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This data sheet Js applicable to all DZ PACKAGE DGE PACKAGE
TMS41x169As and TMS42x169A/Ps symbol- (TOP VIEW) (TOP VIEW)
zed by Revision “E”, and subsequent revisions U 5
as descrived in the device symbolization Vec[]1 T 42f Vss Vee [1©  sofl vss
section. DQO [] 2 41]] DQ15 DQO (|2 9]l DQ15
® Organization . .. 1048576 Words by 16 Bits paifjs  4ofl DQ14 pai(ls  4sflDQ14
@ Single Power Supply (5 V or 3.3 V) DQ2 |4 39|l DQ13 pQ2 (f4 47[} DQ13
® Performance Ranges: DQ3(]s 381] DQ12 DQ3[]s 46|l DQ12
ACCESS ACCESS ACCESS READ OR Veclle  37f Vss Veclle  as[lVss
TIME TIME TIME  EDO DQ4 [§7 3s[] bQ11 DQ4 [} 7 4]} DQ1
trac  tcac tan CYCLE DQs5 (|8 3s]} bQ10 DQ5 [ 8 43[] DQ10
MAX MAX  MAX MIN D@6 (]9 34]] Q9 DQ6 (|9 42]] DQ9
o o e Zw o 2w o7l wfoas  oorlo  afloas
'41x169A-70 70ns 18ns 35ns  30ns NC[11  s2INC NC {11 4ofINC
’42x169A/P-50 50ns 13 ns 25 ns 20 ns N_P_ E 12 31 ] LCAS
'42x169A/P-60 60ns 15ns 30ns  25ns W(j1s  30[J UCAS
"42x169A/P-70 70ns 18ns 35ns  30ns RAS[|14 29[| OE
® Extended-Data-Out (EDO) Operation A1t (]1s 28|l A9 NCl1s  sslINC
® xCAS-Before-RAS (xCBR) Refresh Atot [J16  27]] A8 NC (|16  3s[JLCAS
® Long Refresh Period and Self-Refresh Ao ff17 2l A7 w17  34]]UCAS
Option (TMS42x169AP) A1[J18  2s]] A6 RAS[|18 33|]OE
® 3-State Unlatched Output A2[]19  24]] A5 A1t[]1e 32 A9
® Low Power Dissipation A3[l2o 23]l A4 Atot[J2o  31]] A8
® High-Reliability Plastic 42-Lead Vec ]2t 22[lvss Ao (21 3ofl A7
400-Mil-Wide Surface-Mount Small-Outline A1(l2z 29l A6
J-Lead (SOJ) Package (DZ Suffix) and A2[lza  28]] A5
44/50-Lead Surface-Mount Thin A3[j2a  27]lAg
Small-Outline Package (TSOP) (DGE Suffix) Vecll2s 28]} vgg
® Operating Free-Air Temperature Range
0°C to 70°C
® Fabricated Using Enhanced Performance
Implanted CMOS (EPIC™) Technology by PIN NOMENCLATURE
™
Texas Instruments (T1™) A0-A11t Address Inputs
DQO-DQ15 Data In/Data Out
AVAILABLE OPTIONS LCAS Lower Column-Address Strobe
SELF- UCAS Upper Column-Address Strobe
POWER | REFRESH, REFRESH NC No Internal Connection
DEVICE | suppLY | BATTERY CYCLES 9E Output Enable
BACK RAS Row-Address Strobe
up Voo 5-V or 3.3-V Supply}
TMS418169A 5V — 1024 in 16 ms Vss Ground
TMS416169A 5V — 4096 in 64 ms w Write Enable
TMS426169A 33V - 4096 in 84 ms t A10 and A11 are NC for TMS4x8169A and
TMS426169AP 3.3V Yes 4096 in 128 ms TMS428169AP.
TMS428169A 33V _ 1024in 16 ms t See Available Options Table.
TMS428169AP 3.3V Yes 1024 in 128 ms

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.

EPIC and Tl are trademarks of Texas Instruments Incorporated.

UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1997, Texas Instruments Incorporated
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description

The TMS41x169A and TMS42x169A series are sets of high-speed, 16777 216-bit dynamic random-access
memory (DRAM) devices organized as 1048576 words of 16 bits each. The TMS42x169AP series is a similar
set of high-speed, low-power, self-refresh, 16 777 216-bit DRAMSs 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 addresses and data-in lines are
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS416169A and TMS418169A are offered in a 42-lead plastic surface-mount SOJ package (DZ suffix).
The TMS426169A/P and TMS428169A/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°C to 70°C.
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logic symbol (TMS416169A and TMS426169A/P)t

RAM 1M x 16
20D8/21D0

0

25 A Toa8575

20D15/21D7
20D16
20D17
20D18
20p19
> C20[ROW]
G23/[REFRESH ROW]
24[PWR DWN]

> c21
G24
LCAs 31 &

> 23C22

- 31
> C21

G34
UCAs 30 )
[ 31

Z31
- 24,25EN27
w 23,21D -~ 33,25EN37

25
| L

29
DQO Lt A,22D 1
V26,27 A, 226

> 23C32

DQ8 —t A,32D 4
V36,37 A, 238

t This symbol is in accordance with ANSIIEEE Std 91-1984 and IEC Publication 617-12.
The pin numbers shown correspond to the DZ package.

‘Qf TexAs
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443 3

BN 8961725 008690bL T39 HM



TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B — AUGUST 1996 — REVISED MAY 1997

logic symbol (TMS418169A and TMS428169A/P)t

RAM 1M x 16
A0 17 20D10/21D0
Al 1:
A2 23
A3

A4 23

0

2 > A —Y
AS 22 A 1028575
A6

A7 26

27
A8 28
A9

20D19/21D9

> C20[ROW]
G23/[REFRESH ROW]
RAs M4 24[PWR DWN]

S c21
G24
icas & &

31
S c21
G34
UCAS 30 )
| 31
z31

> 23C22

> 23C32

J 24,25EN27
23,210 -} 34,25EN37
OE29 _ rJo5

. C

DQo L‘t A,22D 1
V26,27 A, 226

ST

DQ7 10 ¢»

pas 33 A.32D 1
> V36,37 A, 236
D9 34 ¢p
DQ10 35 ¢»—
pQ11 36 ¢p|
DQ12 38 ¢p |
DQ13 32 ¢
DQ14 30 ¢p

pa1s 4l e

1 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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functional block diagram (TMS416169A and TMS426169A/P)

RAS UCAS LCAS W OE

I+++++|

Timing and Control

+

2
A0 8 A
Al | Column Decode )
* | column- Sense Amplifiers 32
Address - N
¢ Buf;ers 256K Array 256K Array
. R Yyv Data-
A7 . 256K Array | , | 256K Array In 16
. . Buffers
o . D . 16 of 32 16
32 < e > 32 Selection | p— Data- >
. Row- c Out 1
Address [} Reg. '
* | Buffers 12 d 4
L e DQO-DQ15
4
e\f:; J———— q 256K Array 256K Array
— |
12
functional block diagram (TMS418169A and TMS428169A/P)
RAS UCAS LCAS W OE
Timing and Controi
.
Y
A0 A
Al 10 Column Decode
¢ | Column- Sense Amplifiers 32
o | Address e
Buffers 256K Array 256K Array
. R Yy Data-
A9 . 256K Array | , | 256K Array In 16
]_ : wl— 32) 10 4 Reg. [
. . Buffers
. . D ° 16 of 32 16
Row- 32< e > 32 Selection | D&‘;' >
® | Address ° Reg A
« | Buffers 10 d . 4
L] e DQ0-DQ15
q 256K Array 256K Array
|
10
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operation

dual xCAS

Two xCAS pins (LCAS and UCAS) are provided to give independent control of the 16 data /O pins
(DQ0-DQ15), with LCAS corresponding to DQ0-DQ7 and UCAS corresponding to DQ8—-DQ15. Each xCAS
going low enables its corresponding DQx pins.

Inwrite cycles, data-insetup and hold times (t pg and tppy) and write-command setup and hold times (twcs. towL.
andtycH) must be satisfied for eachindividual xCAS to ensure writinginto 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 in
Figure 1.

RAS —\ /_—
—_ Delay write
UCAS \ /

o \ /
\ /

Figure 1. lllegal Dual-xCAS Operation

Early write

£|

extended 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 t gagp, 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: A0-A11 (TMS4x6169A, TMS426169AP) and A0—A9 (TMS4x8169A, TMS428169AP)

Twenty address bits are required to decode each of the 1048576 storage cell locations. For the TMS4x6169A

and TMS426169AP, 12 row-address bits are set up on A0 through A11 and latched on the chip by RAS . Eight
column-address bits are set up on AQ through A7 and latiched on the chip by the first xCAS . Forthe TMS4x8169A
and TMS428169AP, 10 row-address bits are set up on A0—A9 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.

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 ¢p) 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 setup time,
tcLcH. During toLcH, at least one xCAS must be brought low before the other xCAS is taken high.
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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 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 (see Figure 9).

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 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 1/0 lines (see parameter t ogp).

data out (DQ0-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 t cac (which begins with
the negative transition of xCAS) as long as tgac and tap 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 tcqg past the xCAS
transition. This disables the DQs and they remain in the high-impedance state, regardless of OE , until xCAS
falls again (see Figure 8). 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 xCAS falls again (see Figure 8).

RAS-only refresh

TMS4x6169A, TMS426169AP

A refresh operation must be performed at least once every 64 ms (128 ms for TMS426169AP) to retain data.
This is achieved by strobing each of the 4096 rows (AO—-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.

TMS4x8169A, TMS428169AP

A refresh operation must be performed at least once every 16 ms (128 ms for TMS428169AP) to retain data.
This is 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 pins 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 white 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.
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xCAS-before-RAS (xCBR) refresh

XCBR refresh is achieved by bringing at least one xCAS low earlier than RAS (see parameter tcgp) and holding
it low after RAS falls (see parameter tcHR)- 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
TMS426169AP

A low-power battery-backup refresh mode that requires less than 350 A of refresh current is available on the
TMS426169AP. Data integrity is maintained using xCBR 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|g>Veoe —0.2V).

TMS428169AP

A low-power battery-backup refresh mode that requires less than 350 pA of refresh current is available on the
TMS428169AP. Data integrity is maintained using xCBR refresh with a period of 125 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 (TMS42x169AP)

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 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 cyg. 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, Vgo: TMS41x169A . ... -1Vto7V

TMS42x169A, TMS42x169AP . ... ... ... ...... -05Vto46V
Voltage range on any pin (see Note 1): TMS41x169A ... ... .. ... i i -1Vto7V

TMS42x169A, TMS42x169AP ................. -05Vto46V
Short-circuit oUtpUt CUITENt ... . e 50 mA
Power dissipation . ... ... 1w
Operating free-air temperature range, Ta . ..ottt e et 0°C to 70°C

—-55 Cto 125°C

t 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.

Storage temperature range, Tgtg

recommended operating conditions

“Hx169A ::z:: ggﬁp UNIT
MIN NOM MAX MIN NOM MAX
Vce  Supply voltage 45 5 5.5 3 3.3 3.6 \
Vgs  Supply voltage 0 0 \
ViH High-level input voltage 2.4 6.5 2 Voo + 0.3 \'
ViL Low-level input voltage (see Note 2) -1 08| -03 0.8 \
TA Operating free-air temperature 0 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

new p in the ing or
prep phase o p [+ istic data and other
spegifications are subject to change without notice.

“9 TEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443 9

B 49L1725 0046912 232 M



TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B — AUGUST 1996 — REVISED MAY 1997

TMS416169A

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

temperature (unless otherwise noted)

PARAMETER t '416169A-50 | '416169A-60 | '416169A-70 UNIT
TEST CONDITIONS MIN MAX| MIN MAX| MIN MAX
High-level output _
VoH voltage loH=—-5mA 2.4 2.4 24 \'
V. Low-level output loL=42mA 0.4 0.4 04| v
oL voltage oL=* ’ ’ ’
Input current Ve =55V, Vi=0Vto65V,
h (leakage) Ali others =0 V to Vi 10 £10 £10 nA
Output current Vee=5.5Y, Vo=0VtoVce,
lo (leakage) XCAS high £10 £10 10 pA
Average read- or _ -
lcc138 wite-cycle current Voc =55V, Minimum cycle 110 90 80| mA
ViH =24V (TTL),
After one memory cycle, 2 2 2 mA
| Average standby RAS and xCAS high
cc2 current ViH=Vcc - 0.2V (CMOS),
After one memory cycle, 1 1 1 mA
RAS and xCAS high
Vee=55Y, Mini le,
Average refresh % evelin nimum cycle
iccaS  current (RAS-only mr} hgm | 110 90 80| mA
refresh or xCBR) XtAS hig ( ._OD.V)'
RAS low after xCAS low (xCBR)
Voc =55V, tHpC = MIN,
1 26C
Icca Average EDO current RAS low, XCAS cycling 130 110 100| 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 EDO cycle, tiPC

ADVANCE INFORMATION concerns new Products in the sampling or
ducti f C istic data and other

prepl ase o
specifications are subject to change without notice,

10
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TMS418169A

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

PARAMETER 1 ’418169A-50 | '418169A-60 | "418169A-70 UNIT
TEST CONDITIONS MIN MAX| MIN MAX| MIN MAX
High-level output _
VOH voltage lon=-5mA 2.4 2.4 2.4 \
VoL Low-level output voltage | lgp = 4.2 mA 0.4 0.4 0.4 \
Veg=5.5Y, Vi=0Vto6.5V,
h Input current (leakage) All others = 0V to Voo +10 +10 +10 LA
Qutput current Voo =55Y, Vo=0VioVce,
+ +
lo (leakage) XCAS high 10 10 101 wA
Average read- or _ -
Ico1$8 write-cycle current Voo =55V, Minimum cycle 180 160 150 | mA
ViH=2.4V (TTL),
After one memory cycle, 2 2 2 mA
: Average standby RAS and xCAS high
CC2  current VIH = Vog — 0.2 V (CMOS),
After one memory cycle, 1 1 1 mA
RAS and xCAS high
Voo =5.5Y, Minimum cycle,
Average refresh current BAS cycling
§ . —_— i
olox) f(légi)only refresh or XCAS high (RAS only), 180 160 1501 mA
xCAS before RAS (xCBR)
Voo =55V, tHpC = MIN,
Ea| — sl
lcca Average EDO current RAS low, XCAS cycling 140 110 100 mA

1T 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 = Vji_

Y Measured with a maximum of one address change during each EDO cycle, HPC
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TMS426169A/P

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

'426169A-50 ’426169A-60 '426169A-70
PARAMETER TEST CONDITIONST ’426169AP-50 ’426169AP-60 '426169AP-70 UNIT
MIN MAX MIN MAX MIN MAX
High-level loH=—2mA LVTTL 2.4 2.4 2.4
VOH output \
voltage loH =~ 100 pA LVCMOS {Vpc-0.2 Vee-0.2 Vee—0.2
Low-level loL=2mA LVTTL 0.4 0.4 0.4
VoL output \Y
voltage loL =100 A LVCMOS 0.2 0.2 0.2
Inputcurrent | Voo =36V, V=0Vt 3.9V,
h (leakage) All others =0 V to V¢ 10 =10 £10 HA
Output
Voo =36V, Vo =0VioVee,
lo current gACS hich Y ovee +10 +10 +10 HA
(leakage) X g
Average
1§ read- or _ -
Icc write-cycle Vee =36V, Minimum cycle 110 90 80 mA
current
ViH =2 V(LVTTL), *426169A 2 2 2| mA
After one memory cyde,
Average RAS and xCAS high '426169AP 1 1 1 mA
| tandb =
cc2  sandby ViH=Vcc-0.2V *426169A 1 1 1] ma
current (LVCMOS),
Aft
W?sr o ng’xgiyc'e' '426169AP 150 150 150 | pA
Average
refresh Vee =36V, Minimum cycle,
lin
§ current RAS cycling,
lcca (RAS-only xCAS high (RAS-only refresh) 1o %0 8ol mA
refresh xCBR
or xCBR)
Average Veg =36V, tHpc = MIN,
# ==
lcca EDO current RAS low, xCAS cycling 130 1o 100 mA
Average -5 S5
# s xCAS < 0.2V, RAS < 0.2V,
lcce self-refresh Measured after tRasS min 250 250 250 UA
current
Average
battery
back-u'p trc =31.25us, tRAS <300 ns,
- °pera‘;”9 VGG -0.2VEVIHS39Y, a50 a0 250
CC1o™ curren OV<V) <02V, Wand OE = Vi, hA
(equivalent Address and data stable
refresh time
is 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= Vi

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

# For TMS426169AP only
X3 7
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TMS428169A/P

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

conditions (unless otherwise noted) (continued)

'428169A-50 ’428169A-60 '428169A-70
PARAMETER TEST CONDITIONST '428169AP-50 ’428169AP-60 '428169AP-70 | uNIT
MIN MAX MIN MAX MIN MAX
High-level IOH =—2 mA LVTTL 2.4 2.4 2.4
VOH output \
Vonage |OH =-100 MA LVCMOS VCC—O.2 VCC—O.2 VCC—0.2
Low-level loL=2mA LVTTL 0.4 0.4 0.4
VoL output A
Vo[tage |OL =100 uA LVCMOS 0.2 0.2 0.2
inputcurrent | Voo =3.6V, Vi=0Vto 39V, +
" (leakage) All others =0 Vto Vo £10 £10 £10 KA
Qutput
=36V Vo=0VioV
1o current vgfs h?’ i : 0=0VwoVee, +10 +10 10| pA
(leakage) X 'g
Average
+ read- or - -
IS write-cycle Voo =36V, Minimum cycle 170 150 140 | mA
current
ViH=2V (LVTTL), '428169A 2 2 2| mA
After one memory cyde,
Average RAS and xCAS high '428169AP 1 1 1 mA
| standb =
ce2 Y ViH=Vce-02V 428169 1 1 1] ma
curren (LVCMOS),
After one memory cycle, R
RAS and xCAS high 428169AP 150 150 150 pA
Average
refresh Veg=36V, Minimum cycle,
t RAS cycling,
lrpa§  CHIEN s __ 170 150 14 A
CC3”  (RAS-only xCAS high (RAS-only refresh) °of
refresh xCBR
or xCBR)
Average Vee =36V, tHpc = MIN,
1 R O19 HPG
lcca EDO current HAS low, XCAS cycling 140 110 100] mA
Average boryy =
locg*  self-refresh | XCAS <02V, RAS<02V, 200 200 200 | pA
Measured after tRags min
current
Average
battery
back-up tRC=125us,  tRAS €300 ns,
operating Vee -02V< V<39V,
# A = =N
lcc1o currgnt OV <V|_ <02V, Wand OE = Vi, 350 350 350 nA
(equivalent
: Address and data stable
refresh time
is 128 ms),
xCBR only
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 = ViL
T Measured with a maximum of one address change during each EDO cycle, Hipe
# For TMS428169AP only
3 13
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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, AO—-A11T 5| pF
Ci(OE) Input capacitance, OE 7 pF
Ci(RC) Input capacitance, xCAS and RAS 7 pF
Cipwy Input capacitance, W 7 pF
Co Output capacitancet 7 pF

t A10 and A11 are NC for TMS4x8169A and TMS428169AP.
1 xCAS and OE = V| to disable outputs
NOTE 3: Voc=5VX0.5Vor3.3V+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)

’418169A-50 '418169A-60 '418169A-70

PARAMETER ’42x169A/P-50 | "42x169A/P-60 | "42x169A/P-70 | yNIT
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) 28 35 40 ns
tRAC Access time from RAS (see Note 5) 50 60 70 ns
toOEA 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
toeZ Output buffer turnoff delay from OE (see Note 6) 3 13 3 15 3 18 ns
tREZ Output buffer turnoff delay from RAS (see Note 6) 3 13 3 15 3 18 ns
{CEZ Output buffer turnoff delay from xCAS (see Note 6) 3 13 3 15 3 18 ns
tWEZ Output buffer turnoff delay from W (see Note 6) 3 13 3 15 3 18 ns
'416169A b ’416169A %y ’416169A-7v
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) 28 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
toez Output buffer turnoff delay from OE (see Note 6) 3 13 3 15 3 18 ns
tREZ Output buffer turnoff delay from RAS (see Note 6) 3 13 3 15 3 18 ns
tceEZ Output buffer turnoff delay from xCAS (see Note 6) 3 13 3 15 3 18 ns
tWEZ Output buffer turnoff 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. Access times for TMS42x169A/P are measured with output reference levels of \o =2V and Vo = 0.8 V.
6. TheMAXspecifications oftre 7, ICEZ. twEZ, andtogz are specified when the outputis no longer driven. Data-in should notbe driven
until one of the applicable maximum specifications is satsified.

ADVANCE INFORMATION new products in the sampling or .
ik catic;ns a‘::ass:bj:::t o ehonge with;ut rack c;stic data and other M
e ' TEXAS
INSTRUMENTS
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EDO timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 4)

'418169A-50 ’418169A-60 ’418169A-70
'42x169A/P-50 | "42x169A/P-60 *42x169A/P-70 UNIT
MIN MAX MIN MAX MIN MAX
tHPC Cycle time, EDO page-mode read or write 20 25 30 ns
tpPRWC  Cycle time, EDO read-write 57 68 78 ns
tcsH Delay time, RAS active to XCAS precharge 40 48 58 ns
tcHo  Hold time, OE from xCAS 7 10 10 ns
tDOH Hold time, output from xCAS active 5 5 5 ns
tcas Pulse duration, xCAS active (see Note 7) 8 10000 10 10000 12 10000 ns
tWPE Pulse duration, W (output disable only) 7 7 7 ns
tcp Pulse duration, xCAS precharge 8 10 10 ns
tOcH Setup time, OE before XCAS 8 10 10 ns
tOEP Precharge time, OE (output disable only) 5 5 5 ns
'416169A-50 ’416169A-60 '416169A-70
MIN MAX MIN MAX MIN MAX UNIT
tHPC Cycle time, EDO page-mode read or write 20 25 30 ns
trPRwWC  Cycle time, EDO read-write 57 68 78 ns
tcsH Delay time, 'RAS active to XCAS precharge 40 48 58 ns
tcHo  Hold time, OE from xCAS 7 10 10 ns
tboH Hold time, output from xCAS active 5 5 5 ns
tCAS Pulse duration, xCAS active (see Note 7) 8 10000 10 10000 12 10000 ns
tWPE Pulse duration, W (output disable only) 7 7 7 ns
tcp Pulse duration, xCAS precharge 8 10 10 ns
tocH  Setup time, OF before XCAS 8 10 10 ns
toEP Precharge time, OE (output disable only) 5 5 5 ns
NOTES: 4. With ac parameters, it is assumed that tr = 2 ns.
7. In a read-write cycle, iowp and tow|. must be observed.
i P TSN iy
' EXAS
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 4)

'418169A-50 '418169A-60 ’418169A-70
"42x169A/P-50 | '42x169A/P-60 | *42x169A/P-70 | yNiT
MIN MAX | MIN MAX | MIN MAX
tRC Cycle time, read 84 104 124 ns
we Cycle time, write 84 104 124 ns
trwe  Cycle time, read-write 111 135 160 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
tRP Pulse duration, RAS precharge 30 40 50 ns
wp Pulse duration, write command 8 10 10 ns
tasc Setup time, column address 0 0 ns
tASR Setup time, row address 0 0 ns
tps Setup time, data in (see Note 9) 0 0 0 ns
trRCs Setup time, read command 0 0 ns
tcwL Setup time, write command before xCAS precharge 8 10 12 ns
tRWL Setup time, write command beforemprecharge 8 10 12 ns
Wos 22::5.:::: ::\rll;()e command before xCAS active 0 0 0 ns
twRrp  Setup time, write before RAS active (xCBR refresh only) 10 10 10 ns
tcsR Setup time, xCAS referenced to RAS (xCBR refresh only) 5 5 5 ns
tcAH Hold time, column address 8 10 12 ns
DH Hold time, data in (see Note 9) 8 10 12 ns
tRAH Hold time, row address 8 10 10 ns
tRCH Hold time, read command referenced to xCAS (see Note 10) 0 0 0 ns
tRRH Hold time, read command referenced to RAS (see Note 10) 0 0 0 ns
twoH ::;I: ;jw:t,evg:ﬁf )command during xCAS active 8 10 12 ns
tcLcH Hold time, xCAS low to xCAS high 5 5 5 ns
IRHCP  Hold time, RAS active from xCAS precharge 28 35 40 ns
toEH  Hold time, OE command 13 15 18 ns
tROH Hold time, RAS referenced to OE 8 10 10 ns
tcHs  Hold time, xCAS after RAS (self refresh) - 50 - 50 - 50 ns
tWRH Hold time, write after RAS active (xCBR refresh only) 10 10 10 ns
{AWD (E::Iaai x?iwtz, Oc::I;/u)mn address to write command 42 49 57 ns
tCHR Delay time, xCAS referenced to RAS (xCBR refresh only) 10 10 ns
tcRp  Delay time, xCAS precharge to RAS 5 5 ns
D e o w o 40 o
NOTES: 4. With ac parameters, it is assumed that ff = 2 ns.
8. In a fead-write cycle, Rwp and tryy} must be observed.
9. Referenced to the later of xCASor W in write operations
10. Either tggH or trcH must be satisfied for a read cycle.
%3 7
EXAS
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 4) (continued)

"418169A-50 | ’418169A-60 |°418163A-70
'42x169A/P-50 | *42x169A/P-60 | *42x169A/P-70 | yniT
MIN  MAX MIN  MAX MIN  MAX
tOED Delay time, OE to data in 13 15 18 ns
tRAD Delay time, RAS to column address (see Note 11) 10 25 12 30 12 35 ns
tRAL Delay time, column address to RASprecharge 25 30 35 ns
tcaL Delay time, column address to xCASprecharge 18 20 25 ns
tRCD Delay time, RAS to xCAS (see Note 11) 12 37 14 45 14 52 ns
tRPC Delay time, RAS precharge to XCAS 5 5 5 ns
tRSH Delay time, xCAS active to RAS precharge 8 10 12 ns
trwp  Delay time, RAS active to write command (read-write only) 67 79 92 ns
tcpw  Delay time, xCAS precharge to write command (read-write only) 45 54 62 ns
tRASS  Pulse duration, self-refresh entry from RAS (see Note 12) 100 100 100 us
tRPS Pulse duration, RAS precharge after self refresh 20 110 130 ns
418169A 16 16 16 ms
tREF Refresh time interval 4281694 16 16 16 i
'426169A 64 64 64 ms
"42x169AP 128 128 128 ms
tr Transition time 2 30 2 30 2 30 ns

NOTES: 4. With ac parameters, it is assumed that fr = 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.

".’;‘ TEXAS
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ADVANCE INFORMATION
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 4)

’416169A-50 ’416169A-60 '416169A-70 UNIT
MIN MAX | MIN MAX | MIN MAX
tRC Cycle time, read 84 104 124 ns
twe Cycle time, write 84 104 124 ns
tawc  Cycle time, read-write M 135 160 ns
tRASP  Pulse duration, RAS active, page mode (see Note 8) 50 100000 60 100 000 70 100000 ns
tRAS Pulse duration, RAS active, nonpage mode (see Note 8) 50 10000 60 10000 70 10000 ns
tRp Pulse duration, RAS precharge 30 40 50 ns
twp Pulse duration, write command 8 10 10 ns
tasc Setup time, column address 0 0 0 ns
tASR Setup time, row address 0 0 o] ns
tps Setup time, data in (see Note 9) 0 ¢} 0 ns
tRCS Setup time, read command ¢} 0 0 ns
tcwL Setup time, write command before xCASprecharge 8 10 12 ns
tRWL Setup time, write command beforeR_ASprecharge 8 10 12 ns
Wes Setup time, write command before xCAS active 0 0 0 ns
(early-write only)
twWRP Setup time, write before RAS active (XxCBR refresh only) 10 10 10 ns
tcsh Setup time, XCAS referenced to RAS (xCBR refresh only) 5 5 5 ns
tCAH Hold time, column address 8 10 12 ns
tDH Hold time, data in (see Note 9} 8 10 12 ns
tRAH Hold time, row address 8 10 10 ns
tRCH Hold time, read command referenced to xCAS (see Note 10) 0 0 0 ns
tRRH Hold time, read command referenced tom(see Note 10) 0 0 ns
fWCH ;-:::: yt_lvrcreit,ewor:; ;:ommand during xCAS active 8 10 12 ns
tcLcH  Hold time, xCAS low to xCAS high 5 5 5 ns
tRHCPp Hold time, RAS active from XCAS precharge 28 35 40 ns
tOEH Hold time, OE command 13 15 18 ns
tROH Hold time, RAS referenced to OE 8 10 10 ns
tcHs  Hold time, XCAS after RAS (self refresh) -50 - 50 - 50 ns
twrH  Hold time, write after RAS active (XCBR refresh only) 10 10 10 ns
{AWD (Drglaag- ‘:rrrilz, (;:r:)ll;)mn address to write command 42 49 57 ns
tCHR Delay time, xCAS referenced to RAS (xCBR refresh only) 8 10 10 ns
tcrRp  Delay time, xCAS precharge to RAS 5 5 5 ns
R e L so s 40 ns
NOTES: 4. With ac parameters, it is assumed that § = 2 ns.
8. In a read-write cycle, Rwp and tryy) must be observed.
9. Referenced to the later of xCASor W in write operations
10. Either tyrH or tRcH must be satisfied for a read cycle.
ADVANCE INFORMATION new products in the sampling or .
specifications J?Eassfb;‘e’& to change v;ith{;ut notice. data and other % T
EXAS
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timing requirements over recommended ranges of supply voltage and operating free-air

temperature (see Note 4) (continued)

'416169A-50 '416169A-60 '416169A-70 UNIT
MIN MAX MIN MAX MIN MAX
toEp  Delay time, OE to data in 13 15 18 ns
tRAD Delay time, RAS to column address (see Note 11) 10 25 12 30 12 35 ns
tRAL Delay time, column address to RASprecharge 25 30 35 ns
tcaL Delay time, column address to xCASprecharge 18 20 25 ns
tRCD Delay time, RAS to xCAS (see Note 11) 12 37 14 45 14 52 ns
tRPC Delay time, RAS precharge to xCAS 5 5 5 ns
tRSH Delay time, xCAS active to RAS precharge 10 12 ns
tRWD Delay time, RAS active to write command (read-write only) 67 79 92 ns
— (Dr:la?/- \2212, :;IJSS precharge to write command 45 54 62 ns
trass  Pulse duration, self-refresh entry fromm(see Note 12) 100 100 100 us
tRPS Pulse duration, RAS precharge after self refresh 90 110 130 ns
tREF Refresh time interval 64 64 64 ms
tr Transition time 2 30 2 30 2 30 ns

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

11. The maximum value is specified only to assure access time.
12. During the period of 10 us <tgags < 100 s, the device is in transition state from normal operational mode to self-refresh mode.

ADVANCE INFORMATION concerns new Eroducts in the sampling or
prep ion phase of K Cl istic data and other
specifications are subject to change without notice.
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SMKS8928 — AUGUST 1996 — REVISED MAY 1997

PARAMETER MEASUREMENT INFORMATION

VTH Vee
Ry R1
Output Under Test
Output Under Test
Cp =100 pF R2
Cy =100 pF (see Note A) T
(see Note A) T
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT
NOTE A: Cy includes probe and fixture capacitance.
DEVICE Vee (V) R1(Q) R2 (Q) VTR (V) R (Q)
41x169A 5 828 295 1.31 218
42x169A/P 3.3 1178 868 1.4 500

Figure 2. Load Circuits for Timing Parameters

‘!’? TEXAS
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TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
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PARAMETER MEASUREMENT INFORMATION

e trc »
RAS |\ e tRAS m—
| | |
tt 9 —
| &——trep —ﬂl { —tRp —¥
T i ]
GRS See Nate D .T\‘——tCAS——" : | | :\
| ! I
I |
l | 4 tclcH | ‘ | |
| ! | 1 : | (see Note A) T tcp I
T— 1 [ t 1 1
icAs SeelNoite D I : —itcas —¥ /g tCRP >
| (I
e ]
P [ ——trsH——» |
| tRaAD—¥ | | : | bl
| | t | | | I
T Tigo e | | 0
| R | [
| “«l | T 'CAL — ¥ [ ||
|
N \/
Address ’
| le—»— tcaH |
N — |
| tRpcs ‘ﬁ—ﬁ : t'TC"l' 'I
AAAAA ! ; 1 VAVAVAVAVAVAVAY
w Won’t Care | 14— tcac —¥ | %: Don't Care
N e | | (see Note B} | AADNDAA
| —+ tag —> I ]
: o g
| | |
; toLz —1e¥ | | |
DQO-DQ15 | W Valid Data Out N
| SeeNote C .!
« tRAC HJ—D}— toEz

P
w

P
|
| |
VAVAVAVAVAV
NOTES: A. To hold the address latched by the first xCASgoing low, the parameter ict cH must be met.
tCAC is measured from xCAS to its corresponding DQx.
Output can go from the high-impedance state to an invalid-data state prior to the specified access time.
xCAS order is arbitrary.

tROH

Do

Figure 3. Read-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

N twe "
RAS \ [ tRas m—
| I |
tt —-H |¢- |
| thco — > | P
—_— ] I X
UCAS See Note B & tcas —¥ | | | \
| ] | | o
I || % tcicn . I |
| | | : : (see Note A) | cP
—_ See Note B I | [
LCAS 3 e tasn N | / | |
| ;
| ———— tCcsH 1|—|—>; | | 'cRp
: H tRAH | : ————thsH _:—'%
|| | tasced | | |
Lo le—— tcaL —» |
l I [« tRAL ]
> (0> YAVAVAY
A’ ’A’A
| o i l
| | | | | |
| | —® e—tcan | |
| | t —pl '
see Note C
— tRap —| fowL ¥ K
Ih— tRwL ——¥!
VAVAVAVAN VAVAVAVAN
\VAVAVAVAVAY ' VAVAVAVAVAVAY
! |
: |“—— twp —¥
| 4 tpH —bt
|1
| |
FAY N\ N 7AY
DQO0-DQ15 %88? Don’t Care Valid Data In Don’t Care
ANANNAAN : VAVAVAVAVAVAVAN
RECE
—toED —» |
| —— toen —»
- 7 FAN
S
NOTES: A. To hold the address latched by the first xCASgoing low, the parameter {o} cH must be met.

xCAS order is arbitrary.
tcwi must be satisfied for each xCASto write properly to each byte.

B.
C.

Figure 4. Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

twce
RAS I\k:_ tRAS ﬂ_/' \
tr I t
_,: 4—— tgcp —M "_ AP _ﬂ
! r_________ tcs:_————-j ]‘—“J“tCRP ———H
UCAS See Note B i | | | 'cas | l l\
|| | T | | |
| : | —4—'RsH —f——’: |
| | | toLewd -~ | |
| ! | (see Note A) ; i | | |
TEAS SeeNoteB | ! i !
Hes e e i | ﬂf—-‘—*‘\ — tcp #l
tasp—e¢——» | [ | N | [
: e tRAH } | | & tcas ¥ :
| 1 !
| jsc—ed || L
| e
| | Al " tRAL T g
e l | . | 1] i 1 L
t
(see Note C) twcs ‘ CcAH | !
(see Note C) twcs —h——————ﬂ H—h‘— ‘WCH (see Note c)
w Don’t Care m tWQH DontCar’éW
‘—J_ tewL | l 'l (see Note E)
i ! tRWL

Ay Ay A 4
AVAVAVAN

|
(see Note D) {¢— tpg —p{ “—H tDH (see Note D)

[ l

/\/\/\ FAY

P
(see Note D) {4_ tps —p “4——»— 1DH (see Note D)

B R RRRRL Dot Care KKK

To hold the address latched by the first xCASgomg low, the parameter tg| cH must be met.
XCAS order is arbitrary.

twes and tweH must be satisfied for each xCAS

tps and tpy of a DQ input is referenced to the corresponding 'XCAS

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

NOTES:

mpom>

Figure 5. Early-Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

i% trwe ﬁ
| |
|

|

< tcas
(- tasn N/

!
!
|
l ! | | | | |
Address @( Row }@( Column Don’t Care
I

i
[¢—tRes tcwL —k—h |
| ' D O

J—» twp

\ "_ TS
VAVAVS L

tawp

[ :4——tcwo —~————>| |
| ﬂ—‘CAC—H | |

|
k——tAA~—>\

fDS""i HT

tcLz _I‘—’I { —» ¢=1pH

- xgg%%g% Don’t Care
Hi-Z (See Note A) W Out m VAVAVAV]
———H

DQ0-DQ15

=l
L R ¥

|
5E (KKK Don't Gare '0:0:’0’0‘0 | / RREREX Bors Care

VEVAVEVEV) VAVAY]

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

Figure 6. Read-Write-Cycle Timing
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP

1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B - AUGUST 1996 — REVISED MAY 1997

UCAS

LCAS

Address @{ Row >< Co::flmn
|

DQ8-DQ15
(see Note D)

DQ0-DQ7
(see Note D)

NOTES:

RAS

g

OE gggg‘Don’t Care
AAAAA

To hold the address latched by the first xCASgoing low, the parameter ic| ¢ must be met.

moow»

m

PARAMETER MEASUREMENT INFORMATION

traspP

—

i trcp M
[

|
(See Note F) I
! |
| tCLCH —Id—q
I (see Note A) h“—| thpe ————»

ﬁ~———-1 tcsH —L—'I

|
|
|
|
|
|
|
|
|
: : ‘CAS—H
L

(See Note F)

e tcas M !
AN I/ 14——— tRHCP —I———J
| —— tRsH 4”

v

|<—DI— tASR

{‘.

tRAH

>
7
o

é

v
r

|
|
!
: tcaH

H

. AYAY2 ’
0’ Don’t Care ‘0 Column #2
2 A

0

| |

0 )
”"”""’ (X Don't Care ”."”0’.”‘

AVAVAVAVAVAVAVAVS

VAVA JAVAVA

tRRH

FAVAN

|

I ]
I

| tcac

| (see Note B) | :

Iﬂ—l— taA 4{”
|
I I/ I— tcpA
tRCs —If——:—————ﬂ l : (see Note C) |
I‘— tRAC ——¥ 1DOH—1¢———-———-DI '
| l
S

I
| |
| |
| : I
| :
I

[ &——tpCcH ——»

NANININING
Don’t Care

|
lh— toEA ———M

TAYAYA

tcAc is measured from xCAS to its corresponding DQx.
Access time is topa-, tAA-, OF tcac-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.

Figure 7. EDO Read-Cycle Timing (See Note E)
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B - AUGUST 1996 - REVISED MAY 1997

PARAMETER MEASUREMENT INFORMATION

tRp —t¢——»
| |
fe tRASP " |
_ k—thCP—>: ' l
RAS AN | /r_\__
| e tcsH » _’: |
L | | tHPc |
st
H tcAs —fe—— R
| |ﬁ | | | tRSH —fe— :
—_— T \ f | I | I
XCAS | | | |
| Fﬁsﬂtmp i N | : Col :
' | gy | CA | R
| | : : N AR : L IT |emAL ]
| Lt
e TEEX R X o X % o
]
| {1 Pyl | | | |
fRAD—H—': | iocm—k:—bl [ ] el ||
| | [ I | | I | gHO : |
| I P I l |
I B s+ togp | | | | I
RN L N A
' e—— t0EA b P I ! Lo
| . OEA[:—.} oo : ! I | | : {tRRH —‘—’1: :
+— trcs —+ o b | |
[ Lo by | I | tRCH ¥
N || 1 T toea) | Lo T
| o b N P N N
—_ T 1 I T LI [ N | i | ]
w | I .
W: . l | l | } | tboH k—b‘ ; | I‘—tAA—D‘ f : w
| zme ll I |||<——>%—t|Ez|| I
: tCAc—Hl—b : | I L— [ i T lt | (see Note A)
: taa —i‘—_’| | | : tCPA—m : ltRE z: cEz [
| L—-I— toEZ !
e—1 I l t |
RAC‘—T‘JI |l tan l I*—':— cac

|
DQO-DQ15 :®(DATA #1—  DATA #1 X DATA #2 DATA #3

NOTE A: Output is turned off by o7 if RAS goes high during XCAS low.
Figure 8. EDO Read-Cycle Timing With OE Control
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B - AUGUST 1996 — REVISED MAY 1997

PARAMETER MEASUREMENT INFORMATION

< tRASP

———— twEZ ; I<—ItcpA~--—u tce7

l— tap —» ‘ t |
' CPA| le— tan — (see Note A)
»e—tcLz e tAIl\ » Ul |
——trac ——> i | b |
DQO-DQ15 @( DATA #1 > DATA #2 X DATA#3 »—

NOTE A: Output is turned off by {ogz if RAS goes high during xCAS low.
Figure 9. EDO Read-Cycle Timing With W Control
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B - AUGUST 1996 ~ REVISED MAY 1997

PARAMETER MEASUREMENT INFORMATION

RAS i\ tRASP
———tRSH —¥

l

| |

| |

—_ T ] I — tcas —» T T T
UCAS (See Note C)] | | | | |
g L

| |

|

tRP 14—

— —
—tcrcH —» 'RHCP

l¢—tRcD —»  (see Note A) : " HPC ,| I
(See Note C) h_l_ tosH —— f— tcp —» 4— tcRp ¥
I
LCAS B \ﬂ—- tcas —» | :
f—»— tasr | |
| | P
| | tAsC —)I | | fcAH : | I :
A s T
tRAH |
I [l | | | traL
\/
Address Q’Qm Coluw Don’ t Care W Column W DontCareW
A’ \/\/\/\/\/ AVAVA
t —K—H b— fcwir —N
RAD — tewL —H | :
|
[ twp —’1 —— trwL ——»
H———tns—ﬂ | |
ol | 44— tps M |
- /\/\/\ ‘avav, | | ZAYAVAVAVAwAY
VAV.WAYS AV 4 VAVAVAVAY AVAVAVAVAVA
tbH _I I
DQB-

\/\ AN
AY /\/\/\/\/ L

tDH —wﬂ

DQO- -
valid In Valid In }W Don’t Care m
&— tOED
=5

NOTES: A. To hold the address latched by the first xCASgoing low, the parameter ic 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.

DQ15

Figure 10. EDO Write-Cycle Timing
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B — AUGUST 1996 — REVISED MAY 1997

RAS

UCAS

LCAS

Address

PARAMETER MEASUREMENT INFORMATION

\

|
}
(See Note C)

|
|
|

| >
(See Note !C) lh——'—i— tcgh ——p [ lcp |

N N/
|

|
|

tRP —[&¢—P|

tRasp » / \
|
| #—tRsH ——h‘ |
I I T |
| T\‘— tcas —» / | { |
| | ) |
| | ie— toLeH —b t tRHCP » |
¢ tprcp +{ | (see Note A) | ¢ tHpC ;; | |
&— tcrp M

[
|
|
e T .
tasc | |
| | o | | ——tcaL—¥ |
: -biih—tRAH { : g : | 1RAL Ll
| { |
DX o XX i RN o YRR A TR
'RAD e tcwL—»
| :‘—H_‘ towL —— : CWL :
Not
twes Je—pl | NP e tRw ————»
(see Note D) | 1
|

|
w ;g Don’t Care ;bl
AVAVAVAN AVa

I
(see Note E) |¢—— DS —“I

W valid In

m{ valid In 0’000000.000’000 Valid In W 6\0?1'1 Care /W

DQs-
DQ15

DQO-
DQ7

|
twCH |
| (see Note D) |

NN INININ INININ ININ
VAN AY LNININININS.

VAYAS ININ
Don’t Care

(XXX
RLLRLLRLLLLLRLLRLLL

|¢—»—tDH (see Note E)

2R XRRTIRRRTS
XXX

’VVV'VVVVV"

VVVVVVVV’V'V'

N/ V’V NN/ V‘V V‘V‘V‘V"‘V VNN NINNNINININININININININININININS V’V NN N NININININS V’V’V‘V‘V‘V’V‘V’V‘V"‘V

LRI R RLL LI LKL LLRLLRILRLLRLLRLLRLLRLLILL

NOTES: A. To hold the address |

atched by the first xCASgoing low, the parameter tc| cH must be met.

specifications are not violated.

tcwL must be satisfi

XCAS order is arbitrary.
twes and twoH must be satisfied for each xCASin an early-write cycle.
tpg and tpH of a DQ input are referenced to the corresponding xCAS

ed for each xCASto ensure proper writing to each byte.

Figure 11. EDO Early Write-Cycle Timing (See Note 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
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B — AUGUST 1996 — REVISED MAY 1997

PARAMETER MEASUREMENT INFORMATION

RAS \

|
| la 1CSH > — tRgH ——
| i4—trcp ¥ I | ASH —b tcRp
| | | | ﬂ]—l—l tPRWC ————— N
UCAS See hl'ofle D I tcas—»/ |\ / H
1 I l
X | ] | e i
See ":mt.e D ! ! | (se:ac'ﬁgt':e A) I : : I
LCAS P AN [
LCAS I | { | \ /I \ (‘
—»l tASR | ! | I
|

RLLLLRLIKKY $999099999.900.909949999.¢

’A’A’A‘A‘A‘A’A’A’A’A’A LN A’A A’A A’A‘A’A’A

Address @{ Row }®< Column

P 1] e — b I

IRAH > 14 | | ttCWD > typ towL—e————»|
| 7 tawn b | —tcpw —» le——>—trwi.
) —— I 1

||
| OO OO XX X
|

]|
_f_
g

DQo-DQ15

NOTES: To hold the address latched by the first xCASgoing low, the parameter i cH must be met.

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

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

xCAS order is arbitrary.

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

tcAc is measured from xCAS to its corresponding DQx.

Figure 12. EDO Read-Modify-Write-Cycle Timing (See Note E)
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B — AUGUST 1996 — REVISED MAY 1997

PARAMETER MEASUREMENT INFORMATION

P
I
|

.

i‘— tRas —»

tre
|
RAS AN I/ | I\
tcRp — e | AP
~_.Il . tr trRec —¥ &

7<
V] V2 | |

tASR _H lﬂ——bi‘— tRAH

AVAYAY | ZAYAY ININ
Address Don’t Carew Row Don’t Care Row
AV AV

=]

B e R T TR TXXIIITIIL
R OARXRXX XXX Bt Care Xt RAARRNNAIRKR)

DQo-DQ15 Hi-Z

BE SRR Domt Care KRS

NOTE A: Both LCAS and UCAS must be high.
Figure 13. RAS-Only Refresh-Cycle Timing
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKSB892B — AUGUST 1996 - REVISED MAY 1997

PARAMETER MEASUREMENT INFORMATION

{¢———— Refresh Cycle —p
[4—— Memory Cycle —P [¢—— Refresh Cycle —

tCHR 1'—{4—»1

naaens. X P X oo R R AR s R B R RTTI?
l )
[

| > twez tREZ —ld——lﬂ
tAA —H—H : tcEz —» lﬁ—
l ValldDat t .V'VVV‘V‘V’V‘V'VVVVVV'VVV VVV’V'V'V'V"VV‘
DQ0-DQ15 l aOu 0.00000000000000000000 2222!22222&’!’2‘0
tcLz —P' l(— : )

l—>»- toEA
or XK.

Figure 14. Hidden-Refresh-Cycle (Read) Timing
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B — AUGUST 1996 — REVISED MAY 1997

PARAMETER MEASUREMENT INFORMATION

+4—— Memory Cycle _»4— Refresh Cycle —Nr‘_ Refresh Cycle — P
| | |
t t
l, {4 tRAS P :‘—RP_H‘ r—tnAs-b‘ :‘_RP_’} :
| |
| |
| ! ¢ | I tcas tCHR—k_:‘
! < i >
—_— | | |
xCAS : | *;\ : : ():) /
|
e
| ‘L—H ﬂ{—T—tAsc ||
tRAH —:HH ; } | l :
—b{ [ tasR | i [
N | |
.00

T TR

Address

I l {(
: AT TR
DQo-DQ15 @( Valid Data WW Dot A0202020!020202020202020202020!

= R R XXX nnn RITRERDS
OF - R e B

Figure 15. Hidden-Refresh Cycle (Write) Timing
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B - AUGUST 1996 — REVISED MAY 1997

PARAMETER MEASUREMENT INFORMATION

[ trc
l¢— tRp ——»
| [

__ Y

tRAS

B 3
A

_Al‘

RAS

|

L
t
tRPc—-bl |4F_ CSR_" lh———————tCHR——N

|
= N e %

tWRPJI<——-—->‘ |<——————>§—twn|-|
CXCKAK KKK K XK XXX XK KKK XXX XK, XXX XK X KK XX XK >
Address 0’0’0’0'0.‘.0'Q."0’0’0’0’0’%’.0"’0’000’0.000‘00’ D°/'”°3"e .’00’000000000000.0’0‘0’0‘0’0’0’0’0‘0‘0‘0

o R e R R RRRR
0 000000000000000000000 00 ORI 0000 00 e

DQO-DQ15 Hi-Z
NOTE A: Any xCAS can be used. If both UCASand LCAS are used, both must satisfy tbgR and tcHR.

Figure 16. Automatic (xCBR) Refresh-Cycle Timing
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKSB892B —- AUGUST 1996 — REVISED MAY 1997

PARAMETER MEASUREMENT INFORMATION

r—-———lnAss —Hl
RAS | l
: | i l
| | l
trpc t¢—» | : tRPS —¢——M
tcsp —Hol |t |
| : [ —» 4 IcHs
XCAS Pl |
| : ||
| |
€ tcp —» | i

| |
ress R K KKK IKKX, Domt Gare. 5K AKX KKK KX XXY
e AR, 2o e AR
twrP ‘“‘I ’l H——‘H“‘tWRH

—_— ININININININSN,
w Q%%gg%g%%gg%% Don’t Care 8888888888%
ININN VAV

INININININ

B X e R XXX XX LLLLLLLY
R, ot Care 30000kt oRXAXX)

o
m

DQo-DQ15 Hi-Z

Figure 17. Self-Refresh-Cycle Timing
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B — AUGUST 1996 — REVISED MAY 1997

MECHANICAL DATA
DGE (R-PDS0-G44/50) PLASTIC SMALL-OUTLINE PACKAGE

0.018 (0,45)
}* *‘I" oo12(030) [ [0.0080,16) @]
50

AHAAHAAHAAAH FlHHFIHHFIHHFH:I1

0.471 (11,96)
0.455 (11,56)

0.404 (10,26)
0.396 (10,086)

O
pEHHBHBEHOHE HoBHdodbbbgy
1 25

0.006 (0,15) NOM
M 0.829 (21,05)

0.821 (20,85) l G
l Gage Plﬂ { )

/
0.010 (0,25)

15 0

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

% { ]| Seating Plane ‘ %@L
0.047 (1,20) MAX 0.002 (0,05) MIN j 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.
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TMS416169A, TMS418169A
TMS426169A, TMS426169AP, TMS428169A, TMS428169AP
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS892B — AUGUST 1996 — REVISED MAY 1997

MECHANICAL DATA

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

| A N Ry D [ N Ry Ny N N N [ N N OO G VO

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)
\ [ Al
Seating Plane L "/

B
"H‘- 0.020 (0,51) PEBI 0.007 (0.18) @| 0.380 (9,65)
0.016 (0,41)

0.360 (3,14)
0.050 (1,27) —bile— 0.008 (0,20) NOM

4040094-6/C 4/95

NOTES: A. Al linear 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 (TMS418169A illustrated)

T

SS
'|' T Speed ( -50, - 60, -70)
Low Power/Self Refresh Designator (Blank or P)

| ) Tmsasiesa Dz
L

Package Code

W E Y MLLLL P
T T

Assembly Site Code

Lot Traceability Code

Month Code

Year Code

Die Revision Code

Wafer Fab Code
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