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1) USB Differential Pairs - 90 Ohm Revision History
Rev ECN # Approved Date Approved by Notes
(A) XDS—D—P and XDS—D—N El N/A 9/12/2022 UR Original engineering release
(B) USB—D—P (GPIO42) and USB—D—N (GPIO43) 1. Cosmetic changes to PCB silk screen
E2 N/A 04/08/2023 UR 2. GF"I_OA:]Z arlu(iﬁ)PIO%S traces fgr USBUdf(t:a
2) ADC Differential pair Impedance Matching - 50 Ohm ik i
(A) HSEC_ADC even pins should match with HSEC_ADC + 1 pin(ie ADC-C2 should match with ADC-C3)
(B) MCU_ADC even pins should match with MCU_ADC + 1 pin(ie MCU_ADC-AO should match with MCU_ADC-A1)
3) ETHERCAT Differential pairs - 100 Ohm
(A) TD_Pand TD_N
(B) RD_P and RD_N
4) CLK Paths - 50 Ohm
(A) F28P65x_25MHz_CLK
(B) PHYO_25MHz_CLK and PHY1 25MHz_CLK
.
e _ B
Reset Button USB Type -C ng LEDs
=
: olo
t <«—>
EMU_3V3 Sheis B i P JTAG + UART FSI Header
LDO r—p (4pin JTAG) <«—> Digital [solation 20MHz Single
£ emusvo : F28Pe5X [N Ended Oscllator
- i
EMU_5V0 3v3
() = ¥ ISO_Pout_SV0 | o, or Selecti 5V0 Dual ——3 Vot
USB Type - C > USE:,L?;E:“' P witch > pepe vz muzitigi‘:wg gt’f‘f’:r «— ! 26MHz Single
: nded Oscillator
Cold Side i
:
ETHERCAT
HSEC_5V0 2 i (—)‘

180 pin HSEC Connector

v

RJ45 wiMag

ETHERCAT
di:ithams

Power to the MCU is either supported by the USB-C on the left or the HSEC 180 pin.
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PWM1A
PWM1B
PWM2A
PWM2B
PWM3A
PWM3B
PWM4A
PWM4B
PWM5A
PWM5B
PWM6A
PWM6B
PWM7A
PWM7B
PWMSA
PWM8B
SPI-A_PICO
SPI-A_POCI
SPI-A_CLK

EtherCAT_PHY1_TX_D3
QEP1-A
QEP1-B
QEP1-S
QEP1-I
SPI-B_PICO
SPI-B_POCI
SPI-B_CLK
SPI-B_PTE
SCI-A_RX
SCI-A_TX
CAN-A_RX
CAN-A_TX
12C-A_SDA
12C-A_SCL

SPI-A_PTE

SD-D1

SD-C1

SD-D2

SD-C2

SD-D3

SD-C3

QEP2-A

QEP2-B

QEP2-S

QEP2-|
EtherCAT_PHYO_Link Active LED
EtherCAT_PHY1_Link Active LED

EtherCAT_PHY1_Strap0/RX_DO
EtherCAT_PHY1_Strap9/RX_D1

EtherCAT_PHY1_RX_CLK
EtherCAT_PHY1_RX_DV/Strap10
EtherCAT_PHY1_RX_ER/Strap6

Boot Mode Selection Switches

BOT
122 CU_GPIO36
124 CU_GPIO38
126 CU_GPIO61
128 CU_GPIO78
130 CU_GPIO65
132 CU_GPIO67
134 CU _GPIO110
136
138___MCU GPIO112
140 ___MCU GPIO73
142 CU_GPIO126
144 CU_GPIO77
146 CU_GPIO79
148 CU_GPIO81
150 CU_GPIO83
152 CU_GPIO85
154 ___MCU_GPIO87
156____MCU GPIO89 __ HSEC 5V0
158 T
160 CU_GPIO91
162 CU_GPIO93
164 CU_GPIO133
166 CU_GPIO128
168 ___MCU GPIO95
170 ___MCU_GPIO116
172
174
176 @
178 ERRORSTS HSEC_5V0
180 T

CU_GPIOO F8, | | AL3 CU_GPIO80 F
GPIOO GP1080
CU GPIOL_A7 P12 _MCU GPIos1 | :
cUcploz 7] SF10L GPICBL [545,5Neu~Gpiom? | 180 pin HSEC Connector
CU_GPIO3 C7, GPIO3 GPI083 |,012 CU_GPIO83
CU_GPIO4 D7 GPIO4 GPI084 |29 CU_GPIO84 Boot Mode Selection Switches l
CUGPIOs __e7,| SP104 P08 [hce _MCU Gpioss 1
CUGPIO6__F7,| SP1O° ShIose [hBe _MCU GPioss
CU GPIO7 a5, | SP108 GPI080 [Sae _MCU Gpiosy |
CUGPIOB i, Sh1O7 P08 [hee _MCU Gpioss 0
CU_GPIO9 E1. | GPIO9 GPI089 |.,C6 CU_GPIO89 3v3
CU GPIO10 D4, | o110 aPI090 |HRE6—MCU_GPIO90 |
CU GPIOLL 4| or 100 P08y [iEs _MCU Gpioot | Ro04 R205
U CPioTs o3| SPI012 cpioo2 (Ao — g EE0cE 470k 470k
ORI B§1«> GPIO13 GPI093 <u§5 SO aPIoST | et ToP  BOT EC2
CU_GPIO15 c%‘; 2’5:81‘5‘ gg:gg‘s‘ ﬁzx CU_GPIO95 | EMU 1 1 EMU 0 TOP
CU GPIO16 b3, | orlOt® ShIooS [5B4_MCU GPIO96 | MCU_TMS 3 CU_GPIO104 121
CU GPIOL7 _E 4__MCU_GPIO97 MCU_TCK 5 MCU_GPI0223/TDO CU_GPIO37 123
CU_GPIO18 F%‘; gg:gg gg:gg; ﬁz CU_GPIO98 | 7 MCU_GP10222/TDI CU_GPIO60 125
MCU GPIO19 & 1__MCU GPI099 = HSEC_ADC AOAL P 9 10 CU GPIO62 127
MCU GPIO20 _cp,| SP1O20 corao®S [GEa__MCU GPIO100 | SPI-C_PICO (Micro-SD Card) : =  HSEC_ADC AOAL N 1 12 HSEC _ADC BOBL P CU_GPIO109 129
[MCU GPIO21_ D s _MCU GPIO10L | SPI-C_POCI (Micro-SD Card) GND 5 14 HSEC ADC BOBL N, — CU_GPIO66 131
[TMCU GPIo22 ag,| SP1021 RO [S1s MCU GPIO102 | SPI-C_CLK (Micro-SD Card) 1 HSEC ADC A2A3 P 16 GND CU_GPI068 133
P P - -
CUaPiost x| SP10Z3 6PI0108 [ IRt T I — S HSEC ADC BES N Ve GRIOTI 1
CU_GPIO25 A1 16 _MCU GPIO105 1 HSEC_ADC A4A5 P 21 2 =  MCU GPIO72 130
CU_GPI026 ng';,‘; gmoze SRl :’El CU_GPIO106 = HSEC_ADC _A4A5 2 24 HSEC_ADC B4B5 P GND CU GPIO74 141
CU GPIO27 o135, Sh1020 SPIo10¢ [iFz_wicu GPioior ko HSEC ADC_A14BL4C14A15B15C15 P 25 26 HSEC ADC B4B5 N. — CU_GPIO76 143
CU GPIO28 11| G2_MCU_GPIO108 | HSEC_ADC_A14B14C14A15B15C15 28 HSEC ADC C6 GND CU_GPIO108 145
CU GPI020 _pag,| SP1028 o [ea_wcu cpioi0g I 5 30 HSEC_ADC C4 CU_GPIO80 147
CU GPIO30 10| P2 _MCU_GPIO110 HSEC_ADC_C2C3 P 2 CU_GPIO82 149
CU GPIO31 _pg.| Sh1930 GPIOL10 1% 13 MCU GPIOILL 1 HSEC_ADC C2C3 N 34 HSEC ADC A8A9 P CU GPI084 151
MCU GPI032 14| SP1O31 GPIO111 1%, MCU GPIO112 | 36 HSEC ADC ABA9 N MCU_GPIO86 153
CU _GPIO33__Ru gg:ggg gg:gﬂg [C33_MCU GPIO113 | HSEC ADC CI0CLL P 38 MCU_GPIO88 155
cxisel on: e oo ! 5, R e e
CU GPio3s p1st| GPIO3S GPIOL15 (988 S ChioTT6 | o 4 GND HSEC 5Vv0 — CU_GPI092 161
CUGPIo37 "] GPIose GPIOL16 (91— E—ChioTTo HSEC_ADC-VREFHI 26 GND CU_GPI094 163
5 MCU_GPI038 M1%‘>g ey GPIOL19 (<5150 | 7 28 CU_GPIO127 165
CU GPIO39 _uiz,| SP10%8 o [Lz__McU Gpioi122 | CU_GPIO0 49 50 CU _GPiO4 MCU GPIO147 167
CU GPIO40 _p13,| SP10%9 o122 [SMr_NICU GPIOL23 | EtherCAT PHYO_PowerDown/interrupt | | = CU_GPIOL 51 52 CU_GPIO5 e MCU_GPIO115 160
© MCU GPIO41 R GPIO41 GPIO124 |<k8 CU GPIO124 EtherCAT_PHY1_PowerDown/Interrupt ' GND CU GPIO2 53 54 CU_GPIO6 =3 171
iy S etz [y Coo : s G =
[ MCU GPIO26 _F14.| SP1045 GPIO126 [ MCU GPIO127 | | MCU GPIO8 57 58 HSEC GPIO12 177
[2 MCU GPIoa7 14| or 1040 o2 [oMo_MCU GPIO128 | CU_GPIO9 59 60 HSEC GPIO13 179
CU GPIO48 ris,| oh1o*7 2 [ilo__MCU GPIO129 | EtherCAT_PHY1_TX_EN | CU_GPIO10 61 62 CU GPIO14
CU GPIO49 _p1s,| SP1048 o2 4710 MCU GPIO130 | EtherCAT_PHY1_TX_CLK/Strap5 HSEC GPIOLL 63 64 CU_GPIO15 =
CU GPIOS0 P14, | SP1049 P oray [oN13_MCU GPIO131 | EtherCAT PHYL TX DO | 65 66 GND
CU GPIOSL 14, | SP1050 O [4T14 MICU GPIO132 | EtherCAT_PHY1_TX_D1 | CU GPIO16 67 68 CU_GPI020
CU GPIO52 15| 2315 _MCU GPI0133 = CU_GPIOL7 69 70 CU_GPIO2L
GPI052 GPI0133
CU GPIO53 N6, | orO%2 SPIO 32 [oR14 MCU GPIOI34 | EtherCAT_PHY1_TX_D2 | GND CU GPIO18 71 72 CU_GPI022
MCU GPIO54_mi13,| or'9%s O3 [Gtis MCU GPIO141 | EtherCAT_PHY1_Strap8/RX_D2 0 MCU _GPIO35 73 74 MCU_GPI023
MCU GPIOS5 w14,| o128 o [H14 MCU GPIO142 | EtherCAT_PHY1_Strap7/RX_D3 MCU_GPI024 75 76 MCU_GP1028
MCU_GPIOS6 w5, | or' 920 o2 [JH15_MCU GPIO145 | EtherCAT Error LED | HSEC GPIO25 77 78 MCU_GPI029
CU GPIO57 w6, | or 930 SPIo14° [oH16 MCU GPIO146 |  EtherCAT_Run LED | HSEC GPIO26 79 80 MCU_GPI030 HSEC 5V0
CU GPIO58 L1 12 _MCU GPIO147 HSEC_GPIO27 81 82 MCU_GPIO31
CU GPIO59 L1 gg:ggg 25:8132 6 15 NMCU G148 EtherCAT_PHY_0_Link Status LED | 83 84
CU GPIOB0 w15, | SP1o°0 o e [4B12_MCU GPIO149 | EtherCAT PHY 1 Link Status LED 0 CU_GPIO32 85 86 CU_GPIO34
CU GPIO6L ka6, | Sh1O%0 o4 [JA12 MCU GPIO150 | EtherCAT_I2C_SDA (EEPROM) = CU_GPIO33 88 CU_GPIO39
G GPIoss kg GPIo62 criotsy [k IEy SUSIE NS EeAT e | NP eTchion S MCU origte
| E11_MCU GPIO152 | i
CU GPIO64 ki3] gg:ggi gg:gigg SD11 MCU GPIO153 | EtherCAT_MDIO | MCU_GPIO96 94 MCU_GPIO97 HSEC 5V0
CU GPIO65 K12 GPIO6S GPIO154 |CLL CU_GPIO154 Clock Source Selection ' MCU_GPIO98 95 96 MCU_GPIO099
P P
B gﬁ 8:82? ] gg:ggg gg:gigg ﬁﬂ SB 238 gg EEE:;%Q¥:§§$BTTX_EN | CU_GPIO48 gg 230 CU_GPIO54
CU GPIO68 ci16,| oh1o07 o0 [iE10 MCU GPIOI57 | EtherCAT_PHYO_TX_CLK/Straps | = CU_GPI049 To1 102 CU_GPIO55
P P P P
i s e e n o Mo s
5ef GpI070 GPIO159 [<S Ll
CU GPIOTL 15, | Sh1070 O 4810 MCU GPIO160 | EtherCAT_PHYO_TX_D2 | CU_GPIO52 107 108 CU_GPIO105 HSEC 5V0
CU GPIOT2 _a1s,| SP1072 P oro9 [GEe__MCU GPIOI161 | EtherCAT_PHYO_TX_D3 | CU_GPIO53 109 110 CU_GPIO106
MCU GPIO73 D14,| o972 SPIOe [3A8 _MCU GPIO162 | EtherCAT_PHYO_RX_DV/Strap10 112
[ MICU_GPIO74 _c14,] SP1O73 SIoo2 [i88_MICU GPIO163 | EtherCAT_PHYO_RX_CLK | [ 114
[ MCU GPIO75 14, SP1O71 SPIOL0% [ic8_MICU GPIO164 | EtherCAT_PHYO_RX_ERIStrap6 | = 116
CU GPIO76 _a14,| orO7° SPI0164 [SEe__MCU GPIO165 | EtherCAT_PHYO_Strap0/RX_DO GND 118 V2
CU GPIOT7 _F13,| SP1070 SIo0% [485_MICU GPIO166 | EtherCAT_PHYO_Strap9/RX_D1 | 3v3 120 MCU _XRSn
CU GPIOT8_E13,| ohiO”7 00 [iEs_MICU GPIO167 |  EtherCAT_PHYO_Strap8/RX_D2 |
5 MCU _GPIO79_D13,] oriore ol [iFs _MICU GPIO168 | EtherCAT_PHYO_Strap7/RX_D3
orors L o e
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-—— - - - - — — — — - — — — — — — —
e e L L T e e e e e C L L L L e L E T T |
" 3v3 3v3 3v3 3v3 | : |
' T T ' 3v3 MICI’O-SD Cal’d '
R ulc S ' User L E DS R34 R35 l : —|_ '
| 680 680 | J_ 1
CU TCK R13 16 ERRORSTS C37 '
R202 CU_GPIO222/TDI Tiz | oSk GPIO224/ERRORSTS [t | 0.1uF | | c36 JEED lra7 |
2.20k CU_GPI0223/TDO R1s.| SP10222/TD1 | Lrag Lrao | oluF 3100k | 3100k |
MCU TMS T13 ?&'50223”[)0 1 $15M $1.5M N N | ' l
16 F28P65x CLK = D3 D4 =i J2
GPIO42 MCU D N E16.| op1042/USB0DM GPI0220/X1. < R38g | GND N !\\ | | GND 1 'ne . 0
GRIO43THT] MCU D P D16.) GP1043/USBODP GPI0221/x2 | SLe— P10 10069 | U10 N ' : mgﬁ gg:gigg g 1CS O |
DI —0
3v3 J16 VREGENZ XRS G14 MCU XRSn ' MCU GPIO31 1] 1A D 1y b6 : ' MCU GPIO102 g VDD o '
TMS320F 28P650DKIZE] | 2 5 6| S o |
Ra6 L | GND vee | MCU_GPIO101 i —_ |
0 :|_: av3 I MCU GPIO34 3. on —D>— ov b4 | | 539, —0 |
GND SN74LVC2G07DBVR ' ' S1 S3
| R4z [5o ] St S8 s |
= | | | 10,0k s2 s4 I
R42 GND 0 = | | |
1 2 3.3k GND
L e e e e M |
3 oo 4 ' — '
= s _[ e e e e e e e e e ey | GND |
GND Reset Button :I:giip F : l————-——-———-——-——————-——-
| Reset&Vo]ta eMon' . -..----—-------—-----------l
= itoring for 3.3V & 1.2V r . .
GRD | 5v0 g g : | Boot Mode Selection Switch :
| cs1 |
_---------------------------------l| l_ ™ : : 3v3 3v3 0
r = I
| | = 0.1uF | s3
: 1 FSI-RX_DO 2 FSI-RX_D1/GND 0! N s 21 voo e ls Ras 0 wouxesn : I Ll o o |
3 FESI-RXCLK 4 GND | | "|' | —Mcu cpio72 Re&2 2 5 Re3 MCU_GPIO84 |
| | | L] SENSE 3 | | 56k s X [ o 50K |
| FSI Header 5 FSI-TX_DO 6 FSI-TX_D1/GND i cr —i | | |
26| == 5 = =
: 7 FSITXCLK 8 GND I : 2 6l W ono a0 : | = = :
0.1uF
9 KEY 10 3v3 | | .
: 0! TPSST0SA43IDSERQL L L : 1 Boot Mode Selection Chart |
1 . ) 1! ava ava GND  GND s | | Mode # GPIOT2 GPIO84 Boot Mode |
Pin 9 of J1 is cutoff to key the connector | | T T | |
| 1 ca0 lre1 | | 00 0 0 Boot from Parallel GPIO_ | g
: MCU GPIO12 | | lRs1 krsa _|__| l— iz 733K : | 01 0 1 Boot from SCI / Wait Mode | ||
>10.0k $10.0k = 0.1uF _— R49 0 MCU_XRS
| HSEC GPIO12 R45,, O 338 338 MCU_GPIO11 : : GND " voo RESET -2 - | : 02 ! ° Boot from CAN :
2 7 R212 0 MCU GPIO115
: MCU GPIO13 1 2 1 R9g,, 0 HSEC GPIOL1 I | < gé\{l'l:()) wol : I 03 1 1 Boot from Flash / USB |
6 SET1 Woo 8 o —— MCU_XRSn
| HSEC GPIO13 R47,\ 0 1 3 = McU_GPIO25 ll r | L------------—---------—-l
l' |—4«> CRST R78 -0 MCU GPIO116 - - —— —— — —— ——— —— —— — — ————
| mcu Gpio26 5. = R9§,, 0 HSEC GPIO25 I | VDD_1V2 | r |
| usec epiozs Rrsg,. 0 I 7 8 b 18] sense GND |5 | : |
S = = av3 ¥ PAD I Clock Source Selection
| | |
MCU_GPIO27 " 9 10 | S2 TPS3850G12QDRCRQ1 1 |
| | - L 1l 6 o4 = | MCU_GPIO154 ..
| HSEC GPIO27 Rs§,, O | = = GND | |
| | | GND GND R33 2 5 R52,, 0 | | |
. ' 3 c\ f [ DEFAULT: Watchdog output disabled for XRSn. l l PHY0 CLK
| o [
' = l l Populate R55 to enable functionality ' ' '
GND ' ' R60
e S2 Switch e 0
s = LI = L !
. |
o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 0 MCU GPIO154 4 |
(i |
Place near B1 2™ | |
: 20MHz Clock 25MHz Clock w e ® | [ :
3v3 C43 7AN /\
T 3v3 [| 6 3! Res 100! | F2spesx 2smHz cik | | | R66
l cis2 T i : VDD YO ' | 0 |
l I I C153 Y3 | Y2 = 0.1uF vi b8 R67,  10.0 PHY0O 25MHZ CLK ' | PHY1 25MHZ CLK |
GND
: . 0.1uF 41 vob ouT 3 20MHZ CLK L 0.1uF 41 vop ouT 3 25MHZ CLK 1 CLKIN Y2 5 R68‘w' 10.0 PHY1 25MHZ CLK ' l 20MHZ CLK an :
| GND GND 3v3 va b7 | | 1
0 =1 O GND 2—_|_ 1] O GND 2—_|_ R73 A oo L2 | : F28P65x_CLK |
' PLMK6CE02000CDLFT = PLMK6CE02500CDLFT = 0 ' l l
= GND = GND R75
GND GND LMK1C1104PW ' 0
| =— | | F28P65x 25MHZ_CLK :
[ 1 1 | ey
' GND GND Orderable: TMDSCNCD28P65X Designed for: Public Release [Mod. Date: 5/15/2023
l .
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50 Ohm
9 VDDA 3V3 U23A
-—— — — ——— — ———— ———— — — —— — —— —————————————— ———— ———— ———— ———— ———— —————— ————— -
r | 2| i VouT L6 ADC 3v0 REF
5
: Uo : TRIM/NR
U20 3 4
| HSEC ADC AOAL 4| o e L HSEC ADC AOAL P I LS il
% B HSEC_ADC_AOAl N HSEC ADC A14B14C14A15B15C15 P 14 | .. Ne |1 HSEC ADC A14B14C14A15B15C15 P C62 C120 REF5030AIDR C121
| HSEC ADC A0A1 13 ps. Ne |3 HSEC_ADC_A2A3 P NG |2 HSEC ADC A14B14C14A15B15C15 N | 0.1uF | 2.2uF 1pF
' NG |2 HSEC ADC A2A3 N HSEC ADC A14B14C14A15B15C15 N 13 f ..~ NG | -8__HSEC ADC C2C3 P U238 A
HSEC ADC A2A3 12.] o NG |8 HSEC ADC A4A5 P NG |-4___HSEC ADC C2C3 N '
| o | HSEC_ADC_A4A5 N HSEC ADC C2C3 P 12.] pos NG |6 HSEC ADC C10C1l P | Ne 7o
HSEC ADC A2A3 1 o, NG | 7__HSEC ADC CIOCIL N BNG
| HSEC ADC C2C3 N Ul po | = one |83 =
| HSEC_ADC_A4A5 9 pas | GND GND
R HSEC ADC C10C11 P 9 pa+
| HSEC _ADC_A4A5 8] ps. oND |10 GND |5 l REF5030AIDR
| HSEC ADC C10C11 N 8] ps. onp |10 |
| TPD6EO5UOBRVZR = 1 | -
| GND T PDSEOSUOBRVIR = I Ext. V_REF Selection
| GND | S6 (POS 2) ADC_REF
' U2l | 1 HSEC_ADC-VREFHI
I 22 | 0 ADC_3V0_REF (DEFAULT)
| HSEC ADC C6 14| pe = | HSEC ADC C6 ' V-
| HSEC _ADC BOB1 14| e N L HSEC ADC BOB1 P NG -2 HSEC ADC C4
2 HSEC ADC BOB1 N HSEC ADC C4 1 3 HSEC ADC A8A9 P . . .
| HSEC ADC BOBL o . NC S HSEG ADG B2B3 P Sef D1- NC HSEG ADG ABAG N : Voltage reference Configuration Switch Truth Table
4 HSEC_ADC_B2B3 HSEC ADC_A8A9 P 12, | 6 H DC_Al0A1l P
| HSEC ADC B2B3 ] o, Eg 5 NSEc ADC BIBE P D2+ :g > - De ATOAIL N ' S6 (POS 1) | S5(POS1) | S5(POS2) | C2000ADC V_REF DESCRIPTION
7 HSEC ADC B4B5 N HSEC ADC A8A9 N 1 -
: HSEC ADC B2B3 u | 02, NC o D2- ' 1 1 1 Int. V_REF NC - No reference input
HSEC ADC A10A1L P %l D3+ | 0 0 0 Ext. V_REF ADC_REF
| HSEC ADC B4B5 9 pa+ am |
onp L8 HSEC ADC A10A11 N 8| ps. el T |
| HSEC ADC B4B5 8| ps. N |20 | B
| 1 HSEC ADC-VREFHI
1 TPD6EO5UOBRVZR = | —
l TPD6EOSUOGRVZR = GND ' S6 Switch
| GND |m————————— POS 1 POS 2
| | U1A Place near U1 Int.V REF o 1 o4
| == <= o R196 R57
HSEC ADC AOAl P R172,,, 0 MCU AOAL P | EE TR G VREFHIA M2 2 5 ADC REF
| HSEC ADC AGAL N R173 v 0__MCU AOAL N o po | HU/DACA °\ f o0k
| HSEC_ADC_A2A3 P R174,. 0 MCU A2A3 P ) Vo N3 s VREFLOA |-ML 3 ) A 6
HSEC ADC A2A3 R175 ,,, O CU A2A3 | Bl e Cc122 C123
| HSEC ADC A4A5 P R176,,, O CU_A4A5 P ) MENEYZE A S6 1pF 1pF
HSEC_ADC_A4A5 R177 ., O CU_A4A5 ‘ LEEYS
' I en D —_ —_
| 4u>P A6/GP10209 GND GND
| HSEC ADC Agh P =C= R178,., 0 MCU ASA9 P == | Ro' | N OPA4350EA/250
HSEC ADC A8A9 N R179,,, 0 MCU A8A9 N ) | M| e ADC 3V0 REF
| HSEC ADC A10All P R180,,, 0 MCU A10A11 P N 1 T8, |
HSEC ADC A10A1l N R181,,. 0 MCU _A10A11 N ‘ v R8. | A11/GPIO214
' HSEC ADC A14B14C14A15B15C15 P R182,,, 0 MCU A14B14C14A15B15C15 P ) | RL| sia/Bla/c1a
| HSEC ADC A14BI4C14A15B15C15 N R183,,, 0 MCU A14B14C14A15B15C15 N ) 1 R2
v o« ] A15/B15/C15 R197
| HSEC ADC BOB1 P =_= R184,.., 0 MCU BOBl P == | T2 R4
| HSEC ADC BOB1 N R185,,, 0 MCU BOB1 N N 1 T3 Sg’%’igg EUT RREGHIE
HSEC ADC B2B3 P R186,,, O CU B2B3 P ‘ v R3 | o> = VREFLOB T4
| HSEC ADC B2B3 R187 ., O CU_B2B3 ) | P3 | B3
HSEC ADC B4B5 P R188 ,,, O CU B4B5 P 1 P c
: HSEC ADC B4B5 N R189,,° 0 MCU B4B5 N ) v N%D Sg;gg:g;ig
o
{ o2 B6/GPIO207
| | 55+ B7/6PI0208
| “ P8 B8/GPI0217 -
| =n8] posariozie S Sl
| | 224 BiosGpiO219 POsS - P05 2
P40 ga1
: : eRs | ols Int.V REF o 1 o 14 o IntvREF
R198
| | %j CO/GPI10199 VREFHIC |2 2 :\ /: 5
| HSEC ADC cacs P == R190,,. 0 __MCU C2C3 P == 4 g;’GP'OZOO VREFLOG 1 sl N 4_ls
HSEC ADC C2C3 N R191,,,'0 MCU C2C3 N v 5| <5/6pi0206
| HSEC ADC c4 R192 "0 _MCU C4 N s, | Soeri0200 S5
I | 2Ll cochiozo $R199  $R200 ¢R201
HSEC ADC C6 R193, 0 MCU C6 k5| Coromionoa 01 01 S01 ADC REF 12
v K
| | 85 C7/GPI0198 "
| | H C8/GP10202 _| ce3 _| ciis_| cii9 OPA4350EA/250
| Hsec abc ciocii p == R194,,, 0 MCU C10CLL P == | = S%GP'OZM a7uF | a7uF | 47uF VDDA 3V3
' HSEC ADC C10C11 N R195,.,°0 MCU CI10C11 N ) 1 k2 | 77 C124
-—— o ———————————— ——————— — —— — ] o o =} = o = = e e J e ] e e ] e o e ] e e KL ] 7 24D H
ADC_AOA1_P and ADC_AOA1_N make a differential pair using TMS320F28P650DK9ZE] L L 15 " UndE 0.1uF
channels A0 and A1 respectivly. GND GRD 14 al, v L1
+ 2
. . w pn 3 = D
If you wish to use AO or Al independently the "_P" refers to the first oD OPA4350EA/250 a8 N oNe 27
ADC channel (For example AO in "ADC_AOA1"). Additionally the "_N" Unused OP-AMP OPA4350EA/250 =
refers to the second channel, (Al in "ADC_AOQOAL"). GND
NOTE: C6 and C4 are not differential pairs | 1 l 1 1 1 l 1 1 1 1 l ] Orderable: TMDSCNCD28P65X | Designed for: Public Release [Mod. Date: 5/12/2023 i
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NOTES:

HSEC 5V0

TP4

VDDIO 3V3

TP6

VDD_1V2

TP7

TP8

Tl

ND

@

[m————— e

Dual DC-DC (5V to 3.3V & 1.2V)

TP5
1 3v3
5V0 R2 —[
470nH 0
TP9
@]
LR53
USB_5V0 5V0 >100k cas SR30 R94
Ro3 —_— $88.7k C49 680
A N 10pF 22uF
0 u1s
N
lRoo 21 ving swi -8 _ b7
b3 - X
<0 11 3 R97 ,,. 0O A GND X
M2 el o «| Bright Green
PG1 2 V2
8 Ent ——L2 $R95 —
swa |22 Y R101,,, 0 319.6k GND
L 10 enz 470nH
FB2 ot
SR103 c50
210.0k pGa |13 R82,, 0 MCU XRSn _-— LR102 N
C53 =/— =——C54 10pF  {68kcC125 =
10uF 10uF ) 5..| [T . 22uF GND
GND 2 / L
125 COMP/FSET GND |2 onD
TPS62442WRQRR LR206
R171 i > 68Kk
15.0k =
GND
GND GND GND GND  GND GND

VDD _1V2 uU1D
F9
VDD
Fég VDD vss ﬁis
11 VDD VSS G5
VDD VSS
K8 | vpbp vss 22
VDDIO 3V3 ko | Voo ves [Ce10
VSS G11
iﬂ VDD3VFL vss :3
VDDA 3V3 Vel ng HE
I e vss [
VDDIO 33 YRR ves e
= 2L \opio vss [
25 vopio vss -2
24 vopIo vss =
Hs VDDIO VSS T16
5 VDDIO VSS
J10 Ve M3
K7 VDDIO VSSA T
K10 VDDIO VSSA T1
T15 VDDIO VSSA T
VDDIO VSSA
E15 | \pposc vssosc |-FL2
TMS320F 28P650DKIZE]
GND

1) TPS62442 Dual DC-DC provides an output current of 2A/2A or 3A/1A, this amount of

current capacity should not be necessary for certain applications using F28P65x. This is just

necessary for the control card design
2) Alternative part: TPS62441 Dual DC-DC provides an output current of 1A/1A

3) DC-DC can be used without supervisory circuit in specific applications by considering the

slew rates of MCU and DC-DC for proper reset.
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|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Decoupling Capacitors

Place near Ul

VDD_1V2

VDDA _3V3

Place near Ul

A
n © N~ [co) (2] o — o o™
n n Te] 0 n © © ™ o™
O O O] O (@] o O (@] O
S Jo o Jo Jo o Jo NN
T [ I e O [ N |
= c f= = f=4 = c = c
T m m m m T m T m
GND GND
VDDIO_3V3

TN

8

o © ~
Ol O] ©O

Joc]
O

~ N ~
(] O (¢ O O
IS S e SO IS S e e S S S S e o o
= (= [ (=S =S =S [~ [~ [~ S = S = = = (= = =
c e e |l [l 12 1 |1 [ |l |l | | [ | |e
oMo m mofmommom mmmmm o mm T
GND

b -

r

Ferrite Beads

Place near Ul

c84
10uF

I———

9]
Z
o

|
| |
| |
| |
| |
| 3v3 VDDIO_3V3 |
| —|_ L3 T |
' 60 ohm '

|
|
| c64 c65 |
I 2.2uF 2.20F 1
| 1 1 |
| GND GRND :
|

|
: 3v3 VDDA 3V3 |
I i L4 1 !
' i 60 ohm i :
! C66 c67 |
: :|:2.2uF 2.2uF '
I — — I
| GND GND :
|

|
: 12 VDD_1V2 1
| L5 —|_ |
| 220 ohm J_ |
| |
| |
| |
| |
| |

|

10uF

.|||_|
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1 ‘ 2 ‘ 3 ‘ 4 5 6
| Y |
I 3v3 I
I EtherCAT EEPROM I c6 I
1
| I | = EtherCAT PO
| U16 owF = | GND
I 1 - - 8 :R105 R106 GND I u25
I 2 7 4.70k 4.70k I av3 33 Thermal_Pad ModeSelect |2 3 15
I - " | T R108 75T |482__MCU GPIO155 R32 l? Place near J5 D+ 1
3 | e P MCU_GPIO151 MCU_GPI0123 21| oWRDN/INT 270K GND DIIQ
| | 270K 12 MCU GPIO152 c87 ||100nF o
I 4] yss soa |8 MCU GPIO150 | ) I 3v3 5| 1ot AN
— . — — [ 1 R109,,, 64% 10 | paias MDIO kel MCU GPIO153 1 1 css j|uwF SIG S
| CAT24C16WI-GT3 = R107 ,,, 2.20k = =
] | PHYO CLK  GND _ : . cext 12 GND GND .
| = |I====== J_ Place near PO % I N [s23R88 0 MCU GPIO156 |cgg |coo e 2
GND = 7
I________I MCU GPIO163 R114 . 33.2 19 | o CLK/SOMHZ RMIL x D3 |s27R83 0 wMcu cpioi6l [22uF  [ou Place near J5 RD+ 3
sRes R89 sR111 — = X Do |26R84 ALY CU_GPIO160 DG
$2.49 249k 3249 s [25RE6_ "0 MCU GPioiss T C95_||100nF o
MCU_GPIO162 R115 ., 332 18 — 24R87 "0 __MCU GPIO158 — 6 AN
MCU GPIO166 RIL6 vyy 33.2 15| DXCDVICRS DV/Strap1o Tx_bo GND C96 ||1uF RCT —9)||@ aa
CU_GPIO167 R117 . 33.2 14 StrapisX_DZ > v L8 == PHYO TD N =
CU_GPIO168 R118 . 33.2 13 raps/iy._ - 7 PHYO TD P GND
2 Strap7/RX_D3 TD_P
CU GPIO164 RL19 \\\ 332 20 ) RX_ER/Strap6 — 8 ro- L— 6
MCU_GPIO157 R120, 33.2 22 = P! 4 PHYO RD N
R 335 o~| TX_CLK/Strap5 RD_M — PIVO RD P
R W335 2%»% COL/LED2/TX_ER/GPIO/Strap4 RD_P O o Ja
WA= 0| CRS/LED3/Strap3 1 —— NC —\NW\—E J5
LEDO/Strap2 VDDIO
R123 | R124 | R125 31 1 10
CLKOUT/LED1/Strapl D1+ NC J7
MCU_GPIO165 R126 ,,, 332 16 ] Strapo/RX DO VorreE |IE L2 oo NG |2 10 [CHSGND VAVW\J: I8
X X X
] ] S tru12 fR113 JR127  lR128 3 8
N N J 2249k 3249k 3249 $2.49K DP83826IRHBR GND GND MCU_GPIO58 12
3v3 7
= = = T_Riz1,, =] P e e R132,,, 470 u |
GND GND  GND I e R129 MCU_GPIO148 3v3
= = = = 249k R134 | = MCU GPIO148 1
GND GND GND  GND co8 —  TPDA4EO5U0BDQAR = GND | Shield |13
= c97 = — €100 GND GND R135,,, 470 2 ohioid |14
—— i ———— —— ——— — — — — — —— ——— = GND 22uF 0.1uF C99 —— _L
r | 47uF | 0.1uF =
GND 7498010210A
: Run and Error LEDs : - - I [150005E
3v3 = =
I V18A Red I GND GND R136
MCU_GPIO145 1 6 1 2 R137 = 1.00M
| D8 P 127K | GND ETH1_EARTH
| | Place near J5
, uise Bright Green , — EtherCAT P1
i MCU_GPIO146 3 4 1 “ 2 R138 I =
| > »y 680 | e u26 16
| lr130  LR140 U18C | avs 33 { Thermal_Pad ModeSelect |+Z Place near J6 S | 1o+ — 31
| 215M  $1.5M | R142 =57 l32_Mcu cpioiss R4 = OIIG
SN74LVC2G06DBVR MCU_GPIO124 21 2.70K GND €102||100nF
I T €103 I 4.‘7‘0‘k PWRDN/INT MDC (12 MCU GPRIOLo2 MCU_GPIO152 S TCT AN
1 0.1uF C104|| 1uF OIIQ
| | | @
= = 3v3 R143,,. 6.49k 10 | paia MDIG ladd__MCU GPIO153 1 = =
| GND oo | | = = = © = GND =
| | GND | EHYLCLK GND I = XI/50MHzIn CEXT 2 GND 41 1o L— 2
- an cxp cxp cEp cEp ED cEn CED =D eED e = - e e e Place near P1 b_8 | X0
R91 0 _MCU_GPIO129
T _EN (22RO C105 _|c10 Place near J6 7 RO+ — 33
SR130  lR133  SR145 ) 22uF  |0.1
3249k 3249k  32.49K ML CRIO8 R 332 19 RX_CLK/50MHz_RMII ot m ?i’fo ,'.','8 MSB 81?8134 ’ ‘ C111]|100nF biid o
3v3 D1 lL25R144 070 MCU GPIO132 _ 6 | mer AN
MCU_GPIO70 R149 33.2 18 = 24R203,°"0 MCU GPIO131 — C112|| 1uF DIIQ ~
CU GPIO64 R150 V332 15 zi(_Dg///g;SSlDV/Straplo TX_DO VW GND = j:: 0O
CU_GPIO141 R152 .. 33.2 14 rapa/my._ 6 == PHY1 TD_N GND =
WA Strap8/RX_D2 TD_M
R151 CU GPIO142 R153 .. 33.2 13 | o s e = PHYL TD P 8 | ro. %
2.20k MCU_GPIO71 R154 " 332 20 ] SR e -
MCU_GPIO130 R155,,, 33.2 22 = p 4 == PHY1 RD N
R156 " 7335 > TX_CLK/Strap5 RD_M 5 PAYL RD P ) J4
Rie W35 23“% COL/LED2/TX_ER/GPIO/Strap4 RD_P 0TS — 1 nC —\NW\—E J5
WA= 22 CRS/LED3/Strap3 v
LEDO/Strap2 VDDIO J7
MCU GPIOG3 Riss 332 2 CLKOUT/LED1/Strap1 . L2 pa+ NC (22 10 1 CHSGND J\M/\—E J8
: Strap0/RX_DO VDDA3V3 L2 pa- NC
LIR159  }R160 3 [ onp |8 MCU_GPIO59 12
3220k $2.20k SR146 LR147 LIR161  $R162 DP83826IRHBR |
249k 32.49k 2249k $2.49k 3v3 7 R167,,. 470 | 11
R163 MCU_GPIO149 T__Ru66 ,,, %E oot e e [
I e 249K 3v3 = MCU_GPI0149 1
= = R168 _ | GND | Shield |13
GND  GND 1 1 N —  TPDA4EO5U06DQAR = 2 ohio |14
= = = = = Cl13=—= Cll4—— GND GND R169 ' 470
GND GND GND  GND GND 22uF 0.1uF C115=—=C116 =
a7uF | 0.auF GND 7498010210A
C117|]10000pF
= = R170 Place near J6
Refer Application Notes for PHY boot strapping configuration: GND GND Gﬁ) 1.00M ETHL_EARTH
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USB- Type C Connector - Data Peripheral to MCU

I VBUS_5V0 I
| T . |
| Y |
| B |
A4 B4
| VBUS VBUS X |
I A9 VBUS VBUS B9 I
USBDN A7 B7 USB DN
I USBDP A6 | ony N [[B6_USBD P I
| u13 |
| AS | ssTxni ssTxnz [-E2 = — o~ |
A2 corvpi cotxp2 B2 GND USBD P i+ NG |10 USBDP R8O ., 0 MCU D P [ GPIO43
| USB D N 2 i R ) USB D N R81 ,,, 0 MCU D N | GPIO42 |
| P20 ssrxnz ssRxN1 (210 s . |
——== SSRXP2 SSRXP1 p—— GND GND
| MCU GPIO44 MCU GPIO44 MCU GPIO44 MCU GPIO44 |
AS BS = 7 =
I cet ce2 GND MCU GPIO&4 5, oo e e MCU GPIO44  GND I
: LA8 ) sput ssu2 [-B8 :
| ALl oo onD Bl TPD4E05U06DQAR
AL2 B12 |
ML GND GND M2
| GND GND |
| S . . sS4 |
Shield Shield
| S2 1 shield Shield |22 |
| 632723300011 |
| GND GND |
VBUS 5V0
N
USB 5V0 LRr79 Switch Truth Table
$5.1k USB_5V0
3 . MCU GPIO46 MCU_GPIO44 STATUS DESCRIPTION USB_MODE
U I __21;5': 1 (HIGH) UB_CC1 & USB_CC2 are pulled up Host mode
T 4./u
iR31 )
+ggJF 5:1(:;.Ok 1roo 0 (LOW) UB_CC1 & USB_CC2 are strongly pulled down Device mode (DEFAULT)
$100k
USB EPEN | MCU GPIo44 J§ MCU_GPIO44 u14 I
MCU GPIO44 ﬁ) ﬁ) 5 out |t GND  GND B
G G RS NOTE: USB VBUS_5VO0, PFLT & EPEN do not have a specific mux
N oc |3 USB-PFLT _ R85 MCU_GPIO120 LT —
10.0k o position in this device.
4 En GND |2 . .
In this controlCARD, a standard GPIO is used to detect changes to
= TPS2051BDBVR these signals.
GND =
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1 2 ‘ 3 4 5 6

. NOTE: for TYPE C, the USB2.0 OTG device is referred as a Dual Role Port (DRP)
.
.
. . . . . .
e e e e e e e s s — — — — — — — — — — — — — — — — —— — — — — — — . DRP can function either as a USB host or USB peripheral, the selection choice depends on the
F : . channel configuration (CC1/CC2).
. . . . .
USB- Type C Connector - XDS110 : 1. USB host (DFP) - Use pull-up resistors on CC1/CC2 ; Provides Vbus to the attached peripheral
| | : 2. USB peripheral (UFP) -Use pull-down resistors on CC1/CC2 ; monitors Vbus to establish a data
| | . connection and/or power on board circuits
| EMU_5V0 | .
T 3
| | : : .
| 1 (Cold Side) : (Hot Side)
.
.
: " h \f lX : E------------------------——-’---------------------------l
o
.
| A4 8 (| USB Isolated Power : |
1 Ao ] VBUS VBUS [—2 1 | . |
VBUS VBUS M
| XDS D N A7 | ot bz | BZ_XDS D N | | E |
| XDSD P A6 | o1 Dp2 | B6 _XDS D P = EMU_GND | | EMU 5V0 o |
.
' ' ' EMU_5V0 . '
| = ﬁg SSTXN1 SSTXN2 gg | | c21 . 1
I = SSTXP1 SSTXP2 I I l— H 1SO Pout 5v0 I
. _Pout
2 A10 B10 10uF .
SSRXN2 SSRXN1 |—===— N
| ALL | Sorxps corxpl |BLL | | s EMU_GND STE DLA |
| RI6 xpscecr  as | .o cca |-Bs xps cca RI7 | | R18 DIIQ ’1 |
| 5.1k 51K | | —c22 %o 2 1 |
. . vce D1
| £A8 1 spus sBuz B8 | | 0.1uF |
EMU_GND EMU_GND 5 en b2 -2 5 2 ——C23 ——=c24 ——C25
| AL} GND enp BL | | ofl(e 0.1uF 10uF 0.1uF |
| Al2 ) onp GND |-B12 | | 8t cik GND 2 D2:A |
' M1 GND GND M2 ' ' 1 l
4 3
| 31 shield Shield =2 [ | SN6505BDBVR 750315371 L 1
: . o =
| Shield Shield | | EMU_GND EMU_GND : GND |
632723300011 .
| (| : |
- — —— ————————— —————————————— — —— ———————— — —————————— ——— -
| EMU_GND EMU_GND | :
| | . e e St |
.
. . .
: : P Power Selection Switch [
U4 P | |
| 1 :
1 XosD P gl .., Ne | l0_XDS D P 1 H | |
XS DN 2 5, NG & XDS D N I | POWER_SWITCH_OUT |
- .
! ! Pl 4 I
| 3 { oND GND 2 | 2 |
| XDs cc1 4| .. ne |7 XDs cc1 | . HSEC 5V0 I1SO_Pout_5V0 $R19
1 EMU_GND XDs cCc2 5| ., NG |6 XDS CC2 EMU_GND 1 . | >2.2k |
I I I Us 5V0 |
.
.
TPD4EOSUO6DQAR | \ 8 7 —|_ |
' | N ‘ Gl s ot R20™0 |
.
' I o ] . c26 |
| | ¢ | TFC¥ —mces JRe2 —=C20 gR23 (R S L 1ouF sR2L )
| | : I 0.1uF | 10uF $10k 0.1uF 310k 34.7k 2| = $R25 $1.00k I
o 9 2430
| | N EP
| | [ | Sf vsns oo |51 ~ |
.
0 0 I | HN HN TPS2113ADRBR D2 !\ |
- ———— ——— ——— - ——— —— - —— — - - - — - - - - - - = = = )
: GND GND $R26 LR27 GND Red «
o | 12k %0 |
o |
I LDO_5V0_3V3 I ol e A oo |
I - - I M I GND GND GND GND I
.
.
| | N |
TP1 .
| EMU_5V0 (@) EMU _3V3 P2 | | |
.
' Ug TP3 ' M ' : '
| | P HSEC 5V0 5v0 Switch Truth Table |
| « S 1N out |2 o | ol HSEC_5V0 >4V |ISO_Pout_5V0 > HSEC_5V0| POWER_SWITCH_OUT 1
| I—e’ EN R14 | : | Y X HSEC_5V0 |
| 680 I : I ISO_Pout_5V0 5V0 es - 0
c17 4 2 cis .
| =57 —=ci6 NC GND 58 EMUGND | . | No No HSEC_5V0 |
. ——
0.1uF TLV70333DBVR .
' ~ ' . ' No Yes ISO_Pout_5V0 '
.
0 D1 | | |
N :
| - Bright Green | . | |
| | :
e e
| | .
EMU_GND EMU_GND EMU_GND EMU_GND EMU_GND  EMU_GND
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T o e e e e e e |
| EMU_3V3 |
| U2A |
| XDS_RXD A 1
XDS_TXD 18 @ u2B
I XDS TCK_SWDCLK s o Fae—» sR3 lra Irs  lre |
| XDS TMS SWDIO pA2 KL $10k 310k 310k 310k ERTYH I
' EMU_3V3 XDS TDO SWO 1 @ o 8
PA4 PK3 il — 2 82y py
XDS_TDI s ks |63 DEBUG_ID4 © 8| po |
| XDS_RESET_OUT I PKs |62 DEBUG ID5 v 84| os
| |61 DEBUG D6 o 85 |
PA7 PK6 PL4
| Py |80 DEBUG_ID7 s p 2 85| pLs |
9 5
R7 PBO ADS D P  94) g PQO fi>——
| = . ;is @ XDSDN__ 93] o5 PoL . |
| 100 PB2 pJ1 faddl 7 PQ2 fail—" |
C1 o 78 27
0.01uF PB3 9 = 77| PMO PQs 02 & '
' : PB4 PHO Q(OL E—7<u> PM1 PQ4 |02 =
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. : . S1 - JTAG Emulation & UART Switch
(Cold Side) : (Hot Side) :
: : POS 1 ON: Use XDS110 emulator that is on the cCARD
EMU 3v3 : av3 I POS 1 OFF: Boot from FLASH/peripheral (see boot mode switch) OR use emulator on baseboard
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J_ Hveer 43 veer 8 : POS 2 OFF: GPIOs 28 & 29 are disconnected from the USB-to-UART adapter on the XDS110 emulator
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NOTE: cJTAG is not suppported on this control card.
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PCB PCB PCB PCB
LOGO LOGO LOGO LOGO
Texas Instruments FCC disclaimer WEEE logo ETHERCAT LABEL
CE Mark
Variant/Label Table
Variant Label Text
001 TMDSCNCD28P65X - 20MHz CLK
002 TMDSCNCD28P65X - 25MHz CLK
771
Label Assembly Note
This Assembly Note is for PCB labels only
7722
Assembly Note
These assemblies are ESD sensitive, ESD precautions shall be observed.
ZZ3
Assembly Note
These assemblies must be clean and free from flux and all contaminants. Use of no clean flux is not acceptable.
274
Assembly Note
These assemblies must comply with workmanship standards IPC-A-610 Class 2, unless otherwise specified.
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