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3 System Overview 
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Figure 3.1: Kalimba DSP Co-Processor Subsystem 














 
 



3.1 Kalimba DSP Core 





3.2 Kalimba DSP Memory 



! 

! 

! 

3.3 Kalimba DSP Peripherals 

3.3.1 Memory Management Unit Interface 




3.3.2 Programmable I/O Control 






3.3.3 Interrupt Control 






3.3.4 Clock Source Select and Timer 



!

3.3.5 Debug Interface 



















 
 



4 Kalimba DSP Core Architecture 
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Figure 4.1: Kalimba DSP Core Base Architecture 

4.1 Arithmetic Logic Unit  



! 

! 

! ANDORXOR

! 

! 

! 

! 

! PUSHPOPPLOOK

Note: 
 

4.2 Address Generators 









rFlags
















 
 



4.3 Registers 




! 

! 

4.4 Bank 1 Registers 



No.  Name  # bits Description 

 Null  


 rMAC  



! 

! 


 r0  

 r1  

 r2  

 r3  

 r4  

 r5  

 r6  

 r7  

 r8  

 r9  

 r10  

 rLink  rts


 rFlags  

 rIntLink  rti

Table 4.1: Bank 1 Registers 

Notes:  
rMACr0r5

rLinkrFlagsrIntLink



 
®ÓßÝ®±«²¼»¼ ã ®ÓßÝÅìéæîìÃ õ ®ÓßÝÅîíÃå 
·º ø®ÓßÝÅîíæðÃ ãã ð¨èððððð÷ ¬¸»² ®ÓßÝ®±«²¼»¼ÅðÃ ã ðå 

rMACrMAC


 















 
 



4.5 rFlags Register 

rFlags
rFlags


! 

! 




rti

Name 

































































































































































                
                

Table 4.2: rFlags Register 

4.5.1 Negative Flag (N) 



4.5.2 Zero Flag (Z) 



4.5.3 Carry Flag (C) 



! 


! 


! 

4.5.4 Overflow Flag (V) 



! 



! rMAC



! 














 
 



4.5.5 Sticky Overflow Flag (SV) 

rFlags

4.5.6 User Definable Flag (UD) 

TRUEFALSE


4.5.7 Bit Reverse Flag (BR) 

I0I3


4.5.8 User Mode Flag (UM) 

0x0002

rti



4.5.9 Condition Codes 

rFlags


Condition  Condition Flag State Condition Code 

Z  / EQ   
NZ  / NE   
C NB  
NC   
NEG   
POS   
V   
NV   
HI   
LS   
GE   
LT   
GT   
LE   
USERDEF   
  

Table 4.3: Condition Codes 














 
 



4.6 rMAC Register 

rMAC
rMAC

! rMAC

! rMAC0rMAC

! rMAC1rMAC

! rMAC2rMAC

! rMAC12rMAC




Figure 4.2: rMAC Register 

55 48

rMAC2

47 24

rMAC1

23 0

rMAC0rMAC
rMAC12














 
 



4.7 Bank 2 Registers 




No. Name # bits Description 

 I0  

 I1  

 I2  

 I3  

 I4  

 I5  

 I6  

 I7  

 M0  

 M1  

 M2  

 M3  

 L0  I0

 L1  I1

 L4  I4

 L5  I5

Table 4.4: Bank 2 Registers 

Note:  




4.7.1 Index Registers 



I0I3I4I7


4.7.2 Modify Registers 




4.7.3 Length Registers 




















 
 



4.8 Special Bank 3 registers 




No.  Name  # 
bits  

Description 

 RMAC0  rMAC

 RMAC1  rMAC

 RMAC2  rMAC

 DoloopStart  do Loops
MM_DOLOOP_START

 DoloopEnd  do Loops
MM_DOLOOP_END

 DivResult  

 DivRemainder  

Table 4.5: Bank 3 Registers 

Note:  
 DivResult

DivRemainder


 

4.9 Program Flow 









" 

" 


" 

" r10Do Loop

" rtsrLink

" rtirIntLink

" 


" 



! 














 
 



®ð ã ®ð ó ïå 
·º ÐÑÍ ¶«³° ¼±²¬Á¿¼¼Á¬»²å 
 ®ð ã ®ð õ ïðå 
¼±²¬Á¿¼¼Á¬»²æ 

! 
®ð ã ïððå  
®ï ã ÓÅ®ðÃå 

! r10do … loop
®ïð ã ïððå  
¼± Ô±±°å    ññÍ¬¿´´ ¸»®» ¼«» ¬± ³±¼·º§·²¹ ®ïð ¾»º±®» ¼±òò´±±° 
 ®ð ã ®ð õ ïå 
Ô±±°æ 

! 
×ð ã ïððå 
®ï ã ®ï õ ®î 
 ®ð ã ÓÅ×ðô ïÃå ññÍ¬¿´´ ¸»®» ·²½» ×ð · »¬ «° ·³³»¼·¿¬»´§ ¾»º±®» 

! rLinkrts
ÐÑÐ ®Ô·²µå  
®¬å       ññ¬¿´´ ¸»®» ¼«» ¬± ³±¼·º§·²¹ ®Ô·²µ ¾»º±®» ®¬ 

 


r10doloop
r10


! 
®ïð ã ïðå 
®ï ã ìå    ññ ß ¬¿´´ ©±«´¼ ±½½«® ·º ¬¸· ©¿²�¬ ¸»®» 
¼± ´±±°å    ññ ½±°·» ïð ©±®¼ ±º ¼¿¬¿ º®±³  
  ®ð ã ÓÅ×ðôïÃå ññ ¿¼¼®» ×ð ¬± ¿¼¼®» ×îò  
  ÓÅ×îôïÃ ã ®ðå ññ Ì¿µ» îî ½§½´» ·² ¬±¬¿´ò 
´±±°æ  

4.10 Debug 




! 

! 

! 

! 

! 

! 

! 


! 

! 

! 

! 
















 
 



5 Memory Organisation 








! 

! 

! 
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Unmapped

Mapped Flash

Mapped PM
LS 16-bits
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Figure 5.1: Memory Organisation 

5.1 Memory Map 




5.1.1 PM Memory Map 




















 
 



Data

Start End  

Length 
(Words) Description 

0x0000 0x17BF  

0x17C0 0x17FF  

0x1800 0xFFFF  

Table 5.1: PM Memory Map 

5.1.2 DM1 Memory Map 



! 

! 

! 



Data

Start  End 

Length 
(Words) Description 

0x0000 0x3FFF  

0x4000 0x57FF  

0x5800 0x5FFF  

0x6000 0x77FF  

0x7800 0x7FFF  

Table 5.2: DM1 Memory Map 

5.1.3 DM2 Memory Map 



! 

! 


! 


! 

















 
 



Data

Start End 

Length 
(Words) Description 

0x8000 0xAFFF  

0xB000 0xBFFF  

0xC000 0xCFFF  

0xD000 0xDFFF  

0xE000 0xEFFF  

0xF000 0xFEFF  

0xFF00 0xFFFF  


Table 5.3: DM2 Memory Map 
















 
 



6 Instruction Set Description 





|| 



<non bold italics>

non bold italics


 



 
 
 


 







Table 6.1: Notational Convention 

Important Note: 
















 
 



6.1 ADD and ADD with CARRY 

Syntax: 

 Type A: <if cond>  <+Carry> <MEM_ACCESS_1> 
      
      
      

Example: ·º Æ ®í ã ®ï õ ÓÅ®îÃ õ Ý¿®®§ 
 ®ì ã ÓÅ×ðô ÓðÃå 

    

 Type B:   <+Carry>  
      
      
      

Example: ®í ã ÓÅ®ïÃ õ ïð õ Ý¿®®§å 

      
 Type C:   <+Carry> <MEM_ACCESS_1> <MEM_ACCESS_2> 
      

Example: ®í ã ®í õ ÓÅ®ïÃ õ Ý¿®®§  
 ®ì ã ÓÅ×ðôÓðÃ  
 ®ë ã ÓÅ×ìôÓïÃå 



Description:  

TRUEFALSE
MEM_ACCESS_1
õ 
Ý¿®®§




Flags Generated: 

   
 


 



Note:

 Null


 Null

 rLinkrLink

 

0x7FFFFF0x800000
















 
 



6.2 SUBTRACT and SUBTRACT With Borrow 

Syntax: 

 Type A: <if cond>  <-Borrow> <MEM_ACCESS_1> 
      
      
      

Example: ·º Æ ®í ã ®ï � ®î � Þ±®®±©  
 ®ì ã ÓÅ×ðô ÓðÃå 

      
 Type B:   <-Borrow>  
      
      
      
      

Example: ®í ã ÓÅ®ïÃ � ïð ó Þ±®®±©å 

      
 Type 

C1/2:
  <-Borrow> <MEM_ACCESS_1> <MEM_ACCESS_2>

      
Example: ®í ã ®í � ®ï ó Þ±®®±©  

 ®ì ã ÓÅ×ðôÓðÃ  
 ®ë ã ÓÅ×ìôÓïÃå 



Description:  

TRUEFALSE
ÓÛÓÁßÝÝÛÍÍÁï

ó Þ±®®±©




Flags Generated: 

   
 


 




Note:

 Null



 rLinkrLink

 

0x7FFFFF0x800000
















 
 



6.3 Bank1/2 Register Operations: ADD and SUBTRACT 

Syntax: 

 Type A: <if cond>  <MEM_ACCESS_1> 
     

Example: ·º Æ ×ð ã ×ì õ ®î  
 ®ï ã ÓÅ×ïôÓïÃå 

     
 Type B:    
     
     
     

Example: ×ð ã ®î õ ëå 

     
 Type C1/2:   <MEM_ACCESS_1> <MEM_ACCESS_2>
     

Example: ®î ã ®î õ ×î  
 ®ð ã ÓÅ×ðôÓðÃ  
 ®ï ã ÓÅ×ìôÓïÃå 



Description:  

TRUE
FALSENOPÓÛÓÁßÝÝÛÍÍÁï




Flags Generated: 

   
 


 






Note:

 
 
 


0x7FFFFF0x800000

















 
 



6.4 Logical Operations: AND, OR and XOR 

Syntax: 

 Type A: <if cond>  <MEM_ACCESS_1>  
      
      

Example: ·º Æ ®í ã ®ï ßÒÜ ®î 
 ®ð ã ÓÅ×ðôÓðÃå 


 Type B:     
      
      

Example: ®í ã ®ï ÈÑÎ ïðå 
 
 Type C1/2:   <MEM_ACCESS_1> <MEM_ACCESS_2> 
      
      

Example: ®í ã ®í ÑÎ ®ï  
 ®ð ã ÓÅ×ðôÓðÃ  
 ®î ã ÓÅ×ìôÓïÃå 



Description:  

TRUE
FALSENOPÓÛÓÁßÝÝÛÍÍÁï




Flags Generated: 

   
   

















 
 



6.5 Shifter: LSHIFT and ASHIFT 

Syntax: 

 Type A: <if cond>  <MEM_ACCESS_1>  
Example: ·º Æ ®í ã ®î ÔÍØ×ÚÌ ®ï  

 ®ð ã ÓÅ×ðôÓðÃå 


 Type B:     
      
      
      
      
      
      
      

Example: ®ÓßÝð ã ®î ÔÍØ×ÚÌ ìå 

 
 Type C1/2:   <MEM_ACCESS_1> <MEM_ACCESS_2> 

Example: ®î ã ®î ßÍØ×ÚÌ ®é  
 ®ë ã ÓÅ×ðôÓîÃ  
 ®ï ã ÓÅ×ìôÓïÃå 



Description:  

TRUE
FALSENOPÓÛÓÁßÝÝÛÍÍÁï







Flags Generated: 

   
  


 

    


Note:

 
 rMAC


 

! rMAC0rMAC12rMAC2rMAC
rMAC12rMAC1ASHIFTLSHIFT
rMAC2

! rMACrMAC
rMAC

















 
 



6.6 rMAC Move Operations 

Syntax: 

 Type B:     
      
      
      

Example: ®ÓßÝð ã ®ÓßÝïå 

      
       
       
       
       

Example: ®ÓßÝïî ã ®ÓßÝð øÍÛ÷å 


      
      

Example: ®í ã ®ÓßÝðå 

      
       
       

Example: ®í ã ®ÓßÝî øÆÐ÷å 



Description:  


rMACrMAC2rMAC1rMAC0
rMAC1rMAC2
rMAC2



Flags Generated: 

   
   

Note:

 

















 
 



6.7 Multiply: Signed 24-Bit Fractional and Integer 

Syntax: 

 Type A: <if cond>   <(sat)> <MEM_ACCESS_1> 
      

Example: ·º Æ ®í ã ®î ö ®ï ø·²¬÷ ø¿¬÷  
 ®ë ã ÓÅ×ðôÓîÃå 


 Type B:    <(sat)> 
      

Example: ®ê ã ®î ö ðòíìíéë øº®¿½÷å 


 Type C1/2:    <(sat)> <MEM_ACCESS_1> <MEM_ACCESS_2>
      

Example: ®î ã ®î ö ®é ø·²¬÷ ø¿¬÷  
 ®ð ã ÓÅ×ðôïÃ  
 ®ï ã ÓÅ×ìôóïÃå 



Description:  

TRUE
FALSENOPÓÛÓÁßÝÝÛÍÍÁï
(frac)
(int)
sat





Flags Generated: 

   


 

 


 



Note:

 (sat)(frac)
 


 

®ÓßÝ®±«²¼»¼ ã ®ÓßÝÅìéæîìÃ õ ®ÓßÝÅîíÃå 
·º ø®ÓßÝÅîíæðÃ ãã 0x800000÷ ¬¸»² ®ÓßÝ®±«²¼»¼ÅðÃ ã ðå 

rMACrMAC


















 
 



6.8 MULTIPLY and ACCUMULATE (56-bit) 

Syntax: 

 Type A: <if cond>  <(SS)> <MEM_ACCESS_1> 
    <(SU)>  
    <(US)>  
    <(UU)>  

Example: ·º Æ ®ÓßÝ ã ®ÓßÝ õ ®ïö®î øÍÍ÷  
 ®ë ã ÓÅ×ðôÓðÃå 

      
 Type B:   <(SS)>  
    <(SU)>  
    <(US)>  
    <(UU)>  

Example: ®ÓßÝ ã ®ÓßÝ õ ®ï ö ðòîìîëì øÍÍ÷å 

      
 Type C1/2:   <(SS)> <MEM_ACCESS_1> <MEM_ACCESS_2>
    <(SU)>  
    <(US)>  
    <(UU)>  

Example: ®ÓßÝ ã ®ÓßÝ ó ®í ö ®ï øÍÍ÷ 
 ®î ã ÓÅ×ðôïÃ 
 ®ï ã ÓÅ×ìôóïÃå 



Description:  

TRUEFALSE
NOPÓÛÓÁßÝÝÛÍÍÁï
S
U




Flags Generated: 

   
 


 



Note:

 (SS)

 


 
















 
 



6.9 LOAD / STORE with Memory Offset 

Syntax: 

 Type A: <if cond>  <MEM_ACCESS_1>   
      

Example: ·º Æ ®í ã ÓÅ®ï õ ®îÃ  
 ®ì ã ÓÅ×ðôÓðÃå 


 Type B:     
      

Example: ÓÅ®í õ êÃ ã ®ïå 

      
 Type C:   <MEM_ACCESS_1> <MEM_ACCESS_2> 

Example: ®í ã ÓÅ®í õ ®îÃ 
 ®ì ã ÓÅ×ðôïÃ 
 ®ë ã ÓÅ×ìôóïÃå 



Description:  

TRUE
FALSEÓÛÓÁßÝÝÛÍÍÁï




Flags Generated: 

 


 

   


















 
 



6.10 Sign Bits Detect and Block Sign Bits Detect 

Syntax: 

  <if cond>  <MEM_ACCESS_1>  
Example: ·º Æ ®í ã Í×ÙÒÜÛÌ ®ÓßÝ  

 ®ì ã ÓÅ×ðôÓðÃå 


   
    <MEM_ACCESS_1> <MEM_ACCESS_2> 

Example: ®í ã ÞÔÕÍ×ÙÒÜÛÌ ®ï  
 ®ì ã ÓÅ×ðôïÃ 
 ®ë ã ÓÅ×ìôóïÃå 



Description:  

SIGNDET
   
   
   
   
   
rMAC

BLKSIGNDETSIGNDET



Flags Generated: 

   
   



















 
 



6.11 Divide Instruction 

Syntax: 

 Type B:     
      
      

Example: Ü·ª ã ®ÓßÝ ñ ®ïå 
®î ã Ü·ªÎ»«´¬å 
®í ã Ü·ªÎ»³¿·²¼»®å 



Description:  

Div = rMAC/A
DivResult


rMAC



Integer Divide example (86420 / 7 = 12345 remainder 5): 


®ÓßÝ ã ðå            ññ ½´»¿® ®ÓßÝ 
®ð ã èêìîðå 
®ÓßÝð ã ®ðå          ññ ÔÍ ©±®¼ ±º ®ÓßÝ ²±© »¯«¿´ èêìîðå 
®ð ã éå 
Ü·ª ã ®ÓßÝ ñ ®ðå 
®ï ã Ü·ªÎ»«´¬å      ññ ®ï ã ïîíìë 
®î ã Ü·ªÎ»³¿·²¼»®å   ññ ®î ã ë 


Fractional Divide example (0.25/0.75 = 0.3333): 


®ÓßÝ ã ðòîëå 
®ð ã ðòéëå 
®ÓßÝ ã ®ÓßÝ ßÍØ×ÚÌ óïå 
Ü·ª ã ®ÓßÝ ñ ®ðå 
®ï ã Ü·ªÎ»«´¬å      ññ ®ï ã ðòíííííå 




Flags Generated: 

Div = rMAC/A;

   
 

DivResult
 

   
C = DivResultC = DivRemainder

   
   

















 
 



6.12 PUSH, POP and PLOOK Stack Instructions 

Syntax: 

 Type A: <if cond>  <MEM_ACCESS_1>
   

Examples: ·º Æ °«¸ ®ð 
 ®ë ã ÓÅ×ðôÓîÃå 
×º ÒÆ °±° Ü·ªÎ»«´¬å 

 Type B:  
  
  



Examples: °«¸ ×ð õ ìå 

Óí ã °´±±µ îå 

 Type C1/2:   <MEM_ACCESS_1> <MEM_ACCESS_2>
     

Examples: °«¸ ®ð  
 ®ë ã ÓÅ×ðôïÃ 
 ®ï ã ÓÅ×ìôóïÃå 

Description:  

TRUEFALSE
NOPÓÛÓÁßÝÝÛÍÍÁï

push
plook
M[STACK_POINTER – k16]
pushpop

Flags Generated: 

 pushpop
plook
rFlags

 pushpop
plook
rFlags

plook 

push 



pop  



Notes: 

 pop
STACK_POINTER

 rFlags
 pushDivResultDivRemainder

DivResultDivRemainder
push


 popDivResultDivRemainder
DivResultDivRemainder


 DoLoopStartDoLoopEnd
DOLOOP.

 M[$STACK_START_ADDR]M[$STACK_POINTER]
M[$STACK_START_ADDR]














 
 



 rMAC12rMAC2

6.13 Program Flow: CALL, JUMP, RTS, RTI, SLEEP, DO...LOOP and BREAK 

Syntax: 

 Type A: <if cond>     
      
      
      
      

Example: ·º Æ ¶«³° ®ïå 


 Type B: <if cond>     
       
       

Example: ®ïð ã ïððå 
¼± ´±±°å 
   ®ÓßÝ ã ®ÓßÝ õ ®ð ö ®ï 
    ®í ã ÓÅ×ìôïÃå 
´±±°æ 



  
 Type C: <if cond>  ;  
       

Example: ·º ÒÆ ®¬å 

 
       

Example: ¾®»¿µå 



Description:  

TRUE
NOP
 
 DOloopr10

r10r10
loopdoloopr10
MM_DOLOOP_STARTMM_DOLOOP_END

 


 rLinkPC+1


 PCrIntLink
rFlags

 PCrLink


 xIDEnopjump



Flags Generated: 

  















 
 



Note: 

6.14 Indexed MEM_ACCESS_1 and MEM_ACCESS_2 

Syntax: 

  MEM_ACCESS_1  MEM_ACCESS_2 
 Type A:    
     

Example: ÓÅ×ðôÓðÃ ã ®ïå 


 Type C:        
         
         
         
         

Example: ®ð ã ÓÅ×ðôÓðÃ  
 ÓÅ×ìôÓïÃ ã ®ïå 

 

Permitted Registers 

    
    
 


Description:  









Memory Access Timing: 









Flags Generated: 




Note:

 NullrMACr0r5Null


 I0I3















 
 



 I0I3I4I7

















 
 



7 Instruction Coding 




31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Type

0 A

B

CREG

CCONST

PFIX

condRegBMAG1IAG1RegAG1
AG1
Write0

1

0

1

1

0

1

0

1

1

0111111

OP_CODE

0000000000000000

RegC RegA
StackBankSelect

AG1
Write RegAG1 IAG1

MAG1

MkAG1

AG2
Write REGAG2 IAG2

MAG2

MkAG2

k16

KPREFIX[7:0] 

Table 7.1: Instruction Coding Format 



Notes: 


 
 


 


 




 


 
 
 rMACr0r5




 I0I3I4I7


 M0
 
 
















 
 



7.1 Type A Instruction 




I0I3
®ÓßÝ®ð®ë
ÓðÓí



ä·º ½±²¼â Î»¹Ý ã Î»¹ß ÑÐ Î»¹Þ äÓÛÓÁßÝÝÛÍÍÁïâå 

7.2 Type B Instruction 




kalasm2



Î»¹Ý ã Î»¹ß ÑÐ ½±²¬¿²¬å 

7.3 Type C Instruction 



×ð×íI4
I7ÓðÓí




Î»¹Ý ã Î»¹Ý ÑÐ Î»¹ß äÓÛÓÁßÝÝÛÍÍÁïâ äÓÛÓÁßÝÝÛÍÍÁîâå 

7.4 Special Cases 

jumpcallrts
®ÓßÝ

Note: 















 
 



7.5 OP_CODE Coding 



OP_CODE Action (Type A)(1) Action (Type B) Action (Type CREG/CONST)
(2) Description 

      

      

     

  



 

       

       

       

     
  

     
  

       

       

       

       

       

       

       

    







 


       


       


       


       

       


   

















    

    

      







Table 7.2: OPCODE Coding Format 

Note: 
 if[cond] MEM_ACCESS_1
 MEM_ACCESS_1MEM_ACCESS_2
 


 rMAC
 
 
















 
 



7.6 AM Field 



AM Type A Type B Type CREG/CONST

   
   
   
   

Table 7.3: AM Field 

7.7 Carry Field (C Field) 



C Description 

 
 

Table 7.4: C Field Options 

7.8 Bank 1/2 Register Select Field (B2RS Field) 




B2RS Type A Type B Type CREG/CONST

 #$ #$ #$

 #$  #$

 #$ #$ 

 #$  

 #$ #$ 

 #$  

 #$ #$ #$

 #$  #$

Table 7.5: B2RS Field 














 
 





7.9 Saturation Select Field (V Field) 





V Description 

 
 

Table 7.6: V Field 

7.10 Sign Select Field (S Field) 



S Description 

 
 
 
 

Table 7.7: S Field 

7.11 k16 Coding for LSHIFT and ASHIFT 




               
       

Table 7.8: k16 Coding Shift Format 




 



  


7.12 rMAC Sub Registers 

rMAC


Bit 55 – 48 47 – 24 23 – 0 

rMAC Register   

Table 7.9: rMAC Sub-Registers 














 
 



7.13 ASHIFT 




Dest_Sel New rMAC2 New rMAC1 New rMAC0 Example 

    
    
    
    
    
    

Table 7.10: ASHIFT 














 
 



7.14 LSHIFT 




Dest_Sel New rMAC2 New rMAC1 New rMAC0 Example 

    
    
    
    
    
    

Table 7.11: LSHIFT 


rMACrMAC
rMACrMAC


7.15 k16 Coding Divide Instructions 




               
 

Table 7.12: Divide Field 



Div Assembly Syntax Operation 

 Div = rMAC / 
RegA






RegC = 
DivResult

 RegC = 
DivRemainder






  

Table 7.13: Divide Field States 














 
 



7.16 StackBankSelect field encoding 



  

     

     

     

     

     

     

     

     

Table 7.14: StackBankSelect Field Coding 
















 
 



8 Kalimba DSP Peripherals 





SW0-3 and PIO Events

DSP Control, 
e.g. Run, Stop, Step etc.

MMU Port 8-Bit 
Half Duplex



Kalimba DSP Core
Kalimba 
Debug

Interface 
Controlled 

by MCU/SPI

Wait

Wait

Wait

1MHz 32-Bit 
Count from 

Core

Kalimba 
Clock:

96/n MHz 
from 

Analogue 
Section

n  3

Unmapped Event

Interrupt Controller

Timers

Map PM into 
DM1 

Address 
Space

Wait

Wait

Wait

Wait

Kalimba2 DSP Co-Processor

Map MCU 
and Flash 

Window into 
DM2 

Address 
Space

Kalimba 
Local 

Registers, 
Mapped into 

DM2

Flash Bank Select

DSP Event (To MCU Interrupt Controller)

PIO In/Out

MMU Interface

MCU Event

RAM Bank Select

Clock Rate Select

 











Register Debug

Memory Mapped Context Switch Register I/F







MCU Registers

Registers used for Control By 
and Communications with the 

MCU



Figure 8.1: Kalimba DSP Peripheral Interfaces 



! 


! 
! 
! 
! 
! !
! 
! 
! 
! 














 
 



8.1 MMU Interface 




DSP Co-Processor
Subsystem

BlueCore5-Multimedia
Subsystem






MMU Transfers

BlueCore5 Multimedia
Radio Link



Figure 8.2: Example of MMU Interface Usage for a Wireless MP3 Player 

8.1.1 Read Ports 



! 

! 

! 

8.1.2 Write Ports 



! 

! 

! 

8.2 DSP Timers 



! 

! 

















 
 



8.3 Kalimba Interrupt Controller 




8.3.1 DSP Core Functionality During Interrupt 



! rIntLink

! 0x0002

! 

! 

! 


rtirti

! rFlags

! rIntLink

Note: 



8.3.2 Interrupt Controller Functionality 



! 

! 

! 

! 

! 

! 

! 

! 

! 

! 


















 
 



8.4 Generation of MCU Interrupt 








8.5 PIO Control 




! 

! 

! 

! 






8.6 MCU Memory Windows in DM2 









8.7 Flash Memory Windows in DM2 




















 
 



8.8 PM Window in DM1 









8.9 PM Flash Window with 64-word Direct Cache 













8.10 MCU I/O Map Memory-Mapped Interface 







8.11 General Registers 





8.12 Clock Rate Divider Control 






8.13 Debugging 



! 

! 

! 


















 
 



Appendix A:   Number Representation 


A.1 Binary Integer Representation 









A.2 Binary Fractional Representation 





A.3 Integer Multiplication 



       

1 0 1 0 1 1 00 .












.


 

.







.






.





 
 



 
 

















 
 



A.4 Fractional Multiplication 









.



 

.




.












 

.
1





. 







 
 
 

 
     
     















 
 



Appendix B:   DSP Memory Mapped Registers 
B.5 DSP Memory Mapped I/O 




Address Name Size 
(Bit)

RW Description 

0xFF00    


0xFF01    

0xFF02    


0xFF03    


0xFF04    


0xFF05    


0xFF06    



0xFF07    

0xFF08    

0xFF09    


0xFF0A    

0xFF0B    

0xFF0C    

0xFF0D    

0xFF0E    

0xFF0F    

0xFF10    

0xFF11     

0xFF12    

0xFF13    

0xFF14    

0xFF15    

0xFF16    

0xFF17    

0xFF18    

0xFF19    

0xFF1A    

0xFF1B    

0xFF1C    

0xFF1D    















 
 



Address Name Size 
(Bit)

RW Description 

0xFF1E    

0xFF1F    

0xFF20    


0xFF21    

0xFF22    

0xFF23    

0xFF24    


0xFF25    


0xFF26    


0xFF27    


0xFF28    


0xFF29    


0xFF2A    


0xFF2B    


0xFF2C    


0xFF2D    



0xFF2E    



0xFF2F    



0xFF30    



0xFF31    


0xFF32    


0xFF33    


0xFF34    


0xFF35    


0xFF36    


0xFF37    
















 
 



Address Name Size 
(Bit)

RW Description 

0xFF38    


0xFF39    

0xFF3A    


0xFF3B    


0xFF3C    


0xFF3D    


0xFF3E    


0xFF3F    


0xFF40    



0xFF41    

0xFF42    


0xFF43    

0xFF44    




0xFF45    




0xFF46    



0xFF47    



0xFF48    



0xFF49    



0xFF4A    
!

0xFF4B    
!

0xFF4C    


0xFF4D    


0xFF4E    
















 
 



Address Name Size 
(Bit)

RW Description 

0xFF4F    


0xFF50    


0xFF51    


0xFF52    


0xFF53    


0xFF54    


0xFF55    


0xFF56    


0xFF57    


0xFF58    


0xFF59    


0xFF5A    


0xFF5B    


0xFF5C    


0xFF5D    



F    




0xFF5F    


0xFF60    

0xFF61    

0xFF62    


0xFF63    


0xFF64    


0xFF65    


0xFF66    
















 
 



Address Name Size 
(Bit)

RW Description 

0xFF67    



0xFF68    


0xFF69    


0xFF6A    

0xFF6B    

0xFF6C    

Appendix B Table 1: DSP Memory Mapped I/O 















 
 



B.2 MMU Interface DSP Registers 




WRITE_PORT[0/1/2/3/4/5/6/7]_DATA 
Bit

23:0

Description 

                

                               

                               

                               



Note 

Appendix B Table 2: Data Bits for Write Port 0 to 7 



WRITE_PORT[0/1/2/3/4/5/6/7]_CONFIG
Bit

23:4 3 2 1:0 

Description 

                   

                               





                               

                               




                               

                               




                               

                               


Note 


Appendix B Table 3: Configuration Bits for Write Port 0 to 7 



READ_PORT[0/1/2/3/4/5/6/7]_DATA 
Bit

23:0

Description 

                               

                               

                               

                               



Note 

Appendix B Table 4: Data Bits for Read Port 0 to 7 



















 
 



READ_PORT[0/1/2/3/4/5/6/7]_CONFIG 
Bit

23:4 3 2 1:0 

Description 

                   

                               





                               

                               




                               

                               






                               

                               


Note 


Appendix B Table 5: Configuration Bits for Read Port 0 to 7 



PORT_BUFFER_SET
Bit

23:0

Description 

                   

                               

                               














Note 

Appendix B Table 6: Configuration Bits for Read Port 0 to 7 















 
 





B.3 Timers DSP Registers 



TIMER_TIME[_MS] 
Bit

23:0

Description 

                               

                               

                               

                               


!


Note !


Appendix B Table 7: The Timer Time Registers 



TIMER[1/2]_TRIGGER
Bit

23:0

Description 

                               

                               

                               

                               


!


Note 


Appendix B Table 8: The Threshold Value Registers for Timer Trigger 1 and 2 



TIMER[1/2]_EN 
Bit

23:1 0 

Description 

                               

                               






                               

                               


Note 

Appendix B Table 9: Enable Bits for Timer 1 and Timer 2 Interrupts 















 
 





B.4 Interrupt Controller DSP Registers 



INT_GBL_ENABLE 
Bit

23:1 0 

Description 

                               

                               





                               

                               


Note 

Appendix B Table 10: Interrupt Controller State Reset Bit 



INT_ENABLE 
Bit

23:1 0 

Description 

                               

                               








                               

                               


Note 

Appendix B Table 11: Enable Interrupt Searching Bit 



INT_CLK_SWITCH_EN
Bit

23:1 0 

Description 

                               

                               








                               

                               


Note 



Appendix B Table 12: Enable Interrupt Clock Rate Bit 

















 
 



INT_SOURCES_EN 

Bit

23:9 8 7 6 5 4 3 2 1 0 

Description 

                               

                               






                               

                               






                               

                               





                               

                               







                               

                               







                               

                               






                               

                               






                               

                               






                               

                               






                               

                               


   
   
   
   

Note

 

Appendix B Table 13: Interrupt Source Enable Bits 















 
 





INT_PRIORITIES 
Bit

23
:1

8 

17
:1

6 

15
:1

4 

13
:1

2 

11
:1

0 

9:
8

7:
6

5:
4

3:
2

1:
0

Description 

                             

                             





                             

                             





                             

                             





                             

                             






                             

                             







                             

                             






                             

                             






                             

                             






                             

                             






                             

                             


Note 


Appendix B Table 14: Interrupt Priority Level Bits 

















 
 



INT_MCU_SOURCES_EN 
Bit

23:16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Description 

                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   
                   




                   

   

   

   

   

   

   

   

Note

   

Appendix B Table 15: MCU Interrupt Source Enable Bits 















 
 



INT_MCU_PRIORITIES_MS 
Bit

23:16 15:14 13:12 11:10 9:8 7:6 5:4 3:2 1:0 

Description 

                  
                  



                  
                  




                  
                  




                  
                  




                  
                  




                  
                  




                  
                  




                  
                  




                  
                  




                  
                  



Note 


Appendix B Table 16: MCU Interrupt Source Priorities MS 

INT_MCU_PRIORITIES_LS 
Bit

23:16 15:14 13:12 11:10 9:8 7:6 5:4 3:2 1:0 

Description 

                  
                  



                  
                  




                  
                  




                  
                  




                  
                  




                  
                  




                  
                  




                  
                  




                  
                  




                  
                  



Note 


Appendix B Table 17: MCU Interrupt Source Priorities LS 















 
 









INT_SOURCE 
Bit

23:5 4:0 

Description 

                               

                               

                               




                               

                               



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note

 

Appendix B Table 18: Current Interrupt Source Bits 

















 
 



INT_ACK 
Bit

23:1 0 

Description 

                               

                               





                               

                               


Note 



Appendix B Table19: Interrupt Request Acknowledge Bit 



INT_LOAD_INFO 
Bit

23:14 13 12:8 7 6:2 1:0 

Description 

                               

                               







                               

                               







                               

                               





                               

                               







                               

                               






                               

                               


Note 


Appendix B Table 20: Restore Information about a Previous Lower Priority Interrupt 

















 
 



INT_SAVE_INFO 
Bit

23:13 12:8 7 6:2 1:0 

Description 

                               

                               








                               

                               








                               

                               






                               

                               







                               

                               


Note 


Appendix B Table 21: Save Information about Current Interrupt 



INT_SW[0/1/2/3]_EVENT
Bit

23:1 0 

Description 

                               

                               








                               

                               


Note 

Appendix B Table 22: Software Event 0 to 3 Interrupt Request 



















 
 



INT_SW_ERROR
Bit

23:0

Description 

                               

                               
                               

                               



Note 



Appendix B Table 23: Software Event 0 to 3 Interrupt Request 

B.5 MCU Interrupt DSP Registers 
DSP2MCU_EVENT_DATA 

Bit
23:16 15:0 

Description 

                               

             

 




                               

                               


Note 

Appendix B Table 24: Interrupt Event Data to MCU 



MCU2DSP_EVENT_DATA 
Bit

23:16 15:0 

Description 

                               

             

 




                               

                               


Note 

Appendix B Table 25: Interrupt Event Data from MCU 



B.6 PIO Control DSP Registers 

















 
 



PIO_IN
Bit

23:20 19:16 15:0 

Description 

                               

                               

                               





%          %


                               

                               











%          %


                               

                               












%          %



Note 


Appendix B Table 26: PIO Input Register 















 
 



PIO_OUT
Bit

23:20 19:16 15:0 

Description 

                               

                               

                               





%          %


                               

                               











%          %


                               

                               












%          %



Note 


Appendix B Table 27: PIO Output Register 



PIO_DIR
Bit

23:0

Description 

                               

                               
                               

                               





%          %



Note 




Appendix B Table 28: PIO Drive enable Register 















 
 



PIO_EVENT_EN_MASK 
Bit

Description 

23:20 19:16 15:0  
                               

                               

                               







%          %



                               

                               













%          %



                               

                               
















%          %


Note 



Appendix B Table 29: PIO Event Change Interrupt Mask Register 















 
 



B.7 MCU Window DSP Registers 




NOSIGNX_MCUWIN[1/2]
Bit

23:1 0 

Description 

                               

                               












                               

                               


Note 


Appendix B Table 30: MCU Access Window 0 to 1 Sign Extension Enable Bit 

B.8 Flash Window DSP Registers 
FLASH_WINDOW[1/2/3]_START_ADDR 

Bit
23:0

Description 

                               

                               

                               





Note 


Appendix B Table 31: Start address register for flash memory mapped into the three DSP flash windows 

















 
 



NOSIGNX_FLASHWIN[1/2/3] 
Bit

23:1 0 

Description 

                               

                               












                               

                               


Note 



Appendix B Table 32: Flash Access Window Sign Extension Enable Bit 















 
 



B.9 PM Window DSP Registers 
NOSIGNX_PMWIN

Bit
23:1 0 

Description 

                               

                               












                               

                               


Note 



Appendix B Table 33: PM Access Window Sign Extension Enable Bit 



PM_WIN_ENABLE 
Bit

23:1 0 

Description 

                               

                               






                               

                               


Note 

Appendix B Table 34: Flash Access Window Sign Extension Enable Bit 

B.10 MCU IO Map Interface Registers 

















 
 



MCUREGS_ENABLE 
Bit

23:1 0 

Description 

                               

                               






                               

                               


Note 



Appendix B Table 35: MCU IO register map interface enable 

NOSIGNX_MCUREGS
Bit

23:1 0 

Description 

                               

                               












                               

                               


Note 


Appendix B Table 36: MCU IO register map sign-extension 

MCUREGS_ADDRESS 
Bit

23:16 15:0 

Description 

                               

             

 







                               

                               


Note 


Appendix B Table 37: MCU IO register map address 















 
 



MCUREGS_DATA 
Bit

23:16 15:0 

Description 

                               

             

 






                               

                               


Note 






Appendix B Table 38: MCU IO register map data 

B.11 General DSP Registers 



GENERAL_FROM_MCU[0/1/2/3] 
Bit

23:16 15:0 

Description 

                               

             

 





                               

                               


Note 


Appendix B Table 39: General Register 0 to 4 from MCU to Kalimba 



GENERAL_TO_MCU[0/1/2/3] 
Bit

23:16 15:0 

Description 

                               

             

 






                               

                               


Note 

Appendix B Table 40: General Register 0 to 4 to MCU from Kalimba 

Note: 
 















 
 



NOSIGNX_GENREGS
Bit

23:1 0 

Description 

                               

                               










                               

                               


Note 


Appendix B Table 41: General MCU Registers Sign Extension Enable Bit 

B.12 PM Flash Window Control Registers  



PM_FLASH_WINDOW_START_ADDR 
Bit

23:0

Description 

                               

                               

                               





Note 
0x1800



Appendix B Table 42: Start address register for program memory flash window 

















 
 



PM_FLASH_WINDOW_SIZE 
Bit

23:16 15:0 

Description 

                               

             

 












                               

                               


Note 


Appendix B Table 43: Size register for program memory flash window 

B.13 Clock Divide Rate DSP Registers 
CLOCK_DIVIDE_RATE 

Bit
23:4 3:0 

Description 

                               

                         

 









&
&
&

&
%
&

                               

                               


Note 

Appendix B Table 44: DSP Clock Rate Register for Normal Operation 

Note: 
 
 















 
 



INT_CLOCK_DIVIDE_RATE 
Bit

23:4 3:0 

Description 

                               

                         

 










&
&
&

&
%
&

                               

                               


Note 



Appendix B Table 45: DSP Clock Rate Register for Interrupt Operation 

FORCE_FAST_MMU_CLOCK 
Bit

23:1 0 

Description 

                               

                               











                               

                               


Note 



Appendix B Table 46: DSP Register for forcing MCU/MMU clocks 



B.14 Core State DSP Registers 

















 
 



MM_DOLOOP_START 
Bit

23: 16 15: 0 

Description 

                               

             

 






                               

                               


Note 

Appendix B Table 47: DSP Do Loop start address register 

MM_DOLOOP_END
Bit

23: 16 15: 0 

Description 

                               

             

 






                               

                               


Note 

Appendix B Table 48: DSP Do Loop end address register 

MM_QUOTIENT
Bit

23:0

Description 

                               

                               

                               




Note 

Appendix B Table 49: DSP Divider Quotient 

MM_REM
Bit

23:0

Description 

                               

                               

                               





Note 

Appendix B Table 50: DSP Divider Remainder 















 
 





B.15 Bitreverse Function Memory-mapped Register 





BITREVERSE_DATA 
Bit

23:0

Description 

                               

                               

                               








Note 

Appendix B Table 51: DSP Bitreverse data memory-mapped register 



B.16 Kalimba Add/Subtract Core Configuration Register 



ADDSUB_SATURATE_ON_OVERFLOW 
Bit

23:1 0 

Description 

                               

                               













                               

                               


Note 



Appendix B Table 52: DSP add/subtract core saturation configuration register 























 
 



B.17 Stack Memory-mapped Registers 



STACK_START_ADDR 
Bit

23:16 15: 0 

Description 

                               

             

 








                               

                               


Note 



Appendix B Table 53: Stack Start address register 



STACK_END_ADDR 
Bit

23:16 15:0 

Description 

                               

             

 












                               

                               


Note 


Appendix B Table 54: Stack End address register 

















 
 



STACK_POINTER 
Bit

23:16 15:0 

Description 

                               

             

 
















                               

                               


Note 


Appendix B Table 55: Stack Pointer memory-mapped register 



B.18 Debug Profiling Memory-mapped Registers 



NUM_RUN_CLKS_MS 
Bit

23:8 7:0 

Description 

                               

              

 





                               

                               


Note 



Appendix B Table 56: DSP Number of clocks MS bits register 



















 
 



NUM_RUN_CLKS_LS 
Bit

23:0

Description 

                               

                               

                               





Note 



Appendix B Table 57: DSP Number of clocks LS bits register 



NUM_INSTRS_MS 
Bit

23:8 7:0 

Description 

                               

              

 






                               

                               


Note 



Appendix B Table 58: DSP Number of instructions MS bits register 





NUM_INSTRS_LS 
Bit

23:0

Description 

                               

                               

                               






Note 



Appendix B Table 59: DSP Number of instructions LS bits register 















 
 



NUM_STALLS_MS 
Bit

23:8 7:0 

Description 

                               

              

 





                               

                               


Note 






Appendix B Table 60: DSP Number of stalls MS bits register 





NUM_STALLS_LS 
Bit

23:0

Description 

                               

                               

                               






Note 






Appendix B Table 61: DSP Number of stalls LS bits register














 
 



Appendix C:   Software Examples 


C.1 Double-Precision Addition 
ññ Ü±«¾´»ó°®»½··±² ¿¼¼·¬·±²æ Æ ã È õ Ç 
ññ 
ññ É¸»®»æ 
ññ   È ã ¥®ðô®ï£å           ó ·»ò ®ð · ÓÍÉ ¿²¼ ®ï · ÔÍÉ 
ññ   Ç ã ¥®îô®í£å 
ññ   Æ ã ¥®ëô®ì£å 
ññ Ý±³°«¬¿¬·±² ¬·³»æ î ½§½´» 
 
®ì ã ®ï õ ®íå              ññ ¿¼¼ ÔÍÉ 
®ë ã ®ð õ ®î õ Ý¿®®§å      ññ ¿¼¼ ÓÍÉ 
 

C.2 Fractional Double-Precision Multiply 
ññ Ú®¿½¬·±²¿´ ¼±«¾´»ó°®»½··±² ³«´¬·°´§æ Æ ã È ö Ç 
ññ 
ññ É¸»®»æ 
ññ   È ã ¥®ðô®ï£å           ó ·»ò ®ð · ÓÍÉ ¿²¼ ®ï · ÔÍÉ 
ññ   Ç ã ¥®îô®í£å 
ññ   Æ ã ¥®ìô®ëô®êô®é£å     ó ·»ò Æ · çêó¾·¬ 
ññ Ý±³°«¬¿¬·±² ¬·³»æ ïî ½§½´» 
 
®ÓßÝ ã ®ï ö ®í øËË÷å        ññ Ý±³°«¬» ÔÍÉ 
®é ã ®ÓßÝðå                 ññ ¿ª» Æð 
®ÓßÝð ã ®ÓßÝïå              ññ ¸·º¬ ®·¹¸¬ ®ÓßÝ ¾§ îìó¾·¬ 
®ÓßÝïî ã ®ÓßÝîå 
®ÓßÝ ã ®ÓßÝ õ ®ð ö ®í øÍË÷å ññ ½±³°«¬» ·²²»® °®±¼«½¬ 
®ÓßÝ ã ®ÓßÝ õ ®î ö ®ï øÍË÷å 
®ê ã ®ÓßÝðå                 ññ ¿ª» Æï 
®ÓßÝð ã ®ÓßÝïå              ññ ¸·º¬ ®·¹¸¬ ®ÓßÝ ¾§ îìó¾·¬ 
®ÓßÝïî ã ®ÓßÝîå 
®ÓßÝ ã ®ÓßÝ õ ®ð ö ®î øÍÍ÷å ññ ½±³°«¬» ÓÍÉ 
®ë ã ®ÓßÝðå                 ññ ¿ª» Æî 
®ì ã ®ÓßÝïå                 ññ ¿ª» Æí 
 

C.3 Integer Double-Precision Multiply 
ññ ×²¬»¹»® ¼±«¾´»ó°®»½··±² ³«´¬·°´§æ Æ ã È ö Ç 
ññ 
ññ É¸»®»æ 
ññ   È ã ¥®ðô®ï£å           ó ·»ò ®ð · ÓÍÉ ¿²¼ ®ï · ÔÍÉ 
ññ   Ç ã ¥®îô®í£å 
ññ   Æ ã ¥®ìô®ëô®êô®é£å     ó ·»ò Æ · çêó¾·¬ 
ññ Ý±³°«¬¿¬·±² ¬·³»æ ïî ½§½´» 
 
®ÓßÝ ã ®ï ö ®í øËË÷å        ññ Ý±³°«¬» ÔÍÉ 
®é ã ®ÓßÝ ÔÍØ×ÚÌ ïëå        ññ ¿ª» Æð 
®ÓßÝð ã ®ÓßÝïå              ññ ¸·º¬ ®·¹¸¬ îìó¾·¬ 
®ÓßÝïî ã ®ÓßÝîå 
®ÓßÝ ã ®ÓßÝ õ ®ð ö ®í øÍË÷å ññ ½±³°«¬» ·²²»® °®±¼«½¬ 
®ÓßÝ ã ®ÓßÝ õ ®î ö ®ï øÍË÷å 
®ê ã ®ÓßÝ ÔÍØ×ÚÌ ïëå        ññ ¿ª» Æï 
®ÓßÝð ã ®ÓßÝïå              ññ ¸·º¬ ®·¹¸¬ îìó¾·¬ 
®ÓßÝïî ã ®ÓßÝîå 
®ÓßÝ ã ®ÓßÝ õ ®ð ö ®î øÍÍ÷å ññ ½±³°«¬» ÓÍÉ 
®ë ã ®ÓßÝ ÔÍØ×ÚÌ ïëå        ññ ¿ª» Æî 
®ì ã ®ÓßÝ ÔÍØ×ÚÌ �ïå        ññ ¿ª» Æí 
 














 
 



C.4 FIR Filter 
ññ Ú×Î º·´¬»®  
ññ 
ññ ×²°«¬ °¿®¿³»¬»®æ 
ññ   ×ð ã °±·²¬ ¬± ±´¼»¬ ·²°«¬ ª¿´«» ·² ¼»´¿§ ´·²» 
ññ   Ôð ã º·´¬»® ´»²¹¬¸ øÒ÷ 
ññ   ×ì ã °±·²¬ ¬± ¾»¹·²²·²¹ ±º º·´¬»® ½±»ºº·½·»²¬ ¬¿¾´» 
ññ   Ôì ã º·´¬»® ´»²¹¬¸ øÒ÷ 
ññ   ®ïð ã º·´¬»® ´»²¹¬¸ � ï øÒóï÷ 
ññ Î»¬«®² ª¿´«»æ 
ññ   ®ÓßÝ ã «³ ±º °®±¼«½¬ ±«¬°«¬ 
ññ Ý±³°«¬¿¬·±² ¬·³»æ Ò õ î ½§½´» 
 
º·®Áº·´¬»®æ 
®ÓßÝ ã ð 
 ®ï ã ÓÅ×ðôïÃ 
 ®î ã ÓÅ×ìôïÃå 
¼± º·®Á´±±°å 
   ®ÓßÝ ã ®ÓßÝ õ ®ï ö ®î 
    ®ï ã ÓÅ×ðôïÃ 
    ®î ã ÓÅ×ìôïÃå 
º·®Á´±±°æ 
®ÓßÝ ã ®ÓßÝ õ ®ï ö ®îå 
 














 
 



C.5 Cascaded Bi-Quad IIR Filter 
ññ Ý¿½¿¼»¼ ¾·¯«¿¼ ××Î º·´¬»®  
ññ 
ññ Û¯«¿¬·±² ±º »¿½¸ »½¬·±²æ 
ññ §ø²÷ ã ø¾ðö¨ø²÷ õ ¾ïö¨ø²óï÷ õ ¾îö¨ø²óî÷ 
ññ        ó ¿ïö§ø²óï÷ ó ¿îö§ø²óî÷÷ ää ½¿´»º¿½¬±® 
ññ 
ññ ×²°«¬ Ê¿´«»æ 
ññ   ®ð ã ·²°«¬ ¿³°´» 
ññ   ×ð ã °±·²¬ ¬± ±´¼»¬ ·²°«¬ ª¿´«» ·² ¼»´¿§ ´·²» 
ññ        ø²± ¾·¯«¿¼öî õ î÷ 
ññ   ×ï ã °±·²¬ ¬± ¿ ´·¬ ±º ½¿´» º¿½¬±® º±® »¿½¸ ¾·¯«¿¼ »½¬·±² 
ññ   ×ì ã °±·²¬ ¬± ½¿´»¼ ½±»ºº·½·»²¬ ¾îô¾ïô¾ðô¿îô¿ïôòòò »¬½ 
ññ   Ôð ã î ö ²«³Á¾·¯«¿¼ õ î 
ññ   Ôï ã ²«³Á¾·¯«¿¼ 
ññ   Ôì ã ë ö ²«³Á¾·¯«¿¼ 
ññ   Óð ã óí 
ññ   Óï ã ï 
ññ   ®ïð ã ²«³Á¾·¯«¿¼ 
ññ Î»¬«®² Ê¿´«»æ 
ññ   ®ð ã ±«¬°«¬ ¿³°´» 
ññ   ®ïð                     ó ½´»¿®»¼ 
ññ   ×ðô×ïô×ìôÔðôÔïôÔìôÓðôÓï ó «²¿ºº»½¬»¼ 
ññ   ®ïô®îô®íô®ì             ó ¿ºº»½¬»¼ 
ññ 
ññ Ý±³°«¬¿¬·±² ¬·³»æ è ö ²«³Á¾·¯«¿¼ õ í 
 
¾·¯«¿¼Áº·´¬»®æ 
¼± ¾·¯«¿¼Á´±±°å 
   ®ï ã ÓÅ×ðôïÃ           ññ ¹»¬ ¨ø²óî÷ 
    ®î ã ÓÅ×ìôïÃå         ññ ¹»¬ ½±»º ¾î 
   ®ÓßÝ ã ®ï ö ®î 
    ®í ã ÓÅ×ðôïÃ          ññ ¹»¬ ¨ø²óï÷ 
    ®î ã ÓÅ×ìôïÃå         ññ ¹»¬ ½±»º ¾ï 
   ®ÓßÝ ã ®ÓßÝ õ ®í ö ®î 
    ®ì ã ÓÅ×ïôïÃ          ññ ¹»¬ ½¿´»º¿½¬±® 
    ®î ã ÓÅ×ìôïÃå         ññ ¹»¬ ½±»º ¾ð 
   ®ÓßÝ ã ®ÓßÝ õ ®ð ö ®î 
    ®ï ã ÓÅ×ðôïÃ          ññ ¹»¬ §ø²óî÷ 
    ®î ã ÓÅ×ìôïÃå         ññ ¹»¬ ½±»º ¿î 
   ®ÓßÝ ã ®ÓßÝ ó ®ï ö ®î 
    ®ï ã ÓÅ×ðôÓðÃ         ññ ¹»¬ §ø²óï÷ 
    ®î ã ÓÅ×ìôÓïÃå        ññ ¹»¬ ½±»º ¿ï 
   ®ÓßÝ ã ®ÓßÝ ó ®ï ö ®î 
    ÓÅ×ðôïÃ ã ®íå         ññ ¬±®» ²»© ¨ø²óî÷ 
   ®ð ã ®ÓßÝ ßÍØ×ÚÌ ®ì 
    ÓÅ×ðôÓïÃ ã ®ðå        ññ ¬±®» ²»© ¨ø²óï÷ 
¾·¯«¿¼Á´±±°æ 
ÓÅ×ðôïÃ ã ®ïå             ññ ¬±®» ²»© §ø²óî÷ 
ÓÅ×ðôïÃ ã ®ðå             ññ ¬±®» ²»© §ø²óï÷ 
 














 
 



C.6 Radix-2 FFT 
ññ ß² ±°¬·³·»¼ ÚÚÌ «¾®±«¬·²» ©·¬¸ ¿ ·³°´» ·²¬»®º¿½» 
ññ 
ññ ×²°«¬ Ê¿´«»æ 
ññ   üºº¬Á²°¬    ó Ò«³¾»® ±º °±·²¬ ø¿ °±©»® ±º î÷ 
ññ   ü×²°«¬®»¿´   ó ×²°«¬ ¿®®¿§ ®»¿´ °¿®¬ 
ññ   ü×²°«¬·³¿¹   ó ×²°«¬ ¿®®¿§ ·³¿¹ °¿®¬ 
ññ   ÔðôÔïôÔìôÔë  ó ¸±«´¼ ¾» ·²·¬·¿´·»¼ ¬± ðò 
ññ 
ññ Î»¬«®² Ê¿´«»æ 
ññ   üÎ»ºº¬       ó Ñ«¬°«¬ ¿®®¿§ ®»¿´ °¿®¬ 
ññ   ü×²°«¬®»¿´   ó Ñ«¬°«¬ ¿®®¿§ ·³¿¹ °¿®¬ 
ññ ß´´ ®»¹·¬»® ¿´¬»®»¼ 
ññ 
ññ Ý±³°«¬¿¬·±² ¬·³»æ 
ññ 
ññ   Ò± ½´±½µ ½§½´» ã ÌÞß 
ññ   ©¸»®» ² ã ´±¹îøºº¬Á²°¬÷ 
ññ 
ññ   ºº¬²°¬æ    êì    ïîè    îëê    ëïî 
ññ 
ññ   Ò± Ý´µæ  ÌÞß 
 
 
ññ Ü»½´¿®» ´±½¿´ ª¿®·¿¾´»æ 
òÊßÎ ¹®±«°å 
òÊßÎ ²±¼»Á°¿½»å 
ý·²½´«¼» þ¬©·¼¼´»Áº¿½¬±®ò¸þ 
 
ññ óó ÛÒÌÎÇ ÐÑ×ÒÌ óó 
º¿¬Áºº¬æ 
 
Óð ã ðå 
Óï ã ïå 
 
ññ óó Ð®±½» ¬¸» ²óï ¬¿¹» ±º ¾«¬¬»®º´·» óó 
®ï ã ïå 
ÓÅ¹®±«°Ã ã ®ïå               ññ ¹®±«° ã ï 
®ð ã ÓÅüºº¬Á²°¬Ãå 
®ð ã ®ð ßÍØ×ÚÌ óïå 
ÓÅ²±¼»Á°¿½»Ã ã ®ðå           ññ ²±¼»Á°¿½» ã Ò°¬ ñ î 
 
®ð ã Í×ÙÒÜÛÌ ®ðå 
®ï ã îîå 
®ç ã ®ï ó ®ðå                 ññ ´±¹îøÒ°¬÷ ó ï 
¬¿¹»Á´±±°æ 
 
  ®ïð ã ÓÅ²±¼»Á°¿½»Ãå 
  Óî ã ®ïðå                   ññ Óî ã ²±¼»Á°¿½» 
 
  ®è ã ÓÅ¹®±«°Ãå 
  ®î ã ®è ÔÍØ×ÚÌ ïå 
  ÓÅ¹®±«°Ã ã ®îå             ññ ¹®±«° ã ¹®±«° ö îå 
 
  ×ð ã ú¬©·¼Á·³¿¹å            ññ ×ð óâ øóÍ÷ ±º Éð 
  ×î ã úü×²°«¬®»¿´å           ññ ×î óâ ¨ð ·² ï¬ ¹®±«° ±º ¬¿¹» 
  ×ï ã ×î õ Óîå               ññ ×ï óâ ¨ï ·² ï¬ ¹®±«° ±º ¬¿¹» 
  ×ê ã úü×²°«¬·³¿¹å           ññ ×ê óâ §ð ·² ï¬ ¹®±«° ±º ¬¿¹» 
  ×í ã ×ê õ Óîå               ññ ×í óâ §ï ·² ï¬ ¹®±«° ±º ¬¿¹» 
  ×ì ã ú¬©·¼Á®»¿´å            ññ ×ì óâ Ý ±º Éð 
 
   














 
 



¹®±«°Á´±±°æ 
 
    ®î ã ÓÅ×ìôïÃå 
    ®ê ã ®îå                  ññ ®êãÝ 
 
    ®í ã ÓÅ×ïôðÃå             ññ ®íã¨ï 
 
    ®ÓßÝ ã ®í ö ®ê            ññ ®ÓßÝã¨ïöÝ 
    ®ë ã ÓÅ×íôðÃå             ññ ®ëã§ï 
 
    ®î ã ÓÅ×ðôïÃå 
    ®é ã ®îå                  ññ ®éãøóÍ÷ 
 
    ®ïð ã ÓÅ²±¼»Á°¿½»Ãå 
 
    ¼± ¾º´§Á´±±°å 
      ®ÓßÝ ã ®ÓßÝ ó ®ë ö ®é   ññ ®ÓßÝã¨ïöÝó§ïöóÍ 
        ®ð ã ÓÅ×îôðÃå         ññ  ®ðã¨ð 
 
        ®ï ã ®ð õ ®ÓßÝ        ññ ®ïã¨ðùã¨ðõø¨ïöÝó§ïöóÍ÷ 
        ®î ã ÓÅ×íôÓïÃå        ññ  ®îã§ï ø¼«³³§ ®»¿¼÷ 
 
        ®ï ã ®ð ó ®ÓßÝ        ññ ®ïã¨ïùã¨ðóø¨ïöÝó§ïöóÍ÷ 
        ÓÅ×îôÓïÃ ã ®ïå        ññ  ÜÓã¨ðù 
 
        ®ÓßÝ ã ®í ö ®é        ññ ®ÓßÝã¨ïöøóÍ÷ 
        ÓÅ×ïôÓïÃ ã ®ï         ññ  ÜÓã¨ïù 
        ®ì ã ÓÅ×êôÓðÃå        ññ  ®ìã§ð 
 
        ®ÓßÝ ã ®ÓßÝ õ ®ë ö ®ê ññ ®ÓßÝã¨ïöøóÍ÷õ§ïöÝ 
        ®ë ã ÓÅ×íôóïÃå        ññ  ®ëã²»¨¬ §ï 
 
        ®ï ã ®ì õ ®ÓßÝ        ññ ®ïã§ðùã§ðõø§ïöÝõ¨ïöøóÍ÷÷ 
        ®í ã ÓÅ×ïôÓðÃå        ññ  ®íã²»¨¬ ¨ï 
 
        ®ì ã ®ì ó ®ÓßÝ        ññ ®ïã§ïùã§ðóø§ïöÝõ¨ïöøóÍ÷÷ 
        ÓÅ×êôÓïÃ ã ®ïå        ññ  ÜÓã§ðù 
 
        ®ÓßÝ ã ®í ö ®ê        ññ ®ÓßÝã¨ïöÝ 
        ÓÅ×íôÓïÃ ã ®ìå        ññ  ÜÓã§ïù 
      ¾º´§Á´±±°æ 
 
      ®î ã ÓÅ×ïôÓîÃå          ññ ³±ª»æ ¨ïô ¨ðô §ïô ¿²¼ §ð 
      ®í ã ÓÅ×íôÓîÃå          ññ ±²¬± ²»¨¬ ¹®±«° ©·¬¸ ¼«³³§ ®»¿¼ 
      ®è ã ®è ó Óï 
        ®î ã ÓÅ×îôÓîÃ 
        ®í ã ÓÅ×êôÓîÃå 
   ·º ÒÆ ¶«³° ¹®±«°Á´±±°å 
 
   ®ïð ã ÓÅ²±¼»Á°¿½»Ãå 
   ®ïð ã ®ïð ßÍØ×ÚÌ óïå       ññ ²±¼»Á°¿½» ã ²±¼»Á°¿½» ñ îå 
   ÓÅ²±¼»Á°¿½»Ã ã ®ïðå 
 
   ®ç ã ®ç ó ïå 
·º ÒÆ ¶«³° ¬¿¹»Á´±±°å 
 
 
ññ óó Ð®±½» ¬¸» ´¿¬ ¬¿¹» ±º ¾«¬¬»®º´·» »°¿®¿¬»´§ óó 
×ð ã ú¬©·¼Á·³¿¹å              ññ ×ð óâ øóÍ÷ ±º Éð 
×ë ã úü×²°«¬®»¿´å             ññ ×î óâ ¨ð 
×ï ã ×ë õ ïå                  ññ ×ï óâ ¨ï 
Óî ã îå 
×í ã Þ×ÌÎÛÊÛÎÍÛøúüÎ»ºº¬÷å     ññ Î»ºº¬ ¾·¬®»ª»®»¼ 
 
®ð ã ÓÅüºº¬Á²°¬Ãå 
®ð ã Í×ÙÒÜÛÌ ®ðå 
®ð ã ®ð ó éå 
®ï ã ïå 
®ï ã ®ï ÔÍØ×ÚÌ ®ðå 
Óí ã ®ïå                      ññ Þ·¬®»ª»®»¼ ³±¼·º·»® 
 
×ì ã ú¬©·¼Á®»¿´å              ññ ×ì óâ Ý ±º Éð 
×ê ã úü×²°«¬·³¿¹å             ññ ×ê óâ §ð 
×î ã ×ê õ ïå                  ññ ×ë óâ §ï 
 














 
 



®î ã ÓÅ×ìôÓïÃ 
 ®ë ã ÓÅ×îôÓîÃå               ññ ®ëã§ï 
®ê ã ®î                       ññ ®êãÝ 
 ®í ã ÓÅ×ïôÓîÃå               ññ ®íã¨ï 
 
®ÓßÝ ã ®í ö ®ê                ññ ®ÓßÝã¨ïöÝ 
 ®î ã ÓÅ×ðôïÃå                ññ ®îãøóÍ÷ 
 
®ïð ã ÓÅüºº¬Á²°¬Ãå 
®ïð ã ®ïð ßÍØ×ÚÌ óïå          ññ Ò°¬ ñ î 
 
¼± ´¿¬Á´±±°å 
   ®ÓßÝ ã ®ÓßÝ ó ®ë ö ®î      ññ ®ÓßÝã¨ïöÝó§ïöóÍ 
    ®ð ã ÓÅ×ëôÓîÃå            ññ  ®ðã¨ð 
 
   ®ï ã ®ð õ ®ÓßÝå            ññ ®ïã¨ðùã¨ðõø¨ïöÝó§ïöóÍ÷ 
 
   ññ »²¿¾´» Þ·¬ Î»ª»®» ¿¼¼®»·²¹ ±² ßÙï 
   ®Ú´¿¹ ã ®Ú´¿¹ ÑÎ ÞÎÁÚÔßÙå 
 
   ®ï ã ®ð ó ®ÓßÝ             ññ ®ïã¨ïùã¨ðóø¨ïöÝó§ïöóÍ÷ 
    ÓÅ×íôÓíÃ ã ®ïå            ññ  ÜÓã¨ðù 
 
   ®ÓßÝ ã ®í ö ®î             ññ ®ÓßÝã¨ïöøóÍ÷ 
    ÓÅ×íôÓíÃ ã ®ï             ññ  ÜÓã¨ïù 
    ®ì ã ÓÅ×êôÓðÃå            ññ  ®ìã§ð 
 
   ññ ¼·¿¾´» Þ·¬ Î»ª»®» ¿¼¼®»·²¹ ±² ßÙï 
   ®Ú´¿¹ ã ®Ú´¿¹ ßÒÜ ÒÑÌÁÞÎÁÚÔßÙå 
 
   ®ÓßÝ ã ®ÓßÝ õ ®ë ö ®ê      ññ ®ÓßÝã¨ïöøóÍ÷õ§ïöÝ 
    ®î ã ÓÅ×ìôÓïÃ             ññ  ®îãÝå 
    ®í ã ÓÅ×ïôÓîÃå            ññ  ®íã²»¨¬ ¨ï 
 
   ®ï ã ®ì õ ®ÓßÝ             ññ ®ïã§ðùã§ðõø§ïöÝõ¨ïöøóÍ÷÷ 
    ®ë ã ÓÅ×îôÓîÃå            ññ  ®ëã²»¨¬ §ï 
 
   ®ì ã ®ì ó ®ÓßÝ             ññ ®ïã§ïùã§ðóø§ïöÝõ¨ïöøóÍ÷÷ 
    ÓÅ×êôÓïÃ ã ®ïå            ññ  ÜÓã§ðù 
 
   ®ê ã ®î                    ññ ®êãÝ 
    ®î ã ÓÅ×ðôÓïÃå            ññ  ®îãøóÍ÷ 
 
   ®ÓßÝ ã ®í ö ®ê             ññ ®ÓßÝã¨ïöÝ 
    ÓÅ×êôÓïÃ ã ®ìå            ññ  ÜÓã§ïù 
 
´¿¬Á´±±°æ 
 
×í ã Þ×ÌÎÛÊÛÎÍÛøúü×²°«¬®»¿´÷å 
×ë ã úü×²°«¬·³¿¹å 
 
ññ »²¿¾´» Þ·¬ Î»ª»®» ¿¼¼®»·²¹ ±² ßÙï 
®Ú´¿¹ ã ®Ú´¿¹ ÑÎ ÞÎÁÚÔßÙå 
 
®î ã ÓÅ×ëôïÃå 
®ïð ã Òå 
¼± ¾·¬Á®»ªÁ·³¿¹å 
   ®î ã ÓÅ×ëôÓïÃ 
    ÓÅ×íôÓíÃ ã ®îå 
¾·¬Á®»ªÁ·³¿¹æ 
 
ññ ¼·¿¾´» Þ·¬ Î»ª»®» ¿¼¼®»·²¹ ±² ßÙï 
®Ú´¿¹ ã ®Ú´¿¹ ßÒÜ ÒÑÌÁÞÎÁÚÔßÙå 
®¬å 
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