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Operations
description

The TMS45165 series are high-speed, 41 94304-bit dynamic random access memories organized as 262144
words of sixteen bits each.

The TMS45165P series are high-speed, low-power with self-refresh, 4194304-bit dynamic random-access
memories organized as 262144 words by sixteen bits each.

They employ state-of-the-art enhanced performance implanted CMOS (EPIC"‘)___tgchnoIogy for high
performance, reliability, and low power at low cost. These devices feature maximum RAS access times of 70
ns, 80 ns, and 100 ns. Maximum power dissipation is as low as 660 mW operating and 11 mW standby on
100 ns devices.

Allinputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines are
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

EPIC is a trademark of Texas Instruments Incorporated.
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description (continued)

The TMS45165 and TMS45165P are each offered in a 40-lead plastic surface mount SOJ (DZ suffix) package,
and a 40/44-lead plastic surface mount TSOP (DGE suffix). These packages are characterized for operation
from 0°C to 70°C.

operation

enhanced page mode

Page-mode operation allows faster memory access by keeping the same row address while selecting random
column addresses. The time for row-address setup and hold and address multiplex is thus eliminated. The
maximum number of columns that can be accessed is determined by the maximum RAS low time and the CAS
page-mode cycle time used. With minimum CAS page cycle time, all 512 columns specified by column
addresses A0 through A8 can be accessed without intervening RAS cycles.

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. This feature allows the TMS45165 and TMS45165P to operate at a
higher data bandwidth than conventional page-mode parts, since data retrigval begins as soon as column
address is valid rather than when CAS transitions low. This performance improvement is referred to as
enhanced page mode. Valid column address can be Presented immediately after tra1 (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) has been satisfied. In the event
that column addresses for the next page cycle are valid at the time mgoes high, access time for the next cycle
is determined by the later occurrence of tcac or topa (access time from rising edge of the last CAS).

address (A0-A8)

Eighteen address bits are required to decode 1 of 262 144 storage cell locations. Nine row-address bits are set
up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then nine
column-address bits are set up on pins A0 through A8 and latched onto the chip by the column-address strobe
(CAS). All addresses must be stable on or bsfore the falling edge of RAS and CTAS. RAS is similar to a chip
enable in that it activates the sense ampiifiers as well as the row decoder. In the TMS45165 and TMS45165P
CAS is used as a chip select activating the output buffer, as well as latching the address bits into the
column-address buffers.

write enable (UW, TW)

The read or write mode is selected through the upper or lower write-enable (UW, TW) input. TW controls
DQ0-DQ7, and UW controls DQ8-DQ15. A logic high on the UW and LW input selects the read mode and a
logic low selects the write mode. The write-enable terminal can be driven from the standard TTL circuits without
a pullup resistor. The data input is disabled when the read mode is selected. When UW or LW 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.

NOTE: Either UW or LW can be brought low in a given write cycle and only eight data bits are written into. The
user can bring both UW and TW low at the same time and all 16 data bits are written into.

NOLLYINHOANI 3ONVAQY

data In (DQO-DQ15)
Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge

of CAS, UW, or LW strobes data into the on-chip data latch. In an early write cycle, UW or [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, the data is strobed in _be_W or [W with setup and hold
times referenced to this signal. Ina delayed write or read-modify-write cycle, OE must be highto bring the output
buffers to high-impedance prior to impressing data on the I/O lines. The LW pin controls DQO—-DQ7. The UW

pin controls DQ8-DQ15.,
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data out (DQ0-DQ15)
The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two
Series 74 TTL loads. Data outis the same polarity as datain. The outputis 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 tcac
that begins with the negative transition of CAS as long as trac and taa are satisfied.

output enable (OE)

OE controls the impedance of the output buffers. When OE is high, the buffers remain in the high-impedance
state. Bringing OE low during a normal clo activates the output buffers, putting them in the low-impedance
state. Itis necessary for both RAS and CAS tobe brought low for the output buffers to go into the low-impedance
state, they remain in the low-impedance state until either OE or CAS is brought high.

RAS.-only refresh

A refresh operation must be parformed at least once every eight milliseconds (64 ms for TMS45165P) to retain
data. This can be achisved by strobing each of the 512 rows (AO--A8), 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, thus conserving power as the output buffer remains 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 cyciing RAS after a specified precharge period, similar to a RAS-only
refresh cycle.

CAS-before-RAS refresh (CBR)
CBR refresh is utilized by bringing CAS low earlier than RAS (see parameter togR) and holding it low after RAS

falls (see parameter tcHR)- For successive CBR refresh cycles, CAS can remain low while cycling RAS. The
extornal address is ignored and the refresh address is generated internally.

A low-power battery-backup refresh mode that requires less than 300 pA refresh current is available on the
TMS45165P. Data integrity is maintained using CBR refresh with a period of 125 ps holding RAS low for less
than 1 us. To minimize current consumption, all input levels must be at CMOS levels (V| s 0.2V, V|y =
Veg-02V).

self-refresh (TMS45165P)

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 us. The chip is then refreshed internally by an on-board oscillator. No external
address is required since the CBR counter is used to keep track of the address. To exit the self-refresh mode,
both RAS and CAS are brought high to satisfy tcHs.

power up

To achieve proper device operation, an initial pause of 200 ps followed by a minimum of eight RAS cycles is
required after power-up to the full Ve level.
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logic symbolt
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T This symbeol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown correspond to the DZ package.
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functional block diagram

RAS CAS UW LW OE
[ Timing and Control |
V i
A0 LN 1
Al Column Decode
*] column ( Senas Amplifiers 3
o| Addiess 126K Array | | 128K Array \
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. 5 ,i ’ DQO-DQ15
absolute maximum ratings over operating free-alr temperature range (unless otherwise noted)t
Supply voltage range on any pin (588 NOE 1) ..vvveriverinniieer e -1Vto7V
Supply VOItAgE rANGE ON VG +- v« vvrnesareanrnssnsenncn s sse s s -1Vto7V
ShOM-CIrCUIt OUIPUE CUITENT ... v e v e erevanias e e srnnae et e e 50 mA
POWEE QISSIDALION .+ ..\ v e vaescaeranteateeae et 1W
Operating free-air tBMPEratUre FANGS ...... ... cvvouersrsrrssriernsarrr st oy 0°C to 70°C
Storage temperature 1ange, Tgtg ««.«eeersrrerrnrinns e - 55°C to 150°C
t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditlons for extended periods may affect device reliability.
NOTE 1: All voltage values are with respect to Vgs.
recommended operating conditions
MIN NOM MAX] UNIT
Voo  Supply voltage : 45 5 5.5 v
Vgs  Supply voltage 0 v
ViH High-level input voltage 24 8.5 Vv
VIL Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit Is designated as minimum, is used for logic-voltage levels only.
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electrical characterlstics over recom

temperature (unless otherwise noted)

mended ranges of supply voltage and operating free-air

capacitance over recomm

f =1 MHz (see Note 5)

’45165-70 '45165-80 '45165-10
PARAMETER TEST CONDITIONS 45165P-70 | '45165P-80 | 'a5165P-10 | ynir
MIN  MAX| MIN MAX| MIN MAX
VoH High-level output voltage ] iy =— 5 mA 24 2.4 24 \
VoL Low-level output voltage | Ig|_ = 4.2 mA 0.4 0.4 0.4 v
vVec =55V, Vi=0Vio65V, ]
Iy Input current (Isakage) Al other pins = 0V 1o Vo =10 210 =10 A
Ve =55V, Vo=0VtoVgg,
o Output current (leakage) TAS high +10 +10 =10 A
Read or write cycle _ -
icert current (so6 Note 3) Vee =55V, Minimum cycle 160 140 1201 mA
VIH=24V(TTY
After 1 memory cycle, 2 2 21 mA
| Stand N RAS and CAS high
ndby curren
> cc2 ViH=Vec-02V (CMOS) | 45185 1 1 1] ma
After 1 memory cycle,
v FIAS and CAS high '45165P 200 200 200 pA
< vee =55V, Minimum cycle,
Average refresh current | —2< RS monls
> lccs  (RAS only or CBR) (RAS only), RAS eycling, 160 140 120 ma
=2 CAS high (CBR only)
(see Note 3) == —
O RAS low after CAS low
m Average page current Voo =55V, tp¢ = minimum,
iccat = = 180 140 120] mA
— CC4 (see Note 4) RAS low, CAS cycling
% Battery backup tRC=125us, 1RAS=1yps,
4  operating current Veec-02VsViy s_ss_v _
®) 'cC8*  (aquivalent refresh time | 0 v VIL=0.2V, W, LW and OE=Viy, 300 300 00| wA
o Is 64 ms) (CBR only) Address and data stable
+ CAS<0.2V, RAS <0.2V,
= |iccstt Selfrefresh current Moasured afer trass miniaum 200 200 200 pA
> ¥ Measured with outputs open
:' ¥ For TMS45165P only
O NOTES: 3. Measured with @ maximum of one address change while RAS = V)
z 4. Measured with a maximum of one address change while CAS = Vi

ended ranges of supply voltage and operating free-air temperature,

PARAMETER MIN MAX | UNIT
Cita) Input capacitance, A0O—A8 5 pF
Ci(OE)  Input capacitance, OE 7| pF
Ci{RC) Input capacitance, CAS and RAS 7] pF
Ci Input capacitance, W 7| pF
C Output capacitance 7 pF
NOTE 6: Ve =5V +0.5V and the bias on pins under test is 0 V.
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switching characteristics over recommended ranges of supply voltage and operating free-air

temperature
'45165-70 ’'45165-80 '45165-10
PARAMETER *'46165P-70 '46165P-80 '46165P-10 UNIT
MIN MAX| MIN MAX MIN MAX

tcac  Access time from CAS low 20 20 25| ns
tAA Access time from column address 35 40 45 ns
tRAC  Access time from RAS low 70 80 100] ns
toEA  Access time from OE low 20 20 25| ns
tcPA  Access time from column precharge 40 45 50 ns
toLz  CAS low to output in the low-impedance state 0 0 0 ns
topF  Output disable time after CAS high (see Note 6) 0 20 20 25]| ns
toEZ Output disable time after OE high (see Note 6) - 0 20 20 0 25 ns

NOTE 6: toFk and togz are specified when the output is no longer driven.

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

temperature (see Note 7)

'45165-70 '45165-80 '451656-10
PARAMETER '45165P-70 '45165P-80 '45165P-10 UNIT
MIN MAX | MIN MAX MIN MAX

RC Cycle time, read (see Note 8) 130 150 180 ns
twe Cycle time, write 130 150 180 ns
tAweC Cycle time, read-modify-write 185 205 245 ns
teC Cycle time, page-mode read or write (see Note 9) 45 50 55 ns
tPRWC Cycle time, page-mode read-modify-write 90 105 120 ns
tRASP Pulse duration, page mode, RAS low (see Note 11) 70 100 000 80 100 000 100 100 000 ns
tRAS Pulse duration, nonpage mode, RAS low (see Note 11) 70 10 000 80 10 000 100 10 000 ns
tCAS Pulse duration, CAS low (see Note 10) 20 10 000 20 10 000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 ns
tRpP Pulse duration, RAS high (precharge) 50 60 70 ns
twe Pulse duration, write 15 15 20 ns
taSC Setup time, column address before CAS low 0 0 0 ns
tASR Setup time, row address before RAS low 0 0 0 ns
s Setup time, data before xW low (see Note12) 0 0 0 ns
tRcs Setup time, read before CAS low 0 0 0 ns
towL Setup time, XW low before CAS high 20 20 25 ns
tRWL Setup tima, XW low before RAS high 20 20 25 ns
Wos e ) : : : .

NOTES: 7. Timing measurements are referenced to V| max and V|4 min.

8. All cycle times assume tT =5 ns.
9, tpg > top min + tcAS min + 2tT.
10. Inaread-modify-write cycle, icwp and tow) mustbe observed. Depending on the user's transition times, this can require additional
TAS low time (tCAS)-
11. Inaread-modify-write cycle, tRwp and try| mustbe observed. Depending on the user's transition times, this can require additional
RAS low time (tRAS)-
12. Later of CAS or xW in write operations
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 7) (concluded)

'45165-70 | 4516580 | ‘as165-10
PARAMETER '45165P-70 '45165P-80 '45165P-10 UNIT
MIN  MAX| MIN MAX| MIN MAX
tcAH Hold time, column address after CAS low (see Note 12) 15 15 20 ns
tOHR Hold time, data aftar RAS low (sea Note 13) 35 35 45 ng
tDH Hold time, data after CAS low (see Noto 12) 15 15 20 ns
tAR Hold time, column address after RAS fow (see Note 13) 35 35 45 ns
tRAH Hold time, row address after RAS low 10 10 15 ns
tRCH Hold time, read after CAS high (see Note 14) 0 0 0 ns
tRRH Hold time, read after RAS high (see Note 14) 0 o 0 ns
WCH Hold time, write after CAS low (early-write operation only) 15 15 20 ns
WCR Hold time, write after RAS low (see Note 13) 35 35 45 ns
tOEH Hold time, OE command 20 20 25 ns
> tAWD Delay time, column address to XW low (see Note 15) 65 70 80 ns
o {CHR Delay time, RAS low to CAS high (CBR refresh only) 18 20 20 ns
< tcrRp Delay time, CAS high to RAS low 0 0 0 ns
> tosH Delay time, RAS low to TAS high 70 80 100 ns
z iCSR Delay time, CAS low to RAS low (CBR refresh only) 10 10 10 ns
0O |tcwo Delay time, CAS low to xW low (see Note 16) 50 50 60 ns
M [ Delay time, O high before data at DQ 20 20 25 ns
m— [ tROH Delay time, OF low to RAS high 10 10 10 ns
= tRAD Delay time, RAS low to column address {see Note 16) 15 35 15 40 20 55| ns
P tRAL Delay time, column address to RAS high 35 40 45 ns
o toAL Delay time, column address to CAS high 35 40 45 ns
Y tRcp Delay time, RAS low to CAS low (see Note 16) 20 50 20 60 25 75| ns
g tRPC Dslay time, RAS high to CAS low (CBR rafresh only) 4] 0 1] ns
5 tRSH Delay time, CAS low to RAS high 20 20 25 ns
== |{oWD Delay time, RAS low to xW low (see Note 15) 100 110 135 ns
o ICPR CAS precharge before self refresh 0 [ 0 ns
< tpps RAS precharge after self refrash 130 150 180 ns
tRASS _ Self-refresh entry from RAS low 100 100 100 us
tREF Refresh time interval (TMS45165 only) 8 8 8] ms
tREF Retresh time interval, low power (TMS45165P only) 64 64 641 ms
tcHs CAS low hold time after RAS high -50 ~-50 -50 ns
tr Transition time 2 50 2 50 2 50 ns

NOTES: 7. Timing measurements are referenced to V|L max and V)4 min.
12. Later of CAS or XW in write operations
13.  The minimum value is measured when RCD Is setto tyop min as a reference.
14. Either trRH or tRcH must be satisfied for a read cycle.
15, Read-modify-write operation only
16. Maximum value specified only to assure access time.
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PARAMETER MEASUREMENT INFORMATION

131V Vee=5V
RL=218Q Ry =828Q
Output Under Test Output Under Test
CL = 100 pF R2=295Q
Cp =100 pF (see Note A)
(see Note A) I
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT

NOTE A: Ci includes probe and fixture capacitance.

Figure 1. Load Circuits for Timing Parameters
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PARAMETER MEASUREMENT INFORMATION

|

,l.'= tRAS i |

' |
|

top

A0-AB (KON, Pow IXQUNL  Column IXXX) !020020?0!020!020‘
|

!I 5 e—tcan 14 thcH —»

I 4—tRcs ! Il — tRRH

| i |
N XXXF | | O NS R
O, G Don'tCare K8 e e R
|

. AR |
tolz —e '1' | H—i——' toFF
]

|
j@( Valid Data Out }——
See Note A |

|

|

|

| ! T

— tRac » I |

—— toga —P | M—>t- toEz
tROH — |

|
OE \ | . /
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

DQo-DQ15

NOILYINHOANI 3ONVAQY

4-124 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443

BN 38961725 0084993 bL57 M




TMS45165, TMS45165P
262144-WORD BY 16-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS165C — OCTOBER 1992 — REVISED JUNE 1995

PARAMETER MEASUREMENT INFORMATION
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+ Either UW or LW can be brought low and the user can write into eight DQ locations, or UW and TW can be brought low at the same time and
all 16 DQ locations are written into.
% All DQ pins remain in the high-impedance state for an early-write cycle.

Figure 3. Early-Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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¥ Either W or TW can be brought low and the user can write into sight DQ focations, or UW and LW can be brought low at the same time and
all 16 DQ locations are written into.

1 All DQ pins remaln in the high-Impedance state while OE is high.
NOTE A: Later of CAS or xW in write operations.

Figure 4. Write-Cycle Timing
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1 Either GW or LW can be brought low and the user can write into sight DQ locations, or UW and LW can be brought low at the same time and

all 16 DQ locations are written into.

1 All DQ pins remain in the high-impedance state for an early-write cycle.
Figure 5. Read-Modify-Write-Cycle Timing
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NOTES: A.
B.
C.

Access time is topa or taa dependent,

specifications are not violated.
Figure 6. Enhanced Page-Mode Read-Cycle Timing
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Output can go from the high-impedance state to an invalid-data state prior to the specified access time.

Awrite cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing
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NOTES: A. Later of CAS or XW in write operations.

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

Figure 7. Enhanced Page-Mode Write-Cycle Timing
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NOTES: A. Output can go from the high-Impedance state to an invalid-data state prior to the specified access time.
B. Aread- orwrite cycle can be intermixed with read-modify-write cycles as long asthe read and write cycle timing specifications
are not violated,
C. Access time Is topa or taa dependent.

Figure 8. Enhanced Page-Mode Read-Modify-Write-Cycle Timing
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Figure 9. RAS-Only Refresh-Cycle Timing
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NOTE A: 512 CBR cycles must be used for CBR counter test.

Figure 11. Automatic-CBR-Refresh-Cycle Timing
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Figure 12. Self-Refresh-Cycle Timing
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