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Introduction

The LR3220 Read-Write Buffer enhances the
performance of MIPS architecture-based sys-
tems by buffering write and read operations.
Using the Read-Write Buffer, the system can
perform memory write operations at the cycle
rate of the processor, instead of stalling the
processor to write data to memory. On memory
read operations, the system uses the Read-
Write Buffer to pass the read address to main
memory, and latch the read data from memory.
The Read-Write Buffer generates parity, and
then passes the data and parity to the proces-
sor. A single LR3220 provides six-deep write
buffering and one level of read buffering for 32
bits of address and 32 bits of data. It operates
at the system clock rate, and is available at 25
and 33.33 MHz to support the requirements of
LR3000-based systems.

LR3220 Die

Features

Combines the functionality of four LR3020
Write Buffers

Minimizes additional loading on the address
and data buses with on-chip data and address
latches for read operations

Supports big endian and little endian byte-
order addressing

Uses byte mask outputs to ease system design
Performs block-mode conflict detection for
block sizes of eight words or less

Offers separate enable signals for all address
and data buses

Supports fast page-mode writes for IMBit
DRAM-based memory implementations

Provides six-deep write buffering of data and
addresses
Supports two operating modes:
1) LR3000 mode
-compatible with the LR3000's staggered
Address and Tag bus timing - decodes
AccTyp [1:0] and AdrLo [1:0] inputs for byte
ordering
2) Harvard mode
-uses synchronous address latching on the
rising edge of the clock
- uses byte mask inputs for byte ordering
Offered in both 180-pin CPGA and compact
184-pin PAFP packages

Overview of Operation

Figure 1 shows an LR3220 in an LR3000-based
system. Data and address transfers between
the processor and the Read-Write Buffer
occur synchronously at the cycle rate of the
processor. The Read-Write Buffer and main
memory controller exchange handshake sig-
nals to coordinate the transfer of data between
the LR3220 and main memory. Refer to the
LR3220/CPU Interface and LR3220/Main
Memory Interface sections, below, for more
specific information on these interfaces.

©1989, 1990 LS| Logic Corporation. All rights reserved.

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght

Figure 2 presents a functional block diagram of
the LR3220. For write operations, the LR3220
latches the write address, data, and byte mask
information from the processor, and decodes
the byte mask bits if appropriate. The Read-
Write Buffer FIFQ has six ranks, to hold up to
six address/data pairs while it waits to pass
the data to main memory. For read operations,
the Read-Write Buffer passes the read
address from the processor to the memory
controller, latches the read data from memory,
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Overview of Operation generates parity, and passes the data and pari- Write Timing, and Read Timing, below, for more

(Continued) ty to the processor. Refer to the discussions details on read and write operations.
on Modes of Operation, Conflict Resolution,
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Figure 2. The LR3220 Functional Block Diagram
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Modes of Operation

The LR3220 supports two operating modes,
LR3000 mode and Harvard mode, selectable at
reset. The modes differ in two ways: processor
interface timing and byte mask bit interpreta-
tion, as explained below. Note that the select-
ed mode only effects transfers between the
LR3220 and the processor during write opera-
tions. Read transfers, and transfers between
the LR3220 and main memory, are identical in
both modes.

With regard to processor interface timing, in
LR3000 mode the LR3220 latches AdrIn[15:2]
and BMIn[1:0] into the input staging register on
the falling edge of Clock, and AdrIn[31:16],
BMIn[3:2], and CPUData on the rising edge of
Clock, to correspond with the staggered timing
on the LR3000's AdrLo, Tag, AccTyp, and Data

buses. In Harvard mode, the Read-Write Buffer
latches the Adrin, BMIn, and CPUData buses
on the rising edge of the Clock.

For byte mask bit interpretation, in LR3000
mode the Read-Write Buffer accepts
AdrLo[1:0] and AccTyp[1:0] from the LR3000 on
the byte mask input lines, BMIn[3:0]. The
LR3220 then combines these bits with the
appropriate endian byte ordering (big or little)
determined during reset, translates them into
the byte mask output bits, and stores them with
the write data in the buffer ranks. In Harvard
mode, the LR3220 stores BMIn([3:0] unmodified
in the ranks, for use as the byte mask output
bits. A later section of this data sheet,
"Resetting the LR3220", discusses how to
define the operating mode at reset time.

Pin Description

This section describes the LR3220 interface
signals.

Clock

This signal from the processor synchronizes
data transfers. In LR3000 mode, where Clock is
an inverted version of the LR3000’s SysOut sig-
nal, the Read-Write Buffer uses the trailing
edge of the Clock to latch the contents of the
AdrLo bus, and uses the leading edge to latch
the contents of the Data and Tag buses. In
Harvard mode, the leading edge of the Clock
must latch the address, byte mask bits, and
data. In both modes, the LR3220 uses the lead-
ing edge of Clock to latch data during memory
read cycles.

CPUData[31:0]

These 32 bidirectional data lines connect the
processor’s data bus with the Read-Write
Buffer.

DataP[3:0]

The LR3220 generates these four parity bits on
read operations. In LR3000-based systems,
these lines connect directly to the LR3000’s
DataP[3:0] signals. Note that the Read-Write
Buffer does not store the parity; it generates it
for read operations and ignores it on write
operations.

Adrin[31:2]

These 30 signals are the Read-Write Buffer’s
address inputs. In LR3000-based systems, the
LR3000’s AdrLo and Tag buses provide the
LR3220 AdrIn[31:2] input signals.

BMIn[3:0]
The byte mask input signals define the byte
ordering for the input data. In LR3000 mode, the

3

LR3000's AdrLo[1:0] and AccTyp[1:0] outputs
provide the byte-mask input, and the LR3220
decodes these signals and stores them as the
byte mask. In Harvard mode, the Read-Write
Buffer simply stores the byte mask inputs.

WtMem

The processor should assert this input when-
ever the processor performs a store operation.
In LR3000-based systems, WtMem connects to
the LR3000's MemWr output.

Request

When the LR3220 has an address/data pair
available for a memory write, it asserts this
signal to request a write operation to main
memory. In an LR3000-based system, Request
may also connect to the CpCond0 input of the
LR3000. Because the LR3220 asserts Request
only when it contains a valid address/data pair,
system software can use Request to determine
whether a previous write operation, for exam-
ple a write to an I/0 device, is complete before
initiating a read to that device.

WBFull

The LR3220 asserts this signal when it cannot
accept any more data; that is, when all six
address/data registers in the buffer are occu-
pied. If a processor attempts a write when
WBFull is asserted, the LR3220 ignores it. For
LR3000-based systems, WBFull connects to
WrBusy. If the LR3000 needs to store data
while WBFull is asserted, it performs a write
busy stall until WBFull is deasserted.

AdrOut[31:2]
These 30 address lines are output from the
LR3220 to the memory system address bus.
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MembData[31:0]
These 32 bidirectional data lines connect the
LR3220 to the memory system data bus.

BMOut[3:0]

These byte mask ocutput signals identify the
valid data bytes for the memory system during
memory write operations.

MemAdrEn

The memory system asserts this input to
enable the Read-Write Buffer’s AdrQut and
BMOut bus outputs.

MembDataEn

The memory system asserts this input to
enable the Read-Write Buffer's MemData bus
outputs.

CPUDataEn

The processor uses this input to control the
LR3220's CPUData and DataP buses. When the
processor asserts this signal, the LR3220 sends
read data and the generated parity to the pro-
cessor. In LR3000-based systems, CPUDataEn
connects to the LR3000’s XEn signal.

RdAdrSel

This input selects between the read address
and the current write address. When the main
memory controller asserts RdAdrSel, the read
address on the processor’s address bus, which
is available at the Adrin[31:2] inputs of the
LR3220, becomes available on the LR3220
AdrOut bus. When the main memory controller
deasserts RdAdrSel, the current write address
becomes available on AdrOut. In either case,
the memory system must assert MemAdrEn to
enable the AdrOut bus.

Acknowledge

The main memory system asserts this signal
when it has captured the data presented by
the LR3220. The LR3220 also uses this signal
during reset to determine the operating mode
of the Read-Write Buffer: big or little endian
LR3000 mode, or Harvard mode, as illustrated
in the reset timing diagram of Figure 18.

EarlyPgWr

For systems with a 1MBit DRAM-based memo-
ry implementation, this output signals to the
memory controller that the next write opera-
tion is to the same memory page as the current
write. To check the page address, the LR3220
compares the FIFQ’s next-write-address bits 31
through 12 with the current-write-address bits
31 through 12. If no write is currently active,
EarlyPgWr signals whether or not a page write
will occur during the next write cycle, regard-
less of how long ago the previous write
occurred. EarlyPgWr is undefined during the
cycle immediately preceding the first write
operation after a reset.

BlockMatch

This output signals to the memory controller
that the processor has requested a read oper-
ation at a memory location for which a write
operation is pending. The LR3220 asserts this
output when address input bits Adrin[31:5]
match address bits 31 through 5 of any valid
address/data pair in the Read-Write Buffer.

Reset

This signal initializes the Read-Write Buffer to
a known state and clears the contents of all of
its registers.

LR3220/CPU Interface

Figure 3 illustrates the interface between the
LR3000 CPU and the LR3220. A single LR3220
implements the full 32-bit, buffered interface.
The AdrLo bus and Tag bus bits from the pro-
cessor combine to form the 32-bit physical
address {AdriIn[31:2] and BMIn[1:0]} for the
LR3220. Thirty-two bits of data and two access
type bits from the processor become the
CPUData[31:0] and BMIn[3:2] inputs to the
LR3220. On write operations, the LR3220 does
not store or pass to main memory the proces-
sor's parity bits. On read operations, however,
the Read-Write Buffer generates parity and
passes it on to the processor.

Later sections in this datasheet provide an
overview of the write timing for both the

LR3000 and Harvard operating modes and a
discussion of the input byte mask decoding for
LR3000 mode.

In LR3000 mode, the LR3220 latches
AdrLo[15:0], the 16 low-order address bits from
the processor, on the trailing edge of the Clock
signal. The 16 high-order address bits
(Tag[31:16]), the data bits (D[31:0]), and the
access type bits (AccTyp[1:0]) are latched on
the rising edge of the Clock. AdrLo[1:0] and
AccTyp[1:0] from the LR3000 are input on the
BMIn[3:0] lines and are decoded by the LR3220
as defined in Table 1. This table shows how the
byte masks are decoded, based both on these
inputs and on the endian byte ordering speci-
fied at reset time.
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In Harvard mode, the LR3220 latches the com-
plete Adrin bus on the rising edge of Clock,
along with the data and byte mask signals.
The byte mask inputs are not decoded, but

they indicate which bytes are valid. The LR3220
stores the BMIn[3:0] inputs with the address/
data pairs, and then passes them to memory
during the write operation.

SysOut 7 {>G Clock
2
Data Bus < 7 > CPUData[31:0]
4
Pari p DataP[3:0]
i 32
Address Bus ~ Adrin[31:2
(AdrLo & Tag) £ 2 > rnls12 LR3220
LR3000 V Read-Writ
CPU / AdrlLo{1:0] N ea e
2 »1 BMin[1:0] Buffer
AccTyp[1:0] . | BMIn[3:2]
XEn | CPUDataEn
MemWr | WtMem
WrBusy | WBFuli
CpCond) @ — = = = = = = = = = - = = - - = = - -~ - -~ Request
Figure 3. LR3000 to LR3220 Interface
Table 1. Byte Mask Decoding in LR3000 Mode
Byte Mask Inputs Byte Mask Outputs
3 2 1 3 2 1 0 3 2 0
(AccTyp[1:0]) (AdrLo[1:0]) (Big-Endian)1 (Little-Endian)'
31 0 3 0
1 0
{word)
1 0 0
(tri-byte) 0
0 1 0
(halfword) 1
0 0 0
{byte) 0
1
1
Notes:
1. Determined at reset.
2. Indicates BMOut asserted (LOW).
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LR3220/Main
Memory Interface

Figure 4 shows the signals which comprise the
LR3220 interface to main memory. The inter-
face is essentially decoupled from the
LR3220/processor interface and is identical in
both LR3000 and Harvard modes. The hand-
shaking signals between the LR3220 and main
memory have no direct connection with the
LR3220/processor interface.

The byte mask outputs, BMOut[3:0], indicate
which bytes of the 32-bit MemData bus are

MemAdrEn |«

involved in the current transfer, to simplify
external hardware design. Specifically, they
indicate whether the transfer is a byte, half-
word, tri-byte, or word transfer. The byte mask
signals indicate valid data as follows:

BMOut3 applies to MemData[31:24]
BMOut2 applies to MemData[23:16]
BMOut1 applies to MemData[15:8]
BMOut0 applies to MemData[7:0]

30
AdrOut /I >
MemDataEn |«&
32
L
MemData < / >
LR3220 s Main
Read-Write YL P » Memory
Buffer BMOut i g Controller
RdAdrSel |«
Request >

Acknowledge |«

EarlyWr

BlockMatch

Figure 4. Main Memory to LR3220 Interface

Conflict Resolution

A conflict occurs when the processor requests
a memory read operation from a memory loca-
tion for which a write is pending; completing
the read operation prior to the write would
result in stale data being returned to the pro-
cessor.

When the processor puts an address on the
system address bus, the LR3220 checks for
potential conflicts by comparing the 27 high-
order address bits from the processor, avail-
able at Adrin[31:5], with the corresponding
address bits of the address/data pairs current-
ly stored in the ranks. If these high-order
address bits match, then the two addresses
are aligned within the same eight-word block
in memory and the LR3220 asserts BlockMatch
to signal the potential conflict to the memory
controller. If the address bits do not match,
then there is no conflict.

When it detects a conflict, the memory con-
troller should hold off the read operation until it
has written the conflicting data to memory and
the LR3220 has deasserted BlockMatch; then it
can complete the memory read operation.
Because the LR3220 performs address match-
ing on eight-word-block boundaries, systems
which support multiple-word transfers can use
BlockMatch to ensure that memory reads of up
to eight-word blocks do not result in stale data
being returned to the processor. Note that
although the LR3220 asserts BlockMatch
whenever an address match occurs, the mem-
ory controller should only sample BlockMatch
during read operations to detect conflicts; no
conflicts occur on write operations.
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Write Timing

Transfers between the processor and the
buffer occur synchronously at the cycle rate of
the processor. As mentioned previously, in
LR3000 mode the LR3220 uses the inverted
SysOut signal from the LR3000 as the Clock to
latch the address and data information into the
buffer’s six address/data ranks.

Figure 5 illustrates the relative write timing in
LR3000 mode. On the trailing edge of the Clock,

the LR3220 latches the low-order address bits
(AdrIn[15:2] and BMIn[1:0]} into its input stag-
ing registers. On the rising edge of Clock, the
LR3220 latches the high-order address and
byte mask bits (AdrIn[31:16] and BMIn[3:2]) and
the contents of the data bus into the input
staging registers. When the processor asserts
WtMem, the assembled address/data pairin
the input staging registers is written into one of
the LR3220’s six address/data ranks.

Clock T/

o |/

Adrin [15:2] {3
BMIn[1:0] ———<::>
swiis2 C D
Adrin([31:16] :3
CPUData[31:0] CD

Figure 5. Processor to LR3220 Write Timing in LR3000 Mode

Figure 6 shows the relative write timing in
Harvard mode. The LR3220 latches the
address, data, and byte mask inputs on the ris-
ing edge of the Clock.

Figure 7 illustrates the data transfer timing
from the LR3220 to the main memory system;
this timing is identical for both the LR3000 and
the Harvard operating modes. The sequence is
as follows:

1. When the LR3220 has an address/data pair
to transfer to the memory system, it asserts the
Request signal.

2. When the memory system is ready to handle
the address and byte mask, it asserts
MemAdrEn to enable the LR3220’s address and
byte mask outputs onto the system address
bus.

3. When the memory system is ready to handle
the data, it asserts MemDataEn to enable the
LR3220’s data bus outputs onto the system data
bus.

4. When the memory system no longer requires
the Read-Write Buffer's current address and
data outputs, it asserts the Acknowledge
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signal. The LR3220 responds to this signal by
discarding the address/data pair that was just
output; that pair's rank is then available for re-
use.

5. Next, the memory system can deassert
MemAdrEn and MemDataEn to return the
Read-Write Buffer's address and data outputs
to a three-state condition. In the timing dia-
gram shown in Figure 7, however, the Request
signal remains asserted because another
address/data write is pending. The memory
system then reasserts the MemAdrEn and
MemDataEn signals to enable the next
address/data pair onto the system buses.

Clock _/———\____/
WtMem

Adrin [32:2] {

BMin{3:0] {
CPUData[31:0] {

6. When the memory system has accepted the
second address/data pair, it again asserts the
Acknowledge signal. If the Read-Write Buffer
has no other write operations pending, it
responds by deasserting the Request signal.
Note that the Read-Write Buffer’'s interface to
main memory is not completely asynchronous.
The buffer asserts the Request signal sychron-
ous with the rising edge of the Clock, and the

Acknowledge signal input from the memory

system has a minimum setup and hold time rel-
ative to the Clock.

K
LJLJUW&

Figure 6. Processor to LR3220 Write Timing in Harvard Mode

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



I .OGIC

LR3220
Read-Write Buffer
Preliminary
Write Timing
{Continued) Clock
@
— /7/7

Acknowledge

MemAdrEn
— AdrOut
BMOut n__ /
MemDataEn
MemData

Figure 7. Main Memory Write Timing

Figure 8 illustrates the read address timing for
the LR3220. After the processor initiates a read
operation, the main memory controller asserts
RdAdrSel. This signal transfers the read
address, available at the LR3220°s Adrin inputs,
to the LR3220’s AdrOut bus outputs for access
by the memory system. If MemAdrEn is not
already asserted, then the main memory con-
troller asserts this signal to enable the read
address onto the memory address bus.

The memory system returns the read data on
the Read-Write Buffer's MemData bus when

Request \

7/

)

MemDataEn is HIGH. The LR3220 generates

even parity and strobes all 36 bits of data and
parity into its internal read latch on the rising
edge of the Clock. The data and parity are then
available on the CPUData and DataP buses
when the processor asserts the CPUDataEn
signal. Note that MemDataEn should go HIGH
at least one cycle before CPUDataEn goes
LOW. Figure 9 shows the relative timing for
read data transfers from the LR3220 to the
CPU.

—

Adrin(31:2] —< READ ADDRESS @( READ ADDRESS? >
AdrOut[31:2] < READ ADDRESS] @( READ ADDRESS? /L

Figure 8. Read Address Timing
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MemDataEn J
\
MemData[Sl:O] —< READ DATA! \W READ DATAZ
CPUDataEn \
CPUData[31:0] / READ DATA1 READ DATA2 >
DataP(3:0] \___and PARITY @( and PARITY
Figure 9. Read Data Timing
Resetting the LR3220 The Reset signal is the initialization input to the tion. The Z cycle is the last cycle before the

LR3220. Reset must be asserted for a minimum
of four cycles to guarantee device initializa-
tion. The logic levels on the Acknowledge sig-
nal during the four cycles prior to the deasser-
tion of Reset select the operating mode for the
LR3220: Table 2 summarizes the mode selec-

Table 2. Reset Mode Selection

deassertion of Reset. W, X, and Y are the
fourth, third, and second cycles, respectively,
prior to the deassertion of Reset. Note that
Acknowledge must be held HIGH during the W
and X cycles to ensure compatibility with
future versions of the Read-Write Buffer.

Mode W Cycle X Cycle Y Cycle Z Cycle
LR3000, HIGH HIGH HIGH
Little Endian
LR3000, HIGH HIGH Low
Big Endian
Harvard HIGH LOW Low

Absolute Maximum
Rating

Table 3 shows the absolute maximum ratings
for the LR3220. Note that stresses beyond
those listed in this table may cause permanent
damage to the device. The values in Table 3
are stress ratings only, and functional opera-
tion of the device at these or any other condi-

Table 3. Absolute Maximum Ratings

tions beyond those indicated under
Recommended Operating Conditions, below, is
not implied. Exposure to absolute-maximum-
rated conditions for extended periods may
affect device reliability.

Ratings Symbol Value Units
Supply Voltage VCC -0.5t0 +6.0 v
Input Voltage VIN -0.5to VCC +0.5 v
Operating Temperature TA 0to 70 °C
Storage Temperature TSTG -40 t0 125 °C
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Recommended Tables 4 and 5 illustrate the DC and AC electri- through 18, which follow, are timing diagrams
Operating cal characteristics for the LR3220. Figures 10 which illustrate the AC characteristics.

Conditions

Table 4. DC Electrical Characteristics

25 MHZ 33.33 MHZ

Parameter Description Test Conditions Min Max Min Max Units
VOH Output High Voltage VCC =Min, IOH=-4 mA 24 24 \
VoL Output Low Voitage VCC = Min, IOL=4mA 0.4 0.4 \
VIH Input High Voltage VIN = VDD or GND 2 vCcC 2 vCC \
VIL Input Low Voltage VOUT =VDD or GND -0.5 0.8 -0.5 0.8 \
VIHC Input High Voltage 35 35 \
VILC Input Low Voltage 0.4 04 \
CIN Input Capacitance 8 8 pF
- cout Output Capacitance 8 8 pF
CINC Input Capacitance 15 15 pF
couTc Output Capacitance 15 15 pF
HN Input Leakage -10 10 -10 10 HA
10Z Output Leakage -10 10 -10 10 LA
ICC Supply Current 160 170 mA

Note: VIHC, VILC, CINC, and COUTC apply to CPUDataEn and Clack Only.
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Table 5. AC Electrical Characteristics

25 MHZ 33.33 MHZ
Parameter Description Min Max Min Max Units
t1 WitMem to Clock rising setup 5 ns
12 ‘WtMem from Clock rising hold 0 ns
32 Adrin{15:2)/BMin{1:0) to Clock falling setup 5 ns
iy Adrin{15:2)/BMin(1:0) to Clock falling hold 15 15 ns
53 Adrln{15:2)/BMin{1:0) to Clock rising setup 3 3 ns
163 Adrin{15:2)/BMIn(1:0) to Clock rising hold 2 2 ns
t7 Adrin{31:16) to Clock rising setup 4 2 ns
18 AdrIn(31:16) to Clock rising hold 1.5 15 ns
19 BMIn(3:2) to Clock rising setup 2 2 ns
t10 BMIn({3:2) to Clock rising hold 4 4 ns
th CPUData(31:0) to Clock rising setup 2 ns
t12 CPUData(31:0) to Clock rising hold 15 1.5 ns
13 Request valid from Clock rising 14 14 ns
t14 Acknowledge to Clock rising setup 8 7 ns
15 Acknowledge to Clock rising hold 3 3 ns
t16 AdrOut{31:2) from Clock rising 22 20 ns
t17 BMOut{3:0} from Clock rising 19 15 ns
t18 MemData(31:0) from Clock rising 22 20 ns
119 EarlyPgWr from Clock rising 22 20 ns
120 MemAdrEn low to AdrOut(31:2)/BMOut(3:0) valid 20 18 ns
121 MemAdrEn high to AdrOut{31:2)/BMOut(3:0) 3-state 20 18 ns
t22 MemAdrEn low to MemData(31:0) valid 20 18 ns
t23 MemAdrEn high to MemData(31:0) 3-state 20 18 ns
t24 WBFull active from Clock rising 16 15 ns
t25 WBFull inactive from Clock rising 15 15 ns
126 RdAdrSel low to read address valid 20 15 ns
127 Adrin{31:2) to AdrOut(31:2) valid 18 12 ns
128 RdAdrSel high to write address valid 22 15 ns
129 Mem©Data(31:0) to Clock rising setup 12 8 ns
130 MemDBata(31:0) to Clock rising hold 0 0 ns
131 CPUData(31:0)/DataP(3:0) from Clock rising 15 10 ns
132 CPUDataEn low to CPUData(31:0)/DataP(3:0) valid 1 6 ns
133 CPUDataEn high to CPUData(31:0)/DataP(3:0) 3-state 75 15 ns
34 BlockMatch valid from Clock rising 27 22 ns
35 Reset to Clock rising setup 10 10 ns
136 Reset from Clock rising hold 3 3 ns
37 Reset pulse width 4 4 cycles
Notes:

1. Test conditions were 70°C, VCC = 4.75 V, output loading 50 pF TTL {except CPUData/DataP 65 pF TTL).
2. t3 and t4 are valid in LR3000 mode only.
3. t5 and t6 are valid in Harvard mode only.
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Timing Information

—p 12
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WtMem
t3 l—
— ¥ LR3000 MODE
Adrin (15:2) Adrin/BMIn £
BMiIn (1:0)
t5 [—
— ® HARVARD MODE
Adrin {15:2) Adrln/BMIn
BMin (1:0)
t7 l—
— B e
Adrin {31:16) Adrin /
> 19 |e—
BMIn (3:2) >[ BMin >
—> t1t j—
—» 12 (e
CPUData (31:0) DATA IN
—» 13 |t—
Request /
—p 113 —p 115 |[—
t14 —p»
Acknowledge [ )4
—» 16 [ —
AdrQOut (31:2) AdrOut
— 117 —
BMOut (3:0) > BMOut
—p 118 l—
MemData (31:0) \DATA ouT
—»{ t19
\
EarlyPgWr
—» t19 l—

MemAdrEn, MemDataEn Are LOW
CPUDataEn, RdAdrSel Are HIGH

Figure 10. Memory Write Timing with Page Write
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(Continued)
ot _\_/_\_/_\_//_\_/_\_/ _\_
WtMem \ /

LR3000 MODE
Adrin (15:2) __>< )(
BMIn (1:0) Adrin1/BMin1 Adrln2/BMIn2><

HARVARD MODE
Adrin (15:2) R
BMIn {1:0) ><Adrlnl/BMln>< ><\dr|n2/BMln§<
Adrin (31:16) X Adrln1 X X Adrin2 X
BMin (3:2) >(BMIn1 X X BMin2 X

CPUData {31:0)

X DATA IN1 >< X DATA IN2 X

Regquest

Acknowledge

AdrOut {31:2) >( AdrOut1 X XAdrOUtZ
BMOut (3:0) X BMOut1 X XBMOutZ
MemData (31:0) X DATA OUT1 X >6)ATA ouT2

EarlyPgWr

/

MemAdrEn, MemDataEn Are LOW
CPUDatakn, RdAdrSel Are HIGH

Figure 11. Back-to-Back Writes; Second Write is a Page Write
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MemAdrEn \
\
| N\
| —> 120 —» 21
AdrOut (31:2) D_ r_
BMOut (3:0) |\ /I
MemDataEn \ /
| /|
—» 122 r/— —pi 123 \r—
i MemData (31:0)
— AN /1

Figure 12. Main Memory 3-State Output Timing

tl —

— 12
P WtMem [

Request

l— 124 —p»

—pi t15
—_ e Y
: Acknowledge

Figure 13. Write Buffer Full Timing
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Adrin (31:2) READ ADDRESS! READ ADDRESS2
AdrOut {31:2) WRITE ADDRESS READ ADDRESS!

RdAdrSel

Figure 14. Read Address Output Timing

«»\l\
WemDataEn \

<_
MemData (31:0) READ DATA1 READ DATA%X > <WRITE DATA (If Write Pending)

CPUDataEn

31 —» 3
. READ DATA1 ' READ DATA2

Figure 15. Read Data Input and Output Timing Relative to Clock

CPUData (31:0)
DataP {3:0)

CPUDataEn

132 133 \|<_
CPUData (31:0) I ./-
DataP (3:0) |\ READ DATA /l

Figure 16. Read Data Output Timing Relative to CPUDataEn
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Clock m

13
" LR3000 MODE
Adrin {15:5) Adrin
—»] t5 l—
—> 6 HARVARD MODE
Adrin {(15:5) >< Adrin
—p t7 lg—
- —p! 18
Adrin (31:16) < Adrin J
R ——— BLOCK MATCH
BlockMatch \
l«—— 136 —
NO BLOCK MATCH

BlockMatch /

Figure 17. BlockMatch Timing

Flock _/ \_____/ _\_/_\_/ —\_/ —\_
135 «— —» 36
Reset L < t37 >
- I
> U4 | 03000 MODE LITTLE ENDIAN
Acknowledge //
1 |e—
> U4 | 23000 MODE BIG ENDIAN —» 115
Acknowledge /
—» 4 e
HARVARD MODE 4 e —»i 115
Acknowledge /
/

Figure 18. Reset and Configure Timing
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Table 6. 180-Pin Ceramic Pin Grid Array (CPGA) Pin List

Signal Pin Signal Pin Signal Pin Signal Pin
Name Number Name Number Name Number Name Number
Acknowledge 1 AdrOut19 2 CPUData23 E15 RdAdrSel c7
Adrin2 c4 AdrOut20 M2 CPUDataZ4 D15 R t P6
Adring c3 AdrOut21 N2 CPUData25 C15 =100
Adrind Bs AdrOut22 P2 CPUData26 B15 Reset D6
Adrins B7 AdrOut23 J1 CPUData27 A15 WBFull P7
AdrOut24 M1 CPUData28 D11
Adrl B6 WM 10
Agi,ﬂg B AdrOut25 N1 CPUData29 D10 em
Adring B4 AdrOut26 P1 CPUData30 A13 vce A3
Adring B3 AdrOut2? R1 CPUData3! A12 Ve B
Adrin10 B2 AdrOut28 M5 DataP0 A1l Voo 18
Adrin11 A8 AdrQut29 M8 DataP1 A10 Voo 612
Adrin12 A7 D M7 DataP2 B12 Voo 4
Adrin13 A6 AdrQut31 R2 DataP3 B11 Voo K1
Adrin14 A5 BlockMatch P5 EarlyPgWr P3 vee M10
Adrin15 Ad BMIn0 ) MemAdiEn ) vee M14
Adrin16 A3 MemAdrEn
Adrin17 A2 BMin1 Cc5 MemDataEn D5 vCcC P13
BMin2 c9
Adrin18 Al BMIn3 D8 MemData0 N4 GND Al4
Adring B1 MemDatat NS GND B10
AdrIn20 ci 8MOut) R3 MemData2 NG GND B13
Adrin21 D1 BMOut1 R4 MemData3 N7 GND D3
Adrln22 E1 BMOut2 RS MemDatad M3 GND D4
Adrln23 Fl BMOut3 R6 MemData5 Mg GND E8
Adrin24 G1 Clock 07 MemData6 M12 853 Ei
Adrin25 H1 CPUDataE C12 MemData?7 N8
Adrin26 c2 atamn MemData8 Ng GND G15
Adrin27 D2 CPUData0 K14 MemData9 N10 GND H5
Adrin28 E2 CPUDatal J14 MemData10 N11 GND H11
Adrin29 ) CPUData2 H14 MemData11 N12 GND J2
AdrIn30 G2 CPUData3 M13 MemData12 P8 GND K13
Adrln31 H2 CPUData4 L13 MemData13 P9 GND L
AdrOut2 3 CPUDatab J13 MembDatal4 P10 GND L8
CPUData6 H13 MembDatal5 P11 GND L14
AdrOut3 F3 CPUData7 L12 MemDatal6 P12 GND M11
AdrOutd G3
CPUData8 K12 MemDatal7 Re GND N13
AdrOuts H3
CPUDataQ J12 MemDatal8 R9 GND P14
AdrOutb E4
AdrOut? F4 emuata
CPUData11 F12 MemData20 R11 GND R7
AdrOut8 G4 CPUData12 E12 emData
AdrOut9 Ha MemData21 R12 reserved Pa
CPUData13 D12 MemData22 R13
AdrOut10 K4
CPUData14 613 MemData23 R14
AdrQutl1 L4 CPUData15 E13
AdrOuti2 M4 CPUData 16 D13 MemData24 R15
MemData25 N15
AdrOut13 J3
CPUData17 c13 MemData26 M15
AdrOut14 K3
CPUData18 G14 MemData27 L15
AdrOut15 L3
CPUData19 D14 MemData28 K15
AdrQut16 M3 CPUData20 Ci4
AdrOut17 N3 MemData29 J15
? CPUDataZl B14 MemDataSO H15
AdtOut18 k2 CPUData22 F15 MemData31 N14
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Pinout and Package 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Information Adrin | Adrin | Adrin | Adrin | Adrin | Adrin | Adrin | Adrl DataP | DataP | CPU | CPU CPU
. rin rin rin rln rin rin rln rln ata ata
(Continued) A 18 | 17 |16 | 15 | 14 | a3 | iz | o | VEC T 0 |Data31 | Data30| CNC | pataz?
Adrin | Adrin | Adrin | Adrin | Adrln | Adrin | Adrin | Adrin DataP | DataP CPU CPU
B 19 | 10 | s 8 7 6 5 4 | VCC | GND 7% 2 | NP |pata21 | Data2e
Adrin | Adrin | Adiin | Adrin | 50 | 5o | RaAdr | Mem | 5o (oo | 2 | €PU_ | cpu [ cru [ cpu
C 20 | 2 3 2 | BMind [BMIn0 | "ee™ | Agren | BMInZ [WiMem k%;"e" Datakn | Datal7 | Data20 | Data25s
Adrin { Adrin Mem | oo B CPU CPU CPU CPU CPU CPU
D 21 27 GND GND DataEn Reset [ Clock | BMIn3 [ VCC Data29 | Data28 | Data13 | Data16 | Datal9 | Data24
Adrin | Adrin { AdrOut | AdrOut CPU CPU CPU
E 2 | 2 6 GND Data12 | Data1s | YCC |Data23
F Adrin | Adrin | AdrOut | AdrOut \ cPU | sno | anp | CPY
23 29 3 7 Extra Pin Datall Data22
Adrin | Adrin | AdrOut | AdrOut cPU CPU
G % | 30 4 8 VCC [patats | Data1s | GND
Adrin | Adrin | AdrOut | AdrQut . CPU CPU CPU Mem
H 5 | 3l 5 g [ GND Top View GND | patato | Datab | Data2 | Data30
AdrQOut AdrOut CPU CPU CPU Mem
J 23 | GND |73 Ve Datad | Data5 | Datal |Data29
AdrOut | AdrGut | AdrQut CPU CPU Mem
K RS R O M P B T Datas | ®ND | Data0 | Data2s
AdrOut | AdrOut | AdrOut CPU CPU Mem
—_ L GND 19 15 1" GND Data7 | Datad GND Data27?
AdrOut | AdrOut | AdrOut { AdrOut | AdrQut | AdrOut | AdrOut] Mem | Mem Mem CcPU Mem
M 24 | 20 | 16 | 12 | 28 | 28 | 30 |Data4 | Datas | YCC | BND | patas | Data3 | VCC |Dataze
N AdrQut | AdrOut | AdrOut | Mem | Mem | Mem Mem | Mem | Mem | Mem | Mem | Mem GND Mem { Mem
25 21 17 Data0 | Datal | Data2 | Data3 | Data? | Data8 | Datad | Datal0 | Datall Data31 | Data25
AdrOut | AdrOut| Early Re- Block Re- |mm== | Mem Mem | Mem | Mem | Mem
P 26 22 PgWr | served | Match | quest WEFull Data12 | Datal13 | Datal4 | Data15 | Data16 vee GND GND
R AdrOut | AdrOut | BMOut | BMOut [ BMOut { BMOut GND Mem | Mem | Mem | Mem | Mem | Mem | Mem | Mem
27 31 0 1 2 3 Data17 | Data18 | Data19 | Data20 | Data21 | Data22 | Data23 | Data24

Figure 19. 180-Pin Ceramic Pin Grid Array (CPGA)} Pin Diagram
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(Continued)

1.574 + 016 Sq

—»| 0.823SqRef |=—

P — . '

0.100Ref { 0139Max

¥ o1s0+0m0 " " " ) f

f | | 0.050 Ref
—=| |=—0.100 +.005

0.088 Ref —=i

—=|{=—0.018 +.002

Notes:
1. Ceramic packages meet Mil-Std-38510, Revision H.
2. Controlling dimension—inch.

Figure 20. 180-Pin Ceramic Pin Grid Array (CPGA) Mechanical Drawing
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Table 7. 184-Pin Plastic Quad Flat Pack (PQFP) Pin List

Signal Pin Signal Pin Signal Pin Signal Pin
Name Number Name Number Name Number Name Number
Acknowledge 154 AdrQut19 36 CPUData23 134 RdAdrSel 165
AdrOut20 37 CPUData24 135 =
Adrin2 168 Request 59
Adring 169 AdrOut21 38 CPUData25 136 =
Adrind 170 AdrOut22 39 CPUData26 137 Reset 159
Adrins m AdrOut23 40 CPUData27 138 WBFull 60
Adring 172 AdrOut24 43 CPUData28 139 WtMem 155
Adrin7 173 AdrQut25 44 CPUData29 140
Adrin8 174 AdrOut26 45 CPUData30 143 VCC 25
Adring 175 AdrOut27 46 CPUData3! 144 xgg o
- Adrin10 176 AdrQut28 47 DataP0 145 Vee 83
Adrin11 177 AdrOut29 48 DataP1 146
AdrOut30 49 vce 101
Adrint2 178 DataP2 149
AdrOut31 50 vee "7
Adrin13 179 u DataP3 150 vCC 128
Adrin14 180 BlockMatch 58 EarlyPgWr 56 vCC 141
Adrint5 18 BMInd 166 MomAdrEn 160 vCC 147
Adrin16 182 BMin1 167 MemDataEn 160 vee 152
Adrin17 183 BMin2 156
Adrin18 184 BMIna 157 MemData0 61 GND 14
Adrin19 1 MembDatal 62 GND z
Adrin20 2 BMOut0 51 MemData2 63 GND 2
Adrin21 3 BMOQut1 52 MemData3 64 GND 34
Adrin22 4 BMOut2 53 MemData4 65 GND 42
Adrin23 5 BMOut3 54 MemData5 66 GND 55
Adrin24 6 Clock 158 MemData6 71 gmg gg
Adrin25 7 CPUDatakn 153 MemData7 72
Adrin26 8 MemData8 73 GND 70
Adrin27 9 CPUData0 103 MemData9 74 GND n
AdrIn28 10 CPUDatal 104 MemData10 75 GND 84
Adrin29 11 CPUData2 105 MemData11 76 GND 93
Adrin30 12 CPUData3 106 MemData12 78 GND 102
Adrin31 13 CPUData4 107 MemData13 79 GND 108
CPUData5 109 MemDatal4 80 GND 115
AdrQutz 15 CPUData6 110 MemDatal5 81 GND 116
AdrQut3 16 CPUData? m MemData16 82 GND 122
_ AdrQutd 7 CPUData8 112 MemDatal7 g5 GND 127
‘ AdrQuts 18 CPUDatad 13 MemData18 86 GND 132
| AdrQutf 19 CPUData10 114 MemData19 87 GND 142
AdrQut7 2 CPUData1 118 MemData20 83 GND 148
AdrOut8 21
AdrOut3 22 CPUDatal13 120 MemData22 90 GND 161
AdrOut10 26
CPUData14 121 MemData23 91 GND 162
AdrQut1l 2 CPUData15 123 MemData24 pos GND 163
AdrOut12 28 CPUDatal6 124
AdrOut13 29 MemData25 94 reserved 57
CPUData17 125 MemData26 95
AdrOut14 30
CPUData18 126 MemData27 96
AdrOut15 31 CPUData19 129 MemData28 a7
. AdrOut16 23
CPUData20 130 MemData29 98
AdrOut17 33
CPUData21 131 MemData30 99
AdrOut1g 3 CPUData22 133 MemData31 100
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Pinout and Package e g 5z =g =%
Information fTffigSEfeererzozzelilR Sls o2 2lElE5 o880 .,3855.,55
. saaaaaaaasasssssslzls% s222(212 852528258285 522282:
(Conﬂnued) IIIIEIIIIIZIZIZI BRI EIZIESIEInIEIEES 6886588586888
TR BRRRELPENRNCRBB858833303B3BbB8B3RALRILTELLIVYTES
Adring oo ToTooTToTTToToTooTTTmmTTT T E T Tt T CPUData2?
Adrin20 CPUData26
Adrin21 CPUData25
Adrln22 CPUData24
Adrin23 CPUData23
Adrin24 CPUData22
Adrin25 GND
Adrin26 CPUData21
Adrin27 CPUData20
Adrln28 CPUData18
Adrin29 vee
Adrin30 GND
Adrln3! CPUData18
GND CPUDatat7
AdrQut2 CPUDatal6
AdrOut3 CPUData15
AdrQut4 GND
AdrOuts CPUData14
AdrQuté CPUData13
AdrOut? CPUData12
AdrOut8 CPUDatall
AdrCutd vCe
GND GND
GND GND
vCe CPUData10
AdrOut10 CPUData8
AdrOut1? CPUDatz8
AdrOut12 CPUData7
AdrOut13 CPUData6
AdrQut14 CPUDatas
AdrQut15 GND
AdrQut1§ CPUDatad
AdrQut17 CPUData3
GND CPUData2
AdrOut18 CPUDatai
AdrOun9 CPUData0
AdrOut20 GND
AdrOut21 vCe
AdrOut22 MemData31
AdrOut23 MemData30
vee MemData29
GND MemData28
AdrQut24 MemData27
AdrQut25 MemData26
AdrOut26 MemData25
AdrOut2? r~ oo - 0 T 0 ~ @ - @ < O OVDO ™ < 0 I =V I v I W K - GND
¥ -HBIBEGSE C3BIBEBZRINRIRRRRRBs383I8858 >
SESSSIEEIEIZ t5=I8l2EEREEES 2EEESSE S&ES8S8S8 S8888888
R 5835 2322332 223288 EEEES 55555555
S @ =3-3 E=Z=2=Z2 SE=Z53=2=2=23=

Figure 21. 184-Pin Plastic Quad Flat Pack (PQFP) Pin Diagram
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-~ 1260+.016Sq——— =
-— 1102+.004S ———— =
|-— 1.004 Ref _.I
1128 139 A
1 ﬂﬂﬂ No. of Pins = 46 ﬂﬂﬂ /= Note 3 / L ?
LN } ELT ht
( [ 0.007 0l
O\ H ﬁ'zL + 002
1 =4 Index Mark —x 138 — - .01 £002
= = = Iy B o : : - N‘——Jme >
I | 0° to 10° | ' 0.008 + .002
—_ | [ —=| =—0.020+.004
| | Detail "W
| I
!3= =|:|I —
o— —n
46 —n 93 é_ ( \
- 0140 +004 0 1006
~ N > 0.004 | —005  0.182 7y
L R .
L ¥ [ ~N \ Max
1 NI A
K % > ! Detail "X"
Notes:

to the nearest .001".

2. Coplanarity of all leads shall be
within .004" (difference between the
highest and lowest lead with seating
plane —-K- as reference).

3. Lead pitch determined at —L-.

1. Controlling dimension—inch, rounded

'ﬂj
Tolerance window for —/

lead skew from
theoretical true position.

Detail "Y"

Figure 22. 184-Pin Plastic Quad Flat Pack (PQFP) Mechanical Drawing

——I |-— 0.002 Max

Ordering Information LR3220 Q C-25

-[— Operating Frequency:

25 =25 MHz
33=33.33 MHz

Temperature Range:
C = Commercial
M = Military
Package Code:
Q = 184-pin Plastic Quad Flat Pack (PQFP)
G = 180-pin Ceramic Pin Grid Array {CPGA)
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