> 4 5 6
_ un  BANK2: 3v3
BANKI: 3v3
S o 10 LIP 3 CAM_STFRM_0
il \d 10 LIN_VREF 3 CAM D6 0
— 10_L1P_A25_I Jlos 7 10 L2P 3 CAM D7 0
HSWAPEN = 1: everybody floats during config e IO—LIN—AMI—(;/ l}gg—i 16 é 11(3)—];4271;—2 i[Ajl;(/[—3F (;{A L ISRV CL O
A <Zg 10 LON 1 1167 10 L7N 3 MCU_RXDO
BANKO: 3v3 m 10_L10P_| e 10_L8P_3 FPGA_CFG_MISO D)
R 10_L10N_I f==c I0_L8N_3 CAM_SYSCLK__1 BANK3: 3v3
TLA A7 10_L19P_| v 10 L9P 3 CAM_LINE_VALID_1 FPGA CFG CCLK )
- 10 L1P_HSWAPEN 0 2 II(())__Iilz%I;j 5(1) KPHY_RESETN IIOO_ _LL190I;§ gﬁﬁ:?%ﬁloBEfo Ulc 5;‘ g 23 2R;‘6
A I0_LIN_VREF_0 = 10_L20N_1 [ 10 L10N 3 CAM D7_1 - .
7 10_L2P_0 = 10_L21P_1 o 10 L11P 3 o 10_LIP_CCLK 2 5555
< 10_L2N_0 [ 10_L2IN_1 o 10 L1IN_3 AUX 29 A 10_LIN_M0_CMPMISO_2 =22
= 0 LN "0 oG8 10, 128N VREF | JJ-HLL 0 L2 3 R Z 10 E2N. CMPMOSI 2 [l +AB2L
10 L4P 0 2 10 L29P_A23 MIAI13 1 ég 10 _L24P 3 CAM_DO 1 =) I0_L3P_DO0_DIN_MISO_MISO1 2 ‘:‘égg
10_L4N 0 =< I0_L29N_A22 MIAI14_1 = 10 L24N 3 CAM_EN 1 10_L3N_MOSI_CSI_B_MISO0_2 =< {FPGA CFG MOSI
10_L5P 0 = 10 L30P_A21 MIRESET | [ 10 L25P 3 AUX 27 10 L4P 2
10_L5N_0 fJf2] T0_L30N_A20_MIA11_| =2 10_L25N_3 FPGA_RS485_1_DE I0_LAN_VREF_2 =1L
10_L6P_0 =25 10 L31P_A19 MICKE_1 =22 <Py TXDO 10_L26P 3 CAM D5 1 " o Lsp 2 2
10 L6N_0 =23 I0_L3IN_A18_MIAI2_1 PHY_TXD! I0_L26N_3 AUX 31 10 L5N 2 fi=AB10
10_L7P_0 =02 10_L32P_A17_MIAS | [f=23 ) 10_L31P 3 RS485 3 RO 10_L12P_DI_MIS02 2 k=3
10_L7N_0 =55 10 L32N_A16 MIA9 1 2 PHY 25MHZ 10 L3IN_VREF 3 RS485 0 RO I0_L12N_D2_MISO3 2 ==
10 L8P 0 =+ 10 L33P_Al15 M1A10 1 [=ts PHY INT N 10 _L32P M3DQl4 3 CAM D8 0 10 L13P_ M1 2 =
— — W A9 oo e W20 — e = = — = === W VIS5
BT B S B | B e Sl
10 L43N_0 =212 10 L34N_A12 M1BA2_| =18 10_L33N_M3DQl13_3 CAM_STLN 0 10 L14N_D12 2 f=5218
Shvacd BIE — o a R R0 e NS D e SRagecsd BAGE;
10_L45P_0 == 10 L35P_All_MIA7 1 2 PHY TXD2 10_L34P_M3UDQS 3 CAM_EXPOSURE 0 10_L15P_2 fom=rs
10 L45N_0 == 10 L35N_A10 MIA2 1 == PHY TXD3 10_L34N_M3UDQSN 3 CAM_EXPOSURE _|1 10 LI5N 2 =
10_L32p_0 =3 IO L36P A9 MIBAO_1 177 T0 L35P M3DQI10 3 CAM STROBE | 10_L16P_2 =824 MCU_AUX_PA20
10_L32N_0 f=sts 10_L36N_A8 MIBAI_I =i 10 L35N_M3DQI1 3 CAM _RESET 1 I0_L16N_VREF_2 ==X MCU_AUX_PBIS
] e s et vl e S Sy T
10 L34P_GCLK19 0 i(()) IO [38P A5 MICLK I 290 B I0_L37P_M3DQ0 3 AUX 26 10 L19P 2 gllg
10_L34N_GCLKI18 0 =¥ 10_L38N_A4_MICLKN_I == 10 L37N_M3DQI1 3 CAM_STLN 1 10_L19N_2 o=
10 L35P_GCLK17 0 = 10 L39P M1A3 1 = PHY RXD3 10_L38P_M3DQ2 3 CAM_FRAME_VALID 1 10 L29P GCLK3 2 B MCU_AUX_PCI
10 135N _GCLK16 0 =2l 10 L39N MI1ODT 1 PHY RXD2 10 L38N _M3DQ3 3 CAM DI 1 - 10 L29N GCLK2 2 MCU AUX PC2
10_L36P_GCLK15_0 = 10_L40P_GCLK11 MIAS 1 =20 B 10 L39P M3LDQS 3 CAM D4 1 10_L30P_GCLK1 D132 oo -
10_L36N_GCLK14_0 f=r=5 10_L40N_GCLK10_M1A6_1 == 10 L39N_M3LDQSN 3 CAM D3 1 I0_L30N_GCLK0_USERCCLK 2 ==5<CMCU_AUX_PC8
10_L37P_GCLK13_0 =5 10 L41P_GCLK9 IRDY! MIRASN 1 PHY RXDI I0_L40P_M3DQ6 3 CAM D6 _1 10_L31P_GCLK31_D14_2 =7ersKC MCU_FPGA_CS
O o o P 16 L42F GCLKT MIUDM | CLK 25M11Z 10, L41P GELK2? M3DO4 3 MR -0 L3P GCTR29 2 MCU ETX BN
10_L38N_VREF_0 =5 10_L42N_GCLK6_TRDY!_MILDM_| =5+ 10 L4IN_GCLK26 M3DQ5 3 FPGA RS485 4 DE 10 L32N_GCLK28 2 MCU_EREFCLK
10_L46P_0 =i15 10 L43P_GCLK5 M1DQ4 1 PHY RXDV 10 L42P_GCLK25 TRDY2 M3UDM 3 CAM PCLK 1 10 _L45P 2 MCU_ERX 1
10_L46N_0 === 10_L43N_GCLK4_MIDQ5_I =55 PHY RXCLK 10 L42N_GCLK24 M3LDM 3 CAM_PCLK 0 10 L45N 2 MCU_MDC
10_LA7P_0 e 10_L44P_A3_MIDQ6_1 {255 10 _L43P_GCLK23 M3RASN 3 RS485 4 RO 10_L58P_2 =~ CAM_D5 0
10_LATN_O 15 10_L44N_A2_MIDQ7_I f== 10 L43N_GCLK22 IRDY2 M3CASN 3 FPGA_RS485 1 DI 10_L58N_2 = ==n<C CAM DI _0
10_L48P_0 == 10_L45P_A1_MILDQS_| =57 10 L44P GCLK21 M3AS5 3 CAM D9 1 10_L41P_2 Qozen KO MCU_ERX_DV
10_L48N_0 = 10_L45N_A0_MILDQSN_| =25 10 L44N_GCLK20 M3A6 3 AUX 22 I0_L4IN_VREF_2 = MCU_ETX 0
10_L49P 0 = I0_L46P_FCS_B_MI1DQ2 1 [+ 10_L45P_M3A3 3 AUX 21 10 _L42P 2
10_L49N_0 ij 10 L46N_FOE B MIDQ3 1 2202 I0_L45N_M30DT 3 AUX 20 10 L42N 2 MCU_TXDO
10_L50P_0 ==~ 10_L47P_FWE_B_MIDQO_I =52 10_L46P_M3CLK_3 AUX 15 10 _L43P 2 MCU_ERX 0
10_L50N_0 k=<1 10_L47N_LDC_MIDQI_I =5 10 L46N_M3CLKN 3 10 L43N 2 MCU_ETX 1
10_L51P_0 =g 10_L48P_HDC_MIDQ8_I [ 10 L47P_M3A0 3 FPGA_RS485 4 DI 10 _L48P D7 2 MCU_ERX_ER
10_L5IN_0 =57 10_L4SN_MIDQY_I =% {PHY MDC 10 L47N_M3A1 3 FPGA_RS485 3 DI 10 L48N_RDWR_B_VREF 2 MCU_MDIO
10_L62P_0 g==7¢ 10_L49P_MIDQ10_! =52 10_L48P_M3BAO 3 AUX 2 10_L49P D3 2 CAM_EN 0
10_L62N_VREF_0 == 10_L49N_MIDQI1_| =55 < PHY MDIO 10 L48N_M3BAIl 3 FPGA RS485 3 DE 10 L49N D4 2 CAM D3 0
10_L63P_SCP7_0 === 10_L50P_M1UDQS_I [i=+-5> 10 L49P M3A7 3 AUX 17 10 L62P D5 2 CAM_SDA
10_L63N_SCP6_0 =¥+ 10_L50N_MIUDQSN_| =555 10 L49N_M3A2 3 AUX_16 10 L62N_D6 2 CAM D2 0
10_L64P_SCP5_0 == 10_L5IP_MIDQI2_| =55 {MCU_MOSI 10_L50P_M3WE 3 AUX 1 10 L57P 2 CAM_SYSCLK 0
10_L64N_SCP4_0 = 10_LSIN_MIDQI13_| fi=re52 10 L50N_M3BA2 3 AUX 0 10 L57N 2 CAM D0 0
10_L65P_SCP3_0 == 10_L52P_MIDQ14_| =552 {MCU_SCK 10 L51P_M3A10 3 RS485 1 RO 10 L64P D8 2 CAM D4 0
10_L65N_SCP2_0 = 10_L52N_MIDQI5_| =555 10 L5IN_M3A4 3 RS485 2 RO 10_L64N_D9_2 =i CAM _RESET 0
10_L66P_SCP1_0 == 10_L53P_| f=s 10 L52P_M3A8 3 FPGA_RS485 2 DE 10_L65P_INIT_B_2 =
10_L66N_SCP0_0 ff== 10_L53N_VREF_I [ 10 L52N_M3A9 3 AUX 3 10 L65N_CSO B 2 = {FPGA_INIT B
10 L58P 1 = 10_L53P_M3CKE_3 AUX 5
; Lelr LBl - - - R47
XCOSLXT5-3FGGABAC 10_L5§N_| =i 10_L53N_M3A12_3 AUX_4 XCOSLXTS-3FGGABAC FPGA_CFG_CsoYM 0 .
10_L59P_I s I0_L54P_M3RESET 3 AUX 7
10_L5ON_| =i 10 L54N_M3A11_3 AUX 6
10_L60P_1 s> 10 L55P_M3A13 3 AUX 14
10_L60N_1 [== <LED 2 10 L55N_M3A14 3 FPGA_RS485 2 DI
10_L61P_| f=re 10 L57P 3 AUX 24
D10 Mo o 10_L6IN_I f=ies I0_L57N_VREF 3 AUX 25
. 30 T 10_L70P_| B2 10 _L58P 3 FPGA_RS485 0 DI
LED_2)) AW 10_L70N_1 =22~ MCU_MISO I0_L58N_3 FPGA_RS485_0_DE
I0_L71P_1 = 10 _L59P 3 AUX 19
10_L7IN_| == 10 L59N 3 AUX 18
10_L72P_1 o 10_L60P 3 AUX 9
I0_L72N_1 o5 10 L60N_3 AUX 8
10_L73P_1 f=rs 10_L80P 3 AUX 32
10_L73N_1 s 10 L8ON 3 AUX 23
10_L74P_AWAKE_| <o 10 L81P 3 OSRT
10 L74N_DOUT BUSY_I == 10 L8IN 3 Tite Mobo: FPGA I/O 419 N. Shoreline Blvd
10 _L82P 3 AUX 12 e ‘{;.e mec AV e
2UETIDGSEHEE 10 182N 3 AUX 13 | Size: B Number:* Revision:A Lo View,
I0_L&3P_3 AUX 11 : ime: 1:07: : ‘ Onen Source Robotics Foundatior
10 L83N VREF 3 AUX 10 Dat;. 5/14/2013 Tlme. 1:07:11 PM | Sheetl of 13 http://osrfoundation.org
- - - - Designer: Morgan Quigley
XC6SLX75-3FGG484C

4

5




25 MHz clock
U35 3V3
4 I
VCC
3V3 drive DONE as push/pull via bitgen setting OS’? ; << CLK 25MHZ
GND 2 = Cl126
UIE
R43 Y22 oscillator 3.2x2.5 e
47 FPGA DONE >—=%+ DONE 2
AAl
FPGA_PROGRAM B> ~15°" PROGRAM B 2
> SUSPEND
L
= Gl15
FPGA_TCK p>—F2=> TCK . ) .
FEGA_TDL Y nioJRE 0201 jumpers which put the FPGA onto the external JTAG chain
FPGA TMS SS—C18) Tms - .
Dl FPGA_TCK 2R78 W— § EXTERN_TCLK
_I__E‘; VES FPGA TMS CR79 M 0 S EXTERN TMS
— RFUSE MCU_TDO p) MV <K FPGA_TDI
CMPCS ﬂ;ats Y20 CMPCS B 2 swap this jump\er I{g Oremove FP()GA/ from external chain
FPGA_TDO MV EXTERN TDO
XC6SLX75-3FGG484C MCU TDO §R81 DD 2 EXTERN TDO
Pullup flash CS/SCK when system is waking up 3V3
R61 U30 NOR Flash
4k
7 12 [ vee , U29 8 3_\1/_3
FLASH_SCK> 1A 1BI1 3 FPGA _CFG _CCLK VCC 3 ¢
7 1B2 5 MCU_SCK C 1 FLASH SCK R59 R60 J_C124
FLASH_MOSI>>—' 2A 2Bl 6 FPGA_CFG_MOSI S 5 FLASH_CS AKT 4K7 —_10011
9 2B2 11 MCU_MOSI DQO | 5 FLASH MOSI
3V3 FLASH_ MISO >>— 3A 3Bl ; 10 FPGA_CFG_MISO DQ1 | 3 FLASH MISO
T R62 4K7 12 3B2 ; 12 MCU_MISO W/VPP/DQ2 7
My 4A  4B1 3 FPGA CFG_CSO HOLD/DQ3 7
1 C125 FLASH_CS >>I 1 4B2 MCU_FLASH_CS VSS —5
T FLASH_SEL ) S PAD }
100n - 15 | OF
R58 8 N25Q =i
10k 17
+ GND
74CBTLV3257
FPGA owns flash when MCU doesn't assert FLASH SEL
. . ) OSRF
Tite Mobo: FPGA Configuration 415N, Shoreline Blvd @
Size: A Number:* Revision:A Il\jlgintam View, CA 94043
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3V3  UIF UlG UIH
Bll_ vccoo  vearr —RU Al 6np gnp R E8  Nc nNe X4
BI15 = 3V3 A2 L1 T3 T2
Blo i T NEl Y O e E10 | N¢ NC 53
5 VCCO 0 VCCAUX m' GND  GND E =0 NC NC —=
=-— VCCO 0 VCCAUX | 2 GND  GND — S NC NC —13
=4 VCCO 0 VCCAUX | LA~ GND  GND —3 S_— NC NC —p°
S5 VCCO 0 VCCAUX | 24— GND  GND —rr= Ge— NC NC —
=5 VCCO 0  VCCAUX | 22— GND  GND —“ =— NC NC —o0o
==~ VCCO0  VCCAUX | @' GND  GND —i¢ —— NC NC —b
o1 VCCO0  VCCAUX | =5— GND  GND —r "5~ NC NC —g
. VCCO 0 VCCAUX | +— GND  GND =5 NC NC —
- VCCAUX 25— GND  GND — = = NC NC —
E5— VCCO_I  VCCAUX =2— GND GND — e NC NC —%
. VCCO 1  VCCAUX | . GND  GND | ' NC NC |
(ﬁé . VCCO 1 VCCAUX I%' GND  GND %I Eg . NC NC 33
T1e— VCCO_I  VCCAUX | =5~ GND  GND —:5 T7e— NC NC —=
57— VCCO_I  VCCAUX v >~ GND  GND —5 o NC NC —5e
NIg | VCCO _1 IE GND GND E Ule | NC NC ; T10
51— VCCO_I  VCCINT = — GND  GND —=2 V1o~ NC NC —oo
U VCCOI  VCCINT | c— GND  GND —p= V1 NC NC —
w31~ VCCO_l  VCCINT | = GND  GND —5 s NC NC —x
. VCCO 1 VCCINT | ©— GND  GND —g51 S— NC NC —22
VCCINT . GND  GND | . NC NC |
Ml VCCO 2 VCCINT | I% GND  GND ~%I T NC NC 522
AA3— VCCO 2 VCCINT | == GND GND —z Ve NC NC —2
25— VCCO2  VCCINT | 5— GND  GND —~ wis— NC NC =2
AAS— VCCO2  VCCINT | 57— GND  GND —r0 Vi3 NC NC —<
S0 VCCO 2 VCCINT | ~>— GND  GND —-3 w5~ NC NC —
15— VCCO2  VCCINT | =5~ GND GND —= Wi NC NC —Z
o735~ VCCO2  VCCINT | 25— GND  GND ' NC NC |
Vie | veCO2  VCCINT | GNP = XC6SLX75-3FGG484C
vs | vCeo 2 VCCINT | = XCG6SLX75-3FGGA84C
we— VCCO2  VCCINT | =
. VCCO 2 VCCINT |
o VCCINT |
F4 | VCCO_3 VCCINT 3V3 VCCAUX, IO bankS 1,2,3
T VCCO3  VCCINT |
. VCCO 3 VCCINT | _{
$2_ veeo 3 1 ! | ! ! ! |
5| vecoss C46 52 C58 C77 80 Csl c82 83 C84
L2 yecos | 100u_| 100u | 100u [ 100u | 470 [ 47w [ 47 [ 47 | 4m
< VCCO_3 -
~=— VCCO_3 =
e VCCo 3
- VCCO 3
Y2 vCeo 3 V3
XC6SLX75-3FGG484C —{ I I ! ! I ! ! T I ! ! T |
88 C89 €90 91 C92 €93 €94 C95 C96 C97 C98 €99 C100 ==C101
| 470n | 470n | 470n | 470n | 470n | 4700 [ 4700 | 4700 | 470n | 470n | 470n | 470n | 4700 | 470n
v, VCCINT wv; 10 bank 0 (used to be 1.8v, not anymore)
—{C79 I 86 I 87 T C102 T C103 | C104 C78 [ 85 T C105 | C106
| 100u | 470 | 470 | 470n | 4700 | 470n | 100u_| 470 ]| 470n | 470n
: . OSRF
Tite Mobo: FPGA Power 415N, Shoreline Blvd @
0 o8 0918 g 0 . . ) L Mountain View, CA 94043
capacitor quantities from Xilinx design guide: UG393 Size: A Number: * Revision:A USA V.
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PAO/CAN_TX0/PWML3 lé% MCU _RS485 2 DE PB0/ETXCK / EREFCK | MCU_EREFCLK PC1 ﬁ MCU_AUX PCI
PA1/CAN_RXO iR PB1/ETXEN MCU_ETX EN PC2 /PWMLO | X6 MCU_AUX PC2
PA2/ ADO H10 F2 LV _EN PB2/ETXO0 MCU ETX 0 PC3 /PWMHO A0
PA3 /PWMFI1 / ADI1 11 TEMP_0 PB3/ETXI1 | MCU ETX 1 PC4/PWMLI1 I3
PA4/AD2 — F2 HV_EN PB4 / ECRSDV / ERXDV MCU_ERX_DV PCS /PWMHI —=—< MCU_AUX_PCS
PA5 / PWMFIO I PB5 / ERX0 | MCU_ERX 0 PC6 /PWML2 | K3
PA6 /NCSO0O/ AD3 GZH< F3 LV _EN PB6 / ERX1/PWML4 | MCU_ERX 1 PC7/PWMH2 MO MCU_RS485 MUX Al
PA7 /NCSI G PB7 / ERXER /PWMLS5 | MCU_ERX ER PC8/PWML3 | i) MCU_AUX PCS8
PAS8 /URXD /PWMHO MCU_URXDI PB8 / EMDC / PWML6 | MCU _MDC PC9/PWMH3 9 MCU_AUX PC9
PA9 /UTXD MCU _UTXDI PB9 / EMDIO / PWML7 MCU_MDIO PC10/ECRS HO
PA10/RXDO MCU_RXDO0 PB10/ UOTGVBOF PC11/ERX2 s
PA11/TXDO | MCU_TXDO PB11/UOTGID PC12 / ERX3 G10
PA12/RXD1/PWMLI ; EXTERN RO PB12/TWD1/PWMHO / AD8 SDA 1 PC13 /ECOL | F10
PA13/TXD1/PWMH2 | EXTERN DI PB13/TWCKI1/PWMHI1 / AD9 | SCL 1 PC14 / ERXCK GO
PAl4 ——=— PB14 /CAN_TX!/PWMH?2 - MCU_RS485 3 DE PC15/ETX2 —¢&2
PAI1S RS485 SEL PB15/CAN_RX1/PWMH3 /DACO MCU_AUX PBI15 PC16/ETX3 | FO
PA16/SPCKI1 /AD7 F3 HV EN PB16/PWMLO / DACI1 9V _EN PC17/ETXER EL0
PA17/TWDO0 / SPCKO CAM _SDA PB17/RF/PWMLI1 / ADI10 F1 HV_EN PC18 / PWMH6 D12
PA18/TWCKO | CAM_SCL PB18 /RD /PWML2 / AD11 TEMP_1 PC19 / PWMH5 W FO HV_EN
PA19/MCCK /PWMHI1 MCU_RS485 MUX_ A0 PB19/RK/PWML3/AD12 F1 LV _EN PC20 /PWMH4 | C6
PA20/MCCDA /PWML2 MCU_AUX PA20 PB20/TXD2 /SPI0_NPCS1/ADI13 FPGA_TDI PC21 /PWMLA4 5
PA21 /MCDAO/PWMLO FO LV_EN PB21/RXD2/SPI0_NPCS2/AD14 FPGA _TDO PC22 /PWMLS5 TB5
PA22 / MCDA1 / AD4 | LED 1 PB22 FPGA_TMS PC23 /PWML6 G
PA23 /MCDA2 / ADS | LED 0 PB23 /SPI0_NPCS3 FPGA PROGRAM B PC24 /PWML7 W MCU_FPGA_CS
PA24 / MCDA3 / AD6 | 3V8 EN PB24 /SCK2 /NCS2 | FPGA TCK PC25 A
PA25/SPI0_MISO MCU_MISO PB25 EXTERN DE PC26 D6
PA26/ SPI0_MOSI MCU_ MOSI PB26 FPGA_INIT B PC27 —p7—
PA27/SPI0_SPCK MCU_SCK PB27 MCU RS485 MUX_ A2 PC28 @ MCU _RS485 0 DE
PA28 / SPI0_ NPCS0 FPGA_DONE 3B PC29 —E <K FLASH_SEL
PA29 /SPI0_NPCSI1 MCU_FLASH_CS PC30 —
U3A U3C
s s s D2 3V3
bhnklng I ghtS PD0/MCDA4 ——<K MCU_RS485_4 DE
PD1/MCDAS | )
Dy PD3 /MCDAT 3
\ R8&3 330 E4
LED 1)) >| AW | PD4/ TXD3 —2 MCU MUXED DI
— PD5/RXD3 %) MCU MUXED RO
- PD6 / PWMFI2 MCU RS485 1 DE
A PD7 —22 - o
D9 74 PDS - F1
LED 0 ))> >| REF w230 PDY —
L pD10 —5
U3D
VBUS - 34 3V3  12C pullups MDIO pullup more 12C pullups
DHS DP i)
D M R63 R64 RS2 R92 R93
DFS DM M2 2k2 2k2 2k2 2k2 2k2
ER {SDA_1 {scL_1 {MCU_MDIO {camM_spAa KK cAM scL
. . OSRF
Tile Mobo: MCU I/0 419 N. Shoreline Blvd @
Size: A Number: Revision:A Il\jlgintam Wiy, Gt SREE
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13
MCU_UTXDI 12
MCU_URXDI 3 4
3v3 MCU_ERASE 5 6
EXTERN_A 7 8
L — 9 10
EXTERN B )—— 11 12 —

EXTERN TDI
MCU_NRST
EXTERN TCLK
EXTERN TDO
EXTERN TMS

U3E

X1
XIN>3_ L I I:I I 3 E(XOUT
C32 2 ——C44
. GND
T iop +74 gND 10p
—  CRYSTAL —

ADVREF '_<M1 1 MCU_VDDA
J8
NRST i
JTAG SEL —2%
SHDN IG
TST 1 76
FWUP ;
XOUT 32—\
XIN 32—
XIN ol XIN
XOUT Ka XOUuUT
NRST B —p= MCU NRST
PCO/ERASE 1 MCU_ ERASE
PB28 / TCK / SWCK 11:1143‘ EXTERN TCLK
PB29/TDI D EXTERN_TDI
PB30/ TDO / TRACESWO 2 MCU_TDO
PB31/TMS /SWDIO EXTERN TMS

Tite Mobo: MCU Configuration

Size: A

Number:

Revision:A

Date: 5/14/2013

Time: 1:07:12 PM
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3V3
oy EE [T T S s v
— L11 Cc22 C23 C24 C25 C26 Cc27
VDD A —pe~—< MCU_VDDA 10u 100n | 100n | 1000 | 100n | 100n
VDD I0 —=
VDD 10 —n2 ==
VDD_I0 — -
M7
VDD OUT
VDD_CORE —pg =28 —T_C29 ——C30 ==C31 J—(:33 L1l
VDD CORE
VDD:CORE | Eg | 4.7u | 100n | 100n | 100n | 100n
VDD_CORE —22
VDD_CORE —2= —
VDD PLL MCU VDDA >
M3 C129 C130
VBG | 10u 100n
R48 _—C21
GND - Eg 6k8 1% 10p -
GND G7
GND Gs
GND Go6
GND V1o
AGND P
GND_PLL —&
GND_UTMI —3
GND BU
U3G —
: . OSRF
Tite Mobo: MCU Power 115 N. Shoreline Blvd @
Size: A Number: Revision:A Ihjlé)xntam VA, (O Sl
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CAM_SYSCLK

1
1
1
1
CAM_LINE VALID 1
1
1
1
1
1

CAM _EN_

CAM DO_
CAM D2_

CAM D5_
CAM D6_
CAM DS§_
CAM D9 _
CAM D7_

%

O J DN W =

11

15
17
19
r 21
+ 23
+ 25
r 27
+ 29
+ 31

—
F3_POWER >>E:

33
35
37
39

F2_POWER >>E-
RS485 2 B :
RS485 2 A :
FI_POWER >>E-
RS485 1 B :
RS485_1_A :

41
43
45
47
49
51
53
55
57
59
61
63
65
67
+ 69
71
73
75
77
79

J1

p UL

CAM D3 _1
CAM D4 1
CAM D1 _1
CAM_FRAME_VALID 1
CAM_STLN 1
CAM_PCLK_1
CAM_SCL
CAM_STFRM 1
CAM_RESET 1
CAM_STROBE 1
CAM_EXPOSURE _1
CAM_EXPOSURE_0
CAM_STLN 0
CAM_LINE_VALID 0
CAM D9 0
CAM D8 0
CAM_FRAME_VALID 0
CAM D7 0

CAM D6 0
CAM_STFRM 0
CAM_STROBE 0
CAM_PCLK 0
CAM_SDA
CAM D4 0
CAM_RESET 0

CAM D5 0
CAM D1 0
CAM_SYSCLK 0
CAM_DO 0
CAM D2 0
CAM D3 0
CAM_EN 0

4 fingers @ 1.5A =3 pins * 4 =12 pwr, 10 gnd

1 pwr, 1 gnd for palm

5 channels rs485 = 10 pins

total fingers + palm = 34

21 signals per camera = 42

1 power, 1 gnd per camera = 4

total gnd: 10 fingers, 1 palm, 2 cams = 13

Tite Mobo: Backplane Connector

OSRF
419 N. Shoreline Blvd
Mountain View, CA 94043
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12
MDO+ ———KTXRXOP 100m
<< PHY_DVDDH MDOCT —%
1 5 MD0- ——— < TXRX0 N
PHY AVDDH ) —>— AVDDH TXRXP A ﬂé TXRX0 P G B » y
75— AVDDH TXRXM A - TXRX0 N * e LEDI A  MDI1+ 'ﬁ<TXRX1_P o T
. AVDDH . 1 MDICT —3 ¢
” TXRXP_ B ﬁg TXRX1 P PHY LEDI »»—— LEDI C MD1- ————< TXRXI N
PHYAVDDPLL% o AVDDL_PLL TXRXM B - TXRX1 N .
PHY AVDDL 5— AVDDL . MD2+ 'ﬁ< TXRX2 P, 00
. AVDDL TXRXP_C -QZTXsz_P G o MD2CT — )
10 TXRXM C - TXRX2 N MW LED2 A MD2- ——<K TXRX2 N
PHY_DVDDH >)¢7c— DVDDH G " .
34— DVDDH TXRXP D ﬂé TXRX3 P PHY LED2 )>—=— LED2 C  MD3+ 'ﬁ< TXRX3 P ., 0
. DVDDH TXRXM D - TXRX3 N MD3CT —5 )
PHY DVDDL > ig . DVDDL TXD3 - ;? PHY TXD3 Tl i 15 g et ol MPs . R75<TXR1>;3[_N
~+— DVDDL TXD2 55~ S PHY_TXD2 tsable the 12> mhz otuput ¢1oc SHIELD AV 1
5=— DVDDL TXD1 #45<SPHY_TXDI PHY RXDV ~TNETIER —
5~ DVDDL TXDO =2~ PHY_TXDO o =
o~ DVDDL GTX_CLK =5c<CPHY TXCLK e ohy address: 0x07
DVDDL TX_EN - PHY TXEN :
3 vss.ps RXD3/MODE3 +=52<< PHY RXD3 A Sinole LED mode
— 251 Vss RXD2/MODE2 <7< CPHY_RXD2 = PHY DVDDH ) &
= . PAD_GND RXDI/MODE1 >~ PHY RXDI G RGT
RS54 ., 4k99 1% 48 el 5 S5 PHY. RXDO 22 10k
MW i ISET RXDV/CLK125_EN #5=<C(PHY_RXDV < PHY DVDDH
—|—: 5 RX_CLK/PHAD?2 - PHY RXCLK . {PHY_INT N { CLK125 NDO
= PHY_LDO O »)>—— LDO_O 36 10
i MDC # PHY MDC e B
CLK125_NDO p>—o=t CLK125_NDO/LED_MODE MDIO =2 < PHY MDIO L6
PHY_LED2 p>—5=1 LED2/PHYADI INT N ———<<PHY INT N T—f“’W\l _T_ T T T<< PHY AVDDH
PHY LEDI LED1/PHYADO o 145 o o o e | a5
PHY RESET RAMP D2 RESET N " 47u TlOOn l 10n 10n 10n
XI =——<<PHY_25MHZ —
U2
V3, y
PHY DVDDH
T L8 e AT P C57 —T—css T C54 T Cs5 T<C56
! ’_Wj_ _T_ _E - - 47u TlOOn 10n 10n | 10n
C59 C60 C61 C62 C63 C64

ilOOn | ton | an 10u TlOOn 1 1on

L9
.—fW‘V\l T T((PHY_AVDDL
C65 C66 C67 C68
10u 100n_ | ton | ton
this allows warm reset. see KSZ9021 datasheet =
PHY DVDDH ) L10
D6 RS5 C69 C70 C71 C72 C73 C74 C75 C76
10k D7 tou L toon | ton ] ton [ ton [ ton | ton | 10m
PHY RESET RAMP ) >| <{{PHY RESET N
——C45
10u
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uU10 3V3 Ull 3V3
. }0 cmH 100n . }0 C118H 100n
VL VL 3V3 U3l
RO g RS485 0 RO RO g RS485 1 RO 1 12 vCC 2
DE — RS485 0 DE DE — RS485 1 DE J—cm RS485 0 DI ))>——— 1A 1Bl | = FPGA RS485 0 DI
RE — RE [ T loon . 1B2 — MCU_MUXED DI
DI ﬁ RS485 0 DI L DI ﬁ RS485 1 DI L RS485 0 DE )>——— 2A 2Bl = FPGA RS485 0 DE
A5 C{RS485 0 A = A C{RS485 1 A = —— c 2B2 3 MCU_RS485 0 DE
B B S RS485 4 DE )>——— 3A 3Bl ! FPGA RS485 4 DE
R10 R11 10
- o - e | R74 - 3B2 7 MCU RS485 4 DE
GND GND RS485 4 DI ))——=— 4A 4Bl : FPGA_RS485 4 DI
11 11 10k = 13 = =t
PAD - CRS485 0 B PAD - C(RS485 1 B 4B2 MCU_MUXED_DI
o o RS485 SEL ) L s - -
MAXI3431E — MAXI3431E — - 15 s
GND
U12 3V3 Ul13 3V3 _ | 74CBTLV3257
. 10 0119H 100n e L ClZOH 100n —
VL L VL —.
MCU owns rs485 channels unless it drives RS485 SEL low
RO gjglzsmgs_z_}zo RO ~§j§RS485_3_RO
% — RS485 2 DE % 5 RS485 3 DE 3_1,_3 e
5 5 16
DI ——<Rs485 2 DI = DI ——<Rs485 3 DI = 7] VeC 5
A C{RS485 2 A A CRS485 3 A | RS485 2 DI )>——— 1A 1BI | FPGA_RS485 2 DI
9 e 9 - =—C132 — 3 - e
B " B - 100n - 1B2 — MCU_MUXED DI
- e - o RS485 2 DE )>——— 2A 2Bl = FPGA RS485 2 DE
GND —= GND — — : 2B2 —= MCU _RS485 2 DE
PAD q CRS485 2 B PAD q CRS485 3 B - RS485 1 DE ))>——— 3A ;gé 1o i/f((j}UA _RRSS44;855_11 _];)EE
MAXIIBIE = MAXIIBIE - == RS485717DI>#' 4A 4Bl }‘3‘ FPGA RS485 1 DI
1 4B2 - MCU MUXED DI
RS485 SEL Hls S
U9 3V3 U28 3V3 8 | (031]le
. L0 0121H 100n . L0 C122H 100n 177 =
VL L VL .
= 74CBTLV3257
RO g RS485 4 RO RO - g EXTERN_RO
DE RS485 4 DE DE - EXTERN DE
== 4 = 4
RE RE =3 V3 U33
DI ——<CRS485 4 DI 1 DI ——<K EXTERN_DI L T 16
A {RS485 4 A— A CEXTERN_A = VCC
B - B —2 N 1 1A 1Bl 2
R9 R51 =—Cl133 el 3
GND —3- 120 GND —3- 120 100n = T 2A 2B = =
PAD q CRS485 4 B PAD q CEXTERN_B — 2B2
TR — - TR — - = RS485_3_D1>H9. 3A 3Bl }(1) FPGA RS485 3 DI
= = . 3B2 7 MCU_MUXED DI
RS485 3 DE ))——=— 4A 4Bl T FPGA RS485 3 DE
1 4B2 - MCU RS485 3 DE
U34 3V3 RS485_SEL )>—5— S
RS485 2 RO g - S1 VDD }é } Cm” QUL 1§ . GND
RS485 1 RO = S2 EN — L . GND
RS485 0 RO - S3 A0 MCU_RS485 MUX_A0 = ——
= 4 Al g MCU RS485 MUX_Al = 74CBTLV3257
—|—: RS485 4 RO 51 S5 A2 MCU_RS485 MUX_A2
=~ RS485 3 RO =— S6 -
=— 7 D ———<<MCU MUXED RO
- S8
12 . . PC. OSRF
= OND TPAD Tile Mobo: RS-485 419 N. Shoreline Blvd @
vss —L Size: A Number: Revision:A Il\jlggntam View, CA 94043
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Low-voltage High-voltage Power metering
24V 3V3
Ul4 1 U23 | C9__[|100n
o FO HV_EN é INPUT ve L J—cm . VS+ 2 ) —;—
uls Cll_||4.7u rR3s¢ 7] NC | 5 o [am PP OWERD>—— VBUS  SDA jgsm—l )
5 , I e e NC GATE e 5~ VIN+ SCL —3 SCL_1 5175
FO LV_EN 2 INPUT vi L —|—: —— NC . —— =— VIN-  ALERT —— T
—— NC . Q2 s 5~ GND  SOURCE s [ GND Al —
— NC GATE 4| - GND L L AQ
R36g _8 | = |
10k 491 | GND  SOURCE | LI D2 a1 = MIC5060 INA226 =
- GND >| M ¢ {F0_POWER
—  MIC5060 24V 3V3
Ul6 1 U24 | C12 || 100n
oy F1_HV_EN 2o INPUT vi L | o1 . Vst —2 =
u17 Cl4_||4.7u R37S T Ne GATE L5 13 [ 470 TLPOWER >0 MG 22225—1‘ )
2 1] ] 10k 8 — 9 3 3V3
F1 LV _EN 3 INPUT V+ — 7 NC 3 — + VIN- ALERT 1 —l—
—— NC s Q4 - 5— GND SOURCE - . GND Al —-¢
e GATE 4| - GND L | AQ
—— NC
D p—
10k ;1 | GND SOURCE | LI 3 A = MIC5060 INA226
- GND >| MV L <F1_POWER
—  MIC5060 24V 3V3
Ul18 1 U25 | C15_|[100n
INPUT v+ e . s+ —2 L
—_ - NC s —105 | 47u F2_POWER p>—c— VBUS SDA — SDA 1 =
. B\e GATE - u—} ' 5~ VIN+ SCL — SCL_1 515
F2 LV_EN == INPUT Vi - NC : - — = VIN-  ALERT —— T
—— NC - GND SOURCE - = [ GND Al —
rao s —51 NC GATE - - GND L L A0 ——<<SDA 1
—— NC — =
10k 491 | GND  SOURCE | LI D4 ce o = MIC5060 INA226
- GND >| M s {F2_POWER
—  MIC5060
24V 3V3
U20 1 U26 | CI8 || 100n
ov F3 HV_EN 2 INPUT v+ L | 1o . vs+ —2 =
Wl €20 [147u Rat + =77 NC | s 107 47 F3_POWER »)>—+— VBUS SDA — §SDA1 -
5 , I ok 3 —5 NC GATE e 5~ VIN+ SCL :<<3 SCL_1 515
F3_LV_EN 2 INPUT vi L —|—: —— NC . —— =— VIN-  ALERT —— T
—— NC . 08 s 5~ GND  SOURCE s [ GND Al —
R2Y 5 II:IIS GATE 4| - GND L = A0 ——KsCL 1
10k 491 | GND SOURCE | LI D5 1o = MIC5060 INA226
- GND >| MW ¢ {F3_POWER
—  MIC5060
Tite Mobo: Finger Socket Switching OSRF
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1 2 3 4

3V3 Supply s 9V finger supply ..y
Us U6
| GNID NS gg | GND VN 33 C5 || 100n 3V34 o 12 R22 10
. GND VIN —3 . GND VIN —5 1 VS IN+1 AV <{3V3 SHUNT
. GND VIN —5 . GND VIN —5 —|—: " | o R23
. GND VIN - . GND VIN - - . VPU
| GND vy Gl | GND vy Gl 3V3 100n 0ROl 3V3
== sy EEL C34 [[2.2u 50V =t o C35 |[2.2u 50V 1 R4 w10k 10 1 o L R25 \\\ 10 T
| ChID F7 ! | GhD F7 ! "E_gngiglli—g' WELINING 15 R28 10
. GND  SHARE —— . GND  SHARE ———= ¢——"AM————— CRITICAL IN+2 AV < 1V2_SHUNT
| GND RT _G7 RL .\ 49k9 | GND RT _G7 R3 . 49k9 -
v v R29
| GND ADJ I({}g R2 o 154k | GND ADJ I({}Z RA_ o 48K R30 ,,, 10k 13 .. lcgon R s
. GND SYNC —g2 . GND SYNC —g2 . ” RAI 0
 GND  PGOOD —= —L  GND  PGOOD —= —L SDA_IZ;E- SDA IN-2 v
. GND AUX = . GND AUX = SCL_1 . SCL
. GND BIAs 03 24V . GND BIAS —O3 2 A0 IN+3 —2—
. GND  RUN/SS - . GND RUN/SS :
N 3 aw D s
. GND VOUT - . GND VOUT - . GND .
. GND VOUT - . GND VOUT - — IN-3
. GND VOUT . GND VOUT =
INA3221
. GND VOUT . GND VOUT
. GND VOUT . GND VOUT
. GND VOUT . GND VOUT - ” QlO 4y
. GND VOUT - . GND VOUT - ' q - os
. GND  VOUT . GND  VOUT Qo mayesediotee pE! I PM ’
VOUT - VOUT - Screw terminal: digikey #A98036 ) iJ_
VOUT VOUT - DI
——=Cl134 R90
VOUT VOUT a1l ——c36 10V Zener 1000 50V 10M
v v 10u 25V 100k
LTMS8023 LTMS8023 e 3.8V Camera SUPply 24V i ¢
= U22 =
. GND VIN gg
1V2 Supply 24y G VN e
GND VIN
g . GND VIN —H2
G3 Gl
. GND VIN . GND VIN
| GND VIN | gg | GND VN HI C38 22u50V
. GND VIN . GND
H) F7
| GND VN HL C39 ||22u50V | GND AD] _HI RS0 \"T30k
G6
. GND . GND SYNC
. GND  SHARE % 05k - GND  PGOOD —H& L
: GND RT 07 My 953k > GND AUX El -
. GND ADJ —c= A . GND BIAS —p=
. GND SYNC —2 . GND RUN/SS - {3V8 EN
. GND PGOOD —= . GND
F5 — | .
O Ao T &b vour |
. GND RUN/SS —H2 T . GND  VOUT -
. GND . GND  VOUT -
. GND VOUT . GND VOUT
. GND VOUT . GND VOUT
. GND VOUT . GND VOUT
. GND VOUT - . GND  VOUT -
. GND VOUT VOUT
. GND VOUT VOUT
. GND VOUT - VOUT
. GND VOUT - VOUT
¥88$ | LTM8023
VOUT
VOUT Tite Mobo: Power Supplies oy Shoreline Blvd @
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J5
12 AUX 9
b' 3 4 AUX 13
56 AUX 23
AUX_10 78 AUX 32
AUX 11 9 10 AUX 12
AUX 15 1112 AUX 14
AUX 22 13 14 AUX 16
AUX 19 15 16 AUX 18
AUX 21 17 18 AUX 17 3V3
AUX 27 19 20 -
[ 21 22 1 T
AUX 31 + 23 24 AUX 7
AUX 26 + 25 26 AUX 8
AUX 29 + 27 28 AUX 6
AUX_30 29 30 | AUX_5
t 31 32 AUX 4
— AUX 24 + 33 34 AUX 3
= AUX 20 + 35 36 AUX 1
AUX 25 37 38 | AUX 0
AUX 28 39 40 - AUX 2
Tite Mobo: Auxilliary FPGA Connector OSRE . @
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