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WORKING WITH STACKS

@ Stacks
FIFO and LIFO
SP

Initialization

@ LIFO Stack Operations (Push and Pop)
Explicit push and pop

RTL (Register Transfer Language)

push Rn

M[SP] € Rn SP&SP-1
pop Rn

SP&SP+1 Rn < M[SP]

Implicit rcall, call, icall, ret, reti

@ Working with the Stack (3 questions and answers)
Word Size 1 byte
Points At  Empty Byte

Direction  Decrements stack by 2 for implicit (call) and by 1 for explicit (push) stack operations

@ The Program Counter byte ordering on the SRAM stack is Big Endian.
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STACK OPERATION ON A CALL INSTRUCTION

rcall

RTL (Register Transfer Language)

Word FLASH Program
16K x 16 2. M[SP] ¢ PCH SP&<SP-1
* L 0 3. PC&PC+n jump range = -2K < PC < 2K
0x0000 ret
1. SP€<SP+1 PCH < M[SP]
2. SP<SP+1 PCL < M[SP
Program Counter 0x0100 : ISF]
PC SRAM Data
o(1c1) > potcy | T TR Stack Pointer Memory SRAM
16 (SP) 2 K bytes Address
OX02EA | mySubr: | 08FF16 | = Ox08FF
ret
Appliéation
Flash 2048 x 8 SRAM
Note 1: Flash Program SecPon Note 2: PC contents 8;882,2
addresses are arbitrary - T follows standard
gnd S|_mply selected for i convention. It does 160 Ext I/0 Reg.
illustrative purposes. not follow Atmel
convention. 0x0060
O0x005F
Boot Flash 64 1/0 Registers
Section 8)’:88%2
OX3FFF 32 Registers | 5,0000
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AMAZING LAB DESIGN EXAMPLE

FLASH Program Memory
16K x 16 (32 K bytes)

1 0 AVR Instruction Set Architecture (ISA)
0x0000 :
|
0117 ef0f 1di  r16, low (RAMEND) Program Counter (PC)
0118 bf0d out  SPL,rlé // i/o address 0x3d | ]
0119 e008 ldi  rl6,high (RAMEND)
0lla bfi0e out SPH,rl6 // i/o address 0x3e Stack Pointer (SP)
. |
e 3 SRAM Data Memory | ]
. ] =
013e d0:46 rcall whichWay OxO08FF Status Register (SREG)
013f doiL9 rcall knowWay | |
0140 d0:59 rcall display
%1 _ ‘ General Purpose Registers
0142 cfif7 rjmp Main
. } [ r1 r0
I r2
: whichWay:
0185 934f plisly eGP M B8 P S
0186 b74f in reg F,SREG T r14
0187 92/7f push switch // r7 r15
e L e 2048 x 8 SRAM o
whichEnd: d A
0196 9077f pop  switch (ittle-endian) r25
0197 bfaf out  SREG,reg F r27 r26 X
0198 914f pop reg F r29 r28 ¥
0199 9508 ret 31 r30 Z
Ox3FFF { 0x0100
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CALL INSTRUCTION ENCODING

All control transfer addressing modes modify the program counter.

The Program Counter byte ordering on the SRAM stack is Big Endian.

0] jmp k
1| call k
15 12 11 8 0
A4
1001 010k kkkk 11nk
kkkk kkkk kkkk kkkk
color key Flash Program Memory
. ATmega Family 4 M words 15 0
ATmega328P 16 K words
/\/
15 0
A4
PC

0x0000

Ox3FFF
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RCALL INSTRUCTION ENCODING

UNCONDITIONAL

0| rjmp k
rcall k

[y

15 12 11

8 7

Flash Program Memory
15 0

110n kkkk

kkkk

kkkk

15

PC

0x0000

”——_—555“-_‘______,~'
T~

CONDITIONAL

0| brbs s, k
1| brbc s, k

15 12 11

1111 Onkk

kkkk

Ox3FFF

alias

SREG

SSS

s, k

brbc

H

Q N Z < n o o4

NOTES

brlo

k

brid
brtc
brhc
brge
brvc
brpl
brne

brcc

I . T T T E O

brsh k

1. See Register Direct Addressing for encoding of skip register bit set/clear instructions sbrc and sbrs.

2. See I/O Direct Addressing for encoding of skip I/O register bit set/clear instructions sbis and sbic.
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nnn |opcode notes

000

001 |ijmp see illustration
010

011 |eijmp n/a to 328P

100 |ret PC & M[SP + 1]
101 |icall see illustration
110 | reti PC & M[SP + 1]
111 |eicall n/a to 328P

RET INSTRUCTION ENCODING

15 12 11 J b 4 3 b 0
1001 010n 000n 100n
Flash Program Memory
15
15
Z - Register

15

V.

PC

0x0000

OX3FFF
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