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pLSI” 1016

programmable Large Scale Integration

Featuressk

* PROGRAMMABLE HIGH DENSITY LOGIC

~ Member of Lattice's pLS| Family

— High Speed Global Interconnects

— 32 /O Pins, Four Dedicated inputs

— 96 Reglsters

— Wide Input Gating for Fast Counters, State
Machines, Address Decoders, ete.

— Small Logic Block Size for Random Logic

— Security Cell Prevents Unauthorlzed Copying

"« HIGH PERFORMANCE E?CMOS?® TECHNOLOGY

— fmax = 80 MHz Maximum Operating Frequency
—tpd = 15 ns Propagation Delay

— TTL Compatible Inputs and Outputs

— Electrically Erasable and Re-Programmable

— 100% Tested

« COMBINES EASE OF USE AND THE FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND FLEX-
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS'
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“ Qutput Routing Pool

— Complete Programmable Device can Combine Glue™
Logle and Structured Designs

— 100% Routable at 80% Utilization

— Three Dedicated Clock input Pins

— Synchronous and Asynchronous Clac

— Flexible Pin Placement

— Optimized Global Routing
Interconnectivity
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— Boolean Loglc Campilet: .
— Automatic Place and Roufe.
— Manual Partitioning
—PC Platform ...
— Easy to Use Windows

ADVANCED pLSIispLS| DEVELOPMENT SYSTEM

— Industry Standard, Third Party Design Environments
— Schematic Capture’

— Fully Automatic Partitioning

— Automatlc Place and Route

— Comprehensive Logic and Timing Simulation

— PC and Workstation Platforms

@ Lattice pL.S| 1016 is a High Density Programmable
Logic Device which contains 86 Registers, 32 Universal
/O pins, four Dedicated Input Pins, three Dedicated Clock
Input Pins and a Global Routing Pool (GRP). The GRP
provides complete interconnectivity between all of these
elements.

The basic unit of logic on the pLS! 1016 device is the
Generic Logic Block (GLB). The GLBs are labeled AQ,
A1..B7, (see figure 1). There are a total of 16 GLBs inthe
pLS! 1016 device. Each GLB has 18 inputs, a program-
mable AND/OR/Exclusive OR array, and four outputs
which can be configured to be either combinatorial or
registered. Inputstothe GLB come fromthe GRP. All ofthe
GLB outputs are brought back into the GRP so that they
can be connected to the inputs of any other GLB on the
device.
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Specifications pLSI 1016
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Description (continued N

The device also has 32 1/O Cells, each of which is directly
connected to an /O pin. Each /O cell can be individually
programmed to be a combinatorial input, reglstered input,
latched input, output or bi-directional /O pin with 3-state.
The signal levels are TTL compatible voltages and the
output drivers can source 4 mA or sink 8 mA,

The 32 I/O Cells are grouped into two sets of 16 each as
shown in figure 1. Each of these /O groups is associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a common Qutput Enable
(OE) signal.

Eight GLBs, 16 /O Cells and one ORP are connected
together to make a logic Megablock, The Megablock is
defined by the resources that it shares. The outputs of the
eight GLBs are connected to a set of 16 universal /O cells
by the ORP. The pL.SI 1016 Device contains two of these
Megablocks.

The GRP has as its inputs the outputs from all of the GLBs
and all of the inputs from the bi-directional /O cells. All of
these signals are made available to the inputs of the GLBs.
Delays through the GRP have been equalized to minimize
timing skew and logic glitching.

Clocks in the pLSI 1016 device are selected using the
Clock Distribution Network. Thres dedicated clock pins
(YOtoY 2)arebroughtinto thedustnbutlon network, andfive
autputs (CLK 0 to CLK 2 and 10CLK 0, “JOCLK 1) are
provided to route clocks to-the GLBs and /0 cells. The
Clock Distribution Ne jork can also be’driven from a
spemalGLB(BOon{ . l1016dewce) The logic of this
GLB allows the user, fo create an internal clock from a
combinatiory oﬂntema Sig I wnthln the device.

The pLSL ‘TOT& dewce is palrlr of Lattice's programmabile
Large Séale Integrati {pLSI) family. This family contains
a;ange ofdevxces from the pLSI 1016, with 96 registers, to

@ﬁepLSl 1048 with-288 registers. The pLSI Family Product

SeTector_ Guid _»beféw lists key attnbutes of the devices

DEVICE . pLSI 1024 pLS! 1032 pLS! 1048
GLBs .Y 24 32 48
Registers 144 192 . 288
YO Pins BN 48 64 96
Dedicated Inputs 6 8 10

I. (’
3

pLS! 1016~ XX X

3 __J
Device Number -[-—— Grade
Blank = Commercial

X X

Speed Package
~80 = 80 MHz fmax J=PLCC
~50 = 50 MHz fmax Power
L=Low
2.33 1/92. Rev. A
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Name PLCC Pin Numbers Description
17100-1/O3 15, 16, 17, 18, Input/Output Pins - These are the general purpose 1/O pins used by the
o4-V07 19, 20, 21, 22, logic array.
Vos-1o1t 25, 26, 27, 28,
Vo 12-1/015 29, 30, 3t, 32
/O 16 - VO 19 37, 38, 39, 40,
/0 20-1/O 23 41, 42, 43, 44,
/O 24-1/0 27 3 4 5 6
710 28 - 1/0 31 7, 8, 9, 10
AN
INO-INS 14, 24, 36, 2 Dedicated input pins to the d/gwc Ny
Yo 11 . Dedicated Clock input. Thls clock inp
clock i mputs of all of the-GLBs oif the delgce
Y1/RESET 35 iong:
Y2 33 édicatsd Clock” input, ThlS clock input is brought into the clock

st twork, and can optionally be routed to any /O Cellinthe
devicg:This is'a factory test pin and it should be left floating or tied to

NC

GND
Vce

2-34 1/92. Rev. A
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ATTICE SEMICONDUCTOR HEE ) N 53&!::14‘1 UUDLHE& El -LAT
Absolute Maximum: Rating it ailaige Lol

—

Supply Voltage Vege v evvevans vesesenans05t0 +7.0V

Input Voltage Applied. ....ouvve cee 2810 Voo +1.0V

Off-State Output Voltage Applied......2.5to Voo +1.0V

Storage Temperature .. ...vcvaveses «e. 8510 125°C H

Amblent Temp. with Power Applied.. ... . .. .-55 0 125°C : AT

’%%%.«.\ ,

1. Stressas above those listed under the “Absolute Maximum \
Ratings" may cause permanent damage to the device. Func- .
tional operation of the device at these or at any other conditions J SN '/
above those indicated in the operational sections of this speci- f?ﬁ“:\« N, S
fication Is not implied (while programming, follow the &K < o, {\ Y
programming specifications). & \‘}w:\\ <

DC Recommended:Opérating Conditior™

SYMBOL PARAMETER MAX UNITS
TA Ambient Temperature 70 °C
Vce Supply Voltage 5.26 v
viL Input Low Voltage 0.8 v
ViH Input High Voltage Veo v

SYMBOL PARAMETER MAXIMUM! TEST CONDITIONS
C, Input’ Capacutancm i 8 pt Veo=5.0V, Vi=2.0V
C, VoYY Gapacnance 34 10 pf Ve=5.0V, VIO, Y=2.0V

&,/7’
1. Guaranteed bu’tnotwo%tested 4

Tt

Data. RetentlﬁESpeclf" cationchimssels:

¢
PARAMETER } ' / MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
Erase/Heprogram Cycles ~ 100 CYCLES

2.35 1/92. Rev. A
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Switching: Test Conditionsaiesssl R o ¥ PR e RS R
Input Pulse Levels GND to 3.0V Figure 2. Test Load
Input Rise and Fall Times 3ns 10% to 90%
Input Timing Reference Levels 1.6V Vee
Output Timing Reference Levels 1.5V
Qutput Load See Figure 2 A1
3-state level red 0.6V from steady-stat Davice : » Tost
s c?i \?eele ve:f s are measure rom steady-state Output Point

Output Load Conditions (see figure 2)

Test Condition R1 R2 cL *GL Indicatéé Tost Eixture
Probe Total Capacitan
1 4700 3900 35pF RN Y
2 | ActiveHigh (o) 390Q 3s5pF
Active Low - 470Q 390Q 35pF
Active Highto Z oo 3g0Q

3 | atv,,-05v

Active Lowto Z 470Q
atV, +0.5v

nded Operating Conditions

SYMBOL ET b 3 CONDITION MIN. | TYP. | MAX. | UNITS
VoL Outpuf Low Voliage % lo, =8 MA. - - 0.4 v
Vox Otfgit High Voltage lop =4 MA. 24 | - | - | v
I Input or /O Low Léakage Current OV < Vi S Vi (MAX) - - 10 | pA
liH “tnput or VO ngh feakage Current Vi€ Vg S Voo - - 10 pA
lost | % Quiput Shoit Circuit Current Ve =5V, Vour = 0.5V -60 - | -200| mA
lcc2 [, *Operating Power Supply Current Vi, = 0.5V, V= 3.0V - - - mA
Y Froace = 20 MHz
¢/
1. One output at a time for a maximum duration of one second. (Vout = 0.5V}
2, Measured at a frequency of 20 MHz using four 16-bit counters.
1/92. Rev. A
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Over Hecommended Operatmg Condltlons

2 pLSk1016-80*

PARAMETER  |ocon. | # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpdi 1 1 - Data Propagation Delay, 4PT bypass, ORP bypass - 12 | 15 | ns
tpda2 1 2 Data Propagation Delay - |15 ] 20 | ns
tco15 1 3 External Clock fo Output Delay, ORP bypass - 8 it | ns
tco26 1 4 External Clock to Output Delay 14 | ns
tco3 1 5 Internal Synch. Clock to Output Delay 20 | ms
tcod 1 6 Asynchronous Clock to Output Delay 20 | ns
tr1 1 7 External Pin Reset to Output Delay 20 | ns
tr2 1 8 Asynchronous PT Reset to Output Delay .- 22 | ns
ten 2 |9 Input to Output Enable 13 [ 20 | ns
tdis 3 |10 Input to Output Disable 13 | 20 | ns

External AC.Recommended Operatifig:Conditions}i2t3

Over Recommended Operating Conditions

PARAMETER  |geot’ # | DESCRIPTION MIN. | TYP. | MAX.|UNITS
fmaxs 1 11 | Clock Frequency with. IMemal Feedback - 1100 | 80 | MHz
fmax (External) 1 12 | Clock Frequency with Extqmal Feedback - 70 | 50 | MHz
tsui - | 13 | setupTime befoie External Synch. Clock, 4PT bypass 9 |6 | -|ns
tsu2 - Setup Time hefore Extemal Synch Clock 12} 81| -1 ns
tsu3 - # Setup Time before Intémal Synch. Clock 9 (3]~ ns
tsu4 - Setuip Time beforé Asynchronous Clock 9 | 4| -] ns
thi Hold time after External Synchronous Clock, 4PTbypass | 2 | -1 | ~ | ns
th2 Hold time after External Synchronous Clock 2|1} -1ns
tha -,19 | ~Hold time after Intemat Synchronous Clock 8j2|-]ns
tha -] 20 ,_;:Hold time after Asynchronous Clock 8 1 - 1 ns
trwi “21 |~’External Reset Pulse Duration 0| 8| ~-| ns
trw2 * Asynchronous Reset Pulse Duration 10 8 - ns
twhi, twit External Synchronous Clock Pulse Duration, High, Low 6 5 - | ns
twh2, twi2 Asynchronous Clock Pulse Duration, High, Low 6 § | - | ns

1. External Parameiers are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,

and are measured with 16 outputs switching.

4, Standard 16-bit counter implementation using GRP feedback.

8, Clock to output specifications include a maximum skew of 2 ns.

6. Refer to Switching Test Conditions section.

1/92. Rev. A
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BRIl ae iR DLSK1016-80F
Using VO Cell
TESTA
PARAMETER COND.| # DESCRIPTION MIN. | TYP. {MAX.|UNITS
tsus - | 27 | Setup Time befora Extemal Synchronous Clock 5 0 { - | ns
tsus = 1 28 | Setup Time before Intemal Synchronous Clock 0 -3 - ns
ths - 29 | Hold Time after External Synchronous Clock - ns
the - 80 | Hold Time after Internal Synchronous Clock - ns
twh3, twia ~ 181,32| Clock Pulse Duration, High, Low - | ns
1. External Parameters are tested and guaranteed.
2. See Timing Technical Nate for further details.
3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.
4. Reter to Switching Test Conditions section.
i
|
|
|
2-38 1/92. Rev. A
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Over Recommended Operating Conditions

6-50

PARAMETER  |oeor’| # | DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 16 | 20 | ns
tpd2 1 2 | Data Propagation Delay, ORP ~ | 19 ] 25} ns
fcots 1 3 | Extemal Clock to Output Delay, ORP bypass - | 12116 | ns
tco25 1 4 | Extomal Clock to Output Delay 20 | ns
tco3 1 5 | Intemal Synch. Clock to Output Delay 28 | ns
tcos 1 6 | Asynchronous Clock to Output Delay 28 | ns
tr - 7 | Extemal Pin Reset to Output Delay 28 | ns
tr2 - 8 Asynchranous PT Reset to Output Delay 30 | ns
ten 2 | 9 | Inputto Output Enable 28 | ns
tdis 3 | 10 | Inputto Output Disable 28 | ns

Over Recommended Ope ti g Condmons

PARAMETER Test® # | oescripTioN MIN, [ TYP. | MAX.[UNITS
fmax? 1 | 11 | Clock Frequency with lntemal Feedback - | 70 | 80 | MHz
frmax (External) 1 12 | Clock Frequancy with Exte_mal Feedback - | 45 | 33 | MHz
tsut -~ i 13 Setup"ﬁ?ne beforé E)demai Synch. Clock, 4PT bypass 4] 10 -1 ns
tsuz2 - | 14 | sélup Tima befére Exterrial Synch Clock 17| 13| - | ns
tsu3 - 7 Setup Titne before Intemnal Synch. Clock 3] 9| ~| ns
tsud - Setup Time beforé Asynchronous Clock 13 9] - 1| ns
thi ~Hold time after External Synchranous Clock, 4PT bypass 7 3 - ns
the ] Ho;d time after External Synchronous Clock 7 3 - | ns
tha Q‘“aj-{ofd time after Internal Synchronous Clock 111 § ~ | ns
thd Héld time after Asynchranous Clock 11| 6 | - | ns
trwi “21 |# Extemal Reset Pulse Duration 15| 13| - | ns
trw2 Asynchronous Reset Pulse Duration 15 13 | - ns
twhi, twit External Synchronous Clock Pulse Duration, High, Low i0| 8 - | ns
twh2, twi2 Asynchranous Clock Pulse Duration, High, Low 10 8| -1 ns
LA

1. Exteal Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

4. Standard 16-bit counter implementation using GRP feedback.

8. Clock to output specifications include a maximum skew of 2 ns.

6. Refer to Switching Test Conditions section.

1/92. Rev. A
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[ 1 1]
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LATTICE SEMICONDUCTOR '-II:.E D KN 5386949 0001473 7 BELAT
; ST S ERERS pLSI1016-50%
Using VO Cell
PARAMETER E%‘;f;. # DESCRIPTION MIN. | TYP, | MAX.JUNITS
tsus - | 27 | Setup Time before Extemal Synchronous Clock 10} 65| - | ns
tsus —~ | 28 | Setup Time before Intemal Synchronous Clock 0|6 -1]ns
ths - 29 | Hold Time after Extemal Synchronous Clock 12 6 - ns
the - 30 | Hold Time after Internal Synchronous Clock - ns
twh3, twia - 181,32| Clock Pulse Duration, High, Low - | ns
1. External Parameters are tested and guaranteed. .
2. See Timing Technical Note for further details.
3. Unless noted, all parameters use ORP, GRP fanout
of four, PTSA, and are measured with 16 outputs switching.
4. Refer to Switching Test Conditions section.
2-40 1/92. Rev. A
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The Generic Logic Block

The Genetic Logic Block (GLB) is the standard logic block
of the Lattice High Density pL.SI Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
most standard logic functions, The internallogic of the GLB
is divided into four separate sections (see figure 3). The
AND Array, the Product Term Sharing Array (PTSA), the
Reconfigurable Registers, and the Control Functions. The
AND array consists of 20 productterms which can praduce
the logical sum of any of the 18 GLB inputs. Sixteen aof the
inputs come from the Global Routing Pool, and are either
feedbacksignalsfromany ofthe 16 GLBs orinputsfromthe
external /O Cells. The two remaining inputs come directly
from two dedicated input pins. These signals are available
fo the product terms in both the logical true and the
complemented forms which makes boolean logic reduc-
tion easier. :

The PTSA takes the 20 product terms and allocates them P

tothe four GLB outputs. There are four OR gates, withfour, *

four, five and seven product terms (see figure 3). The..
. p

Inputs From

output of any of these gates can be routed to any of the four
GLB outputs, and if more product terms are needed, the
PTSA can combine them as necessary. if the users’ main
concem is speed, the PTSA can use a bypass circuit with
four product terms to increass the performance of the cell
(see figure 4). This can be done to_any or ali of the four
outputs from the GLB. T,

Y
The Reconfigurable Reglstersf::onsxst of four D-type flip-
flops with an Exclusive OHGate omhelnput.The Exclusive
OR gatae in the GLB can bia used eltherésa logic element
or to reconfigure, th fhp-ﬂop to emulate a J-K, or
T-type ﬂnp-ﬂo {see ﬂg ] 75 Thts s greatly s:mplmes the

bé bypassed'if the user needs a combl-
ach reglster output is brought back into

utput Rouﬁng Pool Reconfigurable registers are
ble’ when the four product term bypass is used.

Global Routing Pool Reconfigurabla
Registers
0t 2345867889 10111313 D,J-K,and T
oy oy vy w7 oy o oy o7 oy vy oy o o i
YIVAVAVAY. N &ﬁ M M a
- - m;
= U
L lDG LI—D-Oa
l- gl—b—
boal To
l Q X 02 Global
Routing
Pool and
— 0 oy
1\ |oc xf-D-o1 Hodtieg
m|
U
b af—-{x}->-00
|
AND Array

Contral
Functions
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Dedicated
Global Routing Poal Toputs
o .
91234887 8e OURDUESY Ay Parbmualom D
MM N MMMMMI N MM MMM MMM Bypass Shown)
AND Array

Figure 5. GLB: Exclusive OR Gate

Inputs From
Global Routing | P:)k'

REERRXREAETNLT i o
T§ravavivavivavivivavyedvivivivivivy Fquralion Shawn) Rogielss

: st R T
/S\’ 53 1l-b-o1 Fouting
6 m
, O

AND Array

PT Rasst.
RESET:

'FCon'm CLKo
unct ClK1

CLK 2 i MUX l
PT Clock.

BT Qutput
Enabls

2.42 1/92, Rev. A
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The Generic Logic Block (continued)

The PTSA is flexible enough to allow these features to be
used in virtually any combination that the user desires. In
the GLB shownin figure 8, Qutput Thrae (O3) is canfigured
using the XOR Gate and Output Two (02) is configured
usingthe four Praduct Term Bypass. QutputOne (O1) uses
one of the inputs from the five Product Term OR gate while
Output Zero (O0) combines the remaining four product
terms with all of the product terms from the seven Product
Term OR gate for a total of eleven (7+4).

Various signals which control the operation of the GLB are
developedinthe Control Functionsection, The clockforthe
registers can come from any of three sources developedin

Figure 6, GLB: Various Logical Combinations

Inputs From
Global Routing Poel

2?4567!9101!12131

.
3

1
L
M

T-%6-1909
Specifications pLSI 1016

the Clock Distribution Network (See Clock Distribution
Network Section) or from a product term within the GLB.
The Reset Signal for the GLB can come from the Global
Reset pin or from a product term within the block. The
Output Enable for the /O cells associated with the GLB
cames from a product term withiri the block. Use of a
producttermfora controlfunctfonmakesthatproductterm
unavailable for use as a Ioglc term Hefer to the following
table to determine whlch loglc functlons aré affected.

AN i
There are many addmonal features i aGLB which allow
implementation. of fognc Inteng nétions. These fea-
tures are accessibleUsing th rd Macros from the

vAvATdvavAvvavivavivavdv

3

M
u
X o3

L4 PT Bypass

ERFECRAEE )

M)
u
i“ﬂ"‘ ozé?obal
b -1>o1:‘zz.""°
|

7+4PTs U
- L ﬁ.}m

Singla PT

Contral
Functions

. Outpat

* Enable
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Product Term Sharing Matrix

Product | Standard Configuration Four Product Term Single Preduct Term XOR Function Alternate
Tarm # Quiput Number Bypass Output Number Qutput Number Qutput Number Function

3 2 1t 0 3 2 1 0 3 2 t o0 3 3 2 2 1 1t 0 O

0 HE B BN u | | |}

1 R AN n | |

2 n N AN L ] .

3 " EEDN L n

4 | I B B | | 4

5 nEER |

6 "R NN n

7 H e EN L]

8 2 2 n BN | |

9 " N NN u

10 | I B L ]

1 L I B B L}

12 2R AR M CLK/Reset

13 "R N EN

14 HE N RN ]

15 HE RN |}

16 L N B I | LB

17 " B 2 n |

18 H R NN u

19 H N ER B | W OE/Reset

ed A2 isnotusedinthe fourproducttermbypass made. When

”nr "GLB output one is used in the Exclusive OR (XOR) mode
Product Term 12 becames one of the inputs to the four
input OR Gate. If Product Term 12 is not used in the lagic,
thenitis available for use as eitherthe Asynchronous Clock
signal or the GLB Reset signal.

inthe various modes. Asan example,F Brod
be usad asan inputtothefive mputOR gate

2.44 1/92. Rev. A
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The Megablock

The pL.Si family Is structured into multiple “Megablocks”.
A Megablock consists of 8 GLBs, an Output Routing Pool
(ORP) and 16 I/O Cells. Each of these will be explained in
detailinthefollowing sections. These elements are coupled
together as shown In figure 7. This logic structure is
referred to as the Megablock, The various members of the
pLS! family are created by combining from two to six
Megablocks on a single device.

The Megablock shares two sets of resources. The eight
GLBs withinthe Megablock share twa dedicated input pins.
These dedicated input pins are not available to GLBsinany
other Megablock. These pins are dedicated (non-regis-

Megablocks in Each Device

tered) inputs only and are automatically assigned by soft-
ware., One Output Enable signal is generated within the
Megablock and s common to all sixteen of the /O Cells in
the Megablock. The Output Enable signal can be gener-
ated using a product term in any of the eight GLBs within
the Megablock (see the foIIowmg secllon on the Output
Enable Muttiplexers). yd s

Because of the shared |ogne within the Megablock signals
which share a common function (coun rs, busses, etc.)
should be grouped withinra Meg bloc - This will allow the
user to obtain thie best utll “of the logic within the

DEVICE MEGABLOCKS VO CELLS
pLSt 1016 32
pLS1 1024 48
pLSI 1032 64
pLSI 1048 96
GLB H GLB GlB H GiB
A H A5 H A6 H A7
LIrf TIIF 1 r Pifr JTidy
Output Routing Pool

r r r- . rr f+r & 1 [ i
o|{vogiojioivoliiio ool 1/o | vo
Cell]|CealtlCellj[Cell{| Cellj} Celt]| Cell|| Cell] { Celi}{ Cell
6 7 8 9 [j10}| 111 12]] 13| 14]] 15

1 ’
Note: Tha.inputs from the I/O Cell are not shown in this figure, they go directly to the GRP.
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ArchitécturakDescription

The Output Enable Control

One Output Enable (OE) signal can be generated within
each GLB using the OE Product Term 19. One of the eight
OE signals from each GLB within a Megablock, is then
routed to all of the I/0 Cells within the Megablock (see
figure 8). This OE signal can simultaneously control al} of
the 16 1/O cells which are used in 3-state mode. Individual
1/O cells also have independent control for permanently

Figure 8. Output Enable Controls

enabling or disabling the output buffer (Referto the /O Cell
Section). Only one OE signal is allowed per Megablock for
3-state operation. The advantage to this approach Is that
the OE signal can be generated in any GLB within the
Megablock which happens to have an unused OE product
term. This frees up the other OE product terms for use as
logic. N
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The Output Routing Pool

The Output Routing Pool (ORP) routes signals from the
Generic Logic Block outputs to /O Cells configured as
outputs or bi-directional pins (see figure 9). The purpose
of the ORP is to allow greater flexibility when assigning
/O pins. It also simplifies the job for the routing software
which results in a higher degree of utifization.

By examining the programmable switch matrixin figure 9,
it can be seen that a GLB output can be connected to one
of four 1/O Cells. Further flexibility Is provided by using the
PTSA, (Figures 3through 7) which makes the GLB outputs

Figure 9. Output Routing Pool

D KA 534L949 0001480 4 EELAT

completely interchangeable. This allows the routing pro-
gram to freely interchange the outputs to achieve the best
routability. This is an automatic process and requires no
Intervention on the part of the user.

The ORP bypass connections -(see-figure 10) further

increase the flexibility of the- devnce The ORP bypass

connectspeclfchLBoutpytstospecmcI/OCells atafaster

speed. The bypass path tends to.restrict the routability of
“only be used: ént|cal signals,

AQ Al A7
0123llo12 0123
BAALNS A J -_-JLJ- Y.,
= : =X
=1
— I
=
=

y
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Architectural Descriptiort
YO Cell

The /O Cell (see figure 11) is used to route input, output
_ or bidirectional signals connected to the VO pin. The two
logicinputs come fromthe ORP (see figure 7). One comes
from the ORP, and the other cornes from the faster ORP
bypass. A pair of multiplexers selact which signal will be
used, and its polarity.

The OE signal cames from the Output Enable. As withithe

_ data path, a multiplexer selects the signal polarity. The
Output Enable can be set to a logic high (Enabled) whena
stralght output pin is desired, or logic low (Disabled) when
a straight input pin is needed. The Global Reset (RESET)
signal is driven by the active low chip.reset pin. Each I/O
Cell can individually select one of the two clock signals
(IOCLK 0 or IOCLK 1). These clack signals are generated
by the Clock Distribution Network.

Figure 11. VO Cell Architecture

Using the multiplexers, the /O Cell can be configuredas an
input, an output, a 3-stated output or a bidirectional /0.
The D-type register can be configured as a level sensitive
transparent latch or an edge triggered flip-flop to store the
in-coming data. Figure 12 lllustrates some of the various
/O cell configurations possible.

TS

There Is an Active Pullup resistoron the /O pins which is
automatically used when the’ pin is riot connected This
prevents the pin from ﬂo tmg and mducmgnonse into the

OE

From Output
Routing Pool ™|
MUX

Active
Puit Up

From Qutput
Routing Pool =
Bypass

To Global
Routing Pool

T Note:
® Represents an E2CMOS Cell.
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Figure 12, Example O Cell Configurations

3

Input Buffer

0

VO Cell

Clock

Latch Input

g

O Cell
p

Clock

~

D

Q

Registered Input

Input Cells

Output Buffer

Inverting Qutput Buffer

B 5346949 0001

482

s
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Bi-Directional
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"Bi-Directional
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Output Buffer wit
3-State Enable
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Clock Distribution Network

The Clock Distribution Network is shown in figure 13. It
generates five global clock signals CLK 0, CLK 1, CLK 2
and IOCLK 0, IOCLK 1. The firstthree, CLK 0, CLK 1 and
CLK 2 are used for clocking all the GLBs in the device.
Similarly, IOCLK 0 and IOCLK 1 signals are used for
clocking all of the 1/O Cells in the device. There are three
dedicated system clock pins (Y0, Y1, Y2) which can be
directed to any GLB or any /O Cell using the Clock
Distribution Network. The other Inputs to the Clock Distri-
bution Network are the 4 outputs of a dedicated clock GLB
("B0* for pLSI 1016). These Clock GLB outputs can be
used to create a user-defined internal clocking scheme.

Typically the clock GLB will be clocked using an external
main clock pin YO connected to global clock signal CLK 0.
The outputs of the clock GLB in turn will generate "divide
by two" or “divide by four” phases of the CLK 0 which can
be connectedto CLK 1, CLK20oriQOCLK 0, IOCLK 1 global
clocks.

All GLBs also have the capability of generating their,
asynchronous clocks using Product Term 12. Cl

CLK 1 and CLK 2 feed to their corresponding inputs on all™
,ﬂf .

the GLBs (see figure 3).

x\i\\h AR
m,a‘ m%_,/.\} /

The two 1/0 clocks generated in the Clock Distribution
Network IOCLK 0 and IOCLK 1, are brought to alt 32 of the
I/O cells and the user programs the I/O cell to use ene of the
two.

Global Routing Pool

The Global Routing Pool (GRP) -a L\tlce proprietary
interconnect structure which offers fast predlctable speeds
with complete connec}w‘ ~The GRP allows the outputs
from the GLBs or the 1/Q call inputs fo he connected to the
inputs of the GLBsi’ { yGLB outp' s available to the |nput
of all other GLBs, and gimllarly nfiut from an /O pin is

able.

AN

‘k}t"

gowever, they aré sllghtly affected by fanaut.

¥V

Block "BO"

00 01 02 03
Ctoc Distribution
N / szk\letwork
/ » CLK 0
S - » CLK 1
? - - CLK 2
— » IOCLK O
#—&— —» IOCLK 1

CLK/
Resat
Dedicated Clock **¥Y1" Only on 1016, Clock
Input Pins . and Reset Are MUXed.
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A security cell is provided in the pLSI devices to prevent
unauthorized copylng of the array patterns. Once pro-
grammed, this cell prevents further read access to the
functional bits in the device. This cell can only be erased by
reprogramming the device, so the original configuration
can never be examined once this cell is programmed.

Deviceé Programmingil

pL.SI devices are prograrnmed using a Lattice-approved
Device Programmer, available from a number of third party
manufacturers. Complete programming of the device takes
only a few seconds. Erasing of the device is automaticand
is completely transparent to the user. In- system program-
ming is available with ispL.SI devzces using Lattice
programming algorithm,

YeE D WM 538L949 000L4AY

T-4¢-19-019
Specifications pLS/ 101 6

Latch-up Protectioniiisees-r L@ - &%

pLSI devices are designed with an on-board charge pump
to negatively bias the substrate. The negative bias is of
sufficient magnitude to prevent input undershoots from
causing the internal circuitry to latchup. Additionally, out-
puts are designed with n-channel pull-ups instead of the
traditional p-channel pull-ups to eliminate any possibility of
SCR induced latching.

pLSI 1016 34

] 1/O 18
38110 17

37 vo 16
36[JIN2
asE Y1/RESET
vce
331 Y2
32[J1/0 15
3110 14
30 vo 13
2911012

pury

o3z
w4Os
vos N
voe O™
o7 [N
GND B3
Nt
s}y
oo IR

ro10O%

o 11 %
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LATTICE SENICONDUCTOR

Dimensions in inches MIN./MAX. 020
0.048

0.048 y 450 Minimum -
0.042 .050 -”<-
- ——\ Typical N

]_L-
1]
O° T
0.685 0,650 i
0.695 0.656 |
D .
O i
t]
i
] 0,660
i 0.656
0.685

! 0.695

. Seating P
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Package Diagrams e 7/

0.048 ,
0.04

45°
> 050 Mmlmum
—— Typical
4 _F

44-Pin PLCC

Dimensions in inches MIN./MAX. 020

o° T

0.685 0.650 0.590
0.695 0.656 0.630

=

0.950 | X
0.958 1 ! X
I g—g% —> -0.1 Gﬂ
Base Plane
Seating Plane

0.090
0.120
0 1 65
Base Plane —I
Seating Plane

0.656
0.685
! 0.695

— !_ 0.650 l
1

68-Pin PLCC

Dimensions in inches MIN./MAX.
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Package Diagrams
T-90-20 B

84-Pin PLCC

Dimensions in inches MIN./MAX. 020

gg:g x 45"~ 050 ® Minimum
. 'w Ti;pical -.I r-
e

-

1.156 L
1.185
1.195

1,150 I'

100 )
Base Plane ——'
Seating Plane
120-Pin PQFP

" Dimensions in inches MIN./MAX,

: ;
1.218 1.098 &5 7
1238 1106 &
: io‘o 0}
: F 0.095
: l__o.ow
= 0.013 ﬂ
. \
3 0.125
|"0.1-“.
Detail A
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