SMJ417100

16 777 216-BIT
DYNAMIC RANDOM-ACCESS MEMORY
SGMS043-NOVEMBER 1992
* Organization ... 16 777 216 x 1 FNC PACKAGET
(TOP VIEW)
¢ Single 5-V Power Supply (10% Tolerance)
Vee P 28] Vss
¢ Performance Ranges: pl[l2 2] a
ACCESS ACCESS ACCESS READ Nc[ls  26[] NC
TIME TIME TIME ORWRITE ~ P
traC tcac taa CYCLE __v! ;4 25[ CAS
(MAX) (MAX) (MAXQ  (MIN) RAS (5 24| NnC
SMJ417100-60 60ns 15ns  30ns  110ns At e 23] ag
SMJ417100-70 70ns  18ns 35ns 130 ns
SMJ417100-80 80ns 20ns 40 ns 150 ns
SMJ417100-10 100ns 25ns 45ns 180 ns Ato [Je 20!: A8
* Enhanced Page Mode Operation for Faster Ao [J1o 19(] A7
Memory Access A1 011 18] Ae
* CTAS-Before-RAS Refresh A2 [T12 17L} AS
A3 013 18] A4
¢ Long Refresh Period . .. 2048 Cycles Vee B4 15[ vgg
Refresh in 32 ms
® 3-State Unlatched Output HKB PACKAGE?
* Low Power Dissipation (TOP VIEW)
¢ All Inputs, Outputs and Clocks are Veg——A 1 28 f—=———o—Vgg
TTL c°mpaﬁb|e De——= 2 27 ——=Q
. NC—————— 3 26 —————=NC
Operating Free-Air Temperature Range W 4 sb————Fas
—-55°Cto 125°C RAS—]5 24 —————NC
e Alle—————— 6 28— A9
descrlptlon NC————H 7 22 —=NC
The SMJ417100 series are high-speed NC=——+ 8 21 f=——=——==NC
16777 216-bit  dynamic  random-access AD = ? 20 =————=AB8

0 199  ——————A7

memories, organized as 16 777 216-bit words by

one bit each. They employ EPIC™ (Enhanced Al 11 18 |=——=——=A6
Process Implanted CMOS) technolagy for high A2 12 TF—=A5
performance, reliability, and low power at a low Ao 13 16 f————A4
cost. Vog=——"—— 14 15 f——Vgg
These devices feature maximum RAS access t Packages are shown for pinout reference only.
times of 60 ns, 70 ns, 80 ns, and 100 ns.
Allinputs, outputs, and clocks, are compatible with PIN NOMENCLATURE
Series 54 TTL. All addresses and data-in lines are AO-A11 __ Address Inputs
latched on-chip to simplify system design. Data CAS Column-Address Strobe
out is unlatched to allow greater system flexibility. D Data In
. . . . NC No Internal Connection
The SMJ417100 is offered in 450-mil 24/28-pin Q Data Out
surface mount SOLCC (FNC suffix) and flatpack RAS Row-Address strobe
(HKB suffix) packages. The packages are W Write Enable
characterized for operation from — 55°C to 125°C. Vee 5V Supply
Vss Ground
EPIC is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA information ls current as of publication Copyright © 1992, Texas Instruments Incorporated
Incrumarts standard arans, Provecion proveasig does i
not necessarlly Inciude tesiing of all parsmetrs. TEXAS
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operation

enhanced page mode

Page mode operation allows effectively faster memory access by keeping the same row address and strobing
random column addresses onto the chip. Thus, the time required to set up and strobe row addresses for the
same page is eliminated. The maximum number of columns that can be addressed is determined by trag. the
maximum RAS-low width.

The Column Address Buffers in this CMOS device are activated on the falling edge of RAS. They act as a
transparent or flow-through latch, while CAS is high. The falling edge of CAS latches the addresses into these
buffers and also serves as an output enable.

This feature allows the SMJ417100 to operate at a higher data bandwidth than conventional page-mode parts,
since retrieval begins as soon as the column address is valid, rather than when CAS transitions low. The
performance improvement is referred to as enhanced page mode. Valid column address may be presented
immediately after row address hold time has been satisfied, usually well in advance of the falling edge of CAS.
In this case, data is obtained after tcac max (access time from CAS low), if taa max (access time from column
address) and tgac have been satisfied. In the event that the column address for the next cycle is valid at the
time CAS goes high, access time is determined by the later occurrence of tcpa or toac.

address (AO-A11)

Twenty-four address bits are required to decode 1 of 16 777 216 storage cell locations. Twelve row-address bits
are seton inputs A0 through A11 and latched during a normal access. All addresses must be stable on or before
the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as
well as the row decoder. CAS is used as a chip select, activating the output buffer, as well as latching the address
bits into the column buffer.

write enable (W)

data-

The read or write mode is selected through the write-enable W input. A logic high on the W input selects the
read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard TTL
circuits without a pullup resistor. The data input is disabled when the read mode is selected. When W goes low
prior to CAS {early write), data out will remain in the high-impedance state for the entire cycle, permitting
common |/O operation.

in (D)

Datais written during a write or read-modify-write cycle. Depending on the mode of operation, the falling of CAS
or W strobes data into the on-chip data Iatch. In an early-write cycle, W is brought low prior to CAS and data
is strobed in by CAS with setup and hold times referenced to this s signal. In a delayed-write or read-modify-write
cycle, CAS will already be low, thus data will be strobed in by W with setup and hold times referenced to this
signal.

data-out (Q)

The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fan-out of two
Series 54 TTL loads. The outputis in the high-impedance (floating) state until CAS is broughtlow. In aread cycle
the output becomes valid at the latest occurrence of tRac, taa, tcac. Of topa and remains valid while CASis
low. CAS going high returns it to a high-impedance state. In a delayed-write or read-modify-write cycle, the
output does not change, but retains the state just read.

8-126
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refresh

A refresh operation must be performed at least once every thirty-two milliseconds to retain data. This can be
achieved by strobing each of the 2048 rows (A0-A10). A normal read or write cycle will refresh all bits in each
row that is selected. A RAS-only operation can be used by holding CAS at a high (inactive) level, thus conserving
power since the output buffer remains in the high-impedance state. Externally generated addresses must be
used for a RAS-onIy refresh. Hidden refresh may be performed by holding CAS at V) _after a read operation
and cycling RAS after the specified precharge period, similar to a RAS-only refresh cycle except with CAS held
low. Valid data is maintained at the output throughout the hidden refresh cycle. An internal refresh address
provides the refresh address during hidden refresh.

CAS-before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcgg) and holding
it low after RAS falls (see_parameter tcyR). For successive CAS-before-RAS refresh cycles, CAS can
remain low while cycling RAS. For this mode of refresh, the external addresses are ignored and the refresh
address is generated internally.

power up

To achieve proper device operation, an initial pause of 200 ps followed by a minimum of eight initialization cycles
is required after full Vo level is achieved. These eight initialization cycles need to include at least one refresh
(RAS-only or CAS-before-RAS) cycle.
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logic symbolt
RAM 16 384K x 1
A0 :? 30D12/21D0
Al
12
A2 13
A3 16
A4
17
AS 18 > 0
As— A 77 ais
A7 20
A8 23
A9 9
A10 P
Al 31D23/21D11
C30 [ROW]
G33 [REFRESH ROW]
RAS § 34 [PWR DWN]
P> €31 [COL]
25 G34
cas & > 33C32
W :;E‘i 3331D 3BEN 2
D——A,32D AV Q
t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
functional block diagram
RAS CAS W
I Timing and Control I
Y
A0 1 .32
Al / Column Decod
*| column ‘} Sense Amplifiers
¢| Address
F K
.| ‘Butfers S6K Array . 256K Array X —
Al . 256K Array 256K Array In
I_ . ° . 110 < Reg. 4+ D
. w . Buffers
* .
. 32< o > 32 oot | roam ], o
Row 1 ° Out
*| Address ] c 1 Reg.
®| Buffers [~ ° 1,r
] d
256K Array | e | 256K Array
1 11 7 T
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t
Voltage onany pin (@@ NOB 1) ... ... . it —-1Vto7V
VORBgE 0N VG oo -1Vtio7V
Short CirCUit OUIPUL CUITENT ... .. et et e 50 mA
Power dissipation . ....... ... ... i 1w
Operating free-air temperature range ...................ovvueineneneninenennannen, - 55°C 0 125°C
SOrage temperature TaNGe . ... ..........uuierieirtrtn ittt —65°C to 150°C

1 Stresses beyond 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 beyond those indicated in the “recommended operating conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE

1: All voltage values in this data sheet are with respect to Vgg.

recommended operating conditions

MIN NOM MAX| UNIT
Voc  Supply voltage 4.5 5 5.5 \
VIH High-level input voltage 24 6.5 \
ViL Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70 °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
PARAMETER TEST SMJ417100-60 | SMJ417100-70 | SMJ417100-80 | SMJ417100-10 UNIT
CONDITIONS MIN MAX | MIN MAX | MIN MAX | MIN MAX
VoH ‘I’-I;%g;:vel output IoH =~ & mA 2.4 2.4 2.4 2.4 v
VoL :;glwta';;"" output loL = 4.2 mA 0.4 04 0.4 04| v
Vi=0106.5V,
I '(;;pa”;:‘g)':"’ All other pins = =10 +10 =10 10| paA
9 0VtoVee
Output current Vo =0to Ve,
lo (leakage)} CAS high =10 +10 +10 =10 BA
Read or write cycle Minimum cycle,
lcct current (see Note 3) |Vog =55V 10 100 90 80| mA
After 1 memory cycle,
RAS and CAS high, 2 2 2 2 mA
ViH =24V (TTL)
Icc2 Standby current Atfter 1 memory cycle,
RAS and CAS high,
Vit = Voo - 02V 1 1 1 1] mA
(CMOS)
Average refresh RAS cycling, CAS high
Icca  current (RAS-only or | (RAS-only), RAS low 110 100 920 80| mA
CBR)t after CAS low (CBR)
Icca ggﬁ;:i‘);f current | £23 low, TAS cycling 70 65 60 55| maA
Standby current A ArE
RAS = V|y, CAS = V|
) IH: L
lcc }’s”e‘g",ﬁg{(‘,ag)"’ Data out = enabled 5 5 S 5| mA

# Minimum cycle, VoG = 5.5 V.
NOTES: 3. Measured with a maximum of one address change while RAS = Vj .

4. Measured with a maximum of one address change while CAS = V).
5. Measured with indicated conditions following a normal read cycle.
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 6)

PARAMETER MIN  TYP MAX| UNIT
C;(A) Input capacitance, address inputs 9 pF
Cipy Input capacitance, data input 8 pF
Ci(gc) Input capacitance, strobe inputs 8 pF
C;(w) Input capacitance, write-enable input 8 pF
Co Output capacitance 14 pF

NOTE 6: Capacitance is sampled only at initial design and after any major change. Samples are tested at 0 V and 25° C with a 1 MHz signal
applied to the pin under test. All other pins are open.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

SMJ417100-60 | SMJ417100-70 | SMJ417100-80 | SMJ417100-10
PARAMETER UNIT

MIN  MAX | MIN MAX | MIN MAX| MIN MAX
tAA Access time from column-address 30 35 40 45 ns
tcac Access time from CAS low 15 18 20 25 ns
tcPA Access time from column precharge 35 40 45 50 ns
RAC Access time from RAS low 60 70 80 100 ns
tOFF (Os:tgt;}oczaesg?le time after CAS high 0 15 o 18 0 20 0 25 ns

NOTES: 7. Valid data is presented at the output after all access times are satisfied but may go from a high-impedance state to an invalid data
state prior to the spacified access times as the output is driven when CAS goes low.
8. tOFF is specified when the output is no longer dirven. The output is disabled by bringing CAS high.

TEXAS ‘t?
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature

SMJ417100-60 | SMJ417100-70 | SMJ417100-80 | SMJ417100-10

UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
tRC Random read or write cycle (see Note 9) 110 130 150 180 ns
tRwWC  Read-write cycle time 130 153 175 210 ns
Page-mode read or write cycle time
trc (see Note 10) 40 45 50 55 ns

PRWC  Page-mode read-write cycle time 60 68 75 85 ns

4 Page-mode pulse duration, RAS low
RASP (see Note 11)

% Non-page-mode pulse duration, RAS low
RAS (see Note 11)

60 100000 70 100000 80 100000] 100 100000 ns

60 10000 70 10000 80 10000| 100 10000 ns

tCAS Pulse duration, CAS low (see Note 12) 15 10000 18 10000 20 10000 25 10000 ns
tcp Puise duration, CAS high 10 10 10 10 ns
tRP Pulse duration, RAS high (precharge) 40 50 80 70 ns
wp Write pulse duration 15 15 15 15 ns
tasc  Column-address setup time before CAS low 0 0 0 0 ns
tASR  Row-address setup time before RAS low 0 0 0 0 ns
tps Data setup time (see Note 13) 0 o] 0 0 ns
tRcs  Read setup time before CAS low 0 0 0 0 ns
towL  W-low setup time before CAS high 15 18 20 25 ns
tRWL  W-low setup time before RAS high 15 18 20 25 ns

W-low setup time before CAS low

wes (Early write operation only) 0 0 0 0 ns
W-high setup time {CAS-before-RAS

WSR | ctresh only) 10 10 10 10 ns

tCAH Column-address hold time after CAS low 10 15 15 15 ns

tDH Data hold time (see Note 12} 10 15 15 15 ns

tRAH Row-address hold time after RAS low 10 10 10 10 ns

tRCH Read hold time after CAS high (see Note 14) 0 0 0 0 ns

tRRH Read hold time after RAS high (see Note 14) 5 5 5 5 ns
Write hold time after CAS low

WCH (Early write operation only) 5 15 15 15 ns
W-high hold time (CAS-before-RAS

WHR  refresh o nly) 10 10 10 10 ns

Continued next page.
NOTES: 8. Allcycle times assume tT = 5 ns, referenced to V|H{min) and V| {max).
10. To guarantese tpc min, tAgC should be greater than or equal to tep.
1. In a read-write cycle, tRwp and trwL must be observed.
12. In aread-write cycle, towp and tow must be observed.
13. Referenced 1o the later of CAS or W in write operations.
14. Either tgry or tRCH must be satisfied for a read cycle.

TEXAS ".’f
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

SMJ417100-60 | SMJ417100-70 | SMJ417100-80 | SMJ417100-10 UNIT
MIN  MAX| MIN MAX | MIN MAX | MIN MAX
Delay time, column address to W low
AwD (Read-write operation only) %0 35 40 48 ns
Delay time, RAS low to CAS high
ICHR (CAS-before-RAS refresh only) 20 20 20 20 ns
{CRP Delay time, CAS high to RAS low 5 5 5 5 ns
1CSH Delay time, RAS low to CAS high 60 70 80 100 ns
Delay time, CAS low to RAS low
ICsR (CAS-before-RAS refresh only) 10 10 10 10 ns
Delay time, CAS low to W low
fowp (Read-write operation only) 5 18 20 2 ns
Delay time, RAS low to column-address
fRAD  (gee Note 15) 15 3| 15 35| 15 0| 15 55| ns
fRAL Delay time, column-address to RAS high 30 35 40 45 ns
tCAL Delay time, column-address to CAS high 30 35 40 45 ns
Delay time, RAS low to CAS low
'RCD  (see Note 15) 20 45| 20 52| 20 60| =20 75| ns
tgpc  Delay time, RAS high to CAS low 0 0 0 0 ns
tRSH Delay time, CAS low to RAS high 15 18 20 25 ns
Delay time, RAS low to W low
'RWD (Read-write operation only) 60 70 80 100 ns
tcPRH  RAS hold time from CAS precharge 35 40 45 50 ns
tcpw  Delay time, W from CAS precharge 35 40 45 50 ns
tREF Refresh time interval 32 32 32 32 ms

NOTE 15: The maximum value is specified only to assure access time.

PARAMETER MEASUREMENT INFORMATION

131V Vee =5V
RL=218Q Ry =828Q
Output Under Test Output Under Test j
CL =100 pF I CL =100 pF Ry =295Q
(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters
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PARAMETER MEASUREMENT INFORMATION
1< tRAS > vV
RAS N A /) T\ "
I | | ! I viL
I je— teSH » | {4_ trp _"}
: le—— taco —¥ | topp —P|
!

ViH
\—
J

ViL

(XXX KN, ‘v VXXX XX XKD ViH
Ao-Att QR RRAGALKRKKA "

|
o XXX X 1 ? T XXX TYXXY ViH
W Iy LRI
|

|
fcAC ——— toFF ———P

]
' —tAA ——¥| |
| v
Q ' HI-Z i Valid b o
) & (see Note A) 4
| [ VoL
| |
[ tRac >

NOTE A: Output may go from a high-impedance state to an invalid data state prior to the specified access time.

Figure 2. Read Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

[
€ tre
[
| < tras

|

l
|
|

CAS

[
RAH TS M I -+ e—tcan | ———tcp——H
tASR T 1 tcaL——¥ |
{ l¢————taL -

l - I \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY VIH
ot SRXrom JERX_coumm X ERRIRRRZED
|
| |
{¢- tgap —¥!

¥
%

tRwL g

e

\VAVAVAVAVAVAVAVAVAVAVAVAY | l I | TAVAVAVAVAVAVAV AW AVAVAVAVAVAVAVAVAVAVAVAVAV AV AVAVAVY v
= XX (XXX XXR (KR IXRIKRKAK X KXRAKXKLERKRL
W (XX Domtcars XXX twes LLQRKRKK Dan't Ciare XXX KXXAAXK -

AA‘AAAAAAA TAVAVAVA.

—tps —» |
) |

D m Valid Data |

Q HI-Z

VIH

<>

QLK ’0’0’0‘0‘0‘"02020‘02020202020.

AAAAAAAAAAAA‘AAAA‘A’A A

viL

VoH

VoL
Figure 3. Early Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

tRC =;
tRAS > |

TR

RAS

]

|

O
boa
[74

N

|
|
tcp >

ViH

0"' V.V’V‘V V‘V AWAVAV AW "V’V’V’V‘V’V’V’\\.
QR care KA

ViL

ViH

W XRXR0X Berttars SXRAN LRGRAXRK Dot ear RAKCKNY

ViL

’V’V’V’V‘V Y. \VAVAVAVAV, V"’V‘V’V’ 0""""' V’V’V’V’V’V’V’V N/ VV \VAV V‘V’V"‘V’V‘V V"’V’V‘V V'H
> SRR REN TR KKK QRIS
OFF —p| |4—
|
b X Vou
Q ] Not Valid j
X £ VoL

Figure 4. Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
e tRWC =:
|
I :; ‘RAS =jl ] VIH
—_— N
| ViL
|
- “— tr le—> tgp
| [ tacp — 1 tcnp — Vi
TAS } ] N fcas [ ‘ AN
—»! [4-1— tASR L | [ | ViL
| et taa I | le—L —tcp——»f
| ] | t—}‘— tASC I | [
s SR AR e
| | I | L l CAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY, VIH
roan TRK_ron YK conmn YRR ZTRRIGE AR
I |
| ltcaH ll—r—n IK— fow. =¥ ! :
| tRCS e——tRwL T—»
l | H tawD —b{ [ |
] I\ /N VVVVVY VY VYV VY NV AINININININININININTN le
TEEY T N
[ E TAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN vlL
! [ [—tcwp — | [

ViH

-
(_vonsn XKL Rt cte ALK

o
—>—ton le— toFF —b|

"V"’V"‘V’V‘V’V’V \/ Y ' \VAVAV/ V’V"’V’V"’V‘
OO Bt Gare LOX XXX

ViL

[
|
[
;
|

I |

| |

] | (see Note A) | VoH

Q ; : HI-Z @( Valld Out }
v

' ’| —— toac — oL
e

¢ tRAC >

NOTE A: Qutput may go from a high-impedance state to an invalid data state prior to the specified access time.

Figure 5. Read-Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
trp —e¢—>
ia »l ! |
¢ tRASP > | Vi
RAS A\ [————tcpp———Pi/] |
| I : | | | ViL
: ¢—tacp —M ﬂilpc—ﬂ | : I
{ Ihitcgln——bi [ﬂ-tcp-ﬂ r—ltcnp—ﬂ
|| [ toas > | | R | v
T H
& | \ SN /o
[ I ViL
[ 14 tRAH [
|

| |1 | AL ——¥ | v
| XXX L LXK XXX H
AO-A11 | Row X! Column | | Column \00 Don‘t Care OO0
I \’AAAA“AAAA’

oy
——— 1 ———¥ tRRH M -

] |
Kr_ tRCS ¥ | J (see Note B) h_’_ tRCH —
Ll ! : : k& ViH
= | R | W !
W
j¢— tRAD —¥ | I | | V]
f¢——tcac —> (see Note B)
PR v S o
| |
OOOON Valid (RXKKD - Yo
Q ee o A KXY LN, Valld ot VoL

NOTES: A: Output may go from a high-impedance state to an invalid data state prior to the specified access time.
B: Access time is tcpa or taa dependent.

Figure 6. Enhanced Page-Mode Read Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
tRP —:4—»1'
;4 tRASP > | | Vi
RAS I\ I tq— tCPRH ————P§ | "
[
I H——t—— tcsH —————b{ toe l— %CRP —
"1— RCD —» | ¢ '
I - tcas »! | le—tasH 1—4[ |
|| l / | } ! Y
CAS |
| |
: :tASR tasc —H |l ; {‘—lcp—" I { Vi
| !
| Ih- RaH » | { 'h_tCAH—]J{ RAL I

|
|r““tmm_’: H—;—'—P:—tcwn. “—’i—tcwd =
H—I—H—twp : :

|
: : | : :4‘ tawL —¥
\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAS | \VAVAVAVAVAVAVAVAVAVAVAVAY VIH
" DRRRBAIITIN | | XD SRR,
———tps —¥ : by -
} : { le—— to —»
| l‘J[— tpH P
|‘ tps (see Note A) |
| (see Note A) I v
’v v/ v’v’ Valid Ov‘v‘v‘v .v vv \VAVAwAV, 1H
D @( Valid Data In I 0’!02&‘2’0 n 0’000 Don't Care ) "
VoH
Q HiI-Z
VoL

NOTES: A: Referenced to CAS or W, whichever occurs last.
B: A read cycle or a read-write cycle can be intermixed with write cycle as long as read and read-write timing specifications are not
violated.

Figure 7. Enhanced Page-Mode Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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NOTES: A. Output may go from a high-impedance state to an invalid data state prior to the specified access time.
B. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.

Figure 8. Enhanced Page-Mode Read-Write Cycle Timing
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Figure 9. RAS-Only Refresh Timing
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Figure 10. Automatic (CAS-Before-RAS) Refresh Cycle Timing
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Figure 11. Hidden Refresh Cycle (Read)
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