NEC Micrecomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

16384 x 1 BIT DYNAMIC MOS

RANDOM ACCESS MEMORY

NEC

M1 PD416

/M PD416-1
M PD416-2
M PD416-3
s PD416-5

The NEC uPD416 is 2 16384 words by 1 bit Dynamic MOS RAM. It is designed for
memory applications where very low cost and large bit storage are important design

objectives.

The uPD418G is fabricated using a double-poly-layer N channel silicon gate process
which affords high storage cell density and high performance. The use of dynamic
circuitry throughout, including the sense ampiifiers, assures minimai power dissipation.

Multiplexed address inputs permit the UPD416 to be packaged in the standard 16 pin
duai-in-line package. The 16 pin package provides the highest system bit densities and
is available in either ceramic or plastic. Noncritical clock timing requirements aliow
use of the multiplexing technique while maintaining high performance.

Multiplexed Address Inputs

128 Refresh Cycles
5 Performance Ranges:

16384 Words x 1 Bit Organization
High Memory Density — 16 Pin Ceramic and Plastic Packages

Standard Power Supplies +12V, -5V, +5V
Low Power Dissipation; 462 mW Active (MAX}, 40 mW Standby (MAX)
Gutput Data Controtled by CAS and Unlatched at End of Cycle
Read-Modify-Write, m-only Refresh, and Page Mode Capability

Ail Inputs TTL Compatible, and Low Capacitance

ACCESSTIME | RW CYCLE | RMW CYCLE
uPD416 300 ns 510 ns 575 ns
uPD416-1 250 ns 410 ns 465 ns
uPD416-2 200 ns 375 ns 375 ns
#“PD416-3 150 ns 375 ns 378 ns
uPD416-5 120 ns 320 ns 320 ns
Ve [ 7 16[D vss
N Ag-Ag Address Inputs
Oiv [ 2 15 [} CAS CAS Column Addrass Strobe
wriTe (] 3 14 ] Doyt Dy Data In
S DouT | DataOut
4
Ras (O uPD 1307 A6 RAS Row Address Strobe
ro Os Y6124, WRITE | Read/Write
VeR Power (-5V)
6 1 A
A2 C ! 3 4 vee Power (+5V)
Aq () 10[] As VpD Power (+12V)
\_/DD 8 9 3 Ve Vss Ground
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vss vss
Cperating TeMPerature . . . v v v v o v v v e e eee e nsae e e 0°C to +70°C
Q
Storage Temperature , . . .. ..o v i e i e n e SR ~55°C to +1560°C
All OutputVoltages (D). . . . .. oo oo it e i i e e e -0.5 to +20 Volts
All Input Voltages D. ... ........ e -0.5 to +20 Volts
Supply Voltages Vpp, Vee, Vss D. .. ..o oot -0.5 to +20 Volts
Supply Voltages VpD. VeC @ . oo oo e o -1.0 to +15 Volts
Short Circuit Qutput Current L . . . . . . it e e e e et e et et ne e 50 mA
Power Dissipation . . . ... e e e e e e e e e e e e 1 Watt

Notes: (I Relative to VBB
@ Relative to Vss

COMMENT: Stress above those listed under "Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure 1o absolute maximum rating conditions for extended periods may affect device
reliability.

*T,=25°C

Ta=0"C1o 70°C, Vpp = +12V * 10%, VB =~5V * 10%, Vog = +5V £ 10%,
Vgg = 0V
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Ta=0°Cto +70°C(T), Vpp = +12V £ 10%, Vg = +6V + 10%, Vgg = -6V + 10%, Vg = OV

LIMITS TEST
PARAMETER SYMBOL MIN TYP | MAX UNIT CONDITIONS
Supply Voltage Voo 108 | 120 | 132 | VvV @
Supply Voltage vee 4.5 5.0 55| V DRE),
Supply Voltage Vgg 4] 4] 4] v @
Supply Voltage Ves - 45 ~-5.0 -5.5 v @
Input High (Logic 1)
wg_e,m, C_Aé, VIHC 2.7 7.0 Vv @
WRITE
Input High (Logic 1}
:‘;gﬁ%t’%‘%‘ Vin 2.4 20| v ©)
WRITE
Input Low (Logic O) ViL 10 0.8 v @

Voltage, all inputs

RAS, TAS cycling;

Operating Vpp Current Ipo1 35 mA tRC = tRC Min. @)
RAS = Viye, D
Standby Vpp Current inp2 15 | mA IHC- YOUT

= High tmpedance

All Speeds Y3 Y3
Refresh excopt wPD416.5| 1003 265 | mA | RAScychng, TAS -

VoD
ViHC:tRC = 375 ns @)
Current uPD416-5 | 'DD3 27 mA
RAS =V AS
Page Mode Vpp S ) L. E: 1
Current DD4 27 mA cycling; tpg =
225 ns @
Operating Vo RAS, CAS cycling.
A
Current e . pe <375 ns@
RAS = ViHyC.
Standby Vg Current Icc2 -10 10 BA DoyT = High
Impedance
RAS cychng,
Refresh Ve Current lces ~10 10 WA CAS - Viye.
tre c 375 ns
RAS - V). CAS
Page Mode V¢ L
Current 'CC4 A cyching. tpC
225 ns (5)
Operating Vgg i RAS, CAS cycling.
00 A
Current '8B1 H 2 g tac 375ns
Standby V i RAS = Vinc.
Y VBB 100 A High
Current 'BB2 . bout g
Impedance
RAIS cycling,
f il b
Refresh Vgg 1883 200 ulk TAS - Vine.
Current R,
tRe * 375 ns
Page Mode V RAS = V|, CAS
Cage oce Vag 1884 200 wA cycling;
urrent tpe ¥ 225 ns
vgg = -5V, 0V <
v s +7V,
Inputr Leakage e 10 10 uA IN
(any input) all other pins not
under test = OV
DoyT is disabled,
Output Leakage lo(L) -10 L o 0V € VouT € 5.5V
Qutput High Voltage .
V 24 \" I = -5 mA
{Logic 1) OH ouT @
Qutput Low Voltage N
V, 0.4 \" ! = 4.2 mA
(Logic 0) oL ouT

Notes: @ T, is specified here for operation at frequencies to tre » 1re (Min). Operation at higher cycte rates with reduced

ambient temperatures and high power dissipation is permissible, however, provided AC operating parameters are met
See Figure 1 for derating curve.
Allvoltages referenced 1o Vgs.
Output voltage will swing from Vgg te Ve when activated with no current loading. For purposes of maintaining
data in standby mode, Vo may be reduced to Vgg without affecting refresh operations or data retention. However,
the Vo {min) specification is not guaranteed in this mode,

(@) 'pp1. 'DD3. and |pp4 depend on cycle rate. See Figures 2, 3 and 4 for Ipp limits at other cycle rates,

®) tceq and I(icq depend upon output loading. During readout of high level data V¢ is connected through a low
impedance {13552 typ) to data out. At ali other times Ic ¢ consists of leakage currents only.




Ta=0°Cto +70°C, Vpp = +12V £ 10%, Voo = +6V £ 10%, vgp = -BV £ 10%, Vgg = OV

LiIMITS
#POAG PD416-1 uPD4Y6-2 uPD416-3 wPDR416-5 TESY
PARAMETER SYMBOIL | MIN MAX | MIN MaAX | MIN MAX §MIN | MAX MIN MAX UNIT CONDITIONS

Randn!-n read Or write tRC 510 410 a7s 120 320 ns @
cycle ime
Read-write cycle time WG 575 465 38 375 330 ns @
Page mode cycig time tpg 330 275 235 170 160 ns
frocass thne from tRAC 300 250 200 150 120 | s @ ®
2;;55,5 time fram teac 200 165 135 100 80 ns ® ®
Output buffer

0 50 0 40 0 35 ns
surn-off delay 'OFF 0 b 80 . @
leansulon trme . 3 S0 3 50 3 50 3 a5 3 a5 e @
{rise and fall)
RAS pracharge time inp 200 15G 120 100 100 ns
AAS pulse width 1RAS 300 10,000 | 250 10,000 { 200 32,000 | 150 32,000 (120 10,000 ns
RAS hold time RSH 200 165 138 100 80 ns
CAS pulse witth 1CAS 200 10,000 | 165 10,000 { 135 10,000 | 100 10,000 ;] 10,000 ns
ﬁ:: o TAT delay RCD 40 100 | 35 s | 25 65 | 20 50 | 15 40| bs
CA3Z 1o RAS
precharge time 'CRP -20 -20 -20 -20 0 ns
Row address
Setup time tASR 0 o [+} 0 ] ns
Row address '
hold time tRAHM 40 35 25 20 15 ns
Calumn address
setoup time 1ASC -10 -10 -10 -10 -10 ns
Colurn address
hold time CAH 90 75 55 45 40 ns
Column address hold
time referenced to tAR 190 160G 120 a5 80 ng
RAS
Reada ¢ommand
set-up time tRCS o] a3 [+] 4] 1] ns
Read command
hold time tRCH 0 0 0 0 0 ns
Write command
heic time tWeH 90 7% 85 45 40 ns
Write command
hold time WCR 190 160 120 95 80 s
referenced 10 RAS
Write command
oufse width twe 90 5 55 45 a0 ns
Write command to
RS lead time tRwe g 120 8 » %0 = s
Write command to
EAZ lead rime towWL 120 85 70 50 850 ns
Data-in set-up ume tDs 1} 0 Q o 0 ns @
Data-in hotd time t1DH S0 75 55 45 40 ns @
Data-in hold time
referenced to ﬁ'A—S IDHR 90 160 120 95 80 ns
CAS precharge time
{for page mode ep 120 100 8¢ 60 &0 ns
cycle oniy}
Retrosh period tREF 2 2 2 2 2 ms
WRITE command
set-up time Wes -0 -0 -0 -0 ° s
CAS to WRITE
i wown | 140 126 95 0 80 ns
RAS 1o WRITE
delay tRWD 240 200 160 120 120 ns (o

Notes: @ AC measuremants assume ty = 5 ns.
@ VIHC {mind or Vg imind and Vi imax) are reference (evels for measuring Liming of input signals. Also, transiion tmes are measured between VIHG or Vi and Vi
(@ The specitications for tpc Imin and tRWC {min) are used only 10 indicate cycle time at which proper operation over the full temperature range {0°C < T, < 70°C)
is assured.

@ Assumes that 1R < tep (max). If trep s greater than the maximum recommended value shown in this 1able, tg 4 will increase by the amount that tRop
exceeds the vatues shown,

() Assumes that 'RCD * tRCD Imax).

@ Measured with a load equvalent 1o 2 TTL loads and 100 pF.

@ tOF F {max] defines the time a1 which the output achieves the apen circuit condition and s not referenced to putput voltage ievels.,

{8 Operation within the tRep Imax) imit ensures that tpa e Imax) can be met, 1R (Max) s specified as a reference point only, 1f tpop 15 greater than the specified
tRCo (max) limit, then access time 1s controlted exclusively by tCAC

@ These parameters are referenced 1o CTS leaching edge in garly write cycles angd wWﬁ.ﬁ'-F: leading edge n delayed write or read-modify-write cycies.

@ WWCS. 1CWD and tRwD are not restrictive operating parametars. They are included in the data sheet as electrical charactenistics only. H tyeg » tweg (vond, the cycle
15 an early write ¢ycie and the data out pin walt remain gpen circuit {high impedance) > tpyp (Min). the eycle is a read-write cycle and the data out will contan data
readt from the selected cell; if neither of the above sers of conditions is satisfied the condition of the data out (at aceess nime) 15 Indeterminate.
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FIGURE 1

Maximum ambient temperature versus cycle
rate for extended frequency operation. Ta
(max) for operation at cycling rates greater
than 2,66 MHz (t vy~ < 375 ns) is deter-
mined by T, (max) [°C] =70 - 9.0 x
(eyc'e rate [MHz} -2.66). For uPD416-5,
itis T, (max} (°C} = 70 - 9.0 (eycle rate

[MHz] -~ 3.125).
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FIGURE 3

Maximum IDD3 versus cycle rate for device
operation at extended frequencies.
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Maximum | pp 1 versus cycle rate for device
operation at extended frequencies.
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Maximum g versus cycle rate for device
operation in page mode.
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The 14 address bits required to decode 1 of 16,384 bit locations are multiplexed onto
the 7 address pins and then latched on the chip with the use of the Row Address
Strobe {RAS), and the Column Address Strobe (CAS). The 7 bit row address is first
applied and RAS is then brought low. After the RAS hold time has elapsed, the 7 bit
column address is applied and CAS is brought low. Since the column address is not
needed internally until a time of tCRD MAX after the row address, this multiplexing
operation imposes no penalty on access time as iong as CAS is applied no later than
tcRD MAX. If this time is exceeded, access time will be defined from CAS instead of

RAS.

For a write operation, the input data is latched on the chip by the negative going
edge of WRITE or CAS, whichever occurs later. 1f WRITE is active before CAS, this
is an “early WRITE" cycle and data out will remain in the high impedance state
throughout the cycle. For a READ, WRITE, OR READ-MODIFY-WRITE cycle, the
data output will contain the data in the selected cell after the access time. Data out
will assume the high impedance state anytime that CAS goes high.

The page mode feature allows the uPD416 to be read or written at multipie column
addresses for the same row address. This is accomplished by maintaining a low on RAS
and strobing the new column addresses with CAS. This eliminates the setup and hold
times for the row address resulting in faster operation.

Refresh of the memory matrix is accomplished by performing a memory cycle at each
of the 128 row addresses every 2 milliseconds or less. Because data out is not latched,
"“RAS only" cycles can be used for simple refreshing operation.

Either RAS and/or CAS can be decoded for chip select function. Unselected chip
outputs will remain in the high impedance state.

In order to assure longerm reliability, VBB should be applied first during power
up and removed last during power down,



uPDA416C

uPD416D

(Piastic)
ITEM MILLIMETERS INCHES
A 19.4 MAX. 0.76 MAX,
B 0.81 0.03
c 2.54 0.10
D 0.5 0.02
E 17.78 0,70
F 1.3 0.051
G 2.54 MIN. 0.10 MIN.
H 0.5 MIN. 0.02 MIN,
I 4,05 MAX, 0.16 MAX,
J 4.55 MAX. 0.18 MAX,
K 7.62 0.30
L 6.4 0.25
M 0.25 e 0.01
-0.05
- A -
1 * ?
1 N
F :
B
- B | o ]
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- E
(Ceramic)
ITEM MILLIMETERS INCHES
A 20.5 MAX. 0.8t MAX.
8 1.36 0.05
¢ 2,54 0.10
D 0.5 0.02
E 17.78 0.70
F 13 0.051
G 3.5 MIN. 0.14 MIN.
H 0.5 MIN, 0.02 MIN.
1 4.6 MAX, 0,18 MAX,
J 5.1 MAX. 0.20 MAX.
K 7.8 0.30
L 1.3 0.29
M 0.27 0.0
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