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(7) ABSTRACT

A user configurable circuit contains clock logic, a switching
element and a data path circuit. Input data is received in the
switching element, and the switching element and the data
path circuit constitute the entire data path for the circuit. A
plurality of user configurable inputs are received to config-
ure the circuit for a particular user application. The clock
logic and the switching element implement a logic function
that is configurable by the user configurable inputs. The
logic function is pre-processed in the clock logic so that
minimal delay occurs in the data path. In addition, the
propagation delay through the switching element and the
register is independent of the user configurable inputs. The
user configurable circuit of the present invention has appli-
cation for use as a macro cell for a programmable logic
device permitting the user to configure the circuit as a
D-type flip-flop, a T-type flip-flop. In addition, the user
selects the polarity for the output circuit.

23 Claims, 5 Drawing Sheets

//ZQQ

USER
CONFIGURABLE
INPUTS
—
0 1l cew nl
CLOCK . FEEDBACK
CLOCK . -
IN | LOGIC CONDITIONAL CLOCK SIGNALS
210
CONDITIONAL
o ffeem CLOCK
Yy \ J SIGNALS v
DATA SWITCHING DATACPATH DATA
> IRCUIT »
N —> ELEMENT > CIRCU > 0reor
205 215




US RE37,577 E

Page 2
U.S. PATENT DOCUMENTS 5,424,654 A 6/1995 Kaplinsky ........ccoceennee 326/40
5,426,380 A * 6/1995 Rogers ............ .. 326/46
4,903,233 A 2/1990 N(?rman etal. .ooooeeennn. 364/716 5457400 A 10/1995 Agrawal et al. .. .. 626/39
‘5‘7(9);‘7‘2% i ‘6‘/ }gg(l) X"m et ?L | 264900 5473266 A 12/1995 Ahanin et al. ................ 326741
027, / grawal et al. ............ / 5480857 A 2/1996 Agrawal et al. .oo........ 326/41
5,121,006 A 6/1992 Pedersen ;
! 5502403 A * 3/1996 Liu et al. ....coccoveerurenn 326/46
5,159,278 A 10/1992 Mattison ...........cceeeuene. 328/63 .
! 5,506,878 A 4/1996 Chiang ..o.ooovovvreernennnnn. 377/39
5,164,612 A 11/1992 Kaplinsky ;
5,512,766 A 4/1996 Kusunoki et al. . ... 257/296
5,191,243 A 3/1993 Shen et al. X
- s 5,528,170 A 6/1996 Britton et al. ................ 326/41
5,225,724 A 7/1993 Scarra’ et al. .............. 327/203
5,532,500 A 7/1996 Okamura et al. ........... 2577207
5254886 A 10/1993 Fl-Ayat et al. ¢
5,565,792 A 10/1996 Chiang et al. .... 326/40
5,280,203 A 1/1994 Hung et al. .
5,570,051 A 10/1996 Chiang et al. .............. 327/203
5,300,830 A 4/1994 Hawes
. 5,594,365 A 1/1997 Agrawal et al. .............. 326/40
5,302,866 A 4/1994 Chiang et al. 5621338 A * 4/1997 Liu et al 306/46
5332929 A 7/1994 Chiang 621, / iunetal .ooooeiiiiiienninn /-
5,376,849 A 12/1994 Dickol et al. ............... 327/278
5,391,942 A 2/1995 El-Ayat et al. ...c.ccooeenene 326/39 * cited by examiner



U.S. Patent Mar. 12, 2002 Sheet 1 of 5 US RE37,577 E

ey

DATA
ouT
——>

=
E3
ke

A

POLARITY

POLARITY

9
—
5
N
1
REGISTER 120

TIVPE
—0
o110
| T

T-TYPE

[ DTVPE
T

J

1 (PRIOR ART)

D-TYPE

FIG.

CLOCK—¢



U.S. Patent

CLOCK
IN

DATA
IN

FiG.

Mar. 12, 2002 Sheet 2 of 5
/ZQQ
¢
USER
CONFIGURABLE
INPUTS
_A
0] 1| » n
CLOCK FEEDBACK
LOGIC
CONDITIONAL CLOCK SIGNALS
210
. CONDITIONAL
0| 1 m CLOCK
SIGNALS
SWITCHING DATA PATH
ELEMENT »| CRCUT |4 »
205 215

2

US RE37,577 E

DATA
OuTPUT



U.S. Patent Mar. 12, 2002 Sheet 3 of 5 US RE37,577 E

// B_O_Q
DATA oL EGISTER DATA
ELEMENT R

INPUT ™ > OQUTPUT

320 330
* CONDITIONAL CLOCK SIGNALS %
CLOCK
CLOCK— LOGIC  jg—

310

FUNCTION  POLARITY
SELECT SELECT

FiG. 3



US RE37,577 E

Sheet 4 of 5

Mar. 12, 2002

U.S. Patent

DI

NI

viva

027 WaLsIo3Y ¥
Ogv LNIw313 VLa
(73
" a =
1no _I 1 (1723
VLY
- $¥CE 268 We e _H
85¢
® o |
00p 20 IIIMHMWI 04 00 L 4 mu
- i
@ wqm lo—
- 7 v Iy
307
Y I —
610 —
0y 19
21901 #X10
X010 $¥10 |
€10
¥ EX10 —e m
10 ]
€0 [4.110]
D
20 W A0
| IN——Ty o'y o



US RE37,577 E

Sheet 5 of 5

Mar. 12, 2002

U.S. Patent

<

D1

<¢— 0010

1130
OHOVIN

F 3

S1NdNi
NOILVHNDIANOD

30




US RE37,577 E

1

HIGH SPEED CONFIGURATION
INDEPENDENT PROGRAMMABLE
MACROCELL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This is a continuation of application Ser. No. 08/360,469,
filed Dec. 20, 1994, now U.S. Pat. No. 5,502,403.

FIELD OF THE INVENTION

The present invention relates to the field of programmable
logic devices, and more particularly to a high speed pro-
grammable macro cell with a propagation delay independent
of the configuration.

BACKGROUND OF THE INVENTION

In general, programmable logic devices (PLDs) permit a
user to configure the PLLD device to accommodate a wide
spectrum of applications. One type of PLDs has a program-
mable macro cell. The programmable macro cell provides
the capability of defining the architecture of each output
individually. Each of the potential outputs may be specified
to be “registered” or “combinatorial”. In addition, the polar-
ity of each output may also be individually selected allowing
complete flexibility of the output configuration. In addition,
further configurability is provided through “array” config-
urable “output enable” for each potential output. This feature
allows the outputs to be reconfigured as inputs on an
individual basis, or alternatively, used as a combinational
I/O controlled by the programmable array. An example of
such a PLD device is manufactured by Cypress Semicon-
ductor Corporation, the Assignee of the present invention.

FIG. 1 illustrates a user configurable macro cell config-
ured in accordance with the prior art. For the circuit illus-
trated in FIG. 1, the user selects the configuration of the
macro cell to operate as either a D-type flip-flop or a T-type
flip-flop. In addition, the user selects the polarity of the
output data (e.g. whether the output of the circuit is selected
from the register true (Q) or bar (Q)). Typically, the user
selects the configuration by programming user configurable
bits. In response to the user configurable bits, a D-type, a
T-type, a polarity, Dtype, a Ttype and polarity select signals
are generated. A macrocell 100 receives the D-type, T-type,
polarity, Dtype, Ttype and polarity select signals.

The macro cell circuit 100 contains an exclusive OR gate
(XOR) 102, a register 120, and a plurality of transmission
gates 105, 110, 152 and 154. The XOR gate 102 implements
the toggle function for the T-type flip-flop. As is shown in
FIG. 1, transmission gates 105, 110, 115, 125, 140, 148, 154
and 152 contain a p channel metal oxide semiconductor
(MOS) transistor and an n channel MOS transistor. The
register 120, used to implement the D-type and the T-type
flip-flops, contains a master latch, a slave latch and a
transmission gate 140 used to couple the master latch and the
slave latch. The master latch includes inverters 130 and 135,
as well as transmission gate 125. The slave latch includes
inverters 145 and 146, as well as transmission gate 148.

The “Data In” is input to the XOR 102 and a transmission
gate 105. If a D-type flip-flop is specified by the static
control signals, then the transmission gate 105 conducts the
“data in” signal to a transmission gate 115. If the static
control signals specify a T-type flip-flop, then the output of
the XOR gate 102 is coupled to the transmission gate 115 via
the transmission gate 110.
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During a clock transition from a high state to low logic
state, the data input to transmission gate 115 is passed to the
master latch. Also, during the high state to low logic state
transition, the transmission gates 125 and 140 are [closed]
disabled, and the transmission gate 148 is [open] enabled to
latch or retain the state previously latched in the slave latch.
When the clock cycle transitions to a high logic level, the
transmission gate 140 and the transmission gate 125 are
[opened] enabled to latch the data in the master latch, and to
pass the data into the slave latch, inverters 145 and 146. In
addition, in the high clock cycle, the transmission gate 148
is [closed] disabled. The polarity and polarity static signals
select either the true or bar outputs of the register 120 to
generate the “data out”.

Although the macro cell circuit 100 provides selectable
D-type or T-type configurations, the T-type configuration
requires a longer set-up time than the D-type configuration
due to the XOR gate 102. In addition, the data path for the
D-type configuration includes transmission gate 105, and the
data path for the T-type configuration includes transmission
gate 110. Furthermore, whether the T-type or D-type con-
figurations are selected, the data is further delayed by the
transmission gates 152 and 154 utilized to select the polarity.

SUMMARY AND OBJECTS OF THE
INVENTION

Therefore, it is an object of the present invention to reduce
the propagation delay of the data path in a user configurable
circuit.

It is another object of the present invention to provide a
high speed user configurable circuit, wherein the propaga-
tion delays are independent of the configuration.

These and other objects are included in a circuit that
contains clock logic, a switching element and a data path
circuit. Input data is received in the switching element, and
the switching element and the data path circuit constitute the
entire data path for the circuit. A plurality of user config-
urable inputs are received to configure the circuit for a
particular user application. The clock logic and the switch-
ing element implement a logic function that is configurable
by the user configurable inputs. The logic function is pre-
processed in the clock logic so that minimal delay occurs in
the data path. In addition, the propagation delay through the
switching element and the data path circuit is independent of
the user configurable inputs.

The clock logic receives the user configurable inputs and
a clock input. In turn, the clock logic generates conditional
clock signals to implement the logic function for the circuit
based on the clock input and the user configurable inputs.
The switching element includes at least one transmission
gate that is controlled by the conditional clock signals. The
transmission gate includes any type of pass gate, such as a
three state inverter or a switching transistor. The switching
element generates a logic output, in accordance with the
conditional clock signals, to implement the logic function by
controlling propagation of the input signal through the
transmission gate. The data path circuit receives the logic
output, and is also controlled by the conditional clock
signals.

The circuit of the present invention has application for use
as a macro cell for a programmable logic device. In one
embodiment, the data path circuit is a storage element, and
the user configurable inputs include a D-type register select,
a T-type resister select, a latch select, and a polarity select.
The logic functions implemented in the clock logic are a
multiplexer function, for selecting among a D-type flip-flop,
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a T-type flip-flop and a latch, and a polarity function for
generating a true or a bar output for the circuit. The storage
element is configured as a master/slave flip-flop, and
includes a master latch, that receives the logic output, and a
slave latch that couples the master latch to the circuit output.

Other objects, features and advantages of the present
invention will be apparent from the accompanying
drawings, and from the detailed description that follows
below.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features, and advantages of the present
invention will be apparent from the following detailed
description of the preferred embodiment of the invention
with references to the following drawings.

FIG. 1 illustrates a user configurable macro cell config-
ured in accordance with the prior art.

FIG. 2 is a high level block diagram illustrating the user
configurable circuit of the present invention.

FIG. 3 is a block diagram illustrating a user configurable
circuit configured in accordance with the present invention.

FIG. 4 illustrates one embodiment for implementing the
user configurable circuit 300 illustrated in FIG. 3.

FIG. 5 illustrates a programmable macro cell incorporat-
ing the user configurable circuit of the present invention.

DETAILED DESCRIPTION

FIG. 2 is a high level block diagram illustrating the user
configurable circuit of the present invention. A user config-
urable circuit 200 receives, as inputs, a plurality of user
configurable inputs. For purposes of explanation, the user
configurable circuit 200 receives “O-n” user configurable
inputs. The user configurable circuit 200 contains clock
logic 210, a switching element 205, and a data path circuit
215. The user configurable circuit 200 also receives a clock
signal, at the “clock in” terminal, that provides timing for the
circuit. Although the present invention is described in con-
junction with a clock signal, any dynamic control signal
used to gate input data may be used without deviating from
the spirit and scope of the invention. Data is input to the
switching element 205 at the “data in” terminal.

The clock logic 210 receives both the plurality of user
configurable inputs, and the clock. In a preferred
embodiment, the user configurable inputs are set or pro-
grammed by the user in an initialization period. Specifically,
the user configurable inputs are programmed into a non-
volatile memory, thereby storing user configurable bits in a
PLD application. In the preferred embodiment, the user
configurable bits are stored in an electrically erasable pro-
grammable read only memory (EEPROM). In an alternative
embodiment, the user configurable inputs may be stored in
a register, such as a serial shift register or a static random
access memory (SRAM). After the initialization period, and
upon powering of the user configurable circuit 200, the user
configurable inputs do not change state, and therefore are
characterized as pseudo DC signals. The circuitry utilized to
set the user configurable input during the initialization
period is well known in the art and will not be described
further. The clock logic 210 generates [a] conditional clock
signals[205], labeled as conditional clock signals 0-m on
FIG. 2.

The switching element 205 receives the conditional clock
signals “O-m” and the data input. In general, the clock logic
210 and the switching element 205 implement at least one
logic function for the user configurable circuit 200. For
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example, the clock logic 210 and the switching element 205
may implement a multiplexing function to select among
three configurations such as a D-Type flip flop, T-type
flip-flop and latch. The output of the switching element 205
is, coupled to the input of data path circuit 215. The data path
circuit 215 may comprise any type of circuit, such as a
registered or combinational, used to implement the user
configurable circuit. One embodiment for the data path
circuit 215 is described more fully below. The output of data
path circuit 215 is labeled “data output” on FIG. 2. The
output of data path circuit 215 is also coupled to the clock
logic 210 to provide implementation of certain flip flop
functions.

In one embodiment, the switching element 205 gates the
data input with the clock to provide synchronous operation
between the input data and the data path circuit 215. In a
preferred embodiment, the switching element 205 contains
at least one gating or pass gate element, such as a transmis-
sion gate. However, the transmission gate may include any
type of pass gate, such as a three state inverter or a switching
transistor, without deviating from the spirit or scope of the
invention. One embodiment for gating the input data in the
switching element 205 is described more fully below. The
conditional clock signals, generated in the clock logic 210,
are utilized to gate the input data in the switching element
205.

The switching element 205 and the data path circuit 215
constitute the data path for the user configurable circuit 200,
and the clock logic 210 provides the clock path for the user
configurable circuit 200. Consequently, the critical path for
reducing delay of the user configurable circuit 200 lies in the
data path (e.g. data being propagated through the switching
element 205 and data path circuit 215) and the clock path.
In general, the user configurable circuit 200 is constructed
such that most of the processing to implement the logic
function or logic functions are done prior to an active clock
(e.g. in the clock logic 210). Because the user configurable
inputs are available as pseudo DC signals after power-up,
most of the processing for the logic function occurs prior to
receiving data for input to the data path. Also, because the
operation of the data path circuit 215 requires gating the
data, no additional delay is introduced to implement the
logic function or logic functions in the switching element
205. Because of the decrease in gates in the data path,
propagation delay through the user configurable circuit 200
is reduced.

FIG. 3 is a block diagram illustrating a user configurable
circuit configured in accordance with the present invention.
In general, a user configurable circuit 300 permits a user to
select among configuring the circuit as a D-type flip-flop, a
T-type flip-flop or a latch. In addition, the user configurable
circuit 300 permits a user to select the polarity of the data
output. The user configurable circuit 300 contains clock
logic 310, D-type flip-flop/T-type flip-flop/latch logic (D/T/
L) element 320 and a register 330. The clock logic 310
receives function select and polarity select signals as user
configurable inputs. In turn, the clock logic 310 generates
conditional clock signals for the D/T/L element 320 and the
register 330.

In general, the clock logic 310 and the D/T/L element 320
executes the toggle function, the polarity function, and a
multiplexing function to select among the T-type flip-flop,
the D-type flip-flop or latch configuration. The data input is
received in the D/T/L element 320. The D/T/L element 320
is coupled to the register 330, and the data are output from
the register 330. The data output are also input to the clock
logic 310 in order to implement the T-type flip-flop function.
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During a configuration period for the user configurable
circuit 300, the function select and the polarity select signals
are set. After the user configurable circuit 300 is powered up,
the clock logic 310 generates the conditional clock signals in
accordance with the function select and polarity select
signals and the clock signal. During the rising edge of the
clock, the data input are gated in the D/T/L element 320 in
accordance with the conditional clock signals. The propa-
gation delay in the D/T/L element 320 is equal to the
propagation delay from one transmission gate. During the
falling edge of the clock, data are latched in the register 330.
The control of the data through the register 330 is also
conducted by the conditional clock signals.

FIG. 4 illustrates one embodiment for implementing the
user configurable circuit 300 illustrated in FIG. 3. A user
configurable circuit 400 implements the D/T/L element 320
with a D/T/L element 420, the clock logic 310 with clock
logic 410, and the register 330 with register 430. The D/T/L
element 420 contains a three state inverter 335 and a
transmission gate 332. The three state inverter 335 includes
a CMOS inverter comprising p channel transistor 336 and n
channel transistor 338. The three state inverter 335 further
includes p channel transistor 334 coupled between the
source of p channel transistor 336 and Vcc, and an n channel
transistor 340 coupled between the source of n channel
transistor 338 and ground. The register 430 contains a
master latch 345 and a slave latch 355. The master latch 345
includes inverters 344 and 346, and a transmission gate 342.
The slave latch 355 comprises inverters 352 and 354, and a
transmission gate 350. The register 330 further includes a
transmission gate 348 coupling the master latch with the
slave latch.

As discussed above in conjunction with FIG. 3, the user
configurable input defines the function selected, either the
D-type flip-flop, T-type flip-flop or latch, and the polarity
output from the circuit. As shown in FIG. 4, the clock logic
410 receives user configurable bits C2, C3, and C4. As
discussed above, the user configurable bits C2, C3, and C4
are programmed during an initialization period, and are
stored in non-volatile memory or registers. The clock logic
410 also receives the clock input. The clock logic 410
generates clock 1 (CLK 1), clock 1 bar (CLK1), clock 2
(CLK 2), clock 2 bar (CLK2), clock 3 (CLK 3), clock 3 bar
(CLK3), clock 4 (CLK 4), clock 4 bar (CLK4), clock 5§
(CLK 5), and clock 5 bar (CLK5) signals.

The CLK 1 and CLKT1 signals control the enabling of the
three state inverter 335, and the CLLK 2 and CLK2 signals
control the transmission gate 332. The CLK3 signal controls
the p channel transistors in transmission gates 342 and 348,
and the CLK 3 signal controls the n channel transistors in
transmission gates 342 and 348. The CLLK4 signal controls
the p channel transistor in transmission gate 358, and the
CLK 4 signal controls the n channel transistor in transmis-
sion gate 358. In addition, the CLK5 signal controls the [n]
p channel transistor in transmission gate 350, and the CLK
5 signal controls the [p] # channel transistor in transmission
gate 350.

In operation, data are input to the D/T/L element 420 on
the Data In line. If the configurable circuit 300 is operating
in the D-type flip-flop mode, and the polarity select indicates
a bar output, then the CLK 1 and CLK1 signals disable the
three state inverter 335, and the CLLK 2 and CLK2 signals
toggles the transmission gate 332. For the embodiment
illustrated in FIG. 4, the bar output is Data Out. If the
function select indicates a D-type flip-flop and the polarity
select indicates a true output, then the CLK 1 and CLK1
signals toggles the three state inverter 335 to pass data from
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the Data In to the output of the D/T/L element 420, and the
CLK 2 and CLK2 signals disable the transmission gate 332.
Therefore, the D-type select and the polarity functions are
primary implemented in the clock logic 310. Consequently,
only one gate delay occurs in the D/T/L element 420 (e.g.
either through the three state inverter 335 or the transmission
gate 332).

As shown in FIG. 4, the output of the register 430 is
coupled to the clock logic 410 to implement the T-type
flip-flop function. In the T-type mode, the data output is
toggled when the Data In is a low logic level, and the data
output is not toggled when the Data In is a high logic level.
Consequently, knowledge of the current state stored in the
slave latch 355 is required to implement the T-type flip-flop
function. If Data In is “0”, and the slave latch 355 stores a
“17, and the T-type function select is active, then CLK 1 and
CLK1 signals disable the three state inverter 335, and the
CLK 2 and CLK2 signals enable the transmission gate 332
to pass a low logic level. If the T-type function select is
active, [Data In] Dara In is “0”, and the slave latch 355
stores a “0”, then the CLK 1 and CLKI1 signals enable the
three state inverter 335, and the CLLK 2 and CLK?2 signals
disable the transmission gate 332, thereby coupling the
output of three state inverter 335 to the register 430.

If the T-type select function is active, the Data In is “17,
and the slave latch 355 stores a “0”, then the CLK 1 and
CLKI1 signals enable the three state inverter 335, and the
CLK 2 and CLK2 signals disable the transmission gate 332.
However, if the T-type select is active, Data In is “1”, and the
slave latch 355 stores a “1”, then the CLK 1 and CLK1
signals disable the three state inverter 335, and the CLK 2
and CLK?2 signals enable the transmission gate 332.

When the user configurable circuit 400 is operating in the
latch mode, the Data In is passed directly to the register 430.
Therefore, for operation in the latch mode with bar output,
the CLK 1 and CLKT1 signals disable the three state inverter
335, and the CLK 2 and CLK2 signals enable the transmis-
sion gate 332 independent of the clock signal. For latch
mode with true output, CLK2 and CLK2 disable transmis-
sion gate 332 and CLK1 and CLK1 signals enable three state
inverter 335 independent of clock signal. Regardless of the
true or bar output, when operating in the latch mode,
transmission gate 358 is enabled with the CLLK 4 and CLLK4
signals to bypass the master latch.

In the rising edge of the clock, data is passed from the
Dataln to the output of the D/T/L element 420 as described
above, and the data is latched in the master latch 345 when
operating in both the T-type and D-type modes. When the
user configurable circuit 400 is operating in the latch mode,
the CLK 4 and CLK4 signals enable the transmission gate
358 to pass data from the output of the D/T/L element 420
to the slave latch 355. In all modes of operation, the data is
latched in the slave latch 355 and the data is output from the
master latch 345 during the falling edge of the clock.

For the user configurable circuit 400, the user config-
urable bits are C2, C3 and C4, and define the configuration
of the circuit (e.g. toggle mode, latch mode, and polarity
select). Specifically, the user configurable bits C2, C3 and
C4 define the operation of the user configurable circuit 400
as follows:

[Treg=TOGGLE MODE=C3C2] Treg=TOGGLE MODE=C3-C2
C4=POLARITY ACTIVE HIGH
[Latch=LATCH MODE=C3CT?] Latch=LATCH MODE=C3-C2

As shown in FIG. 4, the clock logic 410 generates the
conditional clock signals CLK 1, CLK1, CLK 2, CLK2,
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CLK 3, CLK3, CLK 4, CLK4, CLK 5, CLK5. The condi-
tional clock signals are generated in the clock logic 410
based on the following relationships:

[CLK1=XTlk+Latch C4] CLK1=X-Clk+Latch-C4
[CLK2=YTlk+Latch C4] CLK2=Y-Clk+Latch-C4
[CLK3=CIkTatch] CLK3=Clk-Latch
[CLK4=Clk Latch] CLK4=Clk-Latch
CLK5=CIk
Where
Clk=CLOCK
Slave=FEEDBACK FROM THE SLAVE REGISTER 355

AND

[X=TregSlave+TregC4] X=Treg Slave+Treg:C4
[Y=SlaveTreg+Treg C4] Y=Slave-Treg+Treg-C4

The equations may be implemented using well known
circuits. Table 1 below provides a truth table corresponding
to the equations above.

TABLE 1
Clock [CIK]
Cycle Slave C4 C3 C2 Cikb Clk1 Clk2 Clk3 Clk4 CIkS

10 0 0 0 0 0 0 1 0 0
10 0 0 0 0 0 0 1 0 0
2 0 0 0 0 1 0 [z o 0 1
3 0 0 0 1 0 0 0 1 0 0
4 0 0 0 1 1 [017 o 0 0 1
5 0 0 1 0 0 0 [l o 1 0
6 0 0 1 0 1 0 [z o 0 1
7 0 0 1 1 0 0 0 1 0 0
8§ 0 0 1 1 1 0 [z o 0 1
9 0 1 0 0 0 0 0 1 0 0

0 0 1 0 0 1 [017 o 0 0 1

10 1 0 1 0 0 0 1 0 0

2 0 1 0 1 1 [0]17 o 0 0 1

3 0 1 1 0 0o [0]7 o 0 1 0

14 0 1 1 0 1 [0z o 0 0 1

5 0 1 1 1 0 0 0 1 0 0

6 0 1 1 1 1 [017 o 0 0 1

7 1 0 0 0 0 0 0 1 0 0

8 1 0 0 0 1 0 [z o 0 1

9 1 0 0 1 0 0 0 1 0 0

20 1 0 0 1 1 0 [l o 0 1

21 1 0 1 0 0 0 [z o 1 0

2 1 0 1 0 1 0 [z o 0 1

22 1 0 1 1 0 0 0 1 0 0

24 1 0 1 1 1 0 [z o 0 1

25 1 1 0 0 0 0 0 1 0 0

26 1 1 0 0 1 [017 o 0 0 1

27 1 1 0 1 0 0 0 1 0 0

2 1 1 0 1 1 0 [l o 0 1

29 1 1 1 0 0 [0]7 0 0 1 0

30 1 1 1 0 1 [0z o 0 0 1

3 01 1 1 1 0 0 0 1 0 0

32 1 1 1 1 1 [017 o 0 0 1

In a preferred embodiment, in addition to the logic shown
in FIG. 4, the user configurable circuit 300 contains set/reset
logic. The operation of set/reset logic to set the slave latch
355 as is well known in the art. In order to implement the
polarity function through the clock logic 410, the set/reset
logic is modified. When the polarity select is set to true, and
the set/reset logic is enabled, then the set/reset logic sets a
high logic level in the slave latch 355. When the polarity
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select is set to a bar, and the set/reset logic is enabled, then
a low logic level is driven in the slave latch 355.

The present invention has application for use in a pro-
grammable macro cell. FIG. 5 illustrates a programmable
macro cell incorporating the user configurable circuit of the
present invention. In general, a programmable macro cell
500 is configured in accordance with the user configurable
circuit 200 shown in FIG. 2. The macro cell 500 may be
configured as having combinatorial or registered outputs. In
one embodiment for the registered outputs, the program-
mable macro cell 500 is configured in accordance with the
user configurable circuit 400 to permit a user to select a
T-type flip-flop, a D-type flip-flop, or a latch configuration.
By using the user configurable circuit of the present inven-
tion as a programmable macro cell, the T-type flip-flop and
the D-type flip-flop configurations are specified as having
equivalent propagation delay times. In addition, the data
path is reduced to provide shorter propagation delays for
both the T-type flip-flop and the D-type flip-flop configura-
tions.

Although the present invention has been described in
terms of specific exemplary embodiments, it will be appre-
ciated that various modifications and alterations might be
made by those skilled in the art without departing from the
spirit and scope of the invention as set forth in the following
claims.

What is claimed is:

[1. A circuit comprising:

a plurality of user configurable inputs for configuring said

circuit;

clock logic coupled to said user configurable inputs and
coupled to receive a clock input, said clock logic for
generating conditional clock signals to implement a
logic function for said circuit based on said clock input
and said user configurable inputs;

a switching element including at least one pass gate
coupled to said clock logic to receive some of said
conditional clock signals and coupled to receive an
input signal for said circuit, said switching element for
generating a logic output, in accordance with said
conditional clock signals, to implement said logic func-
tion by controlling propagation of said input signal
through said pass gate; and

a data path circuit coupled to receive said logic output and
some of said conditional clock signals for providing
additional functionality, wherein propagation delay
through said switching element to said data path circuit
is independent of said user configurable inputs.]

[2. The circuit as set forth in claim 1, wherein said data

path circuit comprises a register.]

[3. The circuit as set forth in claim 1, wherein said data
path circuit comprises a combinatorial circuit.]

[4. The circuit as set forth in claim 1, wherein said logic
function implemented in said clock logic comprises a mul-
tiplexer function.]

[5. The circuit as set forth in claim 1, wherein said logic
function implemented in said clock logic comprises a
decoder function.]

[6. The circuit as set forth in claim 4, wherein said
multiplexer function comprises multiplexing between a
D-type register, T-type register and a latch.]

[7. The circuit as set forth in claim 1, wherein said logic
function, implemented in said clock logic, comprises a
polarity function for generating a true or a bar output for said
circuit.]

[8. The circuit as set forth in claim 1, wherein:

said user configurable inputs comprise a D-type register
select, a T-type resister select, a latch select and a
polarity select;
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said logic function implemented in said clock logic com-
prises a multiplexer function, for selecting among a
D-type flip-flop, a T-type flip-flop and a latch, said logic
function comprises a toggle function for implementing
a T-type flip-flop, and said logic function comprises a
polarity function for generating a true or a bar output
for said circuit; and

said data path circuit comprises a master latch, coupled to
receive said logic output, and a slave latch coupling
said master latch and said circuit output.]

[9. The circuit as set forth in claim 8, wherein said

switching element comprises:

a three state inverter coupled to said input signal and
being controlled by said clock logic for inverting said
input data in accordance with said D-type register
select, said T-type resister select, and said polarity
select; and

a transmission gate coupled to said input signal and being
controlled by said clock logic for passing said input
data in accordance with said D-type register select, said
T-type resister select, and said polarity select.]

[10. A programmable logic device (PLD) comprising:

a plurality of user configurable inputs for configuring said
PLD; at least one macrocell, coupled to receive said
user configurable inputs, said macrocell comprising:

clock logic coupled to said user configurable inputs and
coupled to receive a clock input, said clock logic for
generating conditional clock signals to implement a
logic function for said circuit based on said clock input
and said user configurable inputs;

a switching element including at least one transmission
gate coupled to said clock logic to receive some of said
conditional clock signals and coupled to receive an
input signal for said circuit, said switching element for
generating a logic output, in accordance with said
conditional clock signals, to implement said logic func-
tion by controlling propagation of said input signal
through said transmission gate; and

a data path circuit coupled to receive said logic output and
some of said conditional clock signals for providing
additional functionality, wherein propagation delay
through said switching element to said data path circuit
is independent of said user configurable inputs.]

[11. The programmable logic device as set forth in claim

10, wherein said data path circuit comprises a register.]

[12. The programmable logic device as set forth in claim
10, wherein said data path circuit comprises a combinatorial
circuit.]

[13. The programmable logic device as set forth in claim
10, wherein said logic function implemented in said clock
logic comprises a multiplexer function.]

[14. The programmable logic device as set forth in claim
10, wherein said logic function implemented in said clock
logic comprises a decoder function.]

[15. The programmable logic device as set forth in claim
11, wherein said multiplexer function comprises multiplex-
ing between a D-type register, T-type register and a latch.]

[16. The programmable logic device as set forth in claim
10, wherein said logic function, implemented in said clock
logic, comprises a polarity function for generating a true or
a bar output for said circuit.]

[17. The programmable logic device as set forth in claim
10, wherein:

said user configurable inputs comprise a D-type register
select, a T-type resister select, a latch select and a
polarity select;
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said logic function implemented in said clock logic com-
prises a multiplexer function, for selecting among a
D-type flip-flop, a T-type flip-flop and a latch, said logic
function comprises a toggle function for implementing
5 a T-type flip-flop, and said logic function comprises a
polarity function for generating a true or a bar output

for said circuit; and

said data path circuit comprises a master latch, coupled to
receive said logic output, and a slave latch coupling
said master latch and said circuit output.]

[18. The programmable logic device as set forth in claim

17, wherein said switching element comprises:

a three state inverter coupled to said input signal and
being controlled by said clock logic for inverting said
input data in accordance with said D-type register
select, said T-type resister select, and said polarity
select; and

a transmission gate coupled to said input signal and being
controlled by said clock logic for passing said input
data in accordance with said D-type register select, said
T-type resister select, and said polarity select.]

[19. A method for configuring a circuit comprising the

steps of:

receiving a plurality of user configurable inputs for con-
figuring said circuit;

receiving a clock input;

generating conditional clock signals to implement a logic
function for said circuit based on said clock input and
said user configurable inputs;

receiving an input signal for said circuit in a switching
element including at least one pass gate;

receiving some of said conditional clock signals in said
switching element;

generating a logic output from said switching element, in
accordance with said conditional clock signals, to
implement said logic function by controlling propaga-
tion of said input signal through said transmission gate;
and

providing a data path circuit coupled to receive said logic
output and some of said conditional clock signals for
providing additional functionality, wherein propagation
delay through said switching element to said data path
circuit is independent of said user configurable inputs.]

20. A circuit comprising:

a plurality of configurable inputs;

clock logic generating a plurality of conditional clock
signals in response fo a clock input and the config-
urable inputs, the condifional clock signals implement-
ing a logic function;

a pass gate controlling propagation of an input signal and
generating a logic output in accordance with at least
one of the conditional clock signals; and

a data path circuit receiving (i) the logic output of the
pass gate and (ii) at least one of the remaining condi-
tional clock signals, the data path circuit providing
additional functionality.

21. The circuit of claim 20, wherein the data path circuit

60 comprises a register.
22. The circuit of claim 20, wherein the data path circuit
comprises a D-type flip-flop, a T-type flip-flop or a latch.
23. The circuit of claim 22, further comprising set/reset
logic having an output coupled to an input of the D-type
65 flip-flop, the T-type flip-flop or the larch.
24. The circuit of claim 20, wherein the data path circuit

comprises a D-type flip-flop.
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25. The circuit of claim 24, further comprising set/reset
logic having an output coupled fo an input of the D-type
flip-flop.

26. The circuit of claim 20, wherein the data path circuit
comprises a combinatorial circuir.

27. The circuit of claim 20, wherein the data path circuit
comprises a static random access memory cell.

28. The circuit of claim 20, wherein the data path circuit
comprises a three state buffer.

29. The circuit of claim 20, wherein the logic function
comprises a multiplexer function.

30. The circuit of claim 20, wherein the logic function
comprises a decoder function.

31. The circuit of claim 30, wherein the configurable
inputs comprise bits in a static random access memory.

32. The circuit of claim 30, wherein the configurable
inputs comprise a polarity select bit.

33. The circuit of claim 30, wherein the configurable
inputs comprise one or more function select bifs.

34. The circuit of claim 20, wherein the logic function
comprises a polarity function generating a frue output and
a complementary output.

35. The circuit of claim 20, wherein the configurable
inputs comprise bits in a shift register, a static random
access memory or an electrically erasable and program-
mable read only memory.

36. The circuit of claim 20, wherein the additional func-
tionality comprises a flip-flop function.

37. The circuit of claim 20, further comprising a feedback
loop connecting an output of said data path circuit to an
input of said clock logic.

38. A programmable logic device, comprising:

a plurality of configurable inputs;

clock logic generating a plurality of condifional clock
signals in response fo a clock input and the config-
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urable inputs, the condifional clock signals implement-
ing a logic function;

a pass gate controlling propagation of an input signal and
generating a logic output in accordance with at least
one of the conditional clock signals; and

a data path circuit receiving (i) the logic output of the
pass gate and (ii) at least one of the remaining condi-
tional clock signals, the data path circuit providing
additional functionality.

39. The device of claim 38, wherein the propagation is

independent of the configurable inputs.

40. A method for configuring a circuit, comprising the

steps of:

(a) generating a set of conditional clock signals in
response to a clock input and a plurality of config-
urable inputs;

(b) implementing a logic function at a switch comprising
at least one pass gate, said switch receiving an input
signal;

(c) generating a logic output from the switch in accor-
dance with at least one of the conditional clock signals;
and

(d) controlling propagation of the input signal through the
switch in accordance with at least one of the condi-
tional clock signals.

41. The method of claim 40, wherein the propagation is

independent of the configurable inputs.

42. The method of claim 41, further comprising providing
additional functionality from a data path receiving (i) the
logic output and (ii) at least one of the remaining condi-
tional clock signals.



