MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

Order this document
by 3VEDOB72D/D

DRAM Dual-In-Line
Memory Module (DIMM)

For Error Correction Code Applications
8 Megabyte

+ JEDEC-Standard 168-Lead Dual-In—Line Memory Module (DIMM)
¢ Single 3.3 V Power Supply, LVTTL-Compatible Inputs and Outputs
* Extended Data Out (EDOQ)
» RAS-Only Refresh, CAS Before RAS Refresh, Hidden Refresh
* 8MB: 1024 Cycle Refresh: 16 ms (Max)
* Keys Prevent Accidental Insertion into 5 V Systems

PART NUMBERS (See Last Page for Definitions)

TMx 72

3.3 V, EDO, Buffered

1M x 72 (8MB)
168-LEAD DIMM
CASE 1115F-01

BACK NOT POPULATED ON 1M x 72 (8MB)

Organization 60 70
TMx72 MB721BJ58TADG60 MB721BJ58TADG70
KEY TIMING PARAMETERS
Speed tRC (ns) | tRAC (ns) | tcac (ns) | taa (ns) | tepc (ns)
60 104 €0 24 37 25
70 124 70 27 42 30
ADDITIONAL PARAMETERS
\ Standby Power
Ac_tm_e Pc!wer Dissipation
Dissipation
Configuration Speed (mW) (Max) TTL CMOS
8MB 60 3,240 58 47
70 2,772
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1Mx72¢3V<EDOB

PIN ASSIGNMENTS
Front Side Back Side
Pin | Name | Pin |Name | Pin |Name | Pin |Name | Pin | Name | Pin [ Name | Pin | Name | Pin | Name
1 Vss 22 NC 43 Vss 64 NC 85 Vss 106 NC 127 Vss 148 NC
2 |pao | 28 |ves | 44 | G2 65 |DO25| 86 |DQ3s | 107 | vgs | 128 | NC | 149 | DQs1
3 DQ1 24 NC 45 RAS2 66 NC 87 DQ37 | 108 NC 129 NC 150 NC
4 DQ2 25 NC 46 CAS4 67 DQ27 88 DQ38 | 109 NC 130 NC 151 DQ63
5 {Da3 | 26 | vec | 47 | NC 68 | Vag | 89 |[DQ3s | 110 | vgc | 181 | NC | 152 | Vgg
6 |Vcc | 27 |WED | 48 | WE2 | 69 [DQ28| 90 | Vgc | M NC 132 | PDE | 153 | DQ64
7 DQ4 28 CASO 49 Vce 70 DQ29 91 DQ40 112 NC 133 Vee 154 | DQ6S
8 DQ5 29 NC 50 NC 71 DQ30 92 DQ41 113 NC 134 NC 156 | DQ66
9 DQ6 30 RAS0 51 NC 72 DQ31 93 DQ42 114 NC 135 NC 156 | DQ67
10 | ba7 | 31 GO 52 |pais| 73 | vec | 94 [Da4s | 115 | NC | 136 | DQS4 | 157 | Vce
" NC 32 Vss 53 DQ19 74 DQ32 95 NC 116 Vss 137 | DQ55 | 158 | DQ68
12 | vgs | 33 A0 54 [ vVgg | 75 |pa33| 96 | vss | 117 | Al 138 | Vgg | 159 | DQ69
13 DQ9 34 A2 55 DQ20 76 DQ34 97 DQ45 118 A3 139 | DQs56 | 160 | DQ70
14 DQ10 35 A4 56 DQ21 77 NC 98 DQ46 119 A5 140 | DQ57 161 DQ71
15 | DQ11 | 36 A6 57 |pa22 | 78 | vgs | 90 | DQ47 | 120 | A7 | 141 | DQ58 | 162 | Vsg
16 DQ12 37 A8 58 DQ23 79 PD1 100 | DQ48 | 121 A9 142 | DQ59 | 163 PD2
17 DQ13 38 NC 59 Vee 80 PD3 101 DQ49 | 122 NC 143 vVce 164 PD4
18 vece 39 NC 80 DQ24 81 PD5 102 Vee 123 NC 144 | DQ6BO | 165 PD6
19 DQ14 40 Vee 61 NC 82 PD7 103 | DQ50 | 124 Vee 145 NC 166 PD8
20 DQ15 a1 NC 62 NC 83 DO 104 | DQ51 125 NC 146 NC 167 D1
21 DQ18& 42 NC 63 NC 84 Ve 105 | DQ52 126 BO 147 NC 168 Vee
PRESENCE DETECT/D BIT POPULATIONS PIN NAMES
Pin Name smB _A_(_)EO,AL A9 ........ Address Inputs
PD1 VoL CASO0, CAS4 ... .. Column Address Strobe
PD2 Vo POt - P8 . Bufferad Prasence Detec
PD3 VOH PDE . ... Presence Detect Output Enable
PD4 VoL bee bari L Data inpuOupur
PD5 VOH RASO,RASZ...... Row Address Strobe
PD6 60 VOH GO, G2................. Output Enable
70 VoL IDO,ID1 ........ ... Unbuffered ID Bit
7o o T T Power
PD7 60 VOH NC ..ot No Connection
70 VOH
PD8 VoL
ID1 Vss
DO Vss

NOTE: IDs must be pulled up through a resistor to Vg
at the next higher level of assembly. PDs are
buffered and gated to the edge connector by the
PDE (presence detect enable) signal.
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1IMx72¢3VeEDO«B

8MB BLOCK
DIAGRAM
n—>— B—>—
G0 N & I
TS L
CAS4
LCAS,RAS WE G A0 LCAS, RASWE G A0
UCAS UCAS
o— pao O—1 pao
o DQ1 o D1
o— pa2 O— pq2
O—1 pa3 O— pas
DQO - DQ7 DQ36 - DQ43
O0— pa¢ 0%6-D043 o DQ4
O— pas — pas
O—1 pos O—1 pas
O—1 por O— pay
O0— bas O0— Dpas
O0— b9 O—1 Dpag
O—1 bpa1o O— pato
O—1 pan O— pan
DQ9-DQ16 -
Q9-DQ16 o | DQ12 DQ45-DQ52 o, Da12
O— pa13 O— bpo1s
O— DQ14 o— pai4
o— -
DQ15 pzes O— Dpais oA
INEEN [T 1]
0—| pgo CAS RAS WE G A0 o0— Do CASRASWE G A0
O0— pQt O0— DQ1
DQg, DQ17, DA26, DA% 0—| oo DQ44, DQ53, DQ62,DA71 o
00— pQ3 o0— DQ3
INEN [ T 111
LCAS, RASWE G A0 LCAS, RAS WE G A0
UCAS UCAS
O— b O0—1 b
O—1 pqt 00— pat
O—1 @2 00— pa2
DQ18-DQZ5 o - DQs4-DG61 o] o
O~ pos O— pas
O—1 pos 1 pas
O—1 par — par
O—} D@8 O—1 DG8
O—{ DQg O bae
O—| paio O— pato
O—1{ pait O—1 pan
DQ27-DQ34 Dot DQ63-DA70 o] Dot
O—1 ba1s O— pa13
Oo— pQi4 00— poi4
O— pa1s O— bats
Vee _.-L —» DRAMs
C1-C10 0.22 uF (MIN)
A1 -A9 ﬁy‘¥ » DRAMs
B 367251 0099423 943 W
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1MMx72¢3VeEDO«B

ABSOLUTE MAXIMUM RATINGS (See Note)

This device contains circuitry to protect the
inputs against damage due to high static voit-
ages or electric fields; however, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voitages to this high-impedance

Rating Symbol Value Unit
Power Supply Voltage Vee -03to+46 \
Voltage Reilative to Vgg Vin: Vout | —0.3to Vg +0.3 \

(For Any Pin Except VcC)

Data Output Gurrent per DQ Pin lout 50 mA
Power Dissipation Pp 6.4 w
Operating Temperature Range TA Oto+70 °C
Storage Temperature Range Tstg - 5510+ 150 °C

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to RECOMMENDED OPER-
ATING CONDITIONS. Exposure to higher than recommended voltages for

extended periods of time could affect device reliability.

circuit.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Ve =3.3V 0.3V, Ta = 0to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS (All Voltages Referenced to Vgs)

Parameter Symbol Min Typ Max Unit

Supply Voltage (Operating Voltage Range) Vce 3.0 3.3 3.6 A
vss 0 0 0
Logic High Voltage, Ali Inputs ViH 22 —_ Vee + 0.3 \
Logic Low Voltage, All Inputs Vi -0.3* — 0.8 v
Input Leakage Current (Vgg < Vin £Vce) hikg(l) -30 - 30 uA
Output Leakage Current (CAS at Logic 1, Vgg < Vout < VCC) likg(O) -10 — 10 pA
Qutput High Voltage (IoH = — 2 mA) VOH 24 — — v
Output Low Voltage (lpL = 2 mA) VoL — — 04 v
*Vee + 1.2V at pulse widths <20 ns.

**~ 1.2V at pulse widths <20 ns.
3VEDOB72D B L3bL7251 0099424 81T M MOTOROLA DRAM
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DC CHARACTERISTICS AND SUPPLY CURRENTS (All Voltages Referenced to Vgg)

TMx72«3V<EDO«B

Characteristic Symbol | Min Max Unit | Notes
Vce Power Supply Current  (tRc = trg Min) 60 | lcey — 900 mA 1,2
70 — 770
Vg Power Supply Current (Standby) lcco — 16 mA
(RAS = CAS =V|p)
Ve Power Supply Current  (tRg = tRc Min) 60| lcea — 900 mA 1,2
70 — 770
Ve Power Supply Current  (tgpc = tepc Min) 60 | lcca — 640 mA 1,2
During EDO Cycle 70 — 5980
Ve Power Supply Current (Standby) Iccs —_ 13 mA
(RAS=CAS=vgcc-02V)
Ve Power Supply Current  (tgg = trg Min) 60 | lccs — 900 mA 1
During CAS Before RAS Refresh Cycle 70 —_ 770
NOTES:
1. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open.
2. Column address can be changed once or less while RAS = ViLand CAS = V4.
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, Vg = 8.3 V, Periodically Sampled Rather Than 100% Tested)
Input Capacitance Symbol 8MB Max Unit
Addresses, W, G, CAS, PDE Cin 16 pF
RAS Cin 31 pF
NOTE: Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = | AVAV.
B L3b7251 0099425 7?56 WM
MOTOROLA DRAM JVEDOB72D
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1Mx72¢3VeEDO«B

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =3V 0.3V, Ta = 0to 70°C, Unless Otherwise Noted)

ALL DEVICES: READ, WRITE, AND READ-WRITE CYCLES (See Notes 1,2, 3, and 4)

Symbol 60 70
Parameter Std Alt Min Max Min Max Unit | Notes
Random Read or Write Cycle Time tRELREL tRc 104 —_ 124 — ns 5
Read-Write Cycle Time tRELREL | tRwWC 140 — 165 — ns 5
Access Time from RAS tRELQV tRAC — 60 — 70 ns | 67,
8,9
Access Time from CAS tcELQV tcAC — 24 — 27 ns | 6,8,
10
Access Time from Column Address tavav tAA — 37 — 42 ns 6,9,
11
Access Time from Precharge CAS t{CEHQV tcPA — 42 — 47 ns 6
CAS to Output in Low-Z tcELQX tcrz 2 — 2 — ns
Output Buffer and Turn-Off Delay t{CEHQZ toFF 2 22 2 22 ns |12,13
Transition Time (Rise and Fall) tr T 2 50 2 50 ns
RAS Precharge Time tREHREL tRP 40 — 50 — ns
RAS Pulse Width tRELREH | RAS 60 10k 70 10k ns
RAS Hold Time tCELREH | tRSH 22 — 27 — ns
CAS Hold Time tRELCEH | tCSH 50 - 60 — ns
CAS Pulse Width tceLceH | tcas 10 10k 15 10k ns
RAS to CAS Delay Time tRELCEL | RCD 18 36 18 43 ns 8
RAS to Column Address Delay Time tRELAV tRAD 13 23 13 28 ns 9
CAS to RAS Precharge Time tcEHREL | tcRP 12 — 12 —_ ns
CAS Precharge Time tCEHCEL tcp 10 — 12 — ns
Row Address Setup Time tAVREL tASR 7 — 7 — ns
Row Address Hold Time tRELAX tRAH 8 — 8 — ns
Column Address Setup Time tAVCEL tasc 2 — 2 — ns
Column Address Hold Time tCELAX tCAH 17 — 22 — ns
Column Address to RAS Lead Time tAVREH tRAL 37 — 42 — ns
Read Command Setup Time tWHCEL trcs 2 — 2 — ns
NOTES: (continued)

1.
2.

3.

10.
1.
12.

13.

ViH (min) and Vj|_(max) are reference levels for measuring timing of input signals. Transition times are measured between V| and Vy .
An initial pause of 200 us is required after power—up foliowed by 8 RAS cycles before proper device operation is guaranteed. If using the
internal refresh counter, a minimum of 8 CAS bafore RAS refresh cycles, instead of 8 RAS only refresh cyces are required.

The transition time specification applies for all input signals. In addition to meeting the transition rate specification, afi input signals must
transition between Vi and V|| (or between V| and V)H) in a monotonic manner.

. AC measurements tt = 5.0 ns.
. The specification fortre (min), tRwc (min), and tgpc (min) is used only o indicate cycle time atwhich proper operation over the full tempera-

ture range (0°C < Ta <€ 70°C) is ensured.

. Measured with a current load equivalent to 1 LVTTL (-2 mA, + 2 mA) ioads and 100 pF with the data output trip points set at VoH = 20V

and VgL =08V.

. Assumes that tRcD < tRcD (max).
. Operation within the trgp (max) limit ensures that tRAC (max) can be met. trcp (Max) is specified as a reference point only; if tRCD

is greater than the specified trcp (max) limit, then access time is controlled exclusively by tCAC.

. Operation within the tgrap (max) limit ensures that tyac (Max) can be met. tRAp (max) is specified as a reference point only; if tRAD

is greater than the specified tgap (max), then access time is controlled exclusively by tAA.

Assumes that tRcD 2 tRcD (max).

Assumes that tRAD 2 tRAD (max).

toFF (max), tRez (max), twez (max), and tgz (max) define the time at which the output achieves the open circuit condition and is not
referenced to output voltage levels.

It RAS goes high before CAS goes high, the open circuit condition is controlied by CAS going high (toFF)- 1t CAS goes high before RAS goes
high, the open circuit condition is controlled by RAS going high (iREZ)-

3VEDOB72D
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ALL DEVICES: READ, WRITE, AND READ-WRITE CYCLES (continued)

TMIMx72¢3V+EDO«B

Symbol 60 70

Parameter Std Alt Min Max Min Max Unit | Notes
Read Command Hold Time Referenced to CAS {CEHWX tRCH 2 — 2 — ns 14
Read Command Hold Time Referenced to RAS tREHWX tRRH 0 — 0 —_ ns 14
Write Command Hold Time Referenced to CAS {CELWH WweH 17 — 22 — ns
Write Command Pulse Width WLWH wp 10 — 15 — ns
Write Command to RAS Lead Time tWLREH | tRwWL 22 — 27 — ns
Write Command to CAS Lead Time twLCEH | towL 10 — 15 — ns
Data In Setup Time tDVCEL tps -2 —_ -2 — ns 15
Data In Hold Time tCELDX toH 17 —_ 22 — ns 15
Refresh Period tRVRV tRFSH - 16 - 16 ms
Write Command Setup Time tWLCEL twes 2 —_ 2 — ns 16
CAS to Write Delay tceLwL | tcwp 36 — 44 — ns 16
RAS to Write Delay tRELWL tRWD 79 —_ 89 — ns 16
Column Address to Write Delay tavwiL tAwWD 49 — 59 — ns 16
CAS Precharge to Write Delay tcEHWL | tcPwD 56 — 66 — ns 16
CAS Setup Time for CAS Before RAS Refresh tCELCEL | tcsR 7 — 7 — ns
CAS Hold Time for CAS Before RAS Refresh tRELCEH | CHR 8 — 13 — ns
RAS Precharge to CAS Active Time tREHCEL | tRPC 5 — 5 — ns
CAS Precharge Time for CAS Before RAS tCEHCEL | tcPT 20 — 25 — ns
Counter Test
G Access Time tgLav tGA — 22 — 27 ns 6
G to Data Delay tGLHDX taD 17 — 22 — ns
Output Butter Turn-Off Delay from G tGHQZ gz 0 15 0 20 ns 12
G Command Hold Time tWLGL tGH 15 — 20 — ns
RAS Hold Time from CAS Precharge (EDO) tCEHREH | tRHCP 35 — 40 — ns
RAS Puise Width (EDO) tRELREH | tRASP 60 100k 70 100 k ns
RAS to Next CAS Delay (EDO) tRELCEL | tRNCD 60 — 70 — ns
EDO Cycle Time {CELCEL tepc 25 — 30 — ns
EDO Read—Write Cycle Time {CELCEL | tERWC €8 — 75 — ns
Output Data Hold Time tCELQZ tcOH 5 — 5 — ns
Output Buffer Turn—Off Delay from RAS tREHQZ tREZ 0 15 20 ns | 12,13
Output Buffer Turn—Off Delay from WE twLQz twezZ 0 15 ] 20 ns 12
WE to Data Delay twLDV tWED 15 — 20 — ns
G Precharge Time tGHGL tgp 10 — 12 — ns

NOTES:

14. Either tgRH or tRcH must be satisfied for a read cycle.
15. These parameters are referenced to UCAS or LCAS leading edge in early write cycles and to W leading edge in late write or read—write cycles.
16. twcs. tRwD. tcwb. tAwD. andicpwpare notrestrictive operatingparameters. Theyareinciudedinthe datasheetaselectricalcharacteristics

only; iftwcs 2 twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughoutthe entire

cycle;iftcwp=tcwn (min),tHWDZtRWD(min),anthw[)ztAWD(min),tcpwoztcpwp (min), (extended dataout), the cycleisaread—write
cycle and the data out will contain data read from the selected cell. f neither of these sets of conditions is satisfied, the condition of the data

out (at access time) is indeterminate.

MOTOROLA DRAM

B L3L7251 0099u27 529 W

3VEDOB72D

7



1Mx72¢3VeEDO«B

TIMING DIAGRAMS
READ CYCLE
v tRC =
e —
ms M \ tras i
vy — Y fa——tgp———»
togH ————
tcRp «—— tpcp tRSH le— topp ——
A8 Vin— \\<— fcag ——> /_
VIL -/ l— tRAD —p] 2 —
tRAL >
tASR tASC —
e et tRAH tcaH
Vy — i
ADDRESSES 1 ><><><>( ROW >®< COLUMN
ViL— S 3
—»  |=—tRcH
thes > >~ RRH
® OO NOOOOXXX
vV, —
L | tan
t g —0
& ) XXXXXKKXX,
ViL—
«—— tcAC——» et torF
tRAC tReZ -
Iz ra——tgz—»
DQ Vo — i N
HIGH-Z VALID DATA OUT )
VoL —
3VEDOB72D B (3b7251 0099428 4b5 W MOTOROLA DRAM



READ CYCLE (G CONTROLLED READ)

IMx72«3VeEDO«B

tRAS

tRC

VIH —
ViL —

— Vg —
cas
ViL —

tCRP

\

RAH |— e tRAL »|
tASR—<—:I. ASC—™ - 'CAH
ViH — B : A\
ViL — 7 Kk 7 /
—-l le—tRCH
tRCS —let—1—p »— tRRH
e  _ OOOOOOOKKY NAXXX
ViL —
tGA -—
lat— {AA > - igp <«
_ ViH—
&~ JOOOOQQOO0CON. [T N\ /
oz ™ Gz
tea
tcac >
tRAC >
Vou —
Da VOH HIGH-2Z ————@g Dou,}—®§ Dout
oL —
112~
B L367251 0099429 3Tl EA
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3VEDOB72D
9



1M x72¢3V+EDO«B

WRITE CYCLE (EARLY WRITE)

- tRC
tRAS le— 1RP ——»
ViH —
RAS
. \ / N
e IS ————————————»]
ICRP = le——— RCD ———wte——— fRSH ja— ICRP —
_ VH— - 1CAS — 2
CAS ViL — / i \\ —/ /
ASR — fa—tRAH | RAL
Vi —
iL—
|<— RAD
WL ————»
twcs »—tWCH
_ VIH— twp| ——
%y, OOOOVN ORRRXXIIIIXHXN
- 2
et fRwL =|.
5 JOOOOQOOXX DOOURKXXKIXXIXKXR)
viL —
Ips —4——| |-——>— toH
v~ QOO XXX HKIHXXXX
DQ DATA IN
VoL —
3VEDOB72D B L3L7251 0099430 013 WA MOTOROLA DRAM
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1IMx72¢3VeEDO«B

WRITE CYCLE (G CONTROLLED WRITE)

- RC
tRAS je—— 1RP —»
Viy — B )
s N N\
ViL — 12
o tcsH
iCRP —f= > |«—— tRCch i tRSH > [-— {CRP ——
ViH — i —\ [*— ICAS —»
cAS ViL \\ / f
- «— {RAD =
tRAH fe— _L RAL
tASR —fe—» tasc - |t 1CAH
ViH — 3 —
ViL — e #
le— towL -——I
e—— RWL ———»

v

" " MX><><><><><><><><><><><><>
S ZQ<><><><><><><><><>/ JWXXXXXWW
o I><><><>OO<><><><><XX %XWW

B b367251 0099431 T5T7 I
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1Mx72¢3VeEDOB

READ-WRITE CYCLE
tRwC
BAS VH — x RAS N\
viL — K T \
ICRP ~ tcsH — tRp
l«— tACD >l RSH > tcRp
— VH— - >
CE /| e o = \\ tcAS /
tasR ™™ 'ASC— [
v tRAH - —> fe— 1CAH
H — —
ADDRESSES ROW }@g COLUMN
L — k. 7
- tAWD e towL
tRCS icwp &—— tRWL
Vi — = twp
= I OO0 = —
1RWD
le— {GA
" XXX [
Vi — A > tGD DH
y l‘——— tRAC —» ‘L—tns
H— s
vl _ OPEN | oA ><><><>§Z
. tcAc T Gz—= e
DQ oLz — L
Vo — e
OPEN J& DATAOUT [}
VoL — k v
H t3
3VEDOB72D B7251 0099432 996 W MOTOROLA DRAM

12




EXTENDED DATA OUT READ CYCLE

TMMx72¢3VeEDO«B

e e
ViH — - tRASP
RAS Vi — j\: tRNCD » \
lt———— IEPC ———— priet————— {EPC ———»| f&— RSH —
< tACD - 1RHCP ——
t— ICRP |t 1CP —» CRP f-—
o _ - 1CAS tcAs —\ = ICAS
cAs VH I R %
= o i i - iCp -
tcSH o tRAL ———|
— tASC — tASC —» tAsc
tasR— et <—th|-| -—tCIAH t— tCAH
VH — a 3 e r ) 2 3
ADDRESSES Xx ROW >®< COLUMN 1 XXXX COLUMN 2 COLUMNN X><><><
ViL — 7 3 . .
1ncs—'| |<—iRCH
— VH—
WE Vi —
le—— tAA —] t;I\A — A —»] tRRH
fe—— cPA —  j=— ICPA
- GA
iGA — | |e—tRez
_ VK — C
¢ ViL —
e tmac tcAC tcAC >
e— 1OFF
IcAC T tCoH—» | - ig
oLz — tc (74
VoH — ! el
DQ Dout 1 Dout 2 DoutN >_
VoL —
B L3kL7251 0099433 ac2 A
MOTOROLA DRAM 3VEDOB72D

13



1Mx72¢3VeED

OeB

EXTENDED DATA OUT WRITE CYCLE (EARLY WRITE)

\ tRp— ™
RS VIH — j& RASP ,Z
iL — 7 \_
f¢———— EPC ————»l@——— tFpC — ] |«— tRSH —»
<— {ACD icp 'cp = icRP -
icRP - ICAS e ICAS -~
=5a VIH — J\ |
CAS /
v — —  |—tRAH \_ \ \ ]
- tcsH tRAL >
—»| [e—|tasC —» - tasc
tasp ™ e - tcAH - fCAI‘H > {CAH
ViH — I = = )
ADDRESSES ROW §®§ COLUMN 1 m COLUMN 2 M COLUMN 3 W
ViL — e e t b
RAD -I-—— towL ——I - | towL —4 WL —»!
RWL —
twes ™™ [*— twes™™ [ wes—=| [
tweH WCH e« twCH
ViH — - wp — e WP = o [tWP =
WE
e - OXXN QOO | KXXXXXX
X XX
ViL —
1DH tDH - 1DH
tps [ tos ™ =T 0s
VoH — 2 2 - )
DQ Din 1 Din2 Din N ><><>O<>O<\
VOL - 2 Vi
B bL367251 0099434 769 WA
3VEDOB72D MOTOROLA DRAM
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1IMx72¢3VEDOB

EXTENDED DATA OUT READ-WRITE CYCLE

tRp —j—n
- tRASP
V-
RAS H —*\<——— togy ———» / N\
viL - k.
RCD ™ |e—tcp tcRP
ERWC tERWC ————— | |@&———— fRSH
Vi - [ tcAs —™ [ ftcAs —™ N [ [CAS ——j
oS N /N \ o Y/
ViL - {RAD K 4 4 K -
RAH ‘t top —— e
tASR —> |e— tCAH <«—»—1CAH tRAL
tasc tasc —»> ‘]“ 1AsC
V —
ADDRESSES COL. 1 CoL. 2 W COL.N X><><>O< ><><><
viL -
ROW - tRWD [e— WD —» - tcPwp ——»f l‘
a— ICWD —{ | | Icpwp ———— re«— fcwp — > {RWL
tRCS — ™ L—tCWL
w7 A \ 3
viL - - tawp —» "N tAawDp ——» "N tAWD ————|
taa > kCWL—r’ re- tAA —»] lcwa— . tan —
WP— twp ] - twp
_VH - \ F r
G
viL -
taD ™ — taD tGD
e— fcpA — e icPA —»
F— tRAC —»! j@—tng —» — tDg -» |«—IDg
(Vi - tcaC —y * tcac ™ ( [ 1cAc ™ s 3
Dint / Din2 h DinN }—._
ViL - = K 7
0Q fclz | e—tpy | |1y | |e—tDH
ﬁ > [e-tgz oz ™ [etaz ez > ‘6z
VOH — N }
VoL - AN AN
- - Doyl - Dou DoyiN
B L3L7251 0099435 LTS W
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1MMx72«3VeEDOB

EXTENDED DATA OUT READ-WRITE MIXED CYCLE

- 'RASP t=.'
RP —f=
RAS VH | ) R——
V), —
IL
|
-t tcpp *—— tEpC—><—— tepc —>e—— tepc—— ICRP = >
[ {CAS— «—s ICAS »l- ICAS ——{CAS — ICAS
e Vg — W
CAS 'H | \ ‘ / \
ViL— tRAD » / \ _,_./ \
t
RAH
tASR—> _‘: 1 e tcAH T™ [@lASC <-tAsC | —>| [e-tfasc | |=-tasc
ASC—~ et - th\H - {CAH tC{\H - th\H
Ve _ !
ADDRESSES VIH >< now§®< couw coL.2 >®< CoL.3 coL. 4 §®§ COL.N ROW
L=
l
tn(|:s et ‘RCH". |<—
ﬁ"lH—Z/QQQ7 3\ /
ViL—
twos—> <~L
v (GA > e tweH
g "™ tcpa — tcpA — let— topa —
ViL = ™ < tpH
1 1cAC - lcac | > fcac tcac
| tAn —> . tan > e g — [ ipg f-— tpp —
fle - - trac 7ok oLz —e—
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RAS-ONLY REFRESH CYCLE
tre
l«— tRP
mis M T N e v i
ViL - K
tcRP T <>~ 1RPC
Vi - 8
oA | /
L -
tASR e > tRAH

ViH - =
viL - K 7

NOTE:WE,G=HorL.
DQ = Open.

CAS BEFORE RAS REFRESH CYCLE

< tRAS > tRp
VIH - T ; X
V||_ — tcsm '\t
tRPC—
L———t HR
oAS ViH— \ ¢
Vip——___ / l

OFF —jt—|

V —
ng VoH
VoL—

HIGH-Z

NOTE: Addresses = H or L.
8MB:W=HorL.
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HIDDEN REFRESH CYCLE (READ)

- R - tRC ———»
f——— tRAS ————— |&——— IRP — ] tRP
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HIDDEN REFRESH CYCLE (WRITE)
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CAS BEFORE RAS REFRESH COUNTER TEST READ CYCLE
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+3VeEDO«B

ls— 1qp —)
RAS >
VY -
mAs M j‘ N\
iL - -
— tCHR
—> cSR ICPT-» | tRSH > | |- »IcRP
«———— 1CAS »
_— VH - K / -
CAS \
ViL ~ \r b /
- tRAL >
tasc T - 1CAH
VH - -
ADDRESSES WWX COLUMN
ViL - o
tARH
> e 1RCS RCH
Vg —
" 0
ViL - l
tGA
ViH —
5 \ AXXXXHXXXX
viL - k-
«— {CAC — r ‘_IOFF
la—tREZ
AA fe—— 15z —»
VoH — = p|
g DATA OUT }—
VoL - - 7
toLz -
CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE
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CAS BEFORE RAS REFRESH COUNTER TEST READ-WRITE CYCLE
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DEVICE INITIALIZATION

On power—up, an initial pause of 200 us is required for the
internal substrate generator to establish the correct bias volt-
age. This must be followed by a minimum of eight active
cycles of the row address strobe (clock) to initialize all dy-
namic nodes within the module. During an extended inactive
state (greater than 16 ms with the device powered up), a
wake up sequence of eight active cycles is necessary to en-
sure proper operation.

ADDRESSING THE RAM

The address pins on the device are time muitiplexed at the
beginning of a memory cycle by two clocks, row address
strobe (RAS) and column address strobe (CAS), into two
separate address fields. For the 8MB modules a total of 20
address bits, 10 rows and 10 columns, will decode one of the
word locations in the device. RAS active transition is followed
by CAS active transition (active = V|, trcD minimum) for all
read or write cycles. The delay between RAS and CAS active
transitions, referred to as the multiplex window, gives a
system designer flexibility in setting up the external address-
es into the RAM.

The external CAS signal is ignored until an internal RAS
signal is available. This “gate” feature on the external CAS
clock enables the internal CAS line as soon as the row
address hold time (tRAH) specification is met (and defines
trc D minimum). The multiplex window can be used to absorb
skew delays in switching the address bus from row to column
addresses and in generating the CAS clock.

There are three other variations in addressing the module:
RAS-only refresh cycle, CAS before RAS refresh cycle,
and page mode. All three are discussed in separate sections
that follow.

READ CYCLE

The DRAM may be read with four different cycles: “nor-
mal” random read cycle, extended data out read cycle, read—
write cycle, and extended data out read-write cycle. The
normal read cycle is outlined here,while the other cycles are
discussed in separate sections.

The normal read cycle begins as described in ADDRESS-
ING THE RAM, with RAS and CAS active transitions latch-
ing the desired bit location. The write (W) input level must be
high (VIH). tRcS (minimum) before the CAS or active tran-
sition, to enable read mode.

Both the RAS and CAS clocks trigger a sequence of
events that are controlled by several delayed internal clocks.
The internal clocks are linked in such a manner that the read
access time of the device is independent of the address mul-
tiplex window.

Both CAS and output enable (G) control read access time:
CAS must be active before or at tgcp maximum and G must
be active tRAC—tGA (both minimum) after RAS active transi-
tion to guarantee valid data out (Q) attRAC. Ifthe tRc D maxi-
mum is exceeded and/or G active transition does not occur
in time, read access time is determined by either the CASor
G clock active transition (tCAC or tGA)-

WRITE CYCLE

The user can write to the DRAM with any of four cycles:
early write, late write, extended data out early write, and ex-
tended data out read—write. Early and late write modes are

MOTOROLA DRAM
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discussed here, while extended data out write operation is
covered in a separate section.

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(ViL). Early and late write modes are distinguished by the
active transition of W, with respect to CAS. Minimum active
time tRAS and tCAS, and precharge time tRp, apply to write
mode, as in the read mode.

An early write cycle is characterized by W active transition
at minimum time tycs before CAS active transition. Column
address setup and hold times (tasC, tcAH) and data in (D)
setup and hold times (tps, tpH) are referenced to CAS in an
early write cycle. RAS and CAS clocks must stay active for
tRwWL and towi, respectively, after the start of the early write
operation to complete the cycle.

Alate—write cycle (referred to as G—controlled write) occurs
when W active transition is made after CAS active transition.
W active transition could be delayed for almost 10 us after
CAS activetransition, ({RCD +tCWD + tRWL +2tT) <tRAS, if
othertimingminimums (tRcD, tRWL. and tT)aremaintained.
D timing parameters are referenced to W active transition in
a late write cycle. Output buffers are enabled by CAS active
transition. Outputs are switched off by G inactive transition,
which is required to write to the device. RAS and CAS must
remain active for tywL and towL, respectively, after W active
transition to complete the write cycle. G devices must remain
inactive for i after W active transition to complete the write
cycle.

READ-WRITE CYCLE

A read—write cycle performs a read and then a write at the
same address, during the same cycle. This cycle is basically
a late write cycle, as discussed in the WRITE CYCLE section,
except W must remain high fortoyyp and/or tawp minimum,
to guarantee valid Q before writing the bit.

EDO MODE CYCLES

EDO mode allows fast successive data operations at all
column locations on a selected row. Read access time in page
mode (tCAC) is typically half the regular RAS clock access
time, trAC. EDO mode operation consists of keeping RAS ac-
tive while toggling CAS between V|H and V|L. The row is
latched by RAS active transition, while each CAS active tran-
sition allows selection of a new column location on the row.

An EDO mode cycle is initiated by a normal read, write, or
read—write cycle, as described in prior sections. Once the
timing requirements for the first cycle are met, CAS transitions
to inactive for minimum tcp, while RAS remains low (ViL).
The second CAS active transition while RAS is low initiates
the first EDO mode cycle (tEpc or tERwC). Either a read,
write, or read—-write operation can be performed in an EDO
mode cycle, subject to the same conditions as in normal oper-
ation (previously described). These operations can be inter-
mixed in consecutive EDO mode cycles and performed in any
order. The maximum number of consecutive EDO mode
cyclesislimited bytrAsp. EDOmode operationis ended when
RAS transitions to inactive, coincident with or following CAS
inactive transition.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to
degrade with time and temperature. Each bit must be period-
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ically refreshed (recharged) to maintain the correct bit state.
Bits require refresh every tRFgH.

This is accomplished by cycling through the row address-
es in sequence within the specified refresh time. All the bits
on a row are refreshed simultaneously when the row is ad-
dressed. Distributed refresh implies a row refresh every 15.6
us. Burst refresh, a refresh of all rows consecutively, must be
performed every tRFSH.

A normal read, write, or read—write operation to the RAM
will refresh all the bits associated with the particular row de-
codes. Three other methods of refresh, RAS—only refresh,
CAS before RAS refresh, and hidden refresh are available
on this device for greater system flexibility.

RAS-Only Refresh

RAS-only refresh consists of RAS transition to active,
latching the row address to be refreshed, while CAS remains
high (Vi) throughout the cycle. An external counter should
be employed to ensure that all rows are refreshed within the
specified limit.

CAS Before RAS Refresh

CAS before RAS refresh is enabled by bringing CAS ac-
tive before RAS. This clock order activates an internal re-
fresh counter that generates the row address to be
refreshed. External address lines are ignored during the au-
tomatic refresh cycle. The output buffer remains at the same
state it was in during the previous cycle (hidden refresh). W
must be inactive for time twRp before and time tywRH after
RAS active transition to prevent switching the device into a
test mode cycle.

Hidden Refresh

Hidden refresh allows refresh cycles to occur while main-
taining valid data at the output pin. Holding CAS active at the

MEMORY
CYCLE

= N/ /S /T

CAS

end of a read or write cycle while RAS cycles inactive for tgp
and back to active starts the hidden refresh. This is essential-
ly the execution of a CAS before RAS refresh from a cycle in
progress (see Figure 1). W is subject to the same conditions
with respect to RAS active transition (to prevent test mode
entry) as in CAS before RAS refresh.

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of this device can be tested
with a CAS before RAS refresh counter test. This test is
performed with a read—write operation. During the test, the
internal refresh counter generates the row address, while the
external address supplies the column address. The entire
array is refreshed after completing one cycle for each column
as indicated by the check data written in each row. See CAS
before RAS refresh counter test cycle timing diagram.

The test can be performed after a minimum of eight CAS
before RAS initialization cycles. Test procedure:

1. Write Os into all memory cells with normal write mode.

2. Select a column address, read 0 out and write 1 into the
cell by performing the CAS before RAS refresh count-
er test, read-write cycle. Repeat this operation for ev-
ery column.

3. Read the 1s that were written in step two in normal read
mode.

4. Using the same starting column address as in step two,
read 1 out and write 0 into the cell by performingthe CAS
before RAS refresh counter test, read—write cycle.
Repeat this operation for every column.

5. Read 0s which were written in step four in normal read
mode.

6. Repeat steps one through five using complement data.

REFRESH REFRESH

CYCLE CYCLE

DQ —-—HlGH—Z-—(

VALID DATA-OUT

Figure 1. Hidden Refresh Cycle
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PACKAGE DIMENSIONS

1M x 72 (8MB)
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ORDERING INFORMATION
(Order by Full Part Number)

MB72 XBX XXX X X X

B X XX ) XX
Motorola Memory Prefix *_T L Speed (60 = 60 ns, 70 = 70 ns)
EDO Pad Metal (G = Gold)
Width D = DIMM
Depth (1 = 1M) A = Board Type/Revision
Component Die Revision Fab (T = TSB/TSC)
B-Revision — 1M x 16
Data Characters
Component Package (J = SOJ) 58 = Commercial, Buffered, 3.3 V,

x16 DRAM-Based, Square Refresh
Full Part Numbers — MB721BJ58TADG60
MB721BJ58TADG70

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, reprasentation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary overtime. All operatingparameters, including “Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical Implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors hammless against all claims, costs, damages, and expenses, and reasonable attomey fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, inc. is an Equal
Opportunity/Affirmative Action Employer.

Mfax is a trademark of Motorola, Inc.

How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Lid.; Tatsumi-SPD-JLDC, 6F Seibu—Butsuryu-Center,
P.O. Box 5405, Denver, Colorado, 80217. 303-675-2140 or 1-800—441-2447 3~14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 81-3-3521-8315

Mifax™: RMFAX0@email.sps.mot.com — TOUCHTONE 602—244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
INTERNET. http://Design-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
7C839
MOTOROLA -
@ 0 M 367251 0099444 08 Em 3VEDOB72D/D

,.,2(./



