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'NMC95C12 1024-Bit CMOS EEPROM with DIP Switches

General Description

The NMC95G12 Is a 1024-bit, CMOS EEPROM with 8 pro-
grammable outputs that can be used as DIP switches. The
1024 blts of memory are divided into 64 registers of 16 bits
each and each register can be Individually accessed. Regis-
ters 61-63 are dedicated to storing the switch settings.

In addition to the 1024 bits of EEPROM memory, the
NMC85C12 contains eight individually programmable out-
puts which can be used as DIP switches. Each output may
be programmed to provide sither a High or Low level. These
outputs may also be programmed to form four individual
- pairs of SPST switches. )

The switch configuration information is obtained from a rion -

volatile ragister whenever power is first applied to the de-
vice. This ensures the switches will always have a user de-
termined state upon power-up,

The NMC95C12 Is designed. to mest applications requiring

40,000 write cycles per register and at least 10 year data
retention, -

Features

B 1024 bits of CMOS EEPROM memory

& 8 DIP switch positions or 4 SPST switch positions

W 4 mA (max) operating current, 50 pA (max) standby.
current

| Software write protection .

® Serial 1/0 Interface fully MICROWIRE compatible

u Single +5V 10%. operation

® 14-pin DIP or SO package avallability

R 40,000 write operations

® 10 year data retention

W Reliable floating gate technology

B Sequential register read

=’ Self-timed write cycle

® Erase cycles not necessary

® Compatible-with COPS™ microcontrollers
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Q | Absolute Maximum Ratings (ote 1) Operating Conditions
8 It Miiltary/Aerospace specifled devices are required, Ambient Operating Temperature
%= | please contact the National Semiconductor Sales NMGC95G12 : . . 0°Cto +70°C
Z | Office/Distribiitors for avallabllity and specifications: NMC95C12E —40°Cto +85°C
Supply Voltage Voo 8.5V NMCOsGi2M* —55°Cto +126°C
Voltage at Any Pin ~03to+65v.  PowerSupply Voltage 4.5V106.5V.
Storage Temperature Range —66°Clo +160°C  "Contact factory for avallabity
Maximurn Power Dissipation @25°C 500 mW N ;-
Lead Tempeérature T S e
-(Soldering, 10 seconds) 300°C T-46-13-27
ESD Rating 2000V e
DC Electrical Characteristics veg =5v +10% - = = -
Symbol ', Parameter . ~_Conditions Min Max Units .
lcot Operating Current CMOS Input Levels Cs = Vi, SK = 1 MHz 4 mA
leca Operating Current TTL Input Levels Cs = V|4, SK = 1 MHz 6 ‘mA-
lces Standby Current Cg =0V 56’ A
GMOS Input Levels on Switches N o B
lecs Standby Current Cg =0V :
TTL Input Levels on Switches T 800 pA
I Input Leakage ) ViN = OVto Veg -25 +25 pA
loL Output Leakage Vout = 0VtoVee —25 26 pA. -
ViL input Low Voltage -0.1 08 \'
ViH Input High Voltage 2,0 Voo +1 v
VoL Output Low Voltage loL = 2.1 mA 0.4 v
VoH Output High Voltage loy = —400 pA 24 v
Ron Switch On Resistance 7 200 0
Rore Switch Off Resistance - ) 10 MQ
Vs Maximum Voltage Allowed ’ -
on any Switch Terminal Ve + 1 v
* | AC Electrical Characteristics ves = 6V £10% untess otherwise specified
Symbol Parameter Part Number Conditions Min Max Units -~
fsi SK Clock Frequency NMGO5C12 () 1
NMC95G12E : . 0 0.5 MHz
) ] NMC95C12M 0 0.5
tekn SK High Time NMC95012 (Note 2) 250
NMC95C12E {Note 3) 800 ns
NMCE5Ci2M | ~ (Noted) 500
tskL SK Low Time NMC95C12 (Note 2) 250
_NMC95G12E (Nots 3) 8§00 - : ns
. : 7 NMGI5C12M {Note 3) 500
tcs Minimum CS NMC95C12 (Note 4) 250
Low Time NMC95G12E (Note 5) 500 |- ns
, NMC95012M {Note 5) | s00. ’
toss CS Setup Time NMCo5G12 Relative to SK 50 )
NMC95GC12E 100 ns
NMC95CiaM 100 | .
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AC Electrical Characteristics VoG = BV £10% unless otherwise $pacified (Continued) )
Symbol Parameter Part Number Condlthns Min Max Units
tois Dt Setup Time NMGC85G12 Relative to SK 100 )
NMC95C12E - - 200 - ns
NMC95G12M - 200 -
tosH CS Hold Time Relative to SK 0 ns
toiH Dl Hold Time NMC95GC12 Relative to SK 100
NMC95C12E ’ 200 ns
NMC95C12M 200 B
tPD1 ‘Output Dalay t6 *1" NMC95G12 500
NMC95C12E AC Test 1000 - ns
NMC95C12M . 1000
tepo Output Delay to 0" NMGC95C12 ) 500
NMC9O5C12E" ACTest - 1000 ns
) ) NMC95C12M ) 1000
tgy GS to-Status Valid NMC9sC12 - 500.. )
NMCS5C12E . AC Test 1000 ns
~ NMC9s5C12M o 1000
tor CStoDOIn NMC95C12 CS=V) 100
TRI-STATE® NMC95C12E AC Test 200 ns
NMGCS5C12M ) 200
tiswb Switch Delay NMGC95C12 AC Test 250 ,
trom Switch Input NMC95G12E - -~ 500 ns
: - NMCO5C12M 7 600
tswepo Switch Delay NMCa5C12 AC Test 500
to 0 from NMCO5C12E 1000 ns
7 Config. Change NMC95C12M 1000
tswpp1 Switch Delay NMC95C12 ACTest 500 |
to 1 from . * NMC95C12E 1000 ns
) Config, Change NMG95C12M 1000
tsws A1=A4, B1-B4 NMC85C12 100 .
Setup Time NMC95C12E 200 ns
o ’ NMC95C12M 200
tswH A1-A4,B1-B4 NMC95Ci2 100
Hold Time NMC95GC12E 200 ns
NMC85C12M 200 )
twe Write Cycle Time - ] 4 10 - ms
Endurance ' Number of Data Typleal A
- Changes per Bit 40,000 ) Oyoles
Note 1: “Absolute Maximum Hatings" are those values beyond which the safety of the device cannot be guaranteed. Ex¢ept for "Operaling Temgerature
Range”, the device should not be operated at thess limits. The table of “Electrical Characteristics" provides actual oparating limits. .
Note 2; The SK frequency specification for Commercial parts specifies & minlmum SK clock period of 1 ps, therefors in an SK clock cycle taky -+ tgkL must
be greater than or equal {o 1 ps, For example if tSKL = 250 na then the minimum tgxy = 760 ns In order to meet the SK frequency spacification.
Note 3: The SK frequancy specification for Exterded Temperature and Military parts specifies a minitmum SK clock period of 2 us, therefore In an SK.clock
cyele tgky + tskL must be greater than or equal to 2 ps, For example, if tgg = §00-ns then the minimum tgky = 1.6 ps in order to meet the SK frequency
Note 4: For Commerclal parts CS must be brought low for a minimum of 250 ns {tcs) betwean cc Instruction ¢cycles, ~ .
Note 5: For Extended Tempearature and Military parts CS must be brought low for a minlmum of 500 ns (tcs) between cc ¢ycles,
Note 6: This paramater is periodically sampled and not 100% tested; -
Note 7: Power dissipation temp derating—plastic "N* package: —12 mW/*C from +65°C to +85°C. *
Capacitance (ote ) AC Test Conditions
Ta = 25°G, f = 1 MHz ) Output Load 1 TTL Gate and G = 100 pF
Symbol Test Typ | Max | Units Input Pulse Levels *-0.4Vt0 2.4V
- - - - Timing Measurement Reference Level ’
couT | Output Capacltanqe 5 pF lnpgt 1Vand 2V
CIN Input Capacitance 5 pF Output 0.8V and 2v
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NMC95C12

Connection Diagrams S .. T-46-13-27
S0 Package . Dual-In-Line Package i Pin Names
< ) \/ cs Chip Select
es={1 tal=vee st 14=Veg SK Serial Clock
SK—{2 13]=Ad SK=—{2 13=-A4 ' DI . . Serial Data in
=43 12084 D=3 12-B4 DO Serial Data Out
po—{+ 1t|=as o4 nfeas el o Tominats
Bi—|s 1083 Bi~s 10}-83 hadins Witoh Termina’s
At=16 9f=A2 Al=16 9f=A2 -
CND—$7 852 cNp—17 8|62
TL/D/s632-8 TL/D/ge32-2
Top View Top View
Order Number NMC95C12M, Order Number NMC95C12N,
NMC95C12EM and NMC95C12MM NMC95C12EN and NMC95C12MN
See NS Package M14A See NS Package N14A

Pin Descriptions

Pln
Name

- Description

cs

Chip Select, Input—This input must be high while communicating with the NMC95C12, When this
Inputis LOW, the chip is powered down into the standby mode. it should be noted that the.CS
does not control the A1 through A4 and B1 through B4 outputs and hence has no effect on them.
The GS input must be made LOW after completing an instruction to prepare the control logic to
accept the next instruction, If the CS input becomes LOW prematurely, the operation in progress
Is aborted. If programming the E2 memory is in progress and the CS goes LOW, the programmlng
is not aborted but will proceed to its normal complstion.

sK

Serial Clock, Input—This input is used for clocking the serial I/0. The cs Input must be high for
clocking to.have any effect. Information presented on the DI Input will be shifted into the device
on the LOW to HIGH transition of the clock. Information from-the device will be avaﬂable on the
DO output serially, In response to the LOW to HIGH transition of the clock

DI

Senal Data In, Input—aAll information needed for the operatlon of the devnce is entered serially
from this input. HIGH represents logic 1’ and LOW represents logic'0". The entry order Is most
significant bit ﬂrst and least significant bit last.

Serial Data Out, Output. 3-state—When data s read, data from the addressed locatlon willbe

_ available on this output serlally, in sync with the LOW to HIGH transitions on the SK input.

Normally the DO pin is in high impedance state. During a read Instruction, when the last bit of the
address is shifted in, the DO wiil go LOW indicating that data will follow. The data will follow in
resporise to the clock transitions. The data will come out most significant bit first-and-least
significant bit last. During E2 programming operations, this output is also used as the status
Indicator. During programming operations, LOW indicates Busy (programming in progress) and
HIGH indicates Ready. The DO output will be in the high impedance state if the CS input is LOW

’ uncondmonally

Al-A4
Bi-B4

Switch Terminals—These pins provide the simulated DIP switch features and hence are called
terminals. The behavior of these pins is determined by the settings In the Switch.Configuration
Reglster and are independent of the CS input.

Veo

+BV Power Supply.

GND

Ground.
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Functional Description

Flgure 11s a block diagram of the NMC95C12. It consists of
4 62-word X 16-bit E2PROM array, a 16-bit Switch Configu-
ration Register (SCR), a 16-bit Switch Readback Register
(SRRY), four Identical blocks of switch logic, programming
and power-up circults and the necessary control logic. it
may be noted that only elght bit positions of the SRR are:
usad [n the NMCO5C12,

ADDRESS SPACE

Registers 0-60 of the E2PROM are avallable to the user as
generaf purpose non-volatile memory. Data may be read or
programmed Into this memory using the appropriate instruc-
tlons, Address location 61 is an E2 location which also can
be read or programmed like any other E2 location. However,

address &1 is used in the NMCS5C12 to provide the initial
switch configuration information-automatically on power-up.
The SCR is located at address 62. The SCR is riot an E2
location and hence is volatile. It does not have endurance
limits or programming time requirements associated with it,
allowing the switches to be feconfigured an unllmlted num-
ber of times.

The SCR is automatically loaded from address 61 on power-
up. The SCR c¢ontfrols the switch fogic and hence the behav-
lor of the terminals A1 through A4 and B1 through B4,
Located at address 63 is the Switch Readback Reglster
(SRRY). This is a read only register:

TABLE I. Switch Configurations

COMMENTS

mooes |z | v | x | w SWITCH CONFIGURATION .
o Jofjofo|o].—D—or —D—08 | 080
, =
1t Jojolo]|t | o—D—on LD—OB' A=0, B=1

%—gk o8 | a=t

,B=0

A=1,B=1

A=0 , B=Tristate

A=t , B=Tristate

A=Tristate » 8=0

10 1 0 1 0

~A=Tristate , B=1

12 1 1 01X

zvcc ;Vcc ) '
A —oB Open

Analog Switch

13 t 1 LI R

Analog Switch
Closad

*Modes 0 thru 11 are logla lovel functions. Modes 12 and 13 are Analog switch functions.

TU/D/96832-6
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Q | Functional Description (continued)
8 SWITCH CONFIGURATIONS
E The 16-bit SCR format Is shown in Figure 2. It consists of

four 4-bit flelds. Each fisld controls its corresponding switch
control logle. The individual bits In each field are labelled W,

X, Y, and Z, Table | shows the relationship between these -

bit values and the resulting behavior of the terminals. It
should be remembered that the CS input has no effect on
the behavior of the terminals.

SWITCH READBACK REGISTER

The SRR allows the current logle level present at the switch
terminals to bs read back via the Microwire bus. The SRR is
loaded by the rising edge of SK immediately after the last
Instruction bit is clocked in (The same clock edge that loads
AQ). The SRR is loaded on this clock edge only when regis-
ter 63 (Switch Readback Reglster) is being read. In.the case
of switch mode 13 (Analog switch mode), the SRR will not
report the actual levels present at tha terminals due to this

mode being analog. levels. In mode 13, bits 156-8 of the

SRR will be al 0's to indicate a closed analog switch, This is
done to avoid ambiguous logic levels which could exist
whan the device Is used in the analog switch mode.

" The bit assignments and conceptual function of the SRR is

shown in Figure 8. As shown, only bits 15 thru 8 are used,
and bits 7 thru 0 are always read as logical 0. The SRR is a

Read-Only register and if it is written, the device will not |

perform a write or generate a Ready/Busy status. The SRR
is not implemented in EEPROM, allowing an infinite number
of cycles in the register.

INSTRUCTION.SET

The NMC95C12 Instruction set contains five instructions,
and each Instruction is nine bits long. One SK clock cycle Is
necessary, after CS equals logical 1", before an instruction
can be loaded. The first bit of the instruction is the start bit
(SB) and.is always a logical “1", followed by the op code (2

bits) and the address field (6 bits). The WRITE and WRALL

instructions are followed by sixteen bits of data {D15-D0)
which is written into the meniory. Table Il Is a list of the
Instructions and their format.

15 14 13 12 11 10 9 8 7 6 5 4 3 2

Lzl ixfwjzivix[wlz]v]xjw IZIYI IWI

—
SWITCH 4 SWITCH3

—_— A veend
SWITCH 2 SWITCH 1
TL/D/8632-4

FIGURE 2. Switch Contiguration Reglsier (SCR)

* ENABLEY

FIGURE 3. Switch Readback Register (SRR)

TL/D/9632-5

TABLE i1. NMC95C12 lnstructlons

Instruction | 8B | Op Code ‘Address Data ) Comments

READ 1 10 A5-A0 ' Reads data stored in memory, starting at specified address.
WEN 1 Q0 TIXXXX Wiite enable must preceds all programming modes.
WRITE 1 01 A5-A0 | D15-DO | Writes register.

WRALL 1 00 O1XXXX _D16-DO | Writes all registers.

WDS 1 00 00XXXX Disables all programming mstructlons

2-96
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Functional Description (continueq)

WDS (Write Disable): When this instruction is. Issued, all
subsequent writing Into the NMC95C12 s locked out, Any
attempt to write into a locked device is ignored. The
NMC95C12 powers up in the locked state. The WEN is the
only Instruction that unlocks the device, The write disable
operation has no effect on read operations. Thus reading
will occur normally even from a locked device.

WRALL (Write All): When this instruction is executed, the '

NMC95612 bulk-programs the same 16-blt data patterrt into
all of its E2 memory locations (address 0 through 61). The
SCR Is unaffected since it is not an E2 location, The data
pattern must follow immediately after the last bit of this in-
struction. The chip enters Into. the self-timed program mode
after CS Is brought low, before the next rising edge of SK.

WEN (Wrlte Enable): This instruction Is used to unlock the
write ¢lreults. The circuits will rémain ‘unlocked until the
WDS instruction locks them. The NMGS5C12 powers up in
the locked state and hence WEN must be executed prior to
any programming Instructions. .
WRITE (Write/Program): This Instruction writes a 16-bit
data word into the address location specified by the Ag-Ag
bits of the instruction. The 16 data bits must follow the last
bit of the instruction. After loading the WRITE instruction
and the 16-bit data, the chip enters into the self-timed pro-
gram mode when CS is brought low before the next rising
edge of the SK ¢lock. If the addressed location is the SCR,

then the chip does not enter into the self-timed E2 program- -

ming mode (the SCR Is not an E2 location) but loads the
switch configuration data into the SCR, The WRITE instruc-
tlon can only be aborted by deselecting the chip (GS LOW)
betors entering all the Instruction bits. The NMC95C12 does
not require etasing prior to writing.

READ (Read): This Instruction reads the data from the ad-
dressed location. As before, the Instruction also contains

Timing Diagrams

—

T-46-13-27

the address. The data will come out serially on the DO out--
put on the rising edge of the clock. A logical ‘0' precedes

the 16-bit data (dummy bit).

The NMC95CG12 has a convenient feature called sequential

register read, Normally, the CS Input is made LOW after the
last data bit is shifted out. However, if the CS input Is Ieft

HIGH and clocking continues, data from the next address

location will be delivered on the DO pin. This sequential read

can continue- indefinitely whereby the address is automati-

cally incremented after delivering 16 bits of data. It should

be noted that In the sequential register read mods, address

wrap-around will oceur, -

During a sequential register read there will be a dummy bit
preceding the first word read, after which, the bit stream will
be continuous without any dummy bits separating the data
words, .

Ready/Busy Indication

Programming an E2 memory takes several milliseconds. Un-
like some devices which require the user to kesp track of
the elapsed time to ensure completion of the programming
cycls, the NMC95C12 contains an on-chip timer. The timer
starts when the CS input goes LOW after the last data bit is
entered. After entering a programming cycle (CS forced
LOW), the timer status may be observed by forcing the CS
Input back HIGH. The timer status Is available on the DO pin
If the CS input s forced HIGH within one ms of starting the
programming cycle. LOW on the DO pin Indicates that the
programming is still in progress while HIGH indicates the
device is READY for the next instruction. It should be noted
that If the CS input Is made HIGH for status observation, it
must be made LOW when READY Is indicated before load-
ing the next instruction.

Synchronous Data Timing

s Y N '
~foss}- ~lesup—
sK fsky tsk1-
—{tois[<—tom
o X~ —}, X X
- tope | teoo f«- - top |+
00 (READ) , ; ) S
-=tsy =>{ YF [«
" DO (PROGRAM) STATUS VALID ) Er—
{'sws* s
ALl X _ _
tsweoo
_ﬂ?@{
BLAY .

TL/D/9632-7
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Q@ | Timing Diagrams continues) - _ T'46']._3"27, .

8 ; ) Instruction Sequence o ) L

s  READ: 7 , SR
s_/ ' - . - \-_\ .

o =t ' o LY XXX XX XD —

TL/D/9632-8

SRR READ:

N—

po- o2 /o5 X X oo Xous X X vo Xors X X oo X )
: . ) .

—C
ko]

TL/D/9632-14

TL/D/8632-9

TL/D/9632-10 | -

*The memory automatically cycles to the next register.




NATL SEMICOND (MEMORY)

Timing Diagrams (continued) T‘.45"], 3‘27_,
Instruction Sequence (Continued) .
LA WRITE: :
s_ /- e ,\ / —\ '
o T\ T X XECY R, ' '

- HieZ - ’
] - BUSY READY

TL/D/9632-11

TL/D/8632~12

WRALL:

s/ ' ' \__/—_L_

o /T\_o__o /T LSS CD &9 T

TUD/9632-13
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