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DALLAS

SEMICONDUCTOR

DS2009
512 x 9 FIFO Chip

FEATURES

* First-in, first-out memory-based architecture
*® Flexible 512 x 9 organization

* Low-power HCMOS technology

® Asynchronous and simultaneous read/write
¢ Bidirectional applications

* Fully expandable by word width or depth

* Empty and full warning flags

* Half-full flag capability in single-device mode
* Retransmit capability

* High performance

* Available in 35 ns, 50 nis, 65 ns, 80 ns, and 120 ns
access times

* Optional industrial temperature range -40°C to +85°C
available, designated N

DESCRIPTION

The DS2009 512 x 9 FIFO Chip implements a first-in,
first-out algorithm featuring asynchronous read/write
operations, full, empty and half-full flags, and unlimited
expansion capability in both word size and depth. The
main application of the DS2009 is as a rate buffer, sourc-
ing and absorbing data at different rates (e.g., interfac-
ing fast processors and slow peripherals). The full and
empty flags are provided to prevent data overflow and
underflow. A half-full flag is available in the single-de-
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PIN DESCRIPTION

w — WRITE

R — READ

RS — RESET

FL/RT — First Load/Retransmit

Dos — Dataln

Qo8 — Data Out

X1 — Expansion In

XO/HF ~ Expansion Out/Half Full

FF — Full Flag

EF — Empty Flag

Vce — 5 Volts

GND — Ground

NC — No Connect

vice and width-expansion configurations. The data is
loaded and emptied on a first-in, first-out (FIFO) basis,
and the latency for the retrieval of data is approximately
one load cycle (write). Since the writes and reads are
internally sequential, thereby requiring no address infor-
mation, the pinout definition will serve this and future
higher-density devices. The ninth bitis provided to sup-
port control or parity functions.
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OPERATION

Unlike conventional shift register-based FIFOs, the
DS2009 employs a memory-based architecture where-
in a byte written into the device does not ripple through.
Instead, a byte written into the DS2009 is stored at a
specific location where it remains until over-written. The
byte can be read and re-read as often as desired.

Twin address pointers (ring counters) automatically
generate the address required for each write and read
operation. The empty/full flag circuit prevents illogical
operations, such as reading unwritten bytes (reading
while empty) or over-writing unread bytes (writing while
full). Once a byte stored at a given address has been
read, it can be over-written.

Address pointers automatically loop back to address
zero after reaching address 511. The empty/full status
of the FIFO is therefore a function of the distance be-
tween the pointers, not of their absolute location. As

BLOCK DIAGRAM Figure 1

long as the pointers do not catch one another, the FIFO
can be written and read continuously without ever be-
coming full or empty.

Resetting the FIFO simply resets the address pointers
to address zero. Pulsing retransmit resets the read ad-
dress pointer without affecting the write address pointer.

With conventional FIFOs, implementation of a larger
FIFO is accomplished by cascading the individual Fi-
FOs. The penalty of cascading is often unacceptable
ripple-through delays. The DS2009 aliows implementa-
tion of very large FIFOs with no timing penatlties. The
memory-based architecture of the DS2009 can connect
the read, write, datain, and data out lines of the DS2009
in parallel. The write and read control circuits of the indi-
vidual FIFOs are then automatically enabled and dis-
abled through the expansion in and expansion out pins
as appropriate (see the “Expansion Timing” section for
a more complete discussion).
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SINGLE DEVICE CONFIGURATION single device configuration mode when the chip is reset
A single DS2009 can be used when application require- with the Expansion In pin (XI) grounded (see Figure 2).

ments are for 512 words or less. The DS2009 is placed in

A SINGLE 512 X 9 FIFO CONFIGURATION Figure 2

T (EF) EMPTY FLAG
WRITE (W) (R) READ
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8 9
DATA IN (DO-DB) DATA IN (Q0-Q8)
DS2009
FULL FLAG (FF) (EF) EMPTY FLAG
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RESET (RS) (RT) RETRANSMIT
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EXPANSION IN (Xi) T

A 512 X 18 FIFO CONFIGURATION (WIDTH EXPANSION) Figure 3
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/

NOTE:
Flag detection is accomplished by monitoring the FF, EF and HF signals on either (any) device used in the width ex-

pansion configuration. Do not connect flag output signals together.
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DEPTH EXPANSION (DAISY CHAIN)
The DS2009 can easily be adapted to applications
where more than 512 words are required. Figure 4 dem-
onstrates depth expansion using three DS2009s. Any
depth can be attained by adding DS2009s.

External logic is needed to generate a composite full
flag and empty flag. This requires the ORing of all EFs
and the ORing of all FFs (i.e., all must be setto generate
the correct composite FF or EF).

The DS2009 operates in the depth expansion configura-
tion after the chip is reset under the following conditions.

1. The first device must be designated by grounding
the First Load pin (FL). The retransmitfunctionis not
allowed in the depth expansion mode.

All other devices must have FL in the high state.

3. The Expansion Out (XO) pin of each device must be
tied to the Expansion In (X1} pin of the next device.
The half-full capability is not allowed in depth expan-
sion.

el

A 1536 X 9 FIFO CONFIGURATION (DEPTH EXPANSION) Figure 4
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COMPOUND EXPANSION

The two expansion techniques described above can be
applied together in a straightforward manner to achieve
large FIFO arrays (see Figure 5).

BIDIRECTIONAL APPLICATIONS
Bidirectionai applications that require data buffering be-
tween two systems (each system capable of read and

write operations) can be achieved by pairing DS2009s
as shown in Figure 6. Care must be taken to assure that
the appropriate flag is monitored by each system (i.e.,
FF is monitored on the device where W is used; EF is
monitored on the device where R is used). Both depth
expansion and width expansion can be used in this
mode.
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COMPOUND FIFO EXPANSION Figure 5

Q0-Q8 Qo-Q17
ee o Q0-QN
Qo-q8 Qo-Q17 Q(N-8)-ON
R.W RS DS2009 DS2009 DS2009
_——.—’ —
DEPTH EXPANSION DEPTH EXPANSION eee—> DEPTH EXPANSION
{} D0-D8 Ol 09017 D(N-8)-DN
DO-DN D18-DN
®  DN-8)-DN
NOTES:

1. For depth expansion block diagram see “Depth Expansion” section and Figure 4.
2. For flag operation see “Width Expansion” section and Figure 3.

BIDIRECTIONAL FIFO APPLICATION Figure 6
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HALF-FULL CAPABILITY memory of the device. The half-full flag is then reset

In the single-device and width-expansion modes, the
XO/HF output acts as an indication of a half-fullmemory.
(Xi must be tied low.) After half of the memory is filled,
and at the falling edge of the next write operation, the
Half-Full Flag (HF) will be set to low and will remain low
until the difference between the write pointer and read
pointer is less than or equal to one half of the total

(forced high) by the rising edge of the read operation.

WRITE MODE

The DS2009 initiates a write cycle (see Figure 7) on the
falling edge of the write enable control input (W), pro-
vided that the Full Flag (FF) is not asserted. Data setup
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and hold time requirements must be satisfied with re-
specttotherising edge of W. The data s stored sequen-
tially and independent of any ongoing read operations.
FF is asserted during the last valid write as the DS2009
becomes full. Write operations begun with FF low are

read operation. Writes beginning after FF goes low and
more than twp; before FF goes high are invalid (ig-
nored). Writes beginning less than twp before FF goes
high and less than tpry later may or may not occur (be
valid), depending on internal flag status.

inhibited. FF will go high trer after completion of a valid

WRITE AND FULL FLAG TIMING Figure 7

LAST VALID

INVALID INDETERMINANT FIRST VALID
WRITE WRITE WRITE WRITE
< twc —P
> twew
P twew  —— . > twr |
v / 2B /N / p \J
——» twrr — > ¢ terw
FF NOTFUL FULL e /" NOT FULL
-
—» tRFF —
)
> | oH \
—» Ios
Dg-Dg ¥ VvALID pa VALID VALID
DATAIN / P DATAIN DATA IN

WRITE AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vge=5.0V + 10%)

DS2009-35 | DS2009-50 | DS2008-65 | DS2009-80 | DS2009-120
PARAMETER | SYM | MIN | MAX | MIN { MAX | MIN { MAX | MIN | MAX | MIN | MAX | U |NOTES
Write Cycle twe | 45 65 80 100 140 ns
Time
Write Pulse twew | 35 50 65 80 120 ns 1
Width
Write twr 10 15 15 20 20 ns
Recovery Time
Data Setup tps 15 20 25 30 40 ns
Time
Data Hold Time | tpy 5 5 10 10 10 ns
W Low to FF twer 30 45 60 70 10 | ns 2
Low
FF High to trrw 5 5 10 10 10 ns 2
Valid Write
R Highto FF tREF 30 45 60 70 110 | ns 2
High
Write Protect twpi 15 20 25 25 35 ns 2
Indeterminate
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READ MODE

The DS2009 initiates a read cycle (see Figure 8} on the
falling edge of Read Enable control input (R), provided
that the Empty Flag (EF) is not asserted. In the read
mode of operation, the DS2009 provides fast access to
data from 9 of 4608 locations in the static storage array.
The data is accessed on a FIFO basis independent of
any ongoing write operations. After R goes high, data
outputs will return to a high impedance condition until
the next read operation.

READ AND EMPTY FLAG TIMING Figure 8

In the event that all data has been read from the FIFO,
the EF will go low, and further read operations will be in-
hibited (the data outputs will remain in high impedance).
EF will go high twgr after completion of a valid write op-
eration. Reads beginning tgrg after EF goes high are
valid. Reads begun after EF goes low and more than
trp) before EF goes high are invalid (ignored). Reads
beginning less than tgp| before EF goes high and less
than tggg later may or may not occur (be valid) depend-
ing on internal flag status.
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READ AC ELECTRICAL CHARACTERISTICS

(0°C to 70°C; Vee=5.0V + 10%)

DS2009-35 | DS2009-50 | DS2009-65 | DS2009-80 | DS2009-120

PARAMETER | SYM | MIN [ MAX [ MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | U | NOTES
Read Cycle tre 45 65 80 100 140 ns
Time

Access Time ta 35 50 65 80 120 ns 1
Read Recovery | tgpr 10 15 15 20 20 ns

Time

Read Pulse trpw | 35 50 65 80 120 ns 1
Width
R Lowto tRL 5 10 10 10 20 ns 2
Low Z

Data Valid from | tpy 5 5 5 5 5 ns 2
R High
R High to tRHZ 20 25 25 25 35 | ns 2
High Z
Rlowto tRerF 30 45 60 70 110 | ns 2
EF Low
EF High to teFR 5 5 10 10 10 | ns 2
Valid Read
W High to twer 30 45 60 70 110 | ns 2
EF High

Read Protect trp) 15 20 25 25 35 ns 2
Indeterminate

HALF-FULL MODE

Unlike the full and empty flags, the half-full flag does not
prevent device reads and writes. This flag is set by the
next falling edge of write when the memory is 256 loca-
tions full. The flag will remain set until the memory is

HALF-FULL FLAG TIMING Figure 9

W

less than or equal to 256 locations full. The read opera-
tion (rising edge), which results in the memory being
2566 locations full, removes the flag.

X /

|

tRHF -
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051994 8/14
945

This Material Copyrighted By Its Respective Manufacturer



DS2009

HALF-FULL FLAG AC CHARACTERISTICS

(0°C to 70°C; Ve=5.0V + 10%)

DS2009-35 | DS2009-50 | DS2009-65 | DS2009-80 | DS2009-120

PARAMETER | SYM | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX UNITS
Write Low
to Half-Full twhE 45 65 80 100 140 | ns
Flag Low
Read High
to Half-Full - 45 65 80 100 140 | ns
Flag High

" BRESET Although neither W or R need be high when RS goes

The DS2009 is reset (see Figure 10) whenever the Re-
set pin (RS) is in the low state. During a reset, both the
internal read and write pointer are set to the first loca-
tion. Reset is required after a power-up before a write
operation can begin.

RESET Figure 10

low, both W are R must be high trss before RS goes
high and must remain high tasp afterwards. Refertothe
following discussion for the required state of FLU/RT and
Xi during reset.

trs

tRSC

b tpgn— W

tRss

o T R R KRR R

R

NOTES:

EF, FF and HF may change status during reset, but flags will be valid at trsc-
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RESET AC ELECTRICAL CHARACTERISTICS

(0°C to 70°C; Voe=5.0V + 10%)

DS2009-35 | DS2009-80 | DS2009-65 | DS2009-80 | DS2009-120
PARAMETER | SYM | MIN | MAX | MIN | MAX | MIN | MAX | MIN [ MAX | MIN |MAX { U | N
Reset Cycle trsc | 45 65 80 100 140 ns
Time
Reset Pulse trs 35 50 65 80 120 ns | 1
Width
Reset trsp | 10 15 15 20 20 ns
Recovery Time
Reset trss | 30 40 50 60 100 ns | 2
Setup Time
RETRANSMIT

The DS2009 can be made to retransmit (re-read pre-
viously read data) after the Retransmit pin (RT) is
pulsed low (see Figure 11).

A retransmit operation sets the internal read pointer to

the first physical location in the array but will not affect
the position of the write pointer. R must be inactive trtg

RETRANSMIT Figure 11

tar

trTC

before RT goes high and must remain high for tgTr af-
terwards.

The retransmit function is particularly useful when
blocks of less than 512 writes are performed between
resets. The retransmit feature is not compatible with
depth expansion.

A

tRTS

14— tATR —P

N

HF I
-

NOTE:

EF, FF and HF may change status during retransmit, but flags will be valid at tryc.
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RETRANSMIT
AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vee=5.0V + 10%)
DS2009-35 | DS2009-80 | DS2009-65 | DS2009-80 | DS2009-120

PARAMETER | SYM | MIN [ MAX | MIN | MAX | MIN | MAX | MIN | MAX [ MIN |MAX | U | N
Retransmit trrc | 45 65 80 100 140 ns
Cycle Time
Retransmit tRT 35 50 65 80 120 ns | 1
Puise Width
Retransmit tRTR 10 15 15 20 20 ns
Recovery Time
Retransmit tars | 30 40 50 60 100 ns
Setup Time

EXPANSION TIMING to when the full and empty flags are activated, which isin

Figures 12 and 13 illustrate the timing of the expansion
out and expansion in signals. Discussion of expansion
out/expansion in timing is provided to clarify how depth
expansion works. Inasmuch as expansion out pins are
generally connected only to expansion in pins, the user
need not be concerned with actual timing in a normal
depth expanded application unless extreme propaga-
tion delays exist between the XO and X pin pairs.

Expansion out pulses are the image of the write and
read signals that cause them: delayed in time by txo,
andtxon. The expansion out signal is propagated when
the last physical location in the memory array is written
and again when it is read (last read). This is in contrast

EXPANSION OUT TIMING Figure 12

response to writing and reading a last available location.

When in depth expansion mode, a given DS2009 will
begin writing and reading as soon as valid write and
read signals begin, provided FL was grounded at reset
time. A DS2009 in depth expansion mode with FL high
at reset will not begin writing until after an expansion in
pulse occurs. It will not begin reading until a second ex-
pansion in pulse occurs and the empty flag has gone
high. Expansion in pulses must occur tyg before the
write and read signals they are intended to enable. Mini-
mum expansion in pulse width, tx;, and recovery time,
txir, must be observed.

W LAST WRITE
TO PHYSICAL
LOCATION
READ FROM
_ S~ LAST PHYSICAL
R LOCATION
txoL, Ixol ol txoH
ey
s\ F 7
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EXPANSION IN TIMING Figure 13

g

ol

EXPANSION LOGIC

WRITE
TO FIRST PHYSICAL
LOCATION

R A

AC ELECTRICAL CHARACTERISTICS

READ FROM
FIRST PHYSICAL
LOCATION

(0°C to 70°C; Vg = 5.0V + 10%)

DS2009-35 | DS2009-80 | DS2009-65 | DS2009-80 | DS2009-120

PARAMETER | SYM | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX [ MIN |MAX | U [ N
Expansion txoL 30 45 55 70 100 | ns
Out Low
Expansion txoH 30 45 55 70 100 | ns
Out High
Expansion in t 35 50 65 80 120 ns | 1
Pulse Width
Expansion in xR 10 15 15 20 20 ns
Recovery Time
Expansion in txis 15 20 25 30 40 ns
Setup Time

AC TEST CONDITIONS

Input Levels GND to 3.0V

Transition Times 5ns

Input Signal Timing Reference Level 1.5V

Output Signal Timing Reference Level 0.8V and 2.2V

Ambient Temperature 0°C to +70°C

VCC 5.0v + 10%
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any Pin Relative to Ground -0.5V to +7.0V
Operating Temperature 0°Cto 70°C
Storage Temperature -55°C to +125°C
Total Device Power Dissipation 1 Watt

Output Current per Pin 20 mA

* This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is notimplied. Exposure to absolute maxi-
mum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS (0°C to 70°C)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage Vee 4.5 5.0 5.5 A" 3
Ground GND 0 \'

Logic 1 Volitage All Inputs ViH 2.0 Vee +0.3 \Y 3
Logic O Inputs ViL -0.3 +0.8 \' i 3.4

DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vgg=5.0V + 10%)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Input Leakage Current (Any Input) i -1 1 nA 5
Output Leakage Current loL -10 10 nA 6
Output Logic 1 VoH 24 \Y 3
Voltage loyt = -1mA
Qutput Logic 0 VoL 0.4 \Y 3
Voltage gyt = 4mA
Average V¢ Power Supply Cur- lcct 100 mA 7,9
rent — 35ns, 50ns, 60ns, 80ns,
120ns
Average Standby Current lec2 8 mA 7
(R=W=RST= FLURT = Vi)

Power Down Current lccs 500 pA 7,10
(All Input = Vg -0.2V)

CAPACITANCE (ta=25°C)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Capacitance on Input Pins C 7 pF
Capacitance on Output Pins Co 12 pF 8
051894 13/14
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NOTES:
1. Pulse widths less than minimum values are not allowed.

Measured using output.load shown in Output Load diagram.
All voltages are referenced to ground.

-1.5 volt undershoots are allowed for 10ns once per cycle.
Measured with 0.4 < Vi < Vce.

. R>Vjy, 0.4 > Vout < Vee.

lcc measurements are made with outputs open.

. With output buffer deselected.

DS2010, DS2011, DS2012, and DS2013 have Icc1, = 120 mA MAX for 50ns, 65ns, 80ns, and 120ns speed
grades.

10.DS2010 has Iggg = 1MA MAX; DS2011, DS2012, DS2013 have lgca = 2mA MAX.

© ® N @ O AN

OUTPUT LOAD Figure 14
+5 VOLTS

1.1K OHM

DEVICE
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TEST ]
680 OHM 30pF
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