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Abstract

Positron Emission Tomography (PET) is a powerful tool that is used for direct imaging
of activity of early cancers. However, existing PET scanners face a number of problems,
such as very high cost, less flexibility of devices, and relatively poor image quality. This
is partly due to a rather large gamma-ray imaging detectors consisting of many Photo
Multiplier Tubes (PMTs) optically coupled with pixel scintillators.

In an effort to improve the situation, we are developing high spatial resolution PET
detectors with time-of-flight (TOF') capability based on lutetium yttrium oxyorthosilicate
(LYSO) scintillator arrays one-to-one coupled with Avalanche PhotoDiode (APD) arrays.
The APD is a semiconductor device having advantages of both PhotoMultiplier Tube and
Photodiode, such as internal multiplication, high quantum efficiency, small size, low-cost,
and fast time response. Given the advantages afforded by pixel miniaturization, APD is
expected to be applied to dense gamma-ray imaging detectors. However, the higher the
degrees of pixel miniaturization, the more necessary electronics are for processing a large
amount of signals from APD devices.

This paper reports on the development of a high-speed, low-noise, multi-channel analog
LSI and its peripheral circuits particularly designed for APD readout. As a first stage
prototype, 8-channel analog LSI designated the " TIPPET08” was developed based on the
Open-IP LSI project led by JAXA and realized in TSMC 0.35-pm CMOS technology. The
good energy resolution of 9.7% (FWHM) was obtained at 511 keV, with a single APD
and optically coupled LYSO pixel. However, we found some rooms for improvement in
terms of its time resolution of 1 ns (¢) and variation in each channel’s quality. Therefore
second-version 32-channel LSI designated the "TIPPET32” was designed and evaluated.
It had a maximum power dissipation of 210 mW (6.6 mW /ch), maximum gain dispersion
of £0.5 %, and a time resolution as better as 500 ps (o).

Based on these successful results, we move to the next issue that needs to be optimized,
such as the special LTCC package for high-density implementation, the Front-End Card
(FEC) for front-end processing, and the Control-Card which includes FPGAs to control

the overall system. We plan to evaluate the imaging quality with one-pair detector units.
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4.4.4 LYSOOOOOOOOO

Lysogooooooboooooobooooooboooobooooooooooooo
gbbogooudgbbooboobobuogbboboobooobuoobbooboon
OO0OPETODOODODOODOOODOODLOODLOODLOODLOODDbDODODDOODO
OOo0o00obo0obOobooboooboobobobogoo wysogopoogoooboooboo
gboogogobuogbbobuodgbbooboobboobooobooobobboon
00000000000 (7000000000000 000ooooooooo

Peak ADC channel FWHM Energy Resolution [%)]

480

460

g aa0 9 40
420

f a0 f 35

e 360 e 30
340 25

d 320 d
300 20

C C

b b

a a

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

0 4.8: 8x8000D00LYSOOOOOOOOOOOODOD [5700000000000000
00 (0)0000000 (0)0000000000000

Sx8OOOOOOLYSOOOODOODOOODOO0OOO0*Am000000000 59.5keV
O000000000000PMT (H7195000000000)00000000O0OOOO
obobobooboboobobo480bouobooobobobooobuoboboobo
000000455 +£22ch000000 £#48%0000000000000O0O00O0O0O0O
026.7% +1.1%000000 £+40% 0000000000 8x8000000O0O0OOO
oboboboobooboobuoobobobobooboobg

OO0 16xl6000000 LYSOODODOoOOoOO0OooOooooOOoooooDooOooon
0490000000000000000O000DO0DO0O0DOODOO88bOUObOODOd
Doogobboobbooobooobbglexleboobbooobooobbo
oooobobobobobobooooboobobooooobobobobobo
ooobgboboboboobooobobooboboboooobobobobobo

59



gobogoboogboogbbogbbuoobbuoobbuoooboggboiexle
OO00000oo0oooooo0oooooooooooooooOonoO 453 £22chdO
0000 4£51%00000000000000000000 274% +1.6%00000
0 +£59%0000000

Peak ADC channel FWHM Energy Resolution [%)]

480
460
440
420
400
380
360
340
320
300

VTOQLD QT . XS 3TQ =
VTOQLD QT . xS 3TQ =

1234567 8 910111213141516 1234567 8 910111213141516

0 4.9: 16x1600000 LYSOOOOOOO0O000O000O00 [57]08x8000000000
000000000000000000000000000000000000
(0)0000000 (0)0000000000000

4.4.5 Pr00 LuAG

0o0o0ooobooooooooooooon
OLySsooooooooboooooooooo
00o0oooooooo PETOOOOOOOO
O000PrO0 LuAG (Pr:LuzAl;0.,00 4.10) O
gooooododoooooooooogo
OO000000LAGOODODOOOOO0ODOOd
gooooooooodoooooooogo
gooooooooooooooooooood
doodoooooooooooooooodgo
0000 [8,/90 0000000000000
00000 CeODD (LSOOGSOOD)ODODO

0 4.10: LuAGO OO [54]

60



gbogbboooboobboobuoboobbodgboobboobuooboon
(041)0000000000000000LYSOOOODO0DODODOOOoOooooooOoO
gboogbboobuodboobboobuogbboobooobboobuooboon
TOFO PETOOODOODOODOODOOO

OO00O0O0PETOODODOOOOOOODOOD200000NEDOODOODOODOO
OO0O0OD00OOOOMRI-PETO PrOLWAGO APDOOODODOOODOODODOODO
gbobogoobobuogobobooogbbbuooobobobooobbobuoooboobooog
[lvAGOODOOODOOoOooOoobooboooobooobooobooobooobooboo
OO0APDODOODOODODOOOOODOODOODOODOODOODIWAGODOOODOODOOD
OO0000310nmOd00O000OO0 APDOODOODOODOODOODOODOODOODOODOOD
OOONEDOOOODODODOODOODOODODODOOO lnAGOODOODOODODOD
OOAPDODOODOOOODODOODODOODO

04110 ApPDO0O0OOOOOOOOOOOOAPDODOOOODOOODOOOODOOO
obobobooboobooosconmboobooboboobbooboobooboobo
000000000000000000 (0 4110)0000 NEDODODDOOOOODODOO
gbogbbodboobbodgbooboboobbodobuoobbooboboon
UbO0d310nmUiOoogoooOob0o0boog3bgoboboboobboboobooobg

10™"\Vsa | | 1 | | o o EES

_ |LiAg] T Sl ($;664_55)

= Ry 4 P ' ‘

F [ E] '_’l cs TYAPD| = / N

Mool s TN 5 % f "

;23 I B ; :'

[%] | g iilit | ER

20 §iiilii T T TN T S ik .81

E B 20f%|  (S8664-55
AL | TREERY
300 600 900 1200 —

0 .
200 400 600 800 1000 1200
HE[H m] light wavelength [nm]

O 4.11: APDOOOOO (0)OODOOOOODOOOOUDOO APDOOOOOOODOOODODOO
000000000 LwAGOOOOOOOD APDOOOOOOOO(@O)ODDOOOODDODODO
O000o00oo0oooOooooOooooon 370

61



4.5 APDUOOO

4.5.1 00000

gbouodgbgbogbboobooboobboobuoobooboboobooboo
OO0 APDOOODOUOODOOOOOODOOOOOOOOODOODOODO PETOOO
O0O000OOO000ooOoOO00o APDOOOODOOOOODOOOUODOOOOOODDOOO
oooboboooobobobooobbooooboboobooobobo pPMTODO
obobooobooboboobob pPETOODOODODOODOODODDOODO
O000000O00DOoO0oOoOO0oOoOOooooooOo ApPDbOOOooOPMTOOODOO
gbogobuodgbbogbooobobboobboobooobuoobbooboon
obooodb200b00bo0booobooo MRIODODDODDOODDOODOODO
obooboooboboooboboobooobopMTODOODODO 3x3emdOOoOog
goobudgbbogboooooobboobboobooobuoobbooboon
gooooogn

OO0D0000D00D0 16x1.6mmx32000000 APDOOODOODO S8H00000
OO00O00000O0DbO000O0O00b0o0oO00oDoD0oooOobOobOoOoo300D0O ApDO
gooboooobbbooobboboooobbbuoooobbboo

4.5.2 U0 APDOOOOOO

O3000000000APDODOCOOODODOODOODOOOOOOODOODO 30
gbuodgbboogbuoobboobuoboobbodboobboobuooboon
Oo0o0ooOOoOo0o0ooOo0oooobo0ooboooOoDoOoooo ApbOogooogoo
Ooobobbo 4120000000 3000000000000 DODO0ODO0O0O0 2mm
U8x8UUUDUUOlmmO 16x1600000005mmU 16x1600000O0O00O0O0
Oooboobooboooooooboooooos,hmmbOOooooooD LYSsooono
gbboboooobbbuooobobboooon

000000000 8x8016x160 0000000100274 (+03mm)00000
ooboooooobobobobobobobobobobobobuobLuobLoD er
mmJO000o0ogooogoobobugbbodgboogbooooooooooanon
gb1ggbboo4bogobooobbobobooobboobboobboon
gbogbobgoobbodboobobugbbooboobobuoobobooboboon

62



oopooLysooooboooobooooooboooboooobobooboooboogo
O0O0000APDOOOUOOODOOOOODOOOODODODODODOODOOOODODODO?
mmUO 8O OODOUOOO 03 mmb0lmmO 16x160000000 04mmO0000
OO04200 ApDOODOODODOOOOO

2mm A immfA 0. 5mmA
8x8ch. 16x16 ch  16x16 ch

0 412: 0000003000 APDOOO [60]0APDODOIODOOOOOOOOOO
oboobooo10274 03 mm 0000000000000

00000 [mm?] 2x2  1x1  0.5%0.5
000 8x8  16x16 16x16
0000000 mm]| 03 0.4 0.4
0000 Ve[V 355 333 356
0000 VgV 379 376 380
00000 [pF] 13-15 45 3.3-46
000 [nA 05-1.3 0.1-0.3 0.1-0.4
00000 00000

042 00 APDOOOOOO(000O0O0O0O0OOOOOOO)YO0O0OOO VgO APD
Ooooosidoboooobooooobobog vpObooobbooboboooobo
0000000000000 000000000 (Coooooo)obooooooOOO
gooood

63
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4.6 LYSO+APDOOODOONO
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38 PAD, 000000 AIN29 APDOOOO
39 PAD, 000000 AIN30 APDODOOO

194




40 PAD, 000000 AIN31 APDODOOO
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62 PAD DGND 0ooooooo (oV)
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64 PAD VSS1 000000 (-1.65 V)
65 PVDD1 VDD1 000000 (+1.65 V)
66 PAD VDD1 000000 (+1.65 V)
67 PDTH SELOUT LVCMOS 0 O

68 PDTH DOUT LVCMOS 0 O

69 PDTH INITBOUT LVCMOS 0 O

70 PAD DGND oooooooo (oV)
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72 PDTH SDAV_H LVDS O O
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74 PDTH DSUMOUT_H LVDS 0 O

75 PDTH DGND oooooooo (0V)
76 PAD DGND 0ooooooo (0V)
77 PDTHR RCK_L LVDS O O

78 PDTHR RCK_H LVDS O O

79 PDTHR READ_L LVDS O O

80 PDTHR READ_H LVDS 0 O

81 PDTHR RESET L LVDS 0 O
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82 PDTHR RESET_H LVDS O O

83 PDTHR STOP2_L LVDS 0 O

84 PDTHR STOP2.H LVDS 0 O
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96 PAD VDD1 000000 (+1.65 V)
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98 PAD VSS1 000000 (-1.65 V)
99 PDTH DGND oooooooo (oV)
100 PAD DGND 0ooooooo (oV)
101 PATH AGND 0ooooooo (oV)
102 PAD AGND oooooooo (0V)
103 PATH TAC2 0oooooo

104 PATH TAC1 0ooooo

105 PATH MONOUT 0ooooo
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109 PAD AGND 0ooooooo (oV)
110 PATH IBIASFB 0ooooo
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116 PAD VDD 000000 (+1.65 V)
117 PVSS VSS 000000 (-1.65 V)
118 PAD VSS 000000 (-1.65 V)
119 PATH AGND 0ooooooo (0V)
120 PAD AGND 0ooooooo (0V)
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A2 AGND 0ooooooo (ov)
A3 AGND 0ooooooo (ov)
A4 AGND 0ooooooo (ov)
A5 VDD 0000000 (0 1.65V)
A6 IBIAS 000000

A7 MONOUT 0oooooo

A8 TAC2 0o0oo0oo

A9 AGND 0ooooooo (ov)
A10 AGND 0ooooooo (ov)
A1l AGND 0ooooooo (ov)
A12 AGND 0ooooooo (ov)
Bl AIN3 APDODOOO

B2 AIN2 APDOOOO

B3 AIN1 APDOOOO

B4 AINO APDOOOO

B5 VDD 0000000 (0 1.65V)
B6 IBIASFB 000000

B7 ASUMOUT 0oooooo

B8 TAC1 0o0oo0oo

B9 DGND 0ooooooo (ov)
B10 VSS1 00o0oooo0 (O 1.65V)
B11 VDD1 0000000 (O 1.65V)
B12 DGND 0ooooooo (ov)
C1 AIN7 APDOOOO

C2 AING APDOOOO

C3 AIN5 APDOOOO

C4 AIN4 APDOOOO

C5 VSS 00ooooO0 (O 1.65V)
C6 VSS 0000000 (O 1.65V)
c7 VSS 0oooooo0 (O 1.65V)
C8 VSS 00o0ooo00 (O 1.65V)
C9 DGND 0ooooooo (ov)
C10 VSS1 00O0oO0o00 (O 1.65V)
C11 VDD1 0000000 (O 1.65V)
C12 DGND 0ooooooo (ov)
D1 AGND 0ooooooo (ov)
D2 AGND 0ooooooo (ov)
D3 AGND 0ooooooo (ov)
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D4 AGND 0ooooooo (ov)
D5 VSS 0000000 (O 1.65V)
D6 VSS 0000000 (0 1.65V)
D7 VSS 0000000 (0 1.65V)
D8 VSS 0000000 (0 1.65V)
D9 SELIN LVCMOS 0 O

D10 SELCK LVCMOS 0 0

D11 WR LVCMOS 0 0

D12 WCK LVCMOS 0 0

El AIN11 APDOOOO

E2 AIN10 APDOOOO

E3 AIN9 APDOOOO

E4 AINS APDODOOO

E5 VSS 0000000 (O 1.65V)
E6 VSS 0000000 (0 1.65V)
E7 VSS 0000000 (O 1.65V)
ES8 VSS 0000000 (0 1.65V)
E9 DIN LVCMOS 0 O

E10 INITB LVCMOS O O

Ell STOP1_H LVDS 0O

E12 STOP1_L LVDS 0 O

F1 AIN15 APDOOOO

F2 AIN14 APDOOOO

F3 AIN13 APDOOOO

F4 AIN12 APDOOOO

F5 VSS 0000000 (O 1.65V)
F6 VSS 0000000 (0 1.65V)
F7 VSS 0000000 (O 1.65V)
F8 VSS 0000000 (0 1.65V)
F9 STOP2_H LVDS 0O

F10 STOP2.L LVDS 0O

F11 RESET_H LVDS 0O

F12 RESET _L LVDS 0 O

G1 AIN16 APDOOOO

G2 AIN17 APDOOOO

G3 AIN18 APDOOOO

G4 AIN19 APDOOOO

G5 VSS 0000000 (O 1.65V)
G6 VSS 0000000 (0 1.65V)
G7 VSS 0000000 (O 1.65V)
G8 VSS 0000000 (0 1.65V)
G9 RCK_L LVDS 0O
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G10 RCK_H LVDS 0O

G11 READ_L LVDS 0O

G12 READ_H LVDS 0O

H1 AIN20 APDOOOO

H2 AIN21 APDOOOO

H3 AIN22 APDOOOO

H4 AIN23 APDOOOO

H5 VSS 0000000 (O 1.65V)
H6 VSS 0000000 (O 1.65V)
H7 VSS 0000000 (O 1.65V)
HS VSS 0000000 (O 1.65V)
HY9 SDAV_L LVDS 0O

H10 SDAV_H LVDS 0 O

H11 DSUMOUT L LVDS 0O

H12 DSUMOUT_H LVDS 0O

J1 AGND 0ooooooo (ov)
J2 AGND 0ooooooo (ov)
J3 AGND 0ooooooo (ov)
J4 AGND 0ooooooo (ov)
J5 VSS 0000000 (O 1.65V)
J6 VSS 0000000 (0 1.65V)
J7 VSS 0000000 (O 1.65V)
J8 VSS 0000000 (O 1.65V)
J9 SELOUT LVCMOS 0 [

J10 DOUT LVCMOS 0 0

J11 NC

J12 DGND 0ooooooo (ov)
K1 AIN24 APDOOOO

K2 AIN25 APDOOOO

K3 AIN26 APDOOOO

K4 AIN27 APDOOOO

K5 VSS 0000000 (O 1.65V)
K6 VSS 0000000 (0 1.65V)
K7 VSS 0000000 (O 1.65V)
K8 VSS 0000000 (O 1.65V)
K9 DGND 0ooooooo (ov)
K10 VSS1 0000000 (O 1.65V)
K11 VDD1 0000000 (0 1.65V)
K12 DGND 0ooooooo (ov)
L1 AIN28 APDOOOO

L2 AIN29 APDOOOO

L3 AIN30 APDOOOO
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L4 AIN31 APDOOOO
L5 VDD 0000000 (0 1.65V)
L6 VGG 00oooooo

L7 VTHO 0oooooooo

L8 VTH2 0ooooooooo

L9 DGND 0Oooooooo (ov)
L10 VSS1 0000000 (0 1.65V)
L1l VDD1 0000000 (O 1.65V)
L12 DGND 0ooooooo (ov)
M1 AGND 0ooooooo (ov)
M2 AGND 0ooooooo (ov)
M3 AGND 0ooooooo (ov)
M4 AGND 0Oooooooo (ov)
M5 VDD 0000000 (0 1.65V)
M6 TPIN 0ooooooo

M7 VTH1 0oooooooo

M8 VTH3 0ooooooooo

M9 AGND 0ooooooo (ov)
M10 AGND 0ooooooo (ov)
M11 AGND 0Oooooooo (ov)
M12 AGND 0ooooooo (ov)

O B2 LTCCOODOOODOODODOOO
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0 OC

Joobobon

C.l1 0000o0ooooooooooon
0000 | 000 oooo 1000 00

A3 I0A0 | DACSDO.CD | I0/DIFFIO_T3n/DATA10/B8 DACO O
B3 I0A1 | DACSYNCB_CD | I0/DIFFIO_T3p/DATA11/B8 DACO O
A4 10A2 DOUT.C 10/DIFFIO_T5n/B8 TIPPET32 0 O
B4 10A3 INITB_CD 10/DIFFIO_T5p/DATAS /B8 TIPPET32 0 O
A6 10A4 SELIN_D 10/DIFFIO_T10n/PADD19/B8 |  TIPPET3200
B6 10A5 SELIN_C 10/DIFFIO_T10p/DATA15/B8 |  TIPPET320 O
A7 I0A6 | DACSDO_AB | IO/DIFFIO_T11n/PADDI8/BS DAC O O
B7 I0A7 | DACSYNCB.AB | 10/DIFFIO_T11p/DATA4/B8 DACO O
A8 10A8 DOUT_A 10/DIFFIO_T12n/DATA2/BS TIPPET32 0 O
B8 10A9 INITB_AB 10/DIFFIO_T12p/DATA3/BS8 TIPPET32 0 0
A9 | IOA10 SELIN B 10/DIFFIO_T13n/PADD16/B8 |  TIPPET3200
B9 | IOA1l SELIN_A 10/DIFFIO_T13p/PADDI17/B8 | TIPPET320 0
B10 | IOA12 DGND 10/DIFFIO_T14p/PADDI15/B8 | 00000000
A10 | IOA13 DGND 10/DIFFIO_T14n/B8 0ooooooo
A13 | IOA14 GPIO30 10/DIFFIO_T17n/PADD11/B7 00 10
B13 | IOA15 GPI0O29 10/DIFFIO_T17p/PADD12/B7 00 10
Al4 | IOA16 GPIO28 10/DIFFIO_T18n/PADD9/B7 00 10
B14 | IOA17 GP1027 10/DIFFIO_T18p/PADD10/B7 0010
A15 | IOAI18 GPI0O26 10 /DIFFIO_T20n/PADD5/B7 00 10
B15 | IOA19 GPIO25 10/DIFFIO_T20p/PADD6,/B7 00 10
A16 | IOA20 GPI1024 10/DIFFIO_T24n/B7 00 10
B16 | IOA21 GPIO23 10/DIFFIO_T24p/B7 00 10
A17 | TOA22 GPI022 10/DIFFIO_T25n/PADD1/B7 00 10
B17 | IOA23 GPIO21 10 /DIFFIO_T25p/PADD2/B7 00 10
A18 | I0A24 DGND 10/DIFFIO_T27n/B7 oooooooo
B18 | IOA25 DGND 10/DIFFIO_T27p/PADDO/B7 | 00000000
B21 | I0A26 | MAJCLKOUT_H | 10/DIFFIO_R3p/PADD21/B6 | 0O0O0D000O000
B22 | I0OA27 | MAJCLKOUT.L | 10/DIFFIO_R3n/PADD22/B6 | 00O0D0000O000
C21 | I0A28 | MINCLKOUT_H 10/DIFFIO_R4p/B6 0000000000
22 | I0A29 | MINCLKOUT L 10/DIFFIO_R4n/B6 0000000000
D21 | I0A30 | TIMEOUT.H 10/DIFFIO_R7p/B6 00oooo
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D22 | IOA31 | TIMEOUT.L 10/DIFFIO_R7n/B6 00oooo
C1 I0A32 | MINCLK_TAC 10/DIFFIO_L3n/B1 ADC OO

C2 | I0A33 | MAJCLKB_TAC 10/DIFFIO L3p/B1 ADC OO

Bl IOA34 |  LOAD_TAC 10/DIFFIO_Lln/B1 ADC OO

B2 | IOA35 SDAVIN_A 10/DIFFIO L1p/Bl ooooon
C3 | I0A36 | DSUMIN_A 10/DIFFIO_T2n/B8 00oooo
C4 | IOA37 SDAVIN B 10/DIFFIO_T2p/DATA12/B8 0oooon
F7 | IOA38 | DSUMIN.B 10/DIFFIO_T1n/B8 000000
G7 | IOA39 SDAVIN_C 10/DIFFIO_T1p/B8 0ooooo
C7 | I0A40 | DSUMIN_C 10/DIFFIO_T9p/DATA13/BS 0ooooo
C8 | I0A41 SDAVIN_D 10/DIFFIO_T9n/DATA14/B8 0ooooo
F8 I0A42 | DSUMIN_D 10/DIFFIO_T4n/DATA9/B8 0oooon
G8 | I0A43 TAC2_A 10/DIFFIO_T4p/B8 000000
F9 I0A44 TACI_A 10/DIFFIO_T6n/B8 0oooon
F10 | IOA45 TAC2.B 10/DIFFIO_T6p/DATA6/BS8 0ooooo
F11 | I0A46 TACI1_B 10/DIFFIO_T16p/PADD14/B7 0ooooo
Ell | I0A47 TAC2.C 10/DIFFIO_T16n/PADD13/B7 ooooon
C13 | IOA48 TAC1.C 10/DIFFIO_T19n/PADD7/B7 00oooo
D13 | IOA49 TAC2.D 10/DIFFIO_T19p/PADDS/B7 0oooon
D15 | IOA50 TAC1D 10/DIFFIO_T26n/B7 000000
E15 | I0A51 RESET 10/DIFFIO_T26p/B7 TIPPET32 0 0
E16 | IOA52 READ 10/DIFFIO_T32p/B7 TIPPET32 0 O
F16 | I0A53 RCK 10/DIFFIO_T32n/B7 TIPPET32 0 O
D19 | IOA54 DGND 10/DIFFIO_T29p/B7 0ooooooo
C19 | IOA55 DGND 10/DIFFIO_T29n/B7 0ooooooo
F19 | IOA56 DGND 10/DIFFIO_R6p/B6 0ooooooo
F20 | IOA57 DGND 10/DIFFIO_R6n/nAVD/B6 oooooooo
C20 | IOA58 DGND 10/DIFFIO_R2n/PADD20/B6 | 00000000
D20 | IOA59 DGND 10/DIFFIO_R2p/B6 oooooooo
F21 | IOA60 DGND 10/DIFFIO_R11p/B6 0ooooooo
F22 | I0A61 DGND 10/DIFFIO_R11n/B6 oooooooo
H21 | I0A62 | ADDOUT.H 10/DIFFIO_R13p/B6 000000
H22 | IOA63 | ADDOUT.L 10/DIFFIO_R13n/B6 0oooon
Y1 I0B0 DGND 10/DIFFIO_L25n/B2 0ooooooo
Y2 I0B1 DGND 10/DIFFIO_L25p/B2 0ooooooo
W1 I0B2 DGND 10/DIFFIO_L24n/B2 0ooooooo
W2 10B3 DGND 10/DIFFIO_L24p/B2 0ooooooo
V5 10B4 DSUMIN_H 10/DIFFIO_B3n/B3 0oooon
V6 10B5 SDAVIN_H 10/DIFFIO_B3p/B3 000000
W6 10B6 DSUMIN_G 10/DIFFIO_B7p/B3 0ooooo
V7 10B7 SDAVIN_G 10/DIFFIO_B7n/B3 ooooon
Y7 10B8 DSUMIN_F 10/DIFFIO_B10n/B3 00oooo
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W7 I0B9 SDAVIN_F 10/DIFFIO_B10p/B3 gooood

V8 I10B10 DSUMIN_E 10/DIFFIO_B11n/B3 oooood

U9 I0B11 SDAVIN_E 10/DIFFIO_B11p/B3 ooooog
W10 I0B12 TAC1_H 10/DIFFIO_B17n/B3 goooog
Vi1 I0B13 TAC2_H I0/DIFFIO_B17p/B3 goooog
W13 10B14 TAC1.G 10/DIFFIO_B21p/B4 gooood
Y13 I0B15 TAC2.G 10/DIFFIO_B21n/B4 ooooogd
U13 I0B16 TAC1.F 10/DIFFIO_B26p/B4 goooogd
V14 I0B17 TAC2F 10/DIFFIO_B26n/B4 ooooog
W15 I0B18 TAC1E I0/DIFFIO_B27n/B4 ooooog
V15 10B19 TAC2E 10/DIFFIO_B27p/B4 goooogd
W17 10B20 STOP1 10/DIFFIO_B29p/B4 TIPPET32 00O
Y17 I10B21 STOP2 10/DIFFIO_B29n/B4 TIPPET32 00O
W19 10B22 GPIO10 I0/DIFFIO_R34p/B5 ogdIo
W20 10B23 GPIO9 I0/DIFFIO_R34n/B5 odIo
W21 10B24 GPIO8 I0/DIFFIO_R31p/B5 ogd Io
W22 10B25 GPIO7 I0/DIFFIO_R31n/B5 0gdIo
AA22 10B26 GPIO6 10/DIFFIO_R35n/B5 oo I0
AA21 10B27 GPIO5 I0/DIFFIO_R35p/B5 oo Io
Y21 10B28 GPIO4 I0/DIFFIO_R33p/B5 oo Io
Y22 10B29 GPIO3 I0/DIFFIO_R33n/B5 oo Io
V16 10B30 GPIO2 I0/VREFB4N0/B4 0ogdIo
W14 I0B31 GPIO1 I0/VREFB4N1/B4 oo Io
AA1 10B32 DGND I0/DIFFIO_L27n/B2 oooooooo
AA2 10B33 DGND I0/DIFFIO_L27p/B2 gbooooood
AB4 I0B34 DACSDO_EF I0/DIFFIO_B8n/B3 DACOO
AA4 I0B35 DACSDO_GH I10/DIFFIO_B8p/B3 DACODO
AB5 10B36 DACSDI I0/DIFFIO_B91n/B3 DACOO
AA5 10B37 DACSCLK I10/DIFFIO_B9p/B3 DACODO
AB7 I0B38 | DACSYNCB_EF 10/DIFFIO_B12n/B3 DACOO
AA7 I0B39 | DACSYNCB_GH 10/DIFFIO_B12p/B3 DACOO
ABS8 10B40 DACRESETB 10/DIFFIO_B15n/B3 DACOO
AA8 10B41 DACCLRB 10/DIFFIO_B15p/B3 DACOO
AB9 10B42 INITB_EF 10/DIFFIO_B16n/B3 TIPPET32 00
AA9 10B43 INITB_.GH 10/DIFFIO_B16p/B3 TIPPET32 00O
ABI13 10B44 DOUT_E I0/DIFFIO_B19n/B4 TIPPET32 00
AA13 10B45 DOUT.G 10/DIFFIO_B19p/B4 TIPPET32 00O
AB14 10B46 SELIN_E 10/DIFFIO_B20n/B4 TIPPET3200
AAl4 10B47 SELIN_F 10/DIFFIO_B20p/B4 TIPPET32 00
T10 10B48 SELIN_G 10/DIFFIO_B14p/B3 TIPPET32 00O
U10 10B49 SELIN_H I0/DIFFIO_B14n/B3 TIPPET32 00O
R14 I10B50 DIN 10/DIFFIO_B32p/B4 TIPPET32 00O
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R15 I10B51 WCK 10/DIFFIO_B32n/B4 TIPPET32 00O
T14 I0B52 WR 10/DIFFIO_B28p/B4 TIPPET3200
T15 10B53 SELCK 10/DIFFI0_B28n/B4 TIPPET32 00O
AA15 I0B54 GPIO20 10/DIFFIO_B22p/B4 ogdIo
ABI15 10B55 GPIO19 I0/DIFFIO_B22n/B4 0gdIo
AA16 I10B56 GPIO18 10/DIFFIO_B24p/B4 oo Io
AB16 10B57 GPIO17 10/DIFFIO_B24n/B4 ogdIo
AA17 10B58 GPIO16 10/DIFFIO_B25p/B4 0o Io
AB17 10B59 GPIO15 10/DIFFIO_B25n/B4 ogd Io
AA20 I0B60 GPIO14 10/DIFFIO_B30p/B4 0ogdIo
AB20 I10B61 GPIO13 10/DIFFIO_B30n/B4 oo Io

V9 10B62 GPIO12 I0/VREFB3N0/B3 ogdIo

Y4 10B63 GPIO11 I0/VREFB3N1/B3 oo Io

B12 CLKO MINCLKIN CLKO0/DIFFCLK _5p/B7 oboooooooon
A12 CLK1 MAJCLKIN CLK1/DIFCLK _5n/B7 ooooooooon
G16 LED2 ULEDO I0/DIFFIO_T31p/B7 OO0 LED

G15 SW1 PSWO I0/DIFFIO_T30n/B7 goooog

O Cl.0O000oo0opooooobooooon
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