Military CMOS Programmable Gate Array
Logic Cell™ Array M2064/M2018

Conforms to MIL-STD-883, Class B*

Features Benefits

CMOS

¢ Low power ¢ Reduced power supply

e TTL or CMOS input e Higher board densities
threshold levels

PROGRAMABLE

* Programmable Logic e Complete user control of
functions design

« Programmable I/0 blocks e Instant prototyping
e Programmable Replaces $SI and MSI

interconnects devices
STATIC RAM BASED
¢ Reprogrammable e Easy design modification
* Reconfigurable ¢ Selectable configuration

modes
¢ 100% testable

SECURITY
o User selectable Security ¢ Protects proprietary

Mode designs
® Verification feature * Eases design debug
Description

The Military CMOS Logic Cell Array bridges the gap between
Programmable Logic Devices (PLDs) and gate arrays. This
high-density, low-power Logic Cell Array device provides de-
signers with both the density benefits of gate arrays and the
programmability benefits of user-configurable devices.

The flexible architecture of the LCA is similar to that of a gate
array, with an interior matrix of programmable logic blocks
called Configurable Logic Blocks (CLBs), a surrounding ring of
programmable I/0 blocks (10Bs) and programmable intercon-
nects used to define the overall device structure. Unlike gate
arrays, LCA functionality is user defined by loading the internal

Silicon Menu

Ordering Information

M2018 - 50 M P 84/883, B

PART NUMBER PROCESSING
M2064 (1200 Gates, 883,B = MIL-STD-883,
58 1/0Bs) Ciass B
M2018 (1800 Gates,
74 1/0Bs) NUMBER OF PINS
68 (68 Pins)
SPEED GRADE 84 (84 Pins)
-20 (20 MHz Toggle Rate)
-33 (33 MHz Toggle Rate) PACKAGING
-50 (50 MHz Toggle Rate) P = Pln Grid Array
L = Leadless Chip Carrier
TEMPERATURE RANGE

(68 pin onl
M=-55°Cto -125°C . "

writable storage cells with the configuration data. The repro-
grammability of the SRAM-based LCA allows instant design
modification on the bench and on the board. Due to the SRAM-
based architecture of the LCA, the radiation tolerance data for
the M2064 is similar to industry SRAMs which display Total Dose
levels from 104 to 106 rads (Si).

Applications for the LCA cover a wide spectrum of uses. With its
high gate density and low-power CMOS technology, the LCA is
an ideal low-cost gate array good for prototyping as well as
production. The LCA’s SRAM-based architecture allows it to be
used In applications that take advantage of its reconfigurability.
Ground systems (radar) can use the LCA as reconfigurabie
hardware replacing several devices and saving board space. The
SRAM-based logic of the LCA atlows for pattern security of
sensitive designs when the device is removed from its board.
When a different mode backup device is needed the LCA pro-
vides excellent redundancy. In short, the LCA offers the total
ASIC solution.

MMI | ORGAN- | EQUIVA- | CONFIGU- | USER |CONFIGU- MAX MAX PACKAGES | MAX
PART | IZATION | LENT RABLE I/0s | RATION | STANDBY | STANDBY TOGGLE
GATE LOGIC PROGRAM | CURRENT | CURRENT RATE
COUNT | BLOCKS BITS (CMOS (TTL BETWEEN
INPUTS) | INPUTS) CLBs
68LCC,
M2064-20 [  8x8 1200 64 58 12040 5mA 10 mA 3PGA 20 MHz
68LCC.
M2064-33 |  Bx8 1200 64 58 12040 5mA 10 mA S3PGA 33 MHz
68LCC,
M2084-50 |  8x8 1200 64 58 12040 5mA 10 mA S8PGA 50 MHz

* Latest revision.
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Software/Hardware Menu
MMi PARTS

MMI PARTS

L.CA-MDS28 LCA Universal Pod
LCA-MDS27XX | LCA Package Specific Pod Headers

LCA-MDS21 LCA Development System

LCA Development System

LCA-MSC21 Annual Support Agreement LCA-MDS31 LCA Futurenet® Interface
LCA-MDS22 | LCA Simulator (P-SILOS™) LCA-MDS33 | LCA Daisy Interface
LCA-MDS23 LCA ‘Automatic Placement and LCA-MDS34 LCA Mentor Intertace
Routing Program LCA-MDSXX LCA/OrCAD™ Package
LCA-MDS24 LCA in-Circuit Emulator LCA-MEKO1 LCA Evaluation Kit

Absolute Maximum Ratings

Supply voltage, Voc -05Vto70V
Power down, Vg ........ 20Vto70V
Input voltage range -1.5Vto55V
Voitage applied 1o three-state OUtPUL ... ... .. . i i e e e e -05Vta 55V
SlOrage temMPEratUIE .. ... ...t e e e s -65°C to +150°C
Terminal temperature, Leadless Chip Carrier package (Soldering, 10.88CONdS) ............iiuiiiiiieinieneriineni... 240°C
Thermal resistance, junction to case, fjcmax. and junction to ambient, Sjamax
Package Sjcmax Hjamax (Still air)
(L) Leadless Chip Carrier 1.5°C/wW 32°C/W
(P) Pin Grid Array 3*C/W 45°C/W
Maximum power disSiPation .. ... ... . e e See Table 2
Maximum JUNCON tEMPEratUre ... . ... . ot e e e e e e e 175°C
Maximum cuIrent denSity ... .. ... ..o o e Contact factory
Operating Conditions
SYMBOL PARAMETER MIN TYP MAX [UNIT
Vee Supply voltage relative to GND 45 55 Y
VIHT High level input voltage—TTL configuration 20 Vee
Vi High level input voltage—CMOS configuration 07Vee Vee | V
Vit Low level input voltage—TTL configuration 0 08| V
ViLe Low level input voltage—CMOS configuration 0 02Vee | V
3 Input leakage current—TTL configuration 1 uA
e Input leakage current—CMOS configuration +1 pA
loz Three-state output off current (Vo = 5.5 V) +10 wA
top Operating free-air temperature -55 +125 | °C
Conforms to MIL-STD-883 Group A
Electrical Characteristics oOver Operating Conditions Subgroups 1, 2 and 3
SYMBOL PARAMETER TEST CONDITION MIN TYP MAX |UNIT
VoH High level output voitage Veg = MIN loq = -40mA 37 v
VoL Low level output voltage Vee = MIN loL = 40mA 04| V
| Quiescent operating | CMOS inputs Veg =50V 5] mA
cco power supply current | T inputs Voo =50V 10 | mA
lccpp Power down supply current Vg =20V 05 | mA
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Military M2064/M2018

Power On Timing

The LCAs contain on-chip reset timing logic for power-up oper-
ation. To insure proper master mode system operation, VCC
must rise from 2.0 V to minimum specification level in 10 ms or

delayed for 60 ms after VCC reaches the minimum specified

level.

Test Conditions
Outputs loaded with rated DC current and 50-pF capacitance to

less. For other modes, initiation of configuration must be GND.
R . . Conforms to MiL-STD-883 Group A
Switching Characteristics — General Subgroups 9, 10 and 11*
-20 -33 -50
SYMBOL DESCRIPTION UNIT
MIN MAX | MIN MAX | MIN MAX
tymr @ Vo setup (20 V) 250 150 150 ns
t JEN— M2, M1, MO setu 100 60 60 ]
MRO | Resere l n
tam @ M2, M1, MO hold 100 60 60 ns
tMRw @ Width {(LOW) 250 150 150 ns
tpgw ® DONE/ Program width (LOW) 6 6 6 us
tpgI ® PROG initialization 7 7 7| ws
Clock (HIGH 20 12 8 ns
'eH® | olock (RIGH)
tcLL ® Clack (LOW) 20 12 8 ns
tps ® Setup to Voo 0 0 ns
tpH PWR DWN Hold from Voo 0 0 ns
Vep Power Down 2.0 20 20 v
Notes: 1. Vo must rise from 2.0 Volts to Vo mmimum in lest than 10 ms for master mode
2. RESET timing relative to power-on and valid mode lines (M0, M1, M2) is relevant only when RESET is used to delay configuration.
3. Minimum CLOCK widths for the auxitiary buffer are 1.25 times the tg 1. ICLL.
* Contact tactory for test macros.
PWROWN
®@7Tes j— — O
Vee (VALID) AR ’_‘ Veo
() Twn oM
RESET
@) Tvr @ T
VVVVV VVVVVVVVVVVVVVVVVVVV
MomM1/M2 A‘A‘A‘A‘A‘ ‘A‘A’A‘A’A’A’A’A’A’A’A‘A‘A‘A’A‘A‘A A’A’A’A
@ TPGW‘}
DONE/PROG
(OUTPUT)
® Tl
USER IO USER STATE INITIALIZATION STATE
@ Taw Tew
CLOCK
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Switching Characteristics — CLB

SYMBOL DESCRIPTION hd % 0 UNIT
MIN MAX | MIN MAX | MIN MAX
Ho® Combinatorial 35 20 15 | ns
170 @ Logic input Transparent latch 45 25 20 | ns
to output .
taLo through F or G 10 out % 13 8| s
tcko @ To output 35 20 15 ns
tick @ K Clock Logic-input setup 22 12 8 ns
tck1 ® Logic-input hold 0 0 0 ns
tcco To output 45 25 19| ns
ticc ® C Clock Logic-input setup 18 12 9 ns
tcct® Logic-input hold 10 6 0 ns
tcio @ To output 65 37 27 | ns
tict @ ‘t'c?gG'cC';g::: Logic-input setup 10 6 4 ns
ton ® Logic-input hold 15 9 5 ns
tRiI0 @ Input A or D to out 45 25 22 ns
tRLO® Through F or G to out 65 37 28 | ns
tMRAQ Set/reset direct Master Reset pin to out 60 35 25 ns
Rs Separation of set/reset | 30 17 9 ns
tRPW Set/reset pulse-width | 20 12 9 ns
FoLk Flip-flop toggte rate | Q through F to flip-flop | 20 33 50 MHz
tcH®@ Clock Clock HIGH 20 12 8 ns
oL ® Clock LOW 20 12 8 ns

Note: All switching characteristics apply 1o all valid combinations of process, temperature and supply

Military Case Outlines*
PACKAGE OUTLINE "CONFORMS TO
LETTER MIL-M-38510
APPENDIX C CASE
L C-7
P P-BC

* Refer to MIL-M-38510, Appendix C for the appropriate package drawings
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Switching Characteristics CLB

INPUT (A,B.C.D) )e—_\‘ )(
OUTPUT (XY O TILOX—&—

X.Y)
(COMBINATORIAL)
@ T <

OUTPUT (X.Y)
(TRANSPARENT LATCH)
je— @ Tiek @ Tek —

CLOCK (K)
— (&) Ticc —sf¢—— (&) Teor—*
CLOCK () 7‘
(@ T l Ten—»
CLOCK (G) 7[ f—©® Tevo—
Teco ——
@ Teo

OUTPUT (VIA FF) XX)L

SET/RESET DIRECT (A,D)
@ Tao

SET/RESET DIRECT (F.G) ZE
® Tao

I
f Ten + @ Te
CLOCK (ANY SOURCE)
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Switching Characteristics — 10B

-20 -33 -50
SYMBOL DESCRIPTION UNIT
MIN MAX | MIN MAX | MIN MAX

tpip © Pad (package pin) to input (direct) 20 12 8| ns
L@ 110 Clock to input (storage) 30 20 15 | ns
tp ® /0 Clock to pad-input setup 20 12 8 ns
ttp® 1/0 Clock to pad-input hold 0 0 ns

170 Clock pulse width 20 12 9 nsp
Lw®

170 Clock frequency 20 33 50 | MHz
top® Output to pad (output enabied) 25 15 12| ns
trz ® Three-state to pad begin hi-Z 35 25 2 | ns
tTON Three-state to pad end hi-Z 40 25 2| ns
g ® RESET to input (storage) 50 40 30| ns
g @ RESET to input clock 35 35 25 ns

Note Timing is measured at 0.5 V¢ levels with 50-pF output load.

(PACKAGE Py X; N )(

OUTPUT SIGNAL

INPUT -
(DIRECT) XXX THREE-STATE

@ Ve @ Tp
(o cLocK) 7l ﬁ 7{—
v @
OLY
(REGISTENRPE\S; _\\!t
@ 1%
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Switching Characteristics — Programming — Master Mode

’ -20 -33 -50
SYMBOL DESCRIPTION UNIT
MIN MAX | MIN MAX | MIN MAX
tarc © From address invalid 0 0 0| ns
trac @ To address valid 300 200 200 | ns
! o To data setup 100 60 60 ns
DRC RCLK
Rep @ To data hold 0 0 0 ns
tRcH® RCLK HIGH 600 600 ns
tRoL © RCLK LOW 40 40 40 us

Notes 1. CCLK and DOUT timing are the same as for slave mode

2 At power up, Vg must nise from 2.0 V to Voo mmimum in less than 10 ms

AO-A1S
(OUTPUT)

RCLK
(OUTPUT)

CCLK
(OUTPUT)

DOUT
(OUTPUT)

5-524

XXX

\ ® TARCL—J

BYTE n

@) Torc—

7

4—’{ @ Treo

ORY

/s

(® Trew

O
-—.1 @ Trac
0000000

X

ps

D7

BYTE n-1
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Switching Characteristics — Programming — Slave Mode

f -20 -33 -50
SYMBOL DESCRIPTION — UNIT
MIN MAX | MIN MAX | MIN X
tcco @ CCLK to DOUT 100 65 65 | ns
‘ —
tocc® | CCLK DIN setup | 50 25 o ns |
tccp® | CCLK DIN hold 175 4 | 20| ns
tccH® CCLK HIGH time 0.50 0.30 025 uSs
tocL® | CCLK LOW time 0.30 100 | 0.25 50 | 0.25 50 | us
| Feo CCLK frequency 1 MHz
Note Configuration must be delayed at least 40 ms after Vo minimum.
on XXX___omn YXX snne
" @ Toee e ©) chu—" ® Tea o
CCLK 7( &(———\ }(
f— @ Tecen——1 (3 Teco .I‘—/
DouTt
(OUTRUT) BITN-1 XXX BTN
o\ mmhmmoﬂo: bu 5.525
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Switching Characteristics — Programming — Peripheral Mode

-20 -33 -50
SYMBOL DESCRIPTION UNIT
MIN MAX | MIN MAX | MIN MAX
Active (last active input
tca® to first inactive) 0.30 10.0 | 0.25 50| 025 50 | uws
to @ Controls! iga;;‘t" :étf:\::t) inactive input 0.25 025 0.25 us
(CS0g, CS1,
tccc @ CS2, WRT) | CCLK2 100 75 75| ns
tpc ® DIN setup 50 35 35 ns
tcp ® DIN hold 10 5 5 ns

Notes: 1 Peripheral mode timing determined from last control signal of the logical AND of {CS0. CS1. CS2. WRT) to transstion to active or mactive state
2. CCLK and DOUT timirg are the same as for slave mode
3. Configuration must be delayed at least 40 ms after Vo mimimum.

WRT
CcsoO

<—® TCA-—-><—® Toi—

(3]

cs2
Toe—

CCLK (2)
(OUTPUT)

Toc —i—-@'-

DIN

YX vauio]

\

DOUT (2)
(OUTPUT)

Switching Characteristics — Program Readback

-20 -33 -50
SYMBOL DESCRIPTION UNIT
MIN MAX | MIN MAX | MIN MAX
t PROG sety| 300 300 300 ns
DRT O ATRIG P
tRTH® ATRIG HIGH 250 250 250 ns
! RTRIG setu 100 100 100 ns
RTICC®| ok P
tccrRpD @ RDATA delay 100 100 100 | ns

Notes: 1. CCLK and DOUT timing are the same as for slave mode.

2. DONE/PROG output/input must be HIGH {device programmed) prior to a positive transition of RTRIG (M0).

DONE/PROG A

©UTPUTY A e e -
@ Torr

RTRIG Bk\\\
COLK(1)
(ouBr%TTA) XXXX VALID
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Device Pinouts*

M2064
Logic Cell Array
68 Pin Grid Array

Top View Leadless Chip Carrier
o g
g @ g¢8¢%
2 20900000 0o ¢ 5 © o [} g ] ] 14
~82¢2¢¢Qee L 85 28 2 2 8 ¢ € 28 2 88 28 8
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" Y v @ e e 04 CE1- vo[m] a
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0BO0HO® ozcsiofd 5
-
€ ge g3 vol| 7]
g 3% 3°% 33} o110 e} g
22229920 ik -vo [31] a
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DOUT - 1O || a
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Burn-In Circuitry*
Condition C Condition D

Static Burn-in

WITm Do wl WiV

R1=13Ku

M2064
Logic Cell Array
68 Pin

Dynamic Burn-In
Contact lactory

fa:

gaaia|

HIBIgIB18|

[=11=]]>

T
T Te

GND
o | [e2] Juaf Juo] Josf JoaR[or TosJ V2 [{2{aflaJIsfRe T " Iu]]s]

|ERBEREREN

33
& x

S &

5 56 56 3

H

5 8

e o

55

H

H

i
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Configuration Pin Assignments*

Military M2064/M2018

CONFIGURATION MODE: <M2: M1: M0>

68-PIN 68-PIN USER
Lce PGA SLAVE PERIPHERAL | MASTER-HIGH | MASTER-LOW | OPERATION
<1:t:1> <1:0:1> <1:1:0> <1:0:0>

1 B6 GND

2 A6 A13 (O}

3 B5 A6 (0)

4 A5 A12 (O}

5 B4 <HIGH> A7_LO) 10

6 A4 A11(O)

7 B3 A8 (O)

8 A3 A10 (O)

9 A2 A9 (O)

10 B2 PWRDWN (1)

" B1

12 c2

13 ci

14 D2 <HIGH> 1O
15 D1

16 . E2

7 E1

18 F2 vce

19 F1

20 G2

2 G1 <HIGH> 10
22 H2

23 H1

24 J2

25 2 M1 (HIGH) M1 (LOW) M1 (HIGH) M1 (LOW) RDATA (0)
26 K1 MO (HIGH) MO (HIGH) MO (LOW) MO (LOW) RTRIG (I)
27 K2 M2 (HIGH)

28 L2 HDC (HIGH)

29 K3 <HIGH>

30 L3 LDC (LOW)

31 K4 VO
32 L4 <HIGH>

33 K5

34 LS

5-528

<HIGH?® 1s high impedance with a 20 to 50-K(! internal pull-up resistor during configuration

Table 1. M2064 Pin Assignments
{continued on next page)
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Configuration Pin Assignments*

CONFIGURATION MODE: <M2: M1: M0>
68-PIN 68-PIN USER
Lce PGA SLAVE PERIPHERAL | MASTER-HIGH | MASTER-LOW | OPERATION
<t 11> <1:0:1> <1:1:0> <1:0:0>
35 K6 GND
36 L6
37 K7
38 L7 <HIGH>»
39 K8 170
40 L8
4 <] D7 ()
42 L9 - D6 (1)
43 L10 XTL2 or 170
44 K10 RESET (1)
45 K11 DONE (O) PROG (1)
46 J10 XTL1 or 170
47 an <HIGH>
48 H10 | D5 (1)
49 H11 170
50 G10 SO0 (1) D4 (1)
51 G11 TST(y D3 (1)
52 F10 vce
53 F11
54 E10 [ Cs2 | D2 (1)
55 EN1 <HIGH>
56 D10 [ WRTm D1 (1) 10
57 D11 RCLK
58 c10 DIN (1) Do (1)
59 cn DOUT (0O)
60 B11 cok () | CCLK (0) CCLK (1)
61 B10 A0 (O) '
62 A10 Al (O)
63 B9 A2 (O)
64 A9 <HIGH> A3 ©) )
65 B8 A15 (O)
66 A8 A4 (O)
67 B7 A14 (O)
68 A7 A5 (O)
<HIGHY is high impedance with a 20 to 50-K(} internal pull-up resistor during configuration
Table 1. M2064 Pin Assignments
* Contact factory for M2018 pinout, burn in circuitry and pin assignments.
&\ monotithio Bl Memories &1 5.529
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Pin Description

PWRDWN

An active low power-down input stops all internal activity 1o
minimize VCC power and puts all output buffers in a high-
impedance state. Configuration is retained, however, internal
storage elements are Reset. When the PWRDWN pin returns
HIGH, the device returns to operation with the same sequence
of reset, buffer enable and DONE, PROGRAM as at the
completion of configuration.

MO, RTRIG

As Mode 0, this input and M1, M2 are sampled before the start
of configuration to establish the configuration mode to be
used.

As a read trigger, an input transition to a HIGH, after
configuration is complete, will initiate a readback of
configuration and storage element data. This operation may be
limited to a single request, or be inhibited altogether, by
selecting the appropriate readback option when generating the
bit stream.

M1, RDATA

As Mode 1, this input and MO, M2 are sampled before the star
of configuration to establish the configuration mode to be
used.

As an active-low read data; after configuration is complete,
this pin is the output of the readback data.

M2

As Mode 2, this input and MO, M1 are sampled before the start
of configuration to establish the configuration, mode to be
used. After configuration, this pin becomes a user-pro-
grammable /0.

HDC

High during configuration is held at a HIGH level by the LCA
until after configuration. It is intended to be available as a
control indication that configuration is not complete. After
configuration, this pin is a user I/0.

[

Low during configuration is held at a LOW level by the LCA until
after configuration. It is intended to be available as a control
indication that configuration is not completed. It is particularly
useful in master mode as a LOW enable for an EPROM. After
configuration, this pin is a user 1O. If used as a LOW EPROM
enable, it should be programmed as a HIGH after
configuration.

RESET

This is an active-low input which has three functions. Prior to
the start of configuration, a LOW input will delay the start of the
configuration process. An internal circuit senses the
application of power and begins a minimal time-out cycle on the
order of 100 ms. When the time-out and RESET are complete,
the levels of the "M" mode lines are sampled and configuration
begins. If RESET is asserted during a configuration, the LCA is
reinitialized and will restart the configuration at the termination
of RESET. |f RESET is asserted after configuration is
complete, it will provide an asynchronous reset of all 10B and
CLB storage elements of the LCA.

DONE, PROG

The DONE open drain output is configurable with or without a
pull-up resistor of about 3 K. At the completion of con-
figuration, the circuitry of the LCA becomes active in a
synchronous order and one configuration clock cycle later
DONE is asserted. Once configuration is done, a HIGH-to-
LOW transition of this program pin will cause an initialization of
the LCA and start a reconfiguration if that mode is selected in
the current configuration.

XTt1

This user /O pin may be configured to operate as the output of
an amplifier usable with an external crystal and bias circuitry to
form an oscillator.

XTL2

This user 1/0 pin may be configured to operate as the input of
an amplifier usable with an external crystal and bias circuitry to
form an oscillator.

CCLK

During configuration, configuration clock is an output of an
LCA in either master or peripheral mode. LCAs in slave mode
use it as a clock input. During a readback operation, it is an
input clock for the configuration data being output.

DOUT
This user I/0 pin is used during configuration 1o output serial
configuration data out for daisy-chained slaves' data in.

DIN

This user I’O pin is used as serial data in during slave or
peripheral configuration. This pin is DO in master configuration
mode.

CSO, Cs1, CS2, WRT

These four inputs represent a set of signals, three active low
and one active high, which are used in the peripheral mode to
control configuration data entry. The assertion of all four
generates a LOW CCLK and shifts DOUT data. The removal of
any assertion clocks in the DIN data present and causes a
HIGH CCLK. In master mode, these pins become part of the
parallel configuration byte (D4, D3, D2, D1). After configuration
is complete, they are user-programmed 1/0.

RCLK

During master mode configuration, this pin represents a read
clock of an external memory device. After configuration is
complete, this pin becomes a user-programmed /O.

DO-07

This set of eight pins represents the parallel configuration data
byte for the master mode. After configuration is complete, they
are user-programmed 1/0.

AO0-A15

This set of sixteen pins presents an address output for an
external configuration memory during master mode. After
configuration is complete, they are user-programmed /0. A12
through A15 are not available in packages with less than sixty-
eight pins.

110

A pin which may be programmed by the user to be input and/or
output following configuration. Some of these pins present a
high-impedance pull-up or perform other functions before
configuration is complete.

5-530
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