Section 12

External Bus Interface Unit (EBIU)
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ADSP-BF533 Block Diagram
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BF533 EBIU Overview

e Provides a glueless interface to external synchronous and
asynchronous memories.

— On-chip SDRAM controller (SDC) supports PC-100 and PC-133
SDRAM

e Asynchronous Memory Controller (AMC) and Synchronous
DRAM Controller (SDC) arbitrate for internal bus resources and
shared external pin resources.

e EBIU runs at the system clock rate (SCLK).

— All synchronous memories interfaced to the BF533 operate at this
frequency.

e SDC and AMC both support 16-bit accesses
— True 8-bit read accesses are supported on SDC only
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Bus Interfaces to EBIU

e Three internal 16-bit busses are connected to the EBIU:

— External Access Bus (EAB): Mastered by the core memory
management unit to access external memory

— Peripheral Access Bus (PAB): Used to provide access to EBIU
MMRs

— DMA External Bus (DEB): Mastered by the DMA controller to
access external memory

o External Port Bus (EPB) connects the output of EBIU to external
devices

e Transactions from the core have priority over DMA accesses
unless the DMA detects an urgent condition (e.g. peripheral
FIFO filling up)

e Packing modes are available for DMA transfers

— 16-bit transfers make the most efficient use of the DMA buses
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BF533 EBIU Block Diagram
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Shared Memory Interface Pins

e The AMC and SDC share the following external pins:
— DATA[15:0], data bus
— ADDRJ[19:1], address bus
— /ABE [1:0]/SDQM[1:0], AMC byte enables/SDC data masks

— /BR, /BG, /BGH
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ADSP-BF533 External Memory Map

OXEEFF FFFF—

Resansei

0x2040 FFFF —»

ASYMNC Memory Bank 3 (1MByte)
0x2030 0000 —p»

ASYNC Memaory Bank 2 (1MByte)

0x2020 0000 —

ASYNC Memory Bank 1 (1MByte)
0x2010 0000 ——m

ASYNC Memory Bank O (1MByte)
0x2000 0000 =—w

Resansei

SDRAM Memary Bank 0
(1EME-128MEByte)

0x0000 0000 —m
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Asynchronous Memory Controller
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Asynchronous Memory Controller Features

Supports up to 4 MB of addressable memory comprised of four 1MB
banks.

Each 1MB asynchronous memory bank has its own memory select
signal

— IAMSO0, /AMS1, /AMS2, /AMS3
EBIU supports 16-bit accesses

— True byte accesses not supported because EBIU always fetches 16-bits

e Core will return upper or lower byte as needed using instruction of the
form RO = B[PO];

e Booting option does exist from 8-bit flash
— Performed by making 16-bit access and using least significant 8 bits
Memory bank(s) must be enabled in the EBIU_AMGCTL register if a
device is present
Glueless interface to SRAM, flash
— Can also be used to map peripherals (A/D’s, Video decoders, etc)
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Interface Signals Unique to Asynchronous

Memory
EBIU Pin Name Pin Type | Description
ADDR[19:1] o) External Address Bus
DATA[15:0] 110 External Data Bus
M o) Asynchronous Memory Selects
AWE o) Asynchronous Memory Write Enable
ARE o) Asynchronous Memory Read Enable
AOE o) Asynchronous Memory Read Enable
ARDY | Asynchronous Memory Ready Response
ABE[1:0] o) Byte Enables

Pin Types: | = Input, O = Output, /O = Input/Output
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ABE Signals

e /ABEO and /ABE1 are byte enable signals that allow byte writes
to 16-bit memory

— They do not function as an address 0 pin
— |If an 8-bit flash is used, the max bank size is 512KB

e /ABEO and /ABE1 are both low during read operations

e /ABEO is low and /ABE1 is high during a write to the lower byte
of 16-bit ASYNC memory

e /ABEO is high and /ABE1 is low during a write to the upper byte
of 16-bit ASYNC memory
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16-bit SRAM Interface Example

ADSP-BF533 SRAM
AMS[X] |—| CE
AOE |—| OF
AWE » RW

RBE[1:0] [——m B[1:0]
ADDR[N+1:2] f——upl  A[N:1]
ADDR[1] [— A[0]
DATA[15:0] Je—| D[15:0]
ARE
ARDY
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AMC Control Registers

e Asynchronous Memory Global Control Register
(EBIU_AMGCTL)

— Enable/disable CLKOUT signal (SCLK)

— All banks enabled/disabled, bank 0 enabled only, bank 0 and 1
enabled only, banks 0 & 1, 2 enabled only.

e Asynchronous Memory Bank Control Registers
(EBIU_AMBCTLO, EBIU_AMBCTLA1)

— Define wait states, ARDY enable/disable, and setup and hold
times for each asynchronous memory bank.
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Asynchronous Memory Global Control Register

(EBIU_AMGCTL)

Asynchronous Memory Global Control Register (EBIU_AMGCTL)

NKAZTE
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15 14 13 12 11 10
I8 B 2 o N N N N R R R

L 1

Reset = 0x00F2

AMCKEN
0 - Disable CLKOUT for asynchronous
memory region accesses
1 - Enable CLKOUT for asynchronous

memory region accesses
AMBEN[2:0]

Enable asynchronous memory
banks

000 - All banks disabled

001 - BankO enabled

010 - Bank0 and Bank1 enabled
011 - Bank0, Bank1, and Bank2
enabled

1xx - All banks (Bank0, Bank{,
Bank2, Bank3) enabled
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Asynchronous Memory Bank Control Register
10f3

e The Asynchronous Memory Controller has two memory bank control
registers that control the following parameters:

— Setup:
e The time between the beginning of a memory cycle and the assertion of
the read or write enable.

— Read Access:

e The time between the read enable assertion and negation.
— Write Access:

e The time between write enable assertion and negation.
— Hold:

e The time between read or write enable negation and the end of the
memory cycle.

e Each of these parameters can be programmed in terms of duration of
EBIU clock cycles (SCLK).

o Additional wait states can be added via the ARDY pin.

— ARDY sampled on the clock cycle before the end of the programmed strobe
period.
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Asynchronous Memory Bank Control Register

20of 3

Asynchronous Memory Bank Control 0 Register (EBIU_AMBCTL®)

31 30 20 2B 27 26 25 24 23 22 29 20 10 1B 17
|1 [+ ] ] |1 [+ ] ] |1 K |o [ ‘l:- E |1 |c| | Reset = 0xFFC2 FFC2
B1WAT[3:0] I B1RDYEN
Bank 1_write access time (number of Bank 1 ARDY enable
cycles AWE is held assertad) 0 - lgnore ARDY for accesses to
0000 - Mot supported this memary bank
0001 to 1141 -1 to 15 cycles 1 - After access time countdown,
B1RAT[3:0] use state of ARDY to determine
Bank 1 read access time (number of completion of access
cycles ARE is held asserted) — g‘-?lEJkYFEIFI_DT oolarity
oooo - Mot suppoﬂeclc - 0 - Transaction -:c-mpjletes if
0001 to 1111 - 1 to 15 cycles ARDY sampled low
B1HT[1:0] ampled loy _
Banh 1 hold ime (number of cycles between AWE or ,1-31—n-1r-r721r;3||:|ilr:;?1 completes if ARDY
deasserted, and AUE deasserted) E1i’T[|J1 o
Oll -0 oyeles H N .
01 -1 cvele Bank 1 memary transition time
1.;. .2 cycles inumber of cycles inserted aftera
-3 .M}rp|__5 read access to thiz bank, and
B1ST[ 1:0] before a write access to this bank
Bank 1 setup time (number of cycles after AOE or a read access to another bank)
asserted, before AWE or ARE asserted) g? g -11 :‘:’::Ek}érﬁj';ﬂi:h:flﬂgﬁlltlﬁ”
00 - 4 cycles - 1 cycle i ansitio
01 - 1 oycle 10 - 2 cycles for bank transition
10-2 .31:r.;|,35 11 - 3 cycles for bank transition
11 -3 cycles 165 14 13 12 14 10 @ & 7 2 10
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EESINEEREY 12-16 DEVICES




Asynchronous Memory Bank Control Register
3of3

11 - 3 aycles

15 14 1342 110 & & 7 & &5 4 3 2 1 0
1|1|1|1|1|1|1|1 1|1 EllEl |:||u3|1|n|
BDWAT[&:_I}] _ . I ] | | IIRIJHD‘I"EN
Bank 0 write access time (number of A _
cycles AWE is held assertad) gﬂr'l'hl;-' iHEIQ.‘{De‘P?l;rli coesses 1o
000 - Mot suppo - lgnore oracce
g::g? t.—.N1_1t 151LI|_J '1 _trctle;:i 5 cycles thi= memary bank
B AT - 1 - After access time countdown,
BE? RAT[3:0] § L _ uze state of ARDY to determine
ank 0 read access time (number of ~ompletion of access
cycles ARE is held asserted) —BJ{}Fi’Dl;'I'I-;‘DL AauLe
0000 - Mot supported Bank 0 ARDY polarity
éjgl_oljr[ti {:]1 11- 11015 cycles 0 - Transaction completes if
) o ARDY sampled low
Eank 0 hold time (number of cycles betwesn AWE or 1 - Transition completes if ARDY
ARE deasserted, and ATE deasserted) sampled high )
oo -0 "3",""“.-|65 _E'}TTHO] -
?é‘ l ::’:llj < Bank @ memaory transition time
S (number of cycles inserted after a
BOST[1 jd]‘ i read access to this bank, and
: N before a write access to this bank
Bank 0 setup time (number of cycles after AOE e e e e
asserted, before AWE or ARE asserted) 00 - 4 cveles for bank tr’msiti-on !
-yl (= =
00 - 4 cycles 1 - 1 cycle for bank transition
Fie r::,:c:e 10 - 2 cycles for bank transition
e 11 - 3 cycles for bank transition
11 - 3 cycles
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AOE or ARE?

e Both the AOE and ARE
signals can be used to
interface with the OE pin
of an asynchronous
device.

e Two pins provided to
increase flexibility
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Asynchronous Memory Read Timing Example

HOLD
SETUP PROGRAMMED READ ACCESS AGCESS EXTENDED e
2 CYCLES 4CYCLES Bt 3 CYCLES

CLKOUT

it too i tho
ANSx
L1l X BE, ADDRESS
ADDR15-1

tspat

tupar

. T\

=i tho
ARE
tharoy —
tsaroy — — Iﬂ— Yaroy
ARDY *

v

14

Figure 12. Asynchronous Memory Read Cycle Timing
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Asynchronous Memory Write Timing Example

CLKOUT

2CYCLES ACCESS 2 CYCLES

SETUP PROGRAMMED WRITE EXTENDED HOLD

ACCESS
1 CYCLE 1 CYCLE
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—i ylm
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Figure 13. Asynchronous Memory Write Cycle Timing
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Synchronous DRAM Controller
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SDC Features

e SDC supports one bank of standard SDRAMs of 64Mbit, 128Mbit,
256Mbit, and 512Mbit with configurations x4, x8, and x16.

— Access up to 128MB of memory.
e Provides a programmable refresh counter.
e Supports self refresh mode.
e Provides two SDRAM power-up options.

e Allows up to 4 SDRAM pages to be open at any one time

— Open SDRAM internal pages reduce the number of page refreshes
when multiple accesses are ongoing

— Greatly improves performance
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Interface Signals Unique to Synchronous

Memory

EBIU Pin Name Pin Type Description

ADDR[19:18], ADDR[16:1] (o) External Address Bus. (Bank address is output on
ADDR[19:18]; connect to SDRAM’s BA[1:0] pins.)

DATA[15:0] 1[o] External Data Bus.

SRAS 0] SDRAM Row Address Strobe. (Connect to SDRAM’s RAS pin.)

SCAS 0] SDRAM Column Address Strobe. (Connect to SDRAM’s CAS
pin.)

SWE 0] SDRAM Write Enable pin. (Connect to SDRAM’s WE pin.)

SDQM[1:0] 0] SDRAM Data Mask pins. (Connect to SDRAM’s DQM pins.)

SMS 0] Memory select pin of external memory bank configured for
SDRAM.

SA10 (o) SDRAM A10 pin. (Used for SDRAM refreshes; connect to
SDRAM’s A[10] pin.)

SCKE 0] SDRAM Clock Enable pin. (Connect to SDRAM’s CKE pin.)

CLKOUT (o) SDRAM Clock pin. (Connect to SDRAM’s CLK pin. Operates at
SCLK frequency.)

KAZTEK
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ADSP-BF53X

SW

m

:

SRAS

SMs
ADDR[19]
ADDR[18]
SA10
ADDR[12,10:1]
SCKE
CLKOUT
SDQM[0]
SDQM[1]

DATA[15:0]

YYYYYYYYYYY

SDRAM 1

A13[BS1] DQ[7:0]
A12[BS0]

16MB SDRAM System Example

DATA[7:0]

P
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Iy

LA |

SDRAM 2

WE

TAS
RAS

Ts
A13BS1] DA[7:0]
A12[BS0]
Al10]
A[11,9:0]
CKE
CLK
Dam

Figure 17-14. 16 MB SDRAM System Example
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Internal Address Mapping (16 Bit Config)

= ’ % Page

; é e % S |2 2 2 g3 2
@2 & = oE &= & < o < o < &
16 128 11 4 1A26—25 1A24—12 All—1 I1A0
16 128 10 2 1A26—25 1A24—11 IAI0—1  |IAO
16 128 9 1 1A26—25 1A24—10 1A9—1 1A0
16 128 8 5 1A26—25 1A24—9 1A8—1 1A0
16 64 11 4 1A25—24 1A23—12 IA11—1  |IAO
16 64 10 2 1A25—24 1A23—11 IA10—1  |IAO
16 64 9 1 1A25—24 1A23—10 1A9—1 1A0
16 64 8 5 1A25—24 1A23—9 IA8—1 1A0
16 32 11 4 1A24—23 1A22—12 IAIl—1  |IAO
16 32 10 2 1A24—23 1A22—11 IA10—1  |IAO
16 32 9 1 1A24—23 1A22—10 1A9—1 1A0
16 32 8 5 1A24—23 1A22—9 IA8—1 1A0
16 16 11 4 1A23—22 1A21—12 IAIl—1  |IAO
16 16 10 2 1A23—22 1A21—11 IAI0—1  |IAO
16 16 9 1 1A23—22 1A21—10 1A9—1 1A0
16 16 8 5 1A23—22 1A21—9 IA8—1 1A0

KAZTE

ENGINEERIN ANALOG

12-25 DEVICES




SDRAM Data Mask (SDQM[1:0]) Encoding

e During write transfers to SDRAM the SDQM|[1:0] pins are used
to mask writes to bytes that are not accessed.

e During read transfers to SDRAM banks, reads are always done
for all bytes in the bank regardless of the transfer size.

— For 16-bit SDRAM accesses SDQM[1:0] =0,

Internal Internal Transfer Size
Address
1A[0] byte halfword word
0 SDaML11=1 SDAOML1]1=0 SDAOML1]1=0
SDQM[L01=0 SDAML071=0 SDAM[01=0
1 SDAOML11=0
SDaML0]1=1
16-bit SDRAM
KAZTE ANALOG
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SDRAM Memory Global Control Register

NKAZTE

ENGINEERIN

(EBIU SDGCTL)

SDRAM Memory Global Control Register (EBIU_SDGCTL)
31 30 20 28 27 26 25 24 23 23 29 20 10 18 17 16

O [oo]o [oJo]olo[o o] [0]o[0] Reset=oxtoos ssae

CDDBG

Control disable during bus grant
0 - Continue driving SDRAM
controls during bus grant

1 - Tristate SDRAM controls
during bus grant

TCSR
Temperature compensated self refresh|
. a\ue in extended mode register

- 45 degrees C

1 -85 dcf\l’"-cS C

EMREM
Extended mode register enable
0 - Disabled

1 - Enabled

FBBRW
Fast back-to-back read to write
0 - Disabled

- Enabled

EBUFE
SORAM timing for extemal buffering
of address and control

0 - External buffering timing disabled

| I—
I_|__| TRCD[2:1]

SORAMtRCD in SCLK cycles
000 - Reserved
001-111 - 1 to 7 cycles

TWR[1:0]
SDRAM tWH in SCLK cycles
00 - Reservad
01-11 - 1to 3 cycles
PUPSD
Power-up start delay
0 - Mo extra delay added
before first Precharge
command
1-15 SCLK cycles of delay
before first Precharge
commancd
PSM
SORAM power-up sequence
0 - Precharge, 8 CER refresh
cycles, mode register set
1 - Precharge, mode register
set, 8 CBH refresh cycles
PSSE

1 - External buffering timing enabled

SDRAM self-refresh enable
0 - Disable self-refresh
1 - Enable self-rafresh during inactivity

15 14 13 12 11 10 9 & 7 &

SORAM power-up sequence

start enable. Always reads 0

0 - No effect

1 - Enables SDRAM |

saquence on next S0
5 4 ACCEesS

=r-Up
1

Lo \D o [ ID I0 [o o]t ID [0 I1 I'J IOI1 |

TRCD

SORAMRCD in SCLK cycles
000 - Reserved

001-111 -1 to 7 eycles
TRP[2:0]

SDRAMRPF in SCLK cycles
000 - No effect

001-111 - 1 to 7 cycles
TRAS[3:0]
SDRAM tRAS in SCLK
cycles

0000 - No effect
0001-1111 -1 to 15 cycles

12-27

I LscTLE
Enablz CLKOUT, SRAS,
g SWE, SDQM[1:0]

0 - Dizabled
1 - Enabled
CL[1:0]

SDRAM CAS latency
00-01 - Reserved

11 -3¢
PASRI[1:0]

Partial array self refresh in

extended mode register

00 - All 4 banks refreshed

01 - Int banks 0, 1 refreshed

- Int bank © enly refreshead
11 - Reserved
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SDRAM Memory Bank Control Register
(EBIU_SDBCTL)

SDRAM Memory Bank Control Register (EBIU_SDBCTL)

15 14 1312 1110 9 8 7 & 5 4 3 2 1 0
ofofofofofofofofofofo]ofofo]ofo|  Reset=0x0000

| | | L
EBE

SDRAM external bank enable
0 - Disabled
1 - Enabled

EBSZ

SDRAM external bank size
00-16 MB

01-32 MB

10 - 64 MB

11-128 MB
EBCAW

SDRAM external bank column
address width

00 - 8 bits

01 - 9 bits

10 - 10 bits

11 - 11 bits

Figure 17-16. SDRAM Memory Bank Control Register
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SDRAM Control Status Register
(EBIU_SDSTAT)

SDRAM Control Status Register (EBIU_SDSTAT)

15 14 1312 11 10 9 8 7 6 5§ 4 3
ololololo]lo]o olol1]o]o]o Reset = 0x0008

SDEMSE L&DCI

SDRAM EMB sticky error status. Write 1 SDRAM controller idle.

to this bit to clear it. 0-S8DCis busy performing
0 - No error detected. an access or an Auto

1 - EMB access generated an error. Refresh.
SDEASE 1-8DC is idle.

SDRAM EAB sticky error status. Write 1 SDSRA

to this bit to clear it. SDRAM self refresh active.
0 - No error detected. 0 - SDRAMSs not in self

1 - EAB access generated an error. refresh mode.
SDRS 1 - SDRAMs in self refresh

. mode.

SDRAMSs in reset state.

0 - Since the last SDC reset, a power ——SDPUA

up sequence has been initiated. SDRAM power up active.

1 - A power up sequence has not 0 - SDC not in power up
occurred since an SDC reset occurred. sequence.

Access to SDRAM memory space gen- 1-SDC in power up
erates an error response. sequence.
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SDRAM Refresh Rate Control Register

(EBIU_SDRRC)

SDRAM Refresh Rate Control Register (EBIU_SDRRC)

15 14 1312 1 10 9 8 7 6 5 4 3 2 1 0
orojojojt1joyojojojojoyp1ry1y0j|1jo

Reset = 0x081A

To caleulate the value that should be written to the EETU_SDRRC register,
use the following equation:

ROTY = (ifgoppe * tpEpl/MRAD - (tpas + tpp)

Where:
* oo = SCLLE frequency (system clock fraquency).
* tppp = SDRAM refresh period.

* NRA = Number of row addresses in SDRAM (refresh eyeles to
refresh whale SDRAM).
*  tpas = Active to Precharge ime (TRAS in the SDRAM Memory Glo-

bal Control register) in number of clock eycles.

* itpp = RAS to Precharge time (TEP in the SDRAM Memory Global
Control register] in number of clock cycles.
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Bus Grant/ Bus Request
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Bus Request and Grant

e Processor tri-states the memory interface to allow an external
controller access to ASYNC or synch memory banks
— The sequence starts when the external device asserts /BR

— If no internal request is pending, the processor tri-states the data,
control and address lines of the async memory

e The synchronous interface is optionally tri-stated
— At this point, /BG is asserted by the core

— Once the bus has been granted, the processor asserts /BGH when
it is ready to access external memory but it is being held off

— When the external device releases /BR, the processor de-asserts
IBG

e Note: the processor will stall if an internal core access is
required to the external bus when the bus has been granted

KAZTEK ANALOG
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EBIU Performance
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Ideal memDMA EBIU System Throughput *

Source Destination Approximate SCLKS
for N Words
16-bit SDRAM L1 Data Memory N+14
L1 Data Memory 16-bit SDRAM N+11
16-bit ASYNC Memory L1 Data Memory XN+12
L1 Data Memory 16-bit ASYNC Memory XN+9
16-bit SDRAM 16-bit SDRAM 10+(17*N/7)
16-bit ASYNC Memory 16-bit ASYNC Memory 10+2XN

2 < X = # of (wait states + setup + hold time)
* Measured numbers may be slightly higher on hardware
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Core SDRAM Accesses

e Even though the EBIU bus width is 16-bits,
— A 32-bit core access of the form:
RO = [PO]; // load from SDRAM memory takes 10 SCLKs

Will be more efficient than two 16-bit core accesses of the form:
RO = w[P0++] ; // load from SDRAM memory takes 9 SCLKS
RO = w[P0++] ; // load from SDRAM memory takes 9 SCLKS

This is due to the fact that it is more efficient to have the core
make one EBIU request vs. two EBIU requests
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