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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

seven column-address bits are set up on pins AO through A6 and latched onto the chip by the column-
address strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS.
RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS
is used as a chip select activating the column decoder and the input and output buffers.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When w
goes low prior to TAS, data out will remain in the high- nmpedance state for the entire cycle permitting
common 1/O operation.

data in (D)

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. This latch can be driven from standard TTL
circuits without a pull-up resistor. 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 will already be low, thus the data will be strobed in by W with setup and hold times
referenced to this signal.

data out (Q)

The three-state output buffer provides direct TTL compatibility {no pull-up resistor required) with a fan
out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance
(floating) state until CAS is brought low. In a read cycle, the output goes active after the enable time interval
ta(C) that begins with the negative transition of CAS as long aﬁm) is satisfied. The output becomes
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to
a high-impedance state. In an early write cycle, the output is always in the high-impedance state. In a
delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle.

refresh

A refresh operation must be performed at least every two milliseconds to retain data. Since the output
buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any
output during refresh. Strobing each of the 128 row addresses (A0 through A6} with RAS causes all bits
in each row to be refreshed. CAS remains high (inactive) for this refresh sequence, thus conserving power.

page mode

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row
addresses on the same page is eliminated. To extend beyond the 128 column locations on a single RAM,
the row address and RAS is applied to multiple 16K RAMs; TAS is decoded to select the proper RAM.

power up

VBB must be applied to the device either before or at the same time as the other supplies and removed
last. Failure to observe this precaution will cause dissipation in excess of the absolute maximum ratings
due to internal forward bias conditions. This also applies to system use, where failure of the Vg supply
must immediately shut down the other supplies. After power up, eight RAS cycles must be performed
to achieve proper device operation.
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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage on any pin (see Note 1)
Voltage on Ve, VDD supplies with respect to Vgs

Short circuit output current

Power dissipation

-0.5Vto20V
-1Vto15V
50 mA

Operating free-air temperature range
Storage temperature range . . .

T Stresses beyond those listed under *“Absolute Maximum Ratings'* may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions beyond those indicated in the ’Recommended Operating
Conditians’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect
device reliability.

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vg (substrate), unless

otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vgs.

recommended operating conditions

MIN NOM MAX UNIT
Vs Supply voltage -4.5 -5 -b.5 v
Vee Supply voltage 4.5 5 5.5 v
Vbb Supply voltage 10.8 12 13.2 v
Vgs Supply voltage 0 v
Vin High-level input voltage Afl inputs except RAS, CAS, ... 2.4 7 v
RAS,CAS, W~ ' 2.7 7
ViL Low-level input voltage (see Note 2} ’ -1 (¢] 0.8 \"
TaA Operating free-air temperature o 70 °C

NOTE 2: The algebraic convention, whera the more negative (less positive) limit is designated as maximum, is used in this data sheet for
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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing
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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh timing
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TMS4161
65,536-BIT MULTIPORT VIDEG RAM

description

SINVY d1wueuAq !

The TMS4161 is a high-speed, dual-access 65,536-bit dynamic random-access memory. The random-
access port makes the memory look like it is organized as 65,536 words of one bit each like the TMS4164.
The sequential access port is interfaced to an internal 258-bit dynamic shift register organized as four
cascaded 64-bit shift registers which makes the memory look like it is organized as up to 256 words of
up to 256 bits each which are accessed serially. One, two, three, or four 64-bit shift registers can be
sequentially read out after a transfer cycle depending on a two-bit code applied to the two most significant
column address inputs. The TMS4161 employs state-of-the-art SMOS (Scaled-MOS) N-channel double-
level polysilicon gate technology for very high performance combined with low cost and improved reliability.

The TMS4161 features full asynchronous dual access capability except when transferring data between
the shift register and the memory array.

Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power.
Note that the transfer of a row of data from the memory array to the shift register also refreshes that row.

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

The TMS4161 is offered in 20-pin plastic dual-in-line and 22-pin plastic chip carrier packages. It is guaranteed
for operation from 0°C to 70 °C. The dual-in-line package is designed for insertion in mounting-hole rows
on 7,62-mm (300-mil) centers.

random access address space to sequential address space mapping

The TMS4161 is designed with each row divided into four, 64-column sections {see functional block
diagram}. The first column section to be shifted out is selected by the two most significant column address
bits. If the two bits represent binary 00, then one to four registers can be shifted out in order. If the two
bits represent binary 01, then only 1 to 3 {the most significant) registers can be shifted out in order. If
the two bits represent 10, then one to two of the most significant registers can be shifted out in order.
Finally, if the two bits represent 11 only the most significant register can be shifted out. All registers are
shifted out with the least significant bit (bit O} first and the most significant bit (bit 63) last. Note that
if the two column address bits equal 00 during the last register transfer cycle (TR/QE at logic level 0"
as RAS falls) a total of 256 bits can be sequentially read out.
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM
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address (AO through A7)

Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight
column-address bits are set up on pins AQ through A7 and latched onto the chip by the ¢+ r.uvi-address
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. H+". 's similar
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a
chip select activating the column decoder and the input and output buffers.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When
W goes low prior to CAS, data out will remain inthe high-impedance state for the entire cycle permitting
common /O operation.

data in (D)

Data is written during a write or read-modify-write cycle. The falling edge of CAS or W strobes data into
the on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In
an early write cycle, W is brought low prior to CAS and the data is strobed in by @with setup and
hold times referenced to this signal. In a delayed write or read-modify-write cycle, CAS will already be
low, thus the data will be strobed in by W with setup and hold times referenced to this signal.

data out (Q)

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan
out of two Series 74 TTL loads. Data ¢. .1 " . the same polarity as data in. The output is in the high-impedance
(floating) state as long as CAS or TR .l s held high. Data will not appear on the output until after both
CAS and TR/QE have been brought low. In a read cycle, the guaranteed maximum output enable access
time is valid only if tCcQE is greater than tcQE MAX, and tRLCL is greater than tR_ cL MAX. Likewise,
ta(C) MAXiis valid 1. if tRLCL is greater than * |:l| ~L MAX. Once the output is valid, it will remain valid
while CAS and TR/QE are both low; CAS or TR. :L Joing high will return the output to a high-impedance
state. In an early write cycle, the output is always in a high-impedance state. In a delayed write or ready-
modify-write cycle, the output will follow the sequence for the read cycle. In a register transfer cycle,
the output will always be in a high-impedance state.

refresh

A refresh operation must be performed at least every four milliseconds to retain data. Since the output
buffer is in high-impedance state unless CAS is applied, the RAS-only refresh : -1 nce avoids any output
during refresh. Strobing each of the 256 row addresses (AO through A7) with 124 . zauses all bits in each
row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power.

page mode

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM,
the row address and RAS are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM.

power up

After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must
remain high for 100 gs immediately prior to initialization. Initialization consists of performing eight RAS
cycles before proper device operation is achieved.
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

sequential-access operation

TR/QE
Memory transfer operations involving parallel use of the shift register are first indicated by bringing TR/QE
low before RAS falls low. This enables the switches connecting the 256 elements of the shift register

to the 256 bit lines of the memory array. The W line determines whether the data will be transferred from
or to the shift registers.

write enable (W)

In the sequential access mode, W determines whether a transfer will occur from the shift registers to the
memory array, g[from the memory array to the shift registers. To transfer from the shift registers to the
memory array, W is held low as RAS falls, and, to transfer from the memory array to the shift registers,

W is held high as RAS falls. Thus, reads and writes are always with vith respect to the memory array. The
write setup and hold times are referenced to the falling edge of RAS for this mode of operation.

row address (AO through A7)

Eight address bits are required to select one of the 266 possible rows involved in the transfer of data to
or from the shift registers. AO-A7, W, and TR/QE are latched on the falling edge of RAS.

register column address (A7, A6)

To select one of the four shift registers (transfer from memory to register only), the appropriate 2-bit column

address (A7, A6) must be valid when CAS falls. However, the CAS and register address signals
need not be supplied every transfer cycle, only when it is desired to change or select a new register.

SCLK

Data is shifted in and out on the rising edge of SCLK. This makes it possible to view the shift registers
as though it were made of 256 rising edge D flip-flops connected D to Q. The TMS4161 is designed to
work with a wide range duty cycle clock to simplify system design. Note that data will appear at the SOUT

pin not only on the rising edge of SCLK but also after an access time of t3(RSQ) from RAS high during
a parallel load of the shift registers.

SIN and SOUT

Data is shifted in through the SIN pin and is shifted out through the SOUT pin. The TMS4161 is designed
such that it requires 3 ns hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least
8 ns after SLCK rises. These features make it possible to easily connect TMS4161s together, to allow
SOUT to be connected to SIN, and to give external circuitry a full SLCK cycle time to allow manipulation
of the serial data. When loading data into the shift register from the serial input in preparation for a shift
register to memory transfer operation, the serial clock must be clocked an even number of times. To
guarantee proper serial clock sequence after power up, a transfer cycle must be initiated before a serial
data stream is applied at SIN.

SOE
The serial output enable pin controls the impedance of the serial output, allowing 1 -. * plexing of more
than one bank of TMS4161 memories into the same external video circuitry. When * - -L 1s at a logic low

level, SOUT will be enabled and the proper data read out. When SOE is at a logic high level, SOUT will
be disabled and be in the high-impedance state.

Dynamic RAMs H
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TMSA4161
65,536-BIT MULTIPORT VIDEO RAM

early write cycle timing
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

read-write/read-modify-write cycle timing
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

memory to shift register timing
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

serial data shift timing
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Dynamic RAMs H
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM
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TMS4164

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

The TMS4164 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation
is 135 mW typical operating and 17.5 mW typical standby.

Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power.

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility.
Pin 1 has no internal connection to allow compatibility with other 64K RAMs that use this pin for an additional
function.

The TMS4164 is offered in 16-pin dual-in-line plastic (N suffix) and 18-lead plastic chip carrier (FP suffix}
packages. The dual-in-line plastic package is designed for insertion in mounting-hole rows on 7,62-mm
{300-mil) centers. The TMS4164 is guaranteed for operation from 0°C to 70°C.

n operation

SINVY olwueuliq

address (AO through A7)

Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight
column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a
chip select activating the column decoder and the input and output buffers.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When
W goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle permitting
common /O operation.

data in (D)

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. This latch can be driven from standard TTL
circuits without a pull-up resistor. 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 will already be low, thus the data will be strobed in by W with setup and hold times
referenced to this signal.

data out (Q)

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required} with a fan
out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval
ta({C) that begins with the negative transition of CAS as long aﬁ(n) is satisfied. The output becomes
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to
a high-impedance state. In an early write cycle, the output is always in the high-impedance state. In a
delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle.

refresh

A refresh operation must be performed at least every four milliseconds to retain data. Since the ouput
buffer is in the high-impedance state unless CAS is applied, The RAS-only refresh sequence avoids any
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power.
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range
{see Note 1)

ALT. TTmsa164-12 TMS4164-15 UNIT
SYMBOL b MAX MIN MAX
te(p) Page-mode cycle time tpc [REN] 146 ns
tolrd) Read cycle time? tRC 230 260 ns
to(wh Write cycle time 230 260 ns
[ Read-write/read =« s A% .+ + ' - 266 290 ns
_‘wluH) Pulse duration, &' *agi (pituhwargs tindbd 50 50 ns
twi(CL) Pulse duration, CAS low tcAS 70 10,000 85 10,000| ns
tw(RH) Pulse duration, AAS high (precharge time) tRP 80 100 ns
twi{RL) Pulse duration, RAS low Y tRAS 120 10,000 150 10,000 ns
tw(W) Write pulse duration twp 40 45 ns
t Transition times (rise and fall) for 1 =" and CAS tT 3 50 3 50 ns
tsu{CA) Column-address setup time tASC —5 —5 ns
[w ] tsu(RA) Row-address setup time tASR 0 0 ns
'§ tsu(D) Data satup time tps 0 0 ns '
Y tsu(rd) Read-command setup time tRCS 0 0 ns
g. tsu(WCH)  Write-command setup time befora * tCWL 60 50 ns
(1] tsu(WRH) _ Write-command setup time before i+ . i tRWL 50 50 ns
o th{CLCA) _ Column-address hold time after CAS low tCAH 40 45 ns
> th(RA} Row-address hold time tRAH 15 20 ns
3 th(RLCA) _ Column-address hold time after RAS low tAR 85 95 ns
« th{CLD) Data hold time after CAS & tDHC 40 45 ns
th(RLD) Data hold time after RAS = tDHR 85 95 ns
th(wLp) _ Data hold time after W low tDHW 40 45 ns
th{CHrd} Read-command hold time after CAS high tRCH 0 0 ns
th{RHrd} Read-command hold time after RAS high tRRH 5 5 ns
th{CLW} Write-command hold time aftar CAS low tWCH 40 45 ns
th{RLW) __ Write-comn -.: hold time after RAS low TWCR 85 95 ns
tRLCH Delay time, *** - low to CAS high tCcSH 120 150 ns
tCHAL Deiay time, CAS high to RAS low tCRP 0 0 ns
tCLRH Delay time, CAS low to RAS high tRSH 70 85 ns
_— Delay time, CAS low to W low tcwp %0 60 ns
(read-modify-write cycle
Delay time, RAS low to "~ ™ .ow {maximum
tRLCL value specified only to guarantee access time) *RCD s 50 20 68 "
Delay time, RAS low to W low
fRLWL {read-modify-write cycle only) ‘RWD 110 120 ns
Delay time, W low to CAS
tWLCL low {early write cycle) twes -5 -5 ns
trf Refresh time interval tREF 4 4 ms

NOTE 1: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj max and V|4 min
must be met at the 10% and 90% points.

tAl cycle times assume t; = 5 ns.

¥ page mode only.

81n a read-modify-write cycle, toLwL and tg,(WCH) must be observed. Depending on the user’s transition times, this may require additional

"CAS low time (ty(cp)). This applies to page-mode read-modify-write also.

1 -ead-modify-write cycle, trLwlL and tgy(WRH) Must be observed. Depending on the user’s transition times, this may require additional

a2 low time {tw(RL)-
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh timing
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device symbolization

This data sheet is applicable to all TI TMS4164 Dynamic RAMs with the code '*A’’ to the left of the date
code as shown below:

5 i TMS4164-15NL Tl -15
AYYWW TMS4164
] ]' 7— FPL AYYWW
DATA SHEET REVISION CODE —/ | DATA SHEET REVISION CODE
YEAR OF MANUFACTURE YEAR OF MANUFACTURE
WEEK OF MANUFACTURE WEEK OF MANUFACTURE
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TMS41128B
131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh timing
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T

Voltage range for any pin including Vpp supply (see Note 1)
Short Circuit OULPUL CUITBNL . . . .. o o ittt ettt it i et it it e et i ene s
Power dissSiPation . . . ... . it s
Operating free-air temperature range

Storage temperature range . . . . . . . . . .. i e e e s

-1Vto7V

50 mA

TStresses beyond those listed under **Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect

device reliability.

NOTE 1: All voltage values in this data sheet are with respect to Vgs.

recommended operating conditions

MIN NOM MAX

UNIT
- VpD Supply voltage 4.5 5 5.5 v
V5§ Supply voltage 0 v
VIH High-level input voltage 2.4 6.5 \
ViL Low-level input voltage {see Note 2) —1 0.8 \4
TA Operating free-air temperature [¢] 70 °C

NOTE 2: The algebraic convention, where the more negative {less positive) limit is designated as maximum, is used in this data sheet for

logic voltage levels only.

Dynamic RAMs H
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TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY

nibble-mode read-modify-write-cycle timing
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Dynamic RAMs !
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

RAS-only refresh cycle timing
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

recommended operating conditions

MIN NOM MAX | UNIT

Vpp Supply voltage 4.5 5 5.5 \Y

Vgs Supply volitage o] \
" . Vpp = 4.5V 2.4 4.8

VIH High-levetl input voitage \Y
Vpp = 5.5V 2.4 5.8

ViL Low-level input voltage (see Notes 3 and 4} ] -0.6 0 0.8 \

Ta Operating free-air temperature 0 70 eCc

NOTES: 3. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet
for logic voitage levels only.
4. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions must comprehend this
occurrence. See application report entitied “TMS4164A and TMS4416 Input Pratection Diode’’ on page 9-5.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted)

TMS4416-12
PARAMETER TEST CONDITIONS UNIT
MIN  TYPT MAX
VoH High-level output voltage loH = -2 mA 2.4 Vv
VoL Low-level output voltage loL = 4.2 mA 0.4 \4
Vi=0Vtob68YV,
] Input current {leakage) Vpp = 5V, +10 rA
All other pins = 0 V
Vo =04Vta55V,
1o Output current (leakage) v 5 V. TAS high +10 _A
DD = : i9
) Average operating current te = minimum cycle, 54 A
m
bD1 during read or write cycle All outputs open
Standby current After 1 memory cycle,
IpD2 RAS and CAS high, 3.5 5 mA
[see Note 5) All outputs open
tc = minimum cycle,
Ipp3  Average refresh current RAS cycling, TAS high, 46 mA
All outputs open
te(P) = minimum cycle,
Average page-mode c
DD4 9 RAS low, CAS cycling, 46 mA
current All outputs open

T All typical values are at To = 25°C and nominal supply voltages.
NOTE 5: Vi > ~0.6V on all inputs. See application report entitied "“TMS4164A and TMS4416 Input Protection Diode’ on page 9-5.
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

CAS-before-RAS refresh

The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tCLRL} and
and holding it low after RAS falls (see see parameter tRLCHR)- For successive CAS-before-RAS refresh cycles,
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated
internally.

page mode

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
random column addresses onto the chip. Thus, the time required to setup and strobe sequential row
addresses for the same page is elimiri v -; The maximum number of columns that can be addressed is
determined by tw(RL), the maximum " low pulse duration.

power up

To achieve proper device operation, an initial pause of 200 us is required after power up followed by a
minimum of eight initialization cycles.

logic symbaolT

RAM 64K X 4
A0 ———12008/2100

A3 0
A ——
as B | 65,535

20D15/2107
L(220(!‘(0Wl
G23/IREFRESH ROWI]
24{PWR DWN)
c21icoL|
—{G24

23C22

24.25EN

A,Z26 1

TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the dusl-in-line package.
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

(continued)
ALT. TM51464-12
SYMBOL [MIS ™ MAX ] UNIT

tRLCHR Delay time, FAS tow to CAS high¥ i1CHR 25 ns

tRLCH Delay time, - ow to CAS high tCcSH 120 ns

tCHRL Deley time migh to RAS low tcrp . 0 ns

tRHCL Delay time, tRCP i 4] ns

tCLRH Delay time, + tRSH 60 ns
Delay time, " *~ ow to v ww

feLwL {read-modify-write cycle . # fcwo 95 ne

tCLRL Delay time, CAS low to  + ow tcsR 25 ns
Delay time, RAS low to CAS low

tRLCL (maximum value specified only tRCD 25 60 ns
to guarantee access time)

LWL Deley time, RAS low to W low WD 155 ns
(read-modify-write cycle only)#

\GHD Delay time, G high before - 20 ns
data applied at DQ

trf Refresh time interval tREF 4 ms

1 CAS-before-RAS refresh option only.
#G must disable the output buffers prior to applying data to the device.

SINYY otweuig !
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TMS4464

65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh cycle timing
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CAS-before-RAS refresh cycle timing
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