TMS416800A, TMS417800A

TMS426800A, TMS426800AP, TMS427800A, TMS427800AP

2097152-WORD BY 8-BIT HIGH-SPEED DRAMS

SMKSB88A — AUGUST 1996 — REVISED MAY 1997

This data sheet Js applicable to all
TMSE4 1x800As and TMS42x800A/Ps symbol-
jzed by Revision “E” and subsequent revisions
as described In the device symbolization
section.

Organization ... 2097152 x 8

Single 3.3-V or 5-V Power Supply

Performance Ranges:

ACCESS ACCESS ACCESS READ OR
TIME TIME TIME EDO

tRac  tcac  taa CYCLE

MAX MAX MAX MIN
'41x800A-50 50ns 13 ns 25 ns 20 ns
’'41x800A-60 60ns 15ns 30 ns 25 ns
’'41x800A-70 70ns 18ns 35ns 30 ns
’42x800A/P-50 50ns 13 ns 25ns 20 ns
'42x800A/P-60 60ns 15ns 30 ns 25ns
'42x800A/P-70 70ns 18ns 35ns 30ns

Enhanced Page-Mode Operation With
CAS-Before-RAS (CBR) Refresh

Long Refresh Period and Self-Refresh

Option (TMS42x800AP)

High-Impedance State Unlatched Output

Low Power Dissipation

High-Reliability Plastic 28-Lead

400-Mil-Wide Surface-Mount Thin

Small-Outline Package (TSOP) (DGC Suffix)

and 28-Lead 400-Mil-Wide Surface-Mount

Small Outline J-Lead (SOJ) Package

(DZ Suffix)

Operating Free-Air Temperature Range
0°C to 70°C

Fabricated Using Enhanced Performance
Implanted CMOS (EPIC™) Technology by
Texas Instruments (TI™)

description

The TMS41x800A and TMS42x800A series are
sets of high-speed, 16777216-bit dynamic
random-access memories (DRAMs) organized as
2097152 words of eight bits each. The
TMS42x800AP series is a set of high-speed,
low-power, self-refresh, 16777216-bit DRAMs
organized as 2097 152 words of eight bits each.
Both series employ TlI's state-of-the-art EPIC
technology for high performance, reliability, and
low power.

DZ/DGC PACKAGE
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PIN NOMENCLATURE

A0-A11t Address Inputs

CAS Column-Address Strobe
DQO~-DQ7 Data In/Data Out

OE Output Enable

RAS Row-Address Strobe
\o'e 3.3-V or 5-V Supply$
Vsg Ground

W Write Enable

tA11 is NC (no internal connection) for
TMS417800A and TMS427800A/P.

¥ See Available Options Table

AVAILABLE OPTIONS

SELF-
POWER | REFRESH | REFRESH
DEVICE SUPPLY | BATTERY- CYCLES
BACKUP
TMS417800A 5V — 2048 in 32 ms
TMS416800A 5V - 4048 in 64 ms
TMS426800A 3.3V — 4096 in 64 ms
TMS426800AP | 3.3V Yes - | 4096 in 128 ms
TMS427800A 3.3V —_ 2048 in 32 ms
TMS427800AP | 3.3V Yes.  |2048in 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
DATA information current as of publication date. Products conform to
specifications per the terms of Texas Instruments standard warranty.
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TMS416800A, TMS417800A
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2097152-WORD BY 8-BIT HIGH-SPEED DRAMS
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description (continued)

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

The TMS416800A and TMS417800A are offered in a 28-lead plastic surface-mount SOJ package (DZ suffix).
The TMS426800A/P and TMSA427800A/P are offered in a 28-lead plastic surface-mount SOJ package (DZ
suffix) and a 28-fead plastic surface-mount TSOP (DGC suffix). These packages are designed for operation
from Q°C to 70°C.

logic symbol for TMS416800A and TMS426800A/PT
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t This symbol is in accordance with ANSI/IEEE Std 91-1984 and |IEC Publication 647-12.
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logic symbol for TMS417800A and TMS427800A/PT
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t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 647-12.
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functional block diagram (TMS416800A and TMS426800A/P)
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functional block diagram (TMS417800A and TMS427800A/P)
T T I3
I Timing and Control I
V I
| 10 Column Decode
Column- Sense Amplifiers 8
Address é
Buffers 256K Array . 256K Array v D?,t,a- .
256K Arra 256K Arra
. Yo o Y 8 Reg. fme
. w . Vo
32 ] D . 32 Buffers 8
Row- e Dgta:- g
Address [ c R u 1l
Buffers o eg.
d \ 4
e
L 256K Array 256K Array DQO-DQ7
_.4
1 T

{'f TeExAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443

B 39b1725 008L&0Y 6L7 HE



TMS416800A, TMS417800A
TMS426800A, TMS426800AP, TMS427800A, TMS427800AP
2097152-WORD BY 8-BIT HIGH-SPEED DRAMS

SMKS888A — AUGUST 1996 — REVISED MAY 1997

operation
enhanced page mode

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting

random column addresses. The time for row-address setup and hold, and for address multiplex, is eliminated.

The maximum number of columns that can be accessed is determined by tgagp, the maximum row-address
strobe (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 column-address strobe (CAS )
is high. The falling edge of CAS latches the column addresses and enables the output, which allows the devices
to operate at a higher data bandwidth than conventional page-mode parts because data retrieval begins as soon
as the column address is valid rather than when CAS goes 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 t
max (access time from CAS low) if ta 5 max (access time from column address) and t g (access time from RAS)
have been satisfied. In the 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 t opa (access time from CAS precharge)

ortcac-
address: A0-A11 (TMS416800A and TMS426800A/P) and A0O-A10 (TMS417800A and TMS427800A/P)

Twenty-one address bits are required to decode each of the 2097152 storage cell locations. For the

TMS416800A and TMS426800A/P, 12 row-address bits are set up on A0 through A11 and latched on the chip

by the RAS. Nine column-address bits are set up on A0 through A8. For TMS417800A and TMS427800A/P,

eleven row-address bits are set up on inputs AO through A10 and latched on the chip by RAS . Ten
column-address bits are set up on A0 through A9. All addresses must be stable on or before the falling edges

of RAS and CAS. RAS is similar to a chip enable because it activates the sense amplifiers as well as the row
decoder. CAS is used as a chip select, 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 (DQO0-DQ7)

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 hoid 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 W with 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 state prior to impressing data on the 1/O lines.

data out (DQ0-DQ7)

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until CAS and OE
are brought low. In a read cycle, the output becomes valid after the access time interval t ¢ (which begins with
the negative transition of CAS) as long as tgac and taa are satisfied.
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RAS-only refresh

TMS416800A, TMS426800A/P

A refresh operation must be performed once every 64 ms (128 ms for TMS426800AP)} to retain data. The refresh
operation can be 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 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.

TMS417800A, TMS427800A/P

Arefresh operation must be performed once every 32 ms (128 ms for TMS427800AP) to retain data. The refresh
operation can be achieved by strobing each of the 2048 rows (A0—A10). A normal read or write cycle refreshes
all bits in each row that is selected. A RAS -only operation can be used by holding CAS' at the high (inactive)
level, conserving power as the output buffers remain in the high-impedance state. Externally generated
addresses must be used for a RAS-only refresh.

hidden refresh

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

CAS-before-RAS (CBR) refresh

CBR refresh is used by bringing CAS low earlier than RAS (see parameter tcgr) and then holding it low after
RAS falls (see parameter tcHR)- 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
TMS426800AP

A low-power battery-backup refresh mode that requires less than 350 pA refresh current is available on the
TMS426800AP. Data integrity is maintained using CBR refresh with a period of 31.25 s while holding RAS low
for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels (V || < 0.2V,
ViH>Veg —0.2V).

TMS427800AP

A low-power battery-backup refresh mode that requires less than 350 yA refresh current is available on the
TMS427800AP. Data integrity is maintained using CBR refresh with a period of 62.5 ps while holding RAS low
for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels (V| < 0.2V,
ViH>Veg-0.2V).

self refresh (TMS42x800AP)

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS and RAS are both
held low for a minimum of 100 ps. The chip is refreshed internally by an on-board oscillator. No external address

is required because the CBR counter keeps track of the address. To exit the self-refresh mode, both RAS  and
CAS are brought high to satisfy toqg (hold time, CAS referenced to RAS). 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 fully 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 o level. The eight initialization cycles must include at least one refresh
(RAS-only or CBR) cycle.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vcc: TMS41x800A .. ... . -1Vto7V

TMS42x800A, TMS42x800AP ............ -05Vto46V
Voltage range on any pin (see Note 1): TMS41x800A ... -1Vto7V

TMS42x800A, TMS42x800AP ............ -05Vto46V
Short-circuit OUIPUE CUITENt .. . . 50 mA
Power dissipation . ... .. e 1w
Operating free-air temperature range, Ta oo o vv i 0°C to 70°C
Storage temperature range, Targ ..o —-55 Cto 125°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 other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

recommended operating conditions

TMS41x800A TMS42x800A/P UNIT
MIN NOM MAX| MIN NOM MAX
Vcc  Supply voltage 4.5 5 5.5 3 3.3 3.6 v
Vgg  Supply voltage 0 0 \
VIH High-level input voltage 2.4 6.5 2 Vg + 0.3 \
ViL Low-level input voltage (see Note 2) -1 0.8{ -03 0.8 \'s
Ta Operating free-air temperature 0 70 a 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 products in the ing or .
spec ifications a‘:eassuebj:::t to cha'nge whh(;ut no!il:e'mc data and ofher %
e | TEXAS
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

TMS416800A
PARAMETER + '416800A-50 | '416800A-60 | '416800A-70 UNIT
TEST CONDITIONS MIN MAX| MIN MAX| MIN MAX
High-level output _
VOH voltage loH==-5mA 2.4 2.4 2.4 v
v Low-level output loL = 4.2 mA 0.4 0.4 04| v
oL voltage OoL=*= ’ ’ ’
input current Vg =55V, VI=0Vto8.5Y,
" (leakage) Al others = 0 V to VoG +10 £10 =104 wA
Output current Vee=5.5Y, Vo=0Vto Ve,
lo (leakage) CAS high £10 £10 £10 uA
Average read- or B -
'CC1¢§ write-cycle current Vec =55V, Minimum cycle 100 80 70 mA
ViH=2.4V (TTL),
After one memory cycle, 2 2 2 mA
lcco Average standby RAS and CAS high
current VIH = Vg - 0.2 V (CMOS),
After one memory cycle, 1 1 1 mA
RAS and CAS high
Average refresh _CQ\F;AS : 515 v, Minimum cycle,
iccat$  current (RAS-only —o2 oYeIng,__ 100 80 70! mA
refresh or CBR) CAS high (RAS only),
RAS low after CAS low (CBR)
11 Vee =55V, tpG = MIN,
lcca Average page current RAS low, CAS cycling 80 70 60| 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 = VIL

1 Measured with a maximum of one address change during each page-mode cycle, pc

ADVANGE INFORMATION new P d in the pling or .
;. r'ﬂ;ati(;ns a'::assuebiqted to chahge with:ut notice. data and ofher ¢
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electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted) (continued)

TMS417800A
PARAMETER ST CONDITIONST '417800A-50 | '417800A-60 | '417800A-70 UNIT
TE MIN  MAX{ MIN MAX|{ MIN MAX
High-level output _
VoH voltage loH=—-5mA 24 24 2.4 v
Low-level output _
VoL voltage loL=4.2mA 0.4 0.4 0.4 \
Input current Ve =55V, Vi=0VtoB5YV,
h (leakage) All others = 0 Vto Voo £10 £10 £10 BA
Output current Ve =55V, Vo =0Vto Ve,
lo (leakage) CAS high +10 £10 £10 HA
Average read- or _ -
lcc138 write-cycle current Vo =55V, Minimum cycle 130 110 100 | mA
VIH = 2.4 V (TTL),
After one memory cycle, 2 2 2 mA
. Average standby RAS and CAS high
2 current VIH = VCG - 0.2 V (CMOS),
After one memory cycle, 1 1 1 mA
RAS and CAS high
Average refresh VQQ =55V, Minimum cxcle,
lccat§  current (RAS-only RAS cycling, CAS high (RAS only), 130 110 100 mA
refresh or CBR) RAS low after CAS low (CBR})
Average page Vee=55Y, tpc = MIN,
ICC4M current RAS low, CAS cycling 90 70 60 mA
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 = V|_
T Measured with a maximum of one address change during each page-mode cycle, bg
*3 15
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (continued)

TMS426800A/P
'426800A-50 '426800A-60 '426800A-70
PARAMETER TEST CONDITIONST '426800AP -50 '426800AP-60 '426800AP-70 UNIT
MIN MAX MIN MAX MIN MAX
Vor High-leve! loH=—-2mA LVTTL 2.4 2.4 2.4 v
© output voltage | |y =~ 100 pA LVCeMOS | vog-0.2 Vgoe-0.2 Vog-0.2
y Low-level loL=2mA LVTTL 0.4 0.4 0.4 v
oL output voltage | 1 = 100 uA LVCMOS 0.2 0.2 0.2
Input current Vge=3.6V, Vi=0Vto39YV,
" (leakage) All others = 0 V to Voo +10 £10 101 WA
Output current | Voo =3.6V, Vo=0Vto Ve,
lo (leakage) CAS high 10 £10 $10] wA
Average read-
lcc1¥S  orwrite-cycle | Voo =36V, Minimum cycle 90 70 60| mA
current
ViH =2V (LVTTL), *426800A 2 2 2| ma
After one memory
cycle, s
Average RAS and CAS high 426800AP 1 1 1| mA
lcc2  standby VIH=Vco -0.2V ,
current (LVCMOS), 426800A 1 1 1| mA
After one memory
cycle, ___ : 1 A
RAS and CAS high 426800AP 150 150 501
Average
refresh Ve =36V, Minimum cycle,
t current RAS cycling,
lccstd (RAS-only CAS high (RAS-only refresh), 90 70 60| mA
refresh RAS low after CAS low (CBR)
or CBR)
Averagepage | Vo =3.6V, tpg = MIN,
loca* current RAS low, CAS cycling 80 60 50f mA
Average == =
lcce®  self-refresh CAS <02V, RAS <02V, 250 250 250 A
Measured after tgagg min
current
Average
battery
back—;l_z tRc = 31.25us, tRAS < 300 ns,
lco10h current Voo ~02VSVIHS39 V. 350 350 350 | pa
CC10 . OV<V| <02V, Wand OE = V|,
(equivalent Address and data stable
refresh time is
128 ms),
CBR only

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

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

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

# For TMS426800AP only
ADVANCE INFORMATION new p in the or .
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electrical characteristics over recommended ranges of supply voltage and operating free-air
conditions (unless otherwise noted) (continued)

TMS427800A/P
'427800A-50 '427800A-60 ’427800A-70
PARAMETER TEST CONDITIONST '427800AP-50 '427800AP-60 '427800AP-70 UNIT
MIN MAX MIN MAX MIN MAX
High-level loH=—2mA LVTTL 24 2.4 24
VOoH output Vv
voltage loH =—-100 A LVCMOS Veg-0.2 Vcg-0.2 Vee-0.2
Low-level loL=2mA LVTTL 0.4 0.4 0.4
VoL output \
voltage loL =100 pA LVCMOS 0.2 0.2 0.2
Input current | Voo =36V, Vi=0Vto39YV,
" (leakage) All others =0 V to Vo £10 £10 £10 wA
Output _ _
1o current Yoc =36V,  Vo=0VtoVec, +10 +10 10| pa
CAS high
(leakage)
Average
+ read- or - -
Icc1¥8 write- cycle Vo =36V, Minimum cycle 120 100 90| mA
current
VIH=2V(VTTL), 14578004 2 2 2| mA
After one memory
cycle, R
Average RAS and CAS high 427800AP 1 1 1 mA
Icce standby ViH=Vgcc-0.2V
current (LVCMOS), ’427800A 1 1 1 mA
After one memory
gele,  ___ '427800AP 150 150 150 | pA
RAS and CAS high "
Average
refresh VQQ =3.6V, Minimum cycle,
t current RAS cycling,
Icca*®  RAS.only | CAS high (RAS-only refresh), 120 100 9| mA
refresh RAS low after CAS low (CBR)
or CBR)
Average Vee =36V, tpc = MIN,
'CC4W page current 1 RAS low, CAS cycling 80 60 50 mA
Average — =5
CAS<0.2V, RAS < 0.2V,
# . » r
lccs self-refresh Measured after tgagg min 200 200 200 pA
current
Average
battery
back-up tRc =62.5us, tRAS <300 s,
icc1ot Operat:ng Vec ~02V<SViHs3.9 Y, 350 350 350 | A
CC10 f:'ﬁ\',’alem 0V <V <0.2V, Wand OE = V|, a
9 . Address and data stable
refresh time
is 128 ms),
CBR only

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

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

Y Measured with a maximum of one address change during each page-mode cycle, bc

# For TMS427800AP only
ADVANCE INFORMATION new p in the ing or .
g cifications a‘::?.ﬁ:pz:n to chaﬁge wiﬂ:;m notic; dta and ofher @ T
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TMS416800A, TMS417800A
TMS426800A, TMS426800AP, TMS427800A, TMS427800AP

2097152-WORD BY 8-BIT HIGH-SPEED DRAMS

SMKS888A — AUGUST 1996 — REVISED MAY 1997

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

PARAMETER MIN  MAX | UNIT
CitA)  Input capacitance, AO-A111 5| pF
Ci(0E) Input capacitance, ‘OE 7 pF
Ci(gc)  Input capacitance, CAS and RAS 7 pF
Ciowy Input capacitance, W 7 pF
Co Output capacitancet 7| pF

T A11 is NC (no internal connection) for TMS417800A and TMS427800A/P.

1 CAS = V| to disable outputs
NOTE 3: Vg = NOM supply voltage +10%, and the bias on pins under testis 0 V.

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

’417800A-50 | '417800A-60 | '417800A-70
PARAMETER UNIT

MIN MAX| MIN MAX| MIN MAX
taA Access time from column address (see Note 5) 25 30 35 ns
tcac  Access time from CAS (see Note 5) 13 15 18 ns
tcpa  Access time from CAS precharge (see Note 5) 30 35 40 ns
tRAC  Access time from RAS (see Note 5) 50 60 70| ns
tOEA Access time from 'OE (see Note 5) 13 15 18 ns
tcLz  Delay time, CASto output in the low-impedance state 0 0 (¢} ns
toy  Output data hold time from CAS 3 3 3 ns
toHo Output data hold time from OE 3 3 3 ns
toFr  Output buffer turn-off delay fromCTG(see Note 6) o] 13 0 15 0 18 ns
topz  Output buffer turn-off delay from OE (see Note 6) 0 13 0 15 0 18 ns

'416800A-50 '416800A-60 '416800A-70
PARAMETER ’42x800A/P-50 | '42x800A/P-60 | '42x800A/P-70 | UNIT

MIN  MAX MIN  MAX MIN  MAX
tAA Access time from column address (see Note 5) 25 30 35 ns
tcac  Access time from CAS (see Note 5) 13 15 18 ns
tcpa  Access time from TAS precharge (see Note 5) 30 35 40 ns
tRAC  Access time from RAS (see Note 5) 50 60 70 ns
toEa  Access time from OE (see Note 5) 13 15 18 ns
tcrz Delay time, CASto output in the low-impedance state 0 0 0 ns
to4  Output data hold time from CAS 3 3 3 ns
toHo Output data hold time from OE 3 3 3 ns
toFr  Output buffer turn-off delay from CAS (see Note 6) o} 13 0 15 0 18 ns
toez  Output buffer turn-off delay from OE (see Note 6) 0 13 0 15 0 18 ns

NOTES: 4. With ac parameters, it is assumed tr = 5 ns.
5. For TMS42xBOO0A/P, access times are measured with output reference levels of \p =2 V and Vo = 0.8 V.
6. 1oFF and togz are specified when the output is no longer driven. Data-in should not be driven until one of the maximum values is
satisfied.
ADVANCE INFORMATION ne

W in the of
preproduction phase of development. Characteristic data and other
specifications are subject to change without notice.
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timing requirements over recommended ranges of supply voltage and

temperature (see Note 4)

operating free-air

’417800A-50 '417800A-60 '417800A-70 UNIT
MIN MAX MIN MAX MIN MAX
tRC Cycle time, read 90 110 130 ns
twe Cycle time, write 90 110 130 ns
trwc  Cycle time, read-write 131 155 181 ns
tpc Cycle time, page-mode read or write (see Note 7) 35 40 45 ns
tpRWC  Cycle time, page-mode read-write 76 85 96 ns
trasp  Pulse duration, RAS active, page mode (see Note 8) 50 100000 60 100000 70 100000 ns
tRAS Pulse duration, RAS active, nonpage mode (see Note 8) 50 10000 60 10000 70 10000 ns
tCAS Pulse duration, CAS active (see Note 9) 13 10000 15 10000 18 10000 ns
tcp Pulse duration, CAS precharge 8 10 10 ns
tRP Pulse duration, RAS precharge 30 40 50 ns
twp Pulse duration, write command 10 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 10} 0] 0 0 ns
tRCs Setup time, read command 0 0 0 ns
tewL Setup time, write command beforeC_ASprecharge 13 15 18 ns
tRWL Setup time, write command before RAS precharge 13 15 18 ns
WS Setup tim_e, write command before CAS active 0 0 0 ne
(early-write only)
tcsR Setup time, CAS referenced to RAS (CBR refresh only) 5 5 5 ns
tWRP Setup time, write before RAS active (CBR refresh only) 10 10 10 ns
tcAH Hold time, column address 10 10 15 ns
tpH Hold time, data in (see Note 10) 10 10 15 ns
tRAH Hold time, row address 8 10 10 ns
tRCH Hold time, read command referenced to CAS (see Note 11) 0 0 ns
tRRH Hold time, read command referenced to RAS (see Note 11) 0 0 ns
tWGH :}c;lg ;_let,ew;::g ;::ommand during CAS active 10 10 15 ns
tgHcp  Hold time, RAS active from CAS precharge 30 35 40 ns
togy  Hold time, OF command 13 15 18 ns
tROH Hold time, RAS referenced to O 10 10 10 " ns
twRH  Hold time, write after RAS active {CBR refresh only) 10 10 10 ns
WD e e o ss o vt comrand i s - o
NOTES: 4. With ac parameters, it is assumed tr = 5 ns.

7. Toensure tpg MIN, tagc should be > to tcp.

8. In a read-write cycle, iRwp and tgwL must be observed.

9. In a read-write cycle, {cwp and fgw). must be observed.

10. Referenced to the later of CAS or W in write operations
11. Either tRRH or trcH must be satisfied for a read cycle.
3 15
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TMS416800A, TMS417800A
TMS426800A, TMS426800AP, TMS427800A, TMS427800AP
2097152-WORD BY 8-BIT HIGH-SPEED DRAMS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)

'417800A-50 | '417800A-60 | 417800A-70 UNIT
MIN MAX| MIN MAX| MIN MAX
tCHR Delay time, CAS referenced to RAS (CBR refresh only) 10 10 10 ns
tCRP Delay time, CAS precharge to RAS 5 5 5 ns
iCSH Delay time, RAS active to CAS precharge 50 60 70 ns
tcwD Delay time, CAS to write command (read-write operation only) 36 40 46 ns
toED Delay time, O to data in 13 15 18 ns
tRAD Delay time, RAS to column address (see Note 12) 13 25 15 30 15 35 ns
tRAL Delay time, column address to RASprecharge 25 30 35 ns
tcaL Delay time, column address to CAS precharge 25 30 35 ns
tRCD Delay time, RAS to CAS (see Note 12) 18 37 20 45 20 52 ns
tRPC Delay time, RAS precharge to CAS 5 5 5 ns
tRSH Delay time, CAS active to RAS precharge 13 15 18 ns
tRWD Delay time, RAS to write command (read-write operation only) 73 85 98 ns
tcpw Delay time, CAS precharge to write command (read-write only) 53 60 68 ns
tREF Refresh time interval 32 32 32 ms
T Transition time 2 30 2 30 2 30 ns
NOTE 12: The maximum value is specified only to ensure access time.
{"f TEXAS
INSTRUMENTS
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TMS416800A, TMS417800A
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)

'416800A-50 '416800A-60 ’416800A-70
'42x800A/P-50 | '42x800A/P-60 | "42xB00A/P-70 | ynIT
MIN MAX MIN MAX MIN MAX
tRC Cycle time, read 90 110 130 ' ns
twe Cycle time, write 90 110 130 . ns
tawc  Cycle time, read-write 131 155 181 7 ns
tpc Cycle time, page-mode read or write (see Note 7) 35 40 45 ns
tprwe  Cycle time, page-mode read-write 76 85 -+ 96 ns
trasp  Pulse duration, RAS active, page mode (see Note 8) 50 100000 60 100000 70 100000 ns
tRAS Pulse duration, RAS active, nonpage mode (see Note 8) 50 10000 60 10000 70 10000 ns
tCcAS Pulse duration, CAS active (see Note 9) 13 10000 15, 10.000 18 10000 ns
tcp Pulse duration, CAS precharge 8 210 10 ns
IRp Pulse duration, RAS precharge 30 40 50 ns
twp Pulse duration, write command 10 0 e 10 10 ns
tASC Setup time, column address . 0 0 ns
tASR Setup time, row address =0 0 0 ns
tps Setup time, data in (see Note 10) b ’:’ : 0 0 ns
tRcs Setup time, read command R o 0 0 ns
tWRP Setup time, write before RAS active (CBR refresh only):. 10 10 10 ns
tocwL Setup time, write command beforeC_ASprecharge : 13 15 18 ns
tRwL  Setup time, write command beforemprechég;g’ek” o 13 15 18 ns
twes Setup timg, write command before CASactive ~“77.. - 0 0 0 ns
(early-write only) )
tcsSR Setup time, CAS referenced to RAS{CBR tafresh only) 5 5 5 ns
twpp  Setup time, write before RAS active (CBR refresh only) 10 10 10 ns
tCAH Hold time, column address * ° . 10 10 15 ns
toH Hold time, data in (see Note 10). . ..~ 10 10 15 ns
tRAH  Hold time, row address. . 3. 7 8 10 10 ns
t{RCH  Hold time, read command referenced to CAS (see Note 11) 0 0 0 ns
tRRH  Hold time, read command referenced to RAS (see Note 11) 0 0 ns
tWGH :;;I: ;jcvw:t,evg:z )command during CAS active 10 10 15 ns
trHCcp Holdtime, RAS active from CAS precharge 30 35 40 ns
toEH .- Hold time, OE command 13 15 18 ns
tROH <., Hold time, RAS referenced to OE 10 10 10 ns
ICHS Hold time, CAS referenced to RAS (self refresh only) -50 -50 -50 ns
twRH-+-Hold time, write after RAS active (CBR refresh only) 10 10 10 ns
D ey i s sa -
NOTES: 4. With ac parameters, it is assumed tr = 5 ns.
7. Toensure tpc MIN, taogc should be > to top.
8. In a read-write cycle, iyRywp and try| must be observed.
9. In a read-write cycle, {cyp and tgyy must be observed.
10. Referenced to the later of CAS or W in write operations
11. Either tyrH or trcH must be satisfied for a read cycle.
ADVANCE INFORMATION new products in the sampling or .
specifications aprgassﬁebjgr:t to change o e dafa sl olher ¢ TEXAS
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timing requirements over recommended ranges of supply voltage and operating free-air

temperature (continued)

’416800A-50 '416800A-60 ’416800A-70
’42xB00A/P-50 | *42xB00A/P-60 | "42x800A/P-70 | uynNiT
MIN  MAX MIN  MAX MIN  MAX

{CHR Delay time, CAS referenced to RAS (CBR refresh only) 10 10 10 ns
tCRP Delay time, CAS precharge to RAS 5 5 5 ns
tcsH Delay time, 'RAS active to CAS precharge 50 60 70 ns
tcwp  Delay time, CAS to write command (read-write operation only) 36 40 46 ns
toOED Delay time, OE to data in 13 15 18 ns
tRAD Delay time, RAS to column address (see Note 12) 13 25 15 30 15 35 ns
tRAL Delay time, column address to RASprecharge 25 30 35 ns
tCAL Delay time, column address to CASprecharge 25 30 35 ns
tRCD Delay time, RAS to CAS (see Note 12) 18 37 20 45 20 52 ns
tRPC Delay time, RAS precharge to CAS 5 5 5 ns
tRSH Delay time, CAS active to RAS precharge 13 16 18 ns
tRwp  Delay time, RAS to write command (read-write operation only) 73 85 98 ns
tocpw Delay time, CAS precharge to write command (read-write only) 53 60 68 ns
tRass  Pulse duration, RAS active, self refresh (see Note 13) 100 100 100 us
trps Pulse duration, RAS precharge after self refresh 90 110 130 ns

'416800A 64 64 64 ms
tREF Refresh time interval 420800A 64 64 o4 e

'427800A 32 32 32 ms

'42x800AP 128 128 128 ms
tT Transition time 2 30 2 30 2 30 ns

NOTES:12. The maximum value is specified only to ensure access time.

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

PARAMETER MEASUREMENT INFORMATION

VTH
Rp
Output Under Test Output Under Test
Cp =100 pF CL =100 pF
(see Note A) (see Note A)

{a) LOAD CIRCUIT

NOTE A: CL includes probe and fixture capacitance.

DEVICE |Vvcc(V) | R1(Q) | R2(@) | VTH(V) | RL(Q)
'41x800A 5 828 295 1.31 218
"42x800A/P | 3.3 1178 | 868 1.4 500

Figure 1. Load Circuits for Timing Parameters

Vee

Ry

Rz

(b) ALTERNATE LOAD CIRCUIT

ADVANCE INFORMATION new products in the ing or
preproduction phase of development. Characteristic data and other
specifications are subject to change without notice.
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PARAMETER MEASUREMENT INFORMATION

tRC

[P
' |
_ . tRAS >
RAS : | ,l./( tRp *!\
le— t7 |
_H| :< tcsH oo :
| &——teD——» } P |
| «———tRsH——» | |
I I : l+——tcrp —»
]
. ™ — t — —
CAS > tasr N CAS |1 !
| ! | | f —t+——tep——»
' l¢e——»+tpap | | Ll
; | [¢—»——tasc P
b —pl 14— tRAH | Fr ol
i | | e —tcaAL ——p | | }
| « | ) N
| L RAL el
\ /\/\ 4
| /[ I\ T/ ¢
J
| tRCS — | [ {4— tRRH
I —JI (4 'caH | [4T—»tReH
T AATATAIA
- TR R R TR
VAVAVAN | f | : Vi VAVAVAVAV
! | le—— tcac —P
| toOFF ———— >
l < l’AA — [ ¢——toH———»
DQ0-DQ7 : Hi-Z See Note A @( Valid Data Out }
| tcLz je—» | ! |
e tRAC »l I [—»— toHO
ﬂ—tOEA—H | | |
| | N—bLtOEz
l¢—— troH ——»

INININININT
5F SEXRRR Dot &%8882% (T
NONALS NANNANNL

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

Figure 2. Read-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

:4 twe |
|
{ < tRAS > :
| l
BAS | g teaL———» | /]
N (N —
tr—» | | :CitRSH |—>i |
; H—lnco—ﬂ | |
| ‘ t > | |
I : | cAs | l¢———tcRp ———»
| ; tcsH ﬁ [
| i ¢ | : | |
CAS —D: |<|— ASRtASC | j —tcp————p
IRAH —h| i ' 'RAL ! Q|
‘ | | —LJ '1— tcaH |
e XX EHTEETIREX
I‘*tRAD—’:E 4 } fowL
| ] RWL
W /IJontCa:e\M‘q—p;- wos ,3‘0’0’0‘0‘0’0‘0’0" Don't Care XXXRKLLL

| H—tDH—H
¢——— tpg ———p |
|

|
55 DRI PARAANEe R TTTLLLLLLG
5 {00000 RRRRLLLK: Bomt Gare S 0AAAAAXAK XXX RRRIAC

Figure 3. Early-Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

N tRC ﬁ
|
| :4 tRAS >i i
AAS N '/ t \
| —— tRp ——»
r =¥ :“ ¢———— tRsH —JI {
| «—— tgep —»
1 |———— tcRP ———
| e |1
| tesH >: | |
| T
CTAS —» ef tasm N MI \
I | tASC—:‘—H’ 1“1|—““—‘CP—H
I |
|
T ——
RAH ¥ [ f ; feaL g
| | | [ | |
b : : H—ﬂ— tcaH ‘ i

|
Address i:i"m‘:‘: Column, W Sc/)n/t C;re W
| t —11——”
¢ tRaD P | : CV_V:M_ |
I bs I l— tRwL —>|

|
AV4 AV |
|

|
T
| | h——»— twp
tcu-ﬂ‘- : H ,| toH

I ININININININ
Invalid Data Out AVAVAVAVAVAYS

toep > !“ e toem .
_ NN
OE Don’t Care W Don’ t Care

Figure 4. Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

|< trRwe =|
I
l [1——->— tRp
—» <17
| {4— tRCD —Jl‘ ‘*l— 1CRP —H
| < tcas >
CAS —» ﬁJ—tAsn N / N
CAS
! | t | l*l— tcp —»
| [P— tRAH o .
I 4—PtcaH
‘ {h_ tF‘AD 'HH tASC l —‘# Hl tT
r Row Column Don't Care
Address
[
[ tRCS —» | tow —le—p
| < } | tRWD 1 | TRwL
| | ] | —T—DI I(—twp
A N A TR
| 1 |<— tCWD VAVS Vi
| ! l4— tcac —» s —>| |<J-
| e—F tan —’l —H |<—- tDH
( tCLZ N/ | VA VAVAY Vi
D@o-Da7 i See Note A "‘0 %a‘:‘a ’ D'a"ta Dloln 1 Care W
e traC
oo I —» ‘4-1— toEZ H—» toEH
toEa | H—beo

—_— AYAYAY \ | I\ AYAY
FAVAVAYS AVAVAVAVAVA

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

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

< tRASP
RAS '\ ¢ IRHCp ———— >/ |
: |
N VE—

CAS

|
Address @{ Row >< Column }@{ Column Don’t Care
VAVAN AN

:

71——___7_ - T
-]
>
(=]

I

|

teLz —4—» |
=@ E @ E

|
; I
| | toea i
o TR SR e AN TR

T Access time is cPA- {CAC- Or taAa-dependent.
NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time.

Figure 6. Enhanced-Page-Mode Read-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

tRp —4¢—>
| |
e tRASP >
RAS N j¢——————— tRHCP —————p AN
S E—— l | |
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I
b

|
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DQO-DQ7 @( Valid Data In m Valid In W Don’t Care
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VAVAVAVAVAVAN
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NOTE A: Aread cycle oraread-write cycle can be intermixed with write cycles as long as read and read-write timing specifications are not violated

Figure 7. Enhanced-Page-Mode Early-Write-Cycle Timing
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RAS

CAS

Address

gl

DQ0-DQ7

PARAMETER MEASUREMENT INFORMATION
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NOTE A: Aread cycle oraread-write cycle can be intermixed with write cycles as long as read and read-write timing specifications are not violated

Figure 8. Enhanced-Page-Mode Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

tRP | e—
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I
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t Qutput can go from the high-impedance state to an invalid-data state prior to the specified access time.
NOTE A: A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.

Figure 9. Enhanced-Page-Mode Read-Write-Cycle Timing
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Figure 10. RAS-Only Refresh-Cycle Timing
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Figure 11. Automatic CBR-Refresh-Cycle Timing
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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 14. Self-Refresh-Cycle Timing
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DGC (R-PDS0-G28)

MECHANICAL DATA
PLASTIC SMALL-OUTLINE PACKAGE

r jr o200 100002 @)
28 15

HHHABHHAHAHAHAHBHRAH

O

0.471(11,96)
0.455 (11,56)
0.404 (10,26)

0.396 (10,06)
0.006 {0,15) NOM

|

L v
SIS I = = I = = = = B = = =
1 14

0.729 (18,51)

{ Foamernelf[y |

/
0.010 (0,25)

1

0.721(18,31)

0°-5°
0.024 (0,60)

0.016 (0,40)

I 1

0.047 (1,20) MAX

Seating Plane $ c;{\\l }L

R 2 S
0.000 {0,00) MIN —T [ =] 0.004(0,10) |

4040260-2/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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MECHANICAL DATA
DZ (R-PDSO-J**) PLASTIC SMALL-OUTLINE J-LEAD PACKAGE
32 PIN SHOWN
A
32 17
I_If_\f—lf—ifﬁljf_ll'_'lFjr"lljl_|["'1l—|lj[jj ?
0.445 (11,30)
0.435 (11,05)
D) 0.405 (10,29)
0.395 (10,03)
0 i
N N N [ N N [ N [ U U [ O [ D (D N D 0
1 16
0.032 (0,81)
0.026 (0,66)
0.106 (2,69) NOM 0.148(3,76) _
.106 (2,69) 0.125 (3.25) 0.008 (0,20) NOM
[ 1 A
NVAVATAVAVLVAVATAVAVAVAVATATAVAYY B R (& J*

JL 0.020051) T o7 o gy @] | =] 0.004(0,10) | L 0.380 (9,65)

0.016 (0,41)

0.050 (1,27)

0.360 (9,14)

PINS **
24 28 32 40 42
DIM
A MAX 0.730 0.730 0.830 1.030 1.080
(18.54) (18,54) (21,08) (26,16) (27,43)
A MIN 0.720 0.720 0.820 1.020 1.070
(18,29) (18,29) (20,83) (25,91) (27.18)

4040094/C 11/95

NOTES: A. Al linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Plastic body dimensions do not include mold protrusion. Maximum mold protrusion is 0.005 (0,13).
The 24 pin package has the center two pins removed on both sides.
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device symbolization (TMS417800A illustrated)

Ti .SS
‘l’ T Speed ( -50, - 60, -70)
D TMS417800A DZ Low-Power/Self-Refresh Designator (Blank or P)
' Package Code
W E Y MILLLLP
. Assembly Site Code

Lot Traceability Code

Month Code

Year Code

Die Revision Code

Wafer Fab Code
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