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ispLSI” 1024

In-system programmable Large Scale Integration

¢ In-system programmable HIGH DENSITY LOGIC

— Member of Lattice's IspLSI Famlly

~ Fully Compatible with Lattice's pLSI™ Family

— High Speed Global Interconnects

-~ 48 /O Pins, Eight Dedlcated Inputs

— 144 Registers

— Wide Input Gating for Fast Counters, State
Machlines, Address Decaders, etc,

—~— Small Loglc Block Size for Random Logic

— Security Cell Prevents Unauthorlzed Copying

¢ HIGH PERFORMANCE E2CMOS? TECHNOLOGY

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

¢ In-system programmable 5-VOLT ONLY

— Change Loglc and Interconnects *on-the-fly” in
Seconds

— Reprogram Soldered Device for Debugging Pt

— Non-Volatile E2CMOS Technology
—100% Tested

¢ COMBINES EASE OF USE AND THE FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND FLEX-
{BILITY OF FIELD PROGRAMMABLE GATE ARF{AY e

— Complete Programmable Device can- COmblne Glue
Loglc and Structured Designs {
— 100% Routable at 80% Utlllzatlo
~— Four Dedicated Clock Input’ Plns s
— Synchronous and Async S, CIocks
— Flexible Pin Placement,

— Optimized GIobaIfRoutlng Posh %%vs Global

TR,
sl

Interconnectivity-.7
¢ pLStispLsi DEVELOPMENT SYSTEM (pDS™)

— Boolean LogtcComplIer y /
— Automatlc’ Place and Routé
— Manual Par’iltlonlng

—PC Platform®, ¥/ 3

— Easy to Use Wlndows Interface

* ADVANCED pLSVlsp S| DEVELOPMENT SYSTEM

- Industry Standard Third Party Design Environments
— Schematic Capture

— Fully Automatic Partitioning

— Automatic Place and Route

- Comprehenslve Loglc and Timing Simulation

- PC and Workstation Platforms

e
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T}w ﬁ/amce |spLSI 1024isa ngh Density Programmable

29gic Device featuring 5-Volt in-system programmability
andin-systemdiagnostic capabilities. The device contains
144 Registers, 48 Universal I/O pins, 6 Dedicated Input
Pins, 4 Dedicated Clock Input Pins and a Global 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 ta provide truly
reconfigurable systems. Itis architecturally and parametri-
cally compatible to the pLSI 1024 device, but multiplexes
four of the dedicated input pins to control in-system pro-
gramming. :

The basic unit of logic on the ispLSI 1024 device is the

Generic Logic Block (GLB). The GLBs are labeled A0, A1

« C7 (see figure 1). There are a total of 24 GLBs in the

ispLS1 1024 device. Each GLB has 18 inputs, a program-

mable AND/QOR/Exclusive OR array, and four outputs

which can be configured to be either combinatorial or

registered. Inputs tothe 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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The device also has 48 I/O Cells, each of which is directly latched input, output or bi-directional /O pin with 3-state.
connected to an /O pin. Each I/O cell can be individually The signal levels are TTL compatible voltages and the
programmed to be a combinatorial input, registered input,  output drivers_can source 4 mA or sink 8 mA.

Figure 1. ispLSI 1024
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The 48 I/O Cells are grouped into three sets of 16 each.
asshowninfigure 1, Eachof these /O groupsis associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a common Output 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 thatit shares. The outputs of the
eight GLBs are connected to a set of 16 universal 1/O cells
by the ORP. TheispLS! 1024 Device contains fourof these
Megablocks.

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

Clocks in the ispLS! 1024 device are selected using the
Clock Distribution Network. Three dedicated clock pins
(YOtoY 3)are broughtintothe distribution network, andfive
outputs (CLK 0 to CLK 2 and IOCLK 0, IOCLK 1) are
provided to route clocks to the GLBs and /O cells. The
Clock Distribution Network can also be driven from a
special GLB (B4 on the ispLS! 1024_g1ev10e) The logic of
this GLB allows the user to create an internal clock froma
combination of internal sug/r)a within, the dewce

The ispLS! 1024 device-is_part. of La ‘ges in-system
programmable Large” Scale Integratlon {ispLSt) family.
This family contairis of 'devices from the ispLS!
1016, with 96 reglst to“the IspL.SI 1048 wnth 288

DEVICE ispL.SI 1048
GLBs 48
Registers 288
VO Pins 96
Dedicated Inputs 10
Pin Count 120

2087 Ry,
P

Speed
-80 = 80 MHz fmax
-50 = 50 MHz fmax

1024 - XX X X X

I——— Grade

Blank = Commercial
Package

J=PLCC
Power

L=Low

2-157
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Name PLCC Pin Numbers Description

O0-1/03 22, 23, 24, 25, Input/Output Pins - These are the general purpose )/O pinsused by the

1O 4-107 26, 27, 28, 29, logic array.

Vo 8- /0 11 30, 31, 832, a3,

/0 12-10 16 87, 38, 39, 40,

Y0 16-1/0 19 41, 42, 43, 44,

/0 20-1023 45, 46, 47, 48,

VO 24 - 1/0 27 56, 67, 58, B89,

/O 28-1/0 31 60, 61, 62, 63,

1/Q 32 -1/0 35 64, 65 66, 67,

/0 36-1/0 39 3, 4, 5, 6,

/0 40- /0 43 7, 8 9 10,

/O 44 - 1/O 47 11, 12, 13, 14

IN4-INS 2, 15

IspEN 19 input — Deducatec{m-system programmmg enable input pin. This pin
is brought low'to enable the’ programmmg mode. The MODE, 8D,

UL L

SDVINO 21 Input— Thlsplnperforms two/funchons It is adedicated inputpinwhen
ispEN.is logiGhigh. Whery IspEN is logic low, it functions as an input
pintoload programming data into the device, SD/IN 0 alsois used as

Sone ot,tha twa .controt pins for lhe isp slate machme
MODE/IN 3

gic high, When ispEN is Iogic low, it functions as a pin to
op”eration of the isp state machine,

SDO/IN 1 tput - This pin performs two functions. Itis a dedicated clock
mput iwhen ispEN islogic high. WhenispEN islogic fow, it functions
( as ‘an output pin ta read serial shift register data.
SCLK/IN 2 ngut ~ This pin performs two functions. It is a dedicated input when
// ispEN islagic high. When ispEN is logic low, it functions as a clock pin
for the Serial Shift Register.
RESET Active Low (0) Reset pin which resets éll of the GLB and I/O registers
in the device.
Yo Dedicated Clock input. This clock input is connected to one of the
. clock inputs of all of the GLBs on the device.
Y1 Dedicated clock input. This clock input is brought into the clock
glstnbuuon network, and can optionally be routed to any GLB on the
evice
Y2 Dedicated clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any GLB and/or
any /O Celt on the device.
Y3 Dedicated clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any /O Cellonthe
_device.
GND 1, 18, 35 &2 Ground (GND)
Vce 17, 3, 653, 68 Voo

2.168 - 1/92. Rev. A



Supply Voltage Vege s e senenenssen
vereeness 2510 Voo +1.0V
..~25t0Vgo+1.0V
.. 65 to 125°C

Input Voltage Applied. .. ..
Off-State Output Voltage Applied. ..
Storage Temperature ..o eoveenveen
Ambient Temp. with Power Applied........-5510 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 atthese or at any other conditions
above those indicated in the eperational sections of this speci-
fication is not Implied (while programmlng. follow the

T=Hé19-01
Specifications ispLSI 1024
YLE D 538L949 0001592 4 CILAT
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programming specifications).

DERFTommandedOperatinglCordi

eer e s0.5%0 47,0V

SYMBOL PARAMETER UNITS
TA Ambient Temperature °C
Vce Supply Voltage 475 5.25 \)
ViL Input Low Voltage 4] 0.8 v
ViH Input High Voltage 20 Vee v

2-159

MAXIMUM! | UNITS | TEST CONDITIONS
8 pt Vee=5.0V, V,=2.0V
10 pf Ve=5.0V, VIO, Y=2.0V
e o L
PARAMETER ; / MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
Erase/Reprogram Cycles - 1000 CYCLES -~ ’
1}
[}
|
1/92. Rev. A
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Input Pulse Levels GND to 3.0V Figure 2. Test Load
Input Rise and Fall Times 3ns 10% to 90%
Input Timing Reference Levels 1.5V vVee
Output Timing Reference Levels 15V .
Output Load ) See Figure 2 A1
3-state levels are measured 0.5V from steady-state Device

active level. Output

Output Load Conditions (see figure 2)

Test Condition R1 R2 CL
1 4700 3900 35pF
2 | Active High oo 390Q 35pF
Active Low 470Q 390Q
Active Highto Z oo 390Q
3 | atV,,-0.5v
Active Lowto Z 470Q 3900

atV,, +0.5V

DEEIEEtITa

ver Réq;'amé'r_ﬁ"e:ﬁ“aed Operating Conditions

SYMBOL PARAMETER §; i CONDITION MIN. | TYP. | MAX. | UNITS
VoL Outpuf Low Voliage ' lo =8 MA. - - Joa| v
VoH Qitgiit High Voltaga lot =4 MA. 2.4 - - "
IiL Input or /O Low Léakage Current 0V <V, SV, (MAX) - - -10 pA
IH .| “tnput or VO Righ Feakage Current VS Vig € Voo - - 10 A
lost %) v-Qutput Shoit Gircuit Current Vee = 5V, Vgur = 0.5V -60 - 200 | mA
lcc2 , “Opérating Power Supply Current V=05V, Vg = 3.0V - - - mA
Y ' Froseie = 20 MHz

g
1. One output ata !i'm/e/for a maximum duration of one second. (Vout = 0,5V)
2. Measured at a frequency of 20 MHz using six 16-bit counters,

2160 - 1/92.Rev. A
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Over Recommended Operatmg Condmons

PARAMETER | aeon | # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpdi 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 12 | 15 | ns
tpd2 1 2 Data Propagation Delay - | 156 |2 | ns
teois 1 3 External Clock to Output Delay, QRP bypass = 8 1 | ns
tco2s 1 | 4 External Clock to Output Delay el @ | 14 | ns
tco3 1 | s Internal Synch. Clock to Output Delay S| 18] 20 | ns
tcod 1 6 Asynchronous Clock to Output Delay / \\\ - 3'\13 :] 20 | ns
tr 117 External Pin Reset to Output Delay ’g‘\:; NI N a3 20 | ns
tr2 118 Asynchronous PT Reset to Output Delay +7#57> \- A5 | 22 | ns
ton 2 |9 Input to Qutput Enable f \3 SN Oh&s] 13 20 | ns
tdis 3 [10 Input to Output Disable LY } j- 13 | 20 | ns
/7 - > \
,,os

Over Recommended Operating Condm s
NS )

PARAMETER | 15| # | DESCRIFTION / \ miN, | Tvp, | max.|units
fmaxt 1 | 11 | Clock Fraquency with Jiitemal Feedback = | 100 | 80 | MHz
fmax (External) 1 12 | Clock Frequency with Extemaf Feedback - | 70 | 50 | MHz
tsut - 13 SetupT'me beforé Extemeﬂ | 8ynch. Clock, 4PT bypass 9 6 - ns
tsu2 - 14 Setup 'i"me Before Exiamal Synch Clock 12 8 - ns
tsu3 - 9|1 3]=1|ns
tsus - ) me 9 - | ns
thi . _'o[d time after Extemal Synchronous Clock, 4PT bypass 2 -1 - ns
th2 Ho[d time after External Synchronous Clock 2 -1 - | ns
tha old time after Internal Synchronous Clock 8 2 - | ns
the 0~} /Hold time after Asynchronous Clock a1} -1]ns
twi I # External Reset Pulse Duration 10| 8 | -] ns
trw2 3 Asynchronous Reset Pulse Duration 10| 8 - | ns
twhi, twit 5% External Synchronous Clock Pulse Duration, High, Low 6 5§ | -] ns
twh2, twi2 % € Asynchronous Clock Pulse Duration, High, Low: 6 5§ | - | ns

2 4
1. External Parameipr{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,
6. Clock to output specifications include a maximum skew of 2 ns.
6. Refer to Switching Test Conditions section.

2-161 ] 1/92. Rev. A
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Using /O Celi
TEST4
PARAMETER conD.| # DESCRIPTION MIN. | TYP, |MAX.|UNITS
tsus - 27 | Setup Time before External Synchronous Clock & 0 - ns
tsue - 28 | Selup Time before Internal Synchronous Clock 0 -3 - ns
ths - 29 | Hold Time after Extemal Synchronous Clock 8 4 - ns
the ~ | 80 [ Hold Time after Internal Synchronous Clock 15} - | ns
twh3, twia - [81,82] Clock Pulse Duration, High, Low 2| - | 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.

2-162 1/92, Hev. A
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7 Over Recommended Operating Condmons

PARAMETER  |aeor’| # | 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 25 | ns

teot® 1 3 External Clock to Output Delay, ORP bypass 16 | ns

tco2’ 1 4 | Extemal Clock to Output Delay 20 | ns

tco3 1 5 Intemal Synch. Clock to Qutput Delay 28 | ns

tood 1 6 Asynchronous Clock to Quiput Delay 28 { ns

tri - 7 External Pin Reset to Qutput Delay 28 | ns |

tr2 - 8 Asynchronous PT Reset to Oulput Delay 30 | ns .

ten 2 9 | Inputto Output Enable ' 28 | ns ‘
10 | Inputto Oulput Disable ns j

\

PARAMETER st & . ) MIN. | TYP. | MAX.|UNITS

fmax4 1 11 | Clock Frequency with Intémal Feedback - | 70 | 50 | MHz

fmax (External) 1 12 | Clock Fre ushoy wnlh Extemal Feedback - 45 | 33 | MHz

tsut - pTi 14] 10| - | ns

tsu2 - 171 13] - | ns

tsu3 - { 13] 9 | - | ns

tsusd *-Setup :i"iine,béfore Asynichronous Clock 13 9| -~ | ns

thi | "Hold time affer External Synchranous Clock, 4PTbypass | 7 | 8 | - | ns

th2 18 |, Hold time after Externat Synchronous Clack 71 3| -1|mns

tha “49 | Hold time after Internal Synchronous Clock M| 8} < ns

tha 17, Hold time after Asynchronous Clock 1M1} 6| - | ns

trwi /[ External Reset Pulse Duration 15| 18] - | ns

trw2 Asynchronous Reset Pulse Duration 15 | 13 - ns

twhi, twii External Synchronous Clock Pulse Duration, High, Low 10} 8| - | ns

twh2, twi2 Asynchronous Clock Pulse Duration, High, Low 10 8 - ns

L

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, : N\

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.

2-163 . 1/92. Rev. A
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Using /O Cell
PARAMETER Test | # | pEscripmion MIN. | TYP. [ MAX.[URITS
tsus - 27 | Setup Time before Extemal Synchronous Clock 10 5 - ns .
tsus - 28 | Setup Time before Internal Synchronous Clack 0 -5 - ns
ths - 29 | Hold Time after External Synchronous Clack 12 6 - ns
the = | 80 | Hold Time after Internal Synchronous Glock B8 | - | ns
twh3, twia ~ |81,32| Clock Pulse Duration, High, Low 71 16 5 - 1 ns

1. External Parameters are tested and guaranteed,
2. See Timing Technical Note for further details.
3. Unless noted, all parametars use ORP, GRP fanout
of faur, PTSA, and are measured with 16 autputs switching.
4. Refer to Switching Test Conditions section.

2-164 . 1/92.Rev. A



T-6-1 9-07
Specifications ispLSI 1024

Y6E D EI 538bL949 000L598 5 TILAT

ey

2

. _ ~ :
i, - s~ i,

The Genetic Logic Block

The Generic Logic Block (GLB) is the standard logic block
of the Lattice High Density ispl.Si Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
most standard logic functions. The internal logic 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 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 of the 24 GLBs orinputs fromthe
external /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

tothefour GLB outputs. There are four OR gates, withfour,

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

Inputs From
Giobal Routing Pool

o

567891011131

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
concern is speed, the PTSA can use a bypass circuit with
four product terms to increase the performance of the celt
(see figure 4). This can be done .any or all of the four
outputs from the GLB. T

The Reconfigurable Reglsférs consist of faur D-type flip-
flopswithan ExclusnveJOR Gate onthe mput ‘The Exclusive
OR gate in the GLB can be used eﬂheras a logic element
or to reconfigure, the pe flip-flop to-emutate a J-K, or
T-type flip-flop- (See figure his-greatly simplifies the

design of counters, comparators and ALU type functions.
The reglsters an be bypassed if the user needsa combl-

Reconfigurable
Registers
D,J-K,and T

ZF =

Zk
ztan

3 4
Y4vAYS yzw pvAvavavivy

o o

Ta
2 Global

ing
Pool and

Output
Routing
Ot poot

{>xcz] xazl xXCX

AND Array

Sl
3

Contro! CLKO
Functions CLK 1 '
CLK 2 ]

PT Clock

PT Output . Quiput
Enable * Enable
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Figure 4. GLB: Four Product Term Bypass
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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, Output Three (O3)is configured
using the XOR Qate and Output Two (O2) is configured
using the four Product TermBypass. 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
developedinthe Control Function section. The clockforthe
registers can come from any of three sources developedin
the Clock Distribution Network (See Clock Distribution

Figure 6. GLB: Varlous Logical Combinations

Inputs From Dedicated
Global Routing Peol Inputs
~ Py
grererers ey BRUBLY
AVAVAVAVATAVAVAVAVEVAVAVAVAVAVAYA VARSON ey

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
comes from a product term within the block. Use of a
product termfor a control function makes that product term
unavailable for use as a Ioch form. Referto the following
table to determine which Jogic functiohs ar§ affected.

There are additional te”tures in a GL.B which allow imple-
mentation of logic | 1ntenswefuncmo ""These features are
accessible using’ theg hard Mar s:frorn the software and
require no intervention‘on the “partof the user.

3 4 4PT Bypass | |

4 Single PT

1 -7+4PT's | U
LT Dﬂ' X[P-0o

Contro}

PT Reset.
RESET

2-167
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Product Term Sharing Matrix
Product | Standard Configuration Four Product Tem Single Preduct Term XOR Function Alfernate
Term # Qutput Number Bypass Output Number Output Number Output Number Function
3 2 t o0 3 2 1 0 3 2 1 0 3 3 2 2 t+ 1t 0 0

0 " N NN n n n

1 " N NN | |

2 | N B B ] n S

3 | BN B ] n y

4 "N EN »n = /S

5 N NN n d

6 nE RN n

7 mEE N | |

8 H DN u B

9 H N u N [

10 HE RN n

11 n N NN n

12 R NN M CLK/Reset

13 mE RN ||

14 mE NN | | | ]

15 N NN ] | ]

16 | N I I ] n | |

17 HwEn |

18 H B NN u

19 H N NN B | B OE/Reset

This matrix shows how each of the prodd'ét: +GLB output one is used in the Exclusive OR (XOR) mode
inthe various modes. As an examplg; PradtctT can ” Product Term 12 becomes one of the inputs to the four
be used asan mput tothefive |nputOR gate] in’ he § ndard input OR Gate. If Product Term 12 is not used in the logic,
thenitis availablefor use as eitherthe Asynchronous Clock
signal or the GLB Reset signal.

12 isnotusedinthe fourpr'o dct’term bygaséinode When

2168 ' 192, Rev.A
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The Megablock

The ispLS! family is structured into muitiple “Megablocks”.
A Megablock consists of 8 GLBs, an Qutput Routing Poo!
(ORP) and 16 1/0 Cells. Each of these will be explainedin
detallinthe following sections. These elements are coupled
together as shown in figure 7. This logi¢ 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 resaurces. The eight
GLBs withinthe Megablock share two dedicated input pins.
These dedicated input pins are notavailable to 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 signalis generated withinthe

Megablock and Is common ta all sixteen of the /O Cellsin

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 following section on the Output
Enable Multiplexers). w*w\

Because of the shared loglcwnhm theMegablock signals
which share a common function.(counters; busses, etc.)
should be grouped witkiiiva Megablack. Xhis will allow the
user to obtam the best uhhzanon of the Togic within the

UbE D KEI 538L949 0001L0O2 3 ELAT

DEVICE MEGABLOCKS VO CELLS
IspLSI 1016 32
IspLSI 1024 48
ispLSI 1032 64
ispLS! 1048 6 96
fx}{i;\ ij‘ .
Figure 7, The Megablock / {W W8
> 4 GlB H GLB H GlLB H GLB
A H A5 H A6 H A7
AL iy Tty TIiy TiTT
P, Output Routing Poo} _
el T T T T T T T T 1
o Lo vo ol o vo o jjvo jlvo o j o { o fj o || o |} o {] o
N Cell}|Cell]jCell||Celi}| Cell| | Celi[{ Cell| | Cell} | Celtj} Cell} | Cell{{ Cell] | Cell || Celi} | Cell } | Cell
Q U S | I 3 4 5 6 7 8 g 1011 ] 12} 13|14 || 156
&/
Note: The inputs from the I/O Cell are not shown in this figure, they go directly to the GRP. -
~
l
. 1/92. Rev. A
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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 simultaneously control all of
the 16 1/0 cells which are used in 3-state mode. Individual
VO cells also have independent control for permanently

Figure 8, Output Enable Controls

enabling or disabling the output buffer (Refer to the /O Celt
Section). Only one OE signalis 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 praduct terms for use as
loglc. g |

A0 Al A2
OE OE OE

(VO[O Vot Lio] (o | 1o

2170 1/92. Rev. A
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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 8). 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 l/O Cells. Further flexibllity 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 thg’devige. The ORP bypass
connectspecific GLB outpytstd specific /O Cells ata faster
speed. The bypass pathtends ib-{estriég the routability of
the device and should*o"‘nl{ b'e,ysed,,gg}j;iﬁcal signals.
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VO Cell

The VO Cell (see figure 11) is used to route input, output
or bidirectional signals connected to the /0 pin. The two
loglcinputs come fromthe ORP (ses 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) whena
straight output pin Is desired, or logic low (Disabled) when
a straight input pin is needed. The Global Reset (RESET)
slgnal is driven by the active low chip reset pin, Each /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

From Output
Routing Pool ™|

Using the multiplexers, the I/O Cellcanbe configured as an
input, an output, a 3-stated oulput 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 illustrates some of the various
VO cell configurations possible

There is an Active Pullup resistat'on the l/O pins which is
automatically used when, the” pin Is niat connected. This
prevents the pin from/ﬂoatmg and mducmg noise into the
device or consuming’add :onal power,” #

Active
Pull Up

From Output
Routing Pool —
Bypass

To Global
Routing goqg

|
t

T Note:
® Represents an E2CMOS Cell,

2172
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Figure 12, Example /O Cell COnﬁgurations

Bi-Directional
e

Input Buffer - Output Buffer
o> of— 2
1/O Cell o
Clock D > | Pin )
Inverting Output Buffer
Latch Input
D af—
1/Q Cell :
Clock p Output Bufferwnh \ OCell”__ b
3-State Enablg:, {X ;c?ck
Registerad Input

Input Cells Bi-Directional Cells
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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 I/O Cells in the device. There are four
dedicated systam clock pins (Y0, Y1, Y2, Y3) which canbe
directed to any GLB or any /O Cell using the Clock
Distribution Network, The other inputs to the Clack Distri-
bution Network are the 4 outputs of adedicated clock GLB
("B4" forispLSI 1024). These Clack 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 signat 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, CLK2 0rIOCLK 0, IQCLK 1 global
clocks.

Ty,
Yo
&Y
M’*t»%

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 correspanding inputs on alf
the GLBs (see figure 3).

The two 1/O clocks generated in the Clock Distribution
Network IOCLK 0 and IOCLK 1 -are brought toall64 ofthe
/O cellsandthe userprogramsthe 1is] cellto useone ofthe

two. \ \
Global Routing. :

The Gilobal unﬁrig ool-(GRP) i$ .4 Lattice proprietary
lnterconneqtsfructur whlchoffe Tast predictable speeds
with complete canriectivity. 'fhe GRP allows the outputs
from the GLBS or the 10 celhnputs to be connected to the
mputsofthe GLBs:Any GLB output s available to the mput

gg)fiall other. GLBs and similarly an input from an 1O pin is
&

lable as “an. mpu”t to all of the GLBs. Because of the

.Houtlng Pool are both consistent and predict-

\;g\tfle -However, they are slightly affected by fanout.

p2d

‘/?‘Genenc Logic
L.~ Block "B4*
.00 01 02 03

s

&

» CLKO

» CLK 1

> CLK 2

»|OCLK 0

» [OCLK 1

Dedicated Clock
Input Pins

,
-~

{ |
! |
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A security cell is provided in the ispLS! devices to prevent
unauthorized copying of the array patterns. Once pro-
grammed, this cell prevents further read access o 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.

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 completely transparent ta the user,

Late AR ETo et (T |

IspLS! devices are designed with an on-board charge

pump o negatively bias the substrate. The negative biasis

of sufficient magnitude to prevent input undershoots fro
causing the interal circuitry to latchup. Additionally, 6ut-
puts are designed with n-channel pull-ups instead of the

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

SCR induced latching.

7-96-19-07
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The ispLSl devices are the in-system programmable ver-
sion of the Lattice high density programmable Large Scale
Integration (pLS!) 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 pattern even when the
power is turned off.

Allnecessary programmmgé/ one via five FTL level lagic
interface signals, These i SIQnals arg f¢
chip programming clrcumy wherea’s machine controls
the programming. . The simple sngn‘als forinterface include
isp Enable (ispEN), Serial, Data In (SD}), Serial Data Out
(SDO), Serial Clagk (SCLK)-and Mode (MODE) control.
Figure 17.illustrates, the block-diagram of one possible
scheme ofthe program ing interface for the isp devices.
For cLe ils on the operatlon of the internal state machine
anﬂ-lprogrammlng oE the device please refer to the in-

progtammlng application note.
:5"'5/

ispEN

ispLSI ispLSI

2475 1/92. Rev. A

yrry



en n= T-46-/9-07
Laa‘aafge . Specifications ispLSI 1024
__LATTICE SEMICONDUCTOR WLE D X 538k949 0001609 b CILAT

v

119... High Order Shift Register
239... Low Order Shift Register

Data in
(sbn

vy

Address Shift Register

e o

14
$DO

Note: A logic *1" in the address shift register enables the row for programming or verification. ’\\
Alogic "0” disablesit. . : \
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SYMBOL PARAMETER CONDITION ¢ | MIN. | TYP. | MAX, | UNITS
Vcep Programming Voltage 475 5 5.25 \'
lccp Programming Supply Current ispEN - 50 100 mA
ViHP Input Voltage High 20 - | Veer| V =
ViLp Input Vopftage Low v e
ip Input Current pA
VoHpP Output Volatge High low = -3.2mA v
VoLp Output Voltage Low lo =5 MA v
td Pulse Sequence Delay us .
tisp ispEN to Output 3-State us
tsu Setup Time Is
th Hold Time R us
toik Clock Pulse Width ' s us
towv Verify Pulse Width Al N ps
towp Programming Pulse Width ASY ms
toew Bulk Erase PulseWidth | NN ms
trst Reset Time From Valid Vggp A TN s

2177 ) 1/92. Rav. A
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Figure 19, Timing Waveform for Isp Operation

o —

Md—
Unlt:‘%eu(: ‘\,IT. S/ // isalS! Pins are 3-Stated During Programming /////// X N

Unused YOH
Output VoL m
]

iSpEN ‘0::

Vid
VviL

VIH
ViL

MODE

SDI

VIH
CLK
S VH

e
P

i gt; State {Pfogram, Verity or Bulk Erase Instruction)
MODE 7 2/ N
. le- tpwp, toew, or tpwy
8DI N\

t—1tclk —bl
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V043
V0 44
V0 45
Vo 48
Vo 47
INS
Yo
vCG
GND
ispEN [
RESET []
SDUINO []
voo [
1 [
2 [
vos
104 [

25
26

(k/‘; \ \ Dimensions in inches MINJMAX. 020
0.048-y 450 Minimum
- / g = no Typloal o]
SR —
7140 © ‘*‘
0.985 0.950 0.80
0.595 0.958 0.930
R S —t
0950 | 0.090
1
0.958 000} %120
0985 0165
0.995 ! )
Base Plane
Saating Plane
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Package Diagrams e 7/

44-Pin PLCC

Dimensions in inches MIN./MAX. 020

91048 x 450
0.042 050 Mf'—‘i"'l‘-’m
- - Typical
—t -
' 0.590
0.630

o° 7
590
630

1 -t
Y 0.090
r 0.656 0.120
0.685
! 0——.695 0 165
Base Plane

Seating Plane

-Pin PL
Dimensions in inches MIN./MAX. 020
0.048 , 45° Minimum
0.042 050 -I '-
1 ——— Typical
, Lt (]

| 0.950 | X
! 0.958 L -
0.985 -~
' 0.995 — 0.165
Base Plane
Seating Plane
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Package Diagrams
[
-q90-20 T -
84-Pin PLCC 7704
Dimensions in inches MIN./MAX. 020

%8742 X 45°— 050 Minimum
. 'w Ti;pical -.I r-
e

-

1.150 |
1.156 A
1.185

1.195

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

" Dimensions in inches MIN./MAX,

: .
1218 1.098 55 7
1238 1106 S I
: 0.060
: F 0.095
: l__o.ow
= 0.013 x
S 0 \
3 0.125
L'o.144
Detail A
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