L attice

ispLSI” 1016

in-system programmable Large Scale Integration

T

+ in-system programmable HIGH DENSITY LOGIC

— Member of Lattice's ispLSI Family

— Fully Compatible with Lattice’s pLSI™ Family

— High Speed Global interconnects

— 32 VO Pins, Four Dedicated Inputs

— 96 Registers

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

— Small Logic Block Size for Random Logic

— Security Cell Prevents Unauthorized Copying

* HIGH PERFORMANCE E?CMOS® TECHNOLOGY

— fmax = 80 MHz Maximum Operating Frequency
— tpd = 15 ns Propagation Delay
- TTL Compatible Inputs and Outputs

« in-system programmable 5-VOLT ONLY

— Change Logic and Interconnects “on-the-fly" in
Seconds

— Reprogram Soldered Device for Debugging

— Non-Volatile E2CMOS Technology

— 100% Tested

* COMBINES EASE OF USE AND THE FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND FLEX-:..
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS""

— Complete Programmable Device can COmblne Gluo._
Logic and Structured Designs .- : :

— 100% Routable at 80% Utilization " -

— Three Dedicated Clock Input Pins Lt

— Synchronous and Asynchronous Cfocks :

— Flexible Pin Placement .= " . -

— Optimized Global Routlng Pool Allows Global
Interconnectivity-. -

« pLSVispLSI™ DEVELOPMENT SYS‘I'EM (pDS™)

— Boolean Loglc Compiler "

— AutomaticPlace and Route. -~
— Manual Parlitloning i

— PC Platform - * .~ .

— Easy to Use WmeWs Interface

* ADVANCED pLSVIspLSI DEVELOPMENT SYSTEM

— Industry Standard, Third Party Design Environments
- Schematic Capture

— Fully Automatic Partitioning

— Automatic Place and Route

— Comprehensive Logic and Timing Simulation

— PC and Workstation Platforms

. Output Routing Pool |

Output Routing Pool
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The La'mce ispLSI 1016 is a High Density Programmable
Logic Device featuring 5-Volt in-system programmability

.-"andin-system diagnostic capabilities. The device contains

96 Registers, 32 Universal I/0O pins, four Dedicated Input
Pins, three Dedicated Clock Input Pins and a Gioba!
Routing Pool (GRP). The GRP provides complete
interconnectivity between all of these elements. It is the
first device which offers non-volatile "on-the-fly"
reprogrammability of the logic, as well as the interconnects
to provide truly reconfigurable systems. Itis architecturally
and parametrically compatible to the pLSI 1016 device, but
muitiplexes four of the dedicated input pins to control in-
system programming.

The basic unit of logic on the ispLSI 1016 device is the
Generic Logic Block (GLB). The GLBs are labeled AO, A1
.. B7 (see figure 1}. There are a total of 16 GLBs in the
ispLS| 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. Inputs to the GLB come fromthe GRP. Allof the
GL8B 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 ispLSI 1016

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

Functional Block Diagram

Figure 1. ispLSl 1016
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Specifications ispLSI 1016

Description (continued)

The 32 /O Cells are grouped into four sets of 16 each.
as showninfigure 1, Each of these l/O groups is associated
with a logic Megablock through the use of the Output
Routing Poo! (ORP) and shares a common Output Enable
(OE) signal.

Eight GLBs, 16 1/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 I/O celis
by the ORP. TheispLS11016 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 1/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.

ispLS! Family Product Selector Guide

Clocks in the ispLSI 1016 device are selected using the
Clock Distribution Network. Three dedicated clock pins
(YOto Y2) are brought into the distribution network, and five
outputs (CLK 0 to CLK 2 and IOCLK 0, IOCLK 1) are
provided to route clocks to the GLBs and I/O cells. The
Clock Distribution Network can also be driven from a
special GLB (BO on the ispLSI 1016 device). The logic of
this GLB allows the user to creaté’ an mternal clock from a
combination of internal sngnafs -Within, 1he dewce

The ispLSI 1016 devnc‘e is, pal‘l; of Lattlces in-system
programmable Large’ ‘Seale” Integratlon (ispLSI) family.
This family contairis a. range of devices from the ispLS!
1016, with 96- reglsters, to'the. aspLSI 1048 with 288
registers. The iSpLSI FamIIyProduct Selector Guide below
lists key. annbdtes of. the dewces along with the number of
resources avalla’ble SV

Isi)LSf 1 024

DEVICE ispLSI 1016 ispLSI 1032 ispLSI 1048
GLBs 16 .. . 24.. 32 48
Registers N ,JM’ 192 288
VO Pins -’48 64 96
Dedicated Inputs 6 8 10
Pin Count 68 84 120

Ordering Information

---------

S isplSl 1016 - XX X X X

L Grade

Device.- Number: =
T Blank = Commercial
Speed Package
-80 = 80 MHz fmax J=PLCC
-50 = 50 MHz fmax Power
L =Low

2131 1/92. Rev. A




Specifications ispLSI 1016

Pin Description

Name PLCC Pin Numbers Description

/1oo-1/03 15, 16, 17, 18, Input/Output Pins - These are the general purpose I/O pins used by the

104-1/07 19, 20, 21, 22, logic array.

1o 8-i/o 1 25, 26, 27, 28,

/0 12-1/0 15 29, 30, 31, 32,

YO 16 - 110 19 37, 38, 39, 40, e

1/020-1/0 23 41, 42, 43, 44,

/024 -1/0 27 3, 4, 5, 6,

1/0 28 - 110 31 7, 8, 9, 10

IN3 2 Dedicated input pins to the dewce.

ispEN 13 Input - Dedicated in- sysfem prograrﬁmmg enabie mput pin. This pin
is brought low to enable’the programemiag piode. The MODE, SDI,
SDO and SCLK options become active: .

SDIIN 0 14 Input—This pin perfonns two fgnéuo .I{is adedicated input pinwhen
|spEN is logic hlgh When ispEN is Jeglc low, it functions as an input
pin to load; programmmg datainto the device. SDI/IN 0 also is used as
one of hé two contrdl pins for. the isp state machine.

MODE/IN 2 36 Input— This pmper{orms 't'W"ofunctlons Itis a dedicated input pin when
iSpEN-is- logsclugh “Wheri ispEN is logic low, it functions as a pin to

\__.cqntr\qal Ihg operahon of the isp state machine.
SDO/IN 1 24 lnputiO tput = - This piin performs two functions. Itis a dedicated clock
i |nputpmwhen ispEN is logic high. WhenispEN is logic low, it functions

1., asan output pin to read serial shift register data.
SCLK/Y2 33 2| input=This) pin performs two functions. It is a dedicated clock input
- +|". when ispEN is logic high. This clock input is brought into the Clock
" Distribution Network, and can optionally be routed to any GLB and/or
~ YO TCell on the device. When ispEN is logic ow, it functions as a clock
“'pin for the Serial Shift Register.

Yo g Dedicated Clock input. This clock input is connected to one of the

) clock inputs of all of the GLBs on the device.

Y1/RESET 35 =, This pin performs two functions:

S - Dedicated clock input. This clock input is brought into the Clock
Distribution Network, and can optionally be routed to any GLB
and/or /O Cell on the device.

- Active Low (0) Reset pin which resets all of the GLB and \/O
registers inthe device.

GND 23 Ground (GND)

Vce 34 v

[+
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Absolute Maximum Ratings !

Supply Voltage Veg. « + v cvvevvivennnnn -0.5to +7.0V

Input Voltage Applied. .............. -2.5t0 Vgo +1.0V
Off-State Output Voltage Applied ... ... -2.5t0 Voo +1.0V
Storage Temperature . ................. -65 to 125°C n
Ambient Temp. with Power Applied........ -55to 125°C

1. Stresses 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
above those indicated in the operational sections of this speci-
fication is not implied (while programming, follow the
programming specifications).

DC Recommended Operating Condition

SYMBOL PARAMETER T _ MAX. UNITS
Ta Ambient Temperature L e 70 °C
vce Supply Voltage e 475 5.25 v
ViL Input Low Voltage o 0 08

VIH Input High Voltage S 2.0 Vee

Capacitance (T,=25C.t=1.0 Hz ‘

SYMBOL PARAMETER . - MAXIMUM' | UNITS | TEST CONDITIONS

C, input Capacitance - 8 pf Vee=5.0V, Vp=2.0V
C, I/O; Y Capacitance 10 pt V5=5.0V, VIO, Y=2.0V

1. Guaranteed but not 100% tested. |

Data Retentin Specications

PARAMETER . MINIMUM MAXIMUM UNITS
Data Retention . 20 - YEARS
Erase/Reprogram Cycles - 1000 CYCLES
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Switching Test Conditions

Input Puise Levels GND to 3.0V Figure 2. Test Load

Input Rise and Fall Times 3ns 10% to 90%

input Timing Reference Levels 1.5V vee
Output Timing Reference Levels 1.5V

Output Load See Figure 2 A1
3-state levels are measured 0.5V from steady-state Device

active level. Output

Output Load Conditions (see tigure 2)

Test Condition Rt R2 CL
470Q 3900 35pF
2 Active High oo 390Q 35pF
Active Low 470Q 390Q
Active Highto Z o 3900

3 | atv,,-05v

Active Lowto Z 470Q 3900
atv, +0.5v

DC Electrical Characteristics '
P png?’ﬁpﬁgﬁled Operating Conditions

P Ry
SYMBOL PARAMBTER ™, ™. % CONDITION MIN. | TYP. | MAX. | UNITS
VoL Output Liow Voltage lo, =8 MA. - - | os | v
VOH Odtgin HighVoltage low =-4 MA, 2.4 - - v
L Input or /0 Low-LeaKage Current OV SV, SV, (MAX.) - - 10 | pA
IH £ | " tnpyt or /O HighU'eakage Current Vi € Vo € Voo - - 10 | pA
los? 3| - Qutput Shof Circuit Current Voo = 5V, Vour = 0.5V -60 - [ 200 ma
Icc? ;(I/fpe’&gqg‘f’ower Supply Current V, = 0.5V, V,,= 3.0V - - - mA
ey Frocae = 20 MHz

R
1. One output at a titfie for a maximum duration of one second. (Vout = 0.5V)
2. Measured at a frequency of 20 MHz usina tour 1R-hit rauntare

The DC Electrical Character'sties fable should have the following line added:
SYMBOL | PARAMETER CONDITION 'MIN.| TYP.| MAX. [ UNITS
hL-isp ispEN input low current i OV V)<V (MAX) | — | — |-150 j HA
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External Switching Characteristics?. 2.3 ispLSI 1016-80

Over Recommended Operating Conditions

PARAMETER  |goun. | # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpat 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - | 12| 15 | ns
tpd2 1 2 Data Propagation Delay - 115|120 | ns
tco15 1 3 External Clock to Output Delay, ORP bypass - 8 11 | ns
tco2s 1 4 External Clock to Output Delay

tco3 1 5 Internal Synch. Clock to Output Delay

tcod 1 6 Asynchronous Clock to Output Delay

tr1 1 7 External Pin Reset to Output Delay

tr2 1 8 Asynchronous PT Reset to Output Delay -

ten 2 9 Input to Output Enable 7

tdis 3 10 Input to Qutput Disable

PARAMETER |15Si' # | DESCRIPTION -~ . | Tvp. | max.[unmrs
frax4 1 | 11 | Clock Frequency wititirtemal Feedback - | 100} 80 | MHz
fmax (External) 1 12 | Clock Frequency with Ei'ite?haf_}-.'eedback - 70 | 50 | MHz
tsut - | 13 | setupTime befors'Extemal Synch. Ciock, 4PT bypass 9 | 6 |~ ns
tsu2 - | 14 | Setup Tima befdre Extepial Synch Clock 128 |- ns
tsu3 - | 15 - Setup Time before Intemal Synch. Clock g9 | 3| -] ns
tsu4 - ;-1 . SetufyTime before Asynchronous Clock 9 4 - | ns
th1 17 Hold time aftef External Synchronous Clock, 4PT bypass 2 -1 - ns
th2 18" Hbid time after External Synchronous Clock 2 -1 - ns
tha =19 :Hold time after Intemal Synchronous Clock 8 2 - ns
tha =] 26| sHdld time after Asynchronous Clock 8 1 - | ns
trwi1 | = | 21 [ External Reset Pulse Duration 10| 8 - | ns
trw2 “2.].29 | Asynchronous Reset Pulse Duration 10| 8 | - | ns
twhi, twih e 123,24 External Synchronous Clock Pulse Duration, High, Low 5 - | ns
twh2, twi2 25,26| Asynchronous Clock Pulse Duration, High, Low 6 5 - | ms

. Extenal Parameters are tested and guaranteed.

. See Timing Technical Note for further details.

. 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.

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

6. Refer to Switching Test Conditions section.

[S 0 I
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Switching Characteristics!. 2.3

ispLSI 1016-80

Using /O Cell
TEST4
PARAMETER COND.| # DESCRIPTION MIN. | TYP. [MAX.|UNITS
tsus - 27 | Setup Time before External Synchronous Clock 5 0 - ns
tsus - 28 Setup Time before Internal Synchronous Clock 0 -3 - ns
ths - 29 | Hold Time after External Synchronous Clock 8 4 - ns
the — | 30 | Hold Time after Intemal Synchronous Clock 15 111 - | ns
twh3, twi3 - |31,32| Clock Pulse Duration, High, Low 6] 5% | - 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, o
and are measured with 16 outputs switching. i
4. Refer to Switching Test Conditions section.
1/92. Rev. A
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EESRES

Over Recommended Operating Conditions

PARAMETER  |qcsi’| # | DESCRIPTION MIN. | TYP. | MAX.| UNITS
tpdt 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - |16 ] 20| ns
tpd2 1 2 | Data Propagation Delay, ORP - | 19|25 | ns
teo1d 1 3 | Extemal Clock to Output Delay, ORP bypass - |12 ] 16| ns
tco25 1 4 | Extemal Clock to Output Delay ond 15 ) 20 | ns
tco3 1 5 Intemal Synch. Clock to Output Delay 28 | ns
tcos 1 6 | Asynchronous Clock to Output Delay s 28 | ns
tr - | 7 | Extemal Pin Reset to Output Delay AL 28 | ns
tr2 — | 8 | Asynchronous PT Reset to Output Delay "% 30 | ns
ten 2 9 | Inputto Output Enable I, 28 | ns
tdis 3 | 10 | Inputto Output Disable o 28 | ns

PARAMETER TSt # | DESCRIPTION: . ... . % MIN. | TYP. [ MAX.|UNITS
fmaxs 1 11 Clock Frequency with 'Infemal Feedback - 70 | 50 | MHz
fmax (External) 1 | 12 | Clock Fraquéincy with Extemal Feedback - | 45 | 33 | MHz
tsu1 - | 13 | Setup Time before ExterniatSynch. Clock, 4PT bypass 14 10| - | ns
tsu2 - _Setiip Time belote Exteinal Synch Clock 7|13 -] ns
tsus - .| Setup Time before Intemal Synch. Clock 13| 9| -1 ns
tsus4 - | .18'[- Setup Tiiné betre Asynchronous Clock 13| 9] - | ns
th1 .17 | ‘Hold time after External Synchronous Clock, 4PT bypass 7 3] -1 ns
th2 18 '|.. Hold time after External Synchronous Clock 7 3 - | ns
tha "= | 19 | Hoid time after Intemal Synchronous Clock 11| 5| - | ns
ths - '} 20"|- Hold time after Asynchronous Clock 11| 6| - | ns
trw1 5 vl ~ | 21| External Reset Pulse Duration 1513 - | ns
trw2 “ .. | - {%22 | Asynchronous Reset Pulse Duration 15| 13| - | ns
twh1, twi1 L ' =.+]23,24| External Synchronous Clock Pulse Duration, High, Low 10 8 - ns
twh2, twi2 . {»- |2526] Asynchronous Clock Pulse Duration, High, Low 0| 8 - | ns

1. External Parameigrs 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.

5. 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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Switching Characteristics!. 2.3 ispLSI 1016-50

Using VO Cell
PARAMETER Teer | # | oescripTion MIN. [TYP. | MAX.|UNITS
tsus - 27 Setup Time before Extemal Synchronous Clock 10 5 - ns
tsue - 28 Setup Time before Intemal Synchronous Clock 0 -5 - ns
ths - 29 Hold Time after External Synchronous Clock - ns
the - 30 Hold Time after Internal Synchronous Clock - ns
twh3, twi3 — |31,32| 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.

1/92. Rev. A
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Architectural Description

The Generic Logic Block

The Generic Logic Block (GLB) is the standard logic block
of the Lattice High Density ispLS| Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
most standard logic functions. The intemal logic of the GLB
is divided into four separate sections (see figure 3). The
AND Array, the Product Term Sharing Array (PTSA), the
Reconfigurabie Registers, and the Control Functions. The
AND array consists of 20 product terms which can produce
the logical sum of any of the 18 GLB inputs. Sixteen of the
inputs come from the Global Routing Pool, and are either
feedback signals fromany ofthe 16 GLBs orinputs fromthe
external I/O Cells. The two remaining inputs come directly
from two dedicated input pins. These signals are available
to 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
tothe four GLB outputs. There are four OR gates, withfour,
four, five and seven product terms (see figure 3). The

Figure 3. GLB: Product Term Sharing Array

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 increase the performance of the ceil
{see figure 4). This can be done o any or all of the four
outputs from the GLB.

The Reconfigurable Regjsters consns? of four D-type flip-
flops withan Exclusive OR Gate ohthe |nput The Exclusive
OR gate in the GLB can e used either ds-a logic element
or to reconfigure, the D-type 'p-ﬂop to-émulate a J-K, or
T-type flip-flop- (see flgure 5) Thls greatly simplifies the
design of countets, comparators and ALU type functions.

The reglsters can be. bypassed if the user needs a combi-
natorial output. Each reglster output is brought back into
the Global Routing Pool ‘and is also brought to the /O cells
via the Output Routing Pool. Reconfigurable registers are

“not av_allable wher_! the four product term bypass is used.

s From - Dedicated
Giobal Routing Pool - lnputs-: CL Reconfigurable
T v T- .. % Product Term Registers
0 1 2 3 45 6 7 8 9 1011121314 1518717 " . * Sharing Array D, J-K,and T
vivivivivielw vivivivivivdvivivaw il
YAVAVAVAVAV.AY. CAVATAT-AVAVA VAT V) V- R
2O .
DQ X To
o2 Global
Routing
5 — Pool and
{ u g
Il »E_“A-Vm Foa ™
7 M
1 U
|DQ| X o0
AND Array
PT Reset |
RESET
Control CLKO
Functions CLK 1
ClK2
PT Clock
PT Output _ Output
Enable Enable
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Architectural Description

Figure 4. GLB: Four Product Term Bypass
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Figure 5. GLB: Exclusive OR Gate
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Architectural Description

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 6, Output Three (O3} is configured
using the XOR Gate and Output Two (02) is configured
using the four Product Term Bypass. OutputOne (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
developed in the Control Function section. The clock forthe
registers can come from any of three sources developedin
the Clock Distribution Network (See Clock Distribution

Figure 6. GLB: Various Logical Combinations

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 I/O cells associated with the GLB
comes from a product term within the block. Use of a
product term for a control function miakes that product term
unavailable for use as a logic Ierm Refer 1o the following
table to determine whlch logic: functlons are affected.

There are additional featuresin a GLB wh|ch allow imple-
mentation of logic mfenswefunduons These features are
accessible using thie hard Maicros froth the software and
require no mterventlon on the'part 6f the user.

inputs From Dedicated
Global Routing Pool Inputs Reconfigurable
© 12345678 91011 121316151817 7 a Registers
vy v v 7 v Y7 ©7 T2 T2 ©7 ©7 ©7 Y Y T T T BN ShaﬂngA"ay D,J-Kand T
YAVIVAVAVAVAVAY }u\w MRMREWY -
Hi4= 3
e ek 02 ool
; ] v-‘s'_-,l Routing
» Pool and
. N a Single PT 1 ]—D Output
Routing
B D 1 3 pooi
-
= ™
TIT| 7+4PTs y
I C X 00
—
7 AND Arfay
s PT Reset
RESET
Control CLKQ
Functions CLK 1
CLK 2
PT Clock
PT Output Qutput
Enable Enable
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Architectural Description

Product Term Sharing Matrix

Product | Standard Configuration Four Product Term Single Product Term XOR Fungtion’ Alternate
Term # Output Number Bypass Output Number Output Number Output Number Function
3 2 1t 0 3 2 1 0 3 2 1 0 (3 3 2 2 11 0 0

0 [ B I B u n

1 2 B N a

2 [ N I BN a

3 | I B B L ] B

4 R ENR [ ] i

5 a8 NN | |

6 2 B N [ ]

7 "R EN | ]

8 [ I I N |

9 A H E N n

10 [ I I B ] |}

1 " m EN ]

12 " R NN B CLK/Reset

13 " B B u B

14 amun = .

15 - B BN [ ]

16 | I I |

17 n R RN

18 a B BN

19 " R BN B OE/Reset

This matrix shows how each of the product terms i
inthe various modes. As anexample, ProductTer
be used as aninputtothefive mputOR gateinthe standard
configuration. This OR gate under standard® conftguratlon
canbe routedtoany ofthe four GLB¢ outputs Product Term
12 isnotusedinthe fourproduct term bypass mide. When

GLB output one is used in the Exclusive OR (XOR) mode
" Product Term 12 becomes one of the inputs to the four

input OR Gate. If Product Term 12 is not used in the logic,
thenitis available for use as either the Asynchronous Clock
signal or the GLB Reset signal.
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Architectural Description

The Megablock

The ispLS! 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
detailinthe following sections. These slements are coupled
together as shown in figure 7. This logic structure is
referred to as the Megablock. The various members of the
ispLSI 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 two dedicated input pins.
These dedicated input pins are notavailableto GLBs inany
other Megablock. These pins are dedicated (non-regis-
tered) inputs only and are automatically assigned by

Megablocks in Each Device

software. One Output Enable signal is generated within the
Megablock and is 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 followmg sectlon on the Output
Enable Multiplexers). o

Because of the shared logic Wlihm the Megablock signals
which share a common functlon (\t‘lzounters. busses, etc.)
should be grouped wNW ing Mega ock Thfs will allow the
user to obtain the-tiest" ut»llzauoq of 'the logic within the
device and ellmmate:\ rbuting bonlghecks

DEVICE MEGABLOCKS VO CELLS
ispLSI| 1016 2 32
ispLS| 1024 3 48
ispLSI 1032 4 . 64
ispLSI 1048 6 96

Figure 7. The Megablock
as H-cis-H-ae | ae | ae H a8 H as || a8
A0 H-A1 H A A3 H A4 H A5 H A8 H A7
teyd w1 Pe J001 PPPr bPTd PP T4 {0 JIf]
e Output Routing Pool
(A KXV I AP N 1+ 1 1 1 1 1 1 |
qvo || votvaqlvojlvo|lvo|liolfvo||lvo [lwo || Oo |jvo || vo (| o || O || VO
Cell{|Cell[|Céll||Celi| | Celt| [Cell || Cell| [Cell] | Celi || Cell | | Cetl || Cell | | Cell| | Celt} [ Celt || Celt
07 1:4 2 3 4 5 6 7 8 9 10 [ 11 ][ 12 (] 13 || 14 || 15

Note: The'__,_iri;;uts from the 1/O Cell are not shown in this figure, they go directly to the GRP.
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Architectural Description

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/O Cells within the Megablock (see
figure 8). This OE signal can simultansously control all of
the 16 |/O cells which are used in 3-state mode. Individual
/O cells also have independent control for permanently

Figure 8. Output Enable Controls

enabling or disabling the output buffer (Refer to the /0 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. ST

A0
OE

|

oo |vo| | IO

jol| || jrof o] |vo| |vo

AENEENE R AREE 12| 113]|14] |15
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Architectural Description

The Output Routing Pool

The Output Routing Pool (ORP) routes signals from the
Generic Logic Block outputs to I/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 utilization.

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

Figure 9. Output Routing Pool

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 device. The ORP bypass
connect specific GLB outputs to  specific 1O Cells atafaster
speed. The bypass path tends fo restri¢t the routability of
the device and should only be used for nrmca| signals.

‘A4

AC Al A2 A3 | . AS A6 A7
0123||lo123]|0123 0123_‘0123 : 0123|0123
~YYYY _YYYY_ _YVYY ---!(-V_.VL_:_J_,--J.'-J’ Y. :-_i'z_w_ . Y..-Y.YY
= SZ=: =
ORP —») y — p }[ E
= = _ 1t
I‘ """""" ":'.'.:’""".;_:'_"" et My Inliatiiily Adhahaial Sl = r-~---
i L 2P AN A I R y A Y
vo||vo ||vo[tvofjwot|volive|{vo||lvo|[vol|vol|vo]|ro

Figure 10. Output Rq_htinﬁ Pool ishm:a'ring Bypass
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A
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Architectural Description

/O Cell

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

The OE signal comes from the Output Enable. As with the
data path, a multiplexer selects the signal polarity. The
Output Enable can be set to a logic high (Enabled) when a
straight 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 clock signals are generated
by the Clock Distribution Network.

Figure 11, VO Cell Architecture

OE

Using the multiplexers, the I/0 Cell can be configured as an
input, an output, a 3-stated output or a bidirectional I/O.
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 illustrates some of the various
I/0 cell configurations possnble e

There is an Active Pullup reststor on, the VO pins which is
automatically used when the pin is riot connected. This
prevents the pin from_ﬂoaﬁng and mduclng noise into the
device or consumlng ddmonal power‘

Output

From Output
Routing Pool — |

Enable

Active
Pull Up

From Output
Routing Pool =
Bypass

To Global
Routing SEOQL
.

RESET

Reset

<
1
t

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

Bi-Directional
'O Pin

il
Z

Input Buffer Output Buffer

D Q}—

g

/O Cell 0 m |- |[ect|onal
Clock p P prm With
Inverting Output Buffer ‘@99 red Inpul
Latch Input

.~<-’: :q%&

!

/O Cell

Clock p Output Butfer with 3
3-State oab_ _
Registered Input P ﬁ,,m;,-b\o‘:“m e
‘%
Input Celis Bi-Directional Cells
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Architectural Description

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 first three, 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 1/0 Cells in the device. There are three
dedicated system clock pins (YO, 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
("BO" forispLSI1 1016). These Clock GLB outputs can be
used 1o 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, CLK 2 or IOCLK 0, IOCLK 1 global
clocks.

All GLBs also have the capability of generating their own
asynchronous clocks using Product Term 12. CLK O,
CLK 1 and CLK 2 feed to their corresponding inputs on all
the GLBs (see figure 3).

The two 1/O clocks generated in the Clock Distribution
Network IOCLK 0 and IOCLK 1, dire brought to all 64 of the
/O cellsandthe user programs’ thé /0 celito use one of the
two. _ R

Global Routing, Pool. -

The Global Routmg Poot (GRP) is .4 Lattice proprietary
interconnect striicture whvch oﬁerﬁ?ast predictable speeds
with compiete connectuvnty The GRP allows the outputs
from the GLBS of the /O cell fnputs to be connected to the
inputs of’ the GLBs. -Any ¢ GLB output is available to the input
of all cher GLBs, and similarly an input from an /O pin is

~available as an, input to all of the GLBs. Because of the
B _umformarchltectme oftheispLSidevice, the delays through

the Global. Routing Pool are both consistent and predict-

- - % -able. However, they are slightly affected by fanout.

Figure 13. Clock Distribution Network

' Generic Logic

o Block "B0"
1.00 01 02 03
Clock Distribution
%thwork
» CLK 0
¥ » CLK 1
? a4 » CLK 2
—» |OCLK 0
éﬁ —&——» IOCLK 1

B

Reset SCLK

*Notes:
Y1 is multiplexed with RESET
Y2 is used for SCLK in isp Mode

Dedicated Clock
Input Pins
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Security Cell

A security cell is provided in the ispLSI devices to prevent
unauthorized copying 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.

Device Programming

ispLS! devices are programmed using a Lattice-approved
Device Programmer, available from a number of third party
manufacturers or in-system using Lattice programming
algorithms. Complete programming of the device takes
only a few seconds. Erasing of the device is automatic and
is complstely transparent to the user.

Latch-up Protection

ispLSI devices are designed with an on-board charge
pump to negatively bias the substrate. The negative bias is

In-System Programmability

The ispLSI devices are the in-system programmable ver-
sion of the Lattice high density programmable Large Scale
Integration (pLSI) devices. By integrating all the high
voltage programming circuitry on-chip, the programming
can be accomplished by simply shifting data into the
device. Once the function is programmed, the non-volatile
E2CMOS cells will not lose the pattem even when the
power is turned off. -,

All necessary programmlng is done via hve T TL level logic
interface signals. These jme sug@als are fed into the on-
chip programming circtitry, wﬁqre a'statamachine controls

the programming. s_lmple s@nals?br interface include
isp Enable (lspEN) rial Data,

%‘SDI) Serial Data Out
at : ode (MODE) control.
Figure 17. ustrates the block diagram of one possible
scheme’of the programmmg Jinterface for the isp devices.
For detalls on the operatnon of the internal state machine
and: programmlng ‘o_ the device please refer to the In-

System | programming application note.

of sufficient magnitude to prevent input undershoots from..,

causing the internal circuitry to latchup. Additionally,-6ut-
puts are designed with n-channel! pull-ups instead of the

traditional p-channel pull-ups to eliminate any possmnltty of

SCR induced latching.

Figure 17. isp Programming Interface. *
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Figure 18. ispLS| Device & Shift Register Layout

D D
A A
T T
; ;
Data In »79... High Order Shift Register -0 SDO
(SDI) 159... Low Order Shift Register ...80

Address Shift Register

0]y
DO

Note: A logic "1" in the address shift register enables the row for programming or verification.
A logic 0" disables it.
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Programming Voltage/Timing Specifications

SYMBOL PARAMETER CONDITION MIN. TYP. | MAX. | UNITS
Vcep Programming Voltage 4.75 5 5.25 \4
lcce Programming Supply Current ispEN - 50 100 mA
VIHP Input Voltage High 20 - Veer v
ViLp Input Voplitage Low ] - 0.8 v
hp Input Current - {71007} 200 pA
VoHP Output Volatge High lo = -3.2 MA 24 | —.|veer| v
VoLp Output Voltage Low lo, =5 MA .00 Jr.- 1 05 v
td Pulse Sequence Delay B EE R Rl s
tisp ispEN to Output 3-State o = sl 10 us
tsu Setup Time e s - s
th Hold Time R - us
teik Clock Pulse Width R - us
towv Verify Pulse Width L R 30 - us
towp Programming Pulse Width b T 40 - 100 ms
thew Bulk Erase Pulse Width I 200 - - ms
trst Reset Time From Valid Vecp r Ty 45 - - ps
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Figure 19. Timing Waveform for isp Operation

VCCP —Z.| tret

l—
U"::‘s:‘g ‘\’II:: ///// X/ / ispLS| Pins are 3-Stated During Programming ////"/ / /]
Unused YOH b~ HI-Z
Output Vo, LLLLLLAD: ) -
—» isp
ispEN ‘\I,I: N K 4R
::1hu<——1h——* 9;.“. al ;
ViH —th W e, —eilepe—
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ViH ‘ "
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SDI ViL N
ViH
SCLK Vil . .
Vin tsu | th VoH IR I
VilNoL | iy —
SDO oo > T 77 A XK valid | N\
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Figure 20. Program, Verify & Bulk Erase Waveform
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o e tpwp, tbew, or tpwv
SDI 3 J N
tsu »te—1tck —>|
SCLK

2.152 1/92. Rev. A




Specifications ispLSI 1016

Pin Configuration

ispLS1 1016 PLCC Pinout Diagram

QI , 88882
222292=z352228°8
mininiaisl Inlinlialials!
/6 5 4 3 2 14443424140
vo 28 []7 (1 vo18-
1029 []s (310 17,
vo 30 [e 7 vode
vo 31 10 .36 [T MODE/N 2
Yo 11 351 Y1/RESET
vce l12 ispLSI 1016 34l VCC. -
ispEN []13 331] SCLK/Y2
SDIIN O []14 32[]10 15
oo 1s 1110 14
vo1 e 111013
oz Q17 ] /0 12
2324 25 26 27 28
OoTrood
38 38¢F
5==2¢
=)
1)

44-Pin PLCC

Dimensions in inches MIN./MAX. 020

Minimum
.050

] — Typical _
-1
685 0. 0.590
695 0. 0.630
i 0.650 | 0.090
Y | 0.120

| osas ~oies
0.695
Base Plane
Seating Plane
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