . 
296-0605 90J5R0 5 2.31 1.96 
2964)597 90J10R 10 2.31 1.96 
2964)598 90J11R 11 2.31 1.96 
296-0599 90J15R 15- 2.31 . 1.96 
2964)609 90J20R 20 2.31 1.96 
296-0611 90J22R 22 2.31 1.96 

296-0612 90J25R 25 2.31 1.96 
2964)613 90J30R 30 2.31 1.96 
2964)610 90J33R 33 2.31 : 1.96 
2964)814 90J47R 47 2.31 1.96 
2964)818 90J50R 50 2.31 1.96 
2964)815 90J62R 62 2.31 1.98 

296-0617 90J75R 75 2.31 1.96 
296-0618 * 90J82R 82 2.31 1.96 
2964)620 9OJ100 100 2.28 1.94 
296-0621 .-90J12O.: 120 2.28, 1.94 
296-0822 90J150 150 2.28 1.94 
296-0633 90J220 220 2.28 •1.94 

296-0634 90J270- 270 2.28 1.94 
2964)625 "'90J330 330 2.28 1.94 
2964)638 90J600. 600- 2.61 2.22 
2984)637 90J1K0 1K 2.92 2.48 
2964)638 90J1K2 1.2K 2.92 2.48 
2964)639 ■ 90J1K3 1.3K 2.92 2.48 
296-0641 . ;..90J1K5. 1.5K 2.92 2.48 

2964)842.. ^90J2K0 *        2K: 2.92 2.48 

> 2984)63fti- t:90J2K5 ■   2.5Kr 3.29. 2.80 

296463T1; 
2964)632 • 

„.90J5KO.-. 
&90J7K5- 

"     5K' 
; '7.5K, 

,3.85 
3.85 

3.27 . 
"' 3.27- 

296-0635;, r.90J10Ki i. ■ 10KS 3.85 t. ;: 3.27--'. 
296-064*- -■90J12K': ••- 12JC " 3.85 3.27 
296-0640^ ? 90J15K M5»t'.' ;  3;85 .' 3.27'■ 

298-0648- igöjiäk? Ui8ICv- J 3.85-- V3.27- 

2964)649; C 9OJ20IC. ■p. 20K:.: ;4.46 , •: 3.79. 
2964I64J' ;-90J25K- -   25K-' ,4.48 y-Hl 

JV90U27K' ; , 27IC f.46' 3.79 
S90J30K-. . \ 30K '».48 13.7r 

2964)64» " 90J33K - 33K- 4.48 «3.79" 

296-06501 .- 9CM50K- '50K I4.48- 3.79- 

Mltem Listed Are In Stock Ready For ShipmehtTo.Yoii. 
AWED, ^451 

L 



itff     "' Microprocessor Crystals, Crystal tisi 
Microprocessor Crystal Units 
Speciflcatlorrsfr-,* y-; 

2™*!2^W2!5£H1£2 
•fnxK»«»'StaM» —'-.-A -ÄäT 

*ro. -: a. - 
L"MdCa«atilaW   ' »r.f ; 

Shunt Capadfanci ' 

Driv» ley») -p , 

*rfW-33/U_ii.-'. 
ypaA HC-49/U 

Typ«CHC-45VU \ 

TyfeB 
TVMA 

-TJXXTMHZ- ; 4.000 MHz" 
~ 1.800 UKt-300.000 MHz; 
3579645 MHz- 300,000 MHz. 

Tt30wmlyP(t50ppmmS<r 

150 »bi I» (± 100 ppm max).| S; 

i5ppm/ycar   j 7?»«'-jQt- 
12to32pf it- t, , iLlf-Mü 
7uFma» *., jr£«,. 

1mW ■-«#- 

■•'*?■••» ■ 

Pa^ Numbering System 
Eoiijllt: A-3 J7Z4S-1t 

V-:!;.- 
»,-*■, 

Holdetjype: >;..: 
A-HC-49/U .V- 

8^C-33/U; «.'■:- 

ksufcHtf^s/traiD 

11 

>JUad Capacitanca,.. 

n(12TJf-32pF)Fw 

.Paralel Resonane» 

'>-■■''     ! i!y: 
."'"-        ' 'it ff; 5 
>S\For.Saries _. '. 

•Mteonanc« •—-  ■ 

lii-i 

EOMl ib:jt3z.ui-itnta 

3R0-TOrtt^i-;;, 

Sg-Phstto'Spie*?-; 

(ForowMMHtOrty) 
3ÖT-3niOv«miM 
50f-55ibwrto(i«   '■' 
70i-7*Ov«tonr 
9OT - 9th Ovirtrio« 

Stack Hk.1   : 
FfH- 

-flWt)- Haktar Vor. 
.   EACH 

Na.: T46 1864*r 
986-6188 A-UMO-18 ■ 1.000000 HC49/U •• — 847 778 
MHflt M.8432-1B':: 1J43200 HWSVU 700 tsr "2.28 
«Ml 2» A-2.4579-18! 2.457600 HC49/U 400 271 1.88 
986-8138 A-3S79545-18 3.579545 HC4W 180 1.17 1.88 
»964148 A-Üi864-18,'; 3.686400 HC49/U 160 17» 1.88 
WHIM A-4^00-i« '.'» 4000000 HC49AJ 100 171 1.88 
NM1N A*096-18.i ; 4.096000 HC49/U 100 171 IN 
MMi7> A-»^9430W8' 4.194304 HC49/U .100 121 1.88 

A-6.00O-U    ;• 6 000000 HC49/U •bO 178- 1.88 
888-8198 A-6.144-18 6.144000 HC49AI 50 171 1.88 
996-8208 A-7.372S-W 7J72800 HC49/U 40 I-2*' 1.88 
996-8218 A-8.000-18 8.000000 HC49AJ 35 178' 1.88 
868-6226 A-9.8304-18 9.830400 HC49AJ 35 -178 1.88 
wa A-11.0S3W8-' 11.05820 HC49/Ö ^yy -178 1.88.' 
986-6248 A-12.0000-18 1200000 HC49A1 30 178 1.88 
996-6250 A-12788-18 1228800 HC49/U ;■■» 178 1.17 
NH» A-14Jlifl8-18 14.31818 HC49AJ 25 1.18 1.17   . 
996-8278. A-14.7456-18. 1474560 HC49/U 25. 176 1.17   1 
9*9-6288 A-lioOO-18 • 15.00000 HC49/U 25 1J8 1.17 
»964298 A-16.000-18 16XIO0O0 HC49AJ 25 1J« 1.17 
996-6366 A-18,432-18 18.43200 HC49AI 20 176 1.17 .. 
9964318 fr20JXJO-18~: 20.00000 HC49AJ :20 „17*. 1.17 
9964326' A-24.00B-18-- 24.00000 HC49AJ 20 1.88 1.17 
9964338 A-24.5760-18 ;- 24.57600 HC49A) ■40 178 1.17 

-HC-49A)  
RESISTANCE WELD 

,192"- 

(4.88 mm) 

-VI 
r?6 

■ 9 

Hl— o: 
452'max 

■'■£• 

(115 mm)      ™ 

■ E^ihiMSwlM RnWaK* |o) 

Clock Oscillators ■ TTL Compatible 
Specifications 

Fft^MSCf fUBfl 

COIOOOFamiy CO13O0OFamiy 

14 Pin DIP SPinOIP 

250 KHz to 80 MHz 

TIBMIIIIHRMI« 

r, 
Vaflaj« 

Cjnm 
(MAX) 

Fall 
Tint 

U|I«T 
LmiT 

Öl»* La«; 

C01100/C013100-t lOOppra 
— CO106O/CO130SO-t50ppm 
:<.:CO1025/CO13025-t25ppm ' 

Ofwatag: 0* to »70' C 
5VDCi0fVDC 

60mA-250KHZ to 2.999 MHz 
35mA -3 MHz to 31.999 MHz 

45mA-32 MHz to 80 MHz 

40 to 60% Normal. 
45 to 55% Tight 9 1.4V DC 

■ 115ns max-Unter 9 MHz 
■ t 10ns max -9 MHZ to 32 MHz 

16ns max -32 MHz to 80 MHz 

0.4V max. Sink to 16mA 

4" *,    »24VBin,Source0.4mA 

C06000Fam8>.'>; 

HPiiOIP 

SO0KHztp70l 

Storage -5y:CJta 
5VDCtÖä»C 

2OmA-5O0KHzteS 
30mA- 20.000 MHz Via 
40mA-35.000 UHzWr 

40to60%Nix$ 
45 to 55% right«) 

10ns-500KHZ1053 
6ns- 24.000 MHZJo 7 

*0JV(U)%yjr« 

1 to 10 m. Loads 
«4.5V (90% Mi 

a-15pf(typ)   (10TT 
iSttmti Wain •< rtoa Umau, [K^UTtan stutflür «tu r C la WO" (».._ 
l^rl■flJr--'-i, ■—"—' —■-"—■- "~ * ,18% pn* taah; nriati«a. agiag, samt aaC »lintt« 

Part Numbering System 
FJ»»«^KC01188-4.II88-T Eia«»Hc( 

■i"J-*J 'Cbl 

Family 
Coi-TTLMSiza    -. 
C013-TTL.HalfSiz« 
M6-HCM0S,Fui'siza 
C012-HCUOS,Ha»Sta 

iCydr: tSwinnn.0lo120"C.3cydcs.2haars 
imx.Mdi.25trc««. c 10006*1 OJSfli sac Ml sn a-m. 3 shoda 

: 10»SS5J iOmoi 0A. S5-ZO00W. 3K'i. 
- owMn-lzlnn. 
. B% ntm» knOr. * ■«• C. 250 HOBS. 

GnxsüB-lTtst M«*irxrn 
HanMk-Hy SM«I Urn spMnmcltf lu> 
Pldogt: lO^-aonna/sacLKItaii 
SealSoiflgai; 9te ffln. torci pwp. to ft 
B*Dd Tot Wl tartnstmd IBH. tmel! 
laslono Uc . t90)*y, hisl cond. - 
SoMrt Rcslä'ncs; lunut*^ ilrrtWI. Tridwie 

Tuning Fork Qua^Crystäl Units 32.768 KHz '*■ 
Specification«' f> < ■^  ••.   j  ,-v;!.- i;.. ; 

HoMwIfH/BM    -'. -t- -- «38 -.:-•.>  -.v.. 
tiaathrairnMiiiTZrC. 3Z788Wz±21)Bpiii. 
Tmovw Tinpcntan 24-c««rc: 
PtfsfeQflc Cmnbtii CeWltMrt •11035 pom/"Clyp . 

•AaWllf r-BUW —  \ •    s/ 80.000 typ / 50,000 min 

EtplnM ttriaj Rtsiitaac« Ri IBKOtyp 

•MtMli^inceaaaCi 0.0035pFlyp 

SftnuHimCt-    - IJ-f*-»--.-- 
Capadlajw Rath 490typ 

MoHoaalli-tiitiaLiL, 7mHlyp 

Aglai(Flntrtar) . i3ppm 

0»«ii»| Taaptnln Raa«t -10*Cto*60*C 

samta TataatHian RaMt -so-ctotioirc 

Stack ■».■a Eack 
Na. 1-24 28-46 

«98-2008 R38-32.768 6.58 6.35 

. amy|.ixiw-joi) 
|jlXBiii»t>OJ)lr<>0«I 

Also Available: 
► Microprocessor Crystal Units HC-49 Short (AT Strip) - 

;► Microprocessor Crystal Units Surface Mount ■ TT-SMD 

► Clock Oscillators - Dual Output 
► Clock Oscillators - Enable/Disable 
*•■ Clock Oscillators ->ECL Compatible 
► Clock Oscillators - HCM0S Compatible 
► Voltage Controlled Crystal Oscillators -. VCX0 
I» Temperature Compensated Crystal Oscillators - TCX0 

► Monolitbic Crystal Filters 

► Ceramic Resonators - 200 to 800 KHz, 2.000 to 12.000 MHz 

Rattron manufactures one of the most complete product lines of frequency m 
components including high quality crystal units, oscillators, filters, and ci 
onators both through-hole and surface mount ' 

Because the product line is so complete, the inventory so large, Raltron anc 
offer pricing that is always competitive, and often far lower than die competiti 

136 < AWED Call Your Nearest Allied Location (1-800-433-5700) For Quick, 



PHILIPS QQQ  SFT 
'esistors and Kits  

eria    } Commercial SMD Chip Resistors 

■e surface mounted chip resistor consists of a glass passrvated thick film resistive paste screened onto a high purity alumina 
ramie substrate The nominal resistance value is achieved bv varying the composition 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 chip is covered 
th a silicon based "procoat." The conductive layer consists of a precious metal and a wrap around termination is deposited at 
ch end to allow mechanical and electrical attachment. These chip resistors and adaptable to high speed automated mechanization 
sembly. They allow excellent printed circuit board density as well as utilization of both board sides. Zero ohm lumper available as 
stom order in full reels only. 

SEI Electronics Inc. 
TOttMERLY STACXPOLE ELECTRONICS INC 

- pretKOvt coal {ovtrglut} 
-rtshtorlaytr 
-ionir ilKtrodi 
~»ni termination 

-caramieiuöitrati 

Stock 
No. 

Mfr.'s 
Type 

Philips 
No. 

Tol. Wattage 
@70°C 

Value 
Flange 

Value 
Chart 

Dimensions (1 n.) PER PK./100 

A 8 C 0 E 1-5 6-25 

297-91XX 
297-93XX 
297-95XX 
297-96XX 

9C1206 
9C1206 
9C0805 
9C0805 

9C12063A-FK 
9C12063A-JL 
9C08052A-JL 
9C08052A-FK 

1 
5 
5 
1 

7s 
7. 
7,o 
7io 

ionwi M 
io n to 1 M 
ionto 1 M 
1 o a to 1 M 

D 
C 
C 
D 

126 
126 
079 
079 

063 
063 
049 
049 

023 
023 
.024 
.024 

.016 
016 
.016 
016 

.020 

.020 

.016 

.016 

3.73 
2.76 
3.31 
4.08 

3.00 
2.29 
2.63 
3.26 

hart C   5% Values 

Ohms XX Ohms XX Ohms XX Ohms XX Ohms XX Ohms XX Ohms XX Ohms XX Ohms XX 

10 
20 
27 
30 

10 
12 
14 
16 

39 
47 
56 

100 

18 
20 
22 
24 

200 
270 
300 
390 

26 
28 
30 
32 

470 
560 

1000 
2000 

34 
36 
38 
40 

2700 
3000 
3900 
4700 

42 
44 
46 
48 

5600 
10K 
20 K 
27 K 

50 
52 
54 
56 

30 K 
39 K 
47« 
56 K 

58 
60 
62 
64 

100 K 
200 K 
270 K 
300 K 

66 
68 
70 
72 

390 K 
470 K 
560 K 
1 Meg 

74 
76 
78 
80 

*l O 
Series 9B Precision MELF Surface Mount Resistors 
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 
spiralled to value. The resistor is then coated, color coded, and end caps treated to facilitate soldering. Zero ohm jumper available 
as custom order in full reels only. 

Stock 
No. 

Mtr.'s 
Type 

Philips 
No. 

Tol. 
% 

Wattage 
@70"C 

Value 
Range 

Value 
Chart 

Dimensions (In.) PER PK./1000 

A B C D 1-9 10-49 

2^      X 
297-o iXX 

9B0805 
9B1406 

9B08052A-FC 
9B14064A-FC 

1 
1 7« 

10Qtt)1 M 
lontoi M 

D 
D 

.087 

.136 
039 
.055 

.014 
023 

.002 

.006 
130.00 
65.00 

120.00 
55.00 

)hartD   1% Values 

Ohms XX Ohms XX Ohms XX Ohms XX Ohms XX Ohms XX Ohms XX Ohms XX 

10 
15 
20 

30.1 

03 
06 
09 
12 

49.9 
75 

100 
150 

15 
18 
21 
24 

200 
301 
499 
750 

27 
30 
33 
36 

1 K 
1.5 K 

2K 
3.01 K 

39 
42 
45 
48 

4.99 K 
7.5 K 
10K 
15 K 

51 
54 
57 
60 

20 K 
30.1 K 
49.9 K 

75 K 

63 
66 
69 
72 

100 K 
150 K 
200 K 
301 K 

75 
78 
81 
84 

499 K 
750 K 

1 Meg 

87 
90 
93 

ftCD Chip 
Resistor Kits 

Economical Pricing 
Great  lor  Engineering   Labs  Or 
Prototyping 
Packaged In Plastic Boxes 

Thick Rim Kits 

0805 Thick Film 5% 
Provides MC0805 5% parts, 122 values, 10 pieces each. 10 Q 
to 1 M (including zero ohm) in 200 ppm parts. 1220 pieces 
total. 
849-5000.0805J10        EACH    55.89 

0805 Thick Rim 5% 
Same as above, except 50 pieces each, 6100 pieces total. 
849-5005.0805J50 EACH 116.65 

0805 Thick Film 1% 
p™r'~--MCR08051% parts, 72 values, 10 pieces each 10 n 
to '*       TO ppm parts. 720 pieces total. 
849V^0805F10 EACH    58.50 

0805 Thick Film 1% 
Same as above, except 50 pieces each, 3600 pieces total. 
849-5015.0805F50 EACH 137.07 

Thin Film Kits 

1206 Thick Film 5% 
Provides MC1A 5% parts, 24 values, 10 pieces each. 10 n to 
1 M (including zero ohm) in 200 ppm parts. 240 pieces total. 
849-5020.1206C10 EACH    25.00 

1206 Thick Film 5% 
Provides MC1A 5% parts, 122 values, 10 pieces each. 10 n to 
1 M (including zero ohm) in 200 ppm parts.1220 pieces total. 
849-5025.1206J10 EACH    55.89 

1206 Thick Film 5% 
Same as above, except 50 pieces each, 6100 pieces total. 
849-5030.1206J50 EACH 115.00 

0805 Thin Film 0.5% 
Provides BLU-0805 0.5% parts, 97 values, 100 pieces each. 
10 n to 100 Kn in 50 ppm parts. 9700 pieces total. 
849-5035. B0805D100 EACH  915.00 

1206 Thin Film 1% 
Provides BLU-1206 1% parts, 106 values, 100 pieces each. 
10 Q to 240 Kfi in 25 ppm parts. 10,600 pieces total. 
849-5050. B1206F100 EACH 1725.00 

SEI Kits 

Depend On Allied For The Latest In Industrial Electronics Components 

Surface mount thick film chip resistor design kits for 
RMC-Vs (1206 size) in 5% and 1% tolerances, RMC-Vio 
(0805 size) in 5% and 1% tolerances and RMC-Vis (0603 
size) in 5% tolerance only. Kits have 30 samples per value. 
5% kits have 60 values (E24) and 1% kits have 120 values 
(E96). Kit includes product specifications, packaging 
guidelines, performance data and the chip samples. 
Replacement parts available in 1000 piece bulk packaging 
or 5000 piece tape and reel. Packaged in plastic notebook 
pages in three-ring binder. 

894-0100. RMC-'/i. 5% 1206 kit EACH  79.00 
894-0105. RMC-V«. 1% 1206 kit EACH 115.50 
894-0110. RMC-Vio.5% 0805 kit EACH  79.00 
894-0115. RMC-Vio. 1% 0805 kit EACH 115.50 
894-0120. RMC-'/w. 5% 0603 kit EACH 107.75 

ALLIED >■ 1153 



PHILIPS — NEW- Ceramic Cap* 

Monolithic SMD* Chip Capacitors 

► Monolithic Construction 

CMC Case Size Dimensions — Millimeters (Inches) 

Case 
Size 

Length 
(U 

Width 
(W) 

Height (H) Term. Width (P) Spacing (S) 

Min. Max. Min. Max. Min. 

0603 1.6 ±.10 
(.063 ± .004) 

0.80 ±.10 
(.032 ± .004) 

0.70 
(.028) 

0.90 
(.036) 

0.25 
(■010) 

0.65 
(.026) 

0.40 
(.016) 

0805 2.0 ±.10 
(.0791.004) 

1.25 ±.10 
(.049 ± .004) 

0.51 
(.021) 

1.30 
(.052) 

0.25 
(.010) 

0.75 
(.030) 

0.55 
(.022) 

1206 3.2 ±.15 
(.126 ± .006) 

1.6±.15 
(,063 ± .006) 

0.51 
(.021) 

1.60 
(.064) 

0.25 
(.010) 

0.75 
(.030) 

1.40 
(.056) 

Ceramic Dielectric 

Inner Electrode 

Inner Termination (Ag) 

Nickel Plated 8arrier Layer ' 

Tin/Lead Plating 

Temperature 
Coefficient 

Tolerarwa 

5% 
5% 
5% 

.5% 
5% 
5% 

10% 

Reel 
Quantity 

4000 
4000 
4000 
4000 
4000 
4000 
4000 

PER REEL 

4000 
4000 
4000 
4000 
4000 
4000 
4000 

4000 
4000 
4000 
4000 
4000 
4000 
4000 

197.20 
215.13 
215.13 
215.13 
215.13 
215.13 
178.04 

178.04 
178.04 
207.71 
222.55 
207.71 
215.13 
215.13 

126.11 
148.38 
126.11 
148.36 
126.11 
148.36 
148.36 

200.29 
148.36 
148.36 
200.29 
200.29 
150.22 



Panasonic® NHE 
t%'?8^^i5!p^l^.!Hig?i

lnu'n Electrolytic Capacitors 

^"SSJFF NHE CR0SS REFERENCES: 
Ein« RE3; Marcon: BSM; NIcMeon: VT; 
Rubycon: SSP; UCC: KME. 

3;i 

gyaga» 
VIV^J.-Q -Jo»: 

' Coda — 
-    *   ;  ■     - Oimanalona (ran)    _  , 

'            DxLxAid  

:.  a-1' ■■«• 6.3x11.2x«l5x0.5 
•   C - ' ■- 8 x 11 £ x 3.5 x 0.8 

D  
>'   E      « ■ ■    -       10ri2.5*so*rt« 

10*18x5.0x0.8       .-■ 
■ m**»»S0Koe 

■ H.- 12.5x20x5.0x0*1 . 
*- ■ 1    •   .- l«L5x?5x«.n»nfi 

16x25x7.51.0.8 - 
iax»1Jt¥7««fia 

1—* ;~,-.J-..' 18x35.5x7.5x0J  1 
fSpecifications: ..   ,."   *".   r; 
[ r«« Mriaahaa Daan»»oojjoad» maatiha rao^rarnama o 
L o«« arprtanparatjra ranga of -55 -r.+IOS-C >*i lau a 
[aaSUainaarr- -      •—    •      ■ .»■ 

■ —ducajdcaaa ataa, now M SUaarfaa ~ 

>_( (pim tor producta <* StnmrJa. Of tea) 
>• MHoMrtFnon Tf, TES,TW8 
•OdaraBng TaoearaWa Ranga: -55 r. +105*C 
• 5"** Wort*B Vo4Bga Ranga: 8.3 - 100V 0C 
• Hand CapMjama. o.t - IS.OOVf, .   . 
• PaparltaiiLaTBlaranta: ±20% (uarc, 120 HM 
•tan«(atarc.ia>Hi)     -    • 

i «J      10 50       «3      100 
0.2»   052   0.1»    0.1«    0,13    010    Opa   0Q7 

; «d0:02par:lJ0O^l0<ca(>ac«orawi(r,mora»ianl.000|J. 
' 'DCliUiiiia—t 

IJ^OtC^S^ «nfch,,, *graalar 
*hara f * 0C laafcaga pumn r. ^A 

.    C-raMcapadlanciaiHF 
~-,J£l!"■*••*** »«•»» In V 
ES 5Jf5J?*™* *** "• ""■"»««I ««ar 2 irtmjna apptcaaon 01 
•la^pc «ad »oekaig voKaoa tnugh Ina 1.000 ohm. raalakx a 

■Load ate    ... 

2J^?*J»,)-In» caDadBra thai maal tofewtog amaa. 

♦io-«az4... 2,000 teurtai+iosr; 
«a«B«wiart ahal b, parförmad altar 2 hour» aspoaura «1 room 

MhmorattianlJOOii/7. . 

Wa^-aottdir»-.^,!««»^»^.. 
uaa »wi 2O0X o< im mni »oacaWj vaC 

r   24 1.81 15.65 
5« 1 81 15.65 
55 1.85 16.02 

!' -55 1.88 16.25 
.32 2.38 20.48 

"    .57 458 37.05 
.85 4.88 4255 

..  .74 5 Ja 48.10 
1.02 7.61 65.98 
157 10.89 85.31 
1.81 15.51 121.50 

16^0274.00 7n lYVU ■        e* nr\*j       c/^- .'«,«~.— 16.02 
17.55 
21.45 
21.78 
34.13 
48.10 
73.32 
74.73 

116.80 
124.32 
158.63 
230.07 

15.65 
16.02 
16.02 
16.90 
21.45 
37.05 
36.08 
S3.95 
73.09 
84.84 

12220^ 
153.69 
214.32 

74.00 
81.00 
99.00 

100.00 
157.00 
22200 
468.00 
477.00 
745.00 
793.00 

1012.00 
1468.00 

72.00 
74.00 
74.00 
78.00 
99.00 

171.00 
168.00 
249.00 
466.00 
541.00 
780.00 
980.00 

1367.00 

70.00/M 
77.00/M 
94.00*4 
95.00/M 

149.00/M 
210.00*4 
443.00/M 
451.00/M 
705.0(VM 
750.00*4 
957.00*4' 

.00*4 
68.00/M 
70.00/M 
70.00A» 
74.00/M 
94.00/M 

162.00/M 
157.fXVM 
235 00M 
441.00/M 
51100AI 
738.00*1 
S28.0(VM 

64.00« 
70.00/M 
86.00/M 
87.00W 

136.00fl4 
192.00/M 
405.00/M 
4130VM 
645.00A« 
687.00A4 
877.00A( 

12170VM 
63.00/M 
64(XVM 
54.00/M 
68.00*1 
86.00/M 

148.00/M 
144WVM 
216.00*4 
404.00M 
469.00*1 
675.00*1 
649.00*1 

ECE-A0JQE470 
ECE-A0JQE101 
ECE-AOJGE221 
ECE-A0JGE331 
ECE-MJQE471 
EOE-A0JGE102 
ECE-A0JGE222 
ECE-A0JGE332 
ECE-A0JGE472 
ECE-A0JGE682 
ECE-A0JGE103 
ECE-A0JOE1S3 

1294.0O/M -  11B4loo*l 
68.00/M 
68.00/M 
70.00*1 
71.00*1 
89.00*1 

1S2.00AI 
184.00/M 
210.00*1 
288.00*4 
515.00*1 
733.00*1 
938.00*1 

63.00/M 
63.00*1 
64.00/M 
S5.00HH 
82.00*1 

148.00/M 
169.00/M 
192.00/M 
264.0O/M 
471.00*4 
671.00*1 
657.00*4 

ECE-A1AGE220 
ECE-A1AGE330 
ECE-A1AQE470 
ECE-A1AGE101 
ECE-A1AGE221 
ECE-A1AGE331 
ECE-A1AGE471 
ECE-A1AGE102 
ECE-A1AGE222 
ECE-A1AGE332 
ECE-A1AGE472 
ECE-A1AGE682 
ECE-A1AGE103 

1299.00*4    noonrvu 
68.00*4 
70.00*4 
73.00*4 
74.00/M 
95.00*4 

176.00*4 
210.00/M 
247.00*1 
445.00*4 
749.00*4 
958.00*4 

63.00*4 
64.00*1 
67.00*4 
68.00*4 
87.00*4 

161.00/M 
192.00*4 
226.00/M 
408.00*4 
686.00*4 
875.00*4 

.   100 
220 
330 
470 

1.000 
2500 
3.300 

15.65 
16.02 
16.74 
16.90 
21.45 
37.05 
48.43 
54.60 
84.35 
8655 

160.51 
228.89 

1377.00/M     126roo*l 
68.00*4 

ECE-A1CGE100 
ECE-A1CGE220 
ECE-A1CGE330 
ECE-A1CGE470 
ECE-A1CGE101 
ECE-A1CGE221 
ECE:A1CGE331 
ECEA1CGE471 
ECE-A1CGE102 
ECEA1CGE222 
ECE-A1CGE332 
ECE-A1CGE472 
ECE-A1CGE6ag 

70.00/M 
73.00/M 
74.00*4 
94.00*4 

162.00*1 
211.00*4 
238.00*4 
281.00*4 
521.00/M 
969.00/M 

63.00*4 
64.00*4 
67.00*4 
68.00/M 
86.00*4 

148.00/M 
194.00*4 
218.00*4 
257.00*4 
477.00*4 
887.00*4 

ECE-A1EGE100 
ECE-A1EGE220 
ECE-A1EGE330 
ECE-A1EGE470 
ECE-A1EGE101 
ECE-A1EGE221 
ECE-A1EGE331 
ECE-A1EGE471 
ECE-A1EGE105 
ECE-A1EGE222 
ECE-A1EGE332 
ECE-A1EGE472 

15.80 
15.60 
1558 
15.93 
15.60 
15.60 
15.60 
15.80 
15.60 
16.90 
2210 
21.78 
40.63 
5750 
67.80 
76.86 

127 37 
236.18 

16.02 
165S 
20.80 
22.10 
39.65 
49.08 
67.93 
81.08 
87.89 

168.15 

72.00 
72.00 
70.00 
73.00 
72.00 
72.00 
72.00 
72.00 
72.00 
78.00 

102.00 
100.00 
187.00 
264.00 
31Z00 
490.00 
813.00 

1507.00 

1382.00*4      1265flO*t 
68.0O*4 
68.00*4 
B7.00/M 
70.00*4 
68.00*4 
68.00*4 
68.00*4 
68.00*4 
88.00*4 
74.TJOA4 
98.0OA4 
95.00*4 

177.00*4 
250.00*1 
295.00*4 
464.00*4 
769.00*1 

62.00*4 
62.00*1 
61.00*4 
64.00/M 
62.00*4 
62.00/M 
62.00*4 
62.00/M 
6200*4 
68.00*4 
88.00/M 
87 00*4 

162.00*4 
229.00*4 
270.00*4 
425.00*4 
704.00*4 

ECE-A1VGE4R7 
ECE-A1VGE100 
ECE-A1VGE220 
ECE-A1VGE330 
ECE-A1VGE470 
ECE-A1VGE101 
ECE-A1VGE221 
ECE-A1VGE331 
ECE-A1VGE471 
ECE-A1VGE102 
ECE-A1VGE222 
ECE-A1VGE33? 

74.00 
75.00 
98.00 

102.00 
183.00 
226.00 
313.00 
517.00 
581.00 

1060.00 

1425.00*4     1305:oo*l 
70.00*4 
71.00*4 
91.00*4 
98.00*4 

173.00/M 
214.00*4 
298.00*4 
489.00*4 
530.00*4 

1003.00*4 

84.00*4 
65.00*4 
83.00*4 
88.00*4 
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