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16384-word by 1-bit Dynamic Random Access Memory

The HM4816A is a new generation MOS dynamic RAM circuit organized as 16,384
words by 1 bit. As a state-of-the art MOS memory device, the HM4816A (16K
RAM) incorporates advanced circuit techniques designed to provide wide operating
margins, both internally and to the system user, whila achieving performance levels
in speed and power.

The use of dynamic circuitry throughout, including sense amplifiers, assures that
power dissipation is minimized without any sacrifice in speed or operating margin.

HM4816A-3, HM4816A-4
HM4816A-7

3

These factors combine to make the HM4816A a truly superior RAM product. (DG-16A)
Multiplexed address inputs permits the HM4816A to be packaged in a standard 16- HMA4816AP-3, HM4816AP-4
pin DIP. HMA4B16AP-7

Non-critical clock timing requirements allow use of the multiplexing technique
while maintaining high performance.
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m FEATURES
® Single 5V supply 1
Low power standby and operation
(Standby: 1 1mW max., operation: 150mW max.) (DP-16)

® Fast access time & cycle time —

HM4816A-3 HM4816A4 HM4816A-7 = PIN ARRANGEMENT
HM4816AP-3 HM4816AP-4 HM4816AP-7 \_J
; . NC E E Vss
Maximum Access Time  (ns) 100 120 150
Read, Write Cycle (ns) 235 270 320 Dy 2] 15] CAS
Read-Modify-Write Cycle (ns) 285 320 410 WE E E Dy
® Directly TTL compatible: All inputs & outputs RASE 1__3] A
® Qutput data controlled by CAS and unlatched at end of cycle to allow two A[5] [12] A,
‘ dimensional chip sel_e.ctvon ‘and“extende'd ;?Iage bou.ndary. A, E E] A,
® Common /O capability using “eary write'’ operation. —
® Read modify write, RAS only refresh and page mode capability A, [7: 10] A,
® Only 128 refresh cycle required every 2ms Vee E E NC
® Compatible with Intel 2118-3/-4/-7
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s ABSOLUTE MAXIMUM RATINGS

Item Symbol HM4816A or AP Unit
Voltage on any pin relative to GND Vr ~1.0~+7.0 \'
Power supply voltage relative to GND Voo ~0.5~+7.0 v
Short-circuit Output Current Iout 50 mA
Power Dissipation Py 1.0 w
Operating Temperature Topr 0~ +70 °C
Cerdip -65 ~ +150 °C
Storage Temperature Plastic Tyeq S5~ +123 o
s RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min. typ. max. Units Notes
‘ Vee 45 5.0 55 v 1
Supply voitage Vs o 0 0 v 12
Input high (logic 1) voltage RAS, CAS, WE ViHe 2.4 - 7.0 v 1
Input high (logic 1) voltage except RAS, CAS, WE Via 2.4 — 7.0 \" 1
Input low (logic 0) voltage all inputs ViL -2.0 - 0.8 \' 1
Notes: 1. All voltage referenced to Vgg.
2. Output voltage will swing from Vgg to Ve when activated with no current loading.
= D.C. AND OPERATING CHARACTERISTICS "’
(Ta=0°C to 70°C, Vcc = SV £10%, Vss =0V, unless otherwise noted.)
Parameter Symbol Test Conditions Min. Typ.(2) Max Unit Notes
Input Load Current (any input) Iy Vin= Vgs 1o Vee _ 0.1 10 LA
Output Leakage Current for High Chip Deselected: CAS at Vig.
Hpo! - 0.1 10 uA
Impedance State Vouyr=0to 5.5V
Vo Supply Current. Standby Icc CAS and RAS at Viy - 1.2 2 mA
HM4816A, AP-3 tgpc =trcMIN - 23 27 mA 3
Ve Supply Current. Operating Icce HM4816A, AP-4 tpo = trceMmIN - 21 25 mA 3
HM4816A, AP-7 tgc = tRCMIN - 19 23 mA 3
R HM4816A, AP-3  Ipc=tReMIN - 16 18 mA 3
Ve Supply Current: RAS- Only Iccs | HMABI6A, AP-4  1hc=1RemiN - 14 16 mA 3
Cyele HM4B16A, AP-7 IRC=IRCMIN - 12 14 | maA 3
Voo Supply Current. Standby. Iccs TAS at vy, RAS at Vi _ 3 p mA 3
Output Enabled
Output Low Voltage VoL oy =4.2mA - - 0.4 \Y
Output High Voltage Vou Iog =-SmA 2.4 - - v

NOTES: 1.

All voltages referenced to Vgg.

2. Typical values are for TA=25°C and nominal supply voltages.
3. [¢c is dependent on output loading when the devices output is selected. Specified Icc MAX is measured with the output open.

s CAPACITANCE'"’

(T4=25°C, Voo =5V £10%, Vss=0V, unless otherwise noted.)

Symbol Parameter Typ. Max. Unit
Cri Address. Data In 3 5 pF
C12 RAS, CAS, WE, Data Out 4 7 pF
Notes: : 1:

* 1At . .
C= XY, with AV equal to 3 volts and power supplies at nominal levels.
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Capacitance measured with Boonton Meter or effective capacitance calculated from the equation:



m A.C. CHARACTERISTICS
(T4=0°C to 70°C. V¢ =5V *£10%. Vgs=0V. unless otherwise noted.)

[1.2.31]

® READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

HM4816A-3 HM4816A-4 HM4816A-7
Symbol Parameter HM4816AP-3 HM4816AP-4 HM4816AP-7 Unit Notes
Min. Max. Min. Max. Min. Max.

IRAC Access Time From RAS - 100 - 120 - 150 ns 4.5
IcAC Access Time From CAS - 55 - 65 - 80 ns 4.5.6
IREF Time Between Refresh - 2 - 2 - 2 ms
tRP RAS Precharge Time 110 - 120 - 135 - ns
tICPN ‘CAS Precharge Time (non-page cycles) S0 - 55 - 70 - ns
tcRP CAS to RAS Precharge Time 0 - 0 - 0 - ns
trep | RAS to CAS Delay Time 25 45 25 55 25 70 ns 7
trsy | RAS Hold Time 70 - 85 - 105 - ns
tesg | CAS Hold Time 100 - 120 - 165 - ns
IASR Row Address Set-Up Time 0 - 0 - 0 - ns
IRAH Row Address Hold Time 15 - 15 - 15 - ns
tasc Column Address Set-Up Time 0 - 0 - 0 - ns
tcAH Column Address Hold Time 15 - 20 - 20 - ns
IaR Column Address Hold Time to RAS 60 - 75 - 90 - ns
tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 8
lOFF Output Buffer Turn Off Delay 0 45 0 50 0 60 ns

® READ AND REFRESH CYCLES
IrC Random Read Cycle Time 235 - 270 — 320 - ns
IRAS RAS Pulse Width 115 10000 140 10000 175 10000 ns
tcas "CAS Pulse Width 55 10000 65 10000 95 10000 ns
trRCS Read Command Set-Up Time 0 - 0 - 0 - ns
trRCH Read Command Hold Time 10 - 10 - 10 - ns

® WRITE CYCLE
trRc Random Write Cycle Time 235 - 270 - 320 - ns
IRAS RAS Puise Width 115 10000 140 10000 175 10000 ns
tcas "CAS Pulse Width , 55 10000 65 10000 95 10000 ns
twes Write Command Set-Up Time 0 - 0 - 0 - ns 9
twey Write Command Hold Time 25 - 30 - 45 — ns
twcr | Write Command Hold Time to RAS 70 -~ 85 - 115 - ns
twp Write Command Pulse Width 25 - 30 - 50 - ns
trwr | Write Command to RAS Lead Time 60 - 65 - 110 - ns
.tCWL Write Command to CAS Lead Time 45 - 50 - 100 - ns
Ips Data-In Set-Up Time 0 - 0 - 0 - ns
IDH Data-In Hold Time 25 - 30 -~ 45 - ns
tpgr | Data-In Hold Time to RAS 70 - 85 - 115 - ns

® READ-MODIFY-WRITE CYCLE
tRwWC Read-Modify-Write Cycle Time 285 - 320 - 410 - ns
'rRrw | RMW Cycle RAS Pulse Width 165 10000 190 10000 265 10000 ns
tcrw | RMW Cycle CAS Pulse Width 105 10000 120 10000 185 10000 ns
trwp | RAS to WE Delay 100 - 120 - 150 - ns
tewD CAS to WE Delay 55 - 65 - 80 - ns

® HITACHI



Notes: 7. trcp (max.) is specified as a reference point only, If trRCD is
1. Al voltages referenced to Vgg less than tpep (max.) access time is tpac. If tpep is greater
2. Eight cycles are required atter power-up or prolonged periods than rpcp (max.) access time is fpcp + fcac.
(greater than 2ms) of RAS inactivity before proper device opera- 8. tpis measured between Vg (min.) and Vyp (max.)
tion is achieved. Any 8 cycles which perform refresh are adequate 9. twes, tcwp and tgwp are specified as reference points only. If
for this purpose. wes 2 twes (min.) the cycle is an early write cycle and the
3. AC Characteristics assume [ 7= 5ns ) data out pin will remain high impedance throughout the entire
4. Assume that fgep = f_RcD {max.) If tpep is greater than 'ren cycle. If towp > tewp (min.) and trwp > trwp (min.), the
{max.) then tp 4 ¢ will increase by the amount that tp - p exceeds cycle is a read-modify-write cycle and the data out will contain
trep (max.) the data read from the selected address if neither of the above
5. Load = 2 TTL loads and 100pF conditions is satisfied, the condition on the data out is indeter-
6. Assumes tpcp > trep (max.) minate.
= WAVEFORMS
® READ CYCLE tre
v IRAS |= [Rp
___ Vme
RAS ON ® Y/ \__
473 K 7
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Vibe D \ tcas Zl A
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CAS yL / \\\ (@ y \.
[AR
fasR | ~{RAH] - tasc [ lcan—~
Vin ) 4 Row Column
Addresses Address | Address i
) . 'RCS -«] tRCH @
Vine D
WE @/¥ \
ViL
fcac .
IRAC IOFF {
Doyt OH High ©F s ®
VoL Impedance @\; Data Out
® WRITE CYCLE 're
TRAS [rRp
Ve ® A
RAS y, \L@ A \_
: lcsH ' IcPN {
{ {, b f——
y ® CRP_'| 'RCD IRSH
o IHC ZL 0) \& x IcAS
CAS VIL §® 7
lAR
‘asr —IRAH™] lASC lcAH —]
Vin r0)
Row Column 1
Addre“[e/s X @ Address A >< Address ,><
IL
IRWL
fcwt
 Viue [T wes tweH™ 1
WE @) twp _/
ViL
twcr
heo— | tps — [DH@——‘
by Vi ><;® x-><
N
ViL N Vi
IDHR
Vou High
Pour Vol Impedance
Notes:

1.2. Vg min and Vip pmax are reference levels for measuring tim-

ing of input signals.

3.4. Vo min and VoL max are reference levels for measuring

timing of DoyrT.

5. loFF if measured to loyr <ol
6. ros and tpy are referenced to CAS or WE, whichever occurs

last,

7. trcH is referenced to the trailing edge of CAS or Rﬁ, which-
ever occurs first.

8. toRp requirement is only applicable for RAS/CAS cycles pre-
ceeded by a CAS-only cycle (i.e., for systems where CAS has
not been decoded with RAS ),
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e READ-MODIFY-WRITE CYCLE

tRwC
IRRW trp
e VIHC———
RAS . o N®@ N
(% 'CRP_‘i "e——IRCD ; —tcpN —
e VIH S CRW
CAS £ O \\\'¥E)
{RAH AR o tRWL —
v ! ASRp—el r~fASC 'cAH tewp ——
1H Row "Column
Addresses VIL ®Address { X Agdrgs_s
©) IRWD
trcs fcwp ~—twp
WE Vine D —
y — L ®f N
f-tDH"'I
@fDS_" b @
D Vin ><‘ Data in
N XD Vaiid
Icac
IrAC @ — .kton"
D Vou High €] ¥ Valid ®
ouT VoL Impedance @TL Data Qut ? —
® RAS-ONLY REFRESH CYCLE
IrC
y 'RAS tpp —
—— Vige—\
RAS N A ~
ViL
— pr—icrr
Vibe
CAS
Vie
tASR ~-tRAH
Vin X
Addresses ){kRow Address
IL
D VOH High
out Vor Impedance
e HIDDEN REFRESH CYCLE .
RC
~—!RAS IRp—=| |*~tRAsS —IRAS 'RP
VIHC—@ \ ’——‘.1\
RAS R
ViL ©)
——1IAR Icp
® fcrP—~ FEigcpe —'1' teas CPN
__ Viue o) R
A / )
IL —
et RAH~—=CAH !RAH IRAH
VfASR 4 fAsc T tagp—| b— ASR — |—
IH@ Row NFColumn Row — r Row
Addresses Address/ Address ;Address ddress
Vi = i 1 i 1 i
® —{ tfRes treH (0)
L Viac @ -+
WE / _\
ViL @) .
t cac IOFF
—IRAC— L —
Vou  i©) — ®
Dour < Valid Data }.__
VoL (4 —_
Notes: 1.2, Vg prpnv and Vg 4 x and reference levels for measuring timing of input signals.
3.4.

5.

6
7.
8

Vor min and Vo max are reference levels for measuring timing of Doy.
toFF is measured to IOUT< ”LO l.
. tpg and tpy are referenced to CAS or WE, whichever occurs last.

treH is referenced to the trailing edge of CAS or RAS, whichever occurs first.

only cycle (i.e., for systems where CAS has not been decoded with RAS ).
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. tcrp requirement s only applicable for RAS/CAS cycies preceeded by a CAS-



» D.C. AND A.C. CHARACTERISTICS, PAGE MODE "’

(T4 =0°C to 70°C, V=5V £10%, Vs5=0V, unless otherwise noted.)

HM4816A-3 HM4816A-4 HM4816A-7
Symbol Parumeter HM4816AP-3 HM4816AP-4 HM4816AP-7 Unit
Min. Max. Min. Max. Min. Max.
tpe Page Mode Read or Write Cycle 125 - 145 - 190 - ns
tpcm Page Mode Read Modify Write Cycle 175 - 200 - 280 - ns
tep CAS Precharge Time. Page Cycle 60 - 70 - 85 - ns
tRPM RAS Pulse Width. Page Mode 115 10000 140 10000 175 10000 ns
ICAS CAS Pulse Width 55 10000 65 10000 95 10000 ns
Vpp Supply Current Page Mode.
Ipp4 . . - 23 - 21 - 18 mA
Minimum tpe Minimum o 45
® PAGE MODE READ CYCLE
tRPM
{AR
. \
Ras 'iHe DN O
ViL K -4 -
tcsH IRSH trp
lcrRP - tpc .
—IRCD tcas ~tcp= ~—tcAS— tcas CPN
=V Famma— [
CAS IHC \_
ViL ® @ d{ S\'_—_J \—;__Jz
[RAH lCAH IcAH tCAH
[TASR —={ =+ —-H——’Asc tASC— for— TASC—={ pot—
i L
Vin oV Rowk Col % Col X >§' Col ’X
Addresses ViL Add Add Add i Add

‘ i~ ~—!RCS
chs‘l ® tRCH———i-—— ~ReS tRCH—-H 'RCH —
VIHC' . s o
WE f

ViL ———-—r——f

—tcac—= ; fcac l—ICAC

T t—!OFF
IrRAC o lOFF —1IOFF
Doyt 'OH ®%‘ 3%@ — }

VoL @ = 3

Notes: 1.2, Vig pmyn and Vip max are reference levels for measuring timing of input signals.
3.4. Vop min and Vo, max are reference levels for measuring timing of Dgy.
5. toFF is measured to [T <!/LOI. .

- tpen is referenced to the trailing edge of CAS or RAS, whichever occurs first.

. All voltages referenced to Vss-

AC Characteristic assume {p=5ns,

. See the typical characteristics section for values of this parameter under alternate

conditions.

10. fcrp requirementis only applicahle for RAS/CAS cycles preceeded by a CAS-
only cycle {i.e., for systerns where CAS has not been decoded with RAS).

11. All previously specified A.C. and D.C. characteristics are applicable to their
respective page mode device.

© o~ o
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© PAGE MODE WRITE CYCLE

IrRPM
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L
— Vi @© -
wE No /Y \ 4 /
IL ”
l twp Fe—fwp —i '
l—!WCR lb——tRwWL
® Ipst— —tpy—{(® tpst— —IDH t[?S* p—
by ViH >§’ (D Valid §< Valid : ) X
ViL Data Data et
L——tDHR !
e PAGE MODE READ-MODIFY-WRITE CYCLE
IRPM Irp
Vine 7
Ris v, ORG ]
teRP L = tpcMm tcPN
CR ~—I!RCD fcrRwW kI CP tCRW LcRW
—— _Vinc—yr " .
as e Sl ON@ 7N / /
le—fAR
[RAH e—sbtoany ' fcwL— tcAH |—tcwL— tcAH |—tfcwL—~
tasro W T S0 kse tasc—
Addresses VIH "ig:f’ 'ﬁﬁ‘d >! /‘;gii‘
vV T T
L b ltrwp——+ | tres 1
tRCS——1 b fe—tCcWD—{ twWP *fcwn—-‘ e T wp ——tcwp-——i -t wp
Vine ‘ Emmm——
V, f f .
L tDH IpH IDH
DS~ p— tDS“1 tus-1
v @ D 7 D in; D in/
D IH ata in ata in, ata in
7 @XVaudy\ Valid \ Valid A\
kicacH ' teacH T
tASC h IOFF -~ po—o tOFF—~| tOFF--l f—
Von (D Vahd F valid . { Valid
VoL @ Data out Data out Data Qut
Notes: 1.2, Viy pyn and Vg pax are reference levels for measuring timing of input signals.
3.4,

5. topFis measured to Inpr <o 1

[s BN I e))

. tpg and tpyy are referenced 10 CAS or WE, whichever occurs last.
. trcH is referenced to the trailing edge of CAS or RAS, whichever occurs first,
. Icrp requirement is only applicable for RAS/CAS. cycies preceeded by a CAS-

Vou min and Vor amax are reference levels for measuring timing of Doy.

only cycle {i.e., for systems where CAS has not been decoded with RAS).
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tcac (ns)

Iccy (mA)

ICCZ (mA)

Typicl Characteristics of HMI4816A
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