1) USB Differential Pairs - 90 Ohm
(A) XDS_D Pand XDS D N
(B) USB_D_P (GPIO41) and USB_D_N (GP1023)

2) ADC PGA Differential pair Impedance Matching - 90 Ohm
(A) HSEC_PGAX_IN_P pins should match with HSEC_PGAXx_IN_N, where x is between 1-3
(B) MCU_PGAX_IN_P pins should match with MCU_PGAXx_IN_N, where x is between 1-3

EMU_3V3

LDO

USB EMU
Conn
(Type-C)

XDS110

JTAG + UART Diﬂlta|

Isolation

EMU_5V0

IS0 _Pout 5V0

Isolated

Power 510

HSEC_5V0

120-pin HSEC Connector

Power to the MCU is either supported by the USB-C on the left or through the HSEC

JTAG + UART

Revision History

Rev ECN # Approved Date Approved by Notes
El N/A Sept 13, 2023 PL Initial Draft
A N/A Jan 29, 2024 PL Added Test Point for 5V0 and 3V3

Dampening resistor tuned per characterization
Switched U1 from PBK to PDT package

Minor changes to silkscreen and GND pour
Adjustments to analog signal routing

(Type-C)

F28FP39x

USB Comm Conn

F Sl Header
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3v3

MCU_TMS

MCU TCK

HSEC A0/B15/C15/DACA OUT

HSEC_A1/B7/D11/DACB_OUT

HSEC PGA1 IN N

HSEC PGAl IN P

HSEC C25/D5/E5

HSEC PGA2 IN_N

HSEC PGA2 IN P

HSEC_A14/B14/C4/PGA1_OUT

HSEC A6/D14/E14

HSEC_B5/D15/E15/PGA3 OUT

HSEC A9

HSEC A11/B10/CO/PGA2 OUT

HSEC A26/D6/E6

HSEC_A27/D9/E9

HSEC VREFHIABCDE

MCU_GPIO0

MCU_GPIO1

MCU_GPIO2

MCU_GPIO3

MCU_GPIO8

MCU_GPIO9

MCU_GPIO10

HSEC GPIO11

MCU_GPIO16

MCU GPIO17

MCU_GPIO68

MCU_ GPIO69

MCU_GPIO60

HSEC GPIO25

HSEC GPIO26

HSEC GPIO27

CuU 066

GP
CU _GPIO33
CU_GPIO42

CU_GPIO45

MCU GPI1047

MCU_GPIO43

MCU_GPI0O48

MCU_GPl10O49

MCU_GPIO50

MCU_GPIO51

MCU_GPIO52

MCU_GPIO53

3v3

J1 has been updated over previous designs. Pins 9 and 10 were added enabling power to the connector.
Additionally Pins 2 and 6, previously GND, have been repurposed to enable the full 3 pin FSI communication.
The user can shunt HSEC GPIO11 and HSEC GPIO25 to ground if backwards compatibility is required.

3v3 HSEC 5V0 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
F
| |
I 10-pin FSI Connector :
|
] |
MCU GPIO37/TDO ' 1 FSI-RX0 2 FSI-RX1/GND '
MCU_GPIO35/TDI | MCU_GPIO12 v 3 ESI-RXCLK 4 GND :
HSEC B26/D7/E7 HSEC_GPIO12 MCU_GPIOLL
[SEC B27/DI0/ELD : l 5 FSI-TX0 6 FSI-TX1/GND ]
HSEC PGA3 IN_N MCU_GPIO13 HSEC_GPIO11
TSEC PGAS NP ] 1 — = 7 FSI-TXCLK 8 GND |
HSEC_A10/B1/C10 | HSEC_GPIO13 _ MCU_GPIO25 9 KEY 10 3V3 |
HSEC B4/C8 | MCU_GPIO26 1 e HSEC GPIO25 |
B ] HSEC GPIO26 | . Pin 9 of J1 is cutoff to key the connector |
HSEC_A7/B30/C3/D12/E30 | |
MCU_GPI027 e |
HSEC_A8/BO/C11 |
HSEC_C26/DS/ES ] HSEC_GPIO27 |
HSEC A28/DIO/ELD | |
HSEC_C27/D18/ELS ] . |
| GND :
MCU_GPIOZ | |
MCU_GPIoS b ————
MCU _GPIO7
HSEC_GPIO12
HSEC GPIO13
MCU_GPIO14
MCU_GPIO15 U1B
MCU_GPI020 PWM1A | MCU_GPIOO 10 110 MCU GPIO45
MCU GPIO21 PWM1B | MCU GPIOL 95, ooy oo MCU GPIO46
MCU GPI022 PWM2A | MCU GPIO2 95| Shios i MCU_GPIO47
MCU GPIO59 PWM2B | MCU GPIO3 97, arioa oo fiL__mcu Gpioas
MCU _GPI028 PWM3A | MCU GPIO4 %6, | ohioe oo [Saz__MCU GPIo49
MCU GPI029 PWM3B | MCU GPIOS 115, Shioe SR Ioes 513 MCU GPIO50
MCU_GPIO30 PWMA4A CU_GPIO6 126, emion SoIoeY s CU_GPIO51
MCU GPIO3L PWM4B CU _GPIO7 105, Shioo o [Cas CU_GPIO52
PWM5A CU_GPIO8 o5 Shios orios |6 CU_GPIO53
CU _GPIO34 PWM5B CU_GPIO9 115, Shioe oo [z CU GPIO54 | QEP2-A
CU_GPIO40 PWMGA CU GPIOI0 12| So10% apione [Bl CU GPIOS5. | QEP2-B
CU_GPIO44 PWM6B CU _GPIOLL 61, | SO e o/aPIOn o oee [ CU GPIO56 | QEP2-S
CU_GPI046 PWM7A CU_GPIO12 5 1 CU GPIO57 | QEP2
MCU GPIO58S PWM7B | MCU GPIO13 55 [RASAe224C20/CRIOT2 GPIOS7 [ —MCU GPIO58
A19/B19/C19/GPIO13 GPI058
MCU_GPIO61 PWMBA | MCU GPIOL4 a5 | A0/ orioss [S121 MCU GPIOS9 | QEPL-
PWMBB | MCU GPIOI5 124, oo™ oo [G52 __MCU GPIO60 | SPI-B_PICO
MCU_GPIO54 SPI-A_PICO | MCU_GPIO16 66, | Conoa/E2/GPIOLG ShioeY [S120_MCU GPIO61
MCU _GPIO55 SPI-A POCI | MCU GPIOL7 67| voerbarcarcmors o [Gss __MCU GPIo62
MCU_GPIO56 QEPL-A | MCU GPIO20 60, | Moo a0 ohloes [S59 MCU GPIO63
MCU _GPIO57 QEP1-B | MCU GPIO2L 61| Aareraraareios) oo [Gse MCU GPloe4
MCU_GPIO62 QEP1-S | MCU GPIO22 104, | At/oH ShIoot 57 MCU GPIO65
MCU_GPI063 Boot Mode Pin | MCU_GPIO24 68, | IO /P04 g MCU GPIO66 | I2C-A_SDA
SPI-B_POCI | MCU_GPIO25 69, | Covmoe oo [S10_MCU GPIO67
SPI-B_CLK | MCU GPIO26 70, Shioae oot D72 MCU GPIO6s | SPI-A_CLK
SPI-B_PTE | MCU GPIOZ27 7] omoas Ghloes [73__MCUGPIO69 | SPI-A_PTE
VDD_1V2 SCI-A RX | MCU GPIO28 e s C16/GP1028 oo [G7a___MCUGPIO70
I MCU xRrsn SCI-A TX | MCU GPIO29 Ao ehor9 [fes___mcu GpioTl
) MCAN-ARX | MCU GPIO30 127,| P10 T [Sea__McU GPIOT2
e MCAN-ATX | MCU GPIO3L 125, or!O%0 ooy [L8s___McU Gpio73.
== Boot Mode Pin MCU_GPIO32 7 GPI032 GPIO74 M
GND 12C-A_SCL Mgg 2?822 65| oo /1 /GPIOS3 ghIoTe 1 MCU GPIOT5
3 123, ooroon oo a2 CU_GPIO76
CU_GPIO40 101, | GP1040 GPIO77 | 113 CU_GPIO77
CU_GPI042 01| ShIooS omiors Fa CU_GPIO78
CU_GPI043 o1 ] orioaz Shiors Lis CU_GPIO79
MCU GPIO44 106, Gpigas GPI080 %
GplogL ol Mty DFIDOL
TMS320F28P5505J0PDT
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JTAG and Reset

e

F
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

e -

8 MCU_ X1

7 MCU_X2

03 MCU_USBOD P
102 MCU USBOD N

MCU XRSn

X

F
|
|
3V3 3v3
: 3v3 T T
|
R11$ $RI12

| R13g 100k $ $10.0k uic
| 2.2k3
| MoU GHIGEEITD) ;;D Jes GPIO19/X1
: mgg %\3!5037”—'30 ;%’D %F/’IISOB7/TDO GP1018/X2

3v3 % GP1041/USBODP
l T VREGENZ GP1023/USBODM
: R17 XRs 2

= = 0 TMS320F28P550SJ9PDT

! 1 3v3
' oo
| J R18
| 2.2k
|
|
| c2
| = 0.1uF
|
|

= mEmEmEmEmEmEm T

gy g

System Supervisory Circuitry

VO

—>X<

GND
3v3

1 ><L*
- X

GND GND

MCU_XRSn

20 MHz External Crystal

MCU_ X1 3 ——— MCU_X2

D/L]

GND/Lid

><
><

@
21
O
@
2
O
@
21
O

LEDs

)
]

MCU_GPIO31

MCU_GPIO34

@

e |

|||7—|

Z
O

Boot Mode Switch

@
N
@
1<

@

MCU GPlo24 RO 2 5 R10

sok. \ [ 5ok
3 ) 6

MCU_GPIO32

GND GN

O

Boot Mode Selection Chart

(S2: UPis '1', DOWN is '0")

Mode # GP1024 | GPIO32 Boot Mode
00 0 0 Boot from Parallel GPIO
01 0 1 Boot from SCI / Wait Mode
02 1 0 Boot from CAN (MCAN-NONFD)
03 1 1 Boot from Flash (USB)

————— e

S U

9]

%n
>
>

e e e e e
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HSEC_5V0

e

VDD_1v2 Decoupling Capacitors and Ferrite Beads

GRND
U1D
5 ! vop
54 | vbp
3v3 VDDA _3V3 %0 | von
108 VDD
L1
= 4L vppa vss L
60 ohm VSS
> | vpbpIo vss 3(2)7
—_—Cl1 —_—C12 39 VDDIO VSS

VvVDDIO
VDDIO VSSA

TMS320F28P550SJ9PDT

2.2uF 2.2uF

|| C13
|| C14
|| C15

ER|
ER|
ERL|
anT ol |

9]
2!
w)
[9)]
=z
o

—3

|| C18

| .C19

| .C20

|| C21
[9)]
z
o

@
]
<
w)
2
‘O
w
<
@
®
2
o

3T ol |
ERe|
anTol|
anTol|

L2

60 ohm

II—

—_—C22 —_—cC23
2.2uF 2.2uF

@
Z
o

Place near Ul

[}
Z
o
9]
z
o

- e D D D D D CED CED CED CED CED GED CED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED =
|| C16
o oo |
©|o|o
IS
S
- e D D D D I CED CED CED CED CEP G CED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED e

5V to 3.3V Power Supply

5V0 3v3

U4 "" X
R24
o— 51 I out s |
R93
Cc7 4 =0 28 3 __ClO
1uF

10.0k =

X
NC GND 3 1 |
PAD
= LP5912-3.3DRVR —
GN GND
GND

The F28P55x controlCARD uses the internal VREG to generate
the 1.2V voltage rail for VDD.

O

B |

r
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

For custom boards using external VREG mode, recommend to
use dual-output DC-DC (e.g., TPS62441) to generate both 3.3V
and 1.2V supplies.
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F

HSEC A0/B15/C15/DACA OUT

HSEC PGA1 IN N

HSEC_C25/D5/E5 HSEC B27/D10/E10 HSEC _A10/B1/C10

| HSEC _PGA1 IN_P

HSEC PGA2 IN N HSEC B26/D7/E7 HSEC PGA3 IN P

VDDA_3V3

HSEC PGA2 IN P HSEC_A1/B7/D11/DACB_OUT HSEC PGA3 IN_N

VDDA 3V3

HSEC A6/D14/E14

——

)
Z
O

HSEC B5/D15/E15/PGA3 OUT

ESD Diodes for Analog Inputs

HSEC B4/C8

| .

HSEC A4/B8/C14

HSEC A14/B14/C4/PGA1 OUT

HSEC A11/B10/CO/PGA2_OUT HSEC A8/B0/C11 HSEC C27/D18/E18

VDDA 3V3

HSEC A26/D6/E6 HSEC A7/B30/C3/D12/E30 HSEC A28/D19/E19

HSEC A9

HSEC A27/D9/E9 HSEC B2/C6/E12

VDDA 3V3

HSEC_C26/DS/ES ><

VDDA 3V3

HSEC A0/B15/C15/DACA OUT

|

I EEEEE—E—————————————

| 7
21
[9)]
P4
o

MCU A0/B15/C15/DACA OUT 30

U1A

S3 Is the analog configuration switch
Position 1 - ON
on pin 45 of TMDSHSECDOCK

Position 1 - OFF
- ADC uses the internal voltage reference

- ADC uses external reference voltage supplied

MCU_VREFHI

——

HSEC VREFHIABCDE

Place near Ul

31 'MCU_VREFHI

1
1
1
1
HSEC_AL/B7/DLL/DACB_OUT CU AI/B7/DI1/DACB OUT 20 | A/ET>/C15/0ACA OUT D e (=2 |
e T e e | |
HSEC A4/BSIC1A CU_A4/BSIC1A ag | HSB3/CS/CPIO242/PGAZ_INP = |
HSEC ROIAET U ReTa1 22| As/B12/C2/PGA2_INM s R
= A7/B30/C3/D12/E30 CU A7/B30/C3/D12/E30 3%‘9 A6/D14/E14/GP10228 A13/B13/C13/D13/E13/VREFLO _134 |
A7/B30/C3/D12/E30 A13/B13/C13/D13/E13/VREFLO :
AS/BO/CLL CU_A8/BO/CLL 30 | AIrB30/ES |
A9 CU A9 4
ALO/BL/CIO CU_ALO/BL/CI0 5& 2%%'1%2% PI0230
ALL/B10/COIPGAZ OUT CU_A11/BIOICOIPGAZ OUT 7] A1/B1/C10/GPI0230 e
PGA3 IN P CU PGA3 IN P S K =
HSEC_AL4/B14/CAIPGAL OUT CU A14/B14/CAIPGAT OUT 26 | ara/Cl/EL/POAS MNP GND
HSEC PGAL IN N CU PGAL IN N 22 | ALBLAICAIROMOU
HSEC A26/D6/E6 CU_A26/D6/EG 24| AIIBICTIPCAL
HSEC A27/D9/E9 CU A27/D/ES n
HSEC A28/D10/ELQ CU_A28/D19/ELD ron o012
HSEC B2/C6/E12 MCU_B2/C6/EL2 i
HSEC B4/C8 MCU_B4/C8 4% el P 0220
HSEC B5/DI15/EIS/PGA3 OUT MCU_B5/DIS/ETS/PGAS OUT 358" | bayoommtorse s out
HSEC PGA3 IN N MCU PGA3 IN N 36 | B S A O,
HSEC B26/D7/EY MCU _B26/D7/ET 25 | SLLDLOE U
HSEC_B27/DI0ELO MCU B27/DI0/ELD P (=
HSEC_C25/DS/ES CU_C25/D5/ES 23
HSEC C26/DB/ES CU_C26/D8/ES a3, | o 10211
HSEC C27/D18IELS ) CU_C27/D18IELS a6, | SoS D PO
‘ TMS320F 28P550519PDT
G
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USB Type-C Connector - Communication Peripheral to MCU

VBUS_5V0
T
X |
USB D _N USB D_N
USB D P USB D P
GND USB D P
USB D N
USB_CcC1 USB_CC2 = USB_CC1
GND  UsBccz
GND GND

|

USB Type-C CC Controller and Power Switch VBUS 50

3V.

! ——

X

VBUS 5V0 3v3

w

MCU GPIO72 USB-PFLT
o —

USB_EPEN MCU_GPIO70

5V0

o

USB CC1
_Use cca

MCU_GPIO71

9]
Z
W]

GND

F___ 3v3 L
T
1 =

USB_D_P MCU_USBOD_P GPIO41
S
USB_D_N MCU_USBOD_N GPIO23
——
USB_CC1 =
___UsB cc2 GND

Switch Truth Table

Number: MCU132

[Rev: A [SheetTitle:

Texas Instruments and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. Texas Instruments and/or its licensors do not
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MCU_GPIO70 STATUS | DESCRIPTION USB_MODE
1 (HIGH) UB_CC1 & USB_CC2 are pulled up Host mode (DFP)
0 (LOW) UB_CC1 & USB_CC2 are strongly pulled down Device mode (UFP)
LED D8 will turn on to indicate that the C2000
device is in Host Mode (DFP).
NOTE: USB VBUS_5VO0, 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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USB Type-C Connector - XDS110 side
EMU_5V0
| >|<
4 EMU_GND
XDS_D_N XDS _D_N
XDS D P XDS D P
XDS _CC1 XDS_CC2 ap
EMU_GND
EMU_GND
EMU_GND EMU_GND
XDS D P XDS D P
XDS D N XDS D N
XDS _CC1 XDS CC1
XDS _CC2 XDS _CC2
EMU_GND EMU_GND

e e L e e L e e

(Cold Side)

USB Isolated Power

EMU_5V0

I

EMU_GND

EMU_5V0

L 25

EMU_GND

]

EMU_GND

(Hot Side)

ISO_Pout_5V0

>

- D CED CED CEP GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED (IID GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED GED e=n

T T T T T T T T T T T T T T T T T T T T T T

LDO_5V0_3V3

EMU_5V0 X

EMU_GND EMU_GND  EMU_GND

EMU_3V3

X

EMU_GND

EMU_GND

EMU_GND

X

EMU_GND

Fm T T T T T T T T T T T T T T T T T T T

Power Selection Switch

HSEC 5V0 ISO_Pout_5V0

POWER_SWITCH_OUT
T

5V0

| X

>
'

9]
Z
o

[ —

@
Z
)

T>'ﬁ'

GND
GND

1

GND

Switch Truth Table

HSEC_5V0 > 4V

ISO_Pout_5V0 > HSEC_5V0

POWER_SWITCH_OUT

Yes X HSEC_5V0
No No HSEC_5V0
No Yes ISO_Pout_5V0
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XDS110 Device

EMU_3V3
XDS RXD
XDS_TXD
XDS_TCK_SWDCLK
XDS_TMS_SWDIO
XDS_TDO_SWO
XDS_TDI __DEBUG_ID4 | |
XDS_RESET_OUT —_DEBUG _ID5 XDS D P
~_DEBUG_ID6 XDS_D_N
EMU_5V0 DEBUG_ID7
= = T
ITCK
EMU_GND TMS
ITDI
ITDO
%7 EMU_3V3
EMU_GND EMU_GND T .
:>E( T T T T
EMU_3V3 | | ! | |
EMU_GND
EMU_3V3
1,
! L
EMU_GND EMU_GND EMU_GND
T T )
EMU_GND
—
EMU_GND
E
I z EMU_GND
™ N <
EMU_GND
EMU_GND

EMU_GND

— ]

EMU_GND

EMU_3V3
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A
NOTE: Because the JTAG signals are isolated, ‘
cJTAG is not suppported on this controlCARD.

: . I S4 - JTAG Emulation & UART Switch
(Cold Side) (Hot Side) l |
| POS 1 ON: Use XDS110 emulator that is on the cCARD :
EMU 33 " : POS 1 OFF: Boot from FLASH/peripheral (see boot mode switch) OR use emulator on baseboard |
T I POS 2 ON: GPIOs 28 & 29 will be connected to the USB-to-UART adapter on the XDS110 emulator |
| | 1 POS 2 OFF: GPIOs 28 & 29 are disconnected from the USB-to-UART adapter on the XDS110 emulator :
XDS _TDI MID_TDI H
| and connected to the HSEC connector pins I
XDS_TMS_SWDIO MID_TMS JTAG ' l
3v3 3v3 3v3
XDS TXD MID_RXD : "|' |
XDS _TCK _SWDCLK MID_TCK SWDCLK = l '
EMU_GND GND '
XDS_RXD MID_TXD | I
XDS _TDO_SwoO MID_TDO_SWO : 1 = '
GND
: MID_TDI MCU_GPIO35/TDI :
' S4 Switch MID_TMS JTAG MCU_TMS '
— r
EMU_GND GND | oS X MID TCK SWDCLK MCU_TCK :
: MCU_GPIO37/TDO MID_TDO SWO '
| GND MID_RXD MCU_GPI028 :
>< | MCU_GPI029 MID_TXD ]
EMU_GND GND | :
WARNING: To avoid potential shock hazard in ' l
high-voltage settings, leave the Y cap (C94) unpopulated | — —
from the EVM. ' GED GﬁD l
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FID1 FID2 FID3 FID4

LBL1

PCB Label

THT-14-423-10
Size: 0.65"x0.20 "

N

Z1
Label Assembly Note
This Assembly Note is for PCB labels only

272
Assembly Note

FID5 FID6

PCB PCB PCB
LOGO LOGO LOGO

Texas Instruments FCC disclaimer WEEE logo
CE Mark

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

773
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.

zZ5
Assembly Note
Clip off KEY pin 9 of J1 connector header
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