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Electrical characteristics for TMS416400/F and DJ PACKAGE DGAPACKAGE
TMS417400/P is Production Data. Electrical (TOP VIEW) (TOP VIEW)
characteristics  for  TMS426400/P  and =
TMS427400/P is Product Preview only. Voo L] 1 s Vss Voo 1o 26 Vss
o DQt[]2 25 1DQ4  DQ1[]2 25| ] DQ4
® Organization... 4194304 x4 paz [ |3 24 1DQ3 Doz ]s 24| ] DQ3
® Single 5 V Power Supply for TMS41x400/P Wil |4 23] ] CAS W[4 23| ] CAS
(+10% Tolerance) RAS |5 22 JOF RAS[]s 22| ] OE
® Single 3.3 V Power Supply for a1t ]e 211 1 A9 At ]e 211 A9
TMS42x400/P (+0.3 V Tolerance)
® Performance Ranges: Al0[ |8 19] ] A8 Al0[ |8 19]1A8
ACCESS ACCESS ACCESS READ OR A0[ ]9 18] ] A7 A0 ]9 18] ] A7
TIME  TIME TIME  WRITE A1l |10 17| 1 A6 A1 |10 17| ] A6
tRAC toAC tAA CYCLE A2 |1 18] ] A5 Az ] 11 18] 1As
0P :0“ :‘5‘“ ;‘0“ 1":;" A3[ |12 15 A4 A3 ]12 1510 A4
4d00P-70  70ns  18ns  35ns  130ns Vool |18 4] Ves Vool |1 4] Vss
‘Axx400/P-80 80 ns 20 ns 40 ns 150 ns
® Enhanced Page-Mode Operation With
CAS-Before-RAS (CBR) Refresh
® Long Refresh Period and Self-Refresh PIN NOMENCLATURE
Option (TMS4xx400P) Ao-ANT Address Inputs
® 3-State Unlatched Output CAS Column-Address Strobe
® Low Power Dissipation DQ1-DG4 Data In/Data Out
® High-Reliability Plastic 24/26-Lead OF Quiput Enable
i | i NG No Intermal Gonnection
300-Mil-Wide Surface-Mount Small-Outline S Row-Address Sirobe
J-Lead (SOJ) Package and 24/26-Lead Voo 5V or 3.3V Supplyt
Surface-Mount Thin Small-Outline Package Vss Ground
(TSOP) W Write Enable
® Operating Free-Air Temperature Range:
0°C to 70°C T A11 is NC for TMS4x7400/P.
¥ See Available Options Table
® EPIC™ (Enhanced Performance Implanted
CMOS) Technology
description AVAILABLE OPTIONS
The TMS4xx400 is a set of high-speed, power | netnren | rerresH
16777 216-bit dynamic random-access memaories DEVICE | oyppLy | BATTERY CYCLES
organized as 4194304 words of 4 bits each. The BACKUP
TMS4xx400P series are high-speed, low-power, TMS41 8400 5V _ 4095 in 64 ms
self-refresh, 16777216-bit dynamic random- TMS418400P 5v Yes 4096 in 128 ms
access memories organized as 4 194 304 words of TMS417400 5V — 2048 in 32 ms
4 bits each. The TMS4xx400 and TMS4xx400P TMS417400P | 5V Yes  |2048in 128 ms
employ state-of-the-art EPIC™  {(Enhanced 13212288;} ggz ;S iggg :: ?gSmris
Performance Implanted CMOS) technology for TMS427400 33y _ 5048 in 32 ms
high performance, reliability, and low power. TMS427400P | 33V Yes 2048 in 128 ms

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 allow greater system flexibility.

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

EPIC is a trademark of Texas Instruments Incorporated.

UNLESS OTHERWISE NOTED this dacument containg PRODUCTION Copyright® 1995, Texas Instruments Incorporated

DATA inlormation currgnt as ol publication date. Products conlorm to i

specilications per the terms ol Texas Instruments standard warranty.

Production processing does not necessarily include testing ol all EXAS
e INSTRUMENTS
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description (continued)

The TMS4xx400 and TMS4xx400P are each offered in a 24/26-lead plastic surface-mount TSOP (DGA suffix)
package and a 24/26-lead plastic surface-mount SOJ (DJ suffix) package. These packages are characterized
for operation from 0°C to 70°C.

operation

enhanced page mode

Enhanced page-mode operation allows faster memaory 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 tgagp, the maximum RAS low time.

Unlike conventional page-mode DRAMSs, the column-address buffers in these devices are activated on the
falling edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge
of CAS latches the column addresses and enables the output. This feature allows the devices to operate at a
higher data bandwidth than conventional page-mode parts because dala retrieval begins as soon as the column
address is valid rather than when CAS transitions low. This performance improvement is referred to as
enhanced page mode. A valid column address can be presented immediately after row-address hold time has
been satisfied, usually well in advance of the falling edge of CAS. In this case, data is obtained after toac max
(access time from CAS low) if taa max (access time from column address) and tgac; have been satisfied. Inthe
event that column address for the next cycle is valid at the time CAS goes high, access time for the next cycle
is determined by the later occurrence of igpa or icac.

address: AO-A11 (TMS54x6400/P) and A0O-A10 (TMS4x7400/P)

Twenty-two address bits are required to decode 1 of 4194304 storage cell locations. For the TMS4x6400 and
TMS4x6400P, 12 row-address bits are set up on AD through A11 and latched onto the chip by the row-address
strobe (RAS). Ten column-address bits are set up on A0 through A9. For TMS4x7400 and TMS4x7400P, 11
row-address bits are set up on inputs AO through A10 and latched onto the chip by RAS. Eleven column-address
bits are set up on A0 through A10. All addresses must be stable on or before the falling edge of RAS and CAS.
RASis similar to a chip enable because it activates the sense amplifiers as well as the row decoder. CAS is used

as a chip select, activating the output buffers and latching the address bits into the column-address buffers.
write enable (W)

The read or write mode is selected through W. A logic high on W selects the read mode, and a logic low selects
the write mode. The data inputs are disabled when the read mode is selected. When W goes low prior to CAS
(early write), data out remains in the high-impedance state for the entire cycle, permitting a write operation with

OE grounded.
data in (DQ1-DQ4)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge
of CAS or W strobes data into the on-chip data latch. In an early-write cycle, W is brought low prior to CAS, and
the data is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or
read-modify-write cycle, CAS is already low, and the data is strobed in by Wwith setup and hold time referenced
to this signal. In a delayed-write or read-modify-write cycle, OE must be high to bring the output buffers to the
high-impedance slate prior 1o impressing dala on the /O lines.

data out (DQ1-DQ4)

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until CAS and OE
are broughtlow. In a read cycle, the output becomes valid after the access time interval i oz (which begins with
the negative transition of CAS) as long as tpac and taa are satisfied.

{'? TeExas
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RAS-only refresh

TMS54x6400, TMS4x6400P

A refresh operation must be performed at least once every 64 ms (128 ms for TMS4x6400P) to retain data. This
can be 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 CAS at the high (inactive) level,
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses
must be used for a RAS-only refresh.

TMS54x7400, TMS4x7400P

A refresh operation must be performed at least once every 32 ms (128 ms for TMS4x7400P) to retain data. This
can be achieved by strobing each of the 2048 rows (AD—A10). A normal read or write cycle refreshes all bits
in each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level,
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses
must be used for a RAS-only refresh.

hidden refresh

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

CAS-before-RAS (CBR) refresh

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

battery-backup refresh

THMS4dx5400P

A low-power battery-backup refresh mode that requires less than 500 pA (5 V) or 350 pA (3.3 V) refresh current
is available on the TMS4x6400P. Data integrity is maintained using CBR refresh with a period of 31.25 ps while
holding RAS low for less than 1 us. To minimize current consumption, all input levels must be at CMOS levels
{(VIL<02V, V|y> Voo -0.2V).

THMSdx7400P

A low-power battery-backup refresh mode that requires less than S00 pA (5 V) or 350 pA (3.3 V) refresh current
is available on the TMS4x7400P. Data integrity is maintained using CBR refresh with a period of 62.5 us while
holding RAS low for less than 1 us. To minimize current consumption, all input levels must be at CMOS levels
(ViL< 02V, V> Vo —0.2V).

selfrefresh (TMS4xx400P)

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS and RAS are both
held low for 2 minimum of 100 us. The chip is then refreshed internally by an on-board oscillator. No external
addressis required because the CBR counter is usedto keep track of the address. To exit the self-refresh mode,
both RAS and CAS are brought high to satisfy tcpg. Upon exiting self-refresh mode, a burst refresh (refresh a
full set of row addresses) must be executed before continuing with normal operation. The burst refresh ensures
the DRAM is fully refreshed.

power up

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eightinitialization cycles
is required after power up fo the full V¢ level. These eight initialization cycles mustinclude at least one refresh
{RAS-only or CBR) cycle.

{‘? TeExAs
INSTRUMENTS
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test mode

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

In the test mode, the device is configured as 1024K bits x 4 bits for each DQ. Each DQ pin has a separate 4-bit
parallel read and write data bus that ignores column addresses A0 and A1. During a read cycle, the four internal
bits are compared for each DQ pin separately. If the four bits agree, DQ goes high; if not, DQ goes low. During
a write cycle, the data states of all four DQs must be the same 1o ensure proper function of the test mode. Test
time is reduced by a factor of four for this series.

j—— P Entry Cycle Exit Cycle ﬂd—ﬂ
N 1
| “— Test Mode Cycle ————————————W| {1— Mc;r;;a

" 2\

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

L
]

/ —~—

2]

Figure 1. Test-Mode Cycle
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logic symbolt
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T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 647-12.
T A1 is NC for TMS4x7400 and TMS4x7400P.,

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443

{‘? TeExAs
INSTRUMENTS



TMS 416400, TMS416400P, TMS417400, TMS417400P
TMS 426400, TMS426400P, TMS427400, TMS427400P
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS

SMKS8818 — MAY 1995 — REVISED AUGUST 1995

functional block diagram

TMS4x6400/P
nis cis 3 T
I Timing and Control I
v .
» Column Decode
*| column- Sense Amplifiers
o] Address 256K Arra
o Buffers! R ! iy
A1 ! o 256K Array \ | < Rl:g > 4'
L w . 1/0
5 . 64 Buffers 4
. i d i
Row- & Doat:
*| Address Ty ¢ R y 1
° Buffers B o eg.
d w
— e
256K Array ) DQ1-DQ4

t Column addresses A10 and A11 are not used.

TMS4x7400/P
Ris cis 3 f
I Timing and Control I
v .
A1 Column Decode
*] column- Sense Amplifiers
-
*| Address 256K Array 256K Array Data-
o| Buffers R
A . 256K Array 256K Array In 4
10 ° | Reg. |t
. W . 10
. .
32 & . D L4 L a2 Buffers 4
L ] .
Row- e id D;t:' v
*| Address ¢ R u ) |
#| Bufiers 0 eg.
d w
[
L 256K Array 256K Array ) DQ1-D04
s ™ 35
s ..f”.."I"1..”..f”..”iT
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo
Voltage range on any pin (see Note 1):

Short-circuit output current
Power dissipation
Operating free-air temperature range, Ta
Storage temperature range, Tgig

TMS41x400, TMS41x400P .. ... ......... —-1Vto7V
TMS42x400, TMS42x400P . .............. ~-05Vto486V
TMS41x400, TMS41x400P .. ... . ......... -1Vtio7V
TMS42x400, TMS42x400P .. ............. —-05Vto46V
................................................... 50 mA
..................................................... 1w
.............................................. 0°C to 70°C

-55°C10125°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any cther 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

TMS541x400 TMS42x400 UNIT
MIN NOM MAX MIN NOM MAX
Ve Supply voltage 4.5 5 55 3 3.3 3.6 A
Vgg  Supply voltage 0 0 v
VIH High-level input voltage 24 8.5 2 Voo +03 A
ViL Low-leveal input voltage (see Note 2) -1 08| -03 0.8 A
TA Operaling free-air temperature 0 70 0 70 °G

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

{‘? TeExAs
INSTRUMENTS
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

TMS416400/P
'416400-60 '416400-70 '416400-80
PARAMETER TEST CONDITIONS? '416400P-60 | '416400P-70 | "416400P-80 | yyjT
MIN  MAX MIN MAX MIN  MAX
High-level output
VOoH voltage log=—5mA 24 24 24 \')
v Low-level oulpul loL = 4.2 mA 0.4 0.4 04| v
oL voltage oL== ’ ’ ’
Input current Voo =558V, Vi=0Vio65Y,
I (leakage) Al olhers = 0 V lo Voo £10 £10 10 pA
Output current Voo =55V, Vo =0Vio Ve,
lo (leakage) CAS high £10 £10 10 A
Read- orwrite-cycle -
lce 18 curent Voo =55V, Minimum cycle 80 70 60 mA
ViH=24V (TTL),
After 1 memory cycle, pd pd 2 mA
RAS and CAS high
lcee Standby current
ViH = Voo —0.2 V (CMOS), ‘416400 1 1 1 mA
After 1 memory cycle,
RAS and CAS high '418400P 500 500 500 pA
Average refresh %GA-E - 5“5 v, Minimum cycle,
IC(;3¢§ current (RAS-only Do cyaing, 80 70 60 mA
refresh or CBR) GAS high (RAS only),
RAS low after CAS low (CBR)
Voo =55V, ipg = MIN,
I(;Cgﬂ:ﬂ Average page current RAS low, TAS cydling 70 60 50 mA
CAS<0.2V, RAS < 0.2V,
# 3 , :
lces Self-refresh cumrent Measred after IRags min 500 500 500 pA
Battery back up tRC = 31.25 us, tRAS £ 1 s,
operating current
lacio®  (equivalent refresh VoC 02V VIHEBOY. 500 500 500 pA
0 ime s 128 ms). 3R | 0 Y= VILE 0.2V, Wand OF - Vi
only ’ 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 BAS =V
1 Measured with a maximum of one address change while CAS = V|4

# For TMS418400P only
’.
‘U TEXAS
INSTRUMENTS
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (continued)

TMS417400/P
'417400-60 '417400-70 '417400-80
PARAMETER TEST CONDITIONSt '417400P-80 | "417400P-70 | '417400P-80 | yyT
MIN MAX MIN MAX MIN MAX
High-level output
VOH voltage loH=—-5mA 24 24 24 v
Low-level output
VoL voltage loL=4.2mA 0.4 0.4 04 v
Input current Voo =558V, Vi=0VioB5H Y,
I leakage All others = 0 V to V| £10 £10 £ 10 nA
CC
Output current Voo =55V, Vo =0Vto Ve,
lo (leakage) GAS high £10 £10 10 pA
Read- or -
loet 1§ write-cydle current Voo =55V, Minimum cycle 110 100 90 mA
ViH=24V (TTL),
After 1 memory cycle, 2 2 2 mA
RAS and CAS high
lcee Standby cuwent
VIH = Ve — 0.2 V (CMOS), ‘417400 1 1 1 mA
After 1 memory cycle,
RAS and GAS high ‘417400P 500 500 500 pA
Average refresh VQQ =55V, Mlnlmum cycle
locatS  cument (RAS-only | BAS cycling, CTAS high (RAS only), 110 100 90| mA
refresh or CBR) RAS low after GAS low (CBR)
Average page VGQ =55V, EQ = MIN,
ICC4H curent RAS low, CAS cycling 70 60 50 mA
loce  Self-refresh cument fﬂpe\gszr%je\{f‘ter tRASF;AT?Ti: 0.2V, 500 500 500 pA
Batten.f back up IR = 62.5us, tRAS = 1 ps,
4 (()peratlrllg currrenth Voo 0.2 VE ViHE 65V, A
lccto equivalent refres o N 500 500 500 [
A . 0VeVL 202V, Wand OE=V|H,
fime s 128 ms); Address and data stable
CBR only
T For condilions shown as MIN/MAX, use the appropriate value specified in the liming requirements.
1 Measured with outputs open
§ Measured with a maximum of one address change while RAS ViL
{ Measured with a maximum of one addvess change while CAS = VIH
# For TMS417400P only
POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 9
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electrical characteristics over recommended ranges of supply voltage and operating free-air

conditions (unless otherwise noted) (continued)

TMS426400/P
'426400-60 '426400-70 '426400-80
PARAMETER TEST CONDITIONS? '426400P -60 '426400P -70 '426400P -80 UNIT
MIN MAX MIN MAX MIN MAX
y High-level loH =—2mA LVTTL 24 24 24 Y
OH outputvoltage | |4 = — 100 pA LVCMOS | Vo—0.2 Veoe—0.2 Vo —0.2
v Low-level oL =2 mA LVTTL 0.4 0.4 0.4 v
oL output voltage | | = 100 pA LVCMOS 0.2 0.2 0.2
Input current Voo =38V, Vi=0Vio39YV,
I (leakage) All others =0 Vto Vi £ 10 £10 10 mA
Qutputcurrent | Voo =38V, Vo=0Vtio Ve,
'o (leakage) CTAS high 10 £10 101 wA
Read- orwrite- .
lce 1§ cycle curent Voo =36V, Minimum cycle 70 60 50 mA
VIH= 2V (LVTTL),
After 1 memory cycle, 1 1 1 mA
RAS and CAS high
| Standby
CC2  current ViH=Vcc-0.2V 426400 500 500 500 | pA
(LVCMOS),
After 1 memory cycle, ,
RAS and CAS high 426400P 200 200 200 pA
Average Vo =86V Minimum cycle
refresh current mAd t;yciing, yce,
Iccat® Sz&ss’r‘]’""’ TAS high (RAS-only refresh), 70 60 50 mA
or CBR) RAS low after CAS low (CBR)
Average page Voo =36Y, tpg = MIN,
ICC‘Hﬂ current RAS low, CAS cycling 60 20 40 mA
Self-refresh | CAS <02V,  RAS<0.2V,
# , :
lccs curent Measured after Igagg min 250 250 250 nA
Battery
back-up
operating R =131.25pns, tpag<1ps,
g cument Voo -02VEVIHE33Y,
I6C10%  (oquivalent 0V<V| £0.2V, Wand OE = V|, 350 350 350 [ A
refresh time is | Address and data stable
128 ms),
CBR only

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

§ Measured with a maximum of one address change while RAS = V||
1 Measured with a maximum of one address change while CAS — V|1

# For TMS428400P only

PRODUCT PREVIEW information ¢oncerns products in the lormative or
design phase ol development. Characteristic data and other
specifications are design goals. Texas nstruments reserves the right to
change or discontinug these products without natics.
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electrical characteristics over recommended ranges of supply voltage and operating free-air
conditions (unless otherwise noted) (continued)

TMS427400/P
'427400-60 '427400-70 '427400-80
PARAMETER TEST CONDITIONS T '427400P -60 '427400P -70 '427400P -80 UNIT
MIN MAX MIN MAX MIN MAX
v High-level loH=—-2mA LVTTL 24 24 24 y
O output valtage | |~ =—100 pA LVCMOS | V0.2 Voe—0.2 Vo 0.2
v Low-level oL =2mA LVTTL 04 0.4 04 v
oL output voltage | 1y = 100 pA LVCMOS 0.2 0.2 02
Input current Voo =36V, Vi=0Vio39V,
I (leakage) All others = 0 Vto Voo 10 £10 10 mA
Outputcurrent | Vo =368V, Vo =0Vio Ve,
lo (leakage) CTAS high £10 £10 101 wA
Read- or write- -
lect 1§ cycle current Voo =36V, Minimum cycle 100 90 80 mA
VIH =2V (LVTTL),
After 1 memory cycle, 1 1 1 mA
RAS and CAS high
| Standby
CC2  cument ViH=Vcc-02V 427400 500 500 500 | pA
(LVCMOS),
After 1 memory cycle, ,
RAS and CAS high 427400P 200 200 200 pA
Average -
refresh current _GQ\F:AS ;y?:hi: Minimum cycle,
lccatd iszfs’l?”"’ TAS high (RAS-only refresh). 100 80 80 mA
or CBR) RAS low after CAS low (CBR)
Average page VQQ =386V, tpg = MIN,
ICC4H curent RAS low, CAS cycling 60 =0 40 mA
Self-refresh CAS <0.2V, RAS < 0.2 V,
# ) )
lccs current Measured after Igagg min 250 250 250 A
Battery
back-up
operating tRo=625us, tpags1ps,
4 curent Voo -02VEVIHE38Y,
IGC10%  (oquivalent 0V<V) 202V, Wand OF = V|, 350 350 350 [ A
vefresh timeis | Address and data stable
128 ms),
CBR only
1 For condilions shown as MIN/MAX, use the appropriate value specified in the timing requirements.
T Measured with outputs open
§ Measured with a maximum of one address change while RAS = V||_
{ Measured with a maximum of one address change while CAS - V|
# For TMS427400P only
PRODUCT PREVIEW inlarmation concerns products in the lormative or .
Caatcatonsar des g gons Taxas staments rssaes he ght o U
| .
gﬁ:g‘glec:r diston tin ueglh egse products without notice. ! l TEXAS
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f=1MHz (see Note 3)

PARAMETER MIN MAX | UNIT
Giia) Input capacitance, A_07A11 5 pF
Gi(OE) Input capacitance, OE 7 pF
Gi{RC) Input capacitance, EAS and RAS 7 pF
Giwh Input capacitance, W 7 pF
Cg QOutput capacitance 7 pF

NOTE 3: Ve = NOM supply voltage £ 10%, and the bias on pins under testis 0 V.

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

'4xx400-60 '4xx400-70 "4xx400-80

PARAMETER '4xx400P -60 | 'dxx400P-70 | "4xx400P-80 UNIT
MIN MAX | MIN MAX| MIN MAX
tAA Access time from column address (see Note 4) 30 35 40 ns
fcac  Access lime from CAS low (see Note 4) 15 18 20 ns
tcpa  Access time from Eolumn precharge (see Note 4) 35 40 45 ns
tRAC  Access time from RAS low (see Note 4) 60 70 80 ns
toEA  Access time from OE low (see Note 4) 15 18 20 ns
tclz  Delay time, CAS low to output in low-impedance state 0 0 0 ns
toH Qutput data hold time (from CAS) 3 3 3 ns
foHOo Qutput data hold time (from OE) 3 3 3 ns
toFF  Qutput disable time atter CQS high (see Note 5) 0 15 0 18 0 20 ns
topz Output disable time after OE high (see Note 5) 0 15 0 18 0 20 ns

NOTES: 4. Access limes for TMS42x400 measured with output reference levels of Vo =2V and V| = 0.8 V.
5. toff and tpgz are specified when the output is no longer driven.

{'? TeExas
INSTRUMENTS

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



TMS 416400, TMS416400P, TMS417400, TMS417400P
TMS426400, TMS426400P, TMS427400, TMS427400P
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS

SMKS8818 — MAY 1995 — REVISED AUGUST 1995

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

'axx400 - 60 "axx400-70 'axx400-80
'axx400P -60 | '4xx400P-70 | '4xxa00P-80 | ,NiT
MIN MAX MIN MAX MIN MAX
tRC Cycle time, read (see Note 6) 110 130 150 ns
twe Cycle lime, write (see Note 6) 110 130 150 ns
trwe  Cycle time, read-write (see Note 6) 155 181 205 ns
tpe Cycle time, page-mode read or write (see Notes 6 and 7) 40 45 50 ns
tprwc  Cycle lime, page-mode read-write (see Note 6) 85 96 105 ns
tRagp  Pulse duration, RAS low, page mode (see Note 8) 60 100 000 70 100 000 80 100000 ns
tRAS Pulse duration, m low, nonpage mode (see Note 8) 60 10 000 70 10000 80 10000 ns
tcAs Pulse duration, CAS low (see Note 9) 15 10000 18 10000 20 10000 ns
tcp Pulse duration, mhigh 10 10 10 ns
IRp Pulse duralion, RAS high (precharge) 40 50 60 ns
twp Pulse duration, W low 10 10 10 ns
taAsC Setup time, column address before CAS low 0 0 ns
tASR Setup time, row address before RAS low 0 0 ns
tps Setup time, data (see Note 10) 0 0 ns
tRCS Setup time, W high before CAS low 0 0 ns
towl Setup time, W low before TAS high 15 18 20 ns
tRwL Setup time, W low before RAS high 15 18 20 ns
twes  Setuptime, W low before CAS low (early-write operation only) 0 0 0 ns
tWRP Setup time, W high before RAS low (CBR refresh only) 10 10 10 ns
twWTs Setup time, W low before RAS low (test mode only) 10 10 10 ns
tcAH Hold time, column address after CAS low 10 15 15 ns
tDH Held time, data (see Note 10) 10 15 15 ns
IRAH Hold time, row address after RAS low 10 10 10 ns
tRCH Hold time, W high after CAS high {see Note 11) 0 0 0 ns
tRRH Hold time, W high afterm high {see Note 11) 0 0 0 ns
twWoeH Hold time, W low after CAS low (early-write operation only) 10 15 15 ns
tRHCP  Hold time, RAS high from CAS precharge 35 40 45 ns
toEH Held time, OF command 15 18 20 ns
tROH Hold time, m referenced o O_E 10 10 10 ns
tcHs Hold time, CAS low aiter RAS high {self refresh) —50 —50 - 50 ns
tWRH Held time, W high after RAS low (CBR refresh only) 10 10 10 ns
tWTH Hold time, W low after RAS low (test mode only) 10 10 10 ns
NOTES: 6. All cycle times assume T = & ns.

7. Toassure tpc min, tage should be z to tep.

8. Inaread-write cycle, tpyyp and tryy| must be observed.

9. Inaread-write cycle, tcwwd t(ﬂVL must be observed.

10. Referenced to the later of CAS or W in write operations
11. EithertgRH or tRcH must be satisfied for a read cycle.
*3
TEXAS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)

'4xx400-60 | ’4xx400-70 | ’4xx400-80
'4xx400P-60 | *4xx400P-70 | *4xx400P-80 | yyit

MIN MAX MIN  MAX MIN  MAX
tAWD Delay time, column address to W low (read-write operation only) b5 63 70 ns
tCHR Delay time, RAS low to CAS high (CBR refresh only) 10 10 10 ns
tcrp Delay time, CAS high to RAS low 5 5 5 ns
tecsH Delay time, RAS low to CAS high 60 70 80 ns
fcsh Delay lime, CAS low to RAS low (CBR refresh only) 5 5 5 ns
fcwD Delay time, CliS low to W low (read-wiite operation only) 40 46 50 ns
tOED Delay time, C_)E to data 15 18 20 ns
tRAD Delay time, RAS low to column address (see Note 12) 15 30 15 35 15 40 ns
tRAL Delay time, column address to RAS high 30 35 40 ns
fcalL Delay time, column address to CAS high 30 35 40 ns
then Delay time, RAS low to CAS low (see Note 12) 20 45 20 52 20 60 ns
tRPC Delay time, ﬁﬁ high to CAS low 0 0 0 ns
tRSH Delay time, EAS low to RAS high 15 18 20 ns
trwD  Delay time, RAS low to W low (read-write operation only) 85 98 110 ns
topw Delay time, W low after CAS precharge (read-write operation only) 60 68 75 ns
tRasg  Pulse duralion, self-refresh enlry from RAS low 100 100 100 1s
tRPS Pulse duration, RAS precharge after self refresh 110 130 150 ns
tTAA Access time from address (test mode) 35 40 45 ns
tTepa  Access time from column precharge (test mode) 40 45 50 ns
tTRAC  Access time from RAS (test mode) 65 75 85 ns

‘Ax6400 64 64 64
IREF Refresh time interval “x6400P 128 128 128 ms

'4%7400 32 32 32

‘Ax7400P 128 128 128
tT Transition time 3 30 3 30 3 30 ns

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

{'? TeExas
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION

VTH Yee

RL R4

Output Under Test
QutputUnder Test

Ra

CL =100pF
Cp =100 pF ,|: L P T\

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT

DEVICE Vee (V) R4 (Q) Rp (Q) Vg (V) RL (©2)
‘41x400/P 5 828 295 1.31 218
'42x400/P 3.3 1178 868 14 500

Figure 2. Load Circuits for Timing Parameters

{‘? TeExAs
INSTRUMENTS
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| tre

4
\
T\ e\

\
— tr |
1 g 1CSH pi } } }
| |h ‘RCD g I | \
| | L | tRSH | > | |
N } | f——tcrRp —P
- ' ——1tcas —p
\ \
CAS i —tasR } /ﬂ 'ep > \

\
\
\ \
|4 - |
|H || tR AL | ﬂ
XX (O m COOOKXX , YOO
aaaress QK Row XX) | QLR Donicare QXXXN)
| \
tRCS | | {4 'RRH
l || 4\ 4 tcau | HW—WTH tRCH
w &"63?(‘623' WI } } | } M"B’SL‘IXSQ' &m
||
I L Ht— lcac TP g 1 toFF >
| | AA » ¢ ton p
DQ1-DQ4 : Hi-2 o @( Valid Data Out }
| teLz 4P | | |
= tRAC » } <4—»— 'oHo
<— toEA —W \ |
\ | | Mtoez
g tROH » |
OF Don'tCare \ M

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

Figure 3. Read-Cycle Timing

{'? TeExas
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PARAMETER MEASUREMENT INFORMATION
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[ | ’T\\ \
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| | | 4 tcaH |
paaress GOK Row XROKcatimn XRXRXX. Dot care $X5XK)
' \
4 tgap — P % ‘Ct WL >
H—L‘—I RWL g
‘ h t H TAVAVAVAW AW WALV AT, CVAVAVAWAVAWAWLAVLY,
L I o o e
< : — twp »
J < tpn — W
L ths |
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. I ata ‘v v’v‘v’v’v v’v"’v’v’v on, are VAV v‘v’v‘v’v‘v’v’v’v’v
ba1-pas m{ Valid Dat R Demcare X RKXS

_ V‘V’V’V‘V’V V’V V’V V‘V N/ V.V \/ V‘Y‘V’Y V‘V‘V V‘V’V’Y o X e V’V‘V’V’Y‘V‘V Y‘V V‘V‘V V’V’V’V /S V’Y’V‘V‘V" V’V V’V
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Figure 4. Early-Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 5. Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

ﬁ RWC Pl
= T\ N
| |
| | @—» wrp
< i |
| ‘Q \RCD JH Hﬁ tcrp — P
—_— I tcas — |
CAs 41 ﬂ‘L tASR \ \ L | - J\
| > —tRan | . o
| \ | | | | |
s X oo WX o R D
tRCs —P tewL |
|‘_ ‘ l \ H—DI— tRWL
| - ' — IRWD g
|| | | M  twp
s BT e N\ R
tcwD TAVATAVAVAVA AYAYAVATAVAY
\ \ |
| | le— tcac —: ps —pl ‘H—{—
\ t
| oLz —‘iﬂ | | ¥ \H_tDH
| Data Data XX , XXX XX
Da1-Da4 | See Note A @( out )@( " QLK por't care XX
- tRAC » !

| M M topz |4—PtoEH
toHo ¢ ¥ |
'0EA 44— | k10D |
‘ AININININININS
VAVAVAVAVAVAVAN

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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PARAMETER MEASUREMENT INFORMATION

tRp —1‘4—'}
g tRASP 4
RAS N H tRHCP >/ N\
\ : \ |
\ 4 wep ¥ f—1tp¢ 4’14—':0“ —»
\ l“ tCsH ’i‘ 1 tep M I‘ tRsH — TP |
— | ' oo
cas | Nt eas =/ | L
| @ ran B | | |
| < - tcAL > |
l—tash | |HtCAH | | | ‘
Ry > Emse | e [ [

x LXK XX
Address Row Column Column \’.Q.
KXX XX

\ 11 | g L ipat || RRH P
‘ AR P RRH
Id]‘— tRcs — I l i } | i ‘RCH |
— \ | | W ‘ »
w A‘k tRAD — P I L l teact | | V&
| tcpat 9
} | |h7 tcac 4}1 } | |
« IRAC o 4” ‘ « I OFF ﬁ
tcLz P ﬂ | ‘oM : I
DQ1-Da4 See Note A ’::: Vg:::' .“"‘.:’
| H+ 10HO toHo — 14—
toEz 1_’—>| tC)EZ ‘_J|‘—H

Id— toEA —W \
VAVAVAVAVAVAYAY
T Access lime is Iopa, LCAG. OF Laa dependent.
NOTE A: Qutput can go from high-impedance state to an invalid-data state prior to the specified access time.

Figure 7. Enhanced-Page-Mode Read-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

tRp ﬂd—bl
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R AH 4?—“‘—P} } } ‘ | }‘— tep ! |
> —itash | | | <—tcaH M ¢ RAL
Address :X Row X Column W Column 0‘2?:&:
T ! T \ T
M— tRAD — } } | oL H‘ o towl I
lﬂ—ﬁ—b—» twp — tgwL —M
||| \ \
\/ N/ \/ % ‘ ‘ \/ ‘
— \/ ‘V’ \/ on, e Y’V’V’v\ | ‘ ‘ .V’V on, e V‘V’\\ on, are V’V’V’Y’
W ORRXGK Dot QLN || KK Do KON & Demcare 00X
| | «—1pH \
tps ‘ \
A (see Note A) —» :‘ ; 'DH b‘[ — opy —»

| :

DS >
< (see Note A) | } |
|

S ST BT TR
toEH toED —H l‘—

|
|
AININININININS YAVYAYAVYAYAVAYAYS
NOTES: A. Referenced to CAS orW, whichever occurs last

B. Aread cycle or a read-wiite cycle can be intermixed with write cycles as long as read and read-waite timing specifications are not
viclated.

Figure 8. Enhanced-Page-Mode Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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t Output can go from high-impedance state to an invalid-data state prior to the specified access time.
NOTE A: A read or write cycle can be intenmixed with read-write cycles as long as the read and write timing specifications are not violated.

Figure 8. Enhanced-Page-Mode Read-Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 10. RAS-Only Refresh Timing
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Figure 11. Automatic-CBR-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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Figure 13. Hidden-Refresh-Cycle (Write) Timing
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Figure 16. Test-Mode-Exit-Cycle CBR-Refresh-Cycle Timing
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MECHANICAL DATA

DJ (R-PDS0O-J24/26) PLASTIC SMALL-OUTLINE J-LEAD PACKAGE
0.680 (17,27) R
0.670 (17,02)
26 21 19 14
1 1 1 [ 1 [ ][] [ 1 1 [ [ ] [] T
I 0.340 (8,64)
0.330 (8,38)
D 0.305 (7,75)
0.295 (7,49)
'e)
N N N O | I Y I B
1 6 8 13
J 0.032 (0,81)
0.026 (0,68)
_0.148(3,76) 0.106 (2,69) TYP 0.008 (0,20) NOM

0.128 (3,25) i

e oam s e ] | esmaan |

0.015 (0,41) ‘ $‘ 0.007 (0.18) ®| 0.260 (6,60)

0.050 (1 27)

4040092-3/B 10/94

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

DGA (R-PDS0-G24/26) PLASTIC SMALL-OUTLINE PACKAGE
M r jr ﬂﬂf;ﬁﬂ;ﬂ; |© 0008 (0,21) {)]
26
sl HHHHHH T
0.371 (9,42)
0.355 {9,02)
0.304 (7,72)
0.296 (7,52)
O 0.006 (0,15) NOM
TS0 80d S0 EBddr l
1 13
0.679 (17,24) l Gage p|ﬁ ¢ )

0.671 (17,04)

A /
0.010 (0,25)

0°-5°
0.024 (0,60)

0.016 {0,40)

%'\_u_u_u_u_u_u_u_u_u_u_UAu'?JLr Seating Plane Cﬁ\\, L
0.047 (1,20} MAX 0.002 (0,05) MIN E

4040265-3/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 mald flash or protrusion.

device symbolization (TMS416400 illustrated)

T N1
T L Speed ( -60, - 70, -80)

D TMS416400 DJ Low-Power/Self-Refresh Designator (Blank or P)
L

Package Code

Asembly Site Code

Lot Traceability Code

Month Code

Year Code

Die Revision Code

Wafer Fab Code
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IMPORTANT NOTICE

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

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

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

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

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

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

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

Copyright @ 1995, Texas Instruments Incorporated



