6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

E 1 EEL4744

EEL 4744C: 1P Apps

Today’s Menu

» Hardware Interfacing Concepts
* Instruction Cycle, Machine Transfers, and Cycles
>Fetch, Decode, & Execute

>Memory Read & Write M

* Address and Data Bus Timing oy

* XMEGA'’s EBI (External Bus Interface) Vfi"
> Chip Selects (CS0-CS3)

E Input Port.asm

Fld EEL4744  Sharing Address/Data or

EEL 4744C: 1P Apps

seedoct Address/Address Pins

* Our XMEGA (and many, but not all, other
processors) have externally accessible address
and data busses
> XMEGA calls this the EBI: External Bus Interface

* In most situations, some of the address pins or
address and data pins are time multiplexed, i.e., at
least two distinct signals share the same pin!
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6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

Ei] EEL4744
Instruction Cycle, Machine

Transfers, and E-Cycles

* An instruction cycle consists of a sequence of machine transfers. A
machine transfer corresponds to a single machine operation (a single
clock pulse) on the external buses.

» Each machine transfer is one of the following types:

1. Opcode Fetch 2. Memory Read
3. Memory Write 4. Execution - No Transfer.

* Non-pipelined Example: Each machine transfer requires clock cycle
> The corresponding time depends on the frequency of the internal clock
If each the system clock is operating at 2 MHz
— The period is 500 ns (1 /2 MHz)
— To execute a 4 cycle instruction (e.g., a STAA in a GCPU+ with extended
addressing) takes 4 x 500 ns =2 us

44— File 11

E 9 EEL4744 :
Instruction Cycles

* Instruction cycles, machine transfers, and cycles for
simple instructions

(a) Extended STAA (b) Inherent ABA

Instruction Cycle Instruction Cycle

Opcode Fetch| Mem Read | Mem Read | Mem Write Opcode Fetch | Execution

EL 4744 File 11
& Arroyo
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: { EEL4744

EEL474:

Univi

6

Bi-directional Data Bus

Address and Data Bus Timing and Interfacing

GCPU Block Diagram

IR5:0
Register

Controller
MSALD

M5B1:0
M5C3:0

CLE—p]
CLK PC_INC
PC_LD (U'L)

ZFlag MAR_INC

MAR._LD (UL)
N Flag

ADDR_SEL1:0
XD_LD
YD_LD

Address Bus

X Reg Block

]
|Progra.mCoumu(H].j H Mem Addr Beg (HL) ”
]

Mux 0
1

ST 80

T_t ADDR_SEL1:0

MOLK 3¢

Note: PC, MAR, X, Y outputs are 16 bits

X Reg Block = X displacement Reg + X Reg (HL)
Y Reg Block = Y displacement Reg + Y Reg (HL)

EPROM Range = $0000 to $0FFF (read
SRAM Range

only)

= $1000 to $1FFF (read/write)

| Reg Block

CPU
cpui External Memory
ADDR[15.0]
CLK ADDR[15.0] — ADDR12 BARG#
6 DATAS Il | ROM_Enable % ADDR13 Tt | RAM_Enable
DATAS DATAS 15 : N3 ADDR14 —
DATAS DATAL ; ADDR15
DATA4 DTS <
DATA3 = 3
DATAZ
DATA2 AT ROM_Enable RAN_RD_En
DaTA1 DATAD ROM OUT[7.0] ™ DATA[7 0] RAM OUT[7.0] ™ i DATA[7..0
DATAD A7) ® [ ™ ndfE  :
Al7-01 B0
B[7.0] ¥
PC[15.0] 1= Az o
MAR[15.0] X[15.0] RV RAM_RD_EN
X[15.0] N I n
ii5 0] !m ID RAM_Enatle | nstT
STATE[5.0] T
RE.0] Gl e File=eprom.mif
ALU[T.0] Lad
ADDR_SEL[1.0] et altsyncram0
IRD —  xpigpr7.0] % ADDR[11_0]  address[11.0] g0} ROM OUT[7..0
XDISPF..0] YOTSrL-O
YDISP[7_0] -
ZERO_FLAG NS MELK  cock
NEG_FLAG . — $
! WSCE.0] . BlokTye
MSC[3.0] £ st
File=sram.mif
st altsyncram 1
DATA[T..0] 3% u:tuar mﬂ - a7.0 RAM OUTI7 0]
) ; - ADDR[11 D])‘_ﬁu_
o 5 SR
= e MoLK clock
T ,—ﬁ—‘wm CLOCK [ pe—
MELK 5
L Memory Map
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6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

had P74 GCPU with
Memory & I/O

Al5:A12
D7:0

GCPU ais:0

CEO CEIl CE2

CEO CE1 CE2

EY FE14744  Shared Address/Data

EEL 4744C: 1P Apps

Buses (ex: GCPU+)

* The address/data bus AD7-ADO is time-multiplexed

> When AS (address strobe) is true (high), AD7-ADO are
address lines

> When the E clock timing signal is high, AD7-ADO are data
lines

> 16-bit address bus
— A15-A8
— AD7-ADO (shared with the data bus)

> 8-bit data bus
— AD7-ADO (shared with the address bus)

8
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6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

EEL4744
Shared External Busses

(ex: GCPU+)

Address
Bus

) Al15:A8
AD7-0 8-bit Latch

Address
Bus

EEL4744
GCPU+ Read Cycle

0 Timing Diagram ¢ MemoryRead %
for Memory Read 500 nanoseconds

Machine Transfer

_ | ; Data é-bits
AD7-ADO address in _

A7-A0

University of Florida, EEL 4744 — File 11
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EELA4744
GCPU+ WRITE Cycle

0 Timing Diagram for « _ Memory Write S
Memory Write 500 nanoseconds

Machine Transfer

w during first E-Cycle of every instructi

AD7-ADO

EEL4744 GCPU+ Hardware

EEL4744C: 1P Apps

Interfacing Concepts

0 Example: uP system with 64K memory module

GCPU+ s Alsa0_ 04k RAM
INENN: .

AD7-ADO

R/W =R/~W =R(H) = W(L)
EH CS(L
met - Active-High: E, R; Active-Low: W, WE, OE, CS (A)I>Of ( )12

University of Florida, EEL 4744 — File 11
© Drs. Schwartz & Arroyo 6



6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

{ EEL4744 GCPU+ Fetch-Decode-
Execute Example

* Suppose we execute the code starting at location $020E

#i ead execut

LDX #$0377 ——— =
020E: CE 0377 0211: D6 60

£ { 5: memory read i 6: execute i 7: fetch i i 8: execute 1 of 2

Ll-)u\Bg $60 4><— EA\BX
0211: D6 60 0213: 3A

— —
DBE(L) L ‘

- : :
ALS-AS

/D7-DO L

H H
AT-A0 | XXXX

f

E CLK

=2MHz and T = 500ns

E CLK

744 — File 11
rToyo
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E (] 4

EEL4744C: 1P Apps

Al15-A8 H
/D7-DO L

A7-AOPLI XXXX

fEﬁLK =2MHz and TEicLK SR

b “E1Y74 XMEGA Write followed

EEL4744C: 1P Apps

by Read and Pipeline

* Be careful when having a write followed by a

read access
> This has been documented to occur with the keypad
when a read immediately follows a write
— If you can find documentation of this in the Atmel manuals,
please tell me where you found it!
> If this does occur, add a NOP assembly instructions
between a write and read instructions

— If one NOP does not work, add 2; if 2 does not work, add 3
= For the XMEGA, one NOP should work
= If you need one or more than one NOP, let me know!

EEL 4744 - File 11
rtz & Arroyo
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6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

EEL4744 XMEGA Pipeline:

Execution Timing
* The parallel instruction fetches and instruction

EEL4744C: 1P Apps

executions timing See docR3al

Figure 3-2

CPU
1st Instruction Fetch

1st Instruction Execute
2nd Instruction Fetch

| ] |
! [}
clk i \ \ { \ ! \

|
|
|
|
|
I
|
|
|

2nd Instruction Execute
3rd Instruction Fetch

3rd Instruction Execute
4th Instruction Fetch

EEL4744  XMEGA Pipeline:

i S;? doc8331, Execution Tlmlng
igure 3-3

« Single cycle ALU instruction
> In a single clock cycle, an ALU operation using two
register operands 1s executed and the result 1s stored
back to the destination register

clkCPU — S

Total Execution Time

ALU Operation Execute

|
|
:
Register Operands Fetch —:
|
|
I
|
|
|

Result Write Back

18
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E 1] EEL4744 GCPU+ Hardware
Interfacing Concepts

0 Example: uP system with 64K memory module

alsa0 64k RAM

AD7-ADO

R/W =R/~W =R(H) = W(L)
EH CS(L
we Active-High: E, R; Active-Low: W, WE, OE, CS (A)I>O* ( )19

oyo

] EEL4744 GCPU+ Hardware Interfacing
— Concepts (w/ Addr Decoding)

0 Example: uP system with 32K memory module at $8000-SFFFF

alsa0 32k RAM

AD7-ADO

R/W =R/~W =R(H) = W(L)
EH CS(L
wq4 e Active-High: E, R; Active-Low: W, WE, OF, €S - >o-C®)

University of Florida, EEL 4744 — File 11
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E i EEL4744
Tl Hardware/Interfacing Review

* Block Diagram of a Basic Microprocessor System

P Output
Input Interface u Sy stem Interface

Internal Memory Output
Flash, EEPROM Device
RAM

E1] EEL4744 GCPU-

Hardware/Interfacing

* Example R1: Add a 4x8 bit
(4-bytes) RAM module to a
hypothetical pP with 3 address

pins, 8 data pins and control
pins R/~W & E

* D.-D, on the uP connect to
D.-D, on the RAM

* RD =E ¢ R/'~W

* WR =E o (R/~W)’

1st Byte * Two of the three address
lines go to A1-A0 on the
RAM; CS = A,

1. CS=A,; Al=A; AO=A,

2. CS=/A,; A1=A; AO=A,

3. CS=A; A1=A,; AO=A,

4.C

Last Byte S=A¢; Al=Ay; AO=A,

University of Florida, EEL 4744 — File 11 1 1
© Drs. Schwartz & Arroyo
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b EEL4744 GCPU-
Hardware/Interfacing

» What are the consequences of these choices?
> Choice 1: CS=A,; A1=A; A0=A,
— When the pP issues address 000; the RAM does not respond
since CS=A,=0; similarly for addresses 001, 010, 011
— For address 100 the uP reads $54, for 101 the pP reads $F7,
for 110 the uP reads $39, for 111 the uP reads $B8
— The 4-byte RAM starts at address 100

=A; AO=A,
. CS=/A,; Al=A,; A0=A,
3.CS=A,; Al=A,; A0=A,

E 1 EEL4744

EEL4744C: 1P Apps

Conclusions from Example R1

* The data in the RAM will not be accessed contiguously
unless we connect the matching contiguous low order lines
to the RAM, i.e., A1=A, and AO=A,

* We have a choice of CS=/A, or CS=A,

> If want the RAM in the “low memory range,” choose CS=/A,
> If want the RAM in the “high memory range,” choose CS = A,

 For contiguous access we always connect the low order
address pins to all the RAM address pins

* CS = f(unused high order address lines). If we have m
unused address lines we will have 2™ possible starting
addresses for the contiguous memory block

EEL 4744 - File 11
rtz & Arroyo

University of Florida, EEL 4744 — File 11
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bl crLa744 GCPU+
Hardware/Interfacing

* Example R2: Add a 4kx8 bit
(4k-bytes, 4K) RAM module to
the GCPU+

GCPU+
(with latch) 1st Byte

D.-D, on the puP connect to

D7 D, on the RAM

* RD=E ¢ R/~W

* WR =E ¢ (R/~W)’

 uP A, -A,to A,;-A, on the
RAM; CS=f(A5-A,)

1. CS=/A50/A ,0/A ;0/A ,oE

2. CS=/As9/A  0/A 30A | ,oE

3. CS=/A50/A 0A ;0/A|,oE

4. CS=/As0/A ,0A ;0A ,°E

Last Byte

EE EEL4744 GCPU+ Hardware/
— Interfacing Rev1ew

* What are the consequences of these choices? - :

> Choice 1: CS=/As0/A, 0/A 38/A ,oE
— When the uP issues address 0000 xxxx XxXx XxXX; the RAM
responds since CS=1elele] (address lines are active-high)
— For address 0000 0000 0000 0000 the uP reads $54, for $0001
the uP reads $F7, for SOFFF the uP reads $B8
— The 4K-byte RAM starts at address $0000

0000 0000 0000 0000
0000 0000 0000 0001
0001 0000 0000 0000
0001 0000 0000 0001

0010 0000 0000 0000
0010 0000 0000 0001
0011 0000 0000 0000
e 0011 0000 0000 0001
26
University of Florida, EEL 4744 — File 11 1 3
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6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

13 EE1.4744 GCPU+ Conclusions from
. Example R2

* For choice 1, CS=/A ;0/A,0/A ;0/A ,¢E the 4K
memory block begins at address $0000; the range is $0000-
$OFFF

« For choice 2, CS=/A ;0/A ,0/A ;A ,¢E the 4K memory
block begins at address $1000; the range is $1000-$1FFF

« For choice 3, CS=/A ;0/A ,0A ;8/A ,¢E the 4K memory
block begins at address $2000; the range is $2000-$2FFF

* For choice 4, CS=/A ;0/A | ,0A ;0 A ,¢E the 4K memory
block begins at address $3000; the range is $3000-$3FFF

* There are 2#=16 choices for a starting address for the 4K
block, mainly, $0000, $1000, $2000,..., $E000, SF000

Hi] EELA744 GCPU+
| Hardware/Interfacing

EEL 4744C: UP AppS

« Example R3: Add a 8kx8 bit * D,-D; on the uP connect
(8k-bytes, 8K) RAM module to  to D;-D;, on the RAM
the GCPU+ starting at address * RD =E ¢ R/~W
$4000 * WR =E e (R/I~W)’

GCPU+ e uP A,-A,to Aj,-A, on
(with latch) 1st Byte the RAM; CS=A(A 5-A}3)
* Since starting address is
0100 0000 0000 0000 the
only choice is
CS=/A50A ,0/A ;E
* The address range is

Last Byte $4000-$5FFF

University of Florida, EEL 4744 — File 11
© Drs. Schwartz & Arroyo 1 4
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8 EEL.4744 GCPU+
0 Hardware/Interfacing

«Example R4: Add a 8K of RAM  * Ds-Dy on the uP to D-D,

using two 8k x 4 RAM chips to the _ ' REW, (LD mlelil )
. * D,;-D, on the pP to D;-D,,
GCPU+ starting at address SA000 RAM, (MS nibble)

GCPU+ 1st Byte IstByte ° WR=Ee(R/~W)’

(with latch) MS nibble LS nibble * RD =E ¢ R/~W

the RAM; CS=f(A 5-A}5)
For starting address
1010 0000 0000 0000 the
only choice is
CS=A,;0/A 0A ;¢E

* The address range is

Last Byte Last Byte
7 y $A000-$BFFF

MS nibble LS nibble

Fd EEL4744

EEL 4744C: 1P Apps

XMEGA Data Memory Map

See doc8385,
Figure 7-2
CORRECTED

0 — OFFF  I/O Registers (4kB) [0 — 0xBC3 on ours]
(Configuration registers)

1000 - 17FF  EEPROM (2kB)
1800 — 1IFFF  Reserved
2000 — 3FFF  Internal SRAM (8kB)
4000 — FF FFFF External “Memory” (~16MB)

University of Florida, EEL 4744 — File 11
© Drs. Schwartz & Arroyo
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EEL4744 GCPU with Memory & /O

EEL47 CPU
cpui External Memory
cLocK ADDRI15.0]
RESET || K ADDRI1S.01 T ADDR12 BA<
WCLK [RESET R DATAT 3 ADDR12 M | s
et DAt DATAS Il | ROM_Enable % ADDR13 Tt | RAM_Enable
DATAS DATAS 1% - ROM Ena ADDRI14 RAM Enable,
DATAS DATAL : ADDRI5
DATAS AT s
DATA3 T
DATR2
DATA2 s ROM_Enable RAN_RD_En
DaTA1 DATAD ROM OUT[7.0] ™ DATA[7 0] RAM OUT[7.0] ™ i DATA[7..0
DATAD AT * =P K T
Al7-01 B0
B[7.0] o
PC[15.0] 1= W ML ez
MAR[IS.00 = w5 o) R - s oy ‘;‘"’_X—D_?j“f‘li
X[15.0] N I n
Y[15.0] !m ]D RAM_Enable Ran_ Ensols | ST
STATE[5.0] X
RE.0] Gl e File=eprom.mif
ALU[T.0] Lad
ADDR_SEL[1.0] et altsyncram0
IRD —  xpigpr7.0] % ADDR[11_0]  address[11.0] g0} ROM OUT[7..0
XDISPIT.0]) VOIS0
YDISP(7_0] e
ZERO_FLAG o
. NFIG MCLK  clock
NEG_FLAG WSCE.0] N -
MSC[3.0] st
File=sram.mif
altsyncram1
DATA[T..0] 3% u:tua? mﬂ - a7.0 RAM OUTI7 0]
) ; - ADDR[11 D])‘_ﬁu_ i3
: “f “'f' : R FbH 2 ®
+ T MGLK clock 5
xon ,—ﬁ—‘wm CLOCK [ pe—
MCLK e
Memory Map

EPROM Range = $0000 to $0FFF (read only)
SRAM Range = $1000 to $1FFF (read/write)

31

EEL4744

EEL4744C: 1P Apps

GCPU 4KB ROM & 4KB
RAM Expansion (from 3701)

R=R/~W  W=not(R/~W)

ROM at 0x0000-0xOFFF
CSpom = /A15 * /A14 *
JA13 * /A12) * R

RAM @ 0x1000-0x | FFF
CSpay = /A15 * /A14 *
/A13 * A12

University of Florida, EEL 4744 — File 11
© Drs. Schwartz & Arroyo
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J EELA744 GCPU+ 16KB

Memory Expansion

A13—0

E ¢ R/~W
E ¢ (R/~W)’
(E o /Reset) /A5 /A, Or
(E o /Reset) /A5 ® A, oOr
(E o /Reset) A5 /A, or
(E o /Reset) Ajse Ay

: EEL4744  GCPU+ 32KB Memory
'“ Expansion

32K

Ao SRAM
(at 0-$7FFF)

R/~W = R(H) = W(L)

W(L)

GND
[or /R(H)]

E * /Reset */A 5
* The output buffer is automatically disabled

whenever WE 1is asserted, even if OE asserted
««|* 1.e., WE has priority over OE.

34
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6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

UF EEL4744  GCcPU++ 16KB Memory
Expansion

[or /R(H)]

/A * [A o1 (ON)

*/A 5% A, o1 J—O

A% /A, or X = /Reset

A Ay Y=E*DBE*R+E*W
Z=X*Y

: EEL4744  GCPU+ 32KB Memory
Expansion

32K R/~W =R(H) =W(L)
RAM
(at 0-$7FFF)

GND
[or /R(H)]

E e /A 5 e /Reset

* The output buffer is automatically disabled
whenever WE 1is asserted, even if OE asserted
o men|® 1.€., WE has priority over OE.

36
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6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

EEL4744  GCPU+ Full Address
Decoding Expansion

EEL4744C: 1P Apps

Fully Decoded GCPU+
System w/ 2K A15-A8 aoor **°
Memory Module

Memory Map AD7-ADO
$0000 [—
512-byte
$01FF | RAM

4000
$ 2K-byte
$47FF [ RAM
B600
v 512-byte
$B7FF

$D000

WE=E * (RI~W)’
$FFFF OE =E * RI~W
i 2K RAM @$4000-$47FF  [CS=E+/A15:A14+/A13-/A12+/A11

EEL4744C: 1P Apps

Partially Decoded
System w/ 2K
Memory Module

Memory Map AD7-ADO
$0000

Al15-A14
512-byte
EEPROM

12K-byte

ROM WE =E ¢ (R/~W)’
OE =E « R/I~W
CS=E-</Al15+Al4

University of Florida, EEL 4744 — File 11
© Drs. Schwartz & Arroyo 1 9
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. . 1K RAM-A
Memory Expansion with both

Partial and Full Address Decoding

A system with two 1K-byte RAMs & a 2K-
byte ROM [Lam: Fig 11.14 on p.407]

A9-A0

2-t0-4 Decoder

2K ROM-B

1K RAM-C

A9-A0

12K-byte ROM
EEL e 11

=E «/Al5+/A14 +/A13

EF14744 Creative Interfacing: GCPU+

I/O Port Expansion
3-to-8 Decoder

74°138 PPl 74HC574
4 ob— AD;AD, —1—=01,-01,

TAHCS73

O|OE
Vce Lib

Address of O1 =

« 74HC574 is an 8-bit Flip-Flop Address of I =
e 74HC573 is an 8-bit Tri-State Buffer 74°573

Addrof Ol = 00XX X001 XXXX XXXX
For example: $01XX, $11XX, $39XX

AddrofIl = 00XX X100 XXXX XXXX
For example: $04XX , $14XX, $3CXX

EEL 4744 — File 11
Arroyo

University of Florida, EEL 4744 — File 11
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6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

| EEL4744  Creative Interfacing: GCPU+
I/O Port Expansion

3-t0-8 Decoder

74°138 PC;- PG,

- ~ T4HC574
ALy | 01,-01,
> OEIO<—GND

74HC573

O|OE
Vccl—'LE

Al()

Address of O1 = 00XX XX01 XXXX XXXX

Examples: 0000 0001 0000 0000 $0100, S3DFF
Address of I1 = 00XX XX01 XXXX XXXX

Examples: 0000 0001 0000 0000 $0100, S3DFF

Looking Ahead

EEL4744C: 1P Apps

Lab 4: EBI (RAM Expansion) and Bus Timing

* Find non-conflicting address for SRAM; timers instead of timing loop

Lab 5: Asynch Serial Communication (SCI)

* SCI w/ interrupts

Lab 6: C programming, SCI, SPI, IMU
» Using C for the first time

* Convert SCI Assembly to C

+ Synchronous serial communication (SPI) with IMU’s accelerometer
Lab 7: ADC & Events

+ Analog to digital conversion

* Event system

* Make an oscilloscope-like device

Lab 8: DMA with DAC (making music!)
* Direct Memory Access (DMA)

+ Digital to Analog conversion (DAC)

University of Florida, EEL 4744 — File 11
© Drs. Schwartz & Arroyo 2 1



6-Feb-25—2:05 PM

XMEGA’s EBI:

External Bus Interface
* Read the entire section 27 in doc&331!

* Many external device options are available

> Use the external memory address range See doc8331,

— 0x4000 through OxFF FFFF Section 27
= 0x0000-0x3FFF has 14 bits go through all values = 2'4= 16k = 16,384

— 0x4000 through 0x4FFF is 212 = 4k = 4096
N . ) See doc8385,
= 212because 12 bits go through all possible values Section 28

— 0x1 0000 through Ox1 FFFF is 216 = 64k = 65,536
— Therefore, 0x4000 through 0xFF FFFF gives
64k*256 - 16k =216 x 28 — 16k = 2%*=16M — 16k

* Note: Manual’s cycle times are for k=210
internal, not external SRAM M = 220
> See Appendix 36 in doc8331 for external device timing

4~ File 11

EEL4744

EEL4744C: 1P Apps

XMEGA'’s EBI:
sedoct External Bus Interface

EEL4744

EEL4744C: 1P Apps

* Non-multiplexed SRAM connection

D[7:0]
A[7:0
2 I

A[15:8]

A[21:16]

D[7:0]
A[7:0]

A[15:8]

SRAM

A[21:16]

44

University of Florida, EEL 4744 — File 11
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EEL4744

EEL4744C: 1P Apps

XMEGA’s EBI:

ramears External Bus Interface

* Multiplexed SRAM connection using ALEI
> QOur pPad’s with its Memory Base uses this multiplexed

expansion mode! Mode: SRAM,
3PORT, ALEI

D[7:0] |

A[15:8]/
A[7:0]

D[7:0]

A[7:0]

EBI
A[15:8]

ALE"1

A[19:16] A[19:16]

XMEGA'’s EBI: Pin-out
peatd® See doc8331,  See doc8385, Sec 33.2, fOI' SRAM

Table 27-4 Tables 33-7, 33-8, 33-9

* Our uPad uses PortH (Port0), PortJ (Portl), and

PortK (Port 2) as described below
> ALE’s are active-high; some manuals are wrong

EEL4744

PORT SRAM
4PORT
ALE2
PORT3 (Port E or F)| 7:0 - - A[15:8] A[15:8]
ATTOY A[T:0) A[T-0)/
70 & A[15:8) A[7-0]
PORT2 (Port K) Al15:8] A[23:16] A[23:16]
porTI (Port J) |70 D7:0] D[7:0] D[7:0] D[7:0]
. CS[3:0] = = CS[3:0]
4 (A[19:16]) CSy(L)| cspal CSE0] (A21:18])
3 = ALE2 ALE2 AT
poRTO (Port H) |, ALE1(H) ALE1 = A6
1 rRe(L) RE RE RE
t ty of Flol 0 WE(L) WE WE WE

46
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6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

EEL4744  XMEGA’s EBL:
~ SeddBl Bxternal Bus Interface

Figure 27-5
* Multiplexed SRAM connection using ALE2

Mode: SRAM,
4PORT, ALE2
D[7:0] | D[7:0]

A[23:16]/
A[T:0]

A[15:8] A[15:8]

A[7:0]

EBI

A[23:16]

FBd FEL4744  XMEGA’s EBL:

EEL 4744C: P App:

sedoct External Bus Interface

* Multiplexed SRAM connection using ALE1 and

Mode: SRAM,
3PORT, ALE12
D[7:0] | | D[7:0]

A[23:16]/
A[15:8)/ | A[7:0]

EBlI __AZ0

ALE1

A[15:8]

A[23:16]
ALE2

48
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EEL 4744C: P App:

Address and Data Bus Timing and Interfacing

EELA4744

See doc8331,
Figure 27-7

EBI

|AD[7:0]

ALE1

A[15:8]

XMEGA’s EBI:

External Bus Interface

* Multiplexed SRAM LPC connection using ALE1
Mode: SRAM LPC,

4PORT, ALE1

A[19:16]

LPC = Low
Pin Count

D[7:0]

Al7:0]
SRAM

A[15:8]

A[19:16]

EEL 4744C: P App:

* EELA4744

See doc8331,

XMEGA’s EBI:

rarc277 EXternal Bus Interface
* Multiplexed SRAM LPC connection using ALE1

50

and ALE2

Mode: SRAM LPC,

4PORT, ALE12

LPC = Low
Pin Count

ATSE o orro
———{D 0 A[7:0]
EBI ALE1 > G SRAM
| D o[ f———»| A[15:8]
ALE2 || G
A[19:16] — = A[19:16]

University of Florida, EEL 4744 — File 11
© Drs. Schwartz & Arroyo
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6-Feb-25—2:05 PM Address and Data Bus Timing and Interfacing

| EEL4744  XMEGA Write (SRAM 3-
T el Port ALE]) Timing Diagram

Section 36.1

* Notice the ALE1(H) and WE(L) signals

clk_ebi fast

CS

WE

RE

ALE1 SN
D[7:0]
A[7:0VA[15:8] WAl

| EEL4744 XMEGA Read (SRAM 3-Port
T edeetss . ALEI) Timing Diagram

* Notice the ALE1(H) and RE(L) signals

clk_ebi fast

CS

WE

RE

ALE1 SN
D[7:0] Dr:o)——

A[7:0/A[15:8] ¥ A[15:8) X A[7:0]

52
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i ko doatil, XMEGA EBI: CTRL —
Control Register

Section 27.10.1

EEL4744C: 1P Apps

EBI_CTRL

Bit 7 6 5 4 3 2 1 0

+0x00 I SDDATAW[1:0] LPCMODE[1:0] SRMODE[1:0] IFMODE[1:0] I CTRL
Read/Write RW RW R/W RW RW RW RW RW

Initial Value 0 0 0 0 o] 0 0 0

* Bit 7:6 - SDDATAW[1:0]: SDRAM Data Width Setting
> SDDATAW|[1:0] = 00 for 4-bit data bus (we need for our uPad)
> SDDATAW][1:0] =01 for 8-bit data bus
> SDDATAW/[1:0] = 1X not available
* Bit 5:4 — LPCMODE][1:0]: SRAM Low Pin Count Mode
> LPCMODE[1:0] = 00 for ALE1 (Data multiplexed with Address byte 0)
> LPCMODE]1:0] =01 and 11 not available
> LPCMODE][1:0] =10 for ALE1 and ALE2 (Data multiplexed with Address
byte 0 and 1)

JeedocB3l, . XMEGA EBI: CTRL —
Control Register

EEL4744C: 1P Apps

EBI CTRL

Bit 7 6 5 4 3 2 1 0

+0x00 I SDDATAW[1:0] LPCMODE[1:0] SRMODE[1:0] IFMODE[1:0] I CTRL
Read/Write RW RW R/W RW RW RW RW RW

Initial Value 0 0 0 0 o] 0 o] 0

Bit 3:2 — SRAM Mode
SRMODE[1:0] = 00 for ALE1 (Address byte 0 and 1 multiplexed)
SRMODEJ1:0] = 01 for ALE2 (Address byte 0 and 2 multiplexed)
SRMODE[1:0] =10 for ALE1 & ALE2 (Address byte 0, 1, & 2 multiplexed)
SRMODEJ1:0] =11 for no ALE (No address multiplexing)

Bit 1:0 — Interface Mode
IFMODE][1:0] = 00 for DISABLED (EBI disabled)
IFMODE[1:0] = 01 for 3PORT (EBI enabled with three-port interface)
IFMODE][1:0] = 10 for 4PORT (EBI enabled with four-port interface)
IFMODE][1:0] = 11 for 3PORT (EBI enabled with two-port interface)

EEL 4744 - File 11
Arroyo

University of Florida, EEL 4744 — File 11
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EEL4744

* For each CS, specify
size and starting address

EBI Chip Select and

Base Address

EBI_CSx_CTRLA (for x=0,1,2,3)

EBI_CSx_BASEADDR (for x=0,1,2,3)

Bit 7 6 4 3 2 1 0
+0x00 | = ASIZE[4:0] MODE[1:0]
Read/Write R RIW RIW RIW RIW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0

Bit 7 1 0
+0x02 I BASEADDR[15:12] - - - -
Read/Write RIW RIW R/W RW R R R R
Initial Value 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
+0x03 I BASEADDR[23:16]

Read/Write RIW RIW RIW R/W R/W R/W RW RIW
Initial Value 0 0 0 0 0 0 0 0

“sedoctiil, 1744 XMEGA EBI: CTRLA —
Control Register A

Section 27

EEL SO

EBI_CSx_CTRLA

Bit

+0x00 |

ASIZE[4:0]

MODE[1:0]

Read/\Write
Initial Value

* Bit 6:2 — Address Size
> These bits select the

address size for the chip
elet
> This is the size of the

block above the base
address

* N =# of address bits in Addr Size,
i.e., 2N=Addr Size
* EBI CSx CTRLA, forx=0,1, 2,3

Univ File 11

56

University of Florida, EEL 4744 — File 11
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See doc8331,
Table 27-21

1K
2K
4K

1Kx
2(N-10)

1 0000 16M
Other -

N-8

256B

512B
1K
2K
4K

1Kx
2(N-10)

16M

ADDRJ[23:8]

ADDRJ[23:9]
ADDR[23:10]
ADDRJ[23:11]
ADDR[23:12]

ADDR[23:N]

Reserved

Address and Data Bus Timing and Interfacing
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See doc8331, - XMEGA EBI: CTRLA —
m Control Register A

» Size of device =» which address bits can be used for base address
* The base address for each chip select must be on a 4KB boundary

Examples: See doc8331,
> For a 256 size, $EF 37xx Table 27-21
— But address $EF 3yxx will
work for all y!
For a 4K size, $EF 3xxx ADDR[23:8]
For a 64K, $EF xxxx .
For a 1M, $Ex xxxx ADDR[23:9]
Anything less than 4k, it 1K 1K ADDR(23:10]
will still use 4k of space! (since 2K 2K ADDR[23:11]
only the top 3 nibbles are used)
Note that ALL unused address 4K 4K ADDR|23:12]
bits must have ALL values 1K x 1K x
available H(N-10) H(N-10) ADDR[23:N]
N = # of address bits in Addr
Size, i.e., 2N = Addr Size -

w men | Example for 4K Reserved

EEL4744C: 1P Apps

sedoctBl, XMEGA EBI: CTRLA —
Control Register A

+0x00 I ASIZE[4:0] MODE[1:0]
Read/\Write RW
Initial Value

* Bit 1:0 — Chip Select Mode
> These bits select the chip
select mode and decide what DISABLE  Chip select disabled
type of interface is used for Enable chip select
the external memory or Ll for SRAM
peripheral LPC Enable chip select for
SRAM LPC

Enable chip select for
SDRAM

Ex: EBI_CS0_CTRLA

11 SDRAM

EL 4744 File 11
& Arroyo
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EM | scedocssss, XMEGA Port H Alternate

Tables 33-7

EEL4744C: 1P Apps

Functions (for expansion)

» See Table 33-7, column “SRAM ALE]1” for relevant
control pins for using address/data busses

Port SRAM

H ALE1

GND 53

VCC 54

PHO 55 WE(L) WE(L) WE(L)  WE(L) WE(L)
PHI 56 CAS(L) RE(L) RE(L)  RE(L) RE(L)
PH2 57 RAS(L) ALEI(H) ALEI(H) ALEI1(H) ALE1(H)
PH3 58 DQM(L) ALE2(H) ALE2(H)

PH4 59 BAO CSO(L)AI6 CSO(L) CSO(L) CSO(L)AL6
PH5 60 BAl CSI(L)A17 CSI(L) CSI(L) CSI(LYAl7
PH6 61 CKE CS2(L)/AI8 CS2(L) (CS2(L) CS2(LYAIS
B PH7 62 CLK  CS3(L)/A19  CS3(L) CS3(L) CS3(L)/AI9

E 0 | sccdocsiss, X<MEGA Port J Alternate
My Tables 338 Functions (for expansion)

* See Table 33-8, column “SRAM ALEI1” for using

address/data busses

SRAM
ALET1 (or 2)

DO/A0 DO0/A0/A8
D1/A1 D1/A1/A9
D2/A2  D2/A2/A10
D3/A3  D3/A3/Al11
D4/A4  D4/A4/A12
D5/AS  DS5/A5/A13
D6/A6  D6/A6/A14
D7/A7  D7/A7/A15

University of Florida, EEL 4744 — File 11
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E 8l E scedocszss, XMEGA Port K Alternate

Functions (for expansion)
* See Table 33-9, column “SRAM ALE1” for using address

Tables 33-9

EEL 4744C: 1P Apps

bus

AO0/A8  AO0/A8/A16 A8
PK1 76 Al A1/A9  A1/A9/A17 A9
PK2 77 A2 A2/A10 A2/A10/A18 Al0O
PK3 78 A3 A3/A11  A3/A11/A19 All
PK4 79 A4 A4/A12  A4/A12/A20 Al2
PKS5 80 AS AS5/A13 A5/A13/A21 Al3
PK6 81 A6 A6/A14 A6/A14/A22 Al4
A7/A15 AT/A15/A23 AlS

{0 ccL4744  XMEGA EBI Chip

EEL 4744C: 1P Apps

Input port.aem  S€lect Base Address

» For each CS, select a base address and a size to
reserve an address range that will activate that CS.

 The base address will be used with the settings in
EBI CSx CTRLA to determine a block of addresses

for a specific chip select (x =0, 1, 2, or 3).
 The base address has the following properties
> Consists of up to 12 (=24-n) bits for the address, A,;:A
(n=12, 13, ...).

— The lower n bits, A ;:A, , are assumed to be zero.

University of Florida, EEL 4744 — File 11
© Drs. Schwartz & Arroyo 3 1
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EEL 4744C: uP Apps

Input Port.asm Dll’GCthIl

* Set the relevant control signals as outputs (in
PortH for the uPAD, using SRAM, 3-port, ALE1

mode).

> First make them all false.

— Make the needed active-low signals false (high ) i.e., =1.
= RE, WE, CS,-CS; .
= Must initialize immediately or use pull-up resistors for the active-low chip
select CSy(L) lines, so that they are false by default.

— Make the needed active-high signals false (low), i.e., =0.
= ALEI, ALE2.

* The address port(s) must be set as outputs (PortK
for the uPAD, using SRAM, 3-port, ALE]1 mode).

63

FL EEL4744  XMEGA EBI Data

f@Y rEL4744  XMEGA EBI Chip

EEL 4744C: UP AppS

Select Base Address

Input Port.asm

* First, we define the first address that external
memory can be placed, which will become the base
address, e.g., .set IN PORT = 0x37E000

* Next, we have to determine the chip select and the

base address
>EBI_CSx_BASEADDR (x =0...3)

— Available in the include file, use the following for the low byte

EBI_CSO BASEADDR
— Available in the include file, use the following for the high byte

EBI_CSO BASEADDR+1

64
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f@Y rEL4744  XMEGA EBI Chip
Select Base Address

Input Port.asm

* Only the top 12 bits of the base address bits are

used
* First take the middle byte of the 24 bit address (A15:8),
and then store it, 1.€.,
Idi r16, byte2(IN_PORT)
sts EBI_ CS0_BASEADDR, r16
> For example, with IOPORT = 0x37 E000
— R16 =0xEO0
* This will be stored the lower byte of the CS base address

EBI CSO BASEADDR (Lower) 0xE0
EBI CS0_BASEADDR(Upper) ??

; EEL4744  XMEGA EBI Chip
Select Base Address

Input Port.asm

* Next we shift the desired base address by 16 bits,

load into a register, i.e.,
Idi r16, byte3(IN_PORT)
sts EBI_ CS0 BASEADDR+1, r16

> For example, with [IOPORT = 0x37 E000
— R16 = 0x37

EBI CSO BASEADDR (Lower) 0xEO0
EBI_CS0 BASEADDR(Upper) 0x37

66
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f@d cEL4744  XMEGA EBI Chip
. Select Base Address

Input Port.asm
* If your desired base address is only two bytes (between 0

and OxFFFF), only the top nibble (A15-A12) will matter.
> For example, only the 0x7 of 0x7000 would be used.

« If a 3-byte base address is desired, for example 0x1E_3000.
> The top three nibbles are passed to the base address location, i.e.,
Ox1E3.
> The chip select is triggered with any address starting at
0x1E 3000 and going up to the size chosen in the EBI CTRLA

register.
— If size = 16k, the CS (you might assume) is true for address 0x1E_3000-
Ox1E_6FFF; but this is incorrect! >1 AND gate would be needed!

* You may hard code the values, but using the method shown in the
Input_Port example allows for more flexibility with base address

4~ File 11

royo

{1 EEL4744  XMEGA EBI Chip

EEL4744C: 1P Apps

Select (CS0-CS3)

* Each chip select must start at an “address boundary™.
> The block size is determined by the address bits that can

change.
— With the N changing address bits, the block size is 2N.
> The other bits A23:AN must be fixed.
— A 4k block can start anywhere in expansion memory, €.g.,
0x4000, 0x5000, 0x6000, ... 0x1 0000, Ox1 1000, Ox1 2000, ...
0x13 A000, ..., 0x37 E000, ..., 0OxFF FO00

= Only the least significant three hex digits (12 bit) can change (since 2!? = 4k).
— An 8k block can start at 0x4000, 0x6000, 0x8000, ...
= [t can NOT start at 0x5000, since the A15:A12=0101 or 0110
— A 16k block can start at 0x4000, 0x8000, 0xC000, ..., 0x1 2000, ...
= It can NOT start at 0x5000, 0x6000, 0x7000
For a block starting at 0x4000, A15:A14=01

EEL 4744 — File 11
rToyo

68
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EEL4744  XMEGA EBI Chip

EEL4744C: 1P Apps

Imput port.aem  S€lect Base Address
10 View
jj Filter: - | &
* When simulating in Name Value

MiCl‘OChip/Atmel = B External Bus Interface (EET)
= |E] Chip Select 0

Studio, you can watch B Address Space (CT...  [8..0:05 » |
0 i M Mode (CT... [C.0x01 = |
the EBI port using the B SRAM Wt St

B SRAM Wait State C... (0., 0x00 = |
10 View window and B SDRAM Mode (CTR... (M. 0x00 = |
+ B Chip Select1
finding “External Bus # B Chip Select 2
% # B Chip Select 3 =
Interface (EBI) = —
) ) MName Address Value Bits
= B CTRLA 0x450  Ox15 OOoeCOeOm -
B ASPACE 05 - OOB0O.
Ei mope 0:01 om
# ) CTRLE masl 000 (O ooo

B BASEADDR 0x452 0x00{ ©OCOOOOO CeEcooO0

royo

EEL4744

EEL4744C: 1P Apps

The End!

EL 4744 File 11
& Arroyo
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