HM63921 Series

Product Review

2K x 9-Bit CMOS Parallel In-Out FIFO Memory
i DESCRIPTION

The HM63921 is a First-In, First-Out memory that utilizes a high
performance static RAM array with internal algorithm that controls,
monitors and declares status of the memory by empty flag, full flag
and half-full flag, to prevent data overflow or underflow.

Expansion logic warrants unlimited expansion capability in width
and depth. Both read and write are independent from each other and
their corresponding pointers are designed to select the proper loca-
tions out of the entire array serially without address information to
load or unload data.

Data is toggled in and out of the device through the use of the write
enable (W) and read enable (R) pins. The device has a read/write
cycle time of 30/35/45ns. Organization of HM63921 provides a 9-bit
data bus. the ninth bit could be used for control or parity for error
checking at the option of the user. The HM63941 is fabricated using
the Hitachi CMOS 1.3micron technology. The device is available
in DIP.

B FEATURES

e First-In, First-Out Dual Port Memory

® 2k x 9 Organization

* Low-Power CMOS 1.3micron Technology

¢ Asynchronous and Simultaneous Read and Write
* Fully Expandable in Depth and/or Width

* Single 5V (% 10%) Power Supply

¢ Empty and Full Warning Flags

e Half-Full Flag
eAccessTime . ... ... . i 20/25/35ns
ePackage ................. 300-mil 28-pin Plastic DIP Package

B ORDERING INFORMATION

Type Name Access Time Package
HM63921P-20 20ns 300-mil 28-pin
HM63921P-25 25ns Plastic DIP
HM63921P-35 35ns (DP-28NA)

@ HITACHI

(DP-28NA)

M PIN ARRANGEMENT

W[ 1 28 [] Vee
D[] 2 27 ] Da
Ds[] 3 26 ] Ds
2] 4 25 ] Dg
Di1[] s 24107
Do ] 6 23 [] FURT
Xi[] 7 22 ]RS
FF[] 8 21 [JEF
Q@[] 9 20 [ ] XO/HF
Qi []10 9l ]ar
Q[ n 18] Qs
a3 []12 17 ] Qs
Qs []13 16 ] Q4
vss [ 14 5 ]R
(Top View)

B PIN DESCRIPTION

Pin Name Function

Dy-Dg Data Inputs
RS Reset
w Write Enable
R Read Enable
FL First Load
RT Retransmit
X1 Expansion-In
X0 Expansion-Out
HF Half-Full Flag
FF Full Flag
EF Empty Flag

Qo—Qs Data Outputs
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HM63921 Series

H BLOCK DIAGRAM
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HM63921 Series

# ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage(D) Vr -0.5@) t0 +7.0 \
Power Dissipation Pr 1.0 W
Operating Temperature Topr 0to +70 °C
Storage Temperature Tog -55to +125 °C
Storage Temperature Under Bias Thias -0t +85 °C
NOTES: 1. Relative to Vss.

2. -3.5V for pulse width < 10ns.

* Recommended DC Operating Conditions (T, = O to +70°C)

Parameter Symbol Min. Typ. Max. Unit
Vee 4.5 5.0 5.5 v
Supply Volta
vpply Yollage Vss 0 0 0 v
ViH 2.2 — 6.0 \
Input Volta,
fiput Yoltage Vi 20,50 . 0.8 v
NOTE: 1. -3.0V for pulse width < 10ns.

B DC CHARACTERISTICS (T, = 0°Cto +70°C, Vcc = SV = 10%)

Parameter Symbol Test Conditions Min. | Typ. | Max. | Unit
Input Leakage Current Iyl | Voo = 5.5V, Vip = OV - Ve — - 2 A
Output Leakage Current Iol | R = Viy, Vour = OV - Ve — — 2 A
-20 — 120 | mA
Operating Power Supply Current Icci | Average Operating Current -25 — 110 mA
-35 — 100 | mA
Ispy | R=W =RS =FL/RT = Vi — — 10 mA
Standby Power Supply Current 1 & 1 puts = Ve -02Vor = Vee | — | — | 1 | mA
Output High Voltage Vou | lon = 4mA 24 — — \4
Output Low Voltage VoL | loL = 8mA — — 0.4 v
8l CAPACITANCE (T, = 25°C, f = 1MHz)
Parameter Symbol Test Conditions Typ. Max. Unit
Input Capacitance Cin Vin = 0V — 6 pF
Output Capacitance Cout Vout = OV — 10 pF
NOTE: 1. This parameter is sampled and not 100% tested.

B AC CHARACTERISTICS (T, = 0°C to 70°C, Vcc = 5 + 10%)
* Test Conditions

* Input Pulse Levels: Vgg to 3.0V ® Input Rise and Fall Times: Sns
¢ Input and Output Timing Reference Level: 1.5V ® Output Load: See Figure
+5V
DOUt 4800Q
o4
2550 *’_/fo pF*
Output Load

*Including scope and jig.
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HM63921 Series

* Read Cycle

Paramete Symbol HM63921-20 | HM63921-25 | HM63921-35 Unit
r
y Min. | Max. | Min. | Max. | Min. | Max. |
Read Cycle Time tre 30 - 35 — 45 — ns
Access Time ta — 20 — 25 | — 35 ns
Read Recovery Time tRR 10 — 10 — 10 — ns
Read Puise Width tRPW 20 — 25 — 35 — ns
Read Low to DB Low Z trrz(D 5 — 5 — 5 — ns
Read High to DB High Z truz(V — 15 — 15 — 20 ns
Data Valid from Read High toH 3 — 3 — 3 — ns
Read Pulse Width After Empty Flag High tRPE 20 — 25 - 35 - ns
Write High to DB Low Z 1 _ _
(Read Data Flow Through Mode) twrz() 3 3 3 - ns
NOTE: 1. triz, trHz and twLz are sampled and not 100% tested.
* Write Cycle
HM63921-20 | HM63921-25 | HM63921-35
Pa e 1 Unit
rameter Symbo Min. | Max. | Min. | Max. | Min. | Max. o
Write Cycle Time twe 30 —_ 35 — 45 — ns
Write Recovery Time twr 10 — 10 — 10 — ns
Write Pulse Width twpw 20 — 25 — 35 — ns
Data Setup Time tps 10 — 15 — 20 — ns
Data Hold Time tpH 0 - 0 — 5 — ns
Effective Write Pulse Width After
Full Flag High twep | 20 | — 25 | — | 35 | — | ms
* Reset Cycle
HM63921-20 | HM63921-25 | HM63921-35
Pa 1t bol Unit
rameter Sym Min. [ Max. | Min. | Max. | Min. | Max. o
Reset Cycle Time trsc 30 — 35 — 45 — ns
Reset Pulse Width trs 25 — 25 — 35 — ns
Reset Setup Time trss 0 — 0 — 0 — ns
Reset Recovery Time {RSR 10 — 10 — 10 — ns
* Retransmit Cycle
HM63921-20 | HM63921-25 | HM63921-35
1 it
Parameter Symbol I in. | Max. | Min. | Max. | Min. | Max. | O™
Retransmit Cycle Time tRTC 30 — 35 — 45 — ns
Retransmit Pulse Width tRT 20 — 20 - 35 — ns
Retransmit Setup Time tRTS 0 — 0 — 0 — ns
Retransmit Recovery Time tRTR 10 — 10 — 10 — ns
G HITACHI
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HM63921 Series

* Flag Timing
Porameter Symbol HM63921 -20 | HM63921-25 | HM63921-35 Unit
Min. | Max. | Min. | Max. | Min. | Max.
Reset to Empty Flag Low tEFL — 20 — 25 — 35 ns
Reset to Full Flag High tFRH — 20 - 25 — 35 ns
Reset to Half-Full Flag High tHEH — 30 — 35 — 45 ns
Read Low to Empty Flag Low tREF — 20 — 25 — 35 ns
Read High to Full Flag High tRFF — 20 — 25 — 35 ns
Write High to Empty Flag High tWEF - 20 — 25 — 35 ns
Write Low to Full Flag Low tWEE — 20 — 25 — 35 ns
Write Low to Half-Full Flag Low tWHF — 30 — 35 — 45 ns
Read High to Half-Full Flag High {RHF — 30 — 35 — 45 ns
* Expansion Timing
Parameter Symbol HM63921 -20 HM63921 -25 HM63921 -35 Unit
Min. | Max. | Min. | Max. | Min. | Max.
Expansion in Setup to Write or Read teEL — 15 — 20 - 30 ns
Expansion in Recovery Time tRFF — 15 — 20 - 30 ns
Expansion in Pulse Width tWHF 10 - 0 — 10 — ns
Expansion Out High Delay From Clock tREF 10 — i0 — 10 — ns
Expansion Out Low Delay From Clock tRFF 10 — 10 — 15 — ns
@ HITACHI
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HM63921 Series
SIGNAL DESCRIPTIONS
Inputs

* Reset (RS) _
The device is reset whenever RS input is taken to
low state, for minimum reset puise width. When
device is reset, both read and write pointers are
set to the first location. A reset cycle is required
after power on. Both read enable (R) and write
enable (W) inputs must be in the high state during
reset. Empty flag (EF) will go tow and full fiag (FF)
and half-fuli (HF) will go high during reset cycle.

Write enable (W)

Write cycle is initiated at the falling edge of W, if
the full flag (FF) is not set, provided that data set-
up and hold time requirements relative to the ris-
ing edge of (W) are met. Data is stored in the de-
vice sequentially and independently of any simul-
taneous read operation. To inhibit further write op-
erations and prevent internal data overflow full
flag (FF) will go low.

Read enable (R)

Read cycle is initiated at the falling edge of R, if
the empty flag (EF) is not set. Data is accessed on
a first-in, first-out basis independently of simuita-
neous write operation. As read enable (R) goes
high, all outputs will return to high impedance
state, till next read operation. After the last data
has been read from the FIFO, the empty flag (EF)
will go low, preventing further read operations with
output kept in high impedance state. Empty flag
(EF) will go high during a valid write cycle (twgf),
thereafter a valid read can start.

First load/retransmit (FL/RT)

For depth expansion mode, this pin is grounded to
indicate that it is the first device, while this pin of
the rest of devices should connect to V¢ for cor-
rect operation. In single device mode, this pin re-
sets the read pointer to the beginning of the FIFO
memory, therefore data can be reread from the
beginning. Both R and W should be kept high
while RT is taken low.

Expansion-in (XI) .
For single device mode expansion-in (XI) is
grounded. For_ depth expansion mode,

expansion-in (Xl) should be connected to
expansion-out (XO) of previous device.

¢ Data In (Dg to Dg)
Data inputs for 9-bit wide data.

Outputs

* Full Flag (FF)
The full flag (FF) will go low when FIFO is full,
inhibiting further write operations until one or
more read operations are completed or the FIFO
is reset.

* Empty flag (EF) __
The empty flag (EF) will go low when the FIFO
becomes empty, inhibiting further read opera-

tions, until one or more write operations are com-
pleted, or FIFO is set to retransmit.

* Expansion-out (XO)/Half-full ftag (HF)

This output has dual functionality depending how
it is used. In depth expansion configuration
expansion-out (XO) is connected to next
expansion-in (XI). The expansion-out (XO) of the
last FIFO is connected to the expansion-in (X1) of
the first FIFO. In this way the first FIFO indicates
the next FIFO that it will receive the next data. in
like manner, any FIFO which becomes full will indi-
cate the next FIFO that it will receive the next data.
The second function of this output is in stand
alone and/or parallel expansion configurations to
indicate the system user that the FIFO is almost
full.

¢ Data outputs (Qq to Qg)
Data outputs for 9-bit wide data. These outputs
are in high impedance state when R is in high
state.

VARIOUS OPERATIONS MODE

* Single device mode _
If only one FIFO is used, the expansion-in (XI) pin
should be grounded.

¢ Width expansion mode

Width expansion by 9-bit increments may be
achieved when separately paralleling the data in-
puts and the data outputs. In this configuration
any flags of any device may be used. To avoid
output contention of the flags for short periods of
time, the flag outputs should not be wired to-
gether.

® Depth expansion mode
Multiple of FIFOs could provide multiple of 2k x 9
as (N) x (2k) by 9-bits wide, where N is the num-
ber of FiIFOs connected in depth expansion
mode.

The following arrangement must be provided.

1. First load (FL) of the first FIFO should be con-
nected to ground.

2. All other (FL) should be connected to Vee

3. Connect the expansion-out (XO) of each FIFO

to expansion-in (Xl) of the_next FIFO serially
and XO of the last FIFO to XI of the first FIFO.

4. Connect all the empty flag (EF) to together to OR
gate and connect all the full flag (FF) together to
OR gate to obtain two separate valid empty flag
(EF) and full flag (FF) outputs.

5. (RT) and (AF) will not be available in this mode.

e Compound expansion mode
Combination of width and depth expansion
modes will provide larger FIFO arrays.
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H TIMING WAVEFORM

HM63921 Series

* Read Cycle
- thc —t— trPw -
<RB,.
" ta ta
N o " 4
_talz toH RHZ
Qo-Q8 ——-——O Dataoutvalid XX XX Data out valid XX X ———
* Write Cycle
twe
twew - WA i twew
w N T N VS
Ne—— ] N
<105 5| 10H, DS | lOH,
DO-D8 Data in valid Data in valid
¢ Reset Cycle
< trsc .
— < tRs »
RS ———\< s
tRss
5w j L N
R.W terL _ tRsp
EF N\
AN
tFFH
4
FF /
THFH
[ /(
XO/HF
NOTES: 1. W =R = Vyy during reset.
2. trsC = IRST; IRSR-
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HM63921 Series

* Retransmit Cycle

taTc

tat

Y

tRTR

N\

¢ Full-Flag Cycle (From Last Write to First Read)

First Read

o

Additional reads

—ss-\_/ss

~_____~

First Read

_ Last write
R

W —_—

— twrr
FF -

tRFF

N

* Empty-Flag Cycle (From Last Read to First Write)

First Read

_ Last Read First Read Additional
w -53-\R°—ads/$5
" —_x// t
WEF
trer
EF
< tRHZ .
ta ton ALZ |
Qo0-Q8
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HM63921 Series

* Half-Full Flag Cycle

Write=Read+1023

Write=Read+1024 Write=Read+1023

sl

I N

_tRHF

s}

N

D0-D8

* Read Data Flow Through Mode

TWHE
l\ /]

Do-D8 Data in valid
tps toH
W twpw %
trc First write < 'RPE
B tRew RR___ Last read
R — Last read % < Y \ —
N/ RO
tREF twer
EF _
/i’L___
tREF
twiz
ta o t Jt
toH ‘A A o

co-cs EXTEEXY
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HM63921 Series

¢ Write Data Flow Through Mode

R

\< First read 7(
twe -
twpw twp - IWPE
W —\ L/ < \ \ Last read —
R_Lastead 1 NN -
twrF twrr
" ;1\ tm#;:l\
< tbs - ‘DH' tps ‘tDH
Do-D8 T Data in valid Data in valid y—
ta ton

Qo-08 XX e XX

« Expansion Out Cycle 1

Write to last
physical address

g

Read from last
physical address

psll
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HM63921 Series

¢ Expansion Out Cycle 2 (Read Data Flow Through Mode)

Write to last physical address

w Read from last
physical address
N4 D NN -
REF
EF JWEFV : ‘
TxoL ixm}txm 1xoH

* Expansion Out Cycle 3 (Write Data Flow Through Mode)

Read from last physical address

R
Write to last
physical address

w \ / AN \}w Vi
i txoL l‘x::;ﬁ\ txoH
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HM63921 Series

* Expansion In Cycle

txi i ton .

XU TN l/ \ /N

Write to first
physical address

txis

poll
—
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Read from first
physical address
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