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1. (35 points) Microcontroller system is using 32KHz crystal connected to LFXT1 Oscillator, 8MHz crystal 
connected to XT2 Oscillator, and 3V power supply. See Appendix (pages 7-11) for necessary information. 
 
Datasheet specifications:   
 fRsel+1 / fRsel = 1.65,  
 fDCO+1 / fDCO = 1.12,   
 DCOR: use internal Rosc 
   
 
  
 
 
 
 
 
 
Set the following modes of operation (If the bit can be either 0 or 1, put X): 
 
a) (10 points) processor clock (MCLK) to 8MHz, ACLK to 8KHz, SMCLK to 750 KHz. 
 
BCSCTL1: 0x24 0 0 1 0 0 1 0 0 

  XT2Off XTS DIVA.1 DIVA.0 XT5V Rsel2 Rsel1 Rsel0 
 
BCSCTL2: 0x80 1 0 0 0 0 0 0 0 

  SELM.1 SELM.0 DIVM.1 DIVM.0 SELS DIVS.1 DIVS.0 DCOR 
 

DCOCTL:  0x60 0 1 1 0 0 0 0 0  

  DCO.2 DCO.1 DCO.0 MOD.4 MOD.3 MOD.2 MOD.1 MOD.0 
 
 
b) (10 points) processor clock to 840KHz, SMCLK to 420KHz, and ACLK to 32KHz. 
 
BCSCTL1: 0x84 1 0 0 0 0 1 0 0  

  XT2Off XTS DIVA.1 DIVA.0 XT5V Rsel2 Rsel1 Rsel0 
 
BCSCTL2: 0x02 0 0 0 0 0 0 1 0 

  SELM.1 SELM.0 DIVM.1 DIVM.0 SELS DIVS.1 DIVS.0 DCOR 
 

DCOCTL: 0x80 1 0 0 0 0 0 0 0 

  DCO.2 DCO.1 DCO.0 MOD.4 MOD.3 MOD.2 MOD.1 MOD.0 
 

Nominal period 
(1/frequency) for a 

given Rsel



EE/CPE 421/521 Test II Page 3 of 11 

c) (15 points) What should be the value of MOD if MCLK needs to be set to 1.5MHz for the system that doesn’t 
use external oscillators (uses only DCO)? Give values for Rsel, DCO, and MOD. Show how you came up 
with the result. [Hint: use the formula T=((32-MOD)*TDCO + MOD*TDCO+1)/32] 

fDCO53=1.3MHz => fDCO54=fDCO53*1.12 = 1.456MHz and fDCO55=fDCO54*1.12 = 1.631MHz  

=> TDCO=1/fDCO54=0.687e-6  and   TDCO+1=1/fDCO55=0.613 e-6  and  T=1/f=1/1.5MHz=0.667 e-6 

0.667=((32-MOD)*0.687+MOD*0.613)/32 

MOD = 8.83 ≈ 9 

 
Answer: Rsel = 5; DCO = 4; MOD = 9 
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3. (20 points) Microcontroller system operates with system frequency of 100 Hz (repeat the following sequence: 
a/d conversion, process data, real-time clock, idle). What is the expected system operation time for the 
system if the system is supplied with 720mAh capacity battery? Power consumption of different components 
is: 
• Analog interface circuit 2 mA, cycle operation time - 100 µs.  
• Microcontroller in active mode 400 µA, cycle processing time: 

• 40 µs with probability 20% 
• 80 µs with probability 50% 
• 120 µs with probability 30% 

• Microcontroller in idle mode 1.6 µA.  
• Real Time Clock 350 µA, cycle operation time - 100 µs. 
• LCD display 20 µA, always active.  

 
Solution: 
System clock frequency fs = 100 Hz  cycle time T = 10 ms. 

Average microcontroller cycle activity  Ta = 0.2*40 µs + 0.5*80 µs + 0.3*120 µs = 84 µs 
 
 Iavg = 2mA * 100 µs/T      (analog interface circuit) 

  + 400 µA * Ta / T +      (microcontroller - active mode) 
 + 1.6 µA * ( T - Ta ) / T     (microcontroller - idle mode) 
 + 350 µA * 100 µs / T    (RTC) 
 + 20 µA      (LCD) 
 

 Iavg = 20 µA + 3.36 µA + 1.58656 µA + 3.5 µA + 20 µA = 48.44656 µA 
 
Expected operation time OT = 720 mAh / 48.44656 µA ≈ 14862 or 619 days 
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Appendix 
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