16Meg DRAM - Radiation Hardened

14C0164R

For Space
Applications

SEI'S 14C0164RP (RP for
RAD-PAK®)highdensity 16
Megabit (4 Mword x 4-bit)
DRAM microcircuit features
aminimum 100 kilorad (Si)
total dose tolerance. The
14C0164RP employs the
mostadvanced CMOS tech-
nology for high performance
and low power. The
14C0164RP offers Fast
Page Mode as a high speed
access mode. These ad-
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vanced CMOS features combined with SEi's radiation hardened RAD-PAK®
packaging technology makes the 14C0164RP acomplete solution for high-speed
memory needs. Capable of surviving space environments, the 14C0164RP is
ideal for satellite, spacecraft, and space probe missions. SEi's RAD-PAK®
advanced technology incorporatesradiation shielding in the microcircuit pack-
age. Iteliminates box shielding while providing lifetime in orbit. The 14C0164RP
provides a total dose survivability of greater than 100krad(Si). Itisavailablein
Class S packaging and screening.

I 901124l 000DO4) T4l W

33

Tel: (619) 452-4167 Fax:(619) 452-5499
INTERNET: 102005.1635@COMPUSERVE.COM

SPACE

INCORPORATED

™ ¢>» ELECTRONICS

onl bd! bl lahOdh” bl ol Yol G sV b Tota Vsl Yl Ve’ Bk "oud "ol o



R .

Radiation Hardened

1 4C01 64 RP zct: mgéczvégg X 4 bit Dynamic RAM
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PIN CONFIGURATION
Features: 4
@ 4 Megaword x 4 bit Organization ® Low Power Dissipation
® RAD-PAK® Radiation Hardened - Active Mode: 550mW(max)
‘ Against Natural Space Radiation - Standby Mode: 11mW(max),
@ Total Dose Hardness >100 krad (Si) ® Fast Page Mode Capability
e Package: ® 3 Variations of Refresh
- 24 Pin RAD-PAK® flat pack - RAS-only refresh
(420 mils x 740 mils) - CAS-before-RAS refresh
- Weight - 6.0 grams - Hidden refresh
- 24 Pin RAD-PAK® DIP ® Test Function
(1.490 mils x 610 mils) - 16 Bit Parallel Test Mode
- Weight - 6.0 grams ® Screening per TM 5004
® Single 5V (+10%) o QCI per TM5005
® High Speed Access Time
- 70ns
@ Long Refresh Period

-2048 Refresh Cycles: 32ms

Specificationsanddesign anesubject tochangawithout notice.

I Q M For Further Information Contact:

Space Electronics Inc.
Total Quahty 4031 Somrento Valley Bivd., San Diego, CA 92121

(619) 452-4167 Fax (619) 452-5499
Management Aug 1996 INTERNET: 102005.1635@COMPUSERVE.COM
B 9011241 0000042 988 WM

40




14C0164RP ABSOLUTE MAXIMUM RATINGS

PARAMETER - SYMBOL MIN MAX UNIT
Voltage on Any Pin Relative to Vss V. -1.0 +7.0 \4
Supply Voltage Relative to Vss Vee -1.0 +7.0 v

" Short Circnit Output Current Iout 50 mA
Power Dissipation Pr 1.0 w
Ope;a;ing Temperature Topr 0 +70 °C
Storage Temperature Tst -55 +125 °C |

14C0164RP RECOMMENDED DC OPERATING CONDITIONS
(Ta =0 to +70°C)

__|_symsoL viv__ [ wmax UNIT
Supply Voltage Vee 45 55 v
" Input High Voltage ' 24 6.5 v
“ Ingut Low Voltage ' l-V 1 -1.0 0.8 W -
Note:
1/ All voltage referred to Vss.
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14C0164RP DC ELECTRICAL CHARACTERISTICS
(Ta=0to+70 °C, Ve = 5V + 10%, Vss = 0V, unless otherwise specified)

“ PARAMETER EYMBOL TEST CONDITION MIN MAX UNIT
Operating Current 2/ 3/ | P trc = min 100 HA
Standby Current I TTL interface 2 mA

RAS, CAS =V,
Dout = High-Z
CMOS interface 1
RAS,CAS>V.-0.2V
Dout = High-Z
RAS-only Refresh L tye = min 100 mA
Current 3/
Standby Current 2/ | P RAS =V ‘ 5 mA
CAS=V,
Dont = enable
CAS-before-RAS Refresh Tece te = min ' 100 mA
Current
Fast Page Mode Current  p. tpe = min 70 mA
2/ 4
Input Leakage Current I, oVsVu<7V -10 10 HA
Output Leakage Current Io OV<Vout<7v -10 10 pA
Dout = disable

Output High Voltage Vou High Jout = -5mA 24 Vee
Output Low Voltage V Low Jout = 4.2mA 0 0.4 \4

LE—JQM

Note: -

2/ Iec depends on output load condition when the device is selected. Icc max is specified at the output
open condition. - '

3/ Address can be changed once or less while RAS=V,.

4/ Address can be changed once or less while CAS = Vi

4031 SORRENTO VALLEY BLVD.
SAN DIEGO, CA 92121
SPACE ELECTRONICS INC PHONE: (619) 4524167
'l 9011241 00000O4% 750 HE INTERNET: 102005.1635@COMPUSERVE.COM
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14C0164RP CAPACITANCE
(Ta =25°C, Vcc = 5V £10%, unless otherwise specified)
PARAMETER — SYMBOL MIN TYP MAX UNIT
Input Capacitance (Address) 5/ Cu - 5 pF
Input Capacitance (Clocks) 5/ Cp --- 7 pF
Output Capacitance (Data-in, Data-out) 5/ 6/ C - 7 F
Note:
5/ Capacitance measured with Boonton Meter or effective capacitance measuring method.
6/ CAS =V to disable Dout.
14C0164RP AC ELECTRICAL CHARACTERISTICS 7/ 8/ 9/ 25/ 26/
{Ta=0to +70°C, Vce = 5V +10%, unless otherwise noted)
Read, Write, Read-Modlfy-erte and Refresh Cycles
[ PARAMETER SYMBOL MIN | MAX UNIT
II Random Read or Write Cycle Time tre 130 — ns
RAS Precharge Time tae 50 —_— ns
CAS Precharge Time tep 10 —_ ns
RAS Pulse Width tans 70 10000 ns
CAS Pulse Width foxs 18 10000 1s
Row Address Setup Time tasr 0 — ns
Row Address Hold Time tran 10 —_ ns
Column Address Setup Time tasc 0 — ns
Column Address Hold Time tean 15 —_ ns
RAS to CAS Delay Time 10/ teen 20 52 ns
RAS to Column Address Delay Time w tean 15 35 ns
RAS Hold Time tesn 18 — s |
CAS Hold Time tesm 70 — ns "
| CAS to RAS Precharge Time 5 —_ ns

SPACE ELECTRONICS INC
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' Read, Write, Read-Modify-Write and Refresh Cycles (continued)

' PARAMETER SYMBOL | MIN MAX uNIT |
OE to Din Delay Time 12/ toep 18 —

l OE Delay Time from Din 13/ tozo 0 — ns
CAS Delay Time from Din 13/ toe 0 —

l Transition Time (Rise and Fall) 14/ ty _ 3 50 ns

' Read Cycle

l || PARAMETER _ __ sYyMBoL | i Max__ | unr |
Access Time from RAS 15/ 16/ 2/ fenc 70 ns

' Access Time from CAS 16/ 17/ 24/ 27/ torc 18 ns
Access Time from Address 16/ 18/ 24/ 2U/ tan --- 35 ns

' Access Time from OE 16/ 27/ tora -- 18 ns
Read Command Setup Time tres 0 - ns

' Read Command Hold Time to CAS 19/ o 0 1s
Read Command Hold Time to R—E 19/ trey 0 --- ns

' Column Address to RAS Lead Time traL 35 -- ns
Column Address to CAS Lead Time toar 35 --- ns

. (—JA—S to Output in Low-Z torz 0 --- ns
Output Data Hold Time ton 3 --- ns

' Output Data Hold Time from OE toro 3 --- ns
Output Buffer Turn-Off Time 20/ torr --- 15 ns

' Output Buffer Turn-Off to OE 20/ torz -- 15 ns

l CAS to Din Delay Time _ 12/ tepp 18 ns

i

i
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Write Cycle

I PARAMETER - ] SYMBOL MIN MAX UNIT
Write Command Setup Time 21/ twes 0 - ns
Write Command Hold TIme twcy 15 --- ns
Write CommandPulse Width : typ 10 - ns
Write Command to RAS Lead Time tawi 18 - ns
Write Command to CAS Lead Time towe 18 - ns
Data-in Setup Time 22/ tpg 0 - ns
Data-in Hold Time 22/_| - 15 ns

Read-Modify-Write Cycle
PARAMETER SYMBOL MIN MAX UNIT
Read-Modify-Write Cycle Time trwe 181 - ns
RAS to WE Delay Time 2/ tewn 98 1s
CAS to WE Delay Time 21/ tewn 46 - ns
Column Address to WE Delay Time 21/ tawn 63 1S
'OE Hold Time from WE toey 18 -=- ns

Refresh Cycle
| PARAMETER
CAS Setup Time (CBR Refresh Cycle) , ns
CAS Hold Time (CBR Refresh Cycle) tomm 10 ns
WE Setup Time (CBR Refresh Cycle) S 0 - ns
WE Hold Time (CBR Refresh Cycle) tyrs 10 ns ||
lﬁs Precharge to CAS Hold Time tepc . 0 --- ns "

4031 SORRENTO VALLEY BLVD.
SAN DIEGO, CA 92121
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I Fast Page Mode Cycle
I PARAMETER SYMBOL MIN MAX UNIT
' Fast Page Mode Cycle Time toc 45 --- ns
Fast Page Mode RAS Pulse Width 23/ tensp 100000 ns
' Access Time from CAS Precharge 16/ 24/ 27/ topn 40 us
l RAS Hold Time igtg CAS Prechfgg L 40 - ns
l Fast Page Mode Read-Modify-Write Cycle
PARAMETER SYMBOL | MIN MAX UNIT
% e — ———
' || Fast Page Mode Read-Modify-Write Cycle Time terwe 96 --- us
“TE Delay Time from CAS Precharge 21/ topy 68 - ns
i
l Test Mode Cycle 27/
—_————e——— e
PARAMETER SYMBOL MIN MAX UNIT
' Test Mode WE Setup Time tors 0 - ns
. Test Mode WE Hold Time tym 10 ns
l Refresh Cycle
|PARAMETER | symsoL MIN MAX UnIT |
' I Refresh Period 28/ trer 32 ms

4031 SORRENTO VALLEY BLVD.
SAN DIEGO, CA 92121
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Notes:

‘ 8/ AC measurements assume t. = 5 ns.
9/ An initial pause of 200 s is required after power up followed by a minimum of eight initialization cycles
(any combination of cycles containing RAS-only refresh or CAS-before-RAS refresh). If the internal refresh
counter is used, a minimum of eight CAS-before-RAS refresh cycles are required.
10/ Operation with the t,, (max) limit insures that t, . (max) can be met, t,., (max) is specified as a
reference point only; if ty, is greater than the specified t,;, (max) limit, then access time is controlled
exclusively by t,..
11/ Operation with the ty,, (max) limit insures that Ty, (max) can be met, Ty, (max) is specified as a
reference point only; if tp,;, is greater than the specified t,,;, (max) limit, then access time is controlled
exclusively by tAA.
12/ Either t ¢, or t,, must be satlsﬁed
13/ Either t,, or t;,, must be satisfied.
14/ Vi, (min) and V;; (max) are reference levels for measurmg timing of input signals. Also, transition
times are measured between Vi, (min) and V;; (max).
15/ Assumes that [, < tpop, (max) and ty,, < tp,, (max). Ity or tp,p is greater than the maximum
recommended value shown in thistable, t;,. exceeds the value shown.
16/ Measured with a load circuit equivalent to 2 TTL loads and 100 pF.
17/ Assumes that t,, > to ., (max) and tp,, < tp . (max).
18/ Assumes that tpo, <ty o, (max) and tp,, > tp, (max).
19/ Either t;; or ty,, must be satisfied for a read cycles.
20/ 15 (max) and t,;, (max) define the time at which the outputs achieve the open circuit condition and
are not referred to output voltage levels.
21/ tyess trwns towns tawp a0d tpy are not restrictive operations parameters. They are included in the data
sheet as electrical characteristics only; if tyg > ty,cg (min), the cycle is an early write cycle and the data out
pin will remain open circuit (high impedance) throughout the entire cycle; if toyp > tayp (min), toyp > town
(min), and tyyp > tayp(min), of toyp > teyp(min), tayp 2 tawp(min) and tepy > topy(min), the cycle is a
read-modify-write and the data output will contain data read from the selected cell; if neither of the above
sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate.
22/ These parameters are referred to CAS leading edge in early write cycles and to WE leading edge in
delayed write or read-modify-write cycles.
23/ ty\5p defines RAS pulse width in fast page mode cycles.
24/ Access time is determined by the longer of t,, or to,c Of tep,.
25/ In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to
the device. After RAS isreset, if t;, > toy,, the /O pin will remain open circuit (high impedance); if
torn = towr, invalid data will be out at each I/O.
26/ The 16M DRAM offers a 16-bits time saving parallel test mode. Address CAO and CA1 for the AM x 4
are don't care during test mode. Test mode is set by performing WE-and-CAS-before RAS (WCBR) cycle.
In 16-bits parallel test mode, data is written into 4 bits in parallel at each I/O (I/01 to I/04) and read out
from each I/O.
If 4 bits of each I/O are equal (all 1s or 0s), data output pin is a high state during test mode read cycle, then
the device has passed. If they are not equal, data output pin is a low state, then the device has failed.
Refresh during test mode operation can be performed by normal read cycles or by WCBR refresh cycles.
To get out of test mode and enter a normal operation mode, perform either a regular CAS before-RAS refresh
cycle or RAS-only refresh cycle.
27/ In a test mode read cycle, the value of ty,c. t,,, toac and tep, is delayed by 2 ns to 5 ns for the specified
value. These parameters should be specified in test mode cycles by adding the above value to the specified

value in this data sheet.
28/ 2048 cycles.
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14C0164RP TIMING WAVEFORMS 29/

Read Cycle Early Write Cycle
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14C0164RP TIMING WAVEFORMS 29/ (continue)

Delay Write Cycle 25/
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14C0164RP TIMING WAVEFORMS 29/ (continue)

RAS-Only Refresh Cycle CAS-Before-RAS Refresh Cycle
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14C0164RP TIMING WAVEFORMS 29/ (continue)

Hidden Refresh Cycle Fast Page Mode Read Cycle
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14C0164RP TIMING WAVEFORMS 29/ (continue)

Fast Page Mode Early Write Cycle Fast Page Mode Delayed Write Cycle 25/
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14C0164RP TIMING WAVEFORMS 29/ (continue)
Fast Page Mode Read-Modify-Write Cycle 25/ ‘ Test Mode Cycle 26/ l
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14C0164RP TIMING WAVEFORMS 29/ (continue)

CAS-Before-RAS Refresh Cycle

tac
tae
A | tpe taag | {Rp

— = @ﬁk | a——
|~ /KRR = TXNL “q*\:x;><><:<mxxx><xxxx
Im FHRRYRYOSORURRCRASRONRRARS e TR R KKKV

\YAY:
| lore

lTest Mode Set Cycle Test Mode Reset Cycle

| lorF

/3 g : oo 2/////;5 High-Z

4031 SORRENTO VALLEY BLVD.
SAN DIEGO, CA 92121

"4;@ SPACE ELECTRONICS INC. o o9 s
) 5 " MR 9011241 000005kt 472 W

INTERNET: 102005.1635@COMPUSERVE.COM

sS4




14C0164RP TIMING WAVEFORMS 29/ (continue)

Test Mode Reset Cycle

RTS-Only Refresh Cycle
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* Relresh Adaress AD - A10 (RAO - RA10)

14C0164RP Package Ordering Guide

Package Style | Case Qutline 1/ Description
D D-24 24 Pin Dual In Line Package ‘
|| F F-24 l 24 Pin Flat Package II
Note: ‘

1/ For outline information, see Appendix A (Package Information - Outline Dimension)
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