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LATTICE SENICONDUCTOR
Features::

« in-system programmable HIGH DENSITY LOGIC

— Member of Lattice’s ispLSI Family

~— Fully Compatible with Lattice's pLSI™ Family

— High Speed Global Interconnects

— 64 /O Pins, Eight Dedicated Inputs

— 192 Registers

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

— Small Logic Block Size for Random Logic

— Security Cell Prevents Unautharized Copying

» HIGH PERFORMANCE E?CMOS® TECHNOLOGY

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

— Low Power Consumption (lec 135mA Typ.)

- 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

SPEED OF PLDs WITH THE DENSITY AND FLEX~
IBILITY OF FIELD PROGRAMMABLE GATE ARRAY

Logic and Structured Designs .
— 100% Routable at 80% Utilizatfon
— Four Dedicated Clock Input Plns

* pLSVispLSI™ DEVELOPME F SYSTEM (PDS™)

— Boolean Logic COmplIer
— Automatlic Place and Rauté
— Manuia! Pamtlonlng V4

—PCPlatfarm” 77
— Easy to Usé Windows Interface

« ADVANCED pLSstpLSl DEVELOPMENT SYSTEM

— Industry Standard, Third Party Design Environments
— Schematic Capture

— Fully Automatlc Partitioning

~~ Automatic Place and Route

— Comprehensive Lagic and Timing Simulation

— PC and Workstation Platforms

LEE D KM 5386949 DUULSEB

ispLSI” 1032

in-system programmable Large Scale Integration
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The{amce lspLSI 1032 is a High Densnty Programmable
ogic Device featuring 5-Volt in-system programmability
ndin-systemdiagnostic capabilities. The device contains
192 Registers, 64 Universal VO pins, eight Dedicated input
Pins, four 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 to provide truly
reconfigurable systems. Itis architecturatly and parametri-
cally compatible to the pL.SI 1032 device, but muitiplexes
four of the dedicated input pins to control in-system pro-
gramming.

The basic unit of logic on the ispLSI 1032 device is the
Generic Logic Block (GLB). The GLBs are labeled A0, A1
.. D7 (see figure 1). There are a total of 32 GL8s in the
ispL.SI 1032 device. Each GLB has 18 inputs, & 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
GLB outputs are brought back into the GRP sa that they
can be connected to the inputs of any other GLB on the
device.
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The device also has 64 /O Cells, each of which is directly  Iatched input, output or bi-directional VO pin with 3-state.
connected to an I/O pin, Each 1/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. ispLS1 1032

VOVovQLVO KOVOWOUO ININ
65646352 51504948 7

reser | [] EEEENEEEER
Generic . .
Logic Blocks Qutput Routing Pool
(GLBSs)
D7 {]oe[|ps [{p4 [Ip3 ] D2 [] o1 [ IN5
i g IN4
] ] | voar
R =
] ] | voss
o | | V045
= ] | vods
] 7] | voaa
== 1 ] 5 —= | =
1| 8 ¢ 31| vos
a o P | vost
| o o | b=
Y- C4 § [l | o
o o 1 1 =] o
] g c3 g ] | voae
-l =3 — o |Eo) | voss
| 3 3 ] | voar
= c2 = B Rk
) | H
= Ct ] | voss
oo 11 = V0 34
1 Vo a3
] co
L] ] | vos2
; Ve Ui T VT | il axe_
[de2]lB3a[lBa[IBs]]B6[|B7] | cick [HC .
Distribution |82,
Netwre T
Qutput Routing Pool —
[T (00 000 Cor0) oD Corm
VOVOUQVO UOVOVOUO LOUOWOVO WOUQNOUO Y Y Y Y
SDO; scLw 16171819 20212223 24252627 28293031 041 2 3
N2 IN3
2-96 1/92, Rav. A

This Material Copyrighted By Its Respective Manufacturer



Lattice

LATTICE SEMICONDUCTOR
Description(continued) ¥l

The 64 /O Cells are grouped Into four sets of 16 each.
asshowninfigure 1. Each ofthese /O groups is associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a cammon 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 /O cells
by the ORP. TheispLSI 1032 Device contains fourofthese
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.

T-46-19-07
Specifications ispLSI 1032
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Clocks in the ispLSI 1032 device are selected using the
Clock Distribution Network. Four dedicated clock pins
(YOto'Y 3) are broughtinto the 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 bé dnven from a
special GLB (CO on the ispl.S! 1032 device). The logic of
this GLB allows the user to create an intemak clock from a
combination of internal sxgnals wrth ithe dewc

: s
programmable Large Scale. Integrahon (fspLSI) family.
This family contains a range of devices from the ispLS!
1016, with 96 registérs;-to the:, |spLSl 1048 with 288
registers. The ispL.S1 Family Product Selector Guide helow
lists key attributes of the devnces ‘along with the number of

DEVICE

ispLS! 1048

GLBs

48

Registers

288

/O Pins

Dedicated Inputs

Pin Count

Ordering Informatiori=y |

Devnce Number -

Speed, -
= =80.= 80 MHz fmax
* 250 = 50 MHz fmax

Blank = Commercial
Package

J=PLCC
Power

L =Low

2-97
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LATTICE SEMICONDUCTOR
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Name PLCC Pin Numbers Description

¥o0-1/03 26, 27, 28, 29, Input/Output Pins - These are the general purpose I/O pins used by the

VO4-.1/07 30, 31, 832, a3, logic array.

708-v0 11 34, a5, 3 37, 7

10 12-1/0 15 38, 39, 40, 41, A qj,é {

/0 16- /O 19 45, 46, 47, 48, /}> \

/020-1/023 49, 50, 51, B52, 4 TR,

VO 24 - /O 27 53, 64, 55 6, RSNV

/O 28 - /O 31 57, &8, 59, 60, V‘} /

VO 82 /0 35 68, 69, 70, 71, ‘§} ‘

/0 36 - 1/Q 39 72, 73, 74, 75

/O 40-1/0 43 76, 77, 78, 79,

/O 44 - /O 47 80, 81, 82, 83,

1O 48 -« 1O &1 3, 4, 5 .86,

/O 82 - 1/O 55 7, 8, 9, 10,

/0 56 - /O 59 11, 12, 13, 14,

/0 60 - 1/0 63 15, 16, 17, 18

IN4-IN7 87, 84, 2, 19

ispEN 23 Input »Dédic ;\den-sygtgm'programming enable input pin. This pin
Is bréught low-to énable‘the programming mode. The MODE, SDI,
SDQ-and SOLK aptions become active.

SDIIN O 25 ~Input=This pin pérforms two functions. itis a dedicated inputpin when

7 <jspE -jslogie b/ig'h. When ispEN is logic low, it functians as an input
s, Binto load grogramming data into the device. SDVIN Q also is used as
‘ons,of the two control pins for the isp state machine.

N Ir;xgu?iﬁispin performs two functions. Itis adedicated input pin when
iSpEN’is legic high, When IspEN is logic low, it functions as a pin to

%, cgritrol the operation of the isp state machine. -

-éf/ﬁ\putlomput ~This pin performs two functions. It is a dedicated clock
input pin when ispEN is logic high. WhenispEN is logic low, itfunctions
as an output pin to read serial shift register data.
Input — This pin performs two functions. It is a dedicated input when
ispEN Is logic high. When ispEN is logic law, it functions as a clock pin
for the Serial Shift Register.

MODE/IN 1 42

SDO/IN 2

SCLK/N 3

RESET Active Low (0) Reset pin which resets all of the GLB and VO registers
in the device,

Yo 4 Dadicated Clock input. This clock input is connected to one of the

a clock inputs of all of the GLBs on the device,
Y14, Y Dedicated Clack input. This clock input is brought into the clack
AN distribution network, and can optionally be routed to any GLB on the
device,

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 Cell on the device.

Y3 62 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any I/O Cell on the
device.

GND 1, 22, 43, 84 Ground (GND)

Vee 21, 65 oo

2.08 1/92, Rev, A
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Absoluté Maximunm Rating syl mies S & m e o e X s By crai il o 2t

Supply Voltage Vege v e vcvvrencnsisass . -0.8510 +7.0V
Input Voltage Applied. .. .. vereeenes25t0 Voo +1.0V
Off-State Output Voltage Applied...... .-25to Vgg +1.0V

Storage Temperature . ......ovveese0. . ~6510125°C
Ambiant Temp. with Power Applied........-55t0 125°C

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

SYMBOL PARAMETER

TA Ambient Temperature 70 °C
1 Vce Supply Voltage 4.75 5.25 \

ViL Input Low Voltage 0 0.8 v

VIH Input High Veltage 20 Vee V'

MAXIMUM! UNITS | TEST CONDITIONS
8 pf Veo=5.0V, Vy=2.0V
10 pf Vee=5.0V, VI/O, Y=2.0V

.

pecification SN
2.4
TER. MINIMUM MAXIMUM UNITS
Data Retention .~ 20 - YEARS
Erase/Reprogram Cycles - 1000 CYCLES
2.99 1/92. Rev. A
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LATTICE SENICONDUCTOR
Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 3ns 10% to 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V
Output Load See I'-"ughre 2

3-state levels are measured 0.5V from steady-state

active level.

Output Load Conditions (see figure 2)

Device

Output

Probe Tota! Cap:

Test Condition R1 R2 CL
1 470Q 390Q 35pF
2 Active High ©co 3900

Active Low 470Q 390Q

Active Highto Z oo 390Q
3 | atV,,-05v

Active Lowto Z 470Q 390Q

atV, +0.5V

DC ElecmcaLCharactenstlca N

*CL Indicates Test: Fixture and"

SYMBOL CONDITION MIN. | TYR, | MAX. | UNITS
VoL Jo =8 MA. - - 0.4 v
VoH logs =-4 MA. 24 - - v
L lnput of /0 Low Leakage Current 0V <V, SV (MAX.) - - -10 MA
I ” Input or VO High Eeakage Current Vi S Vi S Ve - - 10 pA
lost utpit Shart Gircuit Current Voo = 5V, Vour = 0.5V -60 - 200 | mA
lcee, ‘Operaling Power Supply Current Vi = 0.5V, Vy=3.0V - 135 195 mA
£ Frocae = 20 MHz
1. One outpurat a time for a maximum duration of one second. (Vout = 0.5V)
2, Measured ata fraquency of 20 MHz using eight 16-bit counters.
1/92. Rev. A
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Over Recommended Operatmg Condmons

PARAMETER  |oen. | # DESCRIPTION UNITS
tpdi 1 1 Data Propagation Delay, 4PT bypass, ORP bypass ns
tpd2 1 2 Data Propagation Delay ns
tco16 1 3 External Clock to Output Delay, ORP bypass ns
teo28 1 4 Extemal Clock to Output Delay ns
tco3 1 5 internal Synch, Clack to Output Delay ns
tcod 1 6 Asynchronous Clock to Output Delay ns
trl 1 7 External Pin Reset to Output Delay ns
tr2 1 ] Asynchronous PT Reset {o Output Delay ns
ten 2 |9 Input to Output Enable ns
tdis 3 |10 Input to Quiput Disable ns

PARAMETER conn.| # MIN. | TYP. | MAX,|UNITS
fmaxé 111 e - | 100 | 80 | MHz
fmax (External) 1 Clock Frequency wﬁh Extemal"Feedback - 70 | 50 | MHz
tsut - Selup:Time belore Extarnal Synch. Clock, 4PT bypass 9 6 - | ns
tsu2 - Selup Ti Time before External Synch Clock 12| 8] -1 ns
tsus - Setup Tlme befors’ Tnternal Synch. Clock 9 3 - ns
tsud - Timg efare Asynchranous Clock 9 4 - ns
thi *Hold tima dfter External Synchronous Clock, 4PT bypass 2 |14} ~| ns
th2 old tifhe after External Synchronous Clock 2| 4] -] ns
tha _Hold time after Internal Synchronous Clock 8|2 | ~-]ns
thd “Hold time after Asynchronous Clock 8] 1] ~1]ns
trwi External Reset Pulse Duration 10| 8| - | ns
tow2 Asynchronous Reset Pulse Duration 10 8 - ns
twhi, twit 2 -~ |28,24] Extemal Synchronous Clock Pulse Duration, High, Low 6 5 - ns
twhe; twl2 y - |25,26] Asynchronous Clock Pulse Duration, High, Low 6 | 5| -1 ns

1. External Paramaters are tested and guaranteed.

2. See Timing Téchnical Note for further detalls.

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 feadback.

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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Using VO Cell
PARAMETER E%?;B' # DESCRIPTION
tsus - 27 | Setup Time before External Synchronous Clock
tsus = | 28 | Setup Time before Internal Synchronous Clack
ths - 29 | Hold Time after External Synchronous Clock
the - 30 | Hold Time after Internal Synchronous Clock
twh3, twia —~ 131,32} Clock Pulse Duration, High, Low

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,

2-102
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LATTICE SEMICONDUCTOR
External Switching Characteristicg112:3)
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Over Recommended Operatmg Condmons

PARAMETER  |1eoT®l # | 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 - | 19125 | ns
tco1s 1 | 3 | External Clock to Output Delay, ORP bypass - {12116 |ns
tco2s 1 4 | External Clock to Output Delay - 118 ns
tco3 1 5 | Internal Synch. Clock to Output Delay ~z1.21 | 284 ns
tcod 1 6 Asynchronous Clock to Qutput Delay - E 21 [228°| ns
tr1 - | 7 | External Pin Resst to Output Delay 12|28 | ns
tr2 - 8 Asynchronous PT Reset to Output Delay “24”| 30 | ns
ten 2 | 9 ! Inputto Output Enable 21} 28 | ns
tdis 3 | 10 | Inputto Output Disable 21 | 28 | ns

Over Recommended Operatmg Condmons

PARAMETER st # | DESCRIPTION.. MIN. | TYP. | MAX.|UNITS
fmax4 1 11 | Clock Frequency with Intemal Feedback - 70 | 50 | MHz
fmax (External) 1 12 | Clock Frequency with Exte_mal Feedback - 45 | 33 | MHz
tsul - 13 | Setup Time before External Synch. Clock, 4PT bypass 14| 10 - ns
tsu2 ~ | 14 | Setup Time before External Synch Clock 17| 13| = | ns
tsu3 ~ | 15 Sétup Tima befare Intemal Synch, Clock 13 9§ ~|ns
tsua - | 161 Setup Time before Asynchronous Clock 13 9 - ns
thi ~ |- 17 | Holdtime after External Synchronous Clock, 4PT bypass 7 3 - i ns
th2 ‘= | 18 |.*Hold time after External Synchronous Clock 7| 3| -] ns
ths =~ |19 '} -Hold time after Internal Synchronous Clock 111} 6 - | ns
th4 == 20 "Hold time after Asynchronous Glock " ] - ns
towt ‘= | 21 | External Reset Pulse Duration 1513 - | ns
tw2 - - -1 22 | Asynchronous Reset Pulse Duration 15 | 13 - ns
twhi, twit = |23,24| Extemal Synchronaus Clock Pulse Duration, High, Low 10l 8 - | ns
twh2, twi2 ~ |25,26] Asynchronous Clock Pulse Duration, High, Low 10! 8] -1 ns

1. External Parém?eterS 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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Using /O Cell
PARAMETER 2%?,'3_ # | DESCRIPTION MIN. | TYP. | MAX.{UNITS
tsus = | 27 | Setup Time before External Synchronous Clock 10 5 - ns
tsu6 - | 28 | Setup Time before Intemal Synchronous Clock 0 | 5] - ns
ths ~ | 29 | Hold Time after Extomal Synchronous Clock 12 4 - 1 ns
the ~ | 30 | Hold Time after Internal Synchronaus Clock 20 -~ | ns
twh3, twia —~ 131,32} Clock Pulse Duration, High, Low 110-| 8] | 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.

2104. 1/92. Rev. A
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Architectural Descriptionigs

The Generic Logic Block

The Generic Logic Block (GLBY) 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 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 32 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
tothe four GLB outputs. There are four OR gates, withfour,
four, five and seven product terms (see figure 3). Th

nputs From

%‘

'r_;,-:ng T o i

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 perfarmance of the cell
(see figure 4). This can be done to any orall of the four
outputs from the GLB.

The Reconfigurable Reglsters con of four D-type flip-
flops withan Exclusive ORGateomhe lnput The Exclusive
OR gate in the GLB can bs used eitfier as alogic element
or to reconfigure the D-type flip-flop-t& ‘emulate a J-K, or
T-type flip-flop (see figtire. 5), This.greatly simplifies the
design of counters, comparat 5. and ALU type functlons

the Global Routiig Pool aid Is also brought to the 1/0 cells
via lhe Output Routing Pool. Reconfigurable reglsters are

outing Pool Hmmdmumue
0 l 23458789 101112 qua and T
YAVAVAVAVAVAVAYAVAVAVAY.
=1
* oQ X o3
l ) _I:l_b_ To
a o2 Global
o Routing
Pool and
[ hal Eﬂ_£>_ Hodm;
|DQI X o1 Poal
inel' xpP- 00
N 9.
AN ;;? AND Array
27 PT Resat '
RESET
Controt CLKO
Functions CLK1 '
CLK2 J
PT Clock
PT Cutput 5 Cutput
Enable Enable
2105 1/92. Rev. A
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Inputs From Dedicated
Global Routing Paol fnputs
- Product Term Sharing
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Figure 5. GLB: Exclusive OR Gate
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The Generic Logic Block (continued)

The PTSA Is flexible enough to allow these features to be
used in virtually any combinatlon 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
usingthe 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
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: Various Logical Combinations

Network Section) or from a product term within the GLB.
The Reset Signal for the GLB can come fram the Global
Reset pin or from a product term within the block. The
Output Enable for the I/O cells assomated ‘with the GLB
comes from a product term within the black. Use of a
product term for a control function makesthatproductterm
unavailable for use as a logic term:Refer, fo the following

table to determine which loglc funcilons aré aﬁected

\ w, O
There are additional features inaGLB wh?éh allow nmple-
mentation of logic intensive funcuons fT hése features are
accessible using thé hard Macros from the software and

require no Intervenllg:;l on th;;a};;of the user.

Inputs From Daedicated
Qlobal Routing Pool Inputs
o
0 1t 23 45678 9 1011121314 1518 17
LLJ.J.‘.L‘aJ.-L.LJ-.LLJ..L.L.L‘.’.J.
N MM MM MM MMM MMM MMM M
Wls
M
U
fEjy
9 u
Q 2
hj
N M
1 -1~
7 + 4 PT" u
11 carrs 1] ia l X700
PT Reset
( RESET:
% 7 Cantrot CLKO
N Sn Funcions | GLK1 ]
Y CLK2 |
J PT Clock
hd PT Output ) . Output
Enable " Enable
2-107 1/92. Rev. A
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LATTICE SEMICONDUCTOR
Architectural DescriptiorigRe o7

Product Term Sharing Matrix

Product
Term #

Standard Contiguration
Output Number
2 1 0

(4]

Four Product Term
Bypass Output Number

3 2 1 0

Single Product Term
Output Number

3 2 1t 0

XOR Function
Output Number

3 8 2 2 1 1

o 0

~Nooe W =0

M CLK/Reset

M OE/Reset

&
This matrix shows how each of the product terms are u
inthe various modes. As an example, Product Term 12 cay
be used as aninputto the five input QR gate in the standard
configuration. This OR gate undef standard configiration
canbe routed to any of the four GLB outputs: Product Term
12 Is notused in the four product term bypass mé:

)

0de. 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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The Megablock

The ispLSI family is structured into multiple “Megablocks”.
A Megablock consists of 8 GLBs, an Output Routing Pool
(ORP) and 16 }/O Cells. Each of these willbe explained in
detailinthe following 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
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 notavaifableto GLBsinany
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 to all sixteen of the /O Celis in
the Megablock The Output Enable signal can be gener-
ated using a product term in any of the elght GLBs within

shauld be grouped within: a Megablock Thls' will aIIow the
user to obtain the best utilization"of ‘the Togic within the
device and eliminaté routing bottlengcks.

DEVICE 7 MEGABLOCKS VO CELLS
ispLSI 1016 2 32
ispLSI 1024 3 48
lspLSI 1032 4 64
ispL.Sl 1048 6 96

Figure 7. The Megablock
Gte H ald a8 H ate H aB H 6B H @B
A0 H. A A3 H A4 A5 H A6 H A7
L1 Ly JT e TPl JT1 P11
Output Routing Pool
de A b 1 1 b 1 1 [ T T T T
o ||[votlvo ftiro lfo jjuo || vo | vo |l vo tf o | o || vo i vo (i vo §{ vo if vo
_{Celi}|Celt}[Cell] [ Cell| | Celi| | Cell ] [ Celt| | Cell | | Cell |} Cell | [Cell| | Celi} | Celt} | Cell] | Cell{ | Cell
10 |0 4 2 3 4 5 6 7 8 9 10 ]| 111121311141} 15

Nﬁteg Thg‘/'inputs from the I/O Cell are not shown in this figure, they ga directly to the GRP.

2109
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Architectural Descriptioni# -

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 afl of
the 16 1/O cells which are used In 3-state mode. Individual
/O cells also have independent contral for permanently

Figure 8, Output Enable Controls

T-0649-07
Specifications ispLSI 1032
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enabling or disabling the output buffer (Referto the 1/Q 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. 4

A0 Al A2
OE OE

ol 1ol fvoy Vo (Vo |O

10 11 12 13 14 15

2110
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The Output Routing Pool

The Output Routing Pool (ORP) routes signals from the
Ganeric Logic Block outputs to 1/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 proagrammable switch matrix in figure 9,
it can be seen that a GLB output can be connected to one
of four I/O Cells. Further flexibility is provided by using the
PTSA, (Figures 3 through 7) which makes the GLB outputs

Figure 9. Qutput 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 tendst strict the routability of
the device and should onfy be used for critical signals.

Sy et

0123

A0 At A2 A3

Y-..Y)

0123

2111
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/O Cell

The /O Cell (see figure 11) is used to route input, output
or bidirectional signals connected to the /O pin. The two
logicinputs 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 setto a logic high (Enabled) when a
straight output pin is désired, 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 /0
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

CE

From Output
Routing Pool —
MUX

| T-469-07
Specifications ispLSI 1032
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Using the multiplexers, the /O Cell canbe 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;fiop to store the
in-coming data. Figure 12 illustrates som “of the various

/O cell configurations possible. / p,
&

There is an Active Pullup resistor 6n the- /O ptns which s

automatically used when the’pin.is not cor gct’ed This

prevents the pin from ﬂoaung and’ mducmg noise into the

From Output
Routing Pool =7

Bypass :

Tg Global

MUX

Reset

T Note:
] ® Represents an E2CMOS Cell.

2112
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Figure 12, Example /O Cell Configurations
[P >— > - [Fin) o
’ /O Pin
Input Buffer Output Buffer \

j »

> o L
VO Cell /gmgcﬁonal
Clock p } / QM Jikotina

Inverting Output Buffer egistered Input

?5; R :}
EDpro— RN e AN HeH
f R e % /

Latch Input

ook — L
tput Buffar withs™ ™ S e
3-State Enabile™, Clack P
Registered Input ) yg{»\
4 %
Input Cells Outgut Célls S Bi-Directional Cells

; 6}“@%§§§§%? V"y\y’“{?
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Clock Distribution Network

The Clock Distribution Network is shown in figure 13. It All GLBs also have the capability of generating their own
generates five global clock signals CLK 0, CLK 1, CLK 2 asynchronous clocks using Product Term 12. CLKO,
and IOCLK 0, IOCLK 1. The firstthree, CLK0,CLK1and CLK 1 and CLK 2 feed to their corresponding inputs on all
CLK 2 are used for clocking all the GLBs in the device. the GLBs (see figure 3).
Similarly, IOCLK 0 and IOCLK 1 signals are used for /
clocking all of the /O Cells in the device. There are four The two /O clocks generated in the:Clack Distribution
dedicated system clock pins (Y0, Y1, Y2, Y3) whichcanbe Netwark IOCLK0and IOCLK 1, aré brotight fo alt 64 of the
directed to any GLB or any /O Cell using the Clock VO cells and the user programs | the IIO Celltousegne ofthe
Distribution Network. The other inputs to the Clock Distri-  two. When the Dedicated Clock Inpit pins Y2.0r Y3 are
bution Network are the 4 outputs of a dedicated clock GLB
("Co" forisplS11032). These Clock GLB outputs can be
used to create a user-defined internal clocking scheme,

Typically the clock GLB will be clocked using an extemal
main cloek pin YO connected to global clack 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 connected to CLK 1, CLK 2 orIOCLK 0, IOCLK 1 global
clocks,

Figure 13. Clock Distribution Network

0§
{ “Block*Go"
\ 00,61/ 02 03

> CLK O
» CLK 1
Q- » CLK 2
g »|OCLK 0
—» |OCLK 1

N, ty /4}
N 7 Dedicated Clock
57 Input Pins

Note: Y3 pin should always be used first as an 1QOCLK 0 or IOCLK 1 before using Y2 pin.

2414 1/92. Rev. A
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Global Routing Pool

The Global Routing Pool (GRP) is a Lattice proprietary available as an input to &ll of the GLBs. Because of the
interconnect structure which offers fast predictable speeds  uniformarchitecture ofthe ispLS! device, the delaysthrough
with complete connectivity. The GRP allows the outputs the Global Routing Pool are bath consistent and predict-
from the GLBs or the I/O cell inputs to be connectedtothe  able. However, they are slightly affected by fanout. See the
inputs of the GLBs. Any GLB outputis availabletotheinput  fanout delay graph (Figure 14).
of all other GLBs, and similarly an input from an I/Q pin is

Figure 14. GRP Delay vs Fanout
7 —

6 e
ispLSI 1032-50

(o)}

H

GRP Delay (ns)
w

n

16
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Figure 15. IspLS| Timing Model
VO Cell GRP ! Generlc Loglc Block ! ORP ! vocell
. #50
@ = ! i Pro:lsu?:t Torm 435 ; Output Routing
e | Bypass Delay prE— Poo; 5!?)'elay
M3 ! Da Output Routing .

XOR Dolay Pooi Bypass De'ay

348 Leaq, 145,845

[exvo >—
[exvive.
CLKY2,Yap-223

RESET <

N m/éféxamples are shown for the critical timing
simple and straightforward. The device timing madel is3.palhs used as Data Sheet parameters. Note that the
shown in figure 15. To determine the time that it,take'é'for,.g%.jhtgrﬁ“gﬁtiming parameters are given for reference only,
datato propagate throughthe device, simplydgté’rmi’;ﬁetha aggyai‘é not tested. (External timing parameters are tested
path the data Is expected to follow, and a the varig arid guaranteed on every device.)

The task of determining the timing through the device-_[’s{%imes.’*-

tpdi1 = tb + tapt  + tgbp + texbp +  ftob
# = #48 + #33 + #35 + #51 + #49
15ns = 2 + 6 + 0 + 0 + 4
tpa2! = tor20 + tgp + tmx o+  tob
#2 = #34 + #35 + #50 + #49
20ns = 7.5 + 0 + 1 ¥ 4
tor20 + tgsu
#34 + #38
75 + 0
'
torzo - tgyo - ftgsu
#34 - #52 - #38
75 - 4 - o
= tob
#4 = #52 + #37 + #50 + #49
13ns = 4 + 2 + 1 + 4
NOTE:
1. The intemal delays are rounded and do not necessarily add up to the tested external delays.
2-116 7 1/92, Rev. A
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Switching Characteristic SN g

Internal Timing Model Parameters are not tested and are for reference only
Generic Logic Block (GLB)*

PARAMETER ¥ DESCRIPTION MIN. | MAX | UNITS
tapt 33 4 Product Term Delay ns H
txor20 34 20 Praduct Term Delay ns
tobp a5 GLB Register By-Pass Delay . ns
tgib 36 GLB Feedback Delay " ns
tgco 37 GLB Clock to Output Delay ns
tasu 38 GLB Setup Time before Clock ns
tah 39 GLB Hold Time after Clock ns
Reset Delays
PARAMETER # DESCRIPTION MAX, | UNITS
tgar 40 GLB Global Reset Delay ; 12 ns
tgar 4 GLB Asynchronous Reset Delay, - 4 9 ns
Input/Output Cell (VO Cell)
PARAMETER # OR MIN. | MAX. | UNITS
tlat 42 1/Q Cell Laich Delay - 1 ns
tiobp 43 VO Cell Register Latch By-Pass Delay - 0 ns
tiosu 44 /O Cell Setup; Time before ClockiLE 0 - ns
tioh 45 | .:/0.CeltHold Time dfter Clock/LE 1 - ns
tioco /O Cel| ClcK/LE to Quiput Delay - 1 ns
SCRIPTION ' MIN. | MAX | UNITS
Dedicated Input Buffer Delay - 6 ns
Input Delay for /O Buffer - 2 ns
Output Buffer Delay - 4 ns
Output ORP Delay - 1 ns
Output ORP Bypass Delay - 0 ns
(Note: Parameter Numbers refer to the timing paths used in the Timing Model Diagram.)
2417 1/92, Rev. A
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Internal AC Characteristics and Conditions are not tested and are for reference only
Clock and Enable Delays, GLB and V/O Cell

PARAMETER # DESCRIPTION UNITS
tgyo 52 Clock Delay, YO to GLB ns
tgy1/2 53 Clock Delay, Y1 or Y2 to GLB ns
tgpt 54 Clock Delay, PT Clk to GLB ns
tacp 55 Clock Delay, Cik GLB to GLB 7 NS
tgen 56 Enable Delay, GLB to /O Cell ns
tgdis 57 Disable Delay, GLB to I/O Cell ns
tiocp 58 Clock Delay, Clk GLB to /O Cell ns
tioy2/3 59 Clock Delay, Y2 or Y3 to /O Cell ns
GRP Delays
PARAMETER # DESCRIPTION 7% 5> MIN. | MAX | UNITS
tam4 60 GRP Delay, Fanout 4 - 3 ns
tgrps 61 GRP Delay, Fanout 8 - 4 ns
tgmpise 62 GRP Delay, Fanout.16 - 5 ns
tarpa2 63 GRP Delay, Fariout 32 - 8 ns
5118 1/92. Rev. A
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Internal Timing Model Parameters are not tested and are for reference only
Generic Logic Block (GLB)'

PARAMETER # DESCRIPTION UNITS
t4pt 33 4 Product Temn Delay ns
txar20 34 20 Product Term Delay ns
tabp 35 GLB Reglster By-Pass Delay i, NS
taib a8 GLB Feadback Delay A ns
tgco 37 GLB Clock to Output Delay ns
tasu as GLB Setup Time before Clock ns
tgh 39 GLB Hold Time after Clock ns
Reset Delays
PARAMETER # DESCRIPTION UNITS
tgor . 40 GLB Global Reset Delay ns
tgar 41 ns
Input/Output Cell (VO Cell)
PARAMETER # UNITS
tiat 42 atc| ) ns
tiobp 43 1/O Cell Register Latch By-Pass Delay - 0 ns
tiosu 44 Vo-Cell Setup:tlme befors Clock/LE 0 - ns
tioh 45 HOCell Hold Tlme after ClockiLE 2 - ns
tioco 46 ¢ - 2 ns
/
Input and Output D sla
%
N
/“%.._|/ DESCRIPTION MIN. | MAX | UNITS
4 Dedicated Input Buffer Delay - 7 ns
/48 Input Delay for /O Buffer - 3 ns
49 Qutput Buffer Delay - 5 ns
; 50 QOutput ORP Delay - 2 ns
tmxbp 51 Output ORP Bypass Delay - 0 ns
(Note: Parameter Numbers refer to the timing paths used in the Timing Mode! Diagram.)
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Internal AC Characteristics and Conditions are not tested and are for reference only
Clock and Enable Delays, GLB and 1/O Cell

2-120
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PARAMETER # DESCRIPTION UNITS
toyo 52 Clock Delay, Y0 to GLB ns
tgy1/2 53 Clock Delay, Y1 or Y2 to GLB ns
topt 54 Clock Delay, PT Clk to GLB . hs
tacp 55 Clock Delay, Clk GLB to GLB " ns
tgen 66 Enable Delay, GLB to //Q Cell ns
tgdis 57 Disable Delay, GLB to /O Cell ns
tiocp 58 Clock Delay, Cik GLB to 1/0 Cell ns
tioy2/3 59 Clock Delay, Y2 or Y3 to VO Cell ns
GRP Delays
PARAMETER # DESCRIPTION UNITS
torp4 60 GRP Delay, Fanout 4 ne
tgps 61 GRP Delay, Fanout8 ¢ 6 ns
tap16 62 | GRP Delay, Fanout 16 * 7 ns
top32 63 GRP Delay, Fanout 32 10 ns
1/92. Rev. A
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Power Consumption inthe ispL.SI 1032 device depends on
two primary factors: the speed at which the device is

Figure 16. Typlical Device Power Consumption vs fmax

350
300 |-

operating and the number of Product Terms used. Figure
16 shaws the relationship between power and operating
speed.

fma> MHz)

Conhgurauon of Elght 16-bit Counters

5

A security cell is provided in the lspLSl‘dewces foprevent
unauthorized copying of the array” patterns Once pro-
grammed, this cell prevents further read access to the
functional bits in the device: Thls Gell canohly Be erased by
reprogramming the device, so the. origlnai configuration
can never be exam ned once this ceﬁv ‘programmed.

Device Programmm s

ispL.SI dewces are progra med usinga Lattlce-approved
Device Programmer. avaifable from a number of third party
manufacturers or in-system usmg Lattice programming
algorithms. ~Complete programming of the device takes
only a few seconds. Erasing of the device is automatic and
is completely transparent to the user.

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

2121

This Material Copyrighted By Its Respective Manufacturer

1/92, Rev. A




o

> sssnuas

Lattice

TICE SEMICONDUCTOR
In-System ProgrammabilityiiEiEie:

-

The IspLSI 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.

All necessary programming is done via five TTL level logic
interface signals. These five signals are fed into the on-

Figure 17. isp Programming Interface

7-496-19-07
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chip programming circuitry where a state machine controls
the programming. The simple signals for interface include
isp Enable (ispEN), Serial Data In (SDI), Serial Data Out
(SDQ), Serial Clock (SCLK) and Mode {MODE) contral.
Figure 17 illustrates the block diagram of one possible
scheme of the programming interface for the isp devices,
For details on the operation of the intgrnal state machine
and programming of the device pleas
system programming application:note

o

ispEN

S
ispEN ///\ *

%

A

Programmin
8ontrol 9
Circuitry

ispLSI ispLSI

2122
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Figure 18. IspLSI Device & Shift Register Layout

D
A
T
A

Y

159... High Order Shift Register
319... Low Order Shift Register «.160

Od—>» - >» 0

Dataln
(sbi)

\ A 4

RS

i

N
!}}}ra

%

i
\'\
Address Shift Register

S o

\
SDO

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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SYMBbL PARAMETER CONDITION UNITS
Vcep Programming Voltage v
lcep Programming Supply Current ispEN mA
ViHP Input Voltage High v
ViLe Input Vopitage Low v
lip tnput Current pA
VoHpP Output Volatge High lou = -3.2 MA 5 V
VoLp Output Voltage Low lo. =5 MA v
td Pulse Sequence Delay us
tisp ispEN to Output 3-State us
tsu Setup Time s
th Hold Time s
telk Clock Pulse Width us
towv Verify Pulse Width us
towp Programming Pulse Width ms
thew Bulk Erase Pulse Width - - ms
trst Reset Time From Valid Vgep - - us
1/92. Rev. A
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Flgure 19. Timing Waveform for isp Operation )

VCCP —(,I totle .
U"I‘:‘%"u‘: \\III:: /7 X7/ ispLSi Fins are 3-Stated During Programming _////./ /' /

Unused VOH e~ HI-Z
Gutput Vo m_/

e VIH ———\
ISpEN N_

™
ViH ‘—“‘::l
MODE - /

ViH
Vi

SDI

ViH
SCLK V'H

VlLlVOL
VitVoc

SDO

ViL

Figure 20. Program, Verify & Bulk Erase Waveforrm 3

. ﬁ%}f\&w

Execute State ( rogram, Verify or Bulk Erase Instruction)
O }

}’
} 7 la—tpwp, thew, or towv

—tclk —>|

( (
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voe3 []1s ] 170 32
IN7 19 671 IN4
Yo [J20 66 ] v1
vee a1 es[1 vce
GND W22 64 GND

ispEN []23 631 v2
RESET [24 62[1 v3
SDIINO 25 61[] SCLKAN3
oo 26 601 170 31
o1 a7 591 VO 30
02 28 58 ] VO 29
¥0 3 []29 57 o 28
o4 3o 56 ] 110 27
vos []a1 551 VO 26
o6 a2 s4f] VO 25
42 43 44 45 46 47 48 49 50 51 52 53
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=
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o ° Al
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Package Diagrams e 7/

44-Pin PLCC

Dimensions in inches MIN./MAX. 020

0.042 050 ""mum
N —— Typical
1 _V
O°
0.685 0.650 0.590
0.695 0.656 0.630

0.090
0.120
0 1 65
Base Plane —I
Seating Plane

68-Pin PLCC

Dimensions in inches MIN./MAX.

Y
' 0.656
| 0.685
0.695

0.950 | X
0.958 L A
0.985 -
' 0.995 — 0.165
Base Plane
Seating Plane
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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
1.238 1.106

Detail A
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