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OO00O00ODO0O0ODO0O00 SpaceWireDOODOODODOODOSpaceWireOO OO OO
vbobobobobboboobbooboooboboboboobobobobaan
gboboboboobooooboobobobobooboobonoobobboboon
vboobobuooboogbuoobobboboobooboobuoobuooboodayd
gboboboboobooobooobobobpuooooboboobooboboon
gboogobobobooboobooboobooobooboobooobobbooobg

2.1 SpaceWirel [

SpaceWire 0 IEEE1355 0 0 00000000000 O0O0OOOOODOOOOOOO0O
O0000000O0O0OIEEEISSS OO0 000000000000 Ooooooooooon
0000000000000 ODODOO000000DODODOO000OdOSpaceWire 00
IEEE1S 000 0000000000000 0O00000000O0000o0ooooOg
agooo

SpaceWire 0 00000000 Low Voltage Differential Signaling (LVDS)O0 OO OO0
oo oooooooooooooooo
Data-Strobe encoding0 000000000000 OOODOOOODatald OO Strobel
dododooooooooobooobooooooooooobooodooooooa
00000000000 skewOODOOODOOOOOODODOOODOO LVDSOOODOOO
00002000000000000000000000O0O00000ODatadOd Strobe
00o0ooooooo10000oooo 8o ooooooooooon
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poboobobooboboobooboobobobooobooboobDobooobbooo
gobogoboooboobooooboboboogooooooooboboooobooboon
oobodbod iomboobooobOoobbObbOobbOoboboooboooDbobDOooDO
goooboobobooooobobooo b Micro-DOOOODOODOOOODOO
gobooboogoboooboboboooobooboobobobooboobbobooooDoobDo
0000000000 [2]0SpaceWire OO0 00O 2Mbps~400 Mbps D 000000
O00000000000ODOOO0000oDoO0o0ooooboOooogooOon SpaceWire O
gbobgobooooobooboooooboboobob 2100 2200000000000
gooobobobooooooboobo230b000ooobobooon

__ Conductor 28 AWG
— (1x 36AWG)

—— Insulating layer

\\ Inner
[ ‘ A N \r/l‘wis‘edpair Din+  Sin+ shield Sout- Dout-
{ =) | \ | | | | |
\ ® N N— , £ Toner shield around 1 I l !
\ AN L/ twisted pair (40 AWG) @ 2 3 @ 4 @ 5
( : y
Jacket
4
\Filler 6 7 8 9
= Binder
Outer shield (38 AWG) [ | [ |
" Outer jacket Din-  Sin- Sout+ Dout+

Viewed from rear of receptacle or front of plug.

0 2.1: SpaceWire 0000000
1] 022 0000000000 [1)

Low impedance bond from outer braid to connector shell

|
""""""" I T Dout+ 9
I Dout- o5
,,,,,,,,,, I
20 Sin+ | AT ’I =1 Sout+ o8
70 S AV DN— I Sout- PO
|
36 _I GROUND e3
go—|Sou+ AT ’ ----- - Sin+ 02
PUL - LE VN II _____ Sin-
S .
N J

Inner shields are isolated from one another.
Inner shields around Sout and Dout pairs are
connected together and to pin 3 of connector.

0 2.3: SpaceWire 0 DO O0O00D00ODO [1]
SpaceWire UOD O0OOOO0OO0O0O0O0OOO0O00O0O0O00O00O0O0O0O0O0O0O0O0O0OOGOCOCO
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obooboobooooooobobobooobooooobo 240b0b0obobobobo
OO0O0ooooDOoO00oDo0oO0boOdSpaceWireU OO0 OODODOOOOOOOOOD
gboboboboobooboooooboboboboobobobobboboon
vboboboboobobodbuoobgobuobobobobobooboooboobon
gbobobooboboboobobooboboobobooboobobbobooon
ubodgbugoobooboobobbobobboboobooboooboo

Destination address

Cargo

End of packet marker

024: 00000000000 [1]

2.2 Remote Memory Access Protocol ] SpaceWire Board

2.2.1 RMAP

SpaceWire 0000000000 DOOD Remote Memory Access Protocol (RMAP)
O000000C0COORMAPOOOO SpaceWire node 0O O0O0O0O0O0O00OOOOO
0000 SpaceWirenode 0000 0O0O00DODOO0ODODOOOOOOOODOOOODOO
OO0O0OORMAPOOOOOOODOOOOOOOOODOOODODOOCPUDDOOODOO
OO00CCOOOOOo0OO0oOooDOOoOOUOOOoDoOoOoOOOoODO 250260 0RMAPO
O00O WriteOOO ReadDOOOOOODODOOCOOORMAPODO 32bit0 000000
uboggoboobobbobboooboobd

First byte transmitted

Destination Path Address

Destination Path Address

Destination Path Address

Destination Logical Address

Protocol Identifier

Packet Type, Command,
Source Path Addr Len

Destination Key

Source Path Address

Source Path Address

Source Path Address

Source Path Address

Source Logical Address

Transaction Identifier

Transaction Identifier

Extended Write Address

Write Address (MS) Write Address Write Address Write Address (LS)
Data Length (MS) Data Length Data Length (LS) Header CRC
Data Data Data Data
Data Data Data Data
Data Data CRC EOP
Last byte transmitted
Bits in Packet Type / Command / Source Path Address Length Byte
MSB
‘ G0 ‘C"’"'"a”d Sy ‘ o ‘[}loer:‘:y\li?\ﬁ( 0 Nﬁc:c(;z/g) olnwr?;era"c:ﬂnr'és Adst;)rirsc: LZi'Qm Ac?grirs?Lpear‘:gm
L— Packet Type Gommand Source Path Address Length

0 2.5: RMAP Write 00000000 [3]
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First byte transmitted

Destination Path Address Destination Path Address Destination Path Address

Packet Type, Command
Source Path Addr Len
Source Path Address Source Path Address Source Path Address Source Path Address

Destination Logical Address Protocol Identifier Destination Key

Source Logical Address | Transaction Identifier (MS) | Transaction Identifier (LS) | Extended Read Address

Read Address (MS) Read Address Read Address Read Address (LS)

Data Length (MS) Data Length Data Length (LS) Header CRC

EOP Last byte transmitted

Bits in Packet Type / Command / Source Path Address Length Byte

MSB LSB

Read =1 | Increment | Source Path | _Source Path
‘ Reserved - 0 ‘C""‘"'a"d - ‘ Read-0 | Read-0 |aigNo AckNoinc. addvesJ Address Length | Address Length

L— Packet Type 1 Command {  Source Path Address Length ‘

0 2.6: RMAP Read 00000000 [3]

2.2.2 SpaceWire Board

00 O SpaceWire 0 0 0 RMAP O Field Proggramable Gate Array(FPGA) OO OO
godobooobooooboboogbobobooboooobbboooooooooa
00000000000 NECOODODODOOOOONECODOOODOD IPOOO FPGA
dooodoooooooooboooooob oo ooobododoooogoa
0000000000 Digital I/0 Board (O 2.7)0 PoGO FADC Board (O 3.12) 00O
0000 210000000000 SpaceWire BoardDOODOODOOOODOOOOO 20
OFPGAOOOOODDOODIDOOOO SpaceWireOD OO DO OOOOOOSpaceWire
FPGA(Xilinx XC3S1000) 0000000000000 O0O0OO0OO0DOOOOOOOOOO
000 FPGA OO User FPGA(Xilinx XC3S400 0 0 O XC3S1000) D 00000200
FPGA O External BusO0 OO0 OD0O00O00OO0O0OODOOSpaceWire FPGADOOODO
User FPGAOOOOOOOO0O0OOO0ODDODOOOOOOOOOOOSpaceWire Board
0020000 SpaceWire D ODOODOD0DODOOODOODOODODO SpaceWire FPGA O
000000000000 000DO0000000D000SpaceWire FPGA OO 16 MB 0O
SDRAMODODODDODDODOSpaceWireDOO RMAPODODODDODD DO O OExternal Bus
0000000000000 User FPGAOOODODOODOODOOOODODOODODOO
0000000000000 0000000D00000 SpaceWire FPGADODODODODO
00000000 290000000 16MBOODOODO SDRAMOOOODOODOODOO
00000 0x01010000-0x0101FFFF O 0 O External Bus 0 00O 00O OO User FPGA O
dooooooooooooooooooooooooon
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ooooon 00 ooooon
SpaceWire Digital 10 | 0000000000 16064002,
Board 16064008,17082003
SpW-ADC(for PoGO) | PoGOLite 00000 16083002, 17203016
FADC-HR(Altera) 00 ADC/00000000 | 15127004, 15127021
FADC-HR(Xilinx) 00 ADC/00000000 | 17148002
VATA-FADC FADC-HR O VATA 00O | 16063002
0o I/F

021: 000000000 SpaceWire Board 00O

0 2.8: SpW-ADC Board
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0000_0000H

SDRAM

16 M
00FF_FFFFH

0100_0000H LED
0100_0002H REVISION

0101_0000H

EXT_BUS (User FPGA)

64k
0101_FFFFH

FO00_0000H
- REGISTER SPACE

256 M

FFFF_FFFFH

0 2.9: SpaceWire FPGA OO OOOOOOO [5]

Field Programmable Gate Array (FPGA)

Oo0oDOOOOO0ODOOOOO0OoOoOooODODODODODOO ICODODDODODODOOObODO
ooobooooIlcobooooo LSIbocoooooobbooobooooooooo
oooobooOooooobooooooo0ooooooobooboOooboboOoOooD LSIoDOo
00O Application Specific Integrated Circuit (ASIC)0 000000 LSIODOOOO LSI
O0000000000000000 ASICO0000000000000000000
gboboooobobobooboobooobboboboboboboboobooon
vbobobouooboboboboobuoobobooboobobobobbobaan
00 FPGAOOUOFPGAOOOODDOUDOODOOO (Logic Elements O Slice 00 00O
00)00000000000000oOoO00o0DoD0oooOoOoOoOOoOooOoOoooOoOo
OO000O0OO0OFPGAODOOODOOODOOOO SRAMOOOOOODDOOODODOOO
O0o0O000ooooO000ooOooOoO0oooooO0oOoOooD FPGAOOOOODODOO
OoooooooooRrROMUOOODOOOOOOOOOCOODOOOO FPGAODODOO
O0DOoOO00DO0OO000O0OOO0DASICODOOO00OOOoOOoDOOOooOooboogooO
ubodgbugoboooboobooboobooboboobbobooboobodoog
gboobooboobooboboboobobbobbooboobooboobooobog
gboogbuoaoodgboadao

O0DO0OFPGAOODODOOOODDOODODD Hardware Description Language (HDL)
obobgoobooooooHaDLObOOOO0OO0O0O0ODbOobOOoO00o00o0obOobooooon
goboboboboobooobooboboboobooboboobobooboboon
O000000DOCOO0O00ODOO0O0FPGAO ASICOOODODOOOOOOOOODOO
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gobooboooobooooooboooboobboobobooboboobooHEDLOODO
gooooobobooooobobobobobobobobobBebLOO0OO00 VHDL
O Verilog-HDL OO DO OODOOOOODOODOOOOOODOOOOODOOOODOOO VHDL
ugboogogood

2.3 SpaceWire O OOOOOOOO SpaceCube

SpaceCubed SpaceWire 0000000000000 O0OO0ODOO PCOOISAS/JAXA
OO0000D0O0O0D0O0O0DO0O0DO0O00 2200000 2100 SpaceCubedOOOODO
OO0D00DO0O00 2110 SpaceCube 000000 OODOOSpaceCube O CPU O MIPS
OO00O00O000O VRA701 ODODOODOLANO USBL.1ORS-232CO0O00O0O0 pPCOO
OO0D0OO00OD0O0O0OSpaceWirel 3000000000OSO0O T-Engine O OO Linux O
gboboboobobobobooboobobooboobooboobooboobon
Uooobob T-Engine 00000000 O0O0O0OOO

CPU VR5701
200 MHz / 250 MHz / 300 MHz
Flash ROM 16 MB
DRAM DDR SDRAM 64 MB
INNPUT IEEE1355(SpaceWire),RTC,CF (Trug
ouTPUT IDE),XGA(1024x768),USB1.1,
LAN(100BASE),Audio(Stereo),
RS232C,JTAG I/F(Debug)
POWER +5V
SIZE 52mm X 52mm X 55 mm

0 2.10: SpaceCube O OO
0 2.2: SpaceCube 000
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+5V —

DDR SDRAM
RESET SW
wro
cPU
TA
(VR5701) FLASH 16MB
RTC IDE
Compact
Flash
. PCI _
L, RS2%2C D-SUB 9pin
IF
LAﬂ USB TypeA
I— FPGA | | SM 501 [¢_ ype
MIC -
VIDEO AC97
L, .
RI45 | | SpW | | Jopin

0 2.11: SpaceCube 00O DO OO

00 OT-Engine 0 SpaceCube 00000 NECONECOOOOOOOOOO (NTSpace)
ONECODOODDOOOOO SpaceWire IPO 00O SpaceWire 0D OO DOD0OODOO
00000 SpaceWire DO OO0 OO0 O0O00O0O0OO0O0O0OOOODOO RMAPOODODO
00000000 SpaceWire RMAP Hongo Liblary 0000 000000000000
000000 SpaceWire Board DO D OODOO0OOOO User FPGAOODOODOD
0 External BusOOOOOOO0O0O Internal BusOO OO0 User FPGAODOODOOD
00000000000 RMAP Hongo Liblary 000 SpaceWire 0000000000
O0000000000o0o0oooooo [6]00 21200 Internal Bus O SpaceWire
FPGA, SpaceCube 000000000000 SpaceWire 0O OODDOO0O00ODODODO
O00000o0oDoo0o0o0o00ooooooooDoooooOooooog SpaceWire O
O00o0o0oooooooooooo

** InternalBus -...-;

2
=

>H S

s )
w PGA
5pwr

SpaceWire
{ FPGA

UserModule3

/1 ntemalBuste sodule
Bus Out Signals .
SpaceWire

other avalabie 0%
UserModulel UserModule2 eMomouT |
VDS INOUT

SpaceCube

0 2.12: User FPGA Internal Bus O SpaceWire FPGADO SpaceCube 0 O O [6]

SpaceCube 000000000000 DOOODDOODODOOOOODOOODOO SpaceWire
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0000000000000000000000000000000000000000
00SpaceCube 0000000000000 00000000000000000O0O0O
000000000 SpaceCube 200000000020080000000000000
SDS-100000000000 [0
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130 PoGOLitelOOOOOOOOONO
L O

PoGOLite OO OODOOO XOOOOOOUOODO XOoOOOooooooooooo
OO00D0O0O00DO0O00DO0ODO0OD0O0OD0D0O0ODO SpaceWire JODOODOODODODOODO
SpaceWire UD 0 O0DODOOO0OOO000OO0OOOO00DODO PoGOLiteOOODODOOO
O00O0O0000000o0oooobobobo XOooooooooooo4doodSpaceWire
O00000DOSpaceWireJOOODOODOOOOOODOSpaceWire OOODOOOOOODO
OO0D0O00D0O0D0OO0O00D00D000 PoGOLiteO OO DO SpaceWire OO ODOOODO
oooobooboooooboobobobo

3.1 PoGOLited OO

PoGOLite 100000000000 OO XOOOOOOOOOOOODOO?25-80keV O
0000000000000000 [9]0201000000 (engineering flight) 000000
0000000 (science flight) 0000000 (DO0O0D0OOO0OODOOOOISAS/JAXAD
O0000)00000 (Stanford Linear Accselerator Center, University of Hawaii)O 0 O
000 (Royal Institute of Technology, Stockholm University, Ecole Polytechnique) O O
O0000000000000000PeGOLite0 0000000000 OODOOOODO
O000oo0o0oooooo0ooo0ooooo0oooo0ooooooooooooonn
O0X0OO0O0DODoOOoooooo1wkeVOOOOD X0oO0O0ODOOoOoooooooooooOo
Oo00oooooooo0ooooo0ooooooooooooooooooooooog
oooooooooooooog

PoGOLite Payload Azimuth Rotator
Conceptual Design i & Fly Wheel
April 2006
Attitude
GPS System

Polarimeter

<>
Telescope Assembly
5 Attitude Control
+, ) Electronics
N

On-axis
Star Tracker

Offset
Star Tracker

& Fly Wheel

O 3.1: PoGOLite U OO OOODOOOODOOODO
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3.2 UOOOOooOnooon

000000000000 0000ooOooooOoooooooooOoOOO (o) oo
0000000000000 00000000 (bo)0000D0DO0DO0Oooooobooo
gboboboboooooboboboboobooboobobooboobbobon
vbobobobooboobobtooboobobboboobobboboooono
gobooXbooooooooooooboooooboobooogobobooooDbo
goboobooobbooooXxoboooooooooooboooobooooooooo
gobobobobooboobobooboobobooboobooboboboobobobo
vboboboboobodgbuoobobobobobobooboboobooood
O0XOOODODODOOOODOOoOOoooooOo oSo-8s0b00dd 26kevOOO 5.2keV O
vboboboboooboboboboobooboboobobobobooobbobon
gboooboboboooXogboooooobobooooboooboobooooboooo
gboboboboobobooboobobooobooboboobooboboon
vboboboboobboboboboobobboboobuoobobboboan
gbooboboooboobooobooboboobooboon

XObOoooooooooooobooobooboobooboooooobooboo
0000000000000 O00DODO00D0ODO0O0DOOO0DOOO Polar cap, Outer
gap, caustic 3000000000000 0OO000O0OO0OO00O00O0O0O0OOO0ODOO0OO
O0000000000000O00oO (12000000 oo0o0oo0ooo0o 320
0000000000 00DODOO00D00O0000000PoGOLiteD O OODODOOOODO
ubodgbugoogboobuoabooood

2050

2000 3
1950Fk B> 1 D =
21900 N b A= N ANk L N\ E
P e N Ca) S oy Sy S
3 1850 =3 e\
'S 18001 »‘ ‘ zt '/T 2 I
N E A e — ‘ . A _| ¢
S1750 Y Nt ] =
= ERass Wﬁ B
3 1700F =
F —— Plar Cap Model B

1650 E Outer Gap Model E
1600 —— Caustic Model =

15506l v v 0 Lo b L
- -2 -1 0 1 2

Azimuthal Angle (radian)

w

032 0000000000000000O0OO0O0O0OC0O (1003000000 DOOObOO
gooooooo

3.3 Uoboooon

o Xoooooooooobooboboooboooobooboooooooboobo
OOooboOo0ooooOoOooDoOooDoboOo0DboOPeGOLItel DD OOOODOOOODO
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O0o000oo0oooooooooooooon
000 25keVOO 1MeVOOOODO XOOOOOOOOOOOOOOOOOOOOO
O0o000o0oooooooooooooooooooooooooooouoooooo
Klein-Nishina OO OOOOOOOOOOOOOO
oD (20 2 9gin?g 3.1
10 2 12 k+k0 sin“ f cos” ¢ (3.1)
O00D0rp 00000000k 0O k000000000 0ODODOO0O0O0OA0 OO0
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(D3.3)DD3.1
00000000000 FpOoooon

d 2.2 1
d_SUZ = % (E + e — 2sin? 0 cos? (p) (3.2)

ugbooggogd
1

- 1+ Lo (1 —cosh)

mec?

3

0000000000000 000000000000m.c200000000 (511keV)
OO000FE06A00D0O000ODO0O 3200

do
— =A— Bcos?2 .
) cos 2p (3.3)

0000000 A BOOOODA>BOOODOODOOO 330 ¢=90°,270°0000
gbobooboobobobooboboobooboobooboboobooobobo
vbobobobooboobuoobobboobobobobobbobooboan
googobooobooobooobon

E (/ x)

033 0b00oobooboboooonoooong
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goooboooooooboooboooobooboooooogooooD MOODOOM
u

M= Nmax = Nin (3.4)
Nmax + Nmin

0000000000 Npax, \min 000000 100%0000000000000000
gbobobobooboooboobobbobbooobobi10bo0boboboon
vbobobobobobooooboobobobbbobobobuobuobooobobg
00000 POOUOO0ODOOOOODODOOOOODOOOOOOODO Meyp,O100%0000
oooooooobobobond Moo no

Myps = Mg P (3.5)

goooooobooboboooooboo PO

Mobs
Moo

P:

ubogbogooboobgan

3.4 PoGOLiteO 00O

PoGOLite 00O 00DOOOODODODOOOODODOOODOODOODOOOOD
O000000000000000 (00 41~42km)00000000C00OO0OOOCOOOO
0ooboooooooooooboboooooooooooobD Xoobooooooo
00000000 000bOoO00D0o0b0b0O0o0bO0o0o0Ooo0oPeGOLiteOOODODODO
g00dbooboOoBGOOODODOOOOUOODODODODUOOOODODODOOOODODO
ggn

PoGOLite 00000000 O00OOO Phoswich Detector Cell (PDC)00 00000
0000000000000 Side Anti-coincidence Shield (SAS)0 O O00OO0OOOOO 3.4
O PoGOLite 00D OOODOOOOOPDCO 217000000DO0ODOODOOOODOODO
0500000000000 SASO PDCO300200000000000000O0
000000000000 SASOD00DO00DO0O0DOO0oDO0oDOooDoooooDoon
5em00000000O00O00O0O0O0O0O
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Side BGO
Active shield & Background monitor

PDCs

Slow plastic scintillators
Collimeter

Fast plastic scintillators
Polarization measurement

Bottom BGO
Active Shield

X

O 34: PoGOLite 0O DOODOOOO0O21700 PDCOOODOODOOOO SASOOOOO
O0000O000SASO 400 BGOOOOOOOOOooooooo

00000 PDCOOO 3.5000000 fast plasticd 000 0O OO slow plastic 0 0 O
O00OObottom BGOODODOODOOOODOOPDCOOOD 600000000 OODO
pODCOOOODOODOODOOODOODOODOODOUOU40000D0ODODOODOODO
000000000000 000000000000OfastplasticO00000O0ODOOO
0000000 XoOOoOooooooooooooooooooooooooooooog
O0D00000000000000 (25-80keV)00O00OO0ODOODOOOOOOOOODO
0000000000000 000000000000D000000000slow plastic O
O000oo0o0oooooooooooooooooooooooooooooooonn
20°x20°0000000000000000000000000000O0O0DO0DODOO BGO
Oo000ooooooooooo0ooooooooooooooooooooooog
000000000000 0000000000000000000000 00 dbottom
BGOUOOOOODOOODOOOOUOODOODOOoOoOOoODOooOOooDooOooDooooooo
000000D00020000000000000000000000 3MO0O VM2000
O00OD0Obottom BGOOOODOO BaSO, D OD0O0ODOODOODOODOslow plastic 0O
OO0000o00ooo0oooooooooooD Xooooooooooooooooo
ooo00ooO pDCOOO0O0ODOODOOOODODOOOODODOODODOODODOOD
Oo000oo0ooooooooooooooooooooooooooooooooog
71keV 000 XOOOOODOODODOOD XOOOODOOoOoboooooooooo
0000 XO0O0OODOOooOoooooDoooOoo 20keVOOODODODOOODOODOODO
ooooooooooooooon
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Slow plastic
60 cm scintillator

20 cm Fast plastic
scintillator

Bottom BGO
crystal

19 cm PMT Assembly

O 3.5: PDC OO O Oslow plastic 0 0 0 0O OO0 fast plasticd 0 0 O O 00O bottom BGO
00000000003 00000000000000 100pPMTOOOOODOOOOOO

SASOOO 00 BGOOOOOOOOOOOOOoopooooooooooooooDo
0O0300BGOOOOOOODOOOOOUODO hO0OOOOOOPDCODOOOO
O000000SASO0000000ODOO0000000O0 100kHzOOOODODOOO
000000000000 00000O00D 6%000000000000O00O0O0O0OO
OO0000O0000SASO /M400000000O00O00O0DOODO0O0OOODOOOOOO
0000000000000 0O00O0O0O0OOgOosASOoooooooooooooooo
gooboobbooobooooobostkevooooooooooooooobooD O
vbobobobouoobobbouobubobobuobobuoobuooboboboooboo
gboboboobooboboboboobobbobooboobooboboooboo
OO0OPDC, SASOO00O0O0O0OODOOOOO pPMTOOOOOCOOOOOOOOOOOO
U0O0oDOooooonogoD RO ODOORISUDODOODODOODOOOODOOD
25keVO XODODOOOOOOODODODOOO 23keVOOOOODDOOOOOOODODO
vbobodoboboobobooboobooboboboboobuoobobobooobo
gbobobobooboboobooobobooobooboobobobooobobon
vbobobobuoobooobobobooboboboboboobooboooboooboo
ooooooboboooopMTOODODUODODODODOD PMTODODODODODOOO
uod
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3.4.1 PoGOLiteODOOOOODO

000000000 XOOOOOPDCOD fastplastic000O0D0OOOCOOOO0ODOO
OO0D000D0OO00DO0O0000 fast plastic 00000000 OOOOODOOODOOODO
goboobobogooobooooooooboogoooboooooDobobooobobooo
gooooboobobooboboboobooooobooboboboboobooooobobo
00 XO0OOOoOoooooooooooobooo21irOoO0OoOoOO pDCODOOOO
gbobgobooooboobgoboobob sebooooboobOobDO 370D 3.800
OOO0DO0OO00000 PoGOLiteO OO OOOODOODOOOODOOODOOO

O 3.6: PoGOLite DO OO O0ODOOO0ODOODOOODOODOOOOODOOODOODOOD
ooooooboboooog

Effective Area Modulation Factor
45F
b —2 1
< g E
£ /‘ — 35F
S 5 “E
= 20 2 s\ =
30
] g F -
< c 251
o C o =
2 / T 20F
o = =
2 100—¢ o 15F
fin] 2 Tk
= E
- 10
C Ly | B P B B E 4
% 30 40 50 60 70 80 90 100 20 3 4 5 6 7 80 90 100
Kinetic Energy (keV) Kinetic Energy (keV)

0 370 00000000000 O 3.8 PoGOLite 00000000
PoGOLite 00000 [10]0 0D0Oooo [10)0

PoGOLite 00 0O0ODO 41-42km000000CO0O00OO0OODOOOOOOOOOOOO
goboobboobooooooboobooogoboboboobooooboobooboooono
gbobobobooobobooboobooobobobobobooboboooboo
O000000SASOODO bottom BGOOOODOOOOODOOOOOOOOOODODOO
U00b0o0o0oobooboubobobobogobodslow plastic D OODOODOO0OOOOO
00000000 /000000000000000 2°x2°0000000000000
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g3gpoobuoobooboobonoboobbobooboobooobooboooo
O0OooooooDOoOoOooooobobobO1Cab O 100mCrab0 00000000 DDOO
PoGOLite 00 ODODOOO0OO0O0DODOODOOOOOOOD 100mCrab0000O0OOO
vbobobooboboooboobobodgbobooboobuooooboobobobo
O0000000000000000200mCrab0000000006000000 10%0
O000000O000oooooooo [o]o

=
o,
G

= 1 Crab
—— 100 mCrab
--.e-- total background
--0-- neutron background
= -- gamma-ray background

e —r— E
~ F R
e} L I_I_ ]
L0tk .
b E 3
£ E8iigore®er . — 1
o [ P cre LT —
L o . ST P |
‘T‘m . L‘ri_é PN oo
o 107 . - i
L - . R I_| 3
[o] - ™~ I:
T n
@
®
c
=
n

=
o .
&

IR ERLL B R

107

=
o
o

Energy [keV]

039 0000000000000 0O00000O0O0O00OD [)pooOoooooOoO
100mCrab0 00 O00O0O00OOOO

ogoog

pODCOD0300000DO0O0DOOODOI1O00PMTOOOOOODOOOOODOOODO
0000000000000D000000000000Ofast plasticO00000O0O O dslow
plastic/BGOOOOOOO0OOOOOOOOOOOO0OOOOODODOOOOODOOOOOO
000000000000 00Ofast plastic0 0000000 7 ~ 2ns0slow plastic/BGO
00000000 7~300ns00000000000000O00O0OO (CSA)ODOOOOO
O0000000000000Ofast plastic0 000000 slow/BGOOOOOOOOO
0000000000000 0 3100 CSAO0DODODOoOooDOoonon
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]

-0.5

wm«wlllllwuw
"

0 3.10: CSAOODODOODDOODO fast plastic0 000 00O slow plastic/BGO 00O
0000000000000 CcSAOD0ODODODOOoOooooonag

3.5 SpaceWireU D DOUOUOOODOOOODODOOOO

PoGOLite D 00O SpaceWire 00 O0DO000OO0OODOODODOOODOODOOODOO
SpaceWire OO0 O0DODOOOOOO00DCOOOO PoGOLiteOODOOOOOOODODO
gbobobobooboboboboouoobooboooboboboooooooo
O0O00ooooopooSLACCODOOOO0O0oooobooooOooobooobooOoooooo
0000000000000 SpaceWire FADC BoardOOODOOOOSASOODOODOO
gboogboobopobobobooboobooboboon

3.5.1 OU0O0goboobooodn

PoGOLite 000 O OO0O0OOO PDCOOOODOOOODOODOOODOOODDOSAS
000000000000 00D0000 vetoOOODOODODODOOODOODOODOOO
0000000000000 000ooooooonDooooosAS00oooooood
O0000o0ooo0ooo0oo0ooooooo0ooooooooooooooooon
0000000 Hard X-ray Detector (HXD) OO O OO OOOOOOOOOOOOOO
PoGOLite 00000000 DDOOO0ODODOOOODODODDODODOOOODODODDOOOOO
OO0000 3.110 PoGOLite 00O 00O OOOOOOOODOODOOOODOODOOODO
000 FADC Board, Digital 1/O Board, SpaceCube 0 000000 00O FADC Board
OO0 CSAO8hO0ODODO0ODODODOPMTO dynode0 00000 O0ODCSAOODODO
00000 8chOOOOOOO ADCOODOOODO12bit, 24 MSPS(PDC)D O D0OOO
0000000000000 000000000000 User FPGAOOODOOFPGAD
0000000000000 000DO0000o0ooDoDoODoOD00000n0 FPGAD
Oo0o00ooooooooooooooooooooooooooooooooooon
O0000000000000000000000000000User FPGADODOOODO
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OO000OOo0oOooOoopDCOOOOOOOOODODSASOOOODOOOODOOODDOO
000000000000 OPDCO SASOOODOOOOOOOOOOOOOOO0O 3120
FADC Board OO OOOODOOOODOOOOODOCSAODOOODODOOODOOOO
O0000000000OOoODOOO0OO0O00COODOOOO00OOOOoOoOoCcsSAOOOn
goboobboobooooooooobooboobbooboboboboobobbogDo
oOo0COCoOooOoOO0O0OCOOOOOO00OUOODDODOOOO csAOOOOoOoOooo
OO00000O0O0DO0O00O00OO0O00ooOOoOo csAoDooogo op-AMPODOOOD
oO00COCOOOOOO00OoOoDOoDOOOoOooDADCOOOOOOOOOOOOCODOO
0000000000 000000 User FPGAODOOOOODODOQO FADC Board OO
XilinxO 0O XC38400 OO0 0ODOOO0ODODOODOO0ODDOOODOOOODOOOOODOOOd
OOoooOoooooOooDboOo Xessippoooooooooo

FADC Board Next FADC Board
PMT HV control 4——-47
PMT output — SpaceWire I/F
H Flash
8ch : ADC ] FPGA [«» FPGA
12bit
PMT output — 20MSPS
SpaceWire
trig trig
SpaceWire I/F
trig
trig FPGA [«» FPGA CPU ——> Data Storage
Digital I/O Board SpaceCube

0 3.11: PoGOLite 00000000000 DOOOOOFADC Board, Digital I/O Board,
SpaceCube OO0 D OODOOOPDCO SASOODOO FADC Board D OO 0O OO OO User
FPGAOOODOODOOOOOOODO

0 3.12: SpaceWire PoGO FADC BoardOO OO OO ODODOOO FPGAOOODDOOO
odo0doooooooooooooooodg
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3.5.2 FADC BoardO OO

O000000D0OOCO0O0000D0ODOCO0000DOO00 PoGOLite DO SpaceWire
FADC Board OO OOODOOOOODOCOOOO FADC Board O OO User FPGAO OO
gobobobobooboopoooooboboboooboobonoobobboboon
0000000000 PDCO SASOOOOOOOOODOODOOCOOOCOODOOODOOO
3.1300User FPGADDO PDCO SASOOOOOOOODODDODOOOOADCOOO
oO00COCOOOO0OOO0OO0o0O0OooooooOCobDOoOOooOooADCOOOOOOOOnO
O0O0U0O00oDOO0OO0000b0O0OO00d Deserializeel U PMTO HVODOOOOOOOO
O hbACOODOOOOODOOOODOO0ODOOO0OOOODOOODOOOOOODOO
OO00CCOOOO0OO0oO0oOooooooooooopPbDCOO SASOOOOOOOOOOO
gooooboooobooo

To DAC

To ADC <—‘

ADC

configuration| HV DAC )
register serial I/F e2iconnector [«—— To SpW FPGA

serial I/F

< T >
Internal Bus

ADC output —»| Deserializer ———»

ADC output —»| Deserializer ——»

[%2]
2
@
S
)
=
5
2
g
=]
3
[=}
2
<
o
g
h
o
IS
o
w
>
2]

ADC output —»| Deserializer ——»

O 3.13: User FPGAO PDCO SASO0OODOOOCOOOOOOO0ADCOOOOOOODO
OgO00COCOOOO0OOO00OoooOoOoOoUOOoOooDoOoOoADCOOODDODOOOOOOOOO
OO0000O00000Od DeserializeeD PMTO HVOOOODOOO DACODODOOODOO
uboogboooboooood

ADCOOOOOOOoOO

FADC Board 0 O ADC OO O Texas Instruments D 0 0 ADS5271 000000000
User FPGAOODOOOOODOOADSS2710 8chOO 12bit0 0000000 ADCODO
gos0MSPSO00O00O0O0O0OOOOOOOODOOODOODO LVDSOOOoOOoOooaoo
0000do00ooooooOooDADCODOOOODODODODOODODOOOOOODOd
000000oOoooooboOOoADCOOODODOO0OO0OODODODODODODODODODODd
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OO0 ADCODODOOO0OO0O000ODODOODOO0OOO0OOODODODOOO0O0ODOOOOdUser FPGA
gooooboob veEbLOOobDooooooo

User FPGAODOOOODOOOOODODOOODOOOOOOOODOOOOOODOOOO
O0O00o0ooOo0oobDDoO0O00bOOd Internal BusODODOOOOODO O SpaceWire
OO000O0O0O000OO00bOO0O00oDOOo00obOoOOoOoDOooooODbOOOO AbCcOOn
00000000000 C00O00ODO000 SpaceWireJOO ADCOOOODOOOOO
O000000DD0O0O00DOO0OOSpaceWireJOODODODOOOODODOOOOODODOO
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PARAMETER DESCRIPTION MIN TYP MAX UNIT
t Serial CLK Period 50 ns
b Serial SLK High Time 20 | ns
3 Serial CLK Low Time 20 I ns
s Data Setup Time 5 ns
15 Data Hold Time 5
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ns

ns
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LVDS TIMING DIAGRAM (PER ADC CHANNEL)
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6.5 Clock Cycles
NOTE: Serial data bit format shown in LSB first mode.
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3.6 JUOUOORCNPOUOUOOSASOOOOGOUOooobOOoOoOoO
goduoobooogoon

SASsOooooooOoOoOoOoOoOOOOOOOCODODOOOO0O0O0OOOODOOOOOO0O
O0000000o000ooo0o0oooo0o0oooooooooooooooooo
000000000000 20060 700000000000 O0O00O0O0O (Reserch Center
for Nuclear Physics) D00 0000000000000 0O000O0O PoGOLite D FADC
Board OO OOOOOOODODOOODOOCSAODDODOOOOOOOOOOOODODOO
O000000000000FADC Board 00O O FADC Board(FADC-HR) OO O DO
000000000000 cSAODOOOODOOO0OO000000000000000000
OO0OOFADC Board OO ODOOO0OOO0O0O0OO0OO0O0O0O0OOOADCDO 12bit, 6 MSPSO
00000000000 00000O0O0DOODOOO000000000000 3.190000
32000000000000000 FADC BoardOO OO

34



0O 3.19: OOODODDOOOOOO O 3.20: 00O FADC BoardO 12 bit,
csAO0O0DOOOOOOOCSAO e6MSPSO ADCOOOODCOOODOO
gbobobpoooobobogb bOooboobobobobobooboo
goooog gooooooo

3.6.1 0000

O00Base-line 000 0000000000000 0O0D00000D0O0O0O0OOOOO
000000000000000000000

000000 1emO00 BGOOOOOOODO R789900000000000RT8990
00000000000000 CSAOOODOOOOOOOD Shaper000000 FADC
Board 00000000000 FADC BoardO O User FPGAOO SASOODOOO0OOO
0000000000000 SpaceCube D0 0000000000 DOOOSASOOOODO
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
59.5keVO XOOODODO #AmD000000000O0D000O000DOO00OO0DOOO
00000000000 662keVO v00 B¥Cs00000000000O00O0OShaper 00
00000000000000662keVO00000000O0O0O0OOODOOOO Visual
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Normal PHA Base-line subtraction
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000000000D00000000000000 ¥CsO 662keV O 24 Am 0 59.5keV
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| Spectrums of Cs with proton beam |
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4.1.1 Double-sided Silicon Stric Detector
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4.2 NeXTOOO HXI/SGDOODO
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4.2.2 SGD
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timeO0 0000000000000 0O0OOOslowshaperDO0O00000O0OOOOODODODO
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0 49: VA2TAOOOOOOODOOOOCOOOO

shift_in_b

shift_out_b

4.3.2 0OD0OOO0OOO0OOOOOO
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O 4.10: ACOOOOOO00ODOOCOOO0O0O VATADOOOOODODOOOOOOOO
gogd

RC-chipOOOO ACOOOODDOOOODOOOn0ODOO0ODOOO0ODOOODODOOO
vboboboboobodobuoobobboboooooboboboboobaan
O VA2TAOOOOOOODODODDOOnOOO DCOOOODODODOOOOOODOODODODOO
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0000000000 O0DOOOogDbSSbO woovOoOOoOOoOoooooooooooo
000000000 O000O00OvVARTADOOOOOO 100VOODOOVdAdDO 101.5VO
Vssd 98.0VOODOOODODOOODOOOOVA32TADDODODODOOVAdD 1.5VOVssO-2V
0000000000000 VARRTAOODOODOOOOODODOODODOVA32TAOOO
00000000 O00000OC0O000OoDOOoOO00OoooDoO vARRTAOODODOO
gooobooboboooboobooboobooboobooobooboobooon
oooob be-bCchOoooboooobooooooooobooooooooboooooo
gooobooooboood
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Vssi98.0V
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0 4.11: DSSDOODOOOODOOO0ODOOOODOOOODODOO

4.4 VA32TA6UDDOODDOOOOO

gbobobobooboobooboooooooooboboobooboooo
O00C0CCOOOO0O00000OooDOCoOO0O0O0OoOoDOOOOO VA32TA 00O sample
holdOUOD holdDOODDOOOOODODOOOOOODODOOODOOODODOOOODOO
0000 ADCOOO00O00O000OO0OO0OoOoOoooOoODoOOOOODODODODODODOOOO
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goboobbgooooboooogbobooooobobobobooboobbooogobo
000000000000 00000 VARTAOOOOO ADCOOOOOOOOOOO
O0O0OD0 ASICO VA32TA6OODOOOODOD 4.120 VA32TA6O OO OO OO VA32TAG6
000 ADCOOOOO0OO0O0O000O0O0OO0OO0DOOOOOOOOOCOCOODODDODODOOCOD
oobooboboogoboobooooboobobooboooooobobooobogoo
O00OCOO0O0O00000ooooooooDDooOODD VATAGOOOOOOOO
OO00000000O000 SpaceWireOOOOOOOODO

O 4.12: VA32TA6ODOOO

4.4.1 VA32TAG6

VA32TA6 O VA2TAOODOOOOODO 10bit00D000O0DO0O ADCOOODOOO
O00C0O0OC0ODOO VARTAOOOOOOOOslowshaper OO O OOOCOOOOO
ADCODODOOO0OO00O0OO0O0ODOOO0O0OOOOODOOOOOOOOoODOOOOOOO
O000000000000000D000000000000000000VA32TAOO
goboobbooboooooooobobogbboobobogpDobooboobobbogDo
OO0 VARRTAOOOODOODOOOCOOOOVARTAOOOOOOOOOOooooooo
O000000D0ADCOO00DDODOOOO0O0ODODOO0O 254bit000000D0OO 4.1
gooobobooooooooooon

Name Description Number
of bits
Slew_on_b Slew rate limited fast shaper, positive charges. | 1
Nside Used to set correct trigger polarity, and thresh- | 1
old generation for negative charges.
CC_on Enable leakage current compensation. 1
Test_on Enable cal-pulse testing. 1
Low_gain Choose between low and high gain for the | 1
VA32TAG6 slow shaper.
negQ Signal polarity selection for the ADC. 1
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Last_ASIC_b If bit is low, digital data is routed out on O6/07, | 1

otherwise routed out on O5.

ADC_on_b Enable/disable ADC. If disabled, the ADC | 1
power is turned off.

VA_RO Enable VA-type analog read-out with the re- | 1
duced pin interface.

Iramp_slow Halves the ramp voltage for the ADC. 1

Tleak_offset Turns on the per channel positive leakage cur- | 1

rent constant current source.

ADC_testl 1

ADC_test2 1

Channel Disable Channel disable mask. 32

Channel trim DACs | Threshold fine trim DAC. 128

4x32

Test enable Test enable mask. 32

Shabi_lg 1

Pos_I1_1 Positive Leakage current offset for all chan- | 1
nels:+20 pA

Pos_I1_2 Positive Leakage current offset for all chan- | 1
nels:+40 pA

Bias DAC, vthr
Bias DAC, ifp

Bias DAC, Iramp
Bias DAC, twbi
Bias DAC, sha_bias
Bias DAC, ifss
Bias DAC, ifsf
Bias DAC, vrc
Bias DAC, sbi

Bias DAC, pre_bias
Bias DAC, ibuf
Bias DAC, obi
Bias DAC, Ioffset
Bias DAC, disc3_bi

W W W W W[ W W W W W[W| sk ]o

0 4.1: VA32TA6 OO OO DOOO [18)0

VA2TA6 OO O0OO0OCOOOO0O0DOCOOO42090000000000000A0
000000000 2000000000000D0000VA32TA60001-50 ModeO
OO000O ModeODODOUOOD 43000000000000O0ModeO D OODOOO
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0000000000 4130000Mode000ODODODOSO,S1,S82, SLATCHO 4000
OOoobOo0ooooOoOoobDbOoO00bO0o0obOoOoOO Moede M1OODOOODOO
gboboboboobooboboobooobooboboboobobboboon
OO0 Read-back OO DO OOOOOModed M2ODODOOM1, M20O0O0O0O0O0OOO0OO
oooooobobodbouobo4140000000Mode M3ODOODOODOODO
OO0DO0O0D0O0OD0O000O0O0O0OD thresholdDDOOOOOOODOOODO O60OO0OO
O000000000000000000 A/DODDODOODODUODODOODODOOOOOO
00000041500 0000000D0O0C0000DOO0O0O0ODO0ODOOO peaking time
OO0 holdDODOUODOODOOODO IODODODODOOOOO slow shaper 0000 hold
0000000 ModeO M4AODOOO A/DOODOODOOIOONOOOOOO conversion
clock 00 00O0000000O0A/DOOOOOOODODO Mode MbODODODO A/DO
0000000000000 0001000000 clockODODDODO 376bitD0O0O00 O5
gooobooboooooooboboboooooooob 440000000000
O00doobOobond Mede M3OODODODODODODODOODODODODODO

PIN num- | Direction | Usage of shared communication lines

ber/name

11/12 IN CK/CKb(Mode 1,2,4,5),SH/SHb(3)

I3 IN REGIN(1,2), CONV_DONE_IN(4), DATA _IN(5)

14 IN LOAD(1), RESET(3,4,5), READ_BACK(2)

05 OUT REGOUT(1,2), CONV_DONE(4), DATA_OUT(5)

06/07 OUT TRIGGER/TRIGGERD(3) and SEU/SEUb(1,2,3,4),
DATA_OUT(5)

S0 IN Signal to I/O mode decoder.

S1 IN Signal to I/O mode decoder.

S2 IN Signal to I/O mode decoder.

S_LATCH | IN Signal to latch the I/O mode decoder.

0 4.2: VA32TA6OOOOOOOOOOOOODOOOOOO [18)0

Mode | S2 | S1 | SO | Description

1 0 [0 |0 | Slow Control loading

2 0 |0 1 Slow Control Read-back
3 0 |1 |0 | Acquisition

4 0 |1 1 | Conversion

) 1 0 | 0 | Read-out

0 4.3: VA32TA6 O Mode[18]
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S_LATCH /_\;
|/ L/

S1

s2

MCDE M1 M2 M3 M4 M5

0 4.13: VA32TA6O Mode OO OO OODOODOODOO [18]0

MCDE M1 M2 M3
1
I3 DIo oi DIi DID D Dli
14
'] Doo Dol DO DEO Dot DO

0 4.14: VA32TA6 OO OODOOOORead-back D00 OO0OOOOOO [18]0
Mode /AM3 M4 M5 M3
0 )
13 / D 0o DI D2 Di
I+

/ b 0o DI D2 Di

o8
) /r\

0 4.15: VA32TA6DDDI]DDDDA/DDDDDDDDDDDDDDDDDDDDD
18]
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Name # of bits Contents

Start bit 1 Always 1, which indicates the start of the chip data.

Chip data | 1 1 if there is any data in the chip, 0 if no data.

bit

SEU bit 1 1 if a SEU event occurred since the last lead-out.

Channel 1 per channel In the current ASIC, these will all be 1. In a future

data bit version of the ASIC, this bit will be 1 if there is any
data in the channel, 0 if no data. All 32 channel bits
come before the Channel ADC bits.

Common 10 Contents of common mode noise register.

mode

noise data

Channel 10 per readout channel | ADC counts. All 32 channels.

ADC bit

Reference | 10 Dummy channel pedestal, to monitor pedestal shifts

channel due to temperature etc.

Stop bit 1 Always 1, which indicate the end of the chip data.

0 44: VA2TA6OOOOOOOOOODOD [18]0

4.4.2 0OD0OOO0OO0O0OOOOOO

VA32TA6 O Front-End Card (FEC)OOOOOOOOOOOOOOCOOOFECOO
VARTA6ODDODOODDODODODODODOODOOODOOODDOODoOOoDoOooDDOOooo
00000000000 (MH)OOOOOOOO VA32TA6 00 FEC OO O VA32TA6
0200000000000000000010000 VARTA6OOOOODOODO FEC
00000O00b00bOo0obOooboOoboO0on04.160 FECODODOODODOOOOOOOO
O SpaceWire 0000000000 DOOOO0ODODOOOODDODOOODOOOODODOOODO
SpaceWire Digital I/O Board 0000000000
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VA2TA6 OO DO0OOCOCOOOOOOOOOOoOggsvOs3vooMoSooooo
OooDbOOooOo0ooooOobooO0o0-2vO00+15vVO000000000000O0DO00CFPGA
oobooooboooobooooooooboobobooboobOoobOoooDoOorFECOOOD
000000000000 00000 Digital I/O BoardOD O OO OOOODOOOOODO
OO00CCOOOOoDoOOOOCOOODOOO0OO0OOO0OoOg SpaceWire FADC Board OO0 O
O000 VAR2TAOODODOOOOOOODOOOOODODOOOODOVA32TAGOOOOO
oobooboooobooogooobobooobboobooobboobDooooobboo
O0o0O00O0oooOo0Do0oOooOoOoO00O0oOOoO00ooOoOO0O0OOO0OOOOg FADC
BoardOUOUODOOODOODOODODODODOODOODODOODDODODOODODOOD
00000000000 000 Digital I/OBoard 00O OOO0OO0OODOOOODOOODOO
000000000000 0O000000O0000000D0DO00DIgital I/0 Board
UOLemo U00O0OD0OOD0OODOO0ODOODOODODO41v00D0ODOO0O0ODOODODOOO
oooobooo4800b000obo0oooobogoo

0417 000po0oboboooogooobo
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SpaceWire
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0 4.18: VA2TA6 OO OODOODODODOFECOODODOODDOOODOONOD D Digital
I/O BoardO SpaceCube 0 00000000
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