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This data sheet is applicable to all DJ/DGA PACKAGES
TMS41x409As and TMS42x409A/Ps (TOP VIEW)
symbolized by Revision “B”, Revision “E” and »
subsequent revisions as described in the device [\),8(13 E :12 ig % \[;(3334
symbolization section.
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300-Mil-Wide Surface-Mount Small-Outline
J-Lead (SOJ) Package (DJ Suffix) and
24/26-Lead 300-Mil-Wide Surface-Mount

T A11is NG for TMS417409A and TMS427400A/P.
1 See Available Oplions Table

Thin Small-Outline Package (TSOP) ® Operating Free-Air Temperature Range
(DGA Suffix) 0°C to 70°C
® Fabricated Using Enhanced Performance
__ Implanted CMOS (EPIC™) Technology by
deseription Texas Instruments (TI™)
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description (continued)

The TMS416409A and TMS417409A are offered in a 24/26-lead plastic surface-mount SOJ package
(DJ suffix). The TMS426409A/P and TMS427409A/P are offered in a 24/26-lead plastic surface-mount SOJ
package (DJ suffix) and a 24/26-lead plastic surface-mount TSOP (DGA suffix). These packages are designed
for operation from 0°C to 70°C.

logic symbol (TMS416409A and TMS426409A/P)t

9 RAM 4096 K x 4
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a0 & loop2e
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A1l ———J20D21 -
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G24
—_— 23
CAS &
> 23C22
— 4 I
W 22 23,21D 24,25 EN
—__ ke 0
OE G25
2
DA1 A,22D
v 26 AzZ26 |

DQ2 3—4+—

pas 24 4qp
25

paa — 4P

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 647-12.
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logic symbol (TMS417408A and TMS427409A/P)t

RAM 4096 K x 4

A0 ———— 1 20D11/21D0 7
Ay 10
A2 11
ag 12
ag 15
AS :: A0
AB 4194303
a7 18
ag 19
a0 & lasop21/21D10
> C20 [ROW)
G23/[REFRESH ROW]
RAS — 24 [PWR DWN]
> C21[COLUMN]
s G24
CAS & > 23C22
E j:z 23.21D 24,25 EN
oF —— M™Maos
1] [
pai 2 A,22D
; V 26 AZ26 |-

Yy S — -

paz 24 4p-
25

D4 ——————4 P

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 647-12.
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functional block diagram

TMS5416409A, TMS426409A/P

—Z|

I Timing and Control I

Y ;
A1 Column Decode
*| column- Sense Amplifiers
*| Address 256K Array D
» Buffers R Iata-
A1l . o 256K Array \ | < Fleng ‘4’
w . N
L ] /0
D . L 54 Buffers f -
*l row- e | pata- v
. Address e c F?el“: J §
®] Buffers | ] 9.
d w
e
256K Array ) DQ1-DQ4

t Column addresses A10 and A11 are not used.

TMS417409A, TMS427408A/P

vy

I Timing and Control I

-—=|

v .
A1 Column Decode
*] column- Sense Amplifiers
-
®| Address 256K Array 256K Array Data-
»| Buffers R
A . 256K Array 256K Array In 4
10 ° | Reg. |t
. w . 116
. .
a2 < L] b . L 32 Buffers 4
. bl
Row- e id D;t:'
- Address P ¢ R y -
d w
: 256K A € 256K A
s L rray rray | | DQ1-DQ4
s ™ 35
”i..”..f”.."I"1..”..f”..”iT
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operation

extended data out

Exlended data out (EDO) allows data outpul 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 for address
multiplex is eliminated. The maximum number of columns that can be accessed is determined by tgagp, the
maximum RAS low time.

Extended data out does not place the data in/data out pins (DQ pins) into the high-impedance state with the
rising edge of CAS. The output remains valid for the system 1o latch the data. After CAS goes high, the DRAM
decodes the next address. OE and W can control the output impedance. Descriptions of OE and W further
explain EDO operation benefit.

address: A0-A11 (TMS5416409A and TMS426409A/P) and A0-A10 (TMS417409A and TMS427409A/P)

Twenty-two address bits are required to decode each of the 4194304 storage cell locations. For the
TME416409A and TMS426409A/F,12 row-address bits are set up on A0 through A11 and latched onto the chip
by the row-address strobe (RAS). Ten column-address bits are set up on A0 through A9. For the TMS417409A
and TMS427409A/P, 11 row-address bits are set up on inputs A through A10and latched onto the chip by RAS.
Eleven column-address bits are set up on A0 through A10. All addresses must be stable on or before the falling
edge of RAS and CAS. RAS is similar to a chip enable because it activates the sense amplifiers as well as the
row decoder. CAS is used as a chip select, activaling the output buffers and latching the address bits into the
column-address buffers.

output enable (E}

OE controls the impedance of the output buffers. While CAS 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 (see Figure 8). There are two
methods for placing the DQs into the high-impedance state and maintaining that state during CAS high time.
The first method is to transition OE high before CAS transitions high and keep OE high for icHo (hold time, OE
from CAS) past the CAS transition. This disables the DQs and they remain disabled, regardless of OE, until CAS
falls again. The second method is to have OE low as CAS transitions high. Then OE can pulse high for a
minimum oftopp {precharge time, OE) anytime during CAS high time, disabling the DQs regardless of further
transitions on OE until CAS falls again {(see Figure 8).

write 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 inputs are disabled when the read mode is selected. When W goes low prior to CAS
{early write), data out remains in the high-impedance state for the entire cycle, permitting a write operation with
OE grounded. If W goes low in an extended-data-out read cycle, the DQs are disabled so long as CAS is high
{see Figure 9).

data in/data out (DQ1-DQ4)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the later falling
edge of CAS or W strobes data into the on-chip data latch with setup and hold times referenced to the later edge.
The DQs drive valid data after all access times are met and remain valid except in cases described in the W
and OE sections.

{‘? TeExAs
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RAS-only refresh

TMS5416409A, TMS5426409A/P

A refresh operation must be performed at least once every 64 ms (128 ms for TM8426409AP) to retain data.
This can be achieved by sitrobing each of the 4096 rows (AD—A11). A normal read or write cycle refreshes all
bits in each row that is selected. ARAS only operation can be used by holding CAS 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.

TMS5417409A, TMS5427409A/P

A refresh operation must be performed at least once every 32 ms (128 ms for TMS427409AP) to retain data.
This can be achieved by strobing each of the 2048 rows (A0—A10). A normal read or write cycle refreshes all
bits in each row that is selected. A RAS-only operation can be used by holding CAS 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

A hidden refresh can be performed while maintaining valid data at the output pin. This is accomplished by
holding CAS 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.

CAS-before-RAS (CBR) refresh

CBR refresh is performed by bringing CAS low earlier than RAS (see parameter tggR) and holding it low after
RAS falls (see parameter tcyR). For successive CBR refresh cycles, CAS can remain low while cycling RAS.
The external address is ignored, and the refresh address is generated internally.

battery-backup refresh
TMS426409AP

A low-power battery-backup refresh mode that requires less than 350 uA of refresh current is available on the
TMS426409AP. Data integrity is maintained using CBR refresh with a period of 31.25 ps while holding RAS low
for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels
(VIL<0.2V, V>V - 0.2V).

THMS427409AP

A low-power battery-backup refresh mode that requires less than 350 uA of refresh current is available on the
TMS427409AP. Data integrity is maintained using CBR refresh with a period of 62.5 us while holding RAS low
for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels
(ViL<0.2V, V=V — 0.2V).

self-refresh (TMS42x409AP)

The self-refresh mode is entered by dropping CAS low priar to RAS going low. Then CAS 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 CBR counter is used o keeptrack ofthe address. To exit the self-refresh mode,
both RAS and CAS are brought high to satisfy toyg. Upon exiting self-refresh mode, a burst refresh (refresh a
full set of row addresses) must be executed before continuing with normal operation. The burst refresh ensures
that the DRAM is fully refreshed.

power up

To achieve proper device operation, aninitial pause of 200 us followed by a minimum of eight initialization cycles
is required after power up to the full Vi level. These eight initialization cycles must include at least one refresh
(RAS-only or CBR) cycle.

b TeExas
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test mode

The test mode (see Figure 1) is initiated with a CBR-refresh cycle while simultaneously holding the W input low.
The entry cycle performs an internal refresh cycle while internally setting the device to perform parallel read or
write on subsequent cycles. While in the test mode, any data sequence can be performed. The device exits test
mode if a CBR refresh cycle with W held high or a RAS only refresh cycle is performed.

In the test mode, the device is configured as 1024K bits x 4 bits for each DQ. Each DQ pin has a separate 4-bit
parallel read and write data bus that ignores column addresses A0 and A1l. During a read cycle, the four internal
bits are compared for each DQ pin. If the four bits agree, DQ goes high; if not, DQ goes low. Test time is reduced
by a factor of four for this series.

{———W Entry Cycle Exit Cycle ﬂq—”

‘ N |
|  TestMode Cycle ————————W 1 M‘:.rd";a

NV a WA\ anVs

/- —7

LM

NOTE A: The states of W, data in, and address are defined by the type of cycle used during test mode.

Figure 1. Test-Mode Cycle

{‘? TeExAs
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 7



TMS416409A, TMS417409A
TMS426409A, TMS426409A /P, TMS427409A, TMS427409A/P
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS

SMKS893A — AUGUST 1996 — REVISED FEBRUARY 1997

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo (TMS41x409A) ... -1Vtio7V
Supply voltage range, Voo (TMS42x409A, TMS42x409AP) ... .. ... oot -05Vicd4eV
Voltage range an any pin (TMS41x409A) (see Note 1) ... . ... . i, -1Vtio7V
Voltage range an any pin (TMS42x409A, TMS42x409AP) (see Note 1) ... ... .. ... -05Vicde6V
Short-circuit OUIPUL CUITENT L i e e e e 50 mA
Power dissipalion ... e e e e e e 1w
Operating freg-airtemperature range, Ta . ... ... rCto 70°C
Storage temperature range, Tgg .. ... —-55°C 10 125°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are siress 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 absclute-maximum-vated conditions for extended periods may affect device reliability.

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

recommended operating conditions

TMS41x409A TMS42x409A /P
MIN NOM MAX MIN  NOM. - MAX ' UNIT
Voo Supply voltage 45 5 55 3 78385 886 v
Vgg  Supply voltage 0 A vV
ViH High-level input voltage 2.4 85| wRsE Voo +0.3 vV
VL Low-level input voltage (see Note 2) -1 08] —03 0.8 v
Ta Operating free-air temperature 0 70| =0 70 G

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only.

ADVANCE INFORMATION concerng new producis in the sampling or
preproducion phase of development Characierisiic daia and oiher

specifications are subjectio change without notice. % TEXAS
INSTRUMENTS
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

TMS416409A
PARAMETER + '416409A-50 | '416409A-60 | 416409A-70 UNIT
TEST CONDITIONS MIN  MAX MIN  MAX MIN  MAX
High-level output
VoH vollage loH=-5mA 24 24 24 A
VoL Low-level output voltage | loL =4.2 mA 0.4 0.4 04 v
Voo =55V, Vi=0VtoB5bV,
1] Input current (leakage) All athers = 0 V fo Vo + 10 10 110 pA
Output current VGG =h5Y, Vo=0Vio Ve,
lo (leakage) TAS high £10 £10 10 pA
Average read- or .
oot write-cycle current Voo =55V, Minimum cycle 100 80 70| mA
ViH=24 V(TTL),
After one memory cycle, 2 2 2 mA
e Average standby RAS and CAS high
2 current ViH = Voo — 0.2V (CMOS),
After one memory cycle, 1 1 1 mA
RAS and CAS high
Average refresh current %%g :yi“iv Minimum cycle,
18 ([RAS. BAS cycling__
lces E;RBARSS only refresh or CAS high (RAS only), 100 80 70 mA
RAS low after CAS low (CBR)
VGG:5.5 V, tJiEC:MIN,
IC(;4H Average EDO current TAS low, TAS cydling 100 90 80 mA
T For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements.
T Measured with outputs open
§ Measured with a maximum of one address change while RAS = V||
T Measured with a maximum of one address change during each EDO cycle, tHPC
’5
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electrical characteristics over recommended ranges of supply voltage and
temperature (unless otherwise noted) (continued)

operating free-air

TMS417409A
PARAMETER t '417409A-50 | '417409A-60 | '417409A-70 UNIT
TEST CONDITIONS MIN MAX MIN  MAX MIN MAX
High-level output
VoH voliage loH=—-5mA 24 24 24 A
VoL Low-level cutput voltage loL=4.2mA 0.4 04 04 \')
Voo =55V, Vi =0Vio65Y,
1] Input current (leakage) All others = 0 V fo Vg +10 +10 110 pA
Output current VQQ =558V, Vo =0VioVeg,
lo (leakage) TAS high £10 £10 10 pA
Averade read- or .
o8 wiite-cycle current Voo =55V, Minimum cycle 130 110 100 mA
ViH=24V(TTL),
After one memory cycle, 2 2 2 mA
lce Average standby RAS and CAS high
2 current ViH =Voe - 0.2 V (CMOS),
After one memory cycle, 1 1 1 mA
RAS and CAS high
Average refresh current VQQ =558V, Minimum cycle,
lcost8  (RAS-only refresh or RAS cycling,  CAS high (RAS only), 130 110 100 mA
GCBR) RAS low after GAS low (CBR)
VQQ:5.5 v, HPG = MIN,
lccat  Average EDO current RAS low, CAS cycling 110 90 80 mA

1 For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements.
T Measured with outputs open _

§ Measured with a maximum of one address change while RAS = V|

1 Measured with a maximum of one address change during each EDO cycle, tHpg

{'? TeExas
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (continued)

TMS426409A/P
'426409A-50 '426409A -60 '426409A-70
PARAMETER TEST CONDITIONST '426409AP-50 '426409AP -60 '426409AP -70 UNIT
MIN MAX MIN MAX MIN MAX
High-level lOH=—2mA LVTTL 24 24 24
YOH output \'s
voltage loH =— 100 pA LVCMOS Vee-0.2 Voe-0.2 Voo —-0.2
Low-level loL =2 mA LVTTL 04 04 0.4
VoL output v
Input current | Vo =36V, Vi=0V1o39V,
I (leakage) Al others — 0 V to Vo 10 £10 101 A
Output
e} current m7.3'6 v. Vo - 0VieVee. + 10 +10 + 10 pA
CAS high
(leakage)
Average
1§ read- or _ L
loot wrile- cycle Voo =36V, Minimum cycle 90 70 60 mA
cumrent
ViH =2V (LVITTL) '426409A 2 2 2] maA
After one memory cycle,
Average RAS and CAS high '426409AP 1 1 1 mA
| tandb
coz o sanesy VIH=Vgg 02V '426409A 1 1 1| ma
curren (LVCMOS),
After one memory cycle, ,
RAS and CAS high 426409AP 150 150 150 pA
Average
vefresh Voc =36V, Minimum cycle,
current RAS cycling,
l6ca™ RS only CAS high (RAS-only refresh), 90 70 601 mA
refresh RAS low after CAS low (CBR)
or GBR)
Average VQQ =36V, IHPC = MIN,
ICCA'H EDO current RAS low, CAS cycling 100 90 80 mA
Average —_— _—
lccg?  selfrefresh | GAS <02V RAS<02V, 200 200 200 | pA
Measured alter Igpgg min
current
Average
battery
back-up
) R =31.25ps, tRAS= 300 ns,
operaling Voo - 02V Vigs39Y,
# TMe Vs = o
Icc1o (C:r[ﬁ\’l‘;em 0VEV) £0.2V, Wand OF - Vi, 350 350 3501 A
4 ) Address and data stable
refresh time
is 128 ms),
CBR only
T For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements.
T Measured with outputs open
§ Measured with a maximum of one address change while RAS = V||
T Measured with a maximum of one address change during each EDO cycle, tpg
# For TMS426409AP only
ADVANCE INFORMATION concerns new producis in the sampling or .
prep(?_dulqlinn phasehAoillzevehlopmeng.'hCh:racl!erisﬁc daia and other b T
specifications are subject lo change withoul nolice. EXAS
POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 11

ADVANCE INFORMATION



ADVANCE INFORMATION

TMS416409A, TMS417409A
TMS426409A, TMS426409A /P, TMS427409A, TMS427409A/P
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS

SMKS893A — AUGUST 1996 — REVISED FEBRUARY 1997

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (continued)

TMS427409A/P
'427409A -50 '427409A -60 '427409A-70
PARAMETER TEST CONDITIONST '427409AP-50 '427409AP -60 '427409AP-70 UNIT
MIN MAX MIN MAX MIN MAX
High-level lOH=—2mA LVTTL 2.4 2.4 24
VOoH output v
voltage loH =—100 pA LVCMOS Vee-0.2 Vee-0.2 Vee-0.2
Low-level oL =2mA LVTTL 0.4 0.4 0.4
VoL output A
nput current | Vo =36V, Vi=0Vte 39V,
I (leakage) Al others — 0 V to Voo £ 10 £10 101 pA
Output
Ie} current Yoo - 36 V. Vo -0VioVee. +10 +10 + 10 pA
CAS high
(leakage)
Average
1§ read- or _ L
oo write- cycle Vog=36V, Minimum cycle 120 100 90 mA
current
VIH=2V (LVITL) ‘427409A 2 2 2
After one memory cycle, mA
Average RAS and CAS high '427409AP 1 1 1
| tandbr
coz  sancsy VIH=Vog —02V 427409A 1 1 1| ma
curren {LVCMOS),
After one memory cycle, ,
BAS and CAS high 427409AP 150 150 150 pA
Average
refresh VQQ =36V, Minimum cycle,
current RAS cycling,
lcca?® RS only CAS high (RAS-only refresh), 120 100 90| mA
refresh RAS low after CAS low (CBR)
or CBR)
Average VQQ =36V, HPG = MIN,
ICC‘Hﬂ EDO current RAS low, CAS cycling 1o 80 80 mA
Average _— _—
lccg?  selfrefresh | GAS<02V.  RAS<02V, 200 200 200 | pA
Measured after igpagg min
current
Average
battery
back-up
. IRC = 62.5 s, tRAS < 300 ns,
operating Voo -02VsVHL39Y,
1# The V= =2 L
Icc10 (C:'L‘?\’,‘;em 0VE V) £0.2YV, Wand OF - Vi, 350 350 3501 A
4 . Address and data stable
refresh time
is 128 ms),
CBR only

1 For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements.
T Measured with outputs cpen

§ Measured with a maximum of one address change while RAS = V||

T Measured with a maximum of one address change during each EDO cycle, tHpe

# For TMS427409AP only

ADVANCE INFORMATION concerns new producis in the sampling or
preproducion phase of development Characierisiic daia and oiher
specifications are subjectio change without notice.
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TMS5416409 A, TMS417409A
TMS426409A, TMS426409A/P, TMS427409A, TMS427409A /P
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS

SMKS893A — AUGUST 1996 — REVISED FEBRUARY 1997

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

PARAMETER MIN  MAX | UNIT
Gi(A) Input capacitance, A_07A11T 5 pF
Ci{OE) Input capacitance, OE 7 pF
Ci(RCY Input capacitance, EAS and RAS 7 pF
Cipwh Input capacitance, W 7 pF
Cq Output capacitancet 7 pF

tat1is NG {no internal canneclion) for TM5417409A and TMS427409A/P.
+CAS and OE = V|H to disable outputs
NOTE 3: Vi = NOM supply voltage +10%, and the bias on pins under testis 0 V.

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

"41x409A-50 '41x409A-60 "41x409A-70
PARAMETER UNIT

MIN  MAX MIN MAX MIN  MAX
tan Access time from column address (see Note 5) 25 30 35 ns
tcac  Access time from CAS (see Note b) 13 15 18 ns
tcpa Access time from mprecharge {see Note B) 28 35 40 ns
tRAC  Access time from RAS (see Note 5) 50 60 70 ns
loEA  Access time from OE (see Note 5) 13 15 18 ns
tclz  Delay time, CAS to outputin Iowi_mpedance 0 0 0 ns
tREZz  Output buffer turn off delay from RAS (see Note 6) 3 13 3 15 3 18 ns
tcez  Qutput buffer tum off delay from CAS (see Note 6) 3 13 3 15 3 18 ns
topz  ©utput buffer tum off delay from OF (see Note ) 3 13 3 15 3 18 ns
twez  Qutput buffer tumn off delay from W (see Note 6) 3 13 3 15 3 18 ns

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

PARAMETER '42x409A /P-50 | '42x409A/P-60 | '42x409A/P-70 UNIT
MIN MAX MIN MAX MIN MAX
tan Access time from column address (see Note 5) 25 30 (... 35 ns
tcAc  Access time from CAS (see Note 5) 13 s R 18] ns
tcpa Access time from mprecharge {see Note B) 28 G n AR L 40 ns
thrac  Access time from RAS {see Note 5) 50 | in i 807 70 ns
topa  Access time from OE (see Nole 5) e R T 18 ns
tclz  Delay fime, CAS o output in low impedance [ P 0 ns
trREZz  Output buffer turn off delay from ﬁﬁ {see Note 6) 8% A% 3 15 3 18 ns
tcEZz  Qutput buffer tum off delay from CAS (see Note 6) RO R 3 15 3 18 ns
toEz  Output buffer tum off delay from OE (see Note 6) L8 13 3 15 3 18 ns
twez  Output buffer turn off delay from W (see Note 6) 3 13 3 15 3 18 ns
NOTES: 4. With ac parameters, it is assumed that T = 2 ns.

5. For TM342x409A/P, access times are measured with output reference levels of Vo =2 Vand Vo = 0.8 V.
6. Themaximum values of tRE 7. tcEZ. toEZ. and w7 are specified when the output is nolonger driven. Datain should notbe driven

until one of the applicable maximum specifications is salisfied.

ADVANCE INFORMATION concerns new producis in the sampling or
preproducticn phase of development. Characierisiic daia and other
specifications are subject lo change withoul notice.
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TMS416409A, TMS417409A
TMS426409A, TMS426409A /P, TMS427409A, TMS427409A/P
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EDO timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 4)

'41x409A-50 '41x409A-60 '41x409A-70 UNIT

MIN MAX MIN MAX MIN MAX
tHPC Cycle time, EDO page mode, read-write 20 25 30 ns
tprwe  Cycle time, EDO read-write 57 68 78 ns
tecsH Delay time, RAS active to CAS precharge 40 48 58 ns
tCHO Hold time, OE from CAS 7 10 10 ns
tpoH Heold time, cutput from CAS 5 5 5 ns
tcas Pulse duration, CAS aclive (see Note 7) 8 10000 10 10000 12 10000 ns
iwpe  Pulse duration, W active (output disable only) 7 7 7 ns
tocH Setup time, OE before CAS 8 10 10 ns
tcp Pulse duration, CAS precharge 8 10 10 ns
toEpP Precharge time, OE 5 5 5 ns

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

'42x409A /P-50 | '42x409A/P-60 |’'42x409A/P-70 UNIT
MIN MAX MIN MAX MIN MAX
tHPC Cycle time, EDO page mode, read-write 20 25 30 ns
tprwe  Cycle time, EDO read-write 57 68 s 55::f 178 : ns
tecsH Delay time, RAS active to CAS precharge 40 48 58 ns
tCHO Held time, OE from CAS 7 10 ns
IDoH Held time, cutput from CAS 5 s Lo 5 ns
tcas Pulse duration, CAS active (see Note 7) 8 Q000 | o 12 10000 ns
tWPE Pulse duration, W aclive (output disable only) 7 7 ot 7 ns
tocH Setup time, OE before CAS 8.~ 10 ns
tcp Pulse duration, CAS precharge s 10 10 ns
toEpP Precharge time, OE 5 5 5 ns

NOTES: 4: With ac parameters, it is assumed that I = 2 ns.
7. Inaread-wriite cycle, oywp and iy must be observed.

ADVANCE INFORMATION concerns new producis in the sampling or

preproducion phase of development Characierisiic daia and oiher i
specifications are subject to change without notice. TEXAS
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TMS5416409 A, TMS417409A
TMS426409A, TMS426409A/P, TMS427409A, TMS427409A /P
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 4)

'41x409A-50 '41x409A-60 '41x409A-70 UNIT
MIN MAX MIN MAX MIN MAX
[1=Tg} Cycle time, random read or write 84 104 124 ns
thwe  Cycle time, read-write 111 135 160 ns
tRagp  Pulse duration, m aclive, fast page mode (see Nole 8) 50 100 000 60 100000 70 100000 | ns
tRAS Pulse duration, RAS active, non-page mode (see Note 8) 50 10 000 60 10 000 70 10 000 ns
tRP Pulse duration, m precharge 30 40 50 ns
twp Pulse duration, write command 8 10 10 ns
tRasSs  Pulse duration, RAS active, self-refresh (see Note 9) 100 100 100 ps
tRPS Pulse duration, m precharge after self-refresh 90 110 130 ns
tasc Setup time, column address 0 0 0 ns
tagR Setup time, row address 0 0 0 ns
thg Setup time, data in (see Note 10) 0 0 0 ns
tRcs Selup time, read command 0 0 0 ns
towl Setup time, write command before CAS precharge 8 10 12 ns
tRWL Setup time, write command before RAS precharge 8 10 12 ns
Wos Setup tirr]e, write command before CAS aclive 0 0 0 s
(early-write only)
tWRP Setup time, W high before RAS low (CBR refresh only) 10 10 10 ns
tWTs Setup time, W low before RAS low (test mode only) 10 10 10 ns
lcsR Setup time, CAS relerenced lo RAS (CBR refresh anly) 5 5 5 ns
tcaH Hold time, column address 8 10 12 ns
IDH Hold time, data in (see Note 10) 8 10 12 ns
tRAH Hold time, row address 8 10 10 ns
tRcH Held time, read command referenced to CAS (see Note 11) 0 0 0 ns
tRRH Hold time, read command referenced to RAS (see Note 11) 0 0 0 ns
tWeH :—180;?1 ;m‘:,zt :v(r)‘lr:cl-:-yc):ommand during CAS aclive 8 10 12 s
tROH Hold time, RAS referenced to OF 8 10 10 ns
twRH  Hold time, W high after RAS low (CBR refresh) 10 10 10 ns
hwTH Held time, W low after RAS low (test mode only) 10 10 10 ns
lcHR Hold time, GAS referenced to RAS (CER refresh only) 10 10 10 ns
toEH Hold time, OF command 13 15 18 ns
tcHs Held time, CAS active afterm precharge (self-refresh) —50 —50 —50 ns
tRHCP  Hold time, RAS actlive from CAS precharge 28 35 40 ns
NOTES: 4. With ac parameters, it is assumed that tT = 2 ns.

8. Inaread-write cycle, tRwD and tRwy| must be chserved.

9. During the period of 10 us < t(RASS << 100 ps, the device is in transition state from nomal operation mode te self-refresh mode.

10. Referenced to the later of CAS or W in write operations

11. Either tgrH or tRCH must be satisfied for a read cycle.

{‘? TeExAs
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 4) (continued)

'41x409A-50 '41x409A-60 '41x409A-70 UNIT
MIN MAX MIN  MAX MIN  MAX

{AWD E):;I::_‘t’ivn;;: :)3::|I;J;nn address to write command 42 49 57 ns
tcpw Delay time, W low alter xCAS Ereoharge (read-write only) 45 5 62 ns
tcrp Delay time, CAS precharge to RAS 5 5 5 ns
town Delay time, CAS to write command (read-write only) 30 34 40 ns
tOED Delay time, OF to datain 13 15 18 ns
tRAD Delay time, RAS to column address (see Note 12) 10 25 12 30 12 35| ns
tRAL Delay time, column address to RAS precharge 25 30 35 ns
tcal Delay lime, column address io CAS precharge 18 20 25 ns
tReD Delay time, RAS to CAS (see Note 12) 12 37 14 45 14 52| ns
tRpe Delay time, RAS precharge to CAS 5 5 5 ns
tRSH Delay time, GAS aclive tomprecharge 8 10 12 ns
tRWD Delay time, RAS lo write command (read-write only) 67 79 92 ns
tTAA Access time from address (test mode) 30 35 40 ns
ITopa  Access lime, from column precharge (lest mode) 35 40 45 ns
ITRAC  Access lime, from ﬁﬁ (test mode) 55 85 75 ns
tT Transition time 2 30 2 30 2 30 ns

‘AxB409A 64 64 64| ms

‘426409AP 128 128 128 wms
tREF Refresh time interval

‘AxTA09A 32 32 32| wms

'427409AP 128 128 128 | wms

NOTES: 4. With ac parameters, it is assumed that tT = 2 ns.
12. The maximum value is specified only to ensure access time.

{'? TeExas
INSTRUMENTS
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TMS5416409 A, TMS417409A
TMS426409A, TMS426409A/P, TMS427409A, TMS427409A /P
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 4)

'42x409A /P-50 '42x409A /P-60 '42x409A/P-70 UNIT
MIN MAX MIN MAX MIN MAX
[1=Tg} Cycle time, random read or write 84 104 124 ns
thwe  Cycle time, read-write 111 135 160 . ns
tRagp  Pulse duration, m aclive, fast page mode (see Nole 8) 50 100 000 60 100000 703100000 | ns
tRAS Pulse duration, RAS active, non-page mode (see Note 8) 50 10000 60 10000 70 ::;'”1 0000 | ns
tRP Pulse duration, m precharge 30 40 5. ns
twp Pulse duration, write command 8 10 R i ns
tRass  Pulse duration, RAS active, self-refresh (see Note 9) 100 100 .. ps
tRPS Pulse duration, m precharge after self-refresh 90 110 130 ns
tasc Setup time, column address 0 0 S0 ns
tagR Setup time, row address 0 0 0 ns
thg Setup time, data in (see Note 10) 0 0 0 ns
tRcs Selup time, read command 0 0 0 ns
towl Setup time, write command before CAS precharge 8 10 12 ns
tRWL Setup time, write command before RAS precharge 8 10 12 ns
Wos Setup tirr]e, write command before CAS aclive 0 0 0 s
(early-write only) S
twiP  Selup time, W high before RAS low (CBR refresh only) 10 1., 10 ns
twTe  Selup time, W low before RAS low (fest mode only) 10 AG 10 ns
lcsR Setup time, CAS relerenced lo RAS (CBR refresh anly) 5 L 5 ns
tcaH Hold time, column address 8 10 12 ns
tpH Hold time, dala in (see Note 10) 8 Bt 12 ns
tRAH Hold time, row address 8 =10 10 ns
tRcH Held time, read command referenced to CAS (see Note 11) 0 S0 0 ns
tRRH Hold time, read command referenced to RAS (see Note 11) 0 0 0 ns
tWeH :—180;?1 ;m‘:,zt :v(r)‘lr:cl-:-yc):ommand during CAS aclive 8 10 12 s
tROH Hold time, RAS referenced to OF 8 10 10 ns
twRH  Hold time, W high after RAS low (CBR refresh) 10 . 10 10 ns
hwTH Hold time, W low after RAS low {test mode only) 10.: 10 10 ns
topr  Hold time, GAS referenced to RAS (CBR refresh only) lig 10 10 ns
toEH Hold time, OF command 1300 15 18 ns
tcHs Held time, CAS active afterm precharge (self-refresh) -50° —50 —50 ns
tRHCP  Hold time, RAS actlive from CAS precharge 28 35 40 ns
NOTES: 4. With ac parameters, it is assumed that tT = 2 ns.

8. Inaread-write cycle, tRwD and tRwy| must be chserved.

9. During the period of 10 us < t(RASS << 100 ps, the device is in transition state from nomal operation mode te self-refresh mode.

10. Referenced to the later of CAS or W in write operations

11. Either tgrH or tRCH must be satisfied for a read cycle.

ADVANCE INFORMATION concerns new producis in the sampling or
preproducticn phase of development. Characierisiic daia and other
specifications are subject lo change withoul notice.
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TMS416409A, TMS417409A
TMS426409A, TMS426409A /P, TMS427409A, TMS427409A/P
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS

SMKS893A — AUGUST 1996 — REVISED FEBRUARY 1997

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

'42x409A /P-50 | '42x409A /P-60 | '42x409A/P-70 UNIT
MIN MAX MIN MAX MIN MAX

{AWD E):;I::_‘t’ivn;;: :)3::|I;J;nn address to write command 40 49 57 . ns
tcpw Delay time, W low alter xCAS Ereoharge (read-write only) 45 i 62: ns
tcrp Delay time, CAS precharge to RAS 5 SR ns
tcwp  Delay lime, CAS to wrile command (read-write only) 30 34 o] s 40 ns
tOED Delay time, OF to datain 13 n = . R ns
tRAD Delay time, RAS to column address (see Note 12) 10 25 o2 30 2 35 ns
tRAL Delay lime, column address lo RAS precharge 25 N RN ns
tcal Delay lime, column address io CAS precharge 18 20 e | 25 ns
treD Delay time, RAS to CAS (see Note 12) 12 3% |4 b | 14 52| ns
tRpe Delay time, RAS precharge to CAS 5 s ks BeEs s 5 ns
tRSH Delay time, GAS aclive tomprecharge 8 ':5-;5 1:655_ 12 ns
tRWD Delay time, RAS lo write command (read-write only) 67 .o : R £ 92 ns
TAA Access lime from address (test mode) 3(:):: ) B ':5..: 3_5'” : 40 ns
ITopa  Access lime, from column precharge (lest mode) 38 i = o :;40555 45 ns
ITRAC  Access lime, from ﬁﬁ (test mode) 55 e E65 75 ns
tT Transition time: 2" ; 30 2 30 2 30| ns

Ax6409A b ) 64 64| ms

'426409AP Hpe 128 128 | ms
tREF Refresh time interval —

4xTA09A i A2 32 32| ms

'427409AP 128 128 128 | ms

NOTES: 4. With ac parameters, it is assumed that tT = 2 ns.
12. The maximum value is specified only to ensure access time.

ADVANCE INFORMATION concerns new producis in the sampling or

preproducion phase of development Characierisiic daia and oiher i
specifications are subject to change without notice. TEXAS
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TMS5416409 A, TMS417409A

TMS426409A, TMS426409A/P, TMS427409A, TMS427409A /P
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS

SMKS893A — AUGUST 1996 — REVISED FEBRUARY 1997

PARAMETER MEASUREMENT INFORMATION

YTH vee
RL Ry
Output Under Test Output Under Test
C| =100 pF €| =100 pF
(see Note A) (see Note A) R2
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT

NOTE A: €| includes probe and fixture capacitance.

DEVICE |Vgg (VY | Ry () | Ra () |VTu (V) | R ()
"41x409A 5 828 295 1.31 218
42x409AP | 3.3 1178 868 1.4 500

Figure 2. Load Circuits for Timing Parameters

{‘? TeExAs
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PARAMETER MEASUREMENT INFORMATION
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E - tcaAL »
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I
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NOTE A: Qutput can go from the high-impedance state to an invalid-data state prior to the specified access time.

Figure 3. Read-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

Iq RC >
| IH IRAS Hl }
RAs | \l ]@7 tRP 49‘ \
‘T_d‘ - < IRSH H' |
| ¢——tep ——» o IGRP >
1 !1 tcSH >
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Figure 4. Early-Write-Cycle Timing

{‘? TeExAs
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443

21



TMS416409A, TMS417409A
TMS426409A, TMS426409A /P, TMS427409A, TMS427409A/P
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS
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PARAMETER MEASUREMENT INFORMATION
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Figure 5. Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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NOTE A: OQutput can go from the high-impedance state to an invalid-data state prior to the specified access time.
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OE Don't Care
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Figure 6. Read-Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

— it RASP >
RAS I\ J/\r I\
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| e e e
CAs I %tRAH | | \ | |
| e
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| | |
| I ||
\ | | |
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_ «——toEa[ [ ¥ |
|
°Em L | n | | | | | P
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|| | | | | ] | e —tcac | |
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I | | | IDOH | |
‘"W | |J“"‘C L |
- e
| lAA| | «— tcpa —I—DI tCEZ\ (see Note C)
«—tgac ——> || \ \

| | gz —
\

\
DQ1-DQ4 M DATA #1 x DATA #2 X DATA #3 }—
(see Note A)

NOTES: A. Cutput can go from the high-impedance state to an invalid-data state prior to the specified access time.
B. Access lime is ICpa-, tAA-, or ICAC-dependent.
C. Output is tumed off by tcgz if RAS goes high during TAS low.

Figure 7. EDO Read Cycle
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PARAMETER MEASUREMENT INFORMATION
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Figure 8. EDO Read-Cycle With OE Control
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Figure 9. EDO Read-Cycle With W Control
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NOTE A: Aread cycle oraread-write cycle can beintermixed with write cycles as long as read and read-write timing specifications are not viclated.

Figure 10. EDO Early-Write-Cycle Timing
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Figure 11. EDO Write-Cycle Timing
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NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time.
B. A read orwrite cycle can be intermixed with read-write cycles aslong as the read- and write-fiming specificalions are notviolated.

Figure 12. EDO Read-Write-Cycle Timing
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Figure 14. Automatic-CBR-Refresh-Cycle Timing
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Figure 15. Self-Refresh-Cycle Timing
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Figure 16. Hidden-Refresh-Cycle (Read) Timing
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Figure 17. Hidden-Refresh-Cycle (Write) Timing
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Figure 18. Test-Mode-Entry-Cycle Timing

14 tRe »|
| RP | gt tRAS > I
— | |
RAS ‘ | \ f
| < tcsr M |
\RpCc —€— M } | ‘
‘ : | | ‘* tCHR ™
__ ; | i
CAS o | | 1 |
B\ /
} } 4 P ‘ WRP
|
— v’v V’V‘ on : are WAV LAWY ‘ '.v’v WAV, V"’v V" N/ . n’ A v‘v.v‘v.v.v‘v.v‘v’v’v
W (XX Damtoare K00 | ’0!02020!0!0!02”!0!0!0202420!0!0!0!0!
WRH —
reas vvvvvvvvvvvv’v‘vvvv’v’vvvv’vvv on’ ave v‘V‘VVV‘vV‘VOV‘VVvvv0vvvvv¢vvvvv.v
Aadress QR o' care R BRI
‘ H—ﬂ‘— REZ
P — togz

Figure 19. Test-Mode-Exit-Cycle CBR-Refresh-Cycle Timing
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NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Plastic body dimensions do not include meld protrusion. Maximum mold protrusion is 0.005 (0,125).
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NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Body dimensions do not include mald flash or protrusion.
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device symbolization (TMS416409A illustrated)

Tl 58
T T Speed ( -50, - 60, -70)

Low-Power/Self Refresh Designator (Blank or P)

j TMS416409A DJ
s

Package Code

W OE Y MLLLP

Assembly Site Code

Lot Traceability Code

Month Code

Year Code

Die Revision Code

Wafer Fab Code
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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are
utilized 1o the extent Tl deems necessary o support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR CTHER
CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood 1o be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate TI officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associaled with the customer's applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

TI assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright @ 1996, Texas Instruments Incorporated



