
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































THM3640A0S/SG -60/70

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTIC SYMBOL RATING UNIT | NOTE
Input Voltage Vin —1.0~7.0 \% 1
Output Voltage Vour —1.0~7.0 \4 1
Power Supply Voltage Vee —1.0~7.0 v 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tsrg —55~125 °C 1
Soldering Temperature * Time TSOLDER 260+ 10 °Cesec 1
Power Dissipation Pp 6.3 w 1
Short Circuit Output Current Iout 50 mA 1

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C)

SYMBOL | CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE
Vee Supply Voltage 45 5.0 55 v 2
Vi Input HighVoltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0* - 0.8 A% 2
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THM3640A0S/SG -60/70

D.C. ELECTRICAL CHARACTERISTICS (Voc =5V £10%, Ta = 0~70°C)

SYMBOL PARAMETER MIN. | MAX | UNIT | NOTE

OPERATING CURRENT THMxxxxxx-60 - 810

Teer Average Power Supply Operating Current THMxxxxxx-70 - 720 mA | 3,4,5
(RAS, TAS, Address Cycling: tgc=tgc MIN.)
STANDBY CURRENT

ICC2 Power Supply Standby Current 18 mA
(RAS=CAS=Vyy)
RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 - 810

Iccs | Power Supply Current, gag Only Mode THMxxxxxx-70 - 720 mA 3,5
RAS Cycling, CKS:V[H: tRc=trc MIN.)
FAST PAGE MODE CURRENT THMxxxxxx-60 - 630

ICC4 Average Power Supply Current, Fast Page Mode THMxxxxxx-70 - 540 mA 3,4,5
(RAS =V , CAS,Address Cycling:tpc=tpc MIN.)
STANDBY CURRENT

ICCS Power Supply Standby Current 9 mA
(RAS=CAS=Vc-0.2V)
TAS BEFORE RAS REFRESH CURRENT THMxXXxxX-60 - 810

Locs Average Power Supply Current, CAS Before RAS | THMxxxxxx-70 - 720 mA 35
Mode (RAS, TAS, Cycling: tpc=trc MIN.)
INPUT LEAKAGE CURRENT

I @) |Input Leakage Current, any input -90 90 HA
(0VSVy<6.5V, All Other Pins Not Under Test=0V)

I OUTPUT LEAKAGE CURRENT 10 10 uA

O |(Doyr is disabled, 0V <Vqur<5.5V)

v OUTPUT LEVEL 24 A v

OH ' Output “H” Level Voltage (Iyr= -5mA) '
v OUTPUT LEVEL 04 v
OL 1 Qutput “L” Level Voltage (Ioyp=4.2mA) :

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A. C.
OPERATING CONDITIONS

Please refer to the DRAM Module A.C Conditions No. 13. Notes which are
referenced in this section are also located in the A.C. Conditions.

CAPACITANCE (V¢c =5V £ 10%, f= 1MHz, Ta= 0~70°C)

SYMBOL PARAMETER MIN MAX UNIT
CI1 Input Capacitance (AO~A9, A10R, A11R) - 65 pF
CI2 Input Capacitance (W, OE) - 60 pF
CI3 Input Capacitance (RAS) - 55 pF
Cl4 Input Capacitance (CAS) - 55 pF
CDQ I/0 Capacitance (DQ0~35) - 15 F

TOSHIRA AMFRICA FI FOTRONIC COMPONENTS INC r.Qa



THM3640A0S/SG -60/70

OUTLINE DRAWINGS
THM3640A0S/5G Unit : mm
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DETAIL OF CONTACTS e THM3640A05/5G
1.04 £ 0.05

o]

Contacts : Tin-Lead, Gold

2.54MIN.

0.25MAX

Weight : 17.0g (Typ.)
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TOSHIBA

THM368020S/SG -60/70

8,388,608 WORD X 36 BIT DYNAMIC RAM MODULE

DESCRIPTION

The THM368020 is a 8,388,608 word by 36 bit dynamic RAM module which is assembled with 16
TC5117400] devices and 8 TC514100ASJ devices on the printed circuit board. The THM368020 can be used
as well as 16,777,216 word by 18 bit by means of connecting DQO and DQ18, DQ1 and DQ19, 'DQ2 and
DQ20,, DQ17 and DQ35, respectively. THM368020 is optimized for applications which require high density
and large capacity such as main memory, image memory systems, and others which require compact size.

FEATURES

8,388,608 word by 36 bit organization

Fast access time and cycle time

Single power supply of 5V+ 10%

Low power
8,492mW MAX. Operating (THMxxxxxx-60)
7,172mW MAX. Operating (THMxxxxxx-70)
132mW MAX. Standby

TAS before RAS refresh, RAS only refresh,
Hidden refresh, and Fast Page Mode capability.

» All inputs and outputs TTL compatible
* 2,048 Refresh cycles/16ms (Burst Refresh)
* 2,048 Refresh cycles/32ms (Distributed Refresh)
¢ Package
Tin-Lead Contact: THM368020S-60,70
Gold Contact: THM368020SG-60,70
PIN NAMES
A0~A10 Address Inputs
DQO0~DQ35 Data Input/Outputs
CAS0~CAS3 Column Address Strobe
RASP~RAS3 Row Address Strobe
w Read/Write Input
Vee Power (+5V)
Vss Ground
PD Presence Detect Pin

KEY PARAMETERS
-60 -70

trac RAS Access Time 60ns T0ns
taa Column {\ddress 30ms 35ns

Access Time
tcac CAS Access Time 15ns 20ns
tre Cycle Time 110ns 130ns
tpc Fast Page Mode 40ns 45ns

Cycle Time

-60 -70

PDO NC NC

PD1 Vss Vss

PD2 NC Vss

PD3 NC NC

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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THM368020S/SG -60/70

PIN CONNECTION (TOP VIEW)

LTI TN AT

1 36 37 72
1 Vs | 13 | A1 25 | DQ24 | 37 | DQ17 | 49 | DQY | 61 | DQI4
2 | pQo | 14 | A2 26 | DQ7 | 38 | DQ35 | 50 | DQ27 | 62 | DQ33
3 | pQI8 | 15 A3 | 27 | DQ25 | 39 | Vg | 51 | DQIo | 63 | DQis
4 | DQl | 16 | A4 | 28 | A7 | 40 | TASO | 52 | DQ28 | 64 | DQ34
5 | DQuo | 17 | As 29 | NC | 41 [TASZ| 53 | DQI1 | 65 | DQi6
6 | DQ2 | 18 | A6 | 30 | Voo | 42 | TASI | 54 | DQ29 | 66 | NC
7 | DQ2o | 19 | a0 | 31 A8 | 43 [TAST | 55 [ DQI2 | 67 | PDO
8 | DQ3 | 20 | DQ4 | 32 | A9 | 44 | RASO | 56 | DQ30 | 68 | PD1
9 | DQ21 | 21 | DQ22 | 33 | RAS3 | 45 | RAS1 | 57 | DQI3 | 69 | PD2
10 | Voo | 22 | DQ5 | 34 | RASZ | 46 | NC | 58 { DQ31 | 70 | PD3
11 | Nc | 23 | pQ23 | 35 | DQ26 | 47 w 59 | Ve | 1 | NC
12| A0 | 24 | DQ6 | 36 | DQ8 | 48 | NC | 60 | DQ32 | 72 | Vg

C-92
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THM368020S/SG -60/70

BLOCK DIAGRAM
DQO-3
Ao [} 01 0 1 [ 3
RS0 RAS Mo rot—s—1132 M2 RAS RAS 1
% w .10 V04— V04 AQ- w O p—
] [ 0Q4-7 [ 1
TAS V0 1 V01 TS b——o
RAS M1 o2 no2 m13 RAS p
S __w .0 VO 4] V04 Ap-10 w Ot 51
i [ 0Qs AQT 1
Di Oi
W AQ-10 Dout Dout Ag.10 W
T ! ! ]
w1 [ 701129312 ryo7 =
RAS M3 o3 ra3 Mmi1s RAY
0w A0-10 1104 1104 A0-10 w_OF p—
1 DQ13-16 1
TAS /O 1 1701 TASh—t
qRAS M4 Vo3 Vo3 M16 RA3)
L% _w AQ.10 402 V023 aQ-10 w__OF p—3
) 1 Q17 1
TAS Din Din CAS|
M17
RAS \ ms AQ-10 Dout ]— Dout A0-10 Yrv RAS
i 1
B 1 DQ 18-21 1 I
;3 2 A3 Vo 1 110 1 TAS|
RS 2 RAS 1oz vo2 RASP RAS 3
M6 103 103 M18
L0t w A0-10 /O 4 104 AQ-10 W_0Ot p—
) 1 DQ22-25 1
3 o1 Vo1 cAS
RAS M7 Vo3 03 mg RS
Lo _w AQ-10 VO4 NO4 A0-10 w_OEp—1
1 DQ26 T
A3 Din Din CA3)
M20
RAS W 8 AQ-10 Dout I— Dout AQ-10 ? RAS
1 |
1
=3 o TR0 et [
s Mo 193 Vo3 ma WS
% _w A0-10 1102 04 A0-10 W_0OEp—
)i DQ31-34 1
73 01 701 A
RAS M10 Vo3 193 m22 RASp
L0F__w AQ-10 Y03 404 Ap.10 w_Ot
7 0Q35 ] 1
AS Din Din TAS
m23
—qRAS W M”M.m Dout L Dout AQ-10 W RAS
W 1 | ]
A0-A10
o MO0-23
Vee = c0-23
Vss T M0-23
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THM368020S/SG -60/70

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTIC SYMBOL RATING UNIT | NOTE
Input Voltage Vin —1.0~7.0 A\ 1
Output Voltage Vour —1.0~7.0 \% 1
Power Supply Voltage Vee —1.0~70 A\ 1
Operating Temperature Topg 0~70 °C 1
Storage Temperature Tste —55~125 °C 1
Soldering Temperature * Time TsoLDER 26010 °Cesec 1
Power Dissipation Pp 14.4 w 1
Short Circuit Output Current Iour 50 mA 1

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C)

SYMBOL | CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE
Vee Supply Voltage 45 5.0 55 \% 2
Vi Input HighVoltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0* - 0.8 v 2

*-2.0V at pulse width <20 ns
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THM368020S/SG -60/70

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £ 10%, Ta = 0~70°C)

SYMBOL PARAMETER MIN. | MAX | UNIT | NOTE

OPERATING CURRENT THMxxxxxx-60 - 1544

ICCI Average Power Supply Operating Current THMxxxxxx-70 - 1304 mA 34
(RAS, TAS, Address Cycling: tge=tgrc MIN.)
STANDBY CURRENT

]CC2 Power Supply Standby Current 48 mA
(ﬂs:m:vm)
RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 - 1544

Iccs  |Power Supply Current, gag Only Mode THMxxxxxx-70 - 1304 | mA 3
(KKS Cycling, CKS:V[H: tRCc=trRC MIN.)
FAST PAGE MODE CURRENT THMxxxxxx-60 - 824

Tecs Average Power Supply Current, Fast Page Mode | THMxxxxxx-70 - 744 mA 34
(RAS =Vp; , CAS,Address Cycling:tpc=tpc MIN.)
STANDBY CURRENT

ICCS Power Supply Standby Current 24 mA
(RAS=CAS=Vc-0.2V)
TAS BEFORE RAS REFRESH CURRENT THMxxxxxx-60 - 1544

locs Average Power Supply Current, CAS Before RAS | THMxxxxxx-70 - 1304 | mA 3
Mode (IUYS, CKS, Cycling: IRC=IRC MIN)
INPUT LEAKAGE CURRENT

L) |InputLeakage Current, any input 240 | 240 | pA
(0OV<V[\<6.5V, All Other Pins Not Under Test=0V)
OUTPUT LEAKAGE CURRENT

I -

0L |(Dgyris disabled, OV <V;1<5.5V) 201 20 ] wA

v OUTPUT LEVEL 24 ) v

OH | Output “H” Level Voltage (Ioyr= -5mA) :
v OUTPUT LEVEL ) 0.4 v
OL | Qutput “L” Level Voltage (Ioyr=4.2mA) ‘

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS

Please refer to the DRAM Module A.C. Conditions No. 15. Notes which are
referenced in this section are also located in the A.C. Conditions

CAPACITANCE (V¢ =5V £ 10%, f= 1IMHz, Ta = 0~70°C)

SYMBOL PARAMETER MIN MAX UNIT
cn Input Capacitance (AO~A10) - 88 pF
CI2 Input Capacitance (W) - 84 pF
CI3 Input Capacitance (RASO~RAS3) - 42 pF
Cl4 Input Capacitance (CASO ~CAS3) - 36 pF
CDQ1 1/0 Capacitance (DQO0~7, 9~16, 18~25, 27~34) - 17 pF
CDQ2 /O Capacitance (DQ8, 17, 26, 35) - 22 oF

TOSHIBA AMERICA ELECTRONIC COMPONENTS, iNC. C-95



THM368020S/SG -60/70

OUTLINE DRAWINGS
Unit in mm
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TOSHIBA
THM3680A0S/SG -60/70

8,388,608 WORD X 36 BIT DYNAMIC RAM MODULE

DESCRIPTION

The THM3680A0 is a 8,388,608 word by 36 bit dynamic RAM module which is assembled with 18
TC5116400] devices on the printed circuit board. This module is optimized for applications which require high
density and large capacity such as main memory, image memory systems, and others which require compact
size.

FEATURES KEY PARAMETERS
-60 -70
« 8,388,608 word by 36 bit organization trac RAS Access Time 60ns | 70ns
» Fast access time and cycle time
« Single power supply of 5V+ 10% tmgolumT{\ddress 30ns 35ns
« Low power ccess Time
4,555mW MAX. Operating (THMxxxxxx-60) -
4,059mW MAX. Operating (THMxxxxxx-70) tcac CAS Access Time 15ns 20ns
99mW MAX. Standby
+ TAS before RAS refresh, RAS only refresh, tgc Cycle Time 110ns 130ns
Hidden refresh, and Fast Page Mode capability. Fast Pase Mod
+  All inputs and outputs TTL compatible tpc Fast Page Mode 40ns 45ns
o 4,096 Refresh cycles/64ms Cycle Time
¢ Package
72pin SIMM Tin-Lead Contact: THM3680A0S-60,70
72pin SIMM Gold Contact: THM3680A0SG-60,70
PIN NAMES
A0~A9 Address Inputs -60 .70
Al0R, AlIR
PDO NC NC
DQO~DQ35 Data Input/Outputs
PD1 v, V,
TASD,CAST | Column Address Strobe 5 s
PD2 NC \Y
RASD, RAST Row Address Strobe §8
: PD3 NC NC
w Read/Write Input
PD4 Vgs* Vgs*
OE Output Enable
VCC Power ( +5V) * Through the resistor (2.6KQ) to GND.
Vss Ground
NC No Connection
PD Presence Detect Pin

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. Cc-97



THM3680A0S/SG -60/70

PIN CONNECTION (TOP VIEW)

O O

[T

1 36 37 72
1 Ves | 13 | Al 25 | DQ13 | 37 | DQI9 | 49 | DQ22 | 61 | DQ33
2 | DQO | 14 | A2 26 | DQI4 | 38 | DQ20 | 50 | DQ23 | 62 | DQ34
3 | pQl | 15 | A3 27 | DQI5 | 39 | Vg | 51 | DQ24 | 63 | DQ3s
4 | DQ2 | 16 | A4 | 28 A7 | 4 | TASO | 52 | DQ25 | 64 | NC
5 | D3 | 17 | A5 29 | DQI6 | 41 | AIOR | 53 | DQ26 | 65 | NC
6 | DQ4 | 18 | A6 | 30 | Vo | 42 | AIIR | 54 | DQ27 [ 66 | NC
7 | DQ5 | 19 | OE | 31 A8 | 43 | TAST | 55 | DQ28 | 67 | PDO
8 | DQ6 | 20 | DQ8 | 32 | A9 | 44 | RASO | 56 | DQ29 | 68 | PD1
9 | DQ7 | 21 | DQ9 | 33 | NC | 45 | RAST | 57 | DQ30 | 69 | PD2
10 | Voc | 22 | DQIO | 34 | NC | 46 | DQ21 | 58 | DQ31 | 70 | PD3
11 | PD4 | 23 | DQI1 | 35 | DQ17 | 47 w 59 | Ve | 1 | NC
12 | A0 | 24 | DQI2 | 36 | DQI8 | 48 | Vg | 60 | DQ32 | 72 | Vg

C-98
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THM3680A0S/SG -60/70

BLOCK DIAGRAM

o 11-228=3 1757
M1 A0~9, 1102 Y02 A0~9, M10

b———1—0 CAS 1

RAS 1

CAS 0 o—
RAS 0 ©
OF o—

REY

—qs

238

70 1]-224~7 17571
M2 A0~9, 1102 102 AO~9, M11

o1
AL

17
|

7o 128~ oy

M3 AQ~9, :50% 102 AQ~9, M12

=
1 3]

af8 238

7T

—qs]
S
—4

70 1|28~ 15 75T

M4 A0~9, 102 Y02 A0~9, M13

1
) W

—q3]|
_—‘>

]
—qs

70 11218~ 191757
M5 A0~9, /02 1102 A0~9, M14

T

A58 238
117

Y

—qs|
_——‘D
—qs]

0Q 20~23 (/57

A0~9, 1102—o—4102 A0~
Mé al0r, 03 —o—1u03 Atox, M15

—qz

7Y e T

AQ~9, O AQ~9,

M7 avor’ w03 M16
A11R /O 4|—>—1104 A1IR

|
KIA

—q3

==
AQ~9, AQ~9,

M8 Aior, 103 703 Amng, M1
AR WO4j—°—1I/04 AIIR

1
2

RES |REH) |RES |REAS REY) [REAF |REY [REE

L

Vo 1)2Q32~35 1757

M9 AOa'R9, :,8% —0- V02 A0~9, M1
R

a8 238 (238 |238

L 45
2% g~ 4s
11

190

4=

M1~18
C
Vss o o M1-~18

<

n

(al
H

TAQHIRA AMERICA El EATRANIN AAMDNRNENTS IN/ N nn



THM3680A0S/SG -60/70

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTIC SYMBOL RATING UNIT | NOTE
Input Voltage Vin —1.0~7.0 v 1
Output Voltage Vour —1.0~7.0 \4 1
Power Supply Voltage Vee —1.0~7.0 v 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tsrg — 55~125 °C 1
Soldering Temperature » Time TsoLDER 260+ 10 °Cesec 1
Power Dissipation Pp 12.6 w 1
Short Circuit Output Current Iout 50 mA 1
RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C)
SYMBOL | CHARACTERISTIC MIN. TYP. MAX. UNIT | NOTE
Vee Supply Voltage 45 5.0 55 v 2
Vi Input HighVoltage 2.4 - 6.5 \% 2
Vo Input Low Voltage -1.0* - 0.8 \' 2

f.inn TOSHIRA AMERICA ELECTRONIC COMPONENTS. INC.




THM3680A0S/SG -60/70

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £ 10%, Ta = 0~70°C)

SYMBOL PARAMETER MIN. | MAX | UNIT | NOTE

OPERATING CURRENT THMXXXXXX-60 - 828 34

ICCl Average Power Supply Operating Current THMxxxxxx-70 - 738 mA ;
(RAS, TAS, Address Cycling: tge=trc MIN.)
STANDBY CURRENT

Iccz Power Supply Standby Current 36 mA
(MS:CKS:VIH)
RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 - 828

Iccs Power Supply Current, ggg Only Mode THMxxxxxx-70 - 738 mA 35
(m Cycling, CKS=VIHI tRe=tRC MIN.)
FAST PAGE MODE CURRENT THMxxxXxxx-60 - 648

Icca | Average Power Supply Current, Fast Page Mode | THMxxxxxx-70 - 558 mA 34
(RAS =V, CAS,Address Cycling:tpc=tpc MIN.) 5
STANDBY CURRENT

Iecs Power Supply Standby Current 18 mA
(RAS=CAS=Vc-0.2V)
TCAS BEFORERAS REFRESH CURRENT THMxxxxxx-60 - 828

ICC6 Average Power Supply Current, CAS Before RAS | THMxxxxxx-70 - 738 mA 35
Mode (MS, CKS, Cycling: tRC=tRC MIN.)
INPUT LEAKAGE CURRENT

L @ |Input Leakage Current, any input -180 | 180 A
(0V=V\<6.5V, All Other Pins Not Under Test=0V)

I OUTPUT LEAKAGE CURRENT 20 20 A

OM | (Dyyris disabled, OV <V yr<5.5V) "

v OUTPUT LEVEL 24 A v

OH | Output “H” Level Voltage (Ioy=-5mA) g
v OUTPUT LEVEL : 04 v
OL  lOutput “L” Level Voltage (Ioyp=4.2mA) ‘

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS

Please refer to the DRAM Module A.C. Conditions No. 13. Notes which are
referenced in this section are also located in the A.C. Conditions.

CAPACITANCE (Ve =5V £10%, f= 1MHz, Ta = 0~70°C)

SYMBOL PARAMETER MIN MAX UNIT
CI1 Input Capacitance (A0~A9, A10R, A11R) - 161 pF
C12 Input Capacitance (W, OE) - 168 oF
C13 Input Capacitance (RASO , RAST) - 42 pF
CI4 Input Capacitance (CASU , TAST) - 42 pF
CDQ |/ Capacitance (DQ0~35) R 29 oF

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-101



THM3680A0S/SG -60/70

OUTLINE DRAWINGS
THM3680A0S/5G Unit : mm
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DETAIL OF CONTACTS e THM3680A05/5G

1.04 £0.05

]

2.54MIN.

0.25MAX

Contacts : Tin-Lead, Gold

Weight : 31.5g (Typ.)
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TOSHIBA DRAM Module A.C. Conditions No.4
1Mx4/1Mx1-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ = 5V £ 10%, Ta = 0~70°C)(Notes 6,7,8)

THMxxxxxx-60 | THMxxxxxx-70 | THMxxxxxx-80
SYMBOL PARAMETER UNIT | NOTE
MIN | MAX [ MIN [ MAX | MIN | MAX
tgc  |Random Read or Write Cycle Time 110 - 130 - 150 -| ns
tpc Fast Page Mode Cycle Time 45 -l 45 -| 50 -| ns
trac  |Access Time from RAS - 60 - 70 - 80| ns 9,13
tcac | Access Time from CTAS - 20 - 20 - 20| ns 9,13
taa | Access Time from Column Address - 30 - 35 - 40 ns 9,14
tcpa | Access Time from CAS Precharge - 40 - 40 - 45| - 9
tcrz | CAS to Output in Low-Z 0 - 0 - 0 -| ns 9
torr | Output Buffer Turn-off Delay 0 20 0 20 0 20| ns 10
tr Transition Time (Rise and Fall) 3 50 3 50 3 50{ ns 8
tgp  |RAS Presharge Time 40 -| 50 -| 60 -| ns
tras | RAS Pulse Width 60( 10,000 70{ 10,000 80| 10,000 ns
tpasp | KAS Pulse Width (Fast Page Mode) 60( 100,000 70| 100,000/ 80| 100,000 ns
trsy | RAS Hold Time 20 -l 20 -l 20 -| ns
trsicp RAS Hold Time From CAS 40 -l 40 -l 45 1 ns
Precharge (Fast Page Mode)
tcsu | CAS Hold Time 60 -1 7 -| 80 -| mns
tcas | CAS Pulse Width 20( 10,000 20| 10,000f 20| 10,000 ns
tnco | RAS to CAS Delay Time 20 20| 20 50| 20 6] ns | 13
trap  |RAS to Column Address Delay Time 15 30 15 35 15 40| ns 14
tckp | CAS to RAS Precharge Time 5 5 5 ns
tcp | CAS Precharge Time 10 -l 10 -l 10 -| ns
task | Row Address Set-Up Time 0 - 0 - 0 -| ns
tran |Row Address Hold Time 10 - 10 - 10 -l ns
tasc | Column Address Set-Up Time 0 - 0 - 0 - ns
tcan | Column Address Hold Time 15 - 15 - 15 -| ns
tar Column Address Hold Time 50 -l 55 -| 60 | ns
referenced to RAS
trar | Column Address To RAS Lead Time 30 -1 35 -l 40 -| ns
tres  |Read Command Set-Up Time 0 - 0 - 0 -| ns
trey  |Read Command Hold Time 0 - 0 - 0 -| ns 11
- Read Command Hold Time refer- 0 - 0 - 0 | ns 1
enced to RAS
tweny | Write Command Hold Time 10 - 15 - 15 -l ns
fwer Write Command Hold Time refer- 45 -l 55 -l 60 | s
enced to RAS

*TAALUAA a A = e A ~ 4




DRAM Module A.C. Conditions No.4
1Mx4/1Mx1-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (CONT)

THMxxxxxx-60 | THMxxxxxx-70 | THMxxxxxx-80
SYMBOL PARAMETER UNIT | NOTE
MIN [ MAX | MIN | MAX | MIN | MAX
twp | Write Command Pulse Width 10 - 15 - 15 - ns
tawr | Write Command to RAS Lead Time | 20 - 20 - 20 - ns
tcwy | Write Command to CAS Lead Time | 20 - 20 - 20 - ns
tps Data Set-Up Time 0 - 0 - 0 - ns 12
tpg |Data Hold Time 15 - 15 - 15 - ns 12
tour | Data Hold Time referenced to RAS 50 - 55 - 60 - ns -
tger | Refresh Period - 16 - 16 - 16 ms
twes | Write Command Set-Up Time 0 - 0 - 0 - ns 13
CAS Set-Up Time
IcSR  ({TAS before RAS Cycle) 3 - 3 - 3 e
TCAS Hold Time
lcHR | (TAS before RAS Cycle) A R e R
tgpc  |KAS to CAS Precharge Time 5 - 5 - 5 - ns
CAS Precharge Time
tecpr | (CAS before RAS Counter Test 30 - 40 - 40 - ns
Cycle)
WRITE to RAS Precharge Time
WRP | (CAS before RAS Cycle) o | - 10 -] 104 - =
Write to RAS Hold Time
WRH | {TAS before RAS Cycle 04 - w0y - 10 ns

n.o TACHIRA AMEDIMA B EATRANANIM ANAMDNANENTS INQ



DRAM Module A.C. Conditions No.4
1Mx4/1Mx1-Based Modules

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. Iccrs Ioess Iecss Iocs depend on cycle rate.

4. Iccts Iocs depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=V; . In case of Iccy, it can be changed once or less

during a fast page mode cycle (tpc).

6. An initial pause of 200us 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 CAS
before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

7. AC measurements assume ty=5ns.

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

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

10. torr (max.) defines the time at which the output achieves the open circuit condition and is not
referenced to output voltage levels.

1L Either tgcy Or tgry Must be satisfied for a read cycle.

12. twcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic
only. If tycg >twes (min.), the cycle is an early write cycle and the data output will remain open circuit
(high impedance) through the entire cycle.

13. Operation within the tycp (max.) limit insures that tp,c can be met. trcp (max.) is specified as a
reference point only: If tp -, is greater than the specified tpcp (max.) limit, then access time is controlled

by tcac:

14. Operation within the tg 5 (max.) limit insures that tg 5 (max.) can be met. tg oy (Max.) is specified as
a reference point only: If tgap is greater than the specified trop (max.) limit, then access time is
controlled by ty 4.

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. D-3



DRAM Module A.C. Conditions No.4
1Mx4/1Mx1-Based Modules

READ CYCLE

Vi — 3

Vi —

tere
e
Vin — Vg
Vn —

=

.

e

WRITE CYCLE (EARLY WRITE)

tcac
AA
l <k|-1->J tof,
tpag
| N

: “H" or “L”

w TR — =

N N7

o X !.o:' O = I

gte_— \SECE
e e

D-4

:"H'

or “L*
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DRAM Module A.C. Conditions No.4
1Mx4/1Mx1-Based Modules

FAST PAGE MODE READ CYCLE

tap }

B

[ @

TRRH

Vi — = trasp
" /
Vi —
tesH tpc tRsH
tere | treo teas tep tee tauce
Vik — 3 tcas | 7 teas
= NN
Vi —
tar I tRSH
task, trany  tasc tean tasc, tffﬁ (zs_g' tean
Vin 7 F b d 7
A0~A9 ROW coL coL coL
Vi e b ‘.
trap | Io
tres tach | Jtres tach | || tres tReH
o T N
Vi teac teac teac
taa IIAA ' taa
tRAC " tcpa tcpa ~
:ou— PR ¥ R .
oL —— 4.: ,..>
toz I torr tcuz l toFF - tcz | torr
i | ] )

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

* VALID DATA OUT

@ - o -

tre
Vi — ’r\ trasp /-
ik —
tec . trsh
teae | treo teas tep tep
|
Vin — \ /" \\ teas /»‘_—’Q teas /‘
ViL = \T 2 X X 7
tar traL
task tran)  tasc tean tasc, tcan tasc tean
—| —- ||
Vm - K L d L 4
ROW coL coL coL
V". — K. - -3 -
traD
twer twes tweH twes tweH
Vv twes twen twp twe
(" | |—
twp
Vi
tos ton tos ton to. toH
* * "
Vi —

.

* VALID DATA IN

: “H* or "L"



DRAM Module A.C. Conditions No.4
1Mx4/1Mx1-Based Modules

RAS ONLY REFRESH CYCLE

Vi tras -

e Vb — \ / \_

- = F 4
I T

Dour OPEN
Vo. —

Note: WRITE="H" or “L" VA “n" or "L*

CAS BEFORE RAS REFRESH CYCLE

P —
W\ ’M

Vou
Dour OPEN
VoL — f

Note: A0~A9="H" or "L 7//, : "H" or "L



DRAM Module A.C. Conditions No.4
1Mx4/1Mx1-Based Modules

HIDDEN REFRESH CYCLE (READ)

tae

tras
ey . “'_tnL’
= x:r - R Ras 7 hq————»l /

terp trcp tasH teur

ViH - !
(734 Vi - / B l
trAD 1,
—RAL
s tar
2 [BAL)  tag tean

s TR YO~ X

twap

wan | twRK
WRITE ViL —

teac
AA

s
a

tnag 2

——.

Dour zg - ’?g VALID DATA - OUT e —————
1

taz |

7/% : “H" or “L*
HIDDEN REFRESH CYCLE (WRITE)

pe_

_—
Vi —
"/

N tras }. ;\Al /

R

tne taco thsH teHr
1
Vi =
[ SRV / \ J/

traAD
tasn tﬂ&k_...
[3AH]  tasc tean

s v 0% > YO X

t
twes twen b

waE Vit - // \

o ¥KZWWL wwoona-w M .

: "H" or "L”

TAQLIRA AMEDINAA EI EATDALIN AARMIDALMEATS AN ™~ -



DRAM Module A.C. Conditions No.4
1Mx4/1Mx1-Based Modules

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tras tre

—_—
Vin — S ! y,
L SV B5H L\

! [ teas
\ g N 1

Vin
@& v,

somso U o S0

tcac

0 \‘j " OPEN @Q;uuo paTa -0UT )
Wit an N
:::
WRITE CYCLE twee| | ) twms s, | [ wen
[wm e /N
LN ‘ vawo 0aTA-IN W

: "H" or "L*
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TOSHIBA DRAM Module A.C. Conditions No.8

1Mx4-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ =5V £10%, Ta = 0~70°C)(Notes 6,7,8)

THMxxxxxx-60 | THMxxxxxx-70 THMxxxxxx-80
SYMBOL PARAMETER UNIT | NOTE
MIN | MAX [ MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time 110 - 130 - 150 - ns
tpc Fast Page Mode Cycle Time 45 - 45 - 50| - ns
trac | Access Time from RAS - 60 - 70( - 80 ns 9,13
tcac | Access Time from CAS - 20| - 20 - 20| ns 9,13
taa Access Time from Column Address - 301 - 35 - 401 ns 9,14
tcpa | Access Time from CAS Precharge - 40( - ) 40| - 45 - 9
tcrz | CAS to Output in Low-Z 0 - 0 - 0 -l ns 9
torr | Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 10
tr Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 8
tgp  |RAS Presharge Time 40 - 50 - 60 - ns
tras | KAS Pulse Width 60| 10,000 70| 10,000 80| 10,000 ns
trasp | RAS Puise Width (Fast Page Mode) 60| 200,000( 70| 200,000 80{200,000| ns
trsy | KAS Hold Time 20 - 20 - 200 - ns
trsicp RAS Hold Time From CAS 40 - 40 - 45| - ns
Precharge (Fast Page Mode)
tesyu | CAS Hold Time 60 - 70 - 80 - ns
tcas | CAS Pulse Width 20| 10,000{ 20| 10,000 20| 10,000| ns
trep | RAS to CAS Delay Time 20 401 20 50 20 60| ns 13
trap | RAS to Column Address Delay Time 15 30 15 35 15 40 ns 14
tcge | CAS to RAS Precharge Time 5 5 5 - ns
tcp | CAS Precharge Time 10 - 10 - 101 - ns
task  |Row Address Set-Up Time 0 - 0 - 0 - ns
trag |Row Address Hold Time 10 - 10 - 10 - ns
tasc  |Column Address Set-Up Time 0 - 0 - 0 - ns
tcag  |Column Address Hold Time 15 - 15 - 15 - ns
trar. | Column Address To RAS Lead Time 30 - 35 - 40 ns
tres |Read Command Set-Up Time 0 - 0 - 0 - ns
tey  |Read Command Hold Time 0 - 0 - 0 - ns 11
- Read Command Hold Time refer- 0 - 0 - 0 - s 1
enced to RAS
tweg | Write Command Hold Time 10 - 15 - 15 - ns

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. n-q



DRAM Module A.C. Conditions No.8
1Mx4-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (CONT)

THMxxxxxx-60 | THMxxxxxx-70 | THMxxxxxx-80
SYMBOL PARAMETER UNIT | NOTE
MIN | MAX | MIN | MAX | MIN [ MAX

twp | Write Command Pulse Width 10 - 15 - 15 - ns

tgw, | Write Command to RAS Lead Time | 20 - 20 - 20 - ns

tcwr | Write Command to CAS Lead Time | 20 - 20 - 20 - | ns

tpg  |Data Set-Up Time 0 - 0 - 0 - ns

tpy | Data Hold Time 15 - 15 - 15 - ns

tger  |Refresh Period - 16 - 16 - 16 ms

twes | Write Command Set-Up Time 0 - 0 - 0 - ns 12
CAS Set-Up Time

tesr {CAS before RAS Cycle) 3 . 5 - 5 ) ns
CAS Hold Time

teHr (TCAS before RAS Cycle) 15 ) 15 ) 15 ) ns

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

tecpr | (CAS before RAS Counter Test 30 - 40 - 40 - ns
Cycle)
Write Command Set-Up Time

twrs (Test Mode In) 10 ) 10 ) 10 ns
Write Command Hold Time

twTH (Test Mode In) 10 ) 10 ) 10 ) ns
WRITE to RAS Precharge Time

twre (CAS before RAS Cycle) 10 ) 10 ) 10 B ns
Write to RAS Hold Time

tWRH {CAS before RAS Cycle 10 ) 10 ) 10 ns

D-10 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



DRAM Module A.C. Conditions No.8
1Mx4-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE (V¢c =5V +10%,Ta=
0~70°C) (Notes 6,7,8)

THMxxxxxx-60 | THMxxxxxx-70 | THMxxxxxx-80
SYMBOL PARAMETER UNIT | NOTE
MIN [ MAX | MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time 115 - 135 - 155 - ns
tpc Fast Page Mode Cycle Time 50 - 50 - 55 - ns
Access Time from RAS - 65 - 75 - 85 9,13,
tRaC ns
14
tcac  |Access Time from CAS - 251 - 251 - 25 ns | 9,13
taa Access Time from Column Address| - 35 - 40| - 45| ns 9,14
tcpa | Access Time from TAS Precharge - 45| - 45| - 50 ns 9
tras | RAS Pulse Width 65| 10,000 75| 10,000 85| 10,000| ns
trasp | RAS Pulse Width (Fast Page Mode) 65| 200,000 75| 200,000 85| 200,000 ns
tasy | RAS Hold Time 25 - 25 - 25 - ns
tcsu | CAS Hold Time 65 - 75 - 85 - ns
trucp | CAS Precharge to RAS Hold Time 45 - 45 - 50 - ns
tcas | CAS Pulse Width 25| 10,000 25| 10,000 25| 10,000{ ns
Column Address to RAS Lead 35 - 40( - 45 -
'RAL | Time ns

TOSHIRA AMFRICA FlI FOCTRONIC COMPONFENTSR INC [p¥EL]



DRAM Module A.C. Conditions No.8
1Mx4-Based Modules

NOTES:

L.

10.

11.

12.

13.

14.

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

All voltages are referenced to Vg.

Iccrs Iecss Iocss Iocs depend on cycle rate.
Icc1s Iccs depend on output loading. Specified values are obtained with the output open.

Address can be changed one or less while RAS=V}; . In case of gy, it can be changed once or less
during a fast page mode cycle (tpc).

An initial pause of 200us 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 CAS
before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

AC measurements assume t1=5ns.

Vi (min.) and Vi, (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vg and Vy; .

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

topr (Max.) and topy (max.) define the time at which the output achieves the open circuit condition and
are not referenced to output voltage levels.

Either tpcy or tppyy must be satisfied for a read cycle.

twcss tRwb, tewp, tawp and tepwp are not restictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tycg >twcs (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgywp>tgwp (min.),
tewp>tewp (min.), tywp>tawp (min.) and tepwp>tepwpp (Min.), (Fast Page Mode), the cycle is a Read-
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate.

Operation within the tpep (max.) limit insures that tp,- can be met. tyep (max.) is specified as a
reference point only: If tpp is greater than the specified tycp (max.) limit, then access time is controlled
by tcac:

Operation within the tg o, (max.) limit insures that tg 5 (max.) can be met. tg ,p, (max.) is specified as

a reference point only: If tg,p, is greater than the specified tg,p (max)) limit, then access time is
controlled by ty 4.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



DRAM Module A.C. Conditions No.8

1Mx4-Based Modules
READ CYCLE
\d

Vig — - tras o =

w N / N
tesu
tC-R—".. tacp tRsH Ht-gg—»

Viy — r

w v:: — ‘ \\' - / /
RA
- ™ |

tasp L ] |t ‘
AO~A3 :::%{ ":”% COLUMN %///////////////////////////////

tRCH

o T | . -
e B
Dour ::": OPEN @{ VALID DATA - OUT ‘}——-
@+ o
WRITE CYCLE (EARLY WRITE) w
T F=
Vg —— - — - PﬂL’
w v::—- traD “« = [ /
w*‘m' i [otar
x0~15 v YR coum
1 e

% : “H" or "L”
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DRAM Module A.C. Conditions No.8
1Mx4-Based Modules

FAST PAGE MODE READ CYCLE

trp
e
Vi ey tRASP
171 v::' _ N /
tes tec tRsH
tcrp trRcO teas tep tep tance
Vi —— F F 1cas teas
w—r \ Y N
[ traL
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Vin y y y 7 2
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trp
Vi —— trask
= N /l I\
Vi — .

terp treo teas | | tep ter
Vi teas teas e
w " N Vl \ \
ViL —
traL
tasw tran)  tasc tcan tasc, tean tasc tean
e |[~t—>~]
Vin +# - + L
AO~A9 %( ROW coL coL coL
Vi * b .
jetran
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DRAM Module A.C. Conditions No.8

1Mx4-Based Modules
RAS ONLY REFRESH CYCLE )
w TN - / N
e T
- D) - o v

CAS BEFORE RAS REFRESH CYCLE

M P e—
eyl =

O
L g

Note: A0~A9="H" or "L* : “H® or “L*
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DRAM Module A.C. Conditions No.8

1Mx4-Based Modules
HIDDEN REFRESH CYCLE (READ)
\RC
R,
Vij ") tras
w0 N N
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DRAM Module A.C. Conditions No.8

1Mx4-Based Modules
HIDDEN REFRESH CYCLE (V'VRITE)
s l:—;\‘ : s . /I::\ s II
]
S ftaan T;f ;:
wi  IRARK o X
e

VA : "W° or "L”
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DRAM Module A.C. Conditions No.8
1Mx4-Based Modules

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

- R S AN
S s g w—
me === @@

READ CYCLE taa toeF

( Vou— P N
Dour OPEN DATA-OUT }——
VoL — " h %
twee R tres <42 RIS
Vin
WRTE B |
\ [N

WRITE CYCLE

tawt

_tow

twRn

H |

T O

|ttt

VA : "H" or "L"

by

WRITE, CAS BEFORE RAS REFRESH CYCLE
tre

1 tre
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w 0T Ao N TN
ey e—
- =

I
T

: "H" or "L*
Note: Diy, AO~A9= "H" or “L°

D-18 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



DRAM Module A.C. Conditions No.8
1Mx4-Based Modules

READ CYCLE IN THE TEST MODE

_ras tgp
Vig = 3 ¥
b Vi — \ r / e
v |« tRCD tasn P
W —
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DRAM Module A.C. Conditions No.8
1Mx4-Based Modules

FAST PAGE MODE READ CYCLE IN THE TEST MODE

RS

A0~A9

Note: D)y = OPEN

trase dre
Vi — \ /l_ﬁ
Vg — x e
tec sty
—RCD - tcp . tancp
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FAST PAGE MODE WRITE CYCLE IN THE TEST MODE
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m T N
Vg — x T
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DRAM Module A.C. Conditions No.8
1Mx4-Based Modules

TEST MODE

The TC514400AJ is the RAM organized 1,048,576 words by 4 bits, it is internally organized 524,288
words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and retrieved the same way. Ay is
not used. If, upon reading, two bits on one I/O pin are equal (all “1”’s or “0”s), the I/O pin indicates a*“1”.

If they were not equal, the I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC514400AJ.
In “Test Mode”, the IMX4 DRAM can be tested as if it were a 512K X 4 DRAM.

“WRITE, TAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before RAS
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE,
TAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The
“Test Mode” function reduces test times (1/2 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

Aoc Ve

Aoc ° !Normol
G
"—°\°:j 512K block i __)Do——o‘;:{'i

Normal [}
- S—
— -oour
Test Agc

[ \d
N |512K block | QE Test
ﬁ ¥
Y iNormal

Aoc

Figure 1
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TOSHIBA -
DRAM Module A.C. Conditions No.11

1Mx4-Based Module, with Output Enable

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ =5V +10%, Ta = 0~70°C)(Notes 6,7,8)

THMxxxxxx-60 | THMxxxxxx-70 | THMxxxxxx-80
SYMBOL PARAMETER UNIT | NOTE
MIN [ MAX |MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time 110 - 130 - 150 - ns
tamw | Read-Modify-Write Cycle 165 - 185 - 205 - ns
tpc Fast Page Mode Cycle Time 45 - 45 - 50 - ns
_— Fast Page Mode Read-Modify-Write 100 - 100 - 105 - s
Cycle Time
trac Access Time from RAS - 60f - 70| - 80 ns 9,14,
15
tcac  |Access Time from CTAS - 20f - 200 - 20| ns 9,14
taa Access Time from Column Address - 300 - 351 - 40| ns 9,15
tcpa | Access Time from CAS Precharge - 40| - 40| - 45! - 9
tcrz  |CAS to Output in Low-Z ol - 0 - ol - ns 9
tore  |Output Buffer Turn-off Delay 0 20 0 20 0 20| ns 10
tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 8
tgp | RAS Presharge Time 40| - 50 - 60| - ns
tras | KAS Pulse Width 60| 10,000 70| 10,000 80| 10,000{ ns
trasp | KAS Pulse Width (Fast Page Mode) 60| 200,000 70| 200,000 80|200,000] ns
tgsy | RAS Hold Time 200 - 20( - 20( - ns
tesicr RAS Hold Time From CAS 40 - 40 - 45 - ns
Precharge (Fast Page Mode)
tcsy  |CAS Hold Time 60 - 70( - 80 - ns
tcas | CAS Pulse Width 20 10,000] 20] 10,000]  20] 10,000] ns
tgep | RAS to TAS Delay Time 20 40{ 20 50 20 60 ns 14
tgap |RAS to Column Address Delay Time | 15 30 15 35 15 40 ns 15
tcgp | CAS to RAS Precharge Time 5 5 5 - ns
tcp | CAS Precharge Time 10 - 10 - 10 - ns
tasg  |Row Address Set-Up Time 0 - 0 - of - ns
trayg | Row Address Hold Time 10 - 10 - 10 - ns
tasc | Column Address Set-Up Time 0 - 0 - 0 0| ns
tcag | Column Address Hold Time 15 - 15 - 15 - ns
trar | Column Address To RAS Lead Time 301 - 350 - 40( - ns
tes  |Read Command Set-Up Time 0 - 0 - 0 - ns
trey  |Read Command Hold Time 0 - 0 - 0 - ns 11
et Read Command Hold Time refer- 0 - 0 - 0 - ns 1
enced to RAS
twey | Write Command Hold Time 10 - 15 - 15 - ns
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.

OPERATING CONDITIONS (CONT)

THMxxxxxx-60 | THMxxxxxx-70 | THMxxxxxx-80
SYMBOL PARAMETER UNIT | NOTE
MIN | MAX | MIN | MAX | MIN | MAX
twp | Write Command Pulse Width 10 - 15 - 15 - ns
tgwr | Write Command to RAS Lead Time | 20 - 20 - 20 - ns
tewi ™~ [ Write Command toCAS Lead Titme 20 - 20 - 20 - ns
tps Data Set-Up Time 0 - 0 - 0 - ns 12
tbH Data Hold Time 15 - 15 - 15 - ns 12
trer | Refresh Period - 16 - 16 - 16 ms
twes [ Write Command Set-Up Time 0 - 0 - 0 - ns 13
tcwp | CAS to WRITE Delay Time 50 - 50 - 50 - ns 13
tewp | RAS to WRITE Delay Time 90 - 100 - 110 - ns 13
tawp Cf)lumn Address to WRITE Delay 60 ) 65 ) 7 i ns 13
Time
P CKS Precharge to WRITE Delay 70 ) 70 ) 75 i is 13
Time
CAS Set-Up Time
'esR | {CAS before RAS Cycle) S
CAS Hold Time
lHR | CAS before RAS Cycle) S A A e
tgpc | RAS to TAS Precharge Time 0 - 0 - 0 - ns
CAS Precharge Time
tcpr | (CAS before RAS Counter Test 30 - 40 - 40 - ns
Cycle)
ton |RAS Hold Time referenced to OE 10 - 10 - 10 - ns
toga | OE to Access Time - 20 - 20 - 20 ns
togp | OE to Data Delay 20 - 20 - 20 - ns
Ouput buffer turn off Delay Time
toEz from OF 0 20 0 20 0 20 ns
topy |OE Command Hold Time 20 - 20 - 20 - ns
tops |Output Disable Set-Up Time 0 - 0 - 0 - ns
Write Command Set-Up Time
tw'rs (TCS( Mode In) 10 - 10 - 10 ns
‘Write Command Hold Time
WIH | (Test Mode In) S R N I B
‘WRITE to RAS Precharge Time
'WRP | (CAS before RAS Cycle) o I R e
Write to RAS Hold Time
'WRH | (CAS before RAS Cycle L ns
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE (V¢ = 5V +10%,Ta =
0~70°C) (Notes 6,7,8)

THMxxxxxx-60 | THMxxxxxx-70 | THMxxxxxx-80
SYMBOL PARAMETER UNIT | NOTE
MIN | MAX | MIN | MAX | MIN | MAX
tgc  |Random Read or Write Cycle Time 115 - 135 - 155 - ns
tpc Fast Page Mode Cycle Time 50 - 50 - 55 - ns
Access Time from RAS - 65 - 75 - 85 9,14,
tRAC ns
15
tcac | Access Time from CAS - 25| - 251 - 25 ns | 9,14
taa | Access Time from Column Address| - 351 - 40 - 45| ns 9,15
tcpa | Access Time from CAS Precharge - 45| - 45| - 50| ns 9
tras | RAS Pulse Width 65( 10,000 75 10,000 85| 10,000 ns
trasp | KAS Pulse Width (Fast Page Mode) 65| 200,000 75| 200,000 85| 200,000| ns
tasy | KAS Hold Time 251 - 251 - 251 - ns
tcsu | CAS Hold Time 65 - 75 - 85 - ns
taucep | CAS Precharge to RAS Hold Time 45 - 45 - 50 - ns
tcas | CAS Pulse Width 25[ 10,000] 25 10,000] 25 10,000] ns
Column Address to RAS Lead 35 - 40| - 45( -
RAL | Time ns
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OF

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. Iccr Yeess Iecss Ioce depend on cycle rate.

4. Iecis Iccs depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=Vy; . In case of Igy, it can be changed once or less
during a fast page mode cycle (tpc).

6. An initial pause of 200ps 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 CAS
before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

7. AC measurements assume tp=5ns.

8. V4 (min.) and Vi (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vg and Vy; .

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

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

11. Either tycy or tgryy Must be satisfied for a read cycle.

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge
in Read-Modify-Write cycles.

13. twess trwps tewps tawp and topwp are not restictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tycg >twcs (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgyp>trwp (min.),
tewp>towp (Min.), tawp>tawp (Min.) and tepwp>tepwpp (Min.), (Fast Page Mode), the cycle is a Read-
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate.

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

15. Operation within the tg s (max.) limit insures that tg 5 (Inax.) can be met. ty op (mMax.) is specified as

D-26

a reference point only: If tgap is greater than the specified tgap (max.) limit, then access time is
controlled by ty,.
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

TIMING WAVEFORMS
READ CYCLE .
SN N
|._‘m. < tagp - ash e tcRE
= N\
o T8 o WO o Yl
tacs | el | "’lm
= | N
taac —tac | | tore
Dout :::: OPEN ) @( VALID DATA-OUT }——.—_

: "H" or “L”
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

WRITE CYCLE (EARLY WRITE)

Vi — VALID DATA
DIN VIL R +*

D-28

Vin \

ViH
Ve

Tt

/ \

I' kﬂz' ";BﬁD

Vi —
W v taan

|-

Ny

ol tasc

lCaH, .

Vik d Ve
~A ROW
Vo X *

I._‘MD_.

[ wes

twe

tow
“wcul

4. @

tawy

tps

e tot

: "H" or “L*
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

WRITE CYCLE (OE CONTROLLED WRITE)
t

RC

tRas igp
Vi — ey e

w Vi — \ / \__

tash tere )

s = G o W o

— N,

toos toeH

m:::' W -y
<.52| tos| | toy
e ===

% : "H" or "L
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

READ-MODIFY-WRITE CYCLE

Vin — 3

= v — \

tCrP
|<->
Viy — "
= _/
Vi —
tasr

Vi o d
A0~A9 ROW
Vo : .

tamw
tRas r_'ue..
tRep - tasu &L
tcas - l
N\-k / [
as :u_; tasc toan

L — - : \:ﬁ’
w T/
P e B w1 I AP
o %w}ék EE

n-an TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

FAST PAGE MODE READ CYCLE

RAS

AOQ~A9

Oour

trasp

et
Vig —= ’\ /
viL — x T
tpc 1
tere| trep tee truce <—w‘——: tcar'
Vi —/' tap \.‘kéi_p \4&&5—-.' ﬁ\ - * ;
ViL —
taa tesH tea . taaL
tas) ‘-“—%-—4— <‘SN:L| ' :A_S_g - LA—SL S-& '
Vin X x X
B o I = I o
ViL 7 k. 7
g tReW| o ltres 1 JRCS 41y tacu
Vin
Vi tRRH
taa taa tan M
" lepa !
toea) Loea loea,
Vi —
Vi T " i . Teac [forr tcac torF
¥ -RAC 6"’ It tord
) tcac ez | taz | €2 ltez OEZ
C
Vor— - by
BB B
VoL — ! 7~

: "H" or "L
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

g 52
—_—
m N
tpc .
l‘g}; trep ‘ tRsH tene
" \\ /1 N N /
o Vi, — ‘“&H \-u L B S
tesH trat
tagg 1T S T e g [l Gsg
Vin < N N
A0~A9 ROW % coL coL coL
Vo n - T
| taao town towm towL
Ty twen o twes fI [twow taw
v twe WP | twes 11 1t
e . ual
|

o @

tps) <D, 105 1o tou s ] tou

Vin '8 B

% : "H" or "L*
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

< tnase {rp
Y — % tesn
RAS
v — |
tRep Uy tcap
topany tasH b
v teag teas tcas
W — p
m‘V||_ — \\ //
traD :
4
“wﬂ IFA_S_
Vi %
A0~A9 RO coL
Vie
thes)|
Vi
WRITE
Vi
Vg —
OF
Vg —
trac
Dy Vioh—
1Doyr Vyo —
ot teac
tez

*1 Doyr *2 Dour *3 Dour

VA "W or "1
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

o N —__
s A
o D

CAS BEFORE RAS REFRESH CYCLE

e ]

w._ /N —
4‘—"’-}&; 1ok | tcHR |
Sl EE

A3
'WRP

w >

Vor— \
Douyr OPEN
Vou ‘—_/

ote: Dy, OF, AO~A9="H" or “L" : “H" or “L"
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

HIDDEN REFRESH CYCLE (READ)

tras . trp » DL
s Vip — \'L i'/ \' \_

tcHR tepp

/TN T
oot o

. .

>

loea
ViH —
oF Vi q
L -
“teac ' tors
74

P
Vo — V d X
Dour VALID DATA-OUT J}-———
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

HIDDEN REFRESH CYCLE (WRITE)
t - 1 =

e I ’”f#‘L
v | |t | .- IURE -
e, N v

- :%d;%“ Vi,

- || [T

I

e DA = X

ut PEN % . *H" or "L”
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

N

1 terT

Aos'"

twrH
READ CYCLE
(e W

or Vv

Dour

WRITE CYCLE

PEN
4
WI%

ED
T ton
- —

DATA-IN
b A

X /
DATA-OUT
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

WRITE, CAS BEFORE RAS REFRESH CYCLE

trp |
Vg — tras l
s Vi — \‘ f \__

= NI
o D y =@

v,
Dour \f
v

Note: Dy, OF, AO~A9="H" or "L" % . "H" or "L”
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

READ CYCLE IN THE TEST MODE

tre
lras trp

w N N
e Tra— W | ae.
el [ N
LasRl R g an, !
w1 T o XX~ Kl
v T | |, ‘
:a:\c e s,
vol o v::: OPEN &% DATA-OUT >___
Note : 0_E="L", Din=OPEN i “H" or "L"
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DRAM Module A.C. Conditions No.11

1Mx4-Based Module, with OE

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE
tre

las

tap

f

wm T N /L——‘

T N/ 7

oAy ::: mgﬁowl % CoLUMN

o e
los L | ton,

D-40

:"H'or"'
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

FAST PAGE MODE READ CYCLE IN THE TEST MODE

4
trase hiild
Vig — e
RAS
Vg — \" A 'V
tpg o tRsH |
tere trep tcp tauce b
s T
v l tcas — jas \ tcas
H = trap
Vi =/ tgan " x 4 %
tesH . tean trat r
tasg LH| sl T |dcay ELd tascf ey
Vin i \- s N
A0~A9 ROW COoL.1 coL.2 COL.N
VIL ﬂ *. ., A
tacs tren) | W[ tres 4 JtRes tacy
Il
Vin =
WRITE
ViL trr
taa tan tan L
cea !
tRac torg teac torr teac , torr
taz - e ¥
VOl  Vop—m 4 3
~/04 Doyt 1 Doyr 2 Doyr N
Vo —

Note : OF="L", Djy=OPEN
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE

wim N _ -
VA
.

oy toH 1ps tpn
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DRAM Module A.C. Conditions No.11
1Mx4-Based Module, with OE

TEST MODE

The TC514400AJ/ASI/AFT/ATR is the RAM organized 1,048,576 words by 4 bits, it is internally
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and retrieved the
same way. Agc is not used. If, upon reading, two bits on one I/O pin are equal (all “1”s or “0”s), the /O pin
indicates a“1”.

If they were not equal, the I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC514400A)/
ASJ/AFT/ATR. In “Test Mode”, the IMX4 DRAM can be tested as if it were a 512K X 4 DRAM.

“WRITE, CAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before RAS
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE,
CAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter, The
“Test Mode” function reduces test times (1/2 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

r_______—___o Aoc Vc
e —0
Aoc G , Normal
—‘°\°::| 512K block i qDo———oATf:'

Normal G

Elta:
— DOUT
Test Agc ————H -
X | 512K block | . Test
)[ >———°1~;__{

H ]

L— o iNormal

Aoc

Figure 1

TOSHIBA AMERICA EL ECTRONIC: COMPONFNTS INC n_Aa






HIBA
ros DRAM Module A.C. Conditions No.12

1Mx4/1Mx1 TSOP-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ =5V £ 10%, Ta = 0~70°C)(Notes 6,7,8)

THMxxxxxx-60 | THMxxxxxx-70 | THMxxxxxx-80
SYMBOL PARAMETER UNIT | NOTE
MIN | MAX [ MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time 110 - 130 - 150 - ns
tpc Fast Page Mode Cycle Time 45 - 45 - 50 - ns
tgac | Access Time from RAS - 60 - 0 - 80 ns 913 |
tcac | Access Time from CAS - 20| - 20| - 20( ns 9,13
taa Access Time from Column Address - 30( - 35( - 40| ns 9,14
tcpa | Access Time from TAS Precharge - 40] - 40 - 45y - 9
tcrz | CAS to Output in Low-Z 0 - 0 - o - ns 9
topr | Output Buffer Turn-off Delay 0 20 0 20 0 20( mns 10 ]
tr Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 8
tgp  |RAS Presharge Time 40 - 50 - 60| - ns
tras | RAS Pulse Width 60| 10,000 70( 10,000 80 10,000 ns
tpasp  |RAS Pulse Width (Fast Page Mode) 60| 100,000 70( 100,000| 80| 100,000} ns
trsu | RAS Hold Time 20 - 20 - 20| - ns
tesicp RAS Hold Time From CAS 40 - 40 - 45 - as
Precharge (Fast Page Mode)
tcsy | CAS Hold Time 60 - 70 - 80 - ns
tcas | CAS Pulse Width 20| 10,000 20| 10,000 20| 10,000 ns
tgep | RAS to TAS Delay Time 20 401 20 501 20 60| ns 13
trap | KAS to Column Address Delay Time 15 30 15 35 15 40| ns 14
tcrp | CAS to RAS Precharge Time 5 5 5 ns
tcp | CAS Precharge Time 10 - 10 - 10} - ns
tasg  |Row Address Set-Up Time 0 - 0 - 0 - ns
trag  |Row Address Hold Time 10 - 10 - 10 - ns
tasc | Column Address Set-Up Time 0 - 0 - 0 - ns
tcag  |Column Address Hold Time 15 - 15 - 15 - ns
tar Column Address Hold Time 50 - 55 - 60 - ns
referenced to RAS
tgar, | Column Address To RAS Lead Time 30 - 35 - 40 - ns
tpcs |Read Command Set-Up Time 0 - 0 - 0 - ns
trey  |Read Command Hold Time 0 - 0 - 0 - ns 11
- Read Command Hold Time refer- 0 - 0 - 0 - ns 1
enced to RAS
twey | Write Command Hold Time 10 - 15 - 15 - ns
twer Write Command Hold Time refer- 45 - 55 - 60 - ns
enced to RAS
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DRAM Module A.C. Conditions No.12

1Mx4/1Mx1 TSOP-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.

OPERATING CONDITIONS (CONT)

THMxxxxxx-60 | THMxxxxxx-70 | THMxxxxxx-80
SYMBOL PARAMETER UNIT | NOTE
MIN [ MAX | MIN | MAX | MIN | MAX
twp | Write Command Pulse Width 10 - 15 - 15 - ns
trwr | Write Command to RAS Lead Time | 20 - 20 - 20 - ns
tcwr | Write Command to CAS Lead Time | 20 - 20 - 20 - ns
tps  |Data Set-Up Time 0 - 0 - 0 - ns
tpg  |Data Hold Time 15 - 15 - 15 - ns
tpur | Data Hold Time referenced to RAS 50 - 55 - 60 - ns
tger | Refresh Period - 16 - 16 - 16 ms
twes | Write Command Set-Up Time 0 - 0 - 0 - ns 12
TAS Set-Up Time
fesr {CAS before RAS Cycle) 3 ) 3 . 3 ) ns
TAS Hold Time
tcHr (CAS before RAS Cycle) 15 ) 15 B 15 : ns
tgpc  |RAS to TAS Precharge Time 5 - 5 - 5 - ns
TAS Precharge Time
tcpr | (CAS before RAS Counter Test 30 - 40 - 40 - ns
Cycle)
WRITE to RAS Precharge Time
twre (CAS before RAS Cycle) 10 ) 10 ) 10 . ns
Write to RAS Hold Time
twrH (CAS before RAS Cycle 10 ) 10 ) 10 1

D-46

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




DRAM Module A.C. Conditions No.12
1Mx4/1Mx1 TSOP-Based Modules

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. Iccts Iecss Iocas Icce depend on cycle rate.

4. Iccts Iccs depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=V[; . In case of Iy, it can be changed once or less

during a fast page mode cycle (tpc).

6. An initial pause of 200us 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 CAS
before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

7. AC measurements assume t1=5ns.

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

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

10. topr (max.) defines the time at which the output achieves the open circuit condition and is not
referenced to output voltage levels.

11. Either tpcy or trryy must be satisfied for a read cycle.

12. twcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic
only. If tycg >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit
(high impedance) through the entire cycle.

13. Operation within the tgcp (max.) limit insures that tgsc can be met. tzep (max.) is specified as a
reference point only: If tg-p is greater than the specified tpcp (max.) limit, then access time is controlled

by tcac

14. Operation within the tg ,p (max.) limit insures that tg ¢ (nax.) can be met. ty o, (Max.) is specified as
a reference point only: If tg,p is greater than the specified tgap (max.) limit, then access time is
controlled by ty 4.
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DRAM Module A.C. Conditions No.12
1Mx4/1Mx1 TSOP-Based Modules

READ CYCLE
TN - / - N\
s oo I o T Rine
= T i N—e—/ /l
e I_’ Sae——
o WLL — | e
s _KI-LI to,
Dour :::: l OPEN —@{ VALID DATA - OUT ’:>"—"

: “H" or “L”
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DRAM Module A.C. Conditions No.12
1Mx4/1Mx1 TSOP-Based Modules

WRITE CYCLE (EARLY WRITE)

tre
trp |
Vi —— taas )7:
" \_k N

trco tasH

a1 I N\ S
e D WO C—

|
e b "‘m‘*'

| tos ton
| i |

% : “R" or "L”
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DRAM Module A.C. Conditions No.12
1Mx4/1Mx1 TSOP-Based Modules

FAST PAGE MODE READ CYCLE

tre
|t
| — trasp y
L N / I\
tesH toc trsH
tere tReD. teas tep tcp tance
A 4 tcas teas
" N NN
w i \ : ot
o tasm taan)  tasc tcaH tasc) ;C_A: ‘;_sc, tcan
v P p .
e e T o YO O YO~ (O
Vi, b
trap | tRRH
tacs ReH |, itacs trew |, || tres tacH
Vi teac teac teac
taa |‘M I L7V
tRAC " tepa " tepa
Von— - \ Nz L
Dour . >_.. . >_. " >——-
VoL — r 4 F P 4
taz | torF tcuz [ tore taz I tore
1 1 | | J |

* VALID DATA OUT
: “H" or "L*
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tae
v E— traA:
" — sP
74 N
Vi —— X
toc trsH
tere taco tcas | ter ter
Viy — r
o ] \ \ teas \ tcas
Vi —— .
tar tRaL
tasr tRaH)  tasc tean tasc tean tasc tean
> -t Cad ol 1 ||
Vin P d b d + ¥
AO~A9 ROW coL coL coL
Vi *x - k. X
traD
twer twes twen twes twen |
- |- |
v, twes twen twp twe |
H e
WRITE twe
Vie
tos ton tos oM tos toH
~ G
] L] L]
ViL p4

* VALID DATA IN

: “H® or "L*
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DRAM Module A.C. Conditions No.12
1Mx4/1Mx1 TSOP-Based Modules

RAS ONLY REFRESH CYCLE
trp

Vi e trAs e

= - N / N\
tere trpC

o Vin — l<_>

Vo —/ \-—/

tasn tRAH

Vin ,
a~pe % ROW

Von—
Dout OPEN

VoL —

Note: WRITE= "H* or "L : “H* or "L
CAS BEFORE RAS REFRESH CYCLE
tRe
I tre
Vi — iy tRas
Ras ViL '—___/ trpC \ / \—
tcp tesk

« "= SN\

V. = ..
Note: AO~A9= “H” or "L" . H* or "L
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DRAM Module A.C. Conditions No.12
1Mx4/1Mx1 TSOP-Based Modules

HIDDEN REFRESH CYCLE (READ)

= N - ,‘—'L’\_:ﬁ/___
s z:r:j : 1 ; 'L'L
e me - *q:%ﬁ H? —
RN U S TU

HIDDEN REFRESH CYCLE (WRITE)

Vin
L S

Vin
& vy
V)

. H
AG~AF v,

H -
WRITE v,

Rl
O x::': ' VALID DATA-IN

tour

D-52

- +
8

—

R4

tras

PRy ——

N

trsH

Y

traL )

R
[

f——

tcan

ROW

(o W .

e tWCR

trwi

twre twhi

twen

tos

tou

i

VZ4 - “n” or "L*
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DRAM Module A.C. Conditions No.12
1Mx4/1Mx1 TSOP-Based Modules

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tap

tRA:
R EEE—
AN 1/ I\

w N

tasc | [tcan

s ) > Y

! k

traL

READ CYCLE

t

Vor—

OPEN VAL )

Dout o { 1D D,
twrp | twar tacs ez |

WRITE Viu =

ViL — RCH

tawt

—tow, ]

[m " e wmbmp

3
o
=
- L
-~
£ -
F3

ps ton

N X o X

7//////// : "H" or "L*
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TOSHIBA -
DRAM Module A..C Conditions No.13

4Mx4 4K Refresh-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ =5V +10%, Ta = 0~70°C)(Notes 6,7,8)

THMxxxxxx-60 | THMxxxxxx-70
SYMBOL PARAMETER UNIT | NOTE
MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time 110 - 130 - ns
tamw  |Read-Modify-Write Cycle 155 - 180 - ns
tpe Fast Page Mode Cycle Time 40 - 45 - ns
P Fast Page Mode Read-Modify-Write 85 - 95 - ns
Cycle Time
tRac Access Time from RAS - 60| - 70 ns 9,14,
15
tcac | Access Time from CAS - 15| - 20 ns 9,14
taa Access Time from Column Address - 30 - 35| ns 9,15
tcpa | Access Time from CTAS Precharge - 35) - 40| - 9
tcrz | CAS to Output in Low-Z 0 - 0 - ns 9
torr | Output Buffer Turn-off Delay 0 15 0 15( ns 10
tr Transition Time (Rise and Fall) 3 50 3 50| ns 8
tgp |RAS Presharge Time 40 - 50| - ns
tras  |RAS Pulse Width 60| 10,000/ 70| 10,000| ns
trasp | KAS Pulse Width (Fast Page Mode) 60| 200,000{  70{ 200,000| ns
trsy | RAS Hold Time 15 - 200 - ns
trscp RAS Hold Time From CAS 35 - 40 - ns
Precharge (Fast Page Mode)
tcsy | CAS Hold Time 60 - 70 - ns
tcas | CAS Pulse Width 15} 10,000/ 20| 10,000| ns
tep | RAS to TAS Delay Time 20 451 20 50| ns 14
tgap  |RAS to Column Address Delay Time 15 30( 15 35 mns 15
tcrp | CAS to RAS Precharge Time 5 5 ns
tcp | CAS Precharge Time 10 - 10 - ns
task  |Row Address Set-Up Time 0 - 0 - ns
trag  |Row Address Hold Time 10 - 10 - ns
tasc | Column Address Set-Up Time 0 - 0 - ns
tcap | Column Address Hold Time 10 - 15 - ns
trar | Column Address To RAS Lead Time 30 - 35 - ns
tpes |Read Command Set-Up Time 0 - 0 - ns
teey  |Read Command Hold Time 0 - 0 - ns 11
- Read Command Hold Time refer- 0 - 0 - ns 1
enced to RAS
twen | Write Command Hold Time 10 - 15 - ns
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (CONT)

THMxxxxxx-60 | THMxxxxxx-70
SYMBOL PARAMETER UNIT | NOTE
MIN | MAX | MIN | MAX
twp | Write Command Pulse Width 10 - 15 - ns
tawr, | Write Command to RAS Lead Time | 15 - 20 - ns
tewr | Write Command to CAS Lead Time |~ 15 | = |20 1{ = ns |-
tps Data Set-Up Time 0 - 0 - ns 12
tpg |Data Hold Time 10 - 15 - ns 12
tger | Refresh Period - 64 - 64 ms
twes | Write Command Set-Up Time 0 - 0 - ns 13
tcwp |CAS to WRITE Delay Time 40 - 45 - ns 13
tawp | RAS to WRITE Delay Time 85 - 95 - ns 13
tawp gior:;mn Address to WRITE Delay 55 ) 60 ) ns 13
P %ﬁi Precharge to WRITE Delay 60 ) 65 A ns 13
tcsr %ﬁfggg Cycle) > - 5 I
fenr t(:éx;;{l?:gofé%s Cycle) 10 ) 15 ) ns
tpc | RAS to TAS Precharge Time 5 - 5 - ns
TAS Precharge Time
tcer | (CAS before RAS Counter Test 20 - 30 - ns
Cycle)
tron |RAS Hold Time referenced to OF 10 - 10 - ns
toes |OE to Access Time - 15 - 20 ns
togp | OE to Data Delay 15 - 15 - ns
torz gggxggffer turn off Delay Time 0 15 0 15 ns
topy  |OE Command Hold Time 15 - 15 - ns
tops {Output Disable Set-Up Time 0 - 0 - ns
twrs (WT:Stte ﬁg(r;:rll:;ld Set-Up Time 10 3 10 ) ns
twrm Write Command Hold Time 10 ) 10 ) ns
(Test Mode In)
twpp WRITE to RAS Precharge Time 10 ) 10 ) s
(CAS before RAS Cycle)
fwrst Write to RAS Hold Time 10 i 10 A ns
(CAS before RAS Cycle
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE (Voc =5V £10%,Ta =
0~70°C)(Notes 6,7,8)

THMxxxxxx-60 | THMxxxxxx-70
SYMBOL PARAMETER UNIT | NOTE
MIN | MAX | MIN | MAX
tgc  {Random Read or Write Cycle Time 115 - 135 - ns
tpc Fast Page Mode Cycle Time 45 - 50 - ns
Access Time from RAS - 65 - 75 9,14,
traC ns
15
tcac | Access Time from CAS - 20( - 25| ns | 9,14
taan | Access Time from Column Address| - 351 - 40( ns | 9,15
tcpa | Access Time from CAS Precharge - 40| - 45| ns 9
tras | RAS Pulse Width 65 10,000 75| 10,000] ns
trasp | RAS Pulse Width (Fast Page Mode) 65| 200,000 75| 200,000| ns
tesy | RAS Hold Time 20 - 25 - ns
tcsy  |CAS Hold Time 65 - 75 - ns
tgucp | CAS Precharge to RAS Hold Time 40 - 45 - ns
tcas | CAS Pulse Width 20[ 10,000 25 10,000 ns
; Column Address to RAS Lead 35 - 40 - ns
RAL | Time
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

NOTES:

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

2, All voltages are referenced to Vg.

3. Icets Ieess Iocas Iocs depend on cycle rate.

4. Iect Ioca depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=Vy; . In case of Icc4: it can be changed once or less
during a fast page mode cycle (tpc).

6. An initial pause of 200us 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 CAS
before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

7. AC measurements assume tt=5ns.

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

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

10. topr (mMax.) and to E2 (max.) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage levels.

11. Either tpcy or trpy must be satisfied for a read cycle.

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge
in Read-Modify-Write cycles.

13. twcs 18 not a restictive operating parameter. It is included in the data sheet as electrical characteristic
only. If tycg >twes (min.), the cycle is an early write cycle and the data output will remain open circuit
(high impedance) through the entire cycle.

14. Operation within the tpep (max.) limit insures that tgsc can be met. tgep (max.) is specified as a
reference point only: If tp oy, is greater than the specified tgcp (max.) limit, then access time is controlled
by teac.

15. Operation within the tg o, (max.) limit insures that tg o (Max.) can be met. tg,p (Max.) is specified as

D-58

a reference point only: If tgap is greater than the specified tg,p (max.) limit, then access time is
controlled by ty 5.
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

TIMING WAVEFORMS

o N ‘ i /- N
T N

- m{% O o N

wan m&: %///////////////////// ...

o T
Vi
tan

‘...l_iﬁ.
troM
loea

ot iy — \ //

VL — =

tcac
trac

Vou— ’ A
Doyr OPEN DATA - OUT

VoL — | S

N

ote: Dyy=OPEN : "H" or "L*
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

WRITE CYCLE (EARLY WRITE)

tras . \ [T
Vm — T ———— }—
had Vi — \"t \.——
l._'m_. tacp sy Ja—tCEP. :
VIH ——
= ___/ | N N\——tas |/ 7
il laic sren

e Eal'Eml
i PG

AL’
1

e Y

w1,

D

v DR Y

Note: Dour = OPEN A v o\
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

WRITE CYCLE (OE CONTROLLED WRITE)

ras 1 —RP.

ms A )
Vi —
(<]

[

tRSH 1

15;0 |
teas
Vi —
ws ™ 7 \\ /"
ViL tRAD X
taay
t, R,
s3I i gy v

AO~A9 ::: m{ ROW P@{ COLUMN /////////////////////////////////

RA|
| |

DR YD

P/ —

tawi
t

"z w
|

oy

s ™ @

Note: Doyt = OPEN : "H* or "L"

.
|
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

READ-MODIFY-WRITE CYCLE .
tmw
tRas trp :
o Vi :_"_-\\ }—-w
terp| tacp — RSk g
. e T I
=/ N /

t,
CAH

traH - tasc

(=4
]
>
‘0
< < < <
~ I ~ X
n§_»
£ }
= =
]
2
g

COLUMN

i}

G
o

tawp towt
tRap : tcwo tawt
wp |
w - N VW
tan
- toea
o N\
— L1/
teac toeo
tRaC toez| loy
D/ VIOH—
bara-out)= DATAIN
teu
S
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

FAST PAGE MODE READ CYCLE

. e I i
" 1%‘&_’/ = - v |
o 2 DO e WO o W oo D

wan )
- m.‘a& — Zf. ‘Mm
% Bl B —
Note: Dy = OPEN D v o
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tgase trp
Vih — 3
AS N '
Vg — X P4
1,
t
ltsm tRCO RSH ‘2\:

pC
tcp
teas tcas DIV
m / N N /N y
Vi =/ taay J A h p
tesH J
R i ta
Vin b
AO~A9 ROW
Vi 7

AH
N
coL1 coL.2 COLN
P4

HH
¥:H
F

A10,
| L | ] 1
s I e ! . 1
Vs wp P WCS L 3
WRITE
Vi

C .

5]  [toH, tps ton tps < ton
N 1 D 2 D N
Vi {  Ow N ¥ N »
Note: Doyr = OPEN : v or "L
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trase tpp

Vi — tesh % T
RAS i — |y
| taco ., tee tcre

v teas teas tcas
L N tay
oS i — lnap \ 3 (/
% tea
“Mt' L eap tasg ﬂJ,I - tray

Vi : v ] B
AO~AS v:“ R col.1 WZ coL2 COLN
. X

Vin
10,A11 ROW|
Vi

I"al

*1 Dour! *2 Dour2 *3 DoyrN

% : "H® or “L*
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

RAS ONLY REFRESH CYCLE

re
Vig — N
RAS
Vg — h . / \———
(% trpc

Vi -

[/ S /1 \_/
ViL —

:—SL | N

e =, =

‘Note: Dy, WRITE, OE= "H" or “L" 4. "H” or "L

CAS BEFORE RAS REFRESH CYCLE

el P | E— N
- :_/-”'l{’ Yy @@
e a0
o )

Note: D, OE, AO~A11="H" or "L* VA: v or L
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

HIDDEN REFRESH CYCLE (READ)
tac

tre
tras tgp taas <P,
w TN /| N
e — / \ /N

g S

tRCD tsh |

=\ =
Nem%e

E]

\
(7.}
Vi

3
e

A0~A%

< < X = =
& T 7 £ =
||

L L

3

\E

8

c

4

o T | |
v Nl (e
oo 1 :m "o ; '_m_i__

Note: Dy = OPEN
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

HIDDEN REFRESH CYCLE (WRITE)
1
o e - — RC -
Vi =y |ﬁ
s Vi, — \ -/ \ P4 \_
| Je—tRCD g tesH | : R e tere ]
Vi — i ‘ Je—————
os Vi = ‘l:AO \\u f
BLITY
task
A0~A9 ::: %ﬂ n&?}@@ COLUMN
tran

twen

twre

) b7
D

tos tpu

e DR~ X

‘E’

Note: Doyr = OPEN % : "H" or "L*
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

trag
Vi — B RP
7 \ /«——E K
Vi — A
tasH
cas l

"

Din
towt
EAD-M e
wp
e N .
' [!
o4 OEA /
— . <lofo,
] ool |,
t_cu_ ‘OEZ OH
DIN/  VioH — - \R
ouT y %@ °6“J¢'>—%< DATA-IN e
—_ P4 N o
vot » % : "H" or "L*
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

WRITE, CAS BEFORE RAS REFRESH CYCLE
tre

trp
‘4———>‘

tep o tesR

‘\-k RAS /

== N

twrs twrh

—_—e 0 ww

RoFF
|

 ——
Vou

VoL rmrenane?]

Note: Dy, OF, A0~A11="H" or "L"

@ OPEN

% : "H" or "L*
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

READ CYCLE IN THE TEST MODE

)
r

csH -
I crp tacp tRSH,

= S e N2/

trat I
t trRaH d
bl F_, tasc tean,

s v T o WO o )

| tacy
Jacs ) tarn e

Vin
WRITE
VL tan
f Vou

3 §L

e]
|

777, TR
Note : OE="L"., D=OPEN ) “H" or "L
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

) taas . | lgp
Vin — )—
LIV N \
l._‘mL.. t — tRsH I._!mL_.

=i S e N S

o R O

s R >
t88D

tewr
twen

s 3 =)
N

tps oy

- T e

Note : /02~VO4 = "H" or “L" , Doyr=OPEN % : *H" or "L"
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

FAST PAGE MODE READ CYCLE IN THE TEST MODE

Inase 3.4
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17
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Vo1 VoK — 5
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]
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Note : OE="L" , D\N=OPEN : “H* or "L*
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE

tp )
_ Io | «—1RCD . . trsH '55:
A 2 N
A 55

R
tesH traL
fag L1 gl |l i feay
L P’y -\ L
ROW @ ccccc %ﬂ coL.2 }%{ COLN
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1

tm‘[" 104 1ps 1oH 1ps s tpy
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DRAM Module A.C. Conditions No.13
4Mx4 4K Refresh-Based Modules

TEST MODE

The TC5116400J is the RAM organized 4,194,304 words by 4 bits, it is internally organized 1,048,576
words by 16 bits. In “Test Mode”, data are written into 16 sectors in parallel by using only I/O1. A, Ay are
not used. If, upon reading, 16 bits are equal (all “1”’s or “0”s), the I/O4 pin indicates a“1”.

If they were not equal, the I/O4 pin would indicate a “0”. I/O1, I/O2 and I/O3 always indicate a “1” during
test mode read cycle. Fig. 1 shows the block diagram of TC5116400J. In “Test Mode”, the 4MX4 DRAM can
be tested as if it were a IM X 16 DRAM.

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode™. In the Test Mode, “WRITE,
CAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The
“Test Mode” function reduces test times (1/4 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

Normal O——L 1M block

AOC,AIC 1M block | O A0C,AIC o
h]: DY
Normal 0—-1 1M block °

m o l I 1M block } H 1! > Normal
Test ©
Test

AOC,A1C I 1M block Il -0, AOC, A1IC o
o/ ]
[ oo 3
0

l 1M block 5 ! / Normal
O
Test 1M block %— o
AOC, AIC j M block I| -O_AOC, AIC X
oY 5
Normal O—L 1M block
| 1M block } == J Normal
Test
AOC,AIC j 1M block l| O | AOC,AIC .
o T o] 5
Normal O-—l 1M block °
i | 1M block } == / Normal
b 1 o
Test

FIGURE 1
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TOSHIBA DRAM Module A.C. Conditions No.15

4Mx4/4Mx1-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ =5V £10%, Ta = 0~70°C)(Notes 6,7,8)

THMxxxxxx-60 | THMxxxxxx-70

SYMBOL PARAMETER UNIT | NOTE
MIN | MAX | MIN [ MAX

tgc  |Random Read or Write Cycle Time 110 - 130 - ns

tpe Fast Page Mode Cycle Time 40 - 45 - ns

trac Access Time from RAS - 60| - 70 ns 9i 154

tcac  |Access Time from CAS - 15| - 20| ns 9,14
taa Access Time from Column Address - 30| - 35| ns 9,15

tecpa | Access Time from CAS Precharge - 35| - 40| - 9

tcrz | CAS to Output in Low-Z - o - ns 9

torr | Output Buffer Turn-off Delay 15 0 15| mns 10
tr Transition Time (Rise and Fall) 50 3 50 ns 8
tgp  |RAS Presharge Time - 50 - ns

trasp | RAS Pulse Width (Fast Page Mode)

10,000 70| 10,000| ns
200,000 70| 200,000 ns

QG B3| 8| wlo]e

tesu | RAS Hold Time - 20f - ns
tesice RAS Hold Time From CAS - 40| - ns
Precharge (Fast Page Mode)
tcsu | CAS Hold Time 60f - 70! - ns
tcas | CAS Pulse Width 20| 10,000| 20| 10,000] ns
trep | RAS to TAS Delay Time 20 40( 20 50| ns 14
teap | KAS to Column Address Delay Time 15 301 15 35| ns 15
tcre | CAS to RAS Precharge Time 5 5 ns
tcp | CAS Precharge Time 10 - 10| - ns
task | Row Address Set-Up Time 0 - 0 - ns
tpag  |Row Address Hold Time 10 - 10 - ns
tasc | Column Address Set-Up Time 0 - 0 - ns
tcan | Column Address Hold Time 10 - 15 - ns
trar | Column Address To RAS Lead Time 30 - 35 - ns
tges |Read Command Set-Up Time 0 - 0 - ns
tgen | Read Command Hold Time 0 - 0 - ns 11
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DRAM Module A.C. Conditions No.15
4Mx4/4Mx1-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.

OPERATING CONDITIONS (CONT)

THMxxxxxx-60 | THMxxxxxx-70
SYMBOL PARAMETER UNIT | NOTE
MIN | MAX | MIN | MAX
t Read Command Hold Time refer- 0 ) 0 ; s 1
RRH  fenced to RAS
twen | Write Command Hold Time 10 - 15 - ns
twp | Write Command Pulse Width 10 - 15 - ns
tawr, | Write Command to RAS Lead Time | 15 - 20 - ns
tcwr, | Write Command to TAS Lead Time | 15 - 20 - ns
tps |Data Set-Up Time 0 - 0 - ns 12
tpg  |Data Hold Time 10 - 15 - ns 12
trgr | Refresh Period - 32 - 32 ms
twes | Write Command Set-Up Time 0 - 0 - ns 13
CAS Set-Up Time 5 i 5 i ns
fesr (CAS before RAS Cycle)
CAS Hold Time 10 ) 15 ) ns
tcHr (CAS before RAS Cycle)
tec | KAS to CAS Precharge Time 5 - 5 - ns
CAS Precharge Time
tcpr  |(CAS before RAS Counter Test 20 - 30 - ns
Cycle
‘ ‘WRITE to RAS Precharge Time 10 i 10 i ns
WRP | (TAS before RAS Cycle)
¢ Write to RAS Hold Time 10 i 10 ) ns
WRH | TTAS before RAS Cycle
D-78 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



DRAM Module A.C. Conditions No.15
4Mx4/4Mx1-Based Modules

NOTES:

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

2. All voitages are referenced to Vgg.

3. Iccys Ieess Iccss Iccs depend on cycle rate.

4. Icc1s Iocq depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=Vy; . In case of Icy, it can be changed once or less

during a fast page mode cycle (tpc).

6. An initial pause of 200us 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 CAS
before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

7. AC measurements assume tr=5ns.

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

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

10. torr (max.) defines the time at which the output achieves the open circuit condition and is not
referenced to output voltage levels.

11. Either tpcy or tgpy must be satisfied for a read cycle.

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge
in Read-Modify-Write cycles.

13. twcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic
only. If tycs >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit
(high impedance) through the entire cycle.

14. Operation within the tgcp (max.) limit insures that tz s can be met. tyep (Max.) is specified as a
reference point only: If ty o is greater than the specified tycp (max.) limit, then access time is controlled

by tcac:

15. Operation within the tg o, (max.) limit insures that tg s (ax.) can be met. tg,p (Max.) is specified as
a reference point only: If tgp is greater than the specified tpap (max.) limit, then access time is
controlled by ty,.
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DRAM Module A.C. Conditions No.15

4Mx4/4Mx1-Based Modules

READ CYCLE
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= N V v
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DATA - IN

[ 78 1 DA DU

OPEN
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DRAM Module A.C. Conditions No.15
4Mx4/4Mx1-Based Modules

FAST PAGE MODE READ CYCLE

trasP
Viy — .
= v'" N e /
w — h
e ) thsH
tew L e T
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
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DRAM Module A.C. Conditions No.15
4Mx4/4Mx1-Based Modules

RAS ONLY REFRESH CYCLE
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DRAM Module A.C. Conditions No.15
4Mx4/4Mx1-Based Modules

HIDDEN REFRESH CYCLE (READ)
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DRAM Module A.C. Conditions No.15
4Mx4/4Mx1-Based Modules

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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WRITE CYCLE
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TOSHIBA DRAM Module A.C. Conditions No.16

4Mx4 2K Refresh-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ =5V £10%, Ta = 0~70°C)(Notes 6,7,8)

THMxxxxxx-60 | THMxxxxxx-70
SYMBOL PARAMETER UNIT | NOTE
MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time 110 - 130 - ns
tpe Fast Page Mode Cycle Time 40 - 45 - ns
trac Access Time from RAS - 60 - 70 ns 9,l l:
tcac | Access Time from CAS - 15( - 20{ ns 9,13
taa | Access Time from Column Address - 30| - 35| ns 9,14
tcpa | Access Time from CAS Precharge - 35( - 40| - 9
tcez  {CAS to Output in Low-Z o - o] - ns 9
topr | Output Buffer Turn-off Delay 0 15 0 15{ ns 10
tr Transition Time (Rise and Fall) 3 50 3 50| ns 8
tgp | RAS Presharge Time 40 - 50 - ns
tpas | RAS Pulse Width 60| 10,000 70( 10,000 ns
trasp | RAS Pulse Width (Fast Page Mode) 60| 200,000 70| 200,000| ns
tgsy | KAS Hold Time 15| - 20 - ns
trsicp RAS Hold Time From CAS 351 - 40| - ns
Precharge (Fast Page Mode)
tcsg  |CAS Hold Time 60| - 70( - ns
tcas | CAS Pulse Width 20§ 10,000{ 20{ 10,000 ns
tep | RAS to CAS Delay Time 20 451 20 50| ns 13
trap | KAS to Column Address Delay Time 15 30 15 35| ns 14
tcrp | CAS to RAS Precharge Time 5 5 ns
tcp | CAS Precharge Time 10} - 10| - ns
tasg | Row Address Set-Up Time ol - 0 - ns
tpag  |Row Address Hold Time 10 - 10 - ns
tasc | Column Address Set-Up Time 0 - 0 - ns
tcap  |Column Address Hold Time 10 - 15 - ns
trar | Column Address To RAS Lead Time 30| - 351 - ns
tgcs |Read Command Set-Up Time 0 - 0 - ns
tren | Read Command Hold Time 0 - 0 - ns 11
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DRAM Module A.C. Conditions No.16
4Mx4 2K Refresh-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (CONT)

THMxxxxxx-60 | THMxxxxxx-70
SYMBOL PARAMETER UNIT | NOTE
MIN. [ MAX | MIN | MAX
Read Command Hold Time refer-
'RRH | enced to RAS 0 ) 0 ) ns u
tweg | Write Command Hold Time 10 - 15 - ns
twp | Write Command Pulse Width 10 - 15 - ns
tpw, | Write Command to RAS Lead Time | 15 | - 20 - ns
tcwr | Write Command to CAS Lead Time | 15 - 20 - ns
tps Data Set-Up Time 0 - 0 - ns
tbH Data Hold Time 10 - 15 - ns
treg | Refresh Period - 32 - 32 ms
twes | Write Command Set-Up Time 0 - 0 - ns 12
CAS Set-Up Time :
tesr {CAS before RAS Cycle) 3 ) 3 ) ns
CAS Hold Time
lcHR (CAS before RAS Cycle) 10 . 15 ) ns
tec | RAS to TAS Precharge Time 5 - 5 - ns
CAS Precharge Time
tepr  |(CAS before RAS Counter Test 20 - 30 - ns
Cycle
Write Command Set-Up Time
WIS | (Test Mode In) O R B I
¢ Write Command Hold Time 10 ) 10 ) s
WIH | (Test Mode In) )
¢ WRITE to RAS Precharge Time 10 A 10 ) s
WRP | (TAS before RAS Cycle)
¢ Write to RAS Hold Time 10 i 10 i ns
WRH  [TTAS before RAS Cycle
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DRAM Module A.C. Conditions No.16

4Mx4 2K Refresh-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE

THMxxxxxx-60 | THMxxxxxx-70
SYMBOL PARAMETER UNIT | NOTE
MIN [ MAX | MIN | MAX
tre Random Read or Write Cycle Time 115 - 135 - ns
tpc Fast Page Mode Cycle Time 45 - 50 - ns
Access Time from RAS - 65| - 75 9,13,
tRAC ns
14
tcac | Access Time from CAS - 20| - 25| ns | 9,13
taa Access Time from Column Address| - 35( - 40| ns 9,14
tcpa | Access Time from CAS Precharge - 40| - 45| ns 9
tras | KAS Pulse Width 65| 10,000 75| 10,000 ns
trasp | RAS Pulse Width (Fast Page Mode) 65| 200,000 75( 200,000| ns
tgsy | RAS Hold Time 20 - 25 - ns
tcsu | CAS Hold Time 65 - 75 - ns
taucp | CAS Precharge to RAS Hold Time 40 - 45 - ns
tcas | CAS Pulse Width 20| 10,000 25| 10,000 ns
¢ Column Address to RAS Lead 35 - 40 - o
RAL | Time
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DRAM Module A.C. Conditions No.16
4Mx4 2K Refresh-Based Modules

NOTES:

1.

10.

11.

12.

13.

14.

D-88

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

All voltages are referenced to Vgg.
Iccts Iecss Iocss Iccs depend on cycle rate.
Icc1 Iecs depend on output loading. Specified values are obtained with the output open.

Address can be changed one or less while RAS=Vy; . In case of Iocy, it can be changed once or less
during a fast page mode cycle (tpc).

An initial pause of 200us 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 CAS
before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

AC measurements assume tr=5ns.

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

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

torr (max.) defines the time at which the output achieves the open circuit condition and is not
referenced to output voltage levels.

Either tycy or tgry must be satisfied for a read cycle.

twcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic
only. If tycs >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit
(high impedance) through the entire cycle.

Operation within the tgcp (max.) limit insures that tg s can be met. tpcp (max.) is specified as a
reference point only: If tp -, is greater than the specified tycp (max.) limit, then access time is controlled

by teac:

Operation within the tg ,p (max.) limit insures that tg 5 (nax.) can be met. tg,p (max.) is specified as
a reference point only: If tg,p is greater than the specified tgop (max.) limit, then access time is
controlled by ty 5.
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DRAM Module A.C. Conditions No.16
4Mx4 2K Refresh-Based Modules

READ CYCLE
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DRAM Module A.C. Conditions No.16
4Mx4 2K Refresh-Based Modules

FAST PAGE MODE READ CYCLE
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Dour VoL — Dour 1 ?—@ Dout 2 ?—% Dour N .>-—
taz Lr—’ ToFE | |k, | |ost,
: “H" or "L”
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
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DRAM Module A.C. Conditions No.16
4Mx4 2K Refresh-Based Modules

RAS ONLY REFRESH CYCLE
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DRAM Module A.C. Conditions No.16
4Mx4 2K Refresh-Based Modules

HIDDEN REFRESH CYCLE (READ)
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DRAM Module A.C. Conditions No.16
4Mx4 2K Refresh-Based Modules

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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DRAM Module A.C. Conditions No.16
4Mx4 2K Refresh-Based Modules

WRITE, CAS BEFORE RAS REFRESH CYCLE
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DRAM Module A.C. Conditions No.16
4Mx4 2K Refresh-Based Modules

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE
RC

1,

eemms S o NI

wrm \-:—%-/ F—
o - TR/
Note : UO2~U04= "H* or "L", Dour = OPEN A: v o

FAST PAGE MODE READ CYCLE IN THE TEST MODE
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DRAM Module A.C. Conditions No.16
4Mx4 2K Refresh-Based Modules

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE

Vin ——1\

Vu — K. P’ A

Lcre
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Vi
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Din 2
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Note : /02~1/04= "H" or "L", Doyr = OPEN 2 "n- or -

D-96 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



DRAM Module A.C. Conditions No.16
4Mx4 2K Refresh-Based Modules

TEST MODE

The TC51174100J/FT/TR is the RAM organized 4,194,304 words by 4 bits, it is internally organized
1,048,576 words by 16 bits. In “Test Mode”, data are written into 16 sectors in parallel by using only I/O1. A,
Ay are not used. If, upon reading, 16 bits are equal (all “1”’s or “0”s), the 1/0O4 pin indicates a “1”. If they were
not equal, the I/04 pin would indicate a “0”. I/O1, I/O2 and /O3 always indicate a “1” during test mode read
cycle. Fig. 1 shows the block diagram of TC5117400J/FT/TR. In “Test Mode”, the 4MX4 DRAM can be tested
as if it were a IMX16 DRAM.

“WRITE, TAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE,
TAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The
“Test Mode” function reduces test times (1/4 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

AOC, AIC 1M block | O A0C,AIC
o— o o
j }k o
Normal 1M block 5
[0 1}a [ 1M block IL "D——— Normal 10 1]
e LS
Test
AOC,AlC ( 1M block I| O A0C, AIC
O——-L J; Q
Normal O_L I 1M block } °
m o l | 1M block II* “ﬂ; Normal m
O
Test 1M block _.é)—— -
AOC, A1C 1M block II o AOC,AIC
o ° o
Normal O—L l 1M block } P
e, | oD o] {3
-0
Test M block _@-— -
AOC, AlC o—JJ [IM block [| 0 \ AOC,AIC
o s o
Normal O—-L | 1M block } o
i l 1M block Ir* s ! / Normal m
O
Test 1M block e

Figure 1
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TOSHIBA
DRAM Module A.C. Conditions No.20

1Mx16 and 1Mx18Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ =5V +10%, Ta = 0~70°C)(Notes 6,7,8)

SYMBOL PARAMETER THMycxox 70| THMx00xx-30| 1w | NoTE
MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time 130 - 150 - ns
tpe Fast Page Mode Cycle Time 45 - 50 - ns
trac Access Time from RAS - 70{ - 80 s 9&3
tcac | Access Time from CAS - 20| - 20| ns 9,13
taa Access Time from Column Address - 35 - 40| ns 9,14
tcpa | Access Time from CAS Precharge - 40| - 45! - 9
tcrz | CAS to Output in Low-Z ol - o] - ns 9
torg | Output Buffer Turn-off Delay 0 15 0 15| ns 10
tr Transition Time (Rise and Fall) 3 50 3 50| ns 8
tgp  |KAS Presharge Time sof - 60| - ns
tras | KAS Pulse Width 70| 10,000 80| 10,000( ns
trasp | KAS Pulse Width (Fast Page Mode) 70] 200,000{ 80} 200,000] ns
tesu | RAS Hold Time 20| - 20( - ns
trsscp RAS Hold Time From CAS 40| - 45 - ns
Precharge (Fast Page Mode)
tesy | CAS Hold Time 70! - 80| - ns
tcas | CAS Pulse Width 20] 10,000f 20| 10,000| ns
tep | RAS to TAS Delay Time 20 50| 20 60| ns 13
trap | RAS to Column Address Delay Time 15 35 15 40| ns 14
tcrp | CAS to RAS Precharge Time 5 5 ns
tcp | CAS Precharge Time 10| - 10 - ns
tasg  |Row Address Set-Up Time 0 - 0 - ns
trag  |Row Address Hold Time 10 - 10 - ns
tasc  |{Column Address Set-Up Time 0 - 0 - ns
tcag | Column Address Hold Time 15 - 15 - ns
trar. | Column Address To RAS Lead Time 35 - 40| - ns
tes  (Read Command Set-Up Time 0 - 0 - ns
tgey  |Read Command Hold Time 0 - 0 - ns 11
- Read Command Hold Time refer- 0 - 0 - ns 1
enced to RAS
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DRAM Module A.C. Conditions No.20
1Mx16 and 1Mx18-Based Modules

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (CONT)

THMxxxxxx-70 | THMxxxxxx-80
SYMBOL PARAMETER UNIT
MIN | MAX | MIN | MAX
twen | Write Command Hold Time 15 - 15 - | ns
twp  jWrite Command Pulse Width 15 - 15 - ns
tgwr | Write Command to RAS Lead Time | 20 - 20 - ns
tewr | Write Command to CAS Lead Time | 20 - 20 - ns
tps |Data Set-Up Time 0 - 0 - ns
tpy  (Data Hold Time 15 - 15 - ns
tgep | Refresh Period - 16 - 16 ms
twes | Write Command Set-Up Time 0 - 0 - ns
fesr %:Sss::fgrgg;qcle) 3 - 5 B
fcur C@%lﬁl}i;?{xs Cycle) 15 - 15 oy
tgpc | RAS to TAS Precharge Time 5 - 5 - ns
CAS Precharge Time
tcpr | (CAS before RAS Counter Test 30 - 30 - ns
Cycle
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DRAM Module A.C. Conditions No.20
1Mx16 and 1Mx18-Based Modules

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. Iccrs Iceas Iecsr Iccs depend on cycle rate.

4. Iccrs Iocq depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=Vy; . In case of Igcy, it can be changed once or less

during a fast page mode cycle (tpc).

6. An initial pause of 200us 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 CAS
before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

7. AC measurements assume tp=5ns.

8. Vi (min.) and V; (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vyy and Vy; .

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

10. topr (max.) defines the time at which the output achieves the open circuit condition and is not
referenced to output voltage levels.

11. Either tpcy Or tpryy must be satisfied for a read cycle.

12. twcs iS not a restictive operating parameter. It is included in the data sheet as electrical characteristic
only. If tycg >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit
(high impedance) through the entire cycle.

13. Operation within the tycp (max.) limit insures that tg,c can be met. tpep (max.) is specified as a
reference point only: If tp oy is greater than the specified tycp (max.) limit, then access time is controlled

by teac

14. Operation within the tg ,p (max.) limit insures that tg s (nax.) can be met. tg o, (max.) is specified as
a reference point only: If tgap is greater than the specified tp,p (max.) limit, then access time is
controlled by ty,.
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DRAM Module A.C. Conditions No.20
1Mx16 and 1Mx18-Based Modules
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DRAM Module A.C. Conditions No.20
1Mx16 and 1Mx18-Based Modules

WRITE CYCLE (EARLY WRITE)
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DRAM Module A.C. Conditions No.20
1Mx16 and 1Mx18-Based Modules

FAST PAGE MODE READ CYCLE
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DRAM Module A.C. Conditions No.20
1Mx16 and 1Mx18Based Modules

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tnase 5.3
Vin — ‘\
Vg — ] o
. tec tec ¢ t
RP, trep cp tcp RSH P
| ———
teas teas 2
Vin —. I<-> 3
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a tesu traL
t tasc tean asc ] [tean, tasg
\ X K
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Note: Doyr = OPEN VA: " or "
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DRAM Module A.C. Conditions No.20
1Mx16 and 1Mx18-Based Modules

RAS ONLY REFRESH CYCLE
tre =
—tRas

Vin — d

b Vu. - \ / \_
e trec

Vi —= 7

os ' "—____/ \—/

Note: WRITE=“H" or "L" ” . s
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e lesa | teuR .
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Dour OPEN
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Note: WRITE, AO~A9="H" or "L"
" Diu=Don't Care.
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DRAM Module A.C. Conditions No.20
1Mx16 and 1Mx18-Based Modules

HIDDEN REFRESH CYCLE (READ)

tRAS 4
Vin .
s Vi — \- j-/ \-u A \
l:cg trep tRsH . tcHR cqp. |

/]

t, | | tean

.

Vin
n
Vo — e
Dour DATA-OUT
Voo — E

Note: Dy = OPEN VA: "H" or "L”
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DRAM Module A.C. Conditions No.20
1Mx16 and 1Mx18-Based Modules

HIDDEN REFRESH CYCLE (WRITE)
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DRAM

Module A.C. Conditions No.20
1Mx16 and 1Mx18-Based Modules

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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rOSHIBA

TOSHIBA 3RD GENERATION 16M DRAM
FEATURES

3

0.5um Device Technology

Single 5V/3.3V supply
(Internal Voltage Down Converter)

16M Word x1 bit Organization
4M Word x4 bit Organization

Access Time / Cycle Time

5V-tgac = 50ns 3.3V tgac = 60ns

tcac = 12ns tcac = 15ns
taa =25ns taa =30ns
tepa = 30ns tepa = 35ns
tre =90ns tgc =110ns
tpc =35ns tpc =40ns
typc = 20ns tgpc = 25ns
Operating/Standby Current

Operating Current (Iccl) = 130mA (2K refresh)
Operating Current (Iccl) = 1300mA (4K refresh)
Standby Current (Icc5) = 1mA
Operation Mode
Fast Page Mode
Hyper Page Mode
Write Per Bit Mode (S5V only)
4TAS Function
Refresh
RAS only Refresh
TAS before RAS Refresh
Hidden Refresh
All Inputs and Outputs are TTL Compatible
2048 Refresh Cycle/32ms
4096 Refresh Cycle/64ms

Package
BSJ/BST: 26 pin 300 mil Plastic SOJ/TSOP

'Third Generation
16M DRAM

BI/BFT: 28(24) pin 400 mil Plastic SOJ/TSOP (Compatible with First Generation)

28 pin 300 mil Plastic SOJ/TSOP (4TAS)

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC.




Third Generation
16M DRAM

26 PIN 300MIL SOJ/TSOP PIN CONNECTION

16M X1 DRAM
Vee [ 26 (] Vss
pin {2 25 [] Dout
NC (3 24{] NC
WRITE (] ¢ 23[) TAS
RAS (5 22{] NC
A1l (s 211 A9
A0 o 19[] A8
A0 o 18] A7
A1 o 17[) A6
A2 (On 16[] A5
A3 [ 12 150] A4
Vee [ 13 14[] Vss

28 PIN 300MIL SOJ/TSOP PIN CONNECTION 4CAS)

4Mx4 DRAM (4K Refresh)

4M X4 DRAM (2K Refresh)

I N

26
25
24
23

21

19
18
1
16
15
14

] Vss Vee O
] V04 101 (]
1 Vo3 102

N TAS WRITE

[ OF RAS

1 A9 NC (]
0 A8 Alo {]
] A7 Ao [
) A6 Al
) A5 A2 [
] A4 A3 (]
] Vss Vee [

DN AW -

10
1n
12
13

26 ] Vas
25 ] Vo4
241] 03
20
223
af
19
18]
17(] A6
160 A5
150 A4
1403 Vss

4M X4 DRAM (4K Refresh)

Vee [
101 [j
voz (
WRITE {
RAS (
AR [
CAST ([
TASZ (
A10R []
A0 [
Al ]
A2

A3 E
Vee

0O 3N N & W N =

v s b e D
AW -

28
27
26
25

23
22
21
20
19
18
17
16
15

] Vss
] V04
] 103

Sy S - A o
>53gzag
2] s

1 A6
] A5
] A4

E-2

4M X4 DRAM (2K Refresh)

Vee [
vo1 []
V02 [
WRITE [
RAS [
NC []
CAST [
CASZ [
A10
A0 [
Al O
A2 ]
A3 [
Vee (]

00 2N N AW N =

- e s s
un—ou

—
o>

28
27
26

24
23
22
21
20
19
18
17
16
15

] Vss
1 104

800 ) S ) & 3w y 2 §
o

1 NC
] A8
) A7
) A6
1 A5
] A4

Vss
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Third Generation
16M DRAM

FAST PAGE VS. HYPER PAGE MODE

1AA :L_FLCOH - -—H'O-Ff
oo o —E)—(m— (=
N — 7 —

Note:

Hyper page differs from Fast Page Mode in that rising CAS does not disable the outputs. This allows the
fastest possible cycle time (tHPC) to be acheived. The above timing diagram does not reflect the case where data
is continually valid, as it is posible to disable the I/O’s with Hyper Page Mode. Please contact your local Toshiba
Sales Office for detailed Hyper Page Mode timing parameters and diagrams.

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC: c.a



Third Generation

512Kx32 CMOS DYNAMIC RAM
ORGANIZATION 512Kx32
PART NO. TC116320/18320B
PROCESS 0.5um
POWER SUPPLY 5.0V/3.3V (VOLTAGE DOWN CONVERTER)
REFRESH 1024 CYCLES/16ms
4096 CYCLES/ms
ROW ADDRESS A0-A11 (4K REFRESH)/A0-A9 (1K REFRESH)
COLUMN ADDRESS AQ-A6 (4K REFRESH)/A0-A8 (1K REFRESH)
ACCESS TIME (ns) 60/70/80 (5.0V) 70/80 (3.3V)
PACKAGE 400mil 70pin SOJ (0.8mm PITCH)
400mil 70pin TSOP (0.8mm PITCH)
OPERATION MODE FAST PAGE MODE/HYPER PAGE MODE
BYTE CONTROL 4/CAS
Vee Vss
01|
02_| [ TO31 |
103 _| 1630 |
04 [~ 1029 |
c; [~ Vas_|
167 [~ 10%6 ]
108 _| 1025 |
[TNC_| — NC_|
Vee Vss
109 ~T024_|
O [~ 1021 |
cc Vss
0 1020 |
[4]
0 0
0
|_NC_| C
NC 7CAS 1
NG| [ 7CAS 2|
NNEC TCAS 3
[7CAS 4]
“TRAS | [—WE |
A [ /OE_|
A —NC |
A2 11
A3 A0,
A4 A9
A5 A8 |
AG AT |
Vee Vs

512K x32 DRAM

(70pin 400mil SOJ/TSOP)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




Third Generation

THIRD GENERATION 16M DRAM-BASED MODULES
1st Gen. 16M DRAM used(400mil) 3rd Gen. 16M DRAM used(300mil)
4M x36 THM36402S/SG THM36400BS/BSG
(36bit Parity) _
: JIEH | SLULLUULULL
L' o [ 9 ] H
P33 - °
* TC5117400J x8 * TC5117400BSJ x8
* TC514100ASJ x4 * Quad CAS(4Mx4)x1
¢ 22.86mm Height * 25.40mm Height
4M x36 THM364060SG THM364070BSG
(36bit ECC Module) I ‘ E
T T LR | Ll o
; R
S S ° °
* TC5117400J x9 * TC51174BSJT x9
* 17.78mm Height * 25.40mm Height
4M x40 THM404020SG THM404000BSG
(40bit ECC Module)
T T T W | UL
LT LT TLTTLH| F .
* TC5117400] x10 * TC5117400BSJ x10
* 17.78mm Height *25.40mm Height

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. F-R



Third Generation
16M DRAM

THIRD GENERATION 16M DRAM-BASED MODULES

1st Gen. 16M DRAM used(400mil) 3rd Gen. 16M DRAM used(300mil)
8M x36 THM3648020S/SG THM368020BS/BSG
(36bit Parity) S S——
SLLLULLULLE
) —
oo
* TC5117400J x16 * TC5117400BSJ x16
* TC514100AS]J x8 * Quad CAS(4Mx4)x2
* 34.00mm Height * 25.40mm Height
8M x36 THM368060SG THM368060BSG
(36bit ECC Module) ] T ]
o1 [ b Lo,i...u..:o
1
[ L P (OH ] o g 2_‘ T“c g J °
* TC5117400J x18 *TC51174BSJ x18
*29.21mm Height * 25.40mm Height
8M x40 THM408020SG THM408020BSG
(40bit ECC Module)
Ol ° o o ot ot _oll_oil ofl oll ofl ol °
\ : \
T LT T b T T T T T o
* TC5117400J x20 * TC5117400BSJ x20
* 29.21mm Height ¢ 25.40mm Height

E-6 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC..



TOSHIBA

3.3V DRAM
Type Package Target
Voltage Access
Organization Gen. SOJ | TSOP Supply Time
4M DRAM
(256Kx16) 4th O 3.3V+0.3V 70ns
(116%%%,(4) 3rd O O |[83.3vD.3V | 60ns
ZSMXQRAM 2nd O QO |33v:0.3v | 70ns
16M DRAM
(1Mx16,x18) 2nd O QO |3.3v:0.3vV | 70ns

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. E-7



3.3V DRAM

3.3V Vee, I/O Interface Target Spec.

Abs. Max. Rating

Ve Operating
VoL Max. (DC)
Vou Mm (DC)
VoL Max. (DC)
Vou Max. (AC)
Vi Min.v

V. Max.

Vi Min.

Vg Max.

— 0.5~4.6V (Vo)
— 0.5~V ¢ + 0.5V< (Input pin)

33V +03V
0.4V (Igyr = 2mA)
2.4V (Igyr = -2mA)

10.8V (Ioyr = 2mA)

2.0V (Ioyr = -2mA)
03V

0.8V

2.0V

Voo +03V

TOSHIBA AMERICA ELECTRONIC COMPONENTS; INC.



FTOSHIBA
Small Outline SIMM

TOSHIBA SMALL OUTLINE SIMM

50ns 60ns 70ns 80ns
|_smat Outine sm_|—— Based 512K x8_|-2% {51200 ,32 | {HMaseeec 76 Treooocn a0l
sk T - v = e =
IMx32 Mo oM i
— Baseds12kx0 |2t 512136 | E ''''''' 70 '—E: """"" o
JE— - — e _
L.IMx36 | THocenc R
LLBasemMm et mxaz s 50— THMxxxxoc 700 THmman 20!

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. E-9



Small Outline SIMM

TOSHIBA SMALL OUTLINE SIMM

1. Outline
Dimension
le e L
Front side | {unit : mm)
y
gl la H
': ("]
—293 e |SHer2l SJlroero10
Back side L= 59.69:0.13
H= 25.40+0.13
T= 3.810 MAX
Pin Count

72pin (50mil pitch 1row / zig-zag read out)

2. Data bus width
Xx32 /36 bit

3. Maximum capacity
256M byte maximum using 256M DRAM

4. Pin function assignment

Pin count
Signals Function x32 x36
AO0to A13 Address input 14 14
DQ Data-in/Data-out 32 36
/RAS Row address strobe 4 4
/ICAS Column address strobe 4 4
/WE Read/Write enable 1 1
Vee Power supply 3 3
Vss Ground 3 3
PD Presence detect 7 7
NC No connection 4 0

E-10 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TOSHIBA

TOSHIBA

8Byte SIMM

8-BYTE SIMM

50ns 60ns 70ns

—| Based tMx4 |- IMx72 i 50— Tt 60— Th 70— THMxox-80;
—{_Based 2Mx9 AN oMx72 1T 60— Th 0Tt 80;
i 2Mx72} i 60— THMxcaxcx 701 Th 80}

70°

—|_Based 4M x4 P aMx72 | THMw 50— Th 60— THM
I aMx72 T 50— THM 60;— Tt

70%

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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8Byte SIMM

TOSHIBA 8-BYTE SIMM

1. Outline
Dimension
e L T i
5 f [ » ] ) [ = | [ = 2 [ =] d
¥ H
niti i nnin 1] 110 i
1
85 168
: : F 3 F L=133.354£0.13mm
: He 25.40£0.13mm
: : : b Cl T= 4.060mm MAX
; # : i
lD e o] 1~ mondl ] e - [ »] [ -] [ o0
Pin Count
168pin (50mil pitch 1row / dual read out)
2. Data bus width
x64/72 - bit (Parity mode), x72/80 - bit (ECC mode)
3. Maximum capacity
512M byte maximum using 256M DRAM
4. Pin function assignment
Pin count ECC mode
Signals Function x32 x36 x72 x80
AOto A13,BO  Address input 15 15 15 15
DQ (, PQ*) Data-in/Data-out 64 64 72 80
/RAS Row address strobe 4 4 4 4
ICAS Column address strobe 8 8 8 8
/WE Read/Write enable 2 2 2 2
/OE Output enable 2 2 2
Vee Power supply 16 16 16 16
Vss Ground 16 16 16 16
PD Presence detect 8 8 8 8
ID ID bit 2 2 2 2
/PDE PD enable 1 1 1 1
Reserved Presence detect 16 8 12 4
RFU Reserved for future use 14 14 14 14

*PQ is used for x72 parity only.

E-12
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TOSHIBA

Cross Reference
DRAM/MODULE CROSS REFERENCE GUIDE
DRAM (x1/x4)
Organization | 4Mxl (Fast Page) | 16Mx1 (Fast Page) | 1Mx4 (Fast Page) 411\::;;211]( 41;::;:;::(
TOSHIBA TC514000A TC5116100 TC514400A TC5117400 TC5116400
Fujitsu MB814100 MB8116100 MB814400 MB8116400
Hitachi HM514100 HM5116100 HMS514400 HM5117400 HM5116400
Micron MT4C1004 MT4C16M1A1 MT4C4001 MT4C4M4B1 MT4C4M4A1
Mitsubishi M5M44100 M5M44400
Motorola MCMS514100 MCM514400
NEC uPD424100 uPD4216100 uPD424400 uPD4217400 uPD4216400
Oki MSM514100 MSM514400
Samsung KM41C4000 KM41C16000 KM44C1000 KM44C4100 KM44C4000
Siemens HYB514100 HYB511610 HYB514400 HYB511640
TI TMS44100 TMS44400
DRAM (x8/x9)
Organization 512Kx8 2Mx8 (2K Refresh) 512Kx9
TOSHIBA TC514800A TC5117800 TC514900A
Hitachi HM514800 HM514900
Micron MT4C8512 MT4C2M8B1
Mitsubishi M5M44800 M5M44900
NEC uPD424800A uPD4217800 uPD424900A
DRAM (x16/x18)
Organization 256Kx16 (2 CAS) 256Kx16 (2 WE) 1Mx16 (1K, 2 CAS) | 1Mx18 (1K, 2 CAS)
TOSHIBA TC514260B TC514170B TC5118160A TC5118180A
Hitachi HM514260 HM514170
Micron MT4C16257 MT4C16256 MT4C1IM16C3
Mitsubishi M5M44260 M5M44170
NEC uPD424260A uPD424170A uPD4218160 uPD4218180

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




Cross Reference

MODULE (x32)
Organization 1Mx32 2Mx32 4Mx32 8Mx32
TOSHIBA THM321000A THM362020A THM364020 THM368020
Hitachi HB56D132 HB56D232
Micron MTS8D132 MT16D232 MT8D432 MT16D832
NEC MC421000A32 MC422000A32 MC424000A32 MC428000A32
Oki I MSC383
MODULE (x36)
Organization 1Mx36 2Mx36 4Mx36 8Mx36
TOSHIBA THM361020A THM362020A THM364020 THM?368020
Hitachi HB56D136 HB56D236 HB56D436 HB56D836
Micron MT9D136 MT18D236 MT12D436 MT24D836
Mitsubishi MHIM36 MH2M36 MH4M36
NEC MC421000A36 MC422000A36 MC424000A36 MC428000A36
Oki MSC2350
Samsung KMM5361000 KM5362000
F-2 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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16M DRAM Reliability Report

I. 16M DRAM Family and Process Parameters

2) Key Process Parameters

G-2

1st Generation 16M DRAM
Process Triple-well CMOS
Double-Poly/WSi2/Double-Metal
Feature Size 0.6 um
External Voltage 5V
Internal Voltage 4V
Transistor 0.7 pm (n-ch)
Lpoly 0.9 um (p-ch)
tox 160A
Memory Cell 1.57 X 2.95 pm2 (4.63 pm2)
Cell Size
Structure Trench
tox (ONO) 100A (effective)
Bonding Options:x1/x4

Fast Page / Nibble / Static Column Mode

TOSHIBA AMERICA ELECTRONIC. COMPONENTS, INC.

1) 16M DRAM (x1/x4)
Device Org. trac tcac Special Function
TC5116100J/Z/FT/TR-60 16Mx1 60 ns 15ns Fast Page
-70 70 ns 20 ns
TC5116101J/Z/FT/TR-70 16Mx1 70 ns 20 ns Nibble
TC5116102)/Z/FT/TR-70 16Mx1 70 ns 20 ns Static Column
TC5116400J/Z/FT/TR-60 4Mxd 60 ns 15ns Fast Page 4K
-70 70 ns 20 ns Refresh
TC5116402J/Z/FT/TR-70 4Mx4 70 s 20ns Static Column 4K
Refresh
Fast Page Write-
TC5116410J/Z/FT/TR-70 4Mx4 70 ns 20 ns per-bit 4K Refresh
TC5117400J/Z/FT/TR-60 4Mxd 60 ns 15ns Fast Page 2K
-70 70 ns 20 ns Refresh
TC5117402/Z/FT/TRT0 | 4Mxd 70 ns 20ns | wtic Column 2K
Refresh
Fast Page Write-
TC5117410J/Z/FT/TR-70 4Mx4 70 ns 20 ns per-bit 2K Refresh
J:SOJ package
Z:7IP package
FT:Normal TSOP package
TR:Reverse TSOP package




16M DRAM Reliability Report

3) 16M DRAM (x8, x9, x16, x18)

Device Org. tRAC tcac Special Function
TC5116800ANJ/ANT/ANR-60 2Mx8 60 ns 15ns Fast Page
-70 70 ns 20 ns 4K Refresh
TC5117800ANJ/ANT/ANR-60 IMx8 60 ns 15 ns Fast Page
-70 70 ns 20 ns 2K Refresh
TCS5116900AJ/AFT/ATR-60 M9 60 ns 15 ns Fast Page
-70 70 ns 20 ns 4K Refresh
TC5117900AJ/AFT/ATR-60 60 ns Fast Page
-70 M9 70 ns 20ns 2K Refresh
Fast Page
TC51 16160AJ/AFTIATR:§I(()) IMx16 gg :2 ;(5) :: 4K Refresh
2CAS,1 WE
Fast Page
TC51 lBlGOAJ/APTIATR-;(()) IMx16 ;18 :: 2'2’3 2: 1K Refresh
2CAS,1 WE
Fast Page
TC51 16180AJ/AF'I‘/ATR-67(()) 1Mx18 gg :: ;(5) :: 4K Refresh
2CAS,1 WE
Fast Page
TC5118180AJ/AFT /ATR-;(; IMx18 Zg ns gg n: 1K Refresh
i ns n 2CAS, 1 WE

AJ:SOJ package (2Mx9:32 pin, 1IMx16/18:42 pin)

AN]J:SOJ package (2Mx8:28 pin)

AFT:TSOP package (2Mx9:32 pin, 1Mx16/18:50/44 pin)
ANT:TSOP package (2Mx8:28 pin)

ATR:Reverse TSOP package (2Mx9:32 pin, 1Mx16/18:50/44 pin)
ANR:Reverse TSOP package (2Mx8:28 pin)

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. -R



16M DRAM Reliability Report

I1. Major reliability study
The first generation 16M DRAM is a CMOS device based on 0.6 mm design rule. This section details the
reliability of the Toshiba 16M DRAM technology.

1) Oxide Breakdown

Time Dependent Dielectric Breakdown (TDDB) of the 16M DRAM gate oxide is very critical because of
the very thin oxide layer. (,100A). The TDDB failure rate greatly depends on the process.

Figure II-1 shows the TDDB results for the 16M DRAM process. The reliability of this process exceeds.
10 years even with stress induced by a 5 MV/cm electric field. In order to reduce the electric field in the 16M
DRAM memory cell capacitor, a 1/2 VINT cell plate is used.

In order to estimate the field failure rate of actual devices, it is necessary to derive the acceleration factor.
The relation between the time to failure (tF) and the stress condition is given by the following equationl).

= A e[-bV + (Ea/kT)] (1)
where

A=constant

E,=activation energy (eV)
k=Boltzmann's constant (1.38)(10‘23 J/K)
T=absolute temperature (K)

Vs=stress voltage (V)

B=voltage acceleration factor

The numerical values for the E, and B parameters were determined experimentally to be the following.

E,=03eV
B=3
Gate Integrity
.
A
A}
.
\
100 r N
A
A
\
)
' .
. Ta=125°C
100 “ Tox=1
\ =31
\
"
A\
‘\
107 | \
A
)
A\
)
.
.
100 K

1o (10% Failures) {sec.]

1 L
4 5 6 7 8 MV /cm)

3 4 5 ™
Figure II-1. TDDB Results for the 16M DRAM

G-4 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



16M DRAM Reliability Report

2) Electromigration

It has been established that, when a high density current is applied to the Al metal, an open circuit can
result in this metal. This phenomenon is known as electromigration and is one of the critical failure mechanisms
relative to the narrow Al line width of the large scale devices.

The mechanism of electromigration on a thin film is explained as follows.

While current flows in the thin film, an electron wind force is applied on the metallic atoms. As a result,
the Al atoms diffuse in the direction of the electron flow (from cathode to anode), forming a void on the cathode
side, and a hillock or a whisker on the anode side.

The open circuit failure on the thin film occurs when the mass movement in the metal becomes uneven.
This unevenness is caused by variations in temperature, current density or transfer rate of Alions. For example,
(1) uneven Al grain size2), (2) generation of device3), and (3) metal in contact with other materials4).

The electromigration life of the thin film is generally expressed as the mean life (MTTF : Mean Time To
Failure) as shown below5).

MTTF = AJ™" e(E,XT) )

where J is the current density, n is a constant in relation to current density, Ea is the activation energy, T
is the absolute temperature, k is Boltzmann's constant, and A is a constant in relation to the material, structure,
and size of the metal. From this expression, it is understood that the mean life increases with the decrease of
current density or temperature. Also, the life distribution approximates the log normal distribution with small
dispersion.

Figure II-2a shows the test condition for the electromigration test. Figures II-2b and II-2c show the results
of this test for the lines and vias, respectively. The stress conditions are J = 23106 and Ta = 200°C.

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. G-R



16M DRAM Reliability Report

(Cross Section)
Passivation
Metal 2
/ Inter-Level Oxide
/ Metal 1
<t— Barrier Metal
T _|nter-Level Oxide
T Field Ox
e Silicon Substrate
(Line)
Electromigration
Test Vehicles
\[ Passivation
2nd Metal
Z
«#— Filled Tungsten
§ Inter-Laye
1st Metal
Substrate
Tungsten Filled Conventional Non-
Structure Filled Structure
3
(Via)

Figure 11-2a. Test Conditions for the 16M DRAM Electromigration Test
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16M DRAM Reliability Report

Line

1000

LU

|

|

M T F [arb. unit]
8

O AKSi-Cu (000A)
® Al-Si-Cu (4oooA) / TIN (700A) / Ti (200A)

T, =200(°C)
J =2 x 10%(A/cm?)

el

O L1 B B A B D1 R B O
1 10
Line Width [um}
Figure II-2b. 16M DRAM Electromigration Test Results for Lines
N Via
—}
1000 =  Igmess = 1 X 10% Alem? —
i Tj = 200°C ]
- — B
Tungsten Filled
= 100 p —
z -
3 -
w
- - -
= Conventional
= Non-filled —
10 ( ) 6—0 .
=3 /o/ O -
- -
1y 1 1 1 1
\ o
0 1.0 1.2 14 1.6 18
Via Hole Size [um]

Figure I1I-2c. 16M DRAM Electromigration Test Results for Vias
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16M DRAM Reliability Report

3) Hot electron injection“

The N channel MOS transistor, while operating in the saturation region, generates a large electric field in
the depletion region around the drain. Electrons, the carriers of the channel current, are accelerated and applied
with high energy in this region (hot electron) and some of these electrons are scattered as photons and others
may lose energy through the impact ionization. Some of the electrons scattered as photons and ionized by the
impact are injected through the Si-SiO2 interface to the interior of the gate oxide film. A few of the injected
electrons are trapped in the gate oxide film, and the others move in the oxide film to be absorbed in the gate
electrode. The electrons are trapped, primarily, at the pinch-off point around the drain and cause a shift in the
threshold voltage (Vth) during operation over a long period of time. LDD (Lighted Doped Drain) transistors are
used in the 16M DRAM to reduce the Vth shift during operation.

Figures II-3a and II-3b show the hot carrier reliability duty ratio and hot carrier reliability DC stress for
the 16M DRAM, respectively.

5
L ——————-——IJRC o T out
4 Duty Ratio =7 T
'sub-max RC
0.3% T
KY

Bias (V)

(nsec)

Figure II-3a. Hot Carrier Reliability Duty Ratio
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16M DRAM Reliability Report

10°
Nch 10/0.7
Vg = Vd/2, RT
lo—10 years - e e fom
F
!
108 ]
!
3 |
& i
1] .
°
3 l
4 107 |
g H
)
K
w 1]
€ !
=
2
3 108
1]
|
10° 1 ' 1
7 1/6 1/5 1/4

Stress Drain Bias [V~')
Figure 1I-3b. Hot Carrier Reliability DC Stress
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16M DRAM Reliability Report

4) Soft Error

As memory density and circuit complexity increase, concern about the DRAM’s susceptibility to soft
errors also increases because the higher levels of integration have primarily been achieved through a reduction
of the storage cell size. :

Soft Errors are random, non-recurring, single-bit errors which may be induced by alpha particles emitted
by radioisotopes in the package material during decay. Electron-hole pairs are generated as the alpha particles
lose energy after they penetrate the substrate. The electrons are drawn into the storage cells while the holes are
drawn into the substrate. If the charges collected in the cell exceed the critical charge, a cell mode soft error will
result. A bit-line soft error can also occur if alpha particles hit a floating node while a bit line is open. As a result
bit-line soft errors have a higher rate of occurrence with faster cycle times.

Toshiba has implemented the following countermeasures which have been extremely effective in reducing
the soft error rates (SER).

i) Thin oxide films to increase the cell capacitance in order to maintain a high critical charge level.

ii) A high grade resin to minimize alpha particle emissions from the packaging material.

Figure II-4 shows the SER test results of our 16M DRAM as compared to the 1M and 4M DRAMS.

Note :

Soft Error Rates can also be caused by excessive system noise levels and other operating conditions such
as voltage supply level and timing conditions. A careful system design and an adequate board layout will help
prevent the occurrence of this type of soft error.

G-10 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Accelerated Test Results

Soft Error Rate

(Failures/H) Condition:
100 Hr Alpha Source: 241 Am
| (6.3 x 10° a/H cm?)
T,=25C
Vee = 5.0V
10 e Checker Board
— [J: 16M DRAM
V: 4M DRAM (A)
O: 1M DRAM (A)
11
0.1 ==
-
| 1 [ i 1
200 ns 500ns 1us 2pus 10 us tac

System Test Results

Test Device Device Hour | Number of fail | Estimated Soft Error Rate (C.L. = 60%)
TC514100A 4.14x10° 2 748 Fit
TC5116100 2.24x10° 1 902 Fit

Test Conditions: Ve =5V T,=35°C

tre =1 Us

Test pattern: Checker board

Figure II-4. 16M DRAM Soft Error Rate Test Results
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5) ESD sensitivity

Concerns about Electro-Static Discharge (ESD) increased as thinner oxide gates and fine design rule were
used in higher density devices. ESD damage results from stray discharge on the device input pins and can cause
gate oxide failure. Static electricity may be encountered during all stages of the manufacturing process, during
shipping and during handling by the customer. To protect the devices from damage caused by the high voltages
generated from static electricity, all inputs are provided with an input protection circuit.

The input protection circuit of the Toshiba 16M DRAM is shown in Figure II-5a. The resistance (R1)
attenuates fast rise time large positive voltage spikes, while the diode (D1) acts to discharge the electricity to

Vss-

The input protection circuit is tested with the following models which simulate ESD-induced failure
mechanisms:

Test Method Test Results
i) The human body model Figure 5b Figure 5c
ii) The machine model Figure 5b Figure 5d
R1
D1

Input

Figure II-5a. 16M DRAM Input Protection Circuit
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TC5116400/0210J ESD Protection TEST Circuit

Human Body Model: R, = 1.5 K()

C, =100 pF
Machine Model: R, = 0()

Plus C, = 200 pF

VSS
Rx : 20 M(}
Measure Pin M/\,
VS

VSS

7 7

V4
Other Pins OPEN
Minus
VSS
Ry Rx : 20 M(}
Measure Pin W\, C M
Co Vs

Vss

7 %

V]
Other Pins OPEN

Figure II-5b. Human Body and Machine Model Test Methods
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TC5116400/02/10J

Internal Qualification Data for ESD

R, = 1500 [£2] @ Lot A
C, = 100 [pF) @ LotB

O Lot C

Plus Stress
1 I l ] )
1000 1200 1400 1600 1800 2000
[Measuring Limit]
STRESS [V]
Minus Stress
| | I | |
~1000 -1200 -1400 -1600 —1800 -2000
[Measuring Limit]
STRESS [V]

Figure II-5c. Human Body Model Test Results
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TCC5116400/02/10J
Internal Qualification Data for ESD

R, =0 [Q] D) ora

C, = 200 [pF] ® LOTB

Plus Stress

| | ] | |

0 50 100 150 200 250

[Measuring Limit]
STRESS [V]

Minus Stress

l i | | I

0 -50 -100 -150 -200 -250

[Measuring Limit]
STRESS [V]

Figure II-5d. Machine Model Test Results
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6) Latch-up

CMOS devices have intrinsically parasitic thyristors which are composed of parasitic npn and pnp
transistors, as shown in Figures II-6a and II-6b.

Input
o o
VCC (V|NT)
>
| e | | s |

P-well

L uawmrli;_l T [ 0 0T ]
N-well

N-substrate

Figure I1-6a. Example of parasitic bipolar transistor of a CMOS device

VCC
(Vinr) R1: N-well resistance
R2: P-well resistance
R1
R2

o

Latch-up is a phenomenon which occurs when these parasitic thyristors are turned on, resulting in a low
impedance path from VCC to ground (VSS) which usuaily exceeds the current handling capability of the on-
chip metallization. Latch-up can be triggered when sufficient current is induced by noise on the input, output or
VCC pins, resulting in the flow of excessive current from VCC to VSS which continues to flow until VCC is
turned off. Latch-up initially causes functional device failure and finally causes thermal destruction. With
increased circuit densities and finer design rules, latch-up sensitivity became more critical. Latch-up immunity
for devices such as the 16M DRAM has been improved through the use of the following techniques:

i) Input protection resistances are placed in input circuits.

ii) The critical resistance of the N-well, P-well, and the N-substrate is greatly reduced with the use of a
guard ring.

Toshiba's latch-up test method is shown in Figure II-6¢. The test results, shown in Figure II-6d, indicate
that our 16M DRAMs have a high resistance to latch-up.

Figure 1I-6b. Equivalent Circuit

n
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16M DRAM Latch up TEST Circuit

1. Vee Voltage Sequence (1): Latch up checked
in this duration.
% Voo Ve Ve Trigger Voltage ——,
Vee =5V —
Vee Voo
\:[J j} Ve =0V
(l)
OV - +10V
Z
(Other Pin: Normal Write/Read Opeation)
2. Input Pin

Trigger Voltage —
—
% odaEs EEEn DL (Test Pin)
VSS .
Trigger
Voitage = 0V

2

3. Output Pin

Vi Ve =7V ™
FYIOTY UuTETy Ve
L

-10V - +10V ,'—I‘I
» Current Limit = =100 mA m

Trigger Voltage ——
2 [ 11T 0.0
VSS VSS
D,
Trigger Voltage = OV

- 5V
7

SorTTos ‘r‘r‘ri‘r‘cf e /—\/'\‘

v 10V - +10V (|)

722777 Current Limit = 2100 mA

Figure II-6¢c. Latch-up Test Method
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16M DRAM Latch up Test Result

Measured Pin Spec. Sample Size Result
VCC +10V Spesx 3 Lot 15715 Pass
+10V
Input or Spesx3 Lot 15/15 Pass
+100mA
+10V
Output or Spesx3 Lot 15715 Pass
+100mA

Figure II-6d. Latch-up Test Results

(G.1R
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7) Temperature cycling
One of the most serious problems for a large die size is an increase in the package resin stress. Figure II-
7a shows a simulation of the shear stress distribution on the die using the finite element method. The shear stress

is concentrated on the corner of the die.
Known failure modes caused by the stress consist of package crack, top passivation crack and metal open
due to deformation. A low stress resin and a polyimide coating are used for the 16M DRAM in order to prevent

these failures.

Shear Stress

Figure II-7a. Resin Stress Distribution Over a Die
(Three-di ional finite el method)
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Figure II-7b shows the relation between number of cycles to 1% failure rate and temperature differences
(DT) of the Temperature Cycling Test (TCT), where devices with conventional resis and without die coating are
used.

300 cycles of TCT (265°C/150°C) guarantee more than 10 years of field use (A = 75°C, 2 cycles/day).

The low stress resin and polyimide coating further extend the life expectancy of Toshiba’s 16M DRAM’s.

3

//\

Field Use
10 20 Years /

Bonding Wire
Open Mode

N
2 /
3- Die Crack Mode
k]
g‘é 5
3 Toshiba Standard
Condition
LI 4V AV Ay Ay L5 454 RN SR .
2

10?

7%
!

W7/ . AN

50 100 150 200 250 300

AT (°C)

Figure II-7b. Temperature Dependence of TCT Failures
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8) Humidity study

Problems associated with humidity become more critical as the die size increases because of the shorter
path between the outer lead frame and the die despite improvement of the packaging material. For devices with
fine design rule, moisture penetration will also cause electrical parameter shifting due, in particular, to a voltage
threshold Vth drift in the P-channel transistors.

Figure II-8a shows the humidity test results using TEG devices and the temperature dependency (with
relative humidity fixed at 85%) is given as

E, = 0.8 eV for Al corrosion and E, = 1.0 eV for parameter shift (4 e [-E/%T}),

E, = 0.8 eV indicates that 2000 hours of 85°C/85% or 120 hours of 130°C/85% guarantees 10 years of
field use at 40°C/85%.

102

T WO

2 b—

Humidity Condition
RH =: 85%

10!
] Degradation (Vth Drift and Input Leakage)
3 E,=1.0eV
w 5 L
[ -4
2
<
2 E,=0.8eV
8 2 L A¢ Corrosion
<

100

S r

2 .

130 85 60 (°C)
T T T T T Y
25
10T (°K)
Reciprocal Temperature
Figure II-8a. Temp Dependence of Humidity Failure
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9) SOJ package reliability during the soldering process

Plastic surface mount packages are susceptible to cracking induced by moisture absorption. Epoxy resin
molded packages have a strong tendency to absorb moisture. The absorbed moisture vaporizes when the
package is exposed to an abrupt and extreme transition in temperature during reflow soldering. The resulting

pressure of the water vapor can cause the package to crack.
Thermal Stress

SRR ERY!

—*Mﬁi%

THTTEN

Figure 1I-9a. Mechanism of Package Crack

Water Vapor

Moisture absorption and desorption characteristics of the 16M DRAM SOJ and TSOP packages are shown

in Figures II-9b, c, d and e, respectively.

CHARACTERISTICS OF MOISTURE ABSORPTION

o 16M DRAM  (SOJ-28 400 Mil) 0-0 85°C/B5%
C @-@ 85°C/60%
- A=A 85°C/50%
= A-A 30°C/60%
5000 p—
L
E B
g
o 2000 =
g -
[=}
s N
B 1000 p—
e -
o -
w0
o =3
< po
500 p—
200 p Vs oy bl bt By el foagopiaad
2 5 10 20 50 100 200 500
Duration (hours)
Figure 11-9b. Ch istics of Moi! Absorpti
16M DRAM (SOJ-28 400 Mil)
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CHARACTERISTICS OF MOISTURE ABSORPTION

o
N TSOP-28 400 Mil
16M DRAM (TSOP-28 400 Mil) 0-0 85°C/85%
8 @-@ 85°C/60%
5000 1— A=A 85°C/50%
- A—-A 30°C/60%
g
& 20001
e
g L
@
3
o 1000 p— [
.g -
8 -
o -
<
500 |—
200 IS BT T A NS I RN N
2 5 10 20 50 100 200 500

Duration (hours)
Figure II-9¢c. Characteristics of Moisture Absorption

16M DRAM (TSOP-28 400 Mil)
- CHARACTERISTICS OF MOISTURE DESORPTION
o 16M DRAM  (SOJ-28 400 Mil)
5000 j—
B T, =125
-
£
& 2000f—
Q@
|5 n
@
(=}
2 1000 L—
° -
Pt
[«]
§ -
500 f—
200 NS EETEI BN U SRR
05 1 2 5 10 20 50
Duration (hours)
Figure I1-9d. Ch istics of Moi D

16M DRAM (S0J-28 400 Mil)
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CHARACTERISTICS OF MOISTURE DESORPTION

[
o 16M DRAM  (TSOP-28 400 Mil)
soooL
—_ -
£ 2000
©
3
@
[=]
2 1000
°
8
2
£
<
500
P AN NS B RN S N SR
0.5 1 2 5 10 20 50

Duration (hours)
Figure II-9e. Characteristics of Moisture Desorption

16M DRAM (TSOP-28 400 Mil)
(*C)
215°C
200°C
150°C /- ;
N
Vo not more than 30 sec. :
100°C Vs :
: not more than 60 sec.
more than 60 sec.
0

Time (sec.)

Figure II-9g. V.P.S.Reflow Curve

(-24 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



16M DRAM Reliability Report

To prevent surface mount package cracks, pre-baking is necessary in order to exhaust the moisture content
of the package prior to soldering. With the new Toshiba dry packing method the customers will be given the
benefit of eliminating the pre-baking step in their process.

Dry packing methods for both tube type and tape and reel tape surface mount packages are shown in Figure
II-9f.

Tape & Reel Type

Tube Type
Reel IC
Tube \
P 4
IC
\ '
P
— Stopper Tape
Dessicant
(include indicator)
ID-C
Carton Moisture
Proof Bag
Dessicant
(include indicator)
ID-B
ID-A Tube
Heat-seal Reel
ID-C
Moisture Proof Bag I>-C Carton

iD-B j’/ . :

Q »#”_ - Heat-seal “l\@

ID-A

ID-A

note *As the material of moisture proof bag, a laminated aluminum is used.
*ID:Identification — A (ID-A)

Part Number, Date Code, Quantity (by labelling or pricing)
*ID:Identification - B (ID-B)

Precaution after opening dry packing (by printing)

*ID:Identification — C (ID-C)

Precaution for strategic product control (by labelling or

printing) — COCOM control product only.
Figure II-9f. Dry Packing Methods

Recommended Soldering Methods for Soldering SOJ and TSOP:

A.Vapor phase soldering process:

1)Fluorinert FC-70* or equivalent should be used as heating media.

(*3M’s registered trade name)

2)To be performed at ambient temperature of 215°C for not more than

30 sec. and at 200°C for not more than 60 sec. )

3)Refer to the figure below as an example of the recommended temperature profile.

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. noor
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B. IR reflow
1)Middle/far IR and both side heaters should be used. (See Figure II-9h.)

Reflow heater
A (middle IR heater x 2)

P \ / &5
\\// o
A\Y/4
Pre heater

(tar IR heater)

Figure I1-9h. IR Reflow Equipment

2)Refer to the figure below as an example of recommended temperature profile.

C)
240°C | evumoncmmmeoaeoeeeaaoaa ' .
Peak B !
) :
1] L}
. J
210°C |reseemommememme e AREAEEEE £en
HE .
' ) ' '
HE o
1 ' ' :
P Vo
150°C I Co
1 ) ' 1
N o
! ' 1 :
b HE
. )
not more than 30 sec.
0
<#— more than 60 sec. —» Time (sec.)

Figure I1-9i. IR Reflow Curve
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Shipping Form for TSOP
1) Outline of Packaging
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2y Number of TSOP per Shipping Box

Ajuminum Laminate {Thickness; 120 pm)

Label
(Indicated P/N, Quantity and Shipping Weekly Code)

Label
(Indicated P/N, Quantity and Shipping Weekly Code)

Label

(Indicated P/N, Quantity and Shipping Weekly Code)

in Bag

in

1 Inner Box

6 Inner Boxes

Packed in

1 Shipping Box

No. of Pin No. of TSOP | No. of Trays per | No. of TSOPs | No. of Inner Boxes | No. of TSOPs
per Tray Inner Box per Inner Box | per Shipping Box | per Shipping Box
24
26
28 60 pcs 5+1 cover 300 pcs 6 1800
32
44

G-28
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III. Quality and Reliability Assurance

1)At the stage of new device development:

Internal qualification tests are performed for the purpose of verifying the
desired characteristics and reliability levels. TEG qualification for new
technologies, prior to products qualification, are applied as shown in

Figure III-a. Internal qualification results for products are shown in section IV.

2)At the stage of mass production:

In order to monitor the quality and reliability, lot quality assurance inspections

and a periodical reliability test (long term life test) are performed on the

finished products on a sampling basis, as shown in Figure I1I-b. If the

acceptance criteria is not met during the lot assurance test, all the devices

in the lot are tested or burned-in again or scraped, depending on the failure category.

Packing Wafer Process/Design
Qualification Qualification

Products
Qualification

Figure 11I-1. Qualification Procedure for New Technologies
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External Visual Elec. Characteristics
Elec. Characteristics
[ High Temp. Dynamic Life ]
Life ; Periodical
Test I High Temp. Static Life | Re#zts’;hw
[ PCT+StaticBias |

L—l

Elec. Characteristics

l Lot Release |
Figure II1-2. Quality Assurance System in Mass Production Process
Sampling Plan
Classification of Inspection
LTPD (%) C
Catastrophic Defect 1.2 0
E";i':‘:';l" Major Defect 1.2 ) R
Minor Defect 1.2 0 lotless
Electrical Characteristics Inspection 1.2 0
High Temp Dynamic Life 20 [}
Life High Temp 20 0 Watfer ot
Test basis
PCT + Static Bias 20 0

Table III. MOS IC Product Lot Assurance Inspection Criteria
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IV. Reliability test results

RELIABILITY REPORT OF TOSHIBA INTEGRATED CIRCUITS
Type : CMOS Silicon Gate Dynamic RAM

TC5116100J16M DRAM
TC5116100J/Z/FT/TR
TC5116101J/Z/FT/TR
TC51161021/Z/FT/TR
TC5116400J/Z/FT/TR
TC5116402)/Z/FT/TR
TC5116410J/Z/FT/TR
TC5117400J/Z/FT/TR
TC5117402J/Z/FT/TR
TC5117410J/Z/FT/TR

January 1993

SEMICONDUCTOR QUALITY ASSURANCE DEPARTMENT
RELIABILITY ENGINEERING SECTION II
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1. Test Device

Type Functions Package Leads
TC5116100)
TC5116101) SOJ 400 mil 28 (24)
TC5116102)
TC5116100Z 16,777,216 Words
TC5116101Z x 1 bit ZIP 475 mil 24
TC5116102Z Dynamic RAM
TCS5116100FT/TR
TC5116101FT/TR TSOP 400 mil 28 (24)
TC5116102FT/TR
TC5116400]
TC5116402) SOJ 400 mil 28 (24)
TC5116410J
TC116400Z 4,194,304:,‘ l:ivtords X
TC5116402Z . ZIP 475 mil 24
TC5116410Z Dynamic RAM
(4K Refresh)
TCS5116400FT/TR
TC5116402FT/TR TSOP 400 mil 28 (24)
TC5116410FT/TR
TC5117400]
TC5117402] SOJ 400 mil 28 (24)
TC5117410]
TC5117400Z 4,194,304: :inords X
TC5117402Z . ZIP 475 mil 24
TC5117410Z Dynamic RAM
(2K Refresh)
TC5117400FT/TR
TC5117402FT/TR TSOP 400 mil 28 (24)
TC5117410FT/T
2. Failure Rate Estimation
Equivalent
. Component Hours . : -
Sample Size Type T, = 60°C, Ve = 5.0V, Number of Failures | Failure Rate (Fit)
E,=03eV,B=3
700 SOJ 11.6X 107 3 36
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3. Test Results
3.1 Life Tests
Test Item Condition P‘;?;(:fe Sample Size No. of Failures/Test Time
High Temper- _1me0,
ature Operat- T=125°C SOJ 500 168H | 336H | S00H | 1000H | 1500H | 2000H
ing VCC=7'0V 200
Low Tempera- | T,=30°C so7 60 0 ) 0 0 0 21
ture Operating | Vc=7.0V 0 0 0 0 - 0
High Temper- ‘
ature Operat- | T,=150°C SOJ 300 0 0 0 0 - 0
ing
SOJ 300 0 0 0 0 0 0
Temperature T,=85°C ZIP 200 0 _ 0 0 _ 0
Humidity RH=85°
Bias Vee=5.5V TSOP (FT) 100 0 - 0 0 - 0
TSOP (TR) 100 0 - 0 0 - 0
*1: Column failure, Single bit failure
*2: Column failure
3.2 Thermal Environmental Tests
Package . . .
Test Item Sample Size | Test Time Failures
Type
SOJ 22 0
Soldering Heat ZIp 22 - 0
TSOP 22 0
SOJ 300 0
*
Temperature ZIP 200 1000 cyc 0
Cycling
TSOP 100 0
SOJ 22 0
Thermal Shock ZIp 22 30 cyc 0
TSOP 22 0
SOJ 22 0
Moisture Resistance Aty 22 10 cyc 0
TSOP 22 0

* With Pre-Conditioning
SOJ/TSOP (FT):TCT 20 cyc—125°C 20HBake (SOJ)— 85°C/60% 168H—> LR.
6HBake (TSOP) (240°C max X 4 times)
TSOP (TR):TCT 20 cyc— 125°C 6H Bake * 30°C/60% 30H— L.R. (240°C max X 4 times)
ZIP:TCT 20 cyc — 85°C/85% 168 H— Solder dip (260°C 10 sec.)
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3.3 Mechanical Tests
Test Item Package Sample Size Failures
Type . :
o ' SOJ 22 0
Vlb?;(:;:l i:c a;;able ZIP ) 0
TSOP 22 0
SOJ 22 o
Mechanical Shock ZIpP 22 0
TSOP 22 0
SOJ 22 0
Constant Acceleration ZIp 22 0
TSOP 22 0
3.4 The Others
Test Item Package Sample Size | Test Time Failures
Type
SOJ 22 0
Solderability ZIP 22 - 0
TSOP 22 0
SOJ 22 0
Salt Atmosphere Zip 22 24 hours 0
TSOP 100 0
SOJ 100 0
Pressure Cooker ¥ zIp 100 300 Hours 0
TSOP 100 0

* With Pre-Conditioning
SOJ/TSOP (FT):TCT 20 cyc—125°C 20HBake (SOJ)— 85°C/60% 168H— LR.
6HBake (TSOP) (240°C max X 4 times)
TSOP (TR):TCT 20 cyc— 125°C 6H Bake ’ 30°C/60% 30H— L.R. (240°C max X 4 times)
ZIP:TCT 20 cyc — 85°C/85% 168 H— Solder dip (260°C 10 sec.)
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4, Test Conditions
Group Tests Test Conditions Referred Standard
High Temperature T, = Specified Temperature MIL-STD-883
Operating Vcc = Specified Voltage Method 1005
. High Temperature _ . MIL-STD-883
Life Tests Storage T, = Specified Temperature Method 1008
Temperature * T, =85°C,RH=85% }
Humidity Bias Vce =5.5V, VIM =5.5 V/GND
260°C, 10 sec.
Soldering Heat Dipped into meltingsolder to a depth 1.5+0.8 mm from MIL-STD-750
Method 2031
the body
Temperature * 150°C MIL-STD-883
Cycling 65°C | 20min | 20min | 100¢ycles | Method 1010
Thermal
Environmental
100°C MIL-STD-883
Tests Thermal Shock 0°C M 30 C)ICICS Method 1011
65°C ' 24H )
Moisture Resistance | 25°C 10 cycles MIL-STD-883
-10°C 3H 3H 3H Method 1004
RH = 90~98%
Vibration 100~2000 Hz, 20 G, 4 min./1 sweep MIL-STD-883 .
(Variable Frequency) 3 orientations, 4 times each Method 1008
. e . 1500 G, 0.5 msec, MIL-STD-883
Mechanical Tests | Mechanical Shock 4 orientations, 3 times each Method 2007
. . . . MIL-STD-883
Constant Acceleration 20000 G, 6 orientations, 1 min. each Method 2002
230°C, S sec. at least
Solderability S0J 95% cov- | MIL-STD-883
215°C, 10 sec. ered Method 2001
The Others
MIL-STD-883
Salt Atmoshere 5% salt atmoshere, 35%C, 24 Hours Method 1009
Pressure Cooker * 2.5 atm. (T, = 127°C, RH = 100%) -
* With Pre<Genditioning
SOJN/TSOP (FT):TCT 20 cyc—125°C 20HBake (SOJ)— 85°C/60% 168H— LR.
6HBake (TSOP) (240°C max X 4 times)
TSOP (TR):TCT 20 cyc— 125°C 6H Bake ’ 30°C/60% 30H— LR. (240°C max X 4 times)
ZIP:TCT 20 cyc — 85°C/85% 168 H— Solder dip (260°C 10 sec.)
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OSHIBA
Application Note

Symmetrical vs. Asymmetrical Dynamic RAM Addressing

With the introduction of higher density and wide data path DRAM products, a new method of addressing,
called asymmetrical addressing, has also been introduced. For example, Toshiba's 16M- bit DRAM product
lineup includes the following:

PRODUCT ADDRESSING MODE
16Mx1 12 Row/12 Column (Symmetrical)
4Mx4 12 Row/10 Column (Asymmetrical)

11 Row/11 Column (Symmetrical)
2Mx8 11 Row/10 Column (Asymmetrical)
1Mx16 &1Mx18 12 Row/8 Column (Asymmetrical)

10 Row/10 Column (Symmetrical)

As the advantages and disadvantages of symmetrical and asymmetrical addressing are being discovered,
the application base and their addressing preference has become segmented. The purpose of this Application
Note, is to present the advantages and disadvantages of the different addressing modes and to provide foresight
in matching the addressing mode to the application.

COMPATIBILITY

Since DRAM's with symmetrical addressing have the same number of row addresses as column addresses,
they are backward compatible with the previous generation. This is critical for applications where the higher
density device will be used to replace the lower density device without a re-design of the DRAM controller. For
example, the 4Mx4 DRAM with 11 row and 11 column addresses has the same addressing as the 4Mx1 DRAM.

Another important application for symmetrical addressing is in modules. One of the industry's most
popular module configurations is the IMx36. Current implementations of the IMx36 module use eight pieces
of 1Mx4 and four pieces of 1Mx1 DRAM. We can now replace this module with a fully compatible version
using only 2 pieces of the 1Mx18 DRAM with 10 row and 10 column addresses. Besides the performance
advantages, such as a lower module height profile, and less power consumption and loading, the use of the
higher density DRAM product also provides lower cost (after price- per-bit crossover) and a solution with a
longer life.

DRAM's with asymmetrical addressing cannot be used as "drop-in" replacements for the previous
generation products, without a redesign of the DRAM controller, due to the incompatibility of addresses.

REFRESH

The number of row addresses affects the refresh rate since all rows of the DRAM must be refreshed within
a specified refresh period. For example, one of the devices previously listed is the 4Mx4 DRAM with 12 row
addresses and 10 column addresses. Since this device has 12 row addresses, it has 4096 rows of memory cells.
The industry has also adopted the terminology "4K refresh” to describe the asymmetrical address 4Mx4 device.

The table below shows how the addressing method affects the refresh rate, using the 1Mx16 DRAM as an
example, and offers some interesting insight for low-power applications .
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STANDARD REFRESH EXTENDED REFRESH
DRAM TYPE BURST DISTRIBUTED BURST DISTRIBUTED
IMx16 Asym
12 Row/8 Col 4K cycles per 64ms | 1 cycle per 15.6us | 4K cycles per 128ms | 1 cycle per 31us
IMx16 Asym
10 Row/10 Col 1K cycles per 16ms | 1 cycle per 15.6us | 1K cycles per 128ms | 1 cycle per 125us

Note: Extended Refresh calculations assume tREF = 128ms max.

As shown above under the columns labeled "Standard Refresh”, the addressing method has no effect on
the refresh rate when using distributed refresh. The row refresh rate is 15.6 us. However, there are many
applications which require low standby power consumption utilizing the extended refresh capability of the
DRAM. The longer the refresh period is extended, the lower the standby power.

As shown above, there is an advantage for the symmetrical device in applications which use extended
distributed refresh. The symmetrical device's distributed rate can be extended by a factor of eight vs. only two
for the asymmetrical device.

One may wonder why the 1Mx16 asymmetrical device's burst refresh rate is not extended to 4K cycles
every 512 ms, which would provide a distributed refresh rate of 125 us. The issue is that at 512 ms, some of the
DRAM cells may lose their data. Although the exact point at which a DRAM cell can no longer retain data
depends on the DRAM manufacturer's design and process technology, most would probably agree that a refresh
period (tREF) of 512 ms is very difficult for all of the cells in the DRAM array to achieve. It is possible to screen
the DRAM for longer data retention periods, however the yields may be very low and resulting price premiums
unattractive.

The data retention problem will become even more of an issue for higher density DRAM products and the
advantage of using symmetrical addressing in extended refresh applications will become even more apparent.

POWER CONSUMPTION

The asymmetrical devices were designed to provide a lower power solution. With more rows than
columns, there is less internal circuitry (sense amplifiers, etc.) per row, hence less power consumed when a row
is accessed.

DRAM specifications for average power supply operating current and refresh current clearly show an
advantage for the asymmetrical device. An example, using Toshiba's 4Mx4 DRAM (a 70 ns device operated at
minimum cycle time), is shown in the following table.

SPECIFICATION 4Mx4 Asym. 4Mx4 Sym.
Operating Current 80mA max. 110mA max.
RAS-only Refresh Current 80mA max. 110mA max.
CAS-before-RAS Refresh Current 80mA max. 110mA max.

While these specifications demonstrate a clear advantage for the asymmetrical devices, one must consider
the application to determine the true power consumption. As mentioned in the previous section, standby current
is lower for the symetrical device, therefore the percentage of the time the application’s DRAM is active vs.
inactive (duty-cycle) must be considered to determine overall power consumption.

During any DRAM access, the peak power consumption occurs when a row is activated (RAS goes active),
and the average power consumption is inversely proportional to cycle time. This means that applications which
perform mostly random accesses at minimum cycle time will derive the most benefit from using asymmetrical
addressing. As the cycle time increases, the power saving benefit of asymmetrical addressing decreases.
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This last point is especially important for applications which utilize the DRAM's fast page mode
capability. The longer the application stays in page mode, the smaller the difference in power consumption
between asymmetrical and symmetrical devices. This is because of the long cycle time associated with fast page
mode. Toshiba's 4Mx4 DRAM average power supply current specifications for fast page mode verify this, as
this specification is the same regardless of the addressing mode of the device.

Some other DRAM devices may show a power consumption advantage for the asymmetrical device in fast
page mode. This is most likely due to the definition of fast page mode and not a reflection of a long cycle time.
Most DRAM manufacturers define fast page mode as two or more consecutive column addresses in the same
page. Obviously, a page length of two does not require a long cycle.

PAGE LENGTH

Applications which utilize fast page mode such that data is read from the entire page (or attempt to stay in
the same page as long as possible) will benefit most from the symmetrical device since it has more column
addresses and hence a longer page length.

ACCESS TIME

There appears to be an advantage emerging for wider (x16/x18) asymmetrical devices. Faster access and
cycle times imply higher operating current. In addition, the operating current is even higher for devices with
symmetrical addressing since more internal circuitry is activated during a random access (when RAS goes low).
The reliability effects of this large amount of current are now under study for symmetrical addressing. The high
operating current is only an issue for wider (x16/x18) devices because of the larger disparity between
asymmetrical and symmetrical addressing (12 row addresses vs. 10 row addresses). At this time, Toshiba is
offering 60 ns for our 1IMx16 and 1Mx18 DRAM's with asymmetrical addressing, but only 70 ns for
symmetrical addressing, with 60 ns under study.

SUMMARY/CONCLUSION

A summary of the advantages and probable applications for both addressing modes is shown in the table
below. New applications which will not realize any major advantage by using either of the two addressing
modes would benefit most from a DRAM controller design which supports both addressing modes. This allows
maximum product sourcing flexibility and upward compatibility with higher density products.

Symmetrical Asymmetrical

1. Backward compatible with older generations
2.Replacement of older generation module solutions.

3. Longer extended distributed refresh period in low 1. Lower power consumption for random access or fast

. cycle time applications.
power/battery operateq app hca.mons . 2. Possibility of faster access times for wide I/O
4. Longer page length, with no difference in power devices

consumption vs. asymmetrical device for long page
mode cycles.
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DRAM Comparison: 5V 1Mx4 vs. 3.3V 1Mx16

Due to the ever-increasing demand for portable computer products with long battery life, DRAM
manufacturers have been pushed to supply 3.3V DRAMs. Currently, the supply for 3.3V DRAM:s has not been
able to keep pace with the demand.

Fortunately, one can replace an existing product designed for 3.3V 4M DRAMs with a new one designed
for 5V 16M DRAMs, and realize lower power along with several other advantages. An example is shown below
for a system with 4M bytes of DRAM.

COMPARISON 3.3V 1Mx4 80ns 5V 1Mx16 80ns
Number of DRAM:s for 4MB 8 2
Board area - SOJ package 1.9 (normalized) 1 (normalized)

Board area - TSOP package

2.6 (normalized)

1 (normalized)

Operating/Refresh Power 1.73W max. 1.32W max.
Fast Page Mode Power 1.15W max. 0.72W max
Standby Power (TTL) 28.8mW max. 22.0mW max.
Standby Power (CMOS) 7.2mW max. 11mW max.
Input Capacitance (Addr) 40pF max. 10pF max.
Input Capacitance (Other) 56pF max. 14pF max.

Note 1: The 1Mx16 DRAM with symmetrical addressing (10 row/10 column) was used for this
comparison since it is fully compatible with the 1Mx4 DRAM in terms of addressing and refresh.
Note 2: The above power consumption comparison is based on maximum DC voltage and current

specifications.

As this example clearly shows, the 1IMx16 offers not only lower power consumption, but also consumes
less board area and load capacitance. Similar comparsons could be made for other 16M DRAM products
replacing 4M DRAMs and the results would be the same .
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Module Conversion from 4M DRAM Based to 16M DRAM Based
Toshiba offers several module configurations which have compatible 4M DRAM based and 16M DRAM
based versions. These are listed below.

CONFIGURATION 4MDRAMBASED 16M DRAM BASED

1Mx32 THM321000A THM3210B0A
2Mx32 THM322020A THM3220C0A
1Mx36 THM361020A THM3610B0A
2Mx36 THM362020A THM3620C0A
4Mx36 THM364080A THM364020

The advantages of using 16M DRAM based modules to replace 4M DRAM based modules include
technical advantages such as reduced height profile, power consumption, and input capacitance. An example is
shown on the next page. At4M/16M DRAM price per-bit crossover, 16M DRAM based module also provides
a lower cost solution. There are some additional advantages which may not be as obvious.

16M DRAM based modules can provide a feasible solution for extending the life of the module. For
example, one the most popular module configurations is the IMx36. A 4M DRAM based 1Mx36 is assembled
with eight 1Mx4 DRAMs and four 1Mx1 DRAMs. In comparison, the 16M DRAM based 1Mx36 uses only
two 1Mx18 DRAMs. Long after the 1Mx1 DRAM has been phased out of production (and hence the 4M DRAM
based 1Mx36), the 16M DRAM based 1Mx36 module can still be produced.

Reduced component count by converting from 4M to 16M DRAM based modules also means a reduction
in soft error rates on a per bit basis.

For specific details on the technical advantages of using 16M DRAM based modules, please refer to the
specific data sheet for the module configuration of interest.
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x36 MODULE COMPARISON
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CI Input Capacitance (A0 ~ A10) 190 88
CI2 Input Capacitance (W) 190 84
CI3 Input Capacitance (RASO, RAS?) 100 42
CI4 Input Capacitance (CASO, CASZ) 60 36
CDQ1 1/0 Capacitance (DQO ~ 7,9 ~ 16, 18 ~ 25,27 ~34) 35 17
CDQ2 1/O Capacitance (DQ8, 17, 26, 35) 35 22
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DRAM Module Applications

The industry's most popular DRAM modules consist of various configurations of the 72-pin family. The
different module configurations of the 72-pin family are optimized for specific applications. The information
shown below summarizes the various 72-pin module configurations offered by Toshiba, their typical
applications, and some characteristics which distinguish the different configurations.

CONFIGURATION  TYPICAL APPLICATIONS

x32 Low to medium range PCs, Printers

x36 (Parity) Medium to high range PCs, Workstations, Servers
x36 (ECC) High range PCs, Workstations, Servers

x40 Workstations, Servers

The x32 modules are optimized for non-parity applications with 16 or 32-bit data bus widths. A single
bank x32, such as the 1Mx32 or 4Mx32, has single RAS and CAS controls. A double bank x32, such the 2Mx32
or 8Mx32, has double RAS and CAS controls. In either case, a 32-bit word is read or written in each cycle.

The x36 parity modules are optimized for parity applications. In parity applications, a 9-bit word is read
or written in each cycle. In the case of single bank x36 parity modules, such as the 1Mx36 or 4Mx36, there are
four CAS controls, one for each 9- bit word. Additionally, there are two RAS controls to reduce active power
consumption and simplify 16-bit data bus width designs. Double bank x36 parity modules, such the 2Mx36 or
8Mx36, have the same number of CAS controls and twice as many RAS controls to act as bank enables.

The x36 ECC modules are optimized for 8-byte ECC applications with 64 bits of data and eight ECC bits.
In this case, a single 36-bit word is read or written in each cycle, and two modules are used to realize the full
72-bit word.

The x40 modules are optimized for 4-byte ECC applications with 32 bits of data and seven ECC bits.
These applications actually need a x39 module, but the use of x4 DRAMs makes x40 easier. Additionally, the
extra bit has been useful in some custom ECC applications.

Hopefully this information combined with the data sheets will allow the proper module selection. For
additional information, please contact your local Toshiba Sales Office.
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