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Introduction  
This module introduces the first integrated peripherals of the F2833x Digital Signal 
Controller. The device has not only a 32-bit processor core, but also all of the peripheral 
units needed to build a single chip control system (SOC-“System on Chip”). These integrated 
peripherals give the F2833x an important advantage over other processors. 

We will start with the simplest peripheral unit-Digital I/O. At the end of this chapter we will 
exercise input lines (switches, buttons) and output lines (LEDs).  

 

Data Memory Mapped Peripherals 
All the peripheral units of the F2833x are memory mapped into the data memory space of its 
Harvard Architecture Machine. This means that we control peripheral units by accessing 
dedicated data memory addresses. The following slide shows these units: 
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The Peripheral Frames 
All peripheral registers are grouped together into what are known as “Peripheral Frames”-
PF0, PF1, PF2 and PF3. These frames are mapped in data memory only. Peripheral Frame 
PF0 includes register sets to control the internal speed of the FLASH memory, as well as the 
timing setup for external memory devices, direct memory access unit registers, core CPU 
timer registers and the code security module control block. Flash is internal non-volatile 
memory, usually used for code storage and for data that must be present at boot time. 
Peripheral Frame PF1 contains most of the peripheral unit control registers, such as ePWM, 
eCAP, Digital Input/Output control and the CAN register block.  CAN-“Controller Area 
Network” is a well-established network widely used inside motor vehicles to build a network 
between electronic control units (ECU). Peripheral Frame PF2 combines the core system 
control registers, the Analogue to Digital Converter and all other communication channels 
other than McBSP, which has been allocated to PF3. 

 

5 5 -- 33

XINTF Zone 6 (1Mw)XINTF Zone 6 (1Mw)

XINTF Zone 7 (1Mw)XINTF Zone 7 (1Mw)

0x0000000x000000
0x0004000x000400
0x0008000x000800

M1 SARAM (1Kw)M1 SARAM (1Kw)
M0 SARAM (1Kw)M0 SARAM (1Kw)
Data         ProgramData         Program

PIE VectorsPIE Vectors
(256 w)(256 w)

PF 0 (6Kw)PF 0 (6Kw)

XINTF Zone 0 (4Kw)XINTF Zone 0 (4Kw)

reserved

PF 1 (4Kw)PF 1 (4Kw)
PF 2 (4Kw)PF 2 (4Kw)

PF 3 (4Kw)PF 3 (4Kw)

L0 SARAM (4Kw)L0 SARAM (4Kw)
L1 SARAM (4Kw)L1 SARAM (4Kw)
L2 SARAM (4Kw)L2 SARAM (4Kw)
L3 SARAM (4Kw)L3 SARAM (4Kw)
L4 SARAM (4Kw)L4 SARAM (4Kw)
L5 SARAM (4Kw)L5 SARAM (4Kw)
L6 SARAM (4Kw)L6 SARAM (4Kw)
L7 SARAM (4Kw)L7 SARAM (4Kw)

reserved

0x000D000x000D00

0x0020000x002000

0x0060000x006000
0x0070000x007000
0x0080000x008000
0x0090000x009000
0x00A0000x00A000

0x00C0000x00C000

0x000E000x000E00

0x0050000x005000

0x00B0000x00B000

0x00D0000x00D000
0x00E0000x00E000
0x00F0000x00F000

0x0040000x004000

0x0100000x010000

0x0100000x010000
0x1000000x100000

0x2000000x200000

reserved

Data         ProgramData         Program

FLASH (256Kw)FLASH (256Kw)

0x3000000x300000

0x33FFF80x33FFF8
0x3400000x340000

PASSWORDS (8w)PASSWORDS (8w)

reserved

User OTP (1Kw)User OTP (1Kw)
0x3808000x380800

ADC calibration data0x3800800x380080
0x3800900x380090

reserved
0x3804000x380400

reserved
0x3F80000x3F8000

Boot ROM (8Kw)Boot ROM (8Kw)

L0 SARAM (4Kw)L0 SARAM (4Kw)
L1 SARAM (4Kw)L1 SARAM (4Kw)
L2 SARAM (4Kw)L2 SARAM (4Kw)
L3 SARAM (4Kw)L3 SARAM (4Kw)

reserved

0x3F90000x3F9000
0x3FA0000x3FA000
0x3FB0000x3FB000
0x3FC0000x3FC000
0x3FE0000x3FE000

0x3FFFFF0x3FFFFF

DMA Accessible:
L4, L5, L6, L7,

XINTF Zone 0, 6, 7

Dual Mapped:
L0, L1, L2, L3

CSM Protected:
L0, L1, L2, L3,

FLASH, ADC CAL,
OTP

0x3FFFC00x3FFFC0
BROM Vectors (64w)BROM Vectors (64w)

TMS320F2833x Memory Map

 
 
  



The Peripheral Frames 

5 - 4 F2833x - Digital I/O 

The detailed mapping of peripherals into data memory is as follows: 
 
PF0:  PIE:   PIE Interrupt Enable and Control Registers plus PIE Vector Table 

Flash:   Flash Wait state Registers 
XINTF:  External Interface Registers 
DMA:  DMA Registers 
Timers:  CPU-Timers 0, 1, 2 Registers 
CSM:   Code Security Module KEY Registers 
ADC:   ADC Result registers (dual-mapped) 
 

PF1:  eCAN:   eCAN Mailbox and Control Registers 
GPIO:   GPIO MUX Configuration and Control Registers 

            ePWM:               Enhanced Pulse Width Modulator Module and Registers (dual        
 mapped) 

eCAP:   Enhanced Capture Module and Registers 
eQEP:   Enhanced Quadrature Encoder Pulse Module and Registers 
 

PF2:  SYS:   System Control Registers 
             SCI:   Serial Communications Interface (SCI) Control and RX/TX Regis-

 ters 
SPI:   Serial Port Interface (SPI) Control and RX/TX Registers 
ADC:   ADC Status, Control, and Result Register 
I2C:   Inter-Integrated Circuit Module and Registers 
XINT:  External Interrupt Registers 
 

PF3:  McBSP: Multichannel Buffered Serial Port Registers 
             ePWM:  Enhanced Pulse Width Modulator Module and Registers (dual 

 mapped) 
 

Some of the memory areas are password protected by the “Code Security Module” (check 
patterned areas of the slide above). This is a feature to prevent reverse engineering. Once the 
password area is programmed, any access to the secured areas is only granted when the 
correct password is entered into a special area of PF0.  

Now let us start with a discussion of the Digital Input/Output unit. 
 

  



 Digital I/O Unit 

F2833x - Digital I/O 5 - 5 

Digital I/O Unit 
All digital I/O’s are grouped together into “Ports”, called GPIO-A, B and C. Here GPIO 
means “general purpose input output”. The F2833x features a total of 88 I/O-pins, called 
GPIO0 to GPIO87. But there’s more. The device comes with so many additional internal 
units, that not all features could be connected to dedicated pins of the device package at any 
one time. The solution is: multiplex. This means, one single physical pin of the device can be 
used for up to 4 different functions and it is up to the programmer to decide which function is 
selected. The next slide shows a block diagram of one physical pin of the device: 
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The term “Input Qualification” refers to an additional option for digital input signals at 
GPIO0-63. When this feature is used, an input pulse must be longer than the specified 
number of clock cycles to be recognized as a valid input signal. This is useful for removing 
input noise. 

Register Group “GPxPUD” can be used to disable internal pull-up resistors to leave the 
voltage level floating or high-impedance. 

When a digital I/O function is selected, then register group GPxDIR defines the direction of 
the Input or Output. Clearing a bit position to zero configures the line as an input, setting the 
bit position to 1 configures the line as an output.  

A data read from an input line is performed with a set of GPxDAT registers.  

A data write to an output line can also be performed with registers GPxDAT. Additionally, 
there are 3 more groups of registers: 

• GPxSET 
• GPxCLEAR 
• GPxTOGGLE  
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The objective of these registers is to use a mask technique to set, clear or toggle those output 
lines, which correspond to a bit set to 1 in the mask in use. For example, to clear line GPIO5 
to 0, one can use the instruction: 

• GpioDataRegs.GPACLEAR.bit.GPIO5 = 1; 
 
The following slide summarizes the I/O control register set: 
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F2833x Pin Assignment  
 
The next five slides show the multiplex assignment for all 88 I/O-lines: 
 

5 5 -- 66

F2833x GPIO Pin Assignment

/SPISTEB/SPISTEBSCIRXDBSCIRXDB/TZ4_/XHOLDA/TZ4_/XHOLDAGPIO15GPIO1531,3031,30
SPICLKBSPICLKBSCITXDBSCITXDB/TZ3_/XHOLD/TZ3_/XHOLDGPIO14GPIO1429,2829,28
SPISOMIBSPISOMIBCANRXBCANRXB/TZ2/TZ2GPIO13GPIO1327,2627,26
SPISIMOBSPISIMOBCANTXBCANTXB/TZ1/TZ1GPIO12GPIO1225,2425,24

ECAP4ECAP4SCIRXDBSCIRXDBEPWM6BEPWM6BGPIO11GPIO1123,2223,22
/ADCSOCB0/ADCSOCB0CANRXBCANRXBEPWM6AEPWM6AGPIO10GPIO1021,2021,20

ECAP3ECAP3SCITXDBSCITXDBEPWM5BEPWM5BGPIO9GPIO919,1819,18
/ADCSOCA0/ADCSOCA0CANTXBCANTXBEPWM5AEPWM5AGPIO8GPIO817,1617,16

ECAP2ECAP2MCLKRAMCLKRAEPWM4BEPWM4BGPIO7GPIO715,1415,14
EPWMSYNC0EPWMSYNC0EPWMSYNCIEPWMSYNCIEPWM4AEPWM4AGPIO6GPIO613,1213,12

ECAP1ECAP1MFSRAMFSRAEPWM3BEPWM3BGPIO5GPIO511,1011,10
----EPWM3AEPWM3AGPIO4GPIO49,89,8

MCLKRBMCLKRBECAP5ECAP5EPWM2BEPWM2BGPIO3GPIO37,67,6
----EPWM2AEPWM2AGPIO2GPIO25,45,4

MFSRBMFSRBECAP6ECAP6EPWM1BEPWM1BGPIO1GPIO13,23,2
----EPWM1AEPWM1AGPIO0GPIO01,01,0

1111101001010000GPAMUX1 GPAMUX1 -- BitsBits

GPIO - A Multiplex Register GPAMUX1
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F2833x GPIO Pin Assignment

XA17XA17XA17XA17CANTXACANTXAGPIO31GPIO3131,3031,30
XA18XA18XA18XA18CANRXACANRXAGPIO30GPIO3029,2829,28
XA19XA19XA19XA19SCITXDASCITXDAGPIO29GPIO2927,2627,26

/XZCS6/XZCS6/XZCS6/XZCS6SCIRXDASCIRXDAGPIO28GPIO2825,2425,24
MFSXBMFSXBEQEP2SEQEP2SECAP4ECAP4GPIO27GPIO2723,2223,22

MCLKXBMCLKXBEQEP2IEQEP2IECAP3ECAP3GPIO26GPIO2621,2021,20
MDRBMDRBEQEP2BEQEP2BECAP2ECAP2GPIO25GPIO2519,1819,18
MDXBMDXBEQEP2AEQEP2AECAP1ECAP1GPIO24GPIO2417,1617,16

SCIRXDBSCIRXDBMFSXAMFSXAEQEP1IEQEP1IGPIO23GPIO2315,1415,14
SCITXDBSCITXDBMCLKXAMCLKXAEQEP1SEQEP1SGPIO22GPIO2213,1213,12
CANRXBCANRXBMDRAMDRAEQEP1BEQEP1BGPIO21GPIO2111,1011,10
CANTXBCANTXBMDXAMDXAEQEP1AEQEP1AGPIO20GPIO209,89,8
CANTXACANTXASCIRXDBSCIRXDB/SPISTEA/SPISTEAGPIO19GPIO197,67,6
CANRXACANRXASCITXDBSCITXDBSPICLKASPICLKAGPIO18GPIO185,45,4

/TZ6/TZ6CANRXBCANRXBSPISOMIASPISOMIAGPIO17GPIO173,23,2
/TZ5/TZ5CANTXBCANTXBSPISIMOASPISIMOAGPIO16GPIO161,01,0
1111101001010000GPAMUX2 GPAMUX2 -- BitsBits

GPIO - A Multiplex Register GPAMUX2
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5 5 -- 88

F2833x GPIO Pin Assignment

XA7XA7XA7XA7--GPIO47GPIO4731,3031,30
XA6XA6XA6XA6--GPIO46GPIO4629,2829,28
XA6XA6XA5XA5--GPIO45GPIO4527,2627,26
XA4XA4XA4XA4--GPIO44GPIO4425,2425,24
XA3XA3XA3XA3--GPIO43GPIO4323,2223,22
XA2XA2XA2XA2--GPIO42GPIO4221,2021,20
XA1XA1XA1XA1--GPIO41GPIO4119,1819,18

XA0/XWE1XA0/XWE1XA0/XWE1XA0/XWE1--GPIO40GPIO4017,1617,16
XA16XA16XA16XA16--GPIO39GPIO3915,1415,14

/XWE0/XWE0/XWE0/XWE0--GPIO38GPIO3813,1213,12
/XZCS7/XZCS7/XZCS7/XZCS7ECAP2ECAP2GPIO37GPIO3711,1011,10
/XZCS0/XZCS0/XZCS0/XZCS0SCIRXDASCIRXDAGPIO36GPIO369,89,8
XR/WXR/WXR/WXR/WSCITXDASCITXDAGPIO35GPIO357,67,6

XREADYXREADYXREADYXREADYECAP1ECAP1GPIO34GPIO345,45,4
/ADCSOCB0/ADCSOCB0EPWMSYNCOEPWMSYNCOSCLASCLAGPIO33GPIO333,23,2
/ADCSOCA0/ADCSOCA0EPWMSYNCIEPWMSYNCISDAASDAAGPIO32GPIO321,01,0

1111101001010000GPBMUX1 GPBMUX1 -- BitsBits

GPIO - B Multiplex Register GPBMUX1
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F2833x GPIO Pin Assignment

XD16XD16XD16XD16SCITXDCSCITXDCGPIO63GPIO6331,3031,30
XD17XD17XD17XD17SCIRXDCSCIRXDCGPIO62GPIO6229,2829,28
XD18XD18XD18XD18MFSRBMFSRBGPIO61GPIO6127,2627,26
XD19XD19XD19XD19MCLKRBMCLKRBGPIO60GPIO6025,2425,24
XD20XD20XD20XD20MFSRAMFSRAGPIO59GPIO5923,2223,22
XD21XD21XD21XD21MCLKRAMCLKRAGPIO58GPIO5821,2021,20
XD22XD22XD22XD22/SPISTEA/SPISTEAGPIO57GPIO5719,1819,18
XD23XD23XD23XD23SPICLKASPICLKAGPIO56GPIO5617,1617,16
XD24XD24XD24XD24SPISOMIASPISOMIAGPIO55GPIO5515,1415,14
XD25XD25XD25XD25SPISIMOASPISIMOAGPIO54GPIO5413,1213,12
XD26XD26XD26XD26EQEP1IEQEP1IGPIO53GPIO5311,1011,10
XD27XD27XD27XD27EQEP1SEQEP1SGPIO52GPIO529,89,8
XD28XD28XD28XD28EQEP1BEQEP1BGPIO51GPIO517,67,6
XD29XD29XD29XD29EQEP1AEQEP1AGPIO50GPIO505,45,4
XD30XD30XD30XD30ECAP6ECAP6GPIO49GPIO493,23,2
XD31XD31XD31XD31ECAP5ECAP5GPIO48GPIO481,01,0

1111101001010000GPBMUX2 GPBMUX2 -- BitsBits

GPIO - B Multiplex Register GPBMUX2
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5 5 -- 1010

F2833x GPIO Pin Assignment

XD0XD0GPIO79GPIO7931,3031,30
XD1XD1GPIO78GPIO7829,2829,28
XD2XD2GPIO77GPIO7727,2627,26
XD3XD3GPIO76GPIO7625,2425,24
XD4XD4GPIO75GPIO7523,2223,22
XD5XD5GPIO74GPIO7421,2021,20
XD6XD6GPIO73GPIO7319,1819,18
XD7XD7GPIO72GPIO7217,1617,16
XD8XD8GPIO71GPIO7115,1415,14
XD9XD9GPIO70GPIO7013,1213,12
XD10XD10GPIO69GPIO6911,1011,10
XD11XD11GPIO68GPIO689,89,8
XD12XD12GPIO67GPIO677,67,6
XD13XD13GPIO66GPIO665,45,4
XD14XD14GPIO65GPIO653,23,2
XD15XD15GPIO64GPIO641,01,0

10 or 1110 or 1100 or 0100 or 01GPCMUX1 GPCMUX1 --
BitsBits

GPIO - C Multiplex Register

----31,3031,30
----29,2829,28
----27,2627,26
----25,2425,24
----23,2223,22
----21,2021,20
----19,1819,18
----17,1617,16

XA15XA15GPIO87GPIO8715,1415,14
XA14XA14GPIO86GPIO8613,1213,12
XA13XA13GPIO85GPIO8511,1011,10
XA12XA12GPIO84GPIO849,89,8
XA11XA11GPIO83GPIO837,67,6
XA10XA10GPIO82GPIO825,45,4
XA9XA9GPIO81GPIO813,23,2
XA8XA8GPIO80GPIO801,01,0

10 or 1110 or 1100 or 0100 or 01GPCMUX2 GPCMUX2 --
BitsBits
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GPIO Input Qualification 
As has already been stated, this feature on GPIO0-63 behaves like a low-pass input filter on 
noisy input signals. It is controlled by a pair of additional registers. 

5 - 11

 Qualification available on ports A & B (GPIO 0 - 63) only
 Individually selectable per pin

 no qualification (peripherals only)
 sync to SYCLKOUT only
 qualify 3 samples
 qualify 6 samples

 Port C pins are fixed as                                                  
‘sync to SYSCLKOUT’

Input
Qualificationpin

to GPIO and 
peripheral 
modules

SYSCLKOUT

T T T

samples taken

T = qualification period

F2833x GPIO Input Qualification
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0x00    no qualification (SYNC to SYSCLKOUT)
0x01    QUALPRD = TSYSCLKOUT * 2
0x02    QUALPRD = TSYSCLKOUT * 4
… … …
0xFF    QUALPRD = TSYSCLKOUT * 510

00 = sync to SYSCLKOUT only
01 = qual to 3 samples
10 = qual to 6 samples
11 = no sync or qual (for peripheral only; GPIO same as 00)

GPAQSEL1 / GPAQSEL2 / GPBQSEL1 / GPBQSEL2
16 pins configured per register

031

QUALPRD0QUALPRD1QUALPRD2QUALPRD3

GPACTRL / GPBCTRL
31 24 16 8 0

B: GPIO63-56 GPIO55-48 GPIO47-40 GPIO39-32 
A: GPIO31-24 GPIO23-16 GPIO15-8 GPIO7-0

F2833x GPIO Input Qualification Registers
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Summary GPIO-Registers 
The next two slides will summarize all registers of the GPIO-unit. 

5 5 -- 1313

RegisterRegister DescriptionDescription
GPACTRLGPACTRL GPIO A Control Register [GPIO 0 GPIO A Control Register [GPIO 0 –– 31]31]
GPAQSEL1GPAQSEL1 GPIO A Qualifier Select 1 Register [GPIO 0 GPIO A Qualifier Select 1 Register [GPIO 0 –– 15]15]
GPAQSEL2GPAQSEL2 GPIO A Qualifier Select 2 Register [GPIO 16 GPIO A Qualifier Select 2 Register [GPIO 16 –– 31]31]
GPAMUX1GPAMUX1 GPIO A Mux1 Register [GPIO 0 GPIO A Mux1 Register [GPIO 0 –– 15]15]
GPAMUX2GPAMUX2 GPIO A Mux2 Register [GPIO 16 GPIO A Mux2 Register [GPIO 16 –– 31]31]
GPADIRGPADIR GPIO A Direction Register [GPIO 0 GPIO A Direction Register [GPIO 0 –– 31]31]
GPAPUDGPAPUD GPIO A PullGPIO A Pull--Up Disable Register [GPIO 0 Up Disable Register [GPIO 0 –– 31]31]
GPBCTRLGPBCTRL GPIO B Control Register [GPIO 32 GPIO B Control Register [GPIO 32 –– 63]63]
GPBQSEL1GPBQSEL1 GPIO B Qualifier Select 1 Register [GPIO 32 GPIO B Qualifier Select 1 Register [GPIO 32 –– 47]47]
GPBQSEL2GPBQSEL2 GPIO B Qualifier Select 2 Register [GPIO 48 GPIO B Qualifier Select 2 Register [GPIO 48 –– 63]63]
GPBMUX1GPBMUX1 GPIO B Mux1 Register [GPIO 32 GPIO B Mux1 Register [GPIO 32 –– 47]47]
GPBMUX2GPBMUX2 GPIO B Mux2 Register [GPIO 48 GPIO B Mux2 Register [GPIO 48 –– 63]63]
GPBDIRGPBDIR GPIO B Direction Register [GPIO 32 GPIO B Direction Register [GPIO 32 –– 63]63]
GPBPUDGPBPUD GPIO B PullGPIO B Pull--Up Disable Register [GPIO 32 Up Disable Register [GPIO 32 –– 63]63]
GPCMUX1GPCMUX1 GPIO C Mux1 Register [GPIO 64 GPIO C Mux1 Register [GPIO 64 –– 79]79]
GPCMUX2GPCMUX2 GPIO C Mux2 Register [GPIO 80 GPIO C Mux2 Register [GPIO 80 –– 87]87]
GPCDIRGPCDIR GPIO C Direction Register [GPIO 64 GPIO C Direction Register [GPIO 64 –– 87]87]
GPCPUDGPCPUD GPIO C PullGPIO C Pull--Up Disable Register [GPIO 64 Up Disable Register [GPIO 64 –– 87]87]

C2833x GPIO Control Registers
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RegisterRegister DescriptionDescription
GPADATGPADAT GPIO A Data Register [GPIO 0 GPIO A Data Register [GPIO 0 –– 31]31]
GPASETGPASET GPIO A Data Set Register [GPIO 0 GPIO A Data Set Register [GPIO 0 –– 31]31]
GPACLEARGPACLEAR GPIO A Data Clear Register [GPIO 0 GPIO A Data Clear Register [GPIO 0 –– 31]31]
GPATOGGLEGPATOGGLE GPIO A Data Toggle [GPIO 0 GPIO A Data Toggle [GPIO 0 –– 31]31]
GPBDATGPBDAT GPIO B Data Register [GPIO 32 GPIO B Data Register [GPIO 32 –– 63]63]
GPBSETGPBSET GPIO B Data Set Register [GPIO 32 GPIO B Data Set Register [GPIO 32 –– 63]63]
GPBCLEARGPBCLEAR GPIO B Data Clear Register [GPIO 32 GPIO B Data Clear Register [GPIO 32 –– 63]63]
GPBTOGGLEGPBTOGGLE GPIO B Data Toggle [GPIO 32 GPIO B Data Toggle [GPIO 32 –– 63]63]
GPCDATGPCDAT GPIO C Data Register [GPIO 64 GPIO C Data Register [GPIO 64 –– 87]87]
GPCSETGPCSET GPIO C Data Set Register [GPIO 64 GPIO C Data Set Register [GPIO 64 –– 87]87]
GPCCLEARGPCCLEAR GPIO C Data Clear Register [GPIO 64 GPIO C Data Clear Register [GPIO 64 –– 87]87]
GPCTOGGLEGPCTOGGLE GPIO C Data Toggle [GPIO 64 GPIO C Data Toggle [GPIO 64 –– 87]87]

C2833x GPIO Data Registers
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F2833x Clock Module 
Before we can start using the digital I/Os, we need to setup the F2833x Clock Module. Like 
all modern processors, the F2833x is driven externally by a much slower clock generator or 
oscillator to reduce electromagnetic interference. An internal PLL circuit generates the 
internal speed. The F28335 ControlCard in our Labs is running at 20MHz externally. To 
achieve the internal frequency of 100 MHz, we have to use the multiply by a factor of 10, 
followed by a divide by 2. This is implemented by programming the PLL control register 
(PLLCR). 

 

5 5 -- 1515

PLLPLL

XCLKINXCLKIN

WatchdogWatchdog
ModuleModule

VCOCLKVCOCLK

OSCCLKOSCCLK••

C28xC28x
CoreCore

CLKINCLKIN

SYSCLKOUTSYSCLKOUT

HISPCPHISPCP LOSPCPLOSPCP

HSPCLKHSPCLK LSPCLKLSPCLK

•• ••

DIV               CLKINDIV               CLKIN
0 0 0 00 0 0 0 OSCCLK / n * (PLL bypass)OSCCLK / n * (PLL bypass)
0 0 0 10 0 0 1 OSCCLK x 1 / nOSCCLK x 1 / n
0 0 1 00 0 1 0 OSCCLK x 2 / nOSCCLK x 2 / n
0 0 1 10 0 1 1 OSCCLK x 3 / nOSCCLK x 3 / n
0 1 0 00 1 0 0 OSCCLK x 4 / nOSCCLK x 4 / n
0 1 0 10 1 0 1 OSCCLK x 5 / nOSCCLK x 5 / n
0 1 1 00 1 1 0 OSCCLK x 6 / nOSCCLK x 6 / n
0 1 1 10 1 1 1 OSCCLK x 7 / nOSCCLK x 7 / n
1 0 0 01 0 0 0 OSCCLK x 8 / nOSCCLK x 8 / n
1 0 0 11 0 0 1 OSCCLK x 9 / nOSCCLK x 9 / n
1 0 1 01 0 1 0 OSCCLK x 10 / nOSCCLK x 10 / n

(PLL bypass)(PLL bypass)

HSPCLKHSPCLK LSPCLKLSPCLK

Input Clock Fail Detect CircuitryInput Clock Fail Detect Circuitry
PLL will issue a PLL will issue a ““limp modelimp mode””
clock (1clock (1--4 MHz) if input clock is 4 MHz) if input clock is 
removed after PLL has locked. removed after PLL has locked. 
An internal device reset will also An internal device reset will also 
be issued (be issued (XRSnXRSn pin not driven).pin not driven).

SysCtrlRegs.PLLSTS.bit.DIVSEL

••

SysCtrlRegs.PLLCR.bit.DIV ADC SCI, SPI, I2C,
McBSP

All other peripherals 
clocked by SYSCLKOUT

crystalcrystal

X2X2

XT
A

L 
O

SC
XT

A
L 

O
SC

X1X1
1/n1/nM

U
X

M
U

X

DIVSELDIVSEL nn

0x0x /4 */4 *
1010 /2/2
1111 /1/1

* default* default
Note: /1 mode can 
only be used when 
PLL is bypassed

F2833x Clock Module

 

 

High-speed Clock Pre-scaler (HISPCP) and Low speed Clock Pre-scaler (LOSPCP) are used 
as additional clock dividers. The outputs of the two pre-scalers are used as the clock source 
for the peripheral units. We can set up the two pre-scalers individually and independently.  

Note that: 

(1) the signal “CLKIN” is of the same frequency as the core output signal “SYSCLKOUT”, 
which is used for the external memory interface, for clocking the ePWMs and the CAN-unit.  

(2) the Watchdog Unit is clocked directly by the external oscillator. 

(3) the maximum frequency for the external oscillator is 35MHz. 
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5 5 -- 1616

H/LSPCLK          Peripheral Clock FrequencyH/LSPCLK          Peripheral Clock Frequency
0 0 00 0 0 SYSCLKOUT / 1SYSCLKOUT / 1
0 0 10 0 1 SYSCLKOUT / 2 SYSCLKOUT / 2 (default HISPCP)(default HISPCP)
0 1 0               SYSCLKOUT / 4 0 1 0               SYSCLKOUT / 4 (default LOSPCP)(default LOSPCP)
0 1 1               SYSCLKOUT / 60 1 1               SYSCLKOUT / 6
1 0 0               SYSCLKOUT / 81 0 0               SYSCLKOUT / 8
1 0 1               SYSCLKOUT / 101 0 1               SYSCLKOUT / 10
1 1 0               SYSCLKOUT / 121 1 0               SYSCLKOUT / 12
1 1 1               SYSCLKOUT / 14    1 1 1               SYSCLKOUT / 14    

2 2 -- 0015 15 -- 33

HSPCLKHSPCLKreserved

SysCtrlRegs.HISPCPSysCtrlRegs.HISPCP

2 2 -- 0015 15 -- 33

LSPCLKLSPCLKreserved

SysCtrlRegs.LOSPCPSysCtrlRegs.LOSPCP ADCADC

SCI / SPI /SCI / SPI /
I2C / McBSPI2C / McBSP

NOTENOTE::
All Other All Other 
Peripherals Peripherals 
Clocked By Clocked By 
SYSCLKOUT SYSCLKOUT 

F2833x Clock Scaling

 

To use a peripheral unit, we have to enable its clock distribution by setting individual bit 
fields of the PCLKCRx register. Bit field “GPIOIN_ENCLK” enables the clock signal for 
the input qualification filter. If input qualification is not used, then it is not necessary to 
enable this bit.  

5 5 -- 1717

1515 1414 1313 1111 1010 99 881212

77 66 55 44 33 22 11 00

SysCtrlRegs.PCLKCR0SysCtrlRegs.PCLKCR0

SysCtrlRegs.PCLKCR1SysCtrlRegs.PCLKCR1

SysCtrlRegs.PCLKCR3SysCtrlRegs.PCLKCR3

1515 1414 1313 1111 1010 99 881212

77 66 55 44 33 22 11 00

15 15 -- 1414 1313 1212 1010 99 88 7 7 -- 001111

ECANBECANB
ENCLKENCLK

ECANAECANA
ENCLKENCLK

SCIBSCIB
ENCLKENCLK

SCIASCIA
ENCLKENCLK

SPIASPIA
ENCLKENCLK

MAMA
ENCLKENCLK

MBMB
ENCLKENCLK

I2CAI2CA
ENCLKENCLK

ADCADC
ENCLKENCLK

TBCLKTBCLK
SYNCSYNC

SCICSCIC
ENCLKENCLK

EQEP2EQEP2
ENCLKENCLK

EQEP1EQEP1
ENCLKENCLK

ECAP4ECAP4
ENCLKENCLK

ECAP3ECAP3
ENCLKENCLK

ECAP2ECAP2
ENCLKENCLK

ECAP1ECAP1
ENCLKENCLK

ECAP5ECAP5
ENCLKENCLK

ECAP6ECAP6
ENCLKENCLK

EPWM6EPWM6
ENCLKENCLK

EPWM5EPWM5
ENCLKENCLK

EPWM4EPWM4
ENCLKENCLK

EPWM3EPWM3
ENCLKENCLK

EPWM2EPWM2
ENCLKENCLK

EPWM1EPWM1
ENCLKENCLK

CPUTIMER0
ENCLK

CPUTIMER1
ENCLK

CPUTIMER2CPUTIMER2
ENCLKENCLK

DMA
ENCLK

XINTF
ENCLK

GPIOIN
ENCLK

reserved

reservedreserved

reservedreservedreserved

reserved

reserved

reserved

Module Enable Clock BitModule Enable Clock Bit
0 = disable 0 = disable (default)(default) 1 = enable1 = enable

F2833x Clock Control Unit
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Watchdog Timer 
A “Watchdog Timer” is a free running counter unit that triggers a reset if it is not cleared 
periodically by a specific instruction sequence. It is used to recognize events where the 
program leaves its designated sequence of execution, for example, if the program crashes. 

 5 5 -- 1818

 Resets the F2833x if the CPU crashesResets the F2833x if the CPU crashes
 Watchdog counter runs independent of CPUWatchdog counter runs independent of CPU
 If counter overflows, a reset or interrupt is If counter overflows, a reset or interrupt is 

triggered (user selectable)triggered (user selectable)
 CPU must write correct data key sequence to CPU must write correct data key sequence to 

reset the counter before overflowreset the counter before overflow
 Watchdog must be serviced or disabled Watchdog must be serviced or disabled 

within 4.37within 4.37mms after reset (assuming a 30 s after reset (assuming a 30 
MHz OSCCLK)MHz OSCCLK)

 This time period translates into 645000 This time period translates into 645000 
instructions, if CPU runs at 150MHz!instructions, if CPU runs at 150MHz!

Watchdog Timer

 

5 5 -- 1919

6 6 -- BitBit
Free Free --
RunningRunning
CounterCounter

CLRCLR
/2/2
/4/4
/8/8
/16/16
/32/32
/64/64OSCCLKOSCCLK

SystemSystem
ResetReset

101101
100100
011011
010010
001001

000000

111111
110110

••

••

••

••

8 8 -- Bit WatchdogBit Watchdog
CounterCounter

CLRCLR

OneOne--CycleCycle
DelayDelay

WatchdogWatchdog
Reset KeyReset Key
RegisterRegister

55 + AA55 + AA
DetectorDetector

••

1  0  11  0  1
•• •••••• //

//33

33

WDCR . 2 WDCR . 2 -- 00

WDCR . 6WDCR . 6

WDPSWDPS

WDDISWDDIS

WDCR . 7WDCR . 7
WDFLAGWDFLAG

WDCNTR . 7 WDCNTR . 7 -- 00

WDKEY . 7 WDKEY . 7 -- 00

WDCR . 5 WDCR . 5 -- 33 WDCHK 2WDCHK 2--00

Bad WDCR KeyBad WDCR Key

/512/512

OutputOutput
PulsePulse

WDRSTWDRST

WDINTWDINT
SCSR .1SCSR .1
WDENINTWDENINT

••

•• ••

SCSR . 0SCSR . 0
WDOVERRIDEWDOVERRIDE

Good KeyGood Key

Watchdog Timer Module

 



 Watchdog Timer 

F2833x - Digital I/O 5 - 15 

The Watchdog is always alive when the DSP is powered up! When we do not take care of 
the Watchdog periodically, it will trigger a RESET. One of the simplest methods to deal with 
the Watchdog is to disable it. This is done by setting bit 6 of register WDCR to 1. Of course 
this is not a wise decision, because a Watchdog is a security feature and a real project should 
always include as much security as possible or available.  

The Watchdog Pre-scaler can be used to increase the Watchdog’s overflow period. The 
Logic Check Bits (WDCHK) is another security bit field. All write accesses to the register 
WDCR must include the bit combination “101” for this 3 bit field, otherwise the access is 
denied and a RESET is triggered immediately. 

The Watchdog Flag Bit (WDFLAG) can be used to distinguish between a normal power on 
RESET (WDFLAG = 0) and a Watchdog RESET (WDFLAG = 1). NOTE: To clear this flag 
by software, we have to write a ‘1’ into this bit! 

 

5 5 -- 2020

WDFLAGWDFLAG WDDISWDDIS

77 66 5 5 -- 33 2 2 -- 00

WDPSWDPSWDCHKWDCHK

Logic Check BitsLogic Check Bits
Write as  101 or reset Write as  101 or reset 
immediately triggeredimmediately triggered

WD PrescaleWD Prescale
Selection BitsSelection Bits

Watchdog Disable BitWatchdog Disable Bit
Write 1 to disableWrite 1 to disable

(Functions only if WD OVERRIDE(Functions only if WD OVERRIDE
bit in SCSR is equal to 1)bit in SCSR is equal to 1)

reserved

15 15 -- 88

WD Flag BitWD Flag Bit
Gets set when the WD causes a resetGets set when the WD causes a reset

•• Writing a 1 clears this bitWriting a 1 clears this bit
•• Writing a 0 has no effectWriting a 0 has no effect

Watchdog Timer Control Register

Register: Register: SysCtrlRegs.WDCRSysCtrlRegs.WDCR

 

 

Note: if for some reason the external oscillator clock fails, the Watchdog stops incrementing. 
In an application we can catch this condition by reading the Watchdog counter register 
periodically. In the case of a lost external clock, this register will not increment any longer. 
The F2833x itself will still execute if in PLL mode, since the PLL will output a clock 
between 1 and 4 MHz in a so-called “limp”-mode.  
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How do we clear the Watchdog counter register, before it overflows? Answer: By writing a 
“valid key” or “good key” sequence into register WDKEY: 

5 - 21

Resetting the Watchdog

 WDKEY write values:
0x55 - counter enabled for reset on next 0xAA write
0xAA - counter set to zero if reset enabled

 Writing any other value has no effect
 Watchdog should not be serviced solely in 

an ISR
 If main code crashes, but interrupt continues to 

execute, the watchdog will not catch the crash
 Could put the 0x55 WDKEY in the main code, and 

the 0xAA WDKEY in an ISR; this catches main 
code crashes and also ISR crashes

reserved
7 - 015 - 8

WDKEY
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WDKEY Write Results

SequentialSequential
StepStep

11
22
33
44
55
66
77
88
99
1010
1111
1212
1313
1414

Value WrittenValue Written
to WDKEYto WDKEY

AAhAAh
AAhAAh
55h55h
55h55h
55h55h
AAhAAh
AAhAAh
55h55h
AAhAAh
55h55h
23h23h
AAhAAh
55h55h
AAhAAh

ResultResult

No actionNo action
No actionNo action
WD counter enabled for reset on next AAh writeWD counter enabled for reset on next AAh write
WD counter enabled for reset on next AAh writeWD counter enabled for reset on next AAh write
WD counter enabled for reset on next AAh writeWD counter enabled for reset on next AAh write
WD counter is resetWD counter is reset
No actionNo action
WD counter enabled for reset on next AAh writeWD counter enabled for reset on next AAh write
WD counter is resetWD counter is reset
WD counter enabled for reset on next AAh writeWD counter enabled for reset on next AAh write
No effect; WD counter not reset on next No effect; WD counter not reset on next AAhAAh writewrite
No action due to previous invalid valueNo action due to previous invalid value
WD counter enabled for reset on next WD counter enabled for reset on next AAhAAh writewrite
WD counter is resetWD counter is reset
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System Control and Status Register 
Register SCSR controls whether the Watchdog causes a RESET (WDENINT = 0) or an 
Interrupt Service Request (WDENINT = 1).  The default state after RESET is to trigger a 
RESET. 

The WDOVERRIDE bit is a “clear only” bit, that means, once we have closed this switch by 
writing a 1 into the bit, we cannot re-open this switch again (see block diagram of the 
Watchdog). At this point the WD-disable bit is ineffectual, so there is no way to disable the 
Watchdog! 

Bit 2 (WDINTS) is a read only bit that flags the status of the Watchdog Interrupt. 

   

5 5 -- 2323

System Control and Status Register

WD Override (protect bit)WD Override (protect bit)
Protects WD from being disabledProtects WD from being disabled

0 = WDDIS bit in WDCR has no effect (WD cannot be disabled)0 = WDDIS bit in WDCR has no effect (WD cannot be disabled)
1 = WDDIS bit in WDCR can disable the watchdog1 = WDDIS bit in WDCR can disable the watchdog

•• This bit is a This bit is a clearclear--onlyonly bit (write 1 to clear)bit (write 1 to clear)
•• The reset default of this bit is a 1The reset default of this bit is a 1

00112215 15 -- 33

WDOVERRIDEWDOVERRIDEWDENINTWDENINTWDINTSWDINTSreserved

WD Enable InterruptWD Enable InterruptWD Interrupt StatusWD Interrupt Status
(read only)(read only)

0 = active0 = active
1 = not active1 = not active

0 = WD generates a DSP reset0 = WD generates a DSP reset
1 = WD generates a WDINT interrupt1 = WD generates a WDINT interrupt

Register: Register: SysCtrlRegs.SCSRSysCtrlRegs.SCSR

 

 
Low Power Mode 
To reduce power consumption, the F2833x is able to switch into 3 different low-power 
operating modes. We will not use this feature in this chapter; therefore we can treat the Low 
Power Mode control bits as “don’t care”.  The Low Power Mode is entered by execution of 
the dedicated Assembler Instruction “IDLE”. As long as we do not execute this instruction, 
the initialization of the LPMCR0 register has no effect. 

The next four slides explain the Low Power Modes in detail. 
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5 5 -- 2424

Low PowerLow Power
ModeMode

CPU LogicCPU Logic
ClockClock

PeripheralPeripheral
Logic ClockLogic Clock

WatchdogWatchdog
ClockClock

PLL /PLL /
OSCOSC

Normal RunNormal Run

IDLEIDLE

STANDBYSTANDBY

HALTHALT

onon

offoff

offoff

offoff

onon

onon

offoff

offoff

onon

onon

onon

offoff

onon

onon

onon

offoff

See device datasheet for power consumption in each mode

Low Power Modes
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1 1 -- 007 7 -- 2214 14 -- 88

LPM0LPM0WDINTEWDINTE QUALSTDBYQUALSTDBYreserved

Low Power Mode SelectionLow Power Mode Selection
00 = Idle (default)00 = Idle (default)
01 = Standby01 = Standby
1x = Halt1x = Halt

Wake from STANDBYWake from STANDBY
GPIO signal qualification *GPIO signal qualification *

000000 = 2 000000 = 2 OSCCLKsOSCCLKs
000001 = 3 000001 = 3 OSCCLKsOSCCLKs

111111 = 65 OSCCLKS (default)111111 = 65 OSCCLKS (default)

...... ...... ......

1515

Watchdog Interrupt Watchdog Interrupt 
wake device from wake device from 

STANDBYSTANDBY
0 = disable (default)0 = disable (default)
1 = enable1 = enable

Low Power Mode EnteringLow Power Mode Entering
1.  Set LPM bits1.  Set LPM bits
2.  Enable desired exit interrupt(s)2.  Enable desired exit interrupt(s)
3.  Execute IDLE instruction3.  Execute IDLE instruction
4.  The Power down sequence of the hardware 4.  The Power down sequence of the hardware 

depends on LP modedepends on LP mode

* QUALSTDBY will qualify the GPIO wakeup signal in series with the GPIO port qualification.  
This is useful when GPIO port qualification is not available or insufficient for wake-up purposes.

Register: SysCtrlRegs.LPMCR0Register: SysCtrlRegs.LPMCR0

Low Power Mode Control Register 0
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5 5 -- 2626

IDLEIDLE

STANDBYSTANDBY

HALTHALT

RESETRESET
oror

XNMIXNMI

yesyes

yesyes

yesyes

Any Any 
Enabled Enabled 
InterruptInterrupt

yesyes

nono

nono

yesyes

yesyes

nono

ExitExit
InterruptInterrupt

Low PowerLow Power
ModeMode

WatchdogWatchdog
InterruptInterrupt

GPIO GPIO 
Port A Port A 
SignalSignal

yesyes

yesyes

yesyes

Low Power Mode Exit

 

 

5 5 -- 2727

Wake device fromWake device from
HALT and STANDBY modeHALT and STANDBY mode

(GPIO Port A)(GPIO Port A)
0 = disable (default)0 = disable (default)
1 = enable1 = enable

00

GPIO2GPIO2

GPIO14GPIO14 GPIO8GPIO8GPIO11GPIO11

GPIO5GPIO5
11223344556677

8899101011111212131314141515

GPIO0GPIO0GPIO1GPIO1GPIO4GPIO4 GPIO3GPIO3

GPIO9GPIO9

GPIO6GPIO6

GPIO10GPIO10

GPIO7GPIO7

GPIO12GPIO12GPIO13GPIO13GPIO15GPIO15

1616

GPIO18GPIO18

GPIO30GPIO30 GPIO24GPIO24GPIO27GPIO27

GPIO21GPIO21
1717181819192020212122222323

24242525262627272828292930303131

GPIO16GPIO16GPIO17GPIO17GPIO20GPIO20 GPIO19GPIO19

GPIO25GPIO25

GPIO22GPIO22

GPIO26GPIO26

GPIO23GPIO23

GPIO28GPIO28GPIO29GPIO29GPIO31GPIO31

Register: Register: SysCtrlRegs.GPIOLPMSELSysCtrlRegs.GPIOLPMSEL

GPIO Low Power Wakeup Select
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 Lab 5_1: Digital Output at 4 LEDs 
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• Display the 4 least significant bits of a counter variable at 
LED LD1(GPIO9), LD2(GPIO11), LD3(GPIO34) and 
LD4(GPIO49) of the Peripheral Explorer Board.

• Increment variable “counter” every 100 milliseconds
• Use a software delay loop to generate the interval of 100 

milliseconds

Lab 5_1: “Binary Counter” at 4 LEDs

Objective:

Project - Files :
1. C - source file “Lab5_1.c”
2. Start assembly code file: 

“DSP2833x_CodeStartBranch.asm”
2. Register Variable Definition File: 

“DSP2833x_GlobalVariableDefs.c”
3. Linker Command File:

“28335_RAM_lnk.cmd”
“DSP2833x_Headers_nonBIOS.cmd”

4. Runtime Library “rts2800_fpu32.lib”

0000
0001
0010

1111
…
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“DSP2833x_GlobalVariableDefs.c” 

• Definition of global variables for all memory mapped 
peripheral registers based on predefined structures 

• Master Header File is “DSP2833x_Device.h”
• Example  GpioDataRegs:

volatile struct GPIO_DATA_REGS GpioDataRegs;
• This structure variable combines all registers, which 

belong to this peripheral group, e.g.:
GpioDataRegs.GPADAT

• Each register is declared as a union to allow 32-bit-
(“all”) and single bit field -accesses (“bit”), e.g.:

GpioDataRegs.GPADAT.bit.GPIO9 = 1;
GpioDataRegs.GPADAT.all = 0x0000FFFF;

• Steps to be done are:
1. Add “DSP2833x_GlobalVariableDefs.c” to project
2. Include “DSP2833x_Device.h” into your C-code
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“Lab 5_1 Register usage” 

Registers involved in LAB 5_1:
• Core Initialisation:

• Watchdog - Timer - Control  : WDCR
• PLL Clock Register : PLLCR
• High Speed Clock Pre-scaler: HISPCP
• Low Speed Clock Pre-scaler : LOSPCP  
• Peripheral Clock Control : PCLKCRx
• System Control and Status : SCSR

• Access to LED‘s (GPIO9, GPIO11,GPIO34,GPIO49):
• GPA and GPB Multiplex Register:

• GPAMUX1, GPAMUX2, GPBMUX1, GPBMUX2
• GPA and GPB Direction Register:

• GPADIR and GPBDIR
• GPA and GPB Data Register:

• GPASET, GPACLEAR, GPBSET, GPBCLEAR
 

Objective 
The objective of this lab is to practice using basic digital I/O-operations. GPIO9, GPIO11, 
GPIO34 and GPIO49 are connected to 4 Leds (LD1-4) at the Peripheral Explorer Board; a 
digital output value of ‘1’ will switch on a light, a digital ‘0’ will switch it off.  Lab5_1 will 
use register GPAMUX1, GPBMUX1, GPADIR, GPBDIR and the data registers GPADAT, 
GPBDAT, GPASET, GPACLEAR, GPBSET and GPBCLEAR. 

The code of Lab5_1 will continuously increment an integer variable "counter" and display 
the current value of its 4 least significant bits on LD1 to LD4. For this first hardware based 
lab we will not use any interrupts.  The Watchdog-Timer unit and the core registers to set up 
the controller speed are also used in this exercise. 

Procedure 

Create a Project File 
1. Using Code Composer Studio, create a new project, called Lab5.pjt in 

C:\DSP2833x_V4\Labs (or in another path that is accessible by you; ask your teacher 
or a technician for an appropriate location!). 

2. Define the size of the C system stack. In the project window, right click at project 
“Lab5” and select “Properties”.  In category “C/C++ Build”, “C2000 Linker”, “Basic 
Options” set the C stack size to 0x400. 

3. Copy the provided source code file “Lab5_1.c” in the project folder 
“C:\DSP2833x_V4\Labs\Lab5”. This step will automatically include the file in 
project “Lab5”. 
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Next, we will take advantage of some useful files, which have been created and provided by 
Texas Instruments and should be already available on your hard disk drive C as part of the 
so-called "Header File" package (sprc530.zip). If not, ask a technician to install that package 
for you! 

3. In the C/C++ perspective, right click at project “Lab5” and select “Link Files to Project”. 
Go to folder “C:\tidcs\c28\dsp2833x\v131\DSP2833x_headers\source” and link: 

• DSP2833x_GlobalVariableDefs.c 

This file defines all global variable names to access memory mapped peripheral 
registers.  

4. Repeat the “Link Files to Project” step. From C:\tidcs\c28\dsp2833x\v131\ 
DSP2833x_common\source add: 

• DSP2833x_CodeStartBranch.asm 

This file contains a single Long Branch assembly instruction and must be placed into 
the code entry point section "BEGIN" in code space. The Linker will that do for us, 
based on the file that is added in the next step.  

5. From C:\tidcs\c28\dsp2833x\v131\DSP2833x_headers\cmd  link to project “Lab5”: 

• DSP2833x_Headers_nonBIOS.cmd 

This linker command file will connect all global register variables to their 
corresponding physical addresses. 

Project Build Options 
6. We also have to extent the search path of the C-Compiler for include files. Right click at 

project “Lab5” and select “Properties”.  Select “C/C++ Build”, “C2000 Compiler”, 
“Include Options”. In the box "Add dir to #include search path”, add the following line: 

 C:\tidcs\C28\dsp2833x\v131\DSP2833x_headers\include 
 

Note: Use the “Add” Icon to add the new path:  

 

Close the Property Window by Clicking <OK>. 
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Modify the Source Code 
After we have prepared our project, it is time to inspect and change the provided C-source 
code file "Lab5_1.c". To find the correct setup for the registers, use the information from the 
PowerPoint slides in the presentation of this chapter!  

7. Open Lab5_1.c and search for the local function “InitSystem()”. You will find several 
question marks in this code. Your task is to replace all the question marks to complete 
the code.  

• Set up the Watchdog-Timer (WDCR): disable the Watchdog and clear the 
WD Flag bit. 

• Set up the SCSR to generate a RESET out of a Watchdog event 
(WDENINT) 

• Setup the Clock-PLL (PLLCR)-multiply by 10/2. Assuming we use an 
external 30 MHz oscillator this will set the DSP to 150 MHz internal 
frequency. Set bit field "DIV" in PLLCR to 10 and field DIVSEL in 
register PLLSTS to 2! 

• Initialize the High speed Clock Pre-scaler (HISPCP) to “divide by 2“, the 
Low speed Clock Pre-scaler (LOSPCP) to “divide by 4”. 

• Enable the GPIO-Clock bit "GPIOINENCLK" in register PCLKCR3. 
Disable all other peripheral clock units in register: PCLKCR0, PCLKCR1 
and PCLKCR3.   

8. Search for the local function “Gpio_select()” and modify the code in it to: 
• Set up all multiplex register to digital I/O. 
• Set up GPADIR: lines GPIO9 and GPIO11 to output and all other lines to input.  
• Set up GPBDIR: lines GPIO34 and GPIO49 to output and all other lines to 

input.  
• Set up GPCDIR: all lines to digital input. 

Setup the control loop 
 
9. In “Lab5_1.c” look for the endless “while(1)” loop. After the increment of the variable 

"counter" add some instructions to analyze the current value in "counter": 
 

• If bit 0 of counter is 1, set GPIO9 to 1, otherwise clear GPIO9 to 0 
• If bit 1 of counter is 1, set GPIO11 to 1, otherwise clear GPIO11 to 0 
• If bit 2 of counter is 1, set GPIO34 to 1, otherwise clear GPIO34 to 0 
• If bit 3 of counter is 1, set GPIO49 to 1, otherwise clear GPIO49 to 0 

Note: The GPIO data registers are accessible using a set of 4 registers (‘x’ stands 
for A, B or C): 

• GpioDataRegs.GPxDAT -  access to data register 
• GpioDataRegs.GPxSET -  set those lines, which are marked with a 1  
• GpioDataRegs.GPxCLEAR -  clear the lines, which are marked with a 1 



Lab 5_1: Digital Output at 4 LEDs 

5 - 24 F2833x - Digital I/O 

• GpioDataRegs.GPxTOGGLE - invert the level at lines, which are marked 
as 1 

 
Example to set pin GPIO5 to 1: 

GpioDataRegs.GPASET.bit.GPIO5 = 1; 

Build and Load 
 
10. Click the “Rebuild Active Project ” button or perform:  
 

Project  Rebuild All (Alt +B)  
 

and watch the tools run in the build window. If you get errors or warnings debug as ne-
cessary.  

 
11. Load the output file in the debugger session:  

 
Target  Debug Active Project  

 
and switch into the “Debug” perspective. 

Test  
  

12. Verify that in the debug perspective the window of the source code “Lab5_1.c” is hig-
hlighted and that the blue arrow for the current Program Counter position is placed under 
the line “void main(void)”. 
 

13. Perform a real time run.  
 

Target  Run 
 
14. Verify that the LEDs behave as expected. In this case you have successfully finished the 

first part of Lab5_1. Halt the Device ( Target  Halt). 

Enable Watchdog Timer 
15. Now let us improve our Lab5_1 towards a more realistic scenario. Although it was very 

easy to disable the watchdog for the first part of this exercise, it is not a good practice for 
a ‘real’ hardware project. The watchdog timer is a security hardware unit; it is an internal 
part of the F2833x and it should be used in all projects. So let us modify our code: 

16. Switch back to the “C/C++” perspective. In file “Lab5_1.c” search the function 
“InitSystem()” and modify the WDCR - register initialization   

• Now do NOT disable the watchdog. 

17. What will be the result?   

• Answer: If the watchdog is enabled, our program will stop operations after a few 
milliseconds somewhere in our while(1) loop. Depending on the preselected boot-
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mode, the watchdog will force the controller into the hardware start sequence, 
usually into the FLASH entry point. Since our program has been loaded in RAM 
rather than in FLASH, it will not start again. As a result, our LED program will not 
run any more! 

• Note: The BOOT - Mode sequence of F2833x is selected with 4 GPIOs (GPIO87, 
86, 85 and 84), which are sampled during startup.  In case of the F28335ControlCard 
all 4 pins are resistor pulled up to 3.3V, thus the "Jump to FLASH entry point" 
option is selected by default. At the Peripheral Explorer Board pin GPI084 can be 
forced to GND by closing jumper J3 (“Boot-2”) at the XDS100 module (“M1”) of 
the Peripheral Explorer Board; this will select the option "SCI-A boot loader". All 
remaining boot start options are not available for the combination 
F28335ControlCard + Peripheral Explorer Board.  

 
18. Click the “Rebuild All” button or perform:  

 
Project  Rebuild Active Project  

 
19. Load the output file in the debugger session:  

 
Target  Debug Active Project  

 
and switch back into the “Debug” perspective. 

 
20. Perform a real time run.  

 
Target  Run 
 

Our LED code should not work any more! This is a sign that the F2833x has been RESET by 
a watchdog overflow.  

Service the Watchdog Timer 
21. To enable the watchdog timer was only half of the task to use it properly. Now we have 

to deal with it in our code. This means that if our control loop runs as expected, the 
watchdog, although it is enabled, should never trigger a RESET.  How can we achieve 
this? Answer:  We have to execute the watchdog reset key sequence somewhere in our 
control loop. The key sequence consists of two write instructions into the WDKEY-
register, a 0x55 followed by a 0xAA.   

• Switch back to “C/C++” perspective and inspect file “Lab5_1.c”. Look for function 
“delay_loop()” and uncomment the four lines: 
EALLOW; 
SysCtrlRegs.WDKEY = 0x55; 
SysCtrlRegs.WDKEY = 0xAA; 
EDIS; 
 
Note: The C-Macro “EALLOW” will open the access to certain CPU core registers, 
including the Watchdog-Registers. The Macro “EDIS” will disable this access.  
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22. Click the “Rebuild All” button or perform:  
 

Project  Rebuild Active Project  
23. Load the output file in the debugger session:  

 
Target  Debug Active Project  

 
and switch back into the “Debug” perspective. 

 
24. Perform a real time run.  
 

Target  Run 

25. Now our LED control code should run again as expected. The watchdog is still active 
but due to our key sequence it will not trigger a RESET unless the F2833x code crashes. 
Hopefully this will never happen! 

 

 

END of Lab 5_1 
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Lab 5_2: Digital Output (modified) 
Let’s modify the code of Lab5_1. Instead of showing the four least significant bits of 
variable "counter" as in Lab5_1, let us now produce a “running” LED from left to 
right and vice versa (known as a “Knight Rider”):  
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Lab Exercise 5_2

Modify the C -source – code to:

• switch 4 LEDs  at GPIO9, GPIO11, GPIO34 
and GPIO49 sequentially on and off 

• use a software time delay from Lab5_1
GPIO9 GPIO11 GPIO34 GPIO49

Step 1

Step 3

Step 2

Step 4

Step 5

Step 6

 

Procedure 

Modify Code and Project File 
1. Open the source code “Lab5_1.c” from project Lab5.pjt in C:\DSP2833x_V4\Labs\Lab5 

and save it as “Lab5_2.c”. 
 

2. Exclude file “Lab5_1.c” from build. Right click at Lab5_1.c in the project window 
and enable “Exclude File(s) from Build". Add the new source code file to your 
project: 

 

3. Modify the code inside the “Lab5_2.c” according to the new objective. Variable 
“counter” is no longer needed, so remove it.  

 

4. Rebuild and test as you have done in Lab5_1. 

END of Lab 5_2 
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Lab 5_3: Digital Input 

Objective 
Now let us add some digital input function to our code. On the Peripheral Explorer Board, 
the digital lines GPIO12 to GPIO15 are inputs from a 4-bit hexadecimal encoder device 
(SW2). This device generates a 4-bit number between binary “0000” and “1111”, depending 
on its position.  

The objective of Lab5_3 is to read the status of this hexadecimal encoder and display it at 
LEDs LD1 (GPIO9), LD2 (GPIO11), LD3 (GPIO34) and LD4 (GPIO49) of the Peripheral 
Explorer Board.  
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Lab 5_3: Digital Input (GPIO 15...12)

• a 4 bit hex encoder connected to GPIO15…GPIO12
• 4 LED‘s connected to GPIO9, GPIO11, GPIO34 and 

GPIO49
• read the status of encoder and display it at the LEDs

Objective:

Project - Files :
1. C - source file: “Lab5_3.c”
2. Register Definition File: 

“DSP2833x_GlobalVariableDefs.c”
3. Linker Command File:

“28335_RAM_lnk.cmd”
4. Runtime Library: “rts2800_fpu32.lib” 

 

Procedure 

Modify Code and Project File  
1. Open the source code “Lab5_1.c” from project “Lab5” in 

C:\DSP2833x_V4\Labs\Lab5 and save it as “Lab5_3.c”. 

2. Exclude file “Lab5_2.c” from build. Right click at Lab5_2.c in the project 
window and select “Exclude File(s) from Build”.  

3. Modify Lab5_3.c. Remove variable "counter". Keep the function calls to 
“InitSystem()” and “Gpio_select()”. Inside the endless while(1)-loop, modify the 
control loop as needed. Just copy the current value from input GPIO12 (encoder 
bit 0) to output GPIO9 (LED1) and so on. 
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4. What about the watchdog? Recall that we serviced the watchdog inside 
“delay_function()” - it would be unwise to remove this function call from our 
control loop!  

Build, Load and Test 
5. Build, Load and Test as you have done in previous exercises.  

When the code is running, turn the hex-encoder switch at the Peripheral Explorer 
Board. Each clockwise turn should increment the binary pattern at the 4 LEDs, 
an anti clockwise turn should decrement the pattern. 

 

 

END of Lab 5_3 
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Lab 5_4: Digital In- and Output  

Objective 
Now let us combine Lab5_1 and Lab5_3! That means your task is to control the speed of 
your “LED”- counter code (Lab5_1) by the current status of the 4-bit hex encoder. It inputs a 
value between 0 and 15. For example, we can use this number to change the input parameter 
for function “delay_loop()” to generate a time interval between 100 milliseconds (hex-
encoder = 0) and 1.6 seconds (hex-encoder = 15). 
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Lab 5_4: Digital In- and Output

• Mix between Lab5_1 and LAB5_3:

• change the loop – speed of Lab5_1 depending of 
the status of the hex – encoder.

• If hex – encoder reads “0000”, set the time period 
for the LED update to approximately 100 ms.

• If hex - encoder reads “1111”, set the time period for 
the LED update to approximately 1.6 seconds.

• Adjust the period for all other encoder values 
accordingly. 

 

Modify Code and Project File  
1. Open the source code “Lab5_1.c” from project Lab5.pjt in 

C:\DSP2833x_V4\Labs\Lab5 and save it as “Lab5_4.c”. 

2. Exclude file “Lab5_3.c” from build. Right click at Lab5_3.c in the project 
window and select “Exclude File(s) from Build".  

Modify Lab5_4.C 
4. In “main()”, modify the input parameter of the function “delay_loop()”. This 

parameter defines the number of iterations of the for-loop. All you have to do is 
to change the current parameter using the GPIO-inputs GPIO15…GPIO12.  

5. The best position to update the parameter for the delay loop time is inside the 
endless loop of “main()”, between two steps of the LED-sequence. Recall, that 
the 4-bit encoder will give you a number between 0 and 15. The task is to 
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generate a delay period between 100 milliseconds and 1.6 seconds.  You need to 
do a little bit of maths here. Assuming your DSP runs at 100 MHz, one loop of 
the “for()” loop -instruction in function “delay_loop()” takes approximately 173 
nanoseconds, so you need to scale the value accordingly. 

Build, Load and Test 
6. Build, Load and Test as you have done in previous exercises. 

 
END of Lab 5_4 
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Lab 5_5: Digital In- and Output Start / Stop 

Objective 
As a final exercise in this chapter, let us add some start/stop functionality to our project. The 
Peripheral Explorer Board is equipped with two push-buttons PB1 and PB2. If pushed, the 
corresponding input line reads ‘0’; if not, it reads as ‘1’. Button PB1 is wired to GPIO17 and 
PB2 to GPIO48.  

The Task is: 
(1) to start the LED counting sequence from Lab5_4, if PB1 has been pushed. 
(2) to suspend the LED counting sequence, if PB2 has been pushed. 
(3) to resume the LED counting, if PB1 has been pushed again 
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Lab 5_5: Start - /Stop Control

• Add a start/stop function to Lab5_4:

• Peripheral Explorer Board Pushbuttons:
• PB1 (GPIO17) to start/restart control code
• PB2 (GPIO48) to stop/suspend control code

• If PB1 is pushed, LED counting should start / resume
• If PB2 is pushed, LED counting should stop.

 

Modify Code and Project File 
1. Open the source code “Lab5_4.c” from project Lab5.pjt in 

C:\DSP2833x_V4\Labs\Lab5 and save it as “Lab5_5.c”. 

2. Exclude file “Lab5_4.c” from build. Right click at Lab5_4.c in the project 
window and select “Exclude File(s) from Build".  

Modify Lab5_5.c  
4. Inspect function “Gpio_select()” and make sure that GPIO17 and GPIO48 are 

initialized as input lines. 
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5. At the beginning of Lab5_5.c add two definitions: 
#define START  GpioDataRegs.GPADAT.bit.GPIO17 
  
#define STOP   GpioDataRegs.GPBDAT.bit.GPIO48  

Now we can use the symbols “START” and “STOP” instead of the long bit 
variable names. 

6. At the beginning of function “delay_loop()”, add a definition for a static variable 
“run” and initialize it with 0: 

static unsigned int run = 0; 

This variable will later be used as a control switch. If run = 0, the control code 
loop execution is stopped; If run = 1, the control code loop is enabled. 

7. Inside the for()-loop of function “delay_loop()”, add a code sequence to 
postpone the loop-execution as long as PB1 has not been pushed. One option is 
to use a do-while construction: 

do 
{ 

EALLOW; 
SysCtrlRegs.WDKEY = 0x55; 
SysCtrlRegs.WDKEY = 0xAA;  // service watchdog 
EDIS; 
if (START == 0 && STOP == 1) run = 1; // run control code if PB1=0 

 } while (!run);  
 

Note: You will have to adjust the calculation of the input parameter for the 
function “delay_loop()”! 

8. After leaving this do-while loop, we need to check, if PB2 has been pushed. If 
so, all we have to do is to set variable run = 0.  

 if(STOP == 0)   run = 0; // suspend 

With the next repetition of the for() -loop the processor will re-enter the do-
while construction and wait for a second START command. 

Procedure step 7 and 8 are only one option to solve the task. You might find 
other solutions even better suited. 

Build, Load and Test 
9. Build, Load and Test as you have done in previous exercises. 

 

END of Lab 5_5 
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