LATTICE SEMICONDUCTOR

La'i‘tlce

ispLSI” 1016

In-system programmable Large Scale Integration

¢ [n-system programmable HIGH DENSITY LOGIC

— Member of Lattice's IspLS! Family

— Fully Compatible with Lattice's-pLSI™ Family

— High Speed Global Interconnects

— 32 1/0 Pins, Four Dedicated Inputs

— 96 Registers

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

— Small Logle Block Size for Random Logic

— Securlty 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
* [n-system programmable 5-VOLT ONLY
— Change Logle 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-:

— 100% Routable at 80% Utilizatfon
—Three Dedicated Clock Inpiit Pins

Stngng

)/

* pLSVispLSI™ DEVELOP NT‘Svs‘rEin (PDS™)

— Boolean LogteCompller : /
~— Automatic Place and Ro

— Easy to Use

¢ ADVANCED pL LS| DEVELOPMENT SYSTEM

« Industry Slandard Third Party Design Environments

- Schematic Capture

— Fully Automatic Partitioning

-~ Automatic Place and Route

— Comprehensive Logic and Timing Simulation
~— PC and Workstation Platforms
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Lattice ispLS1 1016 is a High Density Programmable
ic Davice featuring 5-Volt in-system programmability
-system diagnostic capabtlmes The device contains
96 Registers, 32 Universal I/Q pins, four Dedicated Input
Pins, three Dedicated Clock Input Pins and a Global
Routing Pool (GRP). The GRP provides complete
interconnectivity between all of these elements, It is the
first device which offers non-volatile “on-the-fly”
repragrammability of the logic, as well as the interconnects
to pravide truly reconfigurable systems. ltis architecturally
and parametrically compatible to the pLSI 1016 device, but
multiplexes four of the dedicated input pins to control in-
system programming.

Tha basic unit of logic on the ispLSI 1016 device is the
Generic Logic Block (GLB). The GLBs are labeled A0, A1
« B7 (see figure 1). There are a total of 16 GLBs in the
ispL.Sl 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 tothe GLB come fromthe GRP. Allofthe
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 32 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.

FunctionalBlock:Diagrarmeae

Figure 1. ispL.Sl 1016
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The 32 I/O Cells are grouped into four sets of 16 each,
asshowninfigure 1, Each of these /O groups is associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a common Output Enable
(OE) signal,

Eight GLBs, 16 l/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 1/O cells
by the ORP. TheispLSt 1016 Device contalnstwoonhese
Megablocks.

The GRP has as its inputs the outputs from all of the GLBs
and all of the inputs from the bi-directional I/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-/9-0%
Specifications ispLSI 1016
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Clocks in the ispLSI 1016 device are selected using the
Clock Distribution Network. Three dedicated clock pins
(YOtoY2) 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 be driven from a

combination of internal sig }afé witkiin the” dfwce

The ispLSI 1016 devices Is\part of Lattige's in-system
programmable Larg ale Integratlon,(fspLSI) famlly

DEVICE IspLSI 1016 ‘P [SBLSI 1024~ > ispLSI 1032 ispLSI 1048
GLBs 16 ... \x\*ﬂz,g,e_,,, 32 48
Reglsters 93»‘ T, A48 192 288
VO Pins /32 .. /48 64 %
Dedicated Inputs V 6 8 10
Pin Count / 68 84 120

Ordering Informatiol o

1016 -XX X X

X

-80 80 MHz fmax
-50 = 50 MHz fmax

—I———— Grade

Blank = Commercial
Package

J=PLCC
Power

L=Low

2131

Powered by ICminer.com Electronic-Library Service CopyRight 2003

1/92. Rev. A




Lattlce

LATTICE SENICONDUCTOR

T-4¢-17-07
Specifications ispLSI 1016
4LE D MM 538L94Y9 DOOL56S 1 EELAT

Name PLCC Pin Numbers Description

0o0-1/03 15, 16, 17, 18, Input/Output Pins - These are the general purpose I/O pins used by the

VO 4-1O7 19, 20, 21, 22 logic array.

/o 8-1/0 11 25, 26, 27, 28,

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

/O 16 - /O 19 37, 38, 39, 40,

1/020-1/023 41, 42, 43, 44,

o24-1/027 3 4, 5, 6,

7028 -1/0 31 7, 8, 9, 10

IN3 2 Dedicated input pins to the d/evfc/e

— '&.

iSpEN 13 Input — Dedicated m-sys(em progranimii Ie input pin. This pin
is brought low to enable’the programmmg mode. The MODE, SD!,
$DO and SCLK gptions bgcome active/

SDI/INO 14 Input~This pin perférms two functlons is adedicated inputpinwhen
ispEN is logic hlgh When |spEN ig logic low, it functions as an input
pintoload programmmg datajnto the device. SDI/IN 0 also is used as
one of the ontrok pins r ithe isp state machine.

MODE/IN 2 36 Input ut=Th _edon'nstw fnctions. Itis a dedicated inputpinwhen
ispEN:Is-logic-high, Wheni iSpEN is logic low, it functions as a pin to

\icontrol the operauon of the isp state machine.

SDOAN 1 24 inpt/ Tl pin petforms two functions. It is a dedicated clock

input pm_when lspEN islogichigh. When ispEN islogic low, it functlons
..., 8 an out ufp;n to read serial shift register data.
SCLK/Y2 a3 put = This | ~ This pin performs two functions. It is a dedicated clock input

4 [:-when ISpEN is logic high. This clock input is brought into the Clock
/Dlstnbutlon Network, and can optio nally be routed to any GLB and/or

pm for the Serial Shift Register,

Vo ‘Cell on the device. When ispEN is logic low, it functions as a clock

Powered by ICminer.com Electronic-Library Service CopyRight 2003

YO 4 Dedicated Clock input. This clock input is connected to one of the-
clock inputs of all of the GLBs on the device.
Y1/RESET This pin performs two functions:
- Dedicated clock input. This clack input is brought into the Clock
Distribution Network, and can optionally be routed to any GLB
and/or /O Cell onthe device.
— Active Low (0) Resst pin which resets all of the GLB and 1/O
registers inthe device,
GND Ground (GND)
Vce Veo
2-132 1/92. Rev. A
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Absolute Maximum Ratings'{¥ % e TG

A SV S S L IR I T

Supply Voltage Veg. oo e veavsnecrneee =050 +7.0V

Input Voltage Applied. ..............-2.6t0 Voo +1.0V
Off-State Output Voltage Applied ... . -2.5 to Vog +1.0V
Storage Temperature ................. -850 125°C : 2k
Ambient Temp. with Power Applied........-55t0 125°C

1. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damagae 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 Conditidn

SYMBOL PARAMETER MAX. UNITS
TA Ambient Temperature 70 °C
Vce Supply Voltage 625 A
ViL Input Low Voltage 0.8 v
ViH Input High Voltage Vee A

Capacitance (T‘;=25°C,f51‘.0-Hz)

SYMBOL PAnAygf’E'a,ﬁ MAXIMUM! UNITS | TEST CONDITIONS
C, inputCapacitance. 3 8 pt Ve=5.0V, V,=2.0V
C, VO, Y Gapacitance # 10 pf Veo=5.0V, VIO, Y=2.0V

PARAMETER 7 MINIMUM MAXIMUM UNITS

Data Retention 20 - YEARS

Erase/Reprogram Cycles - 1000 CYCLES
2433 1/92. Rev. A
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SwitchingaTest Conditiornsustmagse su-c- s : tos

Input Pulse Levels GND to 3.0V

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 leval, Output

Output Load Conditlons (see figure 2)

Test Condltion R1 R2 cL *CL Indicatés fest'F
Probe Téfak Capéc
1 4700 | 390 | a5pF obe TolakGapaciiance

2 | Active High co agoq 38pF
Active Low 4702 | 3900 35pF §
Active Highto Z 0o 3son SpF

3 | atV,,-08V
\?-\e »('w")

ActivelowtoZ | 4700 | 3s0n [T R ‘*ss _

atV, +0.5V <:@\'<

DC Electricak Characteristic f - s
é’ 3&"?Récommended Operating Conditions

SYMBOL PAnAMEfER . \?/ CONDITION MIN. | TYP. | MAX. | UNITS
VoL Outpuf Low Vohage 3 o =8 MA. - - loal v
VoH ot High Voltage ] o =4 MA, 24 | - - v
fiL Input or 9 Low Le3Kage Current OV <V, SV, (MAX.) - - -10 pA
IIH £ | **mput or VO Figh Yeakage Current Vi S Vi S Veg - - 10 MA
lost 4]%:Quiput ShoitCircuit Current Voo = 5V, Voyr = 0.5V -60 - | -200| mA
lcc? g’pera{/g ‘Power Supply Current Ve =05V, V= 3.0V - - - mA
s, Frocas = 20 MHz

¢,
1. Oneoutputata tim}ffor a maximum duration of one second. (Vout = 0.5V)
2, Measured at a frequency of 20 MHz using four 16-bit counters.

2134 1/92. Rov. A
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Externak Switching CHaracteristics#2386"3 OB s - ispLSk 1016-80%
Over Recommended Operatmg Condltlons

PARAMETER |iEon.| # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpd1 1 1 Data Propagation Delay, 4PT bypass, QRP bypass

tpd2 1 2 Data Propagation Delay

teots 1 3 External Clock to Output Delay, ORP bypass E_B
tco2s 1 4 External Clock to Output Delay

tcoa 1 5 {ntemnal Synch. Clock to Output Delay

tcod 1 6 Asynchronous Clock to Output Delay ' ,

tr1 1 |7 External Pin Reset to Output Delay AN

tr2 1 8 Asynchronous PT Reset to Output Delay 7+

ten 2 9 Input to Output Enable

tdis 3 |10 Input to Quiput Disable

Over Recommended dperatlng Condmons

\\X\\‘%'M“_ ,__,.:.495/

PARAMETER DESCRIPTION # \ MIN. | TYP. [ MAX.|UNITS
fmax4 Clock Frequency with temal Feadback - | 100 | 80 | MHz
frmax (External) Clock Fréguency with Extegrhar Feedback - 70 | 50 | MHz
tsut Setup-Time before Externgl.Synch. Clock, 4PT bypass 9 )6 )| ~| ns
tsu2 Séfup Time befdre Exterrial Synch Clock 12| 8 -] ns
tsu3 V7 Setup Time before intemal Synch. Clock 9 | 3| ~|ns
tsus Setup Timg beforé Asynchronous Clock 9| 4| ~| ns
thi Hold time afg,er’ External Synchronous Clock, 4PT bypass 2 -1 - ns
the 1§ Hold time after External Synchronous Clock 2| 4] ~| ns
tha 4 “Hold time after Internal Synchronous Clock 8] 2| ~|ns
thd id time after Asynchronous Clack 8 1 - | ns
trwi “21 e Extornal Reset Pulse Duration 10| 8 | — | ns
trw2 " | Asynchronous Reset Pulse Duration 10| 8 | - | ns
twhi, twit External Synchronous Clock Pulse Duration, High, Low 6 5 - | ns
twh2, twi2 25,26] Asynchronous Clock Pulse Duration, High, Low 6 § | - | 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. Standard 16-bit counter implementation using GRP feedback.

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

6. Refer to Switching Test Conditions section.

2.135 1/92, Rev. A
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Using VO Cell T-Yl-t9-07
PARAMETER Z%?E # DESCRIPTION MIN. | TYP. |MAX.]UNITS
tsus - 27 | Setup Time before Extarnal Synchronous Clock 5 0 - ns
tsus —~ | 28 | Selup Time before Intemal Synchranous Clock 0 3| -1 ns
ths - 29 | Hold Time after External Synchronous Clock 8 4 - ns
the - 30 | Hold Time after Intemal Synchronous Clock =41 - ns
twh3a, 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.

2-136
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Over Recommended Operating Conditions

PARAMETER . chﬁBG # DESCRIPTION MIN. { TYP. | MAX.{ UNITS

tpdi 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 16 | 20 | ns

tpd2 1 | 2 | DataPropagation Delay, ORP ' - {1925 |nm -
teots 1 3 | Extemal Clock to Output Delay, ORP bypass - 12116 ] ns
teo2® 1 4 | Extemal Clock to Qutput Delay Lowend 16 | 20 | ns

teod 1 5 | Intemal Synch. Clock to Qutput Delay St | 21 ] 28 | ns

tcod 1 | 8 | Asynchronous Clock to Output Delay / N - Koati] 28 | ns

tr1 - | 7 | Extemal Pin Reset to Output Detay AN }‘21,—' 28 | ns

tr2 - 8 Asynchronous PT Reset to Output Delay f/"‘"‘\? "\ - ;24 30 | ns

ten 2 | 9 | InputtoOutput Enable VAN N SN A7 21 {28 ] ns

tdis 3 | 10 | Inputto Output Disable AT, LV ¥ 7~ | 21 | 28 | ns

/(" <§>/

PARAMETER Test ¢ MIN. | TYP, | MAX.|UNITS
fmax¢ 1|11 - | 70 | 50 | MHz
fmax (External) 1 - | 45 | 33 | MHz
tsut - 14| 10| = | ns
tsu2 - 17§ 13| - | ns
tsu3 - 131 9| -1} ns
{su4 - : 0 183 9| - | ns
th1 “Hold fime affer External Synchronous Clock, 4PT bypass 73] -] ns
the 1. Hold time after External Synchronous Clack 7| 8} -1 ns
tha 9 }Igld time after Intemnal Synchronous Clock 11 5 - ns
the st# Hold time after Asynchronous Clock 11} 5| -1 ns
trwi External Reset Pulse Duration 16§} 13| - | ns
trw2 g Asynchronous Resst Pulse Duration 15| 13} - | ns
twh1, twit #123,24| External Synchronous Clock Pulse Duration, High, Low 10} 8 - | ns
twh2, twi2 25,26 Asynchronous Clock Pulse Duration, High, Low 10 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. 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.

2.137 1/92, Rev. A
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Using 1O Cell

PARAMETER TesT| # | pescripTioN MIN. | TYP. | MAX.|UNITS

tsus - 27 | Setup Time before Extemal Synchronous Clock 10 5 -
tsus - 28 | Setup Time before Intemal Synchronous Clock 0 -5 -
ths - 29 | Hold Time after External Synchronous Clock
the - 30 | Hold Time after Internal Synchronous Clock
twh3, twia - 181,32| Clock Pulse Duration, High, Low

!
aja|aiala

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.

2.138 1/92. Rev. A
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The Generic Logic Block

The Generic Logic Block (GLB) is the standard logic black
of the Lattice High Density ispLS! Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
moststandard 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 Glebal Routing Pool, and are either
feedbacksignals fromany ofthe 16 GLBs orinputs fromthe
external /O Cells. The two remaining inputs come directly
fromtwo 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: Praduct 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
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 1o any or all of the four

outputs from the GLB. //:w \

The Reconfigurable Registers consist of four D-type flip-
flops withanExclusive OR Gate othein ut; TheExclusive
OR gate inthe GLB, canbe ! sed either, asa logic element
2, t¢ K, or
T-type flip-tiop (see ﬂgure 5 is greatly simplifies the
design of coupfers, comparatgrs and ALU type functions.
The reglste ,Can bebypassed f the user needs a combi-
natonafoutput ‘Each ragister output is brought back into
the Giobal Routing ‘and is also brought to the /O cells
//vla the Ouip_ut Rouling Pool. Reconfigurable registers are
enopavallabl when e four product term bypass is used.
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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 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
developedinthe Control Function section, Theclockforthe
registers can come from any of three sources developedin
the Clock Distribution Network (See Clock Distribution

Figure 6. GLB: Various Logical Combinations

Inputs From
Global Routing Pool

234606786 9 101112131

-

o1
L oL,
M M

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
Oulput Enable for the /O cells associated with the GLB
comes from a product term within the block. Use of a
product term for a control function makes that product term
unavailable for use as a Iogrc farm, Refet to the following
table to determine whlch loglc functlons are affected.

There are additional features ina GLB \}hwh allaw imple-
mentation of logic| lntenswa functions.’ “These features are
accessnble uslng the hard Magros from the software and
1 of the user.

Tirivivavivavivivivivgvivivey

£ Excluslve OR

i 03
4PTB v
— b ixI>-02 Gy
-0 Rout
Singte PT Pool and
]
I
-
s =7+4P'r's | ﬂ 7
I 0 ot xjP-00
T —p

H
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1
% % PT Raset—
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CLKO

CLK 1 '
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Architéctural Descriptioris

Product Term Sharing Matrix

Product | Standard Configuration | Four Product Term Singte Product Term XOR Function Altemate
Term # Output Number Bypass Output Number Output Number QCutput Number Function

3 2 1t 0 3 2 1 0 3 2 1 0 3 3 2 211 00

[+] E R AN | ] |

1 E R AN ] , X

2 2 B = u

3 " wan ] \ \é

4 "N uwm n 317

5 AN NN n R 4

6 L I I | u

7 nE NN = 2

8 mE NN 4

9 H N RN

10 nE AN

1 L |

12 "R EN M CLK/Reset

13 [ I S ]

14 E A RN ]

15 R EN ||

16 | B S B ]

17 R B AN n

18 "R B AN [ ]

19 [ I B B % | W OE/Resst

‘GLB output one is used in the Exclusive OR (XOR) made
: in” Product Term 12 becomes one of the inputs to the four
beusedasaninput to thefive mputOR gateinthe standard input OR Gate. If Product Term 12 is not used in the logic,
configuration, This OR gate und'erstandard conflgurauon thenitis available for use as eitherthe Asynchronous Clock
canbe routed to any of the fotir GLB utpiits. Produc signal or the GLB Reset signal.
12 isnotusedin thefourpfoduct termbypass mdde. When
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The Megablock

The ispLSI family is structured into multiple “Megablocks”.
A Megablack consists of 8 GLBs, an Output Routing Pool
(ORP)and 16 /0 Cells, Each of these will be explained in
detail inthe 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 inputpins.
These dedicated input pins are not available to GLBsinany
other Megablock. These pins are dedicated (non-regis-
tered) inputs only and are automatically assigned by

Megablocks in Each Device

461907
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software. One Qutput Enable signalis generated withinthe
Megablock and is common to all sixteen of the VO 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 following section on the Output

Enable Multiplexers). /\
Because of the shared logie lthin lheMegablock signals

which share a common {onction. (counters,, busses, etc.)
o Megablack. T;h‘s will allow the
user to obtain the. bes;;;unhzatlou of the logic within the
device and ehngma(e @Lmng battlenecks

DEVICE MEGABLOCKS _ff" \Q\GLBS VO CELLS
IspLSI 1016 2 i \ 16 32
ispLSI 1024 fr 48
ispLSI 1032 64
lspLSI 1048 RSP %

Figure 7. The Megablock % '2/

GLB aBi a8 | a8 4 as { as | aB
A0 M ~7H A3 H A H a5 H as H a7

HRdl LIt FIdE TIID TITT TTTT

Ty
S, Output Routing Pool

[ 1t [ T T T T 7
vo|[vol[wo]fvolfve][ve][vo][vol[vo][vo

Cell|{Calif|Calt| | Celt| [Cen| | cet] | cen| |cen| | cent} | cel

6 L7 108 JLe Il | 32|33l 741l s

Note: Thé,iriputs from the 1/O Cell are not shown in this figure, they go directly to the GRP.
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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 Celis within the Megablock (see
figure 8), This OE signal can simuitaneously control all of
the 16 1/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 (Referto the /O Cell
Section). Only one OE signal is allowed per Megablock for
3-state operation. The advantage to this approach is that
the OE signal can be generated in any GLB within the
Megablock which happens to have an unused OE product
term. This frees up the other OE product terms for use as

logic.

2-144
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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 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 /O Cells, Further flexibility 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 hest
routability. This is an automatic process and requires no
intervention on the part of the user,

The ORP bypass caonnections. (see.figure 10) further
increase the flexibility of the devxce The ORP bypass
connectspecificGLB outputs tospecnﬂc /O Cells atafaster
speed. The bypass path tends to. restnct the routability of
the device and shou!d only be used for Erjtical signals.

A0
0123

Al

-:-v-u_w.-_y.x-V.i;_-.v-_w_x_ LYY

[HY

1

-

(=]
-t
N

0153 |lo123

N4ty d43y Y.

LR ER TR TR R R AR Y] Ty

vollrvojliotjro|jvojjvotirvo ]| o /O || O
4 5 6 7 8 9 10 14 |} 15
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/O Cell

The /O Cell (see figure 11) is used to route input, output
or bidirectional signals connected to the I/O pin. The two
logicinputs come from the ORP (seefigure 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 mulliplexer 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, /O Cell Architecture

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

SEETIEE ,
) .
There is an Active Pullup registoron the /0 pins which is
automatically used when.the pin Is not cannected. This
prevents the pin from floating and inducing‘noise into the
J . g

OE

From Output
Routing Pool = |

Active
Pull Up

From Output
Routing Pool =
Bypass

To Global
Routing Poal

Note:

@® Represents an E2CMOS Cell.

2-146

Powered by ICminer.com Electronic-Library Service CopyRight 2003

1/92. Rev. A



To46-19-07
Specifications ispLSI 1016
NLE D E¥ 53869479 0001580 8 DILAT

Input Buffer Qutput Buffer
> of— -
1O Cell o—] Pin ) = i-b?i'ectional
Clock : D /O Pin With
Latch| Inverting Qutput Buffer Registered Input
atch Input P
P 7RO Pin)
T P I
/O Cell & Al
Clock - Output Buffer “with,
3-State Epable, %\\ ’
Registered Input - ,,Z};a& e
Input Cells utput 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 JOCLK 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 I/O 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 outptits of a dedicated clock GLB
("BO" forisplL.SI 1016). These Clock GLB outputs canbe
used fo 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 connected to CLK 1, CLK 2 or IOCLK 0, IOCLK 1 glabal
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 1,4

fe brought to all 64 of the
/O cellsandthe user prograg eT/O cellto useone of the
two,
e

%
Global Routing, Pool .\\ 3

ny.
The Global Houhng Poot (GBP) 1.4 Lattice proprietary
Interconnec}struclure Which’ offersfast predictable speeds
with complete conniegtivity. . Thé GRP aflows the outputs
from thé GLBs or the I/ cellinputs to be connected to the
|nputsof the GLBs! GLB outputis available to the mput
ofajl other GLBs, and similarly an input from an YO pinis
@vallable as'an Input to all of the GL.Bs. Because of the
architecturs of theispLSidevice, thedelays through
lobal Routing Pool are both consistent and predict-

Y "-\-'able.- However, they are slightly affected by fanout,

Rat enefic Lo
“3 kS g'c
// 2y Block “BO*
0 01 02 03

Ciock Distribution
,Neiwork

» CLKO

» CLK 1

> CLK 2

IOCLK O

— »
3 .
& »
# ®——» IOCLK 1

9 @

Reset SCLK
*Notes:
Dedicated Clock Y1 is multiplexed with RESET
Input Pins Y2 is used for SCLK in isp Mode
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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 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.

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 to the user.

. e = b
L o = .

ispLS! devices are designed with an on-board charge

pump !o negatlvely bias the substrate The negative biasis £

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

4UbE D EX 538LA49 0001542

| T-H6-19-01
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The ispLSt 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

A0y,

power is turned off.

430y

All necessary programmmg is done ﬁa five' TTL level logic
interface S|gnals These five sugnals are fed into the on-
chip programming cnrcunry vhere a statemachlne controls
STarir interface include

the programming. The § mple sr
isp Enable (|spEN), Se

scheme ofthe pfogrémmmg interface for the isp devices.
For détajls on the operauon of the internal state machine
anﬂ 6rogrammmg o} the devnce please refer to the In-

traditional p-channel pull-ups to eliminate any possibility of>. %

SCR induced latching.

=

Programmlng
ontrol
Clrctut_;

ispLSI

ispL.S| ispLSI
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Figure 18. IspL.S| Device & Shift Register Layout
D D
A A
T T
) }
Dataln > 79... High Order Shift Register .0
(SDI) »[(159.. __ Low Order Shift Register ~a0] 1> SPO
8Dl
N .,%:\" v f/f;
;4
g
2
o
@
(14
£
£
(7]
@
@
2
3
<
0y
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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SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
Vcer Programming Voltage 4.75 5 525 | V
lccp Programming Supply Current ispEN - 50 100 mA
ViHp input Voltage High 2.0 - Vcee v
ViLp Input Vopltage Low 0 - 0.8 \’
P Input Current - 700|200 | paA
VoHp Output Volatge High losg = ~3.2 MA A 24 2 Veer| v
Voip Output Voltage Low lo, =5 MA RN \-— i g5 v
td Pulse Sequence Delay LN N 8 f A0 us
tisp ispEN to Output 3-State = A A 10 us
tsu Setup Time oy M NE  - us
th Hold Time RN - s
telk Clock Pulse Width 7 L hoes | - | us
towv Verify Pulse Width Wiy 1y R20 30 - us
towp Programming Pulse Width 5 SN, A4 40 - 100 ms
thew Bulk Erase Pulse Width O ] 200 | - - ms
trst Reset Time From Valid Vccp N 45 - - ps
e
1/92. Rev. A
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Figure 19. Timing Waveform for Isp Operation

V‘CCP —4 trstle— \—

Un#]sbeuc{ \"II:: LA/ 1spLSI Pins are 3-Stated During Programming /777 .7/ Q\
Unused VOH b~ HI-Z
Onllljtspeul VoL m_/
v - |<—tisp
H
SPEN N
t ::l tsu
VIH +—th
MODE ViL /
ViH
SDi ViL
SCLK m 0
VILV VIH tsu[e> ‘i th VOH 3 Kui \%% {y/
soo VIIIJVgé AL XK Vaid [N

ViL

A%
Figure 20. Program, Verify & Bulk Erase Waveform

P \\\b\.»'ﬁ\,
g, W S
\\{) QNW_%{L \} ,;?)
/ §| Execuite State }Pr"ogram. Verify or Bulk Erase Instruction)

;2/ P, A
N

#|4=tpwp, thew, or towy

—fclk —>|

((
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ispl.S1 1016 PLCC Pinout Diagram
N883, 08 Sa&®?
92828=2528188°¢
mininininis ininlininin r
/6543214443424140 Q
voes C}7 39
vo29 []8 astl
o 3o [}o az7{1
voat 1o /36
Yo []11 5;(35
voe 12 ispLSl 1016 .& SO
ispEN [113 s ;@33
SDIINO [ YazEy ii015
1

oo [
o1
vo2 [

(110 14
11013
20 o 12

‘é\u
o

M.-QZO
inimum
050 l-
T Typical .
3 i %) ’ l
PN i RN O O _T_
</ LY , 0.650 0.590
1/;} 0695 0.656 0.630
. S -1
I! 0.650 !‘ I__g.gygg
0.656 .
0.685 *%}g—g-—
' 0.695 ! ‘
Base Plane
Seating Plane —»|
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Package Diagrams e 7/

0.048 ,
0.04

45°
> 050 Mmlmum
—— Typical
4 _F

44-Pin PLCC

Dimensions in inches MIN./MAX. 020

o° T

0.685 0.650 0.590
0.695 0.656 0.630

=

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

0.090
0.120
0 1 65
Base Plane —I
Seating Plane

0.656
0.685
! 0.695

— !_ 0.650 l
1

68-Pin PLCC

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

84-Pin PLCC

Dimensions in inches MIN./MAX. 020

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

-

1.156 L
1.185
1.195

1,150 I'

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

" Dimensions in inches MIN./MAX,

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