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* Credit Card Size S0PIN UEMORY CARD ~81-27-15
{85.6 mm x 54 mm x 3.4 mm)
* Single 5-V Power Supply (+5% Tolerance) E
PD3 2100t V
* Enhanced Page Mode Operation oz dlools Poi
® CMS409 - 4M x 18/1RAS/2CAS Ve 6|00 W
CMS410 - 4M x 16/1RAS/2CAS NC 8|0O|7 NC
A0 10]00|9 Vgg
¢ Operating Temperature ne 12looln wne
0°C to 55°C Voo 140013 A1
* Standard 60-Pin Two-Piece Connector A3 ""l 00js A2
A4 18|00 |17 Vgg
¢ CMOS Buffered inputs on All Inputs Except Nc/DQ17 20| O O |19 posNC
RAS and DQ Vec 2200 |21 DOO
* 3.State Unlatched Output DQg 24100 |23 DQ1
DQ1o ZGiD 0J25 vgg
* Low Power Dissipation DQ11 28| 0 027 DQ2
Vi 300 0|29 DQ3
. rf Ranges: cc
Performance Ranges DQ12 320 031 DQ4
ACCESS ACCESS  READ DQ13 34|00 033 Vgg
TIME TIME  OR WRITE pa14 38l00lss pas
CYCLE
Vi 38| 0 O |37 DQs
t cc
CMSaxc-7 :J:: :Ai 132?13 Dais <ol O Ose DAz
ool ns DQ16 42} 0 O |41 vgg
CMS4xx-8 80ns 27 ns 150 ns As 44|00 e TASO
description Ve 46100145 As
A8 48|01 0|47 A7
The CMS409/10 series are dynamic random- A9 50| 00|49 Vgg
access memory cards designed to be used as NC 52| D 0|51 RASO
internal system memory or as external add-on NC 540053 A10
memory. Vee 56| D 0|55 TAST
These cards have CMOS buffers added to the PD4 58| D O1]57 PDS
CAS, W, and address inputs to minimize loading NC 60| 0D |89 Vss
caused by the module. RAS and data in/out 5
remain compatible with Series 74 TTL.
The cards can operate in enhanced page mode. PIN NOMENCLATURE
All address lines and data are latched on chip to AO-A10 Address Inputs
simplify system design. Data out is unlatched to CASO, CAST Column-Address Strobe
allow greater system flexibility. DQo-DQ17 Data Inputs/Outputs
The common 1/O features of the CMS409/10 :AP—;)PDS o e o
dictate the use of early write cycles. Voo 5-V Power Supply
vss Ground
w Write Enable )
NC No Internal Connection
PRODUCTION DATA informetion I owrrent e of m [ 3 Copyright © 1893, Texas Instruments Incorporated
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operation

The CMS409/10 cards are divided into separate banks of memory as shown in the functional block diagrams.
Each bank is selectable using CASx as shown in the table below.

Table 1. Memory Bank Definition

DATA BLOCK RAS CASx
DQo-DQ7, DQst RAS0 CAS0
DQg-DQ186, DQ17Y RASO CAS1

t DQ8 and DQ17 are not available on CMS$410,

power up

To achieve proper device operation, an initial pause of 200 ps followed by a minimum of sight initialization cycles
is required after full Ve level is achieved. The eight initialization cycles need to include at least one refresh

(RAS-only or CAS-before-RAS) cycle.

specifications
Refresh period is extended to 16 ms. During this period, each of the 1024 rows selected by AO-A9 must be
strobed with RAS to retain data.

memory card components

— Meets JEDEC standard
— UL approved materials
~ Plugs into molex connector part number 53213-6011 or equivalent
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CMS409 functional block diagram

RASO
5 aM <9 aM <9
AO-A10 AD-A10

. RAS RAS

TAse —> CAS cas
— W — W
DGO-D 0Qo-0Q
9
AO-A10 atD : Dao-pas

st > L < DOs-DQ17

RASO
aM <8 M8
AO-A10 AO-A10
RAS RAS
caso —> CAS TAS
W —~w
Doo-oov—l pao-ba7}—
" DQo-DQ7
A0-A10 ~> s
L —— DOg-Da1E
a5t —>
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Table 2. Pin Definition

DQ8/NC (19)

DEVICE DQ17/NC (20)
CMS409 DQs DQ17
CMS410 NC NC

absolute maximum ratings over operating free-alr temperature range (unless otherwise noted)t

Supply voltage rangeon any pin {(see Note 1) ..........ccoiiviriirinnninennn.. -05VtoVpoe+05V
VORage raNge ON VG oottt e e et e et i e -05Vto6V
Short circuit OUPUL CUITBNt .. ... . i ittt i et et e i et ieiaaneans 50 mA
Power dissipation (CMS409) ... ... .ot i i et er e ae ey 20W
Power dissipation (CMS410) ... ...ttt it i it et e it 18 W
Operating free-air temperature ............c..veiiiiieriiiieerierierenerrenereeneanans 0°C to 55°C
SHOrage tOMPEAtUIE ... ...\ e\ttt e ettt et e et e et eee i e s arseeenens —40°Ct085°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “recommended operating conditions” section of
this spacification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device rehabullty

NOTE 1: All voltage values are with respect to Vgg.

recommended operating conditions

MIN NOM MAX UNIT
Vee Supply voltage 4.75 5 6.25 v
VIH High-level input voitage %.a\l:;a:;r::shnes 0'7:400 v
ViL Low-level Input voltage _S:_TE. W, address lines 0.3Vee
(See Note 2) RAS and DQ lines -1 0.8
TA Operating free-air temperature 0 55 °C
NOTE 2: The algsbraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

POST OFFICE BOX 1443 ®* HOUSTON, TEXAS 77001
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electrical characteristics over full range of recommended operating conditions

CMS409
PARAMETER TEST CONDITIONS UNIT
MIN NOM MAX
VoH  High-level output voltage IoH=-5mA 24 v
VoL  Low-level output voltage IL=4.2mA 0.4 \
] Input current for addresses, CASX, Vec=5V,V|=0t05.25V, 410 VA
| and W All other pins = 0V to Vg
e Vee=5V,V)=010525V,
] Input current RASX (leakage) All other pins = 0 V to Vo +180 uA
lo Output current (leakage) Ve =525V, Vo = 0to Vg, CASx high +20 nA
electrical characteristics over full range of recommended operating conditions
CMS409-7 CMS409-8
PARAMETER TEST CONDITIONS UNIT
MIN MAX | MIN MAX
Ve = 5.25 V, Minimum cycle, Maximum of 2
Icct Read or write cycle current | address transitions per memory cycle (see 1670 1490 mA
Note 3).
Vee = 5.26 V, After 1 memory cycle, RAS and
lcca  Standby current TAS high, All other signals stable (see Note 3). 87 7| mA
Vee = 5.25 V, Minimum cycle, Maximum of 2
icca ?;n%ago:lfe:reghsg;rram address transitions per memory cycle, RAS 1670 1490 | mA
Y active, CAS high (see Note 3).
Vee = 5.25 V, tpc = minimum, Maximum of 2
Icca Average page current address transitions per memory cycle, RAS low, 1490 1310 mA
CAS cycling (see Note 3).
NOTE 3: V|4 =Vge-—0.2Vand V) =0V for all operating currents.

capacitance over recommended ranges of supply voltage and operating free-air temperature,

f=1MHz
PARAMETER CHSa UNIT
MIN MAX
Cia) Input capacitance, address inputs 15 pF
Ci(RAS) Input capacitance, % inputs 126 pF
Ci(CAS) Input capacitance, CAS inputs 15 pF
Ciw) Input capacitance, W input 15 pF
Ci(DQ) Input/output capacitance of DQ pins 14 pF
TEXAS ‘9
INSTRUMENTS
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electrical characteristics over full range of recommended operating conditions

CMS410

PARAMETER TEST CONDITIONS UNIT
MIN NOM MAX
VOH High-level output voltage IoH=-5mA 24 \
VoL Low-level output voltage fIL=4.2mA 04 v
| Input current for addresses, CASx, Veec=5V,V|=0t056.25V, +10 Wy
| and W All other pins = 0 Vto Voo
= Vec=5V,V|=0t05.25V,
Iy Input current RASX (leakage) Al Sther pins = 0 V to Vg =160 HA
o Qutput current (leakage) Vee =5.25V, Vo = 0to Vi, CASx high 20 pA
electrical characteristics over full range of recommended operating conditions
CMS410-7 CMS410-8 '
PARAMETER TEST CONDITIONS UNIT
MIN MAX | MIN MAX
Ve = §.25 V, Minimum cycle, Maximum of 2
o103 Read or write cycle current | address transitions per memory cycle (see 1490 1330 mA
Note 3).
Vee = 5.25 V After 1 memory cycle, RAS and
lccz  Standby current TAS high. All other signals stable, (see Note 3). 33 331 mA
Average refresh current Vee = 5.25 V, Minimum cycle, Maximum of 2
Icca (FAS gnl or CBR) address fransitions per memory cycle, RAS 1490 1330 mA
Y active, CAS high (see Note 3).
Voo = 5.25 V, tpe = minimum, Maximum of 2
Icca Average page current address transitions per memory cycle, RAS low, 1330 1170 mA
CAS cycling (see Note 3).
NOTE 3: V|4 =Vgg—0.2Vand V=0V for all operating currents.

capacitance over recommended ranges of supply voltage and operating free-air temperature,

f=1MHz
PARAMETER CcuMsaio UNIT
MIN MAX
C;(A) ] Input capacitance, address inputs 15 pF
Ci(RAS) Input capacitance, RAS inputs 12 pF
Ci(CAS) Input capacitance, CAS inputs 15 pF
Ciw) Input capacitance, W input 15 pF
Ci(bQ) Input/output capacitance of DQ pins 14 pF

8-22
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A Iow-pbwer, battery-backup refresh mode is available. Data integrity is maintained using CAS-before-RAS
refresh with a period of125 s, while holding RAS low for fess than 1 us. To minimize current consumption, all

other input levels need to be kept stable at CMOS input levels.

All values remain the same as the standard memory card except those listed in the following table:

PARAMETER TEST CONDITIONS CMS409L CMS410L
RAS and CAS high, Vi = Veg -0.2, V. V|L=0V
lcc2 Standby current All other signals stable at V) or V| ) 7mA emA
1RC = 125 us, tRAS < 1 s,
Icc1o Battery backup current VIH=Vcc-0.2V, V=0V 10 mA 9mA
All other signals stable at Vi or VL
tREF Refresh 1024 cycle 128 ms 128 ms

switching characteristics over recommended ranges of supply voltage and operating free-air

POST OFFICE BOX 1443 * HOUSTON, TEXAS 77001

temperature
PARAMETER CMSaxx-7 CMSHo-8 UNIT
MIN MAX | MIN MAX

tCAC  Access time from CAS low 25 27 ns
tcAA  Access time from column-address 42 47 ns

tRAC  Access time from RAS low 70 80 ns

tCAP Acgess time form column precharge 47 52 ns

tcLz CAS low to output in low Z 0 0 ns

tOFF Output disable time after CAS high (see Note 4) 0 25 0 27 ns
NOTE 4 toFF Is spacified when the output is no longer driven.

TEXAS 'W
INSTRUMENTS
8-23
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timing requirements over recommended ranges of supply voltage and operating free-air

temperature .
PARAMETER CMS&Hox-7 CMS4xx-8
MIN MAX | MIN MAX
tRC Read cycle time 130 150 ns
twe Write cycle time 130 150 ns
tpc Page mode read or write cycle time (see Note 5) 52 57 ns
tcp Pulse duration, CAS high 10 10 ns
tcAas  Pulse duration, CAS low 25 10000 | 27 10000 | ns
tRp Pulse duration, RAS high 50 60 ns
tRAS  Pulse duration, RAS low 70 10000 80 10000| ns
tRASP Page mode, pulse duration, RAS low 70  100000| 80 100000]| ns
tasc  Column address setup time before CAS low 0 0 ns
tASR  Row address setup time before RAS low 7 7 ns
tps Data setup time before CTAS low 0 0 ns
1Rcs  Read setup time before CAS low 0 0 ns
twes  W-low setup before TAS low 0 0 ns
tcwL  W-low setup before TAS high 18 20 ns
tRwL  W-low setup before RAS high 25 27 ns
twsr  W-high setup (CAS-before-RAS refresh only) 17 17 ns
tCAH  Column address hold time after CAS low 15 15 ° ns
'RAH  Row address hold time atter RAS low 10 10 ns
tAR Column address hold time after RAS low (see note 6) 55 60 ns
toH Data hold time after CAS low 15 15 ns
DHR _ Data hold time after RAS low 55 60 ns
tRCH  Read hold time after CAS high (see Note 7) 0 0 ns
t{RRH  Read hold time after RAS high (see Note 7) 0 0 ns
tweH  Write hold time after CAS low 15 15 ns
twcr  Write hold time after RAS low (see Note 6) 55 60 ns
twHR  W-high hold time (CAS-before-RAS refresh only) 10 10 ns
tcsH  Delay time, RAS low to CAS high 70 80 ns
{cRP  Delay time, CAS high to RAS low ) 7 7 ns
trsH  Delay time, CAS low to RAS high 25 27 ns
tRCD  Delay time, RAS low to CAS low (see Note 8) 20 47 22 53| ns
trap Delay time,fm low to column address (see Note 8) 15 28 15 a3 ns
tRAL  Delay time, column address to RAS high 42 47 ns
tCcAL  Delay time, column address to CAS high 35 40 ns
tCHR  Delay time, RAS low to CAS high (see Note 9) 15 20 ns
tcsrR  Delay time, CAS low to RAS low (see Note 9) 17 17 ns
tRpc  Delay time, RAS high to CAS low (see Nota 9) 0 0 ns
tREF  Refresh time interval 16 16 ns
tr Transition time (see Note 10) 3 50 3 50 ns

NOTES: 5. Toassure tpc min, tagc should be greater than or equal o 5 ns..
6. The minimum value is measured when tRcp is set to tRgop(min) as a reference.
7. EithertrcH or tRRH must be satisfied for a read cycle.
8. Maximum values specified to assure access times.
9. CAS-before-RAS refresh only.
10.

All cycle times assume tT = 5 ns.
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Tl memory card nomenciature

T i T T
%
] Gard ModuchModulo TypoXTochnologyX Speed >
' $ = Standard 2=0TP
C = Custom 4 = DRAM

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 8-25




