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description

The TMS44C250 Multiport Video RAM is a high speed, dual ported memory device. It consists of a dynamic

random-access memory (DRAM) organized as 262 144 words of 4 bits each, interfaced to a serial data register,

or Serial Access Memory (SAM), organized as 512 words of 4 bits each. The TMS44C250 supports three basic

types of operation: random access to and from the DRAM, serial access to and from the serial register, and

bidirectional transfer of data between any row in the DRAM and the serial register. Except during transfer
EPIC is a trademark of Texas [nstruments Incorporated.

s of pudlication due. Producis coniorm to specifications
per the lerms of Texas Instruments standard warranty.
g doas not include testing

{ all parameters E‘XAS
oot parameen INSTRUMENTS

POST OFFICE BOX 1443 * HOUSTON, TEXAS 77001 8-3

PRODUCTION DATA documenis contain Information current " Copyright © 1991, Texas Instruments incorporated




TMS44C250
262 144 BY 4-BIT MULTIPORT VIDEO RAM

REV A — SMVS250 — JUNE 1990 — REVISED JANUARY 1931

operations, the TMS44C250 can be accessed simultaneously and asynchronously from the DRAM and SAM
ports. During transfer operation, the 512 columns of the DRAM are connected to the 512 positions in the serial
data register. The 512 x 4 bit serial data register can be loaded from the memory row (transfer read) or else the
contents of the 512 x 4 bit serial data register can be written to the memory row (transfer write).

The SAM can also be configured in input mode, accepting serial data from an external device. Once the serial
register within the SAM is loaded, its contents can be transferred to the corresponding column positions in any
row in memory in a single memory cycle. The SAM port is designed for maximum performance. Data can be
input to or accessed from the SAM at serial rates up to 33 MHz.

All inputs, outputs, and clock signals on the TMS44C250 are compatible with Series 74 TTL. All address lines
and data-in are latched on-chip to simplify system design. All data-outs are unlatched to allow greater system
fiexibility.

The TMS44C250 employs state-of-the-art Texas Instruments EPIC™ scaled-CMOS, double level
polysilicon/polycide gate technology for very high performance combined with low cost and improved reliability.

The TMS44C250 is offered in a 28-pin smali-outline J-leaded package (DZ suffix) for direct surface mounting
in rows on 400-mil (5,08-mm) centers. It is also offered in a 400-mil, 28-pin zig-zag in-line package (SD suffix).
Both packages are characterized for operation from 0°C to 70°C (L suffix).

The TMS44C250 and other Multiport Video-RAMs are supported by a broad line of graphics processor and
control devices from Texas Instruments. ’

8-4

Texas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS44C250

262 144 BY 4-BIT MULTIPORT VIDEO RAM

REV A — SMVS260 -— JUNE 1990 -— REVISED JANUARY 1991

functional block diagram
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Detalled Pin Description vs Operational Mode
PIN DRAM TRANSFER SAM
AQ-AB Row, Column Address Row, Tap Address
CAS Column Enable, Output Enable Tap Address Strobe
DQi DRAM Data /0, Write Mask Bits
SE Serial-In Mode Enable Seria! Enable
RAS Row Enable Row Enable
sC Serial Clock
SDQi Serial Data IO
TRG Q QOutput Enable Transfer Enable
W Write Enable, Write per Bit Select | Transfer Write Enable
Voo 5-V Supply {typical)
Vgg Device Ground
GND/NC No Connect or Ground Only
GND System Ground
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operation

random access operation

Refer to Table 1, Functional Table, for Random Access and Transfer Operations. Random access operations
are denoted by the designator "R" and transfer operations are denotedbya " T.”

transfer register select and DQ enable (TRG)

The TRG pin selects either register or random access operation as RAS talls. For random access (DRAM) mode,
TRG must be held high as BAS falls. Asserting TRG high as RAS falls causes the 512 storage elements of each
data register ta remain disconnected from the corresponding 512-bit lines of the memory array. (Asserting TRG
tow as RAS falls connects the 512-bit positions in the seria! register to the bit lines and indicates that a transfer
will occur between the data registers and the selected memory row. See “Transfer Operation” for details.)

During random access operations, TRG also functions as an output enable for the random (Q) outputs.
Whenever TRG is held high, the Q outputs are in the high-impedance state to prevent an averlap between the
address and DRAM data. This organization allows the connection of the address lines to the data I/O lines but
prohibits the use of the early write cycle. It also allows read-modify-write cycles to be performed by providing
a three-state condition to the common }/O pins so that write data can be driven onto the pins after output read
data has been externally latched.

address (A0 through A8)

Eighteen address bits are required to decode 1 of 262 144 storage cell locations. Nine row address bits are set
up on pins AQ through AB and latched onto the chip on the falling edge of RAS. Then, the nine column address
bits are set up on pins A0 through AB and latched onto the chip on the falling edge of CAS. All addresses must
be stable on or before the falling edges of RAS and CAS.

RAS and CAS address strobes and device control clocks

RAS is a contro! input that latches the states of the row address, W, TRG, SE, and CAS, onto the chip to invoke
the various DRAM and Transfer functions of the TMS44C250. RAS is similar to a chip enable in that it activates
the sense amplifiers as well as the row decoder. CAS is a control input that latches the states of the column
address. CAS also acts as an output enable for the DRAM output pins.

write enable, write-per-bit enable (W)

The W pin enables data to be written to the DRAM and is also used to select the DRAM write per bit mode of
operation. A logic high level on the W input selects the read mode and logic low level selects the write mode.
In an early write cycle, W is brought low before CAS and the DRAM output pins (DQ) remain in the
high-impedance state for the entire cycle. During DRAM write cycles, holding W low on the falling edge of RAS
will invoke the write per bit operation.

A four-bit binary code (the write-per-bit mask) is input to the device via the random DQ pins and is latched on
the falling edge of RAS. The write-per-bit mask selects which of the four random 1/Os are written and which are
not. After RAS has latched the write mask on-chip, input data is driven onto the DQ pins and is latched on the
falling edge of the later of CAS or W. If a 0 was strobed into a particular I/O pin on the falling edge of RAS, data
will not be written to that I/O. If a 1 was strobed into a particular /O pin on the falling edge of RAS, data will be
written to that [/O.

See the corresponding timing diagrams for details. IMPORTANT: The write-per-bit operation is invoked only if
W is held low on the falling edge of RAS. If Wis held high on the falling edge of RAS, write per bit is not enabled
and the write operation is identical to that of standard x 4 DRAMs.
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data /O (DQ0-DQ3)

DRAM datais written during a write or read-modify-write cycle. The falling edge of W strobes data into the on-chip
data latches. In an early write cycle, W is brought low prior to CAS and the data is strobed in by CAS with data
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 data setup and hold times referenced to this signal.

The three-state output buffers provide direct TTL compatability (no pullup resistors required) with a fanout of
two Series 74 TTL loads. Data-out is the same polarity as data-in. The outputs are in the high impedance
(floating) state as long as CAS or TRG is held high. Data will not appear at the outputs until after both CAS and
TRG have been brought low. Once the outputs are valid, they remain valid while CAS and TRG are low. CAS
and TRG going high returns the outputs to a high-impedance state. In an early write cycle, the outputs are always
in the high-impedance state. In a register transfer operation (memory to register or register to memory), the
outputs remain in the high-impedance state for the entire cycle.

enhanced page mode

Unlike conventional page-mode DRAMSs, the column-address buffers in this device 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 theTMS44C250 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval 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 may 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 tc) max (access time from CAS low), if tyca)
max (access time from column address) has been satisfied. Inthe event that column addresses for the next page
cycle are valid at the time CAS goes high, access time for the next cycle is determined by the later ocourrence
of ta(c) of ta(cp) (access time from rising edge of CAS).

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, row address hold, and address multiplex is thus
eliminated, and a memory cycle time reduction of up to 3 x can be achieved, compared to minimu_rn_B_A§ cycle
times. The maximum number of columns that may be accessed is determined by the maximum RAS low time
and page mode cycle time used. The TMS44C250 allows a full page (512 cycles) of information to be accessed
inread, write, or read-modify-write mode during a single RAS low period using refatively conservative page mode
cycle times.

refresh

A refresh operation must be performed to each row at least once every eight 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 512 row addresses with RAS causes all bits in each row to be
refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power.

CAS-before-RAS refresh

CAS-before-RAS refresh is accomplished by bringing CAS low earlier than RAS. The external row address is
ignored and the refresh address is generated internally.

GND

This pin is reserved for the manufacturer’s test operation. It is an input and should be tied to system ground or
left floating (no connection) to ensure proper device operation.

IMPORTANT: GND is not connected internally to Vgs.

Texas “.’}
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Table 1. Functional Table

T RAS FALL ADDRESS DGO-0Q3
Y — FUNCTION
P Cast
gt | CAS| TRG| W | SE RAS CAS RAS W
R L x§ X X X X X X CAS-Before-AAS Refresh
Row Tap Register to Memory Transfer
L L N e Addr Point x X (Transfer Write)
Refresh Tap Serial Write-mode Enable
T H L L H Addr Point X X (Pseudo-Transfer Write)
Row Tap Memory to Register Transfer
T H L H X Addr Paoint X X (Transfer Read)
a H H L X Row Cot Write Valid Load and use Write Mask,
Addr Addr Mask Data Write Data to Dram
Row Col Valid Normal Dram Read/Write
Ry H | H | H X Addr Addr X Data (Non Masked)
R = Random access operation; T = Transfer operation.
$ DQO-3 are latched on the later of W or CAS falling edge.
§ X = Don't care.
WRITE MASK = 1 write to /O enabled.
random port to serial port interface
Random-access Port
Cotl Col
0 51
Row
0
Memory Array
262,144 Blts e DG
Row
511
I 512
TRG ~— Transter
W — control Transter
SE —¥ Loglc Pass Gate
I 512
| 512 Bit Data Register |
SC —» Serlal
AD-A8 Counter

4
%

Serlal
110
Control

Figure 1. Block Diagram Showing One Random and One Serial I/O Interface
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random address space to serial address space mapping

The 512 bits in each of the four data registers of the SAM are connected to the 512 column locations of each
of the four random |/Os. Data can be accessed in or out of the SAM starting at any of the 512 data bit locations.
This start location is selected by addresses A0 through A8 on the falling edge of CAS during any transfer cycle.
The SAM is accessed starting from the selected start address, proceeding from the lowest to the highest
significant bits. After the most significant bit position (511) is accessed, the serial counter wraps around such
that bit 0 is accessed on the next clock pulse. The selected start address is stored and used for all subsequent
transfer cycles until CAS is again brought low during any transfer cycle. Thus, the start address can be set once
and CAS held high during all subsequent transfer cycles and the start address point will not change regardiess
of data present on AQ through A8.

transfer operations
As illustrated in Table 1, the TMS44C250 supports three basic transfer modes of cperation:

1. Write Transfer (SAM to DRAM)

2. Pseudo Write Transfer (Switches serial port from serial out mode to serial in mode. No actual data transfer
takes place between the DRAM and the SAM.)

3. Read Transfer (Transfer entire contents of DRAM to SAM)

transfer register select (TRG)

Transfer operations between the memory array and the data registers are invoked by bringing TRG low before
RAS falls. The states of W and SE, which are also latched on the faliing edge of RAS, determine which transfer
operation will be invoked. (See Table 2.)

During read transfer cycles, TRG going high causes the addressed row of data to be transferred into the data
register. Although the previous datainthe data registeris overwritten, the last bit of data appearing at SDQ before
TRG goes high will remain valid until the first positive transition of SC after TRG goes high. The data at SDQ
will then switch to new data beginning from the selected stant, or “tap,” position.

transfer write enable (W)

In register transfer mode, W determines whether a read or a write transfer will occur. To perform a write transfer,
W and SE are held low as RAS falls. If SE is high during this transition, no transfer of data from the data register
to the memory array occurs, but the SDQs are put into the input mode. This allows serial data to be input into
the SAM. To perform a read transfer operation, W is held high and SE is a Don't Care as RAS falls. This cycle
also puts the SDQs into the read mode, allowing serial data to be shifted out of the data register. (See Table 2.)

column enable (CAS)

If CAS is brought low during a control cycle, the address present on the pins A0 through A8 will become the new
register start location. If CAS is held high during a control cycle, the previous tap address will be retained from
the [ast transfer cycle in which CAS went low to set the tap address.

addresses (A0 through A8)

Nine address bits are required to select one of the 512 possible rows involved in the transfer of data to or from
the data registers. The states of AQ-A8 are latched on the fallling edge of RAS to select one of 512 rows for the
transfer operation.

To select one of the 512 positions in the SAM from which the first serial data will be accessed, the appropriate
9-bit column address (A0-A8) must be valid when CAS falls. However, the CAS and start (tap) position need
not be supplied every cycle, only when changing to a different start position.

serlal access operation
Refer to Tables 2 and 3 for the following discussion on serial access operation.

*
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serial clock (SC)

Data (SDQ) is accessed in or out of data registers on the rising edge of SC. The TMS44C250 is designed to
work with a wide range of clock duty cycles to simplify system design. Since the data registers comprising the
SAM are of static design, there are no SAM refresh requirements and there is no minimum SC clock operating
frequency.

serlal data input/output (SDQ0-SDQ3)

SD and SQ share a common /O pin, Data is input to the device when SE is low during write mode and data is
output from the device when SE is low during read mode. The data in the SAM will be accessed in the direction
from least significant bit to most significant bit. The data registers operate modulo 512. Thus, after bit 511 is
accessed, the next bits to be accessed will be bits 00, 01, 02, and so on.

serlal enable (SE)

The Serial Enable pin has two functions: first, it is latched on the falling edge of RAS, with both TRG and W low
to select one of the transfer functions (see Table 3.) If SE is low during this transition, then a transfer write occurs.
If SE is high as RAS falls, then a write mode control cycle is performed. The function of this cycle is to switch
the SDQs from the output mode to the input mode, thus allowing data to be shifted into the data register. NOTE:
All transfer read and serial mode enable (pseudo transfer write) operations will perform a memory refresh
operation on the selected row.

Second, during serial access operations, SE is used as an SDQ enable/disable. In the write mode, SE is used
as an input enable. SE high disables the input and SE low enables the input. To take the device out of the write
mode and into the read mode, a transfer read cycle must be performed. The read mode allows data to be
accessed from the data register. While in the read mode, SE high disables the output and SE low enables the
output.

IMPORTANT: While SE is held high, the serial clock is NOT disabled. Thus, externat SC pulses will increment
the internal serial address counter regardless of the state of SE. This ungated serial clock scheme minimizes
access time of serial output from SE low since the serial clock input buffer and the serial address counter are
not disabled by SE.

Table 2. Transfer Operation Logic

TRG w SE MODE
L L L Register to memory (write} transfer
L L H Serial write mode enable
L H X Memory to register (read) transfer

NOTE: Above logic stales are assumed valid on the falling edge of RAS.

Table 3. Serial Operation Logic

LAST TRANSFER CYCLE SE sSpQ
Serial write mode enablet L Input enable
Serial write mode enablet H Input disable
Memory to register L Output enabled
Memory to register H Hi-Z

tPseudo transfer write
power up

To achieve proper device operation, an initial pause of 200 us is required after power up, followed by a minimum
of eight RAS cycles or eight CAS-before-RAS cycles, a memory-to-register transfer cycle and two SC cycles.

xas WP
INSTRUMENTS
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)?

Voltage on any pin except DQ and SDQ (seeNote 1) .............. i —-1Vto7V
Voltageon DQ and SDQ (seeNote 1) ...... ... ... ... .. i -1VtoVee
Voltagerangeon Vo (seeNote 1) ... ... . OVto7V
Short circuit output current (Per QULPUL) ... .. Lo e 50 mA
Power dissipation . ... .. . 1w
Operating free-air temperature range . ... ... ... i 0°Cto 70°C
Storage temperatUre raNGE . ... ...\ttt —65°C to 150°C

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 Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device retiability.

NOTE 1: Ali voltage values in this data sheet are with respect to Vgg.

recommended operating conditions

MIN NOM MAX | UNIT
TMS44C250-1 4.75 5 5.25
vee  SupplyVoltage I 4C250-10, TMS44C250-12 a5 5 55| ¥
Vss Supply voltage 0 \
VIH High-level input voltage 2.4 Vee \
ViL Low-level input voltage (see Note 2) -1.0 08 \
VoH High-level output voltage 2.4 vee \
VoL Low-level output volage -1 0.4 \
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 in this data sheet for logic
voltage levels only.

*
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electrical characteristics over full ranges of recommended operating conditions

TMS44C250-1
PARAMETER TEST CONDITIONS TMSa4C250-10 | TMSA4C25012 |y
MIN MAX MIN MAX
VOoH High level output voitage IoH =—-5.0mA 24 24 \
VoL Low level output voltage loL = 4.2mA 04 0.4 v
TMS44C250-10, |V|=0Vto58V. Ve =55V
TMS44C250-12 | All other pins = 0 V 1o Veg +10 =101 nA
It Input leakage current TMS44C250- 1 X|I|=Q?th‘zi5n‘:i X,\)/gcvzf‘ézs \ 10 <10 A
10 Z‘;fﬁ;:f;‘;‘ge current TMS44C2501 |V =0V 1o Voo, VoG =525V 210 <10 | uA
m:::g::gjo TMSA4C250-12
PARAMETER SAM PORT UNIT
MIN MAX MIN MAX
lce Operation current tg(Ryy) = Minimum Standby 90 80
Icc1A te(sc) = Minimum Active 10 95
Icc2 Standby current, All clocks = Vi Standby 10 10
Icc2a to(SC) = Minimum Active 35 35
Icca RAS-only refresh current, te(Rw) = Minimum Standby 90 80
lccaa tc(SC) = Minimum Active 110 95 mA
Icca Page mode current, t¢(p) = Minimum Standby 50 45
[fole?V.} te(Sg) = Minimum Active 60 55
Iccs CAS-before-RAS current, te(rwy) = Minimum Standby 90 80
Iccsa i¢(SC) = Minimum Active 110 95
Icce Data transfer current, tc(rw) = Minimum Standby 90 80
ICCBA te(sc) = Minimum Active 10 95

NOTE 3: SE is disabled for SDQ output leakage tests.

8-12
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 4)

PARAMETER MIN  MAX | UNIT
Cg(A) Input capacitance, address inputs [ pF
Ci(R) Input capacitance, strobe inputs 7 pF
Cg(w) Input capacitance, write enable input 7 pF
Ci(SC) Input capacitance, serial clock 7 pF
Ci(SE) Input capacitance, serial enable 7 pF
CiTRG) Input capacitance, transfer register input 7 pF
Co(0) Output capacitance, SDQ and DQ 7 pF

NOTE 4: Vg equalto5V + 0.6V for TMS44C250-10, and TMS44C250-12; 5V = 0.25 V for TMS44C250-1, and the bias on pins under test

isOV.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (see Note 5)

TEST AT | TiSsaCasot0 | TMSHC2S0-12
PARAMETER CONDITIONS | symBOL UNIT
MIN MAX MIN  MAX
ta(C) Access time from CAS 14(RLCL) = MAX ICAC 0 25 30 | ns
tA(CA) Access time from column address 4(RLCL) = MAX tCAA 50 60 ns
1a(CP) Access time from CAS high 1g(ALCL) = MAX tcAP 55 65 ns
ta(R) Access time from RAS tg(ALCL) = MAX tRAC 100 120 ns
ta(G) Access time of Q from TRG low t10EA 25 30 ns
ta(SQ) Access time of SQ from SC high C|_=50pF tSCA 30 35 ns
ta(SE) Access time of SQ from SE low CL =50 pF tSEA 20 25 ns
tdis(CH) Random output disable time from CAS high Cy =100 pF tOFF 20 0 20 ns
tdis(G) Random output disable time from TRG high Cp =100 pF tOEZ 0 20 0 20 ns
tdis(SE) Serial output disable time from SE high CL =50pF tSEZ 20 0 20 ns
NOTE 5: Switching times assuma C| = 100 pF unless otherwise noted (see Figure 2).
Texas *
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timing requirements over recommended ranges of supply voltage and operating free-air
temperaturet

aur. | Twssscasoro | THSHCISO2
SYMBOL UNIT
MIN MAX MIN MAX
to(rd) Read cycle time {see Note €) tRC 180 220 ns
te(w) Write cycle time twc 190 220 ns
te(raw) Read-modity-write cycle time tRWC 250 290 ns
te(P) Page-mode read, write cycle time tpc 60 70 ns
tc(RDWP) Page-mode read-modify-write cycle time trRwC 105 125 ns
t¢(TRD) Transfer read cycle time tRC 180 220 ns
te(TW) Transfer write cycle time twce 190 220 ns
te(SC) Serial clock cycle time (see Note 7) tsce 30 35 ns
tw(CH) Pulse duration, CAS high tcp 10 15 ns
tw(CL) Pulse duration, CAS low (see Note 8) tcas 25 75 000 30 75000 ns
tw(RH) Pulse duraticn, RAS high trp 80 90 ns
tw(RL) Pulse duration, RAS low (see Note 9) tRAS 100 75000 | 120 75000 ns
tw(wL) Pulse duration, W low twe 25 25 ns
tw(TRG) Pulse duration, TRG low 25 35 ns
tw(SCH) Pulse duration, SC high tsc 10 12 ns
tw(SCL) Pulse duration, SC low tscp 10 12 ns
tsu(CA) Column address setup time tASC 0 0 ns
tsu(RA) Row address setup time 1ASR 0 0 ns
1su(WMRY) W setup time before RAS low tWSR 4] 0 ns
tsu(DQR) DQ setup time before RAS low tMs 0 0 ns
tsu(TRG) TRG setup time before RAS low tTLs 0 0 ns
tsu(SE) SE setup time before RAS low ESR 0 0 ns
lsu(DCL) Data setup time before CAS low tDsC 0 0 ns
tsu(DWL) Data setup time before W low tosw o] 0 ns
tsu(rd) Read command setup time tRCS Q 0 ns
tsu(WCL) Early write command setup time before CAS low twcs -5 -5 ns
tsu(WCH) Write setup time before CAS high tcwiL 25 30 ns
tsu(WRH) Write setup time before RAS high with TRG = W = low 1RWL 25 30 ns
tsu(sSDS) SD setup time before SC high tsps 3 3 ns
th(CLCA) Column address hold time after CAS low tcaH 20 20 ns
th(RA) Row address hold time afier HAS low tRAH 15 15 ns

Continued next page.
¥ Timing measurements are referenced to Vy_max and V{4 min
NOTES: 6. Allcycle times assume 4 = 5 ns.
7. Whenthe oddtap is used (tap address can be 0-511, and odd taps are 1,3,5, efc.), the cycle time for SC in serial data out cycle needs
to be 50 ns minimum.
8. Inaread-modify-write cycle, tg(CLwiL) and tsu(wCH) Mmust be observed. Depending on the user’s transition times, this may require
additional CAS low time [ty(cL)]-
9. Inaread-modify-write cycle, tg(RLWL) and tsy (wRH) Must be observed. Depending on the user's transition times, this may require
additional RAS low time [ty (Rt )}-
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)t

TMS44C250-1
ALT. | TMS44C250-10 | TMS44C250-12
SYMBOL UNIT
MIN MAX MIN MAX
th(TRG) TRG hold time after RAS low tTLH 15 15 ns
th(SE) SE hold time after RAS low with TRG = W = low tREH 15 15 ns
th(RWM) Write mask, transfer enable hold time after RAS low tRWH 15 15 ns
th(RDQ) DQ hoid time after RAS low (write mask operation) tMH 15 15 ns
th(ALCA) Column address hold time after RAS low (see Note 9) tAR 45 45 ns
th(CLD) Data hold time after CAS low toH 20 25 ns
h(RLD) Data hold time after RAS tow (see Note 10) tOHR 45 50 ns
th(WLD) Data hold time after W low tOH 20 25 ns
th(GHrd) Read hold time after CAS (see Note 11) tRCH 0 0 ns
th(AHrd) Read hold time after RAS (see Note 11) tARH 10 10 ns
thcLW) Write hold time after CAS low WCH 25 30 ns
th(RLW) Write hold time after RAS low (see Note 10) tWCR 50 55 ns
th(WLG) TRG hold time after W low (see Note 12} 10EH 25 30 ns
th(SDS) SD hold time after SC high tSDH 5 5 ns
Ih(SHSQ) S$Q hold time after SC high tSOH 10 10 ns
t4(RLCH) Delay time, RAS low to CAS high tcsH 100 120 ns
td(CHRL) Delay time, CAS high to RAS low iCrP 0 0 ns
t4(CLRH) Delay time, CAS low to RAS high tRSH 30 35 ns
td(CLWL) Delay time, CAS low to W low {see Notes 13 and 14) tcwD 55 65 ns
td(RLCL) Delay time, RAS low to CAS low (see Notes 15 and 16) tRCD 25 75 25 90 ns
td(CARH) Delay time, column address to RAS high tRAL 50 80 ns
ta(RLWL) Delay time, RAS low to W low (see Note 13} tRWD 130 155 ns
td(CAWL) Delay time, column address to W low (see Note 13) tawD 85 100 ns
14(RLCH) Delay time, RAS low to CAS high (see Note 11) tCHR 25 25 ns
t4(CLRL) Delay time, CAS low to RAS low (see Note 17) tCcSR 10 10 ns
t4(RHCL) Delay time, RAS high to CAS low (see Note 17) tRCP 5 5 ns
14(CLGH) Delay time, CAS low to TRG high 1CTH 25 35 ns
td(GHD) Delay time, TRG high before data applied at DQ 25 30 ns
t4(RLTH) Delay time, RAS low to TRG high tRTH 90 95 ns

Continued next page.
1 Timing measurements are referenced to Vi max and V) min.
In a read-modity-write cycle, tg(RLWL) and isy(WRH) Must be observed. Depending on the user’s transition times, this may require

NOTES: 9.

10.
1.

additional RAS low time [tw(Ry))-
The minimum value is measured when ty(RLCL) is set to {q(RLCL) Min as a reference.
Either th(RHrd) or Y(CHra) must be satisfied for a read cycle.

. Output enable controlled write. Output remains in the high-impedance state for the entire cycle.

Read-modify-write operation only.

TRG must disable the output buffers prior to applying data to the DQ pins.
Read cycles only.

Maximum value specified only to guarantee RAS access time.
CAS-before-RAS refresh operation only.

j
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)t

TMS44C250-1 | ry1csac250-12

SV,:AL;bL TMS44C250-10 UNIT
MIN MAX MIN MAX
tg(RLSH) Delay time, RAS low to first SC high after TRG high (see Note 18) tRSD 130 135 ns
td(CcLSH) Delay time, CAS low to first SC high after TRG high (see Note 18) tcsp 40 45 ns
t4(SCTR) Delay time, SC high to TRG high {see Notes 18 and 19) trsL 10 15 ns
t4(THRH) Delay time, TRG high to RAS high (see Note 18) tYRD -10 -10 ns
4(SCRL) l()i:\;qtg:;es, ZSoCarrw]igt;;t; RAS low with TRG = W = low 1SRS 10 10 ns
td(sCSE) Delay time, SC high to SE high in serial input mode 20 20 ns
td(RHSC) Delay time, RAS high to SC high {see Note 21) tSRD 25 30 ns
t4(THRL) Delay time, TRG high to RAS low (see Note 22) iTRP tw(RH) tw(RH) ns
tyTHsc) Delay time, TRG high to SC high (see Note 22) tTsp 35 40 ns
td(sesc) Delay time, SE low to SC high (see Note 23) tSWS 10 15 ns
r(MA) Refresh time interval, memory tREF 8 8 ms
ty Transition time T 3 50 3 50 ns

1 Timing measurements are referenced to VL max and Vi min.
NOTES: 18. Memory to register (read) transfer cycies only.
19. In atransfer read cycle, the state of SC when TRG rises is a Don't Care condition. However, to guarantee proper sequencing of the
internal clock circuitry, there can be no positive transitions of SC for at least 10 ns prior to when TRG goes high.
20. In atransfer write cycle, the state of SC when RAS falls is a Don't Care condition. However, to guarantee proper sequencing of the
internal clock circuitry, there can be no positive transitions of SC for at teast 10 ns prior to when RAS goes low.
21. Register to memory (write) transter cycles reserved only.
22. Memory to register (read) and register to memory (write) transfer cycies only.
23. Serial data-in cycles only.

PARAMETER MEASUREMENT INFORMATION

1.31V
218 Q
Output
Pin
/‘\ CL
Vss
toad Clrcult

Figure 2. Load Circuit
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read cycle timing
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early write cycle timing
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NOTE 24: See "Write Cycle State Table” for the logic state of “1", “2", and "3".
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delayed write cycle timing
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NOTE 24: See “Write Cycle State Table” for the logic state of “1", “2", and 3"
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write cycle state table

STATE
CYCLE
2 3
Write mask load/use Write Valid
Write DQs to !/Os Mask Data
Normal early or late Don’t Valid
Write operation Care Data

8-20
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REV A — SMVS250 — JUNE 1990 — REVISED JANUARY 1991

read-write/read-modify-write cycle timing
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NOTE 24: See “Write Cycle State Table" for the logic state of "1", “2", and "3". Same logic as delayed write cycle.
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enhanced page-mode read cycle timing
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1 Access time is ta(CP) Of ta(CA) dependent.
# Output may go from high-impedance state to an invalid data state prior to the specified access time.

NOTE 25: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing
specifications are not violated
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enhanced page mode write cycle timing
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1 Referenced to CAS or W, whichever occurs last.
NOTES: 24. See “Write Cycle State Table" for the logic state of “1”, “2", and "3".

26. A read cycle or a read-modify-write cycle can be intermixed with write cycles, observing read and read-modify-write timing
specifications. TRG must remain high throughout the entire page-mode operation if the late write feature is used, to guarantee
page-mode cycle time. If the early write cycle timing is used, the state of TRG is 2 Don't Care afler the minimum period th(TRG) from
the failing edge of RAS.
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enhanced page-mode read-modify-write cycle timing
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t Output may go from the high-impedance state to an invalid data state prior to the specified access time.
NOTES: 24. See “Write Cycle State Table” for the logic state of 1", “2", and “3".

27. Aread or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not
violated.

X
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RAS-only refresh timing
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hidden refresh cycle timing
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write-mode control pseudo write transfer timing

The write-mode control cycle is used to change the SDQs from the output mode to the input mode. This allows
serial data to be written into the data register. The diagram below assumes that the device was originally in the
serial read mode.
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NOTES: 28. Random-mode Q outputs remain in the high-impedance state for the entire write-mode control.
29. SE must be high as RAS falls in order to perform a write-mode control cycle.
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data register to memory timing, serial input enabled
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NOTES: 30. Random mode Q outputs remain in the high-impedance state for the entire data register to memory transfer cycle. This cycle is used
to transfer data from the data register to the memory array. Every one of the 512 locations in each data register is written into the
corresponding 512 columns of the selected row. Data in the data register may proceed from a serial shift-in or from a parallel load
from one of the memory array rows. The above diagram assumes that the device is in the serial write mode (i.e., SO is enabled by
a previous write mode control cycle, thus allowing data to be shifted-in).

31, Successive transfer writes can be performed without serial clocks for applications requiring fast memory array clears.
32. SC transitions are not allowed between RAS low and TRG high.
33. For multiple transfer write operation; a transfer read cycle needs to be done from the same row after the first transfer write is carried
out, then do multiple transfer write for subsequent rows
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memory to data register transfer timing
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NOTES: 34. Random mode (Q outputs) remain in the high-impedance state for the entire memory to data register transfer cycle. The memory
to data register transter cycle is used to load the data registers in parafle! from the memory array. The 512 locations in each data
register are written into from the 512 corresponding columns of the selected row. The data that is transferred into the data registers
may be either shifted out or transferred back into another row.

35. Once data is transferred into the data registers, the SAM is in the serial read mode (i.e., the SQ is enabled), thus allowing data to
be shitted out of the registers. Also, the first bit to be read from the data register after TRG has gone high must be activated by a
positive transition of SC.
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serial data-In timing

»l
L—— tw(scL) 'W(SCH) —> "—— tw(SCL) —H

SC \ \ / i \ /
!
tsu(sp le— tey(sDS) —*
54- su(s08) T ~+' +— th(sDS) | Su(SDS) H—»[L th(sDS)

sSDQ W Valld Data W Valid Data W

]

‘c(SC)

|
le— tg(sESC) —

{

SE \
The serial data-in cycle (SD) is used to input serial data into the data registers. Before data can be written into
the data registers via SD, the device must be put into the write mode by performing a write mode control, or
pseudo-transfer, cycle. Transfer write cycles occurring between the write mode control cycle and the subsequent
writing of data will take the device out of the write mode. However, a transfer read cycle during that time will take

the device out of the write mode and put itinto the read mode, thus disabling the input of data. Data will be written
starting at the location specified by the input address loaded on the previous transfer cycle.

While accessing data in the serial data registers, the state of TRG is a Don't Care as long as TRG is heid high
when RAS goes low to prevent data transfers between memory and data registers.

serial data-out timing
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NOTES: 7. Whenthe odd tap is used (tap addresses can be 0-511, and odd taps are 1,3,5 ... etc.), the cycle time for SC in serial data out cycle

needs to be 50 ns minimum.
36. While reading data through the serial data register, the state of TRG is a Don't Care as long as TRG is held high when RAS goes
low. This is to avoid the initiation of a register to memory or memory to register data transfer operation.

The serial data-out cycle is used to read data out of the data registers. Before data can be read via SQ, the device
must be put into the read mode by performing a transfer read cycle. Transter write cycles occurring between
the transfer read cycle and the subsequent shifting out of data will not take the device out of the read mode. But
awrite mode control cycle at that time will take the device out of the read mode and put it in the write mode, thus
not allowing the reading of data.
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