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4400:470/570 Microprocessor Interfacing Fall 2007 Name_________________________ 

 James Grover         Please Print  

Examination 3 Cross Country Flying 

The multiple-choice portion of the examination is closed book, closed 

notes and closed crib sheet.  For two points each, transfer your best answer to the 
table below for the first 15 question of this examination.  Assume that a 

PIC24FJ128GA010, MPLAB, and C-30 are being used for all multiple-choice questions.  

1.  2.  3.  4.  5.  

6.  7.  8.  9.  10.  

11.  12.  13.  14.  15.  
 

1.  How many bit of resolution does the ADC have? 

 

A. Eight   B. Ten   C. Twelve   D. Indeterminate 
 

2.  According to Bonny BakIE, when measuring DC is an analog low-pass filter on the 

input required? 

 

A. YES   B. NO 
 

3.  When an out of band frequency folds back into the in band range of frequency, what 

phenomenon has occurred? 

 

A. Delusion because it will not happen.   B. Aliasing   C. Fourier paradox 

D.  Markov process 

 

4.  The TC1047A produced what parameter in proportion to the die temperature? 

 

A.  Current   B. Resistance   C. Conductance   D. Voltage  

 

5. With keyboard to host communications, what device produces the PS/2 clock? 

 

A. Host   B. Clock chip   C. PS/2 device (keyboard)  

D. No device since PS/2 uses asynchronous protocol 

 

6. The input capture module may not be configured to produce interrupt under which of 

the following conditions? 

 

A. Timer roll-over   B. Rising edge   C. Falling and rising edge   D. Falling edge  
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7.  PS/2 devices produce a parity bit.  

 

A   False, no parity in protocol   B. True, even parity in protocol    

C. True, odd parity in protocol  D. Indeterminate 

 

8.  To simulate PS/2 device connected to PIC, what simulation tool was used by the 

textbook’s author? 

 

A.  Watch window   B. Stopwatch   C. Stimulus Script   D. Visual Initializer  

 

9.  There is one interrupt vector for each of the 22 change notification inputs (22 interrupt 

total). 

 

A.  TRUE   B. FALSE   C. Indeterminate 

 

10.  The textbook’s author uses how many points in the implementation of circular 

buffers? 

 

A  Only one   B. Two, head and tail pointers   C. Three, head, tail and midpoint 

D. None 

 

11.  Digital-to-analog conversions are made using what modules? 

 

A.  DAC module   B. PWM in Output Compare Module   C. ADC module 

D. Built-in digital potentiometer 

 

12. A tasks registers, RAM, ROM and stack are called the  _____ of the task. 

 

A. Priority   B. Context   C. Scheduler   D. RTOS 

 

13. FreeRTOS measures time in _____. 

 

A. Seconds   B. Milliseconds   C. Ticks   D. Microseconds 

 

14. In FreeRTOS functions and co-routines have the exact same properties 

 

A. TRUE   B. FALSE   C. Indeterminate 

 

15. A task in FreeRTOS may be in one of how many possible states?  

 

A. Two (Ready and Running)    
B. Four (Ready, Running, Blocked and Suspended) 
C. Five (Ready, Running, Blocked, Suspended, and Idle) 
D. Same as maximum priority macro 
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4400:470/570 Microprocessor Interfacing  Fall 2007 

 

Examination 3 Cross-Country Flying   Name__________________________________ 

       Please Print  

 

This portion of the examination is closed book, closed notes and open instructor 

provided crib sheet at end of examination.  For this part of the examination assume a 

PIC24FJ128GA010 with an oscillator frequency of 8 MHz with the PLL disabled. 

 

16. It’s an analog world (25 points)  

 

Part A:  A sensor has an output resistance of 2.5 KΩ and NO LPF is used.  The PIC has 

an internal resistance of 5.25 KΩ (typical) and a sampling capacitor of 4.4 pF (typical).  

To within 3.3/2
11
 volts (1/2 least-significant bit), what is the maximum (worst-case) 

sampling time required. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part B:  Based on Part A, what should be the value of SAMC and ADCS.  If you don’t 

trust your calculated maximum sampling time in part A, use 10 µs for a 4 point penalty.    

Raw Score Bonus Score 
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16. Continued 

 

Part C:  Write a function prototyped as int readADC(int ch);.  Where ch is the selected A 

channel and the return value is the ADC output.  Note you must start the sampling and 

wait for end-of-conversion.  Note a register summary is provided at end of examination.  

Also, the initialization of the ADC is performed in another function that you do not need 

to write. 
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17. Volare – PWM  (20 points) 

 

Part A:  PR2 is 0x3FF and OCxR is 0x267.  Assuming VDD = 3.3 VDC, what is the DC 

component of the LPF output cascaded to the OCx pin signal when in the PWM mode? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part B:  Produce a triangular waveform that goes from 0 VDC to 3.3 VDC and back to 0 

VDC in 32 steps on OC2 using Timer 2.  The frame work for the interrupt service routine 

has been provided below.  You only need write the fragment of code to produce the 

triangular waveform by calculation.   Assume PR2 for the associated timer is 1023.  Do 

not use table look-up. 

 

 void _ISRFAST _T2Interrupt(void){ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  _T2IF=0; 

  } 
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18. Capturing Inputs (20 points) 

 

This problem is associated with the FIFO or circular buffer discussed by the textbook’s 

author in chapter 11.  Assume the following declarations have been made: 

 

 #define KB_SIZE 16 

 //circular buffer 

  unsigned char KBC[KB_SIZE]; 

 //head and tail or write and read pointers 

  volatile int KBR, KBW 

 

The following simple rules will keep track of the buffer contents.  Write a fragment of C 

code for each of the rules. 

  

Part A:  When the buffer is empty, KBR and KBW are pointing to the same location.  

Write a fragment of C code to test for this condition. 

 

 

 

 

 

 

 

Part B: When the buffer is full, KBW points to the location before KBR.  Write a 

fragment of C code to test for this condition.  Account for wrap around of the buffer, 

which why it is called a circular buffer. 

 

 

 

 

 

 

 

Part C:  After reading a character the corresponding pointer is incremented.  Write a 

fragment of C code to perform this operation taking into account wrap around of the 

circular buffer. 

 

 

 

 

 

 

Part D:  After writing a character the corresponding pointer is incremented.  Write a 

fragment of C code to perform this operation taking into account wrap around of the 

circular buffer. 
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Bonus Points:   _____________ 

 

Rule for the use the rest of this page:  

 

Continue problems on this page and plainly mark what problem is being continued.  

Indicate within the first part of the body of the solution that the problem is continued on 

this page.  
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Registry Summary 
AD1CON1: A/D Control 3 Register 
 
bit 15 ADON: A/D Operating Mode bit 

1 = A/D converter module is operating 

0 = A/D converter is disabled 

bit 14 Unimplemented: Read as ‘0’ 

bit 13 ADSIDL: Stop in Idle Mode bit 

1 = Discontinue module operation when device enters Idle mode 

0 = Continue module operation in Idle mode 

bit 12-10 Unimplemented: Read as ‘0’ 

bit 9-8 FORM1:FORM0: Data Output Format bits 

11 = Signed fractional (sddd dddd dd00 0000) 

10 = Fractional (dddd dddd dd00 0000) 

01 = Signed integer (ssss sssd dddd dddd) 

00 = Integer (0000 00dd dddd dddd) 

bit 7-5 SSRC2:SSRC0: Conversion Trigger Source Select bits 

111 = Internal counter ends sampling and starts conversion (auto convert) 

110 = Reserved 

10x = Reserved 

100 = Reserved 

011 = Reserved 

010 = Timer3 compare match ends sampling and starts conversion 

001 = Active transition on INT0 pin ends sampling and starts conversion 

000 = Clearing SAMP bit ends sampling and starts conversion 

bit 4-3 Unimplemented: Read as ‘0’ 

bit 2 ASAM: A/D Sample Auto-Start bit 

1 = Sampling begins immediately after last conversion completes; SAMP bit is automatically set. 

0 = Sampling begins when SAMP bit is set 

bit 1 SAMP: A/D Sample Enable bit 

1 = At least one A/D sample/hold amplifier is sampling 

0 = A/D sample/hold amplifiers are holding 

When ASAM = 0, writing ‘1’ to this bit starts sampling. When SSRC<2:0> = 000, writing ‘0’ to this 

bit will end sampling and start conversion. 
bit 0 DONE: A/D Conversion Status bit 

1 = A/D conversion is done 

0 = A/D conversion is not done or has not started 

Clearing this bit will not affect any operation in progress. Cleared by software or start of a new 
conversion. 

 

AD1CON2: A/D Control 2 Register 
 
bit 15-13 VCFG2:VCFG0: Voltage Reference Configuration bits 

bit 12 Reserved: Maintain as ‘0’ 

bit 11 Unimplemented: Read as ‘0’ 

bit 10 CSCNA: Scan Input Selections for CH0+ S/H Input for MUX A Input Multiplexer Setting bit 

1 = Scan inputs 

0 = Do not scan inputs 

bit 9-8 Unimplemented: Read as ‘0’ 

bit 7 BUFS: Buffer Fill Status bit(1) 
1 = A/D is currently filling ADC1BUF8-ADC1BUFF, user should access data in ADC1BUF0-

ADC1BUF7 
0 = A/D is currently filling ADC1BUF0-ADC1BUF7, user should access data in ADC1BUF8-

ADC1BUFF 
bit 6 Unimplemented: Read as ‘0’ 

bit 5-2 SMPI3:SMPI0: Sample/Convert Sequences Per Interrupt Selection bits 

1111 = Interrupts at the completion of conversion for each 16th sample/convert sequence 
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1110 = Interrupts at the completion of conversion for each 15th sample/convert sequence 
..... 
0001 = Interrupts at the completion of conversion for each 2nd sample/convert sequence 

0000 = Interrupts at the completion of conversion for each sample/convert sequence 

bit 1 BUFM: Buffer Mode Select bit 

1 = Buffer configured as two 8-word buffers (ADC1BUF0 to ADC1BUF7 and ADC1BUF8 to 

ADC1BUFF) 
0 = Buffer configured as one 16-word buffer (ADC1BUF0 to ADC1BUFF) 

bit 0 ALTS: Alternate Input Sample Mode Select bit 

1 = Uses MUX A input multiplexer settings for first sample, then alternates between MUX B and 

MUX A 
input multiplexer settings for all subsequent samples 
0 = Always uses MUX A input multiplexer settings 

 
Note 1: Only valid when ADC1BUF is functioning as two buffers (BUFM = 1). 

 

AD1CON3: A/D Control 3 Register 

 
bit 15 ADRC: A/D Conversion Clock Source bit 

1 = A/D internal RC clock 

0 = Clock derived from system clock 

bit 14-13 Unimplemented: Read as ‘0’ 

bit 12-8 SAMC4:SAMC0: Auto-Sample Time bits 

11111 = 31 TAD 

····· 
00001 = 1 TAD 

00000 = 0 TAD (not recommended) 

bit 7-0 ADCS7:ADCS0: A/D Conversion Clock Select bits 

11111111 = 128 TCY 

11111110 = 127 TCY 

······ 
00000001 = TCY 

00000000 = TCY/2 

 

AD1CHS: A/D Input Channel Select Register 
 
bit 15 CH0NB: Channel 0 Negative Input Select for MUX B Multiplexer Setting bit 

1 = Channel 0 negative input is AN1 

0 = Channel 0 negative input is VRbit 

14-12 Unimplemented: Read as ‘0’ 

bit 11-8 CH0SB3:CH0SB0: Channel 0 Positive Input Select for MUX B Multiplexer Setting bits 

1111 = Channel 0 positive input is AN15 

1110 = Channel 0 positive input is AN14 

1101 = Channel 0 positive input is AN13 
····· 
0001 = Channel 0 positive input is AN1 

0000 = Channel 0 positive input is AN0 

bit 7 CH0NA: Channel 0 Negative Input Select for MUX A Multiplexer Setting bit 

1 = Channel 0 negative input is AN1 

0 = Channel 0 negative input is VRbit 

6-4 Unimplemented: Read as ‘0’ 

bit 3-0 CH0SA3:CH0SA0: Channel 0 Positive Input Select for MUX A Multiplexer Setting bits 

1111 = Channel 0 positive input is AN15 

1110 = Channel 0 positive input is AN14 

1101 = Channel 0 positive input is AN13 
····· 
0001 = Channel 0 positive input is AN1 

0000 = Channel 0 positive input is AN0 
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OCxCON: Output Compare x Control Register 
 
bit 15-14 Unimplemented: Read as ‘0’ 

bit 13 OCSIDL: Stop Output Compare x in Idle Mode Control bit 

1 = Output compare x will halt in CPU Idle mode 

0 = Output compare x will continue to operate in CPU Idle mode 

bit 12-5 Unimplemented: Read as ‘0’ 

bit 4 OCFLT: PWM Fault Condition Status bit 

1 = PWM Fault condition has occurred (cleared in HW only) 

0 = No PWM Fault condition has occurred (this bit is only used when OCM<2:0> = 111) 

bit 3 OCTSEL: Output Compare x Timer Select bit(1) 
1 = Timer3 is the clock source for Output Compare x 

0 = Timer2 is the clock source for Output Compare x 

bit 2-0 OCM<2:0>: Output Compare x Mode Select bits 

111 = PWM mode on OCx, Fault pin enabled 

110 = PWM mode on OCx, Fault pin disabled 

101 = Initialize OCx pin low, generate continuous output pulses on OCx pin 

100 = Initialize OCx pin low, generate single output pulse on OCx pin 

011 = Compare event toggles OCx pin 

010 = Initialize OCx pin high, compare event forces OCx pin low 

001 = Initialize OCx pin low, compare event forces OCx pin high 

000 = Output compare channel is disabled 

 
Note 1: Refer to the device data sheet for specific time bases available to the output compare module. 

 

TxCON (T2CON, T4CON) CONTROL REGISTER 
 
bit 15 TON: Timerx On bit 

When T32 = 1: 

1 = Starts 32-bit Timerx/y 
0 = Stops 32-bit Timerx/y 

When T32 = 0: 

1 = Starts 16-bit Timerx 
0 = Stops 16-bit Timerx 

bit 14 Unimplemented: Read as ‘0’ 
bit 13 TSIDL: Stop in Idle Mode bit 

1 = Discontinue module operation when device enters Idle mode 
0 = Continue module operation in Idle mode 

bit 12-7 Unimplemented: Read as ‘0’ 
bit 6 TGATE: Timerx Gated Time Accumulation Enable bit 

When TCS = 1: 

This bit is ignored. 

When TCS = 0: 

1 = Gated time accumulation enabled 
0 = Gated time accumulation disabled 

bit 5-4 TCKPS<1:0>: Timerx Input Clock Prescale Select bits 
11 = 1:256 
10 = 1:64 
01 = 1:8 
00 = 1:1 

bit 3 T32: 32-bit Timer Mode Select bit(1) 
1 = Timerx and Timery form a single 32-bit timer 
0 = Timerx and Timery act as two 16-bit timers 

bit 2 Unimplemented: Read as ‘0’ 
bit 1 TCS: Timerx Clock Source Select bit 

1 = External clock from pin TxCK (on the rising edge) 
0 = Internal clock (FCY) 

bit 0 Unimplemented: Read as ‘0’ 
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Note 1: In 32-bit mode, T3CON control bits do not affect 32-bit timer operation. 

 

• Leave the rest of this page blank.   

• Nothing will be graded on this page 
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