Am2812/Am2812A - Am2813/Am2813A

32x8 and 32x9 First-In First-Out Memories

Distinctive Characteristics
® Completely independent read and write operations
® ““Half-full’”” flag

® Am2812 hé serial or parallel input and output

® Data rates up t6 1 MHz

FUNCTIONAL DESCRIPTION

The Am2812 and Am2813 are 32 word by 8bit and 9-bit
first-in first-out memories, respectively. Both devices have com-
pletely independent read and write controls and have three-
state outputs controlled by an output enable pin (OE). Data
on the data inputs (Di) are written into the memory by a pulse
on load (PL). The data word automatically ripples through
the memory until it reaches the output or another data word.
Data is read from the memory by applying a shift out pulse
on PD. This dumps the word on the outputs (Qj) and the next
word in the buffer moves to the output. An output ready sig-
nal (OR) indicates that data is available at the output and also
provides a memory empty signal. An input ready (IR) signal
indicates that the device is ready to accept data and also pro-
vides a memory full signal. Both the Am2812 and Am2813
have master reset inputs which clear all data from the device
(reset to all LOWSs), and a FLAG signal which goes HIGH when
the memory contains more than 15 words.

The Am2812 can perform input and output data transfer on a
bit-serial basis as well as on 8-bit parallel words. The input
buffer is in reality an 8-bit shift register which can be loaded in
parallel by the PL command or can be loaded serially through
the D input by using the SL clock. When 8 bits have been
shifted into the input buffer serially, the 8-bit word auto-
matically moves in parallel through the memory. The output
includes a built-in parallel-to-serial converter, so that data can
be shifted out of the Q7 output by using the SD clock. After
8 clock pulses a pew 8-bit word appears at the outputs.

The timing and function of the four control signals, PL, iR, PD,
and OR, are designed so that two FIFOs can be placed end to
end, with OR of the first driving PL of the second and IR of the
second driving PD of the first. With this simple interconnection,
strings of FIFOs can control each other reliably to make a
FIFO array any number of words deep.

LOGIC SYMBOLS

ORDERING INFORMATION

Am2812 Am2813
Package Temperature Order Order
Type Frequency Range Number Number
Hermetic DIP - 500KHz 0°C to +70°C AM2812DC AM2813DC
Hermetic DIP 500KHz —55°Cto +85°C  AM2812DL AM2813DL
Hermetic DIP - 1MHz 0°Cto +70°C AM2812ADC  AM2813ADC
Hermetic DIP + 1MHz ~55°C to +85°C AM2812ADL AM2813ADL
Hermetic DIP | 500KHz ~55°C to +125°C - AM2813DM

Hermetic DIP ; 1MHz -55°C to +125°C - AM2813ADM
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Am2812/Am2812A + Am2813/Am2813A

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +85°C

Vpp Supply Voltage

Vgs —7V to Vgg +0.3V

Vgg Supply Voltage

Vgs —20V to Vgg +0.3V

DC Input Voltage

Vgs —10V to Vgg +0.3V

OPERATING RANGE

Part Numb Ambi

Temperature

Am2812DC, Am2812ADC

0°C to +70°C

Am2813DC, Am2813ADC

Am2812DL, Am2812ADL

~55°C to +85°C

Am2813DL, Am2813ADL

Am2813DM, Am2813ADM -55°C to +125°C

Vss Vop Vae
5.0V +5% ov 12V +5%
5.0V +5% ov 12 +5%
5.0V +56% ov ~12V +5%

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Typ.

Parameters Description Test Conditions Min. (Noyt’e) 1) Max Units
VOH Output HIGH Voltage IoH = .300mA Vgs —1.0 \'4
VoL Output LOW Voitage loL = 1.6mA 0.4 \
ViH Input HIGH Level Vgs —1.0 Vv
Ve Input LOW Level 0.8 \
he Input Leakage Current VN =0V (Note 2) 1.0 uA
114 (Note 2} Input HIGH Current VIN = Vgs —1.0V (Note 2) 250 HA
Vpup Input Pull-up Initiation Voltage (Note 2) Vss = MIN. 20 v

Vgs = MAX. 2.2 Vv
VBAR Voltage at Peak Input Current (Note 2) Vgg —1.5 v
IBAR Maximum Input Current (Note 2) 1.6 mA
Iele) V@Ga Current (Note 5) Tri =Ov;5:z+tzo+:5°c 14 23 mA
s]s} Vpp Current Ta=0C Zo t70°C _ 30 45 A
Ta = —55°C to +85°C 55
Notes: 1. Typical limits are at Vgg = 5.0V, Vgg = —12.0V, Tp = 25°C
2. Pull up circuit on Am2813 only, See graph of input V-I characteristics.
3. Am2813ADM and Am2813ADM: |G is guaranteed for Tp = ~55°C to +125°C
SWITCHING CHARACTERISTICS OVER OPERATING RANGE
Am2812/Am2813 Am2812A/Am2813A

Parameters Conditions/Note Test Conditions Min. Typ. Max. Min. Typ. Max. Units
fp Maximum Parallel Load or Dump Frequency 0.5 1.0 MHz
tIR+ Delay, PL or SL. HIGH to IR In-Active 100 300 1100 80 300 450 ns
tIR— Delay, PL or SL LOW to IR Active 100 250 800 80 250 400 ns
tpWH(P) Minimum PL or PD HIGH Time 100 100 80 ns
tpwL(P) Minimum PL or PD LOW Time 100 100 80 ns
tpwH(S) Minimum SL or SD HIGH Time Am2812 only 350 350 300 ns
towH(P) Minimum PL or PD HIGH Time Am2813ADM Only 200 ns
towk (P) Minimum PL or PD LOW Time Am2813ADM Only 200 ns
towl (S) Minimum St or SD LOW Time Am2812 only 350 350 300 ns
th(D) Data Hold Time 190 300 170 250 ns
15(D) Data Set-Up Time :Z :t 108 gg ns
tOR+ Delay, PD or SD HIGH to OR LOW OE HIGH 100 450 1100 100 350 520 ns
tOR— Deiay, PD or SD LOW to OR HIGH OE HIGH 100 400 850 100 300 470 ns
tpT Ripple through Time FIFO Empty 10 8 us
tDH Delay, OR LOW to Data Out Changing PD = LOW 50 200 50 200 ns
tpDA Delay, Data Out to OR HIGH PD = HIGH o} 100 0 100 ns
tMRW Minimum Reset Pulse Width 600 500 ns
tpo Delay, OE LOW to Output OFF 600 500 ns
tEQ Delay, OE HIGH to Output Active 600 500 ns
o | e | |
Cl tnput Capacitance 7 7 pF

Notes: 3, IR isactive HIGH on Am2813 and active LOW on Am2812,

4. Minimum and maximum delays generally occur at opposite temperature extremes, Devices at approx

compatible switching characteristics and will drive each other,
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Am2812/Am2812A - Am2813/Am2813A

TIMING DIAGRAM

o ATLEASTG M |, ATLEASTGL_ ]
MAX

YR

PLorSL 15V l 3 "
e L :

tRs MAX 1
|
INPUT REA(:)HY) 15V * 5 f \\ ](//]
- t(D) (D) jotame] tiD}
¥ 0% 10%
DATA IN
90% 90%
Note: IR inverted on Am2812,
jt——e . AT LEAST tpwH o AT LEAST ‘pr
15V L j
PD ar SD ; K
10R+ MIN. OR-
QUTPUT READY X
(OR) 15V (_ 72
toR+MAX . .
——e=] DK f—- —o DA f—
10% 10%
DATA QUT
30% 20% MOS-466
USER NOTES KEY TO TIMING DIAGRAM
1. When the memory is empty the last word read will remain on
the outputs until the master reset is strobed or a new daFa WAVEFORM  INPUTS OUTPUTS
word falls through to the output. However, OR will remain
i i 1 i i MUST BE WILL BE
LOW, indicating data at the output is not valid. ST BE yese

2. When the output data changes as a result of a pulse on PD, the
OR signal always goes LOW before there is any change in
output data and always stays LOW until after the new data mﬁ‘é‘&cﬁ%“f CHANGING
has appeared on the outputs, so anytime OR is HIGH, there FROMHTO L
is good, stable data on the outputs.

WILL BE

3. 1f PD is held HIGH while the memory is empty and a word T vasensse chnsdin
is written into the input, then that word wilt fall through the FROMLTOH
memory to the output. OR will go HIGH for one internal
cycle (at least tgg+) and then will go back LOW again. The m ARV TRRE:  CHANGING:
stored word will remain on the outputs. If more words are PERMITTED  UNKNOWN
written into the FIFQ, they will line up behind the first word
and will not appear on the outputs until PD has been brought
LOW.

4. When the master reset is brought LOW, the control register
and the outputs are cleared. IR goes HIGH and OR goes LOW. Pull-up Characteristic Input
If PLis HIGH when the master reset goes HIGH then the data Current Versus Input Voltage
on the inputs will be written into the memory and IR will -25
return to the HIGH state until PLis brought LOW. If PL is
LOW when the master reset is ended, then IR will go LOW
but the data on the inputs will not enter the memory until
PLgoes HIGH.

5. The output enable pin inhibits dump commands while it is
LOW and forces the Q outputs to a high impedance state.

6. The serial load and dump lines should not be used for intercon-
necting two FIFQs, Use the parallel interconnection instead.

7. If less than eight bits have been shifted in using the serial load
command, a parallel load pulse will destroy the data in the
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Am2812/Am2812A + Am2813/Am2813A

LOGIC BLOCK DIAGRAM
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DESCRIPTION OF THE Am2812 and Am2813 FIFO
OPERATION

The Am2812 and Am2813 FIFOs consist internally of 32 data
registers and one 32-bit control register, as shown in the logic
block diagram. A ““1” in a bit of the control register indicates
that a data word is stored in the corresponding data register. A
“0"” in a bit of the control register indicates that the corre-
sponding data register does not contain valid data. The control
register directs the movement of data through the data registers.
Whenever the nth bit of the control register contains a “‘1" and
the {n+1)th bit contains a “’0", then a strobe is generated causing
the {(n+1)th data register to read the contents of the nth data
register, simultaneously setting the {n+1)th control register bit
and clearing the nth control register bit, so that the control
flag moves with the data. In this fashion data in the data register
moves down the stack of data registers toward the output as long
as there are “empty’’ locations ahead of it. The fall through
operation stops when the data reaches a register n with a /1" in
the {n+1)th control register bit, or the end of the register.

Data is initially loaded from the data inputs by applying a
LOW-to-HIGH transition on the parallel load (PL) input. A 1" is
placed in the first control register bit simuitaneously. The first
control register bit is returned buffered, to the input ready {IR)
output, and this pin goes inactive indicating that data has been
entered into the first data register and the input is now “busy”,
unable to accept more data. When PL next goes LOW, the fall-
through process begins {assuming that at least the second location
is empty). The data in the first register is copied into the second,
and the first control register bit is cleared. This causes IR to go
active, indicating the inputs are available for another data word.

The data falling through the register stacks up at the output end.
At the output the last control register bit is buffered and brought
out as Output Ready (OR). A HIGH on OR indicates there is a
“1'" in the last control register bit and therefore there is valid data
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on the data outputs. A parallel dump command is used to
shift the data word out of the FIFO. A LOW-to-HIGH transition
on PD clears the last register bit, causing OR to go LOW, indica-
ting that the data on the outputs may no longer be valid. When
PD goes LOW, the “0’ which is now present at the last control
register bit allows the data in the next to the last register to move
into the last register position and on to the outputs. The “0” in
the control register then ‘‘bubbles’” back toward the input as the
data shifts toward the output.

If the memory is emptied by reading out all the data, then when
the last word is being read out and PD goes HIGH, OR will go
LOW as before, but when PD next goes LOW, there is no data
to move into the last location, so OR remains LOW until more
data arrives at the output. Similarly, when the memory is full
data written into the first location will not shift into the second
when PL goes LOW, and IR will remain inactive instead of return-
ing to an active state.

The pairs of input and output controf signals are designed so that
the PD input of one FIFO can be driven by the IR output of
another, and the OR output of the first FIFO can drive the PL
input of the second, allowing simple expansion of the FIFO to
any depth. Wider buffers are formed by allowing parallel rows of
FIFOs to operate together, as shown in the application on the
last page.

Because the input ready signal is active LOW on the Am2B812 a
peculiarity occurs when several devices are placed end-to-end.
When the second unit of two Am2812’s fills up, the data out of
the first is not dumped immediately. That is, no shift out
command occurs, so that the data last written into the second
device remains on the output of the first until an empty location
bubbles up from the output. The net effect is that n Am2812s
connected end-to-end store 31n+1 words (instead of 32n). The
Am2813 stores 32n words in this configuration, because IR is
active HIGH and does dump the last word written into the
second device.

www.DataSheetdlU.com



Am2812/Am2812A + Am2813/Am2813A

Am2812 TIMING DIAGRAM
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When data is steady PL is brought HIGH (1) causing internal data strobe to be generated (2). When data

has been loaded, IR goes HIGH (3) and data may be changed (4). TR remains HIGH until PL is brought

LOW (5); then IR goes LLOW (6) indicating new data may be entered.
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Am2812 OUTPUT TIMING

When data out is steady (1), OR goes HIGH (2). When PD goes HIGH {3), OR goes LOW {4). When PD goes
LOW again (5), the output data changes (6) and OR returns HIGH (7).

The input and output timing diagrams above illustrate the sequence of control on the Am2812. Note that
PL matches OR and IR matches PD in time, as though the signals were driving each other. The Am2813
pattern is similiar, but IR is active HIGH instead of active LOW (shown in timing diagram on next page}.

FLAG QUTPUT

A flag output is available on the Am2812 and Am2813 to indi-
cate whether the FIFO is more or less than half full. The flag
signal is generated by summing the 15" in the control flip-
flops, and therefore is not affected by the movement of data
through the register. The flag signal goes HIGH when the 13th,
14th, 16th, or 16th word is loaded into the FIFO. It will re-
main HIGH until there are less than 15+1/—2 words in the
memory. It is always HIGH if there are more than 16 words
in the FIFQ.

RESET

An over-riding master reset (MR) is used to clear all control
register bits and set all the outputs LOW.

SERIAL INPUT AND OUTPUT (Am2812 ONLY)

The Am2812 also has the ability to read or write serial bit
streams, rather than 8-bit words. The device then works like
a 256 by 1-bit FIFO. A serial data stream can be loaded into
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the device by using the serial load input and applying data to
Dp input. Inputs D1—Dy must be grounded. The SL signal
operates just like the PL input, causing IR to go HIGH and
LOW as the bits are entered. The data is simply shifted across
the 8-bit input register until 8 bits have been entered; the 8
bits then fall through the register as though they had been
loaded in parallel. Following the 8th SL pulse, IR will remain
inactive if the FIFQ is fuil.

A corresponding operation occurs on the output, with clock
pulses on SD causing successive bits of data to appear on the
07 output. OR moves HIGH and LOW with SD exatctly as
it does with PD. When 8 bits have been shifted out, the next
word appears at the output. If a PD command is applied
after the 8 bits on the outputs have been partially shifted out,
the remainder of the word is dumped and a new 8-bit word is
brought to the output. OR will stay LOW if the FIFO is empty.

When the serial input or output clock is used, the correspond-
ing parallel control line should be grounded and when the PD

or PL controls are used the c PR 154 A% R B EPARS Fiml
be grounded.
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APPLICATIONS
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Ag Ay Ay GS
? ? T ? FULLNESS CODE
Fo F1 F2 Gs GS Fz Fq Fp WordsStored
L L L L 0-15
L L L H 13-47
L L H L 45 -78
L L H H 76 -109
L H L L 107 - 140
L H L H 138-171
L H H L 169 - 202
L H H H 200 - 233
H H H H 231 - 249
The Fullness Flags from Am2812 or Am2813 FIFOs can be encoded by an Am93L18 8-input priority
encoder. The output code Fg-F2 indicates the weight of the highest priority input which is LOW. GS is
group signal; it is HIGH if all the inputs are HIGH.
Metallization and Pad Layouts
Am2812 Am2813
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