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Introduction

e QOverview
« Board Designs
— Functional requirements
— Block diagram
— Critical circuits and interfaces
— PCB layouts
— Power & Weight
— Themmal issues
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Changes since PDR / Action ltem Status

¢ Divided the spacecraft interface function and the I/Q interface
function into two circuit cards

« Board dimensions changed
— ECU box design changed
— No impact on electncal designs

+« Action ltem Status
— No action items from PDR

— TIM4-4 Action ltem In Progress - Instantaneous current
measurement on 1553 interface
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Board Descriptions

¢« TM Processor

— Software platform that performs telemetry formatting,
ground command decoding, and instrument control

« Spacecraft Interface

— Translator between TM Processor and MIL-STD-1553B
messages

+« |/O Board

— Electrical interfaces for both control and monitoring of SIS
and FPE and Detector Processor interfaces
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Parts Issues

« PEPL Status

— Component Reliability Section completed reviews of board
parts lists.

— SOR-3-97037 on 10/13/97 had clanfication issues - closed

— SOR-3-98002 on 1/15/98 approved all parts

Exception - more info. needed on Ferrite bead and wire
for choke assy. used to isolate digital noise on boards.
This is a non-crtical item. Information will be provided.

« TIMED Common Buy
— Request early Apnl delivery
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TM Processor PEPL
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S/C Interface PEPL
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Actel Design Philosophy

* Actel 1280 gatearays used in board designs

* SOR-5-97064 SEU test data and design recommendations have been

reviewed ( Very low SEU rates but as a precawtion: § 5 modules are used -
implemeart voting )

* 5 mils Taspot shielding to provide better total dose protection
* TM Processor Board Actels
- S and C modules

— Triple redundant logic implemented on all latches and flip/flops
(voting)

* S/C Interface Board Actels
- C modules only (no S modules)

- No voting implemented to aid in meeting circuit timing
requirements

* |{O Board Actels
- € modules only
- Voting implemented
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Telemetry Processor Board
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TM Processor Requirements

* Software platform that performs telemetry formatting, ground
command decoding, and instrument control

* Reference CDR section “Telemetry Processor Software” for detailed
performance requirements

* Microprocessor - SEl 80C186RP
- Interrupt capability - generate processor interrupt every Imsec
- 16-bit data transfers to interface with Det. Processor & 1553 data processor
- Programmable timers with 16-bit resolution

* Memory requirements
- RAM 138.8 Khytes required ; 320 Kbytes available - Honeywell HX6256
- PROM 16 Kbytes required ; 48 Khytes available - Harris 6664
- EEPROM 80 Khytes required ; 256 Khytes available - SEl f Hitachi 28C010

* Make use of heritage

- LENA & CPT Data Processing Units recently delivered and launched use the
same design.
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TM Processor Block Diagram
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Motherboard Interface

* TM Processor communicates with S/C interface board and 1O board
over a common bus on the motherboard as shown below

* TM Processor controls data flow over the backplane
- Data transfers between boards are controlled by TMP s oftware

- Said another way - TMP is the sole bus master
* Communication with Detector Processor is made through IO board.

r

| Mothethoand - Th Proses sor Bus L ETT Enas

t ¢ ¢

I Board
Det. Pmc. Board

TM Processor
Board

SIC Intedace
Board
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TM Processor - Fault Tolerance

Watchdog timer safes the instrument when anomolous
software operation is detected

Ram fault tolerance

— Address mapper allows for mapping around failed RAM
locations

— Bad RAM can be replaced by good RAM in address space

EEPROM contents are secured using write protection

Sufficient PROM space on board to store entire TMP program

— Allows execution of Maintenance Mode entirely from
PROM

— Low power PROMs used to minimize power in this mode
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GUVI Reset

 Telemetry Processor generates a reset signal for S/C Int.
Board, /0O Board, and Det. Processor Board.

* Reset is activated under the following conditions

— Power-up detection circuit holds reset signal low during
voltage transient

— Watchdog timer expires and generates reset pulse

— Ground command intentionally expires watchdog timer to
generate reset pulse

— Detector processor reset signal generated by TMP
software

TE208 T Emedas (71 #PT
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Watchdog Timer Circuit

* External RC iming circuit generates 10ms clock as input to counter
inside Actel

* Counteris disabled by power-on reset pulse
* Remains disabled in maintenance mode
* Counter enabled by software upon exiting maintenance mode
— 16-bit key written as IfO instruction
- Key: VO Addr. = 0008 Hex Data= C3AA Hex
Disable by writing same I/0 address but with different data

* Reset pulse to 80C186 is generated if watchdog is not refreshed
within 6 seconds

* Refresh requires software write to I/Q address with 16-bit key
- Key: VO Addr. = 0002 Hex Data = C3A5 Hex
- Repeat < 6 seconds

TE208 T Emedas CTIR # 7 6
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EEPROM Access Circuit

* EEPROM protection circuit disallows access to stored data unless
enabled by software

* Disabled at power-on or watchdog reset

* Requires a software I/O write with a 16-bit key to enable the EEPROM
for subsequent memory accesses

- Key: /O Addr. = 0004 Hex Data = C3AF HeXx
Disable by writing same I/O address but with different data
* Software usage

- All accesses to EEPROM will be hounded by an enable and a
disable operation

TE208 T Emedas (IR H 7T
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Test Connector Definition

 Test connector aids in software / hardware development
- Programmable output port
— Intended to help monitor CPU activity during code development

¢ 25 pinfemale D-sub. 90P PCB connector
¢ Test connector to be capped for instrument delivery to TIMED
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TM Processor PCB Layout
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TM Processor PCB Layout
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TM Processor - Power & Weight

* Measured Average Power {+/- 20%)
- +AVECU @118.0 mA
- +#15V ECU @ 0 mA
- <15VECU @ 0 mA
- Total average power => 0.590 W

* Estimated Maintenance Mode Power (+/- 209)
- +SVECU @ 0.670 W

* Measured Weight (+/- 10%)
- 0.520 Ibs

* No Thermal Issues
— All parts operate within -55bC to 125pC
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Spacecraft Interface Board
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S/C Interface Requirements

¢ Translator between TM Processor and MIL-STD-1553B
messages

* Implement dual bus redundancy
* No hardware reset function on TIMED interface required

* Programmable remote terminal (RT) 1553 protocol
architecture

 Local memory to buffer TM Processor telemetry data and
incoming command data
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S/C Interface Board Implementation

* Remote Temminal - UTMC Spmmit 1553 Protocol chip

- Compliant to MIL-STD-1553B, Noticell

— Descriptor Table configures each subaddress and mode code for
unique processing

— Subaddress double buffering of data
- Intemal illegalization RAM determines validity of command

* Auto-initialization PROM stores initial Descriptor Table and chip
register contents

- At boot up local PROM contents are transfered to SRAM
automatically

- 544 hytes required
* Local SRAM stores PROM image and transmit/receive data buffers

- 12 Khytes required
* Actel 1280 gateamray confrols interface to TM Processor
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S/C Interface Block Diagram
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TM Processor / Summit 1553 Data Interface

+* Local hoard memory ! b ation Control Sigpals
- Shared with TM processor I' M
- stores Spmimit configuration : ¢

- Stores transrmitireceive data

+ Arhiter
- Controls the shanng of board memory
- Grants access using first come first serve logic
- spmimit chip all owed multiple word accesses
(mazimum 32 words) in one arbitration cyce
- TP all swed only single word accessesto
minimize the time Spmmit waits for access

toboard memory P Bomd
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Summit 1553 Data Access Timing
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1553 Bus Interface Circuit
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S/C Interface PCB Layout
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S/C Interface PCB Layout
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S/C Interface - Power & Weight

o Estimated Average Power (+- 10%)
— +5V ECU @ 207.3 mA
- +1SVECU @ O mA
- =15V ECU @ 0 mA
— Total average power =>1.037 W
— Estimated for 10% avg. duty cycle on 1553 bus.

e Measured Weight (+/- 10%)
— 0.460 Ibs
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Thermal Issues

« All electronic parts operate within -55PC to +125 PC
« Thermal analysis results

— Hottest board temperature is UT63M147 transceiver chip
running @ ~ +65pC

« UT63M147 thermal relief design

— Thermal vias beneath component conduct heat to one 2oz.
copper ground plane

— Themmal conductive matenal (Delta Bond) to insure heat
transfer between component and copper plane
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/0 Board Requirements

Provide electrical interfaces for both control and monitonng
of SIS, FPE, and interfaces to Detector Processor

« TM Processor Software controls interface functions
Interface Functions
— Control high voltage power supplies
— Control cover, slits, pop-up mirror, scan motor, and heater
— Monitors telltales for abhove control points
— TM Processor to Detector Processor data interface
« Digitize analog housekeeping to 8-bits

— Scan motor current, temperature monitors, high voltage
power supply voltage and current monitors

— ECU low voltages

TE208 T Emedas (IR H30
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1/0 Board Block Diagram
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HV Control Interface

+RSHECTT +nSECTT H5WVEETT
Motherboard Corxec tions

23 4wV perhit

0P LIwY ] Hi 3
Primtary

-1BET ?

T Processot »

HIWVECT

23 4 mW perbit
0- cim s e

OPa0 A — HVPS
Sec ordary
11753 Cordrol
ARSECT W 62 ¥
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FPE Power Control Interface

Motherthoand
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looo
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Scan Motor Phase Control Interface
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SIS Control Interfaces
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TMI Processor *
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SIS Telltale Interfaces
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Detector Processor Interface (DPU Bus)

* Two 16-bit data ports L
* Four handshaking signals sy — .
« DPU Reset signal : h % e T g
E “'_l T DT Dt
* [ -
» TMP to DPU transfers EE ke Dt
- TMP Data Rdy indicates =1 . -
valid data presentin DPU & £ i o DFTDah
output port. TH Frocessor * g 24l Crpes
- DPU Data Acknowledge E g | = e o DEUDs
indicates Det. Proc. has EE e
latched data
=
| ﬁ < ad | DFTDhhlaady
| g 0 COPT Dk fmowds
e DPUto TMP transfers g% %‘““ nfehnier
- DPU Data Rdy indicates & g, 100 o N
valid data present on DPU E_:a - - THFDundady
data input lines.
- TMP Data Acknowledge CTam 3 lot o
asserted by the A1280 o he———" =131 ] TMPD:h hcdunkd
when TM processor reads
DPU input port. This — 7 i o
indicates to the DPU that it B o ' 3 ] DFEsiat
can write new data to this
port.

TE208 TR das (IR Rar



GUVI

Global Uliravialet fmager

3 .?| % Critical DESigﬂ Review

DPU to TMP Data Transfer Timing Spec.

4 50 ps Brrs

d——  0ns M. —®

oPUDTR 4 !
(D'PU Data Rely)

TLM_DTACK ! !
ThF Data sk,

DATA OUT [ alid Data Word \
(L PU to ThFY

—» ‘q_ 100 1s Bz, A 200 ns - 1000 ns—— W

TP das (IR O3
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Analog Housekeeping

= Digitizes 16 analog input ports to 8-bits resolution
- HES1840 analog multiplexor
- ADST3 ADC chip
- 30 Jus conversion time
* (On-board calibration reference
- ADS84 stable 2.5V reference monitor
* Analog Housekeeping Inputs
- ECU+5V monitor
- FPE/HY current monitors
- HVPS voltage monitors
- Scan motor current monitor
- FPE temperature monitors
- ECU housing temperature monitor
- HVPS temperature monitors
- SIS detector temperature monitor
— Scan mirrorte mperature monitor
- SIS drive board temperature monitor

TE208 T Emedas (IR RT3
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/O PCB Layout

So Her Ila sk simrrisnnaEENN TiEnnnimEnionofRRIIIINGEERN mnmmnnanma iR HnRmn ansan . .
] Comtporerit Side Sigral Layer
] Gronmud Plate

P':ll:r".lﬂ‘.'lldlé I.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.I
' Bitemal Signal Layer
I:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:I
| Poarer Plane: +5% ECTT
|:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Soler Side Sigpal Layer

o Glayers

0.062 in. total thickness

Polyimide material

* 1 0z copperthickness

Manufactured per MIL-P55110 wi te st coupons
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/0 Board - Power & Weight

e« Estimated Average Power (+-10%)
— +5V ECU @ 119.3 mA
- +1OVECU @ 9mA
- 15V ECU @ 23 mA
— Total avg. power =>1.077 W

e Measured Weight (+/- 10%)
— 0.420 lbs

¢« No Thermal Issues
— All parts are operational within -55pPC to 125pPC

TE208 T Emedas (CTIR HO5
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Instantaneous Power Neasurement
TiM4-4 Action ltem

1553 Data

Tranasmithng

Pealk = d0mi
] Lharing GUTVI

Trars nussion
240 mil

Trrece -4 Tinng Fecelve

200 s fdiv ] Chiiescient
Ho actomity
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TM Processing Timing

» Calculation to showthat the TM Processor / Spummit 15583 circuitry will keep up
with GUW] telemetry rate

- TM rate = 8105 bits/ sec.
(8105 bitsisec) x {1 packet/ 2096 bits) = 3.87 packets [ sec
or about 250 ms per packet

Time to load apacket in TM buffers on S/C interface board

(3Hs Fword) x {131 worcs) = 393 us
Time lost in sharing memory with Suymmit chip

(Aus §F 32 words) x (131 words) = 164 us
Sum the two: 393 s+ 16.4 s = 409 us for hardware interface
- Hardware impactis negligible

Software has nearly 250 ms to process each TM packet

TE208 T Emedas (IR RO
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B CORPORATION

Radiation Effects Summary

Actel 1280 (per SOR-5-970532)
2.82 % 10"° SEU/device/day
Latchup immune
4.3 Krads

Intel 80 C186RP {SEI)

1.0 x 10 * SEU/device/day
Latchup immune
30 Krads

Honeywell HX62356 SRAM
1.0 x 10 1% SEU/device/day
Latchup immune
100 Krads

Harris HS16664 PROM
SEU immune
Latchup immune
100 Krads

Hitachi HN58C1001 EEPROM (SEI128C010TRP)
SEU immune
Latchup immune
100 Krads

UTMC Spmmit UT69151E
55 x 109 3EU /device/day
Latchup immune
100 Erads

UTM C UT63M 147 Transceiver
SETT immoane
Latchup immune
100 Krads

Harris CD4000 Sexies , HC 5 Series
SETT immoane
Latchup immune
100 Krads

Analog Devices ADST3 ADC , ADSSH DAC
SEU < 1.0x 10 *3EU device day
Latchup immune
20 - 30 Erads

Analeg Devices ADSB4 REF
BE 1T imm une

Latchup immune
100 Erads

TP das (CIE 20
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