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INTRODUCTION

This document describes the hardware/softwarefatterfor the electronics box controlling the
Ptolemy experiment on the Rosetta Lander. All hamgwegisters are memory mapped

1.1 Definitions, acronymsand abbreviations

1.1.1 Definitions

Bit numbering:

Bits are numbered with the least significant biba® and most significant bit as bit 15. Thidtie

numbering used in the HS-RTX-2010RH processor eafsg manual, in the schematics for the
electronics and in other hardware documents:

ms Is

15| 14| 13| 12| 11] 10 9 8 7 6 4 4 3 P il

It should be noted that the software documentdtitRD, SDD), numbers bits in the reverse order
(most significant bit is bit 0, least significarit Is bit 15) as is usual with space data systems.

I nstrument/Experiment:

As Roland is, itself, considered to be an instruneéthe Rosetta spacecraft, this document reters t
Ptolemy as an “experiment” or “subsystem”

1.1.2 Acronyms

ADC Analogue to Digital Converter

ASIC Applications Specific Integrated Circuit (eecustom chip)

CDMS Command and Data Management System (Landboard computer)

DAC Digital to Analogue Converter

FPGA Field Programmabel Gate Array (such as the BICGhip on processor card)
HK House Keeping - telemetry required to confirnmreot operation of instrument
HT High Tension (high voltage - ~2kV in this case)

HV High voltage (same as HT)

12C Inter-IC - a serial bus protocol for transferidata between ICs.

IC Integrated Circuit

MIPS Millon Instructions Per Second

MORSP Modulus On-board Real-time Software (Ptolemy)

ou Open University

PWM Pulse Width Modulation

RAL Rutherford Appleton Laboratory

RICA Rosetta lon-Counter ASIC — one of the ASICedut control & read the lon-trap
SCIF Space Craft Interface — FPGA that controlerfate with the Lander CDMS
TC Telecommands

Tim Telemetry

™ Telemetry

VCO Voltage Controlled Oscillator

WGA Waveform Generator ASIC — the other ASIC useddntrol & read the lon-trap
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1.2 References

1.2.1 Applicable Documents

AD1 REID-A
AD2 ESA PSS 05 Software Engineering Standards
AD3 BSC(96)2 issue 1 Guide to applying PSS 05 talksoftware projects

1.2.2 Reference Documents

RD1 RO-PTO-RS-0001/EID B REID-B
RD2 Ptolemy Operations Plan
RD3 RO-BER-RAL-TN-3401 WGA and RICA applicabilitp RF Scan Function Design
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2. PROCESSOR MEMORY MAP

2.1 Overview

The overall memory map for the electronics boxhisven below. The total address space is 1048576
bytes (a 20 bit address bus) This comprises 16spaaeh of 65536 bytes. The first 2 pages of memory
are occupied by fuse-link PROM (containing the baedlight software) and the top 8 pages are Gtati
RAM for variables and copied program code. Aboweeftise-link PROM are two pages allocated to
I/O registers and, above these, 4 pages (4,5,6&a)pied by EEPROM and are intended for storing

patches and updated tables.

FFFFF

256 k bytes RAM
C0000
BFFFF

256 k bytes RAM
80000
TFFFF

256 k bytes EEPROM
40000
3FFFF

128 k bytes 1/0O addresses
20000
1FFFF

128 k bytes PROM
00000
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I/O address space:

3C000H:

peri pheral s
with 3 wait
states

38000H:

peri pheral s
with no wait
states

34000H:

RICA (ASIC) for
lon trap ctrl &
acqui sition

30000H:

Not used on
Pt ol ey

2C000H:

S/Cinterface
Act el

28000H:

processor card
Actel register
2 (code page)

24000H:

processor card
Actel register
1 (status)

20000H:

processor card
Actel register
0 (status)
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2.2 Map of I/0 pages

The table below shows an overall map of the I/Cegad\ll 1/O registers are at even addresses and
should be accessed with a word read or write in8tm, even if they have no meaningful bits in the

upper byte.

Addr range Description Address format (binary)

20000- 23FFE | Low byte of processor card status register] 0010 00xXx XXXX XXXX XxxO0
24000- 27FFE | High byte of processor card status registef 0010 01xX XXXX XXXX XXXO0
28000- 2BFFE | Processor board page register 0010 10xx XXXX XXXX XXXO0
20000- 2FFFE | SCIF — Lander interface FPGA 0010 11xXx XXXX XXXX XsSsO
30000- 33FFE | Not used for Ptolemy 0011 00xx XXXX XXXX XXXO0
34000- 37FFE | RICA (lon trap control) 0011 O1xx XXXX xxXrr rrrQ
38000- 3BFFE | Other peripherals with no wait states: 0011 10-- ---- ---- ----
38000- 3800E | Telemetry channel select (W) 0011 10xx xxxx 0000 xxxO0
38010- 3801E | Trigger ADC (W) 0011 10xx xxxx 0001 xxxO
38020- 3802E | ADC result register (R) 0011 10xx xxxx 0010 xxxO
38080- 3808E | Not used 0011 10xx xxxx 1000 xxxO
38090- 3809E | DAC enable register 0011 10xx xxxx 1001 xxx0
380A0- 380AE | Valve data (on/off) register 0011 10xx xxxx 1010 xxx0
380B0- 380BE | Valve data (on/off) enable register 0011 10xx xxxx 1011 xxx0
380C0- 380CE | PWM data register 0011 10xx xxxx 1100 xxx0
380D0- 380DE | PWM enable register 0011 10xx xxxx 1101 xxxO0
380E0- 380EE | Critical functions register 0011 10xx xxxx 1110 xxx0
380F0- 380FE | Critical functions enable register 0011 10xx xxxx 1111 xxxO
3C000- 3FFFE | Peripherals with 3 wait states 0011 11-- ---- ---- ----
3C070- 3C07E | Set RF Frequency DAC 0011 10xx xxxx 0111 xxxO0
3C080- 3C08E | DAC chan/data register 0011 11xx xxxx 1000 xxx0

XX...  -don't care; the read shall access the sagistez whatever the contents of this field
SS - this bit field selects an internal registethia SCIF FPGA

reerer - this bit field selects an internal registeithe RICA ASIC

The 3-wait state option is only forseen for writeshe DAC chan/status register and the RF frequenc

DAC. For these registers 3 wait states are mangatwl the address 3COXX should always be used
instead of 380XX
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2.3 Processor card status & pageregisters

The processor card status is contained in a I@@ister in the processor card FPGA. Because v® sa

pins, only the low 8 bits of the data bus are cotettto the processor card FPGA, this register is

implemented as two 8 bit registers (plus a 4 lgister for saving the code page) at addresses 20000

(0010 00xx xxxx xxxx xxx0) for the low byte and ZTH (0010 01xx xxxx xxxx xxx0) for the high

byte (and 28000H or 0010 10xx xxxx xxxx xxx0 foetbode page register).

MS bit Processor status low byte (20000H) Ls bit
7 6 5 4 3 2 1 0
INH1 (R) | SW NMI | SW NMI | EEPROM | Current Wdog SW sys. | SW proc.
#2 (R/W) | #1 (R/W) | ready (R) | trip (R) NMI Reset Reset
(R/IW) (R/IW) (R/W)

MS bit Processor status high byte (24000H) Ls bit

7(15) 6(14) 5(13) 4(12) 3(11) 2(10) 1(9) 0(8)
Spare Spare EEPROM | EEPROM | I-trip int Wdog Spare INH2 (R)
(RO) (RO) Int clear | protect clear restart R(0)

R(L)/W (RIW) R()/W R(0O)/W

R - read only
R(0) - always reads 0
R(1) - always reads 1
R/W - read/write
SW - software
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The functions of the bits defined above are desdrib the following table:

Bit/ Bit/ Function
word | byte
High byte
15 7 Spare (RO) This bit is not currently used and always read8 as
14 6 Spare (RO) This bit is not currently used and always read8 as
13 5 EEPROM | The software should write a O to this bit to cléer “EEPROM ready”
Int clear interrupt (EI4). The bit always reads 1
R(1)/W
12 4 EEPROM | = 0: EEPROM disabled; reading and writing to EEPRB8Mrevented
protect = 1: EEPROM enabled; reading allowed. Writing akalxprovided
(RIW) correct pattern is sent to enable it.
11 3 I-trip reset | The software should write a O to this bit to cléee current trip maskable
R(1)/W interrupt, EI5 (and the current trip flag in bit 3his bit always reads 1
10 2 Wdog The software should write a 1 to this bit to restiae watchdog timer. If it
restart fails to do this within 1s of the previous resf@nt power-on) the watchdo
R(0)/W NMI is invoked. After a further 1s the watchdogeess invoked.
9 1 Spare This bit is not currently used and always read8 as
R(0)
8 0 INH2 (R) | This bit reflects the state of the Chemistry shthit 2 signal.
Low byte
7 7 INH1 (R) | This bit reflects the state of the Chemistry séthit 1 signal
6 6 SW NMI This bit may be set by the software to generatidldh The NMI
#2 (R/W) | condition shall be cleared by hardware on interagkinowledge but the
bit shall remain set until reset or until cleargdsbftware.
5 5 SW NMI This bit has the same function as bit 6
#1 (RIW)
4 4 EEPROM | This bit reads 1 when the EEPROM is ready for wgitthas completed a
ready (R) | previous write). It goes to 0 when an EEPROM wistaitiated.
3 3 Current This bit is set when a current trip interrupt iquested. This also initiates|
trip (R) external interrupt 5 which may be cleared by wgtthto bit 11.
2 2 Wdog This bit is set to 1 by the hardware to indicat thwatchdog NMI has
NMI occurred. The software may clear this bit by wgtaO to it.
(R/IW)
1 1 SW sys. The processor writes a 1 to this bit to assersyistem reset. This pulls
Reset low a reset line to all boards on the backplan pitfee processor card.
(RIW) The software releases the reset by writing a @isolit.
0 0 SW proc. The software may reset the processor card by \gr#if to this bit. The
Reset processor shall then be restarted. This bit skatkin at 1 and must be
(RIW) cleared before a further reset can be generattusinvay.
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The Processor card page register is a 4 bit read/vegister that is intended to be used by tlghfli
software to store the current program memory pageber. Writing a value to this register does not,
however, directly affect the addressing of memadrig purely a storage location.

The register has the following format:

MS Processor Card Page Register (28000H) LS
15 | 14| 13| 12] 11] 10 9| g 7 4§ 5 4 3 b 1 D
) U U ) ) U ) U 0 0 0 0 page (0-15)

U — undefined; these bits shall probably contaml#ist value to be placed on the data bus. As the
processor card FPGA is not connected to the higits®f the data bus, it cannot force these bits to

Zero.

2.4 SCIF (Lander interface)

The SCIF is an FPGA on the Ptolemy backplane taatlles the TC/TM interface between the
ptolemy processor card and the Lander CDMS. Ithadollowing registers:

Addr Address format (x -> don’t care) R/W Desaopt

2C000 0010 11xx xxxx XxXxx X000 | Read | Interrupt Register

20002 0010 11xx xxxx xXxx X010 | Read | Status register (TC/TM status)
2C004 0010 11xx xxxx xxxx x100 | Read | Received data register (TC data)
2C006 0010 11xx xxxXx XxxX x110 | Read | Not used

2C000 0010 11xx xxxx xxxx X000 | Write | Not used

20002 0010 11xx xxxx XXxx X010 | Write | Status register (TC/TM status)
2C004 0010 11xx xxxX XxxX x100 | Write | Not used

2C006 0010 11xx xxxXx XXxx X110 | Write | Transmit data register (TM words)

2.4.1 Interrupt register

The low 3 bits of the interrupt register show theiss of the three interrupt sources. The uppéits3
always read 0:

MS Interrupt Register (32C000H) LS
15| 14| 13| 12| 11| 10 9 8 7 6 g 4 3 P il
0 0 0 0 0 0 0 0 0 0 0 0 0 g B A

The interrupt sources are as follows:

—~ D

7]

2SS

Source Mode Description

A Any When set, indicates the arrival of an Addressd synchron. The received dat
register (at address 2C004H) contains the address tvat caused the interrug
request.

B Receive | When set, indicates the arrival of a Ctléltd synchron while the interface wag
selected and was in receive mode. The receivedrégister (at address
2C004H) contains the received command word.

C Receive | When set, indicates the arrival of auStaynchron. The status register (addre
2C002H) has been copied and is being transmitted.

C Transmit| When set, indicates the arrival of adgnchron. The telemetry data register
(address 2C006H) has been copied and is beingiitied. The next TM data
word may now be written.
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When one or more of the above events occur, amrattimterrupt 2 (EI2) is generated. Reading the
interrupt register clears the interrupt requestsatd A, B and C back to 0. The El4 handler, after
reading the interrupt register to acertain the @®{®) of the interrupt, should check each of bit8A
and C and take the appropriate action in caseybaa of them being set.

2.4.2 Status register

This is a read/write register holding the interfaoenmunications status. Most of the bits are hard
wired to 0 or 1 and always read the same:

MS Status Register (2C002H) LS

o
=]
o

15| 14| 13| 12| 11] 10 9 8 7 S 5 4 3

0 0 1 1 0| ME| CE| SR 1 0 0 OBsy|SM| O 0

The following bits are significant:

10 ME Message Error flag. The software shouldtgstftag to 1 if it receives a subsystem
address word with an illegal function code

9 CE Count Error flag. The software should set filig to 1 if it receives a message whose
length does not agree with the value given in t8ABR word

8 SR The software sets this bit to indicate thhai a service request to the CDMS. It
should clear the flag once the CDMS has respondidar'send request” message.

3 BSY | Busy flag. The software sets this to indidag it is unable to comply with a CDMS
request. Use to be avoided if possible — not pldrioePtolemy.

2 SM The software may set this flag to indicatd this in sleep mode. Use not planned for
Ptolemy

The status word is automatically transmitted bytthedware on receipt of a “send status” synchron
from the CDMS. Such a synchron is sent at the émdch command message and at the end of each
HK request. In order for the status word transmiittereflect the up-to-date status of the interfsloce
status must be updated within@8of receiving an address word or a command word.
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25 RICA

The RICA appears at address 34000H (more exantbl| the 64 byte windows from 34000H to
37FCOH). The RICA contains 32 word addresses, 2dhi¢h are used. The registers have even
addresses (address bit 0 should always be 0).

Addr Name R/W | Description

34000 FIFO Port 1 Read| Read low word (bits 15:0) from@®|kord removed from FIFO

34002 FIFO Port 2 Read| Interrogative read bits 25:16IB60-data + valid & error flags

34004 FIFO Port_3 Read| Reads FIFO how full (10 bit coangmpty and full flags

34006 FIFO Port 4 | R/W | Read or write pattern to/from FIfi register bits 15:0

34008 FIFO Port 5 | R/W | Read or write pattern to FIFO figister bits 30:16

3400A | FIFO_Port 6 Read| Reads FIFO vector bits 4:0

3400C | FIFO_Port_ 7 | Write| Write test data (bits 5:0), m=tint (bits 9:0)

3400C | FIFO_Port 7 Read| Read test count (9:0) + flags:cmsplete, success, failure

3400E | FIFO_Port 8 Read| Read code bits (15:0) for test aukits(30:16) for test mux=1

34010 I2C Port_1 Write| Write data to 12C transmit regigtes bit word)

34010 I2C Port_1 Read| Permanentread from I2C receivistexg16 bit word)

34012 I2C_Port_2 Read| Interrogative read from I2C recedgister

34014 Soft_Ctl_Port | R/W | Set/clear/read software resetstast controls

34016 DACC_Port R/W | RICA DAC o/p bits (11:0) write orag back

34018 RFClk_Port 1| R/W | 8 bit divider for RF clock (notagsfor Ptolemy)

3401A | RFCIk_Port 2| R/W | 8 bit divider for tickle clock (hosed for Ptolemy)

3401C | Wdog_Port R/W | Read/Write the RICA watchdog (no piseined for Ptolemy)

3401E Not used

34020 Exp_Port_| Write| Expansion port 0 — write 16 bitexp bus with decode 0 active

34022 Exp_Port_| Write| Expansion port 1 — write 16 bitexp bus with decode 1 active

34024 Exp_Port_| Write| Expansion port 2 — write 16 bitexp bus with decode 2 active

34026 Exp_Port_| Write| Expansion port 3 — write 16 bitexp bus with decode 3 active

34028 Exp_Port_|

3402A | Exp_Port_ Write| Expansion port 5 — write 16 bitexp bus with decode 5 active

3402C | Exp_Port_ Write| Expansion port 6 — write 16 bitexp bus with decode 6 active

B_0O
B_1
B_2
B_3
B_4| Write| Expansion port 4 — write 16 hitexp bus with decode 4 active
B_5
B_6
B_7

3402E | Exp_Port_ Write| Expansion port 7 — write 16 bitexp bus with decode 7 active

34030 lon_Port 1 R/W | Read/Write contents of ion-countédiagnostic only)

34032 lon_port_2 R/W | Read/Write contents of ion-countédiagnostic only)

34034 Chan_port R/W | Low 10 bits hold channel count, émsented by chan_inc
34036- | Not used
3403E

2.5.1 FIFO_Port_1 — FIFO low 16 bits permanent read

This is a read-only port that returns the low 118 bf the next word from the FIFO. The 26 bit
count/channel number is then removed from the FIRQ@rder not to loose bits 25:16 of the FIFO
entry, these should be read from FIFO_Port2 befading bits 15:0 from FIFO_Port_1

MS FIFO_Port_1( 34000H) Read LS

15| 14| 13| 12| 11] 10 9 8 7 S 5 4 3 i 0

1N%)

D15 | D14| D13| D12 D1l D19 D9 D§ D7 D6 Db DA D3 D2 Di1DO

This word contains the counts for an element abartrap spectrum. Bit 15, once set remains at 1 as
an indication that the count has overflowed thedptb bits.
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2.5.2 FIFO_Port_2 — FIFO high bits and flags inteogative read

This is a read-only port that returns the followidtata:

MS FIFO_Port_2 (34002H) Read LS

15[ 14| 13| 12] 11] 10 9o 8§ 7 dd §5 4 3 b L P

FV FIFO error 0 D25 D24 D23 D22 D21 D20 D19 D18 D[LD16

Where:

FV FIFO_validB - should be 0 for valid data |

FIFO error FIFO error bits x1xx — FIFO has fewer words that indicated by colint
should be all 0 1xxx — FIFO has more words than indicated by count

Bit 10 Always 0

D25-D16 This field contains the top 10 bits of tiext 26 bit value in the FIFO. This
corresponds to the channel number for the couRti®_Port 1

Before reading FIFO_Port_1, this port should bel teeget bits 25-16 (top 10 bits) of the 26 bit
count+channel entry. Bits 10 to 15 of this worgp(bits) should be 0, any other combination
constitutes an error.

2.5.3 FIFO_Port_3 FIFO full/lempty status

This is a read-only port that reports the statthef26-bit-wide FIFO:

MS FIFO_Port_3 (34004H) Read L$
15 14| 13| 12] 11] 10 9o 8§ 7 dd §5 4 3 b L P
FE[|FF] o] o] o] o FIFO_howFull

FF - FIFO full flag. =1 if FIFO is full, =0 if FIB is not full

FE - FIFO empty flag. =1 if FIFO is empty, =0 ifHO is full

FIFO_howFull - FIFO contents count — count of numisieentries remaining in FIFO (0-1023)
2.5.4 FIFO_Port_4 FIFO flip bits 15:0

This read-write register allows the software toas®t read the lower 16 bits of the 31-bit FIFO flip
register. This may be used to corrupt deliberatadycontents of the FIFO for test purposes.

MS FIFO_Port 4 (34006H) Read/Write L$

15[ 14| 13| 12] 11] 10 9o g 7 d §5 4 3 b il

FIFO flip bits 15:0

2.5.5 FIFO_Port_5 FIFO flip bits 30:16

This read-write register allows the software toas®t read the upper 15 bits of the 31 bit FIFO flip
register.

MS FIFO_Port 5 (34008H) Read/Write L$
15 ] 14| 13| 12] 11] 10 9o g 7 d §5 4 3 b 1 D
0 FIFO flip bits 30:16

Bit 15 is not used and always reads 0. Bits 14r@robFIFO flip bits 30:16.
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2.5.6 FIFO_Port_6 FIFO vector

This read-only register allows the software to réedFIFO vector, a 5 bit value

MS FIFO_Port 6 (3400AH) Read onl LS
15 | 14| 13| 12] 11] 10 9| g 7 4§ 5 4 3 b 1 D
ol o[ o] o] of o] o] of o] o] o FIFO vector

2.5.7 FIFO_Port_7 Test data/Test count/Test result

This is a read/write register. The software writsst data to bits 15-10 and the test count to%bs

MS FIFO_Port_7 (3400CH) Write LS

15 | 14| 13| 12| 11] 100 9| 8 7 4§ 5 4 3 p 1 0

Test data Test count

The test count and test result can be read fromahe address:

MS FIFO_Port_7 (3400CH) Read LS
15 14| 13| 12] 11] 10 9o 8§ 7 dd §5 4 3 b L P
TC | TS| TF 0 0 0 Test count

TC - Test complete — set when test is complete

TS - Test success — set if test was successful

TF - Test fail — set if test failed

2.5.8 FIFO_Port_8 read code

This read-only register allows the software to re31 bit code. Bits 15:0 are read if the testx mu
field is 0. Bits 30:16 are read if the test_ muxdiis 1. The test_mux bit is in the Softt_Ctrl_Port
register.

MS FIFO_Port 8 (3400EH) Read (test_ mux=0) LS

15 | 14| 13| 12| 11] 10 9| 8 7 4§ 5 4 3 p 1 0

code bits 15:0

MS FIFO_Port_8 (3400EH) Read (test_mux=1) us
15 14| 13| 12] 11] 10 9o 8§ 7 d §5 4 3 b 1 D
0 Code bits 30:16

2.5.9 12C_Port_1 - read/write 12C data

This Port allows data to be written to the 12C gorttransmission, received data to be read frcen th
I2C port and the status of the 12C port to be read

Writing a byte to 12C_Port_1 causes it to be traittsch via the 12C interface:

MS 12C_Port_1 (34010H) Write LS
15 | 14| 13| 12| 11] 10 9 8 77 46 5 4 3 p 1 0
Not used byt Transmit data
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The bit Ibyt (bit 8) is set by the software to icalie the last byte of a message.

Reading a byte from [2C_Port_1 removes a datafbyte the received data field (if any) and returns
the interface status:

MS I2C_Port_1 (34010H) Read LS
15[ 14| 13| 12] 11] 10 9o 8§ 7 dd 85 4 3 b L P
Not used abr{ rcv tx Received data byte
ept | free
Bits Desg Description
15:11 Not used Unused bits
10 abrt If set, operation aborted
9 rcv ept If set, the receive data register is gm(pio new receive data)
8 tx free If set, the transmit register is freexfrigyte of data may be written)
7.0 Received data] Last received byte

This read of the received data register is destricafter the read, the next byte of received dadg
replace the contents of the receive register.

2.5.10 12C_Port_2 — non-destructive read of 12C edeed data

This is a non-destructive read, the data remaitisemeceive register, reception of further wosleat
enabled. This address should be used to checkeantdrface status.

MS I2C_Port_2 (34012H) Read LS
15[ 14| 13| 12] 11] 10 9o g 7 d §5 4 3 b 1 D
Not used abr{ rcv tx Received data byte
ept | free

2.5.11 Soft Ctrl_Port

This read/write port allows the software to reset aonfigure various RICA functions.

MS Soft_Ctrl_Port (34014H) Read/Write LS
15| 14| 13| 12| 11| 10 9 8 7 G 5 4 3 P il 0
0 0 0 0 0 0 0 0 O| Wd Tst| Tst| Tst| Ct | Fif | 12c

rs | Mx | m2 | ml | rst | rst | rst

Bit Desg. Function

157 | 0 Not used —read as 0

6 wWd rs Set to reset on-chip watchdog timer — setwn Ptolemy

5 Tst mx Test_ mux | =0: FIFO_Port_8 reads hits 15:81adbit FIFO code

=1: FIFO_Port 8 reads bits 30:16 of 31 bit FIFO&od

4 Tst m2 When set, selects test mode 2

3 Tst ml When set, selects test mode 1

2 Ctrst Writing a zero to this bit asserts therdaeset, writing a 1 releases it

1 Fif rst Writing a zero to this bit asserts th&BIreset, writing a 1 releases it

0 12c rst Writing a zero to this bit asserts th€ I2set, writing a 1 releases it

2.5.12 DACC_Port — DAC counter port
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This read/write port allows software acces to the&Cxounter port. This value is output as a 12 bit
parallel signal for conversion by a DAC to contiteé RF signal amplitude. The DAC value can be
incremented or decremented by pulses from the W@HKowt software intervention

MS DACC_Port (34016H) Read/write LS
15 14| 13| 12] 11] 10 9o g 7 d §5 4 3 b 1 D
0 0 0 0 Current DAC value

2.5.13 RFCIk_Port_1 — RF clock generator I/F port 1

This read/write port allows the software to set exatl back the divider that controls RF clock 1e Th
RF frequency shall be 4194304 Hz divided by theiwah RFCIk_Port_1 This register is not used to
control the Ptolemy RF clock — a VCO circuit is dskat gives better resolution.

MS RFCIk_Port_1 (34018H) Read/write LS
15 | 14| 13| 12| 11] 10 9 8 7 4 5 4 3 p 1 0
0 0 0 0 0 0 0 RF clock 1 divider

2.5.14 RFCIk_Port_2 — RF clock generator I/F port-2tickle clock

This read/write port allows the software to set eatl back the divider that controls RF clock 2e Th
RF tickle frequency shall be 4194304 Hz dividedhny value in RFCIk_Port_2 This is not used on
Ptolemy as the tickle signal has been removed frentdesign:

MS RFCIk _Port_1 (34018H) Read/write LS
15 ] 14| 13| 12] 11] 10 9o g 7 d §5 4 3 b 1 D
0 0 0 0 0 0 0 RF clock 2 divider

2.5.15 Assignment of WGA outputs

The WGA is programmed via the RICAQ interface. Details of the WGA operation are diesct in
RD3. Specific to Ptolemy, however, are the follogvbit assignments for WGA outputs:

WGA bit Function

0 (LS hit) Incremnet Ring RF (DAC_up)
Decrement Ring RF (DAC_Down)
Increment Channel Number (Chan_inc)
Extractor/Nanotip

Electron Repeller/Gate2

lon_trap_inp2

N|IO|OARIWIN|F-

2.6 DC DAC outputs

The DC DAC is used to set each of the DC voltagelterequired to operate the various items in the
science system. The RF amplitude voltage is sed g@parate DAC, controlled by the WGA via the
RICA.

2.6.1 The DAC output/channel select register

To set the output level for one of the DACs, thitvgare shall write a 16 bit word to the port at ek
3CO080H containing the 8 bit value to output and4hst address of the channel to be set:
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MS DC DAC control (3C0O80H): Write LS
15 | 14| 13| 12| 11] 10 9] 8 77 46 5 4 3 p 1 o
DAC o/p value (0-255) not used DAC chan sel (0-15)

After writing a value to the DC DAC control registé is recommended to wait ~1ms (TBC) before
writing a subsequent value (i.e for a different D&l@annel) to allow time for the current channel to
charge.

In order to maintain the output voltage of a ch&ipastant to withirt 1 Isb, it is recommended that
each channel be refreshed (re-written) no lesséetly than every 64ms (TBC).

2.6.2 DAC channel enables

This 16 bit register shall be implemented with aal#e/disable bit for each analogue channel

MS DC DAC enable register (38090H) Write L

U)

15| 14| 13| 12| 11] 10 9 8 7 S 5 4 3

o
=]
o

spr| cl4| c13] cl2 «cl1l1 «c10 c09 c08 07 ¢06 05 |c0O4 |ofB | cO1l| cO0

cnn enable/disable bit for channel nn bit set faalde, reset for disable
spr spare channel enable/disable bit

The DC DAC channel enable registers shall be Iiggd to 0 at power-on (all channels disabled) but
the software should also write zeros to these tregigs part of safe-mode initialisation as a préca
against possible failure of initialisation by theGA.

2.6.3 DC DAC channel assignments

The channels are assigned to analogue outputdi@sdo

Chan | Description 1DAC Ish remarks
00 lon Trap DC control 1 (extractor voltage)

01 lon Trap DC control 2 (electron gate 1 voltage

02 lon Trap DC control 3 (electron repeller voltage

03 lon Trap DC control 4 (electron gate 2 voltage

04 Nanotip current

05 HT (2.5kV) voltage

06 Docking station DC motor drive upper position ee2.9.3
07 Docking station DC motor drive lower position eex?.9.3

08 hLV1 — Lindau valve LV1 heater
09 hLV2 — Lindau valve LV2 heater
10 deleted was LV3 heater
11 deleted was LV4 heater
12 hLV5 — Lindau valve LV5 heater

13 hLV6 — Lindau valve LV6 heater (formerly RV1
14 hLV7 — Lindau valve LV7 heater (formerly RV?2
15 Spare

N——

Channels 6 and 7 are used to set target (limipogjitions when driving the docking station. The
motor drive shall fall to O when the target positie reached or passed. This reduces the timing
demands on the flight software when operating tiekithg station.
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2.7 PWM output channels

These digital (on/off) channels switch power toctees and heaters. A 16 bit register at address
380COH contains 1 bit for each output. Settingtadl shall switch on the corresponding output and
setting a bit to 0 shall switch off the correspangdoutput. These Channels are intended to be ugled w
software PWM — Each channel to be activated skatdsigned a time window in a repeating 0.25s
(TBC) period. The heating effect shall be moduldigdiarying the period for which the channel is
actually pulsed on within this window.

A second 16 bit register at location 380D0H shatitain an enable/disable bit for each output. Septti
a bit in this register to 1 shall enable the cqroesling output, setting it to 0 shall disable the
corresponding output.

2.7.1 PWM output control register

MS PWM O/P register (380COH) Write LS

N
=]
o

15| 14| 13| 12| 11| 10 9 8 7| S 9 4 3

cl5| cl4| cl13] c12 cl1l c10 cQ9 cpP8 <cO07 ¢06 05 [(c04 |ofXR2| cO1l| cO0O0

cnn on/off bit for channel nn bit set for on, refatoff
spr spare channel on/off bit

2.7.2 PWM output enable register

MS PWM O/P enable register (380D0OH) Write LS
[=

15| 14| 13| 12| 11] 10 9 8 7 S 5 4 3

o
=]
o

cl5| cl14| cl13] cl12 «cl11 c10 c09 cP8 <cO07 ¢06 05 |cO4 |of®B | cO1l| cO0

cnn enable/disable bit for channel nn bit set faalde, reset for disable
spr spare channel enable/disable bit

2.7.3 PWM output channel assignments

Chan | Description

00 Reactor R1 heater

01 Reactor R2 heater

02 Reactor R4 heater (reactor 3 deleted)

03 Reactor R5 heater

04 Reactor R6 heater

05 Reactor R7 heater

06 Reactor R8 heater

07 Reactor R9/R14 heater

08 Reactor R13 heater (reactors 10-12 deleted)
09 Reactor R15 heater

10 GC heater
11 ENC1 Heater
12 ENC2 Heater

13 lon Trap heater
14 Transfer pipe heater
15 Oven heater
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2.8 Digital (On/Off) channels

These channels appear to the software as simpdf anhtrols. Any pulse timing required shall be
performed in hardware.

2.8.1 Digital (On/Off) output control register

MS Digital (On/Off) O/P register (380A0H) Write LS
[=

15| 14| 13| 12| 11] 10 9 8 7 S 5 4 3

o
=]
o

cl5| cl14| cl13] cl12 «cl11 c10 c09 cP8 <cO07 ¢06 05 |cO4 |of®B | cOl| cO0

cnn on/off bit for channel nn bit set for on, refetoff

2.8.2 Digital (On/Off) output enable register

MS Digital (On/Off) O/P enable register (380BOH) iter LS

15| 14| 13| 12| 11] 10 9 8 7 S 5 4 3

o
=]
o

cl5| cl14| cl13] cl12 «cl11 c10 c09 cP8 <cO07 ¢06 05 |cO4 |of®B | cOl| cO0

cnn enable/disable bit for channel nn bit set faalde, reset for disable

2.8.3 On/Off channel assignments:

Chan | Description

00 Cv1 Clipard Valve

01 CvV2 Clipard Valve

02 CV3 Clipard Valve

03 CVv4 Clipard Valve

04 CV7 Clipard Valve

05 CvVv8 Clipard Valve

06 CV9 Clipard Valve

07 CV10 Clipard Valve

08 CVv1l Clipard Valve (3-way)
09 CV13 Clipard Valve

10 CVv14 Clipard Valve

11 CV15 Clipard Valve

12 CV16 Clipard Valve (3-way)
13 CVA Injector control valve
14 CVB Injector control valve
15 CvC Injector control valve

2.9 Critical function channels

These channels control critical functions whichldandanger instrument survivability if activated a
the wrong time. Each of these functions has a spording enabable bit in the Critical functions
enable register.

2.9.1 Ciritical functions register

MS Critical functions register (380EOH) Write LS
15 [ 14| 13| 12] 11] 10 9 g 7 4§ 5 4 3 D 1 D
not used MU | MD | HT - - R2 | R1
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HT Set to switch on the High Tension, nanotip axtaetor supplies to the lon-trap. These

should only be activated when the instrument & wacuum.

R1-R2 Rupture valve outputs. To activate a ruptalee heater, the corresponding bit must be
cycled between 0 and 1 with a frequency of nat than 8KHz (TBC).

MD Motor Down drive enable — allows docking statimotor to drive down (dock)

MU Motor Up drive enable — allows docking statiootor to drive up (undock)

2.9.2 Critical functions enable register

MS Critical functions enable register (380FO0H) \&'rit LS
15 | 14| 13| 12] 11] 10 9 g 7 4§ 5 4 3 D 1 D
not used MU | MD | HT - - R2 | R1

HT, R1,R2, MU and MD represent enables for theiticat function channels. These bits must be set
for the critcal function to operate.

2.9.3 Operation of the docking station.

To enable a docking station operation, the appatgbit (MU or MD) must be set in the critical
functions enable register (2.9.2, above).

To operate the docking station, the upper and laeeking station positions (DC DAC channels 6 &7
repectively — see 2.6.3) should first be set todibsired limits of travel. MD may then be set @rsthe
docking station driving down or MU to start it drig up. When the docking station reaches the
corresponding limit of travel (i.e is outside tlamge set by DC DAC channels 6 & 7), the motor shall
be stopped by hardware intervention. When the softvebserves that the station has reached the
desired position, or after an appropriate timethé,software should reset the motor drive bit (MD f
downward movement, MU for upward movement).

This scheme is intended to free the software fioemieed to check the docking station position with
high time resolution.

After a docking station operation, the motor dveble bits (MU&MD) should be reset in the Critical
functions enable register.

2.9.4 Rupture Valve operation

In order to protect the rupture valve function agaiatch-up of a single gate in the ACTEL, the
heaters are driven by an AC coupled circuit whiarstibe fed a square wave of frequency 8192 Hz
(nominal). Thus, to keep the heater on, the softwmaust flip the state of the appropriate bit (RR&)
every 61.025us (nominal) or 16384 times per second. This comedp to a count of 256 in a 2010
timer register.

2.10 Analogue HK channels
To convert and acquire an analogue value, the aodétwerforms the following steps:

e Write the conversion address to the telemetry addnegister at 38000H
» Wait at least 10@is for settling of the analogue signal

e Initiate conversion by a write (any value) to askir 38010H

* Wait at least 2Qus for conversion

* Read the converted (digital) value from the 1&&gfister at 38020H

The telemetry address channels are are 8 bit nwalner are assigned as shown in the following table:

Page20



MODULUS
Ptolemy Har dwar e/Softwar e I nter face Document

Issue: 5
Document Number: RO-LPT-OU-TN-3401 Date: 3rd April 2001

™ Description Sens_or _ EI(_actr— Sensivit)_/ _HK Ran_geof ADC No_mina! S R@olution R_’ange_

chan Sensitivity | onics at ADC ilp interestin input calibration h in HK ava|_|ab|e_|n
Gain Engineering voltage for ADC i HK ignoring

nel units range units f sensor limits

t

Hex Decimal 1ADCIsb | — 1lsb

00 00 Reactor R1 thermocouple (N-type) 26.1 pV/K 100 1K -273-1300 °C | 0-10V 0.117 K [ 15°C -273/+1300C

01 01 Reactor R2 thermocouple (N-type) 26.1 uV/H 100 MyIK -273-1300°C | 0-10V 0.117 K [ 15°C -273/+1300C

02 02 Reactor R4 thermocouple (N-type) 26.1 pV/H 100 MK -273-1300°C | 0-10V 0.117 K [ 15°C -273/+1300C

03 03 Reactor R5 thermocouple (N-type) 26.1 pV/K 100 1K -273-1300 °C | 0-10V 0.117 K [ 15°C -273/+1300C

04 04 Reactor R6 thermocouple (N-type) 26.1 pV/K 100 1K -273-1300°C | 0-10V 0.117 K [ 15°C -273/+1300C

05 05 Reactor R7 thermocouple (N-type) 26.1 uV/H 100 MEIK -273-1300°C | 0-10V 0.117 K [ 15°C -273/+1300C

06 06 Reactor R8 thermocouple (N-type) 26.1 uV/H 100 MK -273-1300°C | 0-10V 0.117 K [ 15°C -273/+1300C

07 07 Reactor R9 thermocouple (N-type) 26.1 pV/K 100 1K -273-1300 °C | 0-10V 0.117 K [ 15°C -273/+1300C

08 08 Reactor R13 thermocouple (N-type) 26.1 pVvi/ 100 | 61;VIK -273-1300°C| 0-10V 0.117 K 7 15°C -273/+1300C

09 09 Reactor R15 thermocouple (N-type) 26.1 pVi/ 100 | 61;VIK -273-1300°C| 0-10V 0.117K 7 15°C -273/+1300C

0A 10 Lindau valve LV1 t/couple (N-type) 26.1 uVv/IK 100 62mV/K -100-200 °C 0-1.25V 0.117 K #1.88C +210°C

0B 11 Lindau valve LV2 t/ocouple (N-type) 26.1 pVv/IK 100 .62mV/K -100-200 °C 0-1.25V 0.117 K 41.88C +210°C

0C 12 spare differential input gain 100

0D 13 spare differential input gain 100

OE 14 Lindau valve LV5 t/couple (N-type) 26.1 uVv/IK 100 62mV/K -100-200 °C 0-1.25V 0.117 K #1.88C +210°C

OF 15 Lindau valve LV6 t/couple (N-type) (was RV1) 26.VIK 100 2.61mV/K -100-200 °C 0-1.25V 0.117 K 41.88°C +210°C

10 16 Lindau valve LV7 t/couple (N-type) (was RV2) 26.VIK 100 2.61mV/K -100-200 °C 0-1.25V 0.117 K 41.88°C +210°C

11 17 GC thermocouple (N-type) 26.1 uVv/IK 100 2.61mV/K 01260 °C 0-1.25V 0.117 K % 3.75C -273/+387C

12 18 Manifold (Thermal enclosure) A t/couple (N-type PRV/IK 100 2.61mV/K -100-200 °C 0-1.25V 0.117 K 41.88C +210°C

13 19 Manifold (Thermal enclosure) B t/couple (N-type P@aV/IK 100 2.61mV/K -100-200 °C 0-1.25V 0.117 K 41.88C +210°C

14 20 lon trap thermocouple (N-type) 26.1 uVvI/IK 100 2.61KV | -100-200 °C 0-1.25V 0.117 K f1.88C +210°C

15 21 Oven thermocouple (N-type) 26.1 pVIK 100 2.61mV/K 273-1300°C| 0-10V 0.117 K / 15°C -273/+1300C

16 22 Pipe heater thermocouple (N-type) 26.1 pV/ 100 1m6/K -200-200 °C 0-1.25V 0.117 K #1.88C +210°C

17 23 Absolute pressure sensor G1 (KPY 44A) 15mV/badr 100| 1.5V/bar 0-4 bar 0-10V 203.45 pbar 7 26.04 mhar .67-®ar
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18 24 Absolute pressure sensor G2 (KPY 45A) 6.5mV/bar 100| 0.65V/bar 0-10 bar 0-10V 469.5 pbar 7 60.1mbajf 5048 bar
19 25 Absolute pressure sensor G3 (KPY 44A) 15mV/bar 100| 1.5V/bar 0-4 bar 0-10V 203.45 pbar 7 26.04 mhar .60-®ar
1A 26 Absolute pressure sensor G4 (KPY 43A) 22mv/bal 100| 2.2V/bar 0-1.6 bar 0-5v 138.72 pbar 6 8.88mbgr .AF-Bar
1B 27 Absolute pressure sensor G5 (KPY 42A) 37.5mV/bar 0 10 | 3.75V/bar 0-0.6 bar 0-2.5v 81.38 pbar 5 2.604mbaD-0.67 bar
1C 28 Reactor R14 thermocouple (N-type) 26.1 pV/k 100 1E/K -273-1300°C | 0-10V 0.117 K V 15°C -273/+1300C
1D-1F | 29-31 3 unsused channels
2X 32-47 reference junction thermometer (AD590) Kelvin! 10A¢V 1 10mV/K -100-100 °C 0-5vV 30.5176mK 6 195K 00
3X 48- 63 Docking Station 0-2.5V | 1.587um 5| 50.8um 0-13mm 0-2.5V|
4X 64-79 Nanotip drive voltage 25VIV 1 25VIV 0-110V 0-5vV 28mV 6| 0.488Vv 0-125V
5X 80- 95 Detector bias (HT) 1kVIV 1 1kVIV 0-5kV 0-5V 305.176/ 6| 19.5V 0-5kV
6X 96-111 5V voltage monitor 1VIvV 0.5 0.5VIV 0-10 V 0-10V | 610.3521V 6| 39mV 0-10V
7X 111-127 28V voltage monitor 1vIv 0.1 0.1VIV 0-50V 0-5V 3.086mV 6| 195mV 0-50V
8X 128- 143 5V current monitor 1AV 1 1AV 0-2A 0-2.5V | 305.1761A 5| 9.77mA 0-2.5A
9X 144- 159 28V current monitor 1AV 1 1AV 0-2A 0-2.5V | 305.17@A 5| 9.77mA 0-2.5A
AX 160-175 RF calibration (monitors RF amplitude — see 2.11) Om¥/V 1 10mv/vV 0-250V 0-2.5V 30.5176mV b 0.977V 6V
BX 176- 191 Spare channel
CX- FX | 192- 255 not used
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X Don't care; these bit fields are not decodedHsyhardware it is suggeted that O be usef.

TM channel The channel number that must be writtethe multiplexor to select this TM reading.

Units The reading at the sensor correspondingABC unit.

Nom. Cal The nominal range corresponding to 1 tshea ADC (but some channels are non-linea

Shift Number of bits that the 16 bit value is shiftright before inclusion in the HK data

Res. in HK The approximate resolution, in enginagrnits, for a single Isb in the HK data — Note
that, in the Aux data, the full 16 bit resolutignavailable.

Pressure sens. All pressure sensors have an exit#tR.5V

The A/D converter provides a 16 bit 2’s complemautput corresponding to a volage range of —10V
to +10V. The range of the ADC is as follows:

Input voltage ADC readin

Hex Decimal
-10V 8000 -32768
oV 0000 0
9.9997V 7FFF +32767

One telemetry count corresponds to a voltage &.13@uV at the input to the ADC. Many analogue
channels have signal conditioning before the ADGctvimodifies this ratio.

2.10.1 Thermocouples and pressure sensors

The thermocouple/pressure sensor channels havaglifieation stage with a gain of 100 before the
ADC and so have a scale of 3.05u¥6per telemetry count. At 8C, this corresponds to ~0.117K per
ADC unit.

Before using the Thermocouple readings for tempeganonitoring/control, the values must be
corrected for the reference junction temperatuhe filecessary correction, |, is:

Ke*T+K*T 24+kg* T2

Where:
T is the reference junction temperaturé@n
ky=25.95 pvK*
k,=0.015 pvK™?
ks = 0.0pVK™

This gives a result correct #010uV within the temperature range “85to +65C for the reference
junction.

2.10.2 Reference junction temperature

This temperature is measured with an AD590 sensnfiging JuA per Kelvin. A 10KQ resitor is used
to convert this to a voltage input of 10mV(or 3B#6lemetry counts) per Kelvin

211 RF Frequency DAC
This DAC allows the software to set the frequentthe RF signal. It is separate from the other DAC

channels described in 2.6 and does not requirdaefreshes from the software. This is a 12 bit
DAC taking an unsigned integer:
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unused VCO control voltage

The output from this DAC cotrols a VCO that feeks RF generation circuit. By writing to this
register the software can vary the RF frequencyrada central value (for DAC contents= 800H)

The RF frequency DAC may be used, together witlRRRecalibration monitor (TM channel 3XH) to
check or set the calibration of the RF amplitude.

RF
VCO
Set Frequency
Peak
ADCchan 4— petect
3XH
RF calib.

By setting a scan function that produces a con®&nbvutput and stepping the RF frequency DAC
whilst reading the resulting RF signal from the ¢dlibration channel, it is possible to check the
calibration of the RF circuit. It is possible thhis calibration may drift over the mission lifetm
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