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MiCroprocessor

The DPU usesthe Harris RTX2010RH microprocessar which has been used in many APL

instruments. ..
s Cassini MM - particle instrument
« ACE ULEIS - particle instrument
» NEAR M3 - imager
« NEAR NIS - spectragraph
» MNEAR MAG - magnetometer
s SalUS] - spectrographic imager

The RTX20T0REH has features which make it a good choice far use in scientific instruments...

Low power - CMOS 203
Hadiation hardened - hard to 100 Krad total dose, latchup free
- sEU immune (APL test)
» Compactdesign - single chip with minimal support logicrequired
* High perfarmance - b MHz instruction cycle in the DPL

- dual bus architecture allows multiple instructions per cycle
- DPU design makes maxamum use of the dual bus architecture
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e mory

The DPU uses twao 8K*8 UTMC 28F64 PROM's for boot code starage.

Low power - CMOS anti-fusze
* Fast access - 348 ns access allows zero wait state design
*« Fadiation hardened - hard to 100 Krad total dose, latchup free

- SEU immune

The DPU usestwo 128K Lockheed Martin SEAM s for program execution and data buffering.

»  Low power - CMO S
 Fast access - 40 ns access allows zero wait state design
* Radiation hardened - hard to 100 Krad total dose, latchup free

- aEU rate < 1™OE-11 errors/bit-day

The DPL application code is downloaded into SRAM from the Telemetry Processar under
control of the boot PROM code. The application code is executed from SRAM.

Discrete logic, as opposed to an FPGA, 1s used to interface memory to the microprocessor.
Fadiation talerant AC logic from Mational Semiconductar allows zerowait state aperation.
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Microprocessor and Memory
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Accumulator

The DPUJ uses one ACKII accumulator chip to count detector ev ents and to time event
integration periods.

The ACMOZ iz a custom ASIC designed at APL by Mick Paschalidis and fabricated on a radiation
hardened ine at LITMC.

s  |Lowpower - CMOS

* Fast access - A ns access allows zero wait state design

* Radiation hardened - hard to > 1Mrad total dose, latchup free

» High performance - 1b counters (24 bit) and contral logic in a single chip

oingle event upset rates fora 90% worst case environment from Brookhaven testing. ..

* Counters - 2894*10E-6 errors/bit-day
* Maskregisters -8 20M0E-8 errors/bit-day

The OPL uses B of the 16 available counters. The expected overall single event upset rate for
these 192 bitsis one error per 4 .85 years.

The ACMOZ iz currently being flown in the MIMI particle instrument as part of the Cassini mission
to =aturn.
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Detector Event Interface

The DPU receives detector events across the ECL backplane asthree simultaneous 12-bit words.
The words are latched into DPU registers by a simple handshake with the detector electronics.

The OPL microprocessor polls for detector events on a "1-bit" input port. The other 15 bits on the
input port are forced to zeros. The additional hardware of the "1-bt" input port improves DR
throughput by making use of the RTX2010RH microprocessaor's ability to set the zero flag during
reads, allowing the software to avoid the overhead of additional mask and compare instructions.

The detectar event interface include s event saturation comparators for each of the three 12-bit
event words The detectar event saturation flags are read by the DPU microprocessar an a "3-bit”
input port which forces the other 13 bits to zero. The additional hardware of the saturation
camparators improves DPU throughput by moving a time consuming step in the event processing
algarthm from software into hardware.

DPU outputs to the detector electronics are Harris HCTS terminated with 100 ohm resistors.

DPLU inputs fram the detector electronics are Harris HCT S pulled down with 47 Kohm resistars,
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Detector Control [nterfac e

The DPU configures the detector electronics via the detectar controlinterface. The interface

consists of a 16-bit parallel output port for data, an 5-bit output portfor address and a 2-bit output
part for contral strobes. All signals on the interface are autputs fram the DPL.

The DPU software will control the relative and absolute timing relationships between address,
data and contral strobes. There are nohardware interlocks.

DPU outputs to the detectar electronics are Harris HCTS terminated with 100 ohm resistars.
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Telemetry Processor Interface

The DPU communicates with the Telemetry Pracessor via a pairof 16 bit parallel interfaces.

The DPU data input interface isused to load application software and configure the DPU. The
interface isimplemented inthe DPL as a 16-bit input poart with "data ready” and "data
acknowledge” handshaking.

The DPLU data output interface 1s usedto pass integrated event data to the Telemetry
Frocessor. The interface is implemented in the DPU as a 16-bitoutput port with "data ready”
and "data acknowledge"” handshaking.

The Telemetry Processor pravides a reset inputto the DPLL. This reset is OR'ed together with a
simple power on reset generated within the DPU. There is now watchdog timer within the DPU
since the Telemetry Processor will periadically reset the DPL.

AllDPU S Telemetry Processor interface signals travel across the ECU backplane. Ma external
cablesare required.

DPU outputs are Harris HOT 3 terminated wath 100 ohm resistors.

DPU inputs are Harris HCTS pulled down with 475 Kohm resistors.
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Test Equipment Interface

The DPU has two interfaces to ground test equipment to aid in hardware checkout, software
development and sensor development. Both interfaces are via "D" cannectors that project through
openings in the cover of the ECLL The connectaors will be capped for flight.

The DPU serial testport 1z a 9600 baud R=232 link using a software UART. An adapter unit
converts the Svolt single-ended logic signals used by the DPU to true R=232 signals forthe test
equipment computer. ADPL reset input is also available to the test equipment computer. The
DPU boot code will support software downloads and debugging via the seraltestport.

The DPU Lab%iew testport is a 16-bit parallel output portwith a pair of data strobe output sgnals.
The interface can be cabled directly to a LabYiew compatible data acquistion board. During
sensar development, the DPU can be programmed to output integrated event data and counter
data directly to the test equipment camputer bypassing the telemetry processar,

DPUJ outputs are Harris HCT = terminated with 100 ohm resistors.

DPU inputs are Harris HCTS pulled down with 475 Kohm resistors.
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Fecent Changes

Feplace S4HCT S logic with 54ACTO logic on the G Bus input and output ports to imprave timing
margins. Thiswas a direct parts swap without circuit redesign.

Femoave logic gate U4EC from DPU input TLM Interface to simplify the DPU software polling logic
and remave software timing issues.

Duplicate the RTX interrupt input signals E1 — E4 ontothe G Bus input port used far the ADC
saturation flags. This was required to part an interrupt driven Forth system to the DPU far
software development and board testing. (Onginal design was inherited from SsU S,

Feplacethe HTx Boot pin as the signal used for the R=-232 testpont transmitter and reallocate
the secaond LabView testport strabe output for that purpose. This was required to port an interrupt
driven Forth systemto the DPL for software development and board testing. (Original design was
inherited from S5USI.

Change the reset signal to the ACMO3E accumulator chip so thatit doesnot reset with the periodic
TLM Processar resets of the DPU. The accumulator contents need to be preserved during these

resets.

llse accumulators ™ - 16 in the ACMWIS accumulator chip as duplicates of accumulators 1 — 8.
This will make the full functionality of the ACMO3 available to the DPLL
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