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TOSHIBA

THMY6440A1AEG-10,-12A,-12

TENTATIVE

TOSHIBA HYBRID DIGITAL INTEGRATED CIRCUIT

4,194,304 WORDS x 64 BITS SYNCHRONOUS DRAM MODULE

DESCRIPTION

The THMY6440A1AEG is a 4,194,304 words by 64 bits Synchronous DRAM module which assembled
16 pes of TC59S1608AFT with Unbuffer on the printed circuit board.

FEATURES
© 4,194,304 words by 64 bits (2bank) organization
ITEM (TARGET SPEC) -10 | -12A | -12
tex  Clock Cycle Time (CL=2) 15ns | 15ns | 18Bns
tras Active to Precharge Command
Peliod ( MIN.) 60ns | 60ns | 72ns
tcac Access Time from Read
Command (MAX.) 24ns | 24ns |27.5ns
 tac Access Time from CLK(CL=2) | 9ns 9ns [ 9.5ns
trc Ref/Active to Ref/Active
Command Peliod (MIN.) 100ns | 100ns | 120ns

® Single power supply of 3.3Vt0.15V

® Low power
3,312mW MAX. Operating (Single bank) (-10)
3,257mW MAX. Operating (Single bank) (-12A)
2,981mW MAX. Operating (Single bank) (-12)
717.6mW MAX. Standby

® Architecture : Pipeline

® Auto refresh and Self refresh capability.

o All inputs and outputs LVTTL compatible

® 4,096 refresh cycles/64ms

¢ Package : 168pin DIMM (Gold Contact)

® Based on Intel 1.0 (4-Clock)

PIN CONNECTION (TOP VIEW) PIN NAMES
AQ~A10 Address Inputs
FRONT SIDE BAQ Bank Select
|> <l DQO~DQ63 | Data Input/Outputs
/CS0~3__| Chip Select
/RAS Row Address Strobe
(-
ol 1011 4041 8 R
s HHisnyunnnannnnnann DQME°~7 Output DisabIeIWrite iask
BACK SIDE CLKO~3 Clock Input
CKEQ, 1 Clock Enable
SDA Serial Data for PD
SCL Clock for PD
SAO~2 Address for PD
F <| VDD Power ( + 3.3V)
VSS Ground
NC No_Connection
T[VSS | 85]VsS 23[NC 06]NC 43]VsS 27]VsS 4] VsS 48] VSS
21DQO 86/DQ32 23]VSS 07] VSS 441NC 28| CKEQ 5/DQ2 49]DQ53
3iDQ1 7{DQ33 24|NC 08[NC 451/C52 29]/CS3 6| DQ22 50| D054
4 {DQ2 18| DQ 34 25|NC 09| NC 46| DQMB2 30| DQMB6 71 DQ23 151[DQ55
5]1DQ3 89|DQ35 26]vDD 10]VvDD 47| DQMB3 31|DQMB7 68[VSS 152|VSS
6{VOD 90[vDD 271/WE 11]/CAS 48INC 32|NC 69| D024 53|DQ56
7]1DQ4 91{DQ36 28| DQMBO 12]DQMB4 | 49ivDD 33/vDD 70{DQ25 54|DQ57
8 | DQS 921DQ37 29]DQMB1 3| DQMBS SOINC 34|NC 711DQ26 1551 DQ58
9 [DQ6 31038 30[/CS0 4]/CS1 S1i{NC 35|NC 72| DQ27 56| DQ59
01D0Q7 941DQ39 31[NC S/RAS 52]NC 6|NC 73|vDD 57{vDD
DQ8 51DQ40 32[VsS 6[VSS 53INC 7INC 74/DQ28 158|DQ60
2 |VSS 6]VSS 33|A0 7{A 541 VSS 38| VsS 75/DQ23 59|DQ6
31DQ9 971DQ4 34| A2 BIA3 551DQ16 39| DQ48 76/DQ30 60/ DQ62
4 |DQ10 98] DQ42 35|A4 9]AS 56]DQ17 40| DQ489 7710Q31 61/DQ63
5 1DQ11 99| DQ43 36/A6 201 A7 57]DQ18 41[DQ50 78| VSS 62|VSS
16 [DQ12 100|0Q44 37[A8 211A9 58/DQ19 421 DQM 79/ CLK2 3] CLK3
17 1DQ13 101 DQ45 38{A10 22]BA0 53|vDD 43|vDD 80{NC 41NC
18 |[VDD 102{vDD 39iNC 23|NC 60| DQ20 441 DQ52 81]NC 5]SA0
9 |DQ14 03{DQ46 40]vDD 24]VDD 1/NC 45]NC 2[SDA 6|SA1
20 IDQ15 04{DQ47 41|VDD 25|CLK1 2{NC 46| NC 3|SCL 7|SA2
21 [NC 0S|NC 42| CLKO 26| NC 53| CKE1 47|NC 4|1VDD 68| VDD
961001 EBA1
it —

it is the responsibility of the buyer, when utilizin
situations in which a malfunction or failure of a

operatin

is assumed by TOSHIBA CORPORAT!

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
TOSHIBA products, to observe standards of safety, and to avoid

OSHIBA product could cause loss of human life, bodily injury or

damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified

ing ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions

and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

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

The information contained herein is gresented only as a guide for the applications of our products. No responsibility

N for any infringements of intellectual propert

parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.

or other rights of the third
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TOSHIBA THMY6440A1AEG-10,-12A,-12

Serial Presence Detect (Rev.1)

Byte ) ) -10 -12A -12
Function Described
Number Entry Value Entry Entry Value Entry Entry Value Entry
0 NDA%";"’;;*"“ ";2’:“ Written into Serial Memory at 128bytes 80h 128bytes 80h 128bytes 80h
1 Total # bytes of SPD Memory Device 256bytes 08h 256bytes 08h 256bytes 08h
2 A rore Appendix A SDRAM oah SORAM 0sh SORAM 0ah
3 # Row Addresses on this Assembly RAO-RA10 0Bh RAQ-RA10 0Bh RAO-RA10 08h
4 # Column Addresses on this Assembly CA0-CAB 09h CAQ-CA8 09h CAQD-CAS 09h
S # Module Banks on this Assembly 2Bank 02h 2Bank 02h 2Bank 02h
6 Data Width of this Assembly... x64 40h x64 40h x64 40h
7 ...Data Width Continuation %64 00h %64 00h x64 00h
8 Voltage Interface Standard of this Assembly LVTTL 01h LVTTL 01h LVTTL 01h
9 Effmﬂy fgﬂe ime ot Max. Supported CAS CL=3,10ns | AOh CL=3, 12ns coh CL=3, 1205 Coh
10 SDRAM Access from Clock @ CL=X CL=3, 8.5ns 85h CL=3, 9.0ns 90h CL=3,90ns 90h
1 |oIMM Configuration Type (Non-parity, Parity, ECC) Non-Parity 0Ch Non-Parity 00h Non-Parity 00h
12 |Refresh RateType 15.625us/self 80h 15.625us/self 80h 15.625us/self 80h
13 |SDRAM Width, Primary DRAM x8 08h x8 08h x8 08h
14 IError Checking SDRAM Data Width N/A 00h N/A 00h N/A 00h
15 gm::";gg‘:;‘s‘sg"‘y' Back to Back Random 1CLK 01h 1CLK 0th 10K 01h
16  [Burst Lengths Supported 8Fh 8Fh 8Fh
17 # Banks on each SDRAM Device 2Bank 02h 2Bank 02h 2Bank 02h
18 CAS # Latencies Supported 07h 07h 07h
19 CS # Latency 01h 01h 01h
20 WE # Latency 01h 01h 01h
21 SDRAM Module Attributes 00h 00h 00h
22 SDRAM Davice Attributes : General Oth OEh OEh
23 Minimum Clock Cycle Time at CL- X-1 CL=2, 15ns FOh CL=2, 15ns FOh CL=2, 18ns 30h
24 lMaximum Data Access Time from Clock @ CL X-1| CL=2, 9.0ns 90h CL=2, 9.0ns 90h CL=2, 9.5ns 95h
25 |Minimum Clock Cycle Time at CL X-2 Cl=1, 30ns 78h Cl=1, 30ns 78h CL=1, 36ns 90h
26 |Maximum Data Access Time from Clock @ CL X-2| ClLa=1, 24ns 60h Cle1, 24ns 60h CL=1, 27.5ns 6Eh
27 [Minimum Row Pracharge Time 30ns 1Eh 30ns 1Eh 36ns 24h
28 IMinimum Row Active to Row Active Delay 20ns 14h 24ns 18h 24ns 18h
29 ]Minimum RAS to CAS Delay 30ns 1Eh 30ns 1Eh 36ns 2ah
30 IMinimum RAS Pulse Width 60ns 3Ch 60ns 3Ch 72ns 48h
31 [ModulerBank Density 16MB 04h 16M8 04h 16M8 04h
32.61 [Superset Information (may be used in future) FFh FFh FFh
62 SPD Revision Rev.1 01h Rev.1 01h Rev.1 0th
63 Checksum for bytes 0-62 04h 33h B6h
Option
556471 Manufacturers JEDEC ID Code per JEP-106€
72 Manufacturing Location
73-90 |Manufacturer's Part Number
91-92 |Revision Code
93-94 [Manufacturing Date
95-98 JAssembly Serial Number
99-125 [Manufacturer Specific Data
126 Reserved Speclir;}:a[tion §6h Speéi’}gcealtion 66h Speclir;it:altion B6h
27 Reserved Spe:lir;it:altion 06h Spe:irz:a’tion 06h Speclir;itce;tion o6h
128-233
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TOSHIBA THMY6440A1AEG-10,-12A,-12

BLOCK DIAGRAM

?/CSO TICS1
DQMBOO— 9 ] TR .
CLK DQMB €S DQMB Sk
=] CKE CKE[ ]
" e M1 M9 e
put ) /CAS t 1 S1 M
IAVE ! A0~10,8S A0~10,85 | WE!
DQMB4 +—1 ¢ 1 J11 I
LK DQms [ DQMB s
i CLK
11 CKE Q3 cke T
——— MS /0 704 M13 il
CLKO I/RAS} ] TRAST
o pud i /CAS 1 e 18 1/CAS | b o CLK1
INVE | A0~10,BS 108 1108 A0~1085 LAVE!
DQMB1 ¢ C— | I
cLk DQMS S %; | @; DQMB S o
-1 cke 103 ] /03 o HH
e M2 14 % M10
AN 1/RAS 1106 106 1/RAS AAA
M =1 /CAS1 o7 /07 1/CAS | =g
IL'/!VEJ A0~10,BS /08 108 A0~1085 LAVE!
DQMBS o = "N
CLK DQMB s 1,8; | g; DQMB €S ok
] cKe /03 | o3 o« HH
r- LSl M6 %g Bg M14 -
20 23] 8 il
4 ) i
LWel  mo~toms U8R /98 Ao-10Bs LWE!
I I ?/CSZ I I ?/CS3
DQMB20— o— 1 )
ck oame K o1 PUEB . fUol Dame ies i
- /03 ve— 38— 103 »
CKE M3 1104 F—Am—0——w—rp 102 M11 cke [
AAA r/iﬁ:ﬂ BE—W—O—W—— gg f"s"l AAA
i-:ICAES: " 07 | W—Q——W——1107 :NeS: » b
UWE]  A0~10,85 yo8 oW1 v08 A0-108s | WE,
DQMB6o- e W e IR I
Q 01 DQ48-55 /01
clk DQM8 s o1 WA /01 DQMB €S ek
] e /o1 s 21 oce [T
(Al M7 WAA A | M15 r==
VRAS | 5 WAL ANA Q3 /RAS
CLK2 o— liicast 08 M —8—w—] 36 VCAS ) < CLK3
IWE A0~10,BS 108 - MW—0—wW—1 /58 A0~10,85 | MWE!
DQMB3 o 1 I > L1
cLk DQMB S B;‘_M,Eizgi‘_m_ /01 DQMB 1S i
— WO
T ma 08 s 04 e [T
 Iris 105 g s  MI2 e
" s | 103 TRAS)
®=1/CASI 107 | VY, 7 1/CAS 1 4
YWE]  AD~10,85 /08 | /08 A0~10,85 | WE]
DQMB7 o = 111
CcLK  bQms ) %5 ‘ DQ56-63 01 pawms < ;
CKEQ o CKE {/18% v gi CKE b o CKE1
i M8 e g M6 g
MUt po~tops  VOT WA 107 chet
WWE s 1108 /108 A0~10,8S [ WE]
/RAS, /CAS, /WE Omm
A0~10, T
BAD
Vpp ©- T I 3; M1~16  Vpp °—_Y_'E;;"" E2PROM E2PROM .
C1~1 17~ SCL sCL DA |-o0 SDA
Vss o 1 T » MI1~16 Vss o——-—I—-——) E2PROM A0 Al A2 AWC

s & &0

SA0SA1SA2
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TOSHIBA THMY6440A1AEG-10,-12A,-12

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNITS NOTES
Vin Input Voltage =0.3~Vcc+03 \ 1
Vour Output Voltage ~0.3~Vcc +0.3 v 1
vOD Power Supply Voltage ~0.3~4.6 v 1
Toer Operating Temperature 0~70 °C 1
Ts1G Storage Temperature -55~128 °C 1
Pp Power Dissipation 37 w 1
lout Short Circuit Output Current 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT - NOTES
vDD Supply Voltage 3.15 33 3.45 v 2
ViH LVTTL Input High Voltage 2.0 - vDD+0.3 v 2
ViL LVTTL Input Low Voltage -0.3 - 0.8 v 2

CAPACITANCE (V¢c =3.3V, f = 1MHz, Ta = 0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
() Input Capacitance (A0~A10) - 80 pF
(o Input Capacitance (RAS, CAS, WE, BAQ) : - 80 pF
C3 Input Capacitance (CLKO~3) - 38 pF
Cs Input Capacitance (CS0~3) - 25 pF
Cs Input Capacitance (DQMBO~7?) - 18 pF
Coq Input /Output Capacitance (DQO~DQE3) - 19 pF
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TOSHIBA HMY6440A1AEG-10,-12A,-12

DC ELECTRICAL CHARACTERISTICS (Vcc=3.3V10.15V, Ta=0~70°C)

-10 -12A -12
SYMBOL ITEM UNIT INOTE
MIN. [ MAX.| MIN. | MAX.{ MiN. | MAX.
OPERATING CURRENT .
fccr | Active-Precharge Command Cycling 1 bank operation - |90 - (94| - 1864 Al 3s
without Burst Operation 2 bank interleave m :
|CC1B (tCK =MIN. tRC = M'N.) operation = 1280 = 1264 - 1144
STANDBY CURRENT _
lec2 (tek = MIN. G5 = Vi, CKE=V)y - 480 - 448 - 448 A
Vit =Vis (MIN) 7V (MAX) CKE=V), m 3
lecze bank : inactive state ) (Power Down Mode) | ~ 32 - 32 - 32
STANDBY CURRENT _
leezs | (el = Vi C5=Vim, CKE=Viy - |208] - |208]| - | 208 .
Vi/L=Vin (MIN.) / Vi (MAX) CKE=V)
lccars bank ; inactive state ) (Power Down Mode) - 32 - 32 - 32
leca NO OPERATING CURRENT CKE=Vy - 840 - 784 | - 784 .
(tex = MIN. CS=VH(MIN.) CKE=V mA | 3,5
lccap | bank : active state (2 bank) ) (Powerl'bown Mode)| - | ® | - | ®] - |
| BURST OPERATING CURRENT 1320 1224 1224 A 3,4,
cca (tck = MIN. €S = V|u(MIN.) Read/Write command cycling) - - - m 5

| AUTO REFRESH CURRENT 760 _ 704 Alss
€S | (tk= MIN. Auto Refresh command cycling ) - m :

| SELF REFRESH CURRENT s 32 2 loal s
CC& | (self Refresh mode CKE=0.2V ) - - - m

INPUT LEAKAGE CURRENT
hw . -5 5 | -5 5 |-5]51{p
(OVSV|yS Vpp, All Other Pins Not Under Test=0V)

| OUTPUT LEAKAGE CURRENT s s 5 5 s s
oM | (Doyr is disabled, OV Vour S Vpp) A

OUTPUT LEVEL
Vou " 2.4 - 24 - 24 - \
LVTTL Output "H" Level Voltage {ioyr= - 2mA)

v OUTPUT LEVEL o4 o4 s | v
OL | LVTTL Output “L” Level Voltage (loyr = 2mA) I ER I R I
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TOSHIBA THMY6440A1AEG-10,-12A,-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS
(Vcc=3.3V£0.15V, Ta=0~70°C) (Notes 6, 7, 8)

SYM -10 -12A -12
BOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. UNIT | NOTE
tre Ref/Active-Ref/Active Command Period 100 100 120
tras | Active- Precharge Command Period 60 100000 60 100000 72 100000
taco | Active-Read/Write Command Delay Time 30 30 36 10
trp Precharge-Active Command Period 30 30 36
tprp | Active(a)-Active(b) Command Period 20 24 24
teac | Accesss Time from Read Command 24 24 27.5
twr | Write Recovery Time CL*=1 30 30 36
CL*=2 15 15 18
CLl*=3 [1ICLK+10 1CLK + 12 1CLK + 12
tek | CLK Cycle Time Cil¥=1 30 1000 30 1000 36 1000
CL*=2 15 1000 15 1000 18 1000
CL*=3 10 1000 12 1000 12 1000
tcw | CLK High Level Width 3 4 4 ns »
teL CLK Low Level Width 3 4 4
tac | Access Time from CLK CL*=1 24 24 27.5
CL¥*=2 9 9 9.5
Cl*=3 8.5 9 9
tod |Output Data Hold Time 3 3 3
thz Output Data High Impedance Time 3 10 3 12 3 12 9
t Output Data Low Impedance Time 0 0 0
tss Power Down Mode Entry Time 0 10 0 12 0 12
ty Transition Time of CLK (Rise and Fall) 1 10 1 10 1 10
tns Data-in Set-up Time 3 3 3
toH Data-in Hold Time 1 1 1
tas |Address Set-up Time 3 3 3
tan | Address Hold Time 1 1 1
teks | CKE Set-up Time 3 3 3
tckn | CKE Hold Time 1 ' 1 1
tems | Commnd Set-up Time 3 3 3
tcmH | Command Hold Time 1 1 1
trer | Refresh Time 64 64 64 ms
trsc | Mode Register set Cycle Time 20 24 24 ns 10

* CL is CAS Latency.
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TOSHIBA THMY6440A1AEG-10,-12A,-12

NOTE :

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

2. All voltages are referenced to Vss.

8. These parameters depend on the cycle rate and these values are measured by the cycle rate

under the minimum value of tck and trc. Input signals are changed one time during tck.
4. These parameters depend on the output loading. Specified values are obtained with the output open.

5. These values are measured with the following conditions.

Front side (or back side)
Back side (or front side)

the measuring conditions on the data sheet
Standby (measured with Icc2 conditions)

6. Power - up sequence is described in NOTE 12.

7. A.C. TEST CONDITIONS

Reference Level of Output Signals 1.4V / 1.4V
Output Load Reference to the Under Output Load (B)
Input Signal Levels 2.4V /7 0.4V
Transition Time (Rise and Fall) of Input Signals 2ns
Reference Level of Input Signals 1.4V

3.3V
1.2k

J/; 50pF 8700

A.C. TEST LOAD (A)

Output

1.4V
500
J/; 50pF

A.C. TEST LOAD (B)

Output

8. Transition times are measured between Vi and Viy. Transition (rise and fall) of input signals

are fixed slope.

9, tygz define the time at which the outputs achieve the open circuit condition and are not

reference levels.
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TOSHIBA THMY6440A1AEG-10,-12A,-12

10.

11.

12.

These parameters account for the number of clock cycle and depend on the operating frequency
of the clock, as follows :
the number of clock cycle = specified value of timing/clock period

(count fractions as a whole number)
tcH is the pulse width of CLK measured from the positive edge to the negative edge referenced
to Vig (min.). tgy, is the pulse width of CLK measured from the negative edge to the positive
edge referenced to Vi, (max.).

Power up Sequence

Power up must be performed in the following sequence.
1) Power must be applied to Vpp when all input signals are held “NOP” state. The CLK
signal must be started at the same time,

2) After power-up a pause of 200useconds minimum is required. Then, it is required that
DQMB and CKE signals are held “high” (Vpp levels) to ensure the DQ output to be in the
high impedance.

3) Both banks must be precharged.
4) Mode register set command must be asserted to initialize the Mode register.

5) A minimum of 8 Auto - Refresh dummy cycles must be required to stabilize the internal
circuitly of the device.

The sequence of Mode register set and Auto-Refresh dummy cycles may be exchanged.
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TOSHIBA THMY6440A1AEG-10,-12A,-12

TIMING WAVEFORM
Read Timing

Read CAS Latency

€Lk2,3) —J

:

50,2
(651,3)

w7 | UL ;.
=Dl D7
w7 | VUL 7/
AKX

tac tac thz )
ton

Lg

teac

DQo-63

Read Comman d " Burst Length
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THMY6440A1AEG-10,-12A,-12

Command Input Timin

tck

CLKO,1 Vi — \ ;l_\__;
(CLK2,3) Vi —

50,2

2 SL_JF-

O/

(cs1,3)

tc
~

EMT tcmu «
‘l 27

 LCMH ' IEM_}.

tc
S n

tas tAH

v YT Y

KH |

(Leks| texn

«
2,

(CKE1)

1 g

Eﬁs tekn l
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TOSHIBA THMY6440A1AEG-10,-12A,-12

Control Timing of Input Data
(Word Mask)

(CLK2,3) temn .!cms temH tems
o I8 gl
tos| tow tos| tow tps|  tow tos| tou

(Clock Mask)

awor _ f\__ O\
(CLK2, 3)

tekH ks | teku _ teks
CKEO
(CKE1) k A ] j
tos| tow tos | toH tos| tow tos| tow

e E—
VALID VALID VALID VALID
DQo-63 DATA-IN DATA-IN DATA-IN DATA-IN

Control Timing of Output Data
(Output Enable)

CLKO, 1 ;!—\__]l_\_)l \
(CLk2,3) ‘tCMH tems | temu
DQMBO-7 ll ;l
- tac |
toH L. _ton
VALID
DQO-63 DATA-OUT

(Clock Mask)

awor _ f  \_f \__J
(CLKZ,3) tekH teks | tekn
CKEOD Y
(CKE1) Y
tac tac | _ tac ., | tac

| ton 1. toH g tou toH
VALID . VALID
DQO-63 DATA-OUT VALID DATA-QUT DATA-OUT
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TOSHIBA THMY6440A1AEG-10,-12A,-12

Mode Resister Set Cycle

- SC »|
CLKO, 1
(CLK2, 3) ;
towms MH

S} [

i

toms|  tomu

tas tan

next command

A0 Burst Length
A2 Al A0 | Sequential Interleave
Al Burst Length < 11 o 0 0 1 1
0 o] 1 2 2
A2 0 1 0 a 4
A3 | Addressing Mode o1 1 8 8
1 0 0
A4 1 0 1 Reserved
_ 1 1 0 Reserve d
A5 CAS Latency
1 1 1 Full Page
A6 A3 Addressing Mod
A7 {“0"| (Test Mode) 0 Sequential
1 Interlea
AN R
A8 |0 eserved A6 A5 A4 CAS Latency
A9 Write Mode 0 o 0 Reserved
0 0 1 1
A10 [“0" 0 1 0 2
Reserve d
BAO | 0" o 1 1 3
1 x x Reserved
A9 Single Write Mod
0 Burst read and Burst writ:
1 Burst read and Single writ
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OUTLINE DRAWING

THMY6440A1AEG Unit : mm
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DETAIL OF CONTACTS
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