HM48416AP-12, HM48416AP-15
HM48416AP-20

16384-word X 4-bit Dynamic Random Access Memory

a FEATURES
® 16384-word x 4-bit Organization
® Single 5V (£10%)
® Low Power; 303mW Active, 20mW Standby
® High speed: Access Time 120ns/150ns/200ns (max)
® Page mode capability
® Output data controlied by TAS, OF
® TTL compatible (DP-18)
® 128 refresh cycles (Ag~ Ag, 2ms)
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= ABSOLUTE MAXIMUM RATINGS / TE’O“ 0:: ':’E :l
Ttem Symbol Value Unit == P‘;dd“’ ad -
Voltage on any pin relative to Vgg Vr -1.0t0+7.0 \4 WRITE Rov; W ‘resls Strobe
Supply Voltage relative to Vgg Vee ~1.0to+7.0 v cad/ “s'e nput
Short Circuit Output Current Tout 50 [ mA Vec | Power (+5V)
Power Dissipation Pr 0 T W Vss | Ground
Operating Temperature Topr 0 to +70 °C
Storage Temperatue Tetg —55to +125 °C

®» RECOMMENDED DC OPERATING CONDITIONS (72=0 to +70°C)

Item Symbol min typ max Unit
7 45 5.0 55 v
Supply Volt
Pply Voltage Vss 0 ) ) v
Vi 24 - 6.5 v
Input Voltage Vi | 1.0 - 08 v
Note All voltages referenced to Vgg.
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HM48416AP-12, HM48416AP-15, HM484168AP-20

® DC ELECTRICAL CHARACTERISTICS (72=0 to 70°C, Veoe=5V+10%, VSS=0V)

HM48416AP | HM48416AP | HM48416AP
Paramater Smbol -1 -15 -20 Unit |[Notes
min | max | min | max | min | max
Operating Current (RAS, CAS Cycling: f g c=min) Iccr | — 60 - 55 - 45 [mA|1,2
Standby Current (RAS=Vjy, Dout=High Impedance) Icce — 3.5 - 3.5 — 3.5 |mA
Refresh Current (RAS Cycling, CAS=Vyy,  gc=min) Iccs | — 42 — 38 — 33 |mA| 2
Standby Current (RAS=Vjy, Dout Enable) Iccs — 5.5 — 5.5 — 55 |mA| 1
Page Mode Current (RAS=Vj;, CAS Cycling; tpc=min) | Icce - 42 - 38 - 33 [mA|[1,2
Input Leakage (0< V;, <6.5V) Iy -10 10 -10 10 -10 10 | A
Output Leakage (Dout is disabled, 0< Vit <5.5V) Ito -10 10 -10 10 -10 10 BA
Output Levels High (Joyu¢=—5mA) Vo | 24 [ Vec [ 24 [ Veec | 24 [ Vec | V
Output Levels Low (Jo,r=4.2mA) VoL 0 | 04 0 | 04 0| 04 | V
Notes) 1. Iccddepends on output loading condition when the device is selected, /cc max is specified at the output open
condition.
2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate.
® CAPACITANCE (Vc=5V+10%, Ta=25°C)
Parameter Symbol typ max Unit Notes
R Address Cini - S pPF 1

Input Capacitance a5 XS WRITE, OF Cinz _ 10 oF 1
Output Capacitance Data In/Data out Cyj0 - 10 pF 1,2

Notes) 1. Capacitance mesured with Boonton Meter or effective capacitance measuring method.
2. CAS=V;y to disable Dout.

® ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(T2=0 to 70°C, Vcc=5V£10%, Vss=0V)»): 10

HM48416AP-12 {HM48416AP-15 [HM48416AP-20
Parameter Symbol - - - Unit | Note
. min mas min max min max

Random Read or Write Cycle Time trCc 230 - 260 — 330 - ns
Read-Write Cycle Time trwc | 320 - 360 - 450 - ns

Page Mode Cycle Time tpc 130 - 145 - 190 - ns

Access Time from RAS trac| - 120 - 150 - 200| ns | 2,3
Access Time from CAS tcac - 60 -— 75 - 100| ns | 3,4
Output Buffer Turn-off Delay referenced to CAS| torr1| — 35 - 40 — 50| ns 5
Transition Time (Rise and Fall) tr 3 35 3 35 3 50| ns 6
RAS Precharge Time tRp 100 - 100 - 120 - ns

RAS Pulse Width tras | 120 10000 | 150 {10000 [ 200 |10000 | ns

CAS Pulse Width tcas 60 (10000 | 75 [10000 [ 100 (10000 | ns

RAS to CAS Delay Time trep | 25 60| 25 75| 30 100 | ns 7
RAS Hold Time trsg | 60 - 75 - 100 - ns

CAS Hold Time tesy | 120 - 150 - 200 - ns

CAS to RAS Precharge Time tcrp | —10 - -10 - -10 - ns

Row Address Set-up Time tASR 0 - 0 - 0 - ns

Row Address Hold Time tRAH 15 - 15 - 20 - ns
Column Address Set-up Time tasc 0 - 1] - 0 - ns
Column Address Hold Time tCAH 20 - 25 - 30 - ns
Column Address Hold Time referenced to RAS | t4p 80 - 100 - 130 - ns

Write Command Set-up Time twes 0 - 0 - 0 - ns 8
Write Command Hold Time twcH 40 - 45 - 55 - ns

(to be continued)
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HM48416AF-12, HM48416AP-15, HM48416AP-20

HM48416AP-12{HM48416AP-15/HM48416AP-20 .
Parameter Symbol - - - Unit |Note
min max min max min max

Write Command Hold Time referenced to

ki an reteren twer | 100 | - | 120 | - | 155 | - ns

RAS

Write Command Pulse Width twp 40 - 45 - 55 - ns

Write Command to RAS Lead Time tRWL 40 — 45 - 55 - ns

Write Command to CAS Lead Time tcwL 40 - 45 - 5S - ns

Data-in Set-up Time Ips 0 - 0 - 0 - ns 9

Data-in Hold Time tDH 40 — 45 - 55 - ns 9

Data-in Hold Time referenced to RAS tDHR 100 - 120 - 155 = ns

Read Command Set-up Time trcs 0 - 0 - 0 - ns

Read Command Hold Time referenced to

tRCH 0 - 0 - 0 - ns

CAS

Read Command Hold Time referenced to tRRH 10 _ 10 _ 10 _ ns

RAS

Refresh Period {REF - 2 - 2 - 2 ms

CAS to WE Delay Time tcwp | 105 - 125 - 160 | — ns 8

RAS to WE Delay Time tRWD 165 — 200 — 260 - ns 8

CAS Precharge Time (for Page-mode

t 60 - 60 - 80 - ns

Cycle Only) cp

CAS Precharge Time tepN 35 - 40 — 50 — ns

RAS Precharge to CAS Hold Time trPC 0 - 0 - 0 - ns

Access Time from OE toAc — 35 - 40 — 50 ns 3

O t Buffer Turn-off Delay referenced

Outpn £ ium y referen torp2| - | 35 | - |4 | - |50 | ns | s

to OE

OE to Data-in Delay Time topp 35 - 40 - 50 - ns 11

OE Hold Time referenced to CAS tOCH 0 - 0 - 0 - ns

Notes:

1. AC measurements assume tp = 5ns. . They are included in the data sheet as electrical charac-

2. Assumes that tpep S trep (max). If tRep is greater teristics only; if twes 2 twes (min), the cycle is an
than the maximum recommended value shown in this early write cycle and the data output pin will remain
table, 7 g 4 ¢ exceeds the value shown. open it (high impedance) throughout the entire

3. Measured with a load circuit equivalent to 2TTL loads cycle; if tcwp 2 towp (min) and trwp 2 trwp (Min)
and 100pF. the cycle is a read-write cycle and the data output will

4. Assumes that tpep 2 tprep (max). . contain data read from the selected cell; if neither of the

5. toFry (max) and torppg (max) define the time at -above sets of conditions is satisfied, the condition of the
which the output achieves the open circuit condition. data out (at access time) is indeterminate.

6. Vig (min) and Vy, (max) are reference levels for 9. These par s are refi d to CAS leading edge in
measuring timing of input signals. Also, transition times early write cycles and to WE leading edge in delayed
are measured between Vygand Vyp. write or read-modify-write cycles.

7. Operation within the fpep (max) limit insures that 10, An initial pause of 100us is required after power-up
trAc(max) can be met, tpep (max) is specified as a followed by a minimum of 8 initialization cycles. _
reference point only; if tpcp is greater than the spe- 11, In delayed write or read-modify-write cycles, OE must
cified tpcp (max) limit, then access time is controlled disable output buffers prior to applying data to the
exclusively by 1¢c 4c- device.

8. twcs, tcwp and tpwp are not restrictive operating
parameters.
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Power ed

= TIMING WAVEFORMS
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*OE : Don’t care
C3J: Don’t care
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HM48416AP-12, HM48416AP-15, HM48416AP-20

RAS —————y
tRA
LR P e
|
N

® Delayed Write Cycle
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HM48416AP-12, HM48416AP-15, HM48416AP-20

® Page Mode Read Cycle

RAS— /
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® Page Mode Write Cycle
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HM48416AP-12, HM48416AP-15, HM48416AP-20

o RAS Only Refresh Cycle
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