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® Organization ...4194304 by 16 Bits DGE PACKAGE
® Single 3.3-V Power Supply ( + 0.3V (TOP VIEW)
Tolerance) o
® Performance Ranges: vee [l 50l Vss
ACCESS ACCESS ACCESS ~ EDO DQo ({2 49[1 DQ15
TIME TIME TIME CYCLE DQ1[]s 48[l DQ14
tRAC tCAC  tAA  tHPC DQ2 (|4 47[] DQ13
MAX  MAX  MAX MIN DQ3 (|5 46|] DQ12
'46x169/P-50 50ns 13 ns 25ns 20 ns Vee [ 6 45 ] Vsg
'46x169/P-60 60ns 15ns 30 ns . 25ns DQ4 [ 7 a4 ] DQ11
® Extended—Dataﬂ (EDO) Operation pos [ s 43[] DO10
® xCAS-Before-RAS (xCBR) Refresh D6 [| o 42|] DQ9
® [ ong Refresh Period and Self-Refresh DQ7 [} 10 41| DQ8
Option (TMS46x169P) NC (|11 4ol NC
® 3-State Unlatched Output Vee |12 39[] Vss
® | ow Power Dissipation W |13 38[]LCAS
® High-Reliability Plastic 50-Lead RAS |14  37|] UCAS
400-Mil-Wide Surface-Mount Thin NC[|15  36[]OE
Small-Outline Package (TSOP) (DGE Suffix) NC [ 16 35[] NC
® Operating Free-Air Temperature Range w[]17 34|l NC
0°C to 70°C NC[J18 33|l A12/NCT
A0 [0 32[] A11
AVAILABLE OPTIONS Al[j20  31f]A10
SELF- A2 (|21 30[] A9
DEVICE POWER | REFRESH, REFRESH A3[]22  29]] A8
SUPPLY | BATTERY CYCLES Ad [ 23 28 ] A7
BACKUP pslze  27[] a6
TMS465169 33V — 4096 in 64 ms Vee (25 26[] vss
TMS465169P 33V Yes 4096 in 128 ms
description

The and TMS465169 is a high-speed, PIN NOMENCLATURE

67108864-bit dynamic random-access memory A0-AL2T Address Inputs
(DRAM) device organized as 4194304 words of DQO-DQ15  DataIn/Data Out
. . . LCAS Lower Column-Address Strobe
_16 bits. The TMS465169P_ is similar DRAM but UCAS Upper Column-Address Strobe
includes a long refresh period and a self-refresh NC No Internal Connection
option. Both employ state-of-the-art technology OE Output Enable
for high performance, reliability, and low power at RAS Row-Address Strobe
low cost. Vee 3.3-V Supply
Vss Ground
W Write Enable

T A12 is NC for TMS465169 and TMS465169P.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
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description (continued)
These devices feature maximum RAS access times of 50 and 60 ns. All addresses and data-in lines are latched
on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS465169/P is offered in a 50-lead plastic surface-mount TSOP (DGE suffix). This package is designed
for operation from 0°C to 70°C.
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logic symbol (TMS465169 and TMS465169P) |

RAM 1M x 16
20D10/21D0

A5 ——— A 0
A6 ] 4194303

A9 ——1 20D19/21D9
A10 ———1 20D20
All —] 20D21

> C20[ROW]
G23/[REFRESH ROW]
RAS 14 24[PWR DWN]

> C21
G24
LCAs 38 )

+ 31

> c21
G34
UCAs -3/ &

- 31

Z31
+ 24,25EN27
23,21D - 34,25EN37
36

25

DQO Lt A.22D 1
V26,27 A, 226
DQ1 -2«
DQ2 A €]
DQ3 2 <>
DQ4 4>
DQ5 &>
DO6 L 4>
DQ7 %4—»—

DQ8 “-4p>A 32D 1
V36,37 A, 236

DQ9 22 ¢»]
DQ10 23 ¢»—
DQ11 44 ¢
DQ12 48 ¢»
DQ13 AL ¢»—
DQ14 28 ¢»
DQ15 22 ¢»—

> 23C22

> 23C32

w
OE

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
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functional block diagram (TMS465169 and TMS465169P)

RAS UCAS LCAS

+++++

Timing and Control

.

Y

A0 A
Al 10 y Column Decode )
® | Column- Sense Amplifiers 16
o | Address
Buffers 512K Array 512K Array
° R Yy Data-
A9 . 512K Array | o | 512K Array n 16
t ° w . 16 Reg. -
° ° 1/0
° D . Buffers 16
° 64 e 64 Data- >
° Row - c Out
Address o Reg. L 3
® | Buffers 12 d Y
L] € DQ0-DQ15
A10, | 512K Array 512K Array
All 2 7 T
12
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operation

dual xCAS

exten

Two XCAS pins (LCAS and UCAS) are provided to give independent byte control of the 16 data I/O pins
(DQO-DQ15), with LCAS corresponding to DQO-DQ7 and UCAS corresponding to DQ8-DQ15. Each xCAS
going low enables its corresponding DQX pins.

In write cycles, data-in setup and hold times (tpg and tp), and write-command setup and hold times (tywcs. tcwL,
and tyycpH) must be satisfied for each individual XCAS to ensure writing into the storage cells of the corresponding

DQ pins.
ded data out

Extended data out (EDO) allows for data output rates of up to 50 MHz for 50-ns devices. When keeping the same
row address while selecting random column addresses, the time for row-address setup and hold and address
multiplex is eliminated. The maximum number of columns that can be accessed is determined by tragp. the
maximum RAS low time.

EDO does not enter the DQs into the high-impedance state with the rising edge of xCAS. The output remains
valid for the system to latch the data. After xCAS goes high, the DRAM decodes the next address. OE and W
can be used to control the output impedance. Descriptions of OE and W further explain the benefit of EDO
operation.

address: AO—-All (TMS465169, TMS465169P)

write

data i

Twenty-two address bits are required to decode each of the 4194304 storage cell locations. For the
TMS465169 and TMS465169P, 12 row-address bits are set up on AO-A11 and latched on the chip by RAS.
Ten column-address bits are set up on AO—A9 and latched on the chip by the first xCAS. All addresses must
be stable on or before the falling edge of RAS and XCAS. RAS is similar to a chip-enable in that it activates the
sense amplifiers as well as the row decoder. XCAS is used as a chip-select, activating its corresponding output
buffer and latching the address bits into the column-address buffers.

To latch in a new column address, both XxCAS pins must be brought high. The column-precharge time (see
parameter tcp) is measured from the last xCAS rising edge to the first xCAS falling edge of the new cycle.

enable (W)

The read or write mode is selected through W. A logic high on W selects the read mode and a logic low selects
the write mode. The data input is disabled when the read mode is selected. When W goes low prior to XCAS
(early write), data out remains in the high-impedance state for the entire cycle, permitting a write operation
independent of the state of OE. This permits early-write operations to be completed with OE grounded. If W goes
low in an EDO read cycle, the DQ pins go into the high-impedance state as long as XCAS is high.

n (DQO-DQ15)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge
of xCAS or W strobes data into the on-chip data latch. In an early-write cycle, W is brought low prior to an xCAS
falling edge, and data is strobed into the on-chip data latch for the corresponding DQ pins with setup and hold
times referenced to this xCAS signal.

In a delayed-write or read-modify-write cycle, xCAS is already low and data is strobed in by W with setup and
hold times referenced to this signal. In this cycle, OE must be high to bring the output buffers to the
high-impedance state prior to impressing data on the /0O lines (see parameter togp).
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data out (DQO-DQ15)

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until xCAS and OE
are brought low. In a read cycle, the output becomes valid after the access time interval tcac (which begins with
the negative transition of xCAS) as long as trac and taa are satisfied. The delay time from xCAS low to valid
data out is measured from each individual xCAS to its corresponding DQx pin.

output enable (OE )

OE controls the impedance of the output buffers. While xCAS and RAS are low and W is high, OE can be brought
low or high and the DQs transition between valid data and high impedance. There are two methods for placing
the DQs into the high-impedance state and keeping them in that state during xCAS high time by using OE. The
first method is to transition OE high before xCAS transitions high and to keep OE high for tcHo past the XCAS
transition (see Figure 7). This disables the DQs and they remain in the high-impedance state, regardless of OE,
until xCAS falls again. The second method is to have OE low as xCAS transitions high. Then OE can pulse high
for a minimum of togp anytime during xCAS high time, disabling the DQs regardless of further transitions on
OE until XxCAS falls again (see Figure 7).

RAS-only refresh

A refresh operation must be performed at least once every 64 ms (128 ms for TMS465169P) to retain data. This
is achieved by strobing each of the 4096 rows for TMS465169/P. A normal read or write cycle refreshes all bits
in each row that is selected. A RAS-only operation can be used by holding both xCAS at the high (inactive) level,
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses
must be used for a RAS-only refresh.

hidden refresh

Hidden refresh can be performed while maintaining valid data at the output pins. This is accomplished by holding
xCAS at V,_after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only
refresh cycle. The external address is ignored and the refresh address is generated internally.

XCAS-before-RAS (XCBR) refresh

An XCBR refresh is achieved by bringing at least one xCAS low earlier than RAS (see parameter tcgr) and
holding it low after RAS falls (see parameter tcyR). For successive xCBR refresh cycles, xCAS can remain low
while cycling RAS. The external address is ignored and the refresh address is generated internally.

battery-backup refresh (TMS465169P)

A low-power battery-backup refresh mode that requires less than 250 pA of refresh current is available on the
TMS465169P. Data integrity is maintained using xCBR refresh with a period of 31.25 s while holding RAS low
for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels
(V||_ <0.2V, V|H > VCC -0.2 V).

self-refresh (TMS465169P)

The self-refresh mode is entered by dropping xCAS low prior to RAS going low. Then xCAS and RAS are both
held low for a minimum of 100 us. The chip is then refreshed internally by an on-board oscillator. No external
address is required because the xXCBR counter is used to keep track of the address. To exit the self-refresh
mode, both RAS and xCAS are brought high to satisfy tcys. Upon exiting self-refresh mode, a burst refresh
(refresh of a full set of row addresses) must be executed before continuing with normal operation. The burst
refresh ensures that the DRAM is completely refreshed.

power up

To achieve proper device operation, an initial pause of 200 us, followed by a minimum of eight initialization
cycles, is required after power up to the full V¢ level. These eight initialization cycles must include at least one
refresh (RAS-only or XCBR) cycle.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply VOItage range, VoG - oo vt e -05Vto46V
Voltage range on any pin (See NOte 1): . ... ittt e e -05Vto46V
Short-CIrCUIt OULPUL CUMT BNt . Lo e e e e e e ettt e 50 mA
PoOWeEr diSSIPatioN . . 1w
Operating free-air temperature range, TA . ..o ottt e 0°Cto 70°C

Storage temperature range, Tgig - 55°C to 125°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to Vgs.

recommended operating conditions

'465169/P
UNIT
MIN NOM MAX
Vce  Supply voltage 3 3.3 3.6 \%
Vgs  Supply voltage 0 \%
VIH High-level input voltage 2 Vcc +0.3 Vv
ViL Low-level input voltage (see Note 2) -0.3 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 for logic-voltage levels only.
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TMS465169/P

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

conditions (unless otherwise noted)

'465169/P-50 '465169/P-60
PARAMETER TEST CONDITIONST UNIT
MIN MAX MIN MAX
v High-level output loH =-2mA LVTTL 2.4 2.4 v
OH  voltage IoH = - 100 LA LVCMOS | Vee-0.2 Voe-0.2
ovel | loL=2mA LVTTL 0.4 0.4
V Low-level output voltage \Y
oL P g loL = 100 pA LVCMOS 0.2 0.2
Vcec =36V, V=0Vto39YV,
+ +
I Input current (leakage) Al others = 0V to Ve 10 10 UA
Vcc =36V, Vo=0VtoVce,
— + +
lo Output current (leakage) XCAS high +10 10 UA
Icc18 Average read- or write-cycle Ve =3.6V, Minimum cycle 130 10| mA
current
VIH =2V (LVTTL),
After one memory cycle, '465169 15 15| mA
RAS and xCAS high
ViH =2V (LVTTL),
After one memory cycle, '465169P 1 1 mA
Icc2 Average standby current RAS and xCAS high
ViH =Vcc - 0.2V 465169 500 500
(LVCMOS),
After one memory cycle, WA
RAS and XCAS high 465169P 300 300
RAS-only refresh, average Vcc =36V, Minimum cycle,
8 ~LL
lccs refresh current RAS cycling, XCAS high 130 110 mA
Vcc =36V, f =MIN
H YCcC ’ HPC .
lcca Average EDO current RAS low, XCAS cycling 120 100 mA
Vcec=3.6V, Minimum cycle,
Iccs Average CBR refresh current RAS low after CAS low 130 110 mA
# : XxCAS <0.2V, RAS <0.2V,
Icce Average self-refresh current Measured after tRags min 400 400 UA
Average battery back-up IRC =3L.254s,  (RAS <300 ns,
| # operating current Vee ~02VSVIH<39V, 550 550 UA
CC1o0 YCBR ol : 0V<V| <02V, Wand OE = V|,
y Address and data stable

T For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements.

¥ Measured with outputs open

§ Measured with a maximum of one address change while RAS = Vj_
T Measured with a maximum of one address change during each EDO cycle, tHPC

# For TMS465169P only
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f =1 MHz (see Note 3)

PARAMETER MIN  MAX | UNIT
Ci(A) Input capacitance, A0-A121 5| pF
Ci(OE) Input capacitance, OE 7 pF
Ci(RC) Input capacitance, x_CAS and RAS 7 pF
Ci(w) Input capacitance, W 7 pF
Co Output capacitancei 7 pF

TA12is NC for TMS465169 and TMS465169P.
$XCAS and OE = V| to disable outputs
NOTE 3: Vcc =3.3V£0.3V, and the bias on pins under test is 0 V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (see Note 4)

'465169/P-50 | '465169/P-60

PARAMETER UNIT
MIN  MAX MIN  MAX
tAA Access time from column address (see Note 5) 25 30 ns
tcaC Access time from XCAS (see Note 5) 13 15 ns
tcpa Access time from XCAS precharge (see Note 5) 28 35 ns
tRAC Access time from RAS (see Note 5) 50 60 ns
tOEA Access time from OE (see Note 5) 13 15 ns
tcLz Delay time, xCAS to output in the low-impedance state 0 0 ns
toez Output buffer turnoff delay from OE (see Note 6) 3 13 3 15 ns
tREZ Output buffer turnoff delay from RAS (see Note 6) 3 13 3 15 ns
tceZ Output buffer turnoff delay from xCAS (see Note 6) 3 13 3 15 ns
tWEZ Output buffer turnoff delay from w (see Note 6) 3 13 3 15 ns

NOTES: 4. With ac parameters, it is assumed that tT = 2 ns.
5. Access times are measured with output reference levels of Voq =2 Vand Vg = 0.8 V.
6. The MAX specifications of trgz , tcgz, twEz and togz are specified when the output is no longer driven. Data-in should not be driven
until one of the applicable maximum specifications is satsified.

EDO timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 4)

'465169/P-50 '465169/P-60

MIN MAX MIN MAX UNIT
tHPC Cycle time, EDO page-mode read or write 20 25 ns
tprwc  Cycle time, EDO read-write 57 68 ns
tCsH Delay time, RAS active to XCAS precharge 40 48 ns
tcHO Hold time, OE from xCAS 5 ns
tDOH Hold time, output from XxCAS active 5 ns
tCcAS Pulse duration, xCAS active (see Note 7) 8 10000 10 10000 ns
tWPE Pulse duration, W (output disable only) 5 5 ns
tcp Pulse duration, xCAS precharge 8 10 ns
tocH Setup time, OE before xCAS 5 ns
toep Precharge time, OE (output disable only) 5 ns

NOTES: 4. With ac parameters, it is assumed that tT = 2 ns.
7. In aread-write cycle, tcyyp and tcyyL must be observed.
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 4)

'465169/P-50 '465169/P -60
MIN MAX MIN MAX UNIT
tRC Cycle time, read 84 104 ns
trwc  Cycle time, read-write 111 135 ns
tRASp  Pulse duration, RAS active, page mode (see Note 8) 50 100 000 60 100 000 ns
tRAS Pulse duration, RAS active, nonpage mode (see Note 8) 50 10000 60 10000 ns
tRP Pulse duration, RAS precharge 30 40 ns
twp Pulse duration, write command 8 10 ns
tasc Setup time, column address 0 ns
tASR Setup time, row address 0 ns
tDs Setup time, data in (see Note 9) 0 ns
tRCS Setup time, read command 0 ns
tcwL Setup time, write command before XxCAS precharge 8 10 ns
tRWL Setup time, write command before RAS precharge 8 10 ns
Wes Setup time, write command before xCAS active 0 0 ns
(early-write only)
\WRP Setup time, write before RAS active (XCBR refresh only) 5 ns
tCcsSR Setup time, XCAS referenced to RAS (xCBR refresh only) 5 ns
tCAH Hold time, column address 8 10 ns
tDH Hold time, data in (see Note 9) 8 10 ns
tRAH Hold time, row address 8 10 ns
tRCH Hold time, read command referenced to XCAS (see Note 10) 0 ns
{RRH Hold time, read command referenced to RAS (see Note 10) 0 ns
fWCH Hold timg, write command during xCAS active 8 10 ns
(early-write only)
trRyHcp Hold time, RAS active from XCAS precharge 28 35 ns
tOEH Hold time, OE command 13 15 ns
tROH Hold time, RAS referenced to OE 8 10 ns
\WRH Hold time, write after RAS active (xCBR refresh only) 8 10 ns
tCHS Hold time, CAS active after RAS precharge (self-refresh) -50 -50 ns
{AWD (Drg;ady_ \I\I/?;Z’ (;:r?ll;)mn address to write command 42 49 ns
t{CHR Delay time, xCAS referenced to RAS (XCBR refresh only) 8 10 ns
tCRP Delay time, XCAS precharge to RAS 5 5 ns
D e e ey so s -

NOTES: 4. With ac parameters, it is assumed that tT = 2 ns.
8. In aread-write cycle, tryp and tryy] must be observed.
9. Referenced to the later of xCAS or W in write operations
10. Either trrH or trcH Must be satisfied for a read cycle.
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 4) (continued)

'465169/P-50 | '465169/P-60
MIN  MAX MIN  MAX UNIT

toED Delay time, OE to data in 13 15 ns
tRAD Delay time, RAS to column address (see Note 11) 10 25 12 30 ns
tRAL Delay time, column address to RAS precharge 25 30 ns
tcAL Delay time, column address to xCAS precharge 15 18 ns
trRCD Delay time, RAS to XCAS (see Note 11) 12 37 14 45 ns
tRPC Delay time, RAS precharge to XCAS 5 ns
tRSH Delay time, xCAS active to RAS precharge 10 ns
trwp  Delay time, RAS active to write command (read-write only) 67 79 ns
tcpw Delay time, XCAS precharge to write command (read-write only) 45 54 ns
trass  Pulse duration, RAS active, self-refresh (see Note 12) 100 100 us
tRPS Pulse duration, RAS precharge after self refresh 90 110 ns

'465169 64 64 ms
tREF Refresh time interval 265169P 128 128 e
tT Transition time 1 50 1 50 ns

NOTES: 4. With ac parameters, it is assumed that tT = 2 ns.

11. The maximum value is specified only to assure access time.

12. During the period of 10 us < trass < 100 us, the device is in transition state from normal operational mode to self-refresh mode.
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PARAMETER MEASUREMENT INFORMATION

1.4V 3.3V

500 Q

Output Under Test
Output Under Test

CL = 100 pF
(Elée:Nlc?tg %: I (see Note A) T
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT

NOTE A: C includes probe and fixture capacitance.

Figure 1. Load Circuits for Timing Parameters

1178 Q

868 Q
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PARAMETER MEASUREMENT INFORMATION

¢ tRC >
‘ 1< tRAS ! ‘
m N f“— tRP _“\
| u—— | } \
< tcsH |
‘“— tRep — ¥ } | }

Hi tRSH —

> tcrp ‘ |
‘ H—‘— tcrRp — P

\
= \HAS W 7 \

} < ‘ tRAL

Address 0:0: m :i: Column W Don’t Care W

t —ﬁ—»‘
‘ RCS | ‘ m ’4_ tRRH
—»>  [4—tCAH 45— P tRCH
W Don’t Care W‘ \ } } \ M Don’t Care W
\
} [ tcac — ¥ } | ,4— tcez —»l
| ‘47‘ tAA —————P | H tREZ —>
| , ! . AN
_ Hi-Z Valid Data Out
DQO-DQ15 | i P @( )
\ tcLz | \ “— twEZ —P‘
< tRAC > \
«— toEa — \ “—H- twPE
‘ ‘ ﬂ-"— toEZ
trRoH ——»

-

NOTES: A. When LCAS corresponds to DQO-DQ7 and UCAS corresponds to DQ8-DQ15, byte-reading can be achieved by holding xCAS
high for the other byte.
B. Data out can go from the high-impedance state to an invalid-data state prior to the specified access time.

Figure 2. Read-Cycle Timing (see Note A)
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PARAMETER MEASUREMENT INFORMATION

tRC

I 4

< tRAS g
\

\

/et ——\
\

| |

e trsh——»!
———tcrRp ————b

<
tcAL —V} }
tRAL !
[ tcaH } }
\ L
le—— L — tcwL 4* }
tRWL >

:
l

J— \4

NOTE A: When LCAS corresponds to DQO-DQ7 and UCAS corresponds to DQ8-DQ15, byte writing can be achieved by holding xCAS high
for the other byte.

Figure 3. Early-Write-Cycle Timing (see Note A)

{'f TEXAS
INSTRUMENTS

14 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443



TMS465169, TMS465169P
4194304 BY 16-BIT EXTENDED DATA OUT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS566B - JUNE 1997 — REVISED APRIL 1998

PARAMETER MEASUREMENT INFORMATION

h tRC ﬂ‘
|
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RAS A\ )\/‘F \
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NOTE A: When LCAS corresponds to DQO-DQ7 and UCAS corresponds to DQ8-DQ15, byte writing can be achieved by holding xCAS high
for the other byte.

Figure 4. Write-Cycle Timing (see Note A)
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NOTE A: Data out can go from the high-impedance state to an invalid-data state prior to the specified access time.

Figure 5. Read-Write-Cycle Timing
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(see Note C) ‘
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\
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(see Note C)
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A. tcac is measured from xCAS to its corresponding DQX.

B. Access time is tcpa-, taA-, Or tcac-dependent.

C. Data out can go from the high-impedance state to an invalid-data state prior to the specified access time.

D. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write- and read-modify-write timing
specifications are not violated.

Figure 6. EDO Read-Cycle Timing (see Note D)

NOTES:
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NOTE A: Data out is turned off by tcgz if RAS goes high during xCAS low.
Figure 7. EDO Read-Cycle Timing With OE  Control
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NOTE A: Data out is turned off by tcgz if RAS goes high during xCAS low.
Figure 8. EDO Read-Cycle Timing With W Control
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PARAMETER MEASUREMENT INFORMATION
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NOTE A: A read cycle or read-modify-write cycle can be mixed with the write cycles as long as the read- and read-modify-write timing

specifications are not violated.

Figure 9. EDO Write-Cycle Timing (see Note A)
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\d—b— tDH (see Note C)
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NOTES: A. A read cycle or read-modify-write cycle can be mixed with the write cycles as long as the read- and read-modify-write timing
specifications are not violated.
B. twcs and tyycH must be satisfied for each xCAS in an early-write cycle.
C. tpsand tpy of a DQ input are referenced to the corresponding XCAS.
D. tcwL must be satisfied for each xCAS to ensure proper writing to each byte.

Figure 10. EDO Early Write-Cycle Timing (see Note A)
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NOTES: A. Data out can go from the high-impedance state to an invalid-data state prior to the specified access time.

B. Aread or write cycle can be intermixed with read-write cycles as long as the read- and write-timing specifications are not violated.

Figure 11. EDO Read-Write-Cycle Timing (see Note B)
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NOTE A: Both LCAS and UCAS must be high.
Figure 12. RAS -Only Refresh-Cycle Timing
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Figure 13. Hidden-Refresh-Cycle (Read) Timing
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Figure 14. Hidden-Refresh Cycle (Write) Timing
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NOTE A: Any xCAS can be used. If both UCAS and LCAS are used, both must satisfy tcgr and tcHR-

Figure 15. Automatic (xCBR) Refresh-Cycle Timing
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Figure 16. Self-Refresh-Cycle Timing
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device symbolization (TMS465169 illustrated)

TI -SS
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:) TMS465169 DGE

Speed ( - 50, -60)
Low Power/Self Refresh Designator (Blank or P)

Package Code

Assembly Site Code
Lot Traceability Code
Month Code

Year Code

Die Revision Code

Wafer Fab Code
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MECHANICAL DATA
PLASTIC SMALL-OUTLINE PACKAGE

DGE (R-PDSO-G50)

0.018 (0,
- A Ooizgogg; 6005015 @)
50

FIFIHFIFIFIHFIFIFIFIFIFIFIFIFIFIFIFIFIFIFIFIFIFI T
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0.455 (11,56)
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0.006 (0,15) NOM
0.829 (21,05)
0.821 (20,85) l /1\
l Gage Plag v )
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/1\\ \ )|
Seating Plane ‘ \\ L
0.047 (1,20) MAX 0.000 (0,00) MIN | =] 0.004 (0,10 |

4040070-5/D 06/96

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Amplifiers amplifier.ti.com Audio www.ti.com/audio
Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DSP dsp.ti.com Broadband www.ti.com/broadband
Clocks and Timers www.ti.com/clocks Digital Control www.ti.com/digitalcontrol
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Military www.ti.com/military
Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork
Microcontrollers microcontroller.ti.com Security www.ti.com/security
RFID www.ti-rfid.com Telephony www.ti.com/telephony
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Wireless www.ti.com/wireless
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