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This data sheet is applicable to alf DGE PACKAGE DZ PACKAGE
TMS41x160As and TMS42x160A/Ps (TOP VIEW) (TOP VIEW)
symbolized by Revision “E” and subsequent 5 U
revisions as described in the device Vpp ] 1 sof] Vss Vop []1 42[] Vgg
symbolization section. DQo [] 2 49}l DQ15 pQo |2 41]] DQ15
® Organization ... 1048576 x 16 DQi s 4siDQ14  DQ1fjs  4o]l DQ14
. DQ2 4 47]] DQ13 DQ2 [| 4 39[] DQ13
L] Vor33V
Single Power Supply (5 V or 3.3 V) paaflls  4fipatz pasls  ssf paiz
® Performance Ranges:
ACCESS ACCESS ACCESS  READ/ Voo lfe 45l Vss Vop(fe a7l Vss
TIME  TIME  TIME_ WRITE DQ4[]7  44]) DQ1 DQ4 [}7 38|} DQ11
trac  tcAc  taa CYCLE DQ5 (] 8 43{] DQ10 DQ5 % 8 35[) DQ10
MAX  MAX  MAX MIN pas [l g 42]] DQO pDas [ 9 34{] DQY
’::X:ggﬁ'gg 23 ns 12"5 ;g ns 191‘:)"5 DQ7 [J10  41]) DQ8 DQ7[J10 33l DG8
41X - ns ns ns ns
'41x160A-70  70ns 18ns 35ns  130ns NGO 4ofINC zg E :12 gf % tlgﬁ
'42x160A/P-50 50 ns 13ns 25ns 90 ns — jinddian
*42x160A/P-60 60ns 15ns 30 ns 110 ns W(l13  30f] UCAS
*42x160A/P-70 70ns 18ns  35ns 130 ns RAS (|14 29]] OE
® Enhanced Page-Mode Operation With NC(l15  3s]]NC A1t [J15 28] A9
XCAS-Before-RAS (xCBR) Refresh NC[l16  3s5]]LCAS Atot[J16 27| A8
® Long Refresh Period and Self-Refresh W17  s4fJUCAS Aoll17  26] A7
Option (TMS42x160AP) RAS [|18  33|]OE A1[}1s 25]l A6
® 3-State Unlatched Output A1t |19 32[] A9 A2[l1s  24]] A5
® Low Power Dissipation Atot 20 31]] A8 A3[l20 23] A4
® High-Reliability Plastic 42-Lead Aof]21  sofl A7 Vop J21  22[lvgs
400-Mil-Wide Surface-Mount Small-Outline At[l2z 29[l A6
J-Lead (SOJ) Package (DZ Suffix) and A2[l23 28]l A5
44/50-Lead Surface-Mount Thin A3[2s  27]l A4
Small-Outline Package (TSOP) (DGE Suffix) Vpp (| 25 26| Vgg
® Operating Free-Air Temperature Range
0°C to 70°C
® Fabricated Using Enhanced Performance
Implanted CMOS (EPIC™) Technology by
Texas Instruments (TI™) PIN NOMENCLATURE
AVAILABLE OPTIONS AD-AT1 Address Inputs
DQO-DQ15 Data In/Data Out
POWER RESFERLEFS-H REFRESH LCAS Lower Column-Address Strobe
DEVICE : UCAS Upper Column-Address Strobe
SUPPLY BATTERY CYCLES NC No Internal Connection
BACKUP OE Output Enable
TMS418160A 5V — 1024in 16 ms RAS Row-Address Strobe
TMS416160A 5V — 4096 in 64 ms Vbb 5-V or 3.3V Supply¥
- - Vgs Ground
TMS426160A 33V - 4 096 in 64 ms W Write Enable
TMS426160AP 3.3V Yes 4096in 128 ms
- T A10 and A11 are NC for TMS4x8160A and
TMS428160A 3.3V — 1024in 16 ms TMS428160AP.
TMS428160AP 3.3V Yes 1024in 128 ms t See Available Options Table

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.
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description

The TMS4xx160A series is a set of high-speed, 16777 216-bit dynamic random-access memories (DRAMs)
organized as 1048576 words of 16 bits each. The TMS42x160AP series is a similar set of high-speed,
low-power, self-refresh, 16 777 218-bit DRAMs organized as 1048576 words of 16 bits each. Both sets employ
state-of-the-art EPIC technology for high performance, reliability, and low power at low cost.

These devices feature maximum RAS access times of 50, 60, and 70 ns. All address and data-in lines are
latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS416160A and TMS418160A are offered in a 42-lead plastic surface-mount SOJ package (DZ suffix).
The TMS426160A/P and TMS428160A/P are offered in a 42-lead plastic surface-mount SOJ package
(DZ suffix) and a 44/50-lead plastic surface-mount TSOP (DGE suffix). These packages are designed for
operation from 0° to 70°C.
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logic symbol (TMS416160A and TMS426160A/P)t

RAM 1M x 16
a0 |20psr21D0
A1 18
ap 19
23 20
A4 2—2———
YR A——
B > AToRsE
A7 %g——— 20D15/21D7
a8l 120p16
28
A9 ——— 20017
A10 1—5———— 20D18
At =—{20p19
— ks C20[ROW]
G23/[REFRESH ROW]
RAs 14 24[PWR DWN]
b c21
G24
1CAS 3 3
> 23C22
1 3
. 21
G34
Ucas 30 &
1 4 > 23032
231
J 23,25EN27
wls 23210 | 34 25EN37
OE29 a5
Do 2 -:\ 22D 5
[: V26,27 A z26 T
Da1 2 ¢
pa2 4 ¢
DAz 3 ¢
0Q4 I — ¢
pas & ¢ p
DQ6 2 —¢-»—
DQ7 %4—»—
DQs A32D
E V36,37 A Z36 T
DQ9 34 <]
DQ10 32 _¢p]
pat1 36 _¢p
D12 22 _¢p
pa13 32 _¢p
pa14 20 _¢p ]
pa15 3 ¢ p|

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and |IEC Publication 617-12.
The pin numbers shown correspond to the DZ package.
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logic symbol (TMS418160A and TMS428160A/P)T

RAM 1M x 16
Ao Y | 20p10r2100
a1 18
a2 l®
A3 20
AS 25 A0
A6 1048575
p 25
s 27
a0 2 1oop1g21De J
—k C20[ROW]
G23/[REFRESH ROW]
RAs 14 24[PWR DWN]
—b C21
G24
icas 3! &
1 4 S 23022
~=b c21
G34
Ucas 20 P
1 4 > 23032
Z31
1 24,25EN27
w1 23210 | 33.25EN37
OEZ 25
DGO 2 1A 22D a
E V26,27 A, 226 T
pa1 3 ¢p
pa2d ¢
DA3 3 ¢
Dad I ¢
pas &
pas 2 ¢
pa7 %4—»—
pQs A,32D
[: V36,37 A, Z36 T
a9 3 _¢p
D010 3% _¢p|
DQ11 38 _¢p |
pa12 38 < p |
pa13 39 _¢p |
pa14 30 _¢p |
pa1s M _¢p |

t This symbal is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

The pin numbers shown correspond to the DZ package.
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functional block diagram (TMS416160A and TMS426160A/P)

RAS UCAS LCAS W OE

Y Y Y vy

| Timing and Control |
Y

Y
A0 8 A
Al 6 Column Decode )
* 1 Column- Sense Amplifiers 32
e | Address -~
Buffers 256K Array 256K Array
hd R r' v Data-
A7 , 256K Array | o | 256K Array In 16
L . wi 32) 10 [ Reg. [*
- - Buffers
. . D . 16 of 32 16
32 < e > 32 Selection |-} Data- >
. Row- c Out 1
Address o Reg.
* | Buffers 12 d Y
o L e DQO-DQ15
1}\2-1- —_— L 256K Array 256K Array
— |
12
functional block diagram (TMS418160A and TMS428160A/P)
RAS UCAS [CAS W O©OE
Timing and Control |
e
Y
A0 A
A1 I | — Column Decode
¢ | Column- Sense Amplifiers 32
o | Address - <
Buffers 256K Array 256K Array
. R Yy Data-
A9 . 256K Array | o | 256K Array In 16
L " w - 32 VO [ Reg. [¢
. . Buffers
. 32< ) 4 I > 32 lontier Data- |y
.| Row- ec Selection | gu?- >
Address ° Reg 7
o { Buffers 10 d ) 4
— e DQo-DQ15
§ 256K Array 256K Array
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operation

dual xCAS

Two xCAS pins (LCAS and UCAS) are provided to give independent control of the 16 data I/O pins
{DQO0-DQ15), with LCAS corresponding to DQ0O—-DQ7 and UCAS corresponding to DQ8-DQ15. Each xCAS
going iow enables its corresponding DQx pin.

In write cycles, data-in setup and hold time (t pg and tpp) and write-command setup and hold time (twcs, towL
and tyycH) must be satisfied for each individual xCAS to ensure writing into the storage cells of the corresponding
DQ pins.

Different modes of operation for upper and lower bytes in one cycle are not allowed, such as the example shown
in Figure 1.

- \ /
\ /

Figure 1. lllegal Dual-xCAS Operation

Early write

€l

enhanced-page mode

Page-mode operation allows faster memory access by 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 the maximum RAS low time and the xCAS
page-mode cycle time used. With minimum xCAS page-cycle time, all columns can be accessed without
intervening RAS cycles.

Unlike conventional page-mode DRAMSs, the column-address buffers in this device are activated on the falling

edge of RAS. The buffers act as transparent or flow-through latches while xCAS is high. The falling edge of the
first xCAS latches the column addresses. This performance improvement is referred to as enhanced-page

mode. This feature allows the devices to operate at a higher data bandwidth than conventional page-mode

because data retrieval begins as soon as the column address is valid rather than when xCAS transitions low.
A valid column address may be presented immediately after t oy (row-address hold time) has been satisfied,
usually well in advance of the falling edge of xCAS . In this case, data is obtained after t cpoc maximum (access
time from xCAS low) if taa maximum (access time from column address) has been satisfied. In the event that
column addresses for the next page cycle are valid at the time xCAS goes high, minimum access time for the
next cycle is determined by tcpa.
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address: AO-A11 (TMS4x6160A, TMS426160AP) and A0—-A9 (TMS4x8160A, TMS428160AP)

Twenty address bits are required to decode each of the 1048576 storage cell locations. For the TMS416160A

and TMS426160A/P, 12 row-address bits are set up on AQ through A11 and latched onto the chip by RAS . Eight
column-address bits are set up on AO through A7 and latched onto the chip by the first xCAS . For the
TMS418160A and TMS428160A/P, 10 row-address bits are set up on AO—A9 and latched onto the chip by RAS .
Ten column-address bits are set up on A0O—A9 and latched onto 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
butfer and latching the address bits into the column-address buffers.

The column address is latched on the first xCAS falling edge with address setup and hold parameters
referenced to that edge. In order to latch in a new column address, both xCAS pins must be brought high. The
column-precharge time (see parameter t cp) is measured from the last xCAS rising edge to the first xCAS falling
edge of the new cycle. Keeping a column address valid while toggling xCAS requires a minimum hold time,
tcLcH- During toLch, at least one xCAS must be brought low before the other xCAS is taken high.

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 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 operation to be completed with OE grounded.

data in (DQ0-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 a xCAS
falling edge and the data is strobed into the on-chip data latch for the corresponding DQs with setup and hold
times referenced to this xCAS signal.

In a delayed-write or read-modify-write cycle, xCAS is already low and the 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 /O lines (see parameter t ggp)-

data out (DQO-DQ15)

Data out is the same polarity as data in. The output is in the high-impedance (floating) state untilxCAS and OE
are brought low. In a read cycle, the output becomes valid after the access time interval t cac (which begins with
the negative transition of xCAS) as long as tgac (access time from RAS) and taa (access time from column
address) 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. When OE is high, the buffers remain in the high-impedance
state. Bringing OE low during a normal cycle activates the output buffers, putting them in the low-impedance
state. It is necessary for both RAS and xCAS to be brought low (until either OE or xCAS is brought high) for the
output buffers to go into the low-impedance state.

RAS-only refresh

TMS4x6160A, TMS426160AP

A refresh operation must be performed at least once every 64 ms (128 ms for TMS426160AP) to retain data.
This can be achieved by strobing each of the 4096 rows (A0O—A11). 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.
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TMS4x8160A, TMS428160AP

A refresh operation must be performed once every 16 ms (128 ms for TMS428160AP) to retain data. This can
be achieved by strobing each of the 1024 rows (A0—A9). 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 pin. 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

xCBR refresh is utilized by bringing at least one xCAS low earlier than RAS (see parameter toggr) and holding
it low after RAS falls (see parameter tcqR). 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
TMS426160AP

A low-power battery-backup refresh mode that requires less than 350 pA of refresh current is available on the
TMS426160AP. 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

(ViL<0.2V,V|g>Vpp—-0.2V).

TMS428160AP

A low-power battery-backup refresh mode that requires less than 350 pA of refresh current is available on the
TMS428160AP. Data integrity is maintained using xCBR refresh with a period of 125 ps while holding RAS low
for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels (V< 0.2V,
ViH>Vpp-0.2V).

self-refresh (TMS42x160AP)

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 ps. The chip is then refreshed internally by an on-board oscillator. No external
address is required because the xCBR counter is used to keep track of the address. To exit the self-refresh

mode, both RAS and xCAS are brought high to satisfy t cs. Upon exiting self-refresh mode, a burst refresh
(which refreshes 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 s, followed by a minimum of eight initialization
cycles, is required after power up to the full V pp level. These eight initialization cycles must include at least one
refresh (RAS-only or xCBR) cycle.

“? TEXAS
INSTRUMENTS

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

B 2961725 008LA7E 471 WA



TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS891B — AUGUST 1996 — REVISED MARCH 1997

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

Supply voltage range, Vpp: TMSA1XIB0A ..o -1Vto7V

TMS42x160A, TMS42x160AP ... ............. -05Vto486V
Voltage range on any pin (see Note 1): TMS41x160A .. ... ... i -1Vto7V

TMS42x160A, TMS42x160AP ................. -05Vto48V
Short-Circuit OUtPUL CUITBNt ... o e e e e 50 mA
PoWer diSSIPatioON ... . e e 1W
Operating free-air temperature range, Ta ... oo 0°C to 70°C

—55 Cto 125°C

Storage temperature range, Tstg

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 Vgg.

recommended operating conditions

TMS41x160A TMS42x160A/P UNIT
MIN NOM MAX | MIN NOM MAX
VoD  Supply voltage 4.5 5 55 3 3.3 3.6 \
Vgg  Supply voltage 0 0 \
VIH High-level input voltage 2.4 6.5 2 Vpp + 0.3 \
ViL Low-level input voltage (see Note 2) -1 081-03 0.8 \4
Ta Operating free-air temperature ¢} 70 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.

ADVANCE INFORMATION
i of

new

p in the pting or
Cl istic data and other

prepi ase P
specifications are subject to change without notice.
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

TMS416160A

PARAMETER t ’416160A-50 | '416160A-60 | '416160A-70 UNIT
TEST CONDITIONS MIN  MAX | MIN MAX | MIN MAX

High-level output

VoH voltage loH=-5mA 2.4 24 2.4 \
VoL Low-level output voltage loL=4.2mA 0.4 0.4 0.4 \
Vpp=55V, Vi=0V1io6.5Y,
Iy Input current (leakage) All others = 0 V to Vpp +10 +10 +10 HA
Vpp =55V, Vo=0VtoVpp,
— + + +
o Output current (leakage) XCAS high +10 +10 +10 HA
Igoq¥§  Average read- or VDD =55V, Minimum cycle 110 90 80 | mA

write-cycle current

ViH=24 V(TTL),
After one memory cycle, 2 2 2 mA
RAS and xCAS high

ViH = Vpp - 0.2 V (CMOS),

lcce Average standby current

After one memory cycle, 1 1 1 mA
RAS and xCAS high
Vpp =55V, Minimum cycle,
5 Average refresh current BAS cycling
lcca S(Féﬁéz-)only refresh or XCAS high (RAS only). 110 90 80 mA
RAS low after xCAS low (xCBR)
Vpp =55V tpc = MIN
1 VoD . lc=MN
lcca Average page current RAS low, XCAS cydling 100 90 80 mA

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

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

1 Measured with a maximum of one address change during each page cycle, bc

ADVANCE INFORMATION new in the ing or .
; I-'ﬁ::atio'ns aegasslﬁziqect to chahge wm;:n nutice' o data and cther %
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (continued)

TMS418160A
PARAMETER + ’418160A-50 | '418160A-60 | *418160A-70 UNIT
TEST CONDITIONS MIN MAX| MIN MAX| MIN MAX
High-level output _
VOH voltage loH==-5mA 2.4 2.4 2.4 v
VoL Low-level output voltage loL =42 mA 0.4 0.4 0.4 \
| Input current (leakage) x{?gt;e?sﬁ:\lé Vio V|;/|I3= OVio65V, +10 +10 +10 LA
Vpp=55V, Vo=0VioVpp,
le) Output current (leakage) x_(l?AD—S' high o ° VoD +10 +10 +10 A
Average read- or .
Icc1¥8 write-cycle current Vpp=55V, Minimum cycle 180 160 150 mA
ViH =24V (TTL),
After one memory cycle, 2 2 2 mA
RAS and xCAS high
lcce Average standby current Vi = Vop - 0.2V (CMOS)
After one memory cycle, 1 1 1 mA
RAS and xCAS high
A fresh ‘ Vpp =55V, Minimum cycle,
verage refresh curren = . L e——
Icca®  (RAS-only refresh or Oﬂrﬁ; cycling, XCAS high (RAS 180 160 150 | mA
xCBR bt A R
) RAS low after xCAS low (xCBR)
Vpp=55V, = MIN,
Ilccatl  Average page current ﬁ%’g ow )t(}Z:CAS eycling 110 90 80| mA

1 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= V)_

T Measured with a maximum of one address change during each page cycle, pc

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

TMS426160A/P
’426160A-50 '426160A-60 '426160A-70
PARAMETER TEST CONDITIONST ’426160AP-50 ’426160AP-60 ’426160AP-70 UNIT
MIN MAX MIN MAX MIN MAX
High-level o4 =-2mA LVTTL 2.4 2.4 24
VoH output \
voltage loH =— 100 uA LVCMOS | Vpp-0.2 Vpp-0.2 Vpp—0.2
Low-level loL=2mA LVTTL 0.4 0.4 0.4
VoL output \
voltage loL =100 KA LVCMOS 0.2 0.2 0.2
Inputcurrent | Vpp=3.6YV, Vi=0Vto39V,
L (leakage) All others = 0 V to Vpp £10 10 0 wA
Output _ _ :
10 current Xg_/?s—his.?\ v. Vo =0Vto Vpp, +10 +10 £10{ pA
(leakage) 9 . :
Average
read- or . Cuan |
I8 write-cycle Vpp =36V, Minimum cycle 110 90 80| mA
current
ViH =2 V (LVTTL), *426160A 2 2 2
After one memory cyde, mA
Average RAS and xCAS high '426160AP 1 1 1
| standb! = -
coz e ViH=Vpp~-02V '426160A 1 1 1| ma
(LVCMOS),
After one memory cycle, ,
RAS and xCAS high 4261 G60AP 150 150 150 nA
Average
refresh Vpp=36V, Minimum cycle,
RAS cycling, . .
| § current o
CC3¥  (RAS-only XCAS high (RAS-only refresh) 1o %o 80 [ mA
refresh RAS low after xCAS low (xCBR)
or xCBR) s
Average VDD =36V, tpc=MIN,
t YDD
lcc4 L page current RAS low, "~ xCAS cycling 100 90 80 mA
Average — \ -
# ) XCAS <0.2V, RAS < 0.2V,
Iccs self-refresh Measured after tgagg min 200 200 200 HA
current
Average
battery
back-up tRC = 31.25ps, tRAS <300 ns,
lcc1o® et VDD ~02V<VIH=<3.9 YV, 350 350 350 | wA
(equivalent 0VLV|L£0.2V, Wand OE =V,
refresh time Address and data stable
is 128 ms),
xCBR only

1 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= V)

T Measured with a maximum of one address change during each page cycle, pc

# For TMS426160AP only
ADVANCE INFORMATION concers new products in the sampling or .
specifications a':::suebig'ct to change o e, Gata and other Q‘ T
' EXAS
INSTRUMENTS
12 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS891B - AUGUST 1996 — REVISED MARCH 1997

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

TMS428160A/P
'428160A-50 ’428160A-60 '428160A-70.
PARAMETER TEST CONDITIONST '428160AP-50 ’428160AP-60 '428160AP-70"{ uNiT
MIN MAX MIN MAX MIN MAX |
High-level IoH = —2 mA LVTTL 2.4 2.4 2.4 o
VOH output \
voltage loH = — 100 uA LVCMOS |Vpp-0.2 Vpp-0.2 Vpp+0.2
Low-level loL=2mA LVTTL 0.4 0.4 0.4
VoL output \
Input current | Vpp=3.6V, VI=0Vto39YV, RS
h (leakage) All others =0 V1o Vpp £10 0 +10 HA
Output
Vpp =36V, Vo=0VitoV
o current /b, :.36 ’ 0=0V1oVpD, £10 +10 +10| upA
xCAS high
(leakage)
Average
read- or L
1S write-cycle Vpp=3.6V, Minimum cycle 150 140 mA
current
Vi =2V (LVTTL), 428160A 2 2 2
After one memory cyde, mA
Average RAS and xCAS high '428160AP | 1 1 1
| tandb - R
cez zuar?enty ViH = VDD - 0.2V '428160A k. - 1 1 1 mA
(LVCMOS), L i
After one memory cycle, -
RAS and xCAS high 4281§9AP 150 150 150 pA
Average o .
refresh Ve =36V, Minimurm cycle,
RAS cyclin Lo
§ Current ycling, : :
ICC3¥  (RAS-only | XCAS high (RAS-only refresh) 170 150 140 mA
refresh RAS low after xCAS low (xCBR)
or xXCBR) o o
Average Vpp = 36.V, i tpg = MIN,
1 == :
lcca page current RAS low, xCAS cycling 10 90 80 mA
Average = —
# 5 XGAS < 0.2V, RAS < 0.2V,
lccs self-refresh .. Measured after tgass min 200 200 200 MA
current £ :
Average
battery::.
2?){‘;‘:;‘_29 tRC=125us,  tRAS < 300 ns,
i
. Vpp-02V<V|H<39V,
lcc1o® mcurrent’: =" 350 350 350 | pA
" (ediivalent ovVsV) <02V, Wand OE =V,
fefresh time Address and data stable
‘s 128 ms),
xCBR only
1 For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements.
1} 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 page cycle, pc
# For TMS428160AP only
ADVANCE INFORMATION concerns new products in the sampling or .
specifications a'::lassuii:::t to change with:ut notice. data and other ¢ T
peci .
EXAS
INSTRUMENTS
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS891B — AUGUST 1996 — REVISED MARCH 1997

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, AO-A11T 5| pF
Ci(oE) Input capacitance, OE 7 pF
Ci(RC) Input capacitance, xCAS and RAS 7 pF
Ci(w) Input capacitance, W 7| oF
Co Qutput capacitancet 71 oF

t A10 and A11 are NC (no internal connection) for TMS418160A and TMS428160A/P.
$LCAS and UCAS = V| to disable outputs
NOTE 3: Vpp=5V10.5Vor3.3Vt0.3V (seethe Available Options table), and the bias on pins under test is 0 V.

{'? TeExAS
INSTRUMENTS
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP

1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS891B - AUGUST 1996 — REVISED MARCH 1997

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

"418160A-50 '418160A-60 '418160A-70
PARAMETER UNIT
MIN MAX MIN MAX MIN MAX
tAA Access time from column address (see Note 5) 25 30 35 ns
tcac  Access time from xCAS (see Note 5) 13 15 18 ns
tcpA  Access time from xCAS precharge (see Note 5) 30 35 40 ns
tRAC  Access time from RAS (see Note 5) 50 60 70 ns
toea  Access time from OE (see Note 5) 13 15 18 ns
tcLz Delay time, xCAS to output in the low-impedance state 0 0 0 ns
toH  Output data hold time from xCAS 3 3 3 ns
toHo Output data hold time from OE 3 3 3 ns
toFr  Output buffer turn-off delay from xCAS (see Note 6) 0 13 0 15 0 18 ns
toez Output buffer turn-off delay from 'OE (see Note 6) o] 13 0 15 0 18 ns
’416160A-50 ’416160A-60 ’416160A-70
PARAMETER ’42x160A/P-50 | ’42x160A/P-60 | ’42x160A/P-70 | UNIT
MIN MAX MIN MAX MIN MAX
taA Access time from column address (see Note 5) 25 30 35 ns
tcac  Access time from xCAS (see Note 5) 13 15 18 ns
tcpa  Access time from XCAS precharge (see Note 5) 30 35 40 ns
tRAC  Access time from RAS (see Note 5) 50 60 70 ns
toEA  Access time from OE (see Note 5) 13 15 18 ns
tcLz  Delay time, xCAS to output in the low-impedance state Q 0 0 ns
toH  Output data hold time from xCAS 3 3 3 ns
toHo Output data hold time from OF 3 3 3 ns
toFrF  Output buffer turn-off delay from xCAS (see Note 6) 0 13 0 15 0 18 ns
toEz  Output buffer turn-off delay from OE (see Note 6) 0 13 0 15 0 18 ns

NOTES: 4. With ac parameters, it is assumed that tr = 5 ns.

5. Access times for TMS42x160A are measured with output reference levels of \by=2 V and Voi_=0.8 V.

6. toFF andtppz are specified when the outputis no longer driven. Data-in should not be enabled until one of the applicable maximum

specifications is satsified.

ADVANCE INFORMATION new p in th
fucti ¢l

Prepl ase o *
specifications are subject to change without notice.

n the or
istic data and other
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS891B - AUGUST 1996 — REVISED MARCH 1997

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

'418160A-50 '418160A-60 '418160A-70 UNIT
MIN  MAX MIN MAX | MIN MAX
tRC Cycle time, read 90 110 130 ns
twc Cycle time, write 90 110 130 ns
trRwc  Cycle time, read-write 131 155 181 ns
tpc Cycle time, page-mode read or write (see Note 7) 35 40 45 ns
tprwc Cycle time, page-mode read-write 76 85 96 ns
tRasp  Pulse duration, RAS active, page mode (see Note 8) 50 100000 60 100000 70 100000 ns
tRAS Pulse duration, RAS active, nonpage mode (see Note 8) 50 10000 60 10000 70 10000 ns
tcAs Pulse duration, xCAS active (see Note 9) 13 10000 15 10000 18 10000 ns
tRP Pulse duration, RAS (precharge) 30 40 50 ns
wp Pulse duration, write command 10 10 10 ns
tAsc Setup time, column address 0 0 0 ns
tASR Setup time, row address ] 0 0] ns
tps Setup time, data-in (see Note 10) 0 0 0 ns
tRCS Setup time, read command 0 0 0 ns
towL Setup time, write command before xCASprecharge 13 15 18 ns
tRWL Setup time, write command before_R—/'@)precharge 13 15 18 ns
twes Z{;t:;_\t/:’r:te: C\)A:]r;;()a command before xCAS active 0 0 0 ns
twWRP  Setup time, write before RAS active (CBR refresh only) 10 10 10 ns
tCAH Hold time, column address 10 10 15 ns
tDH Hold time, data-in (see Note 10) 10 10 15 ns
tRAH Hold time, row address 8 10 10 ns
tRCH Hold time, read command referenced to xCAS(see Note 11) 0 [¢] 0] ns
tRRH Hold time, read command referenced to m(see Note 11) 0 0 0 ns
o ;-‘I;I:: ;jws;ev&g::; ;:ommand during xCAS active 10 10 15 ns
tcLcH  Hold time, xCAS low to xCAS high 5 5 5 ns
tRHCP  Hold time, RAS active from xCAS precharge 30 35 40 ns
toEH  Hold time, OE command 13 15 18 ns
tROH Hold time, RAS referenced to OE 10 10 10 ns
tcHS Hold time, XCAS active after RAS precharge -50 -50 - 50 ns
twrH  Hold time, write after RAS active {CBR refresh only) 10 10 10 ns
tcp Delay time, xCAS precharge 8 10 10 ns
B 48 s @ -

NOTES: 4. With ac parameters, it is assumed that f = 5 ns.
7. To assure tpc min, tAgc should be > to tep.
8. In a read-write cycle, \gwD and tgyyt must be observed.
9. In aread-write cycle, iowp and tow must be observed.
10. Referenced to the later of XCAS or W in write operations
11. Either tgrH or trcH must be satisfied for a read cycle.

".'f TExXAS
INSTRUMENTS
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS891B — AUGUST 1996 — REVISED MARCH 1997

timing requirements over recommended ranges of

temperature (see Note 4) (continued)

supply voltage and operating free-air

'418160A-50 | '418160A-60 | "418160A-70 UNIT
MIN MAX| MIN MAX| MIN MAX
tCHR Delay time, xCAS referenced to RAS (xCBR refresh only) 10 10 10 ns
tcrp Delay time, xCAS precharge to RAS 5 5 5 ns
tcsH Delay time, RAS active to xCAS precharge 50 60 70 ns
tcsSR Setup time, xCAS referenced to RAS (xCBR refresh only) 5 5 5 ns
tcwpD Delay time, xCAS to write command (read-write operation only) 36 40 46 ns
toEp  Delay time, OE to data in 13 15 18 ns
tRAD Delay time, RAS to column address (see Note 12) 13 25 15 30 15 35 ns
tRAL Delay time, column address tomprecharge 25 30 35 ns
tCAL Delay time, column address to xCASprecharge 25 30 35 ns
tRCD Delay time, RAS to xCAS (see Note 12) 18 37 20 45 20 52 ns
tRPC Delay time, RAS precharge to xCAS active 5 5 5 ns
tRSH Delay time, xCAS active to RAS precharge 13 15 18 ns
tRWD Delay time, RAS to write command (read-write operation only) 73 85 98 ns
- gslijy_ ;rr?tz, :;?:ﬁz;eg:ir)ge to write command 53 60 68 ns
{RASS (F;ngeNit:;a:lg)n, self-refresh entry from RASactive 100 100 100 us
tRPS Pulse duration, RAS precharge after self refresh 90 110 130 ns
tREF Refresh time interval '418160A 16 16 16 ms
tT Transition time 2 30 2 30 2 30 ns
NOTES: 4. With ac parameters, it is assumed that fr = 5 ns.

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

13. During the period of 10us < tragg < 100 us, the device is in transition state from normal operation mode to self-refresh mode.

‘4" TEXAS

INSTRUMENTS
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS891B — AUGUST 1996 — REVISED MARCH 1997

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

’416160A-50 ’416160A-60 ’416160A-70
’42x160A/P-50 | "42x160A/P-60 | "42x160A/P-70 | uNiT

MIN  MAX MIN MAX | MIN MAX

tRC Cycle time, read 90 110 130 ns
twe Cycle time, write 90 110 130 ns
tawc  Cycle time, read-write 131 155 181 ns
tpc Cycle time, page-mode read or write (see Note 7) 35 40 45 ns
tpRwC  Cycle time, page-mode read-write 76 85 96 ns
tRasp  Pulse duration, RAS active, page mode (see Note 8) 50 100000 60 100000 70 100000 ns
tRAS Pulse duration, RAS active, nonpage mode (see Note B) 50 10000 60 10000 70 10000 ns
{CAS Pulse duration, xCAS active (see Note 9) 13 10000 15 - 10000 18 10000 ns
trRp Pulse duration, RAS (precharge) 30 40 50 ns
wp Pulse duration, write command 10 10 10 ns
tasc Setup time, column address 0 0 0 ns
tASR Setup time, row address 0. o 0 0 ns
tps Setup time, data-in (see Note 10) 0o - 0 ] ns
tRcs Setup time, read command 0 .0 0 0 ns
tcwL  Setup time, write command before xCASprecharge 13 15 18 ns
tRWL  Setup time, write command before RAS precharge . 13 15 18 ns

Setup time, write command before xCAS active

twes (early-write only) . 0 0 0 ns
twRP  Setup time, write before RAS active (CBR refresh only) 10 10 10 ns
tcAH Hold time, column address 10 10 15 ns
DH Hold time, data-in (see Note 10) S 10 10 15 ns
tRaH  Hold time, row address T 8 10 10 ns
t Hold time, read command referenced to xCAS 0 0 0 e
RCH (see Note 11)
t Hold time, read command referenced to RAS 0 0 0 n
RRH (see Note 11) : S
Hold time, write command during xCAS active
tWeH (early-write only) 10 10 15 ns
tcLcH  Hold time, XCAS low to xCAS high 5 5 5 ns
tRHCP Hold time, RAS active from xCAS precharge 30 35 40 ns
——
tOEH Hold time, OE command 13 15 18 ns
tRoH -~ Hold tirie, RAS refarenced to OE 10 10 10 ns
tcHs.  Hold:time, xCAS active after RAS precharge -50 -50 -50 ns
icp Delay time, XCAS precharge 8 10 10 ns
“Delay time, column address to write command
TAWD - (read-write operation only) 48 55 63 ns
NQTES: 4. With ac parameters, it is assumed that r = 5 ns.
7. To assure tpc min, tagc should be > to top.
8. In a read-write cycle, Rwp and trw must be observed.
9. In aread-write cycle, icwp and toyy) must be observed.
10. Referenced to the later of xCAS or W in write operations
11. Either trrH or trcH must be satisfied for a read cycle.
ADVANCE INFORMATION concerns new Products in the sampling or
5 1|cat|onsa$:sub|g'd to change without notictlas‘"' et and other b T
i EXAS
INSTRUMENTS
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS8918 — AUGUST 1996 — REVISED MARCH 1997

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

'416160A-50 ’416160A-60 "416160A-70
’42x160A/P-50 | *42x160A/P-60 | "42x160A/P-70.] uNIT
MIN  MAX MIN  MAX MIN  :MAX ’
tCHR Delay time, xCAS referenced to RAS (xCBR refresh only) 10 10 10" ns
tCRP Delay time, xCAS precharge to RAS 5 5 5 ns
tcsH Delay time, RAS active to XCAS precharge 50 60 70 ns
tCSR Setup time, XCAS referenced to RAS (xCBR refresh only) 5 5 5 ns
e s I .
tOED Delay time, OE to data in 13 | 15 18 ns
tRAD Delay time, RAS to column address (see Note 12) I IS R 1 30 15 35 ns
tRAL Delay time, column address to RAS precharge 25 30 35 ns
tCAL Delay time, column address to xCASprecharge 25 30 35 ns
tRcp  Delay time, RAS to xCAS (see Note 12) 18 37 20 45 20 52 ns
tRPC Delay time, RAS precharge to XCAS active 5 5 5 ns
tRSH Delay time, XCAS active to RAS precharge 13 15 18 ns
tRWD Delay time, 'RAS to write command (read-write operation only) 73 85 98 ns
B e s o - o
{RASS {;l:;:eNil}J;a:g;, self-refresh entry from RASactive 100 100 100 us
tRPS Pulse duration, RAS precharge after self refresh 90 110 130 ns
' '416160A 64 64 64
B v "426160A 64 64 64| ms
tREF “Refresh time interval "426160AP 128 128 128
s *428160A 16 16 16
’428160AP 128 128 128 ms
tr Transition time 2 30 2 30 2 30 ns
NOTES: 4. With ac parameters, it is assumed that tr = 5 ns.
12. The maximum value is specified only to assure access time.
13. During the period of 10us < trass < 100 us, the device is in transition state from normal operation mode to self-refresh mode.
ADVANCE !Nroimmou new p ;J:_':’ zﬂ:m m,d‘ g or

prep phase of p
specifications are subject to change without notice,
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS891B — AUGUST 1996 — REVISED MARCH 1997

PARAMETER MEASUREMENT INFORMATION

VTH VoD
AL R1
Output Under Test
Output Under Test

R2

CL =100 pF

CL = 100 pF
(see Note A) I (see Note A)
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT

NOTE A: C| includes probe and fixture capacitance.

DEVICE | Vpp(V) | Ri(Q) R2(Q) | viH(V) | RL(Q)
41x160A 5 828 295 1.31 218
42x160A/P 3.3 1178 868 1.4 500

Figure 2. Load Circuits for Timing Parameters

Q’ TEXAS
INSTRUMENTS
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS891B — AUGUST 1996 — REVISED MARCH 1997

PARAMETER MEASUREMENT INFORMATION

tRC

™ [
< Pt
RAS | \_# RAS ﬁ/r—:\__
|

I‘_

+——tRCD —D‘I 5 < 'rp ¥
UCAS | —tcas —¥ | ! \_
UCAS |

| T\ | : o

| o tolon o

[ | E : | (see Note A) L tcp |

t I * T
[CAS i | : \ fcas /4 cRp —p

Address

Q
R | | t
l Lo 'k—b}— ICAH : : l “—T_ RRH
t .
} ReS T | 4—— thon —¥
VATAY ' T - YAYAVAVAVAVA
w DOHW | |4— tcac —¥ o | Q E Don’t Care é

T rAvAVASa | |(see Note B)I | — toFF —’1

| T taa — ; ,

I t | toH

| CLZ —j4¥ \
DQ0-DQ15 } valid Data Out N

| SeeNoteC 4

———tRac———¥ toHO —i¢———
' | e—> toEz

+tROH — ¥

| VAVAVAVAVAVAVAY
Don't Care toea — M | Don’t Care W
AV L L VAVAVAVAVAN

ql
gii

NOTES: A. To hold the address latched by the first xCASgoing low, the parameter {g| cH must be met.

B. tcac is measured from xCAS to its corresponding DQx.

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

. xCAS order is arbitrary.
Figure 3. Read-Cycle Timing
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS891B - AUGUST 1996 — REVISED MARCH 1997

PARAMETER MEASUREMENT INFORMATION

. twe >
| |
tt—p !
—H, 4——1trcp —M | —trp _’1,
UCAS | : — tcas —¥ { | N
| A ] | | |
| | | 4 tcLcH - | | N
! !r | : :(see Note A) N | tcp [ g
LCAS —Jl H tasr { t ‘ | : ; :
| — tcsH 1—"“‘_—“' 1 ‘crP
| | | tasc | | |
[ |+——y—*CAL —
| | tRAL
V’ ININININININ
Address ) m Column Don’t Care W
A‘ VAVAVA
| ‘ !
| | 5 ! |
| | —p H— tcaH 1 |
| | t ‘
{¢— tRAD —M ———p— tCcwL (see Note C)
hi RwL ——~——+i
- TR AT s
ININININININI - VAVAVAVAVAVAN
|
tDs—“—H “— twp |
l 11— tpH ——N
VAYAY FAYAY | [ | 7 4
DQo-DQ15 Don't Carew Valid Data In }W&n't Care
VAVAVAVAVAVAVAN ] VAVAVAVAY
|
' |
Tt
| OED ¥ 4——topH —»

R /\/\/\/ INING
VAVAVAVAV.VAVAN
NOTES: A. To hold the address latched by the first XCAS xCASgoing low, the parameter tc| cH must be met.

B. XCAS order is arbitrary.
C. towL must be satisfied for each XCASto write properly to each byte.

Figure 4. Write-Cycle Timing
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS
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PARAMETER MEASUREMENT INFORMATION

twe
—
RAS !\5 tRAS a/: \
T — | 4 !
_’} &— tgcp —M | - RP_T
! EQ————————— tcsH ——j | tcRP }
— ] —tcas T -
UCAS : | |\| L/ | : I\
| | |
| ! [ H|—tRSH—|—‘H |
| | | tocHd @ | ' |
| f | (see Note A) : | | | |
[CAS ! L_ L I | ' |
| trap —» | | | ﬂ____l_tcp_”
tasR—ie—— | . [ | | |
| 4 tRAH || | | P tcas |
: | tasc —4 R ! !
| 1 e T | |
|
|

i

P {1
!

| |
! |
! |

tcAH
!

(see Note C) twcs

(see Note C) twes H | | IH ”’_‘ tchH (see Notle C)
brri i A tWCHI—J ; \VAVAVAVAVAVAVAVAVAVAVAY,
WO Domtcare AN (seelngted) || LXKKRREE Dot Care XGEEERIKNNK

(see Note E) lg——— | towL | ! | %:
tRWL —— »

le [ |

DQ8-DQ15 @ Don't Care W vaiid Datatn (XK Domt Care XXXXXXXXELES
VAVAN AN vé va AN

| l =
ey |1l
{see No ?D& : l

SRR Dertt core XQOOGENK,  valapaain X0 RREEKEGRR Dert e XX
L—‘DS—J —n— tbH (see Note D)

(see Note D)

= R B e R

To hold the address latched by the first xCASgoing low, the parameter tg cH must be met.
xCAS order is arbitrary.

twcs and tycH must be satisfied for each xCAS

tps and tpH of a DQ input are referenced to the corresponding xCAS

tcwL must be satisfied for each xCASto write properly to each byte.

DQO-DQ7

NOTES:

moow»

Figure 5. Early-Write-Cycle Timing
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RAS

xCAS

Address

gl

DQO-DQ15

OE

PARAMETER MEASUREMENT INFORMATION

[4 tRwc >|
N N
| I |
| | @«—>—trp
—» 17 |
| l¢— thco —» - tcpp —¥,

|
—bi pJI— tASR N M op
|
|
[

|
lh— tRAD _Hﬁ_’:‘ H‘Asc ] tCAH _Jl "Jl' '
l ! | | | [

X o XX GRS X

[¢&— tRCS — tcw1_

| i : tRWD > H—Pl— trRwL

|
| | -1—>| |<—tWP
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NOTE A: Output can go from high-impedance state to an invalid-data state prior to the specified access time.

Figure 6. Read-Write-Cycle Timing
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS

SMKS891B - AUGUST 1996 — REVISED MARCH 1997

PARAMETER MEASUREMENT INFORMATION
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To hold the address latched by the first xCASgoing low, the parameter i cH must be met.

tcAC is measured from xCAS to its corresponding DQx.

Access time is Icpa-, tAA-, or tocac-dependent.

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

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.

xCAS order is arbitrary.

NOTES:

moows»

m

Figure 7. Enhanced-Page-Mode Read-Cycle Timing
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TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
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PARAMETER MEASUREMENT INFORMATION
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l
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I
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NOTES: A. To hold the address latched by the first xCASgoing low, the parameter i) cH must be met.
B. 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.
C. xCAS order is arbitrary.
D. towi must be satisfied for each xCASto ensure proper writing to each byte.

Figure 8. Enhanced-Page-Mode Write-Cycle Timing
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RAS
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N/
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DQO-
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|
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(see Note F)
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Romowedy |1 B sommcme i LXK bor o LOLOOT
— tps —Wy |
| (see l?o%e E) |
Valid In Don’t Care

| |¢—»— tpH (see Note E)

m( Valid In

FAYAY
Valid In Don’t Care m
AV4 AV

R R X RIS TR T
0 e e e e e e e e e e e e e e

To hold the address latched by the first xCASgoing low, the parameter | cH must be met.
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.
xCAS order is arbitrary.

twcs and hycH must be satisfied for each xCAS
tps and tpH for a DQ is referenced to the corresponding xCAS

tcwi must be satisfied for each xCAS

Figure 9. Enhanced-Page-Mode Early Write-Cycle Timing
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TMS416160A, TMS418160A
TMS426160A, TMS426160AP, TMS428160A, TMS428160AP
1048576-WORD BY 16-BIT HIGH-SPEED DRAMS
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PARAMETER MEASUREMENT INFORMATION
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I
RAS | |
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SRR
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tRAH—P‘ O tAv(\:/:)vo_’I — > typ tcwul—k———bn t
[¢—+1 IRwp —» : : ! |' > RWL
" TR || ' R
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| | —»t—1tcac!
tRCs —:<—>: 1 | | } taA | L—P‘— tOEH
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H-“‘RACJ—'Pl | |ﬂ—>‘—tDH | (see Note B)
| 1 | Valid Out
tcLz Py -

DQO-DQ15

!
Valid Out

[—— toEA — | < ’: tOEH I

-" H_ lOEZ | —" j— tOED

|

| t
o= SRR /S S
. To hold the address latched by the first xCASgoing low, the parameter | cH must be met.

A
B. Access time is {CpA-, tAA-, or tcAC-dependent.

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

E

NOTES:

. XCAS order is arbitrary.

. Aread or write cycle can be intermixed with read-modify-write cycles as long as the read- and write-cycle timing specifications are
not violated.
F. tcac is measured from xCASto its corresponding DQx.

Figure 10. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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NOTE A: All xCAS must be high.

Figure 11. RAS-Only Refresh-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 12. Hidden-Refresh-Cycle (Read) Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 13. Hidden-Refresh-Cycle (Write) Timing
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PARAMETER MEASUREMENT INFORMATION
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NOTE A: Any xCAS can be used. If both LCASand UCAS are used, both must satisfy £sR and {CHR-

Figure 14. Automatic-xCBR-Refresh-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 15. Self-Refresh-Cycle Timing
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MECHANICAL DATA
DGE (R-PDS0-G44/50) PLASTIC SMALL-OUTLINE PACKAGE
r »]r 2312:2:2; [Bloxsie @]
50
HOHAHAAAAAA HHHHHHHHHHFL
0.471 (11,96)
0.455 (11,56)
0.404 (10,26)
0.396 (10,06)
O
HHEEHHHBEHHBH dHHHddbBdHEH
1 25
0.006 (0,15) NOM
0.829 (21,05)
0.821 (20,85) l /l\

{ Foamranelf], |

/
0.010 (0,25)

ADVANCE INFORMATION

0.024 (0,60)
0.016 (0,40)

WML&LU Seating Plane G%:\:L
0.047 (1,20) MAX 0.002 (0,05) MIN —T E 0.004 (0,10)

4040070-4/C 4/95

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.

ADVANCE INFDRMA‘nON new prod n the
Cl lsﬂc data and othef
specmcanons are suh}ea to change without notice.
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MECHANICAL DATA

DZ (R-PDS0-J42) PLASTIC SMALL-OUTLINE J-LEAD PACKAGE
1.080 (27,43)
1.070 (27,18)
42 22
I o s e s s s o o Y S s e o, s o 6 o A o T
0.445 (11,30)
0.435 (11,05)
D 0,405 (10,29)
0.395 (10,03)
o v

SR [ S N (N [ N D [ N O NV [ O Y [ A [ O N [ 0 [ VO D (O g

1 21
J L 0.032 (0,81)
0.026 (0,66)

~0.148(3,76)
0.106 (2,69) NOM 0.128 (3,25)
\ [ )|
e o o [Blosem o osmoosn
0.016 (0,41) . ! 0.360 (9,14)
0.008 (0,20) NOM

4040094-6/C 4/95

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Plastic body dimensions do not include mold protrusion. Maximum mold protrusion is 0.005 (0,125).

device symbolization (TMS418160A illustrated)

Tl -SS
T = Speed ( -50, - 60, -70)
Low-Power/Self-Refresh Designator (Blank or P)
:) TMS418160A DZ
L Package Code
W E Y MILLL P
L Assembly Site Code

Lot Traceability Code

Month Code

Year Code

Die Revision Code

Wafer Fab Code

“5‘ TeXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 35

M 49L1725 008L903 22T M



