LH54V0235/45

3.3V 2048 x 18/4096 x 18 FIFO

FEATURES

3.3 V Supply
Fast Cycle Times: 25/35 ns
Industrial Temperature Range Available

Choice of IDT-Compatible Operating Mode or
Enhanced Mode; Selected by an Input Control Signal

Device Comes Up into One of Two Known Default
States at Reset Depending on the State of the
EMODE Control Input: Programming is Allowed, but
is not Required

Most Control Signals Assertive-LOW for
Noise Immunity

Five Status Flags: Full, Almost-Fult, Half-Full,

Almost-Empty, and Empty; ‘Almost’ Flags are
Programmable

In Enhanced Operating Mode, Almost-Full,
Half-Full, and Almost-Empty Flags can be Made
Completely Synchronous

In Enhanced Operating Mode, Duplicate Enables
for Interlocked Paralleled FIFO Operation, for
36-Bit Data Width, when Selected and

Appropriately Connected
in Enhanced Operating Mode, Disabling

Internal Memory Array Architecture Based on CMOS
Dual-Port SRAM Technology, 2048x 18 or 4096 x 18

‘Synchronous’ Enable-Plus-Clock Control at Both Reading
Input Port and Output Port

i ) LVTTL/CMOS-Compatible /O
independently-Synchronized Operation of Input Port

and Output Port

L 64-Pin TQFP Package
Control Inputs Sampled on Rising Clock Edge

Three-State Ouiputs May be Made to Suppress

Space-Saving 68-Pin PLCC Package; Even-Smaller
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Figure 1. LH54V0235/45 Block Diagram
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LH54V0235/45

3.3 V 2048 x 18/4096 < 18 FIFO

FUNCTIONAL DESCRIPTION

NOTE: Throughout this data sheet, aBOLD /TALIC type
font is used for all references to Enhanced Operating
Mode features which do not function in IDT-Compatible
Operating Mode, even though it may be used - subject
to some restrictions — in either of these two operating
modes. Thus, readers interested only in using the

LH54V0235/45 FIFOs in IDT-Compatible Operating

Mode may skip over BOLD ITALIC sections, if they wish.

The LH54V0235/45 parts are FIFO (First-In, First-Out)
memory devices, based on fully-static CMOS dual-port
SRAM technology, capable of containing up to 2048 or 4096
18-bit words respectively. They can replace two or more
byte-wide FIFOs in many applications, for microprocessor-
to-microprocessor or microprocessor-to-bus communica-
tion. Their architecture suppotts synchronous operation, tied
to two independent free-running clocks at the input and
output ports respectively. However, these ‘clocks’ also may
be aperiodic, asynchronous ‘demand’ signals. Almost all
control-input signals and status-output signals are synchro-
nized to these clocks, to simplify system design.

The input and output ports operate altogether inde-
pendently of each other, unless the FIFO becomes either
totally full or else totally empty. Data flow is initiated at a
port by the rising edge of its corresponding clock, and is
gated by the appropriate edge-sampled enable signals.

The following FIFO status flags monitor the extent to
which the internal memory has been filled: Full, AlImost-
Full, Half-Full, Almost-Empty, and Empty. The Almost-Full
and Almost-Empty flag offsets are programmable overthe
entire FIFO depth; but, during a reset operation, each of
these is initialized to a default offset value of 12710
FIFO-memory words, from the respective FIFO boundary.
If this default offset value is satisfactory, no further pro-
gramming is required.

After a reset operation during which the EMODE control
input was not asserted (was HIGH), these FIFOs operate
in the IDT-Compatible Operating Mode. In this mode,
each part is pin-compatible and functionally-compatible
with the IDT72235B/45B part of similar depth and speed
grade, with a 3.3 V power supply and the LH54V0235/45
supports standalone mode only, not depth cascading. The
Control Reglsteris not even accessible or visible to the

BOLD ITALIC = Enhanced Operating Mode

external-system logic which is controlling the FIFO, al-
though it still performs the same control functions.
However, assertion of the EMODE control input
during a reset operation leaves Control Register bits
00-05 set, and causes the FIFO to operate in the
Enhanced Operating Mode. In essence, asserting
EMODE chooses a different default state for the Con-
trol Register. The system optionally then may pro-
gram the Control Register in any desired manner to
activate or deactivate any or all of the Enhanced-Op-
erating-Mode features which it can control, including
selectable-clock-edge flag synchronization, and read
inhibition when the data oulputs are disabled.

Whenever EMODE is being asserted, interlocked-
operation paralleling also is available, by appropriate
interconnection of the FIFO’s expansion inputs.

Programming the programmable-flag offsets, the tim-
ing synchronization of the various status flags, the
optional read-suppression functionality ofOE, and
the behavior of the pointers which access the offset-
value registers and the Control Registermay be indi-
vidually controlled by asserting the signalD, without any
reset operation. When LD is being asserted, and writing
is being enabled by assertingWEN, some portion of the
input bus word Dp — D17 is used at the next rising edge of
WCLK to program one or more of the programmable
registers on successive write clocks. Likewise, the values
programmed into these programmable registers may be
read out for verification by assertingLD and REN, with
the outputs Qo — Q17 enabled. Reading out these pro-
grammable registers should not be initiated while they are
being written into. Table 3 defines the possible modes of
operation for loading and reading out the contents of
programmable registers.

In the Enhanced Operating Mode, coordinated op-
eration of two 18-bit FIFOs as one 36-bit FIFO may be
ensured by ‘Interfocked’ crosscoupling of the status-
flag outputs from each FIFO fo the expansion inputs
of the other one; that is, FF to WENz, and EF fo RENG,
in both directions between two paralleled FIFOs. This
‘interlocked’ operation takes effect automatically, if
two paralleled FIFOs are crossconnected in this man-
ner, with the EMODE control input being asserted
(LOW) (see Tables 1 and 2).

2
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3.3 V 2048 x 18/4096 x 18 FIFO

LH54V0235/45
« TOP VIEW
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Figure 2. Pin Connections for PLCC Package
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LH54V0235/45 3.3 V 2048 < 18/4096 x 18 FIFO
64-PIN TQFP g TOP VIEW ]
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Figure 3. Pin Connections for Thin Quad Flat Package

SUMMARY OF SIGNALS/PINS
PIN NAME PIN NAME
Dg-~D17 Data Inputs WEN2 Write Enable 2
RS Reset FF Full Flag
‘EMODE Enhanced Operating Mode PAF Programmable Almost-Full Flag
WCLK Write Clock HF Half-Full Fiag
WEN Write Enable PAE Programmable Almost-Empty Flag
RCLK Read Clock EF Empty Flag
REN Read Enable EF2 Empty Flag 2
OE Output Enable Qo - Q7 Data Outputs
LD Load Vee Power
REN:> Read Enable 2 Vss Ground

BOLD ITALIC = Enhanced Operating Mode
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3.3 V 2048 x 18/4096 x 18 FIFO LH54v0235/45

PIN LIST
SIGNAL NAME PLCC PIN NO. TQFP PIN NO. SIGNAL NAME PLCC PIN NO. TQFP PIN NO.

RS 1 57 Q1 39 29

OE 2 58 Qo 41 31
LD 3 59 Qs 42 32
REN 4 60 Qs 44 34
RCLK 5 61 Qs 46 36
D17 7 63 Qs 47 37
Dis 8 64 EMODE 48 33
D1s 9 1 Q7 49 38
Dia 10 2 Qs 50 39
D13 11 3 Qo 52 41
D12 12 4 Q1o 53 42
D1y 13 5 Q1 55 44
D1o 14 3] Q12 56 45
Ds 15 7 Qis 58 47
Ds 17 8 Qi4 59 48
D7 19 ] Qis 61 50
De 20 10 Qis 63 52
Ds 21 1 Q17 64 53
D4 22 12 EF 66 54
D3 23 13 Vss 6 62
D2 24 14 Vee 16 NC
D 25 15 Vss 18 NC
Do 26 16 Vss 28 18
PAE 27 17 Vee 32 22
WCLK 29 19 Vss 40 30
WEN 30 20 Vee 43 NC
WEN: 31 21 Vss 45 35
PAF 33 23 Vss 51 40
REN:> 34 24 Vce 54 43
FF 35 25 Vss 57 46
HF 36 26 Vee 60 49
EF; 37 27 Vss 62 51
Qo 38 28 Vee 65 NC
Vss 67 55

BOLD ITALIC = Enhanced Operating Mode

SHARP

BN 8180798 0022003 700 W

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



LH54V0235/45

3.3 V 2048 x 18/4096 x 18 FIFO

PIN DESCRIPTIONS

PIN

NAME

PIN
TYPE'

DESCRIPTION

Do — D17

Data Inputs

Data inputs from an 18-bit bus.

Reset

When RS is taken LOW, the FIFO’s internal read and write pointers are set to
address the first physical location of the RAM arrayfFF, PAF, and HF go HIGH;
and PAE and EF go LOW. The programmable-flag-offset registersand the
Conlrol Registerare set to their default values. (But see the description of
EMODE, below.) A reset operation is required before an initial read or write
operation after power-up.

EMODE

Enhanced
Operating
Mode

When EMODE s tied LOW, the default setting for Control Register bits 00-
05 after a reset operation changes to HIGH rather than LOW, thus enabling
all Control-Register-controllable Enhanced Operating Mode features, and
allowing access to the Control Register for reprogramming or readback
(see Tables 1, 2, and 5). If this behavior is desired EMODE may be
grounded; however, Conirol Register bits 00-06 still may be individually
programmed to selactively enable or disable certain of the Enhanced Mode
features, even though those features associated with interlocked-paralleled,
operation always are enabled wheneverEMODE is being asserted (see
Table 2). Afternatively, EMODE may be tied to Vec, so that the FIFO is
functionally IDT-compatible, and the Control Register Is not accessible or
visible, and all of its bits remain LOW.Controlling EMODE dynamically
during system operation is not recommended.

WCLK

Wirite Clock

Data is written into the FIFO on a LOW-to-HIGH transition of WCLK, whenever
WEN (Write Enable) is being asserted (LOW), andLD is HIGH. IfLD is LOW, a
programmable register rather than the internal FIFO memory is written intoJn
the Enhanced Operating Mode, whenever Conirol Register bit 06 is HIGH,
WEN: is ANDed with WEN fo produce an effective internal write-enable
signal.

WEN

Write Enable

When WEN is LOW andLD is HIGH, an 18-bit data word is written into the FIFO
on every LOW-to-HIGH fransition of WCLK. WhenWEN is HIGH, the FIFO
intemal memory continues to hold the previous data (see Table 3). Data will not
be written into the FIFO ifFF is LOW. /n the Enhanced Operating Mode,
whenever Control Register bit 06 /s HIGH, WEN is ANDed with WEN to
produce an effective internal write-enable signal.

RCLK

Read Clock

Data is read from the FIFO on a LOW-to-HIGH transition of RCLK whenever
REN (Read Enable) is being asserted (LOW), andLD is HIGH. IfLD is LOW, a
programmable register rather than the intermal FIFO memory is read fromJn the
Enhanced Operating Mode, whenever Control Reglster bit 06 /s HIGH, REY
is ANDed with REN (and whenever Control Register bit 05 is HIGH, also
with OE) to produce an effective internal read-enable signal’

REN

Read Enable

When REN is LOW and LD is HIGH, an 18-bit data word is read from the FIFO
on every LOW-to-HIGH transition of RCLK. WhenREN is HIGH, and/or also
when EF is LOW, the FIFO'’s output register continues to hold the previous data
word, whether or not Qb — Q7 (the data outputs) are enabled (see Table 3)./n
the Enhanced Operating Mode, whenever Control Register bit 06 /s HIGH,
REN:2 /s ANDed with REN (and whenever Control Register bit 05 is HIGH,
also with OE) to produce an effective internal read-enable signal.2

Output Enable

When OE is LOW, the FIFO’s data outputs drive the bus to which they are
connected. If OE is HIGH, the FIFO’s outputs are in high-Z (high-impedance)
state. /n the Enhanced Operating Mode, OE not only continues to controf/
the outputs in this same manner, but also can function as an additional __
ANDing input to the combined effective read-enable signal, along withREN
and REN:, whenever Control Register bit 05 Is HIGH (see Table 5).2

NOTES:

1 = Input, O = Output, Z = High-Impedance, V = Power Voltage Level
2 The ostensible differences in signal assertiveness are reconciled before ANDing.

BOLD ITALIC = Enhanced Operating Mode
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3.3 V 2048 x 18/4096 x 18 FIFO

LH54v0235/45

PIN DESCRIPTIONS (cont’'d)

PIN

NAME

PIN
TYPE'

DESCRIPTION

Load

When LD is LOW, the data word on Op — D47 (the data inputs) is written into a
programmable-flag-offset register, or /nto the Control Register (when in the
Enhanced Operating Mode),on the LOW-to-HIGH transition of WCLK, whenever
WEN is LOW (see Table 3). Also, whenLD is LOW, a word is read to Q — Q17 (the
data outputs) from the offset registersand/or the Control Register (when in the
Enhanced Operating Modejon the LOW-to-HIGH transition of RCLK, whenever
REN is LOW (see again Table 3, and particularly the Notes following this table).
When LD is HIGH, normal FIFO write and read operations are enabled.

WEN:

Write Enable 2

Tie LOW in Standard Mode, cascading is not supportedin the Enhanded
Operating Mode, whenever Control Register Bit06 is HIGH, WXYWEN:
functions as a second write-enable signal, WEA_, which is ANDed withWEN
to produce an effective internal write-enable signal.

REN2

Read Enable 2

Tie LOW in Standard Mode.In the Enhanced Operating Mode, whenever
Control Register Bit06 is HIGH,RXVAEN: functions as a second read-enable
signal, REN-, which is ANDed with REN to produce an effective internal read-
enable signal.

Full Flag

When FF is LOW, the FIFO is full; further advancement of its internal write-address
pointer, and further data writes through its Data Inputs intg its internal memory

amay, are inhibited. WhenFF is HIGH, the FIFO is not full.FF is synchronized to
WCLK.

PAF

Programmable
Almost-Full Flag

When PAF is LOW, the FIFO is ‘almost full,’ based on the almost-full-offset value
programmed into the FIFO's Almost-Full Offset Register. The default value of this
offset at reset is 12719, measured from ‘full’ (see Table 4). In the IDT-Compatible
Operating Mode, PAF is asynchronous. In the Enhanced Operating Mode,PAF Is
synchronized fo WCLK after a reset operation, according to the state of
Control Register bit 04 (see Table 5).

Haif-Full Flag

In the standalone or paralleled configuration, wheneveHF is LOW the device is
more than half full. In IDT-Compatible Operating Mode HF is asynchronous; in the
Enhanced Operating Mode,HF may be synchronized efther to WCLK or to
RCLK after a reset operation, according to the state of Control Register bits
02 and 03 (see Table 5).

PAE

Programmable
Almost-Empty
Flag

When PAE is LOW, the FIFO is ‘almost empty,’ based on the almost-empty-offset
value programmed into the FIFO's Almost-Empty Offset Register. The default value
of this offset at reset is 1270, measured from ‘empty’ (see Table 4). In IDT-
Compatible Operating Mode, PAE is asynchronous. /n the Enhanced Operating
Mode, PAE is synchronized to RCLK after a reset operation, according to the
state of Control Register bit 01. (See Table 5.)

Empty Flag

When EF is LOW, the FIFO is empty; further advancement of its internal read-
address pointer, and further readout of data words from its internal memory array to|
its Data Outputs, are inhibited. WhenEF is HIGH, the FIFO is not empty.EF is
synchronized to RCLK.

EF2

Empty Flag 2

In the Enhanced Operating Mode, Control Register bit 06 is HIGHEF2
behaves as an exact duplicate ofEF, but delayed by one full cycle of RCLK
with respect to EF.

Qo—-Cxz

Data Outputs

oz

Data outputs to drive an 18-bit bus.

Vce

Power

\

+3.3 V power-supply pins.

Vss

Ground

\'J

0V ground pins.

NOTES:

1 I=Input, O = Output, Z = High-Impedance, V = Power Voitage Level
2 The ostensible differences in signal assertiveness are reconciled before ANDing.

BOLD ITALIC = Enhanced Operating Mode
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LH54V0235/45 3.3 V 2048 x 18/4096 x 18 FIFO

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING
Supply Voltage to Vss Potential -05Vio46V
Signal Pin Voltage to Vss Potential -05VtoVeec+05V
DC Output Current’ 175 mA
Temperature Range with Power Applied® | —55°C to 125°C
Storage Temperature Range —65°C 10 150°C
Power Dissipation (PLCC Package Limit) | 2W

NOTES:
1. Only one output may be shorted at a time, for a period not exceeding 30 seconds.
2. Measured with clocks idle.

OPERATING RANGE

SYMBOL PARAMETER MIN. MAX. UNIT
Ta Industrial Range Temperature, Ambient —-40 85 - °é“
Ta Commercial Range Temperature, Ambient 0 70 °C
Vce Supply Voltage 3.0 3.6 \
Vss Supply Voltage 0 0 A
Vie Logic LOW Input Voltage -0.5 0.8 \'
ViH Logic HIGH Input Voltage 2.0 Vcec + 0.5 \

DC ELECTRICAL CHARACTERISTICS (Over Operating Range)

SYMBOL PARAMETER TEST CONDITIONS MIN. | MAX. | UNIT
Iy Input Leakage Vec=3.6V, Vin=0Vto Voc -10 10 HA
Lo 1/0O Leakage OE > Vi, 0V £ Vout £ Vee —-10 10 UA
Vou Output HIGH Voltage bh=-2.0 2.4 v
Vo Output LOW Voltage b = 8.0 mA 0.4 \Y
Ice Average Operating Supply Current’? | Measured at 5 = 40 MHz 190 | mA
lcce Average Standby Supply Current? All inputs = Vinmin (clocks idle) 7 mA
lccs Power-Down Supply Current® All inputs = Voo —~ 0.2 V (clocks idle) 2 mA
lcca Power-Down Supply Current? All inputs = Vge — 0.2 V (clocks at 40 MHz) 2 mA

NOTES:

1. Output load is disconnected.

2. lcc, locz, and keea are dependent upon actual output loading, andde and kccs are also dependent on cycle rates.
Specified values ars with outputs open; and, fordc and lccs, operating at minimum cycle times.

BOLD ITALIC = Enhanced Operating Mode
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3.3 V 2048 x 18/4096 x 18 FIFO

LH54V0235/45
AC TEST CONDITIONS
DEVICE 418Q
PARAMETER RATING UNDER O—I—fw»—omm v
TEST
Input Pulse Levels Vssto3V 30 pF*
Input Rise and Fall Times (10% to 90%)| _ 3 ns g
Input Timing Reference Levels 15V
Output Timing Reference Levels 15V NOTE: * = includes jig and scope capacitances. Savo235.3
CAPACITANCE Figure 4. Output Load Circuit
PARAMETER RATING
Cin (Input Capacitance) My =0 V 9 pF
Court (Output Capacitance) Vour =0 V 9 pF

BOLD ITALIC = Enhanced Operating Mode
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LH54Vv0235/45 3.3V 2048 x 18/4096 x 18 FIFO

AC ELECTRICAL CHARACTERISTICS

SYMBOL PARAMETER 28 38 UNIT
MIN. | MAX. | MIN. | MAX.
fce Clock Cycle Frequency 40 28.6 | MHz
ta Data Access Time 3 17 3 20 ns
to Clock Cycle Time 25 35 ns
tcLkH Clock HIGH Time 10 14 ns
toLkL Clock LOW Time 10 14 ns
tos Data Setup Time 8 11 ns
toH Data Hold Time 1 2 ns
teENs Enable Setup Time 8 11 ns
tENH Enable Hold Time 1 2 ns
trs Reset Pulse Width' 25 35 ns
tRss Reset Setup Time? 15 20 ns
tRSR Reset Recovery Time 2 15 20 ns
trsr Reset to Flag and Output Time 35 40 ns
torz Output Enable to Output in Low-Z2 0 0 ns
toe Output Enable to Output Valid 16 18 ns
toHz Output Enable to Output in High—Zz 1 13 1 15 ns
twrF Write Clock to Full Flag 17 20 ns
tREF Read Clock to Empty Flag 17 20 ns
toAF 8&?:;; gPrI\c;%r::)lmable Almost-Full Flag (IDT-Compatible 17 23 ns
tPAE glgg,g'(a:i?'l ;rsl%r;gmable Almost-Empty Flag (IDT-Compatible 17 23 ns
tHF Clock to Half-Full Flag (IDT-Compatible Operating Mode) 19 23 ns
trars g;o:,g ;,; ;%:Tmable Almost-Full Flag (Enhanced 17 23 ns
toags gl::rlg tti‘/)) ;%ZTMMe Almost-Emply Flag (Enhanced 17 23 ns
turs Clock to Half-Full Flag (Enhanced Operating Mode) 79 23 ns
tskewn Skew Time Between Read Clock and Write Clock for Full Flag® 11 16 ns
tskewz2 Skew Time Between Write Clock and Read Clock for Empty FIag“ 11 16 ns

NOTES:

1. Pulse widths less than the stated minimum values may cause incorrect operation.

2. Values are guaranteed by design; not currently tested.

3. These times also apply to the Programmable-Almost-Full and Half-Full flags when they are synchronized to WCLK.
4. These times also apply to the Half-Full and Programmable-Almost-Empty flags when they are synchronized to RCLK.

BOLD ITALIC = Enhanced Operating Mode
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3.3 V 2048 x 18/4096 < 18 FIFO

LH54V0235/45
DESCRIPTION OF SIGNALS AND OPERATING SEQUENCES
Table 1. Grouping-Mode Determination
During a Reset 0peratlon5
T HF WEN: REN; EF:
EMODE | WEN: RENz MODE USAGE | USAGE | USAGE | USAGE
H H L (Reserved) - - - -
L H (Reserved) - - - -
H L L (Not Allowed During Reset) HF) {none) (none) (none)
H L L Standalone HF (none) (none) (none)
L X X (Not Altfowed During Reset) HF) (WENz) | (RENz) | (EF2)
L X X Interlocked Paralleled* HF WEN: REN: EF:

NOTES:

1. EMODE must be asserted for access to the Control Register to be enabled. Also, FIFOs being used in a pipefined-cascading
configuration shouid be In Interlocked Paralleled mode.

2. Setup-time and recovery-time specifications apply during a reset operation.

3. H=HIGH; L=LOW; X = Don't Care.

Table 2. Expansion-Pin Usage According to Grouping Mode

o | PN STANDALONE | {\en) GOKED PARALL ELED)
i WEN: Vss From FF (other FIFO)

O | HF HF HF
| | REN:z Grounded Vss From EF (other FIFO)

O | EFz Unused EF>

BOLD ITALIC = Enhanced Operating Mode
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LH54v0235/45 3.3 V 2048 x 18/4096 x 18 FIFO

DESCRIPTION OF SIGNALS AND OPERATING SEQUENCES (cont’d)

Table 3. Selection of Read and Write Operations

LD WEN®* | REN** | wCLK | RCLK ACTION
X X - - No operation.
L L A A lilegatl combination, which will cause errors.
L H A X Write to a programmable register.1
L H H R X qud present value of programmable-register write counter, and do not
write.
L H L X A Read from a programmable register.1
L H H X N I;c;lcc’i. present value of programmable-register read counter, and do not
H L X A X Normal FIFO write operation.
H X L X A Nomal FIFQ read operation.
H L X - X No write operation.
H H X X X No write operation.
H X L X - No read operation.
H X H X X No read operation.
H L L - - No operation.
H H H X X No operation.
KEY:
H = Logic ‘HIGH’; L = Logic ‘LOW’; X = ‘Don't-care’ (logic ‘HIGH,’ logic ‘LOW,’ or any transition);
A= A‘LOW-to-'HIGH’ transition; —= Any condition EXCEPT a ‘LOW’-to-‘HIGH' transition.
NOTES:

1. The selection of a programmable register to be written or read is controlled by two simple state machines. One state machioentrols the se-
lection for writing; the other state machine controls the selection for reading. These two state machines operate independent§ each other.
Both state machines are reset to point to Word 0 by a reset operationin the Enhanced Operating Mode, If Control Register bit 00 is set,
both state machines are also reset to point to Word 0 by deassertion D after LD has been asserted (that Is, by a rising edge of
LD), followed by a valld memory array write cycle for the writing-control state machine and/or by a valld memory array read éyc
for the reading-control state machine.

2. Tlhe order of the two programmable registers which are accessible in IDT-Compatible Operating Mode, as selected by either stahachine, is
always:

Word 0: Almost-Empty Offset Register
Word 1: Almost-Full Offset Register
Word 0: Almost-Empty Offset Register

(repéats indefinitely)

The order of the three programmable registers which are accessible in Enhanced Operating Mode, as selected by either state
machine, Is always:

Word 0: Almost-Empg;,gffsel Reglster

Word 1: Almost-Full el Register

Word 2: Control Register

Word 0: Almost-Emply Offset Register

(repeats indefinltely)

Note that, in IDT-Compatible Operating Mode, Word 2 is not accessed; Word 0 and Word 1 altemate.
After normal FIFO operation has begun, writing new contents into either of the offset registers should anly be done when tRFQ is empty.

WEN2, RENz, and OE may be ANDed terms In the enabling of read and write operations, according to the state of tHeMODE control
Input and of Control Register bit 05.

LR

BOLD ITALIC = Enhanced Operating Mode

12 SHARP
I B 8180798 0022010 940 EE

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



3.3 V 2048 x 18/4096 x 18 FIFO

LH54V0235/45
DESCRIPTION OF SIGNALS AND OPERATING SEQUENCES (cont’d)
Table 4. Status Flags
1,2 FULL EMPTY
NUMBER OF UNREAD DATA WORDS PRESENT WITHIN FIFO FLAG MIDDLE FLAGS FLAG
2048 x 18 FIFO 4096 x 18 FIFO FF PAF HF PAE EF
0 0 H H H L L
1toq ttoq H H H L H
(q + 1) to 1024 (q + 1) to 2048 H H H H H
1025 to (2048 — (p + 1)) 2049 to (4096 ~ (p + 1)) H H L H H
(2048 - p) to 2047 (4096 — p) to 4095 H L L H H
2048 4096 L L L H H
NOTES:

1. q=Programmable-Almost-Empty Offset value. (Default value: q = 127.)
. p = Programmable-Almost-Full Offset value. (Default value: p = 127.)

2
3. Only 11 (2048 18), or all 12 (4096x 18}, of the 12 offset-value-register bits should be programmed. The unneeded most-significant-end
2048 x 18 bit should be LOW (zero).

4

. The flag output is delayed by one full clock cycle in Enhanced Operating Mode, when synchronous operation is specified fordmmediate flags.

SHARP
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LH54V0235/45

3.3 V 2048 x 18/4096 x 18 FIFO

DESCRIPTION OF SIGNALS AND OPERATING SEQUENCES (cont’d)

Table 5. Control-Register Format

COMMAND VALUE AFTER RESET FLAG o
REGISTER | CODE AFFECTED, DESCRIPTION NOTES
Deassertion of LD does not
L reset the programmable- IDT-compatible addressing
register write pointer and of programmable registers.
read pointer:
Deassertion of LD resets
the programmable-register
write pointer and read
oo L H - pointer to address Word 0,
the Programmable-Almost- | Non-ambiguous
H Empty-Flag-Offset Register. | addressing of
The change takes effect programmable registers.
after a valid write operation
or a valid read operation,
respectively, to the memory
array.
L Set by TRCLK, reset by Asynchronous flag
o1 L H PAE TWCLK. clocking.
H Set and reset byTRCLK. Synchronous flag clocking.
LL Set by TWCLK; reset by Asynchronous flag
TRCLK. clocking.
HE Synchronous flag clockin,
03, 02 LL HH HF 4 g g
LH Set and reset by TRCLK. 2t output port.
HL, Synchronous flag clocking
HH Set and reset byTWCLK. at Input port.
L Set by TWCLK, reset by Asynchronous flag
o4 L H PAF TRCLK. clocking.
H Set and reset byTWCLK. Synchronous flag clocking.
‘OE has no effect on an Allows the read-address
L internal read operation, pointer to advance even
apart from disabling the when Qo — Q17 are not
outpuls. driving the output bus.
05 L H - Deassertion of OF inhiblts | Inhibits the read-address
a read operation; whenever | pointer from advancing
H the data oulputs Gb— Q17 when Go — Q17 are not
are in the high-Z state, the driving the output bus;
read pointer does not thus, guards against data
advance. Joss.
L Future use to control depth
06 H L L - Reserved. cascading and interlocked
paralleling.
11, 10, -
09, 08, 07 LLLLL LLLIL LLLLL Reserved. Reserved.
NOTES:

1. When EMODE is HIGH, and Control Reglster bits 00-05 are LOW}he FIFO behaves in a manner functionally equivalent to the

IDT72235B/458B FIFO of similar depth and speed grade. Under these conditions, th&€ontrof Reglsteris not visible or accessible to the ex-
temal system which includes the FIFO.

2. it EMODE s not asserted (is HIGH),Control Register bits 00-05 remain LOWAfter a reset operation. However, IfEMODE is asserted (Iis
LOW) during a reset o, Control Register bits 00-05 are forced HIGH, and remain HIGH until changed. Control Registerdit
06-11 are unaffected by EMODE.

BOLD ITALIC = Enhanced Operating Mode
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3.3 V 2048 x 18/4096 x 18 FIFO

LH54V0235/45

DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont’d)

Data Inputs
DATA IN (Do - D17)

Data, programmable-flag-oftset values, and Contro/-
Registercodes are input to the FIFO as 18-bit words on
Do — D17. Unused bit positions in offset-value and Con-
trol-Registerwords should be zero-filled.

Control Inputs
RESET (RS)

The FIFO is reset whenever the asynchronous Reset
(RS) input is taken to a LOW state. A reset operation is
required after power-up, before the first write operation
may occur. The state of the FIFO is fully defined after a
reset operation. If the default values which are entered
into the Programmable-Flag-Offset-Value Registersand
the Control Reglisterby a reset operation are accept-
able, then no device programming is required. A reset
operation initializes the FIFO’s internal read-address and
write-address pointers to the FIFO's first physical memory
location. The five status flags,FF, PAF, HF, PAE, and EF,
are updated to indicate that the FIFQ is completely empty;
thus, the first three of these are reset to HIGH, and the
last two are reset to LOW. The flag-offset values foPAF
and PAE each are initialized to 12710. If EMODE is not
being asserted (i.e., it EMODE is HIGH), all Contro/
Registerbits are initialized to LOW, to configure the FIFO
to operate in the IDT72235B/45B-Compatible Operating
Mode. Until a write operation occurs, the data outputs
Do — D17 all are LOW wheneverOE is LOW.

ENHANCED OPERATING MODE (EMODE)

Whenever EMODE Is asserted during a reset op-
eration, Control Register bits 00-05 remain HIGH
rather than LOW after the completion of the reset
operation. Thus, EMODE has the effect of activating
all of the Enhanced-Operating-Mode features during
a reset operation. Subsequently, they may be indi-
vidually disabled or re-enabled by changing the set-
ting of Control-Register bits. The behavior of these
Enhanced-Operating-Mode features /s described in
Table 5. For permanent Enhanced-Operating-Mode
operation, EMODE must be grounded; dynamic con-
trol of EMODE during system operation is not recom-
mended.

Asserting EMODE during a reset operation also
causes WENz to be configured as WENb, and REN>
to be configured as RENp, to support interlocked-par-
alleled operation of two FIFOs ‘side by side.’ (See
Figure 28.) Additlonally, EF2 is configured as EFz,
which duplicates the EF signal with one extra RCK

BOLD ITALIC = Enhanced Operating Mode

cycle delay, in order to provide proper timing for
‘pipelined’ cascaded operation.

WRITE CLOCK (WCLK)

A rising edge (LOW-to-HIGH transition) of WCLK initi-
ates a FIFO write cycle it LD is HIGH, or a programma-
ble-register write cycle ifLD is LOW. The 18 data inputs,
and all input-side synchronous control inputs, must meet
setup and hold times with respect to the rising edge of
WCLK. The input-side status flags are meaningful after
specified time intervals, following a rising edge of WCLK.

Conceptually, the WCLK input receives a free-running,
periodic ‘clock’ waveform, which is used to control other
signals which are edge-sensitive. However, there actually
is not any absolute requirement that the WCLK waveform
mustbe periodic. An ‘asynchronous’ mode of operation
is in fact possible, if WEN is continuously asserted (that
is, is continuously held LOW), and WCLK receives ape-
riodic ‘clock’ pulses of suitable duration. There likewise is
no requirement that WCLK must have any particular
synchronization relation to the read clock RCLK. These
two clock inputs may in fact receive the same ‘clock’
signal; or they may receive totally-different signals, which
are not synchronized to each other in any way.

WRITE ENABLE (WEN)

Whenever WEN is being asserted (is LOW) andLD is
HIGH, and the FIFO is not full, an 18-bit data word is
loaded into the effective input register for the memory
array at every WCLK rising edge (LOW-to-HIGH transi-
tion). Data words are stored into the two-port memory
array sequentially, regardless of any ongoing read opera-
tion. WheneverWEN is not being asserted (is HIGH), the
input register retains whatever data word it contained
previously, and no new data word gets loaded into the
memory array.

To prevent overrunning the intemal FIFO boundaries,
further write operations are inhibited whenever the Full
Flag (FF) is being asserted (is LOW). If a valid read
operation then occurs, upon the completion of that read
cycle FF again goes HIGH after a time tyer, and another
write operation is allowed to begin whenever WCLK
makes another LOW-to-HIGH transition. Effectively,
WEN is overridden by FF; thus, during normal FIFO
operation, WEN has no effect when the FIFO is full.

In the Enhanced Operating Mode, WEN, is an
additional duplicate (albeit assertive-HIGH) write-en-
able input, in order to provide an‘interlocking’ mecha-
nism for rellable synchronization of two paralleled
FIFOs. To control writing, WEN: is ANDed with WEN;
this logic-AND function (WEN « WEN2) then behaves
like WEN in the foregolng description.

SHARP
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LH54V0235/45

3.3V 2048 x 18/4096 x 18 FIFO

DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont’d)

READ CLOCK (RCLK)

A rising edge (LOW-to-HIGH transition) of RCLK initi-
ates a FIFO read cycle if LD is HIGH, or a programma-
ble-register read cycle if LD is LOW. All output-side
synchronous control inputs must meet setup and hold
times with respect to the rising edge of RCLK. The 18 data
outputs, and the output-side status flags, are meaningful
after specified time intervals, following a rising edge of
RCLK.

Conceptually, the RCLK input receives a free-running,
periodic ‘clock’ waveform, which is used to control other
signals which are edge-sensitive. However, there actually
is not any absolute requirement that the RCLK waveform
mustbe periodic. An ‘asynchronous’ mode of operation is
in fact possible, if REN is continuously asserted (that is,
is continuously held LOW), and RCLK receives aperiodic
‘clock’ pulses of suitable duration. There likewise is no
requirement that RCLK must have any particular synchro-
nization relation to the write clock WCLK. These two clock
inputs may in fact receive the same ‘clock’ signal; or they
may receive totally-different signals, which are not syn-
chronized to each other in any way.

READ ENABLE (REN)

Whenever REN is being asserted (is LOW), and the
FIFO is not empty, an 18-bit data word is loaded into the
output register from the memory array at every RCLK
rising edge (LOW-to-HIGH transition). Data words are
read from the two-port memory array sequentially, regard-
less of any ongoing write operation. WheneveREN is not
being asserted (is HIGH), the output register retains
whatever data word it contained previously, and no new
data word gets loaded into it from the memory array.

To prevent underrunning the internal FIFO boundaries,
further read operations are inhibited whenever the Empty
Flag (EF) is being asserted (is LOW). If a valid write
operation then occurs, upon the completion of that write
cycle EF again goes HIGH after a time Rer, and anocther
read operation is allowed to begin whenever RCLK
makes another LOW-to-HIGH transition. EffectivelyREN
is overridden by EF; thus, during normal FIFQ operation,
REN has no effect when the FIFO is empty.

In the Enhanced Operating Mode, one (or, some-
times two) additional read-enable inputs may be
ANDed with REN to control reading, depending on
the state of Conftrol-Register bit 05. The additional
read-enable Input(s) are REN; (and OE).

BOLD ITALIC = Enhanced Operating Mode

Alsoin the Enhanced Operating Mode, REN, is an
additional duplicate (albeit assertive-HIGH) Read-En-
able input, in order to provide an ‘interfocking’
mechanism for reliable synchronization of two paral-
leled FIFOs.

Also, if Control Register bit 05 is HIGH, OF takes
on the extra role of serving as yet another duplicate
read-enable input, in addition to its usual function of
controlling the FIFO’s data oultputs, in order to Inhibit
further read operations whenever the FIFO’s data
outputs are disabled, and thereby to prevent data
loss under some circumstances.

OUTPUT ENABLE (OE)

OE is an assertive-LOW, asynchronous, output
enable. In the IDT-Compatible Operating Mode,OE has
only the effect of enabling or disabling the data outputs
Qo — Qn7. That is, disabling Qo — Q17 does not inhibit a
read operation, for data being transmitted to the output
register; the same data will remain available later, when
the outputs are again enabled, unless subsequently over-
written. When Qo — Q17 are enabled, each of these 18
data outputs is in a normal HIGH or LOW state, according
to the bit pattern of the data word in the output register.
When Qp — Q17 are disabled, each of these outputs is in
the high-Z (high-impedance) state.

In the Enhanced Operating Mode, if Control Regis-
ter bit 05 is HIGH, OE behaves as an additional read-
enable conirol input, as well as enabling and
disabling the data ouiputs @ — Qy7. Under these
circumstances, incrementing the read-address
pointer is inhibited whenever Q — Qy7 are in the
high-Z state. Thus, ‘reading’ successive words which
fall ever to reach the outputs is prevented, as a
safeguard against data loss.

LOAD (LD

The SHARP LH54V0235/45 FIFOs contain fthree 18-
bit programmable registers. The contents of these three
registers may be loaded with data from the data inputs
Do — D17, or read out onto the data outputs Qy— Q17. The
first two registers are the Programmable-Flag-Offset-
Value Registers, for the Programmable Almost-Empty
Flag (PAE) and the Programmable Almost-Full Flag PAF)
respectively. The third register is the Control Register,
which includes several configuration-control bits
for selectively enabling and disabling Sharp’s
Enhanced-Operating-Mode features.

16
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3.3 V 2048 x 18/4096 x 18 FIFO

LH54V0235/45

DESCRIPTION OF SIGNALS AND OPERATING SEQUENCES (cont’d)

WORD 0 8 PROGRAMMABLE-ALMOST-EMPTY-FLAG-OFFSET VALUE '2
17 12 1 10 4]
WORD 1 3 PROGRAMMABLE-ALMOST-FULL-FLAG-OFFSET VALUE "2
17 12 1" 10 0
CONTROL REGISTER**®
WORD 2
Reserved for
futore use. ® ® @ @@ ||
17 12 11 7 [} 5 4 3 2 7 o
CONTROL-REGISTER BITS:
@ Future use to control depth cascading and interlocked paralleling. ™
@ Enables suppressing reading whenever data outputs are disabled.
@ Makes PAF synchronous. See Table 5 for a
TE . more complete
@ @ Makes HF synchronous. (See the Control-Reglister Format & description of these
table for the encoding of bits 02-03.) effects.
@ Makes PAE synchronous.
(0) Setects reinitiatized addressing of the programmable registers. )
NOTES:
1. Default offset values all are 127,4= 7F ;4.
2. Bits 11-17 (LH54V0235) or bits 12-17 (LH54V0245) of both offset-value registers should
in all cases be programmed LOW (zero).
3. This bit position is used for offset values in the LH54V0245 only. In the LH54V0235, it
always should be programmed LOW.
4. See the Control-Reg/ster Format table for the default states of the Control Register,
for EMODE = HIGH (IDT-Compatible Operating Mode) and for EMODE = LOW (Enhanced Operating Mode).
The Control Register Is not accessible or visible in IDT-Compatible Operating Mode.
5. The assertion of EMODE (LOW) forces Controf Register bits 00-05 HIGH during a reset operation.
After that, these bits may be programmed at will.
= Reserved. Do not load with non-zero information.
BOLD ITALIC = Enhanced Operating Mode. 54V0235-4

Figure 5. Programmable Registers

None of these three registers makes use of all of its
available 18 bits. Figure 6 shows which bit positions of
each register are operational. The two Programmable-
Flag-Offset-Value Registers each contain an offset value
in bits 0-10 (LH54V0235) or bits 0-11 (LH54V0245); bits
11-17 (LH54V0235) or bits 12-17 (LH54V0245) are un-
used. The default values for both offsets are 127%g.

The Control Registerconfiguration is shown in Fig-
ure 6 and in Table 5. For the Contro/ Register, in the
IDT-Compatible Operating Mode, with EMODE deas-
serted (HIGH), the default value for all Control-Register
bits is zero (LOW). In the Enhanced Operating Mode,
with EMODE asserted (LOW), the default value for

BOLD ITALIC = Enhanced Operating Mode

bits 00-05 Is HIGH, and the default value for bits 06-11
is LOW.

Whenever LD and WEN are simultaneously being
asserted (are both LOW), the 18-bit data word from the
data inputs Do — D17 is written into the Programmable-
Almost-Empty-Flag-Offset-Value Register at the first ris-
ing edge (LOW-to-HIGH transition) of the write clock
(WCLK). (See Table 3.) If LD and WEN continue to be
simultaneously asserted, another 18-bit data word from
the data inputs Do — D47 is written into the Programma-
ble-Almost-Full-Flag-Offset-Value Register at the second
rising edge of WCLK.

SHARP
BN 4140798
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LH54V0235/45

3.3 V 2048 x 18/4096 x 18 FIFO

DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont’d)

What happens next is determined by the state of the
EMODE control input. If it is deasserted (HIGH), the next
18-bit word from the data inputs Dy — D17 is written back
into the Programmable-Almost-Empty-Flag-Offset-Value
Register again.

But, ifEMODE is asserted (LOW), then still another
18-bit data word from the data inputs Lp—-Dy7 is
written into the Conirol Register at the third rising
edge of WCLK. At the fourth rising edge of WCLK,
writing again occurs fo the Programmable-Almost-
Emply-Flag-Offset-Value Regisier; and the same
three-step writing sequence gets repeated on sub-
sequent WCLK rising edges.

The lower 11 bits of these offset-value words are made
use of by the 2048-word LH54V(0235, and the lower 12
bits by the 4096-word LH54V0245. Six active bits are
used for the Control Register, by both the LH54V0235
and the LH54V0244 There is no restriction on the values
which may occur in these offset-valueand Control/-Reg-
ister fields. However, reserved bit positions must be
encoded LOW, in order to maintain forward compatibility.

Writing contents to these two or three programmable
registers does not have to occur all at one time, or to be
effected by one single sequence of steps. WhenevelLD
is being assented (is LOW) butWEN is not being asserted
(is HIGH), the FIFO’s internal programmabile-register-
write-address pointer maintains its present value, without
any writing actually taking place at each rising edge of
WCLK. (See Table 3.) Thus, for instance, one or two
programmable registers may be written, after which the
FIFO may be retumed to normal FIFO-array-read/write
operation by deassertingLD (to HIGH).

Likewise, whenever LD and REN are simultaneously
being asserted (are both LOW) the 18-bit data word
(zero-filled as necessary) from the Programmable-Al-
most-Empty-Flag-Offset-Value Register is read to the
data outputs Qo — Q17 at the first rising edge (LOW-to-
HIGH transition) of the read clock (RCLK). (See Table 3.)
if LD and REN continue to be simultaneously asserted,
another 18-bit data word from the Programmable-Aimost-
Full-Flag-Offset-Value Register is read to the data outputs
Qo — Qu7 at the second rising edge of RCLK.

What happens next is determined by the state of the
EMODE control input. If it is deasserted (HIGH), the next
18-bit word again comes from the Programmable-Almost-
Empty-Flag-Offset-Value Register; it is read to the data
outputs Qo — (7. .

But, if EMODE is asserted (LOW), then the next
18-bit data word instead comes from the Control
Register; it /s read to the data outputs @ —~ Q17 at the
third rising edge of RCLK. At the fourth rising edge
of RCLK, reading again occurs from the Programima-
ble-Almost-Empty-Flag-Offset-Value Register; and

BOLD ITALIC = Enhanced Operating Mode

the same three-step reading sequence gets repeated
on subsequent RCLK rising edges.

Reading contents from these two or three program-
mable registers does not have to occur all at one time, or
to be effected by one single sequence of steps. Whenever
LD is being asserted (is LOW) but REN is not being
asserted (is HIGH), the FIFO’s internal programmable-
register-read-address pointer maintains its present value,
without any reading actually taking place at each rising
edge of RCLK. (See Table 3.) Thus, for instance, one or
two programmable registers may be read, after which the
FIFO may be retumed to_normal FIFO-array-read/write
operation by deassertingLD (to HIGH).

To ensure correct operation, the simultaneous reading
and writing of a register should be avoided.

WRITE ENABLE 2 (WEN?)

WEN:2 is one of three input signals which select the
grouping mode in which the FIFO operates after being
reset; the other two of these input signals areRENz, and
EMODE:  There are twopossible grouping modes: stand-
alone and interfocked paralleled Tables 1 and 2 show
the signal encodings which select each grouping mode.

In standalone operation, WENz and REN2both must
be grounded so that the FIFO comes up in the standalone
grouping mode after a reset operation. /n interlocked-
paralleled operation, WEN: is tied to FF of the other
paralleled FIFO, and REN: is tled to EF of that same
other FIFO. This interconnection scheme ensures
that both FIFOs will operate together, and remain
coordinated, regardiess of timing skews.

READ ENABLE 2 (REN2)

REN?2 is one of three input signals which select the
grouping mode in which the FIFO operates after being
reset; the other two of these input signals are WEN2z and
EMODE: There are twopossible grouping modes: stand-
alone and inferlocked-parafle/ed. Tables 1 and 2 show
the signal encodings which select each grouping mode.

In standalone operation, WEN2z and RENz both must
be grounded, so that the FIFO comes up inthe standalone
grouping mode after a reset operation. /n interlocked-
paralieled operation, WEN: is tied to FF of the other
paralleled FIFO, and REN is tied to EF of that same
other FIFO. This interconnection scheme ensures
that both FIFOs will operate together, and remain
coordinated, regardless of timing skews.

Data Outputs

DATA OUT (Qo — Q17)

Data, programmable-flag-offset values, andContro/-
Registercodes are output from the FIFO as 18-bit words
on Qo — Q17. Unused bit positions in offset-value words
and Control-Registerwords are zero-filled.
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3.3 V 2048 x 18/4096 x 18 FIFO

LH54Vv0235/45

DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont'd)

Control/Status Outputs
FULL FLAG (FF)

FF goes LOW whenever the FIFO is completely full.
That is, whenever the FIFQO's intemal write pointer has
completely caught up with its internal read pointer; so that,
if another word were to be written, it would have to
overwrite the unread word which is now in position for
reading out by the next requested read operation. Under
these conditions, the FIFO is filled to its nominal capacity,
which is 2048 18-bit words for the LH540235 or 4096
18-bit words for the LH540245 respectively. Write opera-
tions are inhibited wheneverFF is LOW, regardless of the
assertion or deassertion of Write Enable WEN).

If the FIFO has been reset by assertingRS (LOW), FF
initially is HIGH. But, whenever no read operations have
been performed since the completion of the reset opera-
tion, FF goes LOW after 2048 write operations for the
LH540235, or after 4096 write operations for the
LH540245. (See Table 4.)

FF gets updated after a LOW-to-HIGH transition of the
Write Clock (WCLK).

PROGRAMMABLE ALMOST-FULL FLAG (PAF)

PAF goes LOW whenever the FIFO is ‘almost’ full; that
is, whenever subtracting the value of the FIFO’s internal
read pointer from the value of its internal write pointer
yields a difference which is less than the value of the
Programmable-Almost-Full-Flag Offset ‘p.” The subtrac-
tion is performed using modular arithmetic, modulo the
total nominal number of 18-bit words in the FIFO’s physi-
cal memory, which is 2048 for the LH540235 or 4096 for
the LH540245 respectively.

The default value of ‘p’ after the completion of a reset
operation is 12719. However, ‘p’ may be set to any value
which does not exceed this total nominal number of words
for the device, as explained in the description of Load
(LD).

Itthe FIFO has been reset by assertingRS (LOW), and
no read operations have been performed since the
completion of the reset operation, PAF goes LOW after
(2048-p) write operations for the LH540235, or after
(4096-p) write operations for the LH540245. (See
Table 4.)

If p is still at its default value, PAF is LOW whenever
the FIFO is from seven-eighths full to completely full.

in the IDT-Compatible Operating Mode,PAF changes
from HIGH to LOW only after a LOW-to-HIGH transition
of the Write Clock WCLK, and from LOW to HIGH only
after a LOW-to-HIGH transition of the Read Clock RCLK.
Thus, in this operating mode,PAF behaves as an ‘asyn-
chronous flag.’

BOLD ITALIC = Enhanced Operating Mode

In the Enhanced Operating Mode, on the other
hand, PAF gets updated only after a LOW-to-HIGH
transition of the Write Clock WCLK, and thus behaves
as a ‘synchronous flag,” whenever Control Reglister
bit 04 is HIGH. (See Table 5.)

HALF-FULL FLAG (HF)

In ‘standalone’ operation, it behaves as a Half-Full Flag
(HF), in accordance with Table 4.

In standalone or interlocked-paralleled operation,
HF goes LOW whenever the FIFO is more than half full;
that is, whenever subtracting the value of the FIFO’s
internal read pointer from the value of its internal write
pointer yields a difference which is less than half of the
total nominal number of 18-bit words in the FIFO’s physi-
cal memory, which is 1024 for the LH54V0235 or 2048 for
the LH54V0245 respectively. (See Table 4.) The subtrac-
tion is performed using modular arithmetic, modulo this
total nominal number of words, which is 2048 for the
LHS54V0235 or 4096 for the LH54V0245 respectively.

Ifthe FIFO has been reset by assertingRS (LOW), and
it is operating in standalone modeor /n interlocked-par-
alleled mode, and no read operations have been per-
formed since the completion of the reset operation,HF
goes LOW after 1025 write operations for the
LHS54V0235, or after 2049 write operations for the
LH54V0245. (See Table 4.)

In the IDT-Compatible Operating Mode,HF changes
from HIGH to LOW only after a LOW-to-HIGH transition
of the Write Clock WCLK, and from LOW to HIGH only
after a LOW-to-HIGH transition of the Read Clock RCLK.
Thus, in this operating mode, HF behaves as an ‘asyn-
chronous flag.’

In the Enhanced Operating Mode, on the other
hand, HF gets updated only after a LOW-to-HIGH
transition of the Read Clock RCLK, or else after a
LOW-to-HIGH transition of the Write Clock WCLK,
according to the setting of bits 03 and 02 of the
Control Register. (See Table 5.) Thus, in this mode HF
behaves as a ‘synchronous flag,”’ and may be syn-
chronized efther to the input side of the FIFO (i.e., to
WCLK), or to the output side of the FIFO (ie., to
RCLK).

PROGRAMMABLE ALMOST-EMPTY FLAG (PAE)

PAE goes LOW whenever the FIFO is ‘almost empty’;
that is, whenever subtracting the value of the FIFO’s
internal write pointer from the value of its internal read
pointer yields a difference which is less than g + 1, where
‘qQ’ is the value of the Programmable-Almost-Empty-Flag
Offset. The subtraction is performed using modular arith-
metic, modulo the total nominal number of 18-bit words
in the FIFO’'s physical memory, which is 2048 for the
LH54V0235 or 4096 for the LH5V40245 respectively.

SHARP
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LH54V0235/45

3.3 V 2048 x 18/4096 x 18 FIFO

DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont’d)

The default value of g after the completion of a reset
operation is 12710. However, g may be set to any value
which does not exceed this total nominal number of words
for the device, as explained in the description of Load
(LD).

Ifthe FIFO has been reset by assertingRS (LOW), and
no write operations have been performed since the com-
pletion of the reset operation, then PAE is LOW. (See
Table 4.)

If q is still at its default value, PAE is LOW whenever
the FIFO is from one-eighth full to completely empty.

In the IDT-Compatible Operating Mode PAE changes
from HIGH to LOW only after a LOW-to-HIGH transition
of the Read Clock RCLK, and from LOW to HIGH only
after a LOW-to-HIGH transition of the Write Clock WCLK.
Thus, in this operating mode, PAE behaves as an ‘asyn-
chronous flag.’

In the Enhanced Operating Mode, on the other
hand, PAE gets updated only after a LOW-to-HIGH
transition of the Read Clock RCLK, and thus behaves
as a ‘synchronous flag,” whenever Control Register
bit 01 is HIGH. (See Table 5.)

TIMING DIAGRAMS

EMPTY FLAG (EF)

EF goes LOW wheneverthe FIFO is completely empty.
That is, whenever the FIFO’s intemal read pointer has
completely caught up with its internal wiite pointer; so
that, if another word were to be read out, it would have to
come from the physical memory location which is now in
position to be written into by the next requested write
operation. Read operations are inhibited wheneverEF is
LOW, regardless of the assertion or deassertion of Read
Enable (REN).

If the FIFO has been reset by assertingRS (LOW), and
no write operations have been performed since the
completion of the reset operation, thenEF is LOW. (See
Table 4.)

EF gets updated after a LOW-to-HIGH transition of the
Read Clock RCLK.

EMPTY FLAG 2 (EF2)

In the Enhanced Operating Mode, EF2 behaves as a
second Emply Flag EF>. EF2 Is an exact duplicate of
the main Emply Flag EF, except that it is delayed with
respect to EF by one full cycle of the Read Clock
RCLK.

i, |
7 TN
w1
e, T —
£ o ot LOW 1 O Lot g s OF -kt s

Figure 6. Reset Timing

BOLD ITALIC = Enhanced Operating Mode
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3.3 V 2048 x 18/4096 x 18 FIFO

LH54V0235/45

TIMING DIAGRAMS (cont’d)

WCLK

DO - Dﬂ'

WEN

RCLK

REN

NOTE:

N\

tok
toLkn , touke
_ N/
tos
ton

—| —

XXXXXXXXXX RHRK OO XX
tens
] Lrew
\\\\\ }(/ // NO OPERATION
twrr twrer

tskew:

/

1. tgkews IS the minimum time between a rising RCLK edge and a
rising WCLK edge for FF to change predictably during the current
clock cycle. If the time between the rising edge of RCLK and the
rising edge of WCLK is less than tg,ews, then it is not guaranteed
that FF will change state until the next following WCLK edge.

54V0235-6

Figure 7. Synchronous Write Operation

SHARP

B BB 3130798 0022019 078 WA

21



LH54V0235/45 3.3 V 2048 x 18/4096 x 18 FIFO

TIMING DIAGRAMS (cont’d)

tek
toLkn ) touxke
tens
tenn
REN NO OPERATION \\\\
tRer trer
EF X ,L
ta
Q- Qy7 ><>< VALID DATA OUT —
toz
toe tomz
OE L
) tskewz (!
WCLK ;l‘ \ / \ / \
WEN \
NOTE:
1. tgkews is the minimum time between a rising WCLK edge and a

rising RCLK edge for EF to change predictably during the current

clock cycle. If the time between the rising edge of WCLK and the

rising edge of RCLK is less than tgkgws, then it is not guaranteed

that EF will change state until the next following RCLK edge.

54v0235-7
Figure 8. Synchronous Read Operation
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3.3 V 2048 x 18/4096 x 18 FIFO

LH54V0235/45

TIMING DIAGRAMS (cont'd)

WCLK

.

tos

C N S S S

Do - Dy7

S

Do (FIRST
VAI(.)IDWRTE) B, x D: X

O

tens

-

WEN

trre @

RCLK

toxewz tRer

ﬁ
e
e
e
:

REN

/'

1, @

XXX

D,

NOTES:
1. tgkewsz is the minimum time between a rising RCLK edge and a rising
WCLK edge for FF to change predictably during the current clock cycle.
If the time between the rising edge of RCLK and the rising edge of
WCLK is less than tgxewso, then it is not guaranteed that FF will change
state until the next following WCLK edge.

2. teg (First-Read Latency) is the minimum time between a rising WCLK
edge and a rising RCLK edge to assure a correct readaut of the first data
word Dy in response to the next RCLK edge. Thus, tep) = to k + tskews-

If tegy is not met, Dy may be available either at te x + tskewso, or after
one more clock cycle delay at 2 tey i + tgkewe. The First-Read Latency
timing restrictions apply only when the FIFO has been empty (EF = LOW).

3. EF may be used to determine when the first data word D, may be read.
D, always is available on the next cycle after EF has gone HIGH.

54V0235-8

Figure 9. Latency for the First Data Word After a
Reset Operation, With Simultaneous Read and Write
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LH54V0235/45 3.3 V 2048 x 18/4096 =< 18 FIFO

TIMING DIAGRAMS (cont’d)

tskewt' tps tskewt’ tps

twee twre | twrr

DATA WRITE

ﬁiJ

'11
L
T

WEN _\
RCLK _\_/[ \_/ \_/_\_/_\_/_\
tens tens
tenH tENﬁ_
REN
e LOW
ta ta
. DATA IN NEXT
Qo-Qyr OUTPUT REGISTER DATA READ DATA READ

NOTE:

1. tgkews is the minimum time between a rising RCLK edge and a
rising WCLK edge for FF to change predictably during the current
clock cycle. If the time between the rising edge of RCLK and the
rising edge of WCLK is less than tgxew,. then it is not guaranteed
that FF will change state until the next following WCLK edge.

54V0235-9

Figure 10. Full-Flag Timing
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3.3 V 2048 x 18/4096 x 18 FIFO

LH54V0235/45

TIMING DIAGRAMS (cont’d)

WCLK

tos

I SNV VAN |

NVARNVA

DO - Di?

DATAWRITE 1>< ><><><><><><

tos
MD

fens

tenn

—

lens

WEN

tep @

toxewz!"

RCLK

tRer

EF,

trer

REN

Ak

tenn

e ®

tskews!"

trer

8

trer

LOW

ta

Qp - Qy7 DATA IN OUTPUT REGISTER

DATA READ

NOTES:

rising edge of RCLK is less than t gkewo, then it is not guaral

BOLD ITALIC = Enhanced Operating Mode.

1. tgkews is the minimum time between a rising WCLK edge and a
rising RCLK edge for EF to change predictably during the current
clock cycle. If the time between the rising edge of WCLK and the

nteed

that EF will change state until the next following RCLK edge.

2. tep (First-Read Latency) is the minimum time between a rising WCLK
edge and a rising RCLK edge to assure a correct readout of the first data
word Dy in response to the next RCLK edge. Thus, trg =t k + tskews-

If teg_ is not met, Dy may be available either at te k + tgkewes OF after
one more clock cycle delay at 2 tg « + tskews. The First-Read Latency
timing restrictions apply only when the FIFO has been empty (EF = LOW).

3. EF may be used 1o determine when the first data word D 3 may be read.
Dy always is available on the next cycle after EF has gone HIGH.

54V0235-10

Figure 11. Empty-Flag Timing
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LH54V0235/45

3.3 V 2048 x 18/4096 x 18 FIFO

TIMING DIAGRAMS (cont’d)

toik

folkn

torke

WCLK 7

N S S

tenn

tens
=

——

LD

WEN Q; 5\

ANDZANN

lens

tos |

CONTROL REGISTER

o0-0s - OOCOCOK KO XCOOXCXTOOOIXK

PAE OFFSET PAF OFFSET

54V0235-11

Figure 12. Programmable-Register Write Operation

tok

toikn

_tow

RCLK 7
lensl
tenn
o A\ ./L’/A\\
tens| |
REN W

ta

CONTROL REGISTER
R — N
Qo- Q5 ><><><><><>< X UNKNOWN X PAE OFFSETXPAF OFFSETX ><X

54V0235-12

Figure 13. Programmable-Register Read Operation
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3.3 V 2048 x 18/4096 % 18 FIFO LH54V0235/45
TIMING DIAGRAMS (cont’d)
ikn_ _tork
tens
tenm
WEN £ 2 ’/
teae
PAE a+ words words in FIFO
tpag
RCLK
tens
REN AN
NOTE: __
1. PAE offset = . Also, number of data words written into FIFO already = q.
54V0235-13
Figure 14. Programmable-Almost-Empty Flag Timing,
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LH54Vv0235/45

3.3 V 2048 x 18/4096 x 18 FIFO

TIMING DIAGRAMS (cont’d)

Enhanced Operating Mode Timing Diagram

5 ©
wx O N\

S ANV

3. The internal state of the FIFO:
At @ q+1 words.

At e , q words.
At @ qg+1 words again.

o0 YemmumeiX e X XXX XXXXXAX
tens tenn
tenn tens
WEN AN
tokew2'"
RCLK
PAE
REN
OE LOW
ta
Qg - Qy7 DATA IN OUTPUT REGISTER DATA READ
NOTES:

1. tgkews is the minimum time between a rising WCLK edge and a
rising RCLK edge for PAE to change predictably during the current
clock cycle. If the time between the rising edge of WCLK and the
rising edge of RCLK is less than xewe, then it is not guaranteed
that PAE will change state until the next following RCLK edge.

2. PAE offset = q. Also, number of data words written into FIFO aiready = q.

54V0235-23
Figure 15. Programmable-Almost-Emply Flag Timing,
When Synchronous (Enhanced Operating Mode)
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3.3 V 2048 x 18/4096 x 18 FIFO LH54V0235/45

TIMING DIAGRAMS (cont’d)

touen,_tork

tens (0

WEN
tpar
BAE 2048 - pwords /5047 ) \ords
PAF in FIFO (3)
RCLK

REN \\\
NOTES:

1. PAF offset = p. Number of data words written into FIFO already = 2047 - p for the LH54V0235 and 4095 - p for the LH54V0245 .
2. 2048 - p words in FIFO for LH54V0235. 4096 - p words in FIFO for LH54V0245.
3. 2047 - p words in FIFO for LH54V0235. 4095 - p words in FIFO for LH54V0245.

54V0235-14

Figure 16. Programmable Almost-Full-Flag Timing,
IDT-Compatible Operating Mode
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LH54V0235/45 3.3 V 2048 < 18/4096 x 18 FIFO

TIMING DIAGRAMS (cont’d)

Enhanced Operating Mode Timing Diagram

NO WRITE NO WRITE
WOLK _\/_\\* //_\_\\/ \ _/_\_/-‘

\ /
tskews " tos takews (D tpg

_SKEw1, . SKEW1 | .
DATA WRITE ~
o0y XXAX e KX KRR K]

toars tpars || tpars

WEN \ /
o T\ I

tens Tens
__|tenn __ftenn

REN

_ Low

OF

ta ta
DATA IN NEXT
Qo- Q7 OUTPUT REGISTER DATA READ DATA READ
NOTES:

1. tgkew is the minimum time between a rising RCLK edge and a
rising WCLK edge for PAF to change predictably during the current
clock cycla. If the time between the rising edge of RCLK and the
rising edge of WCLK is less than tgkew,, then it is not guaranteed
that PAF will change state until the next following WCLK edge.

2. PAF offset = p. Number of data words written into FIFO already = 2047 - p
for the LH54V0235 and 4085 - p for the LH54V0245,

3. The intemal state of the FIFO:
At @ 2047 - p words in FIFQ for LH54V0235 and 4095 - p words in FIFO for LH54V(0245.
At , 2048 - p words in FIFO for LH54V0235 and 4096 - p words in FIFO for LH54V0245.
At @, again 2047 - p words in FIFO for LH54V0235 and 4095 - p words in FIFO for LH54V0245.

54V0235-24

Figure 17. Programmable-Almost-Full-Flag Timing,
When Synchronous (Enhanced Operating Modd
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3.3 V 2048 x 18/4096 x 18 FIFO LH54V0235/45

TIMING DIAGRAMS (cont’d)

toikn towk

tens

WEN
e
__ HALF FULL +1
AF HALF FULL OR LESS OR MORE HALF FULL OR LESS
RCLK

54V0235-15

Figure 18. Half-Full-Flag Timing,
IDT-Compatible Operating Mode
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LH54V0235/45 3.3 V 2048 x 18/4096 x 18 FIFO

TIMING DIAGRAMS (cont’d)

Enhanced Operating Mode Timing Diagram

NO WRITE

NO WRITE
WCLK ( Ny /_\_S ) /_\_

tskewr’ Ips

e -

DATA WRITE ~

ATAWRITEX WWW)‘( '

thrs

o

%00 X XXXKXXXX

thrs s

WEN \ /
e N\ /S

tEns tens
__|tenn LU
REN
o€ LOW
1A ta
. DATA IN J( ;k NEXT
Qo-Qy7 OUTPUT REGISTER DATA READ DATA READ

NOTES:

1. tskews is the minimum time between a rising RCLK edge and a
rising WCLK edge for HF to change predictably during the current
clock cycle. If the time between the rising edge of RCLK and the
rising edge of WCLK is less than t gxew. then itis not guaranteed
that HF will change state until the next following WCLK edge.

2. The internal state of the FIFO:
At (A), exactly halt full.

At half+1 words.

At @ exactly half full again.

54V0235-25

Figure 19. Half-Full-Flag Timing, When Synchronized
to Input Port (Enhanced Operating Mode)
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3.3 V 2048 x 18/4096 x 18 FIFO LH54V0235/45

TIMING DIAGRAMS (cont’d)

Enhanced Operating Mode Timing Diagram

N SN ANV S NNV AN
tps ps
00 -D1 L— oxrmwrre X XX XX XXXHN
tens _|te
tenn tens
WEN \\\N
tskewz(" tskew{V
RCLK .
tHFS tHFS tHFS
HF
tens |tenn
fEN
OE LOW
ta
Qp- Q47 DATA IN OUTPUT REGISTER DATA READ

NOTE:

1. tskews is the minimum time between a rising WCLK edge and a
rising RCLK edge for HF to change predictably during the current
clock cycle. If the time between the rising edge of WCLK and the
rising edge of RCLK is less than tgkews. then it is not guaranteed
that HF will change state until the next foliowing RCLK edge.

2. The internal state of the FIFO:

At @ half+1 words.

At , exactly half full.

At @ half+1 words again.

540235-26

Figure 20. Half-Full-Flag Timing, When Synchronized
to Output Port (Enhanced Operating Mode)
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LH54V0235/45

3.3 V 2048 x 18/4096 x 18 FIFO

APPLICATIONS INFORMATION

Standalone Configuration

When depth cascading is not required for a given
application, the LH54V0235/45 is placed in standalone
mode by tying WEN2and REN2 to ground.

Width Expansion

Word-width expansion is implemented by placing mul-
tiple LH54V0235/45 devices in parallel. In practice, the
reliability benefits of interlocked-paralleled operation are
available only with the pipelining scheme, making it the
preferred alternative.

When standalone-mode LH54V0235/45 devices are
paralleled, the behavior of the status flags is identical for

all devices; so, in principle, a representative value for
each of these flags could be derived from any one device.
In practice, it is better to derive ‘composite’ flag values
using extemal logic, since there may be minor speed
vanations between different actual devices. After writing
or reading have been in a disabled state, the process of
re-enabling should be gated by the slowest FIFO.

For m paralleled FIFOs, the form of this external
composite-flag logic may be an OR gate with m assertive-
LOW inputs and an assertive-LOW output. In keeping
with deMorgan’s Theorem, such a gate may be imple-
mented as an AND gate with m assertive-HIGH inputs
and an assenrtive-HIGH output. Figure 28 illustrates the
case m = 2.

RESET (RS)
ENHANCED
MODE (EMODE)
O
WRITE CLOCK (WCLK) ————= - READ CLOCK (RCLK)
WRITE ENABLE (WEN) ————=C] {>~=———— READ ENABLE (REN)
LOAD (LD) ——=} | ysavozasus [0 OUTPUT ENABLE (OE)
DATA IN 4_» D[17:0) Q[17:0) %8_» DATA OUT
FULL FLAG (FF) ~=——) (>———= EMPTY FLAG (EF)
PROGRAMMABLE PROGRAMMABLE
ALMOST-EMPTY FLAG (PAE) 9 O ™ ALMOST-FULL FLAG (PAF)
HALF-FULL FLAG (HF) —~———-}
Y Y WRITE ENABLE 2 (WEN,
READ ENABLE 2 (REN,)
BOLD ITALIC = Enhanced Operating Mode. 54v0235-21
Figure 21. Standalone FIFO
BOLD ITALIC = Enhanced Operating Mode
34 SHARP

B 3180798 po22032 501 WA

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




LH54V0235/45

3.3 V 2048 x 18/4096 x 18 FIFO
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Figure 22. Interlocked-Paralleled Word-Width Expansion

35

SHARP

B 8180798 0022033 u4s HE

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



LH54V0235/45 3.3 V 2048 x 18/4096 x 18 FIFO

PACKAGE DIAGRAMS

68PLCC (PLCC68-P-950) |

C1 1 1 T 1 3 1 3 3 1 1 1 1 1 71 1 1

24.23[0.954]
24.13 {0.950}

25.27 [0.995] 23.62 [0.930]
25.02 [0.985] 22.61 [0.890]

A ) o3 ) 1 o
[ ]
| N [ N SN NN N SN g W [ (G ) MO (o AU g 0 (OU Ry FOA (y UNUU (y S f tn

NN gy SN oy NN VO [y UNNN Jy URN [y VU [ VU Ry ISHD [y N [ N [ N J VU [y U D [ Ny W |

24.23 [0.954]
24.13{0.950)

25.27 [0.995]
! 25.02 {0.985]

3.91[0.154] 4.57 [0.180)
3.71[0.1486] 4.19[0.165]
|

— =

1.27 [0.050] g .53 [0.021) 0.051 [0.020]
0.33{0.013} MIN

DIMENSIONS IN MM [INCHES]  -MAXIMUM LIMIT

£0.10 [0.004]

68PLCC-1

68-Pin PLCC
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3.3 V 2048 x 18/4096 x 18 FIFO LH54V0235/45

64TQFP (TQFP-64-P-1414)
DETAIL

0.20 [0.008] l/ —
0.09 [0.004]
Wnuing

0.75[0.030] L 0.15[0.006}
0.45 [0.018] 0.05 [0.002}

16.0 [0.630]
BASIC

14.0[0.551]
BASIC

HHANHAAAAAAAAAAA
O

16.0 [0.630} 14.0 [0.551]
BASIC BASIC

HAAHARAHARARARHA
IEEEEEEEEEEEEEEL

\ /
hobdBHHHHHHHHEHE

—~— 0.80 [0.031]
BASIC

/ )
) STt aiata RIS Ia ntniatatatsizin d
1.60(0.063] 1.45 [0.057] 0.45 [0.01 a]__] L >]0.10[0.004]

MAX. 1.35 [0.53] 0.30 [0.012]

DIMENSIONS IN MM [INCHES] %&r\%

B4TQFP

64-Pin TQFP
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LH54V0235/45 3.3 V 2048 x 18/4096 x 18 FIFO
ORDERING INFORMATION
LH54V0235/45 X X - ##
Device Type Temperature Package Speed

Range 25
L—{ a5 Cycle Time (ns)

U 68-Pin Plastic Leaded Chip Carrier (PLCC68-P-S950) *

M 64-Pin Thin Quad Flat Package
{ Blank Commercial (0°C to 70°C)

* Preliminary Information
Example: LH54V0245M-25 (4096 x 18 Commercial Synchronous FIFO, 25 ns, 64-pin TQFP)

| H Industrial (-40°C to 85°C)
2048 x 18/4096 x 18 Synchronous FIFO

54V0235MD
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