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® Organization . .. 1048576 x 16 DZ PACKAGE DGQE PACKAGE
® Single Power Supply (5 V or 3.3V) (TOP VIEW) (TOP VIEW)
® Performance Ranges: U o
ACCESS ACCESS ACCESS READ OR veclt T 42l Vss Vec 12 sofl Vss
TIME TIME TME  EDO paofl2  41flDQ16 paofla 4l DQ15
thac 'CAC tan  CYCLE pai [ja-  4ofl DQ14 paifls  4s[iDQ14
MAX MAX MAX  MIN paz[]4 ag[l DQ13 paz[]4 47} DQ13
4xx169/P60 60ns 15ns 30ns  25ns pa3(]s ssl] pQ12 pa3(ls 46} DQ12
"4xx189/P-70 70ns 18ns 35ns 30ns Vee 8 a7l v V, [ v
; cc ss ccye 45} Vss
4xx169/P-80 80ns 20ns 40ns 35ns DQ4 [}7 3s[] DQ11 pa4 |7 44]DQ11
® Extended Data Out (EDO) Operation pas [le as}] DQ10 pas [l sa]) DQ10
o xCAS-Before-RAS (xCBR) Refresh pos [|e 34[] DQO pas [l o 21 DQg
® Long Refresh Period and Self-Refresh pa7[io  3sflpas par[li0  41flpCs
Option (TMS4xx169P) Ne[]11 s2[INC NC[11  4ofINC
¢ 3-State Unlatched Output ncfliz2  s1[|TCAS
® Low Power Dissipation W(l1s 30[) UCAS
® High-Reliabllity Plastic 42-Lead (DZ Suffix) RAS[J14 29[IOE
400-Mil-Wide Surface-Mount (SOJ) Package A1t [J1s  28]] Ag Nc[j1s  ss[JNC
and 44/50-Lead (DGE Suffix) Surface-Mount atot[{1e 27 A8 ncilie 3sfTCAS
Thin Small-Outline Package (TSOP) a7 26 A7 wiiz se|)UCAS
® Operating Free-Air Temperature Range A1flis  2s[lAe RAS |18 33|]OE
0°C to 70°C a2l1e 24P As At 19 32[ A9
® Texas Instrument Enhanced Performance Asllz0 23] A4 Atot[Jo  31[As
Implanted CMOS (EPIC™) Process veell2t  22fIvss a0fzr a0l A7
AVAILABLE OPTIONS Atflez 200 ne
SELF A2[]2s 28l As
bEVICE | POWER |REFRESH, |  REFRESH A3(|as  27[] A4
SUPPLY | BATTERY CYCLES Vecll2s  26[lvss
BACKUP
TMS416169 5V — 4096 in 84 ms t A10 and A11 are NC for TMS4x8169 and TMS4x8169P.
TMS416169P 5V Yes 4096 in 128 ms
TMS418169 5V — 1024 in 16 ms
TMS418169P | 5V Yes 1024 in 128 ms PIN NOMENCLATURE
TMS426169 33V - 4096 In 64 ms
TMS426169P | 33V | Yes |4096in128ms A 6 oD Out
TMS428169 33V — 1024 in 16 ms {cAS Lower Column-Address Strobe
TMS428169P | 33V Yes 1024 in 128 ms UCAS Upper Column-Address Strobe
NG No Internal Connection
description OE_ Output Enable
The TMS4xx169 series is a set of high-speed, ng Qf:,"';'r‘g";i,s;ﬁggf;;
16777216-bit dynamic random-access memo- Vss Ground
ries (DRAMSs) organized as 1048576 words of w Write Enable

16 bits each. The TMS4xx169P series is a similar
set of high-speed, low-power, self-refresh,
16777216-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 60 ns, 70 ns, and 80 ns. All addresses and data-in lines
are latched on-chip to simplify system design. Data out is unlatched to aliow greater system flexibility.

The TMS4xx169 and TMS4xx169P are offered in a 44/50-lead plastic surface-mount TSOP (DGE suffix) and
a 42-lead plastic surface-mount SOJ (DZ suffix) package. These packages are characterized for operation from
0°C to 70°C.

EPIC is a trademark of Texas Instruments Incorporated.

1 See Available Options Table.

Copyright © 1985, Texas Instruments Incorporated
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logic symboit
RAM 1M x 16

FY L 2008/21D0
a1 18
a2 19
A3 20
E
A5 ——— 0
As 25 " AToass7s
A7 :: 20152107
A8 20016
a9 28 20017

YTy L E— 20018

FUTE L E— 20D19 >

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

> C21
E G24
Lcas 31 )

4 3

b c21
G34
UCAs 20 &

- 31

238
24,25EN27
w3 23210 | 3325EN3Y

DE2®__ 2 IJ

Do —«t’ A220 1
V26,27 Az

23C22

23C32

i

M3IATHd 19naoydd

DQa—d-t A,320 1
V38,37 A, 236

T This symbol is in accordance with ANSV/IEEE $td 91-1984 and IEC Publication 617-12.
The pin numbers shown correspond to the DZ package.
$A10 and A11 are NC for TMS4xB169 and TMS4x8169P.

4-192 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443

8961725 0085060 96T M



TMS416169,

TMS426169, TM

1048576-WORD BY 16-BIT EXTEN

TMS416169P, TMS418169, TMS418169P
$426169P, TMS428169, TMS428169P
DED DATA OUT HIGH-SPEED DRAMS

SMKSB86A — APRIL 1995 — REVISED JUNE 1995

functional block dlagram (TMS4x6169/P)

7

Timing and Control

N

Al 8 Column Decode
* | column- Sense Amplifiers
¢ %‘fﬂfr:,': (| 256K Array 256K Array w
. R i Y Data-
A7 . 256K Array | o | 256K Array - in | 1€
L . w . vo 4] Reg.
. . Butfers
. . D . L 16 of 32 16
32 . 32 Selection Date- |cp
. Row- c Qut
Address I- e [} Reg.
!_ Buffers | s d
. ¢ DQO-DQ1S
A8~ 256K Array
A1 /
(a) TMS4x6169, TMS4x6169P
functional block diagram (TMS4x8169/P)
RAS UCAS ICAS W ©OF
I Timing and Control J
T
A0
Al Column Decode
® | Column- Sense Amplifiers
o | Address - pu
Buffers 256K Array 256K Array
. R V A Data-
A9 . 256K Array | | 256K Array n 16
N w * 1o i RW.
. . Buffers
o . D . X 16 of 32 18
Row- 32 ﬁ . 32 Selection |p Dg&- e
* | Address : Reg
o| Butters | = 40 d .
L . DQO-DQ15
256K Array J ’
(b) TMS4x8168, TMS4x8169P
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operation

dual CAS

Two CAS pins (LCAS and UCAS) are provided to give_independent control of the 16 data-1/0 pins
(DQ0-DQ15), with LCAS corresponding to DQO-DQ7 and UCAS corresponding to DQ8—-DQ15. For read or
write cycles, the column address is latched on the first xCAS falling edge. Each xCAS going low enables its
corresponding DQx pin with data associated with the column address latched on the first falling xCAS edge.
All address setup and hold parameters are referenced to the first falling xCAS edge.The delay time from xCAS
low to valid data out (see parameter tcac) is measured from each individual XCAS to its corresponding DQx pin,

In order to latch in a new column address, both xCAS pins must be brought high. The column-precharge time
(see parameter top) 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 to op, at
least one xCAS must be brought low before the other XCAS is taken high.

For early-write cycles, the data is latched on the first XCAS falling edge. Only the DQs that have the
corresponding XCAS low are written into. Each XGAS must meet toag minimum in order to ensure writing
into the storage cell. To latch a new address and new data, all xCAS pins must be high and meet tcp.

extended data out

Extended data out (EDO) allows for data output rates of up to 40 MHz for 60-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 tRasp. 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 is decoding the next address. OE and
W can be used to control the output impedance. Descriptions of OE and W further explain EDO operation
benefit.

address: AO-A11 (TMS4x6169, TMS4x61 69P) and A0-A9 (TMS4x8169, TMS4x81 69P)

Twenty address bits are required to decode a single one of the 1048576 storage cell locations. For the
TMS4x6169 and TMS4x6169P, 12 row-address bits are set up on A0 through A11 and latched onto the chip
by RAS. Eight column-address bits are set up on AQ through A7 and latched on the chip by the first xCAS. For
the TMS4x8169 and TMS4x8169P, 10 row-address bits are set up on A0O-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 achip-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.
write enable (W)

The read or write mode s 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 OF grounded. If W goes
low in an extended-data-out read cycle, the DQs go into the high-impedance state as long as xCAS is high.

data in (DQ0-DQ15)

Datais 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 XCAS
and the data is strobed in by the first occurring xCAS with setup and hold times referenced to this signal. In a
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data In (DQ0-DQ15) (continued)

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 a delayed-write or read-modify-write cycle, OE must be highto bring the
output buffers to the high-impedance state prior to impressing data on the I/O lines.

data out (DQO-DQ15)

Data out is the same polarity as data-in. The output is in the high-impedance (floating) state until XCAS and OE
are brought low. In aread cycle, the output becomes valid after the access time interval {cac (which begins with
the negative transition of xCAS) as long as tRac and tp are satisfied.

output enable (OE)

OE controls the impedance of the output buffers. While xCAS and HAS are low and Wis 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 that way during XCAS high time using OE. The first
method is to transition OE high before xCAS transitions high and keep OE high for topo past the CAS transition.
This disables the DQs and they remain in the high-impedancs state, regardless of OE, until xCAS falls again.
The second method is to have OE low as XCAS transitions high. Then OE can pulse high for a minimum of toep
anytime during TAS high time disabling the DQs regardiess of further transitions on OE until CAS falls again.

RAS-only refresh

TMS4x6169, TMS4x6169P

A refresh operation must be performed at least once every 64 ms (256 ms for TMS4x6169P) to retain data, This
is achieved by strobing each of the 4096 rows (A0—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.

TMS4x8169, TMS4x8169P
Arefresh operation must be performed at least once every 16 ms (128 ms for TMS4x8169P) 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 hoiding 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 atthe output pins. This is accomplished by holding
XCAS at V|_after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only
refresh cycle. The external address is ignored and the refresh address is generated internally.

XCAS-before-RAS (xCBR) refresh

XCBR refresh is achieved by bringing at least one XCAS low earlier than RAS (see parameter tcgr) and holding
it low after RAS falls (see parameter 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

TMS4x6169P

Alow-power battery-backup refresh mode that requires less than 600 pA (5V) or 350 pA (3.3 V) refresh current
is available onthe TMS4x6169P. Data integrity is maintained using xCBR refresh with a period of 31.25 us while
holding RAS low for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels
(VjL< 0.2V, Viy>Vec—02V).
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TMS4x8169P

Alow-power battery-backup refresh mode that requires less than 600 uA (5 V) or 350 uA (3.3 V) refresh current
is available on the TMS4x8169P. Using xCBR refresh with a period of 125 us while holding RAS low for less
than 300 ns maintains data integrity. To minimize current consumption, all input levels must be at CMOS levels
(ViL< 0.2V, V> Vg -0.2V).

solf-refresh (TMS4xx169P) -

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 CBR counteris used to keep track of the address. To exit the self-refresh mode,
both RAS and XCAS are brought high to satisfy tcHs- Upon exiting self-refresh mode, a burst refresh (refresh
a full set of row addresses) must be executed bsfore continuing with normal operation. The burst refresh
ensures the DRAM is fully refreshed.

power-up

To achieve proper device operation, an initial pause of 200 s followed by a minimum of eightinitialization cycles
is required after power-up to the full Ve level. These eight initialization cycles must include atleast one refresh

(RAS-only or xCBR) cycle.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t
Supply voltage range, Veo: TMS41x169, TMS41x169P ...............co'ooo.. -1Vto7V
TMS42x169, TMS42x169P .................... -05VtodeV
Voltage range on any pin (see Note 1): TMS41x169, TMS41x169P ...............ooo. .. ~-1Vtio7V
TMS42x169, TMS42x169P .................... —05Vto46V
Short-circuit output current ...................oieiiiiien T 50 mA
Power dissipation ... 1w
Operating free-air temperature FANGE, TA vt e 0°C to 70°C
Storage temperature range, Tatg o —-55°C to 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 thase or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extendad periods may affect device reliability,

NOTE 1: Al voltage values are with respectto Vgs.

recommended operating conditlons

'41x169 '42x169 UNIT
MIN NOM MAX| MIN NOM MAX
Voc  Supply voltage 45 5 6.5 3 3.3 3.6 "
Vss  Supply voltage 0 0 \'2
ViH High-level input voltage 24 6.5 2 Ve +0.3 v
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 designatad as minimum, Is used for logic-voltage levels only.
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TMS416169/P

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

'416169-60 '416169-70 '416169-80
PARAMETER TEST CONDITIONS? '416169P-60 | '416166P-70 | '416160P-80 | UNIT
MIN MAX| MIN MAX| MIN MAX
VoH c;ﬂ';;:"el output IoH =5 mA 2.4 24 2.4 v
VoL tg;:';’e' output loL =42 mA 04 04 04| v
Input current Vee=55V, Vi=0Vto8.5Y,
h (leakage) All others = 0 Vto VGC 10 =10 =10 A
Output current Veo =558V, Vo=0VtoVce.
lo {leakage) xCAS high =10 £10 £10 WA
loct1¥8 ?:::n: rwriteoycle | yoo =55V, Minimum cycle 90 80 700 mA
ViH =24V (TTL),
After 1 memory cycle, 2 2 21 mA
| Standb RAS and xCAS high
andby current
cc2 Y Vi =Vgg -0.2V (CMOS), | 416169 1 1 1] mA
After 1 memory cycle,
RAS and xCAS high '416169P 500 500 500 RA
Vo =55V, Mini le,
Average refresh Rgc i" ng inimum eycle
lcca®  current (RAS-only S §S°x s ont 9% 80 70| mA
refresh or CBR) xLAS hig { only),
RAS low after xCAS low (CBR)
Voo =55V, § =MIN
£ Vog=55V,  tHpc=MN,
lcce Average EDO current AAS low, XCAS cycling 100 90 80| mA
# : xCAS < 0.2V, RAS < 0.2V,
lccs Self-refresh current Measured after tAgS min 500 500 500 uA
Battery back-up trg =31.25p8,  tRAS x300ns,
operating current Vog—-02VsViH 65V,
lccto? (.eq“il"a'e“' 'eﬂei;‘ a | ovs VL 02V, WandOE =ViH, 600 600 00| pA
g':; s 128 ms); CB Address and data stable
T 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
1 Measured with a maximum of one address change while xCAS = V|4
# For TMS416169P only
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ENDED DATA OUT HIGH-SPEED DRAMS

TMS418169/P

electrical characteristics over recommended

temperature (unless otherwise noted) (continued)

ranges of su

Pply voltage and operating free-air

'418168-60 '418169-70 '418169-80
PARAMETER TEST CONDITIONST '418169P-80 | '418168P-70 '418169P-80 UNIT
MIN MAX| MIN MAX| MIN MAX
VoH :';ﬁ:;‘;""' output  f o =—5mA 24 24 24 v
VoL \';:,‘g:z"" output |\ =42ma 0.4 0.4 04| v
Input current Voo =55V, V=0Vt 6.5V, ‘
h (leakage) All others =0 V to Vg =10 =10 10 KA
Output current Vee=55Y, Vo=0VioVee,
lo (leakage) XCAS high =10 =10 =101 wA
Read- or -
lcc1¥$ writecycle current | VCC =55V, Minimum cycle 190 180 170 mA
VIH =24V (TTL),
-u After 1 memory cycle, 2 2 2] mA
5 |, Standb RAS and XCAS high
tandby current
o) cc2 y VIH=Vcc-02V (CMOS), | 418169 1 1 1] ma
After 1 memory cycle,
U RAS and xCAS high '418169P 500 500 500 A
C Average refrosh Veg=55V, Minimum cycle,
O lc(;3§ current (RAS-only RAS cycling, XCAS high (RAS only), 190 180 170 mA
-l refresh or CBR) RAS low after xCAS low (CBR)
Average EDO Vec =55V, tHPC = MIN,
31 %Y
3 lcce current RAS low, xCAS cycling 100 $0 80 mA
4 . xCAS <02V,  RAS<02V,
g Icce Self-refresh current Measured after trags min 500 500 500 | pA
— Battery back-y
m operart!i/ng currs‘:n :?C = 102 g ’\’f v ‘gASVS 300 ns,
# i CC-02VsViHys65V,
E lcc1o*  (equivalent refresh | CC VIL£02V, WandOE = Vi, 600 600 600 pA
Ume is 128 ms); Address and data stabl
CBR only S8 Stable

T For conditions shown as MIN/MAX, use the

% Measured with outputs apen

§ Measured with a maximum of one address change whils RAS = v_
Y Measured with & maximum of one address change while XCAS = ViH

appropriate value specified in the timing requirements.

# For TMS418169P only
3
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TMS426169/P

herwise noted) (continued)

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

conditions (unless ot

'426169-60 '426169-70 '426169-80
PARAMETER TEST CONDITIONSt '426169P-60 '426169P-70 '426169P-80 | uUNIT
MIN MAX MIN MAX MIN MAX
High-level IoH =—2mA LVTTL 24 2.4 2.4
VOH - output v
voltage IoH =— 100 pA LVCMOS Vce-0.2 Vec-0.2 Vee-0.2
v Low-level loL =2 mA LVTTL 0.4 0.4 0.4 v
OL  outputvottage [ 1o =100 pA LVCMOS 02 02 02
: Input current Vcc =36V, V=0Vt 39V,
[ (leakage) All others = 0 V1o VoG =10 £10 10| wA
Outputcurrent | Voc =3.6V, Vo =0VtoVce:
lo (leakage) XCAS high =10 =10 £10] pA
Icc1¥8 ?;alg;zr"\:::e- Voo =38V, Minimum cycle 90 80 70| mA
ViH=2V (LVTTL),
After 1 memory cycle, 1 1 1 mA
RAS and xCAS high
0 Standby
CC2  current ViH = Vgg-0.2V 426169 500 500 500] pA
{LVCMOS),
After 1 memory cycle, ,
RAS and xCAS high 426169P 200 200 200 HA
Average -36 Minim ‘
s refresh current ;—ig cycii n:’ inimum cycte:
lccs ﬁ:fffs:"'y XCAS high (RAS-only refresh) S0 8 701 mA
or CBR) RAS low after xCAS low (CBR)
1q Average EDO | Voo =36V, tHPG = MIN,
lcca current RAS low, xCAS cycling 100 80 8of mA
Self-refresh xCAS < 0.2V, RAS < 0.2V,
# ] '
lcce current Measured after tRASS min 250 250 250 | A
Battery
back-up
operating tre =31.25us, tRAS = 300ns,
4 current Voo -02VsViy=<39V,
lcc10* (gquivalent | 0V V)02V, Wand OE = Vi, 350 350 350 A
refresh timeis | Address and data stable
128 ms),
CBR 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|L
 Measured with a maximum of one address change while xCAS = V|4
# For TMS426169P only
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TMS428169/P

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

'428169-60 '428169-70 '428169-80
PARAMETER TEST CONDITIONS T '426169P-60 '428169P-70 428169P-80 | ynit
MIN MAX MIN MAX MIN MAX
High-level IoH =—-2mA LVTTL 24 24 24
VoH output \
voltage loH =100 A LVCMOS |vpe-0.2 Vco-0.2 Vee-0.2
Low-leval loL =2 mA LVTTL 0.4 0.4 0.4
VoL v
output voltage | iy = 100 uA LVCMOS 0.2 0.2 0.2
Input current Voo =38V, Vi=0Vito3sy,
h (leakage) All others = 0 V o Viog =10 10 =101 pA
Output current | Voo =3.8V, Vo=0VtoVge,
o (leakage) XCAS high =10 +10 +10 HA
Read- or write- .
Iccy#8 cyclocurrent | YCC =38V,  Minimum cycle 190 180 1701 maA
k", ViH =2V (LVTTL),
m After 1 memory cycle, 1 1 1 mA
RAS and xCAS high
) ooz oandby VIH=Voc-02V
current IH=VCcc—~0. '428169 500 500 500
g (LVCMOS), WA
After 1 memory cycle, )
o mandx—mmgh 428169P 200 200 200 A
= Average Vec=36V,  Mini |
o ‘ refresh current —Rﬁg oy cl.ing, fnimum cycle,
- lccs f:f‘:\i;’"'y XCAS high (RAS-only refresh) 190 180 1701 mA
m or CBR) RAS low after xCAS low (CBR)
< 11 AverageEDO [ Voc =38V,  thpg = MIN,
ﬁ lcca* Crrent RAS low, XCAS cycling 100 90 80| mA
Self-refresh xCAS<0.2V, RAS<02V
# s y
E lcce current Measured after tyagg min 250 250 250 KA
Battery
back-up
operating tRC = 125 ps, tRAS = 300 ns,
# Current Vee-02vs VIHs39V,
16c10"  (oquivalent | 0ues VIL =02V, Wand OF = Vj, 350 350 3501 wA
refreshtime is | Address and data stable
128 ms),
CBR only
1 For conditions shown as MIN/MAX, use the appropriate value spacified in the timing requirements.
¥ Measured with outputs open

Measured with a maximum of one address change while RAS = V)|
¥ Measured with a maximum of one address change while XCAS = VIH

# For TMS428169P only
e
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TMS416169, TMS416169P, TMS418169, TMS4181 69P
TMS426169, TMS426169P, TMS428169, TMS4281 69P
1048576-WORD BY 16-BIT EXTENDED DA'I;e OUT HIGH-SPEED DRAMS

KS886A — APRIL 1895 — REVISED JUNE 1895

capacltance over recommended ranges of supply volitage and operating free-air temperature,
t = 1 MHz (see Note 3)

PARAMETER MIN MAX | UNIT
Ci(A) Input capacitance, AO—A11 5 pF
Ci(oE) _Input capacitance, OE 7| oF
CiRe) Input capacitance, XCAS and RAS 7| oF
Ciwy Input capacitance, W 7 pF
Co Output capacitance . 7 pF

NOTE3: Veo=5V£05Vor33Vz03 V, and the blas on pins under testis O V.

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

temperature L
"x169-60 | '4x169-70 | "4xx169-80
PARAMETER "4xx169P-60 | '4xx169P-70 | '4xx168P-80 | UNIT
MIN MAX| MIN MAX| MIN MAX
tAA Access time from column address (see Note 4) 30 35 40 ns
ICAG _ Access time from XCAS low (sse Note 4) 15 18 20| ns
tCPA Access time from column precharge (see Note 4) 35 40 45 ns
tRac  Access time from RAS low (see Note 4) 60 70 go| ns
toga  Access time from OE low (see Note 4) ' 15 18 20} ns
tcLz  Delaytime, XCAS low to output in low-impedance state 0 0 0 ns
togz  Output disable time after BE high (see Note 5) 3 15 3 18 3 20| ns
trez  Output disable time after RAS high (soe Note 5) 3 15 3 18 3 20| ns
togz  Output disable time after CAS high (see Note 5) 3 15 3 18 3 20| ns
twgz  Output disable time after W low (see Note 5) 3 18 3 18 3 20| ns

NOTES: 4. Access times for TMS42x168 are measured with output reference levels of VoH =2V and VoL =0.8V.
5. Maximum tRgz, tCEZ, tWEZ &8nd 10EZ 8/ spacified when the output is no longer driven,

EDO timing requirements over recommended ranges of supply voltage and operating free-air
temperature

'4xx169-60 *4yx169-70 '4xx169-80
MIN _ MAX| MIN  MAX| MIN  MAX
35 ns

UNIT

tHPC Cycle time, EDO page-mode read or write

25 30
tprwc  Cycle time, EDO read-write 80 90 100 ns
{GSH Hold time, xCAS from RAS 50 55 80 ns
tcyo  Hold time, OE from XCAS 10 10 10 ns
tpoH  Hold time, output from xCAS 3 3 3 ns
tcas Pulse duration, xCAS 10 10000 12 10000 15 10000| ns
WPE Pulse duration, W (output disable only) 5 5 & ns
tocH  Setup time, OF before XCAS 10 10 10 ns
tcp Precharge time, xCAS 5 5 5 ns
togp  Precharge ime, OF 5 5 ' 5 ns

“'P TEXAS
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TMS416169, TMS416169P, TMS4181 69, TMS418169P
TMS426169, TMS426169P, TMS4281 69, TMS428169P
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKSB8BA - APRIL 1995 ~ REVISED JUNE 1995

timing requirements over recommended ranges of supply voltage and operating free-air

temperature
*430¢169-60 "45x169-70 "4xx169-80
“4x169P-60 | '4xx169P-70 | '4xx189P-80 | ynir
MIN MAX | MIN MAX | MIN MAX
tRC Cycle time, read (see Note 6) 110 130 150 ns
twe Cycle time, write (see Note 6) 110 130 150 ns
tRWC ___Cycle time, read-write (see Note 6) 150 175 200 ns
'RASP__Pulse duration, RAS low, page mode (see Note 7) 60 100000! 70 100000 80 100000| ns
RAS Pulse duration, RAS low, nonpage mode (see Note 7) 60 10000 70 10000 80 10000 ns
tRp Pulse duration, RAS high (precharge) 40 50 60 ns
twp Pulse duration, W low , 10 10 10 ns
tASC___ Setup time, column address before XCAS low 0 ] 0 ns
tASR _ Setup time, raw address before RAS low 0 0 0 ns
DS Setup time, data (see Note 8) 0 0 ns
tRCS __ Setup time, W high before XCAS low o 0 0 ns
towL __ Setup time, W iow before XCAS high 10 12 15 ns
U [trwL  Setuptime, Wlow before RAS high 10 12 15 ns
o o) twes  Setup time, W low before xCAS low (early-write operation only) 0 0 0 ns
0 1CAH Hold time, column address after xCAS low 10 15 15 ns
O [ioh  Holdtime, data see Note 8) 10 15 15 ns
Cc fRAH _ Hold time, row address after RAS low 10 10 10 ns
O tRCH Hold time, W high afier xCAS high (see Note g) 0 0 0 ns
= IRRH___Hold time, W high aiter RAS high (see Note 9) 0 0 0 ns
"U [twcH Holdtime, W tow afior XCAS low (early-write operation only) 10 15 15 ns
o) ICLCH _Hold time, xCAS low to xCAS high 5 5 5 ns
m 'RHCP _ Hold time, RAS high from XCAS precharge 35 40 45 ns
S 1OEH  Hoid time, OE command 15 18 20 ns
M Jtron Hold time, RAS referenced to OE 10 10 10 ns
E tcHS __Hold time, XCAS low afier RAS high (self refrosh) —50 - 50 ~50 ne
Ao bt e s oW s | s |»
!cHR __ Delay time, RAS low to XCAS high (xCBR refresh only) 10 10 10 ns
ICRP __ Delay time, xCAS high to RAS low 5 5 5 ns
IcsH __ Delay time, RAS low to xCAS high 50 55 80 ns
Icsr _ Delay time, XCAS low to RAS low (xCBR refresh only) 5 5 5 ne
towp __Delay time, xCAS low to W iow (read-write operation only) 40 46 50 ns
1OED  Delay time, OF to data 15 18 20 ns
IRAD _ Delay time, RAS low to column address (see Note 10) 15 30 15 35 15 4| ns
tRAL Delay tims, column addressmigh 30 35 40 ns
ICAL __ Delay time, column address to XGAS high 20 25 30 ns
'RCD__ Delay tims, RAS low to XCAS low (see Note 1 0) 20 45 20 52 20 60| ns

NOTES: 6. All cycle times assume tr=5ns.

In a read-write cycle, trwp and tRWL must be observed.
Referenced to the later of xCAS or W in write operations
- Elther tRRH or tRcH must be satisfied for a read cycle.

The maximum value is specified only to assure accass time.

coemNo
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TMS416169, TMS416169P, TMS418169, TMS418169P

TMS426169, TMS426169P, TMS428169, TMS428169P
1048576-WORD BY 16-BIT EXTENDED DA'I;A KQUT HIGH-SPEED DRAMS

MKS886A — APRIL 1995 — REVISED JUNE 1995

timing requirements over recommended ranges of supply voitage and opera

temperature (continued)

ting free-air

"4xx169-60 | 'Hx169-70 | '4xx169-80
"4xx169P-60 | "H0x168P-70 | '4xx169P-80 | yNIT
MIN MAX| MIN MAX]| MIN MAX
trpc  Delay time, RAS high to xCAS low 0 0 0 ns
tagH  Delay time, xCAS low to RAS high 10 12 15 ns
trwp  Delay time, RAS low to W low (read-writa operation only) 85 98 110 ns
tcpw  Delay time, W low after XCAS precharge (read-write operation only) 60 68 75 ne
trass  Pulse duration, self-refresh entry from RAS low 100 100 100 us
trPs Pulse duration, RAS precharge after self refresh 110 130 150 ns
*4%x6169 64 64 84 ms
'4x6169P 128 128 128
{REF Refresh time interval
'4x8169 16 16 16 m
s
'4x8169P 128 128 128
T Transition time 2 30 2 30 2 30| ns
PARAMETER MEASUREMENT INFORMATION
VTH vce
RL R1
Output Under Test
Output Under Test
G =100 pF R2
€ =100 pF (see Note A)
(860 Note A) I
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT
DEVICE | Vce (V) R (Q) R2 (Q) VTH (V) RL (@)
41x169/P 5 828 295 1.31 218
42x169/P 3.3 1178 868 1.4 500
NOTE A: G includes probe and fixture capacitance.
Figure 1. Load Circuits for Timing Parameters
;
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TMS416169, TMS416169P, TMS418169, TMS418169P
TMS426169, TMS426169P, TMS428169, TMS428169P
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMIKS886A — APRIL 1995 - REVISED'JUNE 1995
PARAMETER MEASUREMENT INFORMATION

— tRC —>
A | ‘mas —/ N
i-r—bf — i | I
——tcp ! | [ the
UCAS i f I tcas : f I|l ﬁ"\_
| |
| ! - torcn l |
|| || v Note sy 7 —tcp ————
. — .
LCAs ; : I { ] r—li-!'cnp-—b;
|
f——————1csH |
| ! ! i
I | —— gy Ly
| =t —y | | e
et NI
| | tasc—ey | w1
) hsh ¥ | P ey ! !
g Address Row Column Don't Care
O | ‘ |
l—p— | [ trAy
g I tacs —| - ll o "—"7‘:7_'!'
|
. EEED e
v " Kl e e B
3 | —a 1
[ fe—- trez
I ] |
< { | | P
m i toLz —ey | | [
S ow-vats : :::":z m Valid Data Out >
0
—————tgac ————— -—> toz

r‘f- tRoH —————L»
. v‘v‘v \VAvAVAVAVAvL Y v’v‘v’v‘ | . 4
o S, Coricare SRXZING— toea — ,&?@W%’m

NOTES: B. To hold the address latched by the first xCAS going low, the parameter {3) cH must be met.
C. tcAc is measured from XCAS to its corresponding DQx.
D. OQutput can go from the high-impedance state to an invalid-data state prior to the specifisd access time.
E. XCAS orderis arbitrary,

Figure 2. Read-cycle Timing
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TMS416169, TMS416169P, TMS418169, TMS418169P
? TMS426169, TMS426169P, TMS428169, TMS428169P
| 1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS886A — APRIL 1885 — REVISED JUNE 1985

PARAMETER MEASUREMENT INFORMATION

twe
—
RAS tRAS |
3 T
| ——1tpcp —M | le—trp —8l
UCAS : ; ! j— tcas —¥ i : N
| | |
I | I | [ |
! | - toLCH ‘ | | !
| i | ! } = (see Note A)] 1 tcP — ’
[ |
LCAS __ﬂ‘ ! L tasn | : | ! l |
| M———— tosH — ¥ | T tcRP ’
| lesbwan M |
| ] | tasc—Hed | |
: | II le———tcAL __tr’l
Address () m KXY m e 2m202020!0202020’
|
| : [ | |
| | —» e tcaH | i
— tRaD — ' wL [
|h———— tawL, ———M
w REX oot Care 0RKCON LR Dot cars KKK
| v —
| je— toH —¥
|l |l {see Note B) |
coo-vars TR Sorv s TEIBN vaavwan_ YEXRORRXE Borican SEREGO2

‘ —¥ i tpg (see Note B)
r—— toep —¥ | ¢ 10EH N
= T R Bt cars 2088
NOTES: A. To hold the address latched by the first XCAS going low, the parameter tc CH must be met.

B. Refarenced to the first xCAS or W, whichever occurs last
C. xCAS order is arbitrary.

Figure 3. Write-Cycle Timing
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TMS416169, TMS416169P, TMS418169, TMS418169P
TMS426169, TMS426169P, TMS428169, TMS428169P
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKSBBBA — APRIL 1885 ~ REVISED JUNE 1985

PARAMETER MEASUREMENT INFORMATION
twe

L]
I
|

£

L

1)

] |
l— toas —» -
UCAS l : fcAs ¥ f : 1
| | |
P M tRSH |——» |
|
| I toLew e | ! |
| (ses Note A) i [ I '
[ l l [ l
LCAS | \I _/l I
tasn—te— {'* o ™ ] | T
! I‘-’f— RAH | : { | }
| | tasc o9 | |
I | ‘j—[_ tcaL ————» [
i | tRAL »
o T )
m | | 1] | |
.‘." ."v’ [AYAY I\',\ INININT
o Address .0’009 0‘00000 Column Don't Care
] ] ] |
g | &P tcan i 1
g twes _r*’: ! | '
q . h— twcH —“ ’v v’v.v’v’v’v’v.v’v.v’v’v‘v.v’v’v.v’v.v’v‘v.v‘v‘v’v
o w || LN e e e e e
0 T tCWL L K
m I RWL —»
< - [ ’
5 s TETETT weowa X Ereroe
T
E : : ——toy
le—tpg —»l
OE

SXEE XX XXX AOOREKS Don't Gare TR KX XXX XXX XXX
00.000.0.0.0‘0000‘000000.0‘000’000’000000000000'0'0000000.0000.0000'0

NOTES: A. To hold the address latched by the first XCAS going low, the parameter t) cH must be met.
B. XCAS orderis arbitrary.

Figure 4, Early-Write-Cycle Timing

Q’ TEXAS
INSTRUMENTS

4-206 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443

— 8961725 D0A5074 u454 WM



TMS416169, TMS4161
TMS426169, TMS4261

69P, TMS418169, TMS418169P
69P, TMS428169, TMS428169P

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

SMKS886A — APRIL 1995 — REVISED JUNE 1895

PARAMETER MEASUREMENT INFORMATION

tawc
RAS tRAS \
' 44— trp —¥
tr = l
w1 N—=Y N
| L ' ||
| e tcsH —N j—— tcrp —
P |1 j—>+— tcLeH | AP |
| } | l (s0e Note A) tcp —
I | | :Aﬁ tRSH ——
L[CAS | l¢—trap — i i \L f '
s | L] ! |
R N—JFT tasc l ! :
-+ el tasr '
.‘.V’V‘V.V’V" SV VVVVV V’V’V V‘V’V’V’
Aderos GERRRERRE et cate SXCEKGD
‘ P towL—h I
| Lo | t‘:zm —-—————ﬁl :1— tRwL —9
| WD
.
- BRI N_ggkesian
] I |
i“f | |L tRwD N I
F_q—- |
: See Note B = ' | 0' Valld Out 0'0‘0'0'0‘0'0‘0'0W OOLKXX KR
D0s-DA1S ‘ ] o!o el LRRRRK, Dot cars. KRR
I
| e tan — | L
| e toac | [ ot on
| (see Note C) | | - 1ps
le——— tRac r—ﬂ- toEz }
. VAVAVAVAVAVAVAVAVAVAVAVAVAV K—tOEA—H !
« REEEEN "
AAAAAAAAAAAAAAA- 'OED |
tcac—d & I |
s” NM. B Ov.v.v.v YVVVVVY v’v.v‘
DGo-Da7 J@G"‘ °‘D®("‘“" In %t.:.:.Mt.t.t.
NOTES: A. Tohold the address latched by the first XCAS going low, the parameter tc| CH must be mt.
B. Output can go from the high-impedance state to an invalid-data state prior to the spacified access time.
(o} is measured from xCAS to its corresponding DQx.
D. xCAS order is arbitrary.
Figure 5. Read-Modify-Write-Cycle Timing
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M3IIAIHd 1ONAodd

TMS416169, TMS416169P, TMS418169, TMS418169P
TMS426169, TMS426169P, TMS428169, TMS428169P
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS886A - APRIL 1895 — REVISED JUNE 1995

PARAMETER MEASUREMENT INFORMATION

5

tRASP
|
,' f“‘“‘:“": Ik——- tCRP 1—-’[:
UCAS } : | l :1\ tRHCP —i*——ﬁ |
| ! | | tRSH — ¥ I
|1 —h_ﬂ |
] : (see »5%%."2; | lk——lupc“dl } :
| ! |
| [ tesn T— { : : : |
R tcas ——— | l | |
L g e ] | |l
me e O\ §
! | ]
|
|

[
| 4l ey
] P Asc‘cm e taLt————
‘V’V’V"’V’V"’V Vivavay, VV N\ V’V‘V‘V’V’V‘V \/
Adaras QG ot cars XLEXXXXE
t
‘RAD b | | ' L l—— tacH ARH
— ; ] T 1 ! ! | | ’
w W Lo | | , Don't Care
|| Lo : ! (s?oA:oto B | : " ' ; \
I L] | I M—— ez ——»y
T T
M — tcra |
tRes (see Note C) | [
| I ! [ Rez
e - ! !
toz ! |
See Note D |'. .l' l J i1 |
DQG8-DA1s M Data #1 3—
— ] toez e
) See Note D
DQO-DQ7 m Data #1 —}L Data #2 }—-,—'
|
| |
|
oE XXX XN ¢—— tops — m
oF fofom&fofo_
NOTES: A. To hold the address latched by the first xCAS going low, the parameter tCLCH must be met,
B. tCAG Is measured from XCAS to its corresponding DQx,
C. Access time is ipp or tAA dependent.
D. Output can go from the high-impedance state to an invalid-data state prior to the spacified access time.
E. A write cycle or read-modify-write cycie can ba mixed with the read cycles as long as the write- and read-modify-write-timing
specifications are not viclated.
F. xCAS order is arbitrary.
Figure 6. Extended-Data-Out Read-Cycle Timing
4
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TMS418169P
TMS428169P
-SPEED DRAMS

OUT HIGH

SMKS886A

P, TMS428169

ATA

TMS426169

TMS416169, TMS416169P, TMS418169,
1048576-WORD BY 16-BIT EXTENDED D

TMS426169,

— APRIL 1895 — REVISED JUNE 1995

PARAMETER MEASUREMENT INFORMATION

trRP

—|
i
|
|

p
|

tRASP
»l
™

tcsH

M3IA3Hd LONAOHd

Figure 7. Extended-Data-Out Read-Cycle Timing With OE Control
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TMS416169, TMS416169P, TMS418169, TMS418169P
TMS426169, TMS426169P, TMS428169, TMS428169P
1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

SMKS886A — APRIL 1995 — REVISED JUNE 1995

PARAMETER MEASUREMENT INFORMATION

b— tRASP

xCAS

| | !
I
L , | 1 1 I
T ' T H
v M toga — 1T f I l |
X Pl—lncs-’—" [ : ! - N '
oy —tcac— | o
o I |
| [ ] WPE—jes [ b
o i R A T R
| | t
g K Ll u\{,,_."/ |l ll R ARH
T | e e | L) A
A
o | e J T e toez
m | A T e
< 1RAC ——¥ | I [ |
I'Eﬂ pQ -ﬁ DATA #1 H DATA #2 ‘KDATA o y—

Figure 8. Extended-Data-Out Read-Cycle Timing With W Control
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TMS416169, TMS416169P, TMS418169, TMS418169P
TMS426169, TMS426169P, TMS428169, TMS428169P
1048576-WORD BY 16-BIT EXTENDED DATA OUTHI

GH-SPEED DRAMS

SMKS886A — APRIL 1995 — REVISED JUNE 1995

LCAS

Address

DQ8-
DQ15

DQO-
DQ7

NOTES:

PARAMETER MEASUREMENT INFORMATION

tRASP

i
)

 Ligw——n P e tonr

j— teLcH —| N
—|  (see Note A) ‘ i tHPC »

v 1

See Note B

| 1
X AXXD (XX ; 0
DX row R coum R Bt ars SK, coume
'RAD | h——l towl —

H——-—'T—tcm.————'l |
lﬁ—— twp — —— tRwL ——¥

tos—lli—-—ﬂ {
|

VAYAYAVAVAVAYAY

WAVAVAVAVAVAVS

1 |
ﬂ——’}'— tWCH tps —»

|
|

| Don't Care

AWAVAVAVAVAVAVS

W\ANV\NW
FIVAVAVIV.ViViVa

m |
Don't Care
AVAVAVAVAVAVAVAY
I {

VAVAVAVAVAVAVAY
Valid In Don't Care
NSNININININISE,

T ]
l \¢— toH See Note B I 44— tDH —Hl

M Valid In Valid in

AYAYATAYAYAYA
Don't Care
AVAVAVAVAVAYAYS

38K

-—U.lﬁ—- toED

A
B
C.
D

= &

. To hold the address latched by the first XCAS going low, the parameter tCLCH must be met.
. Referenced to the first XCAS or W, whichever occurs last
A read cycle or read-modify-write cycle can be mixed with t!

spacifications are not violated.

. xCAS order is arbitrary.

Figure 9. Extended-Data-Out Write-Cycle Timing

he write cycles as long as the read- and read-modify-write-timing
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TMS416169, TMS416169P, TMS418169, TMS418169P
TMS426169, TMS426169P, TMS428169, TMS428169P
048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS

1
SMKS886A — APRIL 1995 ~ REVISED JUNE 1985
PARAMETER MEASUREMENT INFORMATION

— tRASP

I [ taep
| | | | tPRWC
UCAS —'_’%'ms
1

0'0'0'0'0'0'0'0'0'0'0'0‘0'0'0'0'0' XXX X

RREEOEEERKXXXXXUKAD

0;0;0;0;0;0;0;0;0'0'0'0

Address Row Column __XAIELLXXXXXX)

RRIIIRIIXIRIS
AEEEEEEIEILR

tepa
| l (see Note B)

|
tDH
| (see Note C) ' Valld Out ,I

{ Valldin QXXX vatidin Sl
|

,q__(oﬂ_.l ] —>l— topy |
| - & topz ! ’N—H—IOED |l

DQo-DQ15

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tCLCH must be met,

B. Access time is topa- or taA-dependent.

C. Output can go from the high-Impedance state to an Invaiid-data state prior to the specified access time,

D. xCAS order is arbitrary.

E. Aread orwrite 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 XCAS to its corresponding DQx.
Figure 10. Extended-Data-Out Read-ModIfy-WrIte-Cycle Timing
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NOTE A; All XCAS must be high.
Figure 11. RAS-Only Refresh-Cycle Timing
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Figure 12. Hidden-Refresh-Cycle Timing
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Figure 13. Automatic-xCBR-Refresh-Cycle Timing
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Figure 14. Selt-Refresh-Cycle Timing
device symbolization (TMS416169P lilustrated)
T P -SS
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D TMS416169P D2 Low-Power/Self-Refresh Designator (Blank or P)
T Package Code
W B YMuue
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