TOSHIBA TC59S1616AFT-8,-10,-12A,-12

TENTATIVE TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC
524,288-WORD x 2 BANK x 16-BIT SYNCHRONOUS DYNAMIC RAM
DESCRIPTION

The TC59S1616AFT is CMOS synchronous dynamic random access memory devices, organized as 524,
288 wordsX 2 banksX 16 bits, respectively. Fully synchronous operations are referenced to the leading
edge of the clock input and can transfer data at up to 125M words per second. These devices are
controlled by command settings. Each bank is kept active so that the DRAM core sense amplifiers can
be used as a cache. The refresh functions, Auto Refresh and Self-Refresh, are easy to use. Using the
programmable Mode register, the system can choose the mode which will maximize its performance.
These devices are ideal for main memory in applications such as workstations.

FEATURES

TC5951616

-8 -10 ~-12A ~12
tck  Clock Cycle Time (min) 8ns 10 ns 12ns 12ns
tras Active to Precharge Command Period (min) 48 ns 60 ns 60 ns 72ns
tcac Access Time from Read Command (max) 23.5ns 24ns 24 ns 27.5ns
tac Access Time from CLK (max) (CAS Latency=3) 7.5ns 8.5ns 9ns 9ns
tac  Ref/Active to Ref/Active Command Period (min) 80 ns 100 ns 100 ns 120 ns
lcci  Operation Current (max) (Single Bank) 110 mA 90 mA 90 mA 80 mA
lccg  Self - Refresh Current (max) 2 mA 2mA 2mA 2mA

Single power supply of 3.3V10.3V

Up to 125 MHz clock frequency

Synchronous operations: All signals referenced to the positive edges of the clock
Architecture: Pipeline

Organization

TC59S1616AFT : 524, 288 words X2 banksX 16 bits
Programmable Mode register

Auto Refresh and Self Refresh

Burst Length : 1, 2, 4, 8, Full page

CAS Latency : 1,2, 3

Single Write mode

Burst Stop function

Byte data controlled by L-DQM, U-DQM

4K Refresh cycles /64 ms

Interface: LVTTL

Package

TC59S1616AFT : TSOPI50-P-400-0.80B (Weight : 0.51g typ.)

ITEM

961001EBAT_

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
1t is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

:The products described in this document are subject to foreign exchange and foreign trade control laws.

The information contained herein is gresented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or athers.

@ The information contained herein is subject to change without notice.
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

PIN NAMES PIN ASSIGNMENT (TOP VIEW)
A0to A10 Address TC5951616AFT
BS Bank Select Vccl: 10 50 gVSS
DQ0to DQ15 DQ 2 49 L1DQ
Data Input/Output 0 15
(TC5051616) | oo put OutPY 0Q; E 3 48 3""”
— X ) VesQLY4 47 | VssQ
f:i Chip Select 0Q,Hs 46 HDQu;
RAS Row Address Strobe DQ; E 6 14&: DQ 12
FAC [ A Strob VecQ g7 VecQ
is Co'umn ddress Strobe pq.Cs a3fbq;
WE Write Enable DQSE 9 42 :leQ 10
VesQLJ 10 41 VssQ
UDQW/LDQM Output Disable/Write Mask DSS O ] S
(TC5951616) 086: n :389
- 7 8
CLK Clock inputs veeQE 13 38 BvecQ
CKE Clock enable LDQEE 14 37 HINC
WELJ15 36 Jupam
Ve Power (+3.3V) @asQie 3sPck
Vss Ground RAS E 1734 gCKE
csLj18 33 B ANC
VeeQ Power (+3.3V) ssl1s 32PA,
(for /0 buffer) A2 31 A,
cHY SEX
1 6
(for 1/ 0 buffer) A,C23 28[as
NC No Connection As022 27(0A,
vee 25 26 [ v

1998-01-23 2/52



TOSHIBA

TC59S1616AFT-8,-10,-12A,-12

BLOCK DIAGRAM
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TOSHIBA

TC59S1616AFT-8,-10,-12A,-12

ABSOLUTE MAXIMUM RATINGS
SYMBOL ITEM RATING UNITS NOTES
Vine Vour Input, Output Voltage ~0.3toVcc+0.3 \ 1
Vee, VecQ Power Supply Voltage -0.3t04.6 v 1
Torr Operating Temperature 0to 70 °C 1
Ts16 Storage Temperature ~-55t0 150 °C 1
TSOLDER Soldering Temperature (10s) 260 °C 1
Pp Power Dissipation 1 w 1
lour Short Circuit Output Current 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta = 0°to 70°C)
SYMBOL PARAMETER MIN TYP MAX UNITS NOTES
Vee Power Supply Voltage 3.0 33 3.6 2
VeeQ Power Supply Voltage (for /0 Buffer) 30 33 36 Vv 2
Vi Input Righ Voltage 20 - Vee+0.3 Vv 2
Vi Input Low Voltage -0.3 - 0.8 \' 2
NOTE: ViH (max) =Vcc/VeeQ + 1.2V for pulse width = 5ns
ViL (min) = Vg5 / VssQ ~ 1.2V for pulse width = 5ns
CAPACITANCE (Vcc=3.3V, f=1MHz, Ta=25°C)
SYMBOL PARAMETER MIN MAX UNITS
Input Capacitance (A0 to A10, BS, CS, RAS, CAS, WE, LDQM, UDQM, CKE) - 4 pF
C
! Input Capacitance (CLK) - 6 pF
Co Input/ Output Capacitance - 5 pF

NOTE: These parameters are periodicaily sampled and not tested for every component individually.
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

RECOMMENDED DC OPERATING CONDITIONS (Vee=3.3V 0.3V, Ta=0°to 70°C)

MAX( x 16)
ITEM SYMBOL UNITS | NOTES
-8 | -10 |-12A] -12

OPERATING CURRENT

. ) 1-bank operation lec! 1101 90 | 90| 80 3
tek = min, tRc=m|n . :
Active Precharge command cycling )
without Burst operation 2-bank interleave operation lec1B | 150 [ 130 ] 130 | 115 3
STANDBY CURRENT
CKE=Vy lcc2 35 ]3| 28] 28 3

tex=min, CS=Vy

ViH /L = Vin(min) / V) (max)

Bank : inactive state CKE =V, (Power Down mode)| icc2P 2 2 2 2

STANDBY CURRENT

CLK =V, CS=Vy input signals are stable.
ViH /L= Vin(min) 7V, (max)

Bank : inactive state

CKE =V lec2s | 1313 ] 13 ] 13

CKE = V). (Power Down mode) | Icc2PS | 2 2 2 2 mA

NO OPERATING CURRENT

o . CKE=V)y lcc3 85 ]175170 ] 70 3
K =min

CS= Viy{min)

Bank : active state (2 banks) CKE =V (Power Down mode)| lcc3P 3 3 3 3

BURST OPERATING CURRENT

: Read Cycle Icc4R | 155|135 125 | 125 3, 4
tek = min
lout = 0mA
Bank : active state (2 banks) Write Cycle lcc4W | 150 | 125 ] 115 | 115 3
AUTO REFRESH CURRENT
tex = min, tee = min lcc5 | 80 | 65 | 65 | 60 3

Auto Refresh command cycling

SELF REFRESH CURRENT
CKE=0.2v

| 2
Self Refresh mode ccb 2 2 2

ITEM SYMBOL MIN MAX UNITS NOTES
INPUT LEAKAGE CURRENT |
(OV=ViNS Ve, all other pins not under test=0V) L) -5 5 HA
OUTPUT LEAKAGE CURRENT
(Output disabled, OVS VoyrSVeceq) lo) -5 5 A
OUTPUT “H” LEVEL VOLTAGE
(lout=-2mA) Vou 2.4 - v
OUTPUT “L" LEVEL VOLTAGE
(lout=2mA) Vot - 0.4 v
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TOSHIBA

TC59S1616AFT-8,-10,-12A,-12

AC CHARACTERISTICS AND OPERATING CONDITIONS

(Vec=3.3V10.3V, Ta=0°to 70°C) (Notes: 5, 6, 7)

SBYO'\l/.| PARAMETER MIN g MAX MIN o MAX MIN12AMAX MIN = MAX UNITS INOTES
tre | Ref/Active-Ref/Active Command Period - 80 100 100 120
tras | Active to Precharge Command Period 48 100000 60 100000 60 100000 72 100000
trcp | Active to Read/Write Command Delay Time 24 30 30 36 0
B : o | e [
trp Precharge to Active Command Period 24 30 30 36
trro | Active (3) to Active (b) Command Period 20 20 24 24
tcac | Accesss Time from Read Command 23.5 24 24 27.5
twr | Write Recovery Time CL*=1 30 30 30 36
CL*=2 15 15 15 18
CLl*=3 1CLK+8 1 CLK + 10 1CLK +12 1CLK +12
tex CLK Cycle Time CL*=1 30 1000 30 1000 30 1000 36 1000
CL*=2 15 1000 15 1000 15 1000 18 1000
CL*=3 8 1000 10 1000 12 1000 12 1000
tch | CLK High Level Width 3 4 ns 10
teL CLK Low Level Width 3 3 4
tac Access Time from CLK CL*=1 24 24 24 27.5
CL*=2 9 9 9 9.5
CL*=3 7.5 8.5 9 9
toH |Output Data Hold Time 3 3 . 3 3
tyz | Output Data High Impedance Time 3 8 3 10 3 12 3 12 8
tz Output Data Low Impedance Time 0 0 0 0
tsg Power Down Mode Entry Time 0 8 0 10 0 12 0 12
t7 Transition Time of CLK (Rise and Fall) 1 10 1 10 1 10 1 10
tos Data-in Set-up Time 3 3 3 3
toH Data-in Hold Time 1 1 1 1
tas Address Set-up Time 3 3 3 3
tan | Address Hold Time 1 1 1 1
tcks | CKE Set-up Time 3 3 3 3
tckn | CKE Hold Time 1 1 1 1
tems | Command Set-up Time 3 3 3 3
temn | Command Hold Time 1 1 1 1
trer | Refresh Time 64 64 64 64 ms
tasc | Mode Register Set Cycle Time 16 20 24 24 ns 9

% CL is CAS Latency.
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TOSHIBA TC5951616AFT-8,-10,-12A -12

NOTES:
1. Conditions outside the limits listed under “ABSOLUTE MAXIMUM RATINGS” may cause
permanent damage to the device.
2. All voltages are referenced to Vss.
3. These parameters depend on the cycle rate and these values are measured at a cycle rate with
the minimum values of tck and trc. Input signals are changed once during tck.
4. These parameters depend on the output loading. Specified values are obtained with the output open.
5. Power - up sequence is described in Note 11.
6. AC TEST CONDITIONS
dutput Reference Level 1.4V / 1.4V
Output Load See diagram B below
Input Signal Levels 2.4V / 0.4V
Transition Time ( Rise and Fall) of Input Signals 2ns
Input Reference Level 1.4V
—©- 313V, =14V,
1.2k0 2=500 éson
Output  o—1— Output
;LSOPF iamn ;;so;w
AC TEST LOAD (A) . AC TEST LOAD (B)
7. Transition times are measured between Vg and Vii. Transition (rise and fall) of input signals
have a fixed slope.
8. tHz defines the time at which the outputs achieve the open circuit condition and is not

referenced to output voltage levels.

1998-01-23 7/52



TOSHIBA . TC5951616AFT-8,-10,-12A,-12

9. These parameters account for the number of clock cycles and depend on the operating
frequency of the clock, as follows:

the number of clock cycles = specified value of timing/clock period
(count fractions as a whole number)

Relationship between latency and frequency (Unit: clock cycles)
-8 Version ( Calculation with tck = 8ns to 24ns)

. tac tras trp teac trep tRsc tRRD
CLK period (tcg 80ns 48ns 24ns 23.5ns 24ns 16ns 20ns
2 24ns 4 2 1 2 1 1 1
& 16ns 5 3 2 2 2 1 2
2 14ns 6 4 2 3 2 2 2
212ns 7 4 2 3 2 2 2
2 10ns 8 5 3 3 3 2 2
29ns 9 6 3 3 3 2 3
=8ns 10 [ 3 3 3 2 3
-10 Version  (Calculation with tck = 10ns to 30ns)
. tre tras trp trep trsc trro
CLK period (tcd 100ns 60ns 30ns 2%?»% 30ns 20ns 20ns
2 30ns 4 2 1 1 1 1 1
= 20ns 5 3 2 2 2 1
= 18ns 6 4 2 2 2 2 2
=15ns 7 4 2 2 2 2 2
2 13ns 8 5 3 3 3 2 2
=12ns 9 5 3 3 3 2 2
—=10ns 10 6 3 3 3 2 2
-12A Version (Calculation with tck = 12ns to 36ns)
CLK Period (tcx) tre tras tre teag trep trsc trro
100ns 60ns 30ns 24ns 30ns 24ns 24ns
= 36ns 3 2 1 1 1 1 1
2 24ns 5 3 2 2 2 1 1
220ns 5 3 2 2 2 2 2
2 18ns 6 4 2 2 2 2 2
£ 15ns 7 4 2 3 2 2 2
2 14ns 8 5 3 3 3 2 2
__=12ns 9 5 3 3 3 2 2
-12 Version ( Calculation with tck = 12ns to 36ns)
. tre tras tap trep gsc tRRD
CLK period (tc) 120ns 72ns 36ns Z%ﬁs 36ns 24ns 24ns
= 36ns 4 2 1 1 1 1 1
= 24ns 5 3 2 2 2 1 1
2 20ns 6 4 2 2 2 2 2
= 18ns 7 4 2 2 2 2 2
2 15ns 8 5 3 3 3 2 2
= 14ns 9 6 3 3 3 2 2
=12ns 10 6 3 3 3 2 2
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

10.

11,

tcH is the pulse width of CLK measured from the positive edge to the negative edge referenced

to ViH (min). tcr, is the pulse width of CLK measured from the negative edge to the positive

edge referenced to ViL (max).

Power-up Sequence

Power-up must be performed in the following sequence.

1) Power must be applied to V¢c and VeeQ (simultaneously) while all input signals are held
in the “NOP” state. The CLK signal must be started at the same time.

2) After power-up a pause of at least 200 useconds is required. It is required that DQM and
CKE signals then be held “high” (Voc levels) to ensure that the DQ output is high
impedance.

3) Both banks must be precharged.

4) The Mode Register Set command must be asserted to initialize the Mode register.

5) A minimum of eight Auto Refresh dummy cycles is required to stabilize the internal
circuitry of the device.

The Mode Register Set command can be invoked either before or after the Auto Refresh

dummy cycles.
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TOSHIBA TC59S1616AFT-8,-10,-12A,-12

TIMING DIAGRAMS

Command Input Timing
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

Read Timing

Read CAS Latency

M\ T\ O\ T\
-

=7
w7

Uiz

W0

U

tac tac ty

< < < Z_
- - |- >

DQ

Tz on ow
. vaup XA vauwp
f DATA OUT DATA OUT
Read Command < 1

Burst Length
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

Control Timing of Input Data (TC59S1616AFT )
(Word Mask)

CLK l_\__i!__\_I{_\_)l——\__I!_—\_
temu tems| temnu tems
e [ » -
l *
LOQM \
]
tcmH tems | temu tems
[t |t > >
1
uDQM A
tos| tow tos| tou tos| tou tos| tou
! &
VALID VALID VALID VALID
DQOto7 DATA IN MDATA IN % DATA IN % M
tos| tou tos| tou tos| tou tps! tow

>
c
o

DQ8to 15 %TA N pATA N % e =~~~ 7///

(Clock Mask)

cLK _Jr_\_i l_\_i!_\_
tekn teks | tekw texs
- - — |<->
CKE ( [ *
tos| tow tos toH tos| tou
B R—
VALID ALID VALID VALID
DQOto7 %’DATA IN %MA N % /// m DATA IN ;M
tps| tou tps toH tos| tow

T E— 3
VALID VALID VALID VALID
DQ8to 15 DATA IN DATA IN / DATA IN DATA IN
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

Control Timing of Output Data (TC59S1616AFT )
(Output Enable)

cLK _;l_\_;l_\_;!_\__;l__\__;l_\_
tcmH tcms temH tems
- -t o -
7 gl
LDQM I 2 \ !
temm temg  temd tems
 J )
uDQM 17
tac et |tz | tac
ton < ton | - ton | tz
: VALID VALID OPEN VALID
DQMOto7 DATA OUT DATA OUT DATA OUT
tac o tac o e tac - thz

~—ton _ tou ton _, L oH
VALID VALID VALID
DQ8to 15 DATA OUT DATA OUT DATA OUT

(Clock Mask)

a_ {3 C
teku . teks | texH 'Iicxs
N s
< tac o le tac tac < tac
toH ton ton oy
to VALID VALID
DQOto7 M DATA OUT VALID DATA OUT DATA OUT
tac tac _ tac tac
toH toH

toH ton
VALID VALID
DQ8to 15 ‘—% M VALID DATA 0% DM
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TOSHIBA TC59S1616AFT-8,-10,-12A,-12

Mode Register Set Cycle
trsc

aw__ £ \__J \_gg_/_\_/—_\_*_\_
tems|  tomu
S W

tem

WE

H
/
)

tan

f————>

0 559 D reoser i Y =

Next comman d
Burst Length

A2 A1 A0 | Sequential Interleave
Al Burst Length 0 0 0 1 1

0 0 1 2 2
A2 0 1 0 4 4
A3 | Addressing Mode 0o 1 1 8 8

1 0 0
Ad 1T 0 1 Reserve d

1 1 0

1 1 1

CAS Latenc
AS y Full Page

A6 Addressing Mode

Sequential
Interleave

A7 |“0"| (Test Mode)

A8 ["0" Reserved

A9 Write Mode 0 0 Reserved
0 1 1
A10 |“0 0 0 3
Reserve d
gs |“o" 0 1 3
1 X

>
o
>
p-
gl
-
2
®
3
o
<

z11x

Single Write Mode
Burst Read and Burst Write
Burst Read and Single Write

o

ey
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

OPERATING TIMING EXAMPLES (-10 Version)

Figure 1. Interleaved Bank Read (Burst Length=4, CAS Latency=3)

(CLK = 100 MHz)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

LTS S S S S S S SO N . <

T prEv

AD to A9 /////»-////// A ’///ffﬁfﬁiji’

DQM

CKE

RO S R S TPV R T T T S POV S S SN S O
H M M 3(—‘—'-)—. . N .(—i—i—b. H Z .-(—t—-—)

DQ bxo bx1 bxz bx3 j‘:o 1c2c3 —{

tRRD 'tRRD ' . |

Bank #0 Active Read Precharge Active T Read Precharge Active

Bank #1 Active Read Precharge Active Read
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

Figure 2. Interleaved Bank Read (Burst Length=4, CAS Latency=3, Auto Precharge)

(CLK =100 MHz)
0 1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

LV S S S SN SUUE S S S S .

s
TRasi i i i itRei i P i tRAs S S A2

51 JANNE S S S S N P
: : trep |

A7

A\

INUY) @ 72 D U,

D7 OB v,

INRONYY, 23 72100 0 G U D W C i s 1§ iy, & Y §D Yl

DQM

CKE

o iteac, i b P i et )

bxo b;n b{(z b):(3

DQ

" terp ) tRRD

; : H : :
1 tRRD

| tRRD

Ly )

L ==

! !

|
]
Bank #0 Active Read I AP* I Active Read [ AP* r Active
|

Bank #1 Active Read AP* Active Read

* AP is the internal precharge start timing.
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TOSHIBA TC59S1616AFT-8,-10,-12A,-12

Figure 3. Interleaved Bank Read (Burst Length=8, CAS Latency=3)

(CLK = 100 MH2)
¢ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

I R I T I I e R
. . H . . H . H H E tRcf H M H

7///////////// 0

tRptRAstRp

'f//////

B e e —"

A0 to A9 ;:.::;:.%.m.%'/ -W//

bQM

CKE

'tCAC \

bob'1 b4b5b6b7 70

DQ

. trrD . trRrD |
I 1 fagl |

T

Bank #0  Active Read ' Precharge Active Read
Bank #1 Precharge Active Read Precharge
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

Figure 4. Interleaved Bank Read (Burst Length=8, CAS Latency=3, Auto Precharge)

(CLK = 100 MHz)

0o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

.tRAs. G A Y

TWWW///I

5D DIOA W/W . 1 ///////

: IRco

sz//

a0 AT RN T YA, '/////,7

a0 10 A9 A P A O I R A 777 m//,y// //// A-V//

bQM

CKE \_T/
N

teac “teac
| H . H M 1 ——t——— H M H
byaXbys Xbye X CZ0_:

pQ ——————————Lvofawi1 Yow2 Xaws Xaxs Xaxs Joxe

I trRRD ) trrD

{
1
Bank #0 Active Read I AP* Active Read ]
Bank #1 Active Read AP*

* AP is the internal precharge start timing.
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TOSHIBA TC59S1616AFT-8,-10,-12A,-12

Figure 5. Interleaved Bank Write (Burst Length =8)

(CLK = 100 MHz)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

R D A D R D B B 1.3 I

,.','

//////////////////

INUY ) (208 777, OB ooty O U Am

AO to A9 /,;;f/‘::"/:. A//' r////////

DQM

CKE

bQ

T O v B 6 €D 61 0D G BB BB 741 &

RRD ol tRRD .

i
Bank #0 Active Write Precharge Active Write

Bank #1 Active Write Precharge
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TOSHIBA TC59S1616AFT-8,-10,-12A,-12

Figure 6. Interleaved Bank Write (Burst Length =8, Auto Precharge)

(CLK = 100 MHz)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

X

w10 B 00

w0 0 0 A A s O A 5 Y P T T T i Y T A 7

DQM

CKE

oa 0 €70 44/ £ €75 €0 €T G D B T /44 T2 T 1D 3 G €3 7

tRRD | tRRD ] ) |

[
I

Bank #0 Active Write AP* Active Write

Bank #1 Active Write AP*
* AP is the internal precharge start timing.
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A0 to A9

Bank #0 Active Read
Bank #1 Active Read

TOSHIBA TC5951616AFT-8,-10,-12A,-12

Figure 7. Page Mode Read (Burst Length=4, CAS Latency=3)

(CLK = 100 MHz)

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CLK

P Hgp

A?///:'/ %’/////// //////////

N R I

7227/ W M f f?ff

o I VA PO 7 [ET V. [ ///////

;.:i.tiii"::/

T /m

DQM

CKE

iteac i itead

iteact i i itead D] i ¢ g';’ tcAc

R e e €1 611D €17 €123 CT0) £55) £¥0) X0 /XA m0 rm P G (750 (57 CTE e

e tRRD

I 1

T I Read Read Precharge [
Read AP*

* AP is the internal precharge start timing.
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

Figure 8. Page Mode Read/Write (Burst Length=8, CAS Latency=3)

(CLK = 100 MHz)

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

ALY R N B SR D N N R D L N

o % B ' '//////////// /////,////

/’//V///,W/,% W, Z //;/ /////

s A . //////,%///////////

///////

A10 ///// ///// /////

A0 to A9 A ra,

/ ///////// '

DQMm

CKE : : : : : : : : : : : : : : :
A1OV< T A R T A VO T A T T SO 1. €

DQ

7777777

i;ss;ass;%

Bank #0 Active Read Write Precharge

Bank #1
NOTE): See Figure 17, 20
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

Figure9. Auto Precharge Read (Burst Length=4, CAS Latency=23)

(CLK = 100 MHz)

0o 1 2 3 4 5 6 7 8 9 10 N 12 13 14 15 16 17 18 19 20 21 22 23
CLK

itei b i b i b FF bbb itecd

//// // "{ )

et iRAs§ P bt g PP b dpagt ZtRp;

-

o /////

// //////// /////////

tRcotRCD

w0 VA== 07 ' /4 . '

20 t0 Ay YA A, U A-W

bQm

CKE\—/

LU S S SR S S S N SN S Ve

DQ

bxox bx1 X bxz Xbxs )—

|

Bank #0 Active Read AP* Active Read AP*

Bank #1
*AP is the internal precharge start timing.

NOTE): See Figure 15
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

Figure 10, Auto Precharge Write (Burst Length=4)

(CLK = 100 MHz)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CLK

SR ?tRc N N S P I étaci

s 7 /,',////////////////
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Figure 11. Auto Refresh cycle
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Figure 12, Self Refresh Cycle

(CLK = 100 MHz)

0t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
ak__[11 ////////////A

s 72 ///////////// //////7//,////// //////7//////////7/////////’/////////////////////7//////

Gy 1 vz /////////,////,‘7///////// ///////// NN //////

we 2. V/////////////////////////////

s | '//////////// //// ///////// V///// /////////////////////////////////////// //nf////

AOtoAIO //// // // /////r/////// //////////////////////////

DQM /// //// ///////7/////?’//// /////////// ///,'//// /////

) s ke

ol )

DQ : : : : 77

CKE

—— < | tre |
Precharge of Both Banks T Self Refresh Cycle I No Operation Cycle '

Arbitrary Cycle
Self Refresh Entry ttrary Cy

1998-01-23  26/52



TOSHIBA TC5951616AFT-8,-10,-12A,-12

Figure 13. Power Down Mode

(CLK = 100 MHz)
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NOTE : The Power Down mode is invoked by asserting CKE "low”.
All Input/Output buffers (except the CKE buffer) are turned off in Power Down mode.
When CKE goes high, the No-Operation command must be input on the next rising edge of CLK.
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Figure 14. Burst Read and Single Write (Burst Length=4, CAS Latency=3)

(CLK = 100 MHz)
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PIN FUNCTIONS

CLOCK INPUT: CLK

The CLK input is used as the reference for S-DRAM operations. All operations are
synchronized to the positive edge of CLK.

CLOCK ENABLE: CKE

The CKE input is used to suspend the internal CLK. When the CKE signal is asserted “low”,
the internal CLK is suspended and output data is held intact while CKE is asserted “low”. When
the device is not operating a Burst Cycle, the CKE input controls entry into Power Down mode.

BANK SELECT: BS

The TC59S1616AFT is organized as two-bank memory cell arrays. The BS input is latched at
the time of assertion of the operation commands and selects the bank to be used for the operation.
When BS is asserted “low”, bank 0 is selected. When BS is asserted “high”, bank 1 is selected.

ADDRESS INPUTS: A0 to A10

The AO to A1l0 inputs are used to access the memory cell array, as shown in the following
table.

Row Address Column Address

TC5951616AFT A0 to A10 A0 to A7

The row address bits are latched on the Bank Activate command and the column address bits
are latched on the Read or Write command. Also, the A0 to A10 inputs are used to set the Mode
register in a Mode Register Set cycle.
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CHIP SELECT: CS

The CS input controls the latching of commands on the positive edges of CLK when (S is
asserted “low”. No commands are latched as long as CS is held “high”.

ROW ADDRESS STROBE: RAS

The RAS input defines the operation commands in conjunction with the CAS and WE inputs,
and is latched on the positive edges of CLK. When RAS and CS are asserted “low” and CAS is
asserted “high”, either the Bank Activate command or the Precharge command is selected by the
WE signal. When WE is asserted “high”, the Bank Activate command is selected and the bank
designated by BS is turned on so that it is in the active state. When WE is asserted “low”, the
Precharge command is selected and the bank designated by BS is switched to the idle state after
the Precharge operation.

COLUMN ADDRESS STROBE: CAS

The CAS input defines the operation commands in conjunction with the RAS and WE inputs,
and is latched on the positive edgesof CLK. When RAS is held “high” and C3 is asserted “low”,
column access is started by asserting CAS “low”. Then, the Read or Write command is selected by
asserting WE “low” or “high”.

WRITE ENABLE: WE

The WE input defines the operation commands in conjunction with the RAS and CAS inputs,
and is latched on the positive edges of CLK. The WE input is used to select the Bank Activate or
Precharge command, and Read or Write command.

DATA _INPUT/OUTPUT MASK: DQM or L-DQM and U-DQM

The DQM input enables output in a Read cycle and functions as the input data mask in a
Write cycle. When DQM is asserted “high” on the positive edges of CLK, output data is disabled
after two clock cycles during a Read cycle, and input data is masked on the same clock cycle
during a Write cycle.

In the case of the TC59S1616AFT, the LDQM and UDQM inputs function as byte data control,
The LDQM input can control DQO-7 in a Read or Write cycle and the UDQM can control DQ8-15
in a Read or Write cycle.

DATA INPUT/OUTPUT: DQO - 15

The DQO-15 input and output data are synchronized with the positive edges of CLK.
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Operation Mode

Fully synchronous operations are performed to latch the commands on the positive edges of
CLK. Table 1 shows the truth table for the operation commands.

Table 1 Truth Table (Notes (1) and (2))

Command Device State | CKEq.1 | CKE, |DQM®| 8BS | A10 | A%-0 [ TS | RAS | A5 | we

Bank Activate Idle @ H x x v v v L L H H
Bank Precharge Any H X X v L X L L H L
Precharge All Any H X X X H X L L H L
Write Active @ H x X v L Y L H L L
Write with Auto Precharge Active @ H X x v H ' L H L L
Read Active ¥ H x x v L ' L H L H
Read with Auto Precharge Active @ H x x v H \ L H L H
Mode Register Set Idle H X X v \ \ L L L L
No - Operation Any H x X X X b L H H H
Burst stop Active @ H x x x x x L H H L
Device Deselect Any H X X x X X H X x X
Auto Refresh idle H H x X X X L L L H
Self Refresh Entry idle H L X X X x L L L H
Self Refresh Exit tdle L H X X X X A a a al
(Self Refresh) L H H x

Clock Suspend Mode Entry Active H L X X X X X X X x
Power Down Mode Entry Any ® H L x X ‘ x X H X x al
L H H X

Clock Suspend Mode Exit Active L H X X X X X X X X
Power Down Mode Exit Any L H X X X X H al a al
(Power Down) L H H x

Data Write/Output Enable Active H X L X X X x X X X
Data Write/ Qutput Disable Active H X H X X X X X X X

Note (1) V=Valid x =Don't Care L=Low level H = High level
(2) CKE, signal is input level when commands are issued.
CKEp-y signal is input level one clock cycle before the commands are issued.
(3) The bank state designated by the BS signal.
(4) Device state is Full Page Burst operation.
(5) LDQM, UDQM (TC59S1616AFT)
(6) Device state is not Burst operation.
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1. Command functions

1-1 Bank Activate command
(RAS = “L”, CAS = “H”, WE= “H”, BS=Bank, A0 to A10=Row Address)
The Bank Activate command activates the bank designated by the BS (Bank Select) signal.
Row addresses are latched on A0 to A10 when this command is issued and the cell data
is read out of the sense amplifiers. The maximum time that each bank can be held in the
active state is as specified by tRAS (max)-

1-2 Bank Precharge command
(RAS = “L”, CAS = “H”, WE= “L”, BS=Bank, A10= “L”, A0 to A9=“Don’t care”)
The Bank Precharge command precharges the bank designated by BS. The precharged

bank is switched from the active state to the idle state.

1-3 Precharge All command
(RAS = “L”, CAS = “H”, WE = “L”, BS=“Don’t care”, A10=“H", A0 to A9=“Don’t care”)
The Precharge All command precharges both banks simultaneously. Both banks are then
switched to the idle state.

1-4 Write command
(RAS = “H”, TAS = “L”, WE= “L”, BS=Bank, A10= “L”, A0 to A9=Column Address)
The Write command performs a Write operation to the bank designated by BS. The write
data is latched on the positive edges of CLK. The lengths of the write data (Burst Length)
and column access sequence (Addressing mode) must be set in the Mode register at power - up
prior to the Write operation.
The A8 and A9 inputs are “Don’t care” on the TC59S1616AFT.

1-5 Write with Auto Precharge command
(RAS = “H”, CAS = “L”, WE= “L", BS=Bank, A10= “H”, A0 to A9=Column Address)
The Write with Auto Precharge command performs the Precharge operation automatically
after the Write operation. This command must not be interrupted by any other commands.
The A8 and A9 inputs are “Don’t care” on the TC59S1616AFT.

1-6 Read command

(RAS = “H”, TAS = “L”, WE= “H”, BS=Bank, Al0= “L”, A0 to A9=Column Address)

The Read command performs a Read operation on the bank designated by BS. The read
data is issued sequentially synchronized to the positive edges of CLK. The length of the
read data (Burst Length), Addressing mode and CAS latency (access time from CAS command
in a clock cycle)must be programmed in the Mode register at power-up prior to the Write
operation.

The A8 and A9 inputs are “Don’t care” on the TC59S1616AFT.,
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1-7 Read with Auto Precharge command
(RAS = “H”, CAS = “L”, WE= “H”, BS=Bank, A10= “H”, A0 to A9=Column Address)
The Read with Auto Precharge command automatically performs the Precharge operation
after the Read operation. This command must not be interrupted by any other command.
The A8 and A9 inputs are “Don’t care” on the TC59S1616AFT.

1-8 Mode Register Set command
(RAS = “L", CAS = “L”, WE= “L”, BS, A0 to A10=Register Data)
The Mode Register Set command sets the values of the CAS latency, Addressing mode
and Burst Length in the Mode register. The default values in the Mode register after
power-up are undefined, therefore this command must be issued during the power-up
sequence.  Also, this command can be issued while both banks are in the idle state.

1-9 No-Operation command
(RAS = “H”, CAS = “H”, WE= “H")
The No-Operation command simply performs no operation (the same as Device Deselect).

1-10 Burst Stop command
(m = “H”, m = an, —W—E—= uL»)
The Burst Stop command is used to stop a burst operation. This command is valid during
a Full Page Burst operation. During other types of Burst operation, the command is illegal.

1-11 Device Deselect command
(C‘S‘ — «H»)
The Device Deselect command disables the command decoder so that the RAS, CAS, WE
and Address inputs are ignored. This command is similar to the No-Operation command.

1-12 Auto Refresh command
(RAS = “L”, CAS = “L”, WE= “H”, CKE= “H”, BS, A0 to A10=“Don’t care”)

The Auto Refresh command is used to refresh the row address provided by the internal
refresh counter. Both banks (#0 and #1) are refreshed alternately by the Auto Refresh
command and the refresh counter is automatically incremented. The Refresh operation must
be performed 4096 times within 64ms. The next command can then be issued trc after the
end of the Auto Refresh command. When the Auto Refresh command is issued, both banks
must be in the idle state. The Auto Refresh operation is equivalent to the CAS-before-RAS
operation in a conventional DRAM,
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1-13 Self Refresh Entry command
(RAS = “L”, CAS = “L”, WE = “H”, CKE= “L”, BS, A0 to A10=“Don’t care”)

The Self Refresh Entry command is used to enter Self Refresh mode. While the device is
in Self Refresh mode, all input and output buffers (except the CKE buffer) are disabled and
the Refresh operation is automatically performed. Self Refresh mode is exited by taking
CKE “high” (the Self Refresh Exit command)

1-14 Self Refresh Exit command
(CK.E = an, Cg = an or CK.E= an’ m = an, m___, an)
This command is used to exit from Self Refresh mode. Any subsequent commands can be
issued trc after the end of this command.

1-15 Clock Suspend Mode Entry/Power Down Mode Entry command
(CKE = “L") '

The internal CLK is suspended for one cycle when this command is issued (when CKE is
asserted “low”). The device state remains unchanged while the CLK is suspended.
Alternatively, when the device is not running a Burst cycle, this command performs entry
into Power Down mode. All input and output buffers (except the CKE buffer) are turned off
in Power Down mode.

1-16 Clock Suspend Mode Exit/Power Down Mode Exit command
(CKE= “H")

When the internal CLK has been suspended, operation of the internal CLK is resumed by
invoking this command (asserting CKE “high”). When the device is in Power Down mode,
the device exits this mode and all disabled buffers_are put into the active state. Any
subsequent commands can be issued one clock cycle after the end of this command.

1-17 Data Write/Output Enable, Data Mask/OQOutput Disable command
(DQM= “L”/“H” or LDQM, UDQM=“L"/“H")

During a Write cycle, the LDQM and UDQM signals function as data mask and can
control every word of the input data. During a Read cycle, the LDQM and UDQM signals
control the output buffers.

The LDQM signal controls DQO to 7 and the UDQM signal controls DQ8 to 15.
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2. Read operation

Issuing the Bank Activate command to the idle bank puts it into the active state. When the Read
command is issued trcp after the Bank Activate command, the data is read out sequentially,
synchronized to the positive edges of CLK (a Burst Read operation). The initial read data becomes
available after a time period of tcac in clock cycles from the issuing of the Read command. The value
of tcac in clock cycles (CAS latency) must be set in the Mode register at power-up. In addition, the
burst length of the read data and Addressing mode must be set. Each bank is held in the active state
unless the Precharge command is issued, so that the sense amplifiers can be used as a secondary
cache.

When the Read with Auto Precharge command is issued, the Precharge operation is performed
automatically after the Read cycle, then the bank is switched to the idle state. This command cannot
be interrupted by any other commands. Also, when the Burst Length is 1 plus trcp (min), the timing
from the RAS command to the start of the Auto Precharge operation is shorter than tras (min). In
this case, tras (min) must be satisfied by extending tgcp (Figure 9, 15).

When the Precharge operation is performed on a bank during a Burst Read operation, the Burst
operation is terminated (Figure 20).

When the Burst Length is full-page, column data is repeatedly read out until the Burst Stop

command or Precharge command is issued.
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3. Write operation

Issuing the write command trcp after the Bank Activate command sequentially latches the input
data, synchronizing with the positive edges of CLK after the Write command (Burst Write operation).
The burst length of the Write data (Burst Length) and Addressing mode must be set in the Mode
register at power - up. ‘ '

When the Write with Auto Precharge command is issued, the Precharge operation is performed
automatically after the Write cycle, then the bank is switched to the idle state. This command cannot
be interrupted by any other command for the entire burst data duration. Also, when the Burst
Length is 1 plus trcp (min), the timing from the RAS command to the start of the Auto Precharge
operation is shorter than tras (min). In this case, tRAS (min) must be satisfied by extending trcp
(Figure 10, 16).

When the Precharge operation is performed in a bank during a Burst Write operation, the Burst
operation is terminated (Figure 20).

When the Burst Length is full-page, the input data is repeatedly latched until the Burst Stop
command or the Precharge command is issued.

When Burst Read and Single Write mode is selected, the write burst length is 1 regardless of the
read burst length.

4. Precharge

There are two commands which perform the Precharge operation: Bank Precharge and Precharge
All. When the Bank Precharge command is issued to the active bank, the bank is precharged and
then switched to the idle state. The Bank Precharge command can precharge one bank
independently of the other bank and hold the unprecharged bank in the active state. The maximum
time each bank can be held in the active state is specified by tgas (max). Therefore, each bank
must be precharged within tgas (max) from the Bank Activate command.

The Precharge All command can be used to precharge both banks simultaneously. Even if both
banks are not in the active state, the Precharge All command can still be issued. In this case, the
Precharge operation is performed only on the active bank and the precharged bank is then switched
to the idle state.
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5. Page mode

The Read or Write command can be issued on any clock cycle.

Whenever a Read operation is to be interrupted by a Write command, the output data must be
masked by DQM to avoid /O conflict. Also, when a Write operation is to be interrupted by a Read
command, only the input data before the Read command is enabled; the input data after the Read
command is disabled.

6. Burst Termination

When the Precharge command is issued for a bank in a Burst cycle, the Burst operation is
terminated. When the Burst Read cycle is interrupted by the Precharge command, read operation
is disabled the number of clock cycles after the Precharge command equal to the CAS latency-1
(Figure 20). When the Burst Write cycle is interrupted by the Precharge command, the input
circuit is reset on &e same clock cycle on which the Precharge command is issued. In this case,
the DQM signal must be asserted “High” to prevent writing of invalid data to the cell array
(Figure 20).

When the Burst Stop command is issued for the bank in a Full-page Burst cycle, the Burst
operation is terminated. When the Burst Stop command is issued during a Full-page Burst Read
cycle, read operation is disabled the number of clock cycles after the Burst Stop command equal to
the CAS latency-1. When the Burst Stop command is issued during a Full-page Burst Write cycle,
write operation is disabled on the same clock cycle on which the Burst Stop command is issued
(Figure 19). ’
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7. Mode register operation

The Mode register designates the operation mode for the Read or Write cycle. This register is
divided into three fields; A Burst Length field to set the length of the burst data, Addressing Mode
select bits to designate the column access sequence in a Burst cycle, and a CAS Latency field to
set the access time in clock cycles.

The Mode register is programmed by the Mode Register Set command when both banks are in
the idle state. The data to be set in the Mode register is transferred using the A0 to A10 address
inputs. The initial value of the Mode register after power - up is undefined; therefore the Mode
Register Set command must be issued before proper operation.

® Burst Length field (A2 to AQ)

This field specifies the data length for column access using the A2 to A0 pins and sets
the Burst Length to be 1, 2, 4 or 8 words, or full-page.

A2 A1l A0 Burst Length
0 0 0 1 word

0 0 1 2 words

0 1 0 4 words

0 1 1 8 words

1 1 1 Full-page

e Addressing Mode select (A3)

The Addressing mode can be one of two modes; Interleave mode or Sequential mode.
When the A3 bit is “0”, Sequential mode is selected. When the A3 bit is “1”, Interleave
mode is selected. Both Addressing modes support burst lengths of 1, 2, 4 and 8 words.
Additionally, Sequential mode supports full-page bursts.

A3 Addressing Mode
0 Sequential
1 Interleave
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Table 2 Addressing sequence for Sequential mode

Data Access Address Burst Length

Data 0 n A } 2 words (Address bit is AQ)

Data 1 n+1 no carry from A0 to A1

Data 2 n+2 4 words (Address bits are A1, A0)
Data 3 n+3 no carry from A1 to A2

Data 4 n+4

Data 5 n+5 8 words (Address bits are A2, A1, AQ)
Data 6 n+6 no carry from A2 to A3

Data?7 n+7

Addressing sequence for Sequential mode

A column access is performed by incrementing the column address input to the device.
The Address is varied by the Burst Length as shown in Table 2.

Addressing sequence for Interleave mode

A column access is started from the column address that is input and is performed by
inverting the address bits in the sequence shown in Table 3.

Table 3 Addressing sequence for Interleave mode

Data Access Address Burst Length
Data 0 A8 A7 A6 A5 A4 A3 A2 A1 A0

— 2 words
Data 1 A8 A7 A6 A5 A4 A3 A2 A1 AO
Data 2 A8 A7 A6 A5 A4 A3 A2 A1 A0 4 words
Data 3 A8 A7 A6 A5 A4 A3 A2 A1 AD
Data 4 A8 A7 A6 A5 A4 A3 AZ A1 AD
Data 5 A8 A7 A6 A5 A4 A3 A2 A1 AD 8 words
Data 6 A8 A7 A6 A5 A4 A3 A2 AT A0
Data 7 AB A7 A6 A5 A4 A3 A2 AT AD
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Addressing sequence example (Burst Length =8 and input address is 13)

interleave mode Sequential mode

Data
A8 A7 A6 A5 A4 A3 A2 Al A0 |Addr Addr

Data0 |0 0 0 ©0 0 1 1 0 13| 13 | 13 _
Data1 | 0 0 0 0 0 1 1 0 0 12 [13+1] 14 |¢@lculated using
Dataz |0 0 0 0 0 1 1 1 1115 [13+2] 15 ﬁ‘.z' Al and AD
Data3 [0 0 0 ©0 0 1 1 1 0] 18 |13+3] 8 |°%
Datad |0 0 0 0 0 1 0 0 1] 9 [13+4] 9 |no carry from A2
Data5 |0 0 0 0 0 1 06 0 0 8 [13+5] 10 |to A3 bit,
Data6 | 0 0 0 0 ©0 1 0 1 1| 11 [13+6] 11
Data7 |0 0 0 0 0 1 0 1 010 [13+7] 12

Read cycle CAS latency=3
0 1 2 3 4 5 6 7 8 9 10 N

Command

DQO to 7 ———— (@ XCar X(az X(a3 X(aa X(a5 Xa6 X7 }——

Data interleave mode 13 12 15 14 9 8 1" 10
Address | sequential mode 13 14 15 8 9 10 11 12

o CAS Latency field (A6 to A4)

This field specifies the number of clock cycles from the assertion of the Read command to the
first data read. The minimum values of CAS Latency depend on the frequency of CLK. The
minimum value which satisfles the following formula must be set in this field.

tcac (min) = CAS Latency X tck

Ab A5 A4 CAS Latency
0 0 1 1 clock
0 1 0 2 clock
0 1 1 3 clock

® Test mode entry bit (A7)
This bit is used to enter Test mode and must be set to “0” for normal operation.

® Reserved bits (A8, A10, BS)

These bits are reserved for future operations. They must be set to “0” for normal operation.
® Single Write mode (A9)

This bit is used to select the write mode. When the A9 bit is “0”, Burst Read and Burst
Write mode are selected. When the A9 bit is “1”, Burst Read and Single Write mode are

selected.
A9 Write Mode
0 Burst Read and Burst Write
1 Burst Read and Single Write
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8. Refresh operation

Two types of Refresh operation can be performed on the device: Auto Refresh and Self Refresh.
Auto Refresh is similar to the CAS-before-RAS refresh of conventional DRAMs and is performed by
issuing the Auto Refresh command while both banks are in the idle state. By repeating the Auto
Refresh cycle, each bank in turn is refreshed automatically.. The Refresh operation must be
performed 4096 times (rows) within 64ms (Figure 11). The period between the Auto Refresh
command and the next command is specified by trc.

Self Refresh mode is entered by issuing the Self Refresh command (CKE asserted “low”) while
both banks are in the idle state. The device is in Self Refresh mode for as long as CKE is held
“low”. In Self Refresh mode all input/output buffers (except the CKE buffer) are disabled, resulting
in lower power dissipation (Figure 13).

9. Power Down Mode

When the device enters Power Down mode, all input/output buffers (except the CKE buffer) are
disabled resulting in lower power dissipation in the idle state. Power Down mode is entered by
asserting CKE “low” while the device is not running a Burst cycle. Taking CKE “high” exits this
mode. When CKE goes high, a No-Operation command must be input at the next rising edge of
CLK (Figure 13).

10. CLK suspension and Input/Output Mask

When the device is running a Burst cycle, the internal CLK is suspended by asserting CKE
“low” and is frozen from the next cycle. A Read/Write operation is held intact until the CKE
signal is taken “high”,

The Output Disable/Write Mask signal (DQM) has two functions: controlling the output data in
a Read cycle and performing word mask in a Write cycle. When DQM is asserted “high” at the
positive edge of CLK, the output data is disabled after two clock cycles in the case of a Read
operation; the output data is masked on the same clock cycle in the case of a Write operation.
The relation between the CKE timing and DQM is described in Figures 14(a) and 14(b).
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Fiqure14(a). CKE/DQM Input timing (Write cycle)
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Figure14 (b). CKE, DQM ingut timing gRead cycle)
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

Figurel5-1 Auto Precharge timing (Read Cycle)

(1)TAS Latency = 1 o 1 2, 3 4 5 6 7 8 9 10 11 12 13
(a)Burst Length = 1 : : ' : : : : : i : i i : :
Command (Read)"}{l"m( Act )

tre_ :
bQ : \—‘Q.O :
(b)Burst Length = 2 i :

Command AP, Aet

pQ ———(Q0 @

(c)Burst Length = 4

Command AP‘

DQ——-—(QOXQ1 on )(03‘

(d)Burst Length = 8 : : : : : : :
Command ead P AP

: —
DQ ——( QO XQ'I X Q:X Qﬂ( QD( QSX QG X Q7 )
(2)CAS Latency = 2
(a)Burst Length = 1

Command AP ’, A.ct
-—RP !

1
Pa T\
(b)Burst Length = 2 : H

Command A (A
DQ —(a0 Xa

(c)Burst Length = 4

Command AP Act
DQ _.__._(Qo XQ1 XQ2 XQ3
(d)Burst Length = 8

DQ——-—(QO )( Q1 qu Xoa )@4 XQSXQG XQ7 )

NOTE) e represents the Read with Auto Precharge command.

® ' AP “represents the start of internal precharging.

° represents the Bank Activate command.

® When the Auto Precharge command is asserted, the period from Bank Activate
command to the start of internal precharging must be at least tgas (min).
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TOSHIBA | TC5951616AFT-8,-10,-12A,-12

Figurel5-2 Auto Precharge timing (Read Cycle)

(3)CAS Latency = 3

(a)Burst Length = 1

Command {AP

: R

bQ ——(0)

(b)Burst Length = 2

Command AP S

— T W

DQ Q0 X Q1

(c) Burst Length = 4 : : !

Command AP Act

: : ! o T e —

bQ ————(0 (a1 X2 Xa3)

(d)Burst Length = 8 : : : : : :
Gommand |

: : ; ; : : : : ; i Potpp i :

DQ —————(q0 X(a1 (a2 X(a3 X"as X5 X(a5 X7 )

NOTE) e represents the Read with Auto Precharge command.

° represents the Bank Activate command.
® When the Auto Precharge command is asserted, the period from Bank Activate
command to the start of internal precharging must be at least tgag { min).
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TOSHIBA TC5951616AFT-8,-10,-12A,-12

Figurel6-1. Auto Precharge timing (Write Cycle

()& laeny=1 0 1 2 3 4 5 6 7 8 9 10 11 12 13
(a)Burst Length = 1 : ' : ' : : : : : : E : : :

Command QM:ite): AP ’( ACt)

DQ‘.‘

(b)Burst Length = 2

Command AP'

pQ —{ Do X D1
(¢)Burst Length = 4 :

Command AP'

pQ —{ D0 X D1 X D2 X D3 ) '
(d)Burst Length = 8 : : :

command ey ¢ © 01110 A (Aa)

P twr : tep
"_"EH

pQ —(50 Y1 X5z X3 X 02 X5 X106 X 07 )
(2)TAS Latency = 2
(a)Burst Length = 1

Command A Act

DQ \ Dp )
(b)Burst Length = 2 :

Command AP A'ct

p@ —(00 o1 _
(OBustlength=d L i
Command ey (e

P dwe i e

DQ—(DOXD.1JD.2XD3) — . . :
(d)Burst Length = 8 :
Command ;L AP b (Act

DQ—(D; XD;XD; X és)(oia Xos XD; XD-7J‘

NOTE) e represents the Read with Auto Precharge command.

® . AP represents the start of internal precharging.

. represents the Bank Activate command.

e When the Auto Precharge command is asserted, the period from Bank Activate

command to the start of internal precharging must be at least tgas (min).
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TOSHIBA TC595S1616AFT-8,-10,-12A,-12

Figurel6-2. Auto Precharge timing (Write Cycle)
0 1 2 3 4 5 6 7 8 9 10 1

(3)CAS Latency = 3 i : : ; : :
(a)Burst Length = 1
. Command P AR

:tWR i - itrp L

12

13

0q —(B0)—
(b)Burst Length = 2
Command RS

Awr ! Ptpp Ui

0Q — Do X D1

(¢)Burst Length = 4

Command

: : : : twr i tepi

DQ—(60X61X02X D3‘r§

(d)Burst Length = 8

DQ—(Déo X1;1 XDEZXD; XDEAXDES XD§6 Xo:)

NOTE) e represents the Read with Auto Precharge command.

® AP represents the start of internal precharging.
® represents the Bank Activate command.

® When the Auto Precharge command is asserted, the period from Bank Activate

command to the start of internal precharging must be at least tgas ( min).
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TOSHIBA TC59S1616AFT-8,-10,-12A,-12

Figure 17. Timing chart for Read-to-Write cycle

Burst Length = 4 o 1 2 3 4 5 6 7 8 9 10 1N 12 13
(1)TAS Latency = 1 : { : : : 5 : : ; : :
(a)Command

DQ——(Do Xm on Xos‘
(b)Command @ -
bDQM

DQ—(Qo )(Do Xm on XD3 )
(2)CAS Latency = 2

(a)Command
S Uant
DQ——(Do Xm on )(03 )

(b)Command @ -
DQM

bQ rDO XD1 XD2 xDa )
(3)TAS Latency = 3 : : :

(a)Command
bom : s :
DQ—(Do Xm XDZ Xoa )
(b)Command
DQM | | : |

DQ ———tei——i—{ B0 X5 X 52 X 03 )

NOTE) o The output dat-a must be masked By DQM to avoid /0 conflict.
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TOSHIBA TC59S1616AFT-8,-10,-12A,-12

Figure 18. Timing chart of Write-to-Read cycle

Burst Length = 4 © 1 2 3 4 5 6 7 8 9 10 11 12 13

(1)CAS Latency = 1

bDQM

pQ — (oo »——{v ¥ar ¥az X3
(b)Command

bom

(2)CAS Latency = 2 :

o0 ——(EXED—~{EXTX D)
(a)Command ' :

DQM

DQ

0 :409X91X92X®)

DQM

DQ
(3)CAS Latency = 3
{a)Command

Q0 Yai X<z X Q3 )

boM

DQ

oo A
i
(b)Command

DQm

o9 ——EOED————(@XTXTXD)

(o X1 XQz2 Xa3)
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TOSHIBA TC59S1616AFT-8,-10,-12A,-12

Figure 19. Timing chart of Burst Stop cycle (Burst stop command)

0 1 2 3 4 5 6 7 8 9 10 11 12 13
( 1)Read cycle : : : : : : : : : : : : :
(a)CAS Latency = 1

Command , BST
0Q ——(QO XQ1 on XQ3 )(Q4

(b)CAS Latency = 2

Command 8s
DQ——(QO XQ1 XQz Xoa X Q4 )

(c)TAS Latency = 3 : : : : : i
Command  (Read BST

DQ —————— ’Qo )(Q1XQ2 Xoa )(Q4‘

g’

(2)Write Cylcle :
Command
DQ—(Do XD1 on Xos XD4 )

NOTE) o represents the Burst stop command.
® The Burst stop command is effective in a Full-page cycle.
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TOSHIBA TC59S1616AFT-8,-10,-12A,-12

Figure 20. Timing chart of Burst Stop cycle (Precharge command)

Burst Length = 8 0 1 2 3 4 5 6 7 8 9 10 1:1 1:2

(1)Read cycle
(a)CAS Latency = 1

Command - pRCG
DQ ——-—(Qo XQﬂ(Qz )La )@4

(b)CAS Latency = 2

Command p
0Q ——(Qcﬂ( Q1 )@2 X

(c)CAS Latency = 3
Command ead

DQ { ooXoﬂ( Q2 X qfs %

g’

P
g

101.
rd
<
$4
~”

(2) Write Cyicle
(2)CAS Latency = 1

Command  urite} I i RCG

bQM

DQ—(oo Xo1 on )Los Km )

(b)CAS Latency = 2

Command

bDQM

DQ—(Do XD1 XD2 Xoa Xoa‘

(c)CAS Latency = 3

Command

z

I, 3
2
o)

)
P
[a)
(3]

bQm

DQ —(D0_X D1 X D2 X'D3 )}—i

T i

NOTE) @ {(PRCG) represents the Precharge command.

° %represents invalid data.
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PACKAGE DIMENSIONS (TSOPII50 - P -400 - 0.80B)

10.1630.1
11.7640.2

O

0.13

AAHAAAHAHAARAAAAAAAAAAAGEAARR T

HHHH HHHHHHHHH FEOBBBRE. _ 4
25
0.8751YP {10.32+0.08

| . 21.35MAX
L , 20.9510.1 s g
. o =
o] S
R
c

Units in mm
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