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Revision History
Rev NotesApproved byECN # Approved Date

E1 N/A September 12, 2022 UR Original engineering release

Power to the MCU is either supported by the USB-C on the left or the HSEC 180 pin.

1) USB Differential Pairs - 90 Ohm 
(A) XDS_D_P and XDS_D_N
(B) USB_D_P (GPIO42) and USB_D_N (GPIO43)

2) ADC Differential pair Impedance Matching - 50 Ohm 
(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-A0 should match with MCU_ADC-A1) 

3) ETHERCAT Differential pairs - 100 Ohm 
(A) TD_P and TD_N 
(B) RD_P and RD_N 

4) CLK Paths - 50 Ohm 
(A) F28P65x_25MHz_CLK 
(B) PHY0_25MHz_CLK and PHY1_25MHz_CLK 

E2 URN/A April 8, 2023 Refer Errata section in the TMDSCNCD28P65X
controlCARD Information Guide

A N/A June 7, 2023 UR Cosmetic changes to PCB silk screen

URB N/A January 2, 2024 Initial F28P650DK9 has ADC issues resolved
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10.0R67

10.0R68

Place near B1

3V3

i
50 Ohm

GND GND

GND

2
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D3

GND

1.5M
R40

1.5M
R39

1
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5

7

9

J3A

2

4

6

8

10

J3B

GND

MCU_GPIO11

MCU_GPIO25

3V3

FSI-RX_D0
FSI-RXCLK
FSI-TX_D0
FSI-TXCLK

1
3
5
7

FSI-RX_D1/GND

FSI-TX_D1/GND
4

8
KEY9 3V310

GND
6

GND

2

HSEC_GPIO11

HSEC_GPIO25

Pin 9 of J3 is cutoff to key the connector

CLKIN1

1G2

Y0 3

GND 4

Y2 5

VDD6

Y3 7

Y1 8

LMK1C1104PW

B1

GND

F28P65x_25MHZ_CLK10.0R65

MCU_XRSn

MCU_TMS
MCU_GPIO223/TDO
MCU_GPIO222/TDI
MCU_TCK

TP11

F28P65x_CLK

ERRORSTS

3 4

1 2

S4
GND

GND

3V3

Reset Button

GND

3V3 3V3

GND

VDD_1V2

MCU_XRSn

MCU_XRSn

MCU_GPIO115

3V3 MCU_XRSn

GNDGND

5V0

MCU_D_N

3V3

GND

GND
GND

SENSE1

VDD2

CT 3

RESET 4

GND 5MR6

TPS3703A4330DSERQ1

U11

3V3

GNDGND

3V3

GND

3

1

2

6

4

5

S2

DEFAULT:   Watchdog output disabled for XRSn.

TP10

3

1

2

6

4

5

S3

MCU_GPIO84

3V3

MCU_GPIO72

3V3

GND GND

Mode # GPIO72 Boot Mode

00 0 Boot from Parallel GPIO

01 1 Boot from SCI / Wait Mode

02 Boot from CAN

Boot Mode Selection Chart
GPIO84

03

1

1 1

0

0

0

Boot from Flash / USB

GND

MCU_GPIO116

3.3k
R42

GND

3.3k
R61

3V3

GPIO42
GPIO43 GPIO42/USB0DME16

GPIO43/USB0DPD16

GPIO220/X1 F16

GPIO221/X2 G16

GPIO222/TDIT12

GPIO223/TDOR12

GPIO224/ERRORSTS P16

XRS G14

TCKR13
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VREGENZJ16

TMS320F28P650DK9ZEJ
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C43
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0

R33

0R49
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0R212

0R44

0R45

0R47
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0R56

0R96
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0R52

0
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0
R66

0
R75

10.0k
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R43
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R38
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R51
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R54

2.20k
R202

GND

100k
R41

VDD1

CWD2

SET03

CRST4

GND 5

SET16

WDI 7

WDO 8

RESET 9

SENSE10

PAD 11

TPS3850G12QDRCRQ1

U12

Populate R55 to enable functionality

S2 Switch
(POS 1) (POS 2)GND

0.1uF

C41

0.1uF

C42

0.1uF

C126

0R55

0
R59

0
R64

0
R70

0

R48

0

R69

0

R74

0

R76

0

R46

0

R73

MCU_D_P

VDD4

OE1

OUT 3

GND 2

LMK6CE02000CDLFT

Y3

VDD4

OE1

OUT 3

GND 2

LMK6CE02500CDLFT

Y2

PIB101 

PIB102 

PIB103 

PIB104 

PIB105 

PIB106 
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PIJ204 

PIJ205 

PIJ206 

PIJ207 
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PIJ305 

PIJ307 
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MCU_A0A1_P
MCU_A0A1_N
MCU_A2A3_P
MCU_A2A3_N
MCU_A4A5_P
MCU_A4A5_N

HSEC_ADC_A2A3_N

HSEC_ADC_A4A5_N

ADC_A0A1_P and ADC_A0A1_N make a differential pair using channels 
A0 and A1 respectivly. 

If you wish to use A0 or A1 independently the "_P" refers to the first ADC 
channel (For example A0 in "ADC_A0A1"). Additionally the "_N" refers to 
the second channel, (A1 in "ADC_A0A1"). 

NOTE: C6 and C4 are not differential pairs

i
50 Ohm

HSEC_ADC_A14B14C14A15B15C15_P MCU_A14B14C14A15B15C15_P
HSEC_ADC_A14B14C14A15B15C15_N MCU_A14B14C14A15B15C15_N

HSEC_ADC_B0B1_P MCU_B0B1_P
MCU_B0B1_NHSEC_ADC_B0B1_N

HSEC_ADC_B2B3_P MCU_B2B3_P
MCU_B2B3_NHSEC_ADC_B2B3_N

HSEC_ADC_B4B5_P MCU_B4B5_P
MCU_B4B5_NHSEC_ADC_B4B5_N

HSEC_ADC_C2C3_P MCU_C2C3_P
MCU_C2C3_NHSEC_ADC_C2C3_N

HSEC_ADC_A10A11_P MCU_A10A11_P
MCU_A10A11_NHSEC_ADC_A10A11_N
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S6

S6 (POS 1) DESCRIPTION

NC - No reference input

ADC_REF

Voltage reference Configuration Switch Truth Table

Int. V_REF

Ext. V_REF

C2000 ADC V_REF

D3-8

D3+9

NC 3

NC 4

D2-11

NC 6

NC 7

GND 5

D1-13

D2+12

GND 10

NC 2
NC 1D1+14

TPD6E05U06RVZR

U9

GND

D3-8

D3+9

NC 3

NC 4

D2-11

NC 6

NC 7

GND 5

D1-13

D2+12

GND 10

NC 2
NC 1D1+14

TPD6E05U06RVZR

U20

GND

D3-8

D3+9

NC 3

NC 4

D2-11

NC 6

NC 7

GND 5

D1-13

D2+12

GND 10

NC 2
NC 1D1+14

TPD6E05U06RVZR

U22

GND

D3-8

D3+9

NC 3

NC 4

D2-11

NC 6

NC 7

GND 5

D1-13

D2+12

GND 10

NC 2
NC 1D1+14

TPD6E05U06RVZR

U21

GND

HSEC_ADC_A0A1_P

HSEC_ADC_A0A1_N

HSEC_ADC_A4A5_P

HSEC_ADC_A2A3_N

HSEC_ADC_A4A5_N

HSEC_ADC_A0A1_P
HSEC_ADC_A0A1_N

HSEC_ADC_A4A5_P
HSEC_ADC_A2A3_N

HSEC_ADC_A4A5_N

HSEC_ADC_B0B1_P

HSEC_ADC_B0B1_N

HSEC_ADC_B2B3_P

HSEC_ADC_B2B3_N

HSEC_ADC_B4B5_P

HSEC_ADC_B4B5_N

HSEC_ADC_B0B1_P
HSEC_ADC_B0B1_N
HSEC_ADC_B2B3_P
HSEC_ADC_B2B3_N
HSEC_ADC_B4B5_P
HSEC_ADC_B4B5_N

HSEC_ADC_A14B14C14A15B15C15_P

HSEC_ADC_A14B14C14A15B15C15_N

HSEC_ADC_A14B14C14A15B15C15_P
HSEC_ADC_A14B14C14A15B15C15_N

HSEC_ADC_C2C3_P

HSEC_ADC_C2C3_N

HSEC_ADC_C2C3_P
HSEC_ADC_C2C3_N

HSEC_ADC_A10A11_P

HSEC_ADC_A10A11_N

HSEC_ADC_C10C11_P

HSEC_ADC_C10C11_N

HSEC_ADC_A10A11_P
HSEC_ADC_A10A11_N

HSEC_ADC_C10C11_P
HSEC_ADC_C10C11_N

HSEC_ADC_A8A9_P

HSEC_ADC_A8A9_N

HSEC_ADC_C4

HSEC_ADC_C6

HSEC_ADC_A8A9_P
HSEC_ADC_A8A9_N

HSEC_ADC_C6
HSEC_ADC_C4

GND GND

ADC_3V0_REF

5

6
7

OPA4350EA/250

U24B

10
11

12

OPA4350EA/250

U24C

14

15
16

OPA4350EA/250

U24D

NC8 NC 9

V+4 V- 13

OPA4350EA/250

U24E

GND

ADC_REF

3

1

2

6

4

5

S5

3

2
1

OPA4350EA/250

U24A

1.00k

R57

GND GND

ADC_REF

HSEC_ADC-VREFHI

ADC_3V0_REF

ADC_REF ADC_REF

S6 (POS 2)

HSEC_ADC-VREFHI

ADC_3V0_REF (DEFAULT)

Ext. V_REF Selection
ADC_REF

S5 (POS 1) S5 (POS 2)

1

Unused OP-AMP

S6 Switch
(POS 1) (POS 2)

1 1

0 0 0

1

0

GND

HSEC_ADC_A2A3_P

HSEC_ADC_A2A3_P

HSEC_ADC_A2A3_P

VDDA_3V3

VDDA_3V3

S5 Switch
(POS 1) (POS 2)

Int. V_REF

Int. V_REFInt. V_REF

A0/DACA_OUTP1

A1P2

A2N3

A3N4

A4M4

A5M5

A6/GPIO209N6

A7/GPIO210P6

A8/GPIO211R6

A9/GPIO212T7

A10/GPIO213T8

A11/GPIO214R8

A14/B14/C14R1

A15/B15/C15R2

B0/VDACT2

B1/DACC_OUTT3

B2R3

B3P3

B4/GPIO215P7

B5/GPIO216N7

B6/GPIO207N5

B7/GPIO208P5

B8/GPIO217P8

B9/GPIO218N8

B10/GPIO219R7

B11P4

B13R5

C0/GPIO199H1

C1/GPIO200J1

C2L4

C3/GPIO206L5

C4/GPIO205M6

C5/GPIO204L6

C6/GPIO203K5

C7/GPIO198K4

C8/GPIO202K3

C9/GPIO201J2

C10L3

C11K2

C13K1

VREFHIA M2

VREFHIB R4

VREFHIC L2

VREFLOA M1

VREFLOB T4

VREFLOC L1

TMS320F28P650DK9ZEJ

U1A

2.2uF
C120

0.1
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0.1
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0.1
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0.1uF
C62

0.1uF
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0R180
0R181
0R182
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0R189
0R188

0R184
0R185
0R186
0R187

1µF
C121

1µF
C122

1µF
C123

VIN2

TEMP3 GND 4

TRIM/NR 5
VOUT 6

REF5030AIDR

U23A

DNC 1
NC 7

DNC 8

REF5030AIDR

U23B

4.7uF

C63

4.7uF

C118

4.7uF

C119

NOTE: “The reference pins, VREFHIA to VREFHIC 
and VREFLOA to VREFLOC, can be used to supply 
an external voltage reference to the associated 
ADCs. VREFHIA can also be used to supply the 
voltage reference to DAC A, and VREFHIB can be 
used to supply the voltage reference to DAC C. A n  
internal voltage reference is available and connects 
to VREFHIA. To use the internal voltage reference 
on ADC B, ADC C or DAC C, connect VREFHIA to 
VREFHIB and/or VREFHIC externally.”
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NOTE: USB VBUS_5V0, PFLT & EPEN do not have a specific mux 
position in this device. 

In this controlCARD, a standard GPIO is used to detect changes to 
these signals.
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UB_CC1 & USB_CC2 are pulled up Host mode - DFP1 (HIGH)
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Switch Truth Table
DESCRIPTION USB_MODE

USB- Type C Connector - Data Peripheral to MCU
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NOTE: for TYPE C, the USB2.0 OTG device is referred as a Dual Role Port (DRP) 

DRP can function either as a USB host or USB peripheral, the selection choice depends on the 
channel configuration (CC1/CC2). 
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
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S1 - JTAG Emulation & UART Switch

POS 1 ON: Use XDS110 emulator that is on the cCARD
POS 1 OFF: Boot from FLASH/peripheral (see boot mode switch) OR use emulator on baseboard
POS 2 ON: GPIOs 28 & 29 will be connected to the USB-to-UART adapter on the XDS110 emulator
POS 2 OFF: GPIOs 28 & 29 are disconnected from the USB-to-UART adapter on the XDS110 emulator
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and connected to the HSEC connector pins
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(POS 1) - JTAG
(POS 2) - UART
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WARNING: To avoid potential shock hazard in a 
high-voltage setting, leave the Y cap (C34) unpopulated 

from the EVM

NOTE: In this design JTAG signals are isolated. 
cJTAG is not suppported on this control card.
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Label Assembly Note
ZZ1

This Assembly Note is for PCB labels only

Assembly Note
ZZ2

These assemblies are ESD sensitive, ESD precautions shall be observed.
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ZZ3

These assemblies must be clean and free from flux and all contaminants. Use of no clean flux is not acceptable.
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These assemblies must comply with workmanship standards IPC-A-610 Class 2, unless otherwise specified.
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