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57 ABSTRACT 
A plurality of programmable logic devices are con 
nected in parallel to a programming command genera 
tor. A device selector connects individual devices with 
the programming command generator, thereby permit 
ting the individual devices to be programmed without 
routing the programming data through other devices. 
In an alternative embodiment, an identification code is 
used to place the individual device in a condition to 
receive programming data. Using the teachings of this 
invention, programming data may initially be entered 
into a plurality of devices, and then the data entered in 
all the devices may be used to program the devices 
simultaneously. This procedure requires less time than 
entering data and giving each device the execute com 
mand in sequence. 

6 Claims, 9 Drawing Sheets 
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ARRANGEMENT FOR PARALLEL 
PROGRAMMING OF IN.SYSTEM 

PROGRAMMABLE CLOGICAL DEVICES 

FIELD OF THE INVENTION 

This invention relates to in-system programmable IC 
logic devices and, in particular, to a parallel arrange 
ment for programming such devices, 

BACKGROUND OF THE INVENTION 

In-system programmable (ISP) logic devices offer the 
advantage that they may be programmed in place, with 
out removing them from the system in which they are 
connected. This saves time and makes them particularly 
suitable for systems that are dynamically reconfigura 
ble. 

U.S. Pat. No. 4,870,302 illustrates (FIGS. 8A and 8B) 
two systems for programming a group of ISP devices. 
In each system, the ISP are connected in series, so that 
the programming data must be transferred through each 
device in the series before arriving at the intended desti 
nation device. Similarly, U.S. application Ser. No. 
07/695,356, commonly owned and incorporated by 
reference herein, describes an arrangement for pro 
gramming a group of ISP devices that are connected in 
series. These arrangements suffer from the disadvantage 
that the devices can only be programmed one at a time 
and that the data must often be routed through several 
devices before it reaches its destination. 

SUMMARY OF THE INVENTION 

In accordance with this invention, a programming 
command generator is connected in parallel with a 
group of ISP logic devices. A device selector is used to 
connect the programming command generator to a 
desired ISP device, thereby allowing the programming 
data to be delivered directly to that device without 
passing through intermediate devices. Several configu 
rations for the device selector are described, including a 
demultiplexer, a state machine-controlled demulti 
plexer, a switch matrix, and a state machine-controlled 
switch matrix. These possibilities are not exhaustive, 
however; other equivalent arrangements will be appar 
ent to those skilled in the art and are included within the 
broad principles of this invention. 
Normally it takes longer to program an ISP logic 

device than it does to enter the programming data into 
the device. Accordingly, an advantage of this arrange 
ment is that the programming data may first be read into 
each of the devices separately, and then all of the de 
vices can be programmed simultaneously. This substan 
tially reduces the amount of time required to program 
the devices. 

In an alternative embodiment, the device selector is 
omitted and the device to be programmed is selected by 
transmitting an identification code unique to that device 
so as to establish communication between that device 
alone and the programming command generator. 
The broad scope and varied possibilities of this inven 

tion will become apparent from the detailed description, 
which refers to the following drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a block diagram of an embodiment 
of the invention which includes a demultiplexer. 
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2 
FIG. 2 illustrates a flow chart of the state machine in 

the ISP devices. 
FIG. 3 illustrates the general structure of an ISP 

device having four input signals. 
FIG. 4 illustrates the general structure of an ISP 

device having five input signals. 
FIG. 5 illustrates a block diagram of an embodiment 

of the invention which includes a state machine-con 
trolled demultiplexer. 

FIG. 6 illustrates a flow chart of the state machine in 
the state machine-controlled multiplexer of FIG. 5. 

FIG. 7 illustrates a block diagram of an embodiment 
of the invention which includes a switch matrix. 

FIG. 8 illustrates a block diagram of an embodiment 
of the invention which includes a state machine-con 
trolled switch matrix. 
FIGS. 9, 9A and 9B illustrate a block diagram of an 

embodiment of the invention which does not include a 
device selector. 

DESCRIPTION OF THE INVENTION 

This invention will be described by reference to two 
types of ISP logic devices, both of which are manufac 
tured by the assignee of this application, Lattice Semi 
conductor Corporation. 
The first of these devices is the ispCAL22V10, which 

has four programming pins: Mode, SCLK (Serial 
Clock), SDI (Serial Data In), and SDO (Serial Data 
Out). The device is placed in the programming mode by 
asserting the Mode signal high. Thereafter, the pro 
gramming operation is controlled by the Mode and SDI 
pins. The structure and operation of this device are 
outlined below and are fully described in the isp 
GAL22V10 Programmer's Guide, available from Lat 
tice Semiconductor Corporation, which is incorporated 
herein by reference. 
The second device is the Lattice ispLSI. This device 

is programmed by using five pins, designated: ispEN(isp 
Enable), Mode, SCLK, SCI and SCO. This device is 
placed in the programming mode by asserting the ispEN 
pin low, which converts the other four pins from their 
normal functions to the programming mode. Thereaf 
ter, the programming is controlled by the Mode and 
SDI pins. The structure and operation of this device are 
outlined below and are fully described in the ispLSI 
Family Programming Spec, also available from Lattice 
Semiconductor Corporation and incorporated herein 
by reference. 

This invention will be described with reference to six 
programmable logic devices. ISP devices 1, 2 and 3 are 
ispCAL22V10s and are therefore programmed using 
four pins, and ISP devices 4, 5 and 6 are isp Sls and 
therefore are programmed using five pins. 

FIG. 1 illustrates an embodiment in which the device 
selector is a demultiplexer. A programming command 
generator 10 provides all of the signals necessary to 
program ISP devices 1-6 on lines designated Mode, 
SCLK, SDI, SDO and ispEN. Programming command 
generator 10 may, for example, be an IBM PC. A pro 
gram suitable for programming command generator 10 
is set forth at pp. 4-33 to 4-39 of the Lattice plSI and 
isplSI Data Book and Handbook (1992), available from 
Lattice Semiconductor Corp., which is incorporated 
herein by reference in its entirety, Programming com 
mand generator 10 is connected to a demultiplexer 11 
via a latch 12, which holds a 3-bit word designating 
which of ISP devices 1-6 is to be addressed. Demulti 
plexer 11 contains a decoder 13 having six outputs 
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which control respective switches 14A-14F. The Mode 
output of programming command generator 10 con 
nects to one side of switches 14A-14C which in turn run 
to ISP devices 1-3. The ispENoutput of programming 
command generator 10 is connected to one side of 
switches 14D-14F which in turn run to devices 4-6. 

If, for example, ISP device 1 is to be addressed, pro 
gramming command generator 10 outputs a 001 to latch 
12, and decoder 13 generates an output closing switch 
14A, which connects the Mode line to ISP device 1. 
When the programming of ISP device 1 has been com 
pleted, switch 14A is opened. If ISP device 4 is to be 
addressed, programming command generator 10 out 
puts a 100 to latch 12, and decoder 13 generates an 
output closing switch 14D, which connects the ispEN 
line to ISP device 4. When the programming of ISP 
device 4 has been completed, switch 14D is opened. 
Program command generator cannot communicate 
with those of ISP devices 1-6 which correspond to any 
of switches 14A-14F that are open, and thus they do 
not recognize the programming command. 
The structure and operation of ISP devices 1-3 will 

be illustrated by reference to FIGS. 2 and 3. FIG. 3 
illustrates a block diagram of the internal interface to 
the ISP pins and the functional units involved in the 
programming operation. The programming operation is 
controlled by an instruction-based state machine 200 
which is illustrated in FIG. 2. State machine 200 in 
cludes three states 201, 202 and 203, corresponding 
respectively to the idle, shift and execute states. Timing 
of state machine 200 is provided by the clock signal on 
the SCLK pin. The state of state machine 200 is deter 
mined by the signals on the Mode and SDI pins, and 
every state change is effective at the next clock pulse 
after a change in the Mode and SDI inputs. When the 
ISP device is functioning, state machine 200 stays 
locked in the idle state 201, which is unlocked when a 
high logic signal is received at the mode pin. 
During the in-system programming mode, idle state 

201 can be entered at any time from any state after one 
clock pulse by bringing the signal on the Mode pin to a 
logic high and the signal on the SDI pin to a logic low. 
A transition from the idle state 201 to the shift state 202, 
from the shift state to the execute state 203, or from the 
execute state 203 back to the shift state 202 can be ac 
complished by bringing both the Mode and the SDI 
pins to a logic high. When the Mode pin is at a logic 
low, the SDI pin is a data input pin, and the current 
state is held. 
When the idle state 201 is entered, an 8-bit identifica 

tion is automatically loaded into an ID register 301. The 
8-bit identification specifies such parametric values as 
the number of logic blocks on the chip, the number of 
I/O pins available, etc. and is "hard wired' into the 
device. Then the Mode pin goes to a logic low, and 
seven clock pulses are applied to the SCLK pin to shift 
the identification in ID register 301 out the SDO pin to 
programming command generator 10 (the least signifi 
cant bit of the identification already appears on the 
SDO pin). If programming command generator 10 rec 
ognizes the identification, communication is established 
with the ISP device. 
As mentioned above, the shift state 202 is entered 

from the idle state 201 by bringing both the Mode and 
the SDI pins to a logic high. In the shift state 202, a 5-bit 
command is shifted serially into the ISP device via the 
SDI line. The command may be to erase data in the ISP 
device, send programming data to the ISP device, pro 
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4. 
gram the ISP device according to the data sent, extract 
programming data from the ISP device, or test the ISP 
device. Execution of the command is effected by bring 
ing state machine 200 to the execute state 203, which is 
entered from the shift state 202 by bringing both the 
Mode and SDI pins to a logic high. Using 5-bit com 
mands, 32 commands can be defined. The commands 
for device 4 are shown in Appendix A. 

In the execute state 203, the command stored in the 
ISP device is executed. If the instruction is to load 
programming data into a data register 302 (i.e., the 
command "DATASHFT"), for example, the appropri 
ate number of bits are shifted into data register 302 from 
the SDI pin after the Mode pin goes to a logic low, 
while the same number of bits in data register 302 are 
shifted out the SDO pin back to programming com 
mand generator 10. After the programming data have 
been shifted into register 302, a 5-bit command is issued 
to the ISP device by programming command generator 
10 to transfer the programming data to row address 00 
in a memory array 303. Array 303 contains a number of 
memory locations which correspond to programmable 
connections in the ISP device. After the data have been 
programmed to address 00, new programming data are 
sequentially shifted into register 302 and transferred to 
row address 01 of array 303. This process continues 
until all of addresses 00 through 44 are filled. Next, state 
machine 200 is stepped back to the command state 202 
and the command to program the ISP device according 
to the data stored in array 303 is issued by programming 
command generator 10. The structure of ISP device 4 is 
illustrated in FIG. 4. State machine 400 is substantially 
identical to state machine 200 shown in FIG. 2. State 
machine 400 is activated when the ispENis driven low, 
and its transitions from one state to another are con 
trolled by the Mode and SDI pins. Initially state ma 
chine 400 is instructed to load into an ID register 401 an 
8-bit identification which is then shifted out via the 
SDO line to programming command generator 10. If 
programming command generator 10 recognizes the 
identification, communication is established with ISP 
device 4. Programming command generator 10 then 
commands state machine 400 to shift the programming 
data into a data register 402 via the SDI line. State 
machine 400 is then commanded to shift row selection 
data into a row register 404. In FIG. 4, row 0 is selected. 
The programming data are then transferred from data 
register 402 to row 0 in a programmable array 403. This 
process is repeated until all of rows 0 through 107 are 
filled with programming data. The programmable con 
nections in ISP device 4 are then programmed in accor 
dance with the data stored in array 403. 

Referring again to FIG. 1, it will be noticed that the 
SCLK, SDI and SDO outputs of programming com 
mand generator 10 are connected in common to ISP 
devices 1-3, while the Mode output is connected to ISP 
devices 1-3 via demultiplexer 11. The Mode, SCLK, 
SDI and SDO outputs of programming command gen 
erator 10 are connected in common to ISP devices 4-6, 
while the ispENoutput is connected to ISP devices 4-6 
via demultiplexer 11. As noted above, the respective 
state machines in ISP devices 1-3 are activated via the 
Mode pin, and the respective state machines in ISP 
devices 4-6 are activated via the ispeNpin. 

In the embodiment of FIG. 5, a state machine-con 
trolled demultiplexer 50 is connected between program 
ming command generator 10 and ISP devices 1-6. State 
machine-controlled demultiplexer 50 contains a state 
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machine 51, a counter 52, a decoder 53 and switches 
54A-54F. The ispENoutput of programming command 
generator 10 is connected to an input of state machine 
50 and to one side of switches 54D-54F. The Mode 
output of programming command generator 10 is con 
nected to another input of state machine 50 and to one 
side of switches 54A-54C. The SDI output of program 
ming command generator 50 is connected to another 
input of state machine 50. Clock pulses are provided to 

5 

state machine 50 and counter 52 via the SCLK output of 10 
programming command generator 10. 

State machine 51 and counter 52 may advantageously 
reside in a Lattice GAL6001, the programming and 
structure of which are described in Appendix B and at 
pp. 2-147 to 2-161 of the Lattice GAL Data Book 
(1992), available from Lattice Semiconductor Corpora 
tion and incorporated herein by reference. The control 
signals for state machine 51 are Mode and SDI. Each 
GAL6001 device can support 7, ISP devices, since it 
includes a 3-bit counter. The 3-bit counters of several 
GAL6001 devices may be cascaded together to support 
as many ISP devices as required, as illustrated on page 
17 of Appendix B. 
FIG. 6 illustrates a flow chart for state machine 51, 

which includes fourteen "states'. Movement from one 
state to the next is controlled by the output of the SDI 
and Modelines, and occurs with the clock pulses on the 
SCLK line. Since the SDI line is connected in common 
to state machine 51 as well as ISP devices 1-6, it is 
important to avoid issuing instructions to state machine 
51 that would prompt any unwanted actions to be taken 
by ISP devices 1-6. This concern is accommodated by 
using the "no operation' command "00000" as a "wake 
up" command for state machine 51 (see Appendix A). 

State machine 51 is activated by bringing the ispeN 
line to a logic low, which places state machine 51 in 
state 0. The SDI and Mode lines are then brought to a 
logic high to move state machine 51 to state 1. This 
moves state machines 200 in ISP devices 103 and state 
machines 400 in ISP devices 4-6 to the "shift' state 202 
(see FIG. 2). Thereafter, the SDI line is brought to a 
logic low for five consecutive clock pulses, bringing 
state machine 51 to state 6. ISP devices 1-6 interpret this 
as a "no operation' command 00000 while it serves as a 
"wake-up' command for state machine 51. 
The SDI and Mode lines are then brought to a logic 

high, bringing state machine 51 to state 7 and the state 
machines in ISP devices -6 to the "execute' state 203. 
When the SDI and Mode lines are both brought low, 
state machine 51 moves to state 8, while the state ma 
chines in ISP devices 1-6 execute the command. Since 
the command was "no operation" however no action is 
taken as a result of this command. The SDI line is then 
brought high and the Modeline is brought low, moving 
state machine 51 to state 9, and moving the state ma 
chines in ISP devices 1-6 from the "execute" state to 
the "idle" state. This completes the "wake-up' cycle for 
state machine 51, and results in the state machines in 
ISP devices 1-6 being in the "idle" state. These state 
machines will remain in the "idle' state so long as a 
logic high does not appear on both the SDI and Mode 
lines. 
The SDI and Mode lines are then both brought low, 

which resets counter 52 to zero. If the SDI and Mode 
lines remain low, state machine 51 proceeds to state 11. 
The Mode line is then brought to a logic high, and 
remains in this condition as programming command 
generator 10 delivers a number of clock pulses represen 
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6 
tative of the ISP device to be selected. Each of these 
clock pulses causes counter 52 to advance one binary 
word. For example, if ISP device 5 is to be selected, five 
clock pulses would be delivered to counter 52 leaving it 
in a "101" state. The binary word in counter 52 is re 
flected at all times in decoder 53, so that switches 54A, 
54B, etc. are closed in succession as counter 52 steps 
forward. When the desired number is reached (i.e., the 
desired one of switches 54A-54F is closed) the SDI line 
is brought to a logic high and state machine 51 moves to 
state 12. This terminates the clocking of counter 52 and 
leaves the desired switch closed. 

States 13 and 14 are optional features that are not 
required for programming the ISP devices. The use of 
state 13 allows the user to receive a visual reading of 
which ISP device has been selected. When state ma 
chine 51 arrives at state 11, the Mode line is brought 
low, moving state machine 51 to state 13. The SDI line 
is then brought low and the Modeline is brought high 
and counter 52 is pulsed as described above. At the 
same time, the user is given a visual indication of which 
device has been selected. If the visual indication indi 
cates that the correct device has been selected, both the 
SDI and Mode lines are brought high, causing the de 
vice to be enabled. Otherwise, if the Mode line is 
brought low, the device remains disabled. 

State 14 is used in the situation where more than 
seven ISP devices are being programmed. As noted 
above, since counter 52 is a 3-bit counter this requires 
that at least one additional counter be cascaded with 
counter 52. In this configuration, when state machine 51 
reaches a "111" the next clock pulse would drive the 
second counter to a "001". Each time a counter fills up, 
a "1" appears on the line connecting it with the next 
cascaded counter, and in the case of the last counter on 
the SDO line. When state machine 51 is moved to state 
14, programming command generator 10 counts the 
pulses delivered on the SCLK line while monitoring the 
SDO line. When a "1" appears on the SDO line, pro 
gramming command generator 10 can determine the 
number of counters cascaded by dividing the number of 
pulses delivered by seven. This enables the user to de 
termine how many counters are cascaded together. 
FIG. 7 shows an embodiment including switch ma 

trixes 70 and 71. Latch 12 and decoder 13 are identical 
to the similarly numbered components shown in FIG. 1. 
Three outputs of decoder 12 control switch groups in 
matrix 70, which connect the Mode, SCLK, SDI and 
SDO outputs to ISP devices 1-3, respectively. The 
remaining three outputs of decoder 13 control switch 
groups in switch matrix 71, and connect the Mode, 
SCLK, SDI, SDO and ispENto ISP devices 4-6, re 
spectively. As shown in FIG. 7, if the numeral 001 is 
delivered to latch 12, decoder 13 will close the switches 
connecting programming command generator 10 to ISP 
device 1. ISP Device 1 is then programmed as described 
above. Similarly, ISP devices 2-6 may be connected to 
programming command generator 10 and programmed. 

FIG. 8 illustrates yet another embodiment which 
includes a state machine controlled switch matrix 80. 
State machine 51, counter 52 and decoder 53 are identi 
cal to the similarly numbered components shown in 
FIG. 5. These devices function together in the same 
manner described above in connection with FIG. 5 to 
close the desired group of switches in switch matrix 80, 
thereby connecting the required output lines from pro 
gramming command generator 10 to a desired one of 
ISP devices 1-6. 
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FIG. 9 illustrates another embodiment which omits 
the device selector. ISP devices 4-6 are shown con 
nected to program command generator 10. Each of ISP 
devices 4-6 has a different 8-bit identification, the iden 
tification being "0000001" for ISP device 4, "00000010' 
for ISP device 5, and "0000001' for ISP device 6. 
Program command generator 10 drives the ispENlow, 
which results in the identification being loaded into the 
ID register 401 in each device. 
Suppose ISP device 4 is to be programmed. Program 

ming command generator 10 shifts the identification of 
ISP device 4 ("00000001") into the ID register 401 in 
each of the devices. A comparison means in each device 
compares the identification in ID register 401 with the 
permanently stored identification in the device, and as a 
result a match occurs only in ISP device 4. Therefore, 
communication is established only with ISP device 4 for 
data transfer from programming command generator 
10, and ISP devices 5 and 6 are not activated for pro 
gramming. 
Programming command generator 10 then shifts the 

programming data into the data register 402 and the 
row address information into row register 404 of ISP 
device 4. Programming command generator 10 then 
drives the Mode pin high and the SDI pin low and 
pulses the SCLK pin. This loads the internally stored 
identification of each device into its respective ID regis 
ter 401. 

This process is then repeated except that the identifi 
cation for ISP device 5 is shifted out of programming 
command generator 10 and programming data for one 
row are entered into ISP device 5. Similarly, the identi 
fication for ISP device 6 is entered into ID registers 401, 
and the programming data for one row are entered into 
ISP device 6. Programming command generator 10 
then drives the Mode pin high and the SDI pin low and 
pulses the SCLK pin. This loads the internally stored 
identification of each device into its respective register 
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out the programming command. Since at the end of 
each entry of a row of programming data the internally 
stored identification is automatically loaded into the 

8 
corresponding ID register 401, when the programming 
command is issued there is a match between the identifi 
cation stored in ID register 401 and the permanently 
stored identification in each of ISP devices 4-6, and the 
command is executed for the data held in register 402 in 
each device. This process is continued until the respec 
tive programmable arrays 403 in devices 4-6 are com 
pletely programmed. 
The embodiments described above have various ad 

vantages and disadvantages. The system which includes 
a demultiplexer (FIG. 1) uses a minimal traces on a 
circuit board and can support any mix of ISP devices. 
However, it does require the addition of a demultiplexer 
and additional trace circuitry is required to connect 
programming command generator 10 with latch 12. 
The system which includes a state machine-con 

trolled multiplexor (FIG. 5) requires minimal traces on 
a circuit board and can also support any mix of ISP 
devices. No additional traces are required to connect 
programming command generator 10 to state machine 
controlled demultiplexer 50, and the programming time 
is minimized by programming all of the ISP devices 
simultaneously. However, this system requires a fairly 
complex IC for the state machine-controlled multi 
plexor. 
The embodiments which include a switch matrix 

(FIGS. 7 and 8) require a greater number of traces on a 
printed circuit board. 
The embodiment shown in FIG. 9 requires minimal 

traces on a circuit board, and no additional component 
such as a multiplexor is required. Moreover, program 
ming time is minimized because all of the ISP devices 
can be programmed simultaneously. However, none of 
the ISP devices may have exactly the same identity. 
The foregoing embodiments are intended to be illus 

trative only and not limiting. Additional embodiments 
will be apparent to those skilled in the art. For example, 
the embodiments shown in FIG. 9 can be combined 
with the other embodiments to program a group of ISP 
devices. All such additional embodiments are included 
within the broad scope of this invention, which is de 
fined in the following claims. 

45 

APPENDIX A 
Operation Code 

O., NOP No operation OOOOO 

l, ADDSHIFT Address register shift OOOO 
2. DATASHFT Data register shift OOOO 

3. GBE Global bulk erase OOO11 
Erase pia, array, architecture and 
security cells 

4. PABE PIA bulk erase OOOO 
Erase pia cells 

5. ARRBE Array bulk erase OOO. 
Erase array cells 

6. ARCHIBE Architecture bulk erase OO 10 
Erase architecture cells 

7. PROGEVEN Program even columns OOl 
Program even columns of array, 
pia and architecture cells at 
the rows selected by Address SR 
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8. PROGOOD Program odd columns OOOO 
Program odd columns of array, 
pia and architecture cells at 
the rows selected by Address SR 

9. SFPRG Program security cell - O100 

10. VERIFYEVEN Verify even columns programmed Oil 010 
cells 
Verify even columns of array, pia 
and architecture programmed cells. 
Only one row can be selected for 
each verification 

il. VERIFYODD Verify odd columns programmed Oil Ol 
cells 
Verify odd columns of array, pia 
and architecture programmed cells. 
Only one row can be selected for each 
verification 

2. GLCPRELD Preload GLB registers O1 OO 
3. OPRELD Preload I/O Cell registers 01101 
4. FLOWTHRU Flow through Olli O 

SDI flow through to SDO 
l5. PROGESR Program ESR Ollll 

Address SR is automatically 
cleared to O 

6. ERAALI Erase all OOOO 
Erase pia, array, architecture, 
ES and security cells 

17. WERESR Verify ESR OOOl 
Address SR is automatically 
cleared to 0 

8. WEREVENH Verify even columns erased cells OOO 
Verify even columns pia, array and 
architecture erased cells. Only 
one row can be selected for each 
verification 

9 WERODDH Verify odd columns erased cells 10011 
Verify odd columns pia, array and 
architecture erased cells. Only 
One roW can be selected for each 
verification 

2O NOP No operation Oil OO 

31. INT Initialize lilill 

APPENDIX B 
oqrammind and Connection o G 600 

ABEL high level language design file to perform 
the logic function represented by the state 
machine shown in Fig. 6. 

Pages 7 to ll: 
ABEL document file generated by ABEL compiler 
available from Data I/O Corporation. 

aceS to 16: 

JEDEC file used to implement the above-noted 
logic function. 

Page 17: 
Connections required to cascade two GAL 600i 
devices together to support more than seven ISP 
devices. 



5,329, 179 
11 12 

isphwe0 DEVICE f600l" 

" control inputs 

OCK pin l3 
MODE pin l ; 
SDIN Pin 2 : 
SPEN pin 3 
CA pin 4 
MISPO pin 5 ; 
MISP1 pin 6 ; 
MISP2 pin 7 ; 
MISP3 pin 8 ; 
MISP4 pin 9 ; 
MISP5 pin 10; 
MISP 6 pin ill; 
LOOPIN pin 23; 

" outputs 

SPENO pin l4 
SPEN pin l5; 
SPEN2 pin 16; 
ISPEN3 pin 17; 
SPENA pin l8; 
SPEN5 pin l9; 
ISPEN 6 pin 20; 
PROGEN pin 21 ; 
CAO Pin 22; 

" state registers 

STO node 26 
ST node 27 
ST2 node 28 
ST3 node 29 
T REGO node 3 ; 
T REG node 32 
T REG2 node 33 ; 
SEFT node 30; 

ISPENO, ISPENl ISPEN2, ISPEN3 ISTYPE COM t 
ISPEN4 ISPEN5 ISPEN 6 ISTYPE COM" 
CAO ISTYPE REGG, INVERT, Pos'; 
T REGOT REG1, T REG2 ISTYPE REGG, BUFFER, Pos'; 
PROGEN ISTYPE REGG, INVERT, NEG"; 

" Simulation Symbol Definitions 

O 
.C. 
. X. 
2. 

" State Bit Assignments 

: 
PSTATES s (ST3... STO) ; 

" Device Enable Counter 

DCOUNT = (T REG2, T REG1, T REGO); 
EQUATIONS 

PSTATES. CLK=OCLK; 
DCOUNT. CLK=OCLK; 
CAO. CLK=OCLK; 
PROGEN. CLK=OCLK; 

LOOPIN. OE = 0; 
ISPENO is (M ISPO) ; 
ISPENO.OE = (ISPEN & IT REG2 G T REGil G T REGO G ! PROGEN.FB); 
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ISPEN1 - (MISP1) ; 
ISPEN1. OE (ISPEN G T REG2 G T REG1 G T REGO G ! PROGEN.FB); 
ISPEN2 (MISP2) ; 
ISPEN2.OE - (ISPEN G T REG2 G T REG1 G T REGO G ! PROGEN.FB); 
ISPEN3 - (MISP3) ; 
ISPEN3. OE (ISPEN G T REG2 G T REG1 G T REGO G ! PROGEN.FB) ; 
ISPEN4 (MISP4) ; 
ISPEN4. OE (ISPEN G T REG2 G T REG1 G T REGO G. PROGEN.FB); 
ISPEN5 - (MISP5) ; 
ISPEN5. OE (IISPEN G T REG2 G T REG1 G T REGO G ! PROGEN.FB) ; 
ISPEN 6 s (MISP6) ; 
ISPEN 6. OE - (ISPEN G T REG2 G T REG1 G T REGO G ! PROGEN.FB); 

Internal Counter Bit Equations 

T REGO.D as IT REGO G ! (PSTATES-10) & CAO G ISPEN G SEFT; 
T REGO. CE = ((PSTATES-11) G. MODE. G. SDIN G CAI 

(PSTATESass10) ' 
ISPEN); 

.D = IT REGi. G ! (PSTATES-10) & CAO & ISPEN G. ISBFT; 

. CE as ( (PSTATESsall) G. MODE G SDIN G CAI G 
T REGO 
it (PSTATESE10) 

ISPEN); 

REG 
REG 

T REG2. D - IT REG2 G 1 (PSTATES-10) G. CAO G ISPEN G SEFT; 
T REG2. CE ( (PSTATESmli) G. MODE G SDIN G CAI G 

T REGO G T REGl 
it (PSTATESEEO) 

ISPEN); 

CAO.AR ISPEN; 

State Machine Definition For isp MUX states 

STATE DIAGRAM PSTATES 
STATE 0: if (MODE G SDIN 

G SPEN) then 1 : 
else 0 ; 

STATE ll: if (MODE G SDIN 
G ISPEN) then 2 ; 

else 0 ; 

STATE 2: if (MODE G SDIN 
g ISPEN) then 3 ; 

else 0 

STATE 3: if (MODE G SDIN 
G SPEN) then 4 ; 

else 0 ; 

STATE 4: if (MODE G SDIN 
& ISPEN) then 5 ; 

else 0 ; 

STATE 5: if (MODE G SDIN 
G ISPEN) then 6 ; 

else 0 ; 

STATE 6: if (MODE & SDIN 
& ISPEN) then 7 : 

else 0 ; 

STATE 7: if (MODE G SDIN 
& ISPEN) then 8 

else 0 ; 
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STATE 8: if (MODE & SDIN 
G SPEN) then 9 

else O 

STATE 9: PROGEN. CEl; 
CAO. CEs. 
DCOUNT. CE; 

if (MODE. G. SDIN 
G ISPEN) then 0 with CAO.D.O. 

DCOUNT.D.O. 
PROGEN. Das O, 

else O 

STATE O: SEFT. CEl 
if (MODE G SDIN 

G SPEN) then i; 
else if (! MODE G SDIN 

& ISPEN) then l 4 with SHFT. Dai 
else O; 

STATE : CAO. CE (DCOUNT-7) G. MODE. G. SDIN & ISPEN; 
SEFT. CEs. 
if (! MODE. G. SDIN 

G ISPEN) then 1 with CAO. Das (DCOUNTal) ; 
else if (MODE G SDIN 

G ISPEN) then 13 with SEFT. Dal 
else if (! MODE & SDIN 

G ISPEN) then l3 with SHIFT. Di; 
else if (MODE & SDIN 

G ISPEN) then l2: 

STATE 2 PROGEN. CE=l; 
GOTO 0 with PROGEN. DsCAO; 

STATE 3: CAO. CE= (MODE G SDIN & ISPEN); 
PROGEN. : ; 
DCOUNT. CEs (MODE G SDIN & ISPEN) ; 
SBFT. CE=1; 
if (!MODE G SDIN 

& ISPEN) then 13 with CAO.D=T REGO.Q & SHFT; 
T REGO.D=T REGl. Q & SHFT; 
T REG1. D=T REG2. Q & SHFT; 
T REG2. D-LOOPIN G SHFT; SHFT.D=l; 

else if (MODE & SDIN 
& ISPEN) then 0 with PROGEN. D=l; 

SHFT. D=0; 
else 0 with PROGEN. D=0; 

SHFT.D=0; 

STATE 1.4: CAO, CE= (MODE G SDIN & ISPEN); 
DCOUNT. CE= (MODE G SDIN & ISPEN) ; 
SRFT. CE=l; 
if (! MODE G SDIN 

G ISPEN) then 14 with CAO.D=T REGO. Q & SHFT; 
T REGO.D=T REGl. Q & SBFT; 
TREGl. D=T REG2. Q & SEFT; 
T REG2. D=CAI & SBFT; 

else 0 with SEFT. Dac0, 

TEST VECTORS 

(IOCLK, ISPEN, MODE, SDIN, CAI, LOOPIN, MISPOM ISP1, MISP2, MISP3, MISP4, MISP5, MISP 
(PSTATES, DCOUNT, CAO, ISPENO, ISPENl ISPEN2, ISPEN3, ISPEN4, ISPEN5, ISPE) 

SPENO ENABLE CBECK 
0 in 0 0 0 O, O, 0. 0, 0, 0, 0. 0) -> 0, 0 H, 2, 2, 2 2, 2, 2, 2 H) ; 
C, 0 1 1 0, 0, 0, 0, 0, 0, 0, 0, 0) > 1, 0, B 2, 2, 2, 2, 2, 2, Z, B) ; 
C, 0, l, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) -> 2, 0, E Z 22, 2, 2, 2, 2, B) ; 
C 0 1 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)-> 3, 0, E 2, 2, 2, 2, 2, 2, 2, E); 
C. 0. l 0, 0. 0. O 0. 0. 0. 0. 0. O) -> 4. 0. E 2, 2, 2, 2, 2, 2. 2 B) ; 
C, 0 1 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) -> 5 O, B, 2, 2, 2, 2, 2, 2, 2, B) ; 
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CAO G, STO. Q 
ISPEN G STO. O. 
SDIN G STO. O. 
ST3. O 
ST2, O 

STi. Q ) ISTYPE INVERT 
( OCLK ) 
( STO. Q & STi. Q G ST2. G ST3...Q 

ST1 ... O G ST2. Q & ST3. Q ) ; 

PROGENC 
PROGENCE 

LOOPIN.OE (0); 
SNO a ! ( IM ISPO ); 
ISPEN 0. OE E ( ISPEN G T REGO G T REG1 G T REG2 G ! PROGEN.FB ); 

SPEN ( : M ISP1 ); 
ISPEN1. OE = ( i ISPEN G T REGO G T REG1 G T REG2 & 1 PROGEN.FB ); 
SPEN2 a ( MISP2 ); 
ISPEN2. OE = ( ISPEN G T REGO G T REG1 G T REG2 G PROGEN.FB ); 
SPEN3 a ( MISP3 ); 
ISPEN3. OE = ( ISPEN G T REGO G T REGl G T REG2 G PROGEN.FB ); 
SPEN is ( t M ISP4 ); 
ISPEN4. OE = ( ISPEN G T REGO G T REGi. G T REG2 & 1 PROGEN.FB ); 
ISPEN5 ( MISP5); 
ISPEN5. OE ( ISPEN G T REGO G T REG1 G T REG2 G ! PROGEN.FB ); 
SPEN 6 ( !M ISP 6 ); 
ISPEN 6.OE ( ISPEN G T REGO G T REG1 G T REG2 G ! PROGEN.FB ); 
SEFTD ( MODE G SDIN G ! ISPEN & STO. O. G. STi. Q G ST2 ... O G ST3 ... O 

MODE G SDIN & ISPEN & ST0. Q & ST1 ... O G ST2. Q & ST3. O 
SDN G SPEN G STO. O. G. ST. O. G. ST2 ... O & ST3 ... O ) ; 

STYPE BUFFER 
SEFT. CE as ( STO. O. G. ST1... O G ST2. O. G. ST3. O 

STl. Q G ST2. O. G. ST3. O 
STO. O. G. ST1 ... O & ST3. Q ); 

Warning 5087: Mapping ST0 to ST0. FB; only one fib is allowed on pin 26 
Warning 5087: Mapping STl to ST1. FB; only one fib is allowed on pin 27 
Warning 5087: Mapping ST2 to ST2. FB; only one fib is allowed on pin 28 
Warning 5087: Mapping ST3 to ST3. FB; only one fb is allowed on pin 29 
Warning 5087: Mapping T REGO to T REGO.FB; only one fib is allowed on pin 31 
Warning 5087: Mapping T REGi to TREGl.FB; only one fib is allowed on pin 32 
Warning 5087: Mapping T REG2 to T REG2.FB; only one fib is allowed on pin 33 

mas F600l Chip Diagram is 

sesses assess see W f'ssessessesa 
W W 

OE i l ----a 2 Wee 

son : 23 LOOPN 
Sps 3 22 AO 

A. : 2l ROE 

SO I s 2O SPNS 

Sl s S Spas 

SP2 8 SPN 

S3 SP3 

Sp4 9 s SPN2 

SS O S SEN 

SR 5 sp0 

lock 
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QP24t QF 8294 OV102 F0 
XOt 
NOTE Table of pin names and numberst 
NOTE PINS OCLK:13 MODE:l SDIN: 2 ISPEN:3 CAI: 4 MISPO:5 MISP1: 6 MISP2:7 
NOTE PINS MISP3 : 8 MISP4 - 9 MISP5: 10 MISP6:1 LOOPIN: 23 ISPENO. 4 ISPEN 15 
NOTE PINS ISPEN2: 6 ISPEN3:17 ISPEN4 : 18 ISPEN5:19 ISPEN6s2O PROGEN2 CAO 22 
NOTE Table of node names and numberst 
NOTE NODES STO: 26 ST1:27 ST2:28 ST3:29 TREGO:3l T REG: 32 TREG233 ?t 
NOTE NODES SHFT:30th 
LOOOO 1001101 lllllllllllllll.01 OllOOlli 00101llllllllllllllllllllllllllllllllllll 
illlllllllllllllllll OOlli lllllllllllll 
L0114 100 lill Olllllllllllllllloll OOlli Ololllllllllllllllllllllllllllllllllllllll 
lilillllllllllllllllllll Olllllllllllll 
L0228 100ll OlllllllllllllllliOll000l. OllOlllllllllllllllllllllllllllllllllllllll 
illlllllllllllllllili Olllllllllllllll 
L0342 100110lllllllllllllllll000l.0l OliOlli lllllllllllllllllllllllllllllllllllll 
illllllllllllllllllll.0llllllllllllllllf 
L0456 00ll Olli llllllllllllloil0010101lllllolllllllllllllllllllllllllllllllllll 
illllllllllllllllllllliOllllllllllllll 
L0570 100ll Oililillllllllllll0110010101110 lllllllllllllllllllllllllllllllllllll 
illlllllllllllllllllllllllolilllllllll 
L0684 100110llllllllllllllllolilo Olololillolllllllllllllllllllllllllllllllllllll 
llllllllllllllllllllllllll Oilllllllllllf 
L0798 100ll Olllllllllllllllll OOl00011011 lilllllllilllllllllllllllllllllllllll 
illlllllllllllllllllllllllll Ollilillllllf w 
L0912 looil OlllllllllllllllllOOlOlOlOlllll Olllllllllllllllllllllllllllllllllllll 
illllllllllllllllllllllll. Oli llllllllll 
Ll O26 001101 Olllllllllllllll.00101010lllllllllllllllllllllllllllllllllllllllllll 
llllllllllllllllllllllll Oililllllllllll 
Lll 40 00llil Ollllllllllllllll Oll.00 lill Olllllllllllllllllllllllllllllllllllll 
llllllllllllllllllllllllllolllllllilill 
Ll254 011010llllllllllllllll Oil OOllOlllllllllllllllllllllllllllllllllllllllllll 
llllllllllllllllllllllllllllllllllllol 
Ll368 100 llll Oililllllllllllllll Oil OOlllllllllllllllllllllllllllllllllllllllllllll 
llllllllllllllllllllllllllll0llilllllll 
Ll 482 010ll Olllllllllllllllll Olol OOllllllllllllllllllllllllllllllllllllllllllll 
lllllllllllllllllllllllllllllllllllllol 
Ll 596 Ollol OlllllllllllllllllOOll010lllllllllllllllllllllllllllllllllllllllll 
lllllllllllllllllllllllllllllllllll O10. 
Ll 710 loli ClOllllllllllllllll Oil Oil Ollollilillllllllllllllllllllllllllllllllllllll 
lillllllllllllllllllllllll Oilill 
Ll 824 01100 lllllllllllllllllol Ol DOlllllllllllllllllllllllllllllllllllllllllllll 
lilllllllllllllllllllllllllll Olllll.01 
L1938 OlOll. OlllllllllllllllllOOlOll011 lllllllllllllllllllllllllllllllllllllllll 
illllllllllllllllllllllllllllllllll Oil Oil Ol 
L2052 lol OOllllllllllllllll Oil Ol Dolllllllllllllllllllllllllllllllllllllllllllll 
illllllllllllllllllllllllllllll.0.101ll 
L2166 1010101llllllllllllllll.001100 llllllllllllllllllllllllllllllllllllllllllili 
illllllllllllllllllllllllllllllll Olli O101 
L2280 Olloli 01111 lllllllllllllll00ll Olilllllllllllllllllllllllllllllllllllllllllll 
llllllllllllllllllllllllllllli Olllll 
L2394 100110lllllllllllllllll.0011001 llllllllllllllllllllllllllllllllllllllllllll 
llllllllllllllllllllllllllllll0101010111 
L2508 Oil 01011 illlllllllllll OliOlllOllllllllllllllllllllllllllllllllllllllllllll 
lilillllllllllllllllllllllllllllllolill 
L.2622 100ll Oliilllllllllllll Ol D1100 llllllllillllllllllllllllllllllllllllllllllll 
illlllllllllllllllllllllllllll0110101 
L2736 Oll. Olollllllllllllllll Ololl Oililllllllllllllllllllllllllllllllllllllllllll 
lilillllllllllllllllllllllllllllli Ollll 
L2850 100ll.0lllllllllllllllllool010lllllllllllllllllllllllllllllllllilllllllllll 
111 llllllllllllllll.01ll010101101010ill 
L2964 looll Ollllllllllllllll Oll000lllllllllllllllllllllllllllllllllllllllllllll 
lllllllllllllllllioll Ol.001001010ill0. 
L3078 Olill Ollllllllllllllll Ololl00lllllllllllllllllllllllllllllllllllllllllllli 
lillllllllllllllllllllllllllllll Ololllll 
L3 l92 lilill Oilillllllllllllllllllll01010lllll 101llillllllllllllllllllllllllllill 
llllllllllllllllllllllllllll Oilllllllll 
L33 06 lllil Olllllllllllllllllll Oilill Oil Olliill Olllllllllllllllllllllllllllllllli 
llllllllllllllllllllllllllll Olllllllllll 
L3420 lllllolllllllllllllllllliOlllll010llilillolililllllllllllllllllllllllllllill 
illlllllllllllllllllllllllll.0lllllllllll" 
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L3534 lili Ollllllllllllll Olli Oi Oilill Olllllllllllllllllllllllllli 
lllllllllllllllllll Ollllll 
L3648 lllll Olllllllllllllllllllllllololillolilliolilllllllllllllllllllllllllllllll 
illllllllllllllllllllllll Oilillllllllit 
L3762 ill OllllllllllllllliOll101llOllllOllllllllllllllllllllllllllllll 
illllllllllllllllllllll.0lllllllllli 
L3876 ill 11 Olllllllllllllllll, Ollllllllllll Oilillllllllllllllllllllllli 
lililllllllllllllllllllliOlllllllllll 
L3990 llllolllllllllllll. Ollllllo 1101101lllllllllllllllllllllllllll. 
lllllllllllllllllllllllll Olllllllllll. 
L404 llll Olllllllllllllllllll01 Ollll.O.Oillili llllllllllllllllllllll 
llllllllllllllllllllllll Olllllllllllll 
4218 11.10llllllllllllllllll Olill Olli Ollolilillllllllllllllllllll. 
illlllllllllllllllllli10llllllllllllll 
L4332 lllllolllllllllllllllllliOlllllolilliiOil Oililllllllllllllllllllllllllll 
illlllllllllllllllllllll.0lllllllllllllll 
L4 446 lllllollllllllllllllll. Ollllll01100 llllllllllllllllllllllll 
illlllilllllllllllllllll Ollllllllllili 
L4560 illOOlllllllllllllll0000 llllllllllllllllllllllllllllllllllllllll 
illlllllllllllllllllllllll OOOOl 
4674 lllllllllllllllilo Olli OOllllllllllllllllllllllllllllllllllllll 
illlllllllllllllllliOOOllllllllli 
L4788 llllllllllllllllllllllll000llllllllllllllllllllllllllllllllllllllllll 
illlllllllllllllllllllllllliOllllllll 
L4902 lllllllllllllllllllll011010 Ollllllllllllllilllllllllllllllllllllll 
illlli Ololo 001. 

L506 illllllllllllllllllll00011 llllllllllllllllllllllllllllllllllllllll 
lilill Ollili 

L5130 lllllllllllillllllllllll Oill OOlllllllllllllllllllllllllllllllllllllllll 
lililllllllllllllllllllliOillilill 

L5244 lllllllllllllllllllOOlill Ollllllllllllllllllllllllllllllllllllllllll 
illlllllllllllllllllllllillolilill 

L5358 lllllllllllllllllllllll Oillilllllllllili Ollllllilllllllllllllllllllllll 
illlllllllllllll Oillllllllllllilill 
L5472 llll Olllllllllllllllll Olllllllllllllllllllllllllllllllllllllllllllllllll 
lililllllllllllllllOllllllllllllllllllll 
L5586 ill Oli lllllllllllllll Olli llllllllllllllllllllllllllllllllilllllllllllll 
llllllllllllllll Oli llllllllllllili 
L5700 lllllllll Ollllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

Ollllllllllllllllllllllllllllli 
L584 lllllllllliOllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
illlll Ollllllllllllllllllllllllllillllll 
L5928 lllllllllllllOllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
illllill Olllllllllllllliii.111 lllllllll 
L6042 lllllllllllllll0llllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
illlllllll Olllllllllllllllllllllllllllll 
L6156 lllllllllllllllll0lllllllllllllllllllllllllllllllllllllllllllillllllllllll 
llllllllllll Olllllililillllllllllllllll 
L6270 lllllllllllllllllil Ollilllllllllllllllllllllllllllllllllllllllllllllllllll 
illllllllllll Olllllllllllllllllllllllll 
L6384 lllllllllllllllllllll Ollllllllllllllllllllllllllllllllllllllllllllllllllll 
illlllllllllllll Oililillllllllllllllllll 
L6498 111111111111111111 lllllllllll0llllllllllllllllllllllllllllllllllllllllllll 
lillllllllllllllll Olllllllllllllllllllli 
L6612 llll Olli llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
lllllllllllllllllllllllll Oil Ololllllllili 
L6726 lllllllllllllllllllllllllll Olllllllllllllllllllllllllllllllllllllllllllll 
illlllllllllllllll0lllllllllllllllllllli 
L6840 llllllllllllllllllllllll Olllllllllllllllllllllllllllllllllllllllllllllllll 
llllllllllllllllll Olllllllllllllllllllll 
6954 oooooooooooooooooooooooooooooooooooo OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOililllllllllllllllllllllllllllllll 
7068 00000000000000000000000000000000000000000000000000000000000000000000000000 
00001lllllllllllllllllllllllllllllllilil 
L782 oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
OOOOllllllllllllllllllllllllllllllllllli 
L7374 llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

7452 1111 llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
L7530 111110llllllllllllllllllllllllli O10101111 lllllllllllllllllllllllllllllll.01 

t 



L7608 
lilt 
L7686 

le 
7764 
111. 
7842 
1. 

L792O 
t 

L7998 
life 

L8076 
lill 
L8154 
L8157 
L860 
1863 
L81.66 
L869 
L872 
L875 
878 
8182 
L886 
L81.90 
L894 
81.98 
L82O2 
82O6 
L82O 
828 

WOOO1 
WOOO2 
WOOO3 
WOOOA 
WOOO 5 
WOOO6 
WOOO7 
WOOO 8 
WOOO 9 
WOOO 
WOO 
WOO12 
WOO3 
WOO4 
WOO15 
WOO16 
WOO.7 
WOO18 
WOO19 
WOO2O 
WOO 21. 
WOO22 
WOO23 
WOO24 
WOO25 
WOO26 
WOO27 
WOO28 
WOO29 
WOO3O 
WOO 31 
WOO32 
WOO33 
WOO 34 
WOO35 
WOO36 
WOO37 
WOO38 
WOO 39 
WOO 40 
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lllll Olli llllllllllllllllllllllll 00101llllllllllllllllllllllllllllllllll Ol 

illliOli llllllllllllllllllllllll OllOOllilllllllllllllllllllllllllllllllli Ol 

lllllolllllllllllllllllllllllliol OOlllllllllllllllllllllllilllllllllll.01 

lllllollllllllllllllllllllllllll010llOllllllllllllllllllllllllllllllllll Ol 

lilill Ollllllllllllllllililllllli1001101 lllllllllllllllllllllllllllllllllol 

lill Olllllllllllllllllllllllll0110101lllllllllllllllllllllllllllllll Ol 

illl.0llllllllllllllllllllllllllllllllllllllllllllllllllilllllllllllllllll 

Olt 
Ole 
Ot 
1Olt 
1OOf 
00: 
OOt 
OOt 
OOOf 
O1 OOt 
OOOt 
Olo Ot 
Ol OOt 
OOOt 

oloot 
OOle 

1OOOt 
lik 
OOOOOOOOOONO2222222HHON 

OOOOOOOOONC2222222HHON 
OOOOOOOOOONC2222222HHON 
OOOOOOOOOONCZZZZZZZHHON 
OOOOOOOOOONCZZZZZ22HHON 
OOOOOOOOOONC2222222HHONk 
OOOOOOOOOONC2222222HHON 
OOOOOOOOONC2222222HHON 

OOOOOOOOOOONCZZZZZZZHHON 
OOOOOOOOOONCZZZZZZZHHON 

OOOOOOOOOOONC2,2,2,2,2,2,2HHON 
Oloo OOOOOOONCZZZZZZZHHON 
Oloo OOOOOOONC2222222HHON 
OOOOOOOOONC2222222HHON 

Oloo OOOOOOONCL222222LHON 
OOOOOOOOONCL222222LHON 
OOOOOOOOOONCL222222HON 
1OOOOOOOOOONCL222222LHON 
OOOOOOOOOONCLZZZZZZLHON 

100 OOOOOOOONCL222222LHON 
OOOOOOOOOONCL222222LHON 
100 OOOOOOONCL222222LHON 

OOOOOOOOOOONCL222222LHON 
OOOOOOOOOONCL222222LHON 

OOOOOOOOOOONC2222222HHON 
OOOOOOOOOONC2222222HHON 
Oloo OOOOOOONC2222222HHON 
OOOOOOOOOONC2222222HHON: 
01.00 OOOOOOONC2222222HHON 
Oloo OOOOOOONC2222222HHON 
01OOOOOOOOONCZ222222HHON 
OOOOOOOOOONCZ222222HHON 
OOOOOOOOOONC2222222HHON 
OOOOOOOOOONC2222222HLON 
lOOOOOOOOONC2222222HLON 
OOOOOOOOOONC2222222HLON 
l10 OOOOOOOONCZZZZZZZHLON 
lOOOOOOOOOONC2222222HLON 
OOOOOOOOOONC2222222HLON 
OOOOOOOOOONC2222222HLON 



WOO4. 
WOO42 
WOO43 
WOO44 
VOO45 
WOO46 
WOO47 
WOO48 
WOO49 
WOO 50 
WOO 5 
WOO52 
WOO53 
WOO54 
WOO55 
WOO 56 
WOO57 
VOO 58 
WOO 59 
WOO60 
WOO6l 
WOO62 
WOO63 
WOO64 
WOO65 
WOO66 
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We claim: 
1. An arrangement for programming a plurality of 

programmable logic devices comprising: 
a programming command generator; 
a plurality of programmable logic devices; and 
a device selector for forming a connection between 

individual ones of said programmable logic devices 
and said programming command generator so as to 
allow said individual ones of said logic devices to 
be programmed by said programming command 
generator; 

wherein said device selector comprises a state ma 
chine-controlled demultiplexor. 

2. An arrangement for programming a plurality o 
programmable logic devices comprising: 

a programming command generator; 
a plurality of programmable logic devices; and 
a device selector for forming a connection between is 

individual ones of said programmable logic devices 
and said programming command generator So as to 
allow said individual ones of said logic devices to. 
be programmed by said programming command 
generator; 

wherein said device selector comprises a switch ma 
trix. 

3. An arrangement for programming a plurality of 
programmable logic devices comprising: 

a programming command generator; 
a plurality of programmable logic devices; and 
a device selector for forming a connection between 

individual ones of said programmable logic devices 
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and said programming command generatorso as to 
allow said individual ones of said logic devices to 
be programmed by said programming command 
generator; 

wherein said device selector comprises a state ma 
chine-controlled matrix. 

4. An arrangement for programming a plurality of 
programmable logic devices comprising: 

a programming command generator; and 
a plurality of programmable logic devices, said pro 
grammable logic devices being connected in paral 
lel to said programming command generator such 
that said programming command generator may 
transmit a programming command to any one of 
said logic devices without having said command 
pass through any of the other of said logic devices, 
said programming command generator being capa 
ble of transmitting a programming command to 
more than one of said logic devices simultaneously. 

5. A method of programming a plurality of program 
mable logic devices with a programming command 
generator, said method comprising the steps of: 

transmitting an identification code to said program 
mable logic devices, the receipt of said identifica 
tion code causing only one of said devices to be 
placed in a condition to receive programming data 
from said programming command generator; and 

causing said programming command generator to 
transmit programming data to said device. 

6. The method of claim 5 comprising the additional 
step of causing said device to execute programmable 
connections in accordance with said programming data. 

k k k k sk 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 5,329, 179 Page 1 of 2 
DATED : July 12, 1994 
INVENTOR(S) : Tang et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

Col. 1 line 21, after "ISP" insert -- devices--; 

Col. 1, line 25, after "07/695, 356" insert --now U.S. 
Patent No. 5, 237,218, issued August 17, 1993, --; 

Col. 3, line 4, insert a space between "ispEN" and output; 

Col. 4, line 60, insert a space between "ispEN" and "output"; 

Col. 4, line 64, insert a space between "ispEN" and "pin" 

Col. 5, line 2, insert a space between "ispEN" and "output"; 

Col. 6, line 52, insert a space between "ispEN" and 
to 

Col. 7, line 7, insert a space between "ispEN" and 
"low"; 

Col. 15 - Appendix B, The line after "STATE 13: 
CAO. CE= (MODE&SDIN& ISPEN); " should read --PROGEN. CE=1; -- ; 

Cols. 1.7 & 18, line 29, fill in the first blank with 
--O-- ; fill in the second blank with --Z--; and 

  

    

  

    

    

    

  

  

  

    

  

    

  

    

  

    

    

  

    

    

    

  

  

    

      

  



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,329, 179 Page 2 of 2 
DATED July 12, 1994 
INVENTOR(S) : Tang, et al. 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
Corrected as shown below: 

Colis. 19 & 20, line 20, fill in the fi 
O fill in the second blank with the first blank with 

Signed and Sealed this 
Eighteenth Day of April, 1995 

Attest (a (eel 
BRUCELEHMAN 

Commissioner of Patents and Trademarks Attesting Officer 

  


