


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































IMS1203M 

DEVICE OPERATION 
The IMS1203M has two control inputs, Chip Enable (E) 

and Write Enable (W), twelve address J!:lputs (A0-A11 ), 
a Data In (D) and a Data Out (Q). The E input controls 
device selection as well as active and standby modes. 
W1th E low, the dev1ce is selected and the twelve address 
inputs are decoded to select one bit out of 4K bits. 
Read and Wnte operations on the memory cell are con­
trolled by W input. WithE high, the device is deselected, 
the output is disabled, and the power consumption is 
reduced to less than one-fourth of the active mode power 
with TTL levels and even lower with CMOS levels. 

READ CYCLE 
A read cycle IS defined as W 2: V1H min with ~s:: V1L max. 

Read access time 1s measured from either E going low 
or from valid address. 

The READ CYCLE 1 waveform shows a read access 
!bat is initiated by a change in the address inputs while 
E 1s low. The outputs rema1n act1ve throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The address inputs may change at access time 
and as long as E remains low, the cycle t1me is equal to 
the address access time. 

The READ CYCLE 2 waveform shows a read access 
that is imt1ated by E go1ng low. As long as address is 
stable when E goes low, valid data is at the output at 
the specilied_Chip Enable Access time. If address ,is not 
valid when E goes low, the timing is as spec11ied in 
READ CYCLE 1. Chip Enable access time is not affected 
by the duration of the deselect interval. 

WRITE CYCLE 
The write cycle of the IMS1203M IS initiated by the latter 

of E or W to transition from a high to low. In the case 
of W falling last, the outputjluffer will be turned on 
IELOX after the falling edge of E (just as in a read cycle). 
The output buffJ1! IS then turned off within lwLoz of the· 
falling edge of W. Durmg this Interval, 11 is possible to 
have bus content1on between dev1ces with D and Q 
connected together in a common 1/0 configuration. 
Contention can be avoided in a carefully designed system. 
During a write cycle, data on the input is written into 
the selected cells and the output is floating. 

WRITE CYf:LE 1 waveform shows a write cycle ter­
minated by W going high. Data set-u_Q and ho!Q_ times 
are referenced to the rising edgfLOf W. When w goes 
high at the end of the cycle w1th E active, the output of 
the memory becomes active. The data from the memory 
will be the same as the input data unless the input data 
or address changes. 

WRITE C'f.CLE 2 waveform shows a write cycle ter­
minated by E going high. Data set-up and hold times 
are referenced to the rising edge of E. With E high, 
the outputs remain in the high impedance state. 

APPLICATION 
It is imperative when designing with any very high 

speed memory, such as the IMS1203M, that the funda­
mental rules in regard to memory board layout be 
followed to ensure proper system operation. 

TERMINATION 
Trace lines on a memory board in the array look to 

TTL driver Signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the 
reflections of the TTL signals propagaling down the lines, 
especially low going TTL signals, lme termination is 
recommended. The termination may be e1ther series 
or parallel. 

The recommended technique is to use series termina­
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number 
of components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver 
to dampen the reflection on the line. The resistor should 
be placed as close to the driver package as is practical. 
The line should be kept short by placing the driver­
termination combination close to the memory array: 

Some expenmentation will have to be done to lind 
the proper value to use for the series termination to 
minimize reflections, but generally a series resistor in 

' the 10 to 33 ohm range will be required. Because each 
design will result in a different signal impedance, a 
resistor of predetermined value may not properly match 
the signal path impedance. The proper value of resistance 
should therefore be selected empirically. 

6~ffi--------------------~ .. ;m~e ____________________ __ 
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POWER DISTRIBUTION 
The recommended power distribution scheme com­

bines proper power trace layout and placement of 
decoupling capacitors to maintain the operating mar­
gins of the IMS1203M. The impedance in the decoupling 
path from the power pin through the decouphng capacitor 
to the g·round pin should be kept to a minimum. The· 
impedance of this path is determined by the series im­
pedance of the power line inductance and the inductance 
and reactance of the decoupling capacitor. 

Since the current transients associated with the opera­
tion of the high speed IMS1203M have very high fre;quency 
components, the line inductance is the dominating factor. 
To reduce the line inductance, the power trace and 
ground trace should be gridded or provided by separate 
power planes. The decoupling capacitor supplies energy 
for high frequency current transients and should be 
located as close to the devices with as short lead length 
as possible. The high frequency decoupling capacitor 
should have a value of 0.1 microfarad, and be placed 
between each row of devices in the array (see drawing). 
A !arger tantalum capacitor, with a sufficient value to 
eliminate low frequency ripple, should be placed near 
the memory board edge connection where the power 
traces meet the backplane power distribution system. 
These larger capacitors provide bulk energy storage to 
prevent voltage drop due to the main supply being 
located off the memory board and at the end of a long 
inductive path. 

The ground grid of the memory array should extend to 
the TTL driver periphery circuit. This Will provide a solid 
ground reference for the TTL drivers and prevent loss 
of operating margin of the drivers due. to differential 
ground noise. 

IMS1203M 

4DEVICE 

-4 ·-" 
<jAPACITOR 

dl "• · .. ·. .-.•.; 

• Vee ~ v r 

v~': ..ttl 
ii!M!!t' ·~ 

~ l@£ I= 

Vee. Vss GRID SHOWING 
DECOUPLING CAPACITORS 
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IMS1203M 

Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend 
PGA 
Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 
Plastic DIP 
Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 

E 

H 

L 

L 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1. OUTPUT LOAD 
s.ov 

Q (DoUT) 

200Q 

330Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE" 

w Q MODE 

X HI-Z Standby (lsb) 

H Dout Read 

L HI-Z Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE PART NUMBER 

25ns CERAMIC DIP IMS1203S-25M 
25ns FLAT PACK IMS1203A-25M 

IMS 1203M 3.Sns CERAMIC DIP IMS1203S-35M 
35ns FLAT PACK IMS1203A-35M 
45ns CERAMIC DIP IMS1203S-45M 
45ns FLAT PACK IMS1203A-45M 

_819 ____________________ .. ~·---------------------
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PACKAGING INFORMATION 

18 Pin Ceramic Dual-In-Line 

,. D ~, 

t = [[ : ! : JE = I 

1 
E1 

1 

.JI~ 
B 

8 equal spaces @ 
2.03 

I 
I 

0.80 

I 
I 

254mm 
010' 

E· 

Dim 

A 
A1 
81 
D 
c 
E 
e1 
eA 

c y 
1 

IMS1203M 

Dim 
Inches mm 

Nom To I Nom To I 

A .085 .010 2.18 .230 
8 .018 .003 .457 .152 
81 .054 Typ .137 Typ 

D .900 .011 22.86 .279 
E .310 .010 7.874 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 
s .005 .127 

Fl 
!.---E1--+-l 

18 Pin Flat Pack 

Inches mm 
Notes 

Nom 

.081 

.045 

.028 

.432 

.005 
1.00 
.047 
.230 

To I Nom To I 

.007 2.057 .178 
1.143 

Ref .711 Ref 
.005 10.973 .127 
.002 .127 .051 
Ref 25.40 Ref 

1.194 
.005 5.842 .127 

r 
I 
j. 
I~ 

eA .-1 

•
D 9/9 

----------------- ~& ________________ _ 
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FEATURES 

• INMOS' Very High Speed CMOS 
• Advanced Process - 1.6 Micron Design Rules 
• Specifications guaranteed over full military 

temperature range (-55• Cto + 125• C) 
• 1 K x 4 Bit Organization 
• 25, 35, and 45 nsec Access Times 
• Fully TTL Compatible 
• Single +5V ± 1 Oo/o Operation 
• Power Down Function 
• Common Data Input and Output 
• Three-state Output 
• Standard Military Drawing version available 
• 18-Pin, 300-mil DIP (JEDEC Std.) and FP 

PIN CONFIGURATION LOGIC SYMBOL 

A6 Va; 
A5 A7 
M AB 
fo:J A!J 
AD vo, 
A1 LIO:! 
A2 110:! 
E vo, 
Vss w 

DIP & 
FLAT PACK "E I'/ 

PIN NAMES 
A0 • A9 ADDRESS INPUTS Vee POWER 

w WRITE ENABLE Vss GROUND 

E CHIP ENABLE 
flO DATA IN/OUT 

November 1989 

llo, 

llOz 
vo, 
vo, 

IMS1223M 
CMOS 

High Performance 
1 K x 4 Static RAM 

MIL-STD-883C 

DESCRIPTION 

The INMOS IMS1223M is a high speed CMOS 1Kx4 
static RAM processed in full compliance to MIL-STD-
883C. The IMS1223M provides performance enhance­
ments with the additional CMOS benefits of lower power 
and superior reliability. 

The IMS1223M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1223M pro­
vides a Chip Enable (/E) function that can be used to place 
the device into a low-power standby mode. 

The IMS1223M is a VLSI static RAM intended for 
military temperature applications that demand superior 
performance and reliability. 

BLOCK DIAGRAM 

Vee 

MEMORY ARRAY 
Vss 

32ROWS 
128COLUMNS 

1/9 
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IMS1223M 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on Q ................................ -1.0 to (Vcc+0.5) 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65° C to 150°C 
Power Dissipation .............................................. 1 W 
DC Output Current... ...................................... 25mA 
(One Second Durall on) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

ViH Input Logic "1" Voltage 

VIL Input Logic "0" Voltage 

TA Ambient Operating Temperature 

·v" m1n - -3 V for pulse Width <20ns, note b. 

•stresses greater than 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 above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

MIN TYP MAX UNITS NOTES 

4.5 5.0 5.5 v 
0 0 0 v 

2.0 Vcc+0.5 v All inputs 

-1.o· 0.8 v All inputs 

-55 25 70 oc 400 linear ft/min air flow 

DC ELECTRICAL CHARACTERISTICS (-SSOC ~ TA ~ 125°C) (Vee- 5 OV + 10%)8 -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

lcct Average Vee Power 
Supply Current 

110 mA IAVAV = tAVAv(min) 

lcc2 Vee Power Supply Current E ~ V1H . All other inputs at 
(Standby,Stable TIL Input Levels) 15 mA 

V1N ~ V1L or ~ V1H 
i 

lcc3 Vee Power Supply Current I 
5 mA E ~ (Vee- 0.2) . All other inputs at 

(Standby, Stable CMOS Input Levels) V1N ~ 0.2 or ~ (Vee- 0.2V) I 

lcc4 Vee Power Supply Current E ~ (Vee- 0.2) . Inputs cycling at 
(Standby, Cycling CMOS Input Levels) 10 mA V1N ~ 0.2 or ~ (Vee- 0.2V) 

I ILK Input Leakage Current (Any Input) Vee= max 
±5 llA V1N = Vss to Vee 

IOLK Off State Output Leakage Current 
Vee= max 

±10 llA V1N = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loH =-4mA 

VoL Output Logic "0" Voltage 0.4 v loL=BmA 

Note a: icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 

AC TEST CONDITIONS CAPACITANCEb (TA-25°C H OMHZ) - -

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times ................. , ............ 5ns 
Input and Output Timing Reference Levels .. 1.5V 

CJN Input Capacitance 4 pF t.V = 0 to 3V 

Output Load .................................... See Figure 1 GoUT Output Capacitance 4 pF t.V = 0 to 3V 

Note b: This parameter is sampled and not 1 00% tested. 

_21_9---------------------tt~·-----------------------
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IMS1223M 

RECOMMENDED AC OPERATING CONDITIONS -55°C::;: TA::;: 125°C) (V:c = 5.0V ± 10%) 

READCYCLE9 

NO. SYMBOL PARAMETER 1223M·25 1223M·35 1223M·45 UNITS 
Standard Alternate MIN MAX MIN MAX MIN MAX 

1 IELOV lAcs Chip Enable Access Time 

2 IAVAV IRe Read Cycle T1me 

3 IAVQV IAA Address Access Time 

4 lAx ox loH Output Hold After Address Change 

5 IELox ILz Chip Enable to Output Active 

6 IEHOZ I Hz Chip Disable to Output Inactive 

7 IELICCH lpu Chip Enable to Power Up 

8 IEHICCL lpo Chip Disable to Power Down 

lr Input Rise and Fall Times 

Note c: For READ.CYCLES 1 & 2, W is high for entire cycle. 
Noted: Dev1ce is continuously selected, E low. 
Note e: Measured between V,L max and V,H min. 

25 35 45 

25 35 45 

25 35 45 

5 5 5 

5 5 5 

0 15 0 20 0 20 

0 0 0 

30 30 30 

50 50 50 

Note f: Measured± 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and Vii must transition between V,H to V,L or V,L to V,H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 
2tAVAV 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES 

c 

d 

j 

f, j 

j 

j 

e, j 

ADDRESS r--;~~~~----~------~~------------J~J~----~1 
- 31AVQV- . 

41AXQX 

1/0(DATAOUD I IXXXK)( OUTPUT VALID I 
1~----------------------J 

READ CYCLE 2c 

11ELQV 

1/0(DATAOUD b 7 IELJCCH 9_ 8 IEHICCL 

~CTIY~-- t---------------------------------------
STAND 'cc 

---------------------tt~·----~--------------3-ffi 
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IMS1223M 

RECOMMENDED AC OPERATING CONDITIONS (-SSOC ~ TA ~ 125°C) (Vee= 5.0V ±10%) 

WRITE CYCLE 1 : W CONTROLLED9·11 

SYMBOL 1223M·25 1223M-35 
NO PARAMETER 

MIN MAX MIN MAX Standard Alternate 

9 IAVAV twc Write Cycle Time 20 30 

10 lwLWH lwP Write Pulse Width 15 20 

11 IELWH tcw Chip Enable to End of Write 20 30 

12 !OVWH tow Data Setup to End of Write 15 20 

13 lwHDX toH Data Hold after End of Write 0 0 

14 !AVWH lAw Address Setup to End of Write 20 30 

15 IAVWL !As Address Setup to Start of Write 0 0 

16 lwHAX lwR Address Hold after End of Write 0 0 

17 lwLOZ twz Write Enable to Output Disable 0 15 0 20 

18 lwHOX tow Output Active after End of Write 5 5 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be ;, V1H during address transHions. 
Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 1 

1223M·45 
MIN MAX UNITS NOTES 

40 ns 

25 ns 

40 ns 

25 ns 

0 ns 

40 ns 

0 ns 

0 ns 

0 20 ns 
'· j 

5 ns i,j 

AOORESS~------------~---9--IA_~_v ________________ ~:f------~ 
1\\\\\\! 

11 IELWH 

f//////////~ 

1: 15 IAVWL 
14 IAVWH ~16 IWHAX -- - 10 lwLWH ----~ 

w \\\\\\ \' 
12 IDVWH 13 lwHDX 

lfO (DATA IN) 
I 

DATA VALID l 
17 lwLOZ 

110 (DATA OUT) DATA UNDEFINED 

-~-9---------------------~~·----------------------
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IMS1223M 

RECOMMENDED AC OPERATING CONDITIONS ( -55°C::; TA::; 125°C) (Vee = 5.0V ± 10%) 

WRITE CYCLE 2: E CONTROLLEDg, h 

Note f: Measured ± 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be 2: V1H during address transitions. 
Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 2 
191AVAV 

I ...___, ADDRESS 

26 

lA VEL .I 
21 IELEH 

1 
24 IAVEH 

14--- 20 -

25 IEHAX 

I 

w ~ IWLEH '///IIIlA 
I 22 toiJEH 1- 231EHDX 

1/0(DATAIN) r X DATA VALID I 

1/0(DATAOUT) 

27twLOZ g 
HIGH IMPEDANCE 

DATA UNDEFINED 'i---..:..:!:;;::..:..=.=..:!.:.:::::...--

---------------------tt~·---------------------5-/9 
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IMS1223M 

DEVICE OPERATION 
The IMS1223M has two control inputs, Chip Enable (E) 

and Write Enable CWJ. tgn address inputs (A0-A9), and 
four Data 1/0 lines. TheE Input controls device selection 
as well as active and standby modes. WithE low, the device 
is selected and the ten address inputs are decoded to 
select one four-bit word out of 1 K words. Read and Write 
operations on the memory cell are controlled by W input. 
W1th E high, the device is deselected, the output is 
disabled and the power consumption 1s reduced to less 
than one-fourth of the act1ve mode power with TTL levels 
and even lower with CMOS levels. 

READ CYCLE 
A read cycle is defined as W;::: V1H min withE::; v,L max. 

Read access time is measured from either E going low 
or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is miuated by a change in the address input" while 
E is low. The outputs remain active throughout READ 
CYCLE 1 snd are valid at the specified address access 
time. The address inputs may change at access time 
and as long as E remains low, the cycle time is equal to 
the address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiate_Q by E going low. As long as address is 
stable when E goes low, valid data is at the outputs at 
the specified_Chip Enable Access time. If address is not 
valid when E goes low, the timing IS as specified in 
READ CYCLE 1. Chip Enable access time IS not affected 
by the duration of the deselect interval. 

WRITE CYCLE 
The write cycle of the IMS1223M is initiated by the latter 

of E or W to transition from a high to a low. In the case 
of W falling last, the output .Quffers will be ,turned on 
tELOX after the falling edge of E (just as in a read cycle). 
The output buff~s are then turned off within twLOZ of the 
falling edge of W. During this interval, it is possible to 
have bus contention between devices with common 1/0 
configurations. To avoid bus contention, input data should 
not become active on the 1/0 bus until twwz. 

WRITE CYCLE 1 waveform shows a w.rite cycle ter­
minated by W going high. Data set-u_Q and hoiQ_ times 
are referenced to the rising edgELof W. When W goes 
high at the end of the cycle with E active, the output of 
the memory becomes active. The data from the memory 
will be the same as the input data unless the input data 
or address changes. 

WRITE CYCLE 2 waveform shows a write cycle ter­
minated byE going high. Data set-up _gnd holt;!_ times 
are referenced to the rising edge of E. With E high 
the outputs remain in the high impedance state. 

APPLICATION 
It is 1mperat1ve when designmg with any very high 

speed memory, such as the IMS1223M, that the funda­
mental rules 1n regard to memory board layout be 
followed to ensure proper system operation. 

TERMINATION 
Trace lines on a memory board in the array look to 

TTL driver signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the 
reflections of the TTL signals propagating down the lines, 
especially low going TTL signals, line termination is 
recommended. The termination may be either series 
or parallel. 

The recommended technique is to use senes termina­
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number 
of components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver 
to dampen the reflection on the line. The resistor should 
be placed as close to the driver package as is practical. 
The line should be kept short by placing the driver­
termination combination close to the memory array. 

Some experimentation will have to be done to find 
the proper value to use for the senes termination to 
mimmize reflections, but generally a series resistor in 
the 10 to 33 ohm range will be required. Because each 
design will result in a different signal impedance, a 
resistor of predetermined value may not properly match 
the signal path impedance. The proper value of resistance 
should therefore be selected empirically. 

6_19--------------------~~-·~·----------------------
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POWER DISTRIBUTION 
The recommended power distribution scheme com­

bines proper power trace layout and placement of 
decoupling capacitors to maintain the operating mar­
gins of the IMS1223M The impedance in the decoupling 
path from the power pin through the decoupling capacitor 
to the ground pin should be kept to a min1mum. The 
Impedance of this path is determined by the series im­
pedance of the power line inductance and the inductance 
and reactance of the decoupllng capacitor. 

Since the current transients associated with the opera­
tion of the high speed IMS1223M have very high frequency 
components, the line inductance is the dominating factor. 
To reduce the line inductance, the power trace and 
ground trace should be gridded or provided by separate 
power planes. The decoupling capac1tor supplies energy 
for high frequency current transients and should be 
located as close to the devices with as short lead length 
as possible. The high frequency decoupling capacitor 
should have a value of 0.1 microfarad, and be placed 
between each row of devices in the array (see drawing). 
A larger tantalum capacitor, with a sufficient value to 
eliminate low frequency ripple, should be placed near 
the memory board edge connection where the power 
traces meet the backplane power distribution system. 
These larger capacitors provide bulk energy storage to 
prevent voltage drop due to the main supply being 
located off the memory board and at the end of a long 
inductive path. 

The ground gnd of the memory array should extend to 
the TTL driver periphery circuit. This will provide a solid 
ground reference for the TTL drivers and prevent loss 
of ope1ating margin of the drivers due to differential 
ground noise. 

IMS1223M 

I~DEV ICE 

~ 

. ~· 
CJAP 

~ 

ACITOR 

v!c & v i'.V 

vlmg. .4.11 
~ : 

"""""' 

Vee, Vss GRID SHOWING 
DECOUPLING CAPACITORS 

---------------------------~~·--------------------------7-~ 
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IMS1223M 

Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend 
PGA 
Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 
Plastic DIP 
Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 

E 

H 

L 

L 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

TRUTH TABLE 

w a 
X HI-Z 

H Dout 

L Din 

FIGURE 1. OUTPUT LOAD 
5.0V 

MODE 

Standby (lsb) 

Read 

Write 

480.Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE PART NUMBER 

25ns CERAMIC DIP IMS1223S-25M 
25ns FLAT PACK IMS1223A-25M 

IMS 1223M 35ns CERAMIC DIP IMS1223S-35M 
35ns FLAT PACK IMS1223A-35M 
45ns CERAMIC DIP IMS1223S-45M 
45ns rLATPACK IMS1223A-45M 

~ •. ------------------ ~·------------------
520 



PACKAGING INFORMATION 

1 
E1 

1 

\ 

18 Pin Ceramic Dual-In-Line 
D 

I 
./. + 

I 

.ji-
B 

8 equal spaces @ 
2.03 

+ 

0.80 

i. 
I 

254mm 
010' 

E 

Dim 

A 
A1 
91 
D 
c 
E 
e1 
eA 

IMS1223M 

Dim 
Inches mm 

Nom To I Nom To I 

A .085 .010 2.18 .230 
9 .018 .003 .457 .152 
91 .054 Typ .137 Typ 
D .900 .011 22.86 .279 
E .310 .010 7.874 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 
s .005 .127 

Fl 
~E1~1 

18 Pin Flat Pack 

Inches mm 
Notes 

Nom 

.081 

.045 

.028 

.432 

.005 
1.00 
.047 
.230 

To I Nom To I 

.007 2.057 .178 
1.143 

Ref .711 Ref 
.005 10.973 .127 
.002 .127 .051 
Ref 25.40 Ref 

1.194 
.005 5.842 .127 

( 
I 
k 
I~ 

eA•I 

---------------------tt~·--------------------9-/9 
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FEATURES 

• Full Military Temperature Operating 
Range ( -55"C to + 125"C) 

• MIL-STD-883C Processing 
• 45, 55 and 70 nsec Access Times 
• Fully TTL Compatible 
• Separate Data Input & Output 
• Three-state Output 
• Power Down Function 
• Single +5V ± 10% Operation 
• 20-Pin, 300-mil DIP (JEDEC Std-) 
• 20-Pin Ceramic LCC (JEDEC Std-) 

IMS1400M 
High Performance 

16K Static RAM 
MIL-STD-883C 

DESCRIPTION 

The I NMOS IMS1400M is a high performance 16Kx1 
Static RAM processed in full compliance to MIL-STD-
883C with access times as fast as 45nsec and a maximum 
powerconsumptionof660mW_ Thesecharacteristicsare 
made possible by the combination of innovative circuit 
design and I NMOS' proprietary NMOS technology. 

The IMS1400M features fully static operation requiring 
no external clocks or timing strobes with equal access and 
cycle times_ Additionally, the IMS1400M provides a Chip 
Enable (IE) function that can be used to place the device 
into a low-power standby mode reducing consumption to 
less than 165mW. 

The I MS1400M is a high speed VLSI RAM intended for 
military applications which demand superior performance 
and reliability. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

AD 

A2 

A< 

A• 
AB 

A12 7 

Q (DOUT) 8 

W(WE) • 

DIP 

vee 

AD- 13 
WCWEI 

icCEI 

DIDI\II 

A2AoVccA1 

2~~ :: ~! !.119 
~ :~3 ~~ 20 18[: Al 
Aa ::4 1 11C A5 
As :Js 16~: A1 
Ato :~6 TOP 15~: A, 
A1: :~7 14C Au 

Orooun ::s 10 11 13~: A13 

9!! n ~~ n12 

E 

W Vss E DtOINJ 

CHIP 
CARRIER 

PIN NAMES 
INPUTS vee WER • 

WRITE ENABLE VssGAOUND 

CHIP ENABLE 
OATAINPUT 

G100U11 DATA OUTPUT 

November 1989 

(01NXWEKCE) 

D W E D (01N) _,@=:_2 ----l 

MEMORY ARRAY 
128ROWS 

12BCOLUMNS 

® vee 
@ -vss 

1/9 
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IMS1400M 

ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to Vss· ....... -3.5 to 7.0V 
Temperature Under Btas ........... -65°C to 135°C 
Storage Temperature (Ambient) ..... -65°C to 150°C 
Power Dissipation. . . . . . . ................ 1W 
DC Output Current ......................... SOmA 

*Stresses greater than those listed under Absolute Max1mum Rat1ngs 

~8J ~~~l~~~R~{d~~r~~~~~a~~~~ ~e~~~e d:t~~~s~h~~ 1~n8 56~~~~ ~a6'~9,,0~r 
above those 1nd1cated 1n the operational sect1ons of t~1s speclfJcatJon IS 
not Jmplted Exposure to absolute max1mum ratrng condJtrons for extended 
penods may affect reJJabJlrty 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Vollage 4.5 

Vss Supply Voltage 0 

viH Input Logic "1" Vollage 2.0 

vll Input Logic "0" Vollage -2.0 

TA Ambient Operating Temperature -55 

TYP MAX UNITS NOTES 

5.0 5.5 v 

0 0 v 

6.0 v All inputs 

0.8 v All inputs 

125 oc 400 Linear It/min 
transverse air flow 

DC ELECTRICAL CHARACTERISTICS ( -55°C::;: TA::;: 125°C) (Vee= 5.0V ± 10%) 

SYMBOL PARAMETER 

lee1 Average Vee Power Supply Current AC 

lee2 Vee Power Supply Current (Standby) 

JIN Input Leakage Current (Any Input) 

IOLK Off State Output Leakage Current 

VoH Output Logic "1" Voltage lour = -4mA 

VoL Output Logic "0" Vollage lour= 16mA 

AC TEST CONDITIONS a 

Input Pulse Levels 
lnp~t A1se and Fall Ttmes 
Input and Output Trmmg Reference Levels 
Output Load 

Vss to 3V 
Sns 

1 sv 
See F1gure 1 

Note a Operation to speclllcat1ons guaranteed 2ms after Vee applmd 

CAPACITANCEb(TA = 25°C, f = 1.0MHz) 

SYMBOL PARAMETER MAX UNIT CONDITIONS 

ciN Input Capacitance 4 pF t>V=Oto3V 

Cour Output Capac1tance 7 pF t>V = 0 to 3V 

CE E Capacitance 6 pF t>V = 0 to 3V 

Note b ThiS parameter IS sampled and not 100% tested 

MIN MAX UNITS NOTES 

120 rnA te = tc min 

30 rnA E >V1H min 

-10 10 11A Vee= max 
V1N = Vss to Vee 

-50 50 I'A Vee= max 
Vour = Vss to Vee 

2.4 v 

0.4 v 

FIGURE 1. OUTPUT LOAD 

100!! 

30 pF 
(INCLUDING I SeOPEAND 
JIG) 

_2ro--------------------@t~·----------------------
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RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ TA ~ 125°C) (Vee= 5.0V ±10%) 

READ CYCLE 
14DDM·45 14DDM·SS 14DDM-70 

IMS1400M 

SYMBOL 
NO. 

Standard Alternate PARAMETER UNITS NOTES 

1 tELOV tAcs Chip Enable Access Time 

2 tAVAV tRC Read Cycle Time 

3 tAvav tAA Address Access Time 

4 tAx ax toH Output Hold After Address Change 

5 tEL OX ILZ Chip Enable to Output Active 

6 tEHOZ !HZ Chip Disable to Output Disable 

7 IELICCH tPU Chip Enable to Power Up 

8 !EHICCL IPD Chip Enable to Power Down 

tr Input Rise and Fall Times 
-Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 

Note d: Device is continuously selected; E low. 
Note e: Measured between VIL max and VIH min. 
Note f: Measured ±200mV from steady state output voltage. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1 c,d 

A (ADDRESS) 
Pins 1-7, 13- 19 

Q(DATAOUT) 

3 IAvav 

MIN MAX MIN MAX MIN MAX 

45 55 70 ns 

40 50 65 ns c 

40 50 65 ns d 

3 3 0 ns 

3 5 5 ns 

0 25 0 30 0 40 ns I 

0 0 0 ns j 

0 45 0 55 0 70 ns j 

50 50 50 ns e 

2 tAVAV 

OUTPUT VALID 
PinS L---------------~~~~~~-" ~--------------------------~ 

READ CYCLE 2 c 

E(CE) 
Pin 11 

1 tELOV 

5 !ELOX 
HIGH IMPEDENCE 

Q (DATA OUT) ____ .....:..:..:.::::..:...::.:.::....==::..:..::..:=-----K 
Pin 8 \L.Y.....lL.JLJJ....lJ 

1-4----___,~ 7 IELICCH 

---------------------tt~·--------------------3-/9 
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IMS1400M 

RECOMMENDED AC OPERATING CONDITIONS ( -55°C:; TA:; 125°C) (Vee == S.OV ± 10%) 

WRITE CYCLE 1: WCONTROLLEDh 

NO. SYMBOL PARAMETER 1400M·45 1400M·55 
Standard Alternat MIN MAX MIN MAX 

9 tAVAV twc Wnte Cycle Trme 40 50 

10 tWLWH twp Write Pulse W1dth 20 25 

, 1 IELWH lew Chip Enable to t:nd of Write 40 50 

12 tovwH low Data Set-up to End of Wnte 15 20 

13 lwHDX loH Data Hold After End of Write 0 0 

14 IAVWH lAw Address Set-up to End of Wnte 40 50 

15 IAVWL lAs Address Set-up to Begrnning of Wnte 8 8 

16 twHAX. lwR Address Hold After End of Write 0 0 

17 jWLOZ twz Write Enable to Output Disable 0 20 0 25 

18 lwHQX law Output Active After End of Write 0 25 0 30 

Note 1: Measured ±200mV from steady stale output voltage. 
Note g: If W is low when E goes low, the output remains in the high impedance slate. 
Note h: E or W must be ;, V1H during address trans~ ions. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 1 

Pin 11 

W(WE) 

Pin 9 

D(DIN) 

Pin 12 

Q(DOUT) 
Pin B 

DATA UNDEFINED 

1400M·70 UNITS NOTES 
MIN MAX 

65 ns 

30 ns 

60 ns 

23 ns 

8 ns 

55 ns 

8 ns 

10 ns 

0 28 ns I 

0 40 ns g,j 

-~9------------------~~~·---------------------
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IMS1400M 

RECOMMENDED AC OPERATING CONDITIONS ( -55°C ~ TA~ 125°C) (Vee= 5.0V ± 10%) 

WRITE CYCLE 2: E CONTROLLEDh 

NO. SYMBOL PARAMETER 
Standard Alternat 

19 IAVAV I we Write Cycle T1me 

20 lwLEH lwp Write Pulse Width 

21 IELEH lew Chip Enable to End of Write 

22 lovEH low Data Set-up to End of Write 

23 IEHDX loH Data Hold After End of Wnte 

24 IAVEH lAw Address Set-up to End of Write 

25 IEHAX lwR Address Hold After End of Wnte 

26 lA VEL lAs Address Set-up to Beginning of Write 

27 lwLOz lwz Write Enable to Output Disable 

Note f: Measured ± 200mV from steady state output voltage. 
Note h: E or W must be 2! V,H during address transition. 

WRITE CYCLE 2 

A(ADDRESS) 

Pons 1-7. 
13-19 

iil(CE) 
Pon 11 

.....-----
L.J 

TAVEL .... , J. 

\ 
TAYEH 
PAWl 

24 

ill (WE) 
Pon9 1\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\. 

D(DIN) 

Pon 12 

Q(D0\1T) 

Pon 6 

I X 

DATA UNDEFINED 

19 
TAVAY ....., 

TELEH 
PCWl 

21 

1400M-45 1400M·55 1400M-70 UNITS NOTES 
MIN MAX MIN MAX MIN MAX 

40 50 65 ns 

20 25 30 ns 

40 50 60 ns 

15 20 23 ns 

5 5 10 ns 

40 50 55 ns 

0 0 10 ns 

-5 -5 -5 ns 

0 20 0 25 0 28 ns f 

I 

25 

1WLEH ~--......, 
20 

'//// //////II 
22 J ~ •• TDVEH 

I'OWJ """' DATA VALID X I 

•
D 5/9 ----------------- ~-----------------
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IMS1400M 

DEVICE OPERATION 
The IMS1400M has two control inputs: Chip Enable 

(E) and Write Enable CWJ, 14 address inputs, a data in 
(D,N) and a data out (DouTJ· 

When Y.ee is first applied to pin 20, a circuit associated 
with the E input forces the device into the lower power 
standby mode regardless of th~ state of the E mput. 
After Vee is applied for 2ms the E Input controls devtce 
selection as well as act1ve and standby modes. 

Wtth E low, the device 1s selected and the 14 address in­
puts are decoded to select one memory cell out of 16,385. 
READ and WITE opera!i_ons on the memory cell are 
controlled by W input. WithE high, the device is deselected, 
the output is disabled, and the power consumption is 
reduced to less than J4 of the active mode power. 

READ CYCLE 
A read cycle is defined as W .:2:V1H min with~:S:V1L max. 

Read access11me is measured from either E going low 
or from valid address. 

The READ CYCLE 1 waveform on page 3 shows a read 
acces~that is Initiated by a change in the address inputs 
while E is low The output remains active throughout a 
READ CYCLE 1 and is valid at the specified address 
access time. As long as E remains low, the cycle time is 
equal to the address access time. 

The READ CYCLE 2 w~eform on page 3 shows a read 
access that is initiated by !;_going low. As long as address 
is stable within 5ns after E goes low, valid data is at the 
output at the specified Chip En@le access time. If address 
is not valid within 5ns after E goes low, the timing is 
as specified in the READ CYCLE 1. Chip Enable access 
time is not affected by the duration of the deselect interval. 

WRITE CYCLE 
A write cycle is init§!ed by the latter ofW orE .9.oing low, 

and terminated by W (WRITE CYCLE 1) orE (WRITE 
CYCLE 2) going high. During the write cycle, data on the 
input (D,N) IS written into the selected cell, and the output 
(DouTJ is in high impedance. _ 

If a write cycle is initiated by W going low, the address 
must be stable for the WRITE CYCLE 1 set-up time. If a 
write cycle is initiated byE going low, the ac!Qres~must 
be held stable for the entire write cycle. After WorE goes 
high to terminate the cycle, addresses may change. If 
these address set-up and hold times are not met, contents 
of other cells may be altered in unpredictable ways. 

WRITE CYCLE 1 waveform on page 4 shows a write 
cycle terminated by W going high. D1N set-uQ_and ho.!Q 
t1mes are referenced to the rising edge of W. With W 
high, DouT becomes active. 

WRITE CYCLE 2 waveform on page 5 shows a write 
cycle terminated byE going high. D,N set-up__?nd hoi.Q. 
times are referenced to the rising edge of E. With E 
high, DouT remains in the high impedance state. 

APPLICATION 
To ensure proper operation of the extended tempera­

ture IMS1400M in a system environment, it is recom­
mended that the following guidelines on board layout 
and power distribution be followed. 

POWER DISTRIBUTION 
The recommended power distribution scheme com­

bines proper power trace layout and placement of de­
coupling capacitors. The impedance in the decoupling 
path from the power pin (20) through the decoupling 
capacitor, to the ground pin (1 OJ should be kept to a 
minimum. The impedance of this path is determined by 
the series impedance of the power line inductance and 
the inductance and reactance of the decoupling capacitor. 

To reduce the power line impedance, it is recommended 
that the power trace and ground trace be gridded or 
provided by separate power planes. The high frequency 
decoupling capacitor should have a value of 0.1 !lF. and 
be placed between the rows of memory devtces in the 
array (see F1gure 2). A larger tantalum capacitor with a 
value between 221'F and 4 7 I'F should be placed near the 
memory board edge connection where the power traces 
meet the backplane power distribution system. These 
large capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off 
the memory board and at the end of a long inductive path. 

Also, to prevent loss of signal margins due to differ­
ential ground noise, the ground grid of the memory array 
should be extended to the TTL drivers in the penpheral 
ctrcuitry. 

6-ffi--------------------~@tmoo·~·---------------------
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TERMINATION . 
Trace lines on a memory board in the array look to TTL 

drive~ signals like low impedance. unterminated trans­
mission lines. In order to reduce or eliminate the reflec­
tions of the TIL signals, line termination is recommended. 
The termination-may be either parallel or series but the 
senes termination technique has the advantages of draw­
ing no DC current and using a minimum of components. 
The recommended technique is to use series termination. 

A senes resistor in the s1gnalline at the output of the 
TIL driver to match the source impedance of the TIL 
driver to the signal line will dampen the reflections on 
the line. The line should be kept short with the driver­
termination combination close to the memory array. 

Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reflections. but generally a series resistor in 
the 1 Do to 3011 range will be required. 

The use of proper power distribution techniques. 
Including adequate use of decoupling capacitors. along 
with proper termination of TTL driver outputs. are some 
of the most important. yet basic rules to be followed. 

The rules are intended to maintain the operating mar­
gins of all devices on the memory board by providing a 
quiet environment relatively free of noise spikes and 
signal reflections. 

Vee, V55 GRID SHOWING 
DECOUPLING CAPACITORS 

IMS1400M 

• 7/9 --------- rmmos·--------__;_ 
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IMS1400M 

Type Package Lead finish 
A Formed flat-pack gold 
8 Formed flat-pack solder 
c LCC gold 
D Cerdip solder 
E Small outline, J-bend solder 
G PGA gold 
H Small outline, Gull wing solder 
J PLCC, J-bend solder 
K Sidebraze ceramic DIP solder 
N Ceramic LCC solder 
p Plastic DIP solder 
s Sidebraze ceramic DIP gold 
T (Skinny) Flat-pack solder 
w Ceramic LCC gold 
y (Skinny) Flat-pack gold 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE PART NUMBER 

45ns CERAMIC DIP IMS1400S-45M 
45ns CERAMICLCC IMS1400N-45M 

IMS 1400M 55ns CERAMIC DIP IMS1400S-55M 
55ns CERAMICLCC IMS1400N-55M 
70ns CERAMIC DIP IMS1400S-70M 
70ns CERAMICLCC IMS1400N-70M 

_Bffi _____________________ .. ~·---------------------
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PACKAGING INFORMATION 

20 Pin Ceramic Dual-In-Line 

,~ D ., 

tt=]=~{=~=] 
9 equal spaces @ 

2.54 
a :roo 

Dim 

A 
A1 
B 
91 
D 
E 
E1 
e1 
L 
s 

20 Pin Leadless Chip Carrier 

Dim Inches mm Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .425 .010 0.795 .254 
E .290 .010 7.360 .254 
e1 .050 .005 1.270 

r 
D + 

IMS1400M 

Inches mm 
Nom To I Nom To I 

.096 .012 2.438 .305 

.015 .381 

.018 .003 .457 .152 

.054 Typ .137 Typ 
1.00 .015 25.40 .381 
.315 .010 8.001 .254 
.295 .015 7.493 .381 
.100 .010 2.54 .254 
.125 min 3.175 min 
.005 .127 

Fl 
~E1----I 

•
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FEATURES 

• I NMOS' Very High Speed CMOS 
• Advanced Process -1.6 Micron Design Rules 
• Specifications guaranteed over full military 

temperature range (-55° C to+ 125° C) 
• 16K x 1 Bit Organization 
• 35, 45, 55 nsec Access Times 
• Fully TTL Compatible 
• Separate Data Input & Output 
• Three-state Output 
• Single +5V ± 10% Operation 
• Power Down Function 
• Pin Compatible with IMS1400M 
• Standard Military Drawing version available 
• 20-Pin, 300-mil DIP & LCC (JEDEC Std.) 
• Battery Backup Operation- 2V Data Retention 

(L version only) 

IMS1403M 
IMS1403LM 

CMOS 
High Performance 

16K x 1 Static RAM 
MIL -STD-883C 

DESCRIPTION 

The !NMOS IMS1403M is a high speed 16K x 1 
CMOS static RAM processed in full compliance to 
MIL-STD-883C. The IMS1403M provides maximum 
density and performance enhancements with the 
additional CMOS benefits of lower power and superior 
reliability. 

The IMS1403M features fully static operation 
requiring no external clocks or timing strobes, and equal 
address access and cycle times. Additionally, the 
IMS1403M provides a Chip Enable (/E) function that 
can be used to place the device into a low-power 
standby mode. 

The IMS1403LM is a low power version offering 
battery backup data retention operating from a 2 volt 
supply. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

Ao v.. 
A• A, 
A• A, 
AI A, 
Ao A7 
A,o Ao 
A,. A, 
a A, 
w 0 
'4. E 

DIP CHIP 
CARRIER 

PIN NAMES 
Ao · A13 ADDRESS INPUTS 0 DATA OUTPUT 

w WRITE ENABLE Va:; POWER 

E CHiflENABLE Vss GROUND 

jo DATA INPUT 

November 1 989 

Ao 

A, 

A• 
A, 

A• 

A, 

A7 

oEW 0 

MEMORY ARRAY 
128 ROWS 

128COLUMNS 

1/9 
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IMS1403M/1403LM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 0 ................................. -1.0 to (Vcc+.5)V 
Temperature Under Bias ................ -55• C to 12s•c 
Storage Temperature .•.................. -ss• C to 1so•c 
Power Dissipation ........................................•..... 1W 
DC Output Current.. ....................................... 25mA 
(Ole Secord llu"aloo) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

viH Input Logic "1" Voltage 

viL Input Logic "0" Voltage 

TA Ambient Operating Temperature 

* VIL Min = -3.0V for pulse width <20ns, note b. 

MIN 

4.5 

0 

2.0 

-1.0* 

-55 

"Stresses grealer than 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 above those indicated in the operational 
sectiol"l8 of this specification is not implied. Exposure to absolute 
maximum rating condijions for extended periods may affect reliability. 

TYP MAX UNITS NOTES 

5.0 5.5 v 

0 0 v 

Vcc+.5 v All inputs 

0.8 v All inputs 

25 125 •c 400 linear ft/min air flow 

DC ELECTRICAL CHARACTERISTICS (-55"CsTAs125"C) (Vee=5.0V±10%) a 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

lee1 Average Vee Power 
SUpply Current 

75 mA tAVAV = tAVAV (min) 

lee2 
Vee Power SUpply Current 

15 mA 
E <!: V1H All other inputs at 

(Standby,Stable TIL Input Levels) V1N!>V1L or <!:VIH 

lee3 
Vee Power Supply Current 

5 mA 
E <!:(Vee- 0.2) All other inputs at 

(Standby, Stable CMOS Input Levels) V1Ns0.2 or <!:(Vee-0.2V) 

lee4 
Vee Power Supply Current 

10 mA 
E <!:(Vee- 0.2) Inputs cycling at 

(Standby, Cycling CMOS Input Levels) V1Ns0.2 or <!:(Vee-0.2V) 

I ILK Input Leakage Current (Any Input) ±5 JU\ 
Vee=max 
VtN=VsstoVee 

loLK Off State Output Leakage Current ±10 JU\ 
Vee=max 
VIN = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loH=-4mA 

VoL Output Logic •o• Voltage 0.4 v loL = 16mA 

Note a: Icc Is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 

AC TEST CONDITIONS 

Input Pulse Levels .................................................... Vgg to3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times ................................................... 5ns 
Input and Output Timing Reference Levels ....................... 1.5V 
Output Load .......................................................... See F~gure 1 

e,N Input eapacijance 4 pF i!.V=Oto3V 

eOlJT Output eapacnance 4 pF !N =0 to 3V 
Note b: ThiS parameter is sampled and nol1 00% tested. 

_2ffi ____________________ .. ~·---------------------
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IMS1403M/1403LM 

RECOMMENDED AC OPERATING CONDITIONS(-55°CSTAs125°C) (Vcc=5.0V±10%) 
READ CYCLE 0 

ro. SYMBOL IMS1CO:JM.35 

Standard Al1ernate 
PARAMETER 

1 IELOV lAcs Chip Enable Access Time 

2 IAVAV IRe Read CydeTime 

3 IAVOV tAA Address Access Time 

4 IAXQX laH Output Hold After Address Change 

5 IELOX ltz Chip Enable to Output Aclive 

6 IEHQZ 1Hz Chip Disable to Output lnaclive 

7 taiCCH tpu Chip Enable to Power Up 

8 IEHICCL tpD Chip Enable to Power Down 

tr Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected; E low. 
Note e: Measured between VIL max and V1H min. 

MIN MAX 

35 

35 

35 

5 

5 

0 20 

0 

30 

50 

Note 1: Measured ±200mVfrom steady stale output voltage. Load capacitance is 5pF. 
Note g: E and W must transUion between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c. d 

ADDRESS I -
2tAVAV 

3tAVOV­
J' 4 tAXQX 

IMS1403M-45 IMS1403M-55 

MIN MAX MIN MAX 

45 55 

40 50 

40 50 

5 5 

5 5 

0 20 0 25 

0 0 

30 30 

50 50 

'I 

UNITS NOTES 

ns 

ns c 
ns d 

ns 

ns j 

ns f, j 

ns j 

ns j 

ns e,j 

I 

Q(DATAOUT)I .... ------'t'J.X1._,'.J.X._,._,V\.._.'JJutl'----o-U_TP_U_T_VA_L_ID ___ _.I 

READ CYCLE 2c 

1 tELQV 

Q(DATAOUT) S 7 tEUCCH 9_ BIEHICCL 
ACILV~-- ~----------------------------------------
STAND Icc 

-----------------------tt~·------~---------------3/9 
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IMS1403M/1403LM 

RECOMMENDED AC OPERATING CONDITIONS (-55"CSTAS125"C) (Vcc=5.0V±10"/o) 

WRITE CYCLE 1: W CONTROLLED9• h 

~0. 
SYMBOL 

PARAMETER 
IMS1403M-35 

Standard AllernaiAI MIN MAX 

9 IAVAV twc Write Cyde Time 30 

10 twLWH twp Write Pulse Width 20 

11 IELWH tcw Chip Enable to End of Write 30 

12 tovwH tow Data Set-up to End of Wrfte 15 

13 twHDX toH Data Hold Alter End of Write 0 

14 IAVWH tAw Address Sel-~.p to End of Write 30 

15 IAVWL tAs Address Set-up to Beginning of Write 0 

16 twHAX twA Address Hold Aller End of Wrfte 0 

17 twLOZ twz Write Enable to Output Disable 0 20 

18 twHOX tow Output Active Alter End of Write 0 

Note f: Measured ±200mV from steady stale output voltage. Load capacftance is SpF. 
Note g: ~ anc!_ W musttransftion between VtH to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be :! VtH during address transftions. 
Note i: If W is low when E goes low, the output remains in the high impedance stale. 
Note j: Parameter guaranteed but no! tested. 

WRITE CYCLE 1 

ADDRESS 

D(DATAIN) 

Q(DATAoun DATA UNDEFINED 

IMS1403M-45 IMS1403M-55 

MIN MAX MIN MAX 

40 50 

20 25 

35 45 

15 20 

0 0 

35 45 

0 0 

0 0 

0 20 0 25 

0 0 

UNITS NOTES 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns f,j 

i,j 

-~--------------------.. ~---------------------
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IM51403M/1403LM 

RECOMMENDED AC OPERATING CONDITIONS (-55°CSTAS125°C) (Vcc=5.0V±10%) 

WRITE CYCLE 2: E CONTROLLED g, h 

SYMBOL IMS1403M-35 
NO. 

S1andard AHernate 
PARAMETER MIN MAX 

19 tAVAV twc Wrhe Cycle Time 30 

20 tWLEH twp Wrhe Pulse Width 20 

21 IELEH lew Chip Enable to End of Write 30 

22 tovEH tow Data Set-up to End of Wrhe 15 

23 tEHDX toH Data Hold Alter End of Write 0 

24 tAVEH tAw Address Set-up to End of Wrhe 30 

25 IEHAX twR Address Hold After End of Wrhe 0 

26 tAVEL lAs Address Set-up to Beginning of Wrhe 0 

27 tWLaZ twz Wrhe Enable to Output Disable 0 20 

Note f: Measured ±200mV from steady state output voltage. Load capachanoe is 5pF. 
Note g: !; an!!_W must transition between V1H to VIL or VIL to V1H in a monotonic fashion. 
Note h: E.Q!" W must be ~-VIH during address transitions. 
Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 2 
191AVAV 

ADDRESS 

21 IELEH 

w 

D(DATAIN) 

IMS1403M-45 IMS1403M-55 

MIN MAX MIN MAX 

40 50 

20 25 

35 45 

15 20 

0 0 

35 45 

0 0 

0 0 

0 20 0 25 . 

UNITS 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 

Q(DATAOUT) 

27'WLOZ g 
HIGH IMPEDANCE DATA UNDEFINED ll---...:...:.:;::::...:.;"'-"-==-==---

NOTE'l 

f, j 

---------------------@t~·--------------------5-ro 
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IMS1403M/1403LM 

DEVICE OPERATION 

The IMS1403M has two control inputs, Chip Enable 
(IE) and Write Enable (IW), 14 address inputs (AO -A 13), 
a Data In (D) and a Data Out (Q). The /E input controls 
device selection as well as active and standby modes. 
With /E low, the device is selected and the14 address 
inputs are decoded to select one bit out of 16K bits. 
Read and Write operations on the memory cell are 
controlled by the fW input. With /E high, the device is 
deselected, the outputs are disabled and the power 
consumption is reduced to less than one-fourth of the 
active mode power with TTL levels and even lower with 
CMOS levels. 

READ CYCLE 

A read cycle is defined as fW;::. V1H min with IE .s: VtL 
max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while 
/E is low. The output remains active throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The address inputs may change at access time 
and long as /E remains low, the cycle time is equal to the 
address access time. 

The READ CYCLE 2 waveform shows a read access 
tha.l is initiated by /E going low. As long as address is 
stable when /E goes low, valid data is at the output at 
the specified Chip Enable Access time. If address is not 
valid when /E goes low, the timing is as specified in 
READ CYCLE 1. Chip Enable access time is not 
affected by the duration of the deselect interval. 

WRITE CYCLE 

The write cycle of the IMS1403M is initiated by the 
latter of /E or /W to transition from a high to a low. In the 
case of fW falling last, the output buffer will be turned on 
!£:LOX after the falling edge of /E Oust as in a read cycle). 
The output buffer is then turned off within twLOZ of the 
falling edge of IW. During this interval, it is possible to 
have bus contention between devices with D and Q 
connected together in a common 1/0 configuration. 
Contention can be avoided in a carefully designed 
system. During a write cycle, data on the input is written 
into the selected cells and the output is floating. 

WRITE CYCLE 1 waveform shows a write cycle 
terminated by fW going high. Data set-up and hold 
times are referenced to the rising edge of /W. When fW 
goes high at the end of the cycle with /E active, the 
output of the memory becomes active. The data from 
the memory will be the same as the input data unless 
the input data or address changes. 

WRITE CYCLE 2 waveform shows a write cycle 
terminated by /E going high. Data set-up and hold 
times are referenced to the rising edge of /E. With /E 
high the outputs remain in the high impedance state. 

APPUCATION 

It is imperative when designing with any very high 
speed memory, such as the IMS1403M, that the 
fl!ndamental rules in regard to memory board layout be 
followed to ensure proper system operation. 

DATA RETENTION (Lversiononly)(-55°C:!>T A:!>125°C) 

SYMBOL PARAMETER 

VDR Data Retention Voltage 

leeDRt Data Retention Current 

leeDR2 Data Retention Current 

tEHVeeL Deselect Time (t CDR) 

tveeHEL RecoveryTime(tR) 

*Typical data retention parameters at 25°C. 
Note j: Parameter guaranteed but not tested. 

MIN 

2.0 

0 

IRC 

TYP* MAX UNITS NOTES 

volts VaNs 0.2V or;, (V ec -0.2V) E;, (V ee -0.2V) 

3 400 I1A Vee= 3.0 vohs 

2 250 uA Vee = 2.0 valls 

ns i.k 

ns j, k (I RC = Read Cycle Time) 

Note k: Supply recovery rate should not exceed 100mV per flS from VDR to Vee min. 

LOW Vee DATA RETENTION 

DATA RETENTION MODE 

Vee 
VoR~2V 

E ~ (VoR .0.2V) 

E 

s_ffi--------------------~@toooo·~·---------------------
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POWER DISTRIBUTION 

The recommended power distribution scheme 
combines proper power trace layout and placement of 
decoupling capacitors to maintain the operating margins 
of the IMS1403M. The impedance in the decoupling 
path from the power pin through the decoupling 
capacitor to the ground pin should be kept to a 
minimum. The impedance of this path is determined by 
the series impedance of the power line inductance and 
the inductance and reactance of the decoupling 
capacitor. 

Since the current transients associated with the 
operation of the high speed IMS1403M have very high 
frequency components, the line inductance is the 
dominating factor. To reduce the line inductance, the 
power trace and ground trace should be gridded or 
provided by separate power planes. The decoupling 
capacitor supplies energy for high frequency current 
transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad, and be placed between each row of 
devices in the array (see drawing). A larger tantalum 
capacitor, with a sufficient value to eliminate low 
frequency ripple, should be placed near the memory 
board edge connection where the power traces meet 
the backplane power distribution system. These larger 
capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off 
the memory board and at the end of a long inductive 
path. 

The ground grid of the memory array should extend 
to the TTL periphery circuit This will provide a solid 
ground reference for the TTL drivers and prevent loss 
of operating margin of the drivers due to differential 
ground noise. 

IMS1403M/1403LM 

TERMINATION 

Trace lines on a memory board in the array look to 
TTL driver signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the 
reDactions of the TTL signals propagating down the 
lines, especially low going TTL signals, line termination 
is recommended. The termination may be either series 
or parallel. 

The recommended technique is to use series 
termination. The series termination technique has the 
advantage of drawing no DC current and using a 
minimum number of components. This is accomplished 
by placing a series resistor in the signal line at the 
output of the TTL driver to dampen the reflection on the 
line. The resistor should be placed as close to the driver 
package as is practical. The line should be kept short by 
placing the driver-termination combination close to the 
memory array. 

Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reDactions, but generally a series resistor in 
the 10 to 33 ohm range will be required. Because each 
design will result in a different signal impedance, a 
resistor of predetermined value may not properly match 
the signal path impedance. The proper value of 
resistance should therefore be selected empirically. 

Vee, Vss GRID SHOWING 
DECOUPLING CAPACITORS 

•
c 7/9 ----------------- ~------------------
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IMS1403M/1403LM 

Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend 
PGA 
Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 
Plastic DIP 
Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 

E 

H 

L 

L 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1. OUTPUT LOAD 
5.0V 

Q (DoUT) 

167.Q 

250.Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE 

w a MODE 

X HI-Z Standby (lsb) 

H Dout Read 

L HI-Z Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE 
PART NUMBER 

STANDARD LOW POWER 

35ns CERAMIC DIP IMS1403S-35M IMS1403LS35M 

IMS 1403M 35ns CERAMICLCC IMS1403N-35M IMS1403LN35M 

IMS 1403LM 45ns CERAMIC DIP IMS1403S-45M IMS1403LS45M 
45ns CERAMICLCC IMS1403N-45M IMS1403LN45M 
55ns CERAMIC DIP IMS1403S-55M IMS1403LS55M 
55ns CERAMICLCC IMS1403N-55M IMS1403LN55M 

_at_9 ----------•rmmos·-----------
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PACKAGING INFORMATION 

20 Pin Ceramic Dual-In-Line 

1-« D ,., 

t~=]::t::~=] 
.JI• 

B 
9 equal spaces @ 

2.54 
0.100 

Dim 

A 
A1 
B 
B1 
D 
E 
E1 
e1 
L 
s 

Inches 
Nom To I 

.096 .012 

.015 

.018 .003 

.054 Typ 
1.00 .015 
.315 .010 
.295 .015 
.100 .010 
.125 min 
.005 

20 Pin Leadless Chip Carrier 

Dim Inches mm Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .425 .010 ~0.795 .254 
E .290 .010 7.360 .254 
e1 .050 .005 1.270 

r 
D + 
i~ 

[._E_J 

IMS1403M/1403LM 

mm 
Nom To I 

2.438 .305 
.381 
.457 .152 
.137 Typ 
25.40 .381 
8.001 .254 
7.493 .381 
2.54 .254 
3.175 min 
.127 

---------------------@t~·--------------------9-ro 
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FEATURES 

• Full Military Temperature Operating 
Range (-55• C to+ 125• C) 

• MIL-STD-883C Processing 
• 4Kx4 Bit Organisation 
• 55 and 70 nsec Access Times 
• Fully TIL Compatible 
• Common Data Input and Output 
• Three-state Output 
• Power Down Function 
• Single +5V ± 10% Operation 
• 20-Pin, 300-mil DIP (JEDEC Std.) 
• 20-Pin Ceramic LCC (JEDEC Std.) 

PIN CONFIGURATION 

DIP CHIP 
CARRIER 

PIN NAMES 

IMS1420M 
High Performance 
4Kx4 Static RAM 

MIL-STD-883C 

DESCRIPTION 

The I NMOS IMS1420M is a high performance 4Kx4 
Static RAM processed in full compliance to MIL-STD-
883C with access times of 55ns and 70ns and a maximum 
power consumption of 660mW. These characteristics are 
made possible by the combination of innovative circuit 
design and I NMOS' proprietary NMOS technology. 

The IMS1420M features fully static operation requir­
ing no external clocks or timing strobes with equal access 
andcycle times. Additionally, theiMS1420Mprovidesa 
Chip Enable (/E) function that can be used to place the 
device into a low-power standby mode reducing con­
sumption to less than 165mW. 

The IMS1420M is a high speed VLSI RAM intended 
for military applications which demand high performance 
and reliability. 

LOGIC SYMBOL BLOCK DIAGRAM 

A0 • A11 ADDRESS INPUTS Vee POWER (+SVI 

w WRITE ENABLE Vss GROUND 

E CHIP ENABLE 

uo DATA IN/OUT 

November 1989 1/9 
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IMS1420M 

ABSOLUTE MAXIMUM RATINGS* 

Voltage on any p1n relative to Vss ....... -3.5 to 7.0V 
Temperature Under Bias....... . -65°C to 135°C 
Storage Temperature (Ambient) . -65°C to 150°C 
Power D1Ss1pat1on ............................ 1W 
DC Output Current. . . . . . . . . . . . . . . . . .... SOmA 

*Stresses greater than those listed under Absolute Maxrmum Ratrngs 
may cause permanent damage to lhedevrce Thrs rs a stress ratrng only and 
lunctJonal operat1on ol the dev1ce al these or any other conditions above 
those mdrcated m the operatronal sectrons of thts spectftcatron rs not 
tmplled Exposure to absolute maxtmum rattng conditions for extended 
penods may affect rehab1hly 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

v,H Input Logic 'T' Voltage 2.4 

v,L Input Logic "0" Voltage -2.0 

TA Ambient Operating Temperature -55 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

6.0 v All Inputs 

0.8 v Alllnouts 

125 oc 400 Linear It/min 
transverse a1r flow 

DC ELECTRICAL CHARACTERISTICS (-55°C s; TA s; 125°C) (Vee= 5.0V ± 10%) 

SYMBOL PARAMETER 

Icc• Average Vee Power Supply Current AC 

lcc2 Vee Power Supply Current (Standby) 

liN Input Leakage Current (Any Input) 

loLK Off State Output Leakage Current 

YaH Output Logic "1" Voltage lour = -4mA 

VoL Output Logic "0" Voltage lour = BmA 

AC TEST CONDITIONS• 

Input Pulse Levels 
Input R1se and Fall T1mes 
Input and Output T1m1ng Reference Levels 
Output Load 

v55 to3V 
5ns 

I 5V 
See F1gure t 

Note a Operat1on to spec1hcat•ons guaranteed 2ms after Vee applied 

CAPACITANCEb(TA = 25°C, f = 1.0MHz) 

SYMBOL PARAMETER MAX UNIT CONDITIONS 
CtN Input Capacitance 4 pF /!.V=Oto3V 
Cour Output Capac1tance 7 pF "-V = 0 to 3V 
Ce E Capacttance 6 pF "-V = 0 to 3V 

Note b ThiS parameter IS sampled and not 100% tested 

MIN MAX UNITS NOTES 

120 rnA 1c = 1c min 

30 rnA E2:V1H mtn 

-10 10 ,A Vee= max 
v,N = Vss to Vee 

-50 50 ,A Vee= max 
Vour = Vss to Vee 

2.4 v 

0.4 v 

FIGURE 1. OUTPUT LOAD 

1/0 

2550 

50V 

4800 

30pF 
(INCLUDING I SCOPE AND 
JIG) 

-~-9-------------------tt~---------------------
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IMS1420M 

RECOMMENDED AC OPERATING CONDITIONS (-55°C S: TAS: 125°C) (Vee= 5.0V ± 10%) 

READ CYCLE 

NO. SYMBOL PARAMETER 

1 lAcs Chip Enable Access Time 

2 IRe Read Cycle Ttme 

3 IAA Address Access Ttme 

4 loH Output Hold After Address Change 

5 tLz Chip Enable to Output Active 

6 !Hz Chip Dtsable to Output D1sable 

7 tpu Chip Enable to Power Up 

8 tpo Chip Dtsable to Power Down 

9 IRes Read Command Set-up Ttme 

10 tACH Read Command Hold Time 

tr Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high lor entire cyde. 
Noted: Device is continuously selected; E low. 
Note e: Measured between v1L max and VtH min. 
Note 1: Measured ±200mV from steady state output vohage. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1 c. d 

IMS1420M·55 IMS1420M·70 UNITS NOTES 
MIN MAX MIN MAX 

55 70 ns 

55 70 ns c 

55 70 ns d 

3 3 ns j 

15 15 ns j 

25 30 ns f 

0 0 ns j 

0 55 0 70 ns j 

-5 -5 ns 

-5 -5 ns 

50 50 ns e 

ADDRESS 
Pms 1·8. 

16·19 
~------------------------:~------------------------~·~~--------~ d.=,., ~ ;1, 'l 

I 
10
" ~X X t==============D=AT=A=V=AL=ID================== 

DATA OUT 
Pins 12·15 

READ CYCLE 2 c 

E 
Pm9 

DATA OUT 
Pms 12·15 

w 
Pin 11 

Icc 

HIGH 
IMPEDANCE 

"'""b-s=:--------------~--:.;.;;..~~_____, STANDBY ____,{ }.... 

---------------------tt~·---------------------3-ffi 
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IMS1420M 

RECOMMENDED AC OPERATING CONDITIONS ( -55°C s; TAs; 125°C) (Vee= 5.0V ± 10%) 

WRITE CYCLE 1: w CONTROLLEDh 

NO. SYMBOL PARAMETER IMS1420M-55 IMS1420M-70 
MIN MAX MIN 

11 I we Wnte Cycle T1me 55 70 

12 lwp Wnte Pulse Wrdth 45 65 

13 lew Chrp Enable to End of Wnte 45 65 

14 low Data Set-up to End of Wnte 25 30 

15 loH Data Hold After End of Wnte 3 5 

16 lAw Address Set-up to End of Wnte 45 
. 

65 

17 • lAs Address Set-up to Begrnnrng of Write 0 0 

18 lwR Address Hold After End of Wnte 5 5 

19 lwz Wnle Enable to Output Disable 0 25 0 

20 low Output Act1ve After End of Wnte 0 0 

Note f. Measured ± 200mV from steady state output voltage. 
Note g. If E goes h1gh wrth W low, Output rema1ns 1n HIGH rmpedance state 
Note h· E or W must be:::<: V,H dunng address trans111ons. 

ADDRESS 
Pms 1-B. 

16-19 

E. 
Pm 9 

w 
Prn 11 

DATA IN 
Pons 12-15 

DATA OUT 
Pms 12-15 

DATA UNDEFINED 

1-119) 
lwz 

MAX 

30 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f 

ns 9 

-~-9-------------------@t~----------------------
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RECOMMENDED AC OPERATING CONDITIONS (-55°C::;; TA::;; 125°C) !Vee= 5.0V ± 10%) 

WRITE CYCLE 2: E CONTROLLEDh 

IMS1420M 

NO. SYMBOL PARAMETER IMS1420M·55 IMS1420M·70 UNITS NOTES 
MIN MAX MIN MAX 

21 I we Write Cycle Time 

22 lwp Write Pulse W1dth 

23 lew Chip Enable to End of Write 

24 low Data Set-up to End of Write 

25 loH Data Hold After End of Write 

26 lAw Address Set-up to End of Write 

27 lwR Address Hold After End of Write 

28 lAs Address Set-up to Beginning of Wnte 

29 lwz Write Enable to Output Disable 

Note f: Measured ± 200mV from steady state output voltage. 
Note h: E or W must be~ V1H during address transitions. 

WRITE CYCLE 2 

55 70 ns 

45 65 ns 

45 65 ns 

25 30 ns 

5 5 ns 

40 60 ns 

5 5 ns 

-5 -5 ns 

0 25 0 30 ns 

~---------------------\~--------------------~ 

w 
Pin 11 

DATA OUT 
Pins 12-15 

DATA UNDEFINED 
HIGH IMPEDANCE 

f 

---------------------tt~--------------------5-~ 
547 



IMS1420M 

DEVICE OPERATION 
The IMS1420M has two controlrnputs, Chip Enable 

(E) and Wrrte Enable [Vii). twelve address inputs, and 
four Data 1/0 lrnes. 

When Veers frrst applred to prn 20, a crrcurt associated 
wrth theE input forces the devrce rnto the .!.9wer power 
standby mode regardles§_of the state of theE input. After 
Veers applied for 2ms theE input controls device selectron 
as well as active and standby modes. 

Wrth E low, the devrce is selected and the twelve ad­
dress rnputs are decoded to select one 4-bit word out of 
4096. READ and WJ31T,E operatro!J!l on the memory cell 
are controlled by W rnput. Wrth E high, the device is 
deselected, the output rs drsabled, and the power con­
sumptron rs reduced to less than one-third of the active 
mode power. 

READ CYCLE 
A read cycle rs defrned as W 2 v,H mrn wrth} :s; v,L 

max Read access trme rs measured from either E going 
low or from valrd address. 

The READ CYCLE 1 waveform on page 3 shows a read 
access that rs inrtrated by a change in the address inputs 
while E is low. The output remains actrve throughout 
READ CYCLE 1 and is valrd at the specified address 
access time. The address rnputs may change at access 
trme and the output remarns valrd for a mrnimum of 3ns. 
As long as E remains low, the cycle trme rs equal to the 
address access time. 

The READ CYCLE 2 waveform on page 3 shows a 
read access that rs rnrtrated by E g_orng low. As long as 
address rs stable wrthrn 5ns after E goes low, valrd data 
rs at the output at the specrfred Chip EnaQ.Ie access trme. 
If address rs not valrd wrthrn 5ns after E goes low, the 
timrng is as specrfred rn the READ CYCLE 1. Chip Enable 
access trme rs not affected by the duratron of the deselect 
rnterval. 

WRITE CYCLE 
A write cycle is rnit§.ted by the latter ofW or Egoing low, 

and terminated by W [WRITE CYCLE 1) or E (WRITE 
CYCLE 2) gorng high. Durrng the write cycle, data on 
the rnputs rs written rnto the selected cells, and the out­
puts are floatrng. 

If a wrrte cyclers rnrtiated by W gorng low. the address 
must be stable for the WRITE CYCLE 1 set-up time. If a 
write cyclers rnrtrated byE gorng low, the ad.Qress need 
not be stable until a maximum of 5ns after E goes low 
The address must be held stable for the entire write cycle. 
After W or E goes high to terminate the write cycle, 
addresses may change. If these address set-up and hold 
times are not met, contents of other cells may be altered 
in unpredictable wafs. 

WRITE CYCLE 1 '{@Veform on page 4 shows a wrrte 
cycle terminated by W going hrgh. DrN set-uQ_and hoiQ. 
trmes are referenced to the rising edge QL W. Wrth W 
hrgh, the outputs become actrve. When W goes hrgh 
at the end of a wrrte cycle and the outputs of the memory 
go active, the data from the memory wrll be the same 
as the data just wrrtten into the memory. Thus, no data 
bus contention will occur. 

WRITE CYCLE 2 waveform on page 5 shows a write 
cycle terminated byE gorng high. Data sg_t-up afJ_d hold 
times are referenced to the rising edge of E. With E high, 
the outputs remarn in the high impedance state. 

APPLICATION 
Fundamental rules in regard to memory board layout 

should be followed to ensure maximum benefrt from the 
features offered by the IMS1420M Statrc RAM. 

POWER DISTRIBUTION 
The recommended power drstrrbution scheme combines 
proper power trace layout and placement of decoupling 
capacitors to maintain the operating margins of the 
IMS1420M. The impedance in the decoupling path from 
the power pin (20) through the decoupling capacitor, 
to the ground pin [10) should be kept to a minimum. 
The impedance of this path is determined by the series 
impedance of the power line inductance and the induct­
ance and reactance of the decoupling capacitor. 

Since the current transients associated wrth the opera­
Iron of the high speed IMS1420M are high frequency, the 
line inductance is the domrnating factor. To reduce the 
line inductance, the power trace and ground trace should 
be grrdded or provided by separate power planes. The 
decoupling capacitor acts as a low impedance power sup­
ply located near the memory device. The high frequency 
decouplrng capacitor should have a value of 0.1fLF, and 
be placed between the rows of memory devices rn the 
array [see drawing). A larger tantalum capacitor with a 
value between 221'F and 4 71'F should be placed near 
the memory board edge connection where the power 
traces meet the backplane power distrrbution system. 
These larger capacitors provide bulk energy storage 
to prevent voltage drop due to the main supply berng 
located off the memory board and at the end of a long 
rnductive path. 

The ground grrd of the memory array should extend 
to the TTL driver periphery circuit. This will provide a 
solid ground reference for the TTL drivers and prevent 
loss of operating margin of the drivers due to drfferential 
ground noise. 

4 DEVICE 

.h\ CAPACITOR 

. w V' tr Vee 

Vss 
·bA· .. .,, ,.,.,.. JJ!1if1P 

=. ;mmt 1;:;;;;;. 'ff!&!? 

Vee. Vss GRID SHOWING 
DECOUPLING CAPACITORS 

6_19--------------------~ct··~·----------------------
548 



TERMINATION 
Trace lines on a memory board in the array look to TTL 
dnver s1gnals like low impedance, unterminated trans­
mission lines. In order to reduce or el1minate the reflec­
tions of the TTL s1gnals propagating down the l1nes. 
especially low go1ng TTL signals, line termination 1s recom­
mended. The term ~nation may be either senes or parallel. 

The recommended techmque is to use series termina­
tion. The series termination technique has the advantage 
of drawing no DC current and using a mimmum of 
components. This IS accomplished by placing a senes 
res1stor 1n the s1gnalline at the output of the TTL dnver 
to dampen the reflection on the line. The line should 
be kept short by placing the driver-termination combi­
nation close to the memory array. 

Some experimentation will have to be done to find 
the proper value to use for the senes termination to 
minimize reflections, but generally a senes resistor 1n 
the 1 on to 30n range will be required. 

Proper power distribution techniques, including ade­
quate use of decoupling capacitors, and proper termina­
tion of TTL drive outputs, are some of the most important, 
yet basic guidelines that need to be followed when de­
Sigmng and building a memory ooard. The guidelines are 
Intended to maintain the operating marg1ns of all devices 
on the memory board by providing a quiet environment 
free of noise sp1kes and signal reflections. 

IMS1420M 

• • m 
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IMS1420M 

Type Package Lead finish 
A Formed flat-pack gold 
B Formed flat-pack solder 
c LCC gold 
D Cerdip solder 
E Small outline, J-bend solder 
G PGA gold 
H Small outline, Gull wing solder 
J PLCC, J-bend solder 
K Sidebraze ceramic DIP solder 
N Ceramic LCC solder 
p Plastic DIP solder 
s Sidebraze ceramic DIP gold 
T (Skinny) Flat-pack solder 
w Ceramic LCC gold 
y (Skinny) Flat-pack gold 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE PART NUMBER 

55ns CERAMIC DIP IMS14205-55M 

IMS 1420M 55ns CERAMICLCC IMS1420N-55M 
70ns CERAMIC DIP IMS14205-70M 
70ns CERAMICLCC IMS1420N-70M 

8/9 .a --------- !ITiJOOS"---------
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. .. PACKAGING INFORMATION 

20 Pin Ceramic Dual-In-Line 

lc D •I 

t~=]::r:~=] 
~I· 

8 
9 equal spaces @ 

2.54 
0.100 

Dim 

A 
A1 
B 
81 
0 
E 
E1 
e1 
L 
s 

20 Pin Leadless Chip Carrier 

Dim Inches mm Notes 
Nom To I Nom To! 

A .071 .007 1.803 .178 
B1 .025 .003 .635 .076 
D .425 .010 0.795 .254 
E .290 .010 7.360 .254 
e1 .050 .005 1.270 

r 
D + 

IMS1420M 

Inches mm 
Nom To I Nom To I 

.096 .012 2.438 .305 

.015 .381 

.018 .003 .457 .152 

.054 Typ .137 Typ 
1.00 .015 25.40 .381 
.315 .010 8.001 .254 
.295 .015 7.493 .381 
.100 .010 2.54 .254 
.125 min 3.175 min 
.005 .127 

---------------------4t~------~------------9_m 
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FEATURES 

• I NMOS' Very High Speed CMOS 
• Advanced Process - 1.6 Micron Design Rules 

Specifications guaranteed over full military· 
temperarure range (-55° C to + 125° C) 
4K x 4 Bit Organization 
35, 45, and 55 nsec Access Times 
Single +5V ± 1 0% Operation 
Power Down Function for Low Standby Power 
Fully TIL Compatible 

• Common Data Input and Output 
Three-state Output 
Standard Military Drawing version available 
(refer to page B-7) 
20-Pin DIP, LCC (JEDEC Std.) and FP 

Pin Compatible with IMS1420M 

PIN CONFIGURATION 

DIP and 
FLAT PACK 

CHIP 
CARRIER 

PIN NAMES 

LOGIC SYMBOL 

A0 • A 11 ADDRESS INPUTS Vee POWER (+SV) 

w WRITE ENABLE Vss GROUND 

E CHIP ENABLE 

1/0 DATA IN/OUT 

November 1989 

IMS1423M 
CMOS 

High Performance 
4K x 4 Static RAM 

M I L-STD-883C 

DESCRIPTION 

The INMOS IMS1423M is a high speed 4K x 4 
CMOS static RAM processed in full compliance to MIL­
STD-883C. The IMS1423M provides maximum density 
and performance enhancements to existing 16K applica­
tions. 

The IMS1423M features fully static operation requir­
ing no ex!ernal clocks or timing strobes, and equal ad­
dress access and cycle times. Additionally, the 
IMS1423M provides a Chip Enable (/E) function that can 
be used to place the device into a low-power standby 
mode. 

The IMS1423M is a VLSI static RAM intended for 
military applications that demand high performance and 
superior reliability. 

BLOCK DIAGRAM 

1/10 
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IMS1423M 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 110 ............................. -1.0 to (Vcc+0.5)V 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65• C to 15o•c 
Power Dissipation .............................................. 1W 
DC Output Current.. ....................................... 25mA 
(One output at a lime, one second duralion) 

DC OPERATING CONDITIONS 
PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

ViH Input Logic "1" Voltage 2.0 

ViL Input Logic ·o· Voltage -1.0" 

TA Ambient Operating Temperature -55 
•v,. m1n • -3 volts for pulse width <20ns, note b. 

"Stresses greater than those listed under "Absolute Maximum Ratings" 
may cause pennanent damage to the device. This is a stress rating 
only and fundional operation of the device at these or any other 
conditions above those Indicated In the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliabiiRy. 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vcc+0.5 v All inputs 

0.8 v All inputs 

25 125 •c 400 linear ftlmin air flow 

DC ELECTRICAL CHARACTERISTICS (-55·c~ TA~ 125°C) (Vee=50V±10%)a 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Average Vee Power .130 mA IAVAV- 35ns 
ICC! 120 mA IAVAV = 45ns 

Supply Current 110 mA IAVAV = 55ns 

ICC2 
Vee Power Supply Current E ~ V1H . All other inputs at 
(Standby,Stable TTL Input Levels) 20 mA VtN ~ V1L or ~ VtH 

ICC3 
Vee Power Supply Current 

8 mA 
E ~ (Vee - 0.2) • All other inputs at 

(Standby, Stable CMOS Input Levels) V1N ~ 0.2 or ~ (Vee- 0.2V) · 

15 mA IAVAV =35ns 
14 mA IAVAV =45ns 

ICC4 Vee Power Supply Current 13 mA IAVAV =55ns 
(Standby, Cycling CMOS Input Levels) E ~ (Vee- 0.2). all other ilnputs cycling 

at VtN ~ 0.2 or ~ (Vee- 0.2V) 
Vcc=max 

I ILK Input Leakage Current (Any Input) ±10 !!A V1N = Vss to Vee 

IOLK Off State Output Leakage Current ±50 
Vcc=max 

!!A VtN = Vss to Vee 

VOH Output Logic "1" Voltage 2.4 v loUT=-4mA 

VoL Output Logic ·o· Voltage 0.4 v loUT=BmA 

Note a: Icc is dependent on output loading and cycle rate, the specHied values are obtained with the output unloaded. 

AC TEST CONDITIONS CAPACITANCEb (TA=25•c, f=1.0MHZ) 
Input Pulse Levels ................................. Vm to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns CIN Input Capacitance 4 pF t.V = 0 to 3V Input and Output Timing Reference Levels .. 1.5V 
Output Load .................................... See Figure 1 CoUT Output Capacitance 7 pF ~V=Oto3V 

Ce /E Capacitance 6 pF ~V=Oto3V 

Note b: This parameter Is sampled and not tOO% tested. 

-~1_0 ___________________ .. ~---------------------
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RECOMMENDED AC OPERATING CONDITIONS(-55°CSTAS125°C) (Vcc=5.0V±10%) 

READ CYCLE 9 

SYMBOL NO. 
Standard 

PARAMETER 
Alternate 

1 IELOV tAcs Chp Enable Access Time 

2 IAVAV IRe Read Cycle lime 

3 IAVOV IM Address Access lime 

4 lAX OX foH Output Hold After Address Change 

5 IELOX tu Chip Enable to Output Active 

6 IEHOZ •Hz Chp Disable to Output Inactive 

7 IEUCCH tro Chip Enable to Power Up 

8 IEHICCL lpD Chip Enable to Power Down 

IT Input Rise and Falllimes 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected; E low. 
Note e: Measured between VrL max and VrH min. 

IMS1423M-35 

MIN MAX 

35 

35 

35 

3 

5 

0 20 

0 

35 

50 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must trans~ion between VtH to VtL or VtL to VtH in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 

2tAVAV 

ADDRESS -
1/0(DATAOUT) 

READ CYCLE 2c 

1/0(DATAOUT) 

Icc 

IMS1423M-45 IMS1423M-55 

MIN MAX MIN MAX 

45 55 

45 55 

45 55 

3 3 

5 5 

0 20. 0 20 

0 0 

45 55 

50 50 

OUTPUT VALID 

IMS1423M 

UNITS NOTES 

ns 

ns c 

ns d 

ns j 

ns 

ns f,j 

ns j 

ns j 

ns e,j 

--------------------------tt~·------------------------3--/10 
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IMS1423M 

RECOMMENDED AC OPERATING CONDITIONS (-ss•c:::;;TA::>12s•C) (Vcc=5.0V±10%) 
WRITE CYCLE 1: W CONTROLLED9• h 

SYMBOL IMS1403M-35 
NO. 

Stahdard Allernale 
PARAMETER MIN MAX 

9 tAVAV twc Wr~e Cycle Time 35 

10 twLWH twp Wr~e Pulse Width 30 

11 tELWH lew Chip Enable to End of Wme 30 

12 tovwH tow Data Set-up to End of Wrile 15 

13 twHDX toH Data Hold Aller End of Wr~e 3 

14 IAVWH tAw Address Set-up to End of Wrne 30 

15 IAVWL lAs Address Set-up to Beginning of Wrne 0 

16 twHAX twR Address Hold Aller End of Wr~e 5 

17 IWLOZ twz Wr~e Enable to Output Disable 0 15 

18 twHOX tow Output Adive Aller End of Wrne 5 

Note f: Measured ±200mV from steady state output voUage. Load capacitance is 5pF. 
Note g: ~an~ W must transnion between VIH to VIL or VIL to V1H in a monotonic fashion. 
Note h: E ~ W must be <!:_VIH during address transnions. 
Note i: If W is low when E goes low, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 1 
91AVAV 

ADDRESS 

1/0(DATA IN) 

11 twLOz 

1/0(DATAOUT) DATA UNDEFINED 

IMS1403M-45 IMS1403M-55 
MIN MAX MIN MAX 

45 55 

40 50 

40 50 

20 25 

3 3 

40 50 

0 0 

5 5 

0 20 0 25 

5 5 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f, j 

i,j 

_~_10------------------------~~·--------------------------
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RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ TA ~ 125°C) (Vee= 5.0V ±10%) 

WRITE CYCLE 2: E CONTROLLED9· h 

IMS1423M 

SYMBOL IMS IMS IMS UNITS NOTES 
1423M-35 1423M-45 1423M-55 

PARAMETER 
MIN MAX No Standard Alternate MIN 

19 IAVAV IWC Write Cycle Time 35 45 

20 IWLEH IWP Write Pulse Width 30 40 

21 IELEH tcw Chip Enable to End of Write 30 40 

22 IDVEH tow Data Setup to End of Write 15 20 

23 tEHDX IDH Data Hold after End of Write 3 3 

24 IAVEH lAW Address Setup to End of Write 30 40 

25 tEHAX IWR Address Hold After End of Write 5 5 

26 tAVEL !AS Address Setup to Beginning of WrHe 3 3 

27 IWLQZ IWZ Write Enable to Output Disable 0 15 0 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is SpF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be 2 ViH during address transftions. 
Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 2 
19 tAVAV 

ADDRESS 

E 

w 

1/0(DATAIN) 

110 (DATA OUT) DATA UNDEFINED 

MAX MIN MAX 

55 

50 

50 

25 

3 

50 

5 

3 
20 0 25 

HIGH IMPEDANCE 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

•
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IMS1423M 

DEVICE OPERATION 

The IMS1423M has two control inputs, Chip Enable 
{/E) and Write Enable {/W), 12 address inputs (AO -A 11), 
and four Data l/0 lines. The /E input controls device 
selection as well as active and standby modes. With /E 
low, the device is selected and the 12 address inputs 
are decoded to select one four-bit word out of 4K 
words. Read and Write operations on the memory cell 
are controlled by the /W input. With /E high, the device 
is deselected, the outputs are disabled and the power 
consumption is reduced to less than one-fourth of the 
active mode power with TTL levels and even lower with 
CMOS levels. 

READ CYCLE 

A read cycle is defined as !W ~ VIH min with /E .s VIL 
max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while 
/E is low. The outputs remain active throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The address inputs may change at access time 
and long as /E remains low, the cycle time is equal to the 
address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by /E going low. As long as address is 
stable when /E goes low, valid data is at the outputs at 
the specified Chip Enable Access time. If address is not 
valid when /E goes low, the timing is as specified in 
READ CYCLE 1. Chip Enable access time is not 
affected by the duration of the deselect interval. 

WRITE CYCLE 

The write cycle of the IMS1423M is initiated by the 
latter of /E or !W to transition from a high to a low. In the 
case of !W falling last, the output buffers will be turned 
on tELOX after the falling edge of /E Oust as in a read 
cycle). The output buffers are then turned off within 
twLOZ of the falling edge of /W. During this interval, it is 
possible to have bus contention between devices with 
common 1/0 configurations. To avoid bus contention, 
input data should not be active until twLOZ. 

WRITE CYCLE 1 waveform shows a write cycle 
terminated by /W going high. Data set-up and hold 
times are referenced to the rising edge of /W. When /W 
goes high at the end of the cycle with /E active, the 
outputs of the memory become active. The data from 
the memory will be the same as the input data unless 
the input data or address changes. 

WRITE CYCLE 2 waveform shows a write cycle 
terminated by /E going high. Data set-up and hold 
times are referenced to the rising edge of /E. With /E 
high the outputs remain in the high impedance state. 

_611_0 ____________________ .. ~·--------------~------
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POWER DISTRIBUTION 

The recommended power distribution scheme 
combines proper power trace layout and placement of 
decoupling capacitors to maintain the operating margins 
of the IMS1423M. The impedance in the decoupling 
path from the power pin through the decoupling 
capacitor to the ground pin should be kept to a 
minimum. The impedance of this path is determined by 
the series impedance of the power line inductance and 
the inductance and reactance of the decoupling 
capacitor. 

Since the current transients associated with the 
operation of the high speed IMS1423M have very high 
frequency components, the line inductance is the 
dominating factor. To reduce the line inductance, the 
power trace and ground trace should be gridded or 
provided by separate power planes. The decoupling 
capacitor supplies energy for high frequency current 
transients ·and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0. 1 microfarad, and be placed between each row of 
devices in the array (see drawing). A larger tantalum 
capacitor, with a sufficient value to eliminate low 
frequency ripple, should be placed near the memory 
board edge connection where the power traces meet 
the backplane power distribution system. These larger 
capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off 
the memory board and at the end of a long inductive 
path. 

The ground grid of the memory array should extend 
to the TTL periphery circuit. This will provide a solid 
ground reference for the TTL drivers and prevent loss 
of operating margin of the drivers due to differential 
ground noise. 

IMS1423M 

TERMINATION 

Trace lines on a memory board in the array look to 
TTL driver signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the 
reflections of the TTL signals propagating down the 
lines, especially low going TTL signals, line termination 
is recommended. The termination may be either series 
or parallel. 

The recommended technique is to use series 
termination. The series termination technique has the 
advantage of drawing no DC current and using a 
minimum number of components. This is accomplished 
by placing a series resistor in the signal line at the 
output of the TTL driver to dampen the reflection on the 
line. The resistor should be placed as close to the driver 
package as is practical. The line should be kept short by 
placing the drivec-termination combination close to the 
memory array. 

Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reflections, but generally a series resistor in 
the 10 to 33 ohm range will be required. Because each 
design will result in a different signal impedance, a 
resistor of predetermined value may not properly match 
the signal path impedance. The proper value of 
resistance should therefore be selected empirically. 

··:·:·:·:·:·· 

• DEVICE 

CAPACITOR 

·.;!;M:l~:l:P 
'i*$)~ 

Vee• Vss GRID SHOWING 
DECOUPLING CAPACITORS 

----------------------~~·---------------------7-/10 
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IMS1423M 

Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 

Lead finish 
gold 

solder 

AGURE1. OUTPUTLOAD 
S.OV 

LCC gold 
Cerdip solder 
Small outline, J-bend solder 
PGA gold 
Small outline, Gull wing solder 
PLCC, J-bend solder 
Sidebraze ceramic DIP solder 
Ceramic LCC solder 
Plastic DIP solder 
Sidebraze ceramic DIP gold 
(Skinny) Flat-pack solder 
Ceramic LCC gold 
(Skinny) Flat-pack gold 

TRUTH TABLE 

E w Q MODE 

H X HI-Z Standby (lsb) 

L H Dout Read 

L L Din Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE PART NUMBER 

35ns CERAMIC DIP IMS1423S-35M 
35ns CERAMIC LCC IMS1423N-35M 
35ns FLAT PACK IMS1423Y-35M 
45ns CERAMIC DIP IMS1423S-45M 

IMS 1423M 45ns CERAMIC LCC IMS1423N-45M 
45ns FLAT PACK IMS1423Y-45M 
5Sns CERAMIC DIP IMS1423S-55M 
55ns CERAMIC LCC IMS1423N-55M 
SSns FLAT PACK IMS1423V-55M 

480.Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

_81_10 _____________________ ~~·----------------------
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PACKAGING INFORMATION 

I 

1 
E1 + 1 I 

I 

254mm 
010' 

y_ 
? A 

E 

L~ A A1 

r 
B1 e1 

Dim 

A 
A1 
B1 
D 
c 
E 

e1 
eA 

c y 
l 

20 Pin Ceramic Dual-In-Line 

D 

-t 
E " ./ 

+ 0 

L 

t 

I 

+ 
I 

.JI• 
B 
9 equal spaces @ 

2.54 
o:fOo 

IMS1423M 

20 Pin Flat Pack 

Inches mm 
Notes 

Nom To I Nom To I 

.070 .007 1.178 .178 

.050 .007 1.270 .178 

.017 .002 .432 .051 

.480 .010 12.192 .254 

.005 .002 .127 .051 

.895 Ref 22.73 Ref 

.050 .003 1.270 .076 
.215 .006 5.461 .152 

r I )( 
~eA.-! 

Dim 
Inches mm 

Nom To I Nom To I 

~, A .096 .012 2.438 .305 
A1 .015 .381 
B .018 .003 .457 .152 
B1 .054 Typ .137 Typ 
D 1.00 .015 25.40 .381 
E .315 .010 8.001 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .125 min 3.175 min 
s .005 .127 

1 Fl 
~E1~J 

-----------------------~~·---------------------9-/10 
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IMS1423M 

20 Pin Leadless Chip Carrier 

Dim Inches mm Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .425 .010 0.795 .254 
E .290 .010 7.380 .254 
e1 .050 .005 1.270 

r 
D + 
l~ 

lc--E__J 

_10_11_0 ______ ~--------~----tt~·-------------------------
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FEATURES 

• I NMOS' Very High Speed CMOS 
• Advanced Process - 1.6 Micron Design Rules 
• Full Military Temperature Operating 

Range (-55°C to + 125°C) 
• MIL-5TD-883C Processing 
• 45, 55, and 70 nsec Access Times 
• Fully TTL Compatible 
• Separate Data Input & Output 
• Three-state Output 
• Power Down Function 
• Single +5V ± 10% Operation 
• Standard Military Drawing version available 
• 22-Pin, 300-mil DIP (JEDEC Std.) 
• 22-Pin Ceramic LCC (JEDEC Std.) 
• Battery Backup Operation - 2V Data Retention 

(L version only) 

PIN CONFIGURATION 

DIP CHIP 
CARRIER 

LOGIC SYMBOL 

PIN NAMES 
A0 - A15 ADDRESS INPUTS 0 DATA OUTPUT 

w WRITE ENABLE Vee POWER (+SV) 

E CHIP ENABLE Vss GROUND 

D DATA INPUT 

November 1989 

IMS1600M 
IMS1601 LM 

CMOS 
High Performance 

64K x 1 Static RAM 
MIL-STD-883C 

DESCRIPTION 

The I NMOS IMS1600M is a high performance 64Kx1 
CMOS Static RAM processed in full compliance to MIL­
STD-883C and guaranteed to operate over the full military 
temperature range. The IMS1600M provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1600M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1600M pro­
vides a Chip Enable (IE) function that can be used to place 
the device into a low-power standby mode. 

The IMS1601 LM is a low powerversion offering battery 
backup data retention operating from a 2 volt supply. 

AO 

A1 

A2 

A3 

M 

AS 

A6 

A7 

BLOCK DIAGRAM 

MEMORY ARRAY 
256ROWS 

256COLUMNS 

+-Vee 
+--Vss 

1/9 
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IMS1600M/1601 LM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on Q ................................ -1.0 to (Vcc+0.5) 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65° c to 150°C 

Power Dissipation .............................................. 1W 
DC Output Current... ...................................... 25mA 
(One Second Ourallon) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

VtH Input Logic "1" Voltage 

VtL Input Logic "0" Voltage 

TA Ambient Operating Temperature 

'VoL mm - -3 V for pulse Width <20ns, note b. 

'Stresses greater than 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 condnions above those indicated in the operational 
sections of this specffication is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

MIN TVP MAX UNITS NOTES 

4.5 5.0 5.5 v 
0 0 0 v 

2.0 Vcc+0.5 v All inputs 

-1.0' 0.8 v All inputs 

-55 25 125 oc 400 linear It/min air flow 

DC ELECTRICAL CHARACTERISTICS (-SSOC ~ TA ~ 125°C) (Vee= 5 OV+ 10%)a -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

ICC1 Average Vee Power 70 rnA IAVAV = IAvAv(min) 
Supply Current 

lee2 Vee Power Supply Current 
25 -

(Standby,Stable TTL Input Levels) rnA E ~ VtH . All other inputs at 

IMS1601 L version 20 
VtN ~ VtL or ~ VtH 

lce3 
Vee Power Supply Current 

14 -(Standby, Stable CMOS Input Levels) 
rnA 

E ~ (Vee- 0.2) . All other inputs at 

IMS1601L version 9 
VtN ~ 0.2 or ~ (Vee- 0.2V) 

lec4 Vee Power Supply Current -
(Standby, Cycling CMOS Input Levels) 19 

rnA 
E ~ (Vee- 0.2) . Inputs cycling at 

IMS1601L version 15 
VtN ~ 0.2 or ~ (Vee- 0.2V) 

ltLK Input Leakage Current (Any Input) ~ 
Vee= max 

±5 VtN = Vss to Vee 

IOLK Off State Output Leakage Current 
Vee= max 

±10 ~ VtN = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loH =-4mA 

VoL Output Logic "0" Voltage 0.4 v loL=8mA 

Note a: Icc is dependent on output loading and cycle rate, the specHied values are obtained with the output unloaded. 

AC TEST CONDITIONS CAPACITANCE (TA-25°C f-1 OMHZ)b - .-
Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns 
Input and Output Timing Reference Levels .. 1.5V 

CtN Input Capacitance 4 pF 6V=O to 3V 

Output Load .................................... See Figure 1 CoUT Output Capacitance 7 pF <W=Oto3V 
Note b: This parameter is sampled and not 100% tested. 

_v_g----------------------------~·----------------~------------
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IMS1600M/1601 LM 

RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ TA~ 125°C) (Vee= 5.0V ± 10%) 

READCYCLEg 

NO. 
SYMBOL IMS1600M-45 IMS1600M-55 

Standard Allernale PARAMETER 

1 tELOV lAcs Chip Enable Access Time 

2 IAVAV IRe Read Cycle Time 

3 lAVOY 1M Address Access Time 

4 IAXaX tOH Output Hold After Address Change 

5 tELOX b.2 Chip Enable to Output Active 

6 IEHOZ 1HZ Chip Disable to Output Inactive 

7 tELICCH IPu Chip Enable to Power Up 

8 IEHICCL !Po Chip Enable to Power Down 

tr Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected: E low. 
Note e: Measured between V1L max and V1H min. 

MIN MAX MIN 

45 

45 55 

45 

5 5 

5 5 

0 25 0 

0 0 

45 

50 

Note f: Measured ±200mV from steady state output voltage. Load capachance is SpF. 
Note g: E and W must transition between V1H lo V1L or V1L lo V1H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1 c,d 

MAX 

55 

55 

30 

55 

50 

IMS1600M·70 

MIN MAX 

70 

70 

70 

5 

5 

0 30 

0 

70 

50 

UNITS NOTES 

ns 

ns c 

ns d 

ns 

ns 

ns l,j 

ns j 

ns j 

ns e,j 

ADDRESS ~---------3-IA-~-:ovv __ IAx __ o~--2-IA_v_~~,--------------~)f~----~ 
Q (OATAOUl] ~L.--c _____ __.m= _____ O_U_T_P_U_T_V_A_L_I_D ____ ] 

READ CYCLE 2c 

4 1tELOV 

E -· 

- 5 IELOX .,.............,....,...,. 
Q (DATA OUT) HIGH IMPEDANCE 

I I 
7 tELICCH 

Icc 
STANDBY 

~:!!_VE_ ____ ..!-------
_____________ s_te __ ,.,!. ~ 

---------------------et~·---------------------3-ffi 
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RECOMMENDED AC OPERATING CONDITIONS ( -55°C s TAs 125°C) (Vee = 5.0V ± 10%) 

WRITE CYCLE 1: WCONTROLLEDg, h 

NO. 
SYMBOL 

PARAMETER 
IMS1600M-45 IMS1600M-55 

Standard Ahernate MIN MAX MIN 

9 !AVAV twc Write Cycle Time 45 55 

10 IWLWH twP Write Pulse Width 20 25 

11 tELWH tcw Chip Enable to End of Write 20 30 

12 tDVWH tow Data Setup to End of Write 20 20 

13 lwHDX !DH Data Hold after End of Write 0 5 

14 !AVWH lAw Address Setup to End of Write 27 32 

15 IAVWL lAs Address Setup to Start of Write 7 7 

16 lwHAX !wR Address Hold after End of Write 5 5 

17 IWLOZ twz Write Enable to Output Disable 0 20 0 

18 lwHax tow Output Active after End of Write 0 0 

Note f: Measured ±200mV from steady state output voltage. Load capachance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be ~ V1H during address transhions. 
Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 1 

MAX 

25 

IMS1600M-70 
MIN MAX 

70 

30 

35 

30 

5 

37 

7 

5 

0 30 

0 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f, j 

ns i,j 

ADDAESSc===f~-------------------9--IA-VA-V-------------------:f~----~ 

D(DATAIN) DATA VALID 
~---------------------------------J 

17 tWLQZ 

Q(DATAOUT) DATA UNDEFINED 
~----------------------------------Jj 

_4m ____________________ .. ~·---------------------
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RECOMMENDED AC OPERATING CONDITIONS (-WC ~TA ~+125°C) (Vee= 5.0V±10%) 

WRITE CYCLE 2: E CONTROLLED9· h 

IMS1 600M-45 IMS1 60DM·55 IMS16DDM·70 
NO. 

SYMBOL PARAMETER UNITS 
Standard An ornate MIN MAX MIN 

19 IAVAV twe Write Cycle Time 45 55 

20 lwt.EH !wP Write Pulse Width 20 25 

21 IELEH tew Chip Enable to End of Write 20 25 

22 tDVEH tow Data Setup to End of Write 20 20 

23 tEHDX tDH Data Hold after End of Write 5 5 

24 IAVEH lAW Address Setup to End of Write 23 28 

25 tEHAX twR Address Hold after End of Write 5 5 

26 lA VEL lAs Address Setup to Start of Write 3 3 

27 twLaz twz Write Enable to Output Disable 0 20 0 

Note f: Measured ±200mV from steady state output voltage. Load capacHance is 5pF. 
Note g: E andW must transition between VIH to V1L or VIL to VIH in a monotonic fashion. 
Note h: E or W must be ~ V1H during address transitions. 
Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 2 

ADDRESS 

E 

w 

D(DATA IN) 

MAX MIN MAX 

70 ns 

30 ns 

30 ns 

30 ns 

5 ns 

33 ns 

5 ns 

3 ns 

25 0 30 ns 

Q (DATA OUT) 

27'w..oz h 
r---------0-A_T_A_U_N_D_E_F_IN_E_D-==--~~----~H~I~GH~IM~P~E~D~A~NC~E~----

NOTES/ 

f,j 

•
0 5/9 

------------------- ~·-------------------
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DEVICE OPERATION 

The IMS1600M has two control inputs, a Chip Enable 
(/E) and Write Enable (IW), 16 address inputs (AO -A 15), 
a data in (D) and a data out (0). 

The /E input controls device selection as well as active 
and standby modes. With /E low, the device is selected 
and the 16 address inputs are decoded to select one 
memory cell out of 65,536. Read and Write operations on 
the memory cell are controlled by the /W input. With /E 
high, the device is deselected, the output is disabled and 
the power consumption is reduced to less than one-third 
of the active mode power with TTL levels and even lower 
with CMOS levels. 

READ CYCLE 

A read cycle is defined as /W <?. V1H min with /E .s V1L 

max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while IE 
is low. The output remains active throughout READ 
CYCLE 1 andisvalidatthe specifiedaddressaccesstime. 
The address inputs may change at access time and long 
as /E remains low, the cycle time is equal to the address 
access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by /E going low. As long as address is 
stable when /E goes low, valid data is atthe output at the 
specified Chip Enable Access time. If address is not valid 
when /E goes low, the timing is as specified in READ 
CYCLE 1. Chip Enable access time is not affected by the 
duration of the deselect interval. 

WRITE CYCLE 

The write cycle oft he I MS 1600M is initiated by the latter 
of /E or IW to transition from a high to a low. In the case 
of IW falling last, the output buffer will be turned on tELex 
after the falling edge of /E (just as iri a read cycle). The 
output buffer is then turned off within twLOzof the falling 
edge of /W. During this interval it is possible to have bus 
contention between devices ·with D and a connected 
together in acommon l/0 configuration. To aviod bus con­
tention input data should not be active until twLaz. 

WRITE CYCLE 1 waveform shows a write cycle termi­
nated by /W going high. Data set-up and hold times are 
referenced to the rising edge of /W. When IW goes high 
at the end of the cycle with /E active, the output of the 
memory becomes active. The data from the memory will 
be the same as the input data unless the input data or 
address changes. 

WRITE CYCLE 2 waveform shows a write cycle termi­
nated by /E going high. Data set-up and hold times are 
referenced to the rising edge of /E. With /E high the output 
remains in the high impedance state. 

POWER DISTRIBUTION 

The recommended power distribution scheme com­
bines proper power trace layout and placement of decou­
pling capacitors to maintain the operating margins of the 
IMS1600M. The impedance in the decoupling path from 
the power pin through the decoupling capacitor to the 
ground pin should be kept to a minimum. The impedance 
of this path is determined by the series impedance of the 
power line inductance and the inductance and reactance 
of the decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad and be placed between each row of de­
vices in the array. A larger tantalum capacitor of a suffi­
cient value to eliminate low frequency ripple, should be 
placed near the memory board edge connection where 
the pcwer traces meet the backplane power distribution 
system. These larger capacitors provide bulk energy 
storage to prevent voltage drop due to the main supply 
being located off the memory board and at the end of a 
long inductive path. The ground grid of the memory array 
should extend to the TIL driver peripherycircuitarea This 
will provide a solid ground reference for the TTL drivers 
and prevent loss of operating margin of the drivers due to 
differential ground noise. 

s_m ____________________ ~ttmm·~·----------------------
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TERMINATION 

Trace lines on a memory board in the array look to TTL 
driver signals like low impedance, unterminated transmis­
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. 

The recommended technique is to use series termina­
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver to 

IMS1600M/1601 LM 

dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to find the 
proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 1 0 to 33 
ohm range will be required. Because each design will 
result in a different signal impedance, a resistor of 
predetermined value may not properly match the signal 
path impedance. The proper value of resistance should 
therefore be selected empirically. 

OAT A RETENTION (L version only)(-ss•c s TA s 12s•c) 

SYMBOL PARAMETER 
VoR Data Retention Voltage 

lccoR1 Data Retention Current 

lccoR2 Data Retention Current 

tEHVCCL Deselect Time (teoRl 

tvcCHEL Recovery Time (IR) 

•Typical data retention parameters at 2s•c. 
Note j: Parameter guaranteed but not tested. 

MIN TVP* 

2.0 

8 

5 

0 

IRe 

MAX UNITS NOTES 

volts V1N s 0.2V or~ (Vee·0.2V) E ~ (Vee-0.2V) 

1200 J.IA Vee= 3.0 volls 

800 uA Vee= 2.0 vohs 

ns j, k 

ns i. k (IRe= Read Cycle Time) 

Note k: Supply recovery rate should not exceed 100mV per J.LS from "bR to Vee min. 

LOW V cc DATA RETENTION 

DATA RETENTION MODE 

VoR0!2V 

E " (\loR -0.2V) 

---------------------ttWrnos·--------------------m 
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Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend 
PGA 
Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 
Plastic DIP 
Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1. OUTPUT LOAD 
s.ov 

Q (DoUT) 

2550 

4800 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE 

E w Q MODE 

H X HI-Z Standby (lsb) 

L H Dout Read 

L L HI-Z Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE 
PART NUMBER 

STANDARD LOW POWER 

45ns CERAMIC DIP IMS1600S-45M IMS1601 LS45M 

IMS 1600M 45ns CERAMICLCC IMS1600N-45M IMS1601LN45M 

IMS1600LM 55ns CERAMIC DIP IMS1GOOS-55M IMS1601 LS55M 
55ns CERAMICLCC IMS1600N-55M IMS1601 LNSSM 
70ns CERAMIC DIP IMS1GOOS-70M IMS1601 LS70M 
70ns CERAMICLCC IMS1600N-70M IMS1601 LN70M 

_am ____________________ @t~---------------------
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PACKAGING INFORMATION 

22 Pin Ceramic Dual-ln-Line . 
,~ D ,., 

t = ][ : ! : JE = ] 

Dim 
Inches mm 

Nom To I Nom To I 

A .118 .010 2.997 .254 
A1 .035 .015 .889 .381 
9 .018 .003 .457 .152 

91 .060 Typ 1.524 Max 
D 1.10 .013 27.94 .330 
E .315 .010 8.001 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

Fl 
!.--E1--.I 

22 Pin Leadless Chip Carrier 

Dim 
Inches mm 

Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
91 .025 .003 .635 .076 
D .490 .006 3.446 .152 
E .290 .006 7.366 .152 
e1 .050 1.270 

r 
D"""-+--

---------------------~~------------------~9~ffi 
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FEATURES 

• I NMOS' Very High Speed CMOS 
Advanced Process - 1.6 Micron De~ign Rules 
Full Military Temperature Operating 
Range (-55°C to + 125°C) 
MIL-STD-883C Processing 
16K x 4 Bit Organization 

• 45, 55 and 70 nsec Access Times 
Fully TTL Compatible 
Common Data Input & Output 

• Three-state Output 
Power Down Function 

• Single +5V ± 10% Operation 
22-Pin, 300-mil DIP (JEDEC Std.) 
22-Pin Ceramic LCC (JEDEC Std.) 
Battery Backup Operation - 2V Data Retention 
(L version only) 

IMS1620M 
IMS1620LM 

CMOS 
High Performance 

16K x 4 Static RAM 
MIL-STD-883C 

DESCRIPTION 

The I NMOS IMS1620M is a high performance 16Kx4 
CMOS Static RAM processed in full compliance to MIL­
STD-883C and guaranteed to operate over the full military 
temperature range. The IMS1620M provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1620M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1620M pro­
vides a Chip Enable (/E) function that can be used to place 
t~e device into a IQy.o-power standby mode. 

The IMS1620LM is a low power version offering battery 
backup data retention operating from a 2 volt supply. 

The IMS1624M is the functional equivalent of the 
IMS1620M with an added Output Enable function. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

,. 
A6 
A7 ,. 
A\0 

"' A\\ 
A\2 
A\3 
t 
VM 

OIP CHIP 
CARRIER 

PIN NAMES 

A0 • A13 ADDRESS INPUTS UO DATA IN/OUT 

w WRITE ENABLE Vee POWER 

E CHIP ENABLE Vss GROUND 

November 1989 

E w 110, 

110, 

00, 
110, 

I 
I 
I 

MEMORYJ.RRAY 
256ROWS 

256COLUMNS 

COLUf.INro 

Vee 

Vss 

1/9 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 1/0 Pins (13-16) .......... -1.0 to,(Vcc+0.5) 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65° C to 150°C 
Power Dissipation .............................................. 1 W 
DC Output Current.. ....................................... 25mA 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

VJH Input Logic "1" Voltage 2.0 

VJL Input Logic "0" Voltage -1.0. 

TA Ambient Operating Temperature 0 

•v" m1n - -3 vo~s for pulse width <20ns, note b. 

•stresses greater than 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 above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions lor extended periods may affect reliabil~y. 

{One OU1pUtata time, one second duration) 

TVP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vcc+.5 v All inputs 

0.8 v All inputs 

25 70 oc 400 linear film in air flow 

DC ELECTRICAL CHARACTERISTICS (-55°C! TA! 125°C) (Vee= 5.0V ± 10%)8 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

ICC1 
Average Vee Power 

100 rnA IAVAV = tAVAV (min) 
Supply Current 

Vee Power Supply Current 
30 

ICC2 
(Standby,Stable TTL Input Levels) 

rnA 
E ~ V1H. All other inputs at 

IMS1620L version 20 
V1N ! VJL or ~ VlH 

Vee Power Supply Current 
19 -

ICC3 (Standby, Stable CMOS Input Levels) 
rnA E ~ (Vee - 0.2). All other inputs at 

IMS1620L version 8 
VJN ! 0.2 or ~ (Vee- 0.2V) 

Vee Power Supply Current 
20 E ~ (Vee - 0.2). Inputs cycling at (Standby, Cycling CMOS Input Levels) 

ICC4 rnA V1N ! 0.2 or ~ (Vee- 0.2V) 
IMS1620L version 8 

IILK Input Leakage Current (Any Input) ±5 )lA 
Vcc=max 
VJN = Vss to Vee 

IOLK Off State Output Leakage Current ±10 
Vee= max 

)lA V1N = Vss to Vee 

VOH Output Logic "1" Voltage 2.4 v loH =-4mA 

VoL Output Logic ·o· Voltage 0.4 v loL=8mA 

Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 

AC TEST CONDITIONS CAPACJTANCEb (TA=25°C, f=1.0 MHZ) 

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns CJN Input Capacitance 4 pF tN = 0 to 3V 
Input and Output Timing Reference Levels .. 1.5V 
Output Load .................................... See Figure 1 CoUT Output Capacitance 7 pF b.V = 0 to 3V 

Note b: This parameter is sampled and not 100% tested. 

_2ffi--------------------~~·----------------------
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RECOMMENDED AC OPERATING CONDITIONS (-55"C s; TAs; 125"C) (Vee.= 5.0V ± 10%) 

READCYCLE9 

NO. 
SYMBOL IMS1620M-45 IMS1620M·55 

Standard Alternate PARAMETER 

1 tELQV lAcs Chip Enable Access Time 

2 !AVAV lAC Read Cycle Time 

3 tAvav tAA Address Access Time 

4 tAx ax tOH' Output Hold After Address Change 

5 lELOX lLZ Chip Enable to Output Active 

6 IEHQZ !HZ Chip Disable to Output Inactive 

7 IELICCH IPU Chip Enable to Power Up 

8 tEHICCL IPD Chip Enable to Power Down 

tr Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Note d: Device is continuously selected: E low. 
Note e: Measured between V1t max and V1H min. 

MIN MAX MIN 

45 

45 55 

45 

5 5 

5 5 

0 15 0 

0 0 

45 

50 

Note f: Measured ±200mV from steady state output voltage. Load capac~ance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1t to V1H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 

MAX 
55 

55 

20 

55 

50 

IMS1620M·70 
MIN MAX 

70 

70 

70 

5 

5 

0 25 

0 

70 

50 

uNrrs NOTES 

ns 

ns c 

ns d 

ns 

ns j 

ns f,j 

ns j 

ns j 

ns e,j 

ADDRESS 9------------------2--tA_V_~~--------------~~~----~ 
- 3tAvav -~ t 

110 (DATA OUT) ~====~:::::::::~·~~~4-,!tA~x~a~~ ~-------0-U_T_P_U_T_V_A_L-ID----------, 

READ CYCLE 2c 

1 tELOV 

5 tELOX 

I/O (DATA OUT) HIGH IMPEDANCE 

1+-----.j 7 lELICCH 

Icc 
STANDBY .. ~ 

--------- [ffiJll()S"--~------
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RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ TA ~ +125°C) (Vee= 5.0V ±10%) 

WRITE CYCLE 1: W CONTROLLEDg.h 

SYMBOL IMS1620M·45 IMS1620M·55 IMS1620M·70 NO. PARAMETER UNITS 
Standard Alternate MIN MAX MIN 

9 !AVAV twe Write Cycle Time 40 50 

10 tWLWH lwP Write Pulse Width 30 40 

11 IELWH lew Chip Enable to End of Write 30 40 

12 tDVWH tow Data Setup to End of Write 20 25 

13 tWHDX tDH Data Hold after End of Write 0 0 

14 IAVWH lAw Address Setup to End of Write 30 40 

15 IAVWL lAs Address Setup to Start of Write 0 0 

16 tWHAX tWA Address Hold after End of Write 0 0 

17 lwLOZ twz Write Enable to Output Disable 0 15 0 

18 tWHOX tow Output Active after End of Write 5 5 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be ;, V1H during address transitions. 
Note i: If W is low when E goes low. the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 1 

MAX MIN MAX 

60 ns 

50 ns 

50 ns 

30 ns 

0 ns 

50 ns 

0 ns 

0 ns 

20 0 25 ns 

5 ns 

NOTES 

f,j 

i,j 

ADDRESS c=::f'-----------9-tA-V-AV--------~1-------' 

1:= 15 IAVWL 

1/0(DATAIN) 
~--------------------------------~ 

DATA VALID 

17 tWLOZ t---~ 

1/0(DATAOUT) DATA UNDEFINED 
~--------------------------------~ 

_41_9 ________________ -----tt~·----------------------
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RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ Ta ~ 125°C) (Vee= 5.0V ±10%) 

WRITE CYCLE 2: E CONTROLLED9· h 

SYMBOL NO. PARAMETER IMS1620M-45 IMS1620M-55 IMS1620M-70 
UNITS NOTES 

Standard AHarnata MIN MAX MIN 

19 IAVAV twc Write Cycle Time 40 50 

20 lwLEH lwP Write Pulse Width 30 40 

21 IELEH lew Chip Enable to End of Write 30 40 

22 tDVEH tow Data Setup to End of Write 20 25 

23 tEHDX IDH Data Hold after End of Write 0 0 

24 IAVEH lAW Address Setup to End of Write 30 40 

25 IEHAX IWR Address Hold after End of Write 0 0 

26 lA VEL !As Address Setup to Start of Write 0 0 

27 lwLaz twz Write Enable to Output Disable 0 15 0 

Note 1: Measured ±200mV from steady state output voltage. Load capacitance Is 5pF. 
Note g: E and Vi/ must transition between VIH to VIL or ViL to VIH in a monotonic fashion. 
Note h: E or W must be ~ V1H during address transitions. 
Note i: If W is low when E goes low, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 2 

ADDRESS 

26 

21 tEWl 

E 

w 

IIO(DATA IN) 

MAX MIN MAX 

60 ns 

50 ns 

50 ns 

30 ns 

0 ns 

50 ns 

0 ns 

0 ns 

20 0 25 ns 

110 (DATA OUT) 

27t,_Ql h 
r---------D-A_T_A_U_N_D_E_F_I_N_E_D~--~~----~H~IG~H~IM~P~E~D~A~NC~E~----

f,j 

---------------------~~·--------------------5--ffi 
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DEVICE OPERATION 

The IMS1620M has two controlinputs, a Chip Enable 
(/E) and Write Enable (/W), 14 address i:1puts (AO -A13), 
and four Data 110 pins. 

The /E input controls device selection as well as active 
and standby modes. With /E low, the device is selected 
and the 14 address inputs are decoded to select one 4-bit 
word out of 16,384. Read and Write operations on the 
memory cells are controlled by the /W input. With /E high, 
the device is deselected, the outputs are disabled and the 
power consumption is reduced to less than one-third of the 
active mode power with TTL levels and even lower with 
CMOS levels. 

READ CYCLE 

A read cycle is defined as /W ~ V1H min with /E s. V1L 
max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while /E 
is low. The outputs remain active throughout READ 
CYCLE 1 and is valid atthe specified address access time. 
The address inputs may change at access time and long 
as /E remains low, the cycle time is equal to the address 
access time. 

The READ CYCLE 2'waveform shows a read access 
that is initiated by /E going low. As long as address is 
stable when /E goes low, valid data is atthe outputs atthe 
specified Chip Enable Access time. If address is not valid 
when /E goes low, the timing is as specified in READ 
CYCLE 1. Chip Enable access time is not affected by the 
duration of the deselect interval. 

WRITE CYCLE 

The write cycle of the I MS 1620M is initiated by the latter 
of /E or IW to transition from a high to a low. In the case 
of IW falling last, the output buffers are turned on teLax 
after the falling edge of /E (just as in a read cycle). The 
output buffers are then turned off within tWLazof the falling 
edge of /W. During this interval it is possible to have bus 
contention between devices with common l/0 configura­
tions. Therefore input data should not be active until twLaz 
to aviod bus contention. 

WRITE CYCLE 1 waveform showsawritecycletermi­
nated by /W going high. Data set-up and hold times are 
referenced to the rising edge of /W. When IW goes high 
at the end of the cycle with /E active, the output of the 
memory becomes active. The data from the memory will 
be the same as the input data unless the input data or 
address changes. 

WRITE CYCLE 2 waveform shows a write cycle termi­
nated by /E going high. Data set-up and hold times are 
referenced to the rising edge of /E. With /E high the 
outputs remain in the high impedance state. 

POWER DISTRIBUTION 

The recommended power distribution scheme com­
bines proper power trace layout and placement of decou­
pling capacitors to maintain the operating margins of the 
IMS1620M. The impedance in the decoupling path from 
the power pin through the decoupling capacitor to the 
ground pin should be kept to a minimum. The impedance 
of this path is determined by the series impedance of the 
power line inductance and the inductance and reactance 
of the decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad and be placed between each row of de­
vices in the array. A larger tantalum capacitor of a suffi­
cient value to eliminate low frequency ripple, should be 
placed near the memory board edge connection where 
the power traces meet the backplane power distribution 
system. These larger capacitors provide bulk energy 
storage to prevent voltage drop due to the main supply 
being located off the memory board and at the end of a 
long inductive path. The ground grid of the memory array 
should extend to the TIL driver peripherycircuitarea This 
will provide a solid ground reference for the TTL drivers 
and prevent loss of operating margin of the drivers due to 
differential ground noise. 

M •• 
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TERMINATION 

Trace lines on a memory board in the array look to TIL 
driver signals like low impedance, unterminated transmis­
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. · 

The recommended technique is to use series termina­
tion. The series termination technique has the advantage 
of drawing no DCcurrentandusinga minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TIL driver to 

IMS1620M/1620LM 

dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to find the 
·proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 1 0 to 33 
ohm range will be required. Because each design will 
result in a different signal impedance, a resistor of 
predetermined value may not properly match the signal 
path impedance. The proper value of resistance should 
therefore be selected empirically. 

OAT A RETENTION (L version only)(-55°C s TAS 125°C) 

SYMBOL PARAMETER 

VDR Data Retention Voltage 

lccDR1 Data Retention Current 

lccDR2 Data Retention Current 

tEHVCCL Deselect Time (teoRl 

tvccHEL Recovery Time (IR) 

•Typical data retention parameters at 25°C. 
Note j: Parameter guaranteed but not tested. 

MIN TYP• 

2.0 

15 

10 

0 

IRe 

MAX UNITS NOTES 

volts VrN s 0.2V or<!: (Vee-0.2V) E <!: (Vce-0.2V) 

1200 !!A Vee= 3.0 volts 

800 !!A Vee- 2.0 vohs 

ns j, k 

ns j, k (IRe= Read Cycle Time) 

Note k: Supply recovery rate should not exceed 100mV per (.15 from VoR to Vee min. 

LOW V cc DATA RETENTION 

DATA R.ETENTION MODE 

E ~ IVoR -0.2V) 

-----------•rmmos··-_________ 7_19 
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Type Package 
A Formed flat-pack 
B Formed flat-pack 
c LCC 
D Cerdip 
E Small outline, J-bend 
G PGA 
H Small outline, Gull wing 
J PLCC, J-bend 
K Sidebraze ceramic DIP 
N Ceramic LCC 
p Plastic DIP 
s Sidebraze ceramic DIP 
T (Skinny) Flat-pack 
w Ceramic LCC 
y (Skinny) Flat-pack 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1. OUTPUT LOAD 
S.OV 

Q (Dour) 

255Q 

480Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE 

E w Q MODE 

H X HI-Z Standby (lsb) 

L H Dout Read 

L L HI-Z Write 

ORDERING INFORMATION 

PART NUMBER 
DEVICE SPEED PACKAGE 

STANDARD LOW POWER 

45ns CERAMIC DIP IMS1620S-45M IMS1620LS45M 

IMS 1620M 45ns CERAMIC LCC IMS1620N-45M IMS1620LN45M 

IMS1620LM 55ns CERAMIC DIP IMS1620S-55M IMS1620LS55M 
55ns CERAMIC LCC IMS1620N-55M IMS1620LN55M 
70ns CERAMIC DIP IMS1620S-70M IMS1620LS70M 
70ns CERAMIC LCC IMS1620N-70M IMS1620LN70M 

_BI9 ___________ .fulmos•-----------
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PACKAGING INFORMATION 

22 Pin Ceramic Dual-In-Line 

I~ D .I 

t = =r[ ~ r ~ JE =] 

2.54 
0-:100 

22 Pin Leadless Chip Carrier 

Dim 
Inches mm 

Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .490 .006 3.446 .152 
E .290 .006 7.366 .152 
e1 .050 1.270 

r 
D -+--

IMS1620M/1620LM 

Dim 
Inches mm 

Nom To I Nom To I 

A .118 .010 2.997 .254 
A1 .035 .015 .889 .381 
8 .018 .003 .457 .152 

81 .060 Typ 1.524 Max 
D 1.10 .013 27.94 .330 
E .315 .010 8.001 .254 
E1. .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

---------------------tt~·----------------------9/9 
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FEATURES 

• I NMOS' Very High Speed CMOS 
• Advanced Process - 1.6 Micron Design Rules 
• Full Military Temperature Operating 

Range (-55•C to +125•C) 
• MIL-STD-883C Processing 
• 16K x 4 Bit Organization with Output Enable 
• 45, 55, and 70 nsec Access Times 
• Fully TTL Compatible 
• Common Data Input & Output 
• Three-state Output 
• Power Down Function 
• Single +5V ± 1 0% Operation 
• 24-Pin, 300-mil DIP (JEDEC Std.) 
• 28-Pin, 300-mil LCC (JEDEC Std.) 
• Standard_ Military Drawing version available 

Battery Backup Operation - 2V Data Retention 
(L version only) 

IMS1624M 
IMS1624LM 

CMOS 
High Performance 

16K x 4 Static RAM 
M I L-STD-883C 

DESCRIPTION 

The INMOS IMS1624M is a high performance 16Kx4 
CMOS Static RAM processed in full compliance to MIL­
STD-883C and guaranteed to operate overthe full military 
temperature range. The IMS1624M provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1624M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. The IMS1624M provides a Chip 
Enable (IE) function that can be used to place the device 
into a low-power standby mode. The IMS1624M also 
includes an Output Enable (IG) for fast access to data and 
enhanced bus contention control. 

The IMS1624LM is a low power version offering battery 
backup data retention operating from a 2 volt supply. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

DIP 

PIN NAMES 
A0 • A13 ADDRESS INPUTS Vee POWER (+SV) 

w WRITE ENABLE Vss GROUND 

vo DATA IN/OUT 

E CHIP ENABLE 

G OUTPUT ENABLE 

November 1 g99 

'Eiiw 

MEMORY ARRAY 
256RC7NS 

256COLUMNS 

CXltUUNLO 

Vee 
Vss 

119 

583 



IMS1624M/1624LM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.9 to 7.0V 
Voltage on 1/0 Pins (13-16) .......... -1.0 to (Vcc+0.5) 
Temperature Under Bias ................ -55° C to 125•c 
Storage Temperature .................... -65° C to 150•c 
Power Dissipation .............................................. 1 W 
DC Output Current.. ....................................... 25mA 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

VIH Input Logic "1" Voltage 2.0 

VIL Input Logic "0" Voltage -1.0* 

TA Ambient Operating Temperature 55 

'VIL m1n - -3 volts for pulse width <20ns, note b. 

•stresses greater than 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 above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may aliect reliabiiHy. 

(One output at a time, one seeon::f cluralfon) 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vcc+0.5 v All inputs 

0.8 v All inputs 

25 125 •c 400 linear ftfmin air flow 

DC ELECTRICAL CHARACTERISTICS (-55•c ~ TA ~ +125•C) (Vee= 5.0V± 10%)a 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

ICC! 
Average Vee Power 100 mA IAVAV = IAVAV (min) 
Supply Current 

Vee Power Supply Current 
30 

ICC2 
(Standby,Stable TTL Input Levels) 

mA 
E ~ V1H . All other inputs at 

IMS1624L version 20 
YIN ~ VIL or ~ VIH 

Vee Power Supply Current 19 -
ICC3 (Standby, Stable CMOS Input Levels) 

mA E ~ (Vee- 0.2) . All other inputs at 

IMS1624L version 8 
YIN ~ 0.2 or ~ (Vee- 0.2V) 

Vee Power Supply Current 
20 E ~ (Vee- 0.2) . Inputs cycling at 

ICC4 
(Standby, Cycling CMOS Input Levels) 

mA 
IMS1624L version 8 

V1N ~ 0.2 or ~ (Vee- 0.2V) 

I ILK Input Leakage Current (Any Input) ±5 f1A 
Vee= max 
V1N = Vss to Vee 

Off State Output Leakage Current 
Vee= max 

IOLK ±10 f1A V1N = Vss to Vee 

VOH Output Logic "1" Voltage 2.4 v loH =-4mA 

VOL Output Logic "0" Voltage 0.4 v loL= 8mA 

Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 

AC TEST CONDITIONS CAPACITANCEb (TA=25•c, f=1.0 MHZ) 

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns CIN Input Capacitance 4 pF .tN=Oto3V 
Input and Output Timing Reference Levels .. 1.5V 
Output Load ................................ ~ .. See Figure 1 CouT Output Capacitance 7 pF .tN = 0 to 3V 

Note b: This parameter is sampled and not 100% tested. 

-~-9-------------------tt~·---------------------
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RECOMMENDED AC OPERATING CONDITIONS (-55•C a A i 125•C) (Vee= 5.0V±10%) 

READCYCLEg 

NO. 
SYMBOL IMS1624M-45 IMS1624M·55 IMS1624M-70 

UNITS NOTES Standard Alternate PARAMETER 

1 IELOV lACS Chip Enable Access Time 

2 IAVAV IRC Read Cycle Time 

3 tAvrN tAA Address Access Time 

4 IGLOV toe Output Enable Access Time 

5 IAxax taH Output Hold After Address Change 

6 IE LOX ILZ Chip Enable to Output Active 

7 tGLOX tOLZ Output Enable to Output Active 

8 IEHOZ 1HZ Chip Disable to Output Inactive 

9 tGHOZ lOHZ Output Disable to Output Inactive 

10 •tELICCH tPU Chip Enable to Power Up 

11 tEHICCL IPO Chip Enable to Power Down 

tr Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected; E low. 
Nole e: Measured between VIL max and V1H min. 

MIN MAX MIN 

45 

45 55 

45 

20 

5 5 

5 5 

5 5 

0 15 0 

0 15 0 

0 0 

45 

50 

Note f: Measured ±200mV from steady slate output voltage. Load capac~ance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 

2 IAVAV 

ADDRESS 

1/0(DATAOUT) 
~--------------~~~~~~ 

READ CYCLE 2c 

MAX -MIN MAX 

55 70 ns 

70 ns 

55 70 ns 

25 30 ns 

5 ns 

5 ns 

5 ns 

20 0 25 ns 

20 0 25 ns 

0 ns 

55 70 ns 

50 50 ns 

OUTPUT VALID 

ADDRESS c==Jf ___________________ 2_t-AV_A_v-----------------~------~ 
IELOV 

6 tELOX I 

c 

d 

j 

j 

l,j 

l,j 

. j 

j 

e,j 

~~=========:==~-=~:=~LL~~LL~~~~~~==~~Bli:EHOZ ~ I . ,----..! 9 tGHOZ 

G -----+----------,~ L• _----4-ta_L_a_v __ -;J, I ______________ ...Jf 8 IE~I~CL 

1ro (DATAOL I HIGH z (X)(XX)(* ___ o_u_T_Pu_T_vA_L_ID ___ h-1 
• .. }1 0 IELICCH _AQT_!V.§. _____ _ 

Icc STANDBY 

•
D 3/9 -------------------- ~----~----~--------
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RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ TA ~ 125°C) (Vee= s.ov ±1 0%) 

WRITE CYCLE 1 : W CONTROLLEDg.h 

IMS IMS IMS 
SYMBOL 

PARAMETER 
1624-45 1624-55 1624-70 

No Standard Alternate MIN MAX MIN MAX MIN MAX 

12 tAVAV IWC Write Cycle Time 40 50 60 

13 tWLWH IWP Write Pulse Width 30 40 50 

14 IELWH tcw Chip Enable to End of Write 30 40 50 

15 IDVWH tow Data Setup to End of Write 20 25 30 

16 !WHDX IDH Data Hold after End of Write 0 0 0 

17 IAVWH lAW Address Setup to End of Write 30 40 50 

18 tAVWL lAS Address Setup to Start of Write 0 0 0 

19 tWHAX tWR Address Hold after End of Write 0 0 0 

20 !WLOZ !WZ Write Enable to Output Disable 0 15 0 20 0 25 

21 !WHQX !OW 0/P Active after end of Write 0 0 0 

WRITE CYCLE 2· E CONTROLLED9.h 

IMS IMS IMS 
SYMBOL 1624-45 1624-55 1624-70 

PARAMETER 
No Standard Alternate MIN MAX MIN MAX MIN MAX 

22 IAVAV IWC Write Cycle Time 40 50 60 

23 !WLEH IWP Write Pulse Width 30 40 50 

24 !ELEH ICW Chip Enable to End of Write 30 40 50 

25 !DVEH tow Data Setup to End of Write 20 25 30 

26 IEHDX IDH Data Hold after End of Write 0 0 0 

27 IAVEH lAW Address Setup to End of Write 30 40 50 

28 tEHAX !WR Address Hold after End of Write 0 0 0 
29 tAVEL tAS Address Setup to Start of Write 0 0 0 

30 !WLOZ !WZ Write Enable to Output Disable 0 15 0 20 0 25 

WRITE CYCLE 3: Fast Write, Outputs Disabledg,h 

IMS IMS IMS 
SYMBOL 1624-45 1624-55 1624-70 

PARAMETER ) 

No Standard Alternate MIN MAX MIN MAX MIN MAX 
31 tAVAV IWC Write Cycle Time 25 30 35 

32 !WLWH tWP Write Pulse Width 20 25 30 

33 !DVWH tow Data Setup to End of Write 20 25 30 
34 IWHDX toH Data Hold after End of Write 0 0 0 

35 !AVWH lAW Address Setup to End of Write 20 25 30 
36 tWHAX tWR Address Hold after End of Write 5 5 5 
37 tAVWL !AS Address Setup to Start of Write 0 0 0 

Note f: Measured ±200mV from steady stale output voltage. Load capacitance is 5pF. 
Note g: 
Note h: 
Notei: 
Notej: 

E. G and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
E or W must be ;, V1H during address transtlions. 
If W is low when E goes low, the outputs remain in the high impedance state. 
Parameter guaranteed but not tested. 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

ns i,j 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

-~-9-------------------~~·---------------------
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WRITE CYCLE 1 

ADDRESS c=f~---------1-2_!A_VA_V_--;-------~1~---' 
E 

L 14 IELWH 

1\\\\\\i 'I I I I I I I I I I~ 
1: 18 !AVWL -

17 !AVWH I 

-131wLWH-
119 lwHAX 

15 IDVWH 16 lwHDX 

1/0(DATA IN) I DATA VALID I 
20 lwLOZ I 1--------- 21 lwHOX 

110 (DATA OUT) I DATA UNDEFINED 
HIGH IMPEDANCE I 

WRITE CYCLE 2 
22 !AVAV 

ADDRESS c I 
29 ----..!_ 

!A VEL .I 24 IELEH 

E ~ 
27 !AVEH 28 IEHAX - 23 

w ~\\\\\\\\\\\\\\ lwLEH ////////~ 
25 IDVEH !<---< 26 IEHDX 

110 (DATA IN) I DATA VALID \ I 
30 lwLOZ ~ 

I HIGH IMPEDANCE 
1/0 (DATA OUT) ._ ____ D_A_T_A_U_N_D_E_FI_N_ED ____ __, 11----'-''-""-'--"'"'-""""""-"-""~---

WRITE CYCLE 3 
31 !AVAV 

ADDRESS c I 
35 !AVWH 

14------ 37 !AVWL - ~ 36 lwHAX 
32 lwLWH 

w 
33- 34 lwHDX IDVWH -

1/0 (DATA IN) Ll _____________ pTA VAUD F-------' 
---------------------~~·-------------------5_19 

587 



IMS1624M/1624LM 

DEVICE OPERATION 

The IMS1624M hasthreecontrolinputs, Chip Enable 
(/E), Output Enable (/G) and Write Enable (IW), 14 ad­
dress inputs (AO -A 13), and four Data 1/0 pins. 

The /E input controls device selection as well as active 
and standby modes. With /E low, the device is selected 
and the 14 address Inputs are decoded to select one 4-bit 
word out of 16,384. Read and Write operations on the 
memory cells are controlled bythe/W and/G Inputs. With 
/E high, the device Is deselected, theoutputsaredisabled 
and the power consumption is reduced to less than one­
fourth of the active mode power with TIL levels and even 
lower with CMOS levels. 

READ CYCLE 

A read cycle Is defined as IW 2:. V1Hmln with /E and /G 
s. V1Lmax. Read access lime Is measured from the latter 
of either /E or /G going low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while /E 
and /G are low. The outputs remain active throughout 
READ CYCLE 1 and are valid at the specified address 
access time. The address Inputs may change at access 
time and long as /E and /G remain low, the cycle time Is 
equal to the address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated bythe latter of /E or /G going low. As long 
as address Is stable when/E goes low, valid data is atthe 
outputs at thelatter of specified Chip Enable Access or 
Output Enable Access times. If address Is not valid when 
/E goes low, the timing is as specified in READ CYCLE 1. 
Chip Enable access time is not affected by the duration of 
the deselect Interval. 

WRITE CYCLE 

ThewritecycleoftheiMS1624Misinitiatedbythelatter 
of /E or IW to transition from a high to a low. In the case 
of IW falling last, the output buffers are turned on teLex 
after the falling edge of /E if /G is already low Oust as in a 
read cycle). The output buffers are then turned off within 
twLOzof the falling edge of IW. During this Interval it Is 
possible to have bus contention between devices with 
common 1/0 configurations. Therefore input data should 
not be active until twLOz. To aviod bus contention, the /G 
Input ~n be held high throughout the write operation. 

WRITE CYCLE 1 waveform showsawritecycletermi­
nated by IW going high. Data set-up and hold times are 
referenced to the rising edge of IW. When IW goes high 
at the end of the cycle with /E active, the output of the 
memory becomes active (if /G is low). The data from the 
memory will be the same as the input data unless the input 
data or address changes. 

WRITE CYCLE 2waveform shows a write cycle termi­
nated by IE going high. Data set-up and hold times are 
referenced to the rising edge of /E. With /E high the 
outputs remain in the high impedance state. 

WRITE CYCLE 3 waveform shows a write cycle 
controlled by IW, with /G high and /E low throughout the 
cycle. As the outputs will not become active during this 
operation, maximum data bandwidth is provided by allow­
ing very short write cycles and eliminating any bus conten­
tion considerations. 

6_ffi __________________ ~ .. ·~·---------------------
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POWER DISTRIBUTION 

The recommended power distribution scheme com­
bines proper power trace layout and placement of decou­
pling capacitors to maintain the operating margins of the 
IMS1624M. The impedance in the decoupling path from 
the power pin through the decoupling capacitor to the 
ground pin should be kept to a minimum. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad and be placed between each row of de­
vices in the array. A larger capacitor to eliminate low fre­
quency ripple should be placed near the edge connection 
where the power traces meet the backplane power. The 
larger capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off the 
memory board and at the end of a long inductive path. The 
ground grid of the memory array should extend to the TTL 
driver periphery circuit area to provide a solid ground ref­
erence for the TTL drivers and prevent loss of operating 
margin of the drivers due to differential ground noise. 

IMS1624M/1624LM 

TERMINATION 

Trace lines on a memory board in the array look to TTL 
driver signals like low impedance, unterminated transmis­
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. 

The recommended technique is to use series termina­
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver to 
dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to find the 
proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 1 0 to 33 
ohm range will be required. Because each design will 
result in a different signal impedance, a resistor of prede­
termined value may not properly match the signal path 
impedance. The proper value of resistance should there­
fore be selected empirically. 

DATA RETENTION (Lversiononly)(-55°C5TA5125°C) 

SYMBOL PARAMETER 

VDR Data Retention Voltage 

lccoRt Data Retention Current 

lccDR2 Data Retention Current 

IEHVCCL Deselect Time (teDRl 
tvcCHEL Recovery Time {IR) 

*Typical data retention parameters at 25°C. 
Note j: Parameter guaranteed but not tested. 

MIN TVP* 

2.0 

15 

10 

0 

IRe 

MAX UNITS NOTES 

volts V1N S 0.2V or~ (Vee-0.2V) E ~ (Vee·0.2V) 

1200 J.1A Vee= 3.0 volts 

800 J.1A Vee= 2.0 vohs 

ns j, k 

ns j, k {IRe= Read Cycle Time) 

Note k: Supply recovery rate should not exceed 1 oomv per J.1S from \bR to Vee min. 

LOW V cc DATA RETENTION 

DATA RETENTION MODE 

E ~ IVoR ·0.2V) 

•
a m --------- mmos·---------
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Type Package 
A Formed flat-pack 
8 Formed flat-pack 
c LCC 
D Cerdip 
E Small outline, J-bend 
G PGA 
H Small outline, Gull wing 
J PLCC, J-bend 
K Sidebraze ceramic DIP 
N Ceramic LCC 
p Plastic DIP 
s Sidebraze ceramic DIP 
T (Skinny) Flat-pack 
w Ceramic LCC 
y (Skinny) Flat-pack 

-· 

E 

H 

L 

L 

L 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1. OUTPUT LOAD 
5.0V 

4BOQ 

30pF 
{INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE 

w G l/0 MODE 

X X HI-Z Standby (Is b) 

H H HI-Z Output Disable 

H L Dout Read 

L X Din Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

PART NUMBER 
DEVICE SPEED PACKAGE 

STANDARD LOW POWER 

45ns CERAMIC DIP IMS1624S-45M IMS1624LS45M 

IMS 1624M 45ns CERAMICLCC IMS1624N-45M IMS1624LN45M 

IMS1624LM 55ns CERAMIC DIP IMS1624S-55M IMS1624LS55M 
55ns CERAMIC LCC IMS1624N-55M IMS1624LN55M 
70ns CERAMIC DIP IMS1624S-70M IMS1624LS70M 
70ns CERAMIC LCC IMS1624N-70M IMS1624LN70M 

_s,s ___________ ermmos·-----------
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PACKAGING INFORMATION 

I~ 

' ./ 
0 

24 Pin Ceramic Dual-In-Line 

D 

I 
+ 
J 

~I 

28 Pin Leadless Chip Carrier 

Dim 
Inches mm 

Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .550 .010 13.970 .254 
E .350 .010 8.890 .254 
e1 .050 .002 1.270 .051 

n D-+-

~'>~ 
I~E __J ~A~ 

IMS1624M/1624LM 

Dim 
Inches mm 

Nom Tol' Nom To I 

A .096 .012 2.438 .305 
A1 .035 .015 .889 .381 
8 .018 .002 .457 .051 
81 .060 Typ 1.524 Max 

D 1.20 .012 30.48 .305 
E .315 .010 8.001 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

Fl 
~E1_.j 

•

0 9/9 
----------------- ~·-----------------
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• • 1111 • 
0 mrumos® 
FEATURES 

• I NMOS' Very High Speed CMOS 
• Military Temperature Range (-55°C to 125°C) 
• Advanced Process -1.6 Micron Design Rules 
• 8K x 8 Bit Organization 
• 45, 55 and 70 ns Address Access Times 
• 45, 55 and 70 ns Chip Enable Access Times 
• Fully TIL Compatible 
• Common Data Inputs and Outputs 
• Single +5V ± 10% Operation 
• Fast Write Cycle when Outputs Disabled 
• Standard Military Drawing version available 
• 28 pin DIP, 32 pin LCC (JEDEC Standard) 
• Battery Backup Operation- 2V data retention 

(L version only) 

PIN CONFIGURATION 

NC Vee 
A, w 
A, E, 

"" ... 
As ,.. 
A, Att 
A, 6 
A, ., ., e, 
Ao "'• >o, ..,, 
>o, "'• oo, ..,, 
Vss "'· 

DIP LCC 

PIN NAMES 

Ao·A12 ADDRESS INPUTS Vee POWER(+SV) 

w WAITE ENABLE Vss GROUND 

1101-1/0e DATA IN/OUT 

E1,E2 CHIP ENABLE 

G OUTPUT ENABLE 

November 1989 

IMS1630M 
IMS1630LM 

CMOS 
High Performance 
8K x 8 Static RAM 

MIL -STD-883C 
DESCRIPTION 

The IMS1630M is a high speed CMOS 8K x 8 Static 
RAM processed in full compliance to MIL-STD-883C. 

The IMS1630M features fully static operation 
requiring no external clocks or timing strobes, and equal 
address access and cycle times. The IMS1630M 
provides two Chip Enable functions (IE 1, E2) to place 
the circuit in a reduced power standby mode. 

The IMS1630LM is a low power version offering 
battery backup data retention operating from a 2 volt 
supply. 

The IMS1630M and IMS1630LM are VLSI Static 
RAMs intended for military applications that demand 
high performance and superior reliability. 

LOGIC SYMBOL 

~, E2 a w 

E, 
e, 

VI 
6 

BLOCK DIAGRAM 

MEMORY ARRAY 
256ROWS 

256COLVMNS 

Vee 
Vss 

1/9 
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IMS1630M/1630LM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 1/0 ............................. -1.0 to (Vcc+0.5)V 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65° C to 150°C 
Power Dissipation .............................................. 1 W 
DC Output Current... ...................................... 25mA 
(One output at a tlme, one second duration) 

DC OPERATING CONDITIONS 

PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

ViH Input Logic "1" Voltage 2.0 

v,c Input Logic "0" Voltage -1.0* 

TA Ambient Operating Temperature -55 

•v1t mm - -3.0 volts for pulse w1dth <20ns, note b. 

•stresses greater than 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 above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
corditions for exterded periods may affect reliabil~y. 

TVP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vcc+0.5 v All inputs 

0.8 v All inputs 

+125 oc 400 linear It/min air flow 

DC ELECTRICAL CHARACTERISTICS (-55°C ~ TA ~ 125°C) (Vee- 5 ov + 10%)a - -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

!CCI Average Vee Power 
Supply Current 

85 rnA IAVAV = IAVAV (min) 

ICC2 
Vee Power Supply Current E ~ VtH . All other inputs at 
(Standby,Stable TTL Input Levels) 30 mA VtN ~ VtL or ~ VtH 

ICC3 
Vee Power Supply Current 

17 nJA 
E ~ (Vee- 0.2) . All other inputs at 

(Standby, Stable CMOS lnp.ut Levels) VtN $ 0.2 or ~ (Vee- 0.2V) 

ICC4 
Vee Power Supply Current 20 mA E ~ (Vee- 0.2). All other inputs cycling 

(Standby, Cycling CMOS Input Levels) at VtN ~ 0.2 or ~ (Vee- 0.2V) 

Vee= max 

I ILK Input Leakage Current (Any Input) ±5 ~ VtN = Vss to Vee 

fOLK Off State Output Leakage Current ±10 
Vee= max 

~ VtN = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loUT= -4mA 

VOL Output Logic "0" Voltage 0.4 v loUT= 8mA 

Note a: Icc is dependent on output loading and cycle rate, the specnied values are obtained with the output unloaded. 

AC TEST CONDITIONS CAPACITANCEb (TA=25°C, f=1.0MHz)b 

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns 

CtN Input Capacitance 5 pF t..V=Oto3V 
Input and Output Timing Reference Levels .. 1.5V 
Output Load .................................... See Figure 1 GoUT Output Capacitance 7 pF t..V=Oto3V 

'---
Note b: This parameter is sampled and not 100% tested. 

_v_e _____________________ 4t~·-----------------------
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IMS1630M/1630LM 

RECOMMENDED AC OPERATING CONDITIONS (-55•C S T AS 125•C)(Vcc = 5.0V ± 1 0%) 
READ CYCLEg 

NO. SYMBOL PARAMETER 
16301HS 163QM.6& s......., AI ... ,_ 

1 IE1LQV lACS Chip Enable Acoess lime 

2 IE2HQV lACS Chip Enable Acoess lime 

3 IAVAV IRe Read Cycle lime 

4 IAvav IAA Address Access lime 

5 IGLOV 'oE Output Enable to Data Valid 

6 lAX ax loH Output Hold After Address Change 

7 IE1LQX lt..z Chip Enable to Output Active 

B IE1HOZ 'Hz Chip Disable to Output Inactive 

9 IE2HQX lt..z Chip Enable to Output Active 

10 IE2LOZ 'Hz Chip Disable to Output Inactive 

11 IGLax lt..z Output Enable to Output Active 

12 IGHaz 'Hz Output Disable to Output Inactive 

13 tE1LICCH lpu Chip Enable to Power Up 

14 IE1HICCL lpD Chip Enable to Power Down 

15 !E2HICCH tpu Chip Enable to Power Up 

16 IE2LICCL lpD Chip Disable to Power Down 

tr Input Rise and Fall limes 

Notec: For READ CYCLE 1 &2, W1ShiQ!lloren!!_rucycle. 
Noted: Device is continuously selected, E1 low, G low and E2 high. 
Note o: Measured between VIL max and V1H min. 

.... MAX -
45 

45 

45 55 

45 

15 

5 5 

5 5 

0 20 0 

5 5 

0 20 0 

5 5 

0 20 0 

0 0 

25 

0 0 

25 

50 

Notal: Moasurud~OOmVtromsteadystato oulputvollago. Load capacitance is5pf. 
Nolo g: E1' E2, G andW must transhion between v,H to v,L or v,L to VtH in a monotonic tashion. 
Note j: Parameter guaranteed but nottested. 

READ CYCLE 1c,d 

READ CYCLE 2c 

MAX 

55 

55 

55 

20 

25 

25 

25 

30 

30 

50 

1631JM.70 
MN MA 

70 

70 

70 

70 

25 

5 

5 

0 25 

5 

0 25 

5 

0 25 

0 

35 

0 

35 

50 

UNITS 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

3 'f.AVAY 

ADDRESS c=f--------------~ ._ __ ..J 

'E1 

VO (Data Out) 

Icc 

1..---, :· 'e1Ucaf 

~~;~~·~re~m=~~------------------------~ 

NOTES 

c 

d 

f,j 

f,j 

f,j 

j 

j 

j 

j 

e,j 

---------------------tt~--------------------3--/9 
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IMS1630M/1630LM 

RECOMMENDED AC OPERATING CONDITIONS (-ssoc ~ TA ~ 125°C) (Vee= s.ov ±10%) 

WRITE CYCL,E 1: W CONTROLLEDg,h 
JMS JMS IMS UNITS NOTES 

SYMBOL 1630M- 1630M- 1630M-
PARAMETER 45 55 70 

No Stan'd Alt. MIN MAX MIN MAX MIN MAX 

18 tAVAV tWC Write Cycle Time 45 55 70 ns 

19 IWLWH tWP Write Pulse Width 35 45 50 ns 

20 tE1LWH tcw Chip Enable 1 to End of Write 35 45 50 ns 

21 tE2HWH tcw Chip Enable 2to End of Write 35 45 50 ns 
22 IDVWH tow Data Setup to End of Write 20 25 25 ns 

23 tWHDX IDH Data Hold alter End of Write 0 0 0 ns 

24 tAVWH tAW Address Setup to End of Write 35 45 50 ns 

25 tAVWL tAS Address Setup to Start of Write 0 0 0 ns 

26 IWHAX IWR Address Hold alter End of Write 0 0 0 ns 

27 IWLOZ tWZ Write Enable to Output Disable 0 20 0 20 0 25 ns f,j 

28 tWHOX tOW Output Active Alter End of Write 5 5 5 ns i,j 

WRITE CYCLE 2- E1 OR E2 CONTROLLED9·h 
IMS IMS IMS 

SYMBOL 1630M- 1630M- 1630M-
PARAMETER 45 55 70 UNITS NOTES 

No Stan'd Alt. MIN MAX MIN MAX MIN MAX 

29 tAVAV tWC Write Cycle Time 45 55 70 ns 

30 tWLEIH IWP Write Pulse Width 35 45 50 ns 

31 tEtLE1~ tcw Chip Enable 1 to End of Write 35 45 50 ns 

32 tE2HE2 tcw Chip Enable 2to End of Write 35 45 50 ns 
33 tDVE1H tow Data Setup to End of Write 20 25 25 ns 

34 IE1HDX tOH Data Hold after End of Write 0 0 0 ns 

35 IAVE1H lAW Address Setup to End of Wrn~ 35 45 50 ns 

36 tE1HAX tWR Address Hold after End of Write 0 0 0 ns 

37 IAVE1L lAS Address Setup to Start of Write 0 0 0 ns 

38 IWLOZ tWZ Write Enable to Output Disable 0 20 0 20 0 25 ns f,j 

WRITE CYCLE 3- FAST WRITE OUTPUTS DISABLED (DEVICE CONTINUOUSLY SELECTED G HIGH)g,h 

IMS IMS IMS 
SYMBOL 1630M- 1630M- 1630M-

PARAMETER 45 55 70 
No Stan'd Alt. MIN MAX MIN MAX MIN MAX 

39 IAVAV tWC Write Cycle Time 25 30 35 

40 tWLWH tWP Write Pulse Width 20 25 30 

41 tOVWH tcw Data Set-up to End of Write 20 25 30 

42 twHDX tcw Data Hold Alter End of Write 0 0 0 

43 tAVWH tow Address Set-up to End of Write 20 25 30 

44 IWHAX IDH Addres Hold Alter End of Write 0 0 0 

45 IAVWL lAS Address Set-up to Start of Write 0 0 0 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: 
Note h: 

E1, E2, G and W must transition between VJH to VJL or V1L to VJH in a monotonic fashion. 
Et, or W must be;;, V1H or E2 must be s VJL during address transitions. 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note i: 
Notej: 

If W is low when the later of Et goes lciw or E2 goes high, the outputs remain in the high impedance state. 
Parameter guaranteed but not tested. 

-~--------------------.. ~·---------------------
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IMS1630M/1630LM 

WRITE CYCLE 1 

ADDRESS q J" :: "t f I 

E1 1\\\\\\} :(/ZZIZI/ZZIA 

E2 1ohof 21 

u- -\N 
w C= ·- -~~~:d~l:= 

vo (DATA IN) I PATA VALID t-----' 
27 "'-az ~ H:' ,_,x 

1/0(DATAOUT) '----------~---' HIGH ... PEDMICE4~---' 

WRITE CYCLE 2 

ADDRESS rl 
1 

29 
\o.v•• 

0 

y __ _, 
(__Jr 31 fEtLEtH 1' 

E2 

w &\\\\\\\\\\\\\\\\\ ~7701/llm 
,c:= """''" .Jf=34 !eum 

1/0(DATAIN) .I WATAVAUD 1= I 
....----~,....,_~"''~· ~~ 

1/0(DATAOUT) I ~1---....:::"'::::;:.GHI:::::;:MPE~DANC:;:::::E:..__ __ 

WRITE CYCLE 3 
39 t,.vAV 

1/0(DATAIN) 1.....~-----------' 

------------tt~·-----------5_19 
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IMS1630M/1630LM 

DEVICE OPERATION 

The IMS1630M has four control inputs, Chip Enable1 
(E1), Chip Enable 2 (E2), Write Enable (W) and Output 
Enable (G). There are also13 address inputs (AO -A12) 
and eight Data 110 lines (I/O 1 to 1/0 8). The Enable inputs 
control device selection as well as active and standby 
modes. TheW input controls the mode of operation (Read 
or Write). The G input controls only the state of the eight 
output drivers. 

With both E1 low and E2 high, the device is selected 
and the 13 address inputs are decoded to select one 8-bit 
Word out of 8K words. Read and Write operations on the 
memory cells are controlled by theW input. With either E1 
high or E2 low, the device is deselected, the outputs dis­
abled and the power consumption is reduced to less than 
one-fourth of the active mode power. G serves only to 
control the operation oft he output drivers. When G is high, 
the output drivers are in a high impedance state, indepen­
dant of the E1, E2 and W inputs. 

READ CYCLE 

A read cycle is defined as W ~ VIH min with E1 , V1L max, 
E2 <:: VIH min and G :s; VIL max. Read access time is 
measured from the later of either E1 going low,.E2 going 
high, valid address, or G going low. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while E1 
is low and E2 is high (with G low). The output remains· 
active throughout READ CYCLE 1 and is valid at the 
specified address access time. The address inputs may 
change at access time and the output remains valid for a 
minimum of tAXQX. As long as E1 remains low and E2 is 
high, the cycle time is equal to the address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by the later of E1 going low, E2 going high 
or G going low. As long as address is stable when the 
later of E1 goes low or E2 goes high, valid data is at the 
output at the later of tE1LQV, tE2HQV or tGLQV. If 
address is not valid when the later of E1 goes low or E2 
goes high, the timing is as specified in READ CYCLE 1. 
Chip Enable access time is not affected by the duration of 
the deselect interval. 

The G signal controls the output buffer. G is required to 
be low (along with E1 low and E2 high) in order for 1101 -
110 8 to be active. 

WRITE CYCLE 

The write cycle of the IMS1630M is initiated by the later-of 
Efor W to transition from a high to a low or E2 transitioning 
from low to high:-The G control will remove bus contention 
if held high throughout the duration of the write cycie. If G is 
low during a W controlled write cycle (Write Cycle 1), the 
output bufferwill be turned on by the lateroftE1 LOX alter the 
falling edge of E1 ortE2HQX after the rising edge of E2. The 
output buffer is then turned off within tWLQZ of the falling 
edge of 

W. During this interval, it is possible to have bus conten­
tion between devices with common input/output connec­
tions. Therefore the recommended mode of opE)ration is to 
keep G high during the write cycle. During a write cycle, 
data on the inputs is written into the selected cells and the 
outputs are floating. · 

For any write cycle, tAVWL, tAVE1 L, or tAVE2H must 
be met, depending on whether E1, E2 or W is the last to 
transition. After either W or E1 goes high or E2 goes low 
to terminate the write cycle, addresses may change. If 
address set-up and hold times are not met, contents of 
other cells may be altered in unpredictable ways. The 
fidelity of theW control signal is very important. Excessive 
ringing on high to low transitions may cause signals to rise 
above VIL max, violating the minimum W pulse width 
specification - tWLWH. 

WRITE CYCLE 1 waveform shows a write cycle termi­
nated by W going high. Data set-up and hold times are 
referenced to the rising edge ofW. When W goes high 
while E1 is low and E2 is high, the outputs remain in a high 
impedance state (unless G is low). If G is low when W 
goes high at the end of a write cycle the data read from the 
memory will be the same as the data just written into the 
memory. Thus, no data bus contention will occur. 

WRITE CYCLE 2 waveform shows a write cycle termi­
. nated by the later E1 going high or E2 going low. Data set­

up and hold times are referenced to the later of the rising 
edge of E1 or the falling edge of E2. With either E1 high 

, or E2 low the outputs remain in the high impedance state. 
' When using WRITE CYCLE 1 proper management of 
the G control signal will avoid bus contention. If G is low 
when W goes high (with E1 low and E2 high) the output 
buffers will be active tWHQX after the rising edge ofW. 
Data out will be the same as the data just written, unless 
the address changes.lf input data from the previous cycle 
is still valid after the address changes, contention may 
result. Contention may also result if the device is selected 
(E1 low, E2 high, Glow) before W goes low and input data 
is valid early in the cycle. The recommended mode of 
operation is to keep G high except when reading data from 
the device, thus avoiding bus contention. 

TTL VS. CMOS INPUTLEVELS 

The !NMOS 1630M is fully compatible with TTL input 
levels. The input circuitry of the IMS1630M is designed for 
maximum speed and also for conversion of TTL level 
signals to the CMOS levels required for internal operation. 
The IMS1630M consumes less power when CMOS levels 
are used instead of TTL levels. The lower CMOS Icc 
specifications (lcc3 and lcc4) may be achieved by using 
CMOS levels. The power consumption will be lower at 
typical TTL levels than at the worst case levels. 

s_te ____________________ ~et~·~·-----------------------
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POWER DISTRIBUTION 
The recommended power distribution scheme com­

bines proper power trace layout and placement of decou­
pling capacitors to maintain the operating margins of the 
IMS1630M. The impedance in the decoupling path from 
the power pin through the decoupling capacitor to the 
ground pin should be kept to a minimum. The impedance 
of this path is determined by the series impedance of the 
power line inductance and the inductance and reactance 
of the decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 ~F and be placed between each row of devices in the 
array. A largertantalum capacitor of a sufficient value to 
eliminate low frequency ripple, should be placed near the 
memory board edge connection where the power traces 
meet the backplane power distribution system. These 
larger capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off the 
memory board and all he end of a long inductive path. The 
ground grid of the memory array should extend to the TTL 
driver periphery circuit area. This will provide a solid 
ground reference for the drivers and prevent loss of 
operating margin due to differential ground noise. 

DATA RETENTION (L version only) (-55°C < TA < 125°C) - -

SYMBOL PARAMETER 

VoR Data Retention Voltage 

leeoRt Data Retention Current 

leeDR2 Data Retention Current 

tEHVeeL Deselect Time (teo~ 

tveeHEL Recovery Time (1R ) 

• Typical data retention parameters at 25 oc 
Note j: Parameter guaranteed but not tested 

MIN yp• 

2.0 

15 

10 

0 

IRe 

IMS1630M/1630LM 

TERMINATION 
Trace lines on a memory board in the array look to TTL 

driver signals like low impedance, unterminated transmis­
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. 

The recommended technique is to use series termina­
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver to 
dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to lind the 
proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 1 o to 33 
ohm range will be required. Because each design will 
result in a different signal impedance, a resistor of prede­
termined value may not properly match the signal path 
impedance. The proper value of resistance should there­
fore be selected empirically. A resistor of predetermined 
value may not properly terminate the transmission line. 

Proper power distribution techniques, including ade­
quate use of decoupling capacitors, and proper termina­
tion of TTL drive outputs are some of the most important 
yet basic guidelines that need to be followed when design­
ing and building a memory board. The guidelines are 
intended to maintain the operating margins of all devices 
on the memory board by providing a quiet environment 
free of noise spikes, undershoot, and excessive ringing. It 
is wise to verify signal fidelity by observation utilising a 
wideband oscilloscope and probe. 

MAX UNITS NOTES 

volts v1N ,;; 0.2V or;;, (Vee -0.2V) E ;;,(Vee -0.2V) 

1200 ~ Vee= 3.0 volts 

800 ~ Vce=2.0volts 

ns j,k 

ns j,k (IRe= Read Cycle Time) 

Note k: Supply recovery rate should not exceed 1 OOmV per1 O~s from VoR to Vee min 

Vee--------------~ 
4.5V 

E 

Data Retention Mode 

VoR;;, 2V 

E ;;,(V DR -0.2V) 

---------------------tt~·----------------------~9 
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IMS1630M/1630LM 

Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend 
PGA 
Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 
Plastic DIP 
Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1- OUTPUT LOAD 
5.0V 

480.Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE 

E·: E2 w G 1/0 MODE 

H X X X HI-Z Standby (lsb) 

X L X X HI-Z Standby(lsb) 

L H H H HI-Z Output disable 

L H H L Dout Read 

L H L X Din Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE 
PART NUMBER 

STANDARD LOW POWER 

45ns CERAMIC DIP IMS1630S-45M IMS1630LS45M 

IMS 1630M 45ns CERAMIC LCC IMS1630N-45M IMS1630LN45M 

IMS1630LM 
/-----ssns CERAMIC DIP IMS1630S-SSM IMS1630LSSSM 

55ns CERAMIC LCC IMS1630N-SSM IMS1630LNSSM 
70ns CERAMIC DIP IMS1630S-70M IMS1630LS70M 
70ns CERAMIC LCC IMS1630N-70M IMS1630LN70M 

-· 

_819 ____________________ .. ~·----------------------
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PACKAGING INFORMATION 

I 

I-'\ 
17 

0 

28 Pin Ceramic Dual-In-Line 

D 

\ I 

I 

13 equal spaces @ 
2.54 

oToo 

~ 

32 Pin Leadless Chip Carrier 

Dim 
Inches mm 

Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
B1 .025 .003 .635 .076 
D .550 .010 13.970 .254 
E .450 .010 11.43 .254 
e1 .050 .002 1.270 .051 

I 

~E_J 

IMS1630M/1630LM 

Dim 
Inches mm 

Nom To I Nom To I 

A .085 .010 2.159 .254 
A1 .050 .010 1.270 .254 
B .018 .002 .457 .051 
B1 .060 Typ 1.524 Max 

D 1.40 .016 35.56 .406 
E .315 .010 8.001 .254 
E1 .595 .010 15.113 .254 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

P9 
lj.-E1--.jl 
.-E-.. 

+ 

•
c 9/9 

----------------- ~·-----------------
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IMS 1605M: 64K x 1 
IMS 1625M: 16K x 4 
IMS 1629M: 16K x 4 with Output Enable 
IMS 1626/7M: 16K x 4 with Separate 1/0s 
IMS 1635M: 8K x 8 
IMS 1695M: 8K x 9 

Advance Information 
FEATURES 

I NMOS' Very High Speed Double Metal CMOS 
Advanced Process-1.2 Micron Design Rules 
64K Bit Devices 
20, 25, and 35ns Address Access Times 
20, 25 and 35 ns Chip Enable Access Times 
Fully TTL Compatible 
Single +5V ± 10% Operation 
Battery Backup Operation - 2V Data Retention, 
1 Oj.!A typical at 25°C 

• Packages include: DIP and LCC 

64K X 1 

r 
AS 

E: 

Vee 
Vss 

AO·A12 

010 

PIN NAMES 
ADDRESS INPUTS 

WRITE ENABLE 
DATA IN/OUT 

1101-1102 DATA IN/OUT w E, 1. CHIP ENABLE 
OUTPUT ENABLE 

v~ POWEA(+SV) 
v .. GROUND 

November 1989 

IMS16X5M series 
High Performance 
Memory Products 

MIL-STD-833C 
DESCRIPTION 

The INMOS IMS16X5M series are high speed ad­
vanced 64K double layer metal CMOS Static RAMs. 

The range features fully static operation requiring no 
external clocks or timing strobes, wjth equal access and 
cycle times. A chip enable function (E) that can be used to 
place the device into a low-power standby mode is avail­
able on all organisations. The 8K x 8 organisations provide 
an additional Chip Enable for reduced low-power standby 
mode. Output Enable (G) is an enhancement on organisa­
tions requiring fast access to data and enhanced bus con­
tention control. The 16x5M series are intended for military 
applications that demand high performance and superior 
reliability. 

16K X 4 (Separate Inputs and Outputs) 

r,---H>--1 
04--f=J>-.--j 

:;::b~j__)f---7------' 
I 
l Outputs track inputs 
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FEATURES 

• INMOS' Very High Speed CMOS 
• Advanced Process - 1.2 Micron Design Rules 
• 256K x 1 Bit Organization 
• 30, 35 and 45 ns Address Access Times 
• 30, 35 and 45 ns Chip Enable Access Times 
• Fully TTL Compatible 
• Separate Data Input and Outputs 
• Three-state Output 
• 24 Pin 300-mil DIP and 28 Pin LCC 
• Single +5V ± 1 0% Operation 
• Power Down Function 

IMS1800M CMOS 
High Performance 

256K x 1 Static RAM 
MIL -STD-883C 

Advanc(3 Information 

DESCRIPTION 

The I NMOS IMS1800M is a high perfonnance 256Kx1 
CMOS Static RAM. The IMS1800M provides maximum 
density and speed enhancements with the addHional 
benefits of lower power and superior reliability. 

The IMS1800M features fully static operation requiring 
no external clocks or liming strobes, wHh equal access 
and cycle times. Additi~nally, the IMS1800M provides a 
Chip Enable function (E) that can be used to place the 
device into a low power standby mode. 

The IMS1BOOM is a high speed VLSI RAM intended for 
military applications which require high performance and 
superior reliability. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

A6 
A7 
AS 
A9 
AOO 
A11 ... 
A15 
AO 
0 
w 

~i " 23 
22 
2\ 

' 20 
6 " 7 \0 

• 17 

' \6 
\0 " 11 " " 13 

DIP and SOJ 

·~ AS .. 
"' A2 
AI 
A\7 
A\6 

A\2 
D 

"' 
CHIP 

CARRIER 

PIN NAMES 
A0- A1 7 ADDRESS INPUTS a DATA OUT 

w WRITE ENABLE Vee POWER ( +SV) 

E CHIP ENABLE Vss GROUND 

D DATA INPUT 

November 1989 

Dll\!1 £ w 

w 

MEMORY ARRAY 
256ROWS 

1024 COLUMNS 
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FEATURES 

• INMOS' Veri High Speed CMOS 
• Advanced Process - 1.2 Micron Design Rules 
• 64K x 4 Bit Organization 
• 30,35 and 45 ns Address Access Times 
• 30, 35 and 45 ns Chip Enable Access Times 
• Fully TTL Compatible 
• Common Data Input and Outputs 
• Three-state Output 
• 24 Pin 300-mil DIP and 28 Pin LCC 
• Single +5V ± 10% Operation 
• Power Down Function 

IMS1820M CM-OS 
High Performance 

64K x 4 Static RAM 
MIL-STD-883C 

Advance Information 

DESCRIPTION 

The INMOS IMS1820M is a high performance 64Kx4 
CMOS Static RAM. The IMS1820M allows speed en­
hancements to existing 64K x 4 applications with the 
additional benefit of reduced power consumption • 

The IMS1820M features fully static operation requiring 
no external clocks or timing strobes, with equal access 
and cycle times. Additionally, the IMS1820M provides a 
Chip Enable function (/E) that can be used to place the 
device Into a low power standby mode. 

The IMS1820M is a high speed VLSI RAM intended 
for military applications which require high performance 
and superior reliability. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

.. 
AT .. .. ... 
All ... 
A13 
At< 
A15 
T 
Ya 

~: "f= 
:~ • ..= . 
::~ • 7 .. . :: ~ • 10 !! ::::: " 12 " 

DIP andSOJ 

... .. .. .. .. 
AI .. ,.,, ,.,, ,.,. 
!<!'• w 

PIN NAMES 
A,- A15 ADDRESS INPUTS Vee POWER (+SV) 

w WRITE ENABLE Vas GROUND 

If(). I/() DATA INIOllT 

ll CHIP ENABlE 
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SALES OFFICES 

AUSTRALIA 

NSW 2027.EDGECLIFF 
Suite 211, Edgecliff centre 
203-233, New South Head Road 
Tel. (61-2) 327 39.22 
Telex: 071 126911 TCAUS 
Telefax. (61-2) 327.61.76 

BRAZIL 

05413 SAO PAULO 
R. Henrique Schaumann 286-CJ33 
Tel. (55-11) 883-5455 
Telex: (391 )11-37988 "UMBR BR' 

CANADA 

BRAMPTON, ONTARIO 
341 Matn St. North 
Tel. (416) 455-0505 
Telefax: 416-455-2606 

CHINA 

BEIJING 
Beijing No.5 Semiconductor 
Device Factory 
14 Wu Lu Tong Road ' 
Da Shang Mau Wai 
Tel. (861) 2024378 
Telex 222722 STM CH 

DENMARK 

2730 HERLEV 
Her lev Torv, 4 
Tel. (45-42) 94.85.33 
Telex: 35411 
Telefax: (45-42) 948694 

FRANCE 

94253 GENTILLY Cedex 
7- avenue Gallieni- BP. 93 
Tel.: (33-1) 47.40.75 75 
Telex: 632570 STMHQ 
Telefax: (33-1) 47.40.79.10 

67000 STRASBOURG 
20, Place des Hailes 
Tel. (33) 88.75.50.66 
Telex: 870001 F 
Telefax: (33) 88.22 29 32 

HONG KONG 

WANCHAI 
22nd Floor- Hopewell centre 
183 Queen's Road East 
Tel. (852-5) 8615788 
Telex: 60955 ESGIES HX 
Telefax: (852-5) 8656589 

·INDIA 

NEW DELHI110001 
Liason Office 
62, Upper Ground Floor 
World Trade Centre 
Barakhamba Lane 
Tel 3715191 
Telex· 031-66816 STMIIN 
Telefax: 3715192 

ITALY 

20090 ASSAGO (MI) 
V.le Mllanofiori -Strada 4- Palazzo N4/A 
Tel. (39-2) 89213.1 (10 linee) 
Tel~x: 330131-330141 SGSAGR 
Telefax: (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
Via R. Fucini, 12 
Tel. (39-51) 591914 
Telex. 512442. 
Telefax: (39-51) 591305 

00161 ROMA 
Vta A. Torlonia, 15 
Tel. (39-6) 8443341 
Telex: 620653 SGSATE I 
Telefax: (39-6) 8444474 

JAPAN 

TOKY0108 
Nisseki- Takanawa Bid. 4F 
2-18-1 0 Takanawa 
Minato-Ku 
Tel. (81-3) 280-4121 
Telefax: (81-3) 280-4131 

KOREA 

SEOUL 121 
8th floor Shinwon Butldtng 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel. (82-2) 552-0399 
Telex: SGSKOR K29998 
Telefax: (82-2) 552-1051 

NETHERLANDS 

5612 AM EINDHOVEN 
Dillenburgstraat 25 
Tel.: (31-40) 550015 
Telex: 51186 
Telefax: (31-40) 528835 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo Kio - Industrial Park 2 
Tel. (65) 4821411 
Telex: RS 55201 ESGIES 
Telefax. (65) 4820240 

SPAIN 

08021 BARCELONA 
Calle Platen, 6 41h Floor, 5th Door 
Tel. (34-3) 4143300-4143361 
Telefax: (34-3) 2021461 

28027 MADRID 
Calle Albacete, 5 
Tel. (34-1) 4051615 
Telex: 27060 TCCEE 
Telefax· (34-1) 4031134 

SWEDEN 

S-16421 KISTA 
Borgarfjordsgatan, 13- Box 1094 
Tel.: (46-8) 7939220 
Telex. 12078 THSWS 
Telefax· (46-8) 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann 18/A 
Tel. (41-22) 7986462 ' 
Telex: 415493 STM CH 
Telefax: (41-22) 7984869 

TAIWAN 

TAIPEI 
12th Floor 
571, Tun Hua South Road 
Tel. (886-2) 755-4111 
Telex: 10310 ESGIETW 
Telefax: (886-2) 755-4008 

UNITED KINGDOM and EIRE 

MARLOW, BUCKS 
~~~b~ ~~r'kse, Parkway 

Tel.: (44-628) 890800 
Telex: 847 458 
Telefax: (44-628) 890391 



U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 
Phoenix, t>;z 85022-2699 
(1)-(602) 867-6100 

SALES COVERAGE BY STATE 

ALABAMA 
Huntsville - (205) 533-5995 

ARIZONA 
Phoenix - (602) 867-6340 

CALIFORNIA 
Santa Anna- (714) 957-6081 
San Jose - ( 408) 452-8585 

COLORADO 
Boulder (303) 449-9000 

ILLINOIS 
Schaumburg - (708) 517-1890 

INDIANA 
Kokomo- (317) 459-4700 

MASSACHUSETTS 
Waltham - (617) 259-0300 

MICHIGAN 
Uvonia- (313) 462-4030 

BUSINESS CENTRE ADDRESSES 

NEW JERSEY 
Voorhees - (609) 772-6222 

NEW YORK 
Poughkeepsie- (914) 454-8813 

NORTH CAROLINA 
Raleigh- (919) 787-6555 

TEXAS 
Carrollton- (214) 466-8844 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICES IN THE U.S.A 

CALIFORNIA 
Hawthorne- (213) 675-0742 

NEW JERSEY 
Totowa- (201) 890-0884 

PENNSYLVANIA 
Montgomeryville- (215) 362-8500 

TEXAS 
Carrollton- (214) 466-8844 

SALES OFFICES 

WEST GERMANY 

6000 FRANKFURT 
Gutleutstrabe 322 
Tel. (49-69) 237 492 
Telex: 176997 689 
Telefax: (49-69) 231957 
Teletex: 6997689=STVBP 

8011 GRASBRUNN 
Bretonischer Ring 4 
Neukeferloh Technopark 
Tel.: (49-89) 460060 
Telex: 528211 
Telefax: (49-89) 4605454 
Teletex: 897107=STDISTR 

3000 HANNOVER 1 
Eckenerstrasse 5 
Tel. (49-511) 634191 
Telex 175118418 
Teletex: 5118418 csfbeh 
Telefax: (49-511) 633552 

8500 NORNBERG 20 
Erlenstegenstrasse, 72 
Tel.: (49-911) 597032 
Telex: 626243 
Telefax: (49-911) 5980701 

5200 SIEGBURG 
Frankfurter Str. 22a 
Tel. (49-2241) 660 84-86 
Telex: 889510 
Telefax: (49-2241) 67584 

7000 STUTTGART 
Oberer Kirchhaldenweg 135 
Tel. (49-711) 692041 
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Telefax: (49-711) 691408 
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