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HPD4216100, 4217100
N .ﬂ b 16,777,216 x 1-Bit
NEC Electronics Inc. ; Dynamic CMOS RAM
THo-23-1S
Description On-chip substrate bias generator

TTL-compatible inputs and outputs

Nonlatched, three-state outputs

Low input capacitance

4K refresh cycles every 64 ms (4216100); 2K refresh
cycles every 32 ms (4217100)

The pPD4216100 and the uPD4217100 are fast-page
dynamic RAMs organized as 16,777,216 words by 1 bit
and designed to operate from a single +5-volt power
supply. Advanced polycide technology minimizes sili-

con area and provides high storage cell capacity, high ; . : . .
performance, and high reliability. A single-transistor 28/24-pin plastic SOJ (400 mif), 24-pin plastic ZIP

dynamic storage cell and advanced CMOS circuitry (475 mil), and 28/24-pin plastic TSOP packaging

throughout ensure minimum power dissipation, while  pjn Configurations
an on-chip circuit internaily generates the negative- \
voltage substrate bias—automatically and transpar- 28/24-Pin Plastic SOJ

DoOoooao

[w]

ently.
The three-state output is controlled by CAS indepen- UPD4216100, 4217100
dent of RAS. After a valid read or read-modify-write vee 1 28 1 GND
cycle, data is held on the output by holding CAS low. oy 2 27 |3 bour
The data output is returned to high impedance by NC [ 3 26 [1NC
returning CAS high. Fast-page read and write cycles WE]+ 25 [1CAS
can be executed by cycling CAS. RAS 5 24 NG

! . e A1 s 230 Ag
Refreshing may be accomplished by means of a CAS
before RAS cycle that internally generates the refresh
address. Refreshing can also be accomplished by Apls . 20[4Ag
means of RAS-only refresh cycles or by normal read or Ag [ 10 19 [0 A7
write cycles. A O 11 18 1 Ag

X ! Ao [ 12 170 As
Two versions of the 16,777,216 x 1-bit DRAM are avail- As] 13 18[A
able. The uPD4216100 version uses 4096 address com- vee [ 14 16 R GND
binations of Ag - Ay to refresh the memory during a v R
64-ms refresh period. The uPD4217100 version uses
2048 address combinations of Ag - Ay to refresh the
memory during a 32-ms period. 24-Pin Plastic ZIP
Both versions use row and column address combina-
tions of Ag - Ay for accessing the memory during read, p.PD4216100 4217100
write, and read-modify-write cycles.
Features
0 16,777,216 by 1-bit organization
O Single +5-volt power supply
O Fast-page option
O Low power dissipation
o CAS before RAS refresh cycles
O Multiplexed address inputs
B3FM-7864A
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Pin Configurations

28/24-Pin Plastic TSOP (Normal Pinouts)

PPD4216100, 4217100 -
vee 1o, N 28pGND
Din[j2 27 O Dout
NCO3 26 [J NC
WEQ4 25 [1CAS
RAS 5 24[INC
Ay O 6 23 [1Ag
-74D
Ap ]9 20 :'Agl
Ag ] 10 1vpa;
AL g1 180 Ag
Ax] 12 17 Ag
Az ] 18 16 1 A4
Voo O 14 ~ ©15 1 GND
Suffix —7JD in the package identifier
denotes normal pinout sequence.
BIFM-7865A
28/24-Pin Plastic TSOP (Reverse Pinouts)
1PD4216100, 4217100
GND O 1 o ©°= N vee
Doyr ] 2 22D OIN
NC[]3 26 I NC
cAS ] 4 25 TWE
NeOs 24 I RAS
Ag ] 23 1 Aqy
-7KD
Ag(]e 20 O A0
Az 10 1917 Ap
Ag O 11 18 ) Ay
a5 12 17 A
Ag 13 T 160 Ag
awdis O  ashvge
Suffix =7KD In the packagé identifier
denotes reverse pinout segquence.
$3FM-7066A

Pin Identification

Name Functlon

Ao - Ay Address inputs

TAS Column address strobe
Dy " Data Input

Dout. . Data output

RAS Row address strobe
WE Write enable

GND " Ground

Vee -+ 5-volt power supply
NC No connection

Absolhte Maximum Ratings |

-10t0 +7.0V

Voltage on any pin relative to GND

Operating temperature, Topp 0to +70°C
Storage temperature, Tsta -55to +125°C
Short-clrouit output current, log '50 mA
Power dissipation, Pp 1.0W

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should bé operated within the limits
specified under DC and AC Characteristics. ) )

Recommended Operating Conditions

Parameter . Symbol Min Typ Max: Unit
Input voltage, high * Vi 24 " Veg+ 10 ¥
Input voltage, low ViL -10 . 08 Vv
Supply voltage Voo . 45 50 - 55 v
Ambient temperature Ty - 0 . 70 - °C
Capacitance
Ta= 25°C;f= 1 MHz
Parameter Sym *Max Unit  Pins Under Tost
Input capacitance Cyy 5@ pF Address, Dy -
Cg 7.0 pF  RAS, CAS, WE
Output capacitance Co .. 7(9) pF

Dout

*Values in parenthesss are for the ZIP package. -
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N bu uPD4216100, 4217100

Ordering Information, uPD4216100 (4K Refresh Cycles)

RAS Access R/W Cycle Fast-Page )
Part Number Time (max) Time (max) Cycle (max) Package
pPD4216100LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil)
LE-70 70 ns 130 ns 45 ns
LE-80 80 ns 150 ns 60 ns
LE-10 100 ns 180 ns 60 ns
HPD4216100V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP
V-70 70 ns 130 ns 45 ns
V-80 80 ns 150 ns 50 ns
v-10 100 ns o 180 ns 60 ns
HPD4216100G5-60 60 ns 110ns 40 ns 28/24-pin plastic TSOP (normal pinouts)
G5-70 : 70 ns 130 ns 45'ns
G5-80 . ' 80 ns ' 150 ns 50 ns
HPD4216100G5M-60 60 ns . -110ns 40 ns 28/24-pin plastic TSOP (reverse pinouts)
G5M-70 70 ns 130 ns 45 ns
G5M-80 80 ns 150 ns 50 ns

Ordering Information, uPD4217100 (2K Refresh Cycles)

RAS Access R/W Cycle Fast-Page
Part Number Time (max) Time (max) Cycle (max) : Package
pPD4217100LE-60 60 ns 110 ns 40 ns ’ 28/24-pin plastic SOJ (400 mi).
LE-70 70 ns 130 ns. 45 ns
LE-80 80 ns 150 ns 50 ns
LE-10 100 ns 180 ns 60 ns
#PD4217100V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP
V70 70 ns S 130 ns 45 ns
V-80 80 ns " 150 ns 50 ns
V10 " 100 ns - 180 ns 60 ns
uPD4217100G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP {normal pinouts)
G5-70 70 ns 180 ns 45 ns
G5-80 80 ns 150 ns 50 ns -
1PD4217100G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts)
G5M-70 - 70 ns 130 ns 45 ns
G5M-80 80 ns 150 ns 50 ns
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puPD4216100, 4217100 N b G
Block Diagram
Ras RAS Clock CAS Clock
i Generator Generator -
WE Clock
CAS r r Generator
WE
I CAS Before RAS
Interna) Refresh 1
Clock
Data-i
1 (_r Bufer [ DI
Relresh Address Data O Bus
Counter
Column Decoder I > Datwout 1 oo

Sense Amplifier

5| |3
AgAn1 ﬁ’L) é 3 Memory Array
2 g '
<
83FM-70678
DC Characteristics
Ta = 0to +70°C; Voo = +5.0V £10%
Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lco2 20 mA RAS = CAS = Vyy (min)
1.0 mA RAS = CAS = Vgg-02V

Input leakage current hw -10 10 HA Vin = 0V to Vg, all other pins not under test = 0V
QOutput leakage current low) -10 10 HA Doyt disabled; Vot = 0V to Vee
QOutput voltags, low VoL 04 loL = 4.2mA
Output voltags, high Vou 24 lop = -5 mA
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AC Characteristics
Ta=0to +70°C; Voo = +5.0V *10%

-60 -70 -80 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Operating current, loet 20 80 70 60 mA  RAS and CAS ¢ycling;
average (4216100) the = tpe min;
lcct 110 100 ) 80 ma 0= OmANoteSs)
(4217100)
Operating current, FAS-  Igga 90 80 70 60 mA  RAS cycling; CAS = Vii;
only refresh cycle, (4216100) tpc = tpe min;
average leca 110 100 %0 80 mA lo = 0 mA (Note &)
(4217100)
Operating current, fast- lcca 70 60 50 40 mA BAS = Vy; CAS cycling;
page cycle, average (4216100) tpe = tpe min;
lcos 70 60 50 40 ma o= 0mA{NoteS)
(4217100)
Operating current, CAS ~ Igcg 90 80 70 60 mA  RAS cyeling; CAS before
before RAS refresh cycle,  (4216100) RAS; tpg = tpe min;
average locs 110 100 %0 80 mA lo = 0 mA (Note 5)
{4217100)
Access time from column  taa 30 35 40 §0 ns  (Notes7,9)
address
Access time from CAS tacp 35 40 45 55 ns  (Notes 7,9)
precharge (rising edge)
Column address setup tasc [o] 0 ] 0 ns
time
Row address setup time tash 0 0 0 0 ns
Column address to WE tawp 30 35 40 50 ns  (Note 16)
delay time
Access time from CAS tcac 15 18 20 25 ns  (Notes7,9)
(falling edge)
Column address hold tcan 15 18 15 20 ns
time
CAS pulse width teas 15 10000 18 10000 20 10,000 25 10,000 ns
CAS hold time for CAS tcHR 10 10 10 10 ns
before RAS refresh cycle
CAS to output in low toLz 0 0 0 0 ns (Note7)
impedance
Fast-page CAS precharge tcp 10 10 10 10 ns
time
CAS precharge time tepn 10 10 10 10 ns
CAS to RAS precharge tcpe 5 5 5 5 ns  (Note 12)
time .
CAS hold time tosH 60 70 80 100 ns
CAS setup time for CAS  tesp 5 [ 5 5 ns
before RAS refresh cycle
CAS to WE delay tewp 15 18 20 25 ns  (Note 16)
Write command to CAS towr 15 15 15 20 ns
lead time
Data-in hold time toH 10 15 15 20 ns  (Note 15)
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AC Characteristics (cont)

<60 -70 -80 -10

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Data-in setup time tps 0 0 0 0 ns  (Note 15)
Output buffer turnoff toFF ] 15 0 15 0 20 0 25 ns  (Note 11)
delay
Fast-page cycle time tpe 40 45 50 60 ns  (Note 6)
Fast-page read-modify- tpRWC €0 65 75 85 ns  (Note €)
write cycle time )
Access time from RAS taac 60 70 80 100 ns  (Notes 7, 8)
RAS to column address tRAD 15 30 15 35 17 40 17 50 ns  (Note @)
delay time
Row address hold time tRAH 10 10 12 12 ns
Column address lead tRAL 30 35 40 50 ns
time referonced to RAS
(rising edge)
RAS pulse width tRas 60 10,000 70 10000 80 10,000 100 10,000 ns
Fast-page RAS pulse tRASP 60 125,000 70 125000 80 125000 100 125000 ns
width
Random read or write trc 110 130 150 180 ns  (Note 6)
cycle time
RAS to CAS delay time trRcD 20 40 20 50 25 €60 25 75 ns  (Note 10)
Read command hold time  trcH 0 0 0 0 ns  (Note 13)
referenced to CAS
Read command setup thes (] 0 Q 4] ns
time
Refresh period tRer 64 64 64 64 ms  (Note 18)

tREF 32 32 32 32 ms  (Note 19)
RAS hold time from CAS  trycp 36 40 a5 55 ns
precharge
RAS precharge time tpp 40 50 60 70 ns
RAS precharge CAS hold  tgpc 5 5 5 g ns
time
Read command hold time  tppH 0 0 0 0 ns  (Note 13)
referenced to RAS
RAS hold time tRsH 15 18 20 25 ns
Read-write cycle time thwe 135 156 175 210 ns  (Note 6)
RAS to WE delay tawD 60 70 80 100 ns  (Note 16)
Write command to RAS thwi 20 20 20 25 ns
lead time .
Rise and fall transition tr 3 50 3 50 3 50 3 50 ns  (Note 3)
time
Write command hold tweH 10 10 15 20 ns
time
Write command setup twes 0 0 0 1] ns  (Note 16)
time
WE hold time twHR 15 15 15 20 ns
Write command pulse twp 10 10 15 20 ns  (Note 14)
width
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HPD4216100, 4217100

AC Characteristics (cont)

-60 -70 -80 -10
Parameter Symbol Min Max Min Max Min Max Min Max = Unit Test Conditions
WE setup time twsh 10 10 10 10 ns
Notes:
(1) All voltages are referenced to GND. (15) These parameters are referenced to the falling edge of CAS for

2 Aninitial pause of 100 us is required after power-up, followed by
any eight RAS cycles, before proper device operation is
achieved. At the end of the_initial power-up sequence, it is
recommended-that either a RAS-only refresh or a CAS before
RAS refresh cycle be executed while WE = V| to ensure normal

operation.
(3) Ac measurements assume tt = 5ns.
(4) V|4 (min) and V)i (max) are reference levels for measuring the
timing of input signals. Transition times are measured between
. Viy and V.
8 lect Icea: locas and lggs depend on output loading and cycle

rates. Specified values are obtained with the output open. lgc3
Is measured assuming that all column address inputs are held at
either a high level or a fow level during RAS-only refresh cycles.
Iccs is measured assuming that all column address inputs are
switched only once during each fast-page cycle.

(6) The minimum specifications are used only to indicate the cycle
' time at which proper operation over the full temperature range
(Ta = 0to +70°C) is assured.

(@) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF.

© Assumes that thop = trcp (Mex) and tgap < trap (Max). If
trcD of tpap is greater than the maximum recommended value
In this table, tpac increases by the amount that tpep or ‘RAD
exceeds the value shown.

©)
(10) Operation within the tpop (max) limit assures that tgac (max)
can be met. tgep (Mmax) is specified as a reference point only; if

threp is greater than tgcp (max), then access time is controlled
exclusively by tcac.

-~

If trap 2 tpap (Mmax), then the access time is defined by taa.

(11) topg (max) defines the time. at which the output achieves the
open-circuit condition and is not referenced to Vo or Vo .

(12) The topp requirement should be applicable for RAS/CAS cycles
preceded by any cycle.

(13) Either tgry or trgH must be satisfied for a read cycle.

(14) Parameter typ is applicable for a delayed write oycle suchas a
road-write/read-modify-write cycle. For early write operation,
both twcg and tycy must be met.

(18)

a7

(18)

(19)

early write cycles and to the falling edge of WE for delayed write
or read-modify-write cycles,

twes: thwbs towps and tawp are restrictive operating parame-
ters in read-write/read-modify-write cycles only. f twes = twes
{min), the cycle is an early write cycle and the data output will
remain open-circuit throughout the entire cycte. ftocwp = tewp
(min); tawp = tgwp (Min), and tawp = tawp (min), the cycle is
a read-write cycle and the data output will contain data read
from the selected cell. If neither of the above conditions is met,

the condition of the data output pin (at access time and until
CAS returns to Viy) is indeterminate.

Assumes that the test mode has been set. A test mode may be
initiated by executing a CAS before RAS refresh cycle with WE
held atV . This mode also may be inadvertently initiated during
power up because external control of the signal lines is very
difficult during this period. It Is therefore. recommended that
while WE is held at V;H, either a RAS-only or a CAS before RAS
refresh cycle should be executed at any time after the end of the
initial power up sequence to ensure normal device operation,
Contact your NEC Electronics sales representative for more
details. -

The uPD4216100 RAS-only refresh (ROR). cycle uses 4096 exter-
nal row address combinations of Ag - A41 to refresh the memory
during a 64-ms refresh period (tref). Row and column address
combinations of Ag - Ayq are used to access the memory during
read, write, and read-modify-write cycles. CBR (CAS before
RAS) and hidden CBR refresh cycles use 4096 internal row
address combinations of Ag - A1 to refresh the memory during a
64-ms refresh period (tgep).

The 1PD4217100 RAS-only refresh (ROR) oycle uses 2048 exter-
nal row address combinations of Ay - Aqq to refresh the memory
during a 32-ms refresh period {tpep). Row and column address
combinations of Ag - Aqg are used to access the memory during
read, write, and read-modify-write cycles. CBR (CAS before
RAS) and hidden CBR refresh cycles use 2048 internal row
address combinations of Ag - Aqg to refresh the memory during a
32-ms refresh period (tgef).
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Timing Waveforms

RAS N - l\___
s _/ } \ ! / ‘\_
rtAST:HtIT:Zc+ e~ le—>ltcaH . | T
Sl /) Tl YY), et U
—>| [-tRCS ‘ !
= I -l
bour High Impedance ;M valld Data :E——
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Timing Waveforms (cont)

Early Write Cycle

3l
Yl
LY

tACD > cAs >
— \ 4 —\
cAS ]' /
.
tASR: 1RAL: |
fe—
Col

R VI,

[ tWCS > tweH

= WIS I(_//////////////////////////////////[
s »I toH —>I
R SR Y

High Impedance

Dour

83IH-88118




LLE D WE k427525 0033943 238 EENECE

NEC ELECTRONICS INC S - -
NEG

pPD4216100, 4217100

Timing Waveforms (cont)

Late Write Cycle

tRC
€ tRAS > [E——tRPp ——3>
—_— Yy
RAS ) \( 7[ N .
tCSH— - :
tcnp|<-> le——tRCD - tRSH > |l tCPN ——»
1CAS—————>
=/ \ ', \
tASR : [€——tRAD (—— WL ——> ‘
tRAH tASC 3 ICAH  jEe———IRWL——»]
ros: Row Col IAAAAAAAAAAAAAAAL \/ ""'""'9""'9'"9""""’7"
Addross | Adaress aaoross _ INOARARAXANAN KRNI

l(—t ncs—>| ,L lwc}Hk :

= T J e

DS [

o XXX KKK

........................

B3IH-56478
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

=_/ Y ()

R » l——1RAD TAWD -~ . [€——tCPN——

le-tRAH-> TASC 3 [~  |eICAH

sl el I‘l <=°'""‘I"*""'°:JLW/////////////_/)| T

L [ €e—————ICWD ———— [ tRWL—]

[ee— typ —

, =
w T N/

[e————1AA ————>

S, = Y,

tRAC

terz be—sf
mmmm ance . 4 R
Dour CLL gm Valid Data ,E-——-
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Timing Waveforms (cont)

Fast-Page Read Cycle

tRASP

' \ -

lae—— LRHCP———3

te———1CSH —>| e tRSH >

J

l€-1cRP |€&———tpg————>€&«———1pC > tRp >
[€—tRCD tCAS — > [«—ICP-> tcas letCpa| [€—tcAS — tepN >
== 3 4 y 4 ' Y
CAS }‘ \\- N /
| . \
<RAD > < her—>]
TRAH - > |<—10AH 4 etcan > '<—ICAH
—>» &t —» |"|‘ASC L
‘l— 1ASR | I tAA—! .
R Col Col
o TN EN TN EX L Y,
| tAA——> & tRCS tpal—>{ [ > |etpey

il inre s
= /1T Ny,

[e—tCcAC— &~ 1CAC—>] I‘_’M—’
[e——— t(RAC———— ) le————tACP ———1

3> toFF > - toFF > e~ 1OFF

torz —» e toLz —»i Jec— I(——» oLz
Pout High Impedance 7 { vaid X 7 valid 7 f vaiic
3 X Data-out;! Data-out b Data-out

831H-68128
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Timing Waveforms (cont)

Fast-Page Early Write Cycle

RAS St / \_

Lo o o B e |
A)’ e—tacp tcas tCp- 4—!@541 I—‘ICAS‘}

= —/ !Q \ | ‘— /z :\—
TRAH r_» :tAI:C 1CAH . _].J: s;cm Ry st;;AH fe—tepn —|

s/l €4 ) &2 ////////)! o i(///////)@ﬁ s KT

TRAD ‘(—» » TWCH —>» tweH le——tweH——>
W\ I(_ I lazEESll‘_ H ARENE:\ 14::;:3::::;/
N ips k———-:lvp_’ DS > [&- o

S, ), S Y :l«/////////,

83H-88138
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Timing Waveforms (cont)

Fast-Page Read-Write/Read-Modify-Write Cycle

tRASP

le———————tCSH

r&———1PRWC IPAWC ———»

k—tRCD ICAS—> [€-ICP-» [€——ICAS— tcas—>

=/ N—4 ] A

tRAH > ’4— > I«—tcm "—tc‘AH . £ tCAH e —tCPN —»
—I

I ES YU

o TINENNEXT ;
l€——tRWD —— oW 03 tf;WL’ tcvlw:) a3 > o “CWI‘.
e \j | .‘_jﬂﬂ L N
towD [e» twp ‘WP‘ = tRCS *"!WP
tRes - e tDH ‘ e— tRWL—>

?1“"‘:‘ o - 11, I"‘ﬁ"!to‘]“f | ‘
S, = Y, s Y s S

le—tcAC— l€—tCAC—»] 1CAC>

lae———tAA ——> le——tAA ———3 I tAA—m)

le———tRAC———» |€e——tACP— [e——tacP———>

| I
> LOFF - t<-— 1OFF —» | tOFF
oLz —» e oLz ->l Jee— ez —>| e
7 N 7 b 3
bouT Valid Data - { Valid Data Vald Data
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Timing Waveforms (cont)

Hidden Refresh Cycle

[€—————— Memory Cycle ————m1«—CAS Beforo RAS Cycle —»-j«—CAS Before RAS Cycle —»

tRC - tRC > tRC————>»

: - t RAS ———] tRP —) tRAS l€&—tRAS—> TRP —»
_ . — —

RAS
St 7 SL 7 \_
: ICPN
tcRP - [€—1RCD —»>1€—>] tRSH (€ ———ICHR ——> >

1CAS — >

eE N RN

o

[«-tRAD-> TRAL—

TASR ‘ |<— 1CAH

=T i
Sl J@‘ = 1(/////////////////// //////////////// ////

Lgg

le—t AA—]

: > <-IWHR’|
| ; .

= ’MZZW * X

tcac
ICLZ —»f [
s t
tRAC OFF> I«

—
High Impedan f b
Dout g = ;m o : Valid Data : p—

15




N E C ELECTRONICS INC
pPD4216100, 4217100

GLE D BN bu27525 0033949 7?56 MENECE

NEG

Timing Waveforms (cont)

RAS-Only Refresh Cycle

tRAS le——tRp ————»

l(— tcRP—>

<—-!nPc—>|

cAsS /

\/

T =T S
s _—_!\4 - i &L__

|————t Rp—————

TRPC —» - tcRP

1CSR»
oA /

N

tWSR
= TT/IF

Dout

High impedance

Note:
{1] Address = don't care.

831H-57028
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