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WARNING 

 

This equipment is intended for use mainly in laboratory test environment. It generates, uses and can radiate 

radio frequency energy and has not been tested for compliance with the limits of computing devices pursuant 

to subpart J of part 15 of FCC rules, which are designed to provide reasonable protection against radio 

frequency interference. Operation of this equipment in other environments may cause interference with radio 

communications, in which case the user at his own expense will be required to take whatever measures may 

be required to correct this interference. 

 

TRADEMARKS 
 

TMS320F2812 and XDS 510 are registered trademarks of Texas Instruments Incorporated. 

 

MAX II is a registered trademark of Altera Corporation. 

 

SKHI 23 and SKHI 10 are registered trademarks of Semikron International. 

 

CONVENTIONS 
 

In this document VCC is a DC voltage level equal to +5V. 



 

 

 6 
 

 
 

READ THIS FIRST 
 
About this Manual 
 
This Technical reference describes the main board of the UPCC-2812 - Universal Power Converter Control, 
based on the Texas Instruments TMS320F2812 DSP. A summary of the chapters and appendixes follows: 
 

Chapter 1 - System Overview 
This chapter introduces the UPCC-2812, with a short overview of its functionality, peripheral and key 
features. 
 
Chapter 2 – Functional Overview 
This chapter gives information on how the UPCC-2812 operates, with a description on the 
interconnection of the main system components, such as DSP, CPLD (used for address and 
instruction decode) RAM memory, protection hardware and peripherals. 
 
Chapter 3 – Hardware Overview 
This chapter gives details on the hardware of the UPCC-2812 with descriptions on connector pins 
and functions, jumper settings and peripheral addresses. 

 
 
Related Documentation from Texas Instruments  
The following books describe the TMS320C28x DSP and related support tools. The documents are available 
for downloading on the Texas Instruments website (www.ti.com). 

 
TMS320C2xx User’s Guide  (literature number SPRU127) discusses the hardware aspects of the 
TMS320C2xx. 16-bit fixed-point digital signal processors. It describes the architecture, the instruction 
set, and the on-chip peripherals. 
 
TMS320C28x Assembly Language Tools User’s Guide  (literature number SPRU513) describes 
the assembly language tools (assembler and other tools used to develop assembly language code), 
assembler directives, macros, common object file format, and symbolic debugging directives for the 
TMS320C28x. device. 
 
TMS320C28x Optimizing C Compiler User’s Guide (literature number SPRU514) describes the 
TMS320C28x. C/C++ compiler. This compiler accepts ANSI standard C/C++ source code and 
produces TMS320. DSP assembly language source code for the TMS320C28x device. 
 
TMS320F2810, TMS320F2811, TMS320F2812, TMS320C2810, TMS320C2811, and 
TMS320C2812 Digital Signal Processors (literature number SPRS174) data sheet contains the 
electrical and timing specifications for these devices, as well as signal descriptions and pinouts for all 
of the available packages. 
 
TMS320F2801, TMS320F2806, TMS320F2808 Digital Signal Processor s (literature number 
SPRS230) data sheet contains the pinout, signal descriptions, as well as electrical and timing 
specifications for the F280x devices. 
 
TMS320C2800 Digital Signal Processor (literature number SPRS178) data sheet contains the 
block diagram, component descriptions, timing information, and electrical specifications for the 
TMP320C2800 DSP. 
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TMS320C28x Analog-to-Digital Converter (ADC) Reference G uide (literature number SPRU060) 
describes the ADC module. The module is a 12-bit pipelined ADC. The analog circuits of this 
converter, referred to as the core in this document, include the front-end analog multiplexers 
(MUXs), sample-and-hold (S/H) circuits, the conversion core, voltage regulators, and other analog 
supporting circuits. Digital circuits, referred to as the wrapper in this document, include 
programmable conversion sequencer, result registers, interface to analog circuits, interface to device 
peripheral bus, and interface to other on-chip modules. 
 
TMS320C28x Boot ROM Reference Guide (literature number SPRU095) describes the purpose 
and features of the bootloader (factory-programmed boot-loading software). It also describes other 
contents of the device on-chip boot ROM and identifies where all of the information is located within 
that memory. 
 
TMS320C28x Enhanced Controller Area Network (eCAN) Refere nce Guide (literature number 
SPRU074) describes the eCAN that uses established protocol to communicate serially with other 
controllers in electrically noisy environments. With 32 fully configurable mailboxes and time-stamping 
feature, the eCAN module provides a versatile and robust serial communication interface. The eCAN 
module implemented in the C28x DSP is compatible with the CAN 2.0B standard (active). 
 
TMS320C28x Event Manager (EV) Reference Guide (literature number SPRU065) describes the 
EV modules that provide a broad range of functions and features that are particularly useful in 
motion control and motor control applications. The EV modules include general-purpose (GP) timers, 
full-compare/PWM units, capture units, and quadrature-encoder pulse (QEP) circuits. 
 
TMS320C28x External Interface (XINTF) Reference Guide (literature number SPRU067) 
describes the various interrupts and system control features of the 28x digital signal processors 
(DSPs). 
 
TMS320C28x Multi-channel Buffered Serial Ports (McBSPs) Reference Guide (literature number 
SPRU061) describes the McBSP) available on the C28x devices. The McBSPs allow direct interface 
between a DSP and other devices in a system. 
 
TMS320C28x Peripheral Reference Guide (literature number SPRU566) describes the peripheral 
reference guides of the 28x digital signal processors (DSPs). 
 
TMS320C28x Serial Communication Interface (SCI) Reference G uide (literature number 
SPRU051) describes the SCI that is a two-wire asynchronous serial port, commonly known as a 
UART. The SCI modules support digital communications between the CPU and other asynchronous 
peripherals that use the standard non-return-to-zero (NRZ) format. 
 
TMS320C28x Serial Peripheral Interface (SPI) Reference  Guide (literature number SPRU059) 
describes the SPI - a high-speed synchronous serial input/output (I/O) port that allows a serial bit 
stream of programmed length (one to sixteen bits) to be shifted into and out of the device at a 
programmed bit-transfer rate. The SPI is used for communications between the DSP controller and 
external peripherals or another controller. 
 
TMS320C28x System Control and Interrupts Reference Guide (literature number SPRU078) 
describes the various interrupts and system control features of the 28x digital signal processors 
(DSPs). 
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 Chapter 1  
- System Overview 

 
 
 
 
 

 

 

 

The UPCC-2812 (Universal Power Converter Control) is a ready-to-use control board, based on the 

TMS320F2812 Digital Signal Processor (DSP) from Texas Instruments. The onboard signal conditioning and 

peripherals allow the user to develop, debug, analyze and apply the UPCC-2812 in the control of power 

electronics converters. With a modular architecture, the UPCC-2812 can be configured to fulfill specific 

application requirements, reducing development time and costs. 

 

The TMS320F2812 is the most versatile DSP available for power electronics converters controls, integrating 

important peripherals for these applications, such as PWM (Pulse Width Modulators), encoder interfaces, 

capture units, communication interfaces as SCI (Serial Communication Interface), SPI (Serial Peripheral 

Interface), eCAN (Enhanced Controller Area Network), McBSP (Multichannel Buffered Serial Port), Analog-

to-Digital Converters, General Purpose Timers and I/O ports. All these peripherals are integrated in a single 

chip with a 150MHz, 32-bits core, giving highly integrated, high-performance solutions for demanding control 

applications. For further information on the TMS320F2812, please see [1] and visit Texas Instruments 

website (www.ti.com). 
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Key Features 
 

The UPCC-2812 allows a ready utilization of most of the powerful features of the TMS320F2812, extending 

the availability of I/O devices. Among the main features of the UPCC-2812, one can point out: 

·  TMS320F2812 operating at 150MHz 

·  64k words of onboard RAM 

·  2 Mbits serial Flash Memory (optional) 

·  6 analog channels with signal conditioning for current measurement through Hall-effect sensors, 

including hardware protection signal generation 

·  10 analog channels with signal conditioning for differential measurements (± 10V) 

·  4 onboard relay outputs (1NO + 1NC, 10A, 250V) 

·  4 onboard LEDs outputs 

·  9 open-collector outputs 

·  8 analog outputs (with an optional DAC board) 

·  8 isolated digital inputs 

·  8 fiber optic receivers 

·  RS-232, SPI and CAN connectors 

·  2 encoder interfaces 

·  DC-link overvoltage protection 

·  12 PWM + 2 choppers outputs 

·  14 gate-drivers status inputs 

·  Interface for gate-drivers (ex. Semikron SKHI-23, SKHI-10, SKiiP 2, 3 GB and GDL). Check 

availability of other interfaces) 

·  Compatible with XDS 510TM emulator 

·  Expansion connectors 



Functional Overview 

 

 13 
 

 

 

 Chapter 2  
- Functional Overview 

 
 
 
 

 

 

 

 

Figure 1 shows a block diagram representation of the UPCC-2812. As it is seen, besides the TMS320F2812, 

the control board is composed by a peripheral expansion CPLD (Complex Programmable Logic Device) and 

RAM memory, connected through the Data and Address busses of the DSP. The CPLD is responsible for 

decoding address and commands from the DSP, driving relays, open-collector outputs, LEDs, gate-drivers 

status feedbacks, isolated digital inputs, protection signals and chopper commands. 

 

Through the use of two internal 16-bit registers, the user can configure each gate-driver status feedback and 

protection signals to suppress PWM outputs and generate hardware interruptions. 

 

Six analog inputs are dedicated to current measurements through Hall-effect sensors with current outputs. 

The current level in each channel is compared with an onboard reference, allowing the generation of  

protection signals, in case of over-current detection. A similar approach is used in two differential input 

channels that can be used to sense and protect DC-link from overvoltages. 

 

Expansion connectors, available in the UPCC-2812, give the user access to all unused pins of the 

TMS320F2812, allowing connection of expansion modules and increasing the flexibility of the system. 

 



Functional Overview 

 

 14 
 

 
Figure 1 - Block diagram of the UPCC-2812. 
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 Chapter 3  
- Hardware Overview 

 
 
 
 
The UPCC-2812 is a 16.7 x 24cm board with layout as shown in Figure 2. The board is composed by 16 
input/output connectors, 2 power connectors, 12 configuration jumpers and 5 expansion connectors to 
increase the flexibility of the system.  
 
Figure 3 presents the memory map of the TMS320F2812. For further information on the TMS320F2812 CPU 
and system peripherals please refer to [2]. 
 
The following sections will present a functional description of each connector and explain how to configure all 
the jumpers to allow the UPCC-2812 to fulfill specific applications. 
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Figure 2 - UPCC-2812 - Universal Power Converter Control. 
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Figure 3- TMS320F2812 Memory map. 
 

 

Test Points 
 
The UPCC-2812 has 6 Test Points that can be used to check system voltages. The Test Points are 

connected to Analog Ground ( ), Digital Ground ( ),+1.8V, +3.3V, -15V and +15V. 
 

Manual Reset Push-button 
The UPCC-2812 has one manual switch (S1) that allows the user to force a reset in the DSP. If the switch is 
pressed, the DSP will be reset to its initial state. 
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Connectors 
 
The UPCC-2812 has 18 I/O connectors (XC1 - XC18) and 7 expansion connector (P1 – P7). The function of 
each connector is presented in Table I. The following sections will present in more details the use of each 
connector. 
 

Table I - UPCC-2812 Connectors. 
Connector Function 

XC1 Reserved 

XC2 SPI Interface 

XC3 DSP JTAG Interface 

XC4 CAN Interface 

XC5 RS-232 Interface 

XC6 Digital Outputs 

XC7 Isolated Digital Inputs 

XC8 Current Sensor Input – IR 

XC9 Current Sensor Input – IS 

XC10 Current Sensor Input – IT 

XC11 Current Sensor Input – IU 

XC12 Current Sensor Input – IV 

XC13 Current Sensor Input – IW 

XC14 Auxiliary Power Supply 

XC15 Analog Inputs 

XC16 Encoder A  

XC17 Encoder B  

XC18 Main Power Supply 

P1 General Purpose I/O 

P2 I/O Expansion 

P3 I/O Expansion 

P4 I/O Expansion 

P6 PWM  

P7 PWM and Status 

 

XC1 – Reserved 
XC1 connector is reserved for factory adjusts and should not be connected by the user in any case. 
 

XC2 – SPI Connector 
The SPI connector allows the user to control a SPI peripheral, such as a flash memory, A/D converter, D/A 
converter and so on. The connector also allows the user to supply its external peripheral with +3.3V from 
pins 2 and 4. Pin SPI_CS is the chip-select of the SPI and can be selected by writing 1 to address SPI 
(port2041) of the DSP. Table II shows the pinouts of the SPI connector. 
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Table II – XC2 - SPI Connector of the UPCC-2812. 

Description Pin Description 

SPISTEA 1 2 3V3D 

SPISIMOA 3 4 3V3D 

SPICLKA 5 6 GND 

SPISOMIA 7 8 GND 

SPI_CS 9 10 GND 

 

 

The maximum current capability of the power 
pins of the SPI connector is 20mA and should 
not be exceeded in any condition. 

 
 

XC3 – DSP JTAG Programming Interface 
The UPCC-2812 is supplied with a 14 pin header interface (XC3). This is the standard interface used by 
JTAG emulators to interface Texas Instruments DSPs. Table III shows the pinout of the JTAG interface 
connector.  
 

Table III – XC3 - JTAG interface of the UPCC-2812. 
Description Pin Description 

TMS 1 2 TRST  

TDI 3 4 GND 

VCC 5 6 NC 

TDO 7 8 GND 

TCK 9 10 GND 

TCK 11 12 GND 

EMU0 13 14 EMU1 

 

XC4 – Enhanced CAN Connector 
The UPCC-2812 has an Enhanced Controller Area Network (eCAN) interface which provides an additional 
high speed serial interface. A 6 pin mini-DIN female connector (XC4) is used to interface to a CAN bus. The 
pinouts for this connector are shown in Table IV and Figure 4. The CAN termination resistor is controlled by 
jumper JP4. 
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Table IV – XC4 - CAN Interface connector. 
Pin Description 

1 VCC 

2 CANH 

3 GND 

4 GND 

5 CANL 

6 VCC 

 

 
Figure 4 - CAN Connector - front view. 

 

 

Pins 1, 2, 5 and 6 are used to supply optically 
isolated CAN interface. In any case the current 
capability of 20mA of the pins should be 
exceeded. 

 

XC5 – RS-232 Connector (DB9 - Female) 
The TMS320F2812 DSP has an on-chip asynchronous serial port, available through connector a DB9 female 
connector (XC5). This RS-232 connector allows the user to connect an external peripheral or host computer 
to the UPCC-2812, allowing commands and data to be exchanged with the DSP. The user should refer to 
documentation on jumpers JP2, JP3 and JP5 prior to using this serial port. The pinouts for this connector are 
shown in Table V and Figure 5. 
 

Table V – XC5 - RS-232 Interface connector. 
Pin Description (UPCC-2812)  Description (PC female) 

1 NC NC 

2 SCITX SCIRX 

3 SCIRX SCITX 

4 Host Reset/CTS input DTR output 

5 GND GND 

6 NC NC 

7 BIO  or Host Reset BIO  or Host Reset 

8 RTS input ( WR/ ) RTS output 

9 NC NC 
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Figure 5 - RS-232 Connector - front view. 

XC6 – Digital Outputs 
The UPCC-2812 has a digital outputs connector, with 6 open-collector outputs (DOUT0 – DOUT5), 4 
onboard 1NO+1NC relays (RL0 – RL3) and 3 outputs for external relays (RL4 – RL5). XC6 also has 2 pins 
connected to +15V (pin 10 and 25) that allow the user to supply external relays and digital circuitry.  
 

Table VI – XC6 - Digital outputs connector pinouts. 
Description Pin Description 

DOUT0 1 15 DOUT1 

DOUT2 2 16 DOUT3 

DOUT4 3 17 DOUT5 

RL0_NC 4 18 RL0_COM 

RL0_NO 5 19 RL1_NC 

RL1_COM 6 20 RL1_NO 

RL2_NC 7 21 RL2_COM 

RL2_NO 8 22 RL3_NC 

RL3_COM 9 23 RL3_NO 

+15VD 10 24 RL5 

GND 11 25 +15VD 

RL4 12 26 GND 

RL6 13 27 GND 

GND 14 28 GND 

 

 

The maximum allowed voltage on the open-
collector digital outputs is 30V. This voltage 
should not be exceeded in any condition. 

 
Figure 6 shows how the onboard relays are connected. Figure 7 illustrates how to connect external relays in 
the UPCC-2812. 

 
Figure 6 – Onboard relays connection. 
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Figure 7 – External relays connection example. 

 
The operation of the open-collector outputs and relays is commanded in the DSP using addresses shown in 
Table VII. The operation is controlled by writing 1 or 0 in the specific address depending on the required 
operation (on or off). Writing 1 in a relay address will turn the correspondent relay on. Writing 0 will turn it off. 
A similar result is obtained for the digital outputs. 
 
 

Table VII – Addresses of the digital outputs and relays. 
Description Address 

RL0 port2030 

RL1 port2031 

RL2 port2032 

RL3 port2033 

RL4 port2034 

RL5 port2035 

RL6 port2036 

DOUT0 port2037 

DOUT1 port2038 

DOUT2 port2039 

DOUT3 port2040 

DOUT4 port2041 

DOUT5 port2042 

 

 

The maximum peak current capability of RL4 – 
RL6 outputs is 500mA and the maximum 
voltage is 50V. In any case these limits should 
be exceeded. 

 

 

Pins 10 and 25 can be used to supply external 
circuitry. In any case the current capability of 
50mA of the pins should be exceeded. 

 

XC7 – Isolated Digital Inputs (Optional) 
The UPCC-2812 has 8 isolated digital inputs that can be accessed through connector XC7 and 8 fiber optic 
inputs, accessed through optical receivers U14 – U21. The digital inputs are configured for sensing high 
voltage levels ranging from +15V to +24V. 
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Table VIII – XC7 - Digital outputs connector pinouts. 
Description Pin Description 

DIN_A0 1 7 DIN_B0 

DIN_A1 2 8 DIN_B1 

GND_A 3 9 GND_B 

DIN_C0 4 10 DIN_D0 

DIN_C1 5 11 DIN_D1 

GND_C 6 12 GND_D 

 
The status of the digital inputs is obtained in the DSP using addresses shown in Table IX. A reading of the 
content of the specific address will return the status of the digital input or fiber optic connection. Addresses 
from DIN0 to DIN7 are related to the isolated digital inputs. Addresses from DIN8 to DIN15 are related to the 
fiber optic inputs. 
 

Table IX – Addresses of the isolated digital inputs. 
Description Address 

DIN0 port2014 

DIN1 port2015 

DIN2 port2016 

DIN3 port2017 

DIN4 port2018 

DIN5 port2019 

DIN6 port201A 

DIN7 port201B 

DIN8 port201C 

DIN9 port201D 

DIN10 port201E 

DIN11 port201F 

DIN12 port2020 

DIN13 port2021 

DIN14 port2022 

DIN15 port2023 

 

XC8 – XC13 – Current Inputs 
The UPCC-2812 has 6 analog channels dedicated to current measurement through Hall-effect sensors 
(sensor with current output). These channels are accessed through connectors XC8 – XC13. Table X shows 
the pinouts for connectors XC8 – XC13. 
Each channel is associated with a resistor responsible for converting the output current of the Hall-effect 
sensor into a voltage signal. The resistors are R289 – R294, each corresponding to XC8 – XC13, 
respectively.  
 
Currents measured by XC8 – XC10 are read by event manager A of the TMS320F2812 and currents 
measured by XC11 – XC13 by event manager B. These groups are associated with two onboard hardware 

protections, which can generate interruptions (PDPINTA  and PDPINTB ) to block PWM pulses on the 



Hardware Overview 

 

 24 
 

respective event manager. In order to have this protection operating properly, the user have to select 
resistors R289 – R294 in order to give 3.0V peak at maximum peak current, for single-phase measurements, 
and 1.73V peak for three-phase measurements. Protection signals will be generated if currents are 25% 

higher than the selected maximum values. The generation of PDPINTA  and PDPINTB  are controlled by 
registers SET_INTA, SET_INTB and RESET_PROTECTION, described in more detail in section PDPINT 
Generation Control Register. Figure 8 shows the top view of the connectors 
 

Table X – XC8 – XC13 - Current inputs. 
Description 

Pin 
XC8 XC9 XC10 XC11 XC12 XC13 

1 -VHall -VHall -VHall -VHall -VHall -VHall 

2 IR IS IT IU IV IW 

3 +VHall +VHall +VHall +VHall +VHall +VHall 

 

 
Figure 8 – XC8 - XC13 Connectors – top view. 

 

XC14 – Auxiliary Power Supply 
The UPCC-2812 has an alternative power supply for the Hall-effect current sensors, available through 
connector XC14. By using this connector, the user can select voltage levels, other than ±15V to supply the 
current sensors. The selection of which connector is used to supply the sensor is done by jumpers JP10 and 
JP11, as explained later. Table XI presents the pinouts of connectorXC14. 
 

Table XI– XC14 – Auxiliary Power Supply. 
Pin Description 

1 VHallL 

2 AGND 

3 VHallH 

 

 

The maximum current capability of the power 
supply of the current sensor is 250mA and 
should not be exceeded in any condition. 

 

XC15 – Analog Inputs 
The UPCC-2812 has 10 differential analog input channels available in connector XC15, as shown in Table 
XII. Five channels correspond to analog channels of event manager A and 5 to event manager B. The 
maximum voltage at the input of the channels should be limited to ±10V for proper operation.  
Channels A3 and B3 are dedicated to DC-link voltage measurements and are associated with onboard 

protections that can be configured to generate interruptions ( PDPINTA  and PDPINTB ) to block PWM pulses 
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on the respective event manager. In order to have this protection operating properly, the user should have 
8.0V peak at maximum peak DC-link. Protection signals will be generated if the voltages are 6% higher than 

the selected maximum values. The generation of PDPINTA  and PDPINTB  are controlled by registers 
SET_INTA, SET_INTB and RESET_PROTECTION, described in more detail in section PDPINT Generation 
Control Register. 
 

Table XII – XC5 – Analog input channels. 
Description Pin Description 

A3+ 1 11 B3+ 

A3- 2 12 B3- 

A4+ 3 13 B4+ 

A4- 4 14 B4- 

A5+ 5 15 B5+ 

A5- 6 16 B5- 

A6+ 7 17 B6+ 

A6- 8 18 B6- 

A7+ 9 19 B7+ 

A7- 10 20 B7- 

 

 

The maximum voltage level at the input of the 
differential analog channels is ±10V and should 
not be exceeded in any condition. 

 

XC16 and XC17 – Encoder A and B Connectors 
The UPCC-2812 is equipped with two input connectors (XC16 and XC17) for the capture units of the 
TMS320F2812. These inputs are buffered and allow the connection of two encoders. Table XIII shows the 
pins and functions for connectors XC16 and XC17. Figure 9 shows the top view of the connectors. 
 

Table XIII – XC16 and XC17 – Encoder A and B Connectors. 
Description 

Pin 
XC16 XC17 

1 CAP1 CAP4 

2 CAP2 CAP5 

3 CAP3 CAP6 

4 VCC VCC 

5 GND GND 

 

 
Figure 9 – XC16 and XC17 Connectors – top view. 
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Pins 4 and 5 are used to supply external 
circuitry. In any case the current capability of 
20mA of the pins should be exceeded. 

 

XC18 – Main Power Supply Connector 
UPCC-2812 is fed by connector XC18 with digital voltage (+5V and GND) and analog voltages (±15V and 
AGND). Two LEDs indicate the presence of digital and analog power in connector XC18. These LEDs are 
labeled +5V and ±15V respectively. The minimum current capability of the power source supplying the 
UPCC-2812 and the functions of each pin of connector XC18 are presented in Table XIV. 
 

Table XIV – XC18 - Main power supply connector. 
Pin Description Minimum Current 

Requirement 

1 -15V 250mA 

2 +15V 500mA 

3 AGND 500mA 

4 GND 1,5A 

5 VCC 1,5A 

 

 

The values presented in Table XIV are the 
minimum values, considering only the operation 
of the UPCC-2812, without any external circuit 
or module, as current sensors, DAC board and 
any other circuits supplied by the UPCC-2812. If 
other circuits are connected to the UPCC-2812, 
their current consumption should be considered 
apart. 

 

Expansion Connectors 
The UPCC-2812 interfaces to expansion modules via 5 expansion connectors (P1 – P4). The signal 
definition of each of these connectors is presented in Table XV to Table XIX.  
Connector P1 is reserved for general purpose use, giving 3 digital inputs (GPIN0 – GPIN2) and 3 digital 
outputs (GPOUT0 – GPTOU2).  
 

Table XV – P1 -Expansion connector. 
Description Pin Description 

3V3D 1 2 3V3D 

GPIN0 3 4 GPOUT0 

3V3D 5 6 3V3D 

GPIN1 7 8 GPOUT1 

GND 9 10 GND 

GPIN2 11 12 GPOUT2 

GND 13 14 GND 
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The status of the general purpose inputs is obtained in the DSP using addresses shown in Table XVI. A 
reading of the content of the specific address will return the status of the digital input. Similarly, writing 1 or 0 
in the specified address will put the general purpose output in high or low level, respectively. 
 

Table XVI – Addresses of the general purpose inputs and outputs. 
Description Address 

GPIN0 port2045 

GPIN1 port2046 

GPIN2 port2047 

GPOUT0 port2048 

GPOUT1 port2049 

GPOUT2 port204A 

 

 

The general purpose I/Os are connected to low 
voltage (+3.3V) digital circuits. In any case this 
voltage level should be exceeded. 

 
 

 

The maximum current capability of the power 
pins of the expansion connector P1 is 20mA 
total. This limit should not be exceeded in any 
condition. 
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Table XVII – P2 - Expansion connector. 
Description Pin Description 

VCC 1 2 VCC 

VCC 3 4 XINT2 

T1PWM 5 6 T2PWM 

TDIRA 7 8 TCLKINA 

C1TRIP  9 10 C2TRIP  

C3TRIP  11 12 T2CTRIP  

T3PWM 13 14 T4PWM 

TDIRB 15 16 TCLKINB 

C4TRIP  17 18 C5TRIP  

C6TRIP  19 20 T4CTRIP  

PDPINTA  21 22 PDPINTB  

SCITXDB 23 24 SCIRXDB 

MCLKXA 25 26 MCLKRA 

MFSXA 27 28 MFSRA 

MDXA 29 30 MDRA 

XNMI 31 32 XF 

GND 33 34 GND 

 
 

 

The maximum current capability of the power 
pins of the expansion connector P2 is 20mA 
total. This limit should not be exceeded in any 
condition. 
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Table XVIII – P3 - Expansion connector. 

Description Pin Description 

VCC 1 2 VCC 

3V3D 3 4 3V3D 

GND 5 6 GND 

A0 7 8 A1 

A2 9 10 A3 

A4 11 12 A5 

A6 13 14 A7 

A8 15 16 A9 

A10 17 18 A11 

A12 19 20 A13 

A14 21 22 A15 

A16 23 24 A17 

A18 25 26 BIO  

MCXMP/  27 28 XHOLD  

XHOLDA  29 30 XZCS0AND1 

XZCS2  31 32 XZCS6AND7  

GND 33 34 GND 

 
 

 

The maximum current capability of the power 
pins of the expansion connector P3 is 20mA 
total. This limit should not be exceeded in any 
condition. 
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Table XIX – P4 - Expansion connector. 

Description Pin Description 

3V3D 1 2 3V3D 

VCC 3 4 VCC 

GND 5 6 GND 

D1 7 8 D0 

D3 9 10 D2 

D5 11 12 D4 

D7 13 14 D6 

D9 15 16 D8 

D11 17 18 D10 

D13 19 20 D12 

D15 21 22 D14 

GND 23 24 GND 

WE  25 26 RD  

WR/  27 28 READY  

CLOCKOUT  29 30 GND 

RS  31 32 DAC_A0  

DAC_A1  33 34 DAC_AEN  

DAC_B0  35 36 DAC_B1  

DAC_BEN  37 38 GND 

-15V 39 40 +15VD 

 
 

 

The maximum current capability of the power 
pins of the expansion connector P1 is 20mA 
total. This limit should not be exceeded in any 
condition. 
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Expansion connector P4 has 6 pins dedicated to control of the DAC module. These pins are DAC_A0, 
DAC_A1, DAC_B0, DAC_B1, DAC_AEN and DAC_BEN. The operation of these pins is controlled by the 
DSP through the addresses of the 8 DAC channels, available in the DAC module. The addresses are shown 
in Table XX. 
 

Table XX – Addresses of DAC channels. 
Description Address 

DACA0 port2024 

DACA1 port2025 

DACA2 port2026 

DACA3 port2027 

DACB0 port2028 

DACB1 port2029 

DACB2 port202A 

DACB3 port202B 

 

P6 and P7 - PWM Connectors 
The UPCC-2812 has 2 connectors (P6 and P7) dedicated to PWM command and gate-drivers status 
feedback. Table XXI and Table XXII shows the pins and functions of these connectors.  
Besides PWM signals, P6 also contains power pins that can be used to supply gate-drivers and external 
circuits. All PWM signals from the TMS320F2812 are directed to open-collector buffers, before connecting to 
P6 or P7, what makes external pull-up resistors necessary for signal utilization. 
 
Connector P7 also has pins dedicated to gate-driver status feedback (STAT1 – STAT11); chopper 
commands (BRA and BRB); status feedbacks (BRA_STAT and BRB_STAT) and error resets (BRA_ RESET 
and BRB_RESET); over temperature signals (OVER_TPA and OVER_TPB) and DC-link over-voltage 
signals (OVER_DCA and OVER_DCB). Most of these signals can be configured to generate interruptions 
(PDPINTA  and PDPINTB ) to block PWM pulses on the respective event manager. The generation of 
PDPINTA  and PDPINTB  are controlled by registers SET_INTA, SET_INTB and RESET_PROTECTION, 
described in more detail in section PDPINT Generation Control Register. 
The status (STAT1 – STAT11, BRA_STAT and BRB_STAT) and protections pins (OVER_TPA, OVER_TPB, 
OVER_DCA and OVER_DCB) have internal pull-up resistors, what make this pins better driven by drivers 
with open-collector outputs. 
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Table XXI – P6 - PWM connector. 
Description Pin Description 

-15V 1 2 -15V 

+15V 3 4 +15V 

-15V 5 6 -15V 

GND 7 8 GND 

GND 9 10 GND 

+15V 11 12 +15V 

GND 13 14 GND 

GND 15 16 GND 

GND 17 18 GND 

+15V 19 20 +15V 

PWM1 21 22 PWM2 

GND 23 24 GND 

PWM3 25 26 PWM4 

+15V 27 28 +15V 

PWM5 29 30 PWM6 

GND 31 32 GND 

PWM7 33 34 PWM8 

+15V 35 36 +15V 

PWM9 37 38 PWM10 

GND 39 40 GND 
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Table XXII– P7 - PWM connector. 

Description Pin Description 

PWM11 1 2 PWM12 

GND 3 4 GND 

BRA 5 6 BRA_RESET 

BRB 7 8 BRB_ RESET 

BRA_STAT 9 10 BRB_STAT 

OVER_TPA 11 12 OVER_TPB 

OVER_DCA 13 14 OVER_DCB 

GND 15 16 GND 

STAT7 17 18 STAT8 

STAT9 19 20 STAT10 

STAT11 21 22 STAT12 

GND 23 24 GND 

STAT1 25 26 STAT2 

STAT3 27 28 STAT4 

STAT5 29 30 STAT6 

GND 31 32 GND 

VCC 33 34 VCC 

GND 35 36 GND 

VCC 37 38 VCC 

GND 39 40 GND 

 
 

 

The maximum current capability of the power 
pins of the PWM connectors is 2A total. This 
limit should not be exceeded in any condition. 

 
The gate-driver status feedback is obtained in the DSP using addresses shown in Table XXIII. A reading of 
the content of the specific address will return the status specified input.  
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Table XXIII – Addresses of the gate-drivers status feedbac ks. 

Description Address 

STAT1 port2000 

STAT2 port2001 

STAT3 port2002 

STAT4 port2003 

STAT5 port2004 

STAT6 port2005 

STAT7 port2006 

STAT8 port2007 

STAT9 port2008 

STAT10 port2009 

STAT11 port200A 

STAT12 port200B 

 
Protection signals, chopper command and status feedbacks are obtained in the DSP using addresses shown 
in Table XXIV. A reading of the content of the specific address will return the status specified input.  
To operate the chopper a 1 should be written in its address. The error in the chopper gate-driver can be reset 
by writing 1 in the address of the correspondent BRA_RESET of BRB_RESET. 
 
 

Table XXIV– Addresses of the choppers and protection signals. 
Description Address 

BRA_STAT port200C 

BRB_STAT port200D 

OVER_IA port200E 

OVER_IB port200F 

OVER_DCA port2010 

OVER_DCB port2011 

BRA port202C 

BRA_RESET port202D 

BRB port202E 

BRB_RESET port202F 

 

Jumpers 
The UPCC-2812 has 12 jumpers which determine how features are utilized. Table XXV lists all the jumpers 
with their function and factory adjusts. Except JP12, all jumpers are 1x3 jumpers as illustrated in Figure 10. 
JP12 is a 2x3 jumper with layout as presented in Figure 11. 
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Figure 10 - 1x3 Jumper layout. 

 
 

 
Figure 11 - 2x3 Jumper layout. 

 
 

Table XXV - UPCC-2812 jumpers. 

Jumper Function Position as Shipped 
from Factory 

JP1 MCXMP/  1-2 

JP2 Host Reset Enable/Disable via DTR  2-3 

JP3 Enable/Disable RTS to BIO   NC 

JP4 CAN Termination Select NC 

JP5 DTS/RTS Select NC 

JP6 Boot Mode Selection – Boot 3 2-3 

JP7 Boot Mode Selection – Boot 0 2-3 

JP8 Boot Mode Selection – Boot 1 1-2 

JP9 Boot Mode Selection – Boot 2 2-3 

JP10 Current Sensor Supply Selection 1-2 

JP11 Current Sensor Supply Selection 1-2 

JP12 Digital Inputs Ground Connection NC 

 
 

JP1 – Microprocessor/Microcomputer Mode 

Jumper JP1 is used to select the MCXMP/ option. The 1-2 selection allows the DSP to operate in the 
Microprocessor mode. The 2-3 selection allows the DSP to operate in the Microcomputer mode. The 
positions are shown in the table below. 
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Table XXVI – JP1 - Micro-processor/microcomputer mode jumper. 
Jumper Position 

1-2(*) 2-3 

Micro-processor mode Microcomputer mode 
 (*) Factory setting. 

 

JP2 – Enable/Disable Host Reset via RS-232 
Jumper JP2 allows the generation of systems resets from the serial port XC5. When position 2-3 is used, this 
feature is enabled meaning the system is reset when pin 4 DTR  is pulled low. This feature is disabled when 
position 1-2 is used. Table XXVII shows the positions and their functions. 
 

Table XXVII – JP2 - Host reset enable/disable via XC5. 
Jumper Position 

1-2 2-3(*) 

Host reset disabled Host reset enabled 
 (*) Factory setting. 
 

JP3 – Enable/Disable Interruption via RS-232 

Jumper JP3 enables the serial port XC5 to interrupt the DSP via BIOXINT1_  pin. Using position 1-2 disables 
this feature, while position 2-3 enables it. This is used when hardware handshaking is required on a serial 
port communication protocol.  
 

Table XXVIII - JP3 - Enable/Disable RTS to Interrupt the Proc essor. 
Jumper Position 

1-2(*) 2-3 

BIOXINT1_  disabled BIOXINT1_ enabled 

 

 

JP4 – CAN Termination Select  
Jumper JP4 enables or disables the CAN termination resistor. Using position 1-2 enables the termination 
resistor. If position 2-3 is selected the termination resistor is disabled. Table XXIX shows positions and 
functions of JP4. 
 

Table XXIX – JP4 - CAN termination selection. 
Jumper Position 

1-2 2-3(*) 

Terminator enabled Terminator disabled 

 
 

JP5 – DTS/RTS Select 
Jumper JP5 is used to select the DTS or RTS signal for interrupting the DSP. If position 1-2 is selected the 
DTS signal is used to interrupt the DSP. Using position 2-3 allows the RTS signal to interrupt the DSP.  
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Table XXX – JP5 - DTS/RTS Select. 
Jumper Position 

1-2(*) 2-3 

DTS select RTS select 
 

JP6, JP7, JP8 and JP9, Boot Mode Selection 
Jumpers JP6, JP7, JP8 and JP9 are used to determine what mode the DSP will use for boot loading on 
power up. To set a signal high, place the jumper in the 1-2 position. For a low signal, use the 2-3 position. 
The options are shown in Table XXXI. 
 

Table XXXI – JP6, JP7, JP8 and JP9 - Boot mode selection. 

JP6 

BOOT3 

SCITXDA 

JP7 

BOOT0 

SPICLKA 

JP8 

BOOT1 

SPITEA 

JP9 

BOOT2 

MDXA 

 

Mode 

1 X X X Flash 

0 X X 1 SPI 

0 1 1 0 SCI 

0 0 1 0 H0 (*) 

0 1 0 0 OTP 

0 0 0 0 Parallel 
 (*) Factory setting. 
 

JP10 and JP11 – Current Sensors Supply Selection 
Jumpers JP10 and JP11 are used to select the power source for the Hall-effect current sensors connected in 
XC8 - XC13. If positions 1-2 are selected the sensors are supplied from the main power connector XC18. If 
positions 2-3 are chosen the sensors are fed by XC14. With this option it is possible to operate the current 
sensors with voltages other than ± 15V up to ±24V, depending on the specification of the current sensors. 
The options are shown in Table XXXII. 
 

Table XXXII – JP10 and JP11 – Current sensors supply sel ection. 

Jumper Position 

1-2(*) 2-3 

Supply from XC18 Supply from XC14 
 (*) Factory setting. 

JP12 – Digital Inputs Ground Connection 
Jumper JP12 is used to allow the connection of the isolated grounds of the digital inputs. If pins 1 and 2 are 
connected, GND_A is connected to GND_B. If pins 3 and 4 are connected, GND_B and GND_C are tied 
together. If pins 5 and 6 are connected GND_C and GND_D are tied together. 
 

Table XXXIII – JP12 - Digital inputs ground connections . 

Description Pin Description 

GND_A 1 2 GND_B 

GND_B 3 4 GND_C 

GND_C 5 6 GND_D 
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Onboard LEDs 
The UPCC-2812 has 4 onboard LEDs (D1 – D4) that can be used as general purpose indication. The 
addresses of the LEDs are shown in Table XXXIV. Writing 1 or 0 in the specified address will put the general 
purpose output in high or low level, respectively. 
 

Table XXXIV – Addresses of the onboard LEDs. 
Description Address 

LED1 port203D 

LED2 port203F 

LED3 port203E 

LED4 port2040 

 

PDPINT Generation Control Register 
The UPCC-2812 has two registers to control the generation of interruptions (PDPINTA  and PDPINTB ) to 
block PWM pulses on the event managers. Register SET_INTA is related to Event Manager A and 
SET_INTB to Event Manager B. Each bit of these register is responsible for enabling/disabling of the 
interruption generation by the correspondent signal. Writing 1 in the bit enables the generation of the 
PDPINT signal by the correspondent signal. Writing 0 disables the PDPINT signal generation by the 
correspondent signal. 
 

 
Figure 12 – SET_INTA Register. 

 
Table XXXV – Bits and functions of the SET_INTA. 

Bit Function 

0 Enables/Disables the generation of PDPINTA  by STAT1 

1 Enables/Disables the generation of PDPINTA  by STAT2 

2 Enables/Disables the generation of PDPINTA  by STAT3 

3 Enables/Disables the generation of PDPINTA  by STAT4 

4 Enables/Disables the generation of PDPINTA  by STAT5 

5 Enables/Disables the generation of PDPINTA  by STAT6 

6 Enables/Disables the generation of PDPINTA  by BRA_STAT 

7 Enables/Disables the generation of PDPINTA  by OVER_IA 

8 Enables/Disables the generation of PDPINTA  by OVER_TPA 

9 Enables/Disables the generation of PDPINTA  by OVER_DCA 

10-15 Reserved 
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Figure 13– SET_INTB Register. 

 
 

Table XXXVI– Bits and functions of the SET_INTB. 
Bit Function 

0 Enables/Disables the generation of PDPINTA  by STAT7 

1 Enables/Disables the generation of PDPINTA  by STAT8 

2 Enables/Disables the generation of PDPINTA  by STAT9 

3 Enables/Disables the generation of PDPINTA  by STAT10 

4 Enables/Disables the generation of PDPINTA  by STAT11 

5 Enables/Disables the generation of PDPINTA  by STAT12 

6 Enables/Disables the generation of PDPINTA  by BRB_STAT 

7 Enables/Disables the generation of PDPINTA  by OVER_IB 

8 Enables/Disables the generation of PDPINTA  by OVER_TPB 

9 Enables/Disables the generation of PDPINTA  by OVER_DCB 

10-15 Reserved 

 
 

Protection Reset Register 
The UPCC-2812 has a register to reset error generated by gate-driver status and protection signals. The 
command and its related address are shown in Table XXXVII. To reset protection errors the user has to write 
1 in the specified address. If the source of the error is not present anymore, this action will reset all gate-
driver status and protection signals. 
 

Table XXXVII– Protection reset command. 
Register Address 

PROTECTION_RESET port204B 
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