* This is advanced information and specifications
are subject to change without notice.

1,048,576 WORD x & BIT DYNAMIC RAM

DESCRIPTION

The TCS514410J/2 is the new generation dynamic RAM organized 1,048,576 words by &
bits. The TC514410J/Z utilizes TOSHIBA's CMQS Silicon gate process technology as
well as advanced cirecuit techniques to provide wide operating margins, both internally
and to the system user. Multiplexed address inputs permit the TC514410J/Z to be pack~
aged in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size
provides high system bit densities and is compatible with widely available automated
testing and insertion equipment. System oriented features include single power sup-
ply of 5V:10% tolerance, direct interfacing capability with high performance logic
families such as Schotrky TTL.

FEATURES

« 1,048,576 word by 4 bit organization ¢ Low Power

+ Fast access time and cycle time 578mW MAX. Operating (TC514410J/Z-80)

TC514410J /2~80,/~10 495mW MAX, Operating (TC514410J/Z-10)

YRAC | PAS Access Time 80ns [ 100ns 5.5mW MAX. Standby

tAA Column Address 40ns 50ns « Qutputs unlatched at cycle end allows
Access Time two-dimensional chip selection

LCAC | CAS Access Time 20ns 25ns + Read-Modify-Write, CAS before RAS refresh,

tRC | Cycle Time 150ns 180ns RAS-only refresh, Hidden refresh, Write
Fast Page Mode Per Bit and Fast Page Mode capabilit

'PC | Cycle Time 50ns 60ns « All inputs and outpu%s TTL comzatibley

. Sinpgle power supply of 5V:10% with a + 1024 refresh cycles/léms

built-in Vpp generator » Package Plastic S0J: TC514410J

Plastic ZIP: TC514410Z
PIN CONMECTION (TOP VIEW)
BLOCK DIAGRAM
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TC5144104/Z-80
TC514410J/Z-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTE
Input Voltage VIN =17 v 1
Output Voltage Vout -1n7 v 1
Power Supply Voltage Vee -1v7 v 1
Operating Temperature ToPR 070 °C 1
Storage Temperature TSTG =551150 °c 1
Soldering Temperature*Time TSOLDER 260+10 °C-sec 1
Power Dissipation Pp 600 oW 1
Short Circuit Qutput Current IouT 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0n70°C)
SYMBOL PARAMETER MIN. TYP, MAX. UNIT NOTE .
vce Supply Voltage 4.5 5.0 5.5 v 2
Vin Input High Voltage 2.4 - 6.5 v 2
VI, Input Low Voltage -1.0 - 0.8 v 2
OC ELECTRICAL CHARACTERISTICS (Voe=5V£10%, Ta=0n70°C)
SYMBOL PARAMETER MIN.|MAX, [UNITS [NOTES
OPERATING CURRENT TC514410J/2-80 | - 105 3.4.5
Iccl Average Power Supply Operating Current mA sdy
(RAS, CAS, Address Cycling: tpc=tgrc MIN.) TC514410J/2-10 | - 90
STANDBY CURRENT
Ieco Power Supply Standby Current - 21 mA
(m=m=VIH)
RAS ONLY REFRESH CURRENT TC514410)/Z-80 | - |[105
Iccs |Average Power Supply Current, RAS Only Mode - mA | 3,5
(RAS Cycling, CAS=Vyg: tpc=tpec MIN.) TC5144101/Z-10| - 20
FAST PAGE MODE CURRENT TC5144103/2:80 | - | 75
Iccy |Average Power Supply Current, Fast Page Mode mA [3,4,5
(RAS=Vry, CAS, Address Cycling: tpg=tpe MIN.)[TCS144105/Z-10| - | 65
STANDBY CURRENT
ICCi Power Supply Standby Current - 1| mA
(RAS=CAS=V((-0.2V)
CAS BEFORE RAS REFRESH CURRENT TCS14410J/Z-80 | - |105
Icce |Average Power Supply Current, CAS Before mA 3
RAS Mode (RAS, CAS Cycling: tgc=tgc MIN.) TC514410}/2-10 | - 90
INPUT LEAKAGE CURRENT
I1(L) [Input Leakage Current, any input -10§ 10| pa
(OV<VIN<6.5V, All Other Pins Not Under Test=0V)
OUTPUT LEAKAGE CURRENT
'0(L) | (Doyr is disabled, OV<Voyre5.5v) S0 10} A
v OUTPUT LEVEL 2.4 - | v
OH Output "H" Level Voltage (Loyr=-5mA) :
v OUTPUT LEVEL _ 0.4 v
OL Output "L' Level Voltage (Igyr=4.2mA) '
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TC514410J4/Z-80
TC5144104/Z-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Voee5V£10%, Ta=0V70°C) (Notes 6, 7, 8)

TC5144103/Z° | TC514410J/2
SYMBOL PARAMETER -80 <10 UNIT | NOTES
MIN. MAX. | MIN. MAX.

tre Random Read or Write Cycle Time 150 - 180 - RS

tRMd | Read-Modify-Write Cycle Time 205 - 245 - ns

tpC Fast Page Mode Cycle Time 50 - 60 - ns

tpRMW Fast Page Mode Read-Modify-Write Cycle 105 _ 125 _ as

Time

tRaC | Access Time from RAS - 80 - 100 ns |9,14,15
tcac | Access Time from CAS - 20 - 25 ns |9,1l4
taa Access Time from Column Address - 40 - 50 ns [9,15
tCPA | Access Time from CAS Precharge - 45 - 55 ns |9
tcLz | CAS to Output in Low-Z 0 - 0 - ns |9
torr | Output Buffer Turn-off Delay 0 20 0 20 ns |10
ty Transition Time (Rise and Fall) 3 50 3 50 ns |8
trp RAS Precharge Time 60 - 70 - ns

tras | RAS Pulse Width 80 | 10,000(100 { 10,000| ns

tRaSP | RAS Pulse Width (Fast Page Mode) 80 | 200,000} 100 |200,000} ns

tRSH | RAS Hold Time 20 - 25 - ns

tcsH | CAS Hold Time 80 - 100 - ns

“RHCP | CAS Precharge to RAS Hold Time 45 - 55 - ns

tcas | CAS Pulse Width 20 | 10,000 25 | 10,000 ns

tpep | RAS to CAS Delay Time 20 60 25 75 ns |14
tpap | KAS to Column Address Delay Time 15 40 20 50 ns |15
tcrp | CAS to KAS Precharge Time 5 - 10 - ns

tep CAS Precharge Time 10 - 10 - ns

tASR | Row Address Set-Up Time 0 - 0 - ns

trap | Row Address Hold Time 10 - 15 - ns

tASC | Column Address Set-Up Time 0 - 0 - ns

tcag | Column Address Hold Time 15 - 20 - ns

tAR %:%umn Address Hold Time referenced to 60 - 75 - ns

tRal | Column Address to KAS Lead Time 40 - 50 - ns

tRCS ! Read Command Set-~Up Time 0 - 0 o~ ns

tRCH | Read Command Hold Time 0 - 0 - ns (11
'RRH | Read Command Hold Time referenced to RAS 0 - 0 - ns |11
twcH |Write Command Hold Time 15 - 20 - ns

tWCR |Write Command Hold Time referenced to RAS| 60 - 75 - ns

twp |Write Command Pulse Width 15 - 20 - ns
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TC514410J/Z-80
TC514410J/Z-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

TC514410J/2TC514410J/2
SYMBOL PARAMETER ~80 ~10 UNITS NOTES
MIN.{ MAX. | MIN. | MAX.

CRWL |[Write Command to RAS Lead Time 20 - 25 - ns

tCWL |Write Command to CAS Lead Time 20 - 25 - ns

tDS |Data Set-Up Time 0 - 0 - ns | 12
'DH  [Data Hold Time 15 | - 20 - ns | 12
tpHR |Data Hold Time referenced to RAS 60 - 75 - ns

tger (Refresh Period - 16 - 16 ms
tHWCS |Write Command Set-Up Time 0 - 0 - ns |13
tcwp |CAS to WE Delay Time 50 - 60 - ns |13
tRWD |[RAS to WE Delay Time 110 - 135 - ns |13
e A [ [ [ [ o
“AWD |Column Address to WE Delay Time 70 - 85 - ns | 13
tcSR |CAS Set-Up Time (CAS before RAS Cycle) 5 - 5 - ns
CHR |CAS Hold Time (CAS before RAS Cycle) 15 | - 20 | - ns

tRPC |RAS to CAS Precharge Time 0 - 0 - ns

CCPT E%P;z‘f:‘;::g;ﬁ%igzuncer Test Cycle) 40 - 30 B ne

LROH |RAS Hold Time referenced to OE 10 - 20 - ns

tOEA |OE Access Time - 20 - 25 ns

Y0ED |OE to Data Delay 20 - 25 - ns

toEz |Output Buffer Turn Off Delay Time from OE 0 20 0 20 ns | 10
LoEH [OE Command Hold Time 20 | - 25 - ns

LWBS |Wwrite Per Bit Set-Up Time 0 - 0 - ns

LWBH |Write Per Bit Hold Time 10 - 10 - ns

twDs |Write Per Bit Selection Set-Up Time 0 - 0 - ns

typH {Write Per Bit Selection Hold Time 10 - 10 - ‘'ns

tWTS |Write Command Set-Up Time (Test Mode In) 10 - 10 - ns

tyry |[Write Command Hold Time (Test Mode In) 10 - 10 - ns

W 5 P
tWRH WE to RAS Holfl_'l‘ime 10 _ 10 _ ns
{CAS before RAS Cycle) .
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TC514410J4/Z-80
TC514410J4/Z-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE

(Voc=5V10%, Ta=0~70°C) (Notes 6,7,8)

TC5144103/Z TCS144107/2
SYMBOL PARAMETER -80 =10 UNIT | NOTES
MIN. MAX. MIN. MAX.

tre Random Read or Write Cycle Time 155 - 185 - ns

tpe Fast Page Mode Cycle Time 55 - 65 - ns

trac | Access Time from RAS - 85 - 105 ns [9,14,15
tcac | Access Time from CAS - 25 - 30 ns | 9,14
tAA Access Time from Column Address - 45 - 55 ns 9,15
teps |Access Time from CAS Precharge - 50 - 60 ns 9
tgas | RAS Pulse Width 85 { 10,000 | 105 | 10,000 | ns

tpagp | RAS Pulse Width (Fast Page Mode) 85 |200,000 | 105 | 200,000 | ns

tRSH RAS Hold Time 25 - 30 - ns

tcgy | CAS Hold Time 85 - 105 - ns

tpucp | CAS Precharge to RAS Hold Time 50 60 ns

teas CAS Pulse Width 25 10,000 30 10,000 | us

trar, |Column Address to RAS Lead Time 45 - 55 - ns
CAPACITANCE (Vge=5V+10%, f=1MHz, Ta=0~70°C)

SYMBOL PARAMETER MIN. | MAX. | UNIT

C11 Input Capacitance (AO0~A9) - 5 pF

Cio Input Capacitance (RAS, CAS, WB/WE, OE) - 7 pF

Co Input/Output Capacitance (W1/I101~W4/104) - 7 pF




TC5144104/Z-80
TC514410J4/Z—10

NOTES:

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device.

2. All voltages are referenced to Vgg.
3. Iccl, Icc3, Iccs, Icce depend on cycle rate.

4. Igcls Igcy depend on output loading. Specified values are obtained with the
output open.

5. Column Address can be changed once or less while RAS=Vyp, and CAS=V1g.

6. An initial pause of 200 us is required after power-up followed by 8 RAS only
refresh cycles before proper device operation is achieved. In case of using
internal refresh counter, a minimum of 8 CTAS before RAS refresh cycles instead
of 8 RAS only refresh cycles are required.

7. AC measurements assume ET=5 ns.

8. Vig (min.) and Vi (max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Vig and Vyr,.

9. Measured with a load equivalent to 2 TTL loads and 100 pF.

10. toFF (max.) and tpgz (max.) define the time at which the output achieves the
open circuit condition and are not referenced to output voltage levels.

11. Either tgcy or tppy must be satisfied for a read cycle.

12. These parameters are referenced to CAS leading edge in early write cycles and
to (WB/) WZ leading edge in read-modify-write cycles.

13. twcs, trup, tcims tayp and tepyp are not restrictive operating parameters. They
are included in the data sheet as electrical characteristics only, If twesatwes
(min.) the cycle is an early write cycle and data out pin will remain open cir-

* cult (high impedance) through the entire cycle; If tgypa tyyp (min.),
tewp 2 tewp  {min.), tapp Z tawp (min.) and tepyp 2 tepyp (min.), the cycle is
a read-modify-write cycle and data out will contain data read from the selected
cell: If neither of the above sets of conditions is satisfied, the condition of
the data out (at access time) is indeterminate.

14. Operation within the tpep (max.) limit insures that trac (max.) can be met.
tpcp (max.) is specified as a reference point only: If tpcp 1s greater than
the specified tpep (max.) limit, then access time is controlled by teac-

15. Operation within the tpap (max.) limit insures that tpac (max.) can be met.

tpap (max.) is specified as a reference point only: If tRap 1s greater than
the specified trap (max.) limit, then access time is controlled by taa.
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TC514410J/Z-80
TC514410J4/Z—10

READ CYCLE *RC
tRAS trp
s ViR =% tAR
) o ! b CSH L__—
tcre trRCD *RSH ‘ tcrp
cxs Ki',f S TR im /
tASC RAL
o tasn| |t LCAH_
s N R NN SRR W
LRCS | ‘RRH *RCH
i t 0K Y,
IL | tan
oF o N2 T,
t RAC oA 'osgﬂ?—
W1 10 1~W4/104 :‘;T: OPEN — { VALID DaTA-OUT )}~
Note: DyN=0OPEN : "H" or MLV
WRITE CYCLE (EARLY WRITE) the
| tcap tRCD et tRSH tcrp
W T TV N e
R/ Bohs @( Sgﬂ‘r?s“zfgﬂ - T,
IL tWBHHAD l towL, ——J.
VB, WE :',f,f _ = 1{/////////////////////////////////////
twer -
oF v T T L LT T T T T T
wps_| ['wn) ]iﬂal; i
W1,/10 1~W4/104 :I": . 77777&%‘.&-[1‘: Q@{vum DATA- IN % ZZZZZQZZZZQZZZZQZZZZ
Note: Douyp=OPEN "t or "LM
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TC5144104/Z2-80
TC514410J/Z-10

WRITE CYCLE (OE CONTROLLED WRITE)

——

RAS

|

O
>
o

AD~AS

WL/I01~W4/104

-—-VIH//

tRC

N N—
o T"‘CEL 'RCD : ::::H | tCRP
| e 7

tA SR tﬁf‘ PASC | tCAH
N/ P YY) M///////////////////////////////////////

‘——J/////////////////////////////////

READ-MODIFY-WRITE CYCLE

RA

3
=
»

AO0~A9

Z|
]
]

al

W1/7101~W4,/104

Xif._’/////////il////L{//// || T,
‘wos} [ wDH 'ps | toH
iy Brall Xvawo v 577/
Note: Dpur=OPEN : "H" or "L"
== .
‘tC_R_P_ tRCD ‘RSH !icap
\\Ii}:-— \ \ tCaS / /
'ASR| ['RaH tAsC tCAH |
vir — /R achREs s N BB U
Vi N 7/ T N7
= s
(o TR —ore S KL,
o P/74: "H" or "L"
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TC514410J4/Z-80
TC514410J4/Z—10

FAST PAGE MODE READ CYCLE

t RASP tRP
N VIH —— AR
RAS \ Z R\
tpg  RS3
1 CRP tRCD tep ' RHCP {CRP
_ — 1CAS L tcas tCAS e
CAS 3“‘ _ tRAD \\ & \ r / /
IL ‘BAH tCSH - TRAL
tASR 1A8C tCAH t.‘LS__(; tCAH t“‘ig. tCAH
Vi — A N
aomas VIR NG N OO G S I
: |chs LRCH .| {tncs [Ttrcs \RCH
_'1_"'] | —1
W T \/ / was | N/
Vi, — taa I taa tan
. 133 TCPA ﬂnmﬂl
QEA LOEA "
— Vg — 1 oA |
F v — L |/ / N/ /
tpAC LeAC LOFF tcac Itorr ) tCAC L OFF
tcLz, 10EZ LCL '0EZ ‘cLz tQEZ
' You — VALID
WL/I0 I~W4/I04 Vor — / // NGB
Note: Dyy=OPEN  YALIDoor 1 lakhlour 2 /7] : "H" or "L"
FAST PAGE MODE WRITE CYCLE
tRASP L_tnp
RAS Vi =T LAR I
tpc tRSH
‘ERP 'RCD tep : 1
— Vig — 1CAS - tcas | tcas
LRAH [ ‘RAL
IASR as 1CAR 'ASC| | tCAH tasc| | tcan
A d
AO~AS ViH— ROW COLUMN TN Sy ] COLUMN
ViL — | ADD DRES S DRESS 2 ADDRESS N
LRAD towL toWL twes WL, ﬁ!
twes twes t RWL
1WBS l_‘_W___m twCH WCH tweH
— YIH — tWp twp twp
WBWE / \ I
;'OEH _ﬁ,‘OEH MOEH
1
OF o N/ N/ RULITIIT
OE
VL - {DHR tQED L
twps | twpH DS | | tpH tps) | ‘pH Ds | | tou
-~ Vin— ASK VALID VALID
WIZIOI-WAA04 -/ Kpate INKK DATAZIN 1 . varh-1n 8 X111
Note: DOUT=OPEN m¥ﬁ{'£ 2 : g op MM
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TC514410J/Z-80
TC514410J/Z—10

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

A Ep— tRasP
o mT /
ViL — hes
tosH
tpRNW tRSH
tReD tcas tcp tcrp
VIH — L taas tcas ;
oS ) \ 7
Vi — tRAD Z \ /
tRAH t
RA RAL
tasR t.'m_‘ tCAk tj.gsc tean tascl| [t can
v
H—
A0~k o, R o SeX T
Yip — JADDY D1y Dt, m D /
CPWD .
lwBs tRwp t t
:  — .y y— CPWD RWL
WBH : tCWD ‘GVL t'C“’I) tch
P VIH ~—\f
WB
#WE v —A f tawD \_ tawDp \L tAwD
taa  twp twp twp
tOEA . ‘OEA ' _ LoEA | !
Vig — } y y
. fi
ViL — I toED tcpa / toep tcp /
A L oED]
tcac tcac N I tCoAC)
; foEz [— tasfltopz t tOEZ
trac f A4,
tps tps ‘ps
tDH tDH t DH
You— 7 )
VOL'—t ps| ['wpH Aﬂ(
WL I01~W4/104 T—— ~—fterzf [OVUT ! terz] PUT 2 terz| |OUT N
Vig—
MASK f\_ /)
v vy, — JApATA=In] ﬁqm‘} 14*‘"25 ' quN /
: “H" or LY
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TC5144104/Z-80

TC514410J/Z-10
/] P G

Note: WB/WE, OE="H" or "L"

TAS BEFORE RAS REFRESH CYCLE

HE

|IHII or IILII'

tgp

t Rp

ot

S

twRP | |'WRH

/i T

Note: DIN' E)_E. A0 A9="H" or "L"
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TC514410J/Z-80
TC514410J/Z-10

HIDDEN REFRESH CYCLE (READ)

trc RC
trRaS tap trp
T VIH ————’\ AR Z \ tRAS 2:
VIL — \
tiC_EP; tRCD tRSH tcrRP

- ViH — = tcur
xS ) ¢ \\ Z
RA
ViL — 2 3
SC

o A TN
G N

3l
El
o
b
§

T s P K
WLATQ1~W4.104 :ZI: : - Jw VALID DATA-QUT }
Note: Dyy=OPEN (//]: "H" or "L"
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TC5144104/Z-80

TC514410J/Z-10
w0 TN - \ = / \__
S o /

AAAAA S/ jgg Dt W/////////////////////////////////////////X

ws SO T
" "///////////////// T

twos | o
o _IA y >@4 o s Ko

'Il‘ "H" or "L"

Note: Dgyp=OPEN
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TC514410J4/Z-80
TC514410J/Z-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

RAS

CAS

AQ~A9

READ CYCLE

WB,/WE

OE

_
B, A

OE

READ-MODIFY-WRITE CYCLE

o
WB,/ WE

S

W1/10 1~W4, /104
—

WRITE CYCLE

WI/IO ~W4104

W1/101~W4/104

trp

/

YIH —'—HS tras
Vi —
IL tosh . tepr trsH
Vi = CHR ¢
o — ) / \ / /]
tRAL
tAsC tCAH

o LTI &

=%

T

twWRH

tcac

tre

t
Vig —
S/l

tRoH

tOEA

\

YoH —

Vo —

tWRP|

toEZ

AAW%?%M%

}_

VIH— =
Vi — [z;z:;

tcrz
OPEN 4 @g VALID DATA-OUT
tRwL
twRH tewL
tweH

V%WM%ﬁ&

i

m:4%%%?A%%%W%WMWW%%W%%@%%%%%%%%%%

Vig —

ton
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Vig OPEN { VALID DATA-IN
t
tAWD CWL
N t RWL
WRH tRCS tcwp
! twp
“_Zﬂﬁ’ N/ BT NI
— CAC /
taa
[
Vi — \‘ Ey /
Vi — t OED
tCcaC
tCLZ -——‘-‘i— tDEZ
VOH —
oL — 7 tps| | toH
VALID DATA-OUT | jau
Vi — o < VALID
ViL — PEN Xmm—m
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§|

&l

tRAS

/ \__

/I
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TC5144104/Z-80
TC514410J4/Z-10

READ CYCLE IN THE TEST MODE

tRC
tRAS
[ S —
XS vm 3 AR .
—
 cRp tCSH
£ tRCD {RSH 'cRP
—— Yy — 1CAS
sy / trap _, N\ 4 /
1
LASR ASC tRAL
t RAH LCAH
Vige —
~ IH ROW COLUMN
AD~AS v — DRES E@Z ADDRESS /W/Z;;;;Z;;;/}%;ZX
1 __I t RRH 'RCH
e Vg —
L —
toal LOFF
1RAC
Vo R -
WL/IO1~W4/104 CF OPEN 4 VALID DATA-OUT [}
Yoo — 1CLZ

RAS

CAS

WB/WE

OE

Note: Dyn=OPEN, OE="L" V//4: "H" or "L"
WRITE CYCLE (EARLY WRITE) IN THE TEST MODE tpe

i T T = N\
zllz__ —_ YASR ‘RAH \\ A ‘/ ]

v - tasC Ceall BAL

xo-as [ 777N BN W71 LT

W 3?: _ DY) - U

T T T,

W1/ 10 1~W4/104 zIH —

twus|

IDHR

tWDH

‘ps [ 'DH

IL —

ASK
DATA -

IN

ko

Note: Dgoyr=OPEN
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TC5144104/Z-80
TC514410J/Z—10

FAST PAGE MODE READ CYCLE IN THE TEST MODE

LRASP
e VIH AR
RAS vIL — B Z tRp \
t
teRp PC tRSH
1
t tCAS o tCAS
— Vi — CAS - L A
CAS VII]: _ tRAD \ \
1
Al tCsH trsel I po | | tRAL
Vi —
~ w U COLUMN COLUMN
AD~A9 Vi — Rgn E@g c%ssuéw [ADDRES S DRESS NW
| tRe + trerd | L[ Itres | [tacs tRCH
""f_ a fae I
—_— VIH_..
W o 7T T b | W el N
toAC tepa tCPA
tRAC LOFF, 1cAC tor toAC tOFF
tcLz tcL teL
VOH—
W1./101~W4/104
VOL---— ’[ l[ /
VALID VALID vaLip
DATA- OUT 1 DATA-OUT 2 DATA-OUT N
Note: DyN=OPEN, OE="L" 770+ "H" or "L"

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE

LRA 5P
v — — LAR E
_— 3]
RAS Vi, — L _Z tpp \__
LCRP ‘pc LASH
tRCD
tcas t t
R Vg o - CAS CAS
H
xS R\ / /
VIL — ‘RAH ‘CB - ] 'CRP
s 1csH ‘RAL
v | |tasc, | [tcan tasq |tcaH tAsC tCAH
v oo
IH — RO OLUMN COLUMN COLUNN
A0~A9 VoL — ADD DDRESS LADDRESS 2 DRESS N
t RAD towy . 1owL | " _LQM;_.|
'WBS wes Swes ’ 'It:“‘nm-
v L —WCH_ : WCH
o =
VIL —— [ | E%- 74 /
Vig ——
OF Vi /
iDHR t t
DS t
WS tos| | ton '—Dil o PH
VIH— - -
~ VALID VALID 5@3;%;;%;%;;;7
W1/101~W4/104 Vip— % DATA-IN 1 . , ATA-IN A
MA 1.( DATA-IN VALID
Note: DoUT‘OPEN DATA-IN 2 7/// s Mgn gp N

A-481



TC514410J/Z-80
TC514410J/Z-10

APPLICATION INFORMATION
ADDRESSING

The 20 address bits required to decode 1 of the 1,048,576 cell locations within
the TC514410J/Z are multiplexed onto the 10 address inputs and latched into the
on-chip address latches by externally applying two negative going TTL~level clocks.

The first clock, the Row address Strobe (RAS), latches the 10 row address bits
into the chip. The second clock, the Column Address Strobe (CAS), subsequently
latches the 10 column address bits into the chip. Each of these signals, RAS and
CAS triggers a sequence of events which are controlled by different delayed intermal
clocks. :

The two clock chains are linked together logically in such a way that the address
multiplexing operation is done outside of the critical path timing sequence for read
data access. The later events in the TAS clock sequence are inhibited until the
occurrence of a delayed signal derived from the RAS clock chain. The "gated CAS"
feature allows the TAS clock to be externally activated as soon as the Row Address
Hole Time specification (tRAH) has been satisfied and the address inputs have been
changed from Row address to Column address information.

Data Inputs

A write cycle is performed by bringing (WB/)WE low during the RAS/CAS operation.
The falling edge of CAS or (WB/)WE strobes data on (Wi)IOi into the on—chip data
latch. To make use of the write-per-bit capability WB(/WE) must be low as RAS falls.
In this case data bits to which the write operation is applied can be specified by
keeping Wi(/I01i) high with set-up and hold times referenced to the RAS negative

transition.
For those data bits of Wi(/IO0i) that are kept low as RAS falls the write operation

is inhibited on the chip, If WB(/WE) is high as RAS falls, the write-per-bit capa-
bility does not work and the write operation 1s performed for all four data bits.

Data Qutputs

The three-state output buffers provide direct TTL compatibility with a fan-out
of two standard TTL loads. Data-out is the same polarity as data-in. The outputs
aye in the high-impedance state until CAS is brought low. 1In a read cycle the
outputs go active after the access time interval tp,c and topy are satisfied.

The outputs become valid after the access time has elapsed and remains valid
while CAS and OE are low. CAS or OE going high returns it to a high impedance state.
In an early-write cycle, the outputs are always in the high-impedance state. 1In a
delayed-write or read-modify-write cycle, the outputs will follow the sequence for
the read cycle.

The OE controls the impedance of the output buffers, In the logic high position
the buffers will remain in a high impedance state.

When the OE input is brought to a logical low level, the output buffers are
enabled. Both CAS and OE can control the output. Thus in a read operation, either
OE or CAS returning high forces the outputs into the high impedance state.
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RAS ONLY REFRESH

Refresh of the dynamic c¢ell matrix is accomplished by performing a memory cycle
at each of the 1024 row addresses (A0~A9) within each 16 millisecond time interval.
Although any normal memory cycle will perform the refresh operation, this function
is most easily accomplished with "RAS-only" cycles.

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC514410J/Z offers an alternate
refresh method. If TAS is held on low for the specified period (tcgr) before RAS
goes to low, on chip refresh control clock generations and the refresh address
counter are enabled, and an internal refresh operation takes place. After the
refresh operation is performed, the refresh address counter is automatically in-
cremented in preparation for the next CAS before RAS refresh operation,

FAST PAGE MODE

The "Fast Page Mode" feature of the TC514410J/Z allows for successive memory
operations at multiple column locations of the same row address with increased speed
without an increase in power, This 1s done by strobing the row address into the chip
and maintaining the RAS signal at a logic 0 throughout all successive memory cycles
in which the row address is common. This "Fast Page Mode" of operation will not
dissipate the power associated with the negative going edge of RES. Also, the time
required for strobing in a new address is eliminated, thereby decreasing the access
and cycle times.

HIDDEN REFRESH

An optional feature of the TC514410J/Z is that refresh cycles may be performed
while maintaining valid data at the output pins. This is referred to as Hidden Refresh.
Hidden Refresh is performed by holding CAS at Vi, and taking RAS high and after a

specified precharge period (tgrp), executing a CAS before RAS refresh cycle.
(see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

ST UV UV UV
I\
-

VALID DATA-OUT )———

This feature allows a refresh cycle to be "Hidden" among data cycles without
affecting the data availability.

W1/I101W4 /104 ——OPEN -
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AS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TC514410J/Z can be tested by CAS BEFORE
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the
internal counter address as row address and the input address as column address.

The test is performed after a minimum of 8 TAS before RAS cycles as initializa-

tion cycles. The test procedure is as follows.
1
(D write "0" into all the memory cells at normal write mode.
(@ Select one certain column address and read "0" out and write "1" in each cell

by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE).
Repeat this operation 1024 times.

@ Check "1" out of 1024 bits at normal read mode, which was written at @ .

(@ Using the same column as (@), read "1" out and write "0" in each cell perform-

ing CAS BEFORE RAS REFRESH COUNTER TEST. Repeat this operation 1024 times.
Check "0" out of 1024 bits at normal read mode, which was written at @

@ Perform the above @ to @ to the complement data.
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TEST MODE

The TC514410J/Z is the RAM organized 1,048,576 words by 4 bits, it is intermally
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors
in parallel and retrieved the same way. Agg is not used. If, upon reading, two bits
on one I/0 pin are equal (all "1"s or "0"s), the I/O pin indicates a "1",.

If they were not equal, the I/0 pin would indicate a "0", Fig. 1 shows the block
diagram of TC514410J/Z. 1In '"Test Mode", the 1M X 4 DRAM can be tested as if it
were a 512K X 4 DRAM.

"WE, CAS Before RAS Refresh Cycle' puts the device into "Test Mode'. And "CAS
Before RAS Refresh Cycle" or "RAY Only Refresh Cycle" puts it back into "Normal
Mode". 1In the Test Mode, '"WE, CAS Before RAS Refresh Cycle" performs the refresh
operation with the internal refresh address counter. The "Test Mode" function re-

duces test times (1/2 in case of N test pattern).
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BLOCK DIAGRAM IN THE TEST MODE
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